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Abstract

Introduction Biomarker expression is increasingly being
used to customize treatment in non-small cell lung cancer
(NSCLC). The choice of systemic treatment usually
depends on biomarker expression in the initial diagnostic
biopsy taken before initiation of first-line treatment. Che-
motherapy induces DNA damages in the tumor cells, and
thus, biomarker expression in the tumor after systemic
treatment might not be identical to biomarker expression in
the diagnostic biopsy. NSCLC is highly heterogeneous and
biomarker expression may vary in different areas within the
same tumor. This review explores the tumor heterogeneity
and chemotherapy-induced changes in EGFR biomarker
status in NSCLC.

Methods A literature search was performed in August
2011 using pubmed.

Results  Fifteen trials explored EGFR status in primary
tumor and subsequent resected primary tumor, lymph node
metastases, or organ metastases. Four papers compared
EGFR status in primary tumor or metastases before and
after systemic treatment. All trials included relatively few
patients and used different chemotherapy regimes, biopsy
locations, or time intervals between biopsies.

Conclusions Tumor heterogeneity and probably also pre-
vious systemic treatment may be an obstacle for correct
interpretation of EGFR status in NSCLC. Heterogeneity
regarding EGFR mutations is probably rare and previously
reported intra and intertumor heterogeneity may be due to
methodological issues. In the current and future clinical
scenario with many different options for systemic treatment
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both as 2nd line and beyond, it is increasingly important to
further elucidate the role extent of chemotherapy-induced
changes in biomarker expression for proper use of biomark-
ers in order to customize treatment and thus improve
prognosis.
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Abbreviations

AAH  Adenomatous hyperplasia

AD Adenocarcinoma

AKT A member of the non-specific serine/threonine-

protein kinase family

ASC  Adenosquamous carcinoma
BAC  Broncoalveolar carcinoma
EGFR Epidermal growth factor receptor

ERCC1 Excision repair cross-complementing
LCC  Large cell carcinoma

LEC  Lymphoepithelioma-like carcinoma
MAPK Mitogen-activated protein kinase
NSCLC Non-small cell lung cancer

SAC  Sarcomatoid carcinoma

SQ Squamous carcinoma

TKI Tyrosine kinase inhibitor

Introduction

Lung cancer accounts for 20-25% of all cancer deaths and
is thus the most common cause of cancer death [1]. Non-
small cell lung cancer (NSCLC) is the most frequent type
of lung cancer and accounts for 75% of all lung cancer
cases. The majority of patients are diagnosed with
advanced disease where curable treatments are not possible.
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Targeted agents have been extensively explored in NSCLC
in order to improve treatment, either as single agents or in
combination with chemotherapy both in first-line treatment
and beyond. The choice of systemic treatment is decided by
histological subtype and to some extend by the expression
of molecular predictive markers in the tumor cells, e.g.,
such as epidermal growth factor receptor (EGFR) muta-
tions [2]. Profiling of various biomarkers on cancer cells
may further improve the prediction of clinical outcome and
also toxicity in some cases, when treating with antineoplas-
tic drugs [3].

The choice of subsequent systemic treatments, if first-
line systemic treatment fails, usually remains dependent on
the result from the initial diagnostic biopsy taken before the
initiation of the first-line treatment. However, it is not well
understood to which extent chemotherapy may influence
the expression of different biomarkers in the tumor. One
problem is that the initial biopsy might not necessarily be
representative for the entire tumor and nor for the residual
tumor cells after first-line treatment and accordingly not
suitable as basis for the choice of subsequent systemic
treatments. This may be due to alteration of surface protein
expression on tumor cells or due to extermination of che-
motherapy sensitive clones and thereby a selection of more
resistant clones with alternative expression of biomarkers.
Moreover, as malignant tumors acquire changes in meta-
static phenotype through clonal evolution occurring during
a multistep tumor progression [4], differences in biomarkers
may vary between primary tumor and metastases or even
within the primary tumor itself.

This review concerns intratumor heterogeneity of epi-
dermal growth factor receptor (EGFR) status and possible
chemotherapy-induced changes in EGFR status.

Materials and methods

A literature search was performed in August 2011 using
pubmed. No time restraints were applied. Keywords used
were combinations of “NSCLC, genetic changes, EGFR,
epidermal growth factor, biomarkers, neoadjuvant treat-
ment, comparison of biopsies, multiple biopsies, and che-
motherapy induced changes in biomarkers.” References in
selected articles were scrutinized, and relevant articles were
included in the review. Articles that explore heterogeneity
in biomarkers within tumor or between primary tumor and
metastases were included. Also, articles exploring treat-
ment-induced changes in biomarkers were included if they
contained data on patients included in the trial, together
with systemic treatments used and time sequence between
biopsies and treatment. Tables displaying included trials are
presented. The terms positive and negative reflect the terms
and definitions used by the authors of the studies included.
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Tumor heterogeneity and EGFR biomarker

Lung cancers arise from precursor lesions [5], which can be
situated extensively and multifocal in the respiratory
mucosa. The development of lung cancer is not a static
entity and involves a multistep cascade of molecular and
genetic changes. Every succession of clonal expansion is
driven by the acquisition of additional mutations, which
contribute to the initiation, development, and maintenance
of lung cancer [6]. This cascade leads to billions of malig-
nant cells that have accumulated different genetic mutations
[7]1, and more than 20 different mutations have been
observed to be present in lung cancer tumor cells [8]. Vari-
ous tumor clones can accumulate different mutations and
can thus present different biomarker status and tumor heter-
ogeneity. Heterogeneous tumors can lead to difficulties
interpreting biomarker status of small biopsies acquired
from a small part of the tumor, which may not be represen-
tative to the entire tumor.

Currently, the most clinically relevant biomarker in
NSCLC is EGFR, which is mutated in 30-40% of Asians
and in 10-15% of Caucasians. The presence of EGFR
mutations is also associated with female gender, non-smok-
ers, and adenocarcinoma histology [9]. More than 80% of
EGFR mutations are in-frame deletions in exon 19 or a sin-
gle missense mutation in exon 21 (L858R) [7, 10].

Activating mutations in EGFR predicts sensitivity to
treatment with EGFR tyrosine kinase inhibitors (EGFR-
TKI) [11-16], with more than 70% objective response rate
and improved progression-free survival compared to plati-
num-containing chemotherapy [16—18]). Due to the supe-
rior efficacy, the presence of EGFR mutations in the initial
biopsy decides whether treatment with EGFR-TKI is initi-
ated as first-line treatment [19].

It seems that EGFR mutations are found in the very early
stage of adenocarcinoma development. Yoo et al. examined
EGFR mutations in 20 atypical adenomatous hyperplasia
(AAH), 43 bronchioloalveolar carcinoma (BAC) (which is
also called adenocarcinoma in situ), and 47 small adenocar-
cinomas to elucidate the role of EGFR mutations through
various stages in the early tumorigenesis. Thirty-five per-
centage of AAH, 35% of BAC, and 49% of adenocarcino-
mas were found harboring EGFR mutations, respectively,
suggesting that EGFR mutations occur early in the develop-
ment of adenocarcinoma, and those harboring mutations
further progress to invasive and metastatic carcinomas [20].
Since EGFR mutations can occur early in the malignant
transformation, the EGFR mutation also ought to occur in
the subsequent invasive and metastatic tumor cells unless
tumor cells can lose the EGFR mutations over time.

Another important aspect of EGFR is the number of
gene copies. Increased EGFR gene copy number, e.g.,
amplification in NSCLC measured by FISH, is observed in
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10-44% of NSCLC [21, 22] and most frequently results
from chromosome 7 polysomy, whereas true EGFR ampli-
fication occurs less often [23-25]. Increased EGFR gene
copy number also seems to have some correlation with
response, PFS, and OS after treatment with EGFR-TKI [14,
15, 26], but the predictive value of EGFR amplification is
significantly inferior to the predictive value of EGFR muta-
tions [27]. Whereas EGFR may be mutated from the pre-
cancerous stage, EGFR amplification is detected mostly in
the invasive stage and after, and EGFR amplification is
correlated with high histological grade and/or invasive
growth [28].

EGFR protein expression (or described as overexpres-
sion) evaluated by immunohistochemistry (IHC) is found in
40-90% of NSCLC patients [29], and there seem to be no
correlation between EGFR expression and efficacy to
EGFR-TKI treatment [27]. But still EGFR expression may
be clinically relevant since a recent trial has shown that
EGFR expression as a predictive marker for improved
clinical outcome when combining standard first-line
platinum-containing chemotherapy to cetuximab, an antibody-
targeting EGFR, in patients with advanced NSCLC [30].

However, in clinical trials, some patients respond to the
treatment with EGFR tyrosine kinase inhibitors irrespective
of the expression and mutational status of EGFR [31].

Several trials have examined whether EGFR mutation
status, EGFR gene copy number, and EGFR expression are
correlated. It seems that there is somewhat correlation
between EGFR gene copy number and EGFR mutations
[22, 32, 33] When EGFR amplification occurs in EGFR-
mutated cells, it interestingly seems that mainly the EGFR-
mutated allele gets amplified [34]. Correlation between
EGFR protein expression and EGFR gene copy number/
EGFR mutation is unclear and varies between different
studies [24, 25, 33, 35, 36].

Results
EGFR mutations

Selection of patients to EGFR-TKI treatment is most often
based on the EGFR mutation status in the diagnostic
biopsy, which has to be representative for the EGFR status
throughout the entire tumor. Three trials have evaluated the
occurrence intratumor heterogeneity regarding EGFR
mutation. Nomonaga et al. [37] compared EGFR mutation
status in different areas within resected mixed type adeno-
carcinomas from 38 patients. Heterogeneity between sam-
ples were observed in 9 patients, and heterogeneity was
significantly correlated with smoking (P =0.043). How
such heterogeneity may impede efficacy of EGFR-TKI
treatment, which potentially only affects EGFR-mutated

cells, was evaluated by Taniguchi et al. [38]. Multiple areas
within resected tumors were tested for EGFR mutations,
and among the 21 patients, 6 patients had both EGFR-
mutated and non-mutated NSCLC cells within the same
primary tumor, and 15 patients had exclusively EGFR-
mutated cells in the samples. The time to disease progression
and overall survival after gefitinib treatment were
significantly shorter in those patients with EGFR heteroge-
neity compared to patients harboring mutation-positive
tumor cells only (P =0.009 and P =0.003, respectively)
[38]. This suggests that intratumor variations in EGFR
mutational status play a role for the efficacy of EGFR-TKI
treatment (Table 1). These results are in contrast to a trial
by Yatabe etal. [39], who examined the heterogeneity
through transsectional analysis of EGFR mutation-positive
primary tumors with adenocarcinoma histology. Three
areas within the tumors were examined, and no heterogene-
ity between the sampled areas was discovered. To avoid
missing minor heterogeneities in the tumor, 5 tumors were
dissected into 100 parts and the subsequent EGFR mutation
analysis did not reveal any intratumor heterogeneity.

EGFR mutation-positive patients who are to receive
EGFR-TKI as first-line treatment may have organ or lymph
node metastases, and since biomarker heterogeneity may be
more likely to occur increasingly in metastases, it is equally
important to elucidate potential discordance regarding
EGFR mutations between primary tumor and metastasis.

Two trials by Park etal. [40] and Chang etal. [41]
included a total of 157 patients, who received curative
intended resection of primary tumor and synchronous
lymph node metastases. Subsequent EGFR mutation analy-
sis by direct sequencing showed discordance in 29 and 12%
of cases, respectively. Most often (22 and 11%) the discor-
dance were due to a loss of EGFR mutation in the lymph
node metastasis [40, 41]. Park et al. [41] retested the sam-
ples with a more sensitive heteroduplex analysis method,
and the discordance between primary tumor and lymph
node metastasis increased from 12 to 16.8% [42]. Muta-
tions in primary tumor from 8 patients and in metastasis
from 17 patients were undetectable by direct sequencing
but were detected by heteroduplex analysis. One sample
from primary tumor showed L858R mutation by direct
sequencing but deletions in exon 19 by heteroduplex analy-
sis [41]. These results indicate that direct sequencing may
lack sensibility, which results in some false negative
results.

Yatabe et al. [39] also examined the EGFR mutation sta-
tus in lymph node metastases in 77 patients with known
EGFR mutation-positive primary tumor. No discordant
cases were observed. To examine this further, EGFR muta-
tion-negative primary tumors from 50 patients with high
probability of EFGR mutations (female, non-smoker, and
lack of KRAS) were reanalyzed for EGFR mutations. This
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Table 1 EGFR mutational status

Author Histological subtype No. of pts Intratumor discordance (%)
Comparison of samples within resected primary tumor
Tomonaga et al. [37] Mixed type AD: 100% 38 24
Yatabe et al. [39] AD: 100% 55 0
Author Histological No. Pos biomarker/ Neg biomarker in Pos in PT/neg Negin PT/pos  Discordance Metastatic
subtype (%) of pts mutation both PT and in metastasis  in metastasis (%) in biomarkers/  site (%)
in both metastasis (%) (%) mutations
PT and between PT and

metastasis (%)

metastasis (%)

Comparison of EGFR mutational status in primary tumor and metastasis in NSCLC

Chang et al. [40] AD: 61 56 20 52
SQ: 30
ASC: 7

SAC: 2
AD: 60 101 9 79
SQ: 38 20° 64
LCC: 1
Other: 1

AD: 72 25 4 68

Park et al. [41]

Kalikaki et al. [44]

Gow et al. [55] AD: 63 67 13 74
SQ: 31
LCC: 2

LEC: 4
AD: 100% 8 75 25

AD: 76 21 0 0
SQ: 14
LCC: 5

Matsumoto et al. [61]
Cortot et al. [62]

Yatabe et al. [39] AD 77 100 0

22 7 29 Lymph node: 100
11 1 12 Lymph node: 100
10 7 17
16 8 28 Lung: 36
Thoracic wall: 20
Adrenal gland: 16
Brain: 12
Bone: 8
Liver: 4
Skin: 4
13 25 38 Brain: 38
27% Bone: 30
Other: 32
0 0 0 Brain
0 0 0 Brain: 61.9
Bone: 9.5
Soft tissues:9.5
Lung: 19
0 0 0 Lymph node: 100

SO squamous carcinoma, AD adenocarcinoma, ASC adenosquamous carcinoma, BAC broncoalveolar carcinoma, LCC large cell carcinoma, NOS not
otherwise specified, SAC sarcomatoid carcinoma, LEC lymphoepithelioma-like carcinoma, PT primary tumor

* By Hetoroduplex analysis
> By SARMS assay

subgroup of patients would be likely to be primarily EGFR
mutation negative due to heterogeneity. But, no discordant
cases were observed.

Two trials by Gow etal. [43], Kakilaki etal. [44]
included 92 paired samples from primary tumor and corre-
sponding metachronous organ metastases. Average time
between primary resection of primary tumor and corre-
sponding metastases was 9.3 and 30 months, respectively.
Ten percent of patients included by Gow et al. [43] had pre-
viously received treatment with chemotherapy and none
had received treatment with EGFR-TKI. EGFR mutation
status was discordant in 38% of paired samples. Discordant
samples were retested by the scorpion amplified refractory
mutation system assay (SARMS), which is perceived as
more sensitive than direct sequencing [43], and the propor-
tion of discordant samples was reduced to 27%. Kakilaki
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et al. [44] included 3 patients who had previously been
treated with gefitinib, and 15 out of 25 patients had
received treatment with chemotherapy before the develop-
ment of metachronous metastases. Discordance was seen in
28% of samples. In patients who had not received EGFR-
TKI treatment, discordance was seen in 18% of samples. In
1 patient, EFGR mutation in the primary tumor was com-
pared to 2 different metastases, and identical mutations
were observed in the primary tumor (del19) and in 1 metas-
tasis, but a different mutation (T790 M) in the other metas-
tasis [44] (Table 2).

EGFR copy number

To elucidate the feasibility of fine needle aspiration sam-
ples when evaluating EGFR gene copy number status by
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Table 2 EGFR expression

Author Histological

subtype

No. of pts % biomarker pos

on diagnostic biopsy

% biomarker pos
on resected tumor

Discordance
between
diagnostic biopsy
and resected tumor

% biomarker neg
in biopsy
and pos in PT

% biomarker pos
in biopsy and
neg in PT

Comparison of EGFR expression between initial biopsy and immediately subsequent resection of NSCLC primary tumor (%)

Meert et al. [47] SQ: 15 28 55 48
AD:12

LCC: 1

11 4 15

Pos biomarker/
mutation in both
PT and metastasis
(%) (%)

in both PT

Neg biomarker Posin PT/neg Negin PT/pos Discordance

and metastasis

Metastatic
in biomarkers/ site (%)
mutations between

PT and metastasis

in metastasis  in metastasis
(%) (%)

(%)
Comparison of EGFR expression in biopsies from primary tumor and metastasis in NSCLC
Chang et al. [40] AD:61% 56 39 27 27 7 34 Lymph node: 100
SQ: 30%
ASC: 7%
SAC: 2%
Rao et al. [48] SQ:35% 47 72 17 4 6 11 Lymph node: 100
AD: 53%
BAC: 4%
ASC: 8%
Italiano et al. [24] AD:70% 30 43 23 23 10 33 Adrenal gland: 3
Bone: 13
SQ:23% 26
Q ’ Brain: 67
LCC: 3% Lung: 13
NOS: 3% Soft tissue: 33
Gomez-Roca et al. [49] AD: 47% 49 51 16 27 6 33 Adrenal gland: 49
SQ: 31% Brain: 18
LCC: 12% Bone: 16
BAC: 6% Soft tissue: 6
Other: 4% Liver: 8
Lymph node: 2
Kalikaki et al. [44] AD: 72% 25 21 68 5 11 Lung: 36
6 (p-EGFR) 44 13 38 50 Thoracic wall: 20
Adrenal gland: 16
Brain: 12
Bone: 8
Liver: 4
Skin: 4

SQ squamous carcinoma, AD adenocarcinoma, ASC adenosquamous carcinoma, BAC broncoalveolar carcinoma, LCC large cell carcinoma, NOS not
otherwise specified, SAC sarcomatoid carcinoma, LEC lymphoepithelioma-like carcinoma, PT primary tumor

FISH in primary tumor, Bozetti et al. [45] compared diag-
nostic fine needle aspiration samples to subsequent histo-
logical or resected sample. The EGFR gene copy number
was discordant in 12% of paired samples, which may be
due to heterogeneous distribution of EGFR amplification
where tumor cells in the fine needle aspiration are not rep-
resentative of the entire tumor. This was examined by Yat-
abe et al. [28] who examined 48 lung carcinomas and found
EGFR amplification in 11 tumors. Out of the 11 EGFR
amplified tumors, heterogeneous distribution was found in
9 tumors when comparing EGFR amplification by FISH in
3 independent parts of each tumor [28] (Table 3).

Three trials by Italiano et al. [24], Monaco et al. [46],
and Bozzetti et al. including 101 patients compared EGFR
amplification status between primary tumor and various

organ metastasis of which 67, 17.5, and 45% was metach-
ronous with a median time interval between samples of 8§,
19, and 19.5 months, respectively. They found that EGFR
amplification was discordant in 27, 32.5, and 32% of paired
samples, respectively [24, 46].

EGFR expression

Meert et al. [47] compared biopsies from 49 NSCLC
patients obtained from bronchoscopy of which 33% were
cytological biopsies to histological material from subse-
quent surgical resections with regard to the expression
of EGFR. The trial reported discordance between
expression in biopsy and subsequently resected tumor of
15% [47].
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Table 3 EGFR copy number

Author Histological No. of pts % biomarker % biomarker % biomarker % biomarker Discordance
subtype pos on diagnostic pos on resected pos in biopsy neg in biopsy between diagnostic
biopsy tumor and neg in PT  and pos in PT biopsy and resected
tumor (%)
Comparison of EGFR copy number between initial biopsy and immediately subsequent resection of NSCLC primary tumor (%)
Bozzetti et al. [45] AD: 424 33 61 9 3 12
SQ:42.4
ASC: 9
SAC: 3
NOS: 3

Pos biomarker/

mutation in both both PT and

Neg biomarker in

Discordance
in biomarkers/

Pos in PT/neg  Neg in PT/pos Metastatic site (%)

in metastasis  in metastasis

PT and metastasis (% )metastasis (%) (%) (%) mutations
between PT
and metastasis
(%)
Comparison of EGFR copy number in biopsies from primary tumor and metastasis in NSCLC (%)
Italiano et al. [24] AD:70 30 39 35 23 4 27 Adrenal gland: 3
SQ: 23 26 Bone: 13%
LCC:3 Brain: 67
NOS: 3 Lung: 13
Soft tissue: 33
Bozzetti et al. [63] SQ: 16 28 32 36 4 29 32 Liver: 6
AD: 45 Pleura: 6
NOS: 36 Abdomen: 3
Ribs: 6
Skin: 13
Lymph node: 65
Monaco et al. [46] AD:95 40 0 68 9 24 33 Lymph node: 60
LCC:3 Pleura: 17.5
SAC:3 Brain: 10
Other: 12.5

SQ squamous carcinoma, AD adenocarcinoma, ASC adenosquamous carcinoma, BAC broncoalveolar carcinoma, LCC large cell carcinoma, NOS not oth-
erwise specified, SAC sarcomatoid carcinoma, LEC lymphoepithelioma-like carcinoma, PT primary tumor

Two trials by Rao et al. [48] and Chang et al. [40] com-
pared EGFR expression in the resected primary tumor and
corresponding resected lymph node metastasis in 103
patients. EGFR expression was discordant in 11 and 34%,
respectively. These trials are not comparable since Chang
et al. used a positive staining of more than 50% of cells to
define EGFR positivity, while Rao et al. used a more com-
mon cut off value of 10%.

Three trials by Gomez-Roca et al. [49], Italiano et al.
[24] and Kakilaki et al. [44] have explored the occurrence
and concordance of EGFR expression in primary tumor and
corresponding organ metastasis in 104 patients. Discor-
dance was observed in 33, 33, and 11% of paired samples,
respectively. In the trial by Gomez-Roca et al. [49], 61% of
metastases were metachronous and 18% of the patients had
received cisplatin-based neoadjuvant chemotherapy.
Kakilaki et al. included 3 patients who had received treat-
ment with gefitinib and 15 patients who had received treat-
ment with chemotherapy before the development of
metachronous metastases (Table 4).
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EGFR status and chemotherapy

Another important factor when addressing changes in
EGFR status is the influence of chemotherapy or targeted
treatments, which potentially eradicates sensitive clones
with a specific biomarker status or potentially changes the
biomarker status in less sensitive tumor cells.

Felip et al. [SO] examined the effect of erlotinib with
respect to treatment-related changes in EGFR expression
and p-EGFR expression. Tumor biopsies were performed
immediately before treatment and 6 weeks after disease
progression, unacceptable toxicity, or consent withdrawal
[50]. The trial included 14 patients who had progressed
after at least one platinum-based chemotherapy regimen
and who had suitable comparable pre and posttreatment
biopsies. EGFR expression was observed in 79% and in
100% of pre and posttreatment samples, respectively. Five
patients experienced clinical benefit defined as complete
response, partial response, or stable disease more than
12 weeks. A reduction in p-EGFR expression (P = 0.002)
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Table 4 Changes in biomarkers in primary tumor during antineoplastic drugs in NSCLC

Timing of
rebiopsy

% of biomarkers % of biomarkers % of biomarkers % of biomarkers % of changes Treatment

remaining pos

Histological No. of pts Biomarker

subtype

Author

that changes in biomarker

that changes

remaining neg

from pos to neg from neg to pos

N/A

14% N/A
9%

11%
7%

3%
2%

6%
5%

71%

Mediastinal Node 85%

EGEFR expr
Node vs. PrTu
EGFR expr

47

N/A

De Pas [51]

after 6 weeks

Tumor biopsy
from lung

Erlotinib

21%
35%

21%
0%

0%
36%

0%
57%

79%
7%
(p-EGFR)

p-EGFR expr

14

LC:57%
AD: 21%
SQ: 21%
AD: 82%
SQ: 18%

Felip et al. [50]

Rebiopsy

Treatment (No pts) N/A (1)

Down Up
Surgery (2)

Unchanged 46% 0%

EGEFR expr

11

Badalian

from bone

regulated 36%

regulated 18%

et al. [53]

metastases.

Surgery + cyclophosphamide (1)
Surgery + doxorubicine (3)

Treatment - N/A

Surgery + undefined chemo (1)
Surgery + cisplatin (2)

N/A (EGFR-TKI)

From 1 to 212 days

100% 0% 0% 0% 0%

EGFR mutation

54

Yatabe et al. [39] AD: 100%

SQ squamous carcinoma, AD adenocarcinoma, ASC adenosquamous carcinoma, BAC broncoalveolar carcinoma, LCC large cell carcinoma, NOS not otherwise specified, SAC sarcomatoid carcinoma, LEC

lymphoepithelioma-like carcinoma, PT primary tumor

was observed when comparing pretreatment expression to
posttreatment expression. No significant changes were
observed regarding EGFR expression (0.0332). Regarding
EGEFR expression, 3 samples changed from negative to pos-
itive and no samples changed from positive to negative
when using the defined H-score cut off value of 150.

De Pas et al. [51] examined the influence of neoadjuvant
chemotherapy on the EGFR expression in 47 NSCLC
patients with N2 disease. Preneoadjuvant mediastinal
lymph node biopsies obtained by mediastinoscopy were
compared to postneoadjuvant-resected primary tumor and
resected mediastinal lymph nodes. Patients had received at
least 3 cycles of chemotherapy. They observed that in 11%
of cases, metastases in mediastinal lymph node changed
from positive to negative and 3% from negative to positive
EGFR expression when comparing pretreatment samples to
posttreatment samples, respectively. This could indicate
that a subsequent biopsy could be necessary after chemo-
therapy in the case of an EGFR-negative primary biopsy to
evaluate EGFR expression.

Discussion

Determining EGFR expression by IHC to detect the pres-
ence of specific proteins in the cells is highly dependent on
various factors such as techniques used for tissue collection
and handling, antigen retrieval techniques, type of anti-
body, antibody detection protocol, and quality of the
biopsy. In addition, there are currently no standard method-
ologies for handling or scoring EGFR expression which
makes the frequencies of EGFR expression or overexpres-
sion difficult to compare between trials.

EGFR expression is usually considered positive when
more than 10% of tumor cells are stained. This has proven to
be the cut off value that provides the maximal differentiation
in survival benefit between EGFR-positive and EGFR-nega-
tive patients treated with EGFR-TKIs [52]. Another method
of scoring EGFR expression is by scoring the intensity (0—4)
multiplied by the fraction of positive cells (0-100%) to get
an H-score (0-400). An H-score above 200 is defined as
EGFR expression positive. Most of the trials included in this
paper have defined EGFR positivity as more than 10%
stained cells [24, 44, 48, 49], except Chang et al. [40] who
used a cut off value 50%. The trial by Meert et al. [47] defi-
ned samples as positive for EGFR when more than 1% of
cells were stained, which is a similar cut off value as
previously used in colon cancer. Felip et al. calculated the
H-score, but used a cut off value of 150. Badalian et al. [53]
also calculated an H-score but defined up or down regulation
of EGFR as a change in H-score of 30% or above.

Direct sequencing has been widely used to detect EGFR
mutations, but false negative results may occur when sam-
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ples contain less than 30% tumor cells [54]. This is con-
firmed by the fact that the application of more sensitive
techniques discovers additional EGFR mutations not dis-
covered when the direct sequencing technique was applied
[[41, 45, 55].]. Another influence on mutation status is the
fact that formalin fixation may cause stand breaks and dep-
urinate the samples. Mutation artifacts may be as frequent
as every 500 base pairs [56]. This could lead to false nega-
tive or false positive testing of EGFR mutations, which
could be interpreted as heterogeneity.

Another factor is EGFR amplification, which is distrib-
uted heterogeneously within the tumor with increased
EGFR amplification-related invasive growth and metasta-
sis. Since the mutant allele increases in number exclusively
in EGFR amplification, it will lead to an increase in the
mutant to wild-type ratio [34]. Thus, assuming that EGFR
mutations are present in the entire tumor, the mutation sig-
nal would be stronger in the invasive areas with EGFR
amplification. But, in other areas of the tumor where the
EGFR mutation signal is low due to the lack of EGFR
amplification and normal cells in the sample, the analysis of
EGFR may not be sensible enough to detect the EGFR
mutation as suggested by Yatabe et al. [39]. This is sup-
ported by the fact that Park et al. [41] discovered additional
EGFR mutations after retesting samples with a more sensi-
tive heteroduplex analysis.

Biomarkers on biopsies from solid tumors are increas-
ingly being used to determine the drug of choice as more
targeted treatments are entering clinical use. If the choice of
subsequent treatment modalities is based on biomarkers in
the cells, then the biomarker expression and occurrence of
mutations in biopsy have to be representative for the entire
tumor. Currently, no consensus on whether the biopsy on
which to decide therapy options should preferably be from
primary tumor or from metastases or whether a histological
material is mandatory or whether cytological material is
sufficient, though the latter is likely to be true.

The degree of heterogeneous distribution of EGFR
mutations in NSCLC is still unclear as Yatabe et al. [39]
find no heterogeneous distribution after thorough examina-
tion of 55 adenocarcinomas, and yet Taniguchi et al. [38]
finds that patients with heterogeneous tumors have rela-
tively decreased survival when treated with gefitinib. If a
biomarker is distributed heterogeneously within a tumor,
then there most likely will be an even more profound heter-
ogeneous distribution between primary tumor and metasta-
sis. In this case, it is important to consider the location of
the metastatic site and time between samples. Most likely
different clones metastasize to different organs, and longer
intervals between sampling lead to increased occurrence of
new mutations and an increasingly variation in phenotype.

Some patient benefit from EGFR-TKI treatment irre-
spective of the EGFR status, and some patients do not
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benefit despite the presence of EGFR mutations. Whether
this is due to actual intra and intertumor heterogeneity
regarding EGFR mutation status or whether it is simply due
to false negative or false positive tests caused by methodo-
logical errors are still unclear.

It is not well elucidated how systemic antineoplastic
treatment affects tumor cells and their expression of
biomarkers. Trials concerning chemotherapy-induced
changes in the expression of biomarkers or occurrence of
mutations are often demanding to execute due to the fact
that tissue samples are required both before and after
treatment. Ethics is another important aspect when per-
forming a clinical trial, which might demand that patients
undergo, repetitive biopsies during palliative chemother-
apy treatment. Most feasible for such trials may be
patients receiving neoadjuvant treatment followed by
surgery. The trials included in this paper do seem that
biomarkers have changed in some patients after antineo-
plastic treatment. [50, 51, 53]. These trials all include a
very limited number of patients and different treatment
modalities. It is difficult to estimate whether discordance
between biomarker expression between the pre and post-
treatment samples is due to a change in biomarker status
or simply a reflection of the preexisting tumor heterogene-
ity. Tumors can acquire resistance to gefitinib during
treatment through the induction of the mutation (T790 M)
[57]. This mutation (T790 M) is very rare before treat-
ment with gefitinib therapy, and most of these mutations
are found after gefitinib treatment [58—60] indicating that
antineoplastic treatment can influence tumor phenotype
either through selection of resistant clones or may be by
inducing DNA changes in the cells.

Conclusion

Treatment of patients with advanced NSCLC with curative
intent requires that all tumor clones are eradicated irrespec-
tive of their potentially different biomarker status. Thus, as
treatments based on new biomarkers get implemented, it
gets increasingly important to elucidate the relevance and
degree of heterogeneous distribution of the targeted bio-
marker. EGFR mutations are not found with the same fre-
quency in various histological subtypes. Histological
subtypes who harbor the same biomarker are possibly also
different regarding the heterogeneity of the biomarker dis-
tribution throughout the tumor.

Another aspect is how chemotherapy affects the bio-
marker status in the tumor cells. Potentially, a biomarker
that is predictive of response to chemotherapy will disap-
pear during chemotherapy as the sensitive tumor clones that
harbor the biomarker are eradicated or as the tumor cells
get more resistant to the treatment. It is also possible that
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the biomarker status stays unchanged in the tumor cells as
the cell develops resistance mechanisms, which makes the
predictive biomarker redundant.

Furthermore, various chemotherapy agents may affect

the biomarker status in various histological subgroups of
NSCLC differently, but this issue is also hitherto not
firmly elucidated. In the current and future clinical sce-
nario with many different options for systemic treatment
both as 2nd and 3rd line and beyond, it is thus increas-
ingly important to further elucidate these outstanding
questions in relation to proper use of biomarkers such as
EGFR in order to offer the patients an individually tai-
lored treatment.
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