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Summary
Background The national Network Genomic Medicine (nNGM) Lung Cancer provides comprehensive and high-
quality multiplex molecular diagnostics and standardized personalized treatment recommendation for patients
with advanced non-small cell lung cancer (aNSCLC) in Germany. The primary aim of this study was to investigate
the effectiveness of the nNGM precision medicine program in terms of overall survival (OS) using real-world data
(RWD).

Methods A historical nationwide cohort analysis of patients with aNSCLC and initial diagnosis between 04/2019 and
06/2020 was conducted to compare treatment and OS of patients with and without nNGM-participation. Patients
participating within the nNGM (nNGM group) were selected based on a prospective nNGM database. The
electronic health records (EHR) of the prospective nNGM database were case-specifically linked to claims data
(AOK, German health insurance). The control group was selected from claims data of patients receiving usual
care without nNGM-participation (non-nNGM group). The minimum follow-up period was six months.
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Findings Overall, n = 509 patients in the nNGM group and n = 7213 patients in the non-nNGM group met the
inclusion criteria. Patients participating in the nNGM had a significantly improved OS compared to the non-
nNGM group (median OS: 10.5 months vs. 8.7 months, p = 0.008, HR = 0.84, 95% CI: 0.74–0.95). The 1-year
survival rates were 46.8% (nNGM) and 41.3% (non-nNGM). The use of approved tyrosine kinase inhibitors (TKI)
in the first-line setting was significantly higher in the nNGM group than in the non-nNGM group (nNGM: 8.4%
(43/509) vs. non-nNGM: 5.1% (366/7213), p = 0.001). Overall, patients receiving first-line TKI treatment had
significantly higher 1-year OS rates than patients treated with PD-1/PD-L1 inhibitors and/or chemotherapy (67.2%
vs. 40.2%, p < 0.001).

Interpretation This is the first study to demonstrate a significant survival benefit and higher utilization of targeted
therapies for aNSCLC patients participating within nNGM. Our data indicate that precision medicine programs can
enhance collaborative personalized lung cancer care and promote the implementation of treatment innovations and
the latest scientific knowledge into clinical routine care.

Funding The study was funded by the AOK Federal Association Germany.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Keywords: Non-small cell lung cancer; Personalized medicine; Precision medicine program; Targeted therapies; Real-
world data
Research in context

Evidence before this study
Over the last decades, systemic therapies for patients with
advanced non-small cell lung cancer (NSCLC) have rapidly
evolved. Previous studies have shown that personalized
therapies, which comprise the use of targeted therapies based
on the detection of so-called driver mutations in tumor tissue
or blood, substantially prolong survival compared to
chemotherapy. However, access for patients outside
specialized centers to these innovations remains a challenge.
To evaluate the effectiveness of precision medicine programs
for patients with advanced NSCLC in terms of survival, a
PubMed literature search was conducted using the following
search terms: (“non-small cell lung cancer” OR “NSCLC”) AND
(“advanced” OR “metastatic”) AND (“precision medicine” OR
“personalized medicine” OR “molecular profiling” OR
“biomarker testing” OR “genomic sequencing”) AND (“usual
care” OR “standard care” OR “routine care” OR “real-world” OR
“community”) AND (“overall survival” OR “survival”). One
study found that broad-based molecular diagnostics
compared to routine mutation testing has no survival benefit,
however, we found no study examining the effectiveness of a
precision medicine program in terms of survival in the real-
world setting.

Added value of this study
This is the first study to evaluate the effectiveness of a
structured precision medicine program in patients with initial
diagnosis of advanced NSCLC. The German national Network

Genomic Medicine (nNGM) lung cancer performs
standardized molecular diagnostics based on next generation
sequencing (NGS), which comprises all known therapeutically
relevant driver mutations and provides standardized
personalized treatment recommendations to practitioners
based on the molecular test result. Patients with advanced
NSCLC participating in the nNGM were compared to a control
group treated by practitioners in routine care without nNGM
participation. The control group was based on claims data
from a German statutory health insurance. We found a higher
use of targeted therapies in the first-line setting in patients
with nNGM participation, which was associated with a
significantly prolonged survival.

Implications of all the available evidence
The complexity of precision medicine will continue to increase
in the coming years due to the discovery of new driver
mutations, development of new drugs and increasing drug
resistance to targeted therapies. Practitioners in routine care
are confronted with increasingly complex treatment
algorithms that not only demand administrative and time
resources, but also pose challenges for transferring the latest
scientific knowledge from research to practice. Precision
medicine programs, such as the nNGM, provide practitioners
with standardized molecular diagnostics and structured
treatment information, thus facilitating the implementation
of precision medicine in the real-world care settings and
thereby improving patient outcomes.
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Introduction
Overall, lung cancer is the second most frequently
diagnosed cancer and the leading cause of cancer death
in 2020 worldwide, representing 11.4% of cancers
diagnosed and 18.0% of cancer deaths.1 In Germany,
more than 50% of all patients with lung cancer are
diagnosed at stage IV, with a relative 5-year survival rate
of only 4–7%.2

Over the past decades, groundbreaking progresses
have been made in understanding the pathogenesis of
non-small cell lung cancer (NSCLC) and developing
anticancer therapies based thereon.3 The era of personal-
ized medicine in advanced NSCLC (aNSCLC) was initi-
ated in 2004 by the landmark discovery of epidermal
growth factor receptor (EGFR) mutations in patients that
responded to the tyrosine kinase inhibitor (TKI) gefitinib,
shifting the “one size fits all” approach to personalized
treatment choices based on molecular characteristics of
the tumor, simultaneously considering individual patient
characteristics.4–6 Since then, an impressively prolonged
overall survival (OS) benefit of mutation-directed therapies
compared to chemotherapy has been reported for patients
with aNSCLC in real-world data (RWD) as well as in
clinical trials.7–13 To date, the European Medicines Agency
(EMA) and US Food and Drug Administration (FDA)
have approved targeted therapies to treat EGFR muta-
tions, ALK and ROS-1 fusions, BRAF V600 mutations,
RET fusions, MET exon 14 skipping mutations, NTRK
1–3 fusions and KRAS G12C mutations in the first- or
later-line settings in patients with aNSCLC.14,15 Thus, the
identification of driver mutations, for which approved
targeted therapies are available, has opened promising
treatment approaches for these patients, and further case-
targeted therapies are under investigation.7–10,16 In Ger-
many, targetable genetic alterations are found in 30% of
patients with aNSCLC.17

The European Society for Medical Oncology (ESMO)
recommends that molecular testing for therapeutically
relevant driver mutations should be systematically per-
formed using next-generation sequencing (NGS)-based
techniques in aNSCLC.16,18 However, recent data from a
German registry (CRISP) showed that the overall testing
rates for EGFR, ALK, ROS1, and BRAF in non-
squamous aNSCLC were 72.5%, 74.5%, 66.1%, and
53.0%, respectively.19 The percentage of patients with
testing for all known therapeutically relevant mutations
was strikingly lower.19 Different reasons underlie these
observations. In clinical practice, oncologists treat a va-
riety of different tumor entities, and due to the dynamic
emergence of oncogenic driver alterations, the devel-
opment of targeted drugs, and the frequent initiation of
clinical trials in lung cancer, the implementation of
personalized cancer care for aNSCLC in routine care is
challenging and pertinent guidelines may not reflect the
latest knowledge.19–21 Due to the increasing complexity
of available molecular data, it is essential to support
clinicians in their therapeutic decisions.22
www.thelancet.com Vol 36 January, 2024
Therefore, novel implementation strategies of preci-
sion medicine are needed to ensure high-quality evi-
dence-based routine care for patients with aNSCLC. One
promising strategy is to establish national precision
medicine programs that provide broad molecular di-
agnostics based on NGS, clinical decision support and
clinical trial matching outside the academic setting.23

This is also supported by ESMO, stating that the use
of off-label drugs matched to genomics should only be
done if an access program and a procedure of decision
making has been developed at the regional or national
level. In addition, it is recommended that clinical
research centers use multigene sequencing as a tool to
screen patients eligible for clinical trials, to accelerate
drug development, and to prospectively collect data that
could provide further information to optimize the use of
this technology.18

The Network Genomic Medicine (NGM) Lung Can-
cer was established in Germany at the Center for Inte-
grated Oncology (CIO) of the University Hospital of
Cologne in 2010 and expanded in 2018 to the national
Network Genomic Medicine Lung Cancer (nNGM) with
funding from the German Cancer Aid (DKH) to provide
high-quality molecular diagnostics for patients with
aNSCLC, to rapidly develop and initiate clinical trials for
new individualized treatment approaches, and to pro-
vide counseling and personalized treatment decision
support to clinical oncologists and patients nation-
wide.24,25 Numerous German statutory health insurance
companies, such as the AOK, support the nNGM by
covering the costs of the NGS-based molecular di-
agnostics and counseling on the basis of special care
contracts (SCC) according to §140a of the Fifth Book of
the German Social Code (SGB V). The AOK is one of the
largest statutory health insurance providers in Germany,
with a market share of approximately one-third of the
total population. In total, cost coverage for nNGM is
granted for about 93% of statutory insured lung cancer
patients in Germany.

To date, several studies have investigated the impact
of broad genomic sequencing compared to no testing or
limited testing (EGFR and/or ALK only), the impact of a
biomarker-based (personalized) cancer treatment strat-
egy and the feasibility of a nationwide molecular
profiling program.8–10,26–29 However, to our knowledge,
no study has compared the impact of such a large-scale
community-based precision medicine program for
aNSCLC on the patients’ outcome compared to routine
clinical care.30 This is the first study evaluating the
effectiveness of the nNGM in terms of overall survival
(OS) in patients with aNSCLC using RWD.
Methods
Patients with unresectable and advanced NSCLC with
initial diagnosis between the 1st of April 2019 and the
30th of June 2020, who were insured by the German
3
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statutory health insurance AOK, were included in this
historical cohort study. Patients who received NGS-
based molecular diagnostics and treatment decision
support within nNGM (nNGM group) were compared
with patients who received clinical routine care without
nNGM-participation (non-nNGM group). For this pur-
pose, the nNGM electronic health records (EHR) of the
prospective nNGM database of the nNGM group were
case-specifically linked with AOK health insurance data.
The non-nNGM group consisted of aNSCLC patients
who were also insured by the AOK, but were not treated
within the nNGM. A brief description of the nNGM is
provided in the Supplementary Material.

Electronic health records and molecular diagnostics
of the nNGM
The electronic health records (EHRs) of the nNGM pa-
tients contained baseline data such as patient character-
istics, date of initial diagnosis, tumor stage and results of
multiplex molecular analysis (including driver mutations
and mutation status). In the nNGM centers, harmonized
molecular testing is conducted for all patients with initial
diagnosis of aNSCLC. Briefly, nNGM uses a multiplex
testing approach combined with deep sequencing to
detect rare gene mutations. This strategy involves multi-
ple techniques, such as NGS based on deoxyribonucleic
acid (DNA) and ribonucleic acid (RNA), immunohisto-
chemical detection (IHC) of protein expression (such as
Programmed cell death ligand-1 (PD-L1)) and fluores-
cence in situ hybridization (FISH). The number of genes
to be tested as well as the methods used are updated
regularly based on latest knowledge. During the study
period, the nNGM-lung cancer panel for DNA-based NGS
included 21 genes to detect mutations, among others, in
EGFR, KRAS, BRAF, PIK3CA, HER2, TP53 and MET.
Fusions in ALK, RET, ROS1, HER2, NTRK1-3 and
FGFR1-3 were detected by FISH and/or RNA-based NGS,
and amplifications in HER2, MET and FGFR1 usually by
FISH. MET exon 14 skipping mutations were detected by
DNA- and RNA-based NGS. All testing was performed
using already established and published techniques. In
particular, DNA- and RNA-based NGS has been con-
ducted as described in Riedel et al. (in the Supplementary
Data),31 FISH analyses were conducted according to
Heydt et al.,32 and PD-L1 IHC was performed as described
in Scheel et al.33 The aforementioned baseline and mo-
lecular data were prospectively collected in a central
nNGM database. The provided nNGM-EHRs did not
contain information on further inpatient and outpatient
treatments. Therefore, to examine the treatment course
and outcomes of nNGM patients, the EHRs were case-
specifically linked to administrative claims data based on
pseudonyms by an independent trusted third party.34

Claims data
In the current study, administrative inpatient and
outpatient claims data from the German statutory health
insurance AOK were provided by the Research Institute
of the Local Health Care Funds (WIdO). The dataset for
this study included general demographic data (month of
birth, sex assigned at birth, federal state of residence,
and date of death) and information on outpatient treat-
ment (treatment dates, procedures, diagnosis codes and
drug therapy) as well as inpatient treatment (treatment
dates, diagnoses codes, procedures, and length of hos-
pital stay). Inpatient and outpatient diagnosis data were
coded according to the International Classification of
Diseases, 10th revision, German Modification (ICD-10-
GM).35 Outpatient drug therapies were classified using
Anatomical Therapeutic Chemical (ATC) codes.36

Furthermore, outpatient and inpatient therapies were
classified based on operation and procedure codes
(OPS).37 With the start of reimbursement based on the
special care contract, the AOK data covered a period
from 1st of April 2019 to 31st of December 2020,
ensuring a minimum follow-up since initial diagnosis of
six months and a maximum follow-up of 21 months for
all aNSCLC cases. Ethical approval was not required as
the claims data did not contain personally identifiable
information.

Tyrosine kinase inhibitors (TKI) and PD-1/PD-1
inhibitors
The following TKI treatments that were approved
during the study period were examined in the anal-
ysis: erlotinib, gefitinib, afatinib, dacomitinib, osi-
mertinib, crizotinib, alectinib, brigatinib, ceritinib,
lorlatinib, and entrectinib. Furthermore, the serine/
threonine kinase inhibitors dabrafenib and trametinib
were included and categorized as TKIs in the
following. Other off-label TKI treatments considered
in the analysis were cabozantinib, sorafenib, and
vemurafenib. The PD-1/PD-L1 inhibitors (immuno-
therapy) considered in this analysis were pem-
brolizumab, atezolizumab, nivolumab, durvalumab,
and cemiplimab.

Patient selection
All patients aged ≥18 years with an initial diagnosis of
aNSCLC between 1st of April 2019 and 30th of June
2020 in Germany, who were insured with the AOK and
received systemic lung cancer related therapy were
eligible for this analysis.

Patients with incident aNSCLC who received sys-
temic lung cancer related therapy were selected based
on claims data. Therefore, various inclusion and
exclusion criteria were defined for both groups. The
detailed description of the selection criteria is pre-
sented in Supplementary Table S1, and the flow chart
for patient selection is shown in Supplementary
Fig. S1. To detect aNSCLC patients, proxy variables
were used to exclude patients with lower tumor stages
with tumor resection and/or radiotherapy, and patients
with SCLC. Therefore, patients with no main diagnosis
www.thelancet.com Vol 36 January, 2024
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nNGM group
(n = 509)

non-nNGM
group
(n = 7213)

p-value

Age, mean (95% CI) 67.6 (66.7,
68.4)

67.5 (67.3,
67.8)

0.971

Female, n (%) 193 37.9% 2783 38.6% 0.985

1L treatment, n (%)

Total 509 100.0% 7213 100.0%

TKI 43 8.4% 366 5.1% 0.001

Mono-IO 62 12.2% 768 10.6% 0.280

IO-CT 180 35.4% 2399 33.3% 0.331

CT 224 44.0% 3680 51.0% 0.002

2L treatment, n (%)

Total 145 28.5% 1692 23.5% 0.010

TKI 14 9.7% 96 5.7% 0.053

Mono-IO 46 31.7% 557 32.9% 0.769

IO-CT 31 21.4% 233 13.8% 0.012

CT 54 37.2% 806 47.6% 0.016

nNGM, national Network Genomic Medicine Lung Cancer; 1L, first line; 2L,
second line; TKI, tyrosine kinase inhibitor; mono-IO, mono-immunotherapy; IO-
CT, immuno-chemotherapy; CT, chemotherapy.

Table 1: Patient characteristics and systemic therapies received within
the first six months after initiation of first-line treatment.

Articles
lung cancer and lung cancer related treatment (ac-
cording to the current German S3 guideline lung
cancer15) within the first six months after initial diag-
nosis were excluded (to exclude non-advanced incident
NSCLC patients), as well as patients with lung resec-
tion (to exclude patients with resectable NSCLC),
combination therapy with platinum-containing drugs
in combination with etoposide (to exclude patients with
SCLC), and patients receiving radiotherapy without
metastasis coding (to exclude patients with tumor stage
IIIA).

Statistical analysis
Categorical variables are presented as absolute numbers
and percentages, and continuous data as means and
95% confidence intervals (95% CI). A t-test was used to
compare continuous data, and a chi-square test was
conducted to compare categorical variables.

The first-line (1L) and second-line (2L) treatments
within the first six months since initiation of 1L ther-
apy were analyzed, as due to the minimum follow-up
period information on the course of treatment was
largely available for both groups. Treatment was cate-
gorized as TKI, mono-immunotherapy (mono-IO),
immuno-chemotherapy (IO-CT) or chemotherapy (CT)
as follows: Patients who received mono- or poly-
chemotherapy without the use of TKIs or immuno-
therapies were grouped into the chemotherapy group.
If at least one TKI was administered, patients were
grouped into the TKI group. Patients who received PD-
1/PD-L1 inhibitors with or without chemotherapy were
grouped into the mono-immunotherapy (mono-IO) or
immuno-chemotherapy (IO-CT) group.

Overall survival (OS) was defined as the time from
initiation of 1L therapy to death or last follow-up. Pa-
tients who were still alive at the end of the study period
were censored. Kaplan–Meier analysis was used to
compare the OS of the nNGM group with that of the
non-nNGM group overall, and differentiated by 1L
treatment group and treatment within the first six
months after start of 1L treatment. The log-rank test was
applied to analyze the differences between the survival
curves. The hazard ratio (HR) was determined by
multivariable Cox regression analysis adjusted for age
and gender and is reported with its 95% confidence
interval (95% CI). The Cox proportional hazard
assumption was assessed with the supremum test.
Furthermore, maturity of the survival data was
assumed, if more than 50% of events were observed
during the study period. The follow-up period was
defined as time from initiation of 1L therapy until last
follow-up.

All statistical analyses were performed using SAS
Software release 9.4 (Version 9.4; SAS Institute, Cary,
NC, USA) and Python version 3.8. All statistical analyses
were considered to be statistically significant if the two-
sided p-value was less than 0.05.
www.thelancet.com Vol 36 January, 2024
Role of the funding source
This study was funded by the AOK Federal Association
Germany. The funder had no role in the study design,
data analysis, or preparation of the manuscript.
Results
Patient selection and baseline characteristics
Patients with aNSCLC with initial diagnosis between
1st of April 2019 and 30th of June 2020 in Germany,
who were insured with the AOK and received systemic
lung cancer related therapy were included in the
analysis. In total, data from 631 nNGM patients and
AOK claims data for 12914 non-nNGM patients were
available. After applying the inclusion and exclusion
criteria, the nNGM group comprised 509 patients and
the non-nNGM group 7213 patients (see
Supplementary Fig. S1). The patients of the nNGM
group had a mean age of 67.6 and the patients of the
non-nNGM group of 67.5 years (p = 0.971), respec-
tively, with 37.9% and 38.6% female patients
(p = 0.985, see Table 1). No missing values were pre-
sent in any of the reported variables. All patients in the
nNGM group received the molecular diagnostics as
described in the methods section.

Overall survival
The median follow-up time since start of 1L treatment
was 7.5 months both in the nNGM and non-nNGM
group. The mature OS data (59.5% of events) showed
significantly prolonged OS in patients who received
molecular diagnostics and treatment information in the
5
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nNGM compared to patients in routine care, with a
median survival time of 10.5 months for the nNGM
group and 8.7 months for the non-nNGM group
(adjusted HR = 0.837, 95% CI: 0.74–0.95, p = 0.008;
Fig. 1). The OS rate for the nNGM group was 66.8% at
six months and 46.8% at one year, while the OS rate for
the non-nNGM group was 60.8% at six months and
41.3% at one year. Furthermore, Fig. 2 shows the OS for
the nNGM and non-nNGM group categorized by the
type of 1L therapy. The 1-year OS rates in the nNGM
group were 79.0% with TKI treatment, 48.6% with
mono-IO, 42.7% with IO-CT and 44.1% with CT,
whereas in the non-nNGM group the 1-year OS rates
were 66.0% (p = 0.204), 47.6% (p = 0.929), 40.9%
(p = 0.549) and 37.9% (p = 0.015). Overall, patients
receiving a TKI as 1L treatment had a significantly
higher 1-year OS rate compared to patients treated with
immunotherapy and/or chemotherapy in the 1L setting
(TKI: 67.2% vs. immunotherapy and/or chemotherapy:
40.2%; p < 0.001). Supplementary Fig. S2 additionally
shows the comparison of OS between the nNGM group
and the non-nNGM group further grouped by the
treatment within the first 6 months after the start of 1L
treatment (TKI therapy at least once within the first 6
months after the start of 1L treatment vs. IO at least
once within the first 6 months vs. neither TKI nor IO
within the first 6 months).
Fig. 1: Kaplan–Meier survival curve comparing overall survival since initi
group.
Therapy within six months after initiation of first-
line treatment
The proportion of patients in the nNGM group receiving
TKI treatment as their 1L treatment was significantly
higher compared to the non-nNGM group (8.4% vs.
5.1%, p = 0.001, Table 1). Overall, 28.5% of the nNGM
patients received 2L treatment within the first six
months after treatment initiation compared to 23.5% of
patients in non-nNGM group (p = 0.010). In the second
therapy line, the nNGM group had a trend towards a
higher proportion of patients receiving TKI treatment
(9.7% vs. 5.7%, p = 0.053) compared to the non-nNGM
group. Overall, a significantly lower proportion of pa-
tients in the nNGM group received chemotherapy as
their 1L and 2L treatment compared to the non-nNGM
group (1L: 44.0% vs. 51.0%, p = 0.002; 2L: 37.2% vs.
47.6%, p = 0.016). The usage of mono-immunotherapies
both in the 1L and 2L was comparable between the
groups (1L: 12.2% in nNGM vs. 10.6% in non-nNGM
group, p = 0.280; 2L: 31.7% in nNGM vs. 32.9% in
non-nNGM group, p = 0.769). The proportion of pa-
tients receiving immuno-chemotherapies was compa-
rable in the 1L (nNGM: 35.4% vs. non-nNGM: 33.3%,
p = 0.331), however, a significantly higher proportion
received immuno-chemotherapies in the 2L in the
nNGM group compared to the non-nNGM group
(21.4% vs. 13.8%, p = 0.012). A detailed overview of the
ation of first-line treatment between nNGM group and non-nNGM

www.thelancet.com Vol 36 January, 2024
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Fig. 2: Kaplan–Meier survival curve comparing overall survival of the nNGM group and non-nNGM group stratified by first-line treatment (TKI
vs. mono-immunotherapy [mono-IO] vs. immuno-chemotherapy [IO-CT] vs. chemotherapy [CT]).

Articles
TKIs and PD-1/PD-L1 inhibitors administered as 1L and
2L therapy within the first six months after treatment
initiation is provided in Table 2. None of the nNGM
patients and n = 13 (0.2%) of the non-nNGM patients
received off-label TKI treatments within the first six
months after treatment initiation.
Discussion
In this study, for the first time, the survival benefits of a
precision medicine program for aNSCLC providing
broad NGS-based molecular diagnostics and treatment
www.thelancet.com Vol 36 January, 2024
decision support for clinicians including recommenda-
tions for off-label therapies and clinical trials in the
community-based setting are demonstrated using RWD.
We found that a significantly higher proportion of pa-
tients, who participated within the nNGM received tar-
geted therapies and less frequently chemotherapy,
which was associated with a significantly improved
overall survival.

As precision medicine moves from academic settings
into community practice, oncologists face clinical, finan-
cial, and administrative challenges in implementing
these treatments.23 These challenges include determining
7
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nNGM group (n = 509) non-nNGM group (n = 7213)

1L 2L Total 1L 2L Total

n % n % n % n % n % n %

TKI 43 8.4% 14 2.8% 57 11.2% 366 5.1% 96 1.3% 462 6.4%

Afatinib 3 0.6% – – 3 0.6% 31 0.4% 15 0.2% 46 0.6%

Alectinib 8 1.6% 1 0.2% 9 1.8% 55 0.8% 13 0.2% 68 0.9%

Brigatinib – – 1 0.2% 1 0.2% – – – – – –

Cabozantinib – – – – – – 7 0.1% 2 <0.1% 9 0.1%

Ceritinib – – 2 0.4% 2 0.4% 1 <0.1% – – 1 <0.1%

Crizotinib 6 1.2% 1 0.2% 7 1.4% 25 0.3% 11 0.2% 36 0.5%

Dabrafenib + Trametinib 5 1.0% 1 0.2% 6 1.2% 33 0.5% 8 0.1% 41 0.6%

Dacomitinib – – – – – – 5 0.1% – – 5 0.1%

Entrectinib – – – – – – – – – – – –

Erlotinib 1 0.2% 2 0.4% 3 0.6% 5 0.1% 3 <0.1% 8 0.1%

Gefitinib 1 0.2% – – 1 0.2% 4 0.1% 1 <0.1% 5 0.1%

Lorlatinib – – – – – – – – 1 <0.1% 1 <0.1%

Osimertinib 19 3.7% 6 1.2% 25 4.9% 198 2.7% 42 0.6% 240 3.3%

Sorafenib – – – – – – 2 <0.1% – – 2 <0.1%

Vemurafenib – – – – – – 1 <0.1% 1 <0.1% 2 <0.1%

PD-1/PD-L1 inhibitor 242 47.5% 77 15.1% 319 62.7% 3167 43.9% 790 11.0% 3957 54.9%

Pembrolizumab 231 45.4% 40 7.9% 271 53.2% 2569 35.6% 323 4.5% 2892 40.1%

Atezolizumab 11 2.2% 8 1.6% 19 3.7% 535 7.4% 215 3.0% 750 10.4%

Nivolumab – – 13 2.6% 13 2.6% 60 0.8% 79 1.1% 139 1.9%

Durvalumab – – 18 3.5% 18 3.5% 4 0.1% 184 2.6% 188 2.6%

Cemiplimab – – – – – – 4 0.1% – – 4 0.1%

nNGM, national Network Genomic Medicine Lung Cancer; 1L, first line; 2L, second line; TKI, tyrosine kinase inhibitor; PD-1, programmed cell death 1; PD-L1, programmed
cell death ligand-1. Note: The minus sign indicates that no medication was administered (n = 0).

Table 2: Detailed description of TKIs and PD-1/PD-L1 inhibitors administered in the first-line (1L) and second-line (2L) setting within the first six
months after initiation of first-line treatment (the percentages of 1L and 2L therapies both refer to the total number of patients per group).
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which molecular tests are best to use and when tissue
should be tested, interpreting the test results and deter-
mining actionability, understanding the role of genetic
counseling and/or follow-up testing, determining clinical
trial eligibility, and assessing patient attitudes and
financial concerns.38 Given the multifaceted, complex and
rapidly changing landscape in precision medicine, it is
imperative to establish early and frequent communica-
tion among all stakeholders.38 One key component for the
effective implementation of precision medicine in
oncology practice is the data infrastructure for decision
support, such as standardized testing algorithms and
treatment guidance for physicians.39 The aforementioned
aspects have been implemented within the framework of
the nNGM with the primary goal of providing harmo-
nized, standardized, comprehensive and high-quality
molecular diagnostics of tumor tissue for every lung
cancer patient in Germany.40

Previous studies using RWD have highlighted the
benefits of personalized care, in particular broad mo-
lecular testing, for patients with aNSCLC and demon-
strated improved OS in patients with driver-mutation
positive tumors.8–10 However, these studies compared
patients within defined molecular screening programs
with presence of oncogenic driver mutation and
genotype-directed therapy with patients without any
oncogenic drivers, but did not address the impact of
implementing a precision medicine program into a
national health system. Bruno et al. investigated the
effectiveness of implementing a precision medicine
thoracic service in a large academic-community practice
network and found significantly higher rates of NGS
testing for patients with stage IV NSCLC and a trend
towards higher rates of actionable alterations.41 Howev-
er, the control group consisted of patients treated prior
to the implementation of the program, potentially
introducing a chronology bias, and clinical outcomes
such as OS were not studied. Presley et al. investigated
the impact of broad genomic sequencing vs. routine
testing (EGFR and/or ALK only) in patients with
aNSCLC and found comparable survival rates between
the groups.26 However, only patients with documenta-
tion of either broad genomic sequencing testing or
specific EGFR mutation and/or ALK rearrangement
testing (as standard-of-care) were considered.26 Thus,
the effectiveness of a precision medicine program was
not studied, especially since, as previously reported, in
community-based clinical routine care, not all patients
www.thelancet.com Vol 36 January, 2024
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with aNSCLC receive molecular diagnostics, and the
study population did not represent usual care of the
general aNSCLC population and clinicians, e.g., did not
receive treatment support. Overall, the impact of the
personalized treatment with the implementation of
molecular diagnostics and targeted therapy in patients
with aNSCLC has been highlighted in previous studies,
but the effectiveness of a precision medicine program
remains unclear.

The importance of the use of RWD to study the ef-
fects of precision medicine has been recognized.42 In
comparison to patients participating in randomized
controlled trials, RWD more accurately reflect cancer
patients in usual care, which are often older, more likely
to be female, have a poorer performance status along
with a worse disease prognosis, and are increasingly
used to reevaluate drug efficacy.43–47 RWD for research
purposes can be derived from a variety of data sources
(e.g., administrative claims data, EHR or cancer regis-
tries), all of which have strengths and limitations. Claim
data provide a reliable record of the use of inpatient and
outpatient healthcare services longitudinally over time.
In Germany in particular, such data are valuable since,
due to the statutory health insurance system, the data
largely represent the general population.

Based on RWD from the German cancer registries,
our study population well reflects the lung cancer pa-
tients in Germany. In 2018, 61.7% of lung cancer pa-
tients in Germany were male and the median age at the
time of initial diagnosis was 70 years in men and 69
years in women.2 This is also in line with Hardtstock
et al., who studied the treatment and survival of 1741
aNSCLC patients in Germany incident in 2012–2015
based on claims data and reported a median age of 68
years and 70.1% of aNSCLC patients were male.48

Hardtstock et al. found that during the study period
across all treatment lines, 70.3% of patients received a
chemotherapy only, 21.2% received a TKI-based therapy
and immunotherapy without a TKI was prescribed in
4.5% of the patients.48 As expected, we observed that the
proportion of aNSCLC patients with incidence in
2019–2020 who received chemotherapy substantially
decreased to 44–51% in the first-line setting and
immunotherapy increased to 44–48%, while interest-
ingly, TKI prescription remained at 5.1% in the non-
nNGM group and increased to 8.4% in the nNGM-
group only. The 1-year survival rate of 47.9% was
comparatively high over the observation period in the
study by Hardtstock et al., however, survival was calcu-
lated starting from the date of initial diagnosis.48 In our
study, despite the significantly more frequent use of
immunotherapies, the 12-month survival rate in the
non-nNGM group was 41.3%. Another RWD-study
from Italy investigated the treatment and outcomes of
1787 patients with aNSCLC with first diagnosis between
November 2014 to November 2015 and found a median
OS of 9.34 months and a 12-month survival rate of 40%,
www.thelancet.com Vol 36 January, 2024
although 16.1% of patients received a first-line targeted
therapy.49 One study by Lester et al. using RWD
(2016–2018) from the United Kingdom found a median
OS of 9.5 months in 1003 aNSCLC patients.50 In that
study, 69.6% received chemotherapy, 17.8% mono-
immunotherapy and 12.6% targeted therapy with TKI
as first-line treatment.50 Overall, our study reflects the
real-world care of aNSCLC patients in Germany, thus
for the first time demonstrating the benefits of a
community-based precision medicine program.

Furthermore, a survival benefit of patients receiving
chemotherapy without immunotherapy or targeted
therapy within the nNGM was found. It is important to
note that during the study period the majority of nNGM
partners strongly collaborated with academic or certified
lung cancer centers. Therefore, the survival benefit of
patients with chemotherapy within the nNGM in our
study might be due higher expertise and better sup-
portive care. However, over the last years, the network
has grown steadily and aims to collaborate with all lung
cancer practitioners in Germany. Thus, ensuring the
provision of personalized care for all aNSCLC patients
in Germany at their local residential area outside of
academic centers is the primary aim of the nNGM.

When evaluating the effectiveness of a precision
medicine program, in addition to clinical benefits, cost-
effectiveness must also be considered, particularly since
NGS-based testing strategies are more comprehensive
and thus potentially more expensive than single-gene
tests. However, within nNGM, costs for molecular di-
agnostics and clinical recommendation are fully covered
by the German statutory health insurance companies as
part of special care contracts, and currently, no cost-
effectiveness or cost-utility methods, including quality-
adjusted life-years (QALY), are used by stakeholders
for reimbursement decision making. Recently, however,
studies have shown that NGS is a cost-effective strategy
compared to single-gen testing in patients with aNSCLC
and can increase the proportion of patients receiving
biomarker-driven therapies.51–53 Due to scarce resources,
these approaches and discussions on willingness to pay
thresholds will likely become more relevant in Germany
in the future.

The importance of structured and standardized
precision medicine programs for aNSCLC patients will
continue to grow with the discovery of targetable driver
mutations and further approval of targeted therapies.
Also, novel emerging diagnostic methods, as e.g.,
liquid biopsy to detect TKI resistance, as it is imple-
mented in nNGM, will continue to gain importance.54,55

The significance of such programs for the quality of life
of aNSCLC patients is largely unknown so far,
although a number of clinical studies have already
found positive effects on quality of life with the use of
targeted therapies compared to chemotherapy,56,57

indicating that positive effects may also be presumed
in this regard. Other important concepts that the
9
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structure of precision medicine programs could facili-
tate in the future would be the expansion of molecular
tumor boards at the time of initial diagnosis, which in
Germany currently primarily provide treatment rec-
ommendations for patients beyond the first-line
setting. With the increase in driver mutations and the
knowledge on the relevance of co-occurring mutations
in the first-line setting, it is a challenge for conven-
tional guidelines to provide treatment recommenda-
tions based on latest knowledge and thus the provision
of expert knowledge is essential.

One limitation of this study is that since claim data is
generated for billing purposes, important clinical and
laboratory health information was lacking, such as tu-
mor histopathology, tumor stage, laboratory parameters,
mutation status information, genomic biomarker
testing results, and smoking status.58 Thus, proxy vari-
ables were used to identify patients with aNSCLC. Pre-
viously, several algorithms have been proposed to
identify patients with aNSCLC based on claims data.59–61

To detect patients with incident aNSCLC, we first
included patients who had a lung cancer diagnosis in
combination with a lung cancer related systemic therapy
according to the current German S3 lung cancer
guideline within the first six months after the initial
lung cancer diagnosis.15 Furthermore, to exclude pa-
tients with resectable and non-advanced NSCLC, pa-
tients with surgical therapy or patients who received
radiotherapy without presence of metastases were
excluded. Patients with SCLC were also excluded on the
basis of proxy variables. Since SCLC patients in Ger-
many receive platinum-based chemotherapy (cis- or
carboplatin in combination with etoposide) plus
optionally atezolizumab as standard first-line ther-
apy,62,63 and due to the high reliability of the claims data,
we are confident that we could reliably exclude those
patients. Therefore, we only considered patients with
systemic treatment in the analysis, as otherwise the
entity definition would not have been sufficiently spe-
cific. The encoded procedures and accounted medica-
tions allow conclusions about the treatment courses, but
are also prone to errors, e.g., due to participation in
studies, that would result in missing invoices to the
statutory insurances. However, based on the ICD-10
coding of metastases and diagnoses, we found that the
proportion of patients with stage IV NSCLC (nNGM
group: 86%, non-nNGM group: 88%) as well as the
proportion of patients with secondary carcinomas
(nNGM group: 1.2%, non-nNGM group: 2.3%) were
comparable between the groups. Another limitation was
the lacking assessment of progression-free survival and
patient-reported outcomes, as those are not documented
in claims data. Also, no power calculation was per-
formed in advance when designing the study, however,
based on the observed sample size and relevant pa-
rameters (i.e., the estimated hazard ratio and the sur-
vival probability of the non-nNGM group at 21 months
at the end of follow-up), we determined a power for a
log-rank test of 85%, indicating that our study was not
overpowered. Furthermore, it remains unclear whether
molecular diagnostics were performed in the control
group, and if so, which biomarkers were examined and
which alterations were detected, thus the proportion of
patients with personalized care cannot be assessed. In
addition, for data protection reasons, the exact location
of the practitioners was not included in the available
claims data. The effectiveness of the nNGM precision
medicine program in terms of OS and quality of life for
aNSCLC patients will be further investigated in the
ongoing intervention study DigiNet (NCT05818449).

In conclusion, we herewith report the survival
benefits of a nationwide precision medicine program
for aNSCLC patients in a historical cohort analysis
based on RWD. Patients receiving broad NGS-based
molecular diagnostics and treatment decision sup-
port had significantly higher overall survival rates
compared to patients receiving routine clinical care
based on clinician’s choice. Precision medicine pro-
grams will continue to grow in importance in the
future due to increasingly complex personalized
therapy regimens, increasing TKI resistance and the
growing number of multiple gene alterations. The
successful implementation of the German national
Network Genomic Medicine lung cancer further
demonstrates high acceptance among practitioners
and provides a model for a successful community-
based structured program for personalized care of
aNSCLC patients.
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