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Abstract
Background: The aim of this study was to evaluate the diagnostic value of Ven-
tana immunohistochemistry (IHC) assay for anaplastic lymphoma kinase (ALK)
gene rearrangement screening in patients with non-small cell lung cancer
(NSCLC).
Methods: Open published studies that reported the diagnostic performance of
Ventana IHC assay for ALK gene rearrangement detection in NSCLC patients
were extracted from PubMed, Embase, Google scholar, Wanfang, and China
National Knowledge Infrastructure. The general information and number of true
positive (tp), false positive (fp), false negative (fn), and true negative (tn) cases
identified by Ventana IHC assay were extracted. The diagnostic sensitivity, speci-
ficity, positive likelihood ratio (+lr), negative likelihood ratio (−lr), diagnostic
odds ratio (dor) and the summary receiver operating characteristic (ROC) curve
were calculated using Stata 11.0 software.
Results: Ten studies, including 240 ALK positive and 1973 ALK negative
NSCLC patients were included in this meta-analysis. The pooled diagnostic sen-
sitivity, specificity, +lr, −lr, and dor were 0.94 (95% confidence interval [CI]
0.85–0.98), 1.00 (95% CI 0.99–1.00), 859.61 (95% CI 60.81–1200.00), 0.06 (95%
CI 0.03–0.16), and 1400.00 (95% CI 813.29–23 000.00), respectively. The area
under the ROC curve was 0.996 for Ventana IHC assay in detecting ALK gene
rearrangement in NSCLC patients.
Conclusion: The sensitivity and specificity of Ventana IHC assay for the detec-
tion of ALK gene rearrangement were high, thus Ventana IHC could substitute
fluorescence in situ hybridization for the screening of ALK+ NSCLC patients.

Introduction

Clinical epidemiological studies have demonstrated that
patients with anaplastic lymphoma kinase-positive (ALK+)
non-small cell lung cancer (NSCLC) account for about 5%
of the total number of NSCLC patients.1 ALK-positive
patients are generally young and smoke either occasionally
or not at all; the most common pathological type is adeno-
carcinoma, which is more common in women than in
men.2 Crizotinib, a small-molecule inhibitor of echinoderm
microtubule associated protein- like 4 (EML4)-ALK fusion
gene targets, has been demonstrated by a number of clini-
cal studies to exert good therapeutic effects.3,4 Several

prospective randomized clinical trials have shown that the
clinical efficacy of crizotinib treatment is superior to that
of conventional chemotherapy.5–7 National Comprehensive
Cancer Network NSCLC clinical practice guidelines suggest
that ALK fusion gene detection should initially be con-
ducted for NSCLC patients with suspected ALK gene
fusion mutation. If ALK+ is confirmed, crizotinib is recom-
mended as first-line treatment.
At present, the methods for ALK fusion gene detection

are mainly fluorescence in situ hybridization (FISH),
PCR, and Ventana immunohistochemistry (IHC).8–10

Clinically, FISH is the gold standard for the determina-
tion of ALK gene fusion. Ventana IHC can be performed
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on an automated instrument for batch detection, with
enhanced detection and assessment of results.11 It is more
advantageous than conventional IHC. Numerous studies
have evaluated the clinical value of Ventana IHC for
detecting the ALK fusion gene in NSCLC patients. How-
ever, given the small sample size of previous studies and
low statistical efficiency, some limitations in its clinical
application exist. In this study, we analyzed the clinical
research on Ventana IHC for detecting the ALK fusion
gene in NSCLC patients, as well as exploring its clinical
application value.

Methods

Publication search and inclusion/exclusion
criteria

Open published studies that reported the diagnostic perfor-
mance of Ventana IHC assay for ALK gene rearrangement
in NSCLC patients were extracted from PubMed, Embase,
Google scholar, Wanfang, and China National Knowledge
Infrastructure electronic databases. The search terms used
were: non-small cell lung cancer (NSCLC), cancer, tumor,

Figure 1 Flow-chart of the publication search.
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anaplastic lymphoma kinase (ALK), fluorescence in situ
hybridization (FISH), immunohistochemistry (IHC), and
polymerase chain reaction (PCR). The search was per-
formed by two reviewers who cross-checked each other’s
work. The references of included studies were also screened
in order to locate suitable publications. The publication
inclusion criteria were: (i) prospective or retrospective
studies related to Ventana IHC assay for ALK gene rear-
rangement; (ii) patients were pathologically or cytologically
confirmed with NSCLC; (iii) the gold diagnostic reference
was FISH; and (iv) the number of true positive (tp), false
positive (fp), false negative (fn), and true negative
(tn) cases could be extracted from the original studies. The
exclusion criteria were: (i) case reports and review studies;
(ii) NSCLC diagnosis was not confirmed by pathology or
cytology; (iii) duplicated publications; and (iv) inadequate
data to calculate tp, fp, fn and tn.

Data extraction

Two reviewers read the full text and independently
extracted the data using a standardized data extraction
sheet. General information, such as first and corresponding
author names, the year the paper was published, and the
study design (retrospective or prospective), were compiled.
The extracted data included tp, fp, fn, and tn cases identi-
fied by Ventana IHC assay. All information and data was
cross-checked and reviewed by the corresponding author.

Statistical analysis

Data analysis was performed using STATA version 11.0
(Stata Corp., College Station, TX, USA). The statistical het-
erogeneity across the included studies was analyzed by I2

test. I2 ≥ 50% indicated significant statistical heterogeneity.

Table 1 Characteristics of the included studies

Study Year Country No. Tp Fp Fn Tn Study design

Ying et al.12 2013 China 196 63 2 0 131 Retrospective
Guo et al.16 2014 China 404 29 0 0 375 Retrospective
Hutarew et al.15 2014 Austria 303 14 0 0 289 Retrospective
Liang et al.17 2014 China 65 3 0 2 60 Retrospective
Ali et al.13 2014 Italy 523 18 0 2 503 Retrospective
Wynes et al.14 2014 United States 98 39 2 4 53 Retrospective
Meng et al.20 2015 China 172 11 0 1 160 Retrospective
Ilie et al.19 2015 France 176 21 2 5 148 Prospective
Wang et al.11 2015 China 58 6 0 2 50 Retrospective
Gruber et al.18 2015 Germany 218 19 0 1 198 Retrospective

Fn, false negative; Fp, false positive; Tn, true negative; Tp, true positive.

Figure 2 Forest plot of diagnostic
sensitivity of Ventana-immunohis-
tochemistry assay in detection of ana-
plastic lymphoma kinase gene rear
rangement.
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The data was pooled by random or fixed effect model
according to the statistical heterogeneity. Begg’s funnel plot
and Egger’s line regression test were used to assess
publication bias.

Results

General characteristics of included studies

Ten diagnostic studies including 240 ALK positive and
1973 ALK negative NSCLC patients were included in this
meta-analysis according to the inclusion and exclusion cri-
teria. The search strategy is demonstrated in Figure 1. Two
hundred and eighty-four publications were initially identi-
fied. After removing the duplicated studies, 203 studies
were included for further assessment and the full text was
assessed in 78. Finally, 10 studies were included for quanti-
tative synthesis.11–20 Five of the studies were performed in a
Chinese population, while the remaining five trials were
performed in Austria, France, Germany, Italy, and the
United States. One study was prospectively designed, while
the other nine were retrospectively designed. The charac-
teristics of the included studies are shown in Table 1.

Statistical heterogeneity evaluation

The statistical heterogeneity across the studies was evalu-
ated by I2 test. Significant statistical heterogeneity was
found in the effect size of sensitivity (I2 = 73.24%), speci-
ficity (I2 = 76.84%), and negative likelihood ratio (−lr,
62.20%). However, there was no statistical heterogeneity

for positive likelihood ratio (+lr, 28.90%) and diagnostic
odds ratio (dor, 43.40%).

Meta-analysis

The sensitivity, specificity, and −lr were pooled by random
effect model because of significant statistical heterogeneity.
The pooled sensitivity, specificity and –lr were 0.94 (95%
confidence interval [CI] 0.85–0.98) (Fig 2), 1.00 (95% CI
0.99–1.00) (Fig 3), and 0.06 (95% CI 0.03–0.16), respec-
tively. The pooled +lr and dor were 859.61 (95% CI
60.81–1200.00) and 1400.00 (95% CI 813.29–23 000.00),
respectively, by fixed effect model because of a lack of sig-
nificant statistical heterogeneity. The area under the
receiver operating characteristic (ROC) curve was 0.996 for
Ventana IHC assay in detection of ALK gene rearrange-
ment in NSCLC patients (Fig 4).

Publication bias

Publication bias was evaluated by Begg’s funnel plot and
Egger’s line regression test. The funnel plot was asymmetri-
cal at the bottom and the line regression test also indicated
significant publication bias (t = 3.19; P < 0.05) (Fig 5).

Discussion

Echinoderm microtubule associated protein-like 4 (EML4)-
ALK was first reported by Soda et al. in 2007 as a driving
gene for NSCLC.21 This gene is transposed from the central
granule of the short arm of human chromosome 2, namely,

Figure 3 Forest plot of diagnostic
specificity of Ventana- immunohisto-
chemistry assay in detection of ana-
plastic lymphoma kinase gene
rearrangement.
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inv. (2)(p21p23), thereby causing the fusion of EML4
(2p21) and ALK(2p23). After fusion, sustained activation
of ALK kinase and the downstream signaling pathway
occurs, and NSCLC cells are stimulated to divide and pro-
liferate. Crizotinib, a small-molecule inhibitor of EML4-
ALK fusion gene targets, exerts good therapeutic effects. A
phase I/II clinical study (PROFILE 1001, Clinical Trials.
gov, NCT00585195) found that crizotinib improves the
total response rate (57%, including 1 case of complete
response) and progression-free survival (9.7 months, 95%
CI 7.7–12.8).22 A phase III clinical trial (PRO-FILE 1014

Clinical Trials.gov, NCT01154140) comparing the clinical
efficacy of crizotinib and conventional chemotherapy
showed that crizotinib has a significant advantage (progres-
sion-free survival 10.9 vs. 7.0 months, hazard ratio 0.45,
95% CI 0.35–0.60; P < 0.001) for ALK+ NSCLC.7 There-
fore, the National Comprehensive Cancer Network NSCLC
clinical practice guidelines suggest that ALK fusion gene
detection should first be conducted in NSCLC patients
with suspected ALK gene fusion mutation. If the result is
ALK+, crizotinib is the first treatment choice.
Generally, FISH, PCR, IHC, and Ventana IHC are used

for ALK fusion gene detection. Ventana IHC can be per-
formed on an automated instrument for batch detection,
with enhanced detection and assessment of results. Thus,
Ventana IHC is more advantageous than conventional
IHC.13 In this study, we pooled the published clinical stud-
ies related to Ventana IHC for the detection of the ALK
fusion gene in patients with NSCLC, as well as exploring
its clinical application value. The pooled results showed the
diagnostic sensitivity, specificity, +lr, −lr, and dor were
0.94, 1.00, 859.61, 0.06, and 1400, respectively. The area
under the ROC curve was 0.996 for Ventana IHC assay in
detecting ALK gene rearrangement in NSCLC patients.
The high sensitivity and specificity of Ventana IHC assay
in detecting ALK gene rearrangement could be substituted
for FISH to screen ALK+ NSCLC patients. However, there
were two major limitations to our study. Firstly, significant
statistical heterogeneity existed in the sensitivity, specificity,
and –lr effect sizes. Statistical heterogeneity can decrease
statistical power. Secondly, obviously publication bias was
detected.
In conclusion, Ventana IHC presented high specificity

and sensitivity for ALK+ NSCLC detection. To some
extent, it may replace FISH for the detection of ALK+
NSCLC.
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