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Abstract: Aims: The study compares detection rates of oncogenic BRAF mutations in a homogenous group of 236
FFPE cutaneous melanoma lymph node metastases, collected in one cancer center. BRAF mutational status was
verified by two independent in-house PCR/Sanger sequencing tests, and the Cobas® 4800 BRAF V600 Mutation
Test. Results: The best of two sequencing approaches returned results for 230/236 samples. In 140 (60.9%), the
mutation in codon 600 of BRAF was found. 91.4% of all mutated cases (128 samples) represented p.V60OE. Both
Sanger-based tests gave reproducible results although they differed significantly in the percentage of amplifiable
samples: 230/236 to 109/143. Cobas generated results in all 236 cases, mutations changing codon V600 were
detected in 144 of them (61.0%), including 5 not amplifiable and 5 negative in the standard sequencing. However, 6
cases positive in sequencing turned out to be negative in Cobas. Both tests provided us with the same BRAF V600
mutational status in 219 out of 230 cases with valid results (95.2%). Conclusions: The total BRAF V600 mutation
detection rate didn’t differ significantly between the two methodological approaches (60.9% vs. 61.0%). Sequencing
was a reproducible method of V600 mutation detection and more powerful to detect mutations other than p.V600E,
while Cobas test proved to be less susceptible to the poor DNA quality or investigator’s bias. The study underlined
an important role of pathologists in quality assurance of molecular diagnostics.
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Introduction

The recently introduced personalized therapy
has provided the much awaited breakthrough
in metastatic melanoma management. As the
therapy is dedicated to the specific, often quite
narrow, molecular profile of the disease, molec-
ular diagnostics of specimens is starting to
gain a crucial role in providing the best selec-
tion for the tailored treatment [1]. This issue is
important from the point of view of every
involved party: 1) a patient, as wrongly selected
treatment option will bring no clinical benefit
but possibility of extensive adverse events, 2) a

funding institution as the amount of funds is
restricted, 3) a drug provider, since an efficient
drug is likely to be recognized and widely
accepted even at a high price. Vemurafenib
(Zelboraf®; Roche Molecular Systems Inc.,
Pleasanton, CA, U.S.A.) was the first BRAF inhib-
itor that got FDA approval, became available in
the US and Europe for melanoma treatment
and provided dramatic responses in dissemi-
nated melanoma cases, based on the results of
a pivotal randomized phase 3 trial [2]. Then the
second BRAF inhibitor-dabrafenib was ap-
proved, demonstrating similar activity to vemu-
rafenib [3]. Together with vemurafenib, the ded-
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icated diagnostic Cobas® 4800 BRAF V600
Mutation Test was developed with the aim to
select patients that were the most likely to ben-
efit from the treatment. Cobas Test received
CE-IVD certificate right before vemurafenib
approval [4].

BRAF activating mutation is the most common
molecular alternation in cutaneous melanoma,
with total incidence of up to 60% cases depend-
ing on the study and examined population [5,
6]. Moreover, the majority of alternations are
caused by a single nucleotide substitution
resulting in p.V60OE, which leads to a 5000
fold increase in its kinase activity, making it a
unique target for personalized therapy. A two-
nucleotide substitution resulting in p.V60O0K,
accounts for the second most common muta-
tion in BRAF gene and is reported in up to one
third of all BRAF mutated cases, depending on
the study group [7-9]. Other mutation variants
located inside and outside codon 600 (mis-
sense and deletions) are present, but much
less common. Vemurafenib therapy is predomi-
nantly dedicated to cases harboring p.V60OE
substitution, however, the efficacy was also
observed in p.V60OK cases [7, 10] and other
V600 mutations [11, 12].

Since proper testing is essential for the delivery
of optimal treatment option, various approach-
es were applied and subsequently validated for
BRAF V600 mutation detection: Sanger
sequencing, mismatch ligation assay, ligase
detection reaction, denaturating high-perfor-
mance liquid chromatography, SNAPshot, high-
resolution melting, mutation-specific real-time
PCR, pyrosequencing, immunohistochemistry,
next-generation sequencing and mass spec-
trometry [13-15]. Each method has its own sen-
sitivity, specificity, cost and response delay [16,
17]. Some data indicate that Sanger sequenc-
ing fails to efficiently detect BRAF mutations in
many melanomas and therefore should no lon-
ger be considered as the reference test [18,
19]. Recent development and discussion reflect
rapid increase in the demand for reliable muta-
tion testing in both clinical setting and research.

The aim of the study was to compare feasibility,
mutation detection rates and agreement
between Cobas® 4800 BRAF V600 Mutation
Test and direct Sanger sequencing. By conduct-
ing two independent Sanger sequencing-based
tests intra-method reproducibility was also veri-
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fied. A homogenous group of cutaneous mela-
noma cases, with clinical lymph nodes metas-
tases only, surgically treated in Maria
Sklodowska-Curie Memorial Cancer Center and
Institute of Oncology in Warsaw (CCIO), was
subject to examination. None of the patients
was treated with BRAF inhibitors prior to or
after the testing.

Materials and methods

All patients eligible for the study were diag-
nosed with clinical stage Ill B, C cutaneous
melanoma according to the American Joint
Committee on Cancer (AJCC) classification [20]
and had undergone radical lymph node dissec-
tion (LND) at the Department of Soft Tissue/
Bone Sarcoma and Melanoma at CCIO between
May 1995 and November 2010. Each patient
provided written informed consent for using
their biological material in molecular studies.
The study was approved by the local Bio-Ethics
Committee according to Best Clinical Practice
Guidelines. All cases were reviewed by a pathol-
ogist for the purpose of this study and 236 par-
affin blocks (one per patient) with the highest
tumor load and the best possible material qual-
ity were chosen as described [21]. Only meta-
static lymph node material was subject to the
study. The majority of FFPE samples had a
tumor content of >90%, and none <10%. The
samples were cut from the whole block sur-
face. Genomic DNA for the first round Sanger
test and Cobas was isolated with the Sherlock
AX DNA kit (A & A Biotechnology, Gdynia,
Poland) and re-isolated with Cobas DNA
Isolation Kit (Roche Molecular Diagnostics,
Pleasanton, CA, USA) if DNA didn’t amplify after
Sherlock. The second-round Sanger testing fol-
lowed isolation by QlAamp DNA Mini Kit
(QIAGEN GmbH, Hilden, Germany).

Mutation analysis

An in-house PCR/Sanger sequencing test-the
first round: After successful PCR amplification,
analysis of exon 15 sequence of the BRAF gene
with flanking intronic sequences was performed
using the BigDye® Terminator v3.1 Cycle
Sequencing Kit and a ABI Prism 3130 xL
Genetic Analyzer (both Applied Biosystems,
Carlsbad, CA, USA) according to the previously
described protocol [21]. Sequences were then
compared to the BRAF GenBank reference
(NM_004333.4). Test sensitivity cut-off has
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Table 1. Comparison of Sanger sequencing vs.
Cobas test results for BRAF mutations detection

Mutations as by: Sanger

. Cobas test
sequencing

Mutation  Mutation

Mutationtype  Total 0 ted ot detected

p.V600E 128 126 2 n.s.
p.V600OK 9 5 4 n.s.
p.V60OE (2) 2 2 0 n.s.
p.v600D 1 1 0 n.s.
WT 86 5 81 n.s.
no result 6 5 1 n.a.
Outside V600 4 n.a. 4 n.a.

n.s. -not significant, n.a. -not applicable.

been estimated (in serial dilution test) as >10%
of the mutated tumor sample.

An in-house PCR/Sanger sequencing test-the
second round: 149 consecutive project FFPE
blocks, after cutting for the first round DNA
extraction, had HE slides fresh-made and
analyzed by an independent (second)
pathologist. Among them, 143 blocs still
fulfilled the study criteria. These samples were
cut and processed as for the first round except
extraction kit used, by independent staff and
with another primer set. 109 DNAs (76.2%)
were amplifiable and returned sequencing
results.

The Cobas® 4800 BRAF V600 mutation test:
(Cobas test) with respective equipment (Roche
Molecular Diagnostics, Pleasanton, CA, USA).
Cobas is a real-time-PCR based test dedicated
to p.V60OE (c.1799T>A) mutation detection in
DNA isolated from FFPE samples [18].
Inconsistent cross reactivity with other V600
point mutations such as p.V60O0K, p.V60OE (2)
(€.1799_1800delinsAA), p.v600D (but not with
p.V60O0R) was observed [19, 22]. No information
about the type of mutation detected is available
with this test. Tests were performed according
to the manufacturer’s protocol, except for the
DNA extraction step, that was performed by
recommended protocol only when routine
laboratory method failed (no DNA amplification
by PCR or Cobas).

Retesting was performed for samples with
tumor load <90%, in case of invalid result in
any of the tests, or when mutation other than
p.V60OE was identified by sequencing.

All statistical analyses were performed using
Statistica version 7.0 statistical software
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(Tulsa, OK, USA). Contingency tables were ana-
lyzed using the chi-square test. Statistical sig-
nificance was accepted for P-values <0.05.

Results
Sanger sequencing

Considered a gold standard in DNA mutation
analysis, the sequencing approach enabled us
to obtain results for 230/236 samples (97.5%).
In 140 samples (60.9%), the mutation in codon
600 of BRAF was found. Four mutations were
identified outside V600 codon. The 86 remain-
ing samples were of wild type (WT). The p.
V60O0E substitution accounted for 91.4% of all
mutated cases (128 samples) followed by p.
V600K (9 samples, 6.4%), p.V60OE (2) in two
cases and one p.V60O0D (Table 1).

The results of the second round sequencing,
when possible to obtain, were in full accor-
dance with the results of the first round with
the exception of a high rate of unsuccessful
amplification (lack of PCR product for 34/143,
all samples tested once only).

Cobas® 4800 BRAF V600 mutation test

Cobas test generated results in all 236 cases,
V600 mutations were detected in 144 of them
(61.0%). Among 6 cases that were not amplifi-
able by the standard PCR/sequencing
approach, 5 turned out to be positive and 1 was
negative for the V600 mutation (Table 1).
Additionally the Cobas test detected mutations
in 5 samples that were negative by the other
method.

Sequencing allowed us to detect codon 600
mutations in 6 cases negative in Cobas test - 2
p.V60OE samples and 4 that were p.V60OK.
Considering mutations affecting V600, other
than p.V60OOE, the Cobas test detected 5/9
p.V600K mutations (55%); rare mutation cases
(p.V60OE (2) and p.v600D) were also indicated
as mutated.

In total, both testing methodologies provided
us with the same BRAF V600 mutational status
in 219 out of 230 cases (95.2%) (Table 2).

Discussion

Since the success of vemurafenib treatment in
melanoma patients depends on accurate
selection process, a need for a proper diagnos-
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Table 2. Comparison of Sanger Sequencing and Cobas test in terms of V600 codon status

TEST Cobas test
output Mutation detected Mutation not detected
Total (230) 139 91
Sanger sequencing Mutation detected 140 134 6
Mutation not detected 90 5 85

tic test has emerged. The main parameters to
be considered when choosing a suitable diag-
nostic test should be sensitivity, specificity and
failure rates [4]. Turnaround time, lab resources
and test price are not to be omitted in routine
testing.

In practice sensitivity and reproducibility vary
between different testing strategies and labo-
ratories as a result of the methodology used,
the experience of the testing laboratory and the
sample selection and preparation.

It is mainly the decision on methodology
(excluding lab errors) that influences both the
testing process (i.e. a need for proper sample
when the test sensitivity is low) and patient
selection (mutation positive as a result of only a
small fraction of tumor cells carrying the muta-
tion when a highly sensitive test is applied;
such tumors may not respond to targeted ther-
apy as expected). Similarly to previous results
with KRAS mutation testing, the present study
demonstrated a high intra- and inter-method
accordance in BRAF mutation detection when
screening was carried out by an experienced
laboratory working in a clinical setting [23]. The
overall agreement between the Cobas and
Sanger sequencing reached 95.2% and the
majority of discrepancies resulted logically
from either sensitivity or specificity of the
approaches.

Cobas V600 mutation test was developed for
p.V60OE BRAF mutation detection during the
selection process for vemurafenib treatment.
Although still treated with caution by some
authors [22], Cobas has already proven in many
studies to be fast and sensitive, allowing for the
detection of mutation in material containing as
little as 5% of tumor load and providing valid
results in a highly reproducible manner for
>99% of samples tested [4, 16, 19, 24]. There
was no test failure with Cobas observed in the
present study and samples both not amplifi-
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able (6 cases) and negative (5 cases) in
sequencing were returned with valid results.

By conducting the comparison presented here,
we challenged the criticism of application of
Sanger sequencing in targeted therapy testing.
Direct sequencing is claimed to be insufficiently
sensitive and specific to cope with heteroge-
neous and generally degraded FFPE tumor-
derived DNA and our results argue both for and
against that statement. Performed by experi-
enced laboratory, Sanger sequencing turned
out to be highly specific and reproducible in two
independent analyses. Finally the first round
Sanger test might be considered false-negative
(in comparison to Cobas) in 2.2% and failing to
provide results in only 2.5% (superior to the pre-
viously reported Sanger failure rate of 6.8%
[22] or even 9.2%, despite being retested [19]).
In contrast, the second round lost almost 24%
for testing-number left without an attempt of
retesting this time and reflecting difficulties in
diagnostic utilization of FFPE-derived DNA.

If a laboratory uses sequencing, the detection
rate would highly depend on sufficient quality
and quantity of diagnostic material. It is worth
underlining that we have examined a homoge-
nous group of macrometastases in lymph
nodes that were managed in one center, with
the highest quality material selected for the
study. Moreover, the same blocks have been
used as a source of DNA for all approaches.
Thus, isolation kit dedicated to Cobas test, that
returned results in all cases tested, must be
acknowledged as enabling to generate DNA of
a superb quality, not only sufficient for success-
ful testing in all cases, but also suitable for
direct sequencing assay (finally in the first
round sequencing only 2.5% of samples didn’t
amplify in PCR, comparing to 24% of unsuc-
cessful second-round testing, where routine
extraction method was applied and no attempt
to retest was made). In the first round set,
Sanger sequencing failed to provide results in
only 6 out of 236 samples. As our archival
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material dates back to even 1995, it is to be
considered a good result, superior to the previ-
ously published data [4, 19, 22]. Two of our not
amplifiable samples had high melanin content-
possible reason for test failure. First run of
Cobas test was also invalid for them and muta-
tional status was resolved only after re-testing.

Sanger Sequencing raveled p.V60OE mutation
in two cases negative by Cobas. In both cases
mutation peaks were weak and sample con-
tamination due to poor DNA quality cannot be
excluded - although Sanger-only mutation posi-
tive results were reported before [4, 19, 22].

Discordance in results between Cobas test and
sequencing should not be automatically inter-
preted in favor of Cobas. When next generation
sequencing (NGS) was engaged as reference
methodology, among the 8 Cobas mutation-
not-detected/Sanger mutation-detected dis-
cordant samples, three were p.V60OE
(€.1799T>A). Two of them had percentage of
mutant alleles at the 5% [19]. According to pro-
ducer information, Cobas test should be sensi-
tive down to as little as 5% of tumor load in the
specimen; in practice it often requires more
[24]. Whatever are the precise numbers they
are expected always lower than Sanger
sequencing safe threshold (10% of tumor cells
in the current analysis). Thus recurrent lack of
detection of p.V60OOE by Cobas would be diffi-
cult to explain.

In the study by Qu et al. [22] the Cobas assay
missed almost 20% of V600 mutations in com-
parison to sequencing, but only one of p.V60OE.
Thus the addition of Sanger sequencing for
samples with negative Cobas resulted in signifi-
cantly increased detection rate due to sequenc-
ing specificity towards less frequent and mainly
dinucleotide substitutions. We did not entirely
share the same experience. Four out of 9 p.
V600K in our series were indeed negative by
Cobas but all 3 rare variants were properly
identified (two p.V60OE (2) and one p.vV600D).
Decreased specificity of Cobas resulting in low
discovery rate (at least 30% not detected) for
p.V60OK was underlined by others [22] and
might be an important issue as those mutants
was reported to respond to vemurafenib or
dabrafenib treatment. Other rare BRAF mutants
definitely need more studies, first-their sensitiv-
ity to BRAF inhibitors, second-the optimal mode
of detection since targeted genotyping would
not cover all possibilities.
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By definition Cobas cannot detect activating
BRAF mutation located outside codon V600
(four cases in our study). For those variants,
detection based on sequence analysis (Sanger/
NGS) seems to be method of choice at current
state, until collecting sufficient knowledge
about their significance for melanoma treat-
ment decisions.

The present study has several limitations. Since
none of patients was treated with BRAF inhibi-
tors, we cannot verify whenever detection of
mutation other than p.V60OE would result in
any clinical benefit that may justify testing.
Since archival FFPE material was tested, the
turnover time was not an issue and less experi-
enced sequencing team might have miss some
of weakly BRAF-positive cases reported here,
further decreasing Sanger detection rate.
Neither micro nor macrodissection was per-
formed to reflect routine/rapid testing-select-
ing for sufficient tumor content was performed
instead, which in practice might be discriminat-
ing for patients with micro-metastasizes only.
In clinical practice, specimens with high tumor
content may not always be available, but nei-
ther macrodissection may be feasible in every
case [19].

Nevertheless, we consider our results highly
both intra- and inter-approach repeatable and
postulate the selection of the diagnostic mate-
rial as the key for diagnostic accuracy [25].
Despite publications that, in the molecular era,
question pathological estimation as inherently
imprecise [18, 26] we postulate that careful
examination of specimen by pathologist in
order to select block surface with sufficient
tumor cellularity (>5-20% depending of the ana-
lytical sensitivity of the applied method and
feasibility of subsequent dissection) but also
without extensive necrosis, blood or melanin
pigments content compromises a key step for
reliable testing, regardless testing method.
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