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Association between the histological subtype of
lung adenocarcinoma, EGFR/KRAS mutation status
and the ALK rearrangement according to the
novel IASLC/ATS/ERS classification
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Abstract. The present study aimed to investigate the
association between epidermal growth factor receptor
(EGFR)/Kirsten rat sarcoma viral oncogene homolog
(KRAS) mutations, anaplastic lymphoma receptor tyro-
sine kinase (ALK) rearrangements and the morphological
characteristics of lung adenocarcinoma (LAC), according
to the International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory
Society (IASLC/ATS/ERS) classification in a large group
of patients with primary LAC. A total of 200 patients with
invasive LAC who had undergone complete resections at
the Beijing Chest Hospital (Beijing, China) were randomly
selected. The morphology of the samples was reassessed
in 5% increments by two pathologists, according to the
TASLC/ATS/ERS scheme. EGFR and KRAS mutations
were tested by direct DNA sequencing. ALK rearrange-
ments were screened by immunohistochemistry on a
Benchmark XT stainer. The data revealed that EGFR and
KRAS mutations, and ALK rearrangements were identified
in 46.0% (92/200), 9.0% (18/200) and 11.5% (23/200) of the
patients, respectively. The EGFR/KRAS mutations and ALK
rearrangements were mostly exclusive. However, 1 patient
exhibited the coexistence of the EGFR (at exon 20) and
KRAS (codon 12) mutations, and another patient exhibited
the coexistence of the EGFR mutation (at exon 21) and the
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ALK gene fusion. EGFR mutations were indicated to be
closely associated with the acinar predominant (43/77; 55.8%;
P=0.030) and papillary predominant (26/49; 53.1%; P=0.006)
subtypes. KRAS mutations were more commonly associated
with the solid predominant subtype (9/52; 17.3%; P=0.023)
and invasive mucinous LAC (5/10; 50.0%; P=0.004), and less
commonly associated with the acinar predominant subtype
(1/77; 1.3%; P=0.002). ALK rearrangements more commonly
occurred in the solid predominant subtype compared with
other subtypes (13/52; 25%; P=0.002), and less commonly
occurred in the papillary predominant subtype (1/49; 2.0%;
P=0.004). Tumors harboring ALK rearrangements were
characterized by signet-ring cell (7/9; 77.8%; P<0.0001) and
cribriform (7/12; 58.3%; P<0.0001) patterns. The association
between the mutation status and histological subtype in LAC
was distinct. The predominant subtype according to the
TASLC/ATS/ERS classification provided important informa-
tion for gene mutations and integrated clinical findings to
improve the treatment of LAC patients.

Introduction

Lung adenocarcinoma (LAC) is a major histological subtype of
lung cancer (1) and a heterogeneous tumor that includes various
histological subtypes, molecular alterations and responses to
chemotherapy and targeted therapy (2). Patients with LAC
have benefited less from traditional chemotherapy (3). With
the increasing administration of targeted therapy, the driver
genes harbored in LAC may receive increased consideration.
Targeted therapy has been associated with great achievements
towards improving the clinical outcomes of LAC patients (4).
For example, targeted therapy has been shown to increase
the median progression-free survival time of patients when
compared with standard chemotherapy (5). The epidermal
growth factor receptor (EGFR) and Kristen rat sarcoma viral
oncogene homolog (KRAS) mutations have been reported as
the major driver genes in LAC; the mutations are expressed
exclusively and are characterized by distinct histological
subtypes (6,7). EGFR mutations have been verified as good
independent prognostic factors for patients who are treated with
gefitinib and erlotinib therapy (8). LAC with KRAS mutations


https://www.spandidos-publications.com/10.3892/ol.2016.4233
https://www.spandidos-publications.com/10.3892/ol.2016.4233
https://www.spandidos-publications.com/10.3892/ol.2016.4233
https://www.spandidos-publications.com/10.3892/ol.2016.4233

DONG et al: HISTOLOGICAL SUBTYPE, EGFR/KRAS MUTATION STATUS AND ALK REARRANGEMENT

demonstrates resistance to EGFR-targeted therapies. There-
fore, KRAS and EGFR mutations have been screened together
for the routine molecular testing of LAC (9). The anaplastic
lymphoma receptor tyrosine kinase (ALK) rearrangement was
first detected in LAC by Soda et al (10) in 2007. The detection
of this rearrangement was a revolutionary point in the history
of molecular therapy for LAC, and crizotinib as a specific
targeted drug has obtained encouraging outcomes with regard
to improving the survival of patients who harbor ALK rear-
rangements (11).

Increasing numbers of studies have focused on the
histological subtypes of LAC following the novel classifica-
tion proposed by the International Association for the Study
of Lung Cancer/American Thoracic Society/European
Respiratory Society (IASLC/ATS/ERS) (12,13). Finding the
association between the histological subtype and mutation
status of LAC patients is crucial. Numerous previous studies
have evaluated the association between EGFR/KRAS mutation
status, ALK rearrangement and histological subtype (14-17).
However, the results of these studies have been controversial.
EGFR mutations have most often been examined in papillary
and micropapillary subtypes, and KRAS mutations in solid
subtypes (6). Yet, Yoshizawa et al (14) reported that EGFR
mutations were significantly associated with lepidic and papil-
lary subtypes, and KRAS mutations with adenocarcinomas
with mucin production. In addition, a previous study confirmed
that a solid signet-ring cell pattern and a mucinous cribri-
form pattern were the most common histological features in
ALK-positive tumors (16), whereas another study revealed a
significant association between intra- and/or extra-cytoplasmic
mucin and cribriform patterns in tumors with ALK rearrange-
ments (17).

Following the established IASLC/ATS/ERS classifica-
tion of LAC, the purpose of the present study was to identify
the associations between EGFR/KRAS mutation alterations
and ALK rearrangements and the predominant subtypes in
200 LAC patients.

Patients and methods

Patients. Cases of invasive LAC in which the patients had
undergone surgery at the Beijing Chest Hospital (Beijing,
China) between March 2005 and June 2014 were randomly
selected from the hospital medical archives. Clinical data were
collected, including gender, age, smoking status, tumor size,
lymph node metastases and stage. The use of archived samples
and the protocols in the present study were approved by the
Medical Ethics Committee of Beijing Chest Hospital, Capital
Medical University (approval no., 2014-No.10).

‘Never smokers’ were defined as patients who had smoked
<100 cigarettes in their lifetime. The patients were not provided
any treatment prior to surgery. Tumor staging was decided
according to the 7th edition of the American Joint Committee
for Cancer staging system (18). The morphology of all samples
was reviewed by at least two pathologists, according to the
2011 TASLC/ATS/ERS international multidisciplinary clas-
sification of LAC (19).

Tumor samples. Formalin-fixed, paraffin-embedded
(FFPE) samples, stained with hematoxylin and eosin, were
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reviewed by two pathologists. FFPE blocks were divided
into 5-10 sections of 5-ym thickness. EGFR and KRAS gene
mutations were screened using the direct DNA sequencing
method (20). Mutations in exons 18, 19, 20 and 21 of EGFR
and codons 12 and 13 of KRAS mutations were detected in
the present study.

DNA extraction, polymerase chain reaction (PCR) amplifica-
tion and direct sequencing for EGFR/KRAS mutations. FFPE
blocks were divided into 10-15 4-um thick sections for DNA
extraction according to the previously described protocol (21).
Briefly, PCR was performed with 100 ng template DNA in a
50-u1 volume that contained 0.75 units of HotStarTaqg DNA
polymerase (Fermentas International Inc.; Thermo Fisher
Scientific, Waltham, MA, USA), 5 ul PCR buffer, 0.8 uM
deoxyribonucleotide triphosphate, 0.5 uM of each primer and
various concentrations of MgCl,, depending on the various
markers. PCR was performed on a Genepro Thermal Cycler
(TC-E-96G; Hangzhou Bioer Technology Co., Ltd., Hang-
zhou, China) and the cycling conditions were as follows:
40 cycles of a denaturation step at 94°C for 45 sec, a primer
annealing step at 56°C for 30 sec and an elongation step at
72°C for 30 sec; and a final extension step at 72°C for 10 min.
The nucleic acid used for mutations was based on the refer-
ence sequence NM_005228.3 (www.ncbi.nlm.nih.gov/gene/?
term=NM_005228.3). The primers (Sangon Biotech Co., Ltd.,
Shanghai, China) were designed for EGFR/KRAS mutations
using Primer 3 software (primer3.ut.ee/) as follows: EGFR
mutation: Exon 18 forward, 5'-CAACCAAGCTCTCTTGAG
GATC-3' and reverse, 5'-CCCAGCCCAGAGGCCTGT-3"
exon 19 forward, 5'-GCAGCATGTGGCACCATCTC-3' and
reverse, 5'-AGAGCCATGGACCCCCACAC-3"; exon 20
forward, 5'-CACACTGACGTGCCTCTCC-3' and reverse,
5'-AGCAGGTACTGGGAGCCAAT-3"; and exon 21 forward,
5" TCTGTCCCTCACAGCAGGGTCT-3' and reverse, 5'-GCT
GGCTGACCTAAAGCCACC-3". B-actin was used as posi-
tive control: forward, 5>~ AGAGATGGCCACGGCTGCTT-3’
and reverse, 5>- ATTTGCGGTGGACGATGGAG-3’. The
primer sequence for the amplification of KRAS 12 and 13
codons mutation test referred to the study by Franklin ez al (22)
as follows: Forward, 5-AAGGCCTGCTGAAAATGAC-3'
and reverse, 5'-TGGTCCTGCACCAGTAATATG-3'". The
analysis was performed according to the manufacturer's
protocols using an ABI PRISM 377 DNA Sequencer (Applied
Biosystems, Inc.; Thermo Fisher Scientific).

The detection of the ALK rearrangement was performed
using Ventana immunohistochemistry on a Benchmark XT
autostainer (Ventana Medical Systems, Inc., Tucson, AZ,
USA), and with monoclonal rabbit anti-human ALK antibody
(ready to use; clone, D5F3; catalog no., 790-4794; Ventana
Medical Systems, Inc.). The Optiview DAB ITHC detection
kit (catalog no., 860-099; Ventana Medical Systems, Inc.)
was used according to the manufacturer's protocols. Positive
staining was indicated by strong granular staining in the tumor
cell cytoplasm (Fig. 1A), in any percentage of positive tumor
cells; otherwise, the expression of ALK was considered to be
negative (23).

Statistical analysis. The associations between EGFR/KRAS
mutation status and ALK rearrangement, clinical factors and
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Table I. Clinicopathological characteristics of EGFR/KRAS mutation status and ALK rearrangement in 200 patients.

EGFR KRAS ALK rearrangement
Clinical features =~ Mutation WT P-value Mutation WT P-value Positive ~ Negative P-value
Gender 0.016 0.323 0.663
Male 35 60 11 84 12 83
Female 57 48 98 11 94
Age, years 0478 0.089 0.001
Range 28-76 23-79 50-78 23-79 23-69 28-79
Median 59 57 63 58 47 61
<60 46 60 6 100 20 86
=60 46 48 12 82 3 91
Smoking status 0.542 0.429 0.810
Yes 26 35 7 54 6 55
No 66 73 11 128 17 122
Tumor size, cm 0.139 0.001 0.564
<5 80 85 9 156 18 147
>5 12 23 9 26 5 30
LN metastasis 0.257 0.622 0.046
Yes 45 62 11 96 17 90
No 47 46 7 86 6 87
Clinical stage 1.000 1.000 0.076
I+11 45 53 9 89 7 91
HI+1vV 47 55 9 93 16 86

EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; ALK, anaplastic lymphoma receptor tyrosine

kinase; LN, lymph node.

the predominant subtype were compared by Fisher's exact
test. All statistical tests were performed on SPSS version 21.0
(IBM SPSS, Armonk, NY, USA), and values of P<0.05 for
the two-tailed test were considered to indicate a statistically
significant difference.

Results

Patient characteristics. Out of 200 patients, 95 (47.5%) were
male. The median age was 59 years (range, 23-79 years)
and 61 patients had a history of smoking. All patients were
diagnosed at various clinical stages: 55 patients at stage 1A,
23 patients at stage IB, 17 patients at stage ITA, 3 patients at
stage [IB, 80 patients at stage IIIA, 13 patients at stage I1IB and
9 patients at stage I'V. The tissue sections were confirmed to
possess enough tumor cells for EGFR and KRAS mutation and
ALK fusion gene assays. The clinical data, including gender,
age, smoking status, tumor size, lymph node metastasis and
clinical stage, were reviewed. The clinicopathological features
are summarized in Table I.

Histological features. According to the ITASLC/ATS/ERS clas-
sification, the patients were grouped into the following subtypes:
Lepidic predominant, 5 patients (2.5%); acinar predominant,
77 patients (38.5%); solid predominant with mucin production,
52 patients (26.0%); papillary predominant,49 patients (24.5%);

invasive mucinous adenocarcinoma, 10 patients (5.0%); micro-
papillary predominant, 7 patients (3.5%); lepidic component,
51 patients (25.5%); intra-/extra-cytoplasmic mucus, 47 cases
(23.5%); cribriform pattern, 12 patients (6.0%); and signet-ring
cell, 9 patients (4.5%) (Fig. 1B-F).

Associations between EGFR/KRAS mutations and ALK
rearrangements and the predominant morphological struc-
ture EGFR mutations. EGFR mutations were examined in
92 patients (46%), including 6 cases with mutations in exon 18,
42 cases in exon 19, 6 cases in exon 20 and 32 cases in exon 21.
The remaining 6 patients exhibited multiple mutations, of
which 3 patients possessed sensitive mutations in exons 18,
19 or 21; and 3 patients possessed sensitive and primarily
resistant mutations in the exon 20 insertion. The frequency
of EGFR mutation was increased in females compared with
males (P=0.016).

The predominant subtype in 92 EGFR-mutant tumors was
as follows: 3 (60.0%) lepidic predominant, 43 (55.8%) acinar
predominant, 26 (53.1%) papillary predominant, 49 (57.1%)
acinar predominant, 15 (28.8%) solid predominant with mucin
production and 1 (10%) invasive mucinous adenocarcinoma.

EGFR mutations were more common in patients with
the acinar predominant subtype (43/77; 55.8%; P=0.030) and
the papillary predominant subtype (26/49; 53.1%; P=0.000).
Compared with the solid predominant subtype with mucin
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Table II. Correlation between EGFR/KRAS mutation status and ALK rearrangement with the histological subtype.

EGFR KRAS ALK rearrangement
Predominant subtype® Mutation WT P-value Mutation WT P-value Positive Negative P-value
Lepidic predominant
Yes 3 0 0 0 0 0
No 89 108 18 182 23 177
Acinar predominant
Yes 43 34 0.030 1 76 0.002 6 71 0.256
No 49 74 17 106 17 106
Papillary predominant
Yes 26 23 0.038 3 46 0.120 1 48 0.004
No 66 85 15 136 22 129
Micropapillary predominant
Yes 4 3 0 7 2 5
No 88 105 18 175 21 172
Solid predominant
Yes 15 37  0.006 9 43 0.023 13 39 0.002
No 77 71 9 139 10 138
Invasive mucinous adenocarcinoma
Yes 1 9 0.040 5 5 0.004 1 9 1.000
No 91 99 13 177 22 168

*The predominant subtype according the International Association for the Study of Lung Cancer/American Thoracic Society/European
Respiratory Society classification. Only patients with acinar predominant, papillary predominant, solid predominant with mucin production
and invasive mucinous adenocarcinoma were analyzed, since cases with lepidic and micropapillary predominant subtypes were too few (5
and 7 cases, respectively. EGFR, epidermal growth factor receptor; KRAS, Kirsten rat sarcoma viral oncogene homolog; ALK, anaplastic

lymphoma receptor tyrosine kinase; WT, wild-type.

production (15/52; 28.8%; P=0.004) and invasive mucinous
adenocarcinoma (1/10; 10.0%; P=0.007), EGFR mutations
were more common in patients with the acinar predominant
subtype (43/77, 55.8%). The papillary predominant subtype
(26/49; 53.1%) was more frequently detected in EGFR-mutant
patients compared with patients with the solid predominant
subtype with mucin production (15/52; 28.8%; P=0.016) and
invasive mucinous adenocarcinoma (1/10; 10.0%; P=0.016).
EGFR mutations were less commonly identified in adeno-
carcinoma with mucin production (11/47; 23.4%; P=0.001)
(Table II).

KRAS mutations. In total, 18 patients (9.0%) harbored KRAS
mutations, and 17 tumors were confirmed to contain KRAS
mutations within codon 12 and 1 tumor contained KRAS
mutations in codon 13. KRAS mutations were significantly
associated with tumor size (P=0.001).

KRAS mutations were distributed in 1 (1.3%) patient with
the acinar predominant subtype, 3 (6.1%) with the papillary
predominant, 9 (17.3%) with the solid predominant subtype
with mucin production, and 5 (50%) with invasive mucinous
adenocarcinomas. No KRAS mutation was identified in the
lepidic and micropapillary predominant subtypes.

KRAS mutations occurred most frequently in the solid
predominant subtype (9/52; 17.3%; P=0.023) and the invasive
mucinous adenocarcinoma subtype (5/10; 50.0%; P=0.004),

and less frequently occurred in the acinar predominant
subtype (1/77; 1.3%; P=0.002) and lepidic component (1/50;
2.0%; P=0.047). KRAS mutations were more common in
the invasive mucinous subtype (5/10; 50.0%) compared with
acinar predominant tumors (1/77; 1.3%; P<0.001) and the
papillary predominant subtype (3/49; 6.1%; P=0.002). KRAS
mutations were also characterized by adenocarcinoma with
mucin production (9/47; 19.1%; P=0.008) (Table II).

ALK rearrangements. Among the 200 patients, ALK rear-
rangements were screened in 23 patients (11.5%). The
predominant subtypes in tumors harboring ALK rearrange-
ments were as follows: Acinar predominant, 6 patients (7.8%);
lepidic predominant, O patients (0.0%); papillary predomi-
nant, 1 patient (2.0%); micropapillary predominant, 2 patients
(28.6%); solid predominant subtype with mucin production,
13 patients (25.0%); and invasive mucinous adenocarcinoma,
1 patient (10.0%). The ALK fusion gene was significantly
associated with young age (P=0.001) and lymph node metas-
tasis (P=0.046).

ALK rearrangements occurred most often in patients with
the solid predominant subtype with mucin production (13/52;
25.0%; P=0.002) and were less common in the papillary
predominant subtype (1/49; 2.0%; P=0.004). ALK-positive
tumors occurred more frequently in the solid predominant
subtype with mucin production (13/52; 25%) compared with
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Figure 1. Histopathological characteristics. (A) ALK-positive tumors showing strong granular staining in the tumor cytoplasm, as determined using Ventana
anti-ALK staining (magnification, x200). Growth patterns of lung adenocarcinoma were demonstrated using hematoxylin-eosin staining in (B-F). (B) Acinar
predominant adenocarcinoma, (C) papillary predominant adenocarcinoma, (D) invasive mucinous adenocarcinoma, (E) acinar predominant adenocarcinoma
showing components of a cribriform structure, and (F) solid predominant with mucin production adenocarcinoma showing components of a signet-ring cell

pattern (magnification, x200).

the acinar predominant (6/77; 7.8%; P=0.010) and papillary
predominant (1/49; 2.0%; P=0.001) subtypes. ALK-positive
tumors had a tendency to express a characteristic morpho-
logical pattern, including solid predominant subtype with
mucin production (13/52; 25.0%), cribriform structure (7/12;
58.3%; P<0.001), intra-/extra-cytoplasmic mucin (14/47,
29.8%; P<0.001) and signet-ring cell presence (7/9; 77.8%;
P<0.0001) (Table II).

Coexistence of EGFR/KRAS mutation status and ALK rear-
rangement. Only 1 sample possessed the EGFR mutation
(L858R) and ALK rearrangement, and another possessed
an insertion mutation in exon 20 of the EGFR gene and a
missense mutation in codon 12 of the KRAS gene.

Discussion

Prior to the establishment of the novel IASLC/ATS/ERS LAC
classification, certain studies demonstrated the association
between EGFR/KRAS mutation status or ALK rearrangement
and adenocarcinoma histology according to the 2004 World
Health Organization classification (6,16). Motoi et al (6)
reported a significant association between the papillary and
micropapillary LAC subtypes and the EGFR mutation.

Although several previous studies have identified the
significant associations of the driver gene mutations and
the predominant subtypes according to the proposed
TASLC/ATS/ERS LAC classification (24,25), the association
between the genotype and subtype of LAC remains unclear.
Numerous studies have identified the associations between
EGFR mutations and the predominant subtypes subsequent to
the publication of the novel IASLC/ATS/ERS classification.
Wang et al (26) examined 332 patients with primary LAC, and
149 patients (44.9%) were found to harbor EGFR mutations; the
EGFR mutation rate was significantly increased in the papillary
predominant subtype compared with the solid predominant
subtype with mucin production (P=0.008). Song et al (24)
reviewed 161 patients who underwent surgical resections,
and EGFR mutation was examined in 67 cases (41.6%). The
EGFR mutation was identified more frequently in the micro-
papillary predominant (P=0.0068) and lepidic component
(P=0.005) subtypes. The study by Yoshizawa et al (14), which
retrospectively examined 167 Japanese patients, indicated that
the EGFR mutation was observed in 90 patients (53.9%), and
demonstrated a significant association with the adenocarci-
nomas with non-mucinous lepidic (P<0.0001) and papillary
components (P<0.0001). Zhang et al (27) enrolled 349 female
patients who were never-smokers and identified EGFR
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mutations in 266 patients (76.2%); the predominant subtype
was the acinar predominant subtype (P=0.005).

The 4 aforementioned previous studies from Asia revealed
that EGFR mutations were characterized by the acinar,
papillary and micropapillary subtypes, and non-mucinous
lepidic growth. In the present study, EGFR mutations were
more common in the acinar predominant subtype (P=0.030)
and papillary predominant subtype (P=0.006), and were
rarely examined in adenocarcinomas with mucin produc-
tion (P=0.001). The present findings were consistent with
the studies by Yoshizawa et al (14) and Zhang et al (27).
However, the present study did not find any significant asso-
ciation between EGFR mutations and the micropapillary and
lepidic predominant subtypes, due to the small sample size
for each (n=7 and n=5, respectively).

The significant association noted between KRAS
mutations and histological subtypes is controversial.
Wang et al (26) did not identify any significant differences
in histological subtypes between the KRAS mutations
and the wild-types; whereas, Yoshizawa et al (14) and
Kakegawa et al (28) indicated that KRAS mutations were
significantly associated with adenocarcinoma of mucinous
tumor subtypes (P<0.001). Rekhtman ef al (29) showed that
KRAS mutations occurred more often in adenocarcinomas
with a solid growth pattern (P=0.022).

The present findings indicated that KRAS mutations were
characterized by the solid predominant subtype with mucin
production (P=0.023) and invasive mucinous adenocarci-
noma (P=0.004), and were also more frequently identified
in LAC with mucin production (P=0.008). However, KRAS
mutations were less frequently indicated in the acinar
predominant subtype (P=0.002) and adenocarcinomas with
lepidic component (P=0.047), which was in consistent with
the report by Rekhtman et al (29).

Based on the IASLC/ATS/ERS classification of LAC,
several studies (15,16) have confirmed that the acinar predomi-
nant subtype, solid growth pattern, cribriform structure, mucin
production and lack of lepidic growth were more common in
ALK-positive patients. In the study by Yoshida er al (16), a
solid signet-ring cell pattern and a mucinous cribriform pattern
were examined in 43 and 56% of ALK-positive cases, respec-
tively. Jokoji et al (17) indicated that ALK-positive tumors
showed significant associations with intra-/extra-cytoplasmic
mucin (P=0.0001), and the cribriform pattern with excessive
extracytoplasmic mucin (P<0.0001).

Cribriform structure, as a unique pattern of the acinar
subtype, was identified for being associated with the distinct
histopathological features of ALK rearrangement in a
previous study (30). A significant association between ALK
rearrangement and cribriform structure (P<0.0001) was also
indicated in the present study. ALK rearrangements occurred
most often in the solid predominant subtype with mucin
production (P=0.002) and less frequently in the papillary
predominant subtype (P=0.004). ALK-positive tumors were
also characterized by signet-ring cell presence (P<0.001) and
adenocarcinoma with mucin production (P=0.0001).

The EGFR/KRAS mutation status and ALK rearrangement
were mutually exclusive with each other (31). However, several
studies (26,32) have reported the coexistence of two mutations of
the three driver genes. In the present study, 1 tumor possessed the

2557

EGFR mutation (L858R at exon 21) and ALK rearrangement,
and 1 tumor possessed the EGFR mutation (at exon 20) and
KRAS mutation (codon 12). The KRAS mutation and the ALK
rearrangement did not occur together in the sample of patients,
and no cases exhibited all three driver gene mutations. The coex-
istence of the two genes is rarely reported. Determination of an
effective treatment for patients who exhibit the coexistence of
gene mutations requires a larger study sample size.

In conclusion, the present data revealed a distinct
association between EGFR/KRAS mutation status and the
ALK rearrangement and predominant subtype, according
to the novel IASLC/ATS/ERS LAC scheme. EGFR muta-
tions were significantly associated with the acinar and
papillary predominant subtypes, whereas KRAS mutations
were significantly associated with the solid predominant
subtype and invasive mucinous adenocarcinoma. ALK rear-
rangements were significantly characterized by the solid
predominant subtype with mucin production, the cribriform
pattern and a signet-ring cell appearance. The histological
subtype proposed by the novel IASLC/ATS/ERS LAC clas-
sification may aid the identification of patients with specific
genotypes and individualized treatment.
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