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Abstract: Crizotinib, a small molecular anaplastic lymphoma kinase (ALK) inhibitor, was approved by the Chinese
Food and Drug Administration for ALK positive non-small cell lung cancer (NSCLC) patients in 2013. Although clini-
cal trials have used the Vysis fluorescent in situ hybridization (FISH) ALK Break-Apart Assay to determine ALK status,
the test is only available in limited laboratories and is technically challenging. A standardized and cost effective
methodology is therefore in high demand. The aim of this study was to compare the diagnostic accuracy of Vysis
FISH ALK Break-Apart Assay and VENTANA ALK (D5F3) immunohistochemistry (IHC) assay for detection of echino-
derm microtubule associated protein like4-anaplastic lymphoma kinase (EML4-ALK) rearrangement in NSCLC. FISH
and IHC analyses were performed on 1174 cases collected from three provincial cancer hospitals in China. The
patient cohort included cases of NSCLC, small cell lung cancer (SCLC), normal lung specimens and other tumor
types. We found that IHC assay is highly concordance with FISH assay, showing a positive percent agreement rate
of 99.30%, negative percent agreement rate of 99.22%, and overall agreement rate of 99.23%. Our results thus
suggest that the VENTANA ALK (D5F3) IHC assay is a valuable tool for the screening of patients with ALK rearrange-
ment in clinical practice.
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Introduction mosome 2p, resulting in the formation of a
fusion gene product comprising portions of the
echinoderm microtubule associated protein-
like 4 (EML4) gene and the ALK gene, was dis-
covered in non-small cell lung carcinoma
(NSCLC) cell lines and archived human speci-
mens [3]. Studies indicated that EML4-ALK
inversion events included at least nine fusion
variants, all containing the same portion of the
ALK C-terminal kinase domain, rendering them
catalytically active [4-8]. Consistent with this,

The anaplastic lymphoma kinase (ALK) protein
is a member of the insulin receptor superfamily
of receptor tyrosine kinases [1]. ALK is a type |
membrane glycoprotein that is normally
expressed only in the nervous system, and cells
of neuroendocrine origin [2]. In some tumor
types, including lymphoma and lung cancer, the
molecular pathogenesis of ALK occurs with
chromosomal rearrangements that partner the
3’ coding sequences for the intracellular signal-

ing domain (the kinase domain) with 5’ promot-
er elements and coding sequences of other
genes. This aberrant protein then drives many
oncogenic processes. An inversion within chro-

EML4-ALK expression in lung alveolar epithelial
cells in transgenic mice was a potent oncogenic
factor [9]. The fusion typically renders ALK in a
cytoplasmic localization.
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ALK is now recognized as a key oncogenic driv-
erin NSCLC, and although EMLA4 is the predom-
inant fusion partner, other fusion partner genes
have been identified [10-12]. The incidence of
ALK gene rearrangements in NSCLC is reported
to range from 2-7% [3-8]. ALK gene rearrange-
ments tended to be present in lung adenocarci-
noma specimens compared with squamous or
small cell histology [3-8]. There is also evidence
that ALK gene rearrangements tend to corre-
late with patients who are of “never or light”
smoking status, although this may not be a sta-
tistically significant cofactor [3, 4, 7, 9]. Im-
portantly, ALK gene rearrangements are rarely
coincident with EGFR, HER2, or KRAS muta-
tions, demonstrating that ALK positivity is a dis-
tinct disease subtype [9]. ALK positivity is
defined as ALK rearrangements present in at
least on tumor cell. The current estimate of ALK
prevalence in NSCLC may be underestimated
due to limited cohort sizes in the studies, and
different testing methods used to detect ALK.

Pfizer has developed a small molecular kinase
inhibitor, XALKORI® (crizotinib), which inhibits
the ALK protein. Thus, determination of ALK
status in NSCLC patients is critical for directing
patient care. XALKORI® was approved in China
in 2013, and the original clinical trials used the
Abbott/Vysis FISH (fluorescent in situ hy-
bridization) ALK Break-Apart assay to determine
ALK status. However, ALK FISH is a manual
assay that requires specialized microscopes to
evaluate the results. The staining patterns can
present technical challenges in evaluating the
results, leading to potential false negatives
[10]. Recent studies report that immunohisto-
chemistry (IHC) is sensitive and specific for
determination of ALK status, and is considered
as a viable alternative to ALK FISH, although
concordance rates between the two assays
have varied [10-14]. Since most pathologists
are familiar with IHC, it is also preferred in many
hospitals. Case studies were also showing that
ALK IHC positive, FISH negative patients do
respond clinically to treatment with XALKORI®
[15]. Clearly, definitive studies comparing ALK
IHC with FISH assays are needed. However,
many of the previously published studies that
have attempted to do this have used different
anti-ALK clones (D5F3 and 5A4), different
detection systems, and varying scoring meth-
ods that remain unproven in their validity. The
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VENTANA anti-ALK (D5F3) Rabbit Monoclonal
Primary Antibody, used with the OptiView DAB
IHC Detection Kit and OptiView Amplification
Kit, is a fully automated IHC assay with high
through-put compared with FISH. In the present
study, we compared the VENTANA ALK I[HC
assay with Vysis ALK FISH assay in a large
cohort of Chinese lung cancer patients.

Materials and methods
Sample selection

A total of 1998 NSCLC cases were selected
according to pathological diagnosis and H&E
staining result from three provincial hospitals in
China, including: Cancer Institute and Hospital,
Chinese Academy of Medical Sciences (Site
1570 cases), Peking University Cancer Hospital
& Institute (Site 2878 cases), and Fudan
University Shanghai Cancer Center (Site 3550
cases). Because of the low prevalence of ALK
positive cases in the NSCLC patient population,
we also included other tumor types and some
normal lung samples as well. A summary of
sample information are provided in Table 1.
Note that some specimens were not included in
the final sampling number because of lack of
sufficient tumor content or tissue content for
testing (e.g., Vysis FISH requires at least 50
tumor cells be present on the matched H&E), or
because of failures to stain with one or both
assays, or because of a failure to have suffi-
cient tumor during the creation of tissue micro-
arrays (TMAs). Finally, a total number of 832
cases of NSCLC, 91 cases of SCLC, 90 normal
lung specimens and 161 other tumor speci-
mens (1174 samples in total) were tested with
both Vysis FISH ALK Break-Apart Assay and
VENTANA anti-ALK (D5F3) Rabbit Monoclonal
Primary Antibody assay.

This study was carried out in accordance with
the guidelines of Declaration of Helsinki, and
was approved by the ethical committee for
clinical research at Cancer Institute and
Hospital, Chinese Academy of Medical Sciences
(Approval No. 12-101/635, Date: Sep 27,
2012), Peking University Cancer Hospital &
Institute (Approval No. 2012101602, Date: Oct
16, 2012), and Fudan University Shanghai
Cancer Center (Approval No. 1211116-2, Date:
Nov 26, 2012). Written informed consent was
obtained from all participants.
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Stained specimens were blindly evaluated by
pathologists from their respective hospitals
according to manufacturer instructions. One
pathologist from Site 1 evaluated the cases in
the TMA from Site 1, two pathologists evaluat-
ed the cases from Site 2, and two pathologists
evaluated the cases from Site 3. Note that
duplicate cores from each unique case were
included in the TMAs. If either of the cores was
deemed to be positive for ALK, that case was
considered to be positive. If two pathologists
reading the TMAs disagreed, the result from
the second reader was used to report the result
(due to seniority of the 2" reader). For informa-
tion only, discordant cases were also tested
with a 3 assay, an IHC assay using the clone
anti-ALK (D5F3) antibody from Cell Signaling
Technologies Ltd.

Immunohistochemistry

Staining for ALK protein with VENTANA anti-ALK
(D5F3) Rabbit monoclonal primary antibody
was performed on BenchMark XT fully-auto-
mated staining instrument (Ventana Medical
Systems, Inc.), together with Optiview DAB IHC
Detection Kit and Optiview Amplification Kit.
Online deparaffinization and antigen retrieval
were done according to manufacturer’s instruc-
tions. VENTANA anti-ALK (D5F3) Rabbit
Monoclonal Primary Antibody was incubated
for 16 minutes at 37°C. ALK detection was per-
formed via Optiview DAB IHC Detection Kit (an
indirect, biotin-free system) and Optiview
Amplification Kit which includes HQ hapten
conjugate for signal amplification (Ventana
Medical Systems, Inc.). A matched TMA slide
was stained with Rabbit Monoclonal Negative
Control Ig Antibody in parallel as a control for
interpretation. As a system level control,
VENTANA ALK 2-in-1 control slides were stained
with VENTANA anti-ALK (D5F3) Rabbit Mono-
clonal Primary Antibody and Rabbit Monoclonal
Negative Control Ig Antibody. Each control slide
contains two different cell lines representing
positive and negative ALK expression (H2228
& CALU-3 respectively).

IHC interpretation

Staining results with VENTANA anti-ALK (D5F3)
rabbit monoclonal antibody assay were evalu-
ated according to manufacturer’s interpreta-
tion guide. Strong granular cytoplasmic staining
in tumor cells (any percentage of positive tumor
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cells) was considered ALK positive. Absence of
strong granular cytoplasm staining signal in
tumor cells indicated ALK negative status.
Known staining artifacts for the IHC assay were
excluded, including mild punctate cytoplasmic
stain in alveolar macrophage cytoplasm, stain-
ing in nerve initiating cells (nerve and ganglion
cells), epithelial staining granules and lympho-
cytic infiltrating cells. Some background stain-
ing was observed in normal NSCLC mucosa
(including Mucin) and necrotic tumor areas.
These staining patterns were excluded from
clinical evaluation.

FISH for ALK rearrangement

FISH analysis was performed on the study
cases using Vysis LSI ALK Dual color, Break
Apart Rearrangement Probe (Vysis/Abbott,
Abbott Park, IL) according to the manufactur-
er’'s instructions. In brief, 4-um-thick sections
were pretreated and followed by dual probe
hybridization using the LSI ALK dual-color
probe. The slides were then washed and coun-
terstained with 4’,6-diamidino-2-phenylindole
(DAPI). Results were then observed under fluo-
rescence microscope.

FISH interpretation

Results were evaluated according to manufac-
turer’s instruction. At least one pair of orange/
green signals’ spacing that was greater than
the diameter of two signals; or only one orange
signal, but no corresponding green signal were
positive. In those cases, there may be fused
and/or separate signals altogether. These
cases with the above staining patterns were
interpreted as ALK positive. Cases with orange
and green signals adjacent to each other, or
become fused (at this time if observe under the
orange/green V2 filter, it expresses as a super-
position of yellow signal); or if the orange and
green signals’ spacing is less than two signals
in diameter, they are also considered to form a
fusion signal; or if there was only one green sig-
nal but no corresponding orange signal, were
interpreted as negative.

Data analysis

The statistical methods used to compare the
IHC and FISH data are described in following
scheme. IHC data were compared against the
FISH data for positive or negative ALK status to
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obtain percent positive, negative and overall
agreement rates.

FISH results
IHC results Positive Negative
Positive a b
Negative c d

Positive percent agreement = a/(a+c) x 100%
Negative percent agreement = d/(b+d) x 100%

Overall percent agreement = (a+d)/(a+b+c+d)
x 100%

Results

A total of 1212 specimens were originally cho-
sen for the study from three different provincial
hospitals in China including: Cancer Institute
and Hospital, Chinese Academy of Medical
Sciences (Site 1), Peking University Cancer
Hospital & Institute (Site 2), and Fudan
University Shanghai Cancer Center (Site 3).
With 38 rejected specimens, 1174 total speci-
mens were tested with both FISH and IHC. The
patient cohort included cases of NSCLC, SCLC,
normal lung specimens and other tumor types.
More details about sample information are pro-
vided in the Methods section and Table 1.

The FISH and IHC data were firstly compared
within each site. Results were summarized in
Table 2. Among total 395 valid specimens eval-
uated in Site 1, ALK IHC (+) was determined in
63 cases and FISH (+) was determined in 62
cases. One case that was IHC (+) was negative
for ALK by FISH. All 332 ALK IHC (-) were nega-
tive for ALK by FISH. Compared with FISH, the
IHC achieved a positive percent agreement rate
of 100%, negative percent agreement rate of
99.70%, and overall agreement rate of 99.75%.
When considering only the 277 NSCLS tumors,
one case was identified as ALK+ by IHC, but
ALK- by FISH. All ALK IHC (-) cases were nega-
tive for ALK confirmed by FISH, resulting in
100% positive percent agreement rate, 99.53%
negative percent agreement rate and 99.64%
overall agreement rate. Notably, for 27 SCLC
tumors, 30 normal lung samples and 61 other
tumors, all cases were consistently identified
as ALK- by both IHC and FISH tests, resulting in
100% negative percent agreement rate and
overall agreement rate.
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Among total 409 valid specimens evaluated in
Site 2, ALK IHC (+) result was determined in 46
cases and FISH (+) was found in 41 cases.
Therefore, five cases were ALK IHC (+) and FISH
(-). All 363 ALK IHC (-) cases were also negative
for ALK as confirmed by FISH. Compared with
FISH, the IHC achieved a positive percent
agreement rate of 100%, negative percent
agreement rate of 98.64%, and overall agree-
ment rate of 98.78%. When considering only
the 294 NSCLS tumors, 41 cases were identi-
fied as ALK+ by both IHC and FISH, and 253
cases were identified as ALK- by both IHC and
FISH, giving 100% positive percent agreement
rate and 100% negative percent agreement
rate. For 35 SCLC tumors, FISH (-) was found for
all cases, but five cases were identified as ALK+
by IHC. For 30 normal lung samples and 50
other tumors, all cases were consistently iden-
tified as ALK negative by both IHC and FISH,
resulting in 100% negative percent agreement
rate and overall agreement rate.

Among total 370 valid specimens evaluated in
Site 3, ALK IHC (+) results were determined in
41 cases and FISH (+) were determined in 40 of
those cases. Two cases of IHC (+) were FISH (),
while one case of FISH (+) was found to be IHC
(-). Compared with FISH, the IHC achieved a
positive percent agreement rate of 97.5%, neg-
ative percent agreement rate of 99.39%, and
overall agreement rate of 99.19%. When con-
sidering only the 261 NSCLS tumors, 38 cases
were identified as ALK+ by both IHC and FISH.
One out of 223 IHC (-) cases was found to be
ALK + by FISH. For 29 SCLC tumors, FISH (-)
was found for all cases, but two cases were
identified as ALK+ by IHC. For 30 normal lung
samples, all cases were consistently identified
as ALK- by both IHC and FISH. For 50 other
tumors, one case of ALK+ and 49 cases of ALK-
were consistently identified by both IHC and
FISH, resulting in 100% positive percent agree-
ment rate, negative percent agreement rate
and overall agreement rate.

Finally, we combined all the samples collected
from three sites for comparison. Among the
total 1174 valid specimens for testing, IHC (+)
was found in 150 cases and FISH (+) was found
in 143 cases. Eight cases of IHC (+) were FISH
(-), while one case of FISH (+) was found to be
IHC (-). Compared with FISH, the IHC had a posi-
tive percent agreement rate of 99.3%, negative
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Table 1. Summary of specimens obtained from three provincial hospitals in China

Cases included in the IHC/FISH comparison study

Participating site Sample Size NSCLC Normal Other

(test method) Screen (+) Screen (-) Previously deter- SCLC Lung tumor Total

for ALK for ALK mined as FISH (+)
Site 1: Cancer Hospital of Chinese 570 (IHC) Included cases 20 229 43 30 30 74 426
Academy of Medical Sciences Valid case* 277 27 30 61 395
Site 2: Peking University Cancer 878 (IHC) Included cases 41 253 / 35 30 50 409
Hospital & Institute Valid case* 294 35 30 50 409
Site 3: Fudan University Shanghai 550 (FISH or PCR) Included cases / 225 40 29 30 53 377
Cancer Center Valid case* 261 29 30 50 370
Total 1998 Included cases 61 707 83 94 90 177 1212
Valid cases™ 832 91 90 161 1174 Immunohistochemistry as a screening tool

for ALK rearrangement in NSCLC: evaluation of
five different ALK antibody clones and ALK FISH

*Valid cases-cases had sufficient tumor content and valid results of both FISH and IHC analyses in the comparison study.

Table 2. Concordance between FISH and IHC results on the 1174 cases obtained from three provincial hospitals i

n China

Participating site FISH (+) FISH (-) Positive agreement (%) Negative agreement (%) Overall agreement (%)
Site 1: Cancer Hospital of Chinese Overall IHC (+) 62 1 100% 99.70% 99.75%
Academy of Medical Sciences IHC () 0 332
NSCLC IHC (+) 62 1 100% 99.53% 99.64%
IHC (-) 0 214
(adenocarcinoma) IHC (+) 61 0 100% 100% 100%
IHC (-) 0 186
(squamous) IHC (+) 1 1 100% 96.55% 96.66%
IHC (-) 0 28
SCLC IHC (+) 0 0 NA 100% 100%
IHC (-) 0 27
Normal IHC (+) 0 0 NA 100% 100%
IHC (-) 0 30
Other tumors IHC (+) 0 0 NA 100% 100%
IHC (-) 0 61
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Site 2: Peking University Cancer Overall IHC (+) 41 5 100% 98.64% 98.78%
Hospital & Institute IHC () 0 363
NSCLC IHC (+) 41 0 100% 100% 100%
IHC (-) 0 253
(adenocarcinoma) [IHC (+) 41 0 100% 100% 100%
IHC (-) 0 221
(squamous) IHC (+) 0 0 NA 100% 100%
IHC (-) 0 31
(adenosquamous) IHC (+) 0 0 NA 100% 100%
IHC () 0 1
SCLC IHC (+) 0 5 NA 85.71% 85.71%
IHC () 0 30
Normal IHC (+) 0 0 NA 100% 100%
IHC (-) 0 30
Other tumors IHC (+) 0 0 NA 100% 100%
IHC (-) 0 50
Site 3: Fudan University Shanghai Overall IHC (+) 39 2 97.50% 99.39% 99.19%
Cancer Center IHC (-) 1 328
NSCLC IHC (+) 38 0 97.44% 100% 99.62%
IHC (-) 1 222
(adenocarcinoma) [IHC (+) 34 0 100% 100% 100%
IHC (-) 0 200
(squamous) IHC (+) 2 0 100% 100% 100%
IHC (-) 0 20
(adenosquamous) [HC (+) 2 0 66.67% 100% 80%
IHC (-) 1 2
SCLC IHC (+) 0 2 NA 93.10% 93.10%
IHC (-) 0 27
Normal IHC (+) 0 0 NA 100% 100%
IHC (-) 0 30
Other tumors IHC (+) 1 0 100% 100% 100%
IHC (-) 0 49
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Combination of three sites Overall IHC (+) 142 8 99.30% 99.22% 99.23%
IHC (1) 1 1023

NSCLC IHC (+) 141 1 99.30% 99.86% 99.76%
IHC () 1 689

(adenocarcinoma) IHC (+) 136 0 100% 100% 100%
IHC (-) 0 607

(squamous) IHC (+) 3 1 100% 98.75% 98.80%
IHC (-) 0 79

(adenosquamous) IHC (+) 2 0 66.67% 100% 83.33%
IHC () 1 3

SCLC IHC (+) 0 7 NA 92.31% 92.31%
IHC () 0 84

Normal IHC (+) 0 0 NA 100% 100%
IHC (-) 0 90

Other tumors IHC (+) 1 0 100% 100% 100%
IHC (-) 0 160
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Figure 1. Example images of positive, negnative immonuhistochemistry staining and FISH results. One ALK IHC-
negative case and one ALK IHC-positive case are shown in upper panel (A, B. Original magnifications x 200) and
their corresponding FISH images in the lower panel (C, D. Original magnifications x 400).

Table 3. Staining analysis of disconcordant cases between FISH and IHC assays

Testing ID FISH assay IHC assay Pathological Diagnosis

ALK-12-7 - + NSCLC (squamous cell carcinoma)

G73352 - + SCLC

G73473 - + SCLC

G75147 - + SCLC

G73678 - + SCLC

G74413 - + SCLC

90-D5-6 - + SCLC

90-C7-8 - + SCLC

89-D3-4 + - NSCLC (mixed squamous cell carcinoma and adenocarcinoma)

percent agreement rate of 99.22%, and overall
agreement rate of 99.23%. When considering
only the 832 NSCLS tumors, 141 cases were
identified as ALK+ by both IHC and FISH. One
case of IHC (+) was found to be ALK- by FISH.
Another case of FISH (+) was identified as ALK-
by IHC. Compared with FISH, the IHC had a
positive percent agreement rate of 99.3%, neg-
ative percent agreement rate of 99.86%, and
overall agreement rate of 99.76%. For 91 SCLC
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tumors, FISH (-) was found for all cases, but
seven cases were identified as ALK+ by IHC,
resulting in 92.31% negative percent agree-
ment rate and overall agreement rate. For 90
normal lung samples, all cases were consis-
tently identified as ALK- by both IHC and FISH.
For 161 other tumors, one case of ALK+ and
160 cases of ALK- were consistently identified
by both IHC and FISH, resulting in 100% posi-
tive percent agreement rate, negative percent

Int J Clin Exp Med 2016;9(2):2642-2653
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Figure 2. Example images of inconcordant SCLC cases. One ALK IHC-positive and FISH-negative SCLC case with the

corresponding IHC (left panel, magnification x 200) and FISH images (right panel, managification x 400).

agreement rate and overall agreement rate.
Figure 1 shows representative IHC & FISH
images for both ALK positive and negative
cases.

For the nine samples with inconsistent results
between FISH and IHC assay, another anti-ALK
(D5F3) rabbit monoclonal antibody assay from
Cell Signaling Technologies was used for fur-
ther confirmation. Results were summarized in
Table 3. For three out of nine cases, the results
of VENTANA IHC assay were confirmed by the
third IHC assay.

Discussion

The goal of this study was to evaluate the
VENTANA anti-ALK IHC assay as a useful meth-
od for determining ALK status in NSCLC
patients in clinical practice. A total of 1174
specimens were tested with both Vysis FISH
assay and VENTANA anti-ALK IHC assay. With
Vysis FISH as the relative “gold standard”, our
results showed that the VENTANA anti-ALK IHC
assay reached a positive percent agreement of
99.30% (95% Cl: 96.15%~99.88%), a negative
percent agreement of 99.22% (95% CI:
98.48%~99.61%), and an overall agreement
rate of 99.23% (95% Cl: 98.55%~99.60%).
Therefore, the VENTANA anti-ALK IHC assay
was proven to be highly concordant with Vysis
FISH assay using samples coming from three
different provincial hospitals in China.
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The specimens in this study contained com-
mon clinical specimen types, including NSCLC,
SCLC, normal lung tissue specimens and other
tumor specimens. Since ALK is relevant for
NSCLC cases clinically, we analyzed the data
specifically for NSCLC samples. Out of a total of
832 cases of NSCLC specimens, the positive
percent agreement with FISH was 99.30%,
negative percent agreement was 99.86%, and
overall agreement rate was 99.76%. For the 90
cases of normal lung tissue specimens, the
overall agreement rate reached 100%. For the
161 cases of other tumor samples, the overall
agreement rate also reached 100%. Thus, the
VENTANA IHC assay showed excellent clinical
utility and its test results were very reliable.

There were a total of 9 specimens with discor-
dant IHC and FISH results. One case was posi-
tive by FISH but negative by the VENTANA assay.
The other 8 cases were positive by IHC but
negative for FISH. Notably, the discrepant
cases were mainly SCLC. Of the 91 cases of
SCLC specimens, the negative percent agree-
ment between FISH and IHC was 92.31%, while
the overall total percent agreement was
99.22%. In fact, SCLC tumors may often origi-
nate from cells of neurocrine origin, like
Kultchitsky cells in the bronchus where wild-
type ALK can sometimes be detected [2].
Figure 2 shows a discrepant case of SCLC with
ALK IHC (+) & FISH (-) staining. Such wild-type

Int J Clin Exp Med 2016;9(2):2642-2653
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Figure 3. Example images of positive immunohistochemistry staining in squamous cell carcinoma from Site 1. One
ALK IHC-positive case of sugamous cell carcinoma is shown in left panel (original magnification x 50) and right

panel (original magnification x 200).

ALK could be detectable by IHC but not FISH,
and therefore using IHC in SCLC specimens
should be interpreted with care to ensure that
any strong staining present in tissue elements
other than the tumor cells is not reported as
clinically positive for ALK. ALK positivity for tre-
atment with crizotinib should be reported for
strong staining present only in the tumor cells.

Recently several groups have reported ALK
translocation in lung squamous carcinoma.
Boland et al. has screened 150 adeno-
carcinomas and 150 squamous cell carcinomas
with ALK immunohistochemistry. They found
that the prevalence of ALK rearrangements is
about 2.7% in adenocarcinomas but less th-
an 1% (1 in 150 samples) in squamous cell
carcinomas. That squamous cell carcinoma
case positive for ALK IHC was very poorly
differentiated but showed intercellular bridges
and areas of keratinization. It seems that the
prevalence of ALK rearrangements in squamous
cell carcinomas is rare [15]. A group from Italy
has screened 40 lung pure squamous cell car-
cinomas with FISH and found out 2.5% (one of
40 cases) showed ALK translocation [15]. From
our study, in a total of 83 squamous cell carci-
noma cases, three of them showed consistent
positivity between IHC & FISH. One of the cases
showed IHC (+) and FISH (-) result. According to
our experience, a peripheral staining pattern is
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usually observed in ALK (+) squamous cell car-
cinoma. Figure 3 shows a representative ALK
IHC stain in squamous cell carcinoma. Once
more data is collected to indicate the clinical
significance of ALK positivity in SCC to targeted
therapy, a separate interpretation method spe-
cific to this subtype may need to be developed
accordingly.

This study includes by far the largest lung
sample cohort comparing results of VENTANA
IHC assay and Vysis FISH in China. Large
number of similar studies have led to recom-
mendations on testing algorithms, including
using ALK IHC as a screening tool, with
confirmation by FISH [16]. Concordance bet-
ween FISH and IHC have varied widely in these
studies, mainly because those IHC assays had
employed different antibody clones and detec-
tion platforms. Additionally, several different
scoring systems had been used, mainly to cap-
ture intensity of staining and percentage of
tumor cells. Here, we reported results using the
only commercially available, validated and fully
automated IHC assay, the VENTANA anti-D5F3
anti-ALK IHC assay. Use of this standardized
IHC assay and its corresponding instructions
for scoring was also shown in other studies to
exhibit excellent concordance with FISH for
determining ALK status [17]. The binary
positive/negative scoring algorithm was not

Int J Clin Exp Med 2016;9(2):2642-2653
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evaluated here for inter-reader agreement, as it
was beyond the scope of the study. It is reported
to be over 95% by manufacturer labeling and
100% in this study. There is still careful
attention required to detail in the staining
results evaluation, as the amplified detection
can lead to higher background than seen with
typical IHC assays and there are some tissue
elements that exhibit staining (macrophages,
neuroendocrine cells). However, when used as
directed, the assay exhibits high concordance
with FISH and we recommend that it be used as
the primary tool for ALK testing in NSCLC,
without the need for confirmation by FISH. A
recommendation of VENTANA IHC assay as one
of the confirmatory tests in NSCLC in China was
published in June 2013.

In summary, the VENTANA anti-ALK assay
shows an excellent concordance with the FISH
assay. The test results are reliable and have cli-
nical validity. The IHC assay is attractive for use
in clinical settings due to its automation and
fast turn-around time (~4 hours for 14 speci-
mens), ease of evaluation of the staining results
(any strong cytoplasmic staining in tumor cells
is positive), and as this study demonstrates, its
strong correlation with FISH in terms of sensiti-
vity and specificity.
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