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Targeted treatment and survival
in advanced non-squamous
non-small cell lung cancer
patients – a nationwide
and longitudinal study
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Christoffer Bugge1, Ingrid Engebretsen1, Francisco Oteiza1,
Åslaug Helland3,4, Lars Fjellbirkeland3,5, Odd Terje Brustugun3,6

and Bjørn Henning Grønberg7,8

1Oslo Economics, Oslo, Norway, 2Pfizer AS, Oslo, Norway, 3Institute of Clinical Medicine, University of
Oslo, Oslo, Norway, 4Division of Cancer Medicine, Oslo University Hospital, Oslo, Norway,
5Department of Respiratory Medicine, Oslo University Hospital, Oslo, Norway, 6Section of Oncology,
Drammen Hospital, Vestre Viken Hospital Trust, Drammen, Norway, 7Department of Clinical and
Molecular Medicine, Norwegian University of Science and Technology (NTNU), Trondheim, Norway,
8Department of Oncology, St. Olavs Hospital, Trondheim University Hospital, Trondheim, Norway
Objectives: We aimed to describe treatment patterns, time on treatment (ToT)

and overall survival (OS) for patients with advanced non-squamous, EGFR+, ALK+

and ROS1+ NSCLC in Norway.

Materials andmethods:We extracted data on patients ≥ 18 years diagnosed with

advanced non-squamous NSCLC between 2015 and 2022 from the Cancer

Registry of Norway and data on cancer drug therapy from the Norwegian Patient

Registry and the Norwegian Prescribed Drug Registry. ToT was measured from

the date treatment was collected or administered until the last dispensing was

depleted or last hospital drug administration. OS was measured from date of

diagnosis until death.

Results: In total, 5,279 patients were included, of whom 449 EGFR+, 131 ALK+

and 38 ROS1+. 75% of EGFR+ patients, 88% of ALK+ patients, and 58% of ROS1+

patients received at least one systemic treatment within the first three months

after diagnosis. Median follow-up was 13, 19, and 4months for EGFR+, ALK+, and

ROS1+, respectively. The median ToT in first line (1L) for EGFR+ patients was 11

months for osimertinib (CI: 10.1-NA) and 9 months (CI: 8.2-11.2) for afatinib,

dacomitinib, erlotinib and gefitinib. For ALK+ patients, median ToT in 1L was 20

months (CI: 14.7-23.7for alectinib, 11 months (CI: 4.7-NA) for brigatinib, and 7

months (CI: 2.9-21.6) for crizotinib. For the five ROS1+ patients treated with

crizotinib in 1L, median ToT was 5 months (CI: 2.4-NA). For all patients with a

targetable genomic alteration, unadjusted median OS was higher (p-value =

0.025) for patients diagnosed in 2020-2022 (median OS: 23months, CI: 19.5-NA)

compared to patients diagnosed in 2015-2019 (median: 19 months, CI:

16.5-21.2).
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Conclusions: ToT for targeted therapies was shorter than progression-free

survival in clinical trials. However, patients eligible for targeted therapy still had

a survival improvement during the study period.
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Introduction

Lung cancer accounts for about 13% of all new cancer diagnoses

and is the leading cause of cancer-related deaths worldwide (1, 2).

Approximately 80-85% of patients have non-small cell lung cancer

(NSCLC) (3). About half of NSCLC patients are diagnosed with

advanced, metastatic disease and have a poor prognosis (4). In

Norway, 5-year relative survival for patients diagnosed with stage

IV lung cancer was estimated to be 8.3% for patients diagnosed in

the period 2018 through 2022 (3).

Over the past decades, several effective systemic therapies for

NSCLC have been introduced (5, 6), largely because drugs designed

to target oncogenic driver alterations have been developed (7).

These protein kinase inhibitors (TKI’s) have proven to be more

effective than chemotherapy regimens that used to be standard first

line treatment for all advanced NSCLC. Since 2010, drugs targeting

Epidermal Growth Factor Receptor (EGFR) mutations, Anaplastic

Lymphoma Kinase (ALK) translocations and ROS1 fusions have

become available through the Norwegian public health care system

(EGFR-inhibitors since 2010, ALK-inhibitors since 2013 and ROS1-

inhibitors since 2019). According to national guidelines, all non-

squamous NSCLC tumors should be tested for EGFR-, ALK-, and

ROS1-alterations since the corresponding inhibitors became

available at public hospitals in our country (8). These three

mutations are usually mutually exclusive and represents 11.5%,

2.4%, and 1-2% of adenocarcinomas, respectively (3, 9, 10).

The effectiveness of targeted therapies has also been seen in

studies using real-world data (5, 11–14), but there is limited data on

implementation rates of molecular testing, implementation of first-,

second- and third-generation TKI’s, treatment across lines of

therapy, ToT, and impact on overall survival (OS). Utilizing data

from public Norwegian registries, we aimed to report such data for

patients diagnosed with advanced non-squamous NSCLC in

Norway between 2015 and 2022.
Materials and methods

Data sources

The study population was identified from the Cancer Registry of

Norway (CRN). Data on drug treatment for each patient were
02
collected from the CRN, the Norwegian Patient Registry (NPR) and

the Norwegian Prescribed Drug Registry (NorPD).

Health institutions in Norway are required by law to notify

CRN of any new cancer case, and CRN encompassed 99.2% of all

lung cancer patients between 2018 and 2022 (15). Clinical stage

(cTNM according to TNM v7 from 01.01.2015-31.12.2016, and v8

from 01.01.2017-31.12.2022) has been recorded for more than 80%

of cases since 2017 (disease stage was classified as “local”, “regional”

and “advanced” until 2017) (16). Data on EGFR and ALK status

have been included in the CRN since 2013 and ROS1 status from

2022 onwards.

From the CRN, we extracted date of diagnosis, disease stage at

diagnosis, histological subtype, biomarker (EGFR, ALK and ROS1)

status, patient characteristics (sex, year of birth, and date of death if

applicable), and whether patients underwent surgery or

radiation therapy.

Data on medical treatment were collected from multiple

sources. The NorPD include data on all subcutaneous and oral

cancer drugs dispensed at Norwegian pharmacies from 2004, the

NPR holds information on all hospital encounters (in- and

outpatient visits) and hospital administered drugs from 2008, and

the CRN holds information on hospital administered drugs from

2008 and all cancer drugs administered subcutaneously and oral

from 2019. The CRN does not cover drug treatments in hospitals in

the Northern region (approx. 10% of the population), but all

Norwegian hospitals are covered by the NPR. Combined, these

data hold information on all medical systemic treatment

administered at public hospitals during the study period except

oral study drugs dispensed through clinical trials.
Study population

We extracted data on all patients aged 18 or above diagnosed

with advanced non-squamous NSCLC (stages IIIB, IIIC or IV)

between January 1, 2015, and December 31, 2022 according to the

CRN. Patients who were diagnosed with lower stage disease and

later developed advanced disease were not included, and we

excluded patients treated with curative intent in the primary setting.

We then defined three biomarker-defined subgroups (EGFR+,

ALK+ and ROS1+) and one with the remaining non-squamous

NSCLC patients. Patients were assigned to subgroups if they a) were

registered as being biomarker positive in the CRN or b) received a
frontiersin.org
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specific targeted treatment within the first three months of

diagnosis. The time period for inclusion of patients to biomarker

subgroups were based on when targeted therapies were approved

for use in the public health care sector and when biomarker results

were reported to CRN.

EGFR+
Patients registered as being EGFR+ in the CRN (n = 431) and

patients with unknown EGFR-status who received an EGFR

inhibitor (afatinib, dacomitinib, gefitinib or osimertinib) within

the first three months since diagnosis (n = 18). Erlotinib-

treatment was not used to assign patients to this group since it is

sometimes used to treat patients who are not EGFR+ (30 patients

without known EGFR+ received erlotinib within the first three

months of diagnosis). One patient was recorded as being both

EGFR+ and ALK+, while eight patients were both EGFR+ and

ROS1+. These patients were assigned to the EGFR+ subgroup since

they received EGFR-inhibitor therapy.

ALK+
Patients recorded as being ALK+ in the CRN (n = 119) and

patients with unknown ALK-status who received an ALK inhibitor

(alectinib, brigatinib or ceritinib) within the first three months of

diagnosis (n = 12). Lorlatinib-treatment was not used to assign

patients to the ALK+ subgroup as lorlatinib was not recommended

for first line treatment during the study period. Patients treated with

crizotinib were included if they received alectinib or brigatinib as

subsequent treatment, since these are likely to have been considered

to have ALK+ and not ROS1+ disease.

ROS1+
Patients recorded as being ROS1+ in the CRN (n = 36) and

patients with unknown ROS1-status who received entrectinib after

crizotinib treatment (n = 2), since these are likely to have been

considered having ROS1+ and not ALK+ disease.

Other non-squamous NSCLC
All other non-squamous NSCLC patients in the study population.
Variables and outcomes

Treatment classification
Systemic drug treatment was identified based on the

Anatomical Therapeutic Chemical (ATC) code and classified as

protein kinase inhibitors (targeted therapy), chemotherapy (ChT),

or immunotherapy (IO), according to CRNs classification (17, 18).

Erlotinib (L01EB02), afatinib (L01EB03), and gefitinib

(L01EB01) were all as first line treatment options for EGFR+

patients before 2013, while dacomitinib (L01EB07) and

osimertinib (L01EB04) were introduced as first line treatments

with public reimbursement in 2020 and 2021, respectively.
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For ALK+ patients, crizotinib (ATC-code L01XE16) was

approved for use in the public health care sector in Norway as

second line treatment in 2012, and as first line treatment in 2017.

Alectinib (L01ED03) and ceritinib (L01ED02) were approved as

first line treatment in 2018. Brigatinib (L01ED04) was approved as

second line treatment following crizotinib in 2019, and as a first line

treatment in 2021. Lorlatinib (L01ED05) was approved as second

line treatment for ALK+ patients in 2019 and as a first line

treatment in 2022.

For ROS1+ patients, crizotinib (L01XE16) was approved as first

line treatment in 2018 and entrectinib (L01EX14) in 2021.

Quadruple treatment was defined as combination treatment

with atezolizumab (L01FF05), bevacizumab (L01FG01), paclitaxel

(L01CD01) and carboplatin (L01XA02). Platinum doublet

treatment was defined as treatment with cisplatin (L01XA01) or

carboplatin (L01XA02) in combination with vinorelbine

(L01CA04), etoposide (L01CB01), paclitaxel (L01CD01),

pemetrexed (L01BA04) or gemcitabine (L01BC05).

Treatment patterns
As clinicians may prescribe IO and/or ChT while they wait for

biomarker test results, first line treatment was defined as the first

targeted therapy received within three months since diagnosis. If no

targeted therapy was given during the first three months, the first

non-targeted therapy (received within three months) was

considered first line treatment. Three months is deemed as a

reasonable threshold after which biomarker test results should

have been received and acted upon by clinicians.

Treatment patterns were presented using Sankey flow diagrams,

a data visualization technique that allows for describing change of

treatment across treatment lines (19). Line not reached (LNR)

indicates that patients were still on treatment at the end of the

study period (last 12 weeks of the data collection period).

Time on treatment
ToT was estimated using the Kaplan-Meier estimator (20) and

presented as drug survival curves and median ToT (mToT). ToT

was estimated based on the defined daily dose (DDD) for each drug

dispensing (targeted therapies) or assumed to be four weeks on

average per treatment course for IO and ChT. ToT was estimated

for first line treatments and for all treatment lines combined (i.e.,

total ToT for all treatment lines (mTToT), allowing for drug

switch). Drug treatment was considered discontinued when a)

patients did not receive a new drug after the previous one would

have been depleted, b) a treatment gap of 12 weeks or more, c)

death, or if another drug treatment was administered.

Overall survival
OS was estimated from date of diagnosis to death or end of

follow-up using the Kaplan-Meier estimator (20). To investigate

changes in OS over time, results were stratified based on year of

diagnosis (2016-2019 vs 2020-2022 for ALK+ and 2015-2019 vs

2020-2022 for all other subgroups).
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Reporting guidelines and ethics

This study follows Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) reporting guideline for

observational studies. The study was approved by the Regional

Ethics Committee of Norway South-East D (Reference number

485084) and registered at http://ClinicalTrials.gov (Reference

number NCT05834348). All analyses were conducted using R

version 4.1.2 (2021).
Results

Patient characteristics

The overall population comprised 5,279 patients (Figure 1).

Baseline characteristics are listed in Table 1. Median age was 71

(25th and 75th percentile: 64, 77) years, and 48% were female. Median

follow-up was 5.5 (25th and 75th percentile: 1.9, 14.1) months.

618 patients were assigned to one of the three biomarker

subgroups (EGFR+, ALK+, or ROS1+). In general, ALK+ patients

(median age 64, 25th and 75th percentile: 52.5, 73) were younger

than EGFR+ (median 70 years,25th and 75th percentile: 59, 78) and

ROS1+patients (median 74.5 years,25th and 75th percentile: 62.5,

78), and the proportion of females was lower (ALK+ 52%, EGFR+

66%, ROS1 + 68%). There were no differences in stage distribution

or proportions with adenocarcinomas across these subgroups.

Median follow-up was 12.7 months (25th and 75th percentile: 5.3,

24) for EGFR+ patients, 18.7 months (25th and 75th percentile: 5.8, 8.9)

for ALK+ patients, and 4.0 months (25th and 75th percentile: 1.6, 8.9)

for ROS1+ patients. During follow-up, 88% of EGFR+, 94% of ALK+,

and 46% of ROS1+ patients received at least one targeted therapy.
Frontiers in Oncology 04
For other non-squamous NSCLC patients, median age at

diagnosis was 71 years (25th and 75th percentile: 65, 77),

proportion females was 46%, median follow-up time was 4.9

months (25th and 75th percentile: 1.6, 12.5), and 2% received a

targeted therapy during the study period.
Treatment patterns and time on treatment

EGFR+
449 patients were categorized as EGFR+ patients, of which 75%

(n=335) received systemic treatment outside of clinical studies

within the three first months after diagnosis (Figure 2). Overall,

osimertinib was the most common first line treatment (31% of those

who received first line treatment, n=104), followed by gefitinib

(26%, n=86) and erlotinib (15%, n=50). The choice of first line

EGFR-inhibitor therapy changed during the study period according

to changes in national guidelines and time of reimbursement (8).

Afatinib, erlotinib and gefitinib were most commonly used prior to

2020, while osimertinib was most commonly used after

reimbursement for first line therapy was approved in 2021.

Of the 335 EGFR+ patients who received first line treatment, 41%

(n=139) received second-line treatment, most commonly IO and/or

ChT (38% of those who received second line treatment, n=53),

osimertinib (18%, n=25), afatinib (16%, n=22), and erlotinib (14%,

n=19). Of the 196 patients who did not receive second-line treatment,

41% (n=80) were still on first line treatment at the end of follow-up

(LNR), 54% (n=106) died while on first line treatment, and 5%

(n=10) stopped treatment after first line but were alive at the end of

the study period (follow-up of 14 to 88 weeks without treatment).

Among the 139 patients who received second-line treatment,

32% patients (n=44) continued to third line, most commonly IO
FIGURE 1

Study flow chart.
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and/or ChT (39% of those who received third line treatment, n=17)

or osimertinib (30%, n=13).

Swimmer plots showing the length of treatment duration for each

EGFR+ patient is presented in Supplementary Figures 4A1, A2.

Patients who received osimertinib in first line had a mToT of 11

months on osimertinib (CI: 10.1-NA), and a mTToT of 14 months

(CI: 11.1-NA) for all lines. The mToT for the first line treatment

with the other EGFR-inhibitors (afatinib, dacomitinib, erlotinib and

gefitinib) was 9.4 months (CI: 8.2-11.2), and total mTToT was 15.8

months (CI: 13.7-18.1). Results for each individual treatment are

presented in Supplementary Figure 3.

In total, 29 EGFR+ patients were treated with platinum doublet

while 19 patients received quadruple treatment after targeted

therapy. The mToT on these treatments were 3.0 and 2.6 months,

respectively (Supplementary Figure 2).

ALK+
There were 131 patients defined as having ALK+ disease.

Among these, 88% patients (n=115) received systemic treatment

within the first three months since diagnosis (Figure 3). The most

common first line treatments were alectinib (48% of those who

received first line treatment, n=55), crizotinib (25%, n=29), and

brigatinib (18%, n=21).

Of the 115 patients who received first line treatment, 44%

patients (n=51) received second line treatment, most commonly

alectinib (26%, n=14) or lorlatinib (22%, n=12). Among the
Frontiers in Oncology 05
remaining 64 patients who did not receive second line treatment,

61% patients (n=39) were still on first line treatment at the end of

follow-up (LNR). Furthermore, 38% (n=24) died before reaching a

subsequent treatment line. One patient stopped treatment after 27

months offirst line treatment, but was still alive at the end of follow-

up after 11 months without treatment.

Of the 51 patients who received a second line treatment, 39%

(n=20) reached a third line, most commonly lorlatinib (30% of those

who received a third line treatment, n=6). Among the remaining 31

patients who did not receive third line treatment, 52% patients (n=16)

were still on second line treatment with alectinib, lorlatinib, ceritinib

or crizotinib at the end of follow-up (LNR), whereas 42% (n=13) died

while on second line treatment. Two patients stopped treatment but

were still alive at the end of follow-up.

Swimmer plots showing the length of treatment duration for

each ALK+ patient is presented in Supplementary Figure 4B.

Patients treated with alectinib in first line had a mToT on

alectinib of 20 months (CI: 14.7-23.7). When combining all lines of

treatment, the mTToT was 28 months (CI: 18-NA) (i.e., median

time on subsequent treatment was 8 months). Those who received

lorlatinib had the longest time on second-line treatment (median of

13 months, CI: 5.3-NA) (Supplementary Figure 1).

Patients treated with brigatinib in first line had a mToT of 11

months (CI: 4.7-NA), while their mTToT for all lines of treatment was

16 months (CI: 11.1-NA). For first line crizotinib, corresponding

numbers were 7 (CI: 2.9-21.6) and 19 months (CI: 10.5-37.0).
TABLE 1 Patient characteristics for patients diagnosed with advanced NSCLC in Norway between 2015 and 2022.

All
All biomarker
subgroups

EGFR+ ALK+ ROS1+
Other non-squamous

NSCLC

Number of patients 5279 618 449 131 38 4661

Year of diagnosis 2015-2022 2015-2022 2015-2022 2016-2022 2018-2022 2015-2022

Median age at diagnosis (25th percentile,
75th percentile)

71 (64, 77) 69 (59, 77) 70 (59, 78) 64 (52.5, 73) 74.5 (62.5, 78) 71 (65, 77)

Mean age at diagnosis (SD) 70.2 (10.2) 67.1 (13) 68.3 (12.6) 62.6 (13.3) 69.5 (13.3) 70.7 (9.7)

Proportion female 48.3% 62.9% 65.7% 51.9% 68.4% 46.3%

Percent received targeted therapy 10.3% 87.4% 88.3% 94.1% 46.4% 1.8%

Median follow-up (from diagnosis until
death/end of data) (months) (25th percentile,
75th percentile)

5.5 (1.9, 14.1) 13.4 (4.6, 24.5) 12.7 (5.3, 24) 18.7 (5.8, 32.7) 4.0 (1.6, 8.9) 4.9 (1.6, 12.5)

Percent dead during study period 78.5% 58.9% 63.7% 47.3% 42.1% 81.1%

Stage at time of diagnosis

IIIB 5.4% 3.5% 3.6% 4.6% 0% 5.6%

IIIC 2.9% 1.6% 1.1% 1.5% 7.9% 3.1%

IVA 36.2% 36.2% 36.1% 35.1% 42.1% 36.2%

IVB 55.5% 58.6% 59.2% 58.8% 50.0% 55.1%

Morphology

Adenocarcinoma 82.4% 94.7% 95.3% 92.4% 94.7% 80.8%

Non-small cell carcinoma UNS** 15.3% 5.0% 4.6% 6.1% 5.3% 16.7%

Large cell neuroendocrine carcinoma 2.2% 0.3% 0% 1.5% 0% 2.4%
SD, Standard deviation.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1506041
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Nyen et al. 10.3389/fonc.2025.1506041
ROS1+
38 patients were assigned to the ROS1+ subgroup, of whom

58% (n=22) received systemic treatment within three months since

diagnosis (Figure 4). Even though targeted therapy was available,

the most common first line treatment was IO and/or ChT (59% of

those who received first line treatment, n=13). Of the patients

receiving first line treatment, 31% (n=7) never received second line

treatment, while 41% (n=9) were still on first line treatment at the

end of follow-up on.

Swimmer plots showing the length of treatment duration for

each ROS1+ patient is presented in Supplementary Figure 4C.

The five patients treated with crizotinib as first line therapy had

a mToT of 5 months (CI: 2.4-NA), and a mTToT of 18 months (CI:

4.9-NA) (i.e., the treatment given post crizotinib resulted in 13 more

months on treatment).
Frontiers in Oncology 06
Overall survival

For all patients assigned to biomarker subgroups, median OS was 19

months (CI: 16.5-21.2) for those diagnosed between 2015 and 2019, and

23 months (CI: 19.5-NA) for those diagnosed between 2020 and 2022

(Figure 5). Median OS among EGFR+ patients was 18months (CI: 15.3-

19.3) and 23 months (CI: 15.6-NA) for those diagnosed between 2015-

2019 and 2020-2022, respectively. Median OS among ALK+ patients

diagnosed in the earlier years was 24 months (CI: 17.4-54.7), and not

reached for those diagnosed between 2020 and 2022 (CI: 23.3-NA). OS

for ROS1+ patients was not estimated due to small sample size. Other

patients (no biomarker) with non-squamous NSCLC had a median OS

of 5 months (CI: 4.9-5.8) (2015-2019) and 7 months (CI: 5.8-7.0) (2020-

2022). 1-year and 2-year overall survival rates are presented in

Supplementary Table 3.
FIGURE 2

Treatment patterns and time on treatment for EGFR+ patients starting treatment within three months since diagnosis. Figures are restricted to EGFR
patients who received treatment within the first three months since diagnosis. 114 patients neverreceived systematic treatment within the first three
months since diagnosis. A detailed description of treatment patterns by patient is provided in Supplementary Figure 4. IO, Immunotherapy; ChT,
Chemotherapy; LNR, Line not reached; Deceased, Dead prior to reaching line; mToT, median time on treatment; mTToT, median total time on
treatment; TKI, Tyrosine Kinase Inhibitors (other TKI includes afatinib, dacomitinib, erlotinib and gefitinib); Cl, confidence interval. (A) Treatment
patterns, (B) Time on osimertinib or other TKI in first line, and (C) Total treatment time (all lines combined) when starting on osimertinib or other TKI
in EGFR+ patients.
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Discussion

Most patients diagnosed with advanced non-squamous NSCLC

with a confirmed biomarker for EGFR, ALK or ROS1 in Norway

from 2015 to 2022 received systemic treatment within the first three

months since diagnosis (75%, 88%, and 58%, respectively). For

EGFR+ patients, the mToT was 11.1 months osimertinib in first

line, compared to 9.4 months for the other EGFR-inhibitors. ToT

on platinum doublet or quadruple treatment following targeted

therapy was limited and similar for both regimens. Among those

who received an ALK-inhibitor in the first line, mToT in first line

were longer for alectinib (20.0 months) compared to brigatinib

(11.1 months) and crizotinib (7.4 months). For all patient

subgroups, the mOS was higher for patients diagnosed in 2020-

2022 compared to patients diagnosed in 2015-2019, but the survival
Frontiers in Oncology 07
improvement was larger for patients receiving targeted therapies

than for other patients.

Our CRN data does not contain information on progression

dates, and response evaluations are not always done as stringent in

clinical practice as in trials. However, the ToT we observed may

serve as an indirect measure of progression-free survival (PFS) (21).

In ARCHER1050, the authors report a mPFS of 14.7 months for

dacomitinib and 9.2 months for gefitinib for EGFR+ patients (22).

The results are somewhat higher than our estimated mToT (8.2

months for dacomitinib and 8.9 months for gefitinib). In the

FLAURA trial, the authors found a mPFS of 18.9 months for

osimertinib and 10.2 months for patients treated with erlotinib or

gefitinib (23). In our data, mToT on osimertinib was 11.1 months

while the other EGFR inhibitors had 2-3 months shorter mToT. The

ALEX study (24) reported a mPFS of 34.8 months for alectinib and
FIGURE 3

Treatment patterns and time on treatment for ALK+ patients starting treatment within three months since diagnosis. Figures are restricted to patients
who received treatment within the first three months since diagnosis. 16 patients never received systematic treatment within the first three months
since diagnosis. A detailed description of treatment patterns by patient is provided in Supplementary Figure 4. IO, Immunotherapy; ChT,
Chemotherapy; LNR, Line not reached; Deceased, Dead prior to reaching line; NA, Not annotated; mToT, median time on treatment; mTToT,
median total time on treatment; Cl, confidence interval. (A) Treatment patterns, (B) Time on alectinib, brigatinib, and crizotinib as first line, and (C)
Total treatment time (all lines combined) when starting on alectinib, brigatinib or crizotinib in the ALK+ subgroup.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1506041
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Nyen et al. 10.3389/fonc.2025.1506041
10.9 months for crizotinib, while it was 24.7 months for brigatinib

and 9.4 months for crizotinib (results from the non-Asian

population) in the ALTA 1L study (25). Similar results have also

been reported by researchers using real-world data (26, 27). In

comparison, we found a mToT of 20.0 months (alectinib), 11.1

months (brigatinib), and 7.4 months (crizotinib), which

corresponds to findings from a population-based study from

Denmark (12). A North American study investigating time on

lorlatinib as second line treatment for ALK+ patients (28) found

comparable results to our study, with mToT of 15.3 months for

lorlatinib in second line. In the PROFILE 1001 (29), the reported

mPFS for crizotinib in ROS1+ patients was 19.3 months, compared

to a mToT of 5 months in our study. Our estimated mToT is also

lower than findings from previous real world evidence studies. A

sytematic litterature review and meta-analysis found a mPFS 14.5

months for crizotinib in ROS1+ patients which is more in line with

the results from PROFILE 1001 (30). The patients in our data are

older (median age is 74) than in PROFILE 1001 (median age 55) and
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in the sytematic litterature review where the median age ranged

from 48-68. The follow-up time and sample size for ROS1+ patients

in our study were limited due to the relative recent introduction of

ROS1+testing in Norway.

Shorter ToT observed in clinical practice than in randomized

controlled trials may have several explanations. Participants in

clinical trials are in general younger, have better performance

status, less comorbidity, and are usually followed more closely

than most patients seen in the clinic. In addition, we excluded

patients who develop metastases after receiving potentially curative

treatment. These patients may have a better prognosis than those

diagnosed with de novo advanced disease (31).

In our study, the median OS for EGFR+ patients increased from

18 months for those diagnosed in 2015-2019 to 23 months for those

diagnosed in 2020-2022. The ARCHER1050 study reported a mOS

of 34.1 months in the dacomitinib arm, and 27.0 months in the

gefitinib arm (30), while the FLAURA study reported a mOS of 38.6

months for patients on osimertinib and 31.8 months among those
FIGURE 4

Treatment patterns and time on treatment for ROS1+ patients starting treatment within three months since diagnosis. Figures are restricted to ROS1
patients who received treatment within the first three months since diagnosis. 16 patients never received systematic treatment within the first three
months since diagnosis. A detailed description of treatment patterns by patient is provided in Supplementary Figure 4. IO, Immunotherapy; ChT,
Chemotherapy; LNR, Line not reached; Deceased, Dead prior to reaching line; mToT, median time on treatment; mTToT, median total time on
treatment; Cl, confidence interval. (A) Treatment patterns, (B) Time on crizotinib as first line treatment, and (C) Total treatment time (all lines
combined) when starting on crizotinib for ROS1+ patients.
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receiving erlotinib or gefitinib (32). The median 1-year OS

increased from 69% (95% CI: 59-81%) for ALK+ patients

diagnosed in 2016-2019 to 78% (95% CI: 68-89%) for those

diagnosed in 2020-2022. In the ALEX study, the 1-year OS for

patients in the alectinib arm was 84%, while it was 83% for those in

the crizotinib arm (24). Treatment switches, a more heterogenous

population (as discussed above regarding ToT) may explain the
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survival differences between these trials and our study cohort. For

example, a study concluded that patients treated with osimertinib in

first line who were ineligible for the FLAURA-trial had 18 months

shorter median OS than those who were eligible for that trial (33).

Although our study does not enable us to assess a potential causal

relationship between the introduction of targeted therapies in

advanced NSCLC and increased OS, we did, in line with a
FIGURE 5

Overall survival in (A) All biomarker subgroups, (B) Other Non-Squamous NSCLC, (C) EGFR+, (D) ALK+, (E) EGFR+ and targeted treatment (TT) within
first three months, and (F) ALK+ and TT within first three months.
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previous study (5), observe an OS improvement after the

introduction of targeted therapies in general, and with the

introduction of later generation agents.

The main strength of this study lies in the completeness of our

CRN which covers 99.2% of all lung cancer patients in Norway.

Furthermore, our health care services are public, and access to

services is regarded independent of income, societal status, age, etc.,

although some differences are unveiled (34). Thus, the national

registries cover virtually all Norwegian NSCLC cancer patients

and much information about the treatment they receive. National

treatment guidelines are well recognized by the clinical communities

and are believed to ensure quite uniform treatment across hospitals

and regions. However, the study has several limitations. First, we did

not have information on oral drug treatment received by participants

in clinical trials (e.g., the TREM-study (35) which offered second-line

osimertinib (enrolment period 2015-2017) or the ongoing FIOL-

study which offered first-line osimertinib therapy to EGFR+ patients

(enrolment period 2018-2022) (36)), which probably explains why a

lower proportion of EGFR patients (88.3%) in our cohort were

recorded to have received targeted therapy than ALK+ patients

(94.1%). Second, methods for molecular testing vary between

hospitals, but our Cancer Registry do not include information on

the methods used. Third, although ROS1 testing was implemented in

2019, the results were not reported to CRN prior to 2022. Fourth,

EGFR/ALK status was missing in the CRN for 30-36% of the patients

between 2017 and 2022. Test rates for EGFR and ALK increased

during the study period from 75% to 85% for EGFR, and from 70% to

89% for ALK patients (37, 38). Thus, the assignment to subgroups

was made based on the treatment received for 4.0% of the EGFR+

patients (we exclude erlotinib-treatment for allocation to this group,

but this accounted for only 30 patients and is not likely to have

influenced our results), 9.2% of the ALK+ patients, and 5.3% for ROS

+ patients. Although having a confirmed test result is preferable, we

consider it unlikely that patients have received these specific targeted

therapies without having the relevant oncogenic alteration. Fifth, we

only had data on drugs dispensed to patients and DDD, not

prescribed doses. Some patients may have used a higher or lower

dose than the DDD, which may influence the estimated ToT. Several

factors may determine the choice of drug treatment (e.g., clinician or

patient preferences) and whether the patient discontinue treatment.

Most importantly, our CRN does not contain information on

whether treatments were discontinued due to toxicity, whether

treatment was continued beyond progression, and we did not

assess whether e.g. chemotherapy was added to targeted therapy.

This hampers interpretation of the data on treatment beyond the first

line. Most notably, the quadruple combination does not appear to

provide any clinical benefit over chemotherapy alone, but the

numbers are small. Finally, since the different drugs became

available at different timepoints, the observation period varies,

which might explain why the total ToT did not increase with the

introduction of osimertinib as first-line treatment of EGFR+ patients,

whereas the survival time did improve.

The treatment landscape for advanced NSCLC has changed

rapidly over the last years, and studies like ours can serve as

important evaluations of to what extent changes in diagnostic

workup, especially molecular testing, and treatment have been
Frontiers in Oncology 10
implemented. During the study period, only targeted therapies for

EGFR+, ALK+, and ROS1+ NSCLCwere available at public hospitals

in Norway, and these were the subgroups with sufficient follow-up

data to include in this study. Currently, more targeted therapies are

available and NSCLC tumors are now being tested for a broader

range of oncogenic drivers. Furthermore, reports like ours serve as

valuable supplements to results from randomized controlled trials on

selected patients which inform both clinicians, patients, relatives and

decision makers in health care about the clinical impact of new

therapies. Considering that high costs of new cancer drugs have

become a challenge for most health services, such data might also be

used to support both primary and post-hoc evaluations of cost-

effectiveness of drugs. Economic evaluations are commonly based on

data from trials, including participants that do not necessarily

represent the typical patients seen in the clinic. Registry data as

presented in this report may provide valuable information to decision

makers when seen in combination with the results from trials.
Conclusion

The vast majority of Norwegian advanced non-squamous

NSCLC patients with targetable oncogenic alterations receive

appropriate targeted therapy, and these patients have a much

longer survival time than patients without such alterations,

confirming the effectiveness of these therapies in patients seen in

everyday clinical practice. There was an encouraging survival

improvement during the study period which may be attributed to

the introduction of later generation agents, though the observed

mToT for the targeted therapies was shorter than reported mPFS in

clinical trials.
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