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KEYWORDS Abstract  Objectives: The landmark ADAURA study recently demonstrated a significant
NSCLC; disease-free survival benefit of adjuvant osimertinib in patients with resected EGFR-mutated
Early stage non-small lung adenocarcinoma. However, data on prevalence rates and stage distribution of EGFR mu-
cell lung cancer; tations in non-small cell lung cancer in Western populations are limited since upfront EGFR
Molecular diagnostics; testing in early stage lung adenocarcinoma is not common practice. Here, we present a unique,
Adjuvant therapy; real-world, unselected cohort of lung adenocarcinoma to aid in providing a rationale for
Tyrosine kinase routine testing of early stage lung cancers for EGFR mutations in the West-European popu-
inhibitors lation.

Material and methods: We performed routine unbiased testing of all cases, regardless of TNM
stage, with targeted next-generation sequencing on 486 lung adenocarcinoma cases between
01- January 2014 and 01 February 2020. Clinical and pathological data, including co-
mutations and morphology, were collected. EGFR-mutated cases were compared to KRAS-
mutated cases to investigate EGFR-specific characteristics.

Results: In total, 53 of 486 lung adenocarcinomas (11%) harboured an EGFR mutation. In
early stages (stage 0-IIIA), the prevalence was 13%, versus 9% in stage IIIB-IV. Nine out of
130 (7%) stage IB-IIIA patients fit the ADAURA criteria. Early stage cases harboured more
L858R mutations (p = 0.02), fewer exon 20 insertions (p = 0.048), fewer TP53 co-mutations
(p = 0.007), and were more frequently never smokers (p = 0.04) compared to late stage cases
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with EGFR mutations. The KRAS-mutated cases were distributed more evenly across TNM
stages compared to the EGFR-mutated cases.

Conclusion: As (neo-)adjuvant targeted therapy regimes enter the field of lung cancer treat-
ment, molecular analysis of early stage non-small cell lung cancer becomes relevant. Testing
for EGFR mutations in early stage lung adenocarcinoma holds a substantial yield in our pop-
ulation, as our number needed to test ratio for adjuvant osimertinib was 14.4. The observed
differences between early and late stage disease warrant further analysis to work towards bet-
ter prognostic stratification and more personalised treatment.

© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Almost 30% of patients with non-small cell lung cancer
(NSCLC) present with resectable early stage disease [1].
Unfortunately, recurrence rates after resection are high:
up to 50% of patients present with lung cancer recur-
rence within 5 years, which underscores the need for
effective  (neo)adjuvant treatment strategies [2].
Currently, in most patients with completely resected
stage II-IITA disease, adjuvant platinum-based chemo-
therapy is recommended. However, the 5-year survival
benefit of adjuvant chemotherapy remains limited [3].
Therefore, certain therapies that have proven to be
effective in the advanced setting, such as immuno-
therapy and tyrosine kinase inhibitors (TKI), are now
also of interest for the adjuvant setting. For instance, the
landmark ADAURA trial has recently led to the
approval of osimertinib, a third-generation TKI, as
adjuvant treatment after complete resection in patients
with stage IB-IIIA NSCLC harbouring EGFR exon 19
deletions or L858R substitution mutations [4].
Pathogenic mutations in the EGFR gene are one of
the most common oncogene driver mutations in meta-
static NSCLC. The incidence of EGFR mutations in
advanced non-squamous NSCLC varies greatly, from
around 10% in West-European populations, to as high
as 64% in the East Asian population [5—11]. The
introduction of TKIs that inhibit the downstream
pathways of EGFR has greatly improved the outcome of
patients with metastatic EGFR-mutated NSCLC [12,13].
Osimertinib increased the median progression-free sur-
vival to 18.9 months [12] and the overall survival to 38.6
months [14]. Recently, the ADAURA investigators also
demonstrated a substantial clinical benefit of adjuvant
osimertinib in patients with resected EGFR-mutated
lung adenocarcinoma. The study was discontinued early
due to a significant efficacy benefit shown at interim
analysis: patients with stage IB-IITA disease receiving
adjuvant osimertinib had a 24-month disease-free sur-
vival of 89%, versus only 52% in the placebo group
(p < 0.001), with a hazard ratio of 0.20 for disease
recurrence and death [4]. However, currently the

secondary end-point of overall survival remains
immature and is hampered by the early unblinding of
the study.

Until now, molecular screening for EGFR has only
been routinely performed as part of standard care in
stage I1IB and IV disease to select patients for treatment
with osimertinib or other EGFR TKIs [5,6,15]. The
expansion of routine molecular analysis to all early stage
lung adenocarcinomas to select patients for adjuvant
treatment warrants a well-founded approach. To
construct such an approach, several questions still need
to be answered. There is a considerable amount of
literature available on the prevalence of EGFR muta-
tions in late stage NSCLC and in the East Asian pop-
ulation [16]. However, as upfront EGFR testing in early
stage disease is not common practice, most reports on
early stage FGFR-mutated lung adenocarcinoma are
from preselected cohorts, often enriched for EGFR
mutations [17]. Therefore, it is still unclear how preva-
lent EGFR mutations are in early stage EGFR-mutated
lung adenocarcinomas in the Western population, and
how to identify the patients who are at higher risk of
recurrence and would therefore potentially have greater
benefit of adjuvant treatment. These lacunae are essen-
tial to fill, as they could have implications for justified
patient selection for adjuvant TKI treatment.

In the Erasmus Medical Center in Rotterdam, the
Netherlands, all lung adenocarcinomas are subject to
targeted next-generation sequencing (NGS) testing
regardless of TNM stage, so-called ‘reflex-testing’. This
provides a unique opportunity to investigate the real-
world prevalence of EGFR mutations in early stage
NSCLC in a West-European patient population. Here,
we present our prospective unselected cohort of
consecutive lung adenocarcinomas that were diagnosed
in our centre over the course of 6 years, using patients
with KRAS-mutated NSCLC as a comparator for
EGFR-mutated NSCLC. Additionally, we investigated
the clinicopathological features, such as co-mutations
and morphology, that are potentially associated with a
higher risk for disease recurrence in early stage EGFR-
mutated NSCLC.
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2. Materials and methods
2.1. Case collection and study setup

All in-house lung adenocarcinoma core needle biopsies,
cytology specimens or resection samples of the Erasmus
Medical Center Rotterdam (EMC) that were submitted
to the pathology department for routine diagnostic
purposes between 01 January 2014 and 01 February
2020- were evaluated for inclusion. Cases had to have
been analysed with targeted DNA NGS with a cus-
tomised oncogene-panel and have complete TNM
staging for inclusion. In the case of multiple primary
tumours per patient, each primary adenocarcinoma was
eligible for inclusion if NGS had been performed. Both
cytology and histology specimens were included, con-
sisting of metastatic as well as primary tumour speci-
mens. Only primary diagnostic specimens were allowed;
liquid biopsy specimens and sequential biopsies after
start of systemic treatment were excluded. Cases with
insufficient tissue for DNA NGS or without complete
TNM staging were excluded, which for example
occurred if the patient opted to be referred to another
medical centre for staging or if the patient was termi-
nally ill with a concurrent disease.

To investigate whether possible differences between
early and late stage cases are EGFR-specific, we
compared the EGFR cases to the KRAS-mutated cases
of our cohort.

2.2. DNA isolation

Formalin-fixed paraffin-embedded (FFPE) tissue,
including cytology cell blocks, was used for DNA
isolation. The DNA was isolated as previously described
[18]. The acquired DNA was stored at —20 °C until
analysis.

2.3. DNA NGS

For targeted DNA NGS, an IonTorrent custom tar-
geted NGS panel was used, including the following
genes: CDKN2A (coverage 98%), PTEN (coverage
94%), TP53 (coverage 100%) and mutation hotspots in
AKTI (exon 3), ALK (20, 22-25), APC (14), ARAF (7),
BRAF (11, 15), CTNNBI (3,7, 8), EGFR (18-21), HER2
(19-21), EZH2 (16), FBWX7 (9, 10), FGFRI (4, 7, 12),
FGFR2 (7,9, 12), FGFR3 (7,9), FOXL2 (1), GNAII (4,
5), GNAQ (4, 5), GNAS (8, 9), HRAS (2-4), IDHI (4),
IDH? (4), KIT (8, 9, 11, 13, 14, 17), KRAS (2-4),
MAP2KI (2,3), MET (2, 14, 19), MYDS8S8 (5), NOTCH1
(26, 27), NRAS (2-4), PDGFRA (12, 14, 18), PIK3CA
(10, 21), POLDI (12), POLE (9, 13), RAFI (7), RET
(11, 16), RNF43 (3, 4, 9), ROSI (38, 41), SMAD4 (3. 9,
12), STKI11I (4, 5, 8) and TERT promotor, as previously
described [19]. Copy number calling was performed with
SNPitty [20,21].

Genomic alterations were classified according to the
ACMG/AMP consensus paper in five classes of
ascending likelihood of pathogenicity [22]. For EGFR
mutations, both class 4 or 5 pathogenic mutations and
variants of unknown significance (VUS) were included.
We considered non-EGFR and non-KRAS mutations as
co-mutations, including other driver mutations. Only
class 4 and 5 pathogenic mutations were included, VUS
were not considered co-mutations. Pathogenicity was
assessed with reference databases, including Alamut,
ClinVar, IARC, CKB and cBioportal. KRAS mutations
were classified in G12C, G12D, G12V, Q61H and other
mutations.

Additionally, we assessed the immunohistochemical
expression pattern of p53 in the EGFR-mutated cases if
available.

2.4. Clinical parameters

For all cases, clinical data regarding age at diagnosis,
TNM stage (7th edition) and sex were collected. For
patients with EGFR-mutated adenocarcinoma, we
collected additional data on the smoking history,
recurrence-free survival (RFS) for early stage cases,
previous cytotoxic therapy for another malignancy,
follow-up time, symptoms at the time of diagnosis and
prior lung cancer screening or monitoring. Stage 0-ITTA
were considered early stage disease, and stage I1IB and
IV were considered late stage disease. RFS was defined
as time from date of diagnosis until disease recurrence.

Patients were categorised as ‘current smokers’ if they
smoked in the month before diagnosis. Patients were
considered to be ‘former smokers’ if they quit smoking
at least 1 month before diagnosis. Patients were
considered to be ‘never smokers’ if they had accumu-
lated less than one pack year and had not smoked in the
month before diagnosis.

2.5. Morphology

Growth patterns were assessed by one or multiple
experienced thoracic pathologists, using a continuous
score for each of the following categories: percentage
lepidic, percentage  acinar-papillary, percentage
micropapillary-solid. The continuous scores for each
category were used to assess the ‘most prevalent growth
pattern’ and the ‘worst growth pattern’. The ‘most
prevalent growth pattern’ was the pattern which was
most prevalent. If two patterns were equally prevalent,
the worst growth pattern was used as the most prevalent
growth pattern.

Literature has previously suggested that the type of
growth pattern has potential prognostic value, with
micropapillary-solid having the worst prognosis, fol-
lowed by acinar-papillary, and a lepidic growth pattern
having the most favourable prognosis [23]. We therefore
also scored the cases according to the pattern with the
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assumed worst prognosis, i.e. the ‘worst growth pattern’,
to evaluate whether the presence of a less favourable
growth pattern indeed has prognostic value. Growth
pattern assessment was only performed for cases in
which tissue from the primary tumour was available.
Cytology specimens and metastasis biopsies were not
scored for growth pattern. Examples of these scoring
systems are outlined in Supplementary Table 1.

2.6. Statistics

We used IBM SPSS Statistics software, version 25 for
statistical analysis. Statistical significance was set at
p < 0.05. Categorical data were compared using the chi-
square test or Fisher exact test, as appropriate. For t-
distributed stochastic neighbour embedding (t-SNE)
data visualisation, we adapted the dataset. We normal-
ised all continuous and ordinal data, such as age and
TNM stage to values between 0 and 1. We used one-hot-
encoding for non-ordinal categorical data, including

Table 1
Case overview per TNM stage (TNM 7' edition).

Case characteristics ~ All cases EGFR-mutated KRAS-mutated
(n =486) (n = 53) (n = 129)
Stage 0 11 (2%) 3 (6%) 3 (2%)
Stage 1A 114 (23%) 21 (40%) 31 (24%)
Stage IB 38 (8%) 4 (8%) 13 (10%)
Stage 1A 16 (3%) 2 (4%) 3 (2%)
Stage 1IB 17 (3%) 0 5 (4%)
Stage IIIA 59 (12%) 3 (6%) 13 (10%)
Stage I11IB 25 (5%) 1 (2%) 7 (5%)
Stage IV 206 (42%) 19 (36%) 54 (42%)
Early stage (0-1ITA) 255 (52%) 33 (62%) 68 (53%)
Late stage (IIIB-IV) 231 (48%) 20 (38%) 61 (47%)
80%
70% 69%
60%
54% 56%
50%
45%
40%
4%
20% 27% 27%
20% 18% 19%
13%
1%
10%
0% - ' -
Stage 0 Stage IA Stage 1B Stage lIA

EGFR mutations and co-mutations. We performed
mean imputation for missing values in normally
distributed continuous data and binary data. We per-
formed median imputation for missing non-normally
distributed continuous data and categorical data [24].
T-SNE was created with Python 3.7, using scikit-learn
and perplexity values of 4 and 12 to plot these t-SNE
figures [25]. The stage labels were excluded from the t-
SNE data.

2.7. Ethics

This study was approved by the local medical ethical
committee, registration number: MEC-2020-0732.
Informed consent was not necessary and patient data
were anonymised before processing.

3. Results
3.1. Case characteristics

We included 486 new lung adenocarcinoma cases, 53
(11%) harboured an EGFR mutation and 129 (27%)
harboured a KRAS mutation. Cases were spread un-
evenly across TNM stages, with fewer patients in stage
0 (in situ carcinoma) and II and more patients in stage I
and IV (Table 1).

3.2. Prevalence of EGFR mutations per TNM stage

EGFR mutations were more prevalent in early stage
adenocarcinoma (13% of stage O-IITA patients har-
boured an EGFR mutation), compared to late stage
(9% of stage IIIB-IV patients harboured an EGFR

73%
71% 1
|| 68%
65%

9
29% 28%
26%

22%

9%

6% 4%

0%

Stage 1IB Stage IlIA Stage 1lIB Stage IV

EGFR mKRAS = Other

Fig. 1. Mutation prevalence across stages. Prevalence of EGFR-mutated cases, KRAS-mutated cases and other cases per TNM stage
(TNM 7th edition). Blue: EGFR; Orange: KRAS; Green: other cases. KRAS is evenly distributed across stages, whereas EGFR prevalence

differs across stages.
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Table 2

Significant differences between early stage EGFR-mutated lung adenocarcinomas (n = 33) and late stage EGFR-mutated lung adenocarcinomas
(n = 20). Co-mutations were assessed only in cases with complete coverage of the panel, as described in the Methods. Predominant growth
pattern was not available for cytology and metastasis specimens. P-values were calculated with (a) Fisher’s exact test or (b) chi-squared test. For
categories ‘smoking status’ and ‘prior to diagnosis’, missing data were omitted from percentage calculations and statistic testing. * ‘Other’ EGFR
mutations included p.G779F, p.G719A and p.L861R. * ‘Other’ EGFR mutations included p-G719A, concomitant p.G719S and p.S7681, and

p.V774L.

Feature n (%) Early stage Late stage p-value Early stage Late stage p-value
EGFR (n = 33) EGFR (n = 20) KRAS (n = 68) KRAS (n = 61)

EGFR L858R 15 (45%) 3 (15%) 0.02* N/A N/A N/A

EGFR exon 20 ins 2 (6%) 5 (25%) 0.048% N/A N/A N/A

EGFR exon 19 del 13 (39%) 9 (45%) 0.7 N/A N/A N/A

Other EGFR 3* (9%) 3" (15%) 0.5% N/A N/A N/A

TP53 9 (27%) 13 (65%) 0.007* 21 (31%) 32 (52%) 0.02*

TP53 disruptive 0 8 (40%) <0.001* 6 (9%) 9 (15%) 0.4%

Most prevalent growth pattern 0.003° 0.6°

Lepidic 20 (65%) 0 (0%) 22 (38%) 6 (33%)

Acinar or papillary 9 (29%) 3 (15%) 31 (53%) 9 (50%)

Solid or micropapillary 2 (6%) 3 (15%) 5 (9%) 3 (17%)

Not scored 2 (6%) 14 (70%)

Smoking status <0.001° 0.4°

Never smoker 21 (64%) 1 (5%) 2 (3%) 0

Former smoker 10 (30%) 15 (75%) 34 (56%) 27 (48%)

Current smoker 2 (6%) 4 (20%) 25 (41%) 29 (52%)

Unknown 0 0 7 (10%) 5 (8%)

Prior to diagnosis 0.02* 0.7%

Prior follow-up 9 (27%) 0 5 (9%) 1 (4%)

No prior follow-up 24 (73%) 19 (100%) 52 (91%) 26 (96%)

Unknown 0 1 11 34

mutation). The percentage of patients harbouring EGFR
mutations was especially high in stage 0 (27%) and 1A
(18%), compared to the other stages (p = 0.03) (Fig. 1).
Of the 33 patients with early stage EGFR-mutated
NSCLC, 9 (27%) fit the ADAURA criteria (L858R
mutation or exon 19 deletion, stage IB-IITA). Since we
included 130 stage IB-IITA in our EMC cohort, the
number of stage IB-IITA cases needed to test in order to
identify one patient eligible for adjuvant osimertinib
following the ADAURA regimen, is 14.4.

3.3. Characteristics of early versus late stage EGFR-
mutated adenocarcinoma

We compared clinical, molecular and morphological
parameters between the early stage and the late stage
EGFR cases (Table 2), as well as between EGFR and
KRAS cases (Fig. 2). EGFR-mutated, early stage cases
harboured significantly more EGFR L858R mutations
(45% versus 15%, p = 0.02) and were more likely to
have a predominantly lepidic growth pattern (65%
versus 0%, p = 0.003) than the late stage EGFR-
mutated cases. Late stage cases more often harboured
EGFR exon 20 insertions (25% versus 6%, p = 0.048)
and were enriched for TP53 co-mutations (65% versus
27%, p = 0.007). Within the 7P53 mutated cases, late
stage harboured more disruptive 7P53 mutations than
early stage cases (40% versus 0%, p < 0.001). The KRAS
early and late stage cohorts differed with regard to TP53
mutation prevalence (31% versus 52%, respectively,

p = 0.02), with late stage cases again harbouring more
disruptive 7P53 mutations, though not significantly
(15% versus 9%, p = 0.4).

Additionally, early and late stage EGFR-mutated
cases differed significantly with regard to smoking his-
tory (p = 0.04). We did not identify differences in age,
sex, and worst growth pattern between early and late
stage disease. In eight of the TP53 mutated cases p53
immunohistochemistry was performed, seven showed
strong nuclear expression for p53, whereas one had ab-
sent nuclear expression.

Prior to diagnosis, nine patients (27% of all early
stage EGFR-mutated cases) were monitored with
computed tomography (CT) scans for a ‘ground glass’
lesion or pulmonary node, for an average time period of
3.1 years (range 1—7 years). Of these cases, four har-
boured a L858 R mutation, four an exon 19 deletion, and
one an exon 20 insertion. Four cases harboured a non-
disruptive TP53 mutation. Seven had a predominantly
lepidic growth pattern, and the remaining two cases had
acinar growth patterns. Two other patients were not
monitored, but the tumour had in retrospect been visible
on previous imaging, 15 and 17 years prior to the
diagnosis, respectively.

From the 486 included cases, 129 were KRAS-
mutated, including 68 early stage and 61 late stage cases.
The characteristics for the KRAS cohort are outlined in
Supplementary Table 2. The FEGFR-mutated and
KRAS-mutated cohorts differ with regard to smoking
history and pre-diagnosis follow-up, with more current
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Fig. 2. Unsupervised clustering of EGFR- and KRAS-mutated
cases. Unsupervised clustering, using t-distributed stochastic
neighbour embedding (t-SNE). A: t-SNE of EGFR-mutated lung
adenocarcinoma features, perplexity value 4. B: t-SNE of KRAS-
mutated lung adenocarcinoma features, perplexity value 12. Blue
dots: early-stage (0-1ITA, TNM 7th edition); yellow dots: late stage
(IIIB-IV). Features used for this t-SNE include smoking history,
symptoms, prior follow-up, T-stage, sex, age, growth pattern,
EGFR mutations, KRAS mutations and co-mutations.

smokers in the KRAS cohort (42% versus 11%,
p < 0.001), more never-smokers in the EGFR cohort
(28% versus 2%, p < 0.001) and more often pre-
diagnosis follow-up in the EGFR cohort (17% versus
5%, p = 0.03). In contrast to the EGFR-mutated cases,
the KRAS-mutated cases were distributed more evenly
across TNM stages (Fig. 1). Also, EGFR carly and late
stage cases differed significantly with regard to mutation
type, predominant growth pattern and co-mutation
prevalence, whereas this was not the case for the
KRAS cohort.

3.4. Recurrence free survival (RFS)

Within the early stage EGFR cases (n = 33), three pa-
tients (9%) had presented with disease recurrence after 7,

48, and 60 months respectively; 12 patients (36%) were
recurrence-free for at least 2 years after resection; and 18
(55%) patients had a follow-up duration of less than 2
years. Type of EGFR mutation, presence of TP53 mu-
tations and clinical characteristics for the recurrence-
free, recurrence and late stage cases are summarised in
Supplementary Fig. 1. This illustrates that most late
stage cases harbour similar clinicopathological features
(EGFR exon 20 insertions, presence of (7TP53) co-
mutations, growth pattern, previous or current to-
bacco smoke exposure), which can also partly be iden-
tified in the early stage cases with recurrence although in
a limited number of cases and in some recurrence-free
cases. With regard to the growth patterns, the
recurrence-free cases were predominantly characterised
by a lepidic growth pattern (67%), followed by an acinar
growth pattern (10%). Growth patterns differed in the
three cases with recurrence: one case had a predomi-
nantly solid, one predominantly acinar and one pre-
dominantly lepidic growth pattern. The patient with the
solid growth pattern had a RFS of 7 months, versus 48
months in the patient with predominantly acinar growth
pattern and 60 months in the patient with the lepidic
growth pattern.

To illustrate these different growth patterns, Fig. 3A
depicts the aforementioned case with a solid growth
pattern and disease recurrence after 7 months. This 64-
year-old woman was referred to the pulmonologist
with an asymptomatic pulmonary nodule, discovered
via a coincidental finding. She was a former smoker and
had accumulated 22 pack years. A lung biopsy was
taken (Fig. 3A), and the patient was diagnosed with a
lung adenocarcinoma with 100% solid growth pattern.
Staging showed that the tumour is stage ¢T2aNOMO,
and the patient is eligible for surgical resection. In the
resection specimen, the tumour had infiltrated the
visceral pleura (pT2aNOMOPL1) and harboured an
EGFR L858R mutation. After 7 months, she was diag-
nosed with bone metastases and treated with EGFR
TKIs.

In contrast, Fig. 3B illustrates a case with a lepidic
growth pattern in which no disease recurrence occurred.
This 65-year-old woman was referred to the pulmonol-
ogist with a pulmonary lesion on CT scan, discovered
via a coincidental finding. She had smoked in the
past but had accumulated less than 10 pack years. On
CT, a ‘ground glass’ lesion was identified, not suspicious
for invasive malignancy. She was followed every 6
months with a CT scan. After 2 years, the lesion had
grown a few millimetres and now had a small solid
component. A lung biopsy (Fig. 3B) revealed a 100%
lepidic lung adenocarcinoma (IASLC grade 1). The
patient was diagnosed with a cT1aNOMO lung adeno-
carcinoma. NGS revealed an exon 19 deletion in
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Fig. 3. Case descriptions. A: Case 1 biopsy. First image: 4%, close-
up: 40x. B: Case 2 biopsy. First image: 4%, close-up: 40x.

EGFR and no co-mutations. After surgical resection of
the tumour, the patient is now recurrence free for 6
years.

4. Discussion

In this study, we investigated the prevalence of EGFR
mutations across TNM stages in an unselected West-
European cohort of 486 lung adenocarcinomas in
which NGS reflex testing was performed. We found that
EGFR mutations are unevenly spread over TNM stages,
with a prevalence of 13% in early stage, and 9% in late
stage. The latter is in line with previously reported
prevalence rates of EGFR mutations in metastatic
NSCLC in the Netherlands [9,11]. Nine out of 130 (7%)
stage IB-IITA cases met the ADAURA inclusion criteria
(L858R or exon 19 deletion) [4], which indicates that the
number of stage IB-IITA tumours needed to test in order
to identify one patient eligible for adjuvant osimertinib
is 14.4. Of note, we found that 36% of early stage EGFR-
mutated cases had current or previous tobacco smoke
exposure. This highlights that selection for molecular
analysis in the early stage setting should also not be
guided by clinical characteristics such as smoking his-
tory. These real-world data provide a rationale for
routine testing of early stage lung cancers for EGFR
mutations in the West-European population.

Additionally, we provided a descriptive analysis of
the characteristics of EGFR-mutated NSCLC over dis-
ease stages. We found that early stage EGFR-mutated
cases differ from late stage cases with respect to clinical,
genomic, and morphological characteristics. The late
stage group harbours more exon 20 insertions and fewer
L858 R mutations, more TP53 mutations, more patients
with previous or current tobacco smoke exposure, and
more high-grade growth patterns. Although the KRAS-
mutated late stage cases also had a higher prevalence of
TP53 mutations than the early stage cases, the KRAS-
mutated cohort seemed more homogeneous over
tumour stages. This could imply that the differences
between early and late stage disease in the EGFR-
mutated cohort are EGFR-specific.

In our EGFR-mutated early stage cases, three pa-
tients presented with disease recurrence after an average
of 3.2 years. This is longer than the average time to
recurrence in NSCLC, as in most post-surgical NSCLC
cases occult metastases present within 2 years after
surgery [26,27]. In addition, we found that 27% of all
early stage EGFR-mutated cases had been monitored
prior to diagnosis because of ‘ground glass’ lesions.
Recent data showed a 5-year overall survival rate of
100% in patients with surgically resected clinical stage
1A EGFR-mutated lung adenocarcinoma with ground
glass opacity component [28]. In the KRAS cohort,
significantly less patients were followed up prior to
diagnosis. This could suggest that some EGFR-mutated
tumours are ‘slow growers’, and occult metastases — if
present — are only identified after a long follow-up.
Therefore, further studies with long survival data
could aid in optimising the timing of resection and
surveillance strategies of resected FEGFR-mutated
carcinomas.

In all, these results suggest that FGFR-mutated lung
adenocarcinoma is not one homogeneous disease, but
rather that there are subgroups that could be defined by
their different phenotypes. Although we have a limited
sample size, it seems that some patients with (high) to-
bacco exposure, high grade growth pattern, EGFR exon
20 insertion and 7P53 mutation often present at a
higher TNM stage and often progress to a higher stage.
On the other hand, patients who have never smoked,
with common EGFR mutations without co-mutations
and with a low-grade growth pattern are rare in the
high TNM stage group and the metastasis group. We
should further investigate whether these findings truly
indicate a ‘high risk’ and ‘low risk’ subtype in larger case
series, as this could potentially help clinicians and pa-
thologists identify patients who are at a higher risk of
recurrence after surgery than others. It can be hypoth-
esised that ‘high risk’ patients could derive more benefit
from adjuvant TKI treatment than patients who
were already at a low risk of recurrence, which could
have implications for the prevention of over- and
undertreatment.
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The main limitation of our study is the sample size.
While we screened a substantial number of cases
(n = 4806), 53 cases harboured an EGFR mutation. This
is a limited dataset, especially in subset analyses.
Consequently, our comparison between, for example,
early stage recurrence and recurrence free disease only
included a small number of patients. Therefore, it is
possible that our analysis lacked the power to detect
smaller differences. However, this did not limit our
primary objective of determining EGFR prevalence rates
across TNM stages.

In conclusion, the prevalence of EGFR mutations in
early stage lung adenocarcinoma in our West-European
patient population is 13%, and the prevalence of
ADAURA-eligible EGFR mutations in stage IB-IIIA is
7%, which constitutes a substantial yield when
combining this number with the demonstrated benefit of
adjuvant osimertinib [4]. However, we must emphasise
that screening for EGFR mutations in early stage lung
adenocarcinoma is only a first step. Our data add to a
growing body of evidence that suggests that EGFR-
mutated lung cancer, although seemingly one homoge-
neous group, actually consists of several genomic and
clinical subgroups, in which we can potentially start to
define low-risk and high-risk phenotypes that are
correlated to clinical disease behaviour. This underlines
the intrinsic heterogeneity in NSCLC and the impor-
tance of comprehensive tumour characterisation in
clinical practice, as well as in future research. It would
be of interest to investigate potential differences in
outcomes between patients with low and high-risk phe-
notypes receiving adjuvant TKIs such as osimertinib, in
order to guide future therapy decisions.
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