
Abstract. Aim: The present study investigated whether there
is intratumoral heterogeneity of oncogenic driver mutations
within surgically-resected tumors and between surgical
specimens and percutaneous biopsy samples. Patients and
Methods: Thirty-four patients who underwent surgery for
lung adenocarcinoma were studied. We obtained four to five
snap-frozen samples from each surgical specimen.
Mutational analyses of epidermal growth factor receptor
(EGFR), Kirsten rat sarcoma viral homolog (KRAS), v-raf
murine sarcoma viral oncogene homolog B (BRAF), and
phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic
subunit-alpha (PIK3CA) genes were performed and then
compared in multiple surgical specimens and between
surgical and percutaneous biopsy samples. Results: EGFR
and KRAS mutations were detected in 19 and 2 patients,
respectively. Multiple surgical samples from different areas
of the tumor had the same mutation genotype in all cases
except for one. The 14 biopsy specimens had the same
mutational profiles as the corresponding surgical specimens.
Conclusion: Heterogeneous distributions of oncogenic driver

mutations were not found in surgically-resected lung
adenocarcinoma. Small tumor specimens obtained with
percutaneous biopsy were suitable for EGFR analyses, thus
providing critical information for personalized therapy.

Advances in our understanding of oncogenic driver mutations
and signaling pathways have led to the development of
targeted-therapies for cancer treatment (1). In non-small cell
lung cancer (NSCLC), epidermal growth factor receptor-
tyrosine kinase inhibitors (EGFR-TKIs) such as gefitinib and
erlotinib have been extensively studied in many clinical trials
(2-5). Efforts to identify which patients are most likely to
benefit from EGFR-TKIs revealed that those harboring an
activating EGFR mutation (exon 19 deletion and L858R in
exon 21) achieve a higher response rate and prolonged
progression-free survival (PFS) (6-9). Therefore, the presence
of an EGFR-activating mutation is considered a predictive
marker for treatment response and PFS.

However, it should be noted that not all patients with
activating EGFR mutations respond to EGFR-TKIs and,
conversely, some patients with wild-type EGFR do respond
to EGFR-TKIs (10-12). These unpredictable responses to
EGFR-TKIs regardless of the presence of activating EGFR
mutations can be explained by intratumoral genetic
heterogeneity (13). If genetically-distinct cells are present
within the same tumor, the results of mutational analysis may
be inconsistent among biopsies obtained from different areas
of the tumor and thus the predictiveness of biomarkers might
be compromised depending on the distribution of the
mutation. In addition, even patients who responded to EGFR-
TKIs on initial treatment may develop resistance during
treatment (14, 15). This phenomenon can be explained by the
out-growth of pre-existing unresponsive cells harboring
additional mutations in EGFR-dependent signaling molecules,
such as components of the Kirsten rat sarcoma viral homolog
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(KRAS)-v-raf murine sarcoma viral oncogene homolog B
(BRAF) and the phosphatidylinositol-4,5-bisphosphate 
3-kinase, catalytic subunit alpha (PIK3CA)-phosphatase and
tensin homolog (PTEN)-v-akt murine thymoma viral
oncogene homolog 1 (AKT) pathways (16-18). Because
cancer diagnosis is made based on biopsies from a small
region of a tumor that may not necessarily represent the
mutational status of the entire tumor, intratumoral genetic
heterogeneity poses a challenge for personalized medicine
and ultimately affects the efficacy of targeted therapies.

Therefore, understanding tumor heterogeneity in NSCLC
with regard to EGFR, KRAS, BRAF, and PIK3CA genotypes
is crucial in order to establish the appropriate method for
obtaining lung cancer tissues for molecular assays and
setting treatment guidelines based on the molecular findings.
In the present study, we obtained at least four different snap-
frozen samples from surgically-resected lung tumors and
investigated the incidence and heterogeneity of EGFR,
KRAS, BRAF, and PIK3CA mutations using highly sensitive
assay techniques. In addition, we compared the results of
these mutational analyses with those of low-volume tissue
samples that were procured separately for histological
examination during a diagnostic biopsy procedure in the
context of routine clinical workflow.

Materials and Methods

Patient population. From August 2010 to January 2012, 46 consecutive
patients who underwent pulmonary resection for operable NSCLC at
our Institution were prospectively enrolled in this study. The study was
reviewed and approved by the Institutional Review Board of Samsung
Medical Center. All patients gave written informed consent for study
participation and for genomic and molecular analyses (SMC 2008-03-
006). Among these, 25 patients also underwent preoperative
percutaneous transthoracic core needle biopsy.

Lung biopsy and resection were performed within a 1-month
time interval (median=14 days; range=6-24 days). All biopsies were
performed by a single thoracic intervention-trained radiologist
(H.Y.L.) who had performed more than 1,000 imaging-guided lung
biopsy procedures during six years of experience. Lung biopsy was
performed using an 18-gauge single-shaft gun biopsy needle with a
22-mm active needle (Gunbiopsy; M. I. Tech, Seoul, Korea) through
C-arm cone-beam computed tomography (CT) guidance (Allura
Xper FD20; Philips Healthcare, Best, the Netherlands) as previously
described (19). For each target tumor, biopsy sampling was
performed only once; therefore one core tissue specimen was
obtained with each biopsy sampling. Approximately half of the
specimen were freshly-frozen and sent to the genetics laboratory of
our Institution for genetic analysis. The other half of the specimen
was immersed in a 10% formalin solution for pathological
confirmation of the presence of tumor cells (20).

In terms of the handling of specimens during surgery, samples
were obtained immediately after removal of lung tumor specimens
from patients. The tumor was cut into transverse sections at a region
that appeared to have the maximum diameter. Four samples were
harvested from the periphery of the tumor at the 12-, 3-, 6-, and 9-
o’clock positions. If possible, one additional sample was harvested from

the center of the tumor. Sample size should be at least 1×1×1 mm3 to
guarantee the success of molecular analyses. Samples were
microdissected to minimize stromal contamination and snap-frozen in
liquid nitrogen. The remaining part of the sample was delivered to the
Pathology Department for further pathological diagnosis. Sample
harvesting was performed according to a strict pre-decided protocol to
reduce variability between sampling methods.

Tissue/nucleic acid preparation and mutation testing. The
histopathological sections were examined by a pathologist who is
an expert in lung cancer and the diagnosis of adenocarcinoma was
confirmed in all cases. The tumor samples selected for molecular
analysis contained at least 70% neoplastic tissue. DNA was
extracted from fresh-frozen samples with the QIAmp DNA Mini Kit
(Qiagen, Valencia, CA, USA) according to the manufacturer’s
instructions. For each sample, mutational analyses of EGFR (exon
18-21), KRAS (exon 2), PIK3CA (exon 9, 20), and BRAF (exon 14)
were performed by directional sequencing of polymerase chain
reaction (PCR) fragments amplified with genomic DNA from fresh
tissue. PCR was performed in a 20 μL volume containing 100 ng of
template DNA, 10× PCR buffer; 0.25 mM dNTPs, 10 pmol primers,
and 1.25 U Taq DNA polymerase (iNtRON, Korea). PCR products
were electrophoresed on 2% agarose gels and purified with a
QIAquick PCR purification kit (Qiagen, Hilden, Germany).
Bidirectional sequencing was performed using the BigDye
Terminator v.1.1 kit (Applied Biosystems, Foster City, CA, USA)
on an ABI 3130xl genetic analyzer (Applied Biosystems).
Sequencer version 4.10.1 (Gene Codes Corporation, Ann Arbor, MI,
USA) was used in combination with manual chromatogram review
for sequence analysis. Confirmatory re-sequencing from replicate
PCR amplification reactions was performed for any sequences that
were ambiguous or deviated from wild-type, such that all abnormal
sequences were confirmed in at least quadruplicate amplification
reactions. The results were marked as mutation-positive if a
mutation was detected in both the forward and reverse DNA strand.

Results

Patients’ characteristics. Specimens of 25 patients who
successfully underwent preoperative biopsy were inadequate
for mutational analysis due to insufficient material (n=1) or
preoperative induction treatment (n=10). One patient among
21 surgical sample-only patients was excluded because the
integrity of tumor specimens was damaged by the surgical
procedure (n=1). Therefore, 14 patients with both biopsy
samples and surgical samples and 20 patients with multiple
surgical sampling-only were finally included in our study.
The total study population was 18 men and 16 women, with
a mean age of 64 (range=42 to 77) years. All patients had
adenocarcinoma. Seventeen patients were former- or current-
smokers and the remaining 17 patients were never-smokers.
Overall, there were 15 never-smoker female patients with
adenocarcinoma. The extent of pulmonary resection was
lobectomy in 30 patients (88.2%), wedge resection in three
(8.8%), and bilobectomy in one (3%). Most patients had
pathological stage IA (n=8) or IB (n=14) disease. The
average mass size was 3.4 cm (range=1.8-8.9 cm). Details of
patient characteristics are summarized in Table I.
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Mutations in primary adenocarcinoma. We determined the
mutational status of four major driver oncogenes in 34
pulmonary adenocarcinomas. Nineteen patients (55.9%) had
EGFR mutation including four exon 21 L858R substitutions
and 15 with exon 19 deletions. Two patients (5.9%) had a
KRAS G12C mutation. There were no PIK3CA or BRAF
mutations. EGFR and KRAS mutations were mutually
exclusive (Table II). 

Heterogeneity of EGFR and KRAS mutations in primary
adenocarcinoma. In all cases except one, multiple surgical
samples had the same mutation genotype in all five areas of
tumor tested. However, one case (case 20) had a heterogeneous
pattern. This patient was a 60-year-old female never-smoker
with a 2×1.8 cm mass in her right upper lobe. Lobectomy was
performed and the mass was diagnosed as adenocarcinoma
with an acinar pattern. Two foci were wild-type for EGFR and
three foci exhibited EGFR exon 19 deletion L747_T751
(Figure 1). To confirm heterogeneity in the tumor, we re-tested
for EGFR mutation using archival formalin-fixed paraffin-
embedded tissue. Three blocks were tested and had the same
EGFR deletion mutation in all three areas. 

Reliability of core biopsy in the assessment of driver
mutations in adenocarcinoma. Regarding CT features of
adenocarcinomas of 14 patients who underwent percutaneous
transthoracic biopsy, seven tumors were solid, one had non-
solid features, and six were part-solid. Three out of seven
solid tumors showed heterogeneous enhancement. The mean
CT attenuation value of all tumors was 11.7 Hounsfield units
(HU), ranging from 15 to 44 HU. The mutational profiles of
driver genes were the same in these 14 biopsy cases as in the
corresponding surgical samples. Six cases of part-solid
tumors had the identical EGFR mutation in four surgical
specimens and a biopsy tissue. One solid tumor with
heterogeneous enhancement had KRAS mutation in both
surgical specimens and biopsy tissue. The other two solid
tumors with heterogeneous enhancement were wild-type in
all mutation profiling. 

Discussion 

EGFR-activating mutation is considered a strong predictive
biomarker for the treatment of EGFR-TKIs (6-9). However,
this is not always reliable because not all patients who carry
the activating mutation respond to treatment and some
patients do respond despite the absence of mutations (10-12).
Many investigators have tried to explain this by the
phenomenon of intra-tumoral genetic heterogeneity (21-23).
Therefore, we analyzed the mutational status of different
regions of the same tumor in patients undergoing surgical
resection for NSCLC to investigate the incidence of intra-
tumoral genetic heterogeneity of driver mutations. Among 34

patients, nine (55.9%) had EGFR mutations and two (5.9%)
had KRAS mutations. PIK3CA or BRAF mutations were not
detected in any of the patients. Considering the clinical
characteristics of our study population, the incidence of these
mutations is in line with previous reports (24). One case
exhibited a heterogeneous distribution of EGFR mutations
among different areas obtained from the same primary
tumor; two foci were wild-type and three foci had EGFR
exon 19 deletion. Repeat testing using archival formalin-
fixed paraffin-embedded tissue revealed that two tested
regions had the same EGFR exon 19 deletion.  

Several researchers have reported the rarity of intra-tumoral
genetic heterogeneity in lung adenocarcinoma. Yatabe et al.
evaluated the distribution of EGFR mutations within tumors
of patients with lung adenocarcinoma and showed that
heterogeneous distribution of EGFR mutations was extremely
rare (25). They suggested that the intra-tumoral heterogeneity
reported in previous studies might have been pseudo-
heterogeneity resulting from a mutant allele-specific
imbalance or heterogeneously-distributed EGFR
amplification. However, despite such reports denying the
heterogeneous distribution of EGFR or KRAS mutations, there
is a growing body of experimental and clinical evidence to
support the presence of intratumoral heterogeneity. Gerlinger
and colleagues analyzed multiple regions of two primary
clear cell renal carcinomas and associated metastatic sites and
demonstrated that 63% to 69% of all non-synonymous
somatic mutations were identified across multiple biopsies
(26). Bai et al. evaluated intratumoral heterogeneity of EGFR
mutations in 85 patients with stage IIIA to IV NSCLC who
underwent palliative surgical resection and reported that
approximately 30% of patients exhibited intratumoral EGFR
mutational heterogeneity (21).
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Table I. Summary of clinical and pathological characteristics.

No. %

Mean age, years (range) 64 (42-76)
Gender

Male 18 53
Female 16 47

Smoking status
Never smoker 17 46
Current smoker 5 17
Ex-smoker 12 37

Pathological stage
IA 8 23
IB 15 43
IIA 1 3
IIB 2 6
IIIA 5 14
IIIB 1 3
IV 3 9



The heterogeneous distribution of mutations raises several
important issues in clinical practice. First of all, mutational
analyses based only on a small fraction of a tumor may not
be reliable if the biopsy sample does not represent the
mutational status of the entire tumor. If a tumor consists
entirely of homogeneous wild-type or mutant cells, sampling
any portion of the tumor would result in identical mutational
status. However, if wild-type and mutant cells are mixed
within the same tumor, topological segregation of cells with
or without activating EGFR mutation can lead to lack of
consistency among core biopsies obtained from different
areas within the same tumor. Another important issue is that
intratumoral genetic heterogeneity may contribute to
resistance to EGFR-TKIs. Patients who responded to EGFR-

TKIs on initial treatment may develop resistance during
treatment. A possible underlying mechanism is that targeted
therapies might favor the clonal selection and outgrowth of
preexisting resistant cells that harbor secondary mutations in
genes encoding the target proteins (13, 26). The concept of
intratumoral genetic heterogeneity implies that these resistant
cells are already present before the onset of therapy, although
they were not predominant at the time of diagnosis. For
example, the positive selection of NSCLC cells with
secondary T790M mutations in EGFR confers resistance to
gefitinib (14, 15) and cells harboring met proto-oncogene
(MET) amplification confer resistance to EGFR-TKI by
activating the v-erb-b2 avian erythroblastic leukemia viral
oncogene homolog-3 (ERBB3) pathway (27).
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Table II. Clinicopathological features and mutational profiles in individual patient.

Case Gender Age Size Sub-type Location TNM Smoker Mutation
No. (years) (cm)

1 M 57 2.8 A LUL pT1bN1M1b Y EGFR L858R
2 M 77 2.5 A,L LUL cT1bN0M0 Y EGFR L858R
3 F 76 4.1 A,P,MP LLL pT2aN0M0 N EGFR E746_A750del
4 M 53 3.0 A,P LUL pT1bN0M0 Y EGFR E746_A750del
5 F 52 1.5 P RUL pT1aN2 N EGFR E746_A750del
6 F 65 2.9 A,P LLL pT1bN0M0 N EGFR E746_A755del
7 F 63 2.0 A,P,L LLL pT1aN0 N EGFR L747_A750>P
8 F 69 1.3 A LLL pT1bNOM1a N EGFR V769_D770insASV
9 F 66 2.8 A,L RUL pT1bN0M0 N EGFR P772_H773insNP

10 M 57 8.9 S,A LUL T3N0M1 Y KRAS Gly12Cys
11 F 52 2.3 A RUL pT1bN2M0 N
12 F 68 3.1 P,MP LLL pT2aN0 N
13 M 64 3.5 S,A LUL pT2aN0 Y
14 M 57 7.0 A LUL pT2aN0M0 Y
15 M 76 2.4 A RUL pT3N2M0 N EGFR L858R
16 F 76 2.5 A,P RML pT2N0M0 N EGFR L858R
17 F 64 2.6 A,L LLL pT1bN0M0 Y EGFR E746_A750del
18 M 56 3.0 A,L LLL pT1bN0M0 Y EGFR E746_A750del
19 M 71 3.2 A,MP,S LLL T1bN2M1b Y EGFR E746_S752>V 
20 F 60 2.0 A RUL pT1aN0M0 N EGFR L747_T751del*
21 F 59 2.8 A RUL pT2N2M0 N EGFR A763_Y764insFQEA
22 M 69 4.7 A,L RUL pT2aN0M0 Y EGFR V769_D770insASV
23 M 73 4.7 P,MP RLL pT2aN0 Y EGFR D770_N771insSVD
24 F 75 3.2 A LLL pT2aN0M0 N EGFR H773_V774insH
25 M 68 3.6 A,MP RLL pT2aN0M0 Y KRAS Gly12Cys
26 M 47 4.3 A,S RML pT2aN0M0 N
27 M 61 4.7 P,MP LLL pT2aN1 Y
28 M 59 4.5 S,A RLL pT2aN0M0 Y
29 M 73 3.5 Enteric RUL pT2aN0M0 Y
30 M 76 2.4 A RUL pT1bN2 Y
31 M 60 3.5 S RUL pT2N1M0 Y
32 F 66 3.0 A RLL pT2N0 N
33 F 42 1.8 S,P LLL pT1aN0M0 N
34 F 62 5.0 P,A LUL pT2aN0M0 N

1-14: Biopsy and four sites from resection; 15-34: five sites from resection; ADC: adenocarcinoma; A: acinar, L: lepidic, P: papillary, 
MP: micropapillary, S: solid, RUL: right upper lobe, RML: right middle lobe, RLL: right lower lobe, LUL: left upper lobe, LLL: left lower lobe, 
Y: current or ex-smoker, N: never-smoker; EGFR: epidermal growth factor receptor; KRAS: Kirsten rat sarcoma viral homolog.
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Figure 1. Invasive adenocarcinoma in a 60-year-old woman. a: Transverse computed tomography scans showing a 2-cm round, lobulated, solid mass in
the right upper lobe, which presents a homogenous attenuation with mean attenuation value of 45 HU and standard deviation of attenuation of 28 HU.
b: The lobectomy specimen shows a solid mass with the five sites of sampling for mutation analysis indicated. c: Chromogram from five regions of lung
adenocarcinoma. Sequencing showed wild-type sequence in two samples and epidermal growth factor receptor (EGFR) deletion mutation in three samples. 



On the basis that there is sufficient evidence supporting
the existence of intratumoral heterogeneity, our findings can
be interpreted in several ways. Firstly, since driver mutations
such as EGFR or KRAS occur early in the carcinogenesis of
lung adenocarcinoma, subsequent clonal expansion will
distribute the mutation throughout the tumor. This means that
somatic genetic alterations present at the early stages of
tumor development are likely to occur ubiquitously at all
sites of the tumor. However, ubiquitous distribution of driver
mutations does not necessarily mean that the mutational
profiles are genetically-homogeneous throughout the tumor.
Intra-tumoral genetic heterogeneity cannot be denied based
only on the fact that it is difficult to detect. In our study, we
used conventional Sanger sequencing, which has a relatively
low sensitivity and this might have affected our results.

Secondly, sampling four or five different regions within
the same tumor for mutational analyses may not be sufficient
to reveal the presence of intra-tumoral genetic heterogeneity.
If the driver mutations are truly ubiquitous throughout the
tumor, we should have obtained a much larger number of
samples from different sites in the tumor in order not to miss
relatively small areas of genetically-distinct cells, because it
cannot be guaranteed that four or five regions would
represent the rest of the tumor. In contrast to our study, Bai
et al. obtained 28 to 34 foci per tumor by microdissection of
bulk tumor tissue, in their study, evaluating the intratumoral
heterogeneity of EGFR mutations (21). Yatabe et al. divided
lung adenocarcinoma specimens into 100 even parts and
found identical EGFR mutations throughout individual
tumors (25). Moreover, cross-sectioning the tumor and
obtaining samples from four or five different foci appears to
be inadequate given that mutations are ubiquitous throughout
the three-dimensional structure of the tumor.

Thirdly, intra-tumoral heterogeneity may have been missed
due to pooling of numerous non-neoplastic cells in individual
samples, even though there were a substantial number of
mutated cells present. Admixture of non-neoplastic cells, such
as stromal or inflammatory cells, within the tumor can easily
result in a false-negative result. This may be related to the fact
that more patients with early-stage NSCLC were included in
the study population than in previous reports. As image-guided
lung biopsies are being increasingly performed (28), the
current challenge of image-guided core needle biopsy is
actually the risk of sampling error. However, our results show
that accurate determination of oncogenic driver mutation
status is possible with percutaneous core needle biopsy. The
presence of a sub-solid component within a nodule or
heterogeneous enhancement of a tumor on CT images was
also not an obstacle to obtaining sufficient and reliable
material for mutational analysis. Furthermore, in every case
with available biopsy sample, all of the mutational profiles of
driver genes were same in the biopsy as in multiple surgical
samples. Therefore, if sufficient tumor tissue can be obtained,

percutaneous transthoracic core needle biopsy performed by
an experienced radiologist can be reliably used to retrieve
tissue for molecular profiling. In our study, C-arm cone-beam
CT-guided percutaneous transthoracic biopsy was performed
for a tumor with central necrosis that could be identified and
consequently avoided in the needle path based on CT images
(19). On the other hand, because the resolution of CT scan
images is not high enough to enable the identification of minor
necrosis, there could be sampling error in lesions with minor
necrosis. In such a case, positron emission tomography/CT
would be helpful to depict the viable portion of the target
lesion. In addition, we previously found that acquisition of
specimens larger than 5 mm significantly increased the
probability of a successful gene study compared with
specimens of 5 mm or smaller because the sampling error
decreased (19). On-site pathologists are not always stationed at
the procedure field to confirm that diagnostic material has
been sufficiently obtained. Thus, gross confirmation of image-
guided viable tumor targeting and sample size evaluation of
the target lesion is the most feasible approach in daily practice.

Nevertheless, we need to consider identifying patients at
high risk of a false-negative result when the analysis is
conducted using small samples (29, 30). As an alternative,
assessment of tumor heterogeneity using imaging may be
another potential approach to investigate tumor heterogeneity
(31). Imaging methods assess how grainy or coarse a tumor
appears on imaging. PET and CT have both been used to
derive tumor textural information and the appearance on such
scans has been shown to relate to patient outcome in
esophageal and colorectal cancer, as well as NSCLC (32-34).
It is important to investigate whether textural heterogeneity
on imaging relates to underlying genomics. Given the
challenges and expense of measuring tumor genomic
signatures, imaging may be a more viable option. Targeted
biopsy and sampling based on the textural heterogeneity may
be helpful to identify hot spots that reflect the genomic
signature of the target lesion. The strength of this
radiogenomic approach is that it allows for the quantification
of tumoral heterogeneity as a whole and in vivo.

In summary, we investigated the incidence and
heterogeneous distributions of oncogenic driver mutations
within surgically resected lung adenocarcinoma. In the majority
of cases, no heterogeneity was found among multiple surgical
specimens. This may be because driver mutations such as
EGFR or KRAS are widespread throughout the tumor, but
technical issues regarding sampling methods should also be
considered. Comparison of the mutational profiles between
multiple surgical specimens and percutaneous biopsy samples
showed that accurate determination of oncogenic driver
mutation status was possible on percutaneous core needle
biopsy. More meticulous examination needs to be conducted to
investigate intra-tumoral genetic heterogeneity for mutations
associated with resistance to target-directed therapy.
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