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A B S T R A C T   

Objectives: The number of targeted drugs in non-small cell lung cancer (NSCLC) is ever-expanding and requires 
testing of an increasing number of predictive biomarkers. We present a comprehensive real-world evaluation of 
molecular testing and treatment selection in stage IV NSCLC patients in the Netherlands from 2017 to 2019. 
Materials and methods: Molecular pathology reports of NSCLC patients were collected from the Dutch Pathology 
Registry in time intervals between Oct-2017 and April-2019 (N = 5,038 patients) to study diagnostic yield. 
Linkage between the Dutch Pathology Registry and the Netherlands Cancer Registry enabled studying molecular 
testing rates for stage IV NSCLC initially diagnosed in 2017-Q4 (N = 1,193) and application of targeted therapy 
in stage IV NSCLC patients with potentially druggable alterations reported between Oct-2017 and June-2018 (N 
= 401). 
Results: Predictive molecular testing was performed in 85.0% of adenocarcinomas, 60.4% of NSCLC-not other-
wise specified (NOS) and 17.4% of squamous cell carcinomas. Testing rates were highest for EGFR and ALK 
(adenocarcinoma: 82.7% and 80.7%, respectively). Incidence of molecular driver alterations (i.e. EGFR, KRAS, 
ALK, ROS1, BRAF, MET, ERBB2, FGFR1) was 61.1% for adenocarcinomas, 42.3% for NSCLC-NOS, and 24.7% for 
squamous cell carcinomas. Therapeutically relevant alterations were detected at a higher frequency by NGS- 
versus non-NGS-approaches (adenocarcinoma: 62.4% versus 56.5%, respectively (P = 0.004)) due to a lower 
failure rate, more comprehensive testing and higher sensitivity. Uptake of treatment with a registered targeted 
therapy in eligible patients varied per actionable target, i.e. EGFR: 85.8%, ALK: 74.7%, ROS1: 33.7%, BRAF: 
51.5%. Treatment with agents in clinical studies/compassionate use was lower, i.e. MET: 22.8%, HER2: 18.9%, 
RET: 6.7%. 
Conclusion: Real-world data show NGS-based approaches to be superior to non-NGS. Uptake of molecular testing 
and the corresponding targeted treatments was less than expected based on guidelines and even more so for 
trials, off-label use and compassionate use, indicating less than optimal access to rational treatment options.  

Abbreviations: EMA, European Medicine Agency; FISH, Fluorescencein situhybridization; IHC, Immunohistochemistry; NCR, Netherlands Cancer Registry; NGS, 
Next generation sequencing; NOS, Not otherwise specified; NSCLC, Non-small cell lung cancer; PALGA, The nationwide network and registry of histo- and cyto-
pathology in the Netherlands; SCC, Squamous cell carcinoma; TKI, Tyrosine kinase inhibitors. 
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1. Introduction 

Improved understanding of the genomic landscape of non-small cell 
lung cancer (NSCLC) revolutionized the clinical management and 
resulted in the introduction of highly effective targeted treatment stra-
tegies for patients with advanced or metastatic disease [1,2]. EGFR 
tyrosine kinase inhibitors (TKI) were the first targeted therapies 
approved for NSCLC patients by the European Medicine Agency (EMA) 
in 2005, followed by therapies directed against ALK fusions (2012), 
ROS1 fusions (2016) and BRAF p.V600E mutations (2017) [3–9]. Other 
actionable targets that are currently approved or being evaluated in 
clinical studies include therapies directed against RET-fusions, ERBB2 
mutations and amplifications, MET mutations and amplifications, KRAS 
p.G12C mutations, and NTRK1-3 fusion genes [10–14]. The effective-
ness of targeted therapies according to molecular analyses-based pre-
diction drastically changed the paradigm for lung cancer treatment 
towards a rational, targeted treatment selection as the standard of care. 
International and national clinical practice guidelines underline that 
patient stratification for targeted therapy depends on accurate and 
timely identification of all potentially druggable alterations [15–19]. 

The field of molecular diagnostics has developed rapidly over the last 
15 years. Currently, several methods are used to detect potential 
targetable alterations, each affecting the amount of required material, 
sensitivity, completeness of evaluated biomarkers, turnaround time, and 
costs. Mutations can be detected using next generation sequencing 
(NGS) approaches or single gene tests (e.g. Sanger sequencing). NGS- 
based techniques allow simultaneous testing of multiple mutations 
and thereby spare valuable tumor tissue, which is a common limiting 
factor for molecular diagnostics in NSCLC. Hence, many pathology de-
partments implemented NGS using various gene panels during the last 
years (32, 34). In routine diagnostics, these DNA-based mutation ana-
lyses are mostly not (yet) performed in one comprehensive test that also 
includes RNA-based gene fusion detection assays. Gene fusions were 
traditionally analyzed using fluorescence in situ hybridization (FISH), 
but also immunohistochemistry (IHC) of e.g. ALK could be part of 
“molecular” treatment decision making. Recently, multiplex RNA-based 
sequencing to detect fusion genes became available for routine di-
agnostics [3,20–22]. The feasibility of a whole genome approach in 
routine clinical practice is currently under investigation [23]. 

Few data are available on how this rapid development of treatment 
options and predictive diagnostics was implemented in terms of actual, 
real-world access to mutation-tailored treatment at a nationwide level 
[24–31]. However, insights into real-world clinical management of 
NSCLC patients are required to further guide optimization of access to 
state-of-the-art patient care. Therefore, the aim of the present study was 
to provide a national overview of uptake of molecular diagnostics and 
targeted therapy in patients with NSCLC, the breadth of targets tested, 
and the inter-laboratory variation of these aspects. Here, we present a 
comprehensive evaluation of molecular testing rates for treatment se-
lection in stage IV NSCLC patients using Dutch real-world nationwide 
data registries: (molecular) pathology data on implementation of pre-
dictive testing, testing rates and rates of patients who receive mutation- 
tailored treatment. Pathology reports from daily clinical practice were 
collected from the Dutch Pathology Registry in time intervals between 
Oct-2017 and April-2019 to study multi-institutional molecular ana-
lyses. A subset of these data was linked to the Netherlands Cancer 
Registry to study molecular testing rates in 2017-Q4 and the application 
of targeted therapy in patients with a targetable alteration between Oct- 
2017 and June-2018. In these study periods, the Dutch guidelines (in 
force from 2015 to 2020) recommended molecular testing of EGFR and 
ALK for all advanced non-squamous NSCLC patients. In addition, mo-
lecular testing of KRAS, BRAF, ERBB2, ROS1 and RET was strongly 
suggested [32,33]. Targeted therapies directed against mutated EGFR 
and BRAF, as well as ALK and ROS1 fusions were already approved by 
the European Medicine Agency, whereas therapies directed against 
mutated ERBB2/HER2 and MET, and RET fusions were available only 

within the framework of clinical trials or compassionate use programs 
[34]. 

2. Material & methods 

2.1. Databases 

Clinical and pathology data were obtained from data linkage be-
tween the Netherlands Cancer Registry (NCR) and the nationwide 
network and registry of histo- and cytopathology in the Netherlands 
(Dutch Pathology Registry (PALGA)), respectively [35]. Both databases 
cover over 99% of the Dutch population (approximately 17.2 million 
inhabitants). In the NCR all newly diagnosed malignancies are regis-
tered using a standardized structured dataset consisting of basic patient 
and disease characteristics, including age, gender, histology, Tumor- 
Node-Metastasis (TNM) stage, performance score, site(s) of metastasis, 
and first-line treatment, as recorded from patient records. In PALGA, all 
histological, cytopathological, IHC and molecular profiling results of all 
46 Dutch pathology departments are archived. Of these 46 Dutch pa-
thology departments, 21 perform molecular diagnostics for NSCLC 
patients. 

2.2. Molecular data collection 

Pathology reports with molecular test results of NSCLC patients were 
collected from PALGA using specific queries in selected time intervals 
between October 2017 and April 2019 (i.e. Oct-2017, Nov-2017, Dec- 
2017, Jan-2018, Apr-2018, Jul-2018, Oct-2018, Jan-2019, Apr-2019; 
Fig. 1A). The vast majority of pathology reports were plain text re-
ports and hence had to be manually curated and annotated. This 
necessitated the use of restricted time intervals for the data collection. 
Molecular reports of 5,038 NSCLC patients were manually annotated. 
This included description of technique for mutation or fusion gene test, 
the evaluated genes and the diagnostic yield. Pathogenicity of mutations 
reported in EGFR, KRAS, BRAF, MET, ERBB2 and PIK3CA was evaluated 
(Supplementary Table 1). In addition, (likely) pathogenic mutations 
were annotated as common (EGFR: exon 19 deletion or p.L858R; KRAS: 
codon 12, 13, 61, 117, 146; BRAF: codon 600; ERBB2: (likely) patho-
genic mutations in exon 8, 19, 20; MET: mutations leading to exon 14 
skipping; PIK3CA: exon 10 or 21) or uncommon (e.g. EGFR p.L861Q and 
exon 20 duplications/insertions, BRAF: non-V600 mutations). EGFR p. 
T790M and p.C797S mutations were annotated as EGFR TKI resistance 
mutations. ALK p.I1171D, p.L1196Q, p.G1202R, p.S1206A and p. 
G1269A were annotated as ALK TKI resistance mutations. Results from 
fusion gene analyses were annotated as present, doubtful (discordant 
IHC and FISH results) or absent. Fusion gene analyses in the study period 
were mainly performed with IHC and/or FISH. During the study period, 
RNA-based gene fusion analyses were rarely employed (i.e. RNA-based 
sequencing to detect fusion genes was reported in 4.6% of the cases). 
Molecular alteration frequencies were determined for the individual 
biomarkers. If alterations co-occurred, the alteration was only counted 
for EGFR or ALK (i.e. additional alterations likely involved resistance 
mechanisms) or in case of other combinations of alterations, the most 
frequent alteration was selected (i.e. KRAS, BRAF, MET, ERBB2, ROS1, 
RET). Molecular reports did not (necessarily) contain histological and 
clinical information. Consequently, it was not possible to distinguish 
stage IV, metastatic or advanced NSCLC patients from early-stage long 
cancer patients based on these pathology reports only. 

2.3. Data collection molecular testing rates 

To study molecular testing rates in the eligible Dutch stage IV NSCLC 
population, the NCR was used to select all patients who were initially 
diagnosed with stage IV NSCLC between October 1st 2017 and 
December 31st, 2017. In September 2019, these data were linked to 
PALGA by using trusted third party (ZorgTTP [36]), which was 
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Fig. 1. Molecular characterization of NSCLC patients (A) Timeline and flow chart showing data collection of pathology reports from the Dutch Pathology Registry 
(PALGA) between Oct-2017 and Apr-2019. All reports with molecular tests from Oct-2017 until Dec-2017 were analyzed. Of the remaining period (Jan-2018 until 
Apr-2019) only one month per quarter was analyzed, resulting in an overview of molecular analysis of 5038 NSCLC patients. (B) Frequency of reported genomic 
alterations in adenocarcinoma (N = 3774), SCC (N = 344) and NSCLC-NOS (N = 920), including (likely) pathogenic mutations in EGFR, KRAS, BRAF, MET, ERBB2 
and PIK3CA, amplifications of MET and ERRB2, rearrangements in ALK, ROS1 and RET. (C-D) Molecular landscape of NSCLC patients that underwent analyses to 
detect causes of resistance to EGFR (N = 146; panel C) or ALK (N = 22; panel D) inhibitor therapies. Each column represents a patient’s tumor sample. The top row 
shows the histological subtype and the remaining rows represent concomitantly sequenced genes. Reported genomic alterations include (likely) pathogenic muta-
tions, variants of unknown significance, amplifications (FISH), potential amplifications (reported by NGS only), and fusion genes. Each aberration has a specific color 
as depicted in the legend. White bars represent no aberration reported, and grey bars represent not analyzed (i.e. not present in NGS panel or single gene analysis). 
Common mutations per gene: EGFR: exon 19 deletion or p.L858R; KRAS: mutations in codon 12, 13, 61, 117, 146; BRAF: codon 600 mutations; ERBB2: all activating 
mutations; MET: all activating mutations; PIK3CA: exon 10 or 21. 
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successful for 1193/1326 (90%) patients (i.e. linkage 1). Using these 
linked pathology reports we studied whether molecular testing was 
performed (at least once) for these patients. The pathology department 
that delivered the first NSCLC diagnostic report was annotated as 
department of initial diagnosis. 

2.4. Data collection on targeted therapy use 

Pathology reports issued between October 1, 2017 and June 30, 
2018 with 1) (likely) pathogenic mutations in EGFR, BRAF p.V600, MET 
or ERBB2, 2) ALK-, ROS1 or RET-fusions, 3) MET or ERBB2 amplifica-
tions were selected from PALGA and linked to the NCR (i.e. linkage 2) 
via the trusted third party (ZorgTTP [36]). The linkage was successful 
for 454/516 (88%) patients. 401/454 of these patients had metastatic 
disease and hence were eligible for targeted therapy. The NCR registered 
all therapy lines applied in these 454 patients until September 2019. 

2.5. Statistical analysis 

Variation in mutation frequencies of pathology departments and of 
analytical methods were evaluated using Fisher’s exact test in IBM SPSS 
Statistics (version 25). Two-sided P-values were reported. Median 
turnaround times of testing approaches were compared using the Mann- 
Whitney U test. Inter-pathology department variation in uptake of mo-
lecular testing and the diagnostic yield were visualized by funnel plots 
[37]. The molecular aberration frequencies of the individual de-
partments were compared to the national average. The 95% confidence 
intervals (CI) were set as limits. 

3. Results 

3.1. Molecular characterization of NSCLC patients 

During the study intervals between 2017 and 2019, molecular test 
results were reported for 5038 NSCLC patients (Fig. 1A). KRAS muta-
tions were reported most frequently (33%), followed by EGFR (11%), 
BRAF (4.0%), ALK (2.0%), MET (2.0%), ERBB2 (1.0%), ROS1 (0.6%), 
RET (0.5%) and FGFR1 (0.4%). These NSCLC patients were sub-
categorized in adenocarcinoma (75%), squamous cell carcinoma (SCC) 
(7%) and NSCLC-not otherwise specified (NOS) (18%), all showing 
different mutation frequencies (Fig. 1B). Patients were not necessarily 
tested for the presence of all depicted genomic alterations, but testing 
was also performed sequentially (Supplementary Fig. 1). Activating 
alterations of ALK, ROS1 and RET were mainly determined by expres-
sion using IHC and/or genomic rearrangements using FISH. RNA-based 
NGS to detect fusion genes was reported in 4.6% of the cases. 

For 146 EGFR-mutation positive NSCLC patients, it was reported that 
the molecular testing was performed to identify resistance to the tar-
geted therapy in use. Various potential mechanisms of anti-EGFR ther-
apy resistance were identified, including EGFR p.T790M (40%), ERBB2 
amplifications (13%), EGFR p.C797S (9.4%), PIK3CA mutations (8.1%), 
MET amplifications (4.7%), MET mutations (1.3%), KRAS mutations 
(1.3%), BRAF p.V600E mutations (0.7%), ERBB2 mutations (0.7%) 
(Fig. 1C). Taken together, resistance towards anti-EGFR treatment was 
associated with secondary EGFR mutations in 41.8% (61/146) of the 
patients. Secondary ALK mutations (i.e. p.I1171N, p.L1196Q, p. 
L1196M, p.G1202R, p.S1206A, p.G1269A) were reported in 41% (9/22) 
of the patients (Fig. 1D). 

3.2. Inter-pathology department variation, testing method and turn- 
around time 

During the selected time periods between 2017 and 2019, mutation 
analyses for NSCLC patients were performed by 21 out of 46 Dutch 
pathology departments. The median turnaround time was 8 working 
days from initial request until authorization of the pathology report 

(95% CI [2–23]). Inter-pathology department variation and the effect of 
testing method was studied in adenocarcinomas only to prevent bias due 
to histological subtypes (Fig. 2A). The number of analyses performed 
ranged from 24 to 494 per pathology department during the 9 months of 
registration/inclusion (which translates to 0.6–12 tests/week). In two 
departments the mutation frequencies were significantly lower than the 
national average of 57.6% (P < 0.05; Fig. 2B). Comparing reported 
molecular alteration rates (i.e. both (likely) pathogenic mutations and 
fusions), one department slightly outperformed the national average 
diagnostic yield of 61.2% (P < 0.05; Fig. 2C), while three other de-
partments, including the department with the highest number of mo-
lecular tests, showed a significantly lower alteration rate. 

Mutation analyses were predominantly performed with NGS using 
gene panels (Supplementary Fig. 2A). Non-NGS analyses mainly 
included traditional single gene tests (e.g. Sanger sequencing). Highly 
sensitive single gene tests (e.g. ddPCR) were used in<0.5% of the ana-
lyses. NGS-based testing was more comprehensive than non-NGS tests, e. 
g. BRAF was sequenced in 99.9% of the NGS analyses versus 74.2% in 
the non-NGS analyses (P < 0.001; Supplementary Fig. 2B-C). Similar 
observations were made for MET (94.6% versus 36.9%, P < 0.001) and 
ERBB2 (99.9% versus 60.2%, P < 0.001). More comprehensive testing 
contributed to the significantly higher molecular alteration rate re-
ported by NGS-approaches (62.4%) compared to non-NGS-approaches 
(56.5%, P = 0.004; Fig. 2D). In addition, the percentage of failed tests 
was lower for NGS analyses (2.8% versus 5.4%, P < 0.001). Although 
fusion genes analyses were performed independently of mutation ana-
lyses, a higher frequency of ALK-rearrangements was reported if the 
mutation analysis was performed by NGS using gene panels compared to 
non-NGS-approaches (2.6% versus 0.9%, P = 0.003). This observation 
was likely caused by differences in tissue availability for fusion gene 
analyses: insufficient tissue for ALK-testing was reported in 3.7% of the 
patient samples that underwent single gene testing compared to 1.1% 
for the patient samples that were tested by NGS (P < 0.001). Five pa-
thology departments used a sequential, stepwise mutation testing 
strategy for the detection of mutations, i.e. EGFR/KRAS mutation 
analysis using single gene tests followed by an (outsourced) NGS anal-
ysis in case no mutation had been detected. In 26% (25/98) of these 
sequential NGS-analyses, additional mutations were identified (Sup-
plementary Fig. 2D). This included both potentially druggable targets 
that were previously not analyzed as well as EGFR and KRAS mutations 
(in 6.1% of these analyses) that had not been detected by the non-NGS 
test. Turnaround time increased to a median of 17 working days in 
case of sequential single gene tests and NGS analysis. 

Taken together, our observations show a higher molecular alteration 
rate detected by NGS analyses compared to non-NGS analyses, which 
coincided with more comprehensive and more sensitive analyses, as well 
as a higher success rate of NGS-based testing. 

3.3. Variation in molecular testing rates 

In order to evaluate uptake of molecular testing, we assessed whether 
all eligible NSCLC patients were actually tested for the predictive bio-
markers. Testing rates were evaluated in the fourth quarter of 2017. 
85.0% of adenocarcinomas, 60.4% of NSCLC-NOS and 17.4% of SCCs 
were tested for at least one predictive marker. For individual bio-
markers, highest testing rates were observed for EGFR in adenocarci-
nomas (82.7%; Fig. 3A-B). Uptake of testing was significantly higher in 
adenocarcinomas compared to NSCLC-NOS for all predictive markers, 
except for RET-rearrangements, even though all non-squamous meta-
static NSCLC patients should undergo molecular testing according to 
guidelines [32,33]. Besides variation in uptake among the histological 
subtypes, uptake of molecular testing was higher for mutations 
(69–83%) than for fusion genes (19–55%). Most pathology departments 
performed mutation and fusion gene analyses sequentially. Hence, 
molecular testing rates of ALK-, ROS1- and RET-rearrangements were 
higher in the mutation-negative cohort (Fig. 3C). For example, for ALK- 
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testing we observed an uptake of 55% in the total cohort of adenocar-
cinomas compared to 81% in the mutation-negative subgroup. Applying 
this correction, we observed the highest testing rates for EGFR, ALK and 
BRAF; biomarkers for which registered agents were available (Supple-
mentary Fig. 3 [34]). Testing rates of ROS1 were relatively low, 

although registered targeted therapy was available. Uptake of molecular 
testing also varied among the pathology departments that established 
the initial diagnosis, ranging from 0% to 100% (Supplementary Fig. 4). 
Taken together, uptake of molecular testing varied depending on his-
tology type, molecular marker and pathology department. 

Fig. 2. Multi-institutional mutation analyses of pulmonary adenocarcinoma patients across different analytical methods (A) Patients with adenocarcinomas (N =
3774) were selected from the 5038 NSCLC patients collected from Dutch Pathology Registry (see Fig. 1). Patients who did not receive mutation testing, i.e. only 
underwent IHC and/or FISH, were excluded (N = 14). For a few patients, multiple molecular tests of different tumor samples (e.g. due to disease progression) were 
performed during the data collection period. Therefore, the number of molecular tests (N = 3944) exceeded the number of patients (N = 3760). Reported molecular 
alteration frequencies of these 3944 analyses were compared across different institutions and analytical methods. (B-C) Funnel plots of diagnostic yield in adeno-
carcinoma per pathology department. Each dot represents an individual pathology department. National findings and 95% confidence intervals (CI) were set as 
target. The frequency of reported mutations (panel B) and frequency of reported mutations and fusion genes (panel C) were compared. (D) Frequency of reported 
EGFR, KRAS, BRAF, MET and ERBB2 (likely) pathogenic mutations by NGS and non-NGS analysis (i.e. Sanger sequencing, HRM, MassARRAY, Pyrosequencing, Idylla, 
Cobas, ddPCR). Results of fusion gene testing (i.e. ALK-, ROS1-, and RET-rearrangements) were also added to the pie charts, although these alterations were examined 
by different techniques (i.e. FISH, IHC and/or RNA-based sequencing). For (resistant) cases with multiple aberration, only the aberration in the first gene mentioned 
in the pie chart was included. The Fisher’s Exact test was applied to study differences in frequencies. ** p < 0.01; * p < 0.05. 
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3.4. Targeted therapy choices tailored by the presence of therapeutically 
targetable alterations 

401 of 516 patients with targetable genomic aberrations were clas-
sified as advanced NSCLC patients according to NCR data (Fig. 4A). 
Uptake of targeted therapy was highest for EGFR mutations and ALK- 
fusions (85.8% and 74.7%, respectively), followed by BRAF codon 600 
mutations (51.5%), ROS1-fusions (33.7%), activating MET mutations 
and amplifications (22.8%), ERBB2 mutations and amplifications 
(18.9%) and RET-fusions (6.7%) (Fig. 4B, Supplementary Figure 5A). 
Uptake of anti-EGFR therapy was higher for patients with common EGFR 
mutations (89.1%) compared to patients with uncommon EGFR muta-
tions (71.9%, P = 0.021; Supplementary Figure 5B). In addition, up-
take of anti-ALK therapy was significantly lower for patients for whom 
discordant FISH and IHC results were reported (74.7% versus 17.6%, P 
< 0.001; Supplementary Figure 5C). Treatment uptake per target was 
also studied in the individual treatment lines of patients diagnosed with 
de novo stage IV disease (N = 343). For EGFR, ALK and BRAF the ma-
jority of patients received targeted therapy as first line treatment. 
Although anti-ROS1 therapy was registered during the study period 

(Supplementary Fig. 3), application of targeted therapy was lower 
compared to the other registered therapies. For patients with a genomic 
alteration in ERBB2 or MET, targeted therapy was restricted to patients 
included in clinical studies - mainly applied from second line onwards 
(Fig. 4C). Taken together, rates of uptake of treatment mostly reflect the 
registration status of the targeted agents (i.e. for EGFR, ALK, BRAF) or 
use in clinical trials (ERBB2 and MET), indicating that variation in ac-
cess to targeted therapy is to a large extent explained by inclusion in 
trials, compassionate use programs and off-label use. 

4. Discussion 

This study presents Dutch nationwide real-world data on utilization 
of targeted therapy, access and success rate of predictive molecular 
testing strategies and methods in stage IV NSCLC patients over a 3-year 
period (2017 to 2019). While overall access to targeted therapies was 
high, we show that limitations occur at the level of actual initiation of 
testing (one in six stage IV adenocarcinoma patients missed out on 
molecular testing for somatic EGFR mutations), method of testing and 
success rate (NGS being the superior method), adequate selection of 

Fig. 3. Molecular testing rates (A) Uptake of molecular testing was studied in NSCLC patients diagnosed between Oct-2017 and Dec-2017 (N = 1326). Patients with a 
pathological diagnosis (N = 1197) were selected from the NCR and linked to the Dutch Pathology Registry by a trusted third party. The linkage occurred in Sep-2019 
and was successful for 1193 patients, including 773 adenocarcinomas, 195 SCC and 225 NSCLC-NOS. (B) Molecular testing rates per genomic alteration. The 
background colors indicate whether molecular testing was recommended (dark grey), advised (light grey) or not described (white) in the national guidelines [32,33]. 
The Fisher’s Exact test was applied to study differences in molecular testing rates between adenocarcinoma and NSCLC-NOS. ** p < 0.01; * p < 0.05. (C) Molecular 
testing rates with FISH, IHC and/or RNA-based sequencing of ALK, ROS1 and RET within the mutation-negative cohort (i.e. no (likely) pathogenic mutations in EGFR, 
KRAS, BRAF, ERBB2 or MET). The background colors indicate whether molecular testing was recommended (dark grey) or advised (light grey). The Fisher’s Exact 
test was applied to study differences in molecular testing rates between adenocarcinoma and NSCLC-NOS. * p < 0.05. 
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Fig. 4. Uptake targeted therapy per molecular alteration (A) Therapy lines of patients with potential targetable genomic alterations were studied, which were 
reported between Oct-2017 and Jun-2018 (NB: patients with EGFR mutations were selected between Oct-2017 and Dec-2017). Genomic alterations included (likely) 
pathogenic mutations in EGFR, BRAF, MET and ERBB2, amplifications of MET or ERBB2, and rearrangement of ALK, ROS1 and RET. Selected patients were linked to 
the NCR by a trusted third party, enabling extensive therapy registration. (B) Rates of patients that actually receive mutation-tailored therapy per molecular 
alteration. The background colors indicate whether registered therapies for the genomic alterations were regularly available during the whole follow-up period (dark 
grey), limited follow-up period (light grey) or not regularly available (white). (C) Uptake of targeted therapy per molecular alteration per treatment line. Treatment 
lines are shown if at least 5 patients were present. The background colors indicate whether registered therapies for the genomic alterations were available during the 
whole follow-up period (dark grey), limited follow-up period (light grey) or not available (white). †One patient received targeted therapy within the second 
treatment line. 
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therapy in case of druggable alterations (another one in nine patients 
with targetable EGFR mutations did not receive targeted therapy) and 
access to trials, compassionate use programs and off-label use (access to 
molecular testing and targeted treatment correlated with the registra-
tion status of the therapeutic agents). 

Our data are in line with previous reports showing delayed uptake of 
testing and extend these by providing a detailed numerical and quali-
tative evaluation of all steps leading to initiation of targeted therapy 
[24–31]. Hence, optimizing access to targeted therapy in lung cancer 
requires a comprehensive multidisciplinary approach, addressing all 
steps. Also, a societal debate and, eventually, a field standard is needed 
to define whether testing strategies should be aimed at registered ther-
apies only or should include all potentially druggable targets. 

Reasons for not performing molecular tests were neither (systemat-
ically) captured in the pathology reports nor NCR registration and hence 
remain unclear. Suboptimal testing rates may be explained by factors 
related to case mix (e.g. poor performance status of patients), compe-
tence of the lung cancer care chain to procure and process tumor tissue, 
availability and adequacy of testing facilities and awareness of need for 
testing [38–44]. Predictive testing for registered therapies is covered by 
basic medical insurance for citizens in the Netherlands. Data retrieved 
from the used registries do not provide insight whether financial con-
siderations to hospitals were in play. 

We show that both uptake of molecular testing and the use of tar-
geted therapy mostly followed the implementation/registration status of 
(new) therapies. Indeed, testing rates and application of targeted ther-
apy were higher for biomarkers with registered therapies (i.e. EGFR, 
ALK, BRAF), except for ROS1. This corresponds with previous reports 
showing delayed uptake of molecular testing [24–31]. Of note, rare but 
druggable molecular alterations less often led to targeted therapy (e.g. 
uptake of anti-BRAF therapy was 55% compared to 33% for anti-ROS1 
therapy). The same likely holds true for access to targeted therapies in 
trials, compassionate use programs and off-label use. This suggests that 
access to expertise to translate molecular alterations to treatment advice 
or access to trials is also unequally distributed. This argues for clustering 
of multidisciplinary expertise in molecular tumor boards and thereby 
providing easy access to treatment advice for clinicians [45]. 

Successful molecular testing in NSCLC demands careful molecular 
workup and judicious use of tumor material. We show that the frequency 
of reported molecular alterations was significantly higher in NGS-based 
approaches (62.4%) compared to non-NGS analyses (56.5%), due to a 
higher success rate, higher sensitivity and more comprehensive testing. 
Sequential mutation testing strategies had more false-negative results in 
the upfront mutation test and increased turn-around times for a large 
subset of analyses. In addition, more - valuable - tumor material is 
required for the full molecular work-up, which might not always be 
available. Taken together, NGS-based approaches more efficiently 
stratified NSCLC patients for targeted therapy. Therefore, NGS-based 
approaches should be the standard procedure for predictive di-
agnostics of NSCLC patients. The higher detection rate of ALK fusion 
genes in NGS labs, that used similar techniques for these aberrations as 
non-NGS labs, indicates that other factors besides merely technology 
platform contribute to the success rate. Hence this observation un-
derlines the point that optimizing testing requires a comprehensive 
approach, taking into account judicious use of tumor material, the 
quality of the procedure, processing of the sample, and the level of 
expertise in the pathology department. 

The current study was performed mainly prior to the introduction of 
RNA-based NGS analysis for fusion genes detection. Hence, we could not 
compare the sensitivity and specificity of RNA-based sequencing with 
the traditional FISH analysis. ROS1 testing rates were lower compared to 
ERBB2 and MET, even though for these latter two no registered therapies 
were available. Comprehensive NGS analyses for mutation detection 
that include ERBB2 and MET likely contributed to this difference. FISH 
has been reported to have limited sensitivity and specificity for ALK, 
ROS1 and RET alterations compared to RNA-based NGS analysis for 

fusion gene detection [3,20–22,46–51]. Moreover, the latter technique 
may save tumor tissue, while the costs for RNA-based sequencing are 
similar to three FISH analyses [52] and additional targeted fusions like 
those with NTRK genes may be identified. Thus, the use of multiplex 
RNA-based sequencing approaches or whole genome sequencing may 
facilitate the testing of novel and/or less common fusion genes and 
thereby may mitigate the implementation delay for fusion gene detec-
tion [22]. Taken together, our data support the necessity of a coordi-
nated workflow that is optimized for all relevant genetic alterations 
including fusion genes. 

Predictive molecular testing rates were higher in adenocarcinoma 
compared to NSCLC-NOS. In addition, a part of the patients with SCC 
was subjected to molecular testing. This resulted in the detection of 
targetable EGFR mutations in a minority of these patients (i.e. 2.3%). 
Although occurrence of EGFR mutations in SCC remains controversial 
[53,54], phase III studies have shown small survival advantages for 
EGFR TKI in SCC patients [55]. Hence, many of these patients were 
likely tested for inclusion in a clinical trial. These findings indicate that 
further research is required regarding the classification into histological 
subtypes and whether this is adequate triage for access to predictive 
testing. 

In a country with a population of approximately 17.2 million in-
habitants, 21 pathology departments performed the molecular analyses 
of the NSCLC patients at relatively small scale. In our study data were 
collected by linking two nationwide registries. The use of real-world 
clinical and pathology data on a nationwide scale reduced possible se-
lection bias generated by a single center or inclusion in a clinical trial. 
Besides primary therapy stratification of newly diagnosed patients, 
molecular tests were also performed to unravel secondary EGFR- or ALK- 
TKI resistance mechanisms. Indeed, TKI-treated patients showed on- 
target mutations as resistance mechanisms similar to reported in liter-
ature [6,56–64]. The use of existing registries also necessitates accepting 
limitations in data collection due to predefined collection strategies. For 
example, resistance analyses could not always be discriminated from 
analyses in untreated patients and therefore these analyses may have 
contributed to differences in mutation rates among laboratories. More-
over, the vast majority of pathology reports had to be manually anno-
tated, which necessitated the use of restricted time intervals for data 
collection and introduced a delay in data collection, thereby posing a 
limitation to this study. Regular monitoring lies at the basis of opti-
mizing access to high quality testing and rational lung cancer therapies. 
The data-infrastructure designed and developed in the current study 
provides a foundation to improve on for future analyses. Our study 
underlines the need of structured molecular data collection, e.g. by 
synoptic reporting as provided by PALGA and registration at the source 
to perform real-world data study. Structured data collection will facili-
tate continuous real-word evaluations of efficacy, safety, and impact of 
interventions on cancer patients [65]. 

In conclusion, this real-world data study on stage IV NSCLC shows 
variation in access to testing, the molecular test quality, and utilization 
of targeted therapies among centers, histology subtypes and biomarkers. 
Consequently, our results indicate that there is room for improvements 
in the diagnostic and treatment-selection tract of NSCLC patient. The 
superiority of comprehensive NGS-based approaches over non-NGS an-
alyses indicate NGS-approaches should be recommended for routine 
diagnostic procedure for predictive molecular profiling of NSCLC pa-
tients. Besides optimal tissue management and the use of comprehensive 
NGS panels, our data also show suboptimal molecular testing rates and 
utilization of targeted therapy. To optimize the access to available tar-
geted therapy for NSCLC patients a comprehensive, multidisciplinary 
approach should be created, e.g. by increasing the scale of testing fa-
cilities and clustering expertise in (regional) molecular tumor boards, 
thereby reducing the delay in biomarker testing and optimizing utili-
zation rate of new targeted therapeutic options. 
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