
High specificity but low sensitivity of
mutation-specific antibodies against EGFR
mutations in non-small-cell lung cancer
Anna-Louise Bondgaard1, Estrid H�gdall2, Anders Mellemgaard3 and Birgit G Skov1

1Department of Pathology, Copenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark;
2Department of Pathology, Molecular Unit, Herlev University Hospital, Copenhagen, Denmark and
3Department of Medical Oncology, Herlev University Hospital, Copenhagen, Denmark

Determination of epidermal growth factor receptor (EGFR) mutations has a pivotal impact on treatment of

non-small-cell lung cancer (NSCLC). A standardized test has not yet been approved. So far, Sanger DNA

sequencing has been widely used. Its rather low sensitivity has led to the development of more sensitive

methods including real-time PCR (RT-PCR). Immunohistochemistry with mutation-specific antibodies might be

a promising detection method. We evaluated 210 samples with NSCLC from an unselected Caucasian

population. Extracted DNA was analyzed for EGFR mutations by RT-PCR (Therascreen EGFR PCR kit, Qiagen,

UK; reference method). For immunohistochemistry, antibodies against exon19 deletions (clone 6B6), exon21

mutations (clone 43B2) from Cell Signaling Technology (Boston, USA) and EGFR variantIII (clone 218C9) from

Dako (Copenhagen, DK) were applied. Protein expression was evaluated, and staining score (multipum of

intensity (graded 0–3) and percentages (0–100%) of stained tumor cells) was calculated. Positivity was defined

as staining score 40. Specificity of exon19 antibody was 98.8% (95% confidence interval¼ 95.9–99.9%) and of

exon21 antibody 97.8% (95% confidence interval¼ 94.4–99.4%). Sensitivity of exon19 antibody was 63.2% (95%

confidence interval¼ 38.4–83.7%) and of exon21 antibody was 80.0% (95% confidence interval¼ 44.4–97.5%).

Seven exon19 and four exon21 mutations were false negatives (immunohistochemistry negative, RT-PCR

positive). Two exon19 and three exon21 mutations were false positive (immunohistochemistry positive, RT-PCR

negative). One false positive exon21 mutation had staining score 300. The EGFR variantIII antibody showed no

correlation to EGFR mutation status determined by RT-PCR or to EGFR immunohistochemistry. High specificity

of the mutation-specific antibodies was demonstrated. However, sensitivity was low, especially for exon19

deletions, and thus these antibodies cannot yet be used as screening method for EGFR mutations in NSCLC.

Refinement of sensitivity for the mutation-specific antibodies is warranted to improve molecular diagnosis

using EGFR immunohistochemistry.
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Presence of activating mutations in epidermal
growth factor receptor (EGFR) predicts response to
EGFR tyrosine kinase inhibitors in patients with
non-small-cell lung cancer (NSCLC). Therefore,
EGFR mutational status should be determined
before initial treatment.1–8 About 90% of activating
EGFR mutations is deletions of exon19 or point

mutations of exon21. Other important mutations are
insertions in exon20 (T790M), which predicts
resistance to EGFR tyrosine kinase inhibitors, and
activating mutations of exon18 (G719A-C) and
exon21 (L861Q). Several other EGFR mutations
have been reported, but their clinical significance
is yet unknown. Mutation rate in adenocarcinomas
in East Asian patients are 20–50%9 and 5–15% in
Western European patients depending on whether
selected9 or unselected10–13 patients are tested.

No gold standard method for the detection of
EGFR mutations in NSCLC is approved. Previously,
Sanger DNA sequencing has been widely used,
but its disadvantages, primarily its low sensitivity
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(requirement of 40–50% mutant DNA in samples),9

has before led to the development of more sensitive
detecting methods including real-time quantitative
PCR (RT-PCR). However, this method is relatively
expensive, time consuming, and not incorporated in
routine diagnostic procedures in many departments of
pathology. In contrast, immunohistochemistry has
lower costs, shorter turnaround time, and is avai-
lable in the majority of laboratories. For these reasons,
mutation-specific antibodies might be a relevant alter-
native for determining EGFR status in NSCLC.14–22 So
far, no standardized protocol exists for EGFR
immunohistochemistry in these tumors.9,23,24

The aim of this study was to determine sensitivity
and specificity of mutation-specific antibodies in
detection of EGFR mutations in an unselected
cohort of Caucasian patients with NSCLC. We
hypnotized that the antibodies against EGFR muta-
tions might be an alternative method for identifying
patients with EGFR mutations, who could benefit
from EGFR tyrosine kinase inhibitors.

Materials and methods

This study was designed as a nested case–control
study including 210 NSCLC samples from a large
Caucasian population-based study of the incidence
of EGFR mutations.13 Briefly, the incidence study
included 1256 consecutive tumor samples from a
well-defined geographical area (The Capital Region of
Denmark). DNA was extracted from histological or
cytological tumor samples and analyzed for EGFR
mutations by Therascreen EGFR PCR kit (Qiagen,
Manchester, UK). By the time of planning the present
study, 36 mutation-positive samples were found.

Histological and clot material from cytological
samples (but not smears) were used for immunohis-
tochemistry. By preliminary HE examination of the
tumor samples included in the study, the optimal
tissue or clot block was selected. For each patient,
we aimed to test immunohistochemistry on the
same material as used for RT-PCR. If material from
same block was not available (because of no tumor
left after material for RT-PCR was cut), material from
different blocks from same location were chosen if
available. If different samples from same location
were not available, material from different locations
was used. For cytological samples, the same hier-
archical selection was applied: preferably immuno-
histochemistry and RT-PCR from the same block, if
not possible, immunohistochemistry was done on
block, whereas RT-PCR was done on slide from same
location. If not available, then immunohistochem-
istry was done on block, whereas RT-PCR was done
on slide from different locations.

EGFR Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues were cut
into 3- to 4-mm-thick sections. Deparaffinization was

performed in PT LINK (Dako, DK) in 70min. Epitope
retrieval was performed by FLEX TRS High mixed
(pH 9.0; Dako, DK). 3% Hydrogen peroxide was
used to block endogenous peroxidase. Preliminary
antibody dilution tests were performed on blocks
with known mutational status. Antibody dilutions
tested were 1:50, 1:100, and 1:150 according to the
literature.14–22 The included sections were incu-
bated with primary monoclonal rabbit antibodies
against exon19 deletions (clone 6B6, Cell Signaling
Technology, Boston, MA, USA) diluted to 1:150
(optimal dilution), against point mutation of exon21,
L858R (clone 43B2, Cell Signaling Technology)
diluted to 1:100 amplified by linker (optimal dilu-
tion), and with primary monoclonal mouse anti-
body against EGFR variantIII (clone 218C9, EGFR
pharmDx kit, Dako, DK) in 20min.

The antibodies were visualized according to the
standardized protocol of EnVision FLEXþ system
(Dako, DK) and diaminobenzidine was used as chro-
mogen in an automated immunostainer (DakoLink 48,
Dako, DK). The sections were counterstained with
hematoxylin. Positive controls included five cell
suspensions of mutated exon19 (H1650-988, Cell
Signaling Technology) and mutated exon21 (H1975-
988, Cell Signaling Technology) and two blocks of
known mutational status. For negative controls, pri-
mary antibodies were replaced by phosphate buffer.

Scoring of Immunohistochemistry

Percentage (0–100%) and intensity of stained malig-
nant epithelial tumor cells were registered. Intensity
was graded 0–3 (0¼no membrane and/or cytoplas-
mic staining of the malignant epithelial tumor cells
evaluated in � 40 objective magnification, 1¼ faint
membrane and/or cytoplasmic staining of malignant
epithelial tumor cells seen in � 40 objective magni-
fication, 2¼weak/moderate membrane and/or cyto-
plasmic staining of the malignant epithelial tumor
cells seen in � 10 to � 20 objective magnification,
3¼ strong membrane and/or cytoplasmic staining
of the malignant epithelial tumor cells seen in � 2
to � 4 objective magnification).25 Staining score¼
(percentage of intensity1� intensity1)þ (percentage
of intensity2� intensity2)þ (percentage of inten-
sity3� intensity3) was calculated (scale 0–300).
Positivity of EGFR immunohistochemistry was
defined as staining score 40.

The samples were evaluated by ALB and BGS.
Samples having equivocal staining, nonspecific
staining, or staining artifacts were re-analyzed by
both evaluators and decisions on percentage (0–
100%) and intensity of stained malignant epithelial
tumor cells were registered.

EGFR Mutational Analysis

The Therascreen EGFR PCR Kit (Qiagen) was applied
as RT-PCR analysis. It is a combined technology
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using amplified refractory mutation system (ARMS,
AstraZeneca, Macclesfield, UK) and fluorescent
signaling system (Scorpions, Qiagen). It detects 29
mutations from exon18–21 with sensitivity of 1%: 3
point mutations of exon18 (G719X), 19 mutations
of exon19 (including deletion E746-A750), 2 point
mutations of exon20 (S768I, T790M), 3 exon20
insertions, and 2 point mutations of exon21
(L861Q, L858R). For the assay, representative for-
malin-fixed, paraffin-embedded tissues were se-
lected. Three sections of 10-mm-thick tumor tissue
were cut and if necessary macro-dissected in order
to ensure high percentage of tumor cells. Briefly,
tissue sections were treated once with xylene,
followed by one wash in ethanol. The pellet was
resuspended in ATL buffer (tissue lysis buffer) and
treated with proteinase-K overnight at 56 1C. After
inactivation of proteinase-K by heating, DNA was
extracted using QIAamp DNA Mini Kit
(Qiagen). If the optimal specimen from a patient was
a smear, the Mai Giemsa Grunwald-stained material
was used for EGFR analysis without de-staining.
Extracted DNA was analyzed by Therascreen EGFR
PCR Kit (Qiagen) by EH according to the manufac-
turer’s instructions.

Statistics

Data management and analysis were done in JMP
version 9. Specificity and sensitivity of the mutation-
specific antibodies were calculated (JMP version 9).

Results

Sample Characteristics

Among the 210 enrolled samples, 19 were excluded
(13 excluded due to no tumor cells were left and 6
did not fulfilled the inclusion criteria) leaving 191
specimens available for immunohistochemistry and
RT-PCR. The clinicopathological characteristics of
the included samples were summarized in Table 1.

One hundred and twenty-nine histological and
sixty-two cytological samples were included. Of the
paired histological samples, 108 had material from
the same block used for immunohistochemistry as
well as for RT-PCR. Six paired samples had material
from different blocks from same location used for
immunohistochemistry and RT-PCR and fifteen
were from same location but it was not possible to
determine whether immunohistochemistry and RT-
PCR were performed on same block or different
block from same location.

For paired samples in which EGFR mutation
status was determined by RT-PCR on cytological
(either clots or smeared) material and immunohis-
tochemistry was determined on cytological or
histological material, 44 specimens had same (clot)
block used for immunohistochemistry and RT-PCR.
Two had different (clot) blocks from same location

used for immunohistochemistry and RT-PCR. In 16
paired samples, (clot) block was used for immuno-
histochemistry and smeared material from the same
location was used for RT-PCR.

Mutations Detected by EGFR Immunohistochemistry
and RT-PCR

Mutations detected by EGFR immunohistochemistry
and RT-PCR were summarized in Tables 2 and 3. RT-
PCR detected 19 exon19 deletions, 12 exon21 muta-
tions, 2 exon18 mutations, and 3 exon20 mutations.
Of the exon19 deletions detected by RT-PCR,
twelve were detected by the exon19 antibody. Of
the exon21 mutations detected by RT-PCR, eight
(L858R mutations) were detected by the exon21
antibody. EGFR immunohistochemistry detected five
mutations, which were RT-PCR wild type (two
exon19 deletions and three exon21 mutations).

Table 1 Clinicopathological characteristic of the 191 included
NSCLC

Sample demographics No. samples

Total 191

Diagnosis
Adenocarcinoma 112
Squamous cell carcinoma 52
Large cell neuroendocrine tumor 7
Other (large-cell carcinoma, sarcomatoid
carcinoma, salivary gland tumor, karcinoid,
not otherwise specified, combined)

20

Samples types for EGFR immunohistochemistry
Histological 129
Cytological 62

Number of malignant epithelial cells
in material for immunohistochemistry
r100 11
100–400 57
4400 123

Smoking status
Never smoker 18
Ex-smoker 78
Current smoker 94
Not available 1

Block specification Histological Cytological

Same block for EGFR
immunohistochemistry and RT-PCR

108 44

Different block, same location for EGFR
immunohistochemistry and RT-PCR

6 2

Same location but not specified if same
block or different block from same
location for EGFR
immunohistochemistry and RT-PCR

15 0

EGFR immunohistochemistry from
block, RT-PCR on slide, same location

0 16

Abbreviations: EGFR, epidermal growth factor receptor; NSCLC,
non-small-cell lung cancer; RT-PCR, real-time quantitative PCR.
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False negative and false positive cases were
summarized in Table 4 (adenocarcinoma cases)
and Table 5 (squamous cell carcinoma cases). False
negative cases included three specimens, which
were diagnosed as squamous cell carcinomas on
morphology as well as by positivity for P40 and
negative staining for TTF1 by immunohisto-
chemistry. Two other false negative used blocks
from different locations (1: the block for RT-PCR was
from the thoracic lymph node station 4R and for
immunohistochemistry from the primary tumor in
the left lung lobe, 2: the block for RT-PCR was from
the primary tumor in the left lung lobe and for
immunohistochemistry from pleura (clot block)). In
two cases of adenocarcinoma, a L861Q mutation in
exon21 was detected by RT-PCR and immunohis-
tochemistry was negative. Interestingly, in one case
of adenocarcinoma, in which an exon19 mutation
was detected by RT-PCR, nonspecific staining of
smooth muscle tissue and vascular endo-
thelia was observed using the mutation-specific
antibody against exon19.

Of false positive cases, one (no. 11 in Table 4) had
staining score¼ 300. Immunohistochemistry and
RT-PCR were performed on the same block. This
tumor was diagnosed as an adenocarcinoma on
morphology and immunohistochemistry, and was
from a never-smoking female. The other four false
positive (two squamous cell carcinomas and two
adenocarcinomas) showed heterogeneous immuno-

histochemical staining of the malignant tumor cells
(staining scores 20, 70, 100, 125).

RT-PCR detected two exon18 and three exon20
mutations. One of these had staining score¼ 10
(staining of exon21 antibody). RT-PCR found this
tumor being exon18 mutated (G719X).

The specific staining of the mutation-specific
antibodies was mutually exclusive (Figure 1). Non-
specific diffuse cytoplasmic staining by the exon19
antibody was observed in smooth muscle tissue
(n¼ 15) and vascular endothelia (n¼ 3). For the
exon21 antibody, nonspecific cytoplasmic staining
not related to any cell type was seen (n¼ 33). These
stainings were evaluated as immunohistochemistry
negative (Figure 2).

The DAKO antibody against EGFR variantIII
showed membranous and cytoplasmic staining of
malignant tumor cells in 154 samples (staining
score20–300) with no correlation to EGFR mutation
status determined by RT-PCR or to immunohisto-
chemistry using mutation-specific antibodies (data
not shown).

Specificity and Sensitivity of EGFR
Immunohistochemistry

Specificity of exon19 antibody was 98.8% (95%
confidence interval¼ 95.9–99.9%) and sensitivity
was 63.2% (95% confidence interval¼ 38.4–83.7%).

Table 3 Overview of EGFR exon21 mutations by EGFR IHC and RT-PCR

RT-PCR

Exon 19del Exon 20ins G719X L858R L861Q S768I WT Total

EGFR IHC
Exon21
(L858R)
Positive 0 0 1 8 0 0 3a 12
Negative 19 2 1 2a 2a 1 152 179
Total 19 2 2 10 2 1 155 191

Abbreviations: Del, deletion; IHC, immunohistochemistry; ins, insertion; RT-PCR, real-time PCR; WT, wild type.
aSamples further described in Tables 4 and 5.

Table 2 Overview of EGFR exon19 mutations by EGFR IHC and RT-PCR

RT-PCR

Exon 19del Exon 20ins G719X L858R L861Q S768I WT Total

EGFRIHC
Exon19del
(E746-A750)
Positive 12 0 0 0 0 0 2a 14
Negative 7a 2 2 10 2 1 153 177
Total 19 2 2 10 2 1 155 191

Abbreviations: Del, deletion; IHC, immunohistochemistry; ins, insertion; RT-PCR, real-time PCR; WT, wild type.
aSamples further described in Tables 4 and 5.
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Specificity of exon21 antibody was 97.8%
(95% confidence interval¼ 94.4–99.4%) and sensi-
tivity was 80.0% (95% confidence interval 44.4–
97.5%).

A sub-analysis was performed on samples on
which RT-PCR and immunohistochemistry were
performed on material from the same block. No
significant difference in specificity or sensitivity
compared with results for the whole material was
demonstrated (data not shown).

Discussion

In this study, specificity of the mutation-specific
antibodies against deletions in exon19 and muta-
tions in exon21 was high. However, sensitivity was
low, especially for exon19 deletions, and thus these
antibodies are not ready for use in screening for
EGFR mutations in patients with NSCLC.

The high specificity observed for both antibodies
is in line with the literature, where specificity of
exon19 mutations ranged from 92 to 100% and for
exon21 mutations from 97 to 100%.14–22 All these
studies used the same mutation-specific antibodies
from Cell Signaling Technology and the methods
were comparable. Simonetti et al. found specificity
of 100% for both antibodies in 78 unselected
Caucasian patients.17 Brevet et al. found specificity
of 95% for the exon19 antibody and 99% for
the exon21 antibody in 194 selected Caucasian
patients.20 Thus, excellent specificity of immuno-
histochemistry using the two mutation-specific
antibodies is clearly demonstrated.

The low sensitivity for exon19 deletions is mostly
explained by the fact that the exon19 antibody only
detects the most common deletion of exon19
(deletion E746-A750). This deletion is of 15 base
pairs and represents 50–65% of all exon19 dele-
tions.21 However, deletions of 9, 12, 16, 18, and 24
base-pairs have been identified, each producing a

Table 4 Presentation of discrepant detection of exon19 and exon21 mutations by EGFR IHC and RT-PCR in adenocarcinomas

No. RT-PCR Specimen
Tumor cell
number

Same
location for
both methods Comments

EGFR IHC, exon19
1 Negative Positive Histological 4400 No RT-PCR: histological sample from a lymph

node, station 4R. EGFR IHC: histological
specimen from left lung lobe. Treated with TKI
Erlotinib (partial response).

2 Negative Positive Cytological 4400 No RT-PCR: histological sample from left lung
lobe. EGFR IHC: clot from pleura. Treated with
TKI Gefitinib (partial response).

3 Negative Positive Histological 4400 Yes Unspecific staining of smooth muscle tissue
and vascular endothelia (IHC). No staining of
malignant tumor cells. Treated with TKI
Gefitinib (partial response).

4 Negative Positive Histological 100–400 Yes Treated with resection of the lung. No TKI
therapy.

5 Positive: 20% of malignant
cells with intensity1

Negative Histological 4400 No RT-PCR: clot from right lung lobe. EGFR IHC:
histological sample from lymph node, station 7.
Treated with TKI Erlotinib, response unknown.

EGFR IHC, Exon21
6 Negative Positive Cytological o100 Yes IHC on block, RT-PCR on slide, same location.

Few tumor cells.

7 Negative Positive Histological 100–400 Yes Mutation of exon21 being L861Q, not
detectable in EGFR IHC, which stains only the
L858R mutation of exon21. Treated with
resection of the lung.

8 Negative Positive Cytological 100–400 Yes Mutation of exon21 being L861Q, not
detectable in EGFR IHC, which stains only the
L858R mutation of exon21. Treated with TKI
Erlotinib (progressive disease).

9 Negative Positive Cytological o100 Yes Female. Treated with chemotherapy.

10 Positive: 35% malignant
cells of intensity3 10%
malignant cells of intensity2

Negative Cytological 4400 Yes Heterogeneous EGFR IHC. Ex-smoker for 30
years (18 pack years). Treated with TKI
Erlotinib (stable disease).

11 Positive: 100% malignant
cells of intensity3

Negative Histological 100–400 Yes Female. Never-smoker.

Abbreviations: EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; RT-PCR, real-time quantitative PCR; TKI, tyrosine kinase
inhibitor.
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slightly different epitope not detectable by the
exon19 antibody.21 Previous studies using the
mutation-specific antibodies from Cell Signaling
Technology have found sensitivity ranging from 23
to 80% for exon19 deletions and 36 to 100% for
exon21 mutations.14–22 These studies used different
scores for intensity and cutoff point for positivity
making comparisons between the individual studies
difficult, and standardization is warranted.23

No gold standard method is approved for detect-
ing EGFR mutations in NSCLC. In the present
study, RT-PCR was chosen as reference method, as
this method was used in the IPASS study, which
was the only study demonstrating correlation
between EGFR mutations and response of EGFR
tyrosine kinase inhibitors in NSCLC, when this
study was initiated.7

Three false negative cases (immunohistochemis-
try negative, RT-PCR positive) were demonstrated in
tumors classified as squamous cell carcinoma on
morphology as well as on immunohistochemistry.
EGFR mutations are previously demonstrated in
squamous cell carcinomas.26 However, an ongoing
debate is whether these tumors are incomplete
sampling of adenosquamous carcinomas or poorly
differentiated adenocarcinomas morphologically
mimicking squamous cell carcinomas.26

In two cases of adenocarcinoma, mutations were
demonstrated by RT-PCR, whereas immunohisto-
chemistry was negative for both antibodies. In these
cases, the analyzed block for RT-PCR analysis was
from a different location than the block used for
immunohistochemistry, as no material was left for
immunohistochemistry after cutting material for RT-
PCR. A heterogeneous distribution of EGFR muta-

tion within the same tumor and between the
primary tumor and its metastases has been demon-
strated.27 Whether this might be the reason for the
discrepant results from the EGFR analyses in these
cases is unknown.

Two less common activating L861Q mutations of
exon21,28 which is not stainable by the exon21
antibody, were demonstrated by RT-PCR. Likewise,
the activating mutations of exon18 and the resistant
mutation of exon20 (T790M) are not detected by the
mutation-specific antibodies.

In one case of adenocarcinoma, in which RT-PCR
demonstrated mutation in exon19, staining of
vascular endothelia and smooth muscle cells was
demonstrated by the exon19 antibody. Formalin
fixation of DNA can cause PCR artifacts during
amplification, which might be detected as muta-
tions.29 Whether this might be the case in this
sample remains speculative.

Of the five false positive (immunohistochemistry
positive RT-PCR negative) cases, one was an
adenocarcinoma from a never-smoking female with
staining score¼ 300 (no. 11 in Table 4). Immuno-
histochemistry and RT-PCR were performed on the
same block. Unfortunately, no tyrosine kinase
inhibitor treatment was initiated, and whether RT-
PCR or immunohistochemistry demonstrated the
true EGFR status for this patient is unknown.

Four false positive cases showed heterogeneous
immunohistochemical staining of the malignant
tumor cells (staining scores 20, 70, 100, 125). Three
of these used same blocks for immunohistochem-
istry and RT-PCR, suggesting EGFR mutations might
have appeared in the block after tumor tissue had
been cut for RT-PCR.

Table 5 Presentation of discrepant detection of exon19 and exon21 mutations by EGFR IHC and RT-PCR in squamous cell carcinomas

No. RT-PCR Specimen
Tumor cell
number

Same location
for both
methods Comments

EGFR IHC, Exon19
12 Negative Positive Histological 4400 Yes Diagnosis verified by resection sample.

Ex-smoker for 10 years (2 pack years). Treated
with resection of the lung. No TKI therapy.

13 Negative Positive Histological 4400 Yes Ex-smoker for 27 years (no data on pack
years). Treated with resection of the lung. No
TKI therapy.

14 Negative Positive Histolgical 100–400 Yes Current smoker. 20 pack years. No resection
sample for verification of diagnosis.

15 Positive: 20% of malignant
cells with intensity3 20%
of malignant cells with
intensity2

Negative Cytological 100–400 Yes Heterogeneous staining of malignant
epithelial cells by IHC. Ex-smoker for 10
years. No TKI therapy.

EGFR IHC, Exon21
16 Positive: 10% malignant

cells of intensity3 20%
malignant cells of intensity2

Negative Histological 4400 Yes Heterogeneous EGFR IHC. Ex-smoker for 6
years (35 pack years). Treated with
chemotherapy.

Abbreviations: EGFR, epidermal growth factor receptor; IHC, immunohistochemistry; RT-PCR, real-time quantitative PCR; TKI, tyrosine kinase
inhibitor.
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Selecting the optimal test for identifying patients
with NSCLC to EGFR tyrosine kinase inhibitors is
dependent of several factors. Of cause, accuracy and
reproducibility of the test are essential. Other factors
such as cost, turnaround time, and the amount of
tissue necessary for performing the test should be
taken into account.

RT-PCR is able to detect as little as 1% mutated
malignant epithelial cells and no quantification is

available for this test. The therapeutic relevance in
tumors being positive in a rather small fraction of
malignant tumor cells has been debated.23 It is
observed that high abundance of EGFR mutations
(defined by mutations detected by DNA sequencing
and ARMS) showed significant longer progression-
free survival than low abundance of EGFR muta-
tions (defined by mutations detected by ARMS but
not DNA sequencing). Such selection of patients

Figure 1 Presentation of immunohistochemical staining of mutation-specific antibodies from Cell Signaling Technology (Boston, USA).
(a) Immunohistochemical staining of exon19 antibody, weak intensity (1), � 400 magnification. (b) Immunohistochemical staining of
exon19 antibody, moderate intensity (2), �400 magnification. (c) Immunohistochemical staining of exon19 antibody, moderate (2) and
strong intensity (3), � 400 magnification. (d) Immunohistochemical staining of exon21 antibody, weak intensity (1), �400 magnification.
(e) Immunohistochemical staining of exon21 antibody, moderate intensity (2), �400 magnification. (f) Immunohistochemical staining of
exon21 antibody, strong intensity (3), � 400 magnification.

Figure 2 Presentation of nonspecific staining of mutation-specific antibodies from Cell Signaling Technology (Boston, USA).
(a) Nonspecific staining of exon19 antibody (staining of smooth muscle cells), � 400 magnification. (b) Nonspecific staining of exon19
antibody (staining of vascular endothelia), �400 magnification. (c) Nonspecific staining of exon21 antibody, � 400 magnification.
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with NSCLC promoted a better treatment strategy for
both high and low EGFR mutations abundant
tumors.30–33 Further quantification of staining scores
in mutation-positive NSCLC has been assessed, and
high staining score has been associated with a
significant longer progression-free survival in
mutation-positive patients as compared with low
staining score.31 A study in which the rando-
mization to EGFR tyrosine kinase inhibitors would
be based on the method used for demonstrating an
activating EGFR mutation might give clinical
relevant information regarding the significance of
the amount of EGFR-mutated cells.

In conclusion, high specificity of mutation-
specific antibodies against exon19 and exon21
mutations was demonstrated. However, sensitivity
was low, especially for exon19 deletions, and
thus these antibodies cannot yet be used as screen-
ing or diagnostic method for determining
EGFR status in NSCLC. Refinement of sensitivity
for mutation-specific antibodies is warranted to
improve immunohistochemical diagnosis of EGFR
mutations in these tumors.
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