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Lung carcinoma derives from stem cells
 in the lung epithelium
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p40 is the Best Marker for Diagnosing Pulmonary
Squamous Cell Carcinoma: Comparison With p63,

Cytokeratin 5/6, Desmocollin-3, and Sox2
Takahiro Tatsumori, MD,*w Koji Tsuta, MD, PhD,* Kyohei Masai, MD,* Tomoaki Kinno, MD,*

Tomoko Taniyama, MD,* Akihiko Yoshida, MD, PhD,* Kenji Suzuki, MD, PhD,w
and Hitoshi Tsuda, MD, PhD*

Abstract: Histologic distinction among non–small cell lung
carcinomas, particularly between squamous cell carcinoma
(SQC) and adenocarcinoma (ADC), has become more im-
portant. Recently, a p40 antibody was suggested to be a highly
specific marker for SQC. We evaluated p40 expression and
compared it with the expression of other SQC markers in 580
primary lung carcinomas, including 158 SQCs, 156 ADCs, 50
carcinoid tomors, 107 large cell neuroendocrine carcinomas, 68
small cell lung carcinomas, and 41 malignant mesotheliomas.
Detailed histologic distributions of p40-positive cases were as
follows: 153 (96.8%) of 158 SQCs, 7 (4.6%) of 152 ADCs, 0
(0%) of 50 carcinoid tomors, 4 (3.6%) of 107 large cell neuro-
endocrine carcinomas, 1 (1.5%) of 68 small cell lung carcino-
mas, and 1 (2.4%) of 41 mesotheliomas. p40 staining yields high
sensitivity as well as high specificity for distinguishing SQC from
ADC, neuroendocrine carcinomas, and malignant meso-
thelioma.

Key Words: squamous cell carcinoma, adenocarcinoma, lung,
p63, DNp63

(Appl Immunohistochem Mol Morphol 2014;22:377–382)

D istinguishing between squamous cell carcinoma
(SQC) and adenocarcinoma (ADC) is achieved using

particular features, such as keratinization, intercellular
bridges, glandular architecture, and cytoplasmic mucin
production. However, the distinction can be difficult in
some poorly differentiated carcinomas. As a result, im-
munohistochemical analysis has been incorporated into
the diagnostic workup of many cytologic and small bi-
opsy specimens. Many immunohistochemical markers

have been explored for their utility in distinguishing
pulmonary SQC and ADC. For example, thyroid tran-
scription factor-1 is sensitive and specific for pulmonary
ADC, whereas p63 and CK5/6 are sensitive for SQC.1–12

However, as “squamous markers,” p63 and CK5/6
are not perfect markers because of unexpected reactivity
in pulmonary ADC in 16% to 48% and 2% to 33% of
cases, respectively.2,3,9,12,13

p63 isoforms mainly consist of 2 variants (TAp63
and DNp63), which differ in structure at the N-terminal.
The TAp63 isoform contains a transactivation domain
with 22% homology to the transactivation domain of
p53, whereas DNp63 isoform lacks this N-terminal do-
main.14 The most widely used p63 antibodies recognize
the TAp63 isoform. Recently, a novel p40 antibody that
recognizes DNp63 has been developed and is reported to
be a highly specific SQC marker.13,15–17

However, these reports mainly concern differential
diagnosis between SQC and ADC. In daily practice,
neuroendocrine carcinomas (NECs) and malignant mes-
otheliomas may also enter into the differential diagnosis,
because perilobular palisading patterns are observed in
both SQC and NEC and it is sometimes difficult to dis-
criminate rosette formation from true gland formation. In
addition, we have recently revealed aberrant SQC marker
expression in pulmonary NEC.18

In the present study, we evaluated p40 expression
and compared it with previously reported SQC markers
(p63, CK5/6, Sox2, and desmocollin-3) in a series of 539
primary lung carcinomas and 41 malignant meso-
theliomas. We have already reported SQC marker ex-
pression (p63, CK5/6, Sox2, and desmocollin-3) in non–
small cell lung carcinoma12 and pulmonary NECs.18 The
present new analysis is an update of the previous studies
and a re-evaluation of some of their aspects; we have
added p40 expression data and analyzed previously re-
ported SQC marker expression in non–small cell lung
carcinoma, NEC, and mesothelioma.

MATERIALS AND METHODS

Case Selection
The study was approved by the institutional review

board. Specimens were from patients who underwent
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CK5/6, Sox2, and Desmocollin-3 Expression
As shown in Table 1, most of the SQCs (142/150;

94.7%) were positive for CK5/6 (positive predictive value
was 100% in well-differentiated, 92.2% in moderately
differentiated, and 91.3% in poorly differentiated
tumors).12 Positive signals were strong and diffusely dis-
tributed (mean staining score was 167: staining score was
199 in well-differentiated, 178 in moderately differ-
entiated, and 127 in poorly differentiated tumors),
whereas, immunohistochemical positivity for CK5/6 was
low in non-SQCs (31/418; 7.4%), and positive signals
were only focally distributed (staining score was 4.4) ex-
cluding mesotheliomas. Detailed histologic distribution
was as follows: 2 (1.3%) of 156 ADCs,12 0 (0%) of 50
CTs, 2 (1.9%) of 103 LCNECs, 1 (1.5%) of 68 SCLCs,18

and 26 (63.4%) of 41 mesotheliomas. The sensitivity and
specificity of CK5/6 for diagnosing SQC was 93.7% and
92.6%, respectively.

Sox2 was positive in 128 (81.0%) of 158 SQCs, and
its positive predictive values for SQCs were 83% in well-
differentiated, 88.2% in moderately differentiated, and
71.7% in poorly differentiated tumors.12 Staining was

typically diffuse, mean staining score being 117. The
staining scores were 111 in well-differentiated, 131 in
moderately differentiated, and 111 in poorly differentiated
tumors. In contrast, Sox2 was positive in 176 (42.1%) of
418 non-SQCs, and Sox2-positive signals were focally
distributed (staining score was 39.3). Detailed histologic
distribution was as follows: 7 (4.7%) of 150 ADCs,12 18
(40.9%) of 44 CTs, 89 (84.8%) of 105 LCNECs, 59
(86.8%) of 68 SCLCs,18 and 1 (2.3%) of 43 meso-
theliomas. The sensitivity and specificity of Sox2 for di-
agnosing SQC was 81.0% and 57.0%, respectively.

Staining for desmocollin-3 was positive in 113
(71.5%) cases of 158 SQCs, with positive predictive values
of 83% in well-differentiated, 76.5% in moderately dif-
ferentiated, and 60.9% in poorly differentiated tumors.12

The diffuse positive rate of staining was moderate, mean
staining score being 62. The staining score was 109 in
well-differentiated, 131 in moderately differentiated, and
21 in poorly differentiated tumors. Furthermore, im-
munohistochemical positivity for desmocollin-3 was
extremely low in non-SQCs (4/417; 0.9%), and positive
signals were very focally distributed (staining score was
0.04). Detailed histologic distribution was as follows: 0
(0.0%) of 155 ADCs,12 1 (2.0%) of 50 CTs, 1 (9.9%) of
103 LCNECs, 0 (0.0%) 68 SCLCs,18 and 2 (4.9%) of 41
mesotheliomas. The sensitivity and specificity of desmo-
collin-3 for diagnosing SQC was 71.5% and 99.5%,
respectively.

ROC Curve Analysis
The area under the ROC curve (or AUC) represents

an optimal summary statistic for comparing sensitivity
and specificity. ROC curve analysis between SQC and
non-SQC in the cohort of 535 lung carcinomas and 46
malignant mesotheliomas showed that p40 (0.967) had
the greatest AUC, followed by CK5/6 (0.933), desmo-
collin-3 (0.881), p63 (0.849), and Sox2 (0.696).

Analysis of combinations of 2 SQC markers showed
that only the combination of p40 and desmocollin-3 (0.966)
was close to a single p40 AUC value (0.967) (Table 2). The
AUC values of all combinations of 3 SQC markers were
lower than the p40 AUC value alone (Table 3).

TABLE 1. Immunoreactivity for SQC Markers in SQC and Non-SQC

No. Cases (%) Immunoreactivity

Marker Total Negative Positive Mean Staining Score (0-300)

SQC p40 158 5 (3.2) 153 (96.8) 169
p63 154 4 (2.6) 150 (97.4) 237
CK5/6 158 10 (6.3) 148 (93.7) 167
Sox2 158 30 (19.0) 128 (81.0) 117
Desmocollin-3 158 45 (28.5) 113 (71.5) 65

Non-SQC p40 418 405 (96.9) 13 (3.1) 1.3
p63 419 305 (72.8) 114 (27.2) 16.9
CK5/6 418 387 (92.6) 31 (7.4) 4.4
Sox2 419 239 (57.0) 180 (43.0) 39.3
Desmocollin-3 417 413 (99.0) 4 (1.0) 0.04

CK indicates cytokeratin; SQC, squamous cell carcinoma.

FIGURE 1. p40 expression in squamous cell carcinoma. p40
shows diffuse and strong nuclear positivity in moderately dif-
ferentiated squamous cell carcinoma of the lung (!10).
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Immunohistochemical panel to subtype of lung carcinomas

4250 Int J Clin Exp Pathol 2014;7(7):4247-4253

NPV: 100%). P63 is also the most sensitive 
marker but is not entirely specific, because it is 
also expressed occasionally in ACs (sensitivity: 

100%, specificity: 88%). In contrast to p63, 
CK5/6 is entirely specific for SCC and the best 
positive predictor (specificity: 100%, PPV: 
100%). 34βE12 is sensitive for SCC but is too 
nonspecific. For AC, both TTF1 and Napsin A 
are specific markers but Napsin A was less sen-

sitive than TTF-1 (64% vs. 80%). CK7 and 
CK8/18 are the most sensitive markers for AC 
but is not specific.

Algorithm for interpreting immunohistochemis-
try in biopsy specimens

On the basis of above results, an algorithm for 

interpreting immunohistochemistry in poorly 

differentiated NSCLC on biopsy specimens was 

devised and outlined in Table 3. Because 

ΔNp63 provides a higher specificity than p63 
and equal sensitivity for the diagnosis of squa-

mous cell carcinoma of the lung, we include 

ΔNp63 to substitute with p63 in our panel. On 
account of the low specificity of CK7 and 
CK8/18 for AC and 34βE12 for SCC respec- 

For many years, lung cancer was subdivided 

into small cell carcinoma and non-small cell 

carcinoma (NSCLC). Until recently, the differen-

tiation of AC and SCC from non-small cell carci-

noma had an academic and not a therapeutic 

implication, because all variants of NSCLC were 

treated with similar chemotherapy regimens 

with or without combined radiation therapy. 

Because of recent advances in targeted thera-

pies, the subclassification of the NSCLC cate-

gory to AC and SCC is becoming increasingly 

critical. Notably, gefitinib, an epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitor, 
is currently recommended as the first-line treat-
ment for adenocarcinoma with EGFR mutations 
[4]. Bevacizumab is contraindicated in squa-

mous cell carcinoma because of potentially life-

threatening side effects [11].

The WHO has published guidelines for the clas-

sification of lung cancer in resection specimens 
based primarily on H&E morphology of the 
entire tumor. However, most of lung cancers 

present at advanced stages and are unresect-

able. In these situations, differentiating bet- 

ween AC and SCC subtypes of NSCLC on biop-

Table 2. Sensitivity, specificity, PPV and NPV of markers used in this 
study [% (positive/total stained)]
Marker Subtype Sensitivity (%) Specificity (%) PPV (%) NPV (%)
ΔNp63 SCC 100 (16/16) 100 (32/32) 100 (16/16) 100 (32/32)

p63 SCC 100 (16/16) 88 (28/32) 80 (16/20) 100 (28/28)
CK5/6 SCC 81 (13/16) 100 (32/32) 100 (13/13) 91 (32/35)

34βE12 SCC 94 (15/16) 47 (15/32) 47 (15/32) 94 (15/16)

TTF1 AC 80 (20/25) 87 (20/23) 87 (20/23) 80 (20/25)
Napsin A AC 64 (16/25) 100 (23/23) 100 (16/16) 72 (23/32)

CK7 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)
CK8/18 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)
Sensitivity = TP/TP+FN; Specificity = TN/TN+FP; Positive predictive value (PPV) = TP/
TP+FP; Negative predictive value (NPV) = TN/TN+FN. FN indicates false negatives; FP, 

false positives; TN, true negatives; TP, true positives.

Table 3. Algorithm for subtyping of poorly-differentiated non-small cell 

lung carcinomas according to immunohistochemical staining in lung 

biopsies

ΔNp63 CK5/6 TTF1 Napsin A Diagnosis

+ + - - Squamous cell carcinoma

+ - - - Squamous cell carcinoma

- - + + Adenocarcinoma

- - + - Adenocarcinoma

- - - - Poorly-differentiated 

non-small cell carcinoma

tively, these markers were 

excluded from our panel. 

So the panel of choice is 

composed of p40, CK5/6, 
TTF1, and Napsin A. Po- 

sitivity for the combination 

of p40 and CK5/6 indicat-
ed SCC. Tumors positive for 

ΔNp63 but negative for 
CK5/6 were diagnosed as 
SCC also. Positivity for the 

combination of TTF1 and 

Napsin A indicated AC. 

Tumors positive for TTF1 

but negative for Napsin A 

were diagnosed as AC also. 

According to above criteria, 

we accurately subtype 39 

of 48 (81%) poorly differen-

tiated NSCLCs on biopsy 

specimens, including 16 

SCCs and 25 ACs. Nine 

tumors could not be further 

classified on biopsies by 
this immunohistochemical 

panel.
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Lung Cancer
Diagnosis and prediction



Immunohistochemical panel to subtype of lung carcinomas

4250 Int J Clin Exp Pathol 2014;7(7):4247-4253

NPV: 100%). P63 is also the most sensitive 
marker but is not entirely specific, because it is 
also expressed occasionally in ACs (sensitivity: 

100%, specificity: 88%). In contrast to p63, 
CK5/6 is entirely specific for SCC and the best 
positive predictor (specificity: 100%, PPV: 
100%). 34βE12 is sensitive for SCC but is too 
nonspecific. For AC, both TTF1 and Napsin A 
are specific markers but Napsin A was less sen-

sitive than TTF-1 (64% vs. 80%). CK7 and 
CK8/18 are the most sensitive markers for AC 
but is not specific.

Algorithm for interpreting immunohistochemis-
try in biopsy specimens

On the basis of above results, an algorithm for 

interpreting immunohistochemistry in poorly 

differentiated NSCLC on biopsy specimens was 

devised and outlined in Table 3. Because 

ΔNp63 provides a higher specificity than p63 
and equal sensitivity for the diagnosis of squa-

mous cell carcinoma of the lung, we include 

ΔNp63 to substitute with p63 in our panel. On 
account of the low specificity of CK7 and 
CK8/18 for AC and 34βE12 for SCC respec- 

For many years, lung cancer was subdivided 

into small cell carcinoma and non-small cell 

carcinoma (NSCLC). Until recently, the differen-

tiation of AC and SCC from non-small cell carci-

noma had an academic and not a therapeutic 

implication, because all variants of NSCLC were 

treated with similar chemotherapy regimens 

with or without combined radiation therapy. 

Because of recent advances in targeted thera-

pies, the subclassification of the NSCLC cate-

gory to AC and SCC is becoming increasingly 

critical. Notably, gefitinib, an epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitor, 
is currently recommended as the first-line treat-
ment for adenocarcinoma with EGFR mutations 
[4]. Bevacizumab is contraindicated in squa-

mous cell carcinoma because of potentially life-

threatening side effects [11].

The WHO has published guidelines for the clas-

sification of lung cancer in resection specimens 
based primarily on H&E morphology of the 
entire tumor. However, most of lung cancers 

present at advanced stages and are unresect-

able. In these situations, differentiating bet- 

ween AC and SCC subtypes of NSCLC on biop-

Table 2. Sensitivity, specificity, PPV and NPV of markers used in this 
study [% (positive/total stained)]
Marker Subtype Sensitivity (%) Specificity (%) PPV (%) NPV (%)
ΔNp63 SCC 100 (16/16) 100 (32/32) 100 (16/16) 100 (32/32)

p63 SCC 100 (16/16) 88 (28/32) 80 (16/20) 100 (28/28)
CK5/6 SCC 81 (13/16) 100 (32/32) 100 (13/13) 91 (32/35)

34βE12 SCC 94 (15/16) 47 (15/32) 47 (15/32) 94 (15/16)

TTF1 AC 80 (20/25) 87 (20/23) 87 (20/23) 80 (20/25)
Napsin A AC 64 (16/25) 100 (23/23) 100 (16/16) 72 (23/32)

CK7 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)
CK8/18 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)
Sensitivity = TP/TP+FN; Specificity = TN/TN+FP; Positive predictive value (PPV) = TP/
TP+FP; Negative predictive value (NPV) = TN/TN+FN. FN indicates false negatives; FP, 

false positives; TN, true negatives; TP, true positives.

Table 3. Algorithm for subtyping of poorly-differentiated non-small cell 

lung carcinomas according to immunohistochemical staining in lung 

biopsies

ΔNp63 CK5/6 TTF1 Napsin A Diagnosis

+ + - - Squamous cell carcinoma

+ - - - Squamous cell carcinoma

- - + + Adenocarcinoma

- - + - Adenocarcinoma

- - - - Poorly-differentiated 

non-small cell carcinoma

tively, these markers were 

excluded from our panel. 

So the panel of choice is 

composed of p40, CK5/6, 
TTF1, and Napsin A. Po- 

sitivity for the combination 

of p40 and CK5/6 indicat-
ed SCC. Tumors positive for 

ΔNp63 but negative for 
CK5/6 were diagnosed as 
SCC also. Positivity for the 

combination of TTF1 and 

Napsin A indicated AC. 

Tumors positive for TTF1 

but negative for Napsin A 

were diagnosed as AC also. 

According to above criteria, 

we accurately subtype 39 

of 48 (81%) poorly differen-

tiated NSCLCs on biopsy 

specimens, including 16 

SCCs and 25 ACs. Nine 

tumors could not be further 

classified on biopsies by 
this immunohistochemical 
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NPV: 100%). P63 is also the most sensitive 
marker but is not entirely specific, because it is 
also expressed occasionally in ACs (sensitivity: 

100%, specificity: 88%). In contrast to p63, 
CK5/6 is entirely specific for SCC and the best 
positive predictor (specificity: 100%, PPV: 
100%). 34βE12 is sensitive for SCC but is too 
nonspecific. For AC, both TTF1 and Napsin A 
are specific markers but Napsin A was less sen-

sitive than TTF-1 (64% vs. 80%). CK7 and 
CK8/18 are the most sensitive markers for AC 
but is not specific.

Algorithm for interpreting immunohistochemis-
try in biopsy specimens

On the basis of above results, an algorithm for 

interpreting immunohistochemistry in poorly 

differentiated NSCLC on biopsy specimens was 

devised and outlined in Table 3. Because 

ΔNp63 provides a higher specificity than p63 
and equal sensitivity for the diagnosis of squa-

mous cell carcinoma of the lung, we include 

ΔNp63 to substitute with p63 in our panel. On 
account of the low specificity of CK7 and 
CK8/18 for AC and 34βE12 for SCC respec- 

For many years, lung cancer was subdivided 

into small cell carcinoma and non-small cell 

carcinoma (NSCLC). Until recently, the differen-

tiation of AC and SCC from non-small cell carci-

noma had an academic and not a therapeutic 

implication, because all variants of NSCLC were 

treated with similar chemotherapy regimens 

with or without combined radiation therapy. 

Because of recent advances in targeted thera-

pies, the subclassification of the NSCLC cate-

gory to AC and SCC is becoming increasingly 

critical. Notably, gefitinib, an epidermal growth 
factor receptor (EGFR) tyrosine kinase inhibitor, 
is currently recommended as the first-line treat-
ment for adenocarcinoma with EGFR mutations 
[4]. Bevacizumab is contraindicated in squa-

mous cell carcinoma because of potentially life-

threatening side effects [11].

The WHO has published guidelines for the clas-

sification of lung cancer in resection specimens 
based primarily on H&E morphology of the 
entire tumor. However, most of lung cancers 

present at advanced stages and are unresect-

able. In these situations, differentiating bet- 

ween AC and SCC subtypes of NSCLC on biop-

Table 2. Sensitivity, specificity, PPV and NPV of markers used in this 
study [% (positive/total stained)]
Marker Subtype Sensitivity (%) Specificity (%) PPV (%) NPV (%)
ΔNp63 SCC 100 (16/16) 100 (32/32) 100 (16/16) 100 (32/32)

p63 SCC 100 (16/16) 88 (28/32) 80 (16/20) 100 (28/28)
CK5/6 SCC 81 (13/16) 100 (32/32) 100 (13/13) 91 (32/35)

34βE12 SCC 94 (15/16) 47 (15/32) 47 (15/32) 94 (15/16)

TTF1 AC 80 (20/25) 87 (20/23) 87 (20/23) 80 (20/25)
Napsin A AC 64 (16/25) 100 (23/23) 100 (16/16) 72 (23/32)

CK7 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)
CK8/18 AC 100 (25/25) 35 (8/23) 63 (25/40) 100 (8/8)
Sensitivity = TP/TP+FN; Specificity = TN/TN+FP; Positive predictive value (PPV) = TP/
TP+FP; Negative predictive value (NPV) = TN/TN+FN. FN indicates false negatives; FP, 

false positives; TN, true negatives; TP, true positives.

Table 3. Algorithm for subtyping of poorly-differentiated non-small cell 

lung carcinomas according to immunohistochemical staining in lung 

biopsies

ΔNp63 CK5/6 TTF1 Napsin A Diagnosis

+ + - - Squamous cell carcinoma

+ - - - Squamous cell carcinoma

- - + + Adenocarcinoma

- - + - Adenocarcinoma

- - - - Poorly-differentiated 

non-small cell carcinoma

tively, these markers were 

excluded from our panel. 

So the panel of choice is 

composed of p40, CK5/6, 
TTF1, and Napsin A. Po- 

sitivity for the combination 

of p40 and CK5/6 indicat-
ed SCC. Tumors positive for 

ΔNp63 but negative for 
CK5/6 were diagnosed as 
SCC also. Positivity for the 

combination of TTF1 and 

Napsin A indicated AC. 

Tumors positive for TTF1 

but negative for Napsin A 

were diagnosed as AC also. 

According to above criteria, 

we accurately subtype 39 

of 48 (81%) poorly differen-

tiated NSCLCs on biopsy 

specimens, including 16 

SCCs and 25 ACs. Nine 

tumors could not be further 

classified on biopsies by 
this immunohistochemical 

panel.
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in Table 1. After deparaffinization of the thinly sliced
4 mm paraffin sections, heat-induced antigen retrieval us-
ing a pressure cooker was carried out with an ethylendia-
minetetraacetic acid solution (pH 8.0) for 3 minutes.
Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide in methanol for 10 minutes, after
which the sections were incubated with 5% skimmed milk
for 10 minutes. The 4 primary antibodies had been
cocktailed before the reaction (YANA-4: Table 2), and
actual primary antibody reactions were completed in 1
step for 40 minutes at room temperature. The secondary
antibodies were reacted with MACH2 double stain 1
(Biocare Medical, Concord, CA) for 30 minutes. Finally,
the staining procedures were completed by incubation
with 3-30-diaminobezidine-4HCl and PermaBlue (Diag-
nostic BioSystems, Pleasanton, CA).

Diffuse positive staining for brown nuclei [thyroid
transcription factor-1 (TTF-1)] and/or for blue cytoplasm
(napsin A) was judged to indicate an “AC” pattern, and
diffuse positive staining for blue nuclei (p63) and/or
diffuse or patchy brown cytoplasmic positivity with CK14
was judged to indicate a “SCC” pattern (Fig. 1). Cases
with a randomly distributed mixed-positive pattern were
considered to be “not informative”.

RESULTS
The staining results with YANA-4 are shown in

Table 3. Of the AC cases, 97.4% (38 of 39) showed
the “AC” pattern and 84.6% (33 of 39) stained positive
for both brown nuclei (TTF-1) and blue cytoplasm

(napsin A) (Fig. 2A). Although 2 cases of AC showed
coexpression of p63 in the nuclei in addition to nuclear
TTF-1 and cytoplasmic napsin A expression, these cases
could be diagnosed as AC because of the strong
expression of TTF-1 and napsin A (Fig. 2B). Four cases
were positive only for brown nuclei (TTF-1), and 1 only
for blue cytoplasm (napsin A). One case showed the “not
informative” pattern (Fig. 3), whereas none of the SCC
cases showed the “AC” pattern.

All the SCC cases (25 of 25) showed the “SCC”
pattern. Positivity for both blue nuclei (p63) and brown
cytoplasm (CK14) was detected in 88.0% (22 of 25) of
SCCs (Fig. 4). One case showed positivity only for brown
cytoplasm (CK14), and 2 cases only for blue nuclei (p63),
whereas none of the ACs showed the “SCC” pattern.

DISCUSSION
In this study, we reported on the efficacy of YANA-

4, a cocktail of 4 antibodies, for the differentiation of AC
from SCC of the lung.

Lung carcinoma is routinely subclassified on the basis
of morphologic features observed in lung biopsy or
cytology. Histologic subtype was not considered as an
important factor in selecting treatment for NSCC, and the
diagnostic term “non-small cell carcinoma” was tradition-
ally used for equivocal cases. However, differentiation
between AC and SCC has assumed increasing importance
because of recent advances in therapies, especially mole-
cular-targeting therapies; therefore, pathologists and cyto-
pathologists are required to provide more specific diagnoses
even from small specimens. To resolve this problem and
make a more specific diagnosis, many antibodies or
antibody panels have been studied and used for routine
histologic and cytologic diagnosis. We selected the anti-
bodies that constitute YANA-4 from earlier known and
commercially based antibodies. For AC, 2 antibodies,
rabbit antibody for TTF-1 and mouse antibody for napsin

TABLE 1. Summary of Staining Protocol for YANA-4

1. Deparaffinization
2. Heat-induced antigen retrieval with pressure cooker (pH8.0 EDTA)

for 3min
3. Blocking with 3% hydrogen peroxide in methanol for 10min
4. Incubation with 5% skimmed milk for 10min
5. Primary antibody reaction (YANA-4) for 40min
6. Washing with TBS
7. Secondary antibody reaction (MACH 2 detection)
8. Washing with TBS
9. DAB
10. Washing
11. PermaBlue
12. Drying for 20min at 601C
13. Mounting with Malinol (Muto Purechemicals, Tokyo, Japan)

DAB indicates 3,3-diaminobenzidine; EDTA, ethylendiaminetetraacetic acid;
TBS, tris-buffered saline.

TABLE 2. Monoclonal Antibodies Used for YANA-4

Antibody Manufacturer Clone Subtype Dilution

TTF-1 EPITOMICS EP1584Y R 200!
Napsin A Leica IP64 M 80!
p63 Nichilei 4A4 M 20!
CK14 Abcam EP1612Y R 200!

M indicates mouse monoclonal; R, rabbit monoclonal; TTF-1, thyroid
transcription factor-1.

FIGURE 1. Principle of immunohistochemistry with YANA-4.
The nuclei of adenocarcinoma (AC) were stained brown with
rabbit antibody for thyroid transcription factor 1 and detected
by horseradish peroxidase-labeled secondary antibody and
3,30-diaminobenzidine. Cytoplasm was stained blue with
napsin A and detected by alkaline phosphatase-labeled
secondary antibody and PermaBlue. Squamous cell carcino-
mas could be differentiated from ACs with an inverse staining
pattern with p63 and CK14. Ab indicates antibody.
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Rapid Multiplex Immunohistochemistry Using the
4-antibody Cocktail YANA-4 in Differentiating
Primary Adenocarcinoma From Squamous Cell

Carcinoma of the Lung
Emmy Yanagita, MT,* Naoko Imagawa, MT,* Chiho Ohbayashi, MD,w and Tomoo Itoh, MD*

Abstract: The current Food and Drug Administration-approved
standard treatment for non-small cell carcinomas consists of
carboplatin/taxol/avastin. However, nowadays more specialized
protocols, depending on tumor subtype, are being used for
lung cancer patients. Therefore, accurate differentiation between
adenocarcinoma and squamous cell carcinoma is essential
for the selection of appropriate therapies. We designed a rapid
multiplex immunostaining method using a novel 4-antibody
cocktail, YANA-4. This antibody cocktail consists of the fol-
lowing monoclonal antibodies: rabbit for thyroid transcription
factor 1(TTF-1), mouse for napsin A, mouse l for p63, and
rabbit for CK14. All procedures can be completed within
3 hours. This method labels the nuclei of adenocarcinomas
as brown with TTF-1, and cytoplasm as blue with napsin A.
Squamous cell carcinomas could be differentiated from adeno-
carcinomas with an inverse staining pattern: blue nuclei with p63
and brown cytoplasm with CK14. In this study, 97.4% (38 of
39) of adenocarcinomas showed brown nuclei (TTF-1) and/or
blue cytoplasm (napsin A), with 4 cases showing positivity only
for brown nuclei (TTF-1) and 1 case only for blue cytoplasm
(napsin A). None of the squamous cell carcinoma cases showed
these staining patterns. Positivity for blue nuclei (p63) and/or
brown cytoplasm (CK14) was detected in 100% (25 of 25) of
squamous cell carcinomas, with 1 case showing positivity only
for brown cytoplasm (CK14) and 2 cases only for blue nuclei
(p63). None of the adenocarcinoma cases showed these patterns.
This rapid immunohistochemical method can thus be considered
highly specific and sensitive for differentiating adenocarcinomas
and squamous cell carcinomas.

Key Words: YANA-4, lung cancer, multiplex immunohisto-
chemistry

(Appl Immunohistochem Mol Morphol 2011;19:509–513)

The current Food and Drug Administration-approved
standard treatment for non-small cell carcinomas

(NSCC) consists of carboplatin/taxol/avastin,1,2 but cur-
rently more specialized protocols, depending on tumor
subtype, are being used for lung cancer patients. For
adenocarcinomas (ACs), molecular-targeted therapies
such as those using vascular endothelial growth factor
and epidermal growth factor receptor inhibitors can be
used. However, avastin (bevacizumab) should not be used
for squamous cell carcinoma (SCC) patients because of a
30% mortality rate resulting from fatal hemoptysis.3,4

Accurate differentiation between AC and SCC is there-
fore essential for the selection of appropriate therapies for
NSCC. Currently, the dominant method for making a
definitive diagnosis of lung cancers is histopathologic
examination by means of transbronchial lung biopsy or
partial lung resection and cytologic examination. How-
ever, as the specimens obtained from transbronchial lung
biopsy or cytology frequently contain only small amounts
of tumor cells, many cases are morphologically diagnosed
as simply NSCC without further specification. However,
as already mentioned, a more specific diagnosis, which
allows for the differentiation of AC from SCC, is required
for the selection of an appropriate treatment protocol and
effective ancillary techniques.

Immunohistochemical examinations currently con-
stitute some of the most powerful ancillary techniques for
the differentiation of various tumors, and for differentiat-
ing AC from SCC many antibodies have been used as a
panel.5–11 In addition, multiplex immunohistochemistry
has been recently developed for improved specificity
and sensitivity.12–14 In view of these developments, we
designed a rapid multiplex immunostaining method for
differentiation between primary AC and SCC of the lung.

MATERIALS AND METHODS
The surgical and biopsy cases of AC and SCC were

retrieved from the archives of the Division of Diagnostic
Pathology, Kobe University Hospital. Histologically,
equivocal cases were removed from the samples and
staining with YANA-4 was finally performed for 39 cases,
including 13 surgical cases of AC and for 25 cases,
including 12 surgical cases of SCC. The protocol for
immunohistochemical staining with YANA-4 is summarizedCopyright r 2011 by Lippincott Williams & Wilkins
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in Table 1. After deparaffinization of the thinly sliced
4 mm paraffin sections, heat-induced antigen retrieval us-
ing a pressure cooker was carried out with an ethylendia-
minetetraacetic acid solution (pH 8.0) for 3 minutes.
Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide in methanol for 10 minutes, after
which the sections were incubated with 5% skimmed milk
for 10 minutes. The 4 primary antibodies had been
cocktailed before the reaction (YANA-4: Table 2), and
actual primary antibody reactions were completed in 1
step for 40 minutes at room temperature. The secondary
antibodies were reacted with MACH2 double stain 1
(Biocare Medical, Concord, CA) for 30 minutes. Finally,
the staining procedures were completed by incubation
with 3-30-diaminobezidine-4HCl and PermaBlue (Diag-
nostic BioSystems, Pleasanton, CA).

Diffuse positive staining for brown nuclei [thyroid
transcription factor-1 (TTF-1)] and/or for blue cytoplasm
(napsin A) was judged to indicate an “AC” pattern, and
diffuse positive staining for blue nuclei (p63) and/or
diffuse or patchy brown cytoplasmic positivity with CK14
was judged to indicate a “SCC” pattern (Fig. 1). Cases
with a randomly distributed mixed-positive pattern were
considered to be “not informative”.

RESULTS
The staining results with YANA-4 are shown in

Table 3. Of the AC cases, 97.4% (38 of 39) showed
the “AC” pattern and 84.6% (33 of 39) stained positive
for both brown nuclei (TTF-1) and blue cytoplasm

(napsin A) (Fig. 2A). Although 2 cases of AC showed
coexpression of p63 in the nuclei in addition to nuclear
TTF-1 and cytoplasmic napsin A expression, these cases
could be diagnosed as AC because of the strong
expression of TTF-1 and napsin A (Fig. 2B). Four cases
were positive only for brown nuclei (TTF-1), and 1 only
for blue cytoplasm (napsin A). One case showed the “not
informative” pattern (Fig. 3), whereas none of the SCC
cases showed the “AC” pattern.

All the SCC cases (25 of 25) showed the “SCC”
pattern. Positivity for both blue nuclei (p63) and brown
cytoplasm (CK14) was detected in 88.0% (22 of 25) of
SCCs (Fig. 4). One case showed positivity only for brown
cytoplasm (CK14), and 2 cases only for blue nuclei (p63),
whereas none of the ACs showed the “SCC” pattern.

DISCUSSION
In this study, we reported on the efficacy of YANA-

4, a cocktail of 4 antibodies, for the differentiation of AC
from SCC of the lung.

Lung carcinoma is routinely subclassified on the basis
of morphologic features observed in lung biopsy or
cytology. Histologic subtype was not considered as an
important factor in selecting treatment for NSCC, and the
diagnostic term “non-small cell carcinoma” was tradition-
ally used for equivocal cases. However, differentiation
between AC and SCC has assumed increasing importance
because of recent advances in therapies, especially mole-
cular-targeting therapies; therefore, pathologists and cyto-
pathologists are required to provide more specific diagnoses
even from small specimens. To resolve this problem and
make a more specific diagnosis, many antibodies or
antibody panels have been studied and used for routine
histologic and cytologic diagnosis. We selected the anti-
bodies that constitute YANA-4 from earlier known and
commercially based antibodies. For AC, 2 antibodies,
rabbit antibody for TTF-1 and mouse antibody for napsin

TABLE 1. Summary of Staining Protocol for YANA-4

1. Deparaffinization
2. Heat-induced antigen retrieval with pressure cooker (pH8.0 EDTA)

for 3min
3. Blocking with 3% hydrogen peroxide in methanol for 10min
4. Incubation with 5% skimmed milk for 10min
5. Primary antibody reaction (YANA-4) for 40min
6. Washing with TBS
7. Secondary antibody reaction (MACH 2 detection)
8. Washing with TBS
9. DAB
10. Washing
11. PermaBlue
12. Drying for 20min at 601C
13. Mounting with Malinol (Muto Purechemicals, Tokyo, Japan)

DAB indicates 3,3-diaminobenzidine; EDTA, ethylendiaminetetraacetic acid;
TBS, tris-buffered saline.

TABLE 2. Monoclonal Antibodies Used for YANA-4

Antibody Manufacturer Clone Subtype Dilution

TTF-1 EPITOMICS EP1584Y R 200!
Napsin A Leica IP64 M 80!
p63 Nichilei 4A4 M 20!
CK14 Abcam EP1612Y R 200!

M indicates mouse monoclonal; R, rabbit monoclonal; TTF-1, thyroid
transcription factor-1.

FIGURE 1. Principle of immunohistochemistry with YANA-4.
The nuclei of adenocarcinoma (AC) were stained brown with
rabbit antibody for thyroid transcription factor 1 and detected
by horseradish peroxidase-labeled secondary antibody and
3,30-diaminobenzidine. Cytoplasm was stained blue with
napsin A and detected by alkaline phosphatase-labeled
secondary antibody and PermaBlue. Squamous cell carcino-
mas could be differentiated from ACs with an inverse staining
pattern with p63 and CK14. Ab indicates antibody.
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Primary Adenocarcinoma From Squamous Cell

Carcinoma of the Lung
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Abstract: The current Food and Drug Administration-approved
standard treatment for non-small cell carcinomas consists of
carboplatin/taxol/avastin. However, nowadays more specialized
protocols, depending on tumor subtype, are being used for
lung cancer patients. Therefore, accurate differentiation between
adenocarcinoma and squamous cell carcinoma is essential
for the selection of appropriate therapies. We designed a rapid
multiplex immunostaining method using a novel 4-antibody
cocktail, YANA-4. This antibody cocktail consists of the fol-
lowing monoclonal antibodies: rabbit for thyroid transcription
factor 1(TTF-1), mouse for napsin A, mouse l for p63, and
rabbit for CK14. All procedures can be completed within
3 hours. This method labels the nuclei of adenocarcinomas
as brown with TTF-1, and cytoplasm as blue with napsin A.
Squamous cell carcinomas could be differentiated from adeno-
carcinomas with an inverse staining pattern: blue nuclei with p63
and brown cytoplasm with CK14. In this study, 97.4% (38 of
39) of adenocarcinomas showed brown nuclei (TTF-1) and/or
blue cytoplasm (napsin A), with 4 cases showing positivity only
for brown nuclei (TTF-1) and 1 case only for blue cytoplasm
(napsin A). None of the squamous cell carcinoma cases showed
these staining patterns. Positivity for blue nuclei (p63) and/or
brown cytoplasm (CK14) was detected in 100% (25 of 25) of
squamous cell carcinomas, with 1 case showing positivity only
for brown cytoplasm (CK14) and 2 cases only for blue nuclei
(p63). None of the adenocarcinoma cases showed these patterns.
This rapid immunohistochemical method can thus be considered
highly specific and sensitive for differentiating adenocarcinomas
and squamous cell carcinomas.

Key Words: YANA-4, lung cancer, multiplex immunohisto-
chemistry

(Appl Immunohistochem Mol Morphol 2011;19:509–513)

The current Food and Drug Administration-approved
standard treatment for non-small cell carcinomas

(NSCC) consists of carboplatin/taxol/avastin,1,2 but cur-
rently more specialized protocols, depending on tumor
subtype, are being used for lung cancer patients. For
adenocarcinomas (ACs), molecular-targeted therapies
such as those using vascular endothelial growth factor
and epidermal growth factor receptor inhibitors can be
used. However, avastin (bevacizumab) should not be used
for squamous cell carcinoma (SCC) patients because of a
30% mortality rate resulting from fatal hemoptysis.3,4

Accurate differentiation between AC and SCC is there-
fore essential for the selection of appropriate therapies for
NSCC. Currently, the dominant method for making a
definitive diagnosis of lung cancers is histopathologic
examination by means of transbronchial lung biopsy or
partial lung resection and cytologic examination. How-
ever, as the specimens obtained from transbronchial lung
biopsy or cytology frequently contain only small amounts
of tumor cells, many cases are morphologically diagnosed
as simply NSCC without further specification. However,
as already mentioned, a more specific diagnosis, which
allows for the differentiation of AC from SCC, is required
for the selection of an appropriate treatment protocol and
effective ancillary techniques.

Immunohistochemical examinations currently con-
stitute some of the most powerful ancillary techniques for
the differentiation of various tumors, and for differentiat-
ing AC from SCC many antibodies have been used as a
panel.5–11 In addition, multiplex immunohistochemistry
has been recently developed for improved specificity
and sensitivity.12–14 In view of these developments, we
designed a rapid multiplex immunostaining method for
differentiation between primary AC and SCC of the lung.

MATERIALS AND METHODS
The surgical and biopsy cases of AC and SCC were

retrieved from the archives of the Division of Diagnostic
Pathology, Kobe University Hospital. Histologically,
equivocal cases were removed from the samples and
staining with YANA-4 was finally performed for 39 cases,
including 13 surgical cases of AC and for 25 cases,
including 12 surgical cases of SCC. The protocol for
immunohistochemical staining with YANA-4 is summarizedCopyright r 2011 by Lippincott Williams & Wilkins
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Table 1

Summary of immunohistochemistry results.

Total cases SPT24 8G7G3/1 P

Lung 374

 Adenocarcinoma 185 134 (72.4%) 121 (65.4%) 0.08

 Large Cell 47 22(46.8%) 17(36.2%) 0.201

 Carcinoid 23 14(60.8%) 4(17.4%) 0.003

 Squamous Cell 97 14(16.8%) 1(1.0%) 0.003

 Unclassified 22 10(45.5%) 7(31.8%) 0.26

Bladder 98 5 (5.1%) 5 (5.1%) NS

Colon 120 3 (2.5%) 3 (2.5%) NS

Prostate 160 2(1.2%) 2(1.2%) NS

Stomach 110 1(0.9%) 1(0.9%) NS

Salivary Gland 56 1(1.8%) 1(1.8%) NS

Squamous cell carcinoma of head and neck 38 0(0%) 0(0%) NS

Pancreatic adenocarcinomas 110 0(0%) 0(0%) NS

Breast 34 0(0%) 0(0%) NS

NS: not significant

Appl Immunohistochem Mol Morphol. Author manuscript; available in PMC 2011 March 1.
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Lung Cancer
Diagnosis and prediction



EGFR

Lung Cancer
Diagnosis and prediction



∆E746-A750
∆E746-T751
∆E746-A750 (ins RP)
∆E746-T751 (ins A/I)
∆E746-T751 (ins VA)
∆E746-S752 (ins A/V)
∆L747-E749 (A750P)
∆L747-A750 (ins P)
∆L747-T751
∆L747-T751 (ins P/S)
∆L747-S752
∆L747-752 (E746V)
∆L747-752 (P753S)
∆L747-S752 (ins Q)
∆L747-P753
∆L747-P753 (ins S)
∆S752-I759

L858R (40–45%)
N826S
A839T
K846R
L861Q
G863D

V765A
T783A

G719C
G719S
G719A
V689M
N700D
E709K/Q
S720P

68
8

72
8

72
9

76
1

76
2

82
3

82
4

87
5

Autophosphorylation

Exon 2 5 1613 17 18–21 28

EGF binding EGF binding Tyrosine kinase

7 22–24

Exon 18
(nucleotide-binding loop)

Exon 19 Exon 21
(activation loop)

Exon 20

D761Y

T790M (50%)*
D770_N771 (ins NPG) 
D770_N771 (ins SVQ)
D770_N771 (ins G), N771T
V769L
S768I

TM

 (5%)

 (45%)

(<1%)

(40–45%)

(5%)(<1%)

Mutations associated 
with drug sensitivity

Mutations associated 
with drug resistance

Unselected patients
A cohort of patients identified 
on the basis of tissue diagnosis 
but not correlated with 
biomarkers (that is, sequencing 
of the EGFR gene was not used 
as a selection criterion).

Ligand independence
The activation of a receptor in 
the absence of interaction with 
its cognate ligand.

Kcat
The overall catalytic rate of an 
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gefitinib or erlotinib monotherapy. The sequencing of 
the EGFR gene in tumour samples from these responders 
showed somatic gain-of-function mutations20–22 (FIG. 1). 
Overall, the incidence of EGFR mutations in NSCLC 
among clinical responders to gefitinib or erlotinib is 77%, 
compared with 7% in NSCLC cases that are refractory 
to gefitinib or erlotinib20–22,28,30,33,61–73. Additional studies 
have shown some differences in the clinical outcomes 
that are associated with different mutations27,30,74,75. For 
example, NSCLCs that harbour exon 19 deletion muta-
tions seem to respond better to gefitinib and erlotinib 
than tumours with point mutations in exon 21, such 
as L858R30,74,75. So far, insertion mutations in exon 20 
have never been found to confer gefitinib or erlotinib 

sensitivity in vitro, nor have they ever been reported to 
occur in responsive cases, despite the fact that, at least 
in some instances (for example, ins 770 (NPG)), they 
seem to activate EGFR to a similar degree as sensitizing 
mutations in exons 19 or 21 (REF. 40).

Although EGFR mutations were present in most 
cases of NSCLC that were identified by virtue of 
their dramatic clinical response to TKIs, controversy 
has surrounded the predictive value of EGFR muta-
tions in unselected patients31,32,61,69. Approximately 
10–20% of patients who do show a partial response 
to gefitinib do not have identifiable EGFR muta-
tions, indicating that EGFR mutations are not the sole 
determinants of TKI response20,22,28,30,31,33,61–64,68–70,72,73,76.  

Figure 1 | Gefitinib- and erlotinib-sensitizing mutations of EGFR in NSCLC. A cartoon representation of epidermal 
growth factor receptor (EGFR) showing the distribution of exons in the extracellular domain (EGF binding), 
transmembrane domain (TM) and intracellular domain (comprising the tyrosine kinase and autophosphorylation 
regions). The cysteine-rich regions in the extracellular domain (EGF binding; purple shaded region) and the tyrosine 
kinase region in the intracellular domain (cyan shaded region) are also represented. Exons 18–21 in the tyrosine kinase 
region where the relevant mutations are located are expanded (represented by the cyan bar), and a detailed list of EGFR 
mutations in these exons that are associated with sensitivity (magenta boxes) or resistance (yellow boxes) to gefitinib or 
erlotinib is shown. The most prevalent of EGFR kinase domain mutations, accounting for 45% of EGFR mutations in non-
small-cell lung cancer (NSCLC), are in-frame deletions of exon 19, nested around the LREA string of amino-acids located 
between residues 747–750 of the EGFR polypeptide175. Another recurrent mutation is the L858R substitution in exon 21, 
within the activation loop of EGFR, which comprises approximately 40–45% of EGFR mutations. Nucleotide 
substitutions in exon 18 (for example, G719C or G719S) account for another 5% of EGFR mutations, as do in-frame 
insertions in exon 20. The most noteworthy, clinically relevant mutation in exon 20 is T790M, which is detected in 50% 
of the cases (denoted by *) as a second site mutation associated with acquired gefitinib and erlotinib resistance25,35–39. 
Recently, D761Y, a T790M-like secondary mutation in exon 19 of EGFR (at the border of exon 19 and exon 20), was also 
reported to be associated with resistance to gefitinib and erlotinib in NSCLC cells that contain the L858R-EGFR 
mutation71,176. Although the inclusion of most of these sensitizing mutations are based on their occurrence in drug 
responders, increased biochemical and cellular activity of these mutations has been documented in some cases. The 
main mutations in each class are shown in bold type. Data compiled from20–22,28,30,31,33,71,177.
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gefitinib or erlotinib monotherapy. The sequencing of 
the EGFR gene in tumour samples from these responders 
showed somatic gain-of-function mutations20–22 (FIG. 1). 
Overall, the incidence of EGFR mutations in NSCLC 
among clinical responders to gefitinib or erlotinib is 77%, 
compared with 7% in NSCLC cases that are refractory 
to gefitinib or erlotinib20–22,28,30,33,61–73. Additional studies 
have shown some differences in the clinical outcomes 
that are associated with different mutations27,30,74,75. For 
example, NSCLCs that harbour exon 19 deletion muta-
tions seem to respond better to gefitinib and erlotinib 
than tumours with point mutations in exon 21, such 
as L858R30,74,75. So far, insertion mutations in exon 20 
have never been found to confer gefitinib or erlotinib 

sensitivity in vitro, nor have they ever been reported to 
occur in responsive cases, despite the fact that, at least 
in some instances (for example, ins 770 (NPG)), they 
seem to activate EGFR to a similar degree as sensitizing 
mutations in exons 19 or 21 (REF. 40).

Although EGFR mutations were present in most 
cases of NSCLC that were identified by virtue of 
their dramatic clinical response to TKIs, controversy 
has surrounded the predictive value of EGFR muta-
tions in unselected patients31,32,61,69. Approximately 
10–20% of patients who do show a partial response 
to gefitinib do not have identifiable EGFR muta-
tions, indicating that EGFR mutations are not the sole 
determinants of TKI response20,22,28,30,31,33,61–64,68–70,72,73,76.  

Figure 1 | Gefitinib- and erlotinib-sensitizing mutations of EGFR in NSCLC. A cartoon representation of epidermal 
growth factor receptor (EGFR) showing the distribution of exons in the extracellular domain (EGF binding), 
transmembrane domain (TM) and intracellular domain (comprising the tyrosine kinase and autophosphorylation 
regions). The cysteine-rich regions in the extracellular domain (EGF binding; purple shaded region) and the tyrosine 
kinase region in the intracellular domain (cyan shaded region) are also represented. Exons 18–21 in the tyrosine kinase 
region where the relevant mutations are located are expanded (represented by the cyan bar), and a detailed list of EGFR 
mutations in these exons that are associated with sensitivity (magenta boxes) or resistance (yellow boxes) to gefitinib or 
erlotinib is shown. The most prevalent of EGFR kinase domain mutations, accounting for 45% of EGFR mutations in non-
small-cell lung cancer (NSCLC), are in-frame deletions of exon 19, nested around the LREA string of amino-acids located 
between residues 747–750 of the EGFR polypeptide175. Another recurrent mutation is the L858R substitution in exon 21, 
within the activation loop of EGFR, which comprises approximately 40–45% of EGFR mutations. Nucleotide 
substitutions in exon 18 (for example, G719C or G719S) account for another 5% of EGFR mutations, as do in-frame 
insertions in exon 20. The most noteworthy, clinically relevant mutation in exon 20 is T790M, which is detected in 50% 
of the cases (denoted by *) as a second site mutation associated with acquired gefitinib and erlotinib resistance25,35–39. 
Recently, D761Y, a T790M-like secondary mutation in exon 19 of EGFR (at the border of exon 19 and exon 20), was also 
reported to be associated with resistance to gefitinib and erlotinib in NSCLC cells that contain the L858R-EGFR 
mutation71,176. Although the inclusion of most of these sensitizing mutations are based on their occurrence in drug 
responders, increased biochemical and cellular activity of these mutations has been documented in some cases. The 
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a  b  s  t  r  a  c  t

Objectives:  Activating  mutations  in  the  epidermal  growth  factor  receptor  (EGFR)  kinase  domain  are  corre-
lated  with  dramatic  clinical  responses  in  non-small  cell  lung  cancer  patients  treated  with  EGFR-tyrosine
kinase  inhibitors  (TKIs).  The  two  most  common  EGFR  mutations,  representing  85–90%  of EGFR  mutations,
are the  E746  A750  deletion  in  exon  19  and  the  L858R  point  mutation  in  exon  21.  We  conducted  this  study
to evaluate  the  suitability  of mutation-specific  antibodies  that  can  detect  E746  A750  deletion  and  L858R
mutant  EGFR  proteins  by  immunohistochemistry  (IHC).
Materials  and methods:  In a  cohort  of  consecutive  patients  with  surgically  resected  lung  adenocarcinomas
(n = 240),  mutant  EGFR  protein  expression  was  assessed  by  IHC  using  specific  antibodies  (clone  SP111
and  SP125)  to the  2  major  forms  of  EGFR  mutations.  Immunoreactivity  was  scored  as  0–3,  and  the  results
were  compared  with  the  EGFR-mutational  status.
Results:  With a cutoff  value  of  IHC  2+  for  SP  111  (anti-EGFR  E746  A750  del  antibody)  and  SP 125  (anti-EGFR
L858R  antibody),  both  antibodies  showed  high  specificity  (99.0%  and 89.7%,  respectively)  and  sensitivity
(70.6%  and  80.4%,  respectively).  While  cases  with  IHC  scores  of  3  using  these  2  antibodies  positively
correlated  with  the  EGFR-mutational  status,  cases  with  IHC  scores  lower  than  3+  showed  variable  results
regarding  EGFR-mutational  status.
Conclusion:  Although  each  antibody  showed  relatively  high  specificity,  some  EGFR-mutant  cases  were  not
detected  by  the  mutation-specific  antibodies.  Various  forms  of exon  19  deletions,  except  E746  A750,  were
rarely detected  by  the  mutant-specific  antibody.  Therefore,  IHC-negative  cases  require  further  molecular
analysis  to confirm  the  presence  of  EGFR  mutations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The epidermal growth factor receptor (EGFR, HER-1/ErbB1) is
a receptor tyrosine kinase of the ErbB family that includes HER-
1/ErbB1, HER-2/neu/ErbB2, HER-3/ErbB3, and HER-4/ErbB4 [1–4].
Because EGFR activation promotes key cellular processes such as
proliferation, angiogenesis, metastasis, and apoptosis inhibition,
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EGFR is dysregulated in various malignant tumors, including non-
small cell lung cancers (NSCLCs) [1–3]. Two  landmark studies
published in 2004 showed an association between activating muta-
tions in the tyrosine kinase domain of the EGFR gene and a dramatic
clinical response to gefitinib in patients with NSCLCs [5,6]. This
discovery led to prospective clinical trials to correlate the clinical
response to gefitinib with the presence of a sensitizing mutation in
EGFR. A detailed analysis of these studies demonstrated that EGFR
mutations in a subset of adenocarcinomas are the best predictors of
the response to EGFR-tyrosine kinase inhibitors (TKIs) [1,6–8] and
are favorable prognostic factors of disease-free survival and over-
all survival [9–13]. Small molecule EGFR-TKIs such as gefitinib and
erlotinib that interfere with the phosphorylation of critical tyro-
sine residues can block signal transduction through EGFR [14–16].
EGFR mutations consist of activating somatic mutations and
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Ligand independence
The activation of a receptor in 
the absence of interaction with 
its cognate ligand.
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The overall catalytic rate of an 
enzyme (that is, the number of 
substrate molecules converted 
to product by each catalytic 
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The dissociation constant for 
the binding of an inhibitor to an 
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Phage-display method
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peptides are displayed on the 
surface of filamentous 
bacteriophages, which can 
then be used to study the 
interaction of the peptide with 
other proteins or chemicals.

gefitinib or erlotinib monotherapy. The sequencing of 
the EGFR gene in tumour samples from these responders 
showed somatic gain-of-function mutations20–22 (FIG. 1). 
Overall, the incidence of EGFR mutations in NSCLC 
among clinical responders to gefitinib or erlotinib is 77%, 
compared with 7% in NSCLC cases that are refractory 
to gefitinib or erlotinib20–22,28,30,33,61–73. Additional studies 
have shown some differences in the clinical outcomes 
that are associated with different mutations27,30,74,75. For 
example, NSCLCs that harbour exon 19 deletion muta-
tions seem to respond better to gefitinib and erlotinib 
than tumours with point mutations in exon 21, such 
as L858R30,74,75. So far, insertion mutations in exon 20 
have never been found to confer gefitinib or erlotinib 

sensitivity in vitro, nor have they ever been reported to 
occur in responsive cases, despite the fact that, at least 
in some instances (for example, ins 770 (NPG)), they 
seem to activate EGFR to a similar degree as sensitizing 
mutations in exons 19 or 21 (REF. 40).

Although EGFR mutations were present in most 
cases of NSCLC that were identified by virtue of 
their dramatic clinical response to TKIs, controversy 
has surrounded the predictive value of EGFR muta-
tions in unselected patients31,32,61,69. Approximately 
10–20% of patients who do show a partial response 
to gefitinib do not have identifiable EGFR muta-
tions, indicating that EGFR mutations are not the sole 
determinants of TKI response20,22,28,30,31,33,61–64,68–70,72,73,76.  

Figure 1 | Gefitinib- and erlotinib-sensitizing mutations of EGFR in NSCLC. A cartoon representation of epidermal 
growth factor receptor (EGFR) showing the distribution of exons in the extracellular domain (EGF binding), 
transmembrane domain (TM) and intracellular domain (comprising the tyrosine kinase and autophosphorylation 
regions). The cysteine-rich regions in the extracellular domain (EGF binding; purple shaded region) and the tyrosine 
kinase region in the intracellular domain (cyan shaded region) are also represented. Exons 18–21 in the tyrosine kinase 
region where the relevant mutations are located are expanded (represented by the cyan bar), and a detailed list of EGFR 
mutations in these exons that are associated with sensitivity (magenta boxes) or resistance (yellow boxes) to gefitinib or 
erlotinib is shown. The most prevalent of EGFR kinase domain mutations, accounting for 45% of EGFR mutations in non-
small-cell lung cancer (NSCLC), are in-frame deletions of exon 19, nested around the LREA string of amino-acids located 
between residues 747–750 of the EGFR polypeptide175. Another recurrent mutation is the L858R substitution in exon 21, 
within the activation loop of EGFR, which comprises approximately 40–45% of EGFR mutations. Nucleotide 
substitutions in exon 18 (for example, G719C or G719S) account for another 5% of EGFR mutations, as do in-frame 
insertions in exon 20. The most noteworthy, clinically relevant mutation in exon 20 is T790M, which is detected in 50% 
of the cases (denoted by *) as a second site mutation associated with acquired gefitinib and erlotinib resistance25,35–39. 
Recently, D761Y, a T790M-like secondary mutation in exon 19 of EGFR (at the border of exon 19 and exon 20), was also 
reported to be associated with resistance to gefitinib and erlotinib in NSCLC cells that contain the L858R-EGFR 
mutation71,176. Although the inclusion of most of these sensitizing mutations are based on their occurrence in drug 
responders, increased biochemical and cellular activity of these mutations has been documented in some cases. The 
main mutations in each class are shown in bold type. Data compiled from20–22,28,30,31,33,71,177.
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a  b  s  t  r  a  c  t

Objectives:  Activating  mutations  in the  epidermal  growth  factor  receptor  (EGFR)  kinase domain  are  corre-
lated  with  dramatic  clinical  responses  in non-small  cell lung  cancer  patients  treated  with  EGFR-tyrosine
kinase  inhibitors  (TKIs).  The  two  most  common  EGFR  mutations,  representing  85–90%  of  EGFR  mutations,
are the E746 A750  deletion  in  exon  19  and the  L858R  point  mutation  in  exon  21. We conducted  this  study
to evaluate  the suitability  of mutation-specific  antibodies  that  can  detect  E746  A750  deletion  and L858R
mutant  EGFR proteins  by immunohistochemistry  (IHC).
Materials  and methods:  In a  cohort  of consecutive  patients  with surgically  resected  lung  adenocarcinomas
(n =  240),  mutant  EGFR  protein  expression  was assessed  by IHC  using  specific antibodies  (clone SP111
and  SP125)  to the  2 major forms of EGFR mutations.  Immunoreactivity  was  scored  as  0–3,  and  the results
were compared  with the EGFR-mutational  status.
Results:  With a cutoff  value  of  IHC 2+  for SP  111  (anti-EGFR  E746  A750 del antibody)  and  SP  125  (anti-EGFR
L858R  antibody),  both  antibodies  showed  high specificity  (99.0%  and 89.7%,  respectively)  and  sensitivity
(70.6% and  80.4%,  respectively).  While  cases  with IHC scores  of  3  using  these  2  antibodies  positively
correlated  with  the EGFR-mutational  status,  cases  with IHC scores lower  than  3+  showed  variable  results
regarding  EGFR-mutational  status.
Conclusion:  Although  each  antibody  showed  relatively  high specificity,  some  EGFR-mutant  cases  were  not
detected  by the  mutation-specific  antibodies.  Various  forms of exon  19 deletions,  except  E746  A750,  were
rarely detected  by  the  mutant-specific  antibody.  Therefore,  IHC-negative  cases require  further  molecular
analysis  to confirm  the  presence  of  EGFR  mutations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The epidermal growth factor receptor (EGFR, HER-1/ErbB1) is
a receptor tyrosine kinase of the ErbB family that includes HER-
1/ErbB1, HER-2/neu/ErbB2, HER-3/ErbB3, and HER-4/ErbB4 [1–4].
Because EGFR activation promotes key cellular processes such as
proliferation, angiogenesis, metastasis, and apoptosis inhibition,
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EGFR is dysregulated in various malignant tumors, including non-
small cell lung cancers (NSCLCs) [1–3]. Two  landmark studies
published in 2004 showed an association between activating muta-
tions in the tyrosine kinase domain of the EGFR gene and a dramatic
clinical response to gefitinib in patients with NSCLCs [5,6]. This
discovery led to prospective clinical trials to correlate the clinical
response to gefitinib with the presence of a sensitizing mutation in
EGFR. A detailed analysis of these studies demonstrated that EGFR
mutations in a subset of adenocarcinomas are the best predictors of
the response to EGFR-tyrosine kinase inhibitors (TKIs) [1,6–8] and
are favorable prognostic factors of disease-free survival and over-
all survival [9–13]. Small molecule EGFR-TKIs such as gefitinib and
erlotinib that interfere with the phosphorylation of critical tyro-
sine residues can block signal transduction through EGFR [14–16].
EGFR mutations consist of activating somatic mutations and
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Table 2
Diagnostic power of mutation-specific antibodies comparing with EGFR mutational status.

Mutation-specific antibodies EGFR mutations Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Anti-EGFR E746 A750 del E746 A750 deletion
≥Score 1 as positive 94.1% 96.1% 80.0% 99.0%
≥Score 2 as positive 70.6% 99.0% 92.3% 95.3%
≥Score 3 as positive 29.4% 100.0% 100.0% 89.6%
All  deletions in exon 19
≥Score 1 as positive 54.8% 96.6% 85.0% 86.0%
≥Score 2 as positive 40.3% 99.4% 96.2% 82.7%
≥Score 3 as positive 16.1% 100.0% 100.0% 77.4%

Anti-EGFR L858R L858R
≥Score 1 as positive 93.5% 50.0% 30.7% 97.0%
≥Score 2 as positive 80.4% 89.7% 64.9% 95.1%
≥Score 3 as positive 41.3% 100.0% 100.0% 87.8%

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

in the EGFR-mutant subgroup, protein overexpression was  not sig-
nificantly associated with PFS (median = 46.2 versus 54.6 months,
p = 0.832, Supplementary Fig. 1) and OS (median = 79.0 versus
78.0 months, p = 0.252, Supplementary Fig. 1). Next, a multivariate
analysis was conducted in the EGFR wild-type subgroup and
adjusted for pleural invasion, venous invasion, lymphatic invasion,
and pTNM stage. Although statistical significance was not reached,
patients with protein overexpression tended to have favorable PFS
(HR = 0.358, 95% CI = 0.108–1.194, p = 0.095, Table 3).

4. Discussion

DNA sequencing is the standard method for the detection
of EGFR mutations in many laboratories. However, this method
requires a sufficient number of tumor cells for reliable results.
EGFR-TKI treatment is recommended for patients with advanced
or recurrent NSCLC, but small biopsy or cytological specimens may
be the only diagnostic materials available for EGFR mutation test-
ing in those patients [36]. Therefore, accurate methods to detect
EGFR mutations using only small biopsy tissue and/or cytologi-
cal specimens would have great clinical import. Potentially, IHC
results obtained from a small number of malignant cells might be
interpretable.

In this study, the accuracy of two recently developed mutation-
specific antibodies, SP111 and SP125, was evaluated and compared
with the EGFR-mutational status. Using an IHC score of ≥2 to
serve as a criterion of positivity, each antibody had high speci-
ficity for E746 A750 del and L858R (99.0% and 89.7, respectively)
but low sensitivity (70.6% and 80.4%, respectively). These find-
ings are consistent with those of previous reports using different
mutant-specific antibodies (clone 6B6 and clone 43B2) (Table 4)
[1,9,10,18,20,27–29,37–40]. In the present study, the anti-EGFR
E746 A750 del antibody, clone SP111, detected 70.6% of E746 A750
del and 7.1% (2 out of 28) of non-E746 A750 del. There were 2 cases
that carried the L747 T751 deletion together with the 15-bp dele-
tion of E746 A750 del. Because SP111 was designed specifically for
E746 A750 del, it is reasonable that other deletion mutations in

exon 19 would not be detected [28]. However, non-E746 A750 del
accounted for 45.1% of exon 19 del in this cohort and constitutes
approximately 35% of the Catalogue of Somatic Mutations in Can-
cer (COSMIC) database [10]; thus, we doubt that SP 111 could be
successfully applied to detect sensitizing mutations in exon 19.

Previous studies using clone 6B6 for E746 A750 del demon-
strated that the sensitivity of clone 6B6 for non-E746 A750 del
varied considerably depending on the deletion size, and ranged
from 20% to 67% [10]. In the study of Kitamura et al. [1], the authors
suggested that clone 6B6 detected only E746 A750 del and its minor
variants such as E746 A750 > K (9.5%), whereas E746 A750 > RP and
L747 A750 > P were not detected.

Accumulating data have suggested that these less common dele-
tions were associated with better responses to EGFR-TKIs [32,38]
and the recently published guidelines of the College of American
Pathologists no longer accept limited testing for 2 major mutations
in clinical practice [41]. Therefore, in patients with negative IHC
result against E746 A750 del, further molecular testing should be
performed to exclude false-negative results or other variants of 19
del [10,28]. On the other hand, the anti-EGFR L858R antibody, clone
SP125, reacted with its target L858R as well as with other mutated
proteins. However, IHC scores of 3 for E746 A750 del or L858R com-
pletely correlated with the EGFR-mutational status. Taken together,
these results suggest that patients with an IHC score of 3 might be
potential candidates for EGFR-TKIs treatment if tissue samples are
unavailable for additional EGFR-mutational testing. However, by
the same token, in patients with an IHC score of ≤2, confirmative
molecular testing would appear essential to obtain reliable EGFR
mutation results, in order to exclude false-positive results. On the
basis of these results, we  propose a diagnostic flow chart involving
these novel antibodies for the detection of EGFR mutations (Fig. 2).
This diagnostic flow chart may  facilitate treatment decisions in
patients with only small biopsy tissues or small amounts of tumor
cells available for evaluation. Although these mutation-specific
antibodies showed a certain degree of inter-observer variability
and intratumoral heterogeneity of staining intensity, the cases
with a score of 3 showed excellent inter-observer agreement.

Table 3
Univariate analysis and multivariate analysis for progression free survival (PFS) in patients with EGFR wild-type group.

Variable Category PFS

Univariate analysis Multivariate analysis

p HR 95% CI p HR 95% CI

pTNM stage I & II/III & IV <0.001 4.478 2.641–7.593 <0.001 3.731 2.014–6.912
Pleural invasion absent/present 0.015 1.883 1.118–3.172 0.114 1.548 0.900–2.664
Venous invasion absent/present 0.003 2.637 1.359–5.119 0.205 1.558 0.785–3.095
Lymphatic invasion absent/present 0.014 1.895 1.126–3.189 0.804 0.926 0.503–1.704
Mutation-specific IHC negative/positive 0.033 0.305 0.095–0.979 0.095 0.358 0.108–1.194

Abbreviations: HR, hazard ratio; CI, confidence interval; IHC, immunohistochemistry.
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Fig. 1. Representative staining patterns of EGFR mutation-specific antibodies in lung adenocarcinomas (×400, in all figures). Immunohistochemistry using anti-EGFR
E746  A750 del antibody (SP 111) showed that the tumor cells were scored 0 or no staining (A), 1+ or faint staining (B), 2+ or moderate staining (C), and 3+ or strong
staining (D). Immunohistochemistry using anti-EGFR L858R mutation antibody (SP 125) were scored 0 or no staining (E), 1+ or faint staining (F), 2+ or moderate staining (G),
and  3+ or strong staining (H).

membranous staining. The mucin-rich cytoplasm of tumor cells
showed weak and/or granular immunoreactivity for this protein.
E746 A750 del-specific protein expression was  detected in 40
(16.7%) of 240 adenocarcinoma patients, which included scores of
1 (n = 14), 2 (n = 16), and 3 (n = 10) (Fig. 1).

Similarly, the L858R-specific protein expression was similar to
the staining patterns of the E746 A750 del-specific protein. L858R-
specific protein expression was also detected in the cytoplasm or
membrane or both, except for 2 cases that showed a nuclear stain-
ing pattern. Protein expression was observed in 140 (58.3%) of 240
patients, including scores of 1 (n = 83), 2 (n = 38), and 3 (n = 19)
(Fig. 1).

3.2.4. EGFR mutation-specific protein expression heterogeneity
We compared the mutation-specific protein results among 3

cores of TMA  samples. If cases with a score of 3 were considered
positive, E746 A750 del-specific protein intratumoral heterogene-
ity was observed in 6 of 203 (3.0%) cases, whereas, L858R-specific
protein intratumoral heterogeneity was observed 10 of 214 (4.7%)
cases.

3.3. Correlation between the expression of mutation-specific
proteins and the EGFR-mutational status

The correlation between the expression of mutation-specific
proteins and EGFR-mutational status is presented in Table 1. Of the
34 cases with E746 A750 del in exon 19, an IHC score of 3 was
observed in 10 (29.4%), a score of 2 in 14 (41.2%), a score of 1 in 8
(23.5%), and a score of 0 in 2 (5.9%) cases. In contrast, among 28 cases
without E746 A750 del in exon 19, most cases (26/28, 92.9%) were
negative for the anti-EGFR E746 A750 del-specific antibody. The 2
cases that showed immunoreactivity for the anti-EGFR E746 A750
del-specific antibody harbored the L747 T751 deletion in exon 19.

Of the 46 cases with L858R mutation in exon 21, an IHC score of
3 was observed in 19 (41.3%), a score of 2 in 18 (39.1%), a score of 1
in 6 (13.0%), and a score of 0 in 3 (6.5%) cases.

Sensitivity, specificity, PPV, and NPV were calculated according
to each IHC score (Table 2). When both sensitivity and specificity
were taken into account, an IHC score of 2 was defined as the cutoff
point. For the detection of E746 A750 del by IHC, the sensitivity was
70.6%, the specificity was 99.0%, the PPV was 92.3%, and the NPV
was 95.3%. For the detection of 19 del in total, the sensitivity was
40.3%, the specificity was 99.4%, the PPV was 96.2%, and the NPV
was 82.7%.

For the detection of L858R in exon 21 by IHC, the sensitivity was
80.4%, the specificity was 89.7%, the PPV was 64.9%, and the NPV
was  95.1%.

Cases with an IHC score of 3 for each antibody significantly cor-
related with their EGFR-mutational status.

3.4. Association between the expression of mutation-specific
proteins and the clinical outcome

We  investigated the association between the expression of
mutation-specific proteins and the clinical outcome. IHC scores of
2 or 3 were considered to indicate protein overexpression. There
were 81 (33.8%) cases with protein overexpression out of 240 ade-
nocarcinoma cases. There were no statistical differences in clinical
outcomes between protein overexpression and low expression
groups (PFS: p = 0.351; OS: p = 0.082, figure not shown). Addi-
tionally, there were no statistical differences in clinical outcomes
between EGFR wild-type and EGFR-mutant groups (PFS: p = 0.505;
OS: p = 0.849, figure not shown). In the EGFR wild-type group, 15
(12.0%) of 129 patients showed protein overexpression, and in the
EGFR-mutant group, 66 (56.9%) of 111 patients showed protein
overexpression. In addition, 15 (12.0%) of 129 patients with EGFR
wild-type were treated with EGFR-TKIs; none of them demon-
strated protein overexpression. In the EGFR-mutant group, 30
(27.0%) of 111 patients were treated with EGFR-TKIs, and 20 (66.6%)
of these 30 patients showed protein overexpression. The objective
tumor response to EGFR-TKIs according to mutation-specific pro-
tein expression was assessed by the Response Evaluation Criteria in
Solid Tumor (RECIST) criteria [35]. Among the 20 patients with pro-
tein overexpression, partial response (PR) was  observed in 4 (20.0%)
patients, stable disease (SD) in 7 (35.0%) patients, and progressive
disease (PD) in 9 (45.0%) patients. The objective response rate (ORR)
was  20.0% and the disease control rate (DCR) was  55.0%. On the
other hand, of the 10 patients without protein overexpression, PR
was  found in 4 (40.0%) patients, SD in 2 (20.0%) patients, and PD in 4
(40.0%) patients. In addition, the ORR was  40.0% and DCR was  60.0%.
There was  no statistical significance between EGFR-TKIs response
and mutation-specific protein expression (p = 0.550). Univariate
analysis for the EGFR wild-type subgroup revealed that patients
with protein overexpression showed a longer PFS (low expres-
sion versus overexpression: median = 51.9 versus 80.0 months,
p = 0.033, Supplementary Fig. 1) than patients with low expression,
but there was  no significant association with OS (median = 82.0
versus 80.0 months, p = 0.136, Supplementary Fig. 1). In contrast,
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Objectives:  Activating  mutations  in the  epidermal  growth  factor  receptor  (EGFR)  kinase domain  are  corre-
lated  with  dramatic  clinical  responses  in non-small  cell lung  cancer  patients  treated  with  EGFR-tyrosine
kinase  inhibitors  (TKIs).  The  two  most  common  EGFR  mutations,  representing  85–90%  of  EGFR  mutations,
are the E746 A750  deletion  in  exon  19  and the  L858R  point  mutation  in  exon  21. We conducted  this  study
to evaluate  the suitability  of mutation-specific  antibodies  that  can  detect  E746  A750  deletion  and L858R
mutant  EGFR proteins  by immunohistochemistry  (IHC).
Materials  and methods:  In a  cohort  of consecutive  patients  with surgically  resected  lung  adenocarcinomas
(n =  240),  mutant  EGFR  protein  expression  was assessed  by IHC  using  specific antibodies  (clone SP111
and  SP125)  to the  2 major forms of EGFR mutations.  Immunoreactivity  was  scored  as  0–3,  and  the results
were compared  with the EGFR-mutational  status.
Results:  With a cutoff  value  of  IHC 2+  for SP  111  (anti-EGFR  E746  A750 del antibody)  and  SP  125  (anti-EGFR
L858R  antibody),  both  antibodies  showed  high specificity  (99.0%  and 89.7%,  respectively)  and  sensitivity
(70.6% and  80.4%,  respectively).  While  cases  with IHC scores  of  3  using  these  2  antibodies  positively
correlated  with  the EGFR-mutational  status,  cases  with IHC scores lower  than  3+  showed  variable  results
regarding  EGFR-mutational  status.
Conclusion:  Although  each  antibody  showed  relatively  high specificity,  some  EGFR-mutant  cases  were  not
detected  by the  mutation-specific  antibodies.  Various  forms of exon  19 deletions,  except  E746  A750,  were
rarely detected  by  the  mutant-specific  antibody.  Therefore,  IHC-negative  cases require  further  molecular
analysis  to confirm  the  presence  of  EGFR  mutations.

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The epidermal growth factor receptor (EGFR, HER-1/ErbB1) is
a receptor tyrosine kinase of the ErbB family that includes HER-
1/ErbB1, HER-2/neu/ErbB2, HER-3/ErbB3, and HER-4/ErbB4 [1–4].
Because EGFR activation promotes key cellular processes such as
proliferation, angiogenesis, metastasis, and apoptosis inhibition,
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EGFR is dysregulated in various malignant tumors, including non-
small cell lung cancers (NSCLCs) [1–3]. Two  landmark studies
published in 2004 showed an association between activating muta-
tions in the tyrosine kinase domain of the EGFR gene and a dramatic
clinical response to gefitinib in patients with NSCLCs [5,6]. This
discovery led to prospective clinical trials to correlate the clinical
response to gefitinib with the presence of a sensitizing mutation in
EGFR. A detailed analysis of these studies demonstrated that EGFR
mutations in a subset of adenocarcinomas are the best predictors of
the response to EGFR-tyrosine kinase inhibitors (TKIs) [1,6–8] and
are favorable prognostic factors of disease-free survival and over-
all survival [9–13]. Small molecule EGFR-TKIs such as gefitinib and
erlotinib that interfere with the phosphorylation of critical tyro-
sine residues can block signal transduction through EGFR [14–16].
EGFR mutations consist of activating somatic mutations and
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Fig. 2. The diagnostic flow scheme using EGFR mutation-specific immunohisto-
chemistry and EGFR mutational status in lung adenocarcinoma.

Interestingly, in this study, the expression of EGFR mutant pro-
teins was associated with a better PFS in the EGFR wild-type group.
However, because only a few patients expressed mutant proteins,
this finding is difficult to interpret. Further large-scale studies are
therefore necessary to fully determine the clinical implications of
the expression of EGFR mutant proteins in lung adenocarcinoma.
Kitamura et al. [1] reported that a patient who showed positive
reactions to mutation-specific antibodies but was EGFR wild-type,
showed a good clinical response to gefitinib. Although this finding
also requires further studies, taken together with our above results,
it seems that either or both of the following 2 hypotheses could
be proposed: (1) the expression of mutation-specific proteins in
these patients is due to EGFR mutants that are always not detected
by the DNA sequencing method; (2) there is another mechanism
for the expression of mutant proteins. If the first hypothesis were
to be true, a sensitive and accurate method should be developed
for the detection of EGFR mutations. Any patient with activating
EGFR mutations should not be excluded from EGFR-TKIs treat-
ment. Should the second hypothesis be true, the biology of the
mechanism and its clinicopathological implications need to be
clarified.

In conclusion, the mutation-specific antibodies SP 111 and SP
125 demonstrated relatively high specificity for E746 A750 del and
L858R in lung adenocarcinoma samples. However, because of the
relatively low sensitivity of these antibodies, not all patients with
mutated EGFR were detected.
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Figure 1. Structural organization of ALK and its fusion proteins. ALK 
is a receptor-type PTK with a single transmembrane (TM) domain as 
well as 2 MAM domains and a putative ligand-binding (LB) domain in the 
extracellular region. The intracellular region contains a kinase domain and 
is fused to EML4 in NSCLCs, to NPM1 in ALCLs, to TPM3 in IMTs, and to 
VCL in RMCs.
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Figure 2. History of ALK in 
oncology. The fi rst discovery of 
an oncogenic mutant of ALK was 
that of NPM1-ALK associated 
with ALCLs in 1994, which was 
followed by the identifi cation 
of TPM3/4-ALK associated with 
IMTs, EML4-ALK associated with 
NSCLCs, mutated/amplifi ed ALK 
associated with neuroblastoma 
(NBL), VCL-ALK associated with 
RMCs, mutated ALK associated 
with ATCs, and amplifi ed ALK asso-
ciated with rhabdomyosarcoma 
(RMS). Whereas several ALK inhibi-
tors are currently in clinical trials, 
one such compound, crizotinib, was 
approved as a therapeutic drug for 
ALK-rearranged NSCLCs in 2011.

tumor (IMT), with increased expression of ALK and a rear-
ranged ALK locus (chromosome band 2p23) being detected 
in a subset of IMT cases. A more detailed analysis identifi ed 
TPM3-ALK and TPM4-ALK as fusion genes in IMT (Figs. 1 and 
2; ref. 14). Further screening of IMT specimens revealed addi-
tional ALK fusions including RANBP2-ALK and CARS-ALK. 
Interestingly, some of these fusion genes, such as TPM3/4-ALK 
and CLTC-ALK, have been identifi ed in both ALCLs and IMTs. 
The presence of TPM3/4-ALK was also reported in esophageal 
squamous cell carcinoma (15) and renal cancer (16).

In 2007, interest in ALK and the therapeutic potential of its 
specifi c inhibitors was boosted in response to the discovery of 
another fusion gene, EML4-ALK, this time in non–small cell 
lung carcinoma (NSCLC; ref. 17). Such interest was further 
increased the next year by the identifi cation of activating point 
mutations in ALK in cases of neuroblastoma (18–21). In this 
review, I focus on activating genetic changes of ALK relevant to 
human cancer. Other aspects of ALK alterations (such as over-
expression) in cancer have been elegantly reviewed  elsewhere 
(22, 23).

EML4-ALK
EML4-ALK in NSCLC

Chronic myeloid leukemia (CML) is characterized by the 
presence of a fusion-type PTK, BCR-ABL1, that is generated 
as a result of a balanced chromosomal translocation, t(9;22). 
The remarkable therapeutic effi cacy of the ABL1 inhibitor 
imatinib in individuals with this condition (24) suggested 
that targeting of the essential growth drivers in different 
types of cancer is a promising treatment strategy. To identify 
such growth drivers in clinical specimens, we developed a sen-
sitive functional screening system based on retroviral cDNA 
expression libraries. The application of this approach to a 
lung adenocarcinoma specimen resulted in the discovery of 
EML4-ALK as a fusion-type oncogene (Figs. 1 and 2; ref. 17).

EML4 and ALK loci both map to the short arm of human 
chromosome 2 in opposite orientations and are separated 
by a distance of approximately 12 Mbp. A small inversion, 
inv(2)(p21p23), affecting both loci gives rise to the fusion 
gene. EML4-ALK was the fi rst recurrent fusion-type onco-
gene in NSCLC, and, together with ETS fusions in prostate 
cancer (25), its existence argues against the previous notion 
that oncogenesis mediated by chromosome rearrangement is 
relatively specifi c to hematologic malignancies and sarcomas 
(rather than epithelial tumors).

EML4-ALK encodes a protein consisting of an amino-
terminal portion of EML4 fused to the intracellular por-
tion of ALK. EML4-ALK undergoes constitutive dimerization 
mediated through the coiled-coil domain of the EML4 por-
tion and thereby acquires transforming ability in a manner 
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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Fig. 3 – Different variants of EML4-ALK and non-EML4 fusion partners. (A) Different variants of EML4-ALK are depicted. The
nomenclature refers to the exon in EML4 translocated to the exon in ALK. (B) Frequency of different EML4-ALK variants. The
most common variants are E13;A20 (variant 1) and E6a/b; A20 (variant 3). Data obtained from.4–11,30,32–36 Of note not all
studies list the specific EML4-ALK variant.
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient

biopsy specimens from lung cancer patients are stored as for-
malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
is published evidence indicating that RT-PCR based detection
of EML4-ALK can yield positive results in the absence of
detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
diagnostic laboratory.

3.2. FISH-based methods for identification of EML4-ALK

More specific detection of ALK-rearrangements can be
achieved by the fluorescence in situ hybridisation (FISH) of
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a variety of diagnostic techniques, currently employed in clin-
ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
ever in practice, the technique faces several challenges. First,
the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
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detectable ALK-rearrangements in both tumour, and non-tu-
mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
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ical practice, have been validated as sensitive and specific for

detecting the genetic lesions characteristic of this tumour
type.39 However, there is currently no standard method for
detecting EML4-ALK NSCLC. Several methods including poly-
merase chain reaction (PCR), immunohistochemistry (IHC)
and fluorescence in situ hybridisation (FISH) are currently
being evaluated.

3.1. PCR-based identification of EML4-ALK

Reverse transcriptase (RT)-PCR is a potentially rapid diagnos-
tic method for identifying ALK translocated NSCLCs. A theo-

retical advantage of this technique is its extreme sensitivity
for detecting mutant transcript and the presence of any
amplification product implies an ALK rearrangement. How-
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the RT-PCR analysis must be multiplexed. As mentioned
above there are at least 11 variant EML4-ALK fusions, and
non-EML4 translocation partners, therefore any PCR-based

strategy must incorporate validated primer pairs for all
known ALK fusions. Second, the vast majority of patient
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malin-fixed paraffin embedded (FFPE) tissues. RNA extracted
from FFPE is highly degraded and, in general, more difficult
to PCR relative to non-fixed, fresh-frozen tissue. Third, there
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mour tissues.9 Although the interpretation of these findings
is still open to debate, it suggests a propensity for false posi-
tive results. Despite these disadvantages, there are advocates
for using RT-PCR based screening methods.32 However, this

method may be difficult to implement in a routine clinical
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Discussion

Until recently, chromosomal abnormalities leading to
pathologic ALK protein expression had been described on-
ly in ALCLs, inflammatory myofibroblastic tumors, and
rare diffuse large B-cell lymphomas (14, 22–25). The iden-
tification of ALK rearrangements in ALCL has traditionally
been through karyotypic analysis of metaphase spreads, or
FISH analysis of mitotic or interphase nuclei with the use
of probes flanking the ALK locus (14). However, with the
advent of mAbs that recognize the ALK protein, IHC anal-
ysis of tumor tissues has become a highly sensitive and
cost-effective surrogate for genetic testing (26–28).
TheALK locus is now recognized to be pathologically dys-

regulated in ∼5% of lung adenocarcinomas (8, 9, 16, 29).

Most commonly, the genetic lesion consists of an intrachro-
mosomal deletion and inversion event resulting in an
EML4-ALK fusion that cannot be detected by conventional
karyotypic analysis (8–10). Therefore, the diagnosis of ALK-
rearranged lung adenocarcinoma requires IHC-based, FISH-
based, or RT-PCR–based analysis of biopsy tissue.
Currently, several laboratories rely on FISH analysis of

mitotic or interphase tumor nuclei, and identify a “split”
hybridization signal to establish the presence of an ALK
rearrangement (12). However, FISH is unlikely to be a pre-
ferred method for screening lung adenocarcinomas in rou-
tine surgical pathology practice because (a) the break-apart
signal pattern resulting from the intrachromosomal dele-
tion and inversion event in the setting of polysomy typical
of lung cancer is subtle and easily missed (i.e., compare

Fig. 4. Photomicrographs of lung
adenocarcinomas stained with
D5F3 and ALK1 antibodies, and
analyzed by FISH. Case 1 (A-C),
Case 2 (D-F), Case 22 (G-I), and
Case 24 (J-L) stained with D5F3
antibody (A, D, G, and J), ALK1
antibody (B, E, H, and K), or
analyzed by FISH (C, F, I, and L)
Red arrow, split red-green signals
indicative of ALK rearrangement;
yellow arrow, touching red-green
signals not indicative of ALK
rearrangement.

Mino-Kenudson et al.
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A Novel, Highly Sensitive Antibody Allows for the Routine
Detection of ALK-Rearranged Lung Adenocarcinomas
by Standard Immunohistochemistry

Mari Mino-Kenudson1, Lucian R. Chirieac2, Kenny Law2, Jason L. Hornick2, Neal Lindeman2, Eugene J. Mark1,
David W. Cohen3, Bruce E. Johnson4, Pasi A. Jänne4, A. John Iafrate1, and Scott J. Rodig2

Abstract
Purpose: Approximately 5% of lung adenocarcinomas harbor an EML4-ALK gene fusion and define a

unique tumor group that may be responsive to targeted therapy. However ALK-rearranged lung adeno-
carcinomas are difficult to detect by either standard fluorescence in situ hybridization or immunohisto-
chemistry (IHC) assays. In the present study, we used novel antibodies to compare ALK protein
expression in genetically defined lung cancers and anaplastic large cell lymphomas.
Experimental Design: We analyzed 174 tumors with one standard and two novel monoclonal anti-

bodies recognizing the ALK protein. Immunostained tissue sections were assessed for the level of tumor-
specific ALK expression by objective quantitative image analysis and independently by three pathologists.
Results: ALK protein is invariably and exclusively expressed in ALK-rearranged lung adenocarcinomas

but at much lower levels than in the prototypic ALK-rearranged tumor, anaplastic large cell lymphoma,
and as a result, is often not detected by conventional IHC. We further validate a novel IHC that shows
excellent sensitivity and specificity (100% and 99%, respectively) for the detection of ALK-rearranged
lung adenocarcinomas in biopsy specimens, with excellent interobserver agreement between pathologists
(κ statistic, 0.94).
Conclusions: Low levels of ALK protein expression is a characteristic feature of ALK-rearranged lung

adenocarcinomas. However, a novel, highly sensitive IHC assay reliably detects lung adenocarcinomas
with ALK rearrangements and obviates the need for fluorescence in situ hybridization analysis for the ma-
jority of cases, and therefore could be routinely applicable in clinical practice to detect lung cancers that
may be responsive to ALK inhibitors. Clin Cancer Res; 16(5); 1561–71. ©2010 AACR.

Lung cancer remains the leading cause of cancer death
worldwide. In the United States alone, there are >200,000
new cases of lung cancer, resulting in 150,000 deaths/y (1).
Despite improvements in the detection and treatment of
lung cancer, the overall 5-year survival rate remains at
15% (2). A subset of lung cancers harbors activating muta-
tions in the epidermal growth factor receptor (EGFR) gene

(3, 4). The majority of patients with lung cancers harboring
EGFRmutations, but only a small fraction of those without
EGFR mutations, can show dramatic responses to drugs
that inhibit EGFR kinase activity, resulting in prolonged pa-
tient survival (5). Therefore, the identification of critical ty-
rosine kinases and the development of specific tyrosine
kinase inhibitors targeting individual tumors has become
a new paradigm in lung cancer treatment (6, 7).
Recently, two groups independently discovered that rare

lung adenocarcinomas harbor rearrangements of the ana-
plastic large cell kinase (ALK) gene that result in the path-
ologic expression of a fusion protein, most commonly
EML4-ALK (8, 9). EML4-ALK shows constitutive kinase ac-
tivity, and ALK-rearranged lung cancer cell lines are depen-
dent upon ALK kinase activity for growth and survival (8,
10, 11). However, standard tyrosine kinase inhibitors that
target EGFR are poor inhibitors of ALK kinase activity, and
as such, they have shown no therapeutic benefit to patients
with ALK-rearranged lung adenocarcinomas (12). In con-
trast, a novel tyrosine kinase inhibitor that targets ALK
kinase activity has shown dramatic clinical responses
among the few patients with ALK-rearranged tumors trea-
ted to date (13). These data highlight the importance of
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Abstract In non-small cell lung cancer, epidermal
growth factor receptor gene mutations and anaplastic
lymphoma kinase (ALK) gene rearrangements have a
major impact upon the level of response to treatment
with specific tyrosine kinase inhibitors. This review
describes the molecular basis of ALK inhibition, sum-
marizes current data on the effectiveness and safety of
ALK inhibition therapy, describes the different testing

methodologies with their advantages and disadvantages,
provides a suggested testing algorithm and puts forward
a proposal for an external quality assessment program in
ALK testing.
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Pathologists should be aware of various artefacts that
may lead to false-positive staining; these are generic issues,
not necessarily specific to ALK IHC. The possibility of
false-negative tests can be guarded against, at least to some
extent, by the use of positive control material with every test
staining run. Such material may not be readily available, and
it is important that the control material is from ALK-
rearranged NSCLC or similar and has the same levels of
ALK protein epitopes. ALK-rearranged lymphomas are not
suitable as a control because he protein epitope level is

much higher than in NSCLC, thus giving false confidence
of sufficient staining.

FISH

The majority of clinical studies examining ALK muta-
tions have used FISH. In the USA, prescription of
crizotinib is dependent upon the use of the Vysis ALK
Break Apart FISH Probe Kit (Abbott Molecular, Inc.)
[16]. Although FISH can be performed on FFPE tumour
specimens and detect multiple ALK fusion variants [28],
there are various challenges related to the FISH tech-
nique, e.g. the break apart red and green signals indi-
cating ALK rearrangements (Fig. 2) can be subtle and
occasionally difficult to recognize.

Pre-analytical phase A protocol for cytology is provided in
ESM 2.

Processing and sectioning—For an effective procedure
for surgical specimens, it is recommended that embedded
tissues do not exceed 2 cm in length and 3 mm in thickness.
Samples should be processed according to a standard
protocol.

In practice, ALK testing works well on 3- to 5-μm
sections. A minor preference exists for a thickness of
5 μm. Sections should be mounted on coated slides to
prevent cleavage artefacts and washing off during the pro-
cedure. Sections should be dried at 60 °C for 1 h or at 45 °C
overnight.

The maximum storage time for tissue or cell block sec-
tions should be 1–6 months (based on the authors' experi-
ence) and 6–12 months for conventional cytological
specimens [52] to avoid hybridization failure and either
false-negative or false-positive results. A protective coating

Table 1 IHC protocols described in the literature

Antibody Source HIER Dilution Incubation Detection system

Yi et al. [46] ALK1 Dako EDTA, pH 8, 30 min 1/100 30 min at RT Advance (Dako)

Yang et al. [43] ALK1 Dako EDTA, pH 8, 30 min 1/100 30 min at RT Advance (Dako)

Paik et al. [47] 5A4 Abcam CC1 (Ventana), 1 h 1/30 2 h at 42 °C i-view (Ventana)

McLeer-Florin et al. [48] 5A4 Abcam CC1 (Ventana), 1 h 1/50 2 h at 37 °C i-view (Ventana)

Hofman et al. [45] 5A4 Abcam pH 9, 40 min, 97 °C 1/50 30 min RT EnVision Flex (Dako)

Kim et al. [27] 5A4 Novocastra CC1 100 °C, 20 min 1/30 2 h at 42 °C i-view (Ventana)

Mino-Kenudson et al. [49] D5F3 CST EDTA pH 8 pressure cooker 1/500a Overnight EnVision+ (Dako)
D9E4 CST 1/100b

ALK1 Dako 1/50a

1/2b

HIER heat-induced epitope retrieval, EDTA ethylenediaminetetraacetic acid, RT room temperature, CST cell signaling technology
a For anaplastic large cell lymphomas
b For lung adenocarcinomas and inflammatory myofibroblastic tumours

Table 2 IHC scoring systems

Score

0 1+ 2 3

Yi et
al.
[46]

No
staining

Faint cytoplasmic
staining

Moderate
smooth
cytoplasmic
staining

Intense
granular
cytoplasmic
staining in
≥10 % of
tumour cells

Kim
et
al.
[27]

No
staining

Faint or weak
staining
intensity
with >5 %
tumour cells or
any
staining
intensity with
≤5 % tumour
cells a

Moderate
staining
>intensity
with >5 %
tumour cells b

Strong and
granular
staining
intensity
with >5 %
tumour
cells c

a Average of 14.7 % positively stained cells
b Average of 58.2 % positively stained cells
c Average of 97.3 % positively stained cells
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Pathologists should be aware of various artefacts that
may lead to false-positive staining; these are generic issues,
not necessarily specific to ALK IHC. The possibility of
false-negative tests can be guarded against, at least to some
extent, by the use of positive control material with every test
staining run. Such material may not be readily available, and
it is important that the control material is from ALK-
rearranged NSCLC or similar and has the same levels of
ALK protein epitopes. ALK-rearranged lymphomas are not
suitable as a control because he protein epitope level is

much higher than in NSCLC, thus giving false confidence
of sufficient staining.

FISH

The majority of clinical studies examining ALK muta-
tions have used FISH. In the USA, prescription of
crizotinib is dependent upon the use of the Vysis ALK
Break Apart FISH Probe Kit (Abbott Molecular, Inc.)
[16]. Although FISH can be performed on FFPE tumour
specimens and detect multiple ALK fusion variants [28],
there are various challenges related to the FISH tech-
nique, e.g. the break apart red and green signals indi-
cating ALK rearrangements (Fig. 2) can be subtle and
occasionally difficult to recognize.

Pre-analytical phase A protocol for cytology is provided in
ESM 2.

Processing and sectioning—For an effective procedure
for surgical specimens, it is recommended that embedded
tissues do not exceed 2 cm in length and 3 mm in thickness.
Samples should be processed according to a standard
protocol.

In practice, ALK testing works well on 3- to 5-μm
sections. A minor preference exists for a thickness of
5 μm. Sections should be mounted on coated slides to
prevent cleavage artefacts and washing off during the pro-
cedure. Sections should be dried at 60 °C for 1 h or at 45 °C
overnight.

The maximum storage time for tissue or cell block sec-
tions should be 1–6 months (based on the authors' experi-
ence) and 6–12 months for conventional cytological
specimens [52] to avoid hybridization failure and either
false-negative or false-positive results. A protective coating

Table 1 IHC protocols described in the literature

Antibody Source HIER Dilution Incubation Detection system

Yi et al. [46] ALK1 Dako EDTA, pH 8, 30 min 1/100 30 min at RT Advance (Dako)

Yang et al. [43] ALK1 Dako EDTA, pH 8, 30 min 1/100 30 min at RT Advance (Dako)

Paik et al. [47] 5A4 Abcam CC1 (Ventana), 1 h 1/30 2 h at 42 °C i-view (Ventana)

McLeer-Florin et al. [48] 5A4 Abcam CC1 (Ventana), 1 h 1/50 2 h at 37 °C i-view (Ventana)

Hofman et al. [45] 5A4 Abcam pH 9, 40 min, 97 °C 1/50 30 min RT EnVision Flex (Dako)

Kim et al. [27] 5A4 Novocastra CC1 100 °C, 20 min 1/30 2 h at 42 °C i-view (Ventana)

Mino-Kenudson et al. [49] D5F3 CST EDTA pH 8 pressure cooker 1/500a Overnight EnVision+ (Dako)
D9E4 CST 1/100b

ALK1 Dako 1/50a

1/2b

HIER heat-induced epitope retrieval, EDTA ethylenediaminetetraacetic acid, RT room temperature, CST cell signaling technology
a For anaplastic large cell lymphomas
b For lung adenocarcinomas and inflammatory myofibroblastic tumours

Table 2 IHC scoring systems

Score

0 1+ 2 3

Yi et
al.
[46]

No
staining

Faint cytoplasmic
staining

Moderate
smooth
cytoplasmic
staining

Intense
granular
cytoplasmic
staining in
≥10 % of
tumour cells

Kim
et
al.
[27]

No
staining

Faint or weak
staining
intensity
with >5 %
tumour cells or
any
staining
intensity with
≤5 % tumour
cells a

Moderate
staining
>intensity
with >5 %
tumour cells b

Strong and
granular
staining
intensity
with >5 %
tumour
cells c

a Average of 14.7 % positively stained cells
b Average of 58.2 % positively stained cells
c Average of 97.3 % positively stained cells
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AlgorithmALK

complementary to gene fragments, which are normally on
opposite strands, the specificity is high. RT-PCR can be
used on mRNA/cDNA to directly detect EML4-ALK;
hence, it does not suffer from the problems inherent in
interpreting FISH or IHC. Therefore, it has been used as a
gold standard to assess the sensitivity and specificity of IHC
[55], FISH [55, 59] and CISH [27, 59]. It has also been used
as a stand-alone test instead of FISH or IHC [60].

However, RT-PCR has several disadvantages that make it
unlikely to become the standard test for this mutation.
Firstly, good quality RNA is required [59]: some of the
amplicons are more than 1,000 bp in size and require proper
cryopreservation of tumour samples that may be lacking in
routine practice [55]. In FFPE sections, RT-PCR above
300 bp is not reliable. Secondly, multiplex systems are
required because of the wide variations in fusion types
[59]. Thirdly, only known alterations can be tested (at least
10 are currently known for ALK) [20]. Furthermore, the
clinical relevance of multiplex RT-PCR is unclear because
so far in all clinical trials FISH has been used to identity
ALK-positive patients. RT-PCR is included in the diagnostic
algorithm proposed by Just et al. [55], but only after IHC
and FISH have been performed, and only as a source of
further information on the ALK fusion variant and expres-
sion level, rather than for diagnosis.

RT-PCR for ALK mutation testing is being offered by
some commercial vendors (e.g. Response Genetics, Inc., in
the USA); however, it is not clear how reliable these tests
are. The panel strongly suggested that any such tests should
involve pathologists early in the development and should be
diagnostically orientated.

Testing algorithm

In the National Consensus from Spain [61], ALK rearrange-
ment testing is recommended in patients with advanced
NSCLC who are negative for the EGFR mutation (all histo-
logical subtypes in non-smokers; non-squamous-cell carcino-
ma subtype in current or ex-smokers). In contrast, the most
recent NCCN guidelines (version 1.2012) [62] recommend
ALK rearrangement testing concurrent with EGFR mutation
testing for adenocarcinomas, large cell carcinomas and
NSCLC NOS. This differs from recent guidelines in Switzer-
land [63] and France (French National Cancer Institute; INCa)
[48] proposing ALK testing only by FISH and only in EGFR-
negative KRAS-negative adenocarcinoma patients.

Since phase II and III clinical trials with crizotinib in
ALK-positive patients have used FISH, this technique
should be considered the ‘gold standard’ for determining
ALK positivity. However, following successful validation
with large series and different antibodies, IHC could also
become a good screening method.

The authors agree that more data for an evidence-based
algorithm are needed. It is possible that the algorithm pre-
sented in Fig. 3 may in the future be the algorithm of choice.

Proposal for an external quality assessment program

For optimal ALK mutation testing in NSCLC, the quality of
the sample, the analytical procedure and the reporting of the
test result are crucial (Table 3). European quality assessment
projects will examine different steps of ALKmutation testing.

One important ongoing quality assurance project in
Europe is the FALKE (Fusion of EML4-ALK epidemiology
Evaluation) project. This initiative was set up by the Ger-
man Society of Pathology for German-speaking countries.
The basis of this ring trial is to test 1,000 samples from
NSCLC patients. For the FALKE project, it was decided to
test all NSCLC and not to focus on adenocarcinoma. For all
samples, ALK IHC and ALK FISH will be performed.

In 2012, the European Society of Pathology (ESP) will
run two external quality assessment programs for lung can-
cer. Registration will take place through the ESP website
(QA activities: http://esp-pathology.org/).

In the first round, starting March 2012, ALK FISH and
optional ALK IHC will be offered. The pre-validated tissue
microarray slides will have both positive and negative con-
trols (n ≥10). The second round, in September 2012, will
offer assessment of ALK1, EGFR and KRAS on tissue
microarray samples. Participation is voluntary. Laboratories
meeting the predefined performance threshold will be listed
on the ESP website.

Conclusions

For the personalized treatment of patients with NSCLC, it is
necessary to sample as much tumour tissue as possible.

Fig. 3 Possible ALK testing algorithm in NSCLC if IHC becomes
fully validated
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sample may not represent the status of the tumor at the 
time that an immune checkpoint inhibitor therapy is intro-
duced. This dynamic property may explain why biomarker 
data have not necessarily predicted responses when some 
of these drugs are given in second or later lines, reflecting 
response rates of 10–20% while the biomarker was nega-
tive in the chemo-naive sample. For most existing data, it 
is not clear whether archival, chemo-naive samples, or new 
samples, taken after chemotherapy, were used for PD-L1 
IHC assessment. We clearly need more data to understand 
properly the meaning and value of PD-L1 IHC as a predic-
tive biomarker.

PD-L1 in Tumor Infiltrating Immune Cells
There is a particular concern about any biomarker test 

that is predicated upon biomarker expression in lymphoid 
or other immune effector cells (tumor infiltrating immune 
cells) rather than tumor cells. Apart from issues around rec-
ognition of these cells in small biopsy or cytology samples, 
there are questions with respect to the relevance of any lym-
phocytes in the sample, as far as a tumor-directed immune 
response is concerned. In small biopsy samples, the patholo-
gist is severely challenged to determine whether a lympho-
cyte population present is reacting to the tumor, i.e., are 
tumor-infiltrating lymphocytes or are bystander lymphoid 
cells native to the tissue where the tumor has developed 
or are they present in the tissue for another reason. Many 
diagnostic samples are so small and disaggregated that it 
is impossible to adequately relate any lymphoid or other 
immune effector cells to the tumor present. For this reason, 
a biomarker test based upon tumor infiltrating immune cells 
would almost certainly rule out lymph node biopsy samples 
and possibly all cytology specimens.

TEST REPRODUCIBILITY AND  
EPITOPE STABILITY

Inevitably, whenever an IHC-based biomarker is consid-
ered, questions arise about the reproducibility of the test, not 
only in technical terms for producing the staining but also in 
interpretation of the test by pathologists. Furthermore, how 
stable are the epitopes detected by the various antibodies, 
which raises issues about the use of stored, pre-cut sections. 
Preanalytical issues such as tissue fixation and processing 
can have a major impact on the outcomes of immunohisto-
chemical reactions,21 and how these might affect the different 
reported PD-L1 IHC tests is not known.

MULTIPLE DRUGS AND MULTIPLE  
BIOMARKER ASSAYS

Notwithstanding the difficulties there may be in deliv-
ering a robust biomarker assessment for PD-L1 IHC, how 
shall the pathology community handle the prospect of mul-
tiple different tests, ostensibly measuring the same biomarker 
that determine the prescription of several different therapeutic 
agents targeting the same molecular mechanism? Our experi-
ence of the development of companion IHC diagnostics sug-
gests that these biomarkers may become available only in the 
form of a prepackaged test kit of reagents. The benefits of not 
only such standardization, but also the associated costs, are 
well understood. However, these kits normally mandate the 
use of a company-specific automated staining platform. Many 
pathology departments may be constrained by available tech-
nology and may not be able to carry out a required test, which 
may lead to low screening rates and patients missing out on 
targeted therapies if access to the drug is predicated on a spe-
cific, and more expensive, test requiring company-specific 
staining platforms.

TABLE 1.

Drug
Biomarker  
Antibody Rx Line

Definition of 
“Positive”a (%) N Positive (%)

Positive Predictive 
Outcome

ORR % IHC 
pos. Cases

ORR % IHC  
neg. Cases Ref.

Nivolumab Dako 28-8 1st ≥5 in >100 cells 59 Yes 31b 10 7,8 f

Nivolumab Dako 28-8 ≥2nd ≥5, ≥1 49, 56 No 15, 13 14, 17 9,10

Nivolumab + 
Ipilimumab

Dako 28-8 1st ≥5 in >100 cells 42 No 19 14 11

Nivolumab Dako 28-8 ≥2nd ≥5 33c Yes 24 14 12 f

Nivolumab 5H1d ≥2nd ≥5, also studied 
TIICs

67 Yes No data  
for lung

No data  
for lung

13

Pembrolizumab Dako 22C3 Any “Strong” ≥50, 
“Weak” 1–49

25, 70 Yes, Yes 37, 17 9 14

Pembrolizumab Dako 22C3 1st ≥50, ≥1 ? Yes 47, 26 ? 15

MPDL3280A Roche Ventana, SP142 ≥2nd ≥10,e ≥5, ≥1 TIICs 13, 28, 56 Yes 83, 46, 31 18, 18, 20 16–18
MEDI-4736 Roche Ventana, SP263 ≥2nd Data not available 41 Yes 25 3 19,20

aExpression in tumor cells unless otherwise stated.
b The 31% figure is for all tumors. The ORR was 37% in nonsquamous tumors and 12% in squamous cases. In PDL-1 negative cases, ORR was 14% in nonsquamous tumors and 
0% in squamous tumors.

cThis study concerned squamous cell carcinomas only.
dThese authors also used the anti-PD-1 monoclonal M3 in their immunohistochemical analysis.
eIHC score 3, ≥10% TIICs positive; IHC score 2–3, ≥5% TIICs positive; IHC score 1–2–3, ≥1% TIICs positive.
f ORR quoted are those actually presented, as opposed to those published in the abstract
IHC, immunohistochemistry; TIICs, tumor infiltrating immune cells; ORR, overall response rate (response evaluation criteria in solid tumors).
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Abstract: Therapeutic antibodies to programmed death receptor 1 
(PD-1) and its ligand PD-L1 show promising clinical results. Anti-
PD-L1 immunohistochemistry (IHC) may be a biomarker to select 
patients more likely to respond to these treatments. However, the 
development of at least four different therapeutics, each with a dif-
ferent anti-PD-L1 IHC assay, has raised concerns among patholo-
gists and oncologists alike. This article reviews existing data on the 
IHC biomarker aspects of studies using these drugs in non–small-cell 
lung cancer (NSCLC) and considers the challenges ahead, should 
these drug/IHC assay combinations reach routine practice. For each 
the known biomarker assays in development, there is a different 
monoclonal IHC antibody clone, produced by one of two diagnos-
tics companies. Each test requires proprietary staining platforms and 
uses different definitions of a “positive” test for PD-L1 expression, 
on tumor cells and, in one test, also on tumor infiltrating immune 
cells. There are still considerable gaps in our knowledge of the tech-
nical aspects of these tests, and of the biological implications and 
associations of PD-L1 expression in NSCLC, considering heteroge-
neity of expression, dynamic changes in expression, and prognostic 
implications among other factors. The International Association for 
the Study of Lung Cancer Pathology Committee raises the prospect 
of trying not only to harmonize and standardize testing for PD-L1 
by IHC, at least at a technical level, but also, ideally, as a predictive 
marker, to facilitate availability of this test and a promising treatment 
for patients with NSCLC.

Key Words: Immune check-point inhibitors, PD-1, PD-L1, 
Immunohistochemistry, Biomarker assay.
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IMMUNE CHECKPOINT INHIBITION:  
A PROMISING THERAPEUTIC STRATEGY  

FOR LUNG CANCER
In the search for effective therapies in patients with lung 

cancer, immune checkpoint inhibitory approaches have shown 
considerable promise.1–4 A number of ligand–receptor interac-
tions, including PD-1/PD-L1 and B7/CTLA-4, seem to switch 
off the immune response in lung cancer, a tumor that in gen-
eral has a high rate of somatic mutations, which may make such 
tumors more immunogenic.5,6 Much of this therapeutic focus in 
lung cancer, particularly in non–small-cell lung cancer (NSCLC), 
has been on interrupting the interaction of programmed death 
receptor-1 (PD-1) and its ligand (PD-L1) between tumor cells 
and immune effectors cells, using monoclonal antibodies against 
PD-L1 or PD-1. In this era of personalized medicine using tar-
geted biological agents, biomarkers predictive of response to 
therapy are central to treatment decision making.

AVAILABLE THERAPIES AND BIOMARKERS
There are a number of therapeutic anti-PD-L1 (e.g., 

MPDL3280A [Roche, Basel, Switzerland] and MEDI-4736 
[Astra Zeneca, London, UK]) or anti-PD-1 (nivolumab 
[Bristol Myers Squibb, New York, NY]) and pembrolizumab 
[Merck, Kenilworth, NJ]) agents at various stages of develop-
ment, and the favored biomarker seems to be the expression 
of PD-L1 assessed by immunohistochemistry (IHC; Fig. 1). 
There are limited data currently available, for these thera-
peutic agents, in lung cancer, in particular in patients with 
advanced NSCLC. Different approaches have been taken to 
PD-L1 IHC assessment, using different diagnostic antibodies 
to assess PD-L1 expression, different technical staining plat-
forms, and different definitions of a “positive” predictive IHC 
stain. In some cases, expression of PD-L1 on immune effec-
tor cells as opposed to, or in combination with, expression in 
tumor cell, has been chosen as the biomarker.
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PROBLEMATIC ISSUES WITH EXISTING DATA
Some of the essential findings so far reported are 

presented in Table 1.7–20 Data are limited and most remain 
unpublished at the time of writing. Depending on defini-
tions, positivity rates for PD-L1 range from 13% to 70%, 
and correlation between biomarker positivity and treatment 
response rates vary from 13% to 83% depending upon the 
biomarker-defined cohort and therapy used. Most studies 
also report significant response rates (3–20%) in PD-L1 IHC 
negative cases. Most of the studies assess PD-L1 expression 
in tumor cells and regard membrane staining as most sig-
nificant. There is variable interpretation of the intensity and 
distribution of staining and variable definition of a positive 
PD-L1 stain ranging from staining of ≥1% to ≥50% of cells 
assessed. In some cases, the test requires at least 100 tumor 
cells to be assessed.

Biomarker Positivity and Response
The value of the chosen biomarker seems to vary 

in terms of predicting a response to therapy, and in some 
cases this also seems to depend on which line of therapy 
for which the immune checkpoint inhibitory agent is given 
(Table 1). The biomarker test may not represent the true 
PD-L1 status of the tumor, either because of heterogeneity 
of expression and sampling error, or because the test sam-
ple predates earlier lines of therapy (see below). In general, 
however, there is a higher response rate in the PD-L1 posi-
tive population compared with the PD-L1 negative group of 
patients, although in some studies this difference is not sig-
nificant. The presence of patients who respond to therapy, 
in the PD-L1 negative cohort, calls into question the value 
of PD-L1 IHC as a predictive biomarker to select a patient 
subgroup for therapy.

Biomarker Thresholds
Determining the threshold that defines a positive, predic-

tive test is a difficult issue. Thresholds may be predetermined, 
before outcome data are known, or as a more useful approach, 
the response data may be used to indicate the threshold that gives 
best discrimination between responders and nonresponders, or 
between patients who do or do not derive significant survival 
benefit from the therapy. It has, however, been noted that tradi-
tional response evaluation criteria in solid tumors for assessing 
tumor response may not be best suited to assessing clinically 
significant responses to immune checkpoint inhibitor therapy, at 
least in a small proportion of the cases. There is then a potential 
trade-off between improving upon the response rates seen in an 
unselected treated population, the acceptability of this response 
rate in an unselected population versus that seen with standard 
of care treatment, and any considerations to maximize the 
population eligible for treatment. In addition, to date, response 
(overall response rate) alone does not seem to be the best way 
to evaluate the benefit of immunotherapy; this is probably better 
captured by progression-free or overall survival data. Finally, if 
very low staining thresholds such as 1% or even 5% of cells are 
chosen, there is a greater risk that scoring will be inconsistent 
and is more likely to reflect inaccurately the patient’s tumor bur-
den overall, because of heterogeneity.

Heterogeneity and Prior Therapy
Limited data suggest that PD-L1 expression is hetero-

geneous, reflected in low thresholds being used to define 
positive staining. Little is understood regarding the relation-
ship between PD-L1 expression in the primary tumor and 
any metastases. Earlier lines of chemotherapy or targeted 
therapy may well induce PD-L1 expression, consequently 
PD-L1 expression in the original “chemo-naive” diagnostic 

FIGURE 1
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cancer, immune checkpoint inhibitory approaches have shown 
considerable promise.1–4 A number of ligand–receptor interac-
tions, including PD-1/PD-L1 and B7/CTLA-4, seem to switch 
off the immune response in lung cancer, a tumor that in gen-
eral has a high rate of somatic mutations, which may make such 
tumors more immunogenic.5,6 Much of this therapeutic focus in 
lung cancer, particularly in non–small-cell lung cancer (NSCLC), 
has been on interrupting the interaction of programmed death 
receptor-1 (PD-1) and its ligand (PD-L1) between tumor cells 
and immune effectors cells, using monoclonal antibodies against 
PD-L1 or PD-1. In this era of personalized medicine using tar-
geted biological agents, biomarkers predictive of response to 
therapy are central to treatment decision making.

AVAILABLE THERAPIES AND BIOMARKERS
There are a number of therapeutic anti-PD-L1 (e.g., 

MPDL3280A [Roche, Basel, Switzerland] and MEDI-4736 
[Astra Zeneca, London, UK]) or anti-PD-1 (nivolumab 
[Bristol Myers Squibb, New York, NY]) and pembrolizumab 
[Merck, Kenilworth, NJ]) agents at various stages of develop-
ment, and the favored biomarker seems to be the expression 
of PD-L1 assessed by immunohistochemistry (IHC; Fig. 1). 
There are limited data currently available, for these thera-
peutic agents, in lung cancer, in particular in patients with 
advanced NSCLC. Different approaches have been taken to 
PD-L1 IHC assessment, using different diagnostic antibodies 
to assess PD-L1 expression, different technical staining plat-
forms, and different definitions of a “positive” predictive IHC 
stain. In some cases, expression of PD-L1 on immune effec-
tor cells as opposed to, or in combination with, expression in 
tumor cell, has been chosen as the biomarker.

DOI: 10.1097/JTO.0000000000000526
Copyright © 2015 by the International Association for the Study of Lung 
Cancer
ISSN: 1556-0864/15/1007-0985

 

In what state is this art?

Keith M. Kerr, MBChB, FRCPath,* Ming-Sound Tsao, MD, PhD,† Andrew G. Nicholson, DM, FRCPath,‡ 
Yasushi Yatabe, MD, PhD,§ Ignacio I. Wistuba, MD, PhD,║ and Fred R. Hirsch, MD, PhD,¶  

On behalf of the IASLC Pathology Committee

*Department of Pathology, Aberdeen University Medical School, Aberdeen 
Royal Infirmary, Aberdeen, United Kingdom; †Department of Pathology, 
University Health Network—Princess Margaret Cancer Centre, 
University of Toronto, Toronto, Canada; ‡Department of Histopathology, 
Royal Brompton and Harefield Hospitals NHS Foundation Trust, London, 
United Kingdom; §Department of Pathology and Molecular Diagnostics, 
Aichi Cancer Centre, Nagoya, Japan; ║Department of Pathology, 
University of Texas MD Anderson Cancer Centre, Houston, Texas; and 
¶Division of Medical Oncology, Department of Pathology, University of 
Colorado Denver, Aurora, Colorado.

Disclosure: The authors declare no conflict of interest.
Address for correspondence: Keith M. Kerr, MBChB, FRCPath, Department 

of Pathology, Aberdeen Royal Infirmary, Foresterhill, Aberdeen AB25 
2ZD, United Kingdom. E-mail: k.kerr@abdn.ac.uk

STATE OF THE ART: CONCISE REVIEW

Copyright © 2014 by the International Association for the Study of Lung Cancer

985Journal of Thoracic Oncology  ®

Abstract: Therapeutic antibodies to programmed death receptor 1 
(PD-1) and its ligand PD-L1 show promising clinical results. Anti-
PD-L1 immunohistochemistry (IHC) may be a biomarker to select 
patients more likely to respond to these treatments. However, the 
development of at least four different therapeutics, each with a dif-
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neity of expression, dynamic changes in expression, and prognostic 
implications among other factors. The International Association for 
the Study of Lung Cancer Pathology Committee raises the prospect 
of trying not only to harmonize and standardize testing for PD-L1 
by IHC, at least at a technical level, but also, ideally, as a predictive 
marker, to facilitate availability of this test and a promising treatment 
for patients with NSCLC.
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