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Clinical and economic benefits of using 
next-generation sequencing (NGS) in the 
diagnostics of patients with non-small 
cell lung cancer with rare mutations

ABSTRACT
Molecular diagnostics are necessary to make therapeutic decisions in patients with non-small cell lung cancer (NSCLC), 

especially regarding targeted therapies. They include the analysis of PD-L1 expression and mutations or rearrangements 

in the EGFR, KRAS, BRAF, ALK, ROS1, NTRK1/2/3, and RET genes. In Poland, it is recommended to perform analyses 

for point mutations in exons 18, 19, 20, and 21 of the EGFR gene and rearrangements of the ALK and ROS1 genes. Due 

to the turnaround time, costs, and availability of biological material, the benefits of routine use of NGS in NSCLC 

patients are increasingly highlighted compared to performing multiple tests of individual genes. Pharmacoeconomic 

analyzes were conducted to assess the impact of the use of next-generation sequencing (NGS) in clinical practice on 

the budget of the public payer in Poland in comparison with the current practice. They demonstrated a decrease in 

incremental expenses of the public payer related to molecular diagnostics with NGS in all eligible patients by approx. 

3.4 million PLN in 2023 and 2024 and a reduction in diagnostic costs per patient by 1 695 (21%) PLN. This article 

presents the efficacy and safety of amivantamab in NSCLC patients with an insertion in exon 20 of the EGFR gene. In 

conclusion, NGS should be the preferred diagnostic method in patients with advanced NSCLC.
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Introduction

Lung cancer is the most frequently diagnosed 
malignant tumor and the most common cause of can-
cer-related deaths in Poland and worldwide. In 2020, in 
Poland 18 814 new cases of lung cancer were recorded 
(11 518 in men and 7 296 in women), and the number 
of deaths due to lung cancer was 22 213 (14 211 in men 
and 8 002 in women) [1]. Approximately 80–85% of 
cases are non-small cell lung cancer (NSCLC), which 
affects over 1.5 million people worldwide annually [2].

Increasingly better knowledge regarding genetic 
determinants of NSCLC allows for more accurate 
characterization of the disease, which leads to more 
detailed classifications of NSCLC, depending on de-
tected molecular abnormalities [3]. Identification of 
molecular disorders that are possible therapeutic targets 
permits using more effective treatments (especially 
targeted therapies), which significantly improves out-
comes. However, the growing number of identifiable 
molecular markers (including the so-called rare muta-
tions) and targeted therapies requires careful planning 
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of diagnostics to use the most appropriate management 
in subsequent treatment lines.

According to the European Society for Medical 
Oncology (ESMO) guidelines, analysis of specific bio-
markers is necessary to make therapeutic decisions in 
patients with advanced NSCLC [4].

The European Medicines Agency (EMA) has ap-
proved targeted therapies for NSCLC patients which 
require identification of variants in as many as seven 
different genes and, additionally, analysis of the pro-
grammed death-ligand 1 (PD-L1) expression [5]. In 
order to choose the optimal treatment regimen, it is 
necessary to perform molecular tests to detect variants 
in exons 18, 19, and 21 of the EGFR gene, substitutions 
p.G12C and p.V600E in the KRAS and BRAF genes, 
respectively, and rearrangements of the ALK, ROS1, 
NTRK1/2/3, and RET genes [5]. Considering the dynamic 
development of personalized medicine and the currently 
conducted clinical trials, it should be expected that pre-
cise detection of exon 20 insertions and duplications in 
the EGFR gene, exon 14 skipping mutations and ampli-
fication in the MET gene, point variants and amplifica-
tion of the ERBB2 or NRG1 gene rearrangement will 
be required in the near future. In addition, increasing 
attention is being paid to the need to determine mu-
tation status in the STK11, KEAP1, and TP53 genes 
and the value of genomic signature analysis, for example, 
tumor mutation burden (TMB) [6].

In Poland, in NSCLC patients, it is recommended 
to perform molecular analyses including the identifi-
cation of point variants in exons 18, 19, 20, and 21 of 
the EGFR gene and rearrangement of the ALK, ROS1, 
and NTRK1-3 genes [7]. The tests are conducted se-
quentially or in parallel using polymerase chain reaction 
(PCR), immunohistochemistry (IHC), and fluorescence 
in situ hybridization (FISH) methods, respectively. 
However, due to an increase in the number of assess-
able biomarkers, conducting many individual tests 
is becoming increasingly time- and cost-consuming. 
Another problem is the limited amount of tissue mate-
rial available for routine molecular diagnostics, which 
may even make it impossible to perform many individual 
tests. Therefore, the need to introduce next-generation 
sequencing (NGS) is commonly indicated, which should 
be routinely used in the diagnostics of patients with ad-
vanced NSCLC. The NGS method allows for simultane-
ous analysis of different variants in multiple genes using 
a limited amount of tissue material [5, 6]. According 
to the latest ESMO guidelines, the NGS method is 
the preferred tool for molecular diagnostics not only in 
lung cancer but also in ovarian cancer, prostate cancer, 
or cholangiocarcinoma [6].

Due to the aforementioned need to analyze several 
different genes, it has been shown that the NGS method 
is more cost-effective than sequential or parallel analysis 

of single genes [8]. The turnaround time in the case of 
NGS analysis of a single gene may be longer compared 
to single-gene tests (14–17 vs. 7–11 days). However, it 
should be remembered that with the sequential analysis 
of three different genes, it would take approximately 
21-33 days to perform a full diagnosis using single-gene 
tests [9, 10].

The limited amount of tissue that can be used for 
diagnostics in NSCLC patients is another important 
aspect. In the vast majority of cases, the analyzed tissue 
is a biopsy material. In Yu et al. study [10], it was found 
that when four or more biomarkers need to be assessed, 
the use of NGS increases the chance of starting and, 
even more importantly, completing diagnostics using 
less tissue compared to single-gene tests.

The use of diagnostic methods based on high-through-
put methods allows the identification of a higher number of 
variants in the examined genes in NSCLC patients [11, 12].  
The analysis of a large number of samples showed that 
the PCR method did not allow for the identification of 
about 50% of insertions and duplications in exon 20 of 
the EGFR gene otherwise detected by NGS [13]. The use 
of the NGS method allows for the appropriate diagnos-
tics, which may have a positive impact on the prognosis 
of patients with advanced NSCLC [14]. This method per-
mits the identification of not only point mutations, dele-
tions, and insertions, but also gene fusions. Moreover, 
the presence of gene fusions — for example,  ALK,  ROS1, 
NTRK1/2/3, or RET — determines the sensitivity of can-
cer cells to appropriate tyrosine kinase inhibitors [5, 15].  
Due to the possibility of detecting gene fusion, it is 
recommended to perform NGS with the use of RNA, 
which allows for the effective identification of gene re-
arrangements in NSCLC patients. It is also possible to 
conduct an analysis using DNA and RNA [15].

Method and assumptions adopted  
in the financial analysis

An analysis was conducted to estimate the financial 
consequences of adopting the NGS method in clinical 
practice in Poland for the public payer (budget impact).

The target scenario assuming the use of the NGS 
method in all NSCLC patients requiring molecular 
diagnostics was compared with the current situation 
based on sequential genetic testing in the majority of pa-
tients. It has been assumed that in the current scenario, 
90% of patients undergo sequential diagnostics, e.g. 
step-by-step searching for mutations in the EGFR gene 
by PCR and possibly resistance mutations (step 1), rear-
rangement of the ALK gene by IHC or FISH (step 2),  
and rearrangement of the ROS1 gene by FISH (step 3). 
In that scenario, the NGS method is used in only 10% 
of patients (step 4) (Fig. 1).
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Figure 1. Diagnostic algorithm for patients with inoperable non-small cell lung cancer (NSCLC); NGS — next-generation sequencing

Based on data from the National Cancer Registry 
(annual incidence of lung cancer: ICD-10 C.34), it was 
assumed that the data for the years 1999–2019 were 
historical, while the data for the years 2023–2024  
were projected using a linear trend. Based on these 
estimates, it was assumed that 7 977 and 8 020 patients 
would be qualified for molecular diagnosis of lung can-
cer in 2023 and 2024, respectively (Fig. 2 [17]).

The calculations assumed that genetic tests would 
be ordered and settled under the contract with 
the National Health Fund regarding hospital service as 
billing products: simple genetic testing in cancer (code 
5.53.01.0005001), complex genetic testing in cancer 
(code 5.53.01.0005002), and advanced genetic testing 
in cancer (code 5.53.01.0005003).

Results

In the baseline scenario of the financial analysis, 
it was assumed that currently 90% of molecular tests 
are performed using classical methods, and only 10% 
using the NGS method. Taking into account sensitivity 
and specificity of the diagnostic methods used, a muta-
tion/rearrangement in the EGFR, ALK, or ROS1 genes 
would be detected in 1275 patients in 2023 and 1282 pa-
tients in 2024 (Tab. 1). The cost of the diagnostic proce-
dure would be 17.4 million PLN and 17.5 million PLN 
in 2023 and 2024, respectively. The cost of detecting 
mutations in the EGFR, ALK, or ROS1 genes per one 
diagnosed patient would be 13 665 PLN. On the other 
hand, if molecular diagnostics based on NGS were 

used in 100% of patients, the number of patients with 
a detected mutation/rearrangement in the EGFR, 
ALK, or ROS1 genes and with mutations in the KRAS 
and BRAF genes, for whom targeted therapies had 
not yet been reimbursed, would amount to 4 507 in 
2023 and 4 531 in 2024. The cost of this diagnostic proce-
dure would amount to 29.4 million PLN and 29.6 million 
PLN in 2023 and 2024, respectively. The cost of such 
a procedure would amount to 6 527 PLN per one diag-
nosed patient. The difference between the considered 
diagnostic strategies indicates an increase by approxi-
mately 12.0 million PLN in 2023 and 12.1 million PLN 
in 2024 in the expenditure of the public payer related 
to molecular diagnostics of all eligible patients using 
the NGS method. Nevertheless, the number of detected 
mutations would significantly increase while reducing 
the cost of diagnostics per patient by 7 139 PLN (reduc-
tion by approx. 52%).

The results of the financial analysis in the baseline 
scenario are summarized in Table 1.

In one of the alternative scenarios of the sequential 
genetic testing process, it was assumed that at the initial 
stage, tests for mutations in the EGFR gene would be 
performed using the PCR method, and then — in pa-
tients with a negative result— a multi-gene panel using 
the NGS method. For the analysis, it was assumed that 
the above procedure would be used in 90% of patients, 
and the NGS method only in 10% of patients. The 
number of patients with a detected mutation or rear-
rangement in the EGFR, ALK, and ROS1 genes as well 
as in the KRAS and BRAF genes would then be 3 987 in 
2023 and 4 009 in 2024. The cost of this diagnostic 
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Table 1. Results of baseline scenario analysis (PLN)

Number of diagnosed patients Diagnostics costs Cost per patient

2023 2024 2023 2024 –

Sequential method EGFR => ALK => ROS1 90%; NGS 10%

1275 1282 17.4 million PLN 17.5 million PLN 13665 PLN

Sequential method 0%; NGS 100% 

4507 4531 29.4 million PLN 29.6 million PLN 6527 PLN

Difference in the number  
of diagnosed patients

Incremental costs Difference in cost  
per patient

3232 3250 12.0 million PLN 12.1 million PLN –7 139 PLN

NGS — next-generation sequencing

Figure 2. Estimating the size of target population in 2023–2024; 1Based on [17]; 2Data based on clinical expert opinion in 
Poland; NSCLC — non-small cell lung cancer
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+

Population size estimation

Lung cancer incidence [source — National Cancer Registry (KRN), 
linear trend for 2023–2024] 

Patients with NSCLC

Patients with non-squamous NSCLC

Patients with non-squamous NSCLC, ineligible for surgery

Patients with non-squamous NSCLC, ineligible for surgery, 
referred for molecular testing

Patients with non-squamous NSCLC, ineligible for surgery, initially not referred 
for molecular testing, referred for molecular diagnostics 

in cases of relapse after chemotherapy

2023 2024

22 707 22 831

19 074 19 178

11 444 11 507

9 728 9 781

7 782 7 825

195 196

8 020Total number of patients quali�ed for molecular diagnostics 7 977

procedure would be 32.8 million PLN and 32.9 million 
PLN in 2023 and 2024, respectively. After conversion, 
the cost per diagnosed patient would be 8 222 PLN. 
If 100% of patients were immediately diagnosed with 
the use of the NGS method, the number of patients with 
detected mutations or rearrangements in the EGFR, 
ALK, and ROS1 genes and with mutations in the KRAS 
and BRAF genes would be 4 507 in 2023 and 4 531 in 
2024. The cost of the diagnostic procedure would then 
amount to 29.4 million PLN and 29.6 million PLN in 
2023 and 2024, respectively. After conversion per one 

diagnosed patient, the cost of the procedure would be 
6 527 PLN.

The analysis of the alternative scenario indicates 
a decrease in the public payer’s expenses related to 
molecular diagnostics of all eligible patients using 
the NGS method by approximately 3.4 million PLN in 
both 2023 and 2024. The cost of diagnostics per patient 
will be significantly reduced — it would amount to PLN 
1 695 (reduction by approximately 21%).

The results of the financial analysis in this alternative 
scenario are summarized in Table 2.
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Conclusions from the financial analysis

The presented analyses show that the replacement 
of the currently used sequential diagnostic process with 
the NGS method would be associated with an increase in 
the total expenditure of the public payer. However, such 
a procedure would significantly increase the effective-
ness of the diagnostic process, due to the greater number  
of detected mutations, and consequently the possibility of  
using optimal modern targeted therapeutic options, 
which can be seen as extremely rational management of 
the public payer’s budget. The cost per diagnosed patient 
would be significantly lower than in the case of using 
sequential methods, and the number of comprehensively 
diagnosed patients would be incomparably higher.

The role of amivantamab in 
the treatment of patients with EGFR 
exon 20 insertion

Insertions in exon 20 are the third most frequent mo-
lecular disorder in the epidermal growth factor receptor 
(EGFR) gene and account for fewer than 12% of EGFR 
gene disorders. EGFR exon 20 insertions constitute 
a heterogeneous group of mutations in the vicinity of 
the C-helix of the kinase domain, which affects approx-
imately 1% of NSCLC patients [17, 18]. The prognosis 
in this group of patients is particularly unfavorable, 
and the response rates to registered EGFR tyrosine 
kinase inhibitors (EGFR TKIs) are low and range 
between 0 and 9%. Platinum-based chemotherapy has 
remained the standard of treatment so far. In patients 
treated with chemotherapy, median overall survival (OS) 
is 16 months and is significantly shorter than in patients 
with activating mutations in the EGFR gene, which are 
sensitive to EGFR TKIs [19–21].

Amivantamab is a fully human bispecific antibody 
directed against the epidermal growth factor (EGF) 
and mesenchymal-epidermal transition (MET) recep-
tors. Amivantamab disrupts EGFR and MET signaling 

functions by blocking ligand binding and induces anti-
body-dependent cellular cytotoxicity involving natural 
killer (NK) cells [22, 23].

The efficacy and safety of amivantamab in NSCLC 
patients as monotherapy and in combination with other 
drugs were evaluated in the multi-cohort single-arm 
phase I CHRYSALIS study. During the first part of 
the study with dose-escalation, the recommended dose 
for evaluation in the second part was established. The 
recommended dose of amivantamab in patients weighing 
less than 80 kg is 1050 mg, and in patients weighing 80 kg 
or more, the dose is 1400 mg. The drug is given once 
a week for the first 4 weeks and then every 2 weeks from 
week 5 onwards. The primary endpoints in the dose es-
calation and expansion parts were dose-limiting toxicity 
(DLT) and overall response rate (ORR). Key secondary 
endpoints included duration of response (DoR), clinical 
benefit rate (CBR), progression-free survival (PFS), 
and overall survival (OS). Cohort D of the study popu-
lation enrolled patients with unresectable or metastatic 
NSCLC with Eastern Cooperative Oncology Group 
(ECOG) performance status 0 or 1, with the EGFR exon 
20 insertion, and disease progression during or after 
platinum-based chemotherapy. The median number 
of prior treatment lines was 2 (range 1 to 7). In 22% of 
patients, metastases were found in the central nervous 
system, which had previously been treated locally. After 
a median follow-up of 9.7 months, the ORR in patients 
treated with amivantamab was 40% by an independent 
blinded committee and 36% by the investigator, while 
the CBR was 74%. The median DoR, PFS, and OS were 
11.2 months, 8.3 months, and 22.8 months, respectively 
[24]. At the European Lung Cancer Congress (ELCC 
2023), the updated results of the CHRYSALIS clin-
ical trial were presented after a median follow-up of 
19.2 months (study results are presented in Tab. 3). 
Long-term clinical benefit from amivantamab treatment 
(≥ 12 cycles) was reported in 42% of patients. Univariate 
analysis showed a statistically significant association 
between ECOG 0 performance status and long-term 
treatment response (p = 0.021) and a trend towards 

Table 2. Results of alternative scenario analysis (PLN)

Number of diagnosed patients Diagnostics costs Cost per patient

2023 2024 2023 2024 –

Sequential method EGFR => NGS 90%; NGS 10%

3987 4009 32.8 million PLN 32.9 million PLN 8222 PLN

Sequential method EGFR => NGS 0%; NGS 10%

4507 4531 29.4 million PLN 29.6 million PLN 6527 PLN

Difference in the number of diagnosed patients Incremental costs Difference in cost  
per patient

520 523 –3.4 million PLN –3.4 million PLN –1695 PLN

NGS — next-generation sequencing
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Table 3. Results of the CHRYSALIS study [24]; median follow-up period — 19.2 months

mPFS mOS

6.9 months (95% CI 5.6-8.8) 23 months (95% CI 18.5-29.5)

1-year PFS 2-year PFS 1-year OS 2-year OS

35.4% 13.7% 73.3% 47.2%

CI — confidence interval; mOS — median overall survival; mPFS — median progression-free survival); OS — overall survival; PFS — progression-free survival

shorter treatment duration (< 12 cycles) in underweight 
patients (BMI < 18.5 kg/m2) [25].

Adverse events reported during amivantamab treat-
ment are characteristic of EGFR and MET inhibition 
and include rash (86% of patients), paronychia (45%), 
stomatitis (21%), pruritus (17%), diarrhea (12%), hy-
poalbuminemia (27%). and peripheral edema (18%). 
Among the most common side effects of amivantamab 
are infusion-related reactions, which occur in 66% of 
patients, mainly during the first infusion. In order to re-
duce this type of complications, the first dose of amivan-
tamab is divided into 2 days, the rate of infusion should 
be lower for the first 2 hours of drug administration, 
and premedication is recommended before each dose 
of amivantamab, including antihistamines, antipyretics, 
and optionally glucocorticosteroids (obligatory during 
the first infusion). Due to side effects, dose reduction 
was required in 13% of patients included in cohort D 
of the CHRYSALIS study, but only 4% discontinued 
treatment due to adverse events [24]. Amivantamab was 
registered by the US Food and Drug Administration 
(FDA) on May 21, 2021, and by the EMA on December 
9, 2021, for the treatment of adult NSCLC patients with 
activating EGFR exon 20 insertion mutations after fail-
ure of platinum-based chemotherapy.

Data from clinical practice on Canadian patients 
with EGFR gene mutations confirm that exon 20 in-
sertion significantly worsens prognosis as compared to 
patients with the so-called frequent mutations. After 
failure of platinum-based therapy, most patients re-
ceived chemotherapy with or without platinum. Median 
OS was 11.2 months in patients with exon 20 insertion 
vs. 20.8 months in patients with exon 19 deletion 
and 15.7 months in patients with EGFR exon 21 L858R 
substitution. The median time to the next treatment 
line was 4.1 months, 8.2 months, and 9.6 months, re-
spectively, for the first-line treatment and 5 months, 
7.1 months, and 6.4 months, respectively, for the sec-
ond-line treatment [26]. Currently, the standard of care 
in patients with exon 20 insertion is platinum-based 
chemotherapy. The results of a retrospective cohort 
study show that there is no standardized approach to 
follow-up treatment. Of 3701 analyzed patients, EGFR 
exon 20 insertion was found in 5% of patients (n = 177). 
In the first-line treatment, platinum-based chemother-
apy was used in 66% of patients. Patients with disease 

progression after first-line treatment were qualified 
for immunotherapy (26%) or again for platinum-based 
chemotherapy (26%), while in the third-line treatment, 
28% and 23% of patients, respectively, were qualified 
for immunotherapy and chemotherapy [27].

Real-world treatment outcomes of amivantamab in 
a pre-approval access (PAA) program confirmed the re-
sults of the CHRYSALIS study. In total, 210 program 
participants with EGFR exon 20 insertion received 
amivantamab after failure of platinum-based chemo-
therapy. A partial response was achieved in 31.2% of pa-
tients, while the proportion of patients with confirmed 
clinical benefit was 75.3%, and it was independent  
of the region of the EGFR gene where the insertion 
was found [28].

Since the CHRYSALIS study is a non-randomized 
and single-arm trial, the real-world evidence (RWE) 
is of great importance in assessing the effectiveness of 
amivantamab, as well as other therapies, in patients with 
EGFR exon 20 insertion after failure of platinum-based 
chemotherapy. The published data on 125 patients from 
three databases (Concert, COTA, and Flatiron) show 
that non-platinum chemotherapy (25.1%), immunother-
apy (24.2%), EGFR TKIs (16.3%), and platinum-based 
chemotherapy (16.3%) were the most frequent re-
gimes used in this population. However, the pooled 
analysis showed, that compared to patients treated 
with amivantamab in the CHRYSALIS study, patients 
receiving other therapies were less likely to respond 
to treatment (ORR 40% and 16% for amivantamab 
and other therapies, respectively), had shorter PFS 
(median 8.3 vs. 2.9 months for amivantamab and other 
therapies, respectively), shorter time to next therapy 
(TNT) (14.8 vs. 4.8 months, respectively), and shorter 
OS (median 22.8 months vs. 12.8 months) [29]. Similar 
analysis was performed comparing the data of patients 
from the CHRYSALIS study and 383 patients meeting 
the inclusion criteria for cohort D, treated in Europe 
and the United States (EGFR TKIs — 69 patients, im-
munotherapy — 91 patients, non-platinum chemother-
apy — 87 patients, vascular endothelial growth factor in 
combination with chemotherapy — 57 patients, other 
methods — 79 patients). A statistically and clinically sig-
nificant benefit of amivantamab has been demonstrated 
in terms of OS, PFS, ORR, and TNT compared to other 
treatments used in routine clinical practice [30].
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Currently, the phase III PAPILLON study is being 
conducted to assess the efficacy and safety of first-line 
treatment with amivantamab in combination with car-
boplatin-pemetrexed chemotherapy vs. chemotherapy 
alone in NSCLC patients with EGFR exon 20 inser-
tion (NCT04538664) [31]. The efficacy and safety of 
amivantamab is also assessed in first-line treatment of 
patients with EGFR exon 19 deletion or exon 21 L858R 
substitution in the MARIPOSA study (NCT04487080) 
(amivantamab in combination with lazertinib vs. osimer-
tinib vs. lazertinib), in second-line treatment of patients 
with frequent mutations after osimertinib failure in 
the MARIPOSA-2 study (NCT04988295) (amivan-
tamab in combination with lazertinib and chemotherapy 
vs. standard platinum-based chemotherapy), and in subcu-
taneous form in the PALOMA study (NCT04606381) [31].

The second drug registered by the FDA for the treat-
ment of patients with EGFR exon 20 insertion is mob-
ocertinib (TAK-788), a small-molecule and irreversible 
EGFR tyrosine kinase inhibitor, specifically designed 
to selectively target EGFR and HER2 insertions. The 
efficacy and safety of mobocertinib in previously treated 
patients was evaluated in the EXCLAIM study. In total, 
28 patients were included in part II of this study. The 
primary endpoint, ORR was 43%, while the disease con-
trol rate (DCR) was twice as high and amounted to 86%. 
The median DoR was 13.9 months, median PFS was 
7.3 months, while median OS reached 24 months. The 
safety of treatment was assessed in a group of 72 pa-
tients receiving mobocertinib at a dose of 160 mg daily. 
Adverse events were typical of EGFR tyrosine kinase 
inhibitors and include diarrhea (82%), nausea (39%), 
vomiting (36%), and acneiform rash, occurring in 46% 
of patients [32].

Conclusions

The introduction of new diagnostic methods with 
NGS results in a higher rate of EGFR-mutated NSCLC 
diagnosis, with more frequent detection of other disor-
ders than the so-called frequent mutations (e.g. exon 20  
insertion). The NGS method is an effective alternative 
to single-gene testing. It enables qualifying a larger 
number of NSCLC patients for systemic treatment 
with registered new drugs (e.g. amivantamab), which in 
turn contributes to better prognosis in this population. 
Financial analyses indicate that using NGS in all lung 
cancer patients will provide the following benefits:

	— the diagnostic process will be significantly shorter;
	— the number of patients receiving targeted therapies, 
according to their actual diagnosis, will be optimized;

	— the number of undiagnosed and ineffectively treated 
patients will be reduced to a minimum;

	— the public payer’s budget will be spent in a very 
rational manner;

	— it will be possible to conduct comprehensive mo-
lecular diagnostics and detect all mutations in lung 
cancer patients.
Considering the increasing number of therapies, for 

which it is necessary to identify targetable biomarkers, 
NGS should be the preferred diagnostic method in 
patients with advanced NSCLC.

Article Information and Declarations

Author contributions
K.S., B.W., C.P.: concept, substantive input, content ed-
iting; K.Dą, P.K., K.Dz, M.B.: substantive input, content 
editing; M.K.: substantive supervision, content editing.

Financing
The work had no external source of funding.

Conflict of interest
The authors report no conflict of interest.

References

1.	 Wojciechowska U. Nowotwory złośliwe w Polsce w 2020 roku. Krajowy 
Rejestr Nowotworów Ministerstwo Zdrowia, Warszawa 2020.

2.	 GLOBOCAN. https://gco.iarc.fr/ (25.05.2023).
3.	 Nicoś M, Krawczyk P, Szczyrek M, et al. Do we apply a personalised 

lung cancer therapy? Use of molecular tests in scheduling a multili-
neage treatment in a patient with lung adenocarcinoma. Oncol Clin 
Pract. 2017; 13: 24–29, doi: 10.5603/OCP.2017.0004.

4.	 European Society for Medical Oncology (ESMO) (2020) Metastatic 
non-small-cell lung cancer: ESMO clinical practice guidelines for 
diagnosis, treatment and follow-up. https://www.esmo.org/content/do-
wnload/347819/6934778/1/ESMO-CPG-mNSCLC-15SEP T2020.pdf 
(15.11.2021).

5.	 Della Corte CM, Morgillo F. Rethinking treatment for RET-altered lung 
and thyroid cancers: selpercatinib approval by the EMA. ESMO Open. 
2021; 6(1): 100041, doi: 10.1016/j.esmoop.2020.100041, indexed in 
Pubmed: 33477006.

6.	 Mosele F, Remon J, Mateo J, et al. Recommendations for the use of 
next-generation sequencing (NGS) for patients with metastatic can-
cers: a report from the ESMO Precision Medicine Working Group. Ann 
Oncol. 2020; 31(11): 1491–1505, doi: 10.1016/j.annonc.2020.07.014, 
indexed in Pubmed: 32853681.

7.	 Krzakowski M, Jassem J, Antczak A, et al. Nowotwory płuca i opłucnej 
oraz śródpiersia. Onkol Prakt Klin Edu. 2019; 5(1): 21–53.

8.	 Pisapia P, Pepe F, Baggi A, et al. Next generation diagnostic algorithm 
in non-small cell lung cancer predictive molecular pathology: The 
KWAY Italian multicenter cost evaluation study. Crit Rev Oncol Hematol. 
2022; 169: 103525, doi: 10.1016/j.critrevonc.2021.103525, indexed in 
Pubmed: 34813925.

9.	 Dagogo-Jack I, Azzolli CG, Fintelmann F, et al. Clinical Utility of Rapid 
Genotyping in Advanced Lung Cancer. JCO Precis Oncol. 2018; 2018, 
doi: 10.1200/PO.17.00299, indexed in Pubmed: 30370396.

10.	 Yu T, Tradonsky A, Layton A. Practical implications of single-gene 
versus NGS testing in advanced NSCLC. J Clin Oncol. 2017; 
35(15_suppl): e23106–e23106, doi: 10.1200/jco.2017.35.15_suppl.
e23106.

11.	 Schrock AB, Frampton GM, Herndon D, et al. Comprehensive Genomic 
Profiling Identifies Frequent Drug-Sensitive EGFR Exon 19 Deletions in 
NSCLC not Identified by Prior Molecular Testing. Clin Cancer Res. 2016; 
22(13): 3281–3285, doi: 10.1158/1078-0432.CCR-15-1668, indexed in 
Pubmed: 26933124.

12.	 Suh JH, Schrock AB, Johnson A, et al. Hybrid Capture-Based Compre-
hensive Genomic Profiling Identifies Lung Cancer Patients with Well-
-Characterized Sensitizing Epidermal Growth Factor Receptor Point 
Mutations That Were Not Detected by Standard of Care Testing. On-

https://gco.iarc.fr/
http://dx.doi.org/10.5603/OCP.2017.0004
https://www.esmo.org/content/download/347819/6934778/1/ESMO-CPG-mNSCLC-15SEP%20T2020.pdf
https://www.esmo.org/content/download/347819/6934778/1/ESMO-CPG-mNSCLC-15SEP%20T2020.pdf
http://dx.doi.org/10.1016/j.esmoop.2020.100041
https://www.ncbi.nlm.nih.gov/pubmed/33477006
http://dx.doi.org/10.1016/j.annonc.2020.07.014
https://www.ncbi.nlm.nih.gov/pubmed/32853681
http://dx.doi.org/10.1016/j.critrevonc.2021.103525
https://www.ncbi.nlm.nih.gov/pubmed/34813925
http://dx.doi.org/10.1200/PO.17.00299
https://www.ncbi.nlm.nih.gov/pubmed/30370396
http://dx.doi.org/10.1200/jco.2017.35.15_suppl.e23106
http://dx.doi.org/10.1200/jco.2017.35.15_suppl.e23106
http://dx.doi.org/10.1158/1078-0432.CCR-15-1668
https://www.ncbi.nlm.nih.gov/pubmed/26933124


8

ONCOLOGY IN CLINICAL PRACTICE 2023, Vol. 19, No. xx

cologist. 2018; 23(7): 776–781, doi: 10.1634/theoncologist.2017-0493, 
indexed in Pubmed: 29540602.

13.	 Bauml J, et al. Underdiagnosis of EGFR Exon 20 Insertion mutation 
variants: Estimates from NGS-based real-world datasets. Poster pre-
sented at: IASLC 2020 World Conference on Lung Cancer Singapore, 
January 28-31, 2021.

14.	 Pennell N, Zhou J, Hobbs B. A model comparing the value of broad 
next-gen sequencing (NGS)-based testing to single gene testing (SGT) 
in patients with nonsquamous non-small cell lung cancer (NSCLC) in 
the United States. J Clin Oncol. 2020; 38(15_suppl): 9529–9529, doi: 
10.1200/jco.2020.38.15_suppl.9529.

15.	 Kerr KM, Bibeau F, Thunnissen E, et al. The evolving landscape of 
biomarker testing for non-small cell lung cancer in Europe. Lung 
Cancer. 2021; 154: 161–175, doi: 10.1016/j.lungcan.2021.02.026, 
indexed in Pubmed: 33690091.

16.	 Wyzwania diagnostyki patomorfologicznej i molekularnej oraz leczenia 
raka płuca. Raport przygotowany z inicjatywy Polskiej Koalicji Medy-
cyny Personalizowanej oraz Instytutu Innowacji i Odpowiedzialnego 
Rozwoju. http://pkmp.org.pl/assets/72/24/11/d72f1793bb7f7adade-
a4c713043397060d9de8f0.pdf.

17.	 Kumar A, Petri ET, Halmos B, et al. Structure and clinical relevance of 
the epidermal growth factor receptor in human cancer. J Clin Oncol. 
2008; 26(10): 1742–1751, doi: 10.1200/JCO.2007.12.1178, indexed 
in Pubmed: 18375904.

18.	 Riess JW, Gandara DR, Frampton GM, et al. Diverse EGFR Exon 
20 Insertions and Co-Occurring Molecular Alterations Identified by 
Comprehensive Genomic Profiling of NSCLC. J Thorac Oncol. 2018; 
13(10): 1560–1568, doi: 10.1016/j.jtho.2018.06.019, indexed in Pub-
med: 29981927.

19.	 Yasuda H, Park E, Yun CH, et al. Structural, biochemical, and clinical 
characterization of epidermal growth factor receptor (EGFR) exon 20 in-
sertion mutations in lung cancer. Sci Transl Med. 2013; 5(216): 216ra177, 
doi: 10.1126/scitranslmed.3007205, indexed in Pubmed: 24353160.

20.	 Naidoo J, Sima CS, Rodriguez K, et al. Epidermal growth factor 
receptor exon 20 insertions in advanced lung adenocarcinomas: 
Clinical outcomes and response to erlotinib. Cancer. 2015; 121(18): 
3212–3220, doi: 10.1002/cncr.29493, indexed in Pubmed: 26096453.

21.	 Dersarkissian M, Bhak R, Lin H, et al. Real-world treatment patterns 
and survival in non-small cell lung cancer patients with EGFR exon 20 
insertion mutations. J Thorac Oncol. 2019; 14: S681.

22.	 Moores SL, Chiu ML, Bushey BS, et al. A Novel Bispecific Antibody 
Targeting EGFR and cMet Is Effective against EGFR Inhibitor-Re-
sistant Lung Tumors. Cancer Res. 2016; 76(13): 3942–3953, doi: 
10.1158/0008-5472.CAN-15-2833, indexed in Pubmed: 27216193.

23.	 Vijayaraghavan S, Lipfert L, Chevalier K, et al. Amivantamab (JNJ-
61186372), an Fc Enhanced EGFR/cMet Bispecific Antibody, Induces 
Receptor Downmodulation and Antitumor Activity by Monocyte/Ma-
crophage Trogocytosis. Mol Cancer Ther. 2020; 19(10): 2044–2056, 
doi: 10.1158/1535-7163.mct-20-0071.

24.	 Park K, Haura EB, Leighl NB, et al. Amivantamab in EGFR Exon 20 In-
sertion-Mutated Non-Small-Cell Lung Cancer Progressing on Platinum 
Chemotherapy: Initial Results From the CHRYSALIS Phase I Study. J 
Clin Oncol. 2021; 39(30): 3391–3402, doi: 10.1200/JCO.21.00662, 
indexed in Pubmed: 34339292.

25.	 Garrido P, Girard N, Chul Cho, et al. Long-term efficacy, safety and 
predictors of response to amivantamab among patients with post-
-platinum EGFR Ex20ins-mutated advanced NSCLC. European Lung 
Cancer Congress Kopenhaga, 2023.

26.	 Boyne D, Jarada T, Yusuf A, et al. Testing patterns and outcomes of diffe-
rent EGFR-positive metastatic non-small cell lung cancer patients in a Ca-
nadian real-world setting. European Lung Cancer Congress Praga, 2022.

27.	 Vanderpoel J, He J, Horsham P. Real-world treatment patterns among 
patients with advanced non-small cell lung cancer harboring epidermal 
growth factor receptor mutations. AMCP 2021.

28.	 Kim T, Lee S, Chang G, et al. Real-world treatment outcomes of 
amivantamab in pre-approval access (PAA) participants with ad-
vanced non-small cell lung cancer (NSCLC) with EGFR exon 20 
insertion mutations (ex20ins). European Lung Cancer Congress 
Praga, 2022.

29.	 Girard N, Wolf J, Kim TM, et al. Epidermal Growth Factor Receptor 
Exon 20 Insertion Mutations in the US and Europe. European Lung 
Cancer Congress Kopenhaga, 2023.

30.	 Minchom A, Girard N, Bazhenova L, et al. Amivantamab compared 
with real-world therapies in patients with NSCLC with EGFR exon 
20 insertion mutations who have progressed after platinum doublet 
chemotherapy. ASCO Annual Meeting Chicago, 2021.

31.	 www.clinicaltrials.gov.
32.	 Riely G, Neal J, Camidge D, et al. Updated results from a phase I/II 

study of mobocertinib (TAK-788) in NSCLC with exon 20 insertions 
(exon20ins). Ann Oncol. 2020; 31: S815–S816.

http://dx.doi.org/10.1634/theoncologist.2017-0493
https://www.ncbi.nlm.nih.gov/pubmed/29540602
http://dx.doi.org/10.1200/jco.2020.38.15_suppl.9529
http://dx.doi.org/10.1016/j.lungcan.2021.02.026
https://www.ncbi.nlm.nih.gov/pubmed/33690091
http://pkmp.org.pl/assets/72/24/11/d72f1793bb7f7adadea4c713043397060d9de8f0.pdf
http://pkmp.org.pl/assets/72/24/11/d72f1793bb7f7adadea4c713043397060d9de8f0.pdf
http://dx.doi.org/10.1200/JCO.2007.12.1178
https://www.ncbi.nlm.nih.gov/pubmed/18375904
http://dx.doi.org/10.1016/j.jtho.2018.06.019
https://www.ncbi.nlm.nih.gov/pubmed/29981927
http://dx.doi.org/10.1126/scitranslmed.3007205
https://www.ncbi.nlm.nih.gov/pubmed/24353160
http://dx.doi.org/10.1002/cncr.29493
https://www.ncbi.nlm.nih.gov/pubmed/26096453
http://dx.doi.org/10.1158/0008-5472.CAN-15-2833
https://www.ncbi.nlm.nih.gov/pubmed/27216193
http://dx.doi.org/10.1158/1535-7163.mct-20-0071
http://dx.doi.org/10.1200/JCO.21.00662
https://www.ncbi.nlm.nih.gov/pubmed/34339292
https://journals.viamedica.pl/oncology_in_clinical_practice/editor/submissionCitations/www.clinicaltrials.gov

