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strong difference between the turnaround time, in fact an
IHC result was obtained in 24 h whereas the molecular re-
sults need of about at least 4–5 days’ work. Thus, this
practical algorithm represents the best way in terms of ad-
equacy, rapidity and cost-effectiveness to screen melan-
oma patients for BRAF V600E mutation.
Regarding the correlation between clinicopathologic

characteristics and IHC results, age resulted significantly
correlated with BRAF V600E expression. Our finding is
in line with literature that reports that the BRAF
mutation was associated with a younger age of patients
[29, 30]. Moreover, the lack of correlation we found with
DFS and OS further underlines how the BRAF mutation
represents a weak prognostic factor [30]. Considering
the subset of treated patients, we also found that the
level of expression of BRAF V600E did not predict re-
sponse or outcome to BRAF inhibitor therapy in meta-
static melanoma patients, and these results confirmed
what Wilmott et al. [10] had previously found.
This is the first time that IHC has been employed to

evaluate BRAF V600E expression in pre- and post-
treatment specimens. Despite the restricted number of
examined cases, we could suppose that there is a mech-
anism of resistance which could be linked to the de-
crease of the level of BRAF V600E expression also
accompanied by the heterogeneity of its expression. It
could be explained if progression occurs or when resist-
ant tumor subclones expand under the selective pressure
of BRAF inhibitors, or as a result of an evolutionary
process during treatment, or a combination of both [31].
Considering that in six analyzed cases, regardless the
kind of response obtained and the PFS achieved by

patients, we found the same pattern of BRAF staining at
progression, this biological mechanism of BRAF inhibi-
tor resistance could be relatively common. Thus the ana-
lysis of this aspect during the disease progression of
mutated patients could be useful in clinical setting man-
agement and could support the effort of a combination
between BRAF inhibitors and chemotherapy [32]. In our
study, we found that a less intense grade of positive ex-
pression is an independent predictor of a less aggressive
stage at diagnosis. We hypothesize that the intensity of
BRAF V600E expression could be correlated to tumor
stage aggressiveness at diagnosis in melanoma patients.

Conclusions
In conclusion, these findings should be confirmed by
other studies which could highlight the role of IHC to
detect BRAF V600E expression in patients at the time of
progression, and to better clarify the meaning of the in-
tensity of positive immunohistochemical expression in
melanoma patients. However, on the basis of our experi-
ence, we encourage the introduction of IHC as a rapid
screening tool for the assessment of BRAF status in mel-
anoma patients in routine diagnostic procedures.
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DAB: 3,3' diaminobenzidine; DFS: Disease Free Survival; ECOG: Eastern
Cooperative Oncology Group; IHC: Immunohistochemistry; k: Kappa
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RECIST: Response evaluation criteria in solid tumors; SD: Stable disease
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Fig. 4 Representative diagnostic algorithm which use BRAF V600E IHC as a screening tool for the selection of patients with metastatic melanoma
to be treated with BRAF inhibitors
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Abstract

Background: In clinical practice the gold standard method to assess BRAF status in patients with metastatic
melanoma is based on molecular assays. Recently, a mutation-specific monoclonal antibody (VE1), which detects
the BRAF V600E mutated protein, has been developed. With this study we aimed to confirm the clinical value of
the VE1 Ventana® antibody, as today a univocal validated and accredited immunohistochemical procedure does not
exist, to preliminary detect BRAF status in our routine diagnostic procedures. Moreover, we explored the biological
meaning of BRAF immunohistochemical labeling both as a predictor marker of response to target therapy and, for
the first time, as a player of acquired tumor drug resistance.

Methods: We analyzed a retrospective series of 64 metastatic melanoma samples, previously investigated for
molecular BRAF status, using a fully automatized immunohistochemical method. We correlated the data to the
clinicopathologic characteristics of patients and their clinical outcome.

Results: The sensitivity and the specificity of the Ventana® VE1 antibody were 89.2 and 96.2% respectively, while
the positive predictive value and negative predictive value were 97.1 and 86.2%, respectively. For six mutated
patients the histological sample before treatment and when disease progressed was available. The immunohistochemical
BRAF V600E expression in the specimens when disease progressed was less intense and more heterogeneous compared
to the basal expression. Multivariate analysis revealed that a less intense grade of positive expression is an independent
predictor of a less aggressive stage at diagnosis (p = 0.0413).

Conclusions: Our findings encourage the introduction of immunohistochemistry as a rapid screening tool for the
assessment of BRAF status in melanoma patients in routine diagnostic procedures and prepare the ground for other
studies to highlight the role of immunohistochemical BRAF V600E expression in patients at the time of progression.

Keywords: Melanoma, BRAF, VE1, Immunohistochemistry, Progression

Background
Melanoma is a challenging malignancy to treat, and with
its increasing incidence is the fifth and the seventh most
common cancer diagnosed in men and women respect-
ively [1]. About 40–60% of cutaneous melanomas have
BRAF mutations and 90% of these involve a specific mis-
sense substitution of valine by glutamic acid at codon

600 (V600E). This mutation constitutively activates the
protein and the downstream MAPK signaling pathway
in a RAS-independent manner, promoting proliferation,
survival and spreading of tumor cells [2]. Metastatic
melanoma patients harboring this hot spot mutation can
be effectively treated with BRAF inhibitors alone or in
combination with MEK inhibitors [3, 4] because this
genetic alteration is predictive to therapeutic response.
Therefore, rapid screening for BRAF status in patients
with unresectable or metastatic melanoma has recently
become integral to treatment decisions and essential for
optimal patient care. In clinical practice the gold
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Abstract
Studies on the p53 expression and outcome for women with ovarian carcinoma have produced conflicting results.
The observed heterogeneity may be due to the range of cut-offs used to define overexpression and the mix of
histotypes of the study cohorts. We aimed to examine the association between p53 expression and biological
properties of tumours as well as outcome in 502 pelvic high-grade serous carcinomas (HGSCs) derived from two
population-based cohorts from British Columbia representing cases with or without residual tumour after initial
surgery, respectively, and one clinical trial cohort from Germany (AGO-OVAR-3). p53 expression was assessed on
tissue microarrays by immunohistochemistry using the DO-7 antibody. p53 expression was scored in three tiers
as complete loss of expression, focal expression or overexpression (defined as more than 50% positive tumour
cell nuclei) and correlated with survival using multivariate Cox regression models. p53 was completely absent
in 30.3%, focally expressed in 12.0%, and overexpressed in 57.7% of HGSCs, which was an inverse pattern
compared to clear cell and endometrioid types of ovarian carcinomas, where 76% and 69% of cases showed
focal expression, respectively (p < 0.001, chi square test). Pelvic HGSCs show either complete absence of p53
expression or p53 overexpression in 88% of cases; thus, aberrant p53 expression is a ubiquitous feature of
HGSCs. HGSCs with p53 overexpression were associated with a reduced risk of recurrence compared to cases with
complete absence of p53 in the British Columbia cohort with residual tumour (HR = 0.71, 95% CI 0.51–0.99)
and for a combination of all three cohorts (HR = 0.70, 95% CI 0.55–0.89) in multivariate analysis including age,
stage, residual tumour, and stratification by cohort. The association of complete absence of p53 expression with
unfavourable outcome suggests functional differences of TP53 mutations underlying overexpression, compared
to those underlying complete absence of expression.
Copyright ! 2010 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd.
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Introduction

High-grade serous carcinomas (HGSCs) are the clini-
cally most relevant subtype of carcinoma arising from
the Fallopian tube, ovary or peritoneum. The term
pelvic HGSC has been proposed to refer to HGSCs
considered to arise at these three sites, given the uncer-
tainty about primary site in most cases and increasing
evidence that many originate from the fimbriated end
of the Fallopian tube [1,2]. HGSCs account for 68%
of all ovarian carcinomas and 88% of stage III/IV car-
cinomas [3]. Advances in surgery and the introduction
of platinum-taxane-based chemotherapy have slightly
increased the 5-year survival rate for women with ovar-
ian cancer from 40% in 1984 to 46% in 2004, but still

the majority of women diagnosed with HGSC die due
to disease [4].

A recent meta-analysis pooling 53 immunohisto-
chemistry studies on p53 expression in ovarian car-
cinoma reported a hazard ratio of 1.55 [95% confi-
dence interval (CI) 1.40–1.71] for overexpression [5],
but remarkable heterogeneity between the studies was
noted. This is best illustrated by the range of reported
frequency of p53 overexpression, from 14% to 82%
[5]. Since DO-7 has been established as the preferred
antibody and automated immunohistochemistry stain-
ing devices are now the norm, much of the techni-
cal variation has been resolved. With standardization
of tissue handling and antigen retrieval, immunohis-
tochemistry has become a more robust technique that
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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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expression and cannot be recommended as the only positive tissue control for ALK. Appendix is an 
excellent supplemental positive tissue control, in which ganglion cells of the myenteric plexus must show 
an at least weak to moderate staining reaction. 
 
Table 1. Antibodies and assessment marks for lu-ALK, run 51 

Concentrated antibodies  n Vendor Optimal Good Borderline Poor Suff.1 Suff. 
OPS2 

mAb clone 5A4 

43 
1 
1 
1 
1 

Leica/Novocastra 
Abcam 
Biocare 
Monosan 
ThermoFisher 

1 15 24 7 34% 22% 

mAb clone ALK1 2 
1 

Dako 
Cell Marque 0 0 0 3 - - 

rmAb clone D5F3 23 Cell Signaling 6 12 3 2 78% 94% 
mAb clone OTI1A4 13 ORIGENE 10 3 0 0 100% 100% 
Ready-To-Use 
antibodies         

mAb clone 5A4 
PA0306 6 Leica/Novocatra 0 0 6 0 - - 

mAb clone 5A4 
MAB-0281 1 Maixin 0 0 1 0 - - 

mAb 5A4 
MAD-001720QD 1 Master Diagnostica 0 0 1 0 - - 

mAb clone 5A4 
MS-1104-R7 1 ThermoFisher 0 1 0 0 - - 

mAb ALK1 
IR641 9 Dako 0 0 1 8 - - 

mAb clone ALK1 
GA641 4 Dako 0 0 0 4 - - 

mAb clone ALK1 
790/800-2918 7 Ventana 0 0 2 5 - - 

rmAb clone SP8 
AN770 1 BioGenex 0 0 0 1 - - 

rmAb clone D5F3 
790-4796 70 Ventana 53 12 4 1 93% 100% 

rmAb clone D5F3 
790-47963 2 Ventana 1 0 1 0 - - 

mAb clone OTI1A4 
8344-C010 1 Sakura Finetek 1 0 0 0 - - 

Total 189  72 43 43 31 -  

Proportion   38% 23% 23% 16% 61%  
1) Proportion of sufficient stains (optimal or good).  
2) Proportion of sufficient stains with optimal protocol settings only, see below. . 3) RTU system developed for the Ventana BenchMark 
systems (Ultra/XT) but used by laboratories on different platforms (e.g Dako Autostainer) 
 
 
Detailed analysis of lu-ALK, Run 51 
The following protocol parameters were central to obtain optimal staining:  
 
Concentrated antibodies 
mAb clone 5A4: One protocol with an optimal result was based on heat induced epitope retrieval (HIER) 
using Cell Conditioning 1 (CC1, Ventana) in 64 min. at 100°C. The mAb was diluted 1:20 and incubated for 
32 min. at 36°C using OptiView with tyramide amplification as detection system. Using similar protocol 
settings 2 of 9 (22%) laboratories produced a sufficient staining result. 
 
mAb clone OTI1A4: Protocols with optimal results were all based on HIER using either Target Retrieval 
Solution (TRS), High pH (Dako) (5/5) *, TRS High pH (3-in-1) (Dako) (2/3), CC1 (Ventana) (1/2) Bond 
Epitope Retrieval Solution 2 (BERS2, Leica) (1/1) or Tris-EDTA pH 9 (1/1), as retrieval buffer. The mAb 
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The overall sensitivity of IHC diagnosis was then 86%
(95% CI, 73%-93%), and specificity was 99% (95% CI,
99%-100%), compared with FISH. Generally, when
screening for genetic mutations, the higher the sensitivity
the better; however, 86% in this situation might not be
reliable. Therefore, we defined positive as 3+, 2+, and
1+ and negative as 0; the overall sensitivity of IHC
compared with FISH was then 99% (95% CI, 97%-
100%), and specificity was 98% (95% CI, 95%-99%). In
this situation, sensitivity could reach almost 100%.

Meanwhile, when positive was defined as 3+ and
negative as 2+, 1+, or 0, the overall specificity of IHC
was 100% (95% CI, 100%-100%), and sensitivity was
56% (95% CI, 36%-74%), compared with FISH. In the
results all IHC 3+ patients were validated ALK positive
by FISH assay; only some of the patients with IHC 1+ or
2+ might be equivocal. Previous studies16,24,41 suggested
that the high concordance between IHC and FISH war-
rants the routine use of IHC as the initial component of

an algorithmic approach to clinical ALK molecular test-
ing in NSCLC, followed by reflex FISH confirmation of
IHC-positive cases. We therefore propose validation by
FISH only in patients with IHC 1+ or 2+ (Fig. 2).

Collectively, these studies convey the same message:
IHC correlated well with FISH, with very few cases
showing discrepancy; the biggest limitation might be the
antibody clones. The sensitivity analysis was performed
using 3 di!erent antibodies, and similar results were
found. However, the sensitivity of ALK1 was lower than
the sensitivity of the other 2 antibodies. Previous studies
have reached similar conclusions.15,33 Also a binary sys-
tem from Ventana was used that classifies strong granular
cytoplasmic staining in any percentage of tumor cells as a
positive result, and the absence of strong granular cyto-
plasmic staining as a negative result. When the results of
both scoring systems are compared, 0, 1+, and 2+ cor-
responded to negative and 3+ in any percentage of tumor
cells to positive.29 This binary score can only be applied to
staining using D5F3. From sensitivity analysis we found
that the sensitivity was 99% (95% CI, 93%-100%) and
specificity was 92% (95% CI, 76%-97%) if we defined
positive as 3+, 2+, or 1+ and negative as 0. When de-
fining positive as 3+ and negative as 2+, 1+, or 0, the
sensitivity was 85% (95% CI, 40%-98%) and specificity
was 100% (95% CI, 97%-100%). We suggested that the
4-tiered scoring system was more e!ective in the detection
of ALK rearrangement. Reverse transcription-polymer-
ase chain reaction provides a highly sensitive technique in
which a very low copy number of RNA molecules can be
detected. However, the disadvantages were obvious in
that only good-quality RNA was suitable,42 and only
known alterations can be tested.7

A number of limitations to the present study need to
be acknowledged. First, di!erent IHC detections were
used. Because of the limited number of studies, subgroup
analysis was not available. Second, Savic et al27 included

TABLE 2. Diagnostic Accuracy of IHC in Detecting ALK Rearrangement Compared With FISH in NSCLC

Summary Estimates (95% CI) Likelihood Ratio (95% CI)

Study
characteristics

No.
Researches Sensitivity Specificity LR+* LR!w

Diagnostic Odds
Ratio (95% CI)z

Area Under
HSROC Curve

(95% CI)

Define IHC 0 as negative, 1+, 2+, 3+ as positive
All 21 0.99 (0.97-1.00) 0.98 (0.95-0.99) 45.9 (20.1-105.0) 0.01 (0.00-0.03) 4813 (1244-18,619) 0.99 (0.98-1.00)
D5F3 7 0.98 (0.90-1.00) 0.97 (0.86-1.00) 37.0 (6.5-211.3) 0.02 (0.00-0.11) 1953 (320-11,915) 0.99 (0.98-1.00)
5A4 9 0.98 (0.90-0.99) 0.98 (0.97-0.99) 56.3 (31.4-100.6) 0.02 (0.01-0.11) 2347 (574-9597) 1.00 (0.99-1.00)
ALK1 5 0.98 (0.74-1.00) 0.98 (0.80-1.00) 41.5 (4.3-398.0) 0.02 (0.00-0.33) 1980 (126-31,223) 0.99 (0.98-1.00)

Define IHC 0, 1+ as negative, 2+, 3+ as positive
All 21 0.86 (0.73-0.93) 0.99 (0.99-1.00) 126.9 (73.0-220.4) 0.14 (0.07-0.28) 913 (409-2039) 1.00 (0.98-1.00)
D5F3 7 0.90 (0.72-0.97) 0.99 (0.98-1.00) 98.6 (41.9-232.2) 0.10 (0.03-0.31) 1018 (291-3558) 1.00 (0.98-1.00)
5A4 9 0.90 (0.68-0.97) 0.99 (0.99-1.00) 131.3 (78.6-219.6) 0.10 (0.03-0.37) 1311 (326-5276) 1.00 (0.98-1.00)
ALK1 5 0.64 (0.31-0.88) 0.99 (0.97-1.00) 112.3 (28.0-449.3) 0.36 (0.15-0.88) 313 (92-1061) 0.98 (0.96-0.99)

Define IHC 0, 1+, 2+ as negative, 3+ as positive
All 21 0.56 (0.36-0.74) 1.00 (1.00-1.00) 5647.2 (152.9-2,08,605.7) 0.44 (0.28-0.70) 12,809 (329-498,970) 1.00 (0.98-1.00)
D5F3 7 0.75 (0.39-0.93) 1.00 (0.98-1.00) 1588.9 (48.0-52,574.6) 0.25 (0.08-0.81) 6295 (147-270,015) 1.00 (0.99-1.00)
5A4 9 0.56 (0.36-0.74) 1.00 (1.00-1.00) 1645.5 (227.0-11,929.7) 0.44 (0.28-0.70) 3713 (460-29,951) 1.00 (0.99-1.00)
ALK1 5 0.11 (0.00-0.90) 1.00 (0.99-1.00) 263.4 (1.1-60,968.4) 0.89 (0.56-1.42) 295 (1-99,814) 1.00 (0.99-1.00)

If LR+>10: essentially a definite diagnosis when ALK+; if LR!<0.1: essentially a definite diagnosis when ALK! . Diagnostic odds ratio: if>1: the bigger its
value, the better the diagnostic test.

FIGURE 2. Diagnostic algorithm using IHC and FISH in
NSCLC.
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Improving Selection Criteria for ALK Inhibitor Therapy in
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A Pooled-Data Analysis on Diagnostic Operating Characteristics of
Immunohistochemistry
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Abstract: Lung cancer is often diagnosed by molecular markers
for prediction and treatment. To date, the golden standard for
detection of anaplastic lymphoma kinase (ALK) rearrangements
is fluorescence in situ hybridization (FISH). We performed a
pooled-data analysis on the diagnostic operating characteristics
of immunohistochemistry (IHC) assay on non–small cell lung
cancer (NSCLC). We searched Embase, Pubmed, and Springer
databases. The results of IHC were evaluated using a modified
H-score. We used a 2-level bivariate meta-analysis following a
random effect model to summarize sensitivity and specificity
and fit hierarchical summary receiver-operating characteristic
curves. We also performed sensitivity analysis using different
antibodies to investigate potential heterogeneity. Twelve studies
consisting of a total of 3754 NSCLC specimens were analyzed.
When we defined 1+/2+/3+, 2+/3+, and 3+ as ALK pos-
itive, we found the sensitivities to be 99% (95% confidence in-
terval [CI], 97%-100%), 86% (95% CI, 73%-93%), and 56%
(95% CI, 36%-74%) and the specificities to be 98% (95% CI,
95%-99%), 99% (95% CI, 99%-100%), and 100% (95% CI,
100%-100%), respectively. We demonstrated that when defining
3+ as positive and 0 as negative the sensitivity was 99% and
specificity was 100%. In our sensitivity analysis, we found the
sensitivity of D5F3 and 5A4 antibodies to be much higher than
that of ALK1. We concluded that IHC scores 0 and 3+ were
nearly 100% concordant with FISH-negative and FISH-positive

status, respectively. However, IHC scores 1+ and 2+ might
require further confirmatory testing by FISH assay. IHC assay
using D5F3 and 5A4 antibodies reliably detected NSCLC with
ALK rearrangement and may be useful as a screening method to
identify these tumors.

Key Words: non–small cell lung cancer, anaplastic lymphoma
kinase, fluorescence in situ hybridization, immunohisto-
chemistry

(Am J Surg Pathol 2016;40:697–703)

Lung cancer is the most frequent cause of cancer mor-
tality worldwide.1 Although chemotherapy remains

the primary method of treatment for patients with ad-
vanced non–small cell lung cancer (NSCLC),2 the iden-
tification of specific genetic lesions has led to a surge in
the demand for and development of new targeted thera-
pies.3,4

Anaplastic lymphoma kinase (ALK) rearrangement,
with the echinoderm microtubule–associated protein–like
4 (EML4) gene, was predominately discovered in 2007.4

This fusion was formed by a small inversion within
chromosome 2p that joins the EML4 and ALK genes in
NSCLC patients. The breakpoint of the ALK chromo-
some lies mainly between exons 19 and 20 but is variable
on the EML4 side; more than 21 EML4-ALK variants
have been identified.5 In addition to EML4-ALK, other
fusion partners have been reported, including kinesin
family member 5B–ALK, TRK-fused gene (TFG)–ALK,
and kinesin light chain–ALK fusion genes.6–9

Crizotinib, an adenosine triphosphate–competitive
small molecule targeting the receptor tyrosine kinase of c-
MET and ALK, has showed significant clinical benefit in
patients with ALK-rearrangement NSCLC in clinical tri-
als.10–13 Next-generation ALK-tyrosine kinase inhibitor-
Ceritinib demonstrated greater anticancer potency and was
granted Food and Drug Administration approval in April
2014.14 Thus, an accurate identification of ALK re-
arrangement is essential for personalized therapy. However,
to date the only Food and Drug Administration–approved
companion diagnostics are break-apart fluorescence in situ
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