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Background & objectives: Studies have shown that immunohistochemical (IHC) staining using epidermal
growth factor receptor (EGFR) mutation specific antibodies, is an easy and cost-effective, screening
method compared with molecular techniques. The purpose of present study was to assess the percentage
positivity of IHC using EGFR mutation specific antibodies in lung biopsy samples from patients with
primary lung adenocarcinoma (ADC).

Methods: Two hundred and six biopsies of primary lung ADC were subjected to EGFR mutation specific
antibodies against del E746-A750 and L858R. Detection of EGFR mutation done by high resolution
melting analysis (HRM) was used as gold standard. A concordance was established between molecular
and THC results. Frequency of IHC positivity was assessed.

Results: Of the 206 patients, 129 were male and 77 were female patients, with a mean age of 54.1 yr. Fifty
five (26.6%) patients (36 men; 19 women) showed positivity for IHC of del E746-A750 (33) and L858R
(22). HRM results were available in 14 patients which showed EGFR mutations in correspondence with
del E746-750 or L858R in 64.2 per cent cases. Positive cases on HRM were further confirmed by DNA
sequencing and fragment analysis. Three patients showed exon20 variation. Two cases were negative for
mutation. The genotype of del E746-750 mutation was more common than L858R. A concordance was
established between molecular mutation and IHC in 85.7 per cent cases.

Interpretation & conclusions: In this preliminary study from India mutation specific IHC was used for
assessment of mutation status of EGFR. Although the number tested was small, a good concordance was
observed between molecular EGFR mutation and IHC expression. IHC methodology is a potentially
useful tool to guide clinicians for personalized treatment in lung ADC, especially where facilities for
molecular analysis are not readily available and for use in small biopsies where material is scant for
molecular tests.
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Lung cancer has emerged as a common cancer in
urban India and is a leading cause of cancer related
mortality'. Non-small cell lung carcinomas (NSCLC)
are the most common type with adenocarcinoma
(ADC) being the most common subtype*®. With the
emergence of selective tyrosine kinase inhibitors (TKI)
targeting epidermal growth factor receptor (EGFR)
there is a persistent need to identify the subset of
NSCLCs harbouring specific EGFR mutations®. Hence,
molecular testing of patients with adenocarcinoma of
lung for selection of personalized therapy is standard
of care in clinical practice’.

Activating mutations in tyrosine kinase domain
of EGFR have been reported in 10-50 per cent of
NSCLCs, associated commonly with adenocarcinoma
histology, female sex, East Asian ethnicity and never
smokers®. About 90 per cent of activating EGFR
mutations include deletions of exon 19 and point
mutations of exon 21%% Studies from India have
reported EGFR mutations in approximately 20 to 50 per
cent of cases studied in which mutation was detected by
molecular methods which include PCR based methods
and DNA sequencing®-'>. Though there are various
methods to detect most common EGFR deletion and
point mutations, there is no approved gold standard
method. The molecular mutation detection methods
such as DNA sequencing and real time polymerase
chain reaction (RT-PCR) are limited by their low
sensitivity, procedure complexity, increased cost and
turnaround time'®!”. Moreover, these methods cannot
be incorporated into the routine diagnostic laboratory
especially in low resource settings such as in India. For
these reasons, immunohistochemistry (IHC) for EGFR
mutation specific antibodies has emerged as a relevant
alternative for determining EGFR status in NSCLC'"".

We hypothesized that EGFR mutation specific
IHC can be utilized as a routine method in a clinical
diagnostic laboratory to detect the two most common
mutations for identifying patients for personalized
treatment of EGFR TKI. Here we report the ITHC
results of 206 biopsy samples obtained from patients
of ADC of lung which were scored taking into account
the intensity and area of staining.

Material & Methods

Between January 2013 and June 2014, we
prospectively analyzed 206 lung biopsies diagnosed
as NSCLC with subtype adenocarcinoma based on
morphology and immunohistochemistry (TTF-1
positive, p40 negative) in the department of Pathology,

All India Institute of Medical Sciences, New Delhi.
Approval from ethics committee of the All India
Institute of Medical Sciences, New Delhi, was obtained
prior to the study. Informed written consent from each
patient was taken at the time of biopsy. The diagnosis
was made according to International Association for
the Study of Lung Cancer/American Thoracic Society/
European Respiratory Society classification for lung
adenocarcinomas®.

IHC analyses of EGFR mutation specific antibodies:
Paraffin blocks were cut to a thickness of 4 micron
for immunostaining. Conventional de-waxing and
hydration treatment were undertaken using xylene and a
graded series of ethanol, respectively. Antigen retrieval
was performed using citric acid at pH 6.0. Intrinsic
peroxidase activity was blocked by treatment with 0.3
per cent hydrogen peroxide and methanol solution for
15 min. After washing in tris-buffered saline for 15
min, two primary antibodies [delE746-A750 mutation
specific monoclonal antibody (6B6) and L858R
mutation specific monoclonal antibody (43B2); Cell
Signaling Technology, Danvers, MA, USA] were
diluted separately at 1:100 and added to the specimens
fixed to the slides. The slides were incubated for
two hours at room temperature with mutation
specific antibodies. Slides were then incubated and
analyzed by a detection kit (EnVision Plus HRP,
DakoCytomation, Glostrup, Denmark) according to
the manufacturer’s instructions, developing peroxidase
activity with 3-3diaminobenzidine. Finally, slides
were counterstained with hematoxylin, dehydrated and
mounted?' 2,

IHC scoring: The IHC staining score was based on the
staining intensity and percentage positivity (0-100%)
of cells in the membrane and/or cytoplasm of tumour
cells as previously described®*,

Four grades were employed: 0, 1+, 2+, 3+. 0=
no staining; 1+ =faint membrane and/or cytoplasmic
staining in >10 per cent of tumour cells in x 40
objective magnification; 2+ = moderate membrane
and/or cytoplasmic staining in x 10 to x 20 objective
magnification; 3+ = strong membrane and/or
cytoplasmic staining x 2 to x 4 objective magnification.
Zero was negative; whereas 1+, 2+ and 3+ were
considered as positive cases. Lung adenocarcinomas
with mutation status confirmed by molecular
testing were used as positive and negative controls.
The intensity of the staining was assessed by two
pathologists independently.
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Validation of IHC with molecular detection by high
resolution melting analysis (HRMA): Polymerase chain
reaction (PCR) was performed to amplify exons 19 or
21 of EGFR using Light Scanner master mix (Idaho
Technology, USA) on Veriti thermal cycler (Applied
Biosystems, USA) using gene specific primers (Idaho).
The PCR product was denatured at 95°C for 30 sec
and then cooled to 28°C to promote the formation of
heteroduplexes. The plate was transferred to Light
Scanner (Idaho Technology) and melt analysis was
performed according to manufacturer’s instructions.
Data were analyzed using the software (Idaho
Technology). After normalization and temperature-
adjustment steps, melting curve shapes were compared
between the tumour samples and control samples.
Human genomic DNA extracted from leukocytes was
used as the negative control sample with wild-type
EGFR and known sample harbouring the mutation was
used as positive control. Samples having left-shifted
curves or curves similar to positive controls were judged
to have mutations and further validated by sequencing.
The L858R mutation was further confirmed by direct
sequencing and deletion E746-750 by fragment
analysis (outsourced to Applied Biosystems).

Statistical analysis: Appropriate statistical analysis
was done to calculate sensitivity, specificity, positive

and negative predictive values. y* test was used for
categorical variables.

Results

Of the 206 patients, 129 were male and 77 were
female patients (M:F 1.6:1), with a mean age of 54.1
+ 1.4 yr (range 21-81 yr). No patients had received
neoadjuvant chemotherapy or radiotherapy prior to
biopsy.

IHC analysis of mutation-specific antibodies against
EGFR mutants in lung adenocarcinomas: The mutation-
specific antibodies against L858R point mutation in
exon 21 and E746-A750 deletion in exon 19 were used
to stain the tumour sections. Positive IHC staining of
del E746-A750 and L858R with faint (1+; 7 cases)
(Fig. 1A, B), moderate (2+; 25 cases) (Fig. 1C), and
strong (3+; 23 cases) (Fig. 1D) intensity was identified
in 26.6 per cent (55/206) cases. E746-A750 del (33/55;
60%) was more common than L858R (22/55;40%). The
mutant-specific antibodies showed cytoplasmic and
membranous staining in positive cases. There was no
positive staining in normal tissues. Three cases showed
1+ positivity for both mutation specific antibodies, on
repeat [HC two of these cases showed negative results,
thus all three samples were considered negative.

Fig. 1(A). Photomicrograph of biopsy from the mass lesion in lung shows an invasive adenocarcinoma H&E x 20. (B) EGFR del E746-A750
IHC shows weak cytoplasmic staining without membrane accentuation scored as 1+ original magnification x10. (C) EGFR L858R IHC
shows moderate intensity of cytoplasmic staining with rare membrane reactivity scored as 2+ original magnification x20. (D) EGFR del
E746-A750 IHC shows strong cytoplasmic positivity with diffuse membrane staining scored as 3+ original magnification x10.
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Concordance of IHC with molecular analysis: HRMA
results were available in 14 patients which showed
EGFR mutations in correspondence with del E746-750
(Fig. 2) or L858R (Fig. 3) in 64.2 per cent (9/14) cases.
Three patients showed exon 20 variation. Two cases
were negative for mutation. The findings of IHC were
in concordance with the results of molecular analysis
in 85.7 per cent (12/14) of tested biopsy samples.
There was no significant difference in positive EGFR
mutation ratio determined by molecular testing and
IHC. Based on molecular testing, the sensitivity,
specificity, positive predictive value (PPV), and
negative predictive value (NPV) of immunostaining
results using the two antibodies in 14 samples are
presented in the Table. Discordant molecular and IHC
results were found in two cases, which were positive
for L858R point mutation in exon 21 by HRM and
DNA sequencing (Fig. 4) but negative by IHC. E746-
750 deletion of exon 19 was further confirmed by
fragment analysis (Fig. 5). Three cases positive for
exon 20 variation (2361 G>A and 2462 T>A in one of
the cases) and two cases negative for any mutation did
not show positivity by IHC.

In seven positive cases (6 del19 and 1 L858R)
which were in concordance with molecular mutation,
IHC score was 2+ (3 cases) and 3+ (4 cases).

Discussion

In the present study 26.6 per cent positivity was
observed for the two most frequently found targeted
mutations by IHC analysis that was within the range
of prior studies®**!5. A frequency on the lower side in
the present study can be explained by the method of
detection that is IHC which detects only two most
common mutations. Clinically male predominance was
observed similar to earlier reports in Indian and Asian
origin of patients!®!"-3,

In routine clinical practice the most frequently
received specimen for the diagnosis of lung cancer is
either a small biopsy or a cytology sample. Some of
these limited samples, at times, fail molecular testing
mostly due to scant cellularity. Moreover, limitations
of the use of molecular testing in low resource settings
include high costs of tests and reagents as well as
availability of experts for the interpretation of the
results.

Routine testing requires the development of an
efficient, cost-effective and practical test that can be
standardized and performed by diagnostic pathology
laboratories, to triage specimens and expedite
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Fig. 2. Melt Analysis of exon 19: Left shifted curves (red) are
patient harbouring deletion, Right sided curves (grey) are wild type.
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Fig. 3. Melt Analysis of exon 21: Left shifted curves (red) are
patient harbouring mutation, Right sided curves (grey) are wild

type.

treatment decisions by a shorter diagnosis time.
Immunohistochemistry has been used in routine clinical
pathology practice due to its reduced turnaround
time, cost-effectiveness, easy availability and rapid
interpretation by pathologists?'**?*?7, These advantages
make [HC a useful test that can be used to screen for
EGFR mutations in NSCLCs. Immunohistochemistry
for total EGFR is not recommended for selection of
tyrosine kinase inhibitor therapy because it has been
shown to correlate poorly or not at all with the presence
of EGFR mutations'?.

The present study showed that mutation-specific
antibodies against L858R point mutation in exon 21
and E746-A750 deletion in exon 19 were reasonably
useful tools for rapid screening to detect the two most
common forms of targetable EGFR mutations. Clone
43B2 detected L858R mutations with a sensitivity of
60 per cent and PPV of 100 per cent and, clone 6B6
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Table. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of two mutation specific antibodies
EGFR mutation type Sensitivity (%) Specificity (%) PPV (%) NPV (%)
L858R mutation 60 100 100 84.6
del E746-A750 100 100 100 100
L858R or del mutation (overall) 81.8 100 100 71.4
detected the 15 base-pair exon-19 deletions with a
. . . —— . — = . sensitivity of 100 per cent and PPV of 100 per cent.
T G G 1gb [ T G G Cc C
In carlier studies, IHC with the EGFR L858R
mutated antibody has confirmed excellent sensitivity
and specificity relative to mutation testing'*-**?*?°, The
EGFR exon 19 mutated-specific antibody showed
/ good sensitivity and specificity for cases with the 15-
v\ bp deletion in exon 19 but reduced sensitivity was
: & = PR i — observed for exon 19 deletions of other sizes*?.

Fig. 4. Sequencing chromatograms of exon 21: Upper panel; Wild
type and Lower panel; Arrow indicating L858R mutation.
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Fig. 5. Fragment analysis of exon 19: Smaller peak depicting the
deletion.

Though we had small number of cases, EGFR exon 19
deletion was detected in all six cases indicating 15-bp
deletion. Exon 21 L858R mutation was not detected
in the two cases possibly due to defective antigen
retrieval, mutational heterogeneity or technical error®.

One major drawback for the use of IHC to detect
EGFR mutations is that these are specific only to their
target mutations (E746-A750 deletion in exon 19 and
L858R in exon 21). Other mutations such as TKI
resistance exon 20 mutations cannot be detected by
these two antibodies. Though suboptimal sensitivity
for L858R mutation precludes use of these antibodies
as ascreening tool®, these may potentially be used at
the time of diagnosis due to their high specificity and
positive predictive value (though based on low number
of cases), and for the obvious advantages described
carlier especially in Indian setting. Moreover, IHC
is useful to overcome some of the obstacles that are
unavoidable in molecular testing which include low
cellularity in small biopsies and contamination of
tumour by normal tissue. The high specificity observed
for both antibodies was similar to the earlier studies,
where specificity of exon19 mutations ranged from 92
to 100 per cent and for exon21 mutations from 97 to
100 per cent’*?, THC with EGFR mutation specific
antibodies can be used as an initial screen to identify
most patients who are candidates for TKI, if THC
scoring cut-offs are set stringently to ensure a high
positive predictive value.
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The pattern of IHC positivity is important; only
homogeneous moderate to strong cytoplasmic and
membranous staining correlated with the presence
of the mutation®3!. Allo et al’' have observed small
yet significant false positive rate especially in small
biopsies?®3!. It has been noted that false positive cases
are associated with 1+ staining®'. However, further
studies are needed to establish the exact rate of false
positivity associated with these antibodies. It has been
recommended that 2+ and 3+ cases can be considered
true positives whereas 1+ cases should undergo
molecular testing?®3!,

As with any immunostain, possibilities for false-
negative and false-positive results still exist, and
confirmation of an equivocal immunostain can be
done by molecular analysis. In addition, due to their
low NPV all specimens negative with these two
mutation-specific monoclonal antibodies should also
be considered valid for molecular testing.

There are two different clones available for these
two antibodies; 6B6 for del exon 19 and 43B2 for
L858R mutation (used in the present study) and SP125
(del exon 19) and SP111 (L858R mutation). In the
present study equivalent performance of these clones
has been observed as previously reported!®-!,

In conclusion, this is a preliminary study of IHC
analysis of EGFR mutation specific antibodies in
206 Indian patients of ADC of lung to examine the
usefulness of this test in routine setting. One limitation
of the present study was lack of information about
clinical responsiveness of mutation positive cases
due to prospective nature of the study. Secondly, the
number of samples tested by molecular methods was
less for establishment of accurate concordance. We
propose IHC as an initial, rapid and cost-effective
tool especially in our diagnostic set-up and peripheral
laboratory services where facilities for molecular
analysis are limited. It is also useful to avoid the
challenges of mutation testing in small low tumour
cellularity specimens. However, more studies are
needed to validate these results further in large number
of patients and to evaluate their utility in patient
management.
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