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Abstract
Immunohistochemistry (IHC) in evaluating thyroid surgical specimens may facilitate diagnostic and prognostic evaluation, with
potential therapeutic implications.We performed a systematic review andmeta-analysis examining the analytic validity of IHC in
detecting BRAFV600Emutations in thyroid cancer (primary or metastatic). We screened citations from three electronic databases
(until December 20, 2018), supplemented by a hand search of authors’ files and cross-references of reviews. Citations and full-
text papers were independently reviewed in duplicate, and consensus was achieved on inclusion of papers. Two reviewers
independently critically appraised and abstracted data from included papers. Random-effect meta-analyses were conducted for
sensitivity and specificity estimates.We reviewed 1499 unique citations and 93 full-text articles.We included 1 systematic review
and 30 original articles. The published review (from 2015) needed to be updated as there were multiple subsequent original
studies. The pooled sensitivity of IHC in detecting a BRAFV600Emutation was 96.8% (95% confidence interval [CI] at 94.1%,
98.3%) (29 studies, including 2659 BRAFV600E mutant tumors). The IHC pooled specificity was 86.3% (95% CI 80.7%,
90.4%) (28 studies, including 1107 BRAFV600E wild-type specimens). These meta-analyses were subject to statistically signif-
icant heterogeneity, partly explained by antibody type (sensitivity and specificity) and tissue/tumor type (specificity). In conclu-
sion, BRAF IHC is highly sensitive and reasonably specific in detecting the BRAFV600E mutation; however, there is some
variability in analytic performance.
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Introduction

The incidence rate of thyroid cancer is rising, and the most
common subtype is papillary thyroid cancer (PTC) [1]. The
molecular pathogenesis of follicular epithelial-derived thyroid
neoplasms has evolved the classification of PTCs, reflecting
genotype–phenotype correlations of BRAF-like, RAS-like,

and rare neutral (non-BRAF/RAS) phenotypes [2]. Among
these, BRAF-like tumors represent mainly PTCs with classi-
cal architecture and/or solid growth; these tumors are enriched
in molecular alterations including but not limited to
BRAFV600E mutations (most common) and RET/PTC and
BRAF fusions [2]. It has been reported that the prevalence of
BRAF mutation in PTCs is increasing over time [3]. In
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contrast, RAS-like tumors encompass a spectrum of prolifer-
ations displaying exclusive follicular growth that includes le-
sions classified as follicular adenoma, non-invasive follicular
thyroid neoplasm with papillary-like nuclear features (NIFT-
P) (formerly known as non-invasive encapsulated/well-
demarcated follicular variant PTC), follicular variant PTC,
and follicular thyroid carcinoma [4]. These tumors are
enriched in RAS mutations; however, other molecular alter-
ations, including BRAFK601E mutations and oncogene fu-
sions (e.g., PPARG, THADA, and FGFR2 fusions) also con-
tribute to this phenotype [2]. Progress in the understanding of
molecular oncology is reflected in the 2017 WHO classifica-
tion of thyroid cancers [4].

Despite the rate of progress in the understanding of molec-
ular biology of thyroid cancer, molecular testing of thyroid
histopathology specimens is not universally accessible.
Therefore, the rationale for using immunohistochemistry
(IHC) in detecting BRAFV600E mutations is that IHC may
be more time efficient, less expensive, and more easily acces-
sible than molecular testing [5]. It may allow characterization
of small lesions and distinction of molecular profiles in mul-
tiple lesions by assessing their morphology, unlike molecular
testing that may cross-contaminate lesions. This study aimed
to determine the sensitivity and specificity of IHC in detecting
BRAFV600E mutations, as ascertained by gold standard mo-
lecular testing.

Methods

Research Objectives and Study Eligibility Criteria

Our primary research objective was to determine the sensitiv-
ity and specificity of immunohistochemistry for the
BRAFV600E mutation in thyroid histopathology specimens
in a systematic review of the published literature. Subgroup
analyses were planned according to histologic diagnosis (i.e.,
type of thyroid cancer, benign thyroid tissue, ectopic thyroid
tissue). This systematic review was registered (PROSPERO
2018 CRD42018086821). Although our primary focus was
thyroid cancer, benign neoplasms, ectopic thyroid tissue, and
other benign thyroid tissue were included as BRAFV600E
wild-type controls. We only included studies in English (due
to a lack of resources for translation). Prospective and retro-
spective published cross-sectional, cohort, case series, and
case control studies were eligible if they reported data on
sensitivity or specificity (or reported sufficient detail to calcu-
late these values) of BRAFV600E IHC compared to molecu-
lar gold standard tests (e.g., direct sequencing, RT-PCR, or
other DNA- or RNA-based molecular method). Published
systematic reviews were also reviewed. Randomized trials
were not relevant to our question.

Search for Relevant Studies and Study Selection

An experienced librarian (LP) searched Ovid MEDLINE,
Ovid Medline In-Process & Other Non-Indexed Citations,
Ovid Medline E-pub Ahead of Print, Ovid EMBASE, the
Cochrane Central Register of Controlled Trials (Wiley), and
the Cochrane Database of Systematic Reviews (Wiley) on
January 10, 2018, and re-ran the search on December 20,
2018 (restricted to the years 2005 and later [given the time
frame of development of the diagnostic of interest], with no
language restrictions). Appropriate wildcard search terms
were used in order to account for plurals and variations in
spelling, relating to the terms BRAFV600E, thyroid, and im-
munohistochemistry. Clinicaltrials.gov was searched for the
combination of BRAF and thyroid cancer on February 12,
2019 (by AMS). We also reviewed relevant references
suggested by co-authors (AMS, OM). Reference lists of any
reviews and included papers were scanned. Two reviewers
(RS, AMS) independently screened the citations and abstracts
retrieved from the electronic search for relevance, and any
citation or abstract deemed relevant by either reviewer was
independently reviewed in full-text form by both reviewers.
Consensus was achieved by both reviewers for inclusion of
papers, and a third reviewer (endocrine pathologist, OM) was
consulted in the case of any disagreements or questions.

Critical Appraisal of Included Studies and Data
Abstraction

Two reviewers (RS, AMS) independently evaluated study
quality using QUADAS-2 [6] for original studies.
QUADAS-2 evaluates the risk of bias in 4 domains (patient
selection [e.g., random, consecutive], index test conduct
and interpretation [e.g., blinding to index test, pre-set pos-
itivity threshold], reference test conduct and interpretation
[e.g., likelihood correct classification, blinding to reference
test], and patient flow [relating to test timing, all patients
receiving all tests, inclusion of all patients in the analysis])
[6]. We used the AMSTAR 2 tool [7] to critically appraise
systematic reviews. Consensus on study quality was
reached by discussion by the two reviewers. Data extrac-
tion was performed independently by two reviewers (RS,
AMS) using standardized forms. In the case of multiple
gold standards used within individual studies, we devised
the following strategy for abstracting data for calculation
of sensitivity and specificity: (a) if multiple molecular con-
firmatory was performed, but one was listed as the “gold
standard,” data was abstracted only for the gold standard
defined by the original authors; (b) if all specimens were
subject to two gold standards, the authors’ criteria for de-
fining the gold standard were used (i.e., one or both gold
standards positive, as per the original authors); (c) if the
authors reported conditional performance of a second gold
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standard (i.e., performance of a second-level gold standard
test only if a first-level gold standard test was discordant),
we preferentially abstracted data relative to the first-level
test (since a conditional performance of a second-level
gold standard would be unlikely in clinical practice).
Furthermore, in the case of studies reporting on multiple
types of antibodies used for IHC, we preferentially

abstracted data on newer monoclonal antibody prepara-
tions over polyclonal antibodies, as the former are current-
ly more favored in clinical practice. The details of the gold
standards and IHC antibody type that we used in calcula-
tion of diagnostic accuracy were reported. Diagnostic ac-
curacy data was abstracted according to histologic diagno-
sis to facilitate subgroup analyses.

Fig. 1 Study flow diagram
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Statistical Analyses

We performed random-effect meta-analyses for the primary
analyses of pooled sensitivity and specificity (respectively
calculated as pooled prevalence rates, with 95% confidence
intervals [CI]) for BRAFV600E IHC in accurately detecting
mutation status relative to gold standard molecular test[s]).
Random-effect meta-analyses were chosen due to expected
study variability according to key variables, including thyroid
histologic diagnosis, type of IHC test, and type of gold stan-
dard. Histologic subgroup data were incorporated in mixed-
effect meta-analyses. Heterogeneity (variability) of diagnostic
accuracy results among included studies was evaluated using
Cochrane’sQ test [8] and the I2 measure [9]. We evaluated for
potential publication bias (bias occurring when favorable re-
sults are more likely to be published) the trim and fill method
developed by Duval and Tweedie which was applied to diag-
nostic test meta-analyses by Bürkner and Doebler [10]. The
alpha level for statistical significance of heterogeneity was
defined as 0.1 using the Cochrane ’s Q test [9] .
Heterogeneity in the primary analyses was analyzed according
to the following: (a) type of IHC test, (b) type of gold standard
test(s), (c) blinding of the pathologist(s) interpreting the IHC
test to the molecular test result, (d) a low risk of bias using
QUADAS-2 in all categories, and (e) industry sponsorship or
royalties for the IHC test reported to be received by study
authors. Sensitivity analyses according to patient or treatment
characteristics were not feasible, as data were extracted per
histologic specimen, and not per patient. All statistical

analyses were performed using the Comprehensive Meta-
Analysis software, version 2.0 (Biostat, Inc.).

Results

Results of the Search

We identified 2142 citations through electronic database
searching, which yielded 1499 unique citations after removing
duplicates (Fig. 1). Additional four relevant full-text papers
were identified by the investigators (AMS, OM).We reviewed
a total of 93 full-text papers, which ultimately resulted in 31
papers being included [11–41] and 62 papers being excluded
(Appendix Table 5; excluded references and reasons for ex-
clusion). The included references included 30 original papers
[11–40] and one systematic review published in 2015 by Pyo
et al. [41].

Review of the Published Knowledge Synthesis

We retrieved one systematic review and meta-analysis, pub-
lished by Pyo et al. in 2015 [41], which examined the diag-
nostic accuracy of BRAFV600E immunohistochemistry
using the VE1 clone with BRAFV600E mutation testing in
papillary thyroid carcinoma (PTC). Pyo et al. included 1141
PTCs in 11 eligible studies, which included immunohisto-
chemistry and immunocytochemistry [41]. Of the 11 studies
included by Pyo et al. [41], we also included 7 studies [12, 15,

Table 1 Critical appraisal of the
included systematic review and
meta-analysis using AMSTAR 2
[7]

Author and year of study: Pyo 2015 [41]

Quality criteria Consensus
response

1. Study question and inclusion criteria included relevant components? Yes

2. Explicit statement of pre-established review methods? No

3. Explanation of the selection of the study design inclusion criteria? Yes

4. Comprehensive literature search strategy? Partial Yes

5. Duplicate study selection? No

6. Duplicate data extraction? Yes

7. Provision of a list of excluded studies with justification of the exclusions? No

8. Included studies described in sufficient detail? Yes

9. Risk of bias of includes studies assessed? No

10. Sources of funding of included studies reported? No

11. If meta-analysis was performed, was the statistical method appropriate? Yes

12. If meta-analysis was performed, was the risk of bias on results evaluated? No

13. Was the risk of bias of individual studies considered in interpreting and discussing the
results?

No

14. Was there a satisfactory explanation and discussion of any heterogeneity of observed
results (if present)?

No

15. Was there an evaluation for potential publication bias? No

204 Endocr Pathol (2019) 30:201–218



Ta
bl
e
2

C
ha
ra
ct
er
is
tic
s
of

th
e
in
cl
ud
ed

or
ig
in
al
st
ud
ie
s

St
ud
y,
ye
ar

[r
ef
er
en
ce
]

C
ou
nt
ry

Se
tti
ng

S
pe
ci
m
en

de
sc
ri
pt
io
n

B
R
A
F
an
tib

od
y

(a
nt
ib
od
y
di
lu
tio

n)
M
ol
ec
ul
ar
go
ld

st
an
da
rd

te
st

St
ud
y
fu
nd
in
g
an
d

re
le
va
nt

co
m
pe
tin

g
in
te
re
st
s

(e
.g
.,

ro
ya
lti
es
,p
at
en
t)

A
bd

E
lm

ag
ee
d,

20
17

[1
1]

U
ni
te
d

St
at
es

L
ou
is
ia
na

C
an
ce
r

R
es
ea
rc
h
C
en
te
r

13
0
PT

C
su
rg
ic
al
sp
ec
im

en
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(1
:1
00

di
lu
tio
n)

R
ea
l-
tim

e
PC

R
A
ca
de
m
ic
fu
nd
in
g

B
ul
lo
ck
,2
01
2

[1
2]

A
us
tr
al
ia

R
oy
al
N
or
th

Sh
or
e

H
os
pi
ta
l

96
PT

C
su
rg
ic
al
sp
ec
im

en
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

Sa
ng
er

se
qu
en
ci
ng

(i
n
di
sc
or
da
nt

ca
se
s,
re
pe
at
IH

C
an
d
Sa
ng
er

se
qu
en
ci
ng

pl
us

m
as
si
ve

pa
ra
lle
ls
eq
ue
nc
in
g)

A
ca
de
m
ic
fu
nd
in
g,

au
th
or
s
re
ce
iv
ed

ro
ya
lti
es

on
th
e

V
E
1
an
tib

od
y

C
ap
pe
r,
20
11

[1
3]

G
er
m
an
y

U
ni
ve
rs
ity

of
H
ei
de
lb
er
g

18
PT

C
su
rg
ic
al
sp
ec
im

en
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

D
ir
ec
ts
eq
ue
nc
in
g

A
ca
de
m
ic
fu
nd
in
g,

au
th
or
s
ap
pl
ie
d

fo
r
pa
te
nt

of
V
E
1

C
he
n,
20
18

[1
4]

C
hi
na

Fi
rs
tA

ff
ili
at
ed

H
os
pi
ta
l

of
D
al
ia
n
M
ed
ic
al

U
ni
ve
rs
ity

40
PT

C
su
rg
ic
al
sp
ec
im

en
s,

co
lle
ct
ed

in
20
11
–2
01
3

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

Q
ua
nt
ita
tiv

e
re
al
-t
im

e
PC

R
N
o
fu
nd
in
g
re
po
rt
ed

C
re
sc
en
zi
,2
01
4

[1
5]

It
al
y

A
na
to
m
ia
Pa
to
lo
gi
ca

O
sp
ed
al
e
Is
ra
el
iti
co

di
R
om

a

30
Pr
e-
op
er
at
iv
e
co
re

ne
ed
le

bi
op
si
es

of
in
co
nc
lu
si
ve

cy
to
lo
gy

th
yr
oi
d
no
du
le
s

(2
0
PT

C
s,
1
m
in
im

al
ly

in
va
si
ve

FT
C
,9

be
ni
gn
)

V
E
1
m
ou
se

m
on
oc
lo
na
l

an
ti-
B
R
A
FV

60
0E

an
tib
od
y
(1
:5
0
di
lu
tio

n)

Py
ro
se
qu
en
ci
ng

N
o
fu
nd
in
g
re
po
rt
ed

D
a
Si
lv
a,
20
15

[1
6]

B
ra
zi
l

A
ra
új
o
Jo
rg
e
H
os
pi
ta
l

11
6
PT

C
su
rg
ic
al
sp
ec
im

en
s

(m
et
as
ta
tic

an
d
no
n-
m
et
as
ta
tic
),

co
lle
ct
ed

in
20
00
–2
00
5

B
R
A
F
F-
7
cl
on
e
m
on
oc
lo
na
la
nt
ib
od
y

(1
:1
50

di
lu
tio

n)
Po

ly
m
er
as
e
ch
ai
n
re
ac
tio

n
am

pl
if
ic
at
io
n

an
d
re
st
ri
ct
io
n
fr
ag
m
en
tl
en
gt
h

po
ly
m
or
ph
is
m
,c
on
fi
rm

ed
by

di
re
ct
se
qu
en
ci
ng

A
ca
de
m
ic
fu
nd
in
g

D
e
B
ia
se
,2
01
4

[1
7]

It
al
y

U
ni
ve
rs
ity

of
B
ol
og
na

20
B
R
A
F-
m
ut
at
ed

PT
C
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

A
lle
le
-s
pe
ci
fi
c
lo
ck
ed

nu
cl
ei
c
ac
id

PC
R
an
d
ne
xt
-g
en
er
at
io
n

se
qu
en
ci
ng

A
ca
de
m
ic
fu
nd
in
g

Fi
sh
er
,2
01
4
[1
8]

U
SA

E
m
or
y
U
ni
ve
rs
ity

41
Su

rg
ic
al
sp
ec
im

en
s
(2
5
PT

C
,

1
FT

C
,7

M
T
C
,4

A
T
C
)

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(1
:4
0
di
lu
tio

n)
Py

ro
se
qu
en
ci
ng

N
ot

re
po
rt
ed

G
ho
ss
ei
n,
20
13

[1
9]

U
SA

M
em

or
ia
lS

lo
an
-K

et
te
ri
ng

C
an
ce
r
C
en
te
r

91
sp
ec
im

en
s
(3
1
PT

C
,3
8
PD

T
C
,

22
A
T
C
).
A
T
C
s
fr
om

au
to
ps
y,

re
st
su
rg
ic
al
sp
ec
im

en
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(1
:5
0
di
lu
tio

n)
M
as
s
sp
ec
tr
om

et
ry

ge
no
ty
pi
ng

A
ca
de
m
ic
fu
nd
in
g

Il
ie
,2
01
4
[2
0]

Fr
an
ce

Pa
st
eu
r
H
os
pi
ta
l

19
4
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
ns
ec
ut
iv
el
y
co
lle
ct
ed

in
20
04
–2
01
2

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(1
:1
0
di
lu
tio

n)
Sa
ng
er

se
qu
en
ci
ng
,

py
ro
se
qu
en
ci
ng
,a
nd

S
N
aP
sh
ot

ge
no
ty
pi
ng

(o
ne

or
m
or
e
po
si
tiv

e)

Fu
nd
in
g
no
tr
ep
or
te
d

Ju
ng
,2
01
5
[2
1]

So
ut
h

K
or
ea

C
hu
ng
-A

ng
U
ni
ve
rs
ity

H
os
pi
ta
l

46
7
PT

C
su
rg
ic
al
sp
ec
im

en
s
>
4

m
m

in
la
rg
es
td

im
en
si
on
,c
ol
le
ct
ed

in
20
11
–2
01
2

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(1
:5
0
di
lu
tio

n)
R
ea
l-
tim

e
PC

R
an
d
B
R
A
F
R
N
A

IS
H
us
in
g
tis
su
e
m
ic
ro
ar
ra
y

(T
M
A
)
(u
nc
le
ar

if
/h
ow

te
st
s

co
m
bi
ne
d

in
po
si
tiv
e
de
fi
ni
tio

n)

A
ca
de
m
ic
fu
nd
in
g

K
im

,2
01
4
[2
2]

So
ut
h

K
or
ea

G
an
g
N
am

Se
ve
ra
nc
e

H
os
pi
ta
l,
Y
on
se
i

U
ni
ve
rs
ity

91
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
lle
ct
ed

in
20
10
–2
01
1

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib
od
y
(1
:3
00

di
lu
tio
n)

Py
ro
se
qu
en
ci
ng
,p
ep
tid

e
nu
cl
ei
c
ac
id
-c
la
m
pi
ng

po
ly
m
er
as
e
ch
ai
n

re
ac
tio

n,
an
d
re
al
-t
im

e
po
ly
m
er
as
e

A
ca
de
m
ic
fu
nd
in
g

Endocr Pathol (2019) 30:201–218 205



T
ab

le
2

(c
on
tin

ue
d)

St
ud
y,
ye
ar

[r
ef
er
en
ce
]

C
ou
nt
ry

S
et
tin

g
S
pe
ci
m
en

de
sc
ri
pt
io
n

B
R
A
F
an
tib

od
y

(a
nt
ib
od
y
di
lu
tio

n)
M
ol
ec
ul
ar
go
ld

st
an
da
rd

te
st

St
ud
y
fu
nd
in
g
an
d

re
le
va
nt

co
m
pe
tin

g
in
te
re
st
s

(e
.g
.,

ro
ya
lti
es
,p
at
en
t)

ch
ai
n
re
ac
tio

n
(o
ne

or
m
or
e

te
st
po
si
tiv
e)
.

K
im

20
18

[2
3]

So
ut
h

K
or
ea

Se
ou
lN

at
io
na
l

U
ni
ve
rs
ity

H
os
pi
ta
l

69
7
C
la
ss
ic
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
lle
ct
ed

in
20
13
–O

ct
ob
er

20
16
,

ex
cl
ud
in
g
m
et
as
ta
tic

ly
m
ph

no
de
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

PC
R
am

pl
if
ic
at
io
n
an
d
di
re
ct

Sa
ng
er

se
qu
en
ci
ng

N
o
fu
nd
in
g
re
po
rt
ed

L
in
,2
01
6
[2
4]

Ta
iw
an

Ta
ip
ei
M
ed
ic
al
U
ni
ve
rs
ity

48
C
on
ve
nt
io
na
lP

T
C
su
rg
ic
al

sp
ec
im

en
s
co
lle
ct
ed

fr
om

A
pr
il

19
99

to
D
ec
em

be
r
20
09

B
R
A
F
SC

-9
00
2
an
tib

od
y,

(1
:2
00

di
lu
tio

n)
Q
ua
nt
ita
tiv
e
re
al
-t
im

e
PC

R
N
o
fu
nd
in
g
re
po
rt
ed

L
in
,2
01
8
[2
5]

U
SA

R
us
h
U
ni
ve
rs
ity

M
ed
ic
al
C
en
tr
e

7
Sp

ec
im

en
s
of

ec
to
pi
c
th
yr
oi
d

tis
su
e
co
lle
ct
ed

fr
om

N
ov
em

be
r

19
92

to
Ju
ne

20
16

(6
su
rg
ic
al

an
d
1
au
to
ps
y
sp
ec
im

en
)

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

R
ea
l-
tim

e
PC

R
N
o
fu
nd
in
g
re
po
rt
ed

L
oo
,2
01
7
[2
6]

U
SA

M
ul
ti-
la
b:

U
ni
ve
rs
ity

of
N
ew

M
ex
ic
o
an
d

T
ri
C
or
e
R
ef
er
en
ce

L
ab
or
at
or
ie
s

12
Su

rg
ic
al
PT

C
sp
ec
im

en
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

Py
ro
se
qu
en
ci
ng

an
d
ne
xt

ge
ne
ra
tio

n
se
qu
en
ci
ng

(o
ne

or
m
or
e
po
si
tiv
e)

N
o
fu
nd
in
g
re
po
rt
ed

M
ar
tin

uz
zi
,

20
16

[2
7]

It
al
y

U
ni
ve
rs
ity

of
G
en
oa

86
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
ns
ec
ut
iv
el
y
co
lle
ct
ed

in
20
09
–2
01
2

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(1
:5
0
di
lu
tio
n)

PN
A
-c
la
m
p
qu
an
tit
at
iv
e
PC

R
B
R
A
F
de
te
ct
io
n
w
as

re
fe
re
nc
e

te
st
(S
an
ge
r
se
qu
en
ci
ng

al
so

pe
rf
or
m
ed
).

A
ca
de
m
ic
fu
nd
in
g

M
cK

el
vi
e,

20
13

[2
8]

A
us
tr
al
ia

St
V
in
ce
nt
’s
H
os
pi
ta
l

71
PT

C
su
rg
ic
al
ca
se
s
co
lle
ct
ed

in
19
98
–2
01
1

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

C
om

pe
tit
iv
e
PC

R
,F

or
di
sc
or
da
nt

ca
se
s:
SN

aP
sh
ot

PC
R

V
en
ta
na

M
ed
ic
al
Sy

st
em

s
pr
ov
id
ed

re
ag
en
ts
,

lo
an
ed

eq
ui
pm

en
ta
nd

pa
rt
ly

fu
nd
ed

sa
la
ry

of
so
m
e
in
ve
st
ig
at
or
s
to

co
nd
uc
tV

E
1
st
ud
ie
s

N
a,
20
15

[2
9]

So
ut
h

K
or
ea

M
ul
ti-
la
b:

C
ho
nn
am

N
at
io
na
lU

ni
ve
rs
ity

H
w
as
un

H
os
pi
ta
la
nd

C
ho
nn
am

N
at
io
na
l

U
ni
ve
rs
ity

H
os
pi
ta
l

14
1
T
hy
ro
id

ca
nc
er

su
rg
ic
al
sp
ec
im

en
s

co
lle
ct
ed

in
20
05
–2
01
3
(1
04

PT
C
,9

A
T
C
,8

FT
C
,2
0
M
T
C
)

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(1
:1
00

di
lu
tio

n)
R
ea
l-
tim

e
PC

R
.F

or
di
sc
or
da
nt

ca
se
s:
re
pe
at
ed

IH
C
an
d

re
al
-t
im

e
PC

R
an
d
pe
rf
or
m
ed

ne
st
ed

PC
R
an
d
di
re
ct

se
qu
en
ci
ng
.

A
ca
de
m
ic
fu
nd
in
g

O
h,
20
18

[3
0]

So
ut
h

K
or
ea

U
ni
ve
rs
ity

of
U
ls
an

C
ol
le
ge

of
M
ed
ic
in
e

23
T
hy
ro
id

su
rg
ic
al
sp
ec
im

en
s,
25

pr
eo
pe
ra
tiv

e
co
re

ne
ed
le
bi
op
si
es
,

se
pa
ra
te
ly

re
po
rt
ed
.P

at
ie
nt
s

un
de
rw

en
ts
ur
ge
ry

in
20
11
–2
01
3.

H
is
to
lo
gi
c
di
ag
no
se
s

in
cl
ud
ed

PT
C
,F

T
C
,a
nd

fo
lli
cu
la
r

hy
pe
rp
la
si
a
(s
ub
gr
ou
p
da
ta
no
t

re
po
rt
ed
)

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(1
:4

di
lu
tio

n)
Sa
ng
er

se
qu
en
ci
ng

A
ca
de
m
ic
fu
nd
in
g

Pa
ja
Fa
no
,2
01
7

[3
1]

Sp
ai
n

H
os
pi
ta
lU

ni
ve
rs
ita
ri
o

de
B
as
ur
to

82
C
on
se
cu
tiv
e
PT

C
su
rg
ic
al

sp
ec
im

en
s
co
lle
ct
ed

be
tw
ee
n

N
ov
em

be
r,
20
14
,a
nd

M
ay
,2
01
6.

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

R
T-
PC

R
N
o
fu
nd
in
g
re
po
rt
ed

Q
iu
,2
01
5
[3
2]

C
hi
na

C
an
ce
r
H
os
pi
ta
lo

f
th
e

C
hi
ne
se

A
ca
de
m
y
of

M
ed
ic
al

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

A
ca
de
m
ic
fu
nd
in
g

206 Endocr Pathol (2019) 30:201–218



T
ab

le
2

(c
on
tin

ue
d)

St
ud
y,
ye
ar

[r
ef
er
en
ce
]

C
ou
nt
ry

S
et
tin

g
S
pe
ci
m
en

de
sc
ri
pt
io
n

B
R
A
F
an
tib

od
y

(a
nt
ib
od
y
di
lu
tio

n)
M
ol
ec
ul
ar
go
ld

st
an
da
rd

te
st

St
ud
y
fu
nd
in
g
an
d

re
le
va
nt

co
m
pe
tin

g
in
te
re
st
s

(e
.g
.,

ro
ya
lti
es
,p
at
en
t)

Sc
ie
nc
es
,f
ro
m

Ju
ly

20
10

to
Ju
ne

20
14

12
7
Su

rg
ic
al
PT

C
sp
ec
im

en
s

co
lle
ct
ed

be
tw
ee
n
Ju
ly
,

20
10
,a
nd

Ju
ne
,2
01
4

Sa
ng
er

se
qu
en
ci
ng

an
d
re
al
-t
im

e
PC

R
(b
ot
h
re
qu
ir
ed

to
be

po
si
tiv

e)
R
ou
th
ie
r
20
13

[3
3]

U
SA

M
as
sa
ch
us
et
ts
G
en
er
al

H
os
pi
ta
lo

f
H
ar
va
rd

M
ed
ic
al
Sc
ho
ol

23
Su

rg
ic
al
th
yr
oi
d
ca
nc
er

sp
ec
im

en
s
(1
9
PT

C
,4

FT
C
)
co
lle
ct
ed

be
tw
ee
n,
Ju
ly
,2
00
9,
an
d
M
ay
,2
01
2

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(1
:1
00

di
lu
tio

n)
SN

aP
sh
ot

ge
no
ty
pi
ng

as
sa
y

N
o
fu
nd
in
g
re
po
rt
ed

R
us
ht
on
,2
01
6

[3
4]

U
ni
te
d

K
in
gd
o-

m

In
st
itu
tio

n/
la
b
w
he
re

sp
ec
im

en
s
co
lle
ct
ed

or
te
st
s
ex
ec
ut
ed

no
t

re
po
rt
ed

53
A
T
C
s,
in
cl
ud
in
g
41

A
T
C
su
rg
ic
al

sp
ec
im

en
s
an
d
12

A
T
C
co
re

bi
op
si
es
,

re
po
rt
ed

to
ge
th
er

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

Py
ro
se
qu
en
ci
ng

as
sa
y

N
o
fu
nd
in
g
re
po
rt
ed

Su
n,
20
15

[3
5]

C
hi
na

Pe
ki
ng

U
ni
on

M
ed
ic
al

C
ol
le
ge

H
os
pi
ta
lo

f
th
e

C
hi
ne
se

A
ca
de
m
y
of

M
ed
ic
al

Sc
ie
nc
es

an
d

Pe
ki
ng

U
ni
on

M
ed
ic
al

C
ol
le
ge

55
6
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
ns
ec
ut
iv
el
y

co
lle
ct
ed

in
20
10
–2
01
2

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

R
ea
l-
tim

e
PC

R
N
o
fu
nd
in
g
re
po
rt
ed

Sz
ym

on
ek
,2
01
7

[3
6]

Po
la
nd

H
ol
yc
ro
ss

C
an
ce
r
C
en
te
r

14
0
C
la
ss
ic
al
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
lle
ct
ed

in
20
00
–2
00
5

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(1
:1
00

di
lu
tio

n)
R
ea
l-
tim

e
PC

R
w
as

re
po
rt
ed

as
go
ld

st
an
da
rd
.S

an
ge
r

se
qu
en
ci
ng

re
po
rt
ed

as
a

su
pp
le
m
en
ta
lt
es
t.

A
ca
de
m
ic
fu
nd
in
g

Ta
ka
da
,2
01
8

[3
7]

Ja
pa
n

K
um

a
H
os
pi
ta
l

7
PT

C
s
w
ith

D
es
m
oi
d-
ty
pe

fi
br
om

at
os
is

su
rg
ic
al
sp
ec
im

en
s
co
lle
ct
ed

in
20
07
–2
01
6

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(1
:1
00

di
lu
tio

n)
PC

R
an
d
au
to
m
at
ed

ca
pi
lla
ry

D
N
A
se
qu
en
ci
ng

N
o
fu
nd
in
g
re
po
rt
ed

Z
ag
za
g,
20
13

[3
8]

U
ni
te
d

St
at
es

D
iv
is
io
n
of

E
nd
oc
ri
ne

Su
rg
er
y
at
N
ew

Y
or
k

U
ni
ve
rs
ity

L
an
go
ne

M
ed
ic
al
C
en
te
r

37
C
on
se
cu
tiv

e
cl
as
si
ca
lv

ar
ia
nt

PT
C

su
rg
ic
al
sp
ec
im

en
s
(t
um

or
>
1
cm

)
fr
om

to
ta
lt
hy
ro
id
ec
to
m
ie
s
an
d

el
ec
tiv

e
ce
nt
ra
l(
bu
tn

ot
la
te
ra
l)

ly
m
ph

no
de

di
ss
ec
tio
n

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

D
ir
ec
ts
eq
ue
nc
in
g

A
ca
de
m
ic
fu
nd
in
g

Z
ha
ng
,2
01
8

[3
9]

C
hi
na

A
ff
ili
at
ed

H
os
pi
ta
lo

f
Q
in
gd
ao

U
ni
ve
rs
ity
,

Q
in
gd
ao
,C

hi
na

13
2
PT

C
su
rg
ic
al
sp
ec
im

en
s

co
ns
ec
ut
iv
el
y
co
lle
ct
ed

be
tw
ee
n

Se
pt
em

be
r,
20
13
,a
nd

Fe
br
ua
ry
,

20
17
.

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

A
m
pl
if
ic
at
io
n
re
fr
ac
to
ry

m
ut
at
io
n

sy
st
em

(A
R
M
S)
-P
C
R
,f
or

di
sc
or
da
nt

ca
se
s,
S
an
ge
r

se
qu
en
ci
ng
.

A
ca
de
m
ic
fu
nd
in
g

Z
hu
,2
01
6

[4
0]

C
hi
na

Fu
da
n
U
ni
ve
rs
ity

S
ha
ng
ha
iC

an
ce
r

C
en
te
r

Su
rg
ic
al
sp
ec
im

en
s
co
lle
ct
ed

in
20
08
–2
01
0,
in
cl
ud
in
g
11
8
PT

C
s,

11
6
be
ni
gn

th
yr
oi
d
tis
su
e,
20

FT
C
s,

20
M
T
C
s,
20

A
T
C
s

V
E
1
m
on
oc
lo
na
la
nt
i-
B
R
A
FV

60
0E

an
tib

od
y
(d
ilu
tio

n
no
tr
ep
or
te
d)

Sa
ng
er
se
qu
en
ci
ng
.F

or
di
sc
or
da
nt

ca
se
s,
am

pl
if
ic
at
io
n
re
fr
ac
to
ry

m
ut
at
io
n
sy
st
em

R
T-
PC

R
.

A
ca
de
m
ic
fu
nd
in
g

PT
C
,p
ap
ill
ar
y
th
yr
oi
d
ca
nc
er
;P

D
T
C
,p
oo
rl
y
di
ff
er
en
tia
te
d
th
yr
oi
d
ca
nc
er
;A

T
C
,a
na
pl
as
tic

th
yr
oi
d
ca
nc
er
;M

T
C
,m

ed
ul
la
ry

th
yr
oi
d
ca
nc
er
;F

T
C
,f
ol
lic
ul
ar
th
yr
oi
d
ca
nc
er
;P

C
R
,p
ol
ym

er
as
e
ch
ai
n
re
ac
tio

n

Endocr Pathol (2019) 30:201–218 207



20–22, 28, 38]; however, we excluded 3 papers that exclusive-
ly focused on immunocytochemistry (Appendix Table 2;
Routhier 2013, Rossi et al. 2014, Zimmerman et al. 2014) as
well as one study (Appendix Table 2; Dvorak 2014) in which
the study population overlapped with that of another included
study of McKelvie et al. [28]. Table 1 summarizes the critical
appraisal of this systematic review. Pyo et al. did not critically
appraise the quality of the included studies or incorporate this
feature in the data analysis or interpretation [41]. The findings
of Pyo et al. included a pooled IHC sensitivity of 97% (95%
CI, 95%, 98%, with evidence of significant heterogeneity,
I2 = 50.8%) and the specificity of 78% (95% CI, 72%, 83%,
also with evidence of significant heterogeneity, I2 = 81.4%).
Given that a larger number of studies were currently available
for analysis (30 included in our review [1–30]) and that more
published data have become available for non-PTC thyroid

malignancies, updating of the review by Pyo et al. [41] was
warranted.

Description of the Included Original Studies

The details of the 30 included original studies included in the
meta-analyses are reported in Table 2. The regions where
studies were conducted included the following: the United
States (7 studies) [11, 18, 19, 25, 26, 33, 38], Australia (2
studies) [12, 28], China (5 studies) [14, 32, 35, 39, 40],
South Korea (5 studies) [21–23, 29, 30], Europe (8 studies)
[13, 15, 17, 20, 27, 31, 34, 36], Brazil [16], Taiwan [24], and
Japan [37]. The VE1 monoclonal antibody was used in 28/30
studies [11–15, 17–23, 25–40], whereas Da Silva et al. used a
BRAF F-7 monoclonal antibody clone [16] and Lin et al. used
a BRAF SC-9002 antibody [24]. The most common thyroid

Table 3 Critical appraisal of methodologic quality of included original studies

Study, year [reference] Risk of bias in patient/
specimen selection

Risk of bias immunohistochemistry
test conduct or interpretation

Risk of bias molecular gold
standard conduct or interpretation

Risk of bias due to patient
or test timing or flow

Abd Elmageed, 2017 [11] High Low Low Low

Bullock, 2012 [12] Low Low High High

Capper, 2011 [13] High Low Low High

Chen, 2018 [14] High High Low Low

Crescenzi, 2014 [15] High Low Low Low

DaSilva, 2015 [16] High High Low Low

De Biase, 2014 [17] High High Low Low

Fisher, 2014 [18] High Low Low Low

Ghossein, 2013 [19] Low Low Low Low

Ilie, 2014 [20] Low Low Low Low

Jung, 2015 [21] Low High Low Low

Kim, 2014 [22] High High Low Low

Kim 2018 [23] Low High Low Low

Lin, 2016 [24] Low High Low Low

Lin, 2018 [25] Low High Low Low

Loo, 2017 [26] High High Low Low

Martinuzzi, 2016 [27] Low Low Low Low

McKelvie, 2013 [28] Low High High High

Na, 2015 [29] Low Low High High

Oh, 2018 [30] High Low Low Low

Paja Fano, 2017 [31] Low High Low Low

Qiu, 2015 [32] Low High Low Low

Routhier, 2013 [33] Low High Low Low

Rushton, 2016 [34] High High Low Low

Sun, 2015 [35] Low High Low Low

Szymonek, 2017 [36] Low Low Low Low

Takada, 2018 [37] Low High Low Low

Zagzag, 2013 [38] Low Low Low Low

Zhang, 2018 [39] Low Low High High

Zhu, 2016 [40] High High Low High
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malignancy was PTC, which was studied in 28/30 studies
[11–24, 26–33, 35–40]. Molecular gold standards were highly
variable (see Table 2). The majority of studies were either
academically funded or unfunded without significant compet-
ing interests (such as royalties to one or more authors) [11,
14–27, 29–40]. The critical appraisal of methodologic quality
of the 30 studies included in the meta-analyses is described in
Table 3. Approximately 40% (12/40) of the studies were
judged to be at high risk of bias in patient/specimen selection
(e.g., non-consecutive or non-random patient selection or un-
clear method of patient selection) [11, 13–18, 22, 26, 30, 34,
40]. Furthermore, more than half of the studies (56.7%) were
at high risk of bias in IHC test conduct or interpretation due to
lack of reported blinding to the gold standard result or lack of a
clearly pre-specified definition of IHC positivity threshold
(relative to the intensity of staining) [14, 16, 17, 21–26, 28,
31–35, 37, 40]. However, the risk of bias of the molecular gold
standard conduct or interpretation was judged as high in a

minority of studies, where a discordant result between IHC
and a gold standard prompted testing by another gold stan-
dard, and, therefore, there would be knowledge of some dis-
cordance of the first test when the second test would be per-
formed (13.3%, 4/30) [12, 28, 29, 39]. High risk of bias due to
patient or test timing or flow was judged to be present in
23.3% of studies (7/30) [12, 13, 28, 29, 39, 40] due to factors
such as not all patients/specimens receiving the reference stan-
dard(s), not all patients receiving the same reference stan-
dard(s), or relatively high rate of exclusion of patients/
specimens from the analysis.

Results of the Meta-Analyses

In a random-effect meta-analysis, the pooled sensitivity of
IHC in detecting a BRAFV600E mutation was 96.8% (95%
confidence interval [CI] 94.1%, 98.3%) (including data from
33 histologic subgroups in 29 studies, 2659 BRAFV600E

Fig. 2 Forest plot from a random-
effect meta-analysis examining
sensitivity of BRAF
immunohistochemistry in
detecting the BRAFV600E
mutation in thyroid
histopathology
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mutant tumors, subject to statistically significant heterogene-
ity, Q = 159.5, p < 0.001, degrees of freedom [df] = 32, I2 =
79.9) (Fig. 2). The pooled specificity of IHC was 86.3% (95%
CI 80.7%, 90.4%) (including data from 39 subgroups in 28
studies, including 1107 BRAFV600E wild-type specimens,
with statistically significant heterogeneity, Q = 124.6,
p < 0.001, degrees of freedom [df] = 38, I2 = 69.5) (Fig. 3).
Analyses adjusted for potential publication bias using a
random-effect trim and fill method yielded the following re-
sults: sensitivity at 95.2% (95% CI 91.7%, 97.3%, with 7
studies trimmed) and specificity at 77.8% (70.2%, 84.0%,
with 13 studies trimmed).

Various categories of subgroups were compared to explore
potential explanations for heterogeneity in both sensitivity and
specificity meta-analyses. Regarding IHC sensitivity,

heterogeneity in results was partly explained by differences
in performances of IHC tests (VE1 clone: 96.3%, 95% CI
95.2%, 97.1%; F-7 clone: 56.8%, 95% CI 45.3%, 67.5%;
SC-9002: 97.1%, 95% CI 82.3%, 99.6%; between-group dif-
ference Q = 33.5, df = 2, p < 0.001). However, there were no
significant between-group differences in sensitivity according
to the following: (a) histologic subtype (PTC, anaplastic thy-
roid cancer [ATC], poorly differentiated thyroid cancer
[PDTC], and mixed histology subgroups, Q = 1.0, df = 3,
p = 0.814); (b) type of molecular gold standard (gold standard
including sequencing [of any type] of all specimens, gold
standard not including any sequencing, or two-tiered testing
with a second-level test in the case of discordant first-level
testing, Q = 2.2, df = 2, p = 0.340); (c) presence or absence
of industry funding or relevant competing interests (e.g.,

Fig. 3 Forest plot from a random-
effect meta-analysis examining
specificity of BRAF
immunohistochemistry in thyroid
histopathology
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patents, royalties) (Q = 0.2, df = 1, p = 0.687); (d) reported
blinding of pathologists interpreting IHC to the molecular test
result(s) (Q = 0.02, df = 1, p = 0.879); or (e) low risk of bias in
all categories of QUADAS-2 (Q = 0.6, df = 1, p = 0.430). The
statistical heterogeneity in the BRAF V600E IHC meta-
analysis was partly explained by significant between-group
differences according to histologic diagnosis (PTC, ATC,
PDTC, mixed histology subgroup, follicular thyroid cancer
[FTC], benign thyroid tissue, ectopic benign thyroid tissue,
Q = 12.2, df = 7, p = 0.095) as well as type of BRAF antibody
(VE1 clone: 87.7%, 95%CI 82.4%, 91.6%; F-7 clone: 69.0%,
95%CI 25.1%, 93.7%; SC-9002: 3.6%, 95%CI 0.1%, 51.0%;
between-group difference Q = 10.6, df = 2, p = 0.005).
However, there were no significant between-group differences
in specificity according to the following: (a) type of molecular
gold standard (gold standard including sequencing [of any
type] of all specimens, gold standard not including any se-
quencing, or two-tiered testing with a second-level test in the
case of discordant first-level testing, Q = 0.1, df = 2, p =
0.962); (b) presence or absence of industry funding or relevant
competing interests (e.g., patents, royalties) (Q = 1.0, df = 1,
p = 0.320); (c) reported blinding of pathologists interpreting
IHC to the molecular test result(s) (Q = 0.4, df = 1, p = 0.513);
or (d) low risk of bias in all categories of QUADAS-2 (Q =
0.8, df = 1, p = 0.360). The sensitivity and specificity of
BRAF V600 E IHC are grouped according to histologic diag-
nosis in Table 4.

Discussion

In this study, the analytic validity of IHC in detecting the
BRAFV600E mutation in thyroid histopathology was estimat-
ed by a pooled sensitivity at 96.8% (95% CI 94.1%, 98.3%)
and pooled specificity at 86.3% (95% CI 80.7%, 90.4%) (data
from 30 original studies, including 2659 BRAFV600E mutant
and 1107 wild-type specimens). These meta-analyses were
subject to statistically significant heterogeneity, partly ex-
plained by antibody type (for both the sensitivity and
specificity meta-analyses) and tissue/tumor type (for the spec-
ificity meta-analysis). Our analytic validity meta-analyses
generally confirm those previously reported in PTC speci-
mens by Pyo et al. [41]. However, our review included data
on other types of thyroid malignancies and control specimens.
Our study supports that of prior research, indicating that the
choice of antibody significantly impacts BRAF IHC analytic
performance. For example, Fisher et al. reported that the spec-
ificity of the VE1 antibody was superior to that of pan-BRAF
[18]. We did not compare specific details of IHC protocols
(other than antibody used) nor the quality of preservation of
histopathologic specimens, which may account for some of
the unexplained variability in results.

The strengths of this work include a systematic search for
relevant citations in multiple databases by an experienced li-
brary information specialist, independent review of citations
and full-text papers by two reviewers, and duplicate,

Table 4 Mixed (random)-effect meta-analyses of sensitivity and specificity of BRAFV600E immunohistochemistry according to histologic diagnosis

Histologic
diagnosis

Estimate Number of studies (number of specimens)
[references]

Point estimate, 95% confidence
interval

Heterogeneity

Point
estimate
(%)

Lower
limit (%)

Upper
limit (%)

Q
value

df
(Q)

p value I2

PTC Sensitivity 27 Studies (2608 BRAF mutant) [11–24, 26–29,
31–33, 35–40]

97.2 94.4 98.6 158.2 26 < 0.001 83.6

Specificity 24 Studies (854 wild-type) [11–16, 18, 20–24,
26–29, 31–33, 35, 36, 38–40]

83.1 75.9 88.5 80.8 23 < 0.001 71.6

ATC Sensitivity 4 Studies (30 BRAF mutant) [18, 19, 29, 34] 93.1 63.1 99.1 0.8 3 0.86 0

Specificity 4 Studies (58 BRAF mutant) [18, 19, 29, 34] 76.4 47.5 92.1 13.4 3 0.004 77.7

PDTC Sensitivity 1 Study (5 BRAF mutant) [19] 91.7 15.2 99.9 N/A N/A N/A N/A

Specificity 1 Study (33 wild-type) [19] 98.5 72.9 99.9 N/A N/A N/A N/A

Mixed types Sensitivity 1 Study (16 BRAF mutant) [30] 97.1 36.3 99.9 N/A N/A N/A N/A

Specificity 1 Study (7 wild-type) [30] 71.4 20.2 96.1 N/A N/A N/A N/A

FTC Specificity 3 Studies (32 wild-type) [29, 33, 40] 94.9 73.9 99.2 0.5 2 0.761 0

MTC Specificity 3 Studies (47 wild-type) [18, 29, 40] 96.7 81.9 99.5 0.3 2 0.852 0

Benign thyroid Specificity 2 Studies (69 wild-type) [15, 40] 97.5 83.8 99.7 0.4 1 0.521 0

Ectopic thyroid
(benign)

Specificity 1 Study (7 wild-type) [29] 93.8 36.1 99.7 N/A N/A N/A N/A

N/A, within-group heterogeneity calculation not applicable as there was only one study in the group; PTC, papillary thyroid cancer; PDTC, poorly
differentiated thyroid cancer; ATC, anaplastic thyroid cancer; MTC, medullary thyroid cancer; FTC, follicular thyroid cancer
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independent data abstraction, and quality appraisal of included
studies. Some limitations of this review include limited
searching of the gray literature and exclusion of non-English
studies. Furthermore, there was some evidence of potential
publication bias (particularly for specificity) as well as hetero-
geneity in the meta-analyses, the latter of which was not fully
explained.

The results of this review confirm that BRAFV600E IHC,
using the VE1 antibody in PTC specimens, is highly sensitive,
such that a negative test largely excludes this mutation. This
finding may be helpful in the classification of lesions that
appear to have a predominant follicular pattern but may have
subtle features that raise the possibility of classical variant
PTC, such as small abortive papillae. The application of
BRAFV600E IHC in multifocal thyroid cancer may also en-
able detailed characterization of respective lesions. However,
given the critical need for accurate documentation of a BRAF
mutation when considering targeted therapy as well as some
observed limitations in IHC specificity (e.g., 76% in ATC
specimens observed in this review), confirmatory molecular
testing may be considered in BRAFV600E IHC-positive cases,
if it is feasible and critical treatment would not be excessively
delayed. Further research is needed to ensure implementation
of optimal laboratory validation of BRAFV600E IHC testing
protocols and reduce variability in results. Clinical utility re-
search examining the long-term patient outcome impact of
routine use of BRAFV600E IHC is also needed.
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Appendix 1 Sample Search Strategy

Database: Ovid MEDLINE: Epub ahead of print, in-process,
and other non-indexed citations, OvidMEDLINE®Daily and
Ovid MEDLINE® <1946–Present>

1 1 exp thyroid neoplasms/
2 (thyroid adj cancer$).mp.

3 (thyroid adj carcinoma$).mp.
4 (thyroid adj neoplasm$).mp.
5 (thyroid adj adenoma$).mp.
6 (thyroid adj tumo?r$).mp.
7 or/1–6
8 BRAF$.mp.
9 B-raf$.mp.

10 “proto-oncogene B-Raf”.mp.
11 NS7.mp.
12 “p94”.mp.
13 “proto-oncogene B-Raf”.mp.
14 “murine sarcoma viral (v-raf) oncogene homolog

B1”.mp.
15 RAFB1.mp.
16 “94 kDa B-raf protein”.mp.
17 “v-raf murine sarcoma viral oncogene homolog B”.mp.
18 “v-raf murine sarcoma viral oncogene homolog B1”.mp.
19 or/8–18
20 exp. Immunohistochemistry/
21 Histocytochemistry/
22 Biomarkers, Tumor/
23 “Staining and Labeling”/
24 immunohistochem$.mp.
25 histocytochem$.mp.
26 immunocytochem$.mp.
27 immunohistocytochem$.mp.
28 immunostain$.mp.
29 biomarker$.mp.
30 histochem$.mp.
31 marker$.mp.
32 stain$.mp.
33 (mark$ adj3 agent$).mp.
34 (antibod$ adj3 label$).mp.
35 (immun$ adj3 label$).mp.
36 immunolabel$.mp.
37 or/20–36
38 7 and 19 and 37
39 exp. animals/not (exp animals/and humans/)
40 38 not 39
41 limit 40 to yr=“2005–Current”
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Appendix 2

Table 5 Details of the full-text papers that were reviewed and excluded (with reasons for exclusion)

No gold standard molecular test
confirmation of BRAFV600E
mutation

Zhao L, Jiang R, Xu M, Zhu P, Mo XM, Wang N, Chen GG, Liu ZM (2016) Concomitant high expression of
BRAFV600E, P-cadherin and cadherin 6 is associated with High TNM stage and lymph node metastasis in
conventional papillary thyroid carcinoma. Clinical Endocrinology 84:748–55.

Zhang X, Chen S, De J, Wenjuan W (2017) Expressions of Slug, BRAF V600E and STIP1 proteins and their
correlation with capsular invasion and regional lymph node metastasis in papillary thyroid carcinoma. Cancer
Research and Clinic 29:104–7.

Feng L, Li M, Zhang QP, Piao ZA, Wang ZH, Lv S (2011) Utility of BRAF protein overexpression in predicting the
metastasis potential of papillary thyroid carcinoma. Oncology Letters. 2(1):59–63.

Barabadze E, Munjishvili V, Burkadze G (2017) Braf Antibody Expression in Different Types of Thyroid Nodular
Lesions. Georgian Medical News 271:107–113.

Bai Y, Niu D, Huang X, Jia L, Kang Q, Dou F, Ji X, XueW, Liu Y, Li Z, Feng Q, Lin D, Kakudo K (2017) PD-L1 and
PD-1 expression are correlated with distinctive clinicopathological features in papillary thyroid carcinoma.
Diagnostic Pathology 12(1):72.

Meeting abstract Yi JW, Kim JK, Seong CY, Bae IE, Yu HW, Kim SJ, Chai YJ, Choi JY, Lee KE (2017) Comparison of
immunohistochemistry and direct sequencing methods for identify BRAFV600E mutation in papillary thyroid
carcinoma. Langenbeck’s Archives of Surgery 402(2): 378.

Yang P, Lum H, Quek J, Kyu H, Lim C, Koay E, Parameswaran R, Nga M (2015) Braf immunohistochemistry score
predicts BRAF V600E mutational status in classical papillary thyroid cancer. Thyroid 1):A374–5.

Wobker S, Kim L, Hackman T, Dodd L (2015) Use of braf immunohistochemistry on cytologic direct smears of
papillary thyroid carcinoma. Laboratory Investigation 1): 112A.

Weber E, Ringelband R, Strumpf A, Kotzerke J, Baretton GB, Freitag M, Zietz C (2012) BRAF V600E is associated
with overexpression of cyclin D1, CK 19 and with distinct histomorphological features in papillary thyroid
carcinoma. Langenbeck’s Archives of Surgery 397(7):1189–90.

Temprana-Salvador J, Hernandez-Losa J, Zafon C, Camacho J, Diaz S, Ramos I, Somoza R, Strohecker I, GonzalezO,
Garcia-Burillo A, Cajal SRY, Iglesias C (2016) Correlation between immunohistochemical BRAF V600E
expression and mutational status detected by two different PCR based molecular techniques in papillary thyroid
carcinomas. Laboratory Investigation 1):522A.

Solomides CC, Draganova-Tacheva R, BibboM, Ren S, TulucM, Birbe R,Wang ZX, Peiper SC (2014) The utility of
BRAF V600E monoclonal mutation specific antibody for detection of BRAF V600E mutation on cell block
specimens of thyroid fine needle aspiration. Laboratory Investigation 1):122A.

Smith AL,WilliamsMD, Cabanillas ME, Stewart J,WangWL, Krishnamurthy S, Roy-Chowdhuri S (2017) Utility of
BRAF V600E immunoperoxidase stain in cytology preparations of cell block and aspirate smears in thyroid
cancers. Laboratory Investigation 97 (Supplement 1):117A-8A.

Rossle M, Zimmermann AK, Zimmermann D, Bode B (2013) Value of immunohistochemical detection of
BRAFV600E-mutated protein in fine needle aspiration biopsies of papillary thyroid carcinoma. Acta Cytologica
1):32.

Rossi E,MartiniM, Straccia P, Capodimonti S, Lanza P, Lombardi C, Pontecorvi A, Larocca LM, Fadda G (2013) The
sequential application of immunocytochemistry, braf-1 and n-ras mutation analysis identifies malignant follicular
thyroid neoplasms on liquid-based cytology. Acta Cytologica 1): 135.

Rossi ED, Martini M, Straccia P, Capodimonti S, Lombardi CP, Pontecorvi A, Vellone VG, Zannoni GF, Larocca LM,
Fadda G (2013) The sequential application of immunocytochemistry, BRAF-1 and N-RAS mutation analysis
identifies malignant follicular thyroid neoplasms on liquid-based cytology. Laboratory Investigation 1):102A.

Rossi ED, Martini M, Straccia P, Capodimonti S, Lombardi CP, Pontecorvi A, Larocca LM, Fadda G (2012)
Immunocytochemistry and braf-1 mutation analysis identify high-risk follicular neoplasms on liquid based
cytology. Cytopathology 1):73.

Paulson V, Howitt B, Barletta J (2015) Absence of BRAF V600E supports the indolent nature of non-infiltrative,
non-invasive follicular variant of papillary thyroid carcinoma. Laboratory Investigation 1):140A.

Nonaka D, Rushton S, Burghel G, Wallace A (2015) BRAF V600E mutation status in anaplastic thyroid carcinoma.
Virchows Archiv 1):S71.

Nonaka D, Rushton S, Burghel G, Wallace A (2015) BRAF V600E mutation status in anaplastic thyroid carcinoma.
Laboratory Investigation 1):139A.

Murro D, Javidiparsijani S, Vardouniotis A, Buckingham L, Gattuso P (2016) BRAF and RAS mutation analysis to
distinguish benign ectopic thyroid tissue and metastatic thyroid carcinoma. Laboratory Investigation 1):152A.
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Table 5 (continued)

John IY, Valente A, Tull J, Maciak C, Zhang S (2015) Potential pitfalls in the detection of BRAF v600e mutation by
immunohistochemistry. Laboratory Investigation 1):515A-6A.

John I, Tull J, Maciak C, Zhang S (2014) Detection of BRAF V600E mutant protein expression by
immunohistochemistry in malignant and benign thyroid lesions. Laboratory Investigation 1):154A.

Rossi ED,MartiniM, Angrisani B, Straccia P, Bizzarro T, Ricci C, Pontecorvi A, Lombardi CP, Larocca LM, Fadda G
(2014) The comparative analysis of molecular BRAF V600E with the intensity of immunocytochemical positivity
in prospective thyroid malignant FNACS. Laboratory Investigation 1):119A.

Rossi E, Martini M, Capodimonti S, Straccia P, Bizzarro T, Ricci C, Lombardi C, Pontecorvi A, Larocca L, Fadda G
(2014) Role of immunocytochemical and molecular BRAF expression in thyroid neoplasms: A cyto-histological
institutional experience. Virchows Archiv 1):S49.

Rossi E (2013) Pre-analytic steps for BRAF testing on thyroid fine needle aspirations. Acta Cytologica 1):11.

Hung MR, Liu SF, Hang JF, Hsu CY, Lai CR (2016) BRAF VE1 immunocytochemistry on cytospin prepared slides
using residual liquid-based cytology materials from papillary thyroid carcinoma fine needle aspirations. Acta
Cytologica. 60 (Supplement 1): 225.

Han EJ, Sica GL, Zhang C, Chen Z, Lawson D, Saba NF, Shin DM, Khuri FR, Cohen C, Owonikoko TK (2015)
Thyroid cancer outcome and association with immune checkpoint proteins, programmed cell death 1 (PD-1) and
PD-1 ligand (PD-L1), lymphocytic infiltrates subsets and mutant B-Raf protein expression. Thyroid 1):A137.

Ghossein R, Ricarte-Filho J, Knauf J, Rivera M, Fagin J (2013) Immunohistochemical (IHC) detection of mutated
BRAFV600E along the spectrum of thyroid carcinoma (TC) progression. Laboratory Investigation 1):132A-3A.

Gamboa-Dominguez A, Tenorio-Serralta M, De Oca DMM (2015) BRAFV600E mutation influence in microscopic
papillary thyroid carcinoma-a 10-year follow-up. Laboratory Investigation 1):134A.

Fisher KE, Ehsani L, Neill SG, Caltharp SA, Siddiqui MT, Cohen C (2013) BRAF V600E mutations in thyroid
carcinomas: Is there a role for BRAF immunohistochemistry? Laboratory Investigation 1)132A.

Eymerit-Morin C, Buffet C, Cancel-Tassin G, Roger M, Gaffory C, Lesot A, Le Naour G, Herve G, Wassermann J,
Khayat D, Tresallet C, Leenhardt L, Menegaux F, Rousselet MC, Capron F, Tissier F (2015) BRAFV600E status in
solitary and multiple papillary thyroid carcinoma and in their lymph-node and distant metastases: An
immunochemical and genotypic retrospective study of 363 consecutive patients. Laboratory Investigation 1):134A.

Etxezarraga MC, Zufiaurre M, Ugalde A, Nieto JA, Solano JD (2015) Correlation between immunohistochemistry
using anti-BRAF V600E (VE1) antibody, and BRAF V600Emutation by RT-PCR with COBAS 4800 in Papillary
Thyroid Carcinoma (PTC): A study of twenty-six cases. Virchows Archiv 1):S70.

Erkilic S, Elboga U (2016) BRAF mutation in poorly differentiated thyroid carcinoma. Virchows Archiv 469
(Supplement 1):S77.

Erkilic S, Elboga U (2016) Comparison of immunohistochemistry and real-time PCR in detection of BRAF mutation
in papillary thyroid carcinoma. Virchows Archiv 469 (Supplement 1):S77.

Dean C, Geller R, Cohen C, Lewis M, Hanley K (2015) BRAF V600E antibody as an adjunct tool in triaging thyroid
fine needle aspiration specimens. American Journal of Clinical Pathology 2):A090.

De Koster EJ, De Geus Oei LF, Dekkers OM, Van Engenvan Grunsven I, Hamming JF, Van Der Kleij-Corssmit EPM,
Morreau H, Schepers A, Smit JWA, Oyen WJG, Vriens D (2017) Diagnostic utility of molecular and imaging
biomarkers in cytologically indeterminate thyroid nodules: A systematic review and meta-analysis. European
Journal of Nuclear Medicine and Molecular Imaging 44(2 Supplement 1):S394.

Lassalle S, Ilie M, Hofman V, Bonnetaud C, Bordonne O, Lamy A, Sabourin JC, Haudebourg J, Butori C, Peyrottes I,
Sadoul JL, Bozec A, Santini J, Hofman P (2013) Usefulness of immunohistochemistry for the detection of
BRAFV600Emutation in papillary thyroid carcinoma. Comparisonwith threemolecular biologymethods (dideoxy
sequencing, pyrosequencing and snapshot) Laboratory Investigation 1):134A.

Colato C, Marchetti I, Piccoli P, Montagna L, Di Coscio G, Brazzarola P, Chilosi M, Ferdeghini M (2013)
Immunohistochemical assay of the BRAFV600E-mutated protein in papillary thyroid carcinoma and comparison
with sequencing analysis. European Thyroid Journal 1):95.

Loo E, Khalili P, Buehler K, Siddiqi I, Vasef M (2015) BRAF v600e mutation in melanoma, colorectal carcinoma,
hairy cell leukemia, papillary thyroid carcinoma, and langerhans cell histiocytosis: Concordance betweenmolecular
testing and mutation-specific immunohistochemistry. Laboratory Investigation 1):518A-9A.

Dvorak K, Palting JD, Aggeler B (2013) Evaluation of BRAF(V600E) mutation by immunohistochemical staining
with anti-BRAF V600E (VE1) antibody: A comparison with Sanger sequencing. Cancer Research. Conference:
104th Annual Meeting of the American Association for Cancer Research, AACR. 73(8 Supplement):1.

Dvorak K, Palting J, Waring PM (2013) Detection of the BRAF V600E mutation in colon cancer and thyroid cancer
by immunohistochemistry. Molecular Cancer Therapeutics. Conference: AACR NCI EORTC International
Conference: Molecular Targets and Cancer Therapeutics 12(11 Supplement):1.

Diaz-Perez JA, Reddy A, Amaro D (2013) Meta-analysis of the molecular-expression signatures accuracy in
cytological indeterminate thyroid nodules. Laboratory Investigation 1):132A.

214 Endocr Pathol (2019) 30:201–218



Table 5 (continued)

Adackapara CA, Howitt BE, Sholl LM, Krane JF, Hornick JL, Barletta JA (2013) BRAF V600E mutation-specific
monoclonal antibody is predictive of BRAF mutation status determined by genotyping in papillary thyroid
carcinoma. Laboratory Investigation 1):129A.

No data on BRAF immunostain Wu H, Sun Y, Ye H, Yang S, Lee SL, de las Morenas A (2015) Anaplastic thyroid cancer: outcome and the
mutation/expression profiles of potential targets. Pathology Oncology Research 21:695–701.

Fluge O, Bruland O, Akslen LA, Lillehaug JR, Varhaug JE (2006) Gene expression in poorly differentiated papillary
thyroid carcinomas. Thyroid 16(2):161–75.

Min HS, Lee C, Jung KC (2013) Correlation of immunohistochemical markers and BRAF mutation status with
histological variants of papillary thyroid carcinoma in the Korean population. Journal of Korean Medical Science
28(4):534–41.

Insufficient data on sensitivity,
specificity or variables used
to calculate these estimates
for BRAFV600E
immunohistochemistry

Meng Z, Lu J,WuH, Zhao Y, Luo Y, Gao J, Zhu Q, Jiang Y, LiW, Liang Z (2016) Mutant-specific BRAF and CD117
immunocytochemistry potentially facilitate risk stratification for papillary thyroid carcinoma in fine-needle
aspiration biopsy specimens. Tumour Biology 37(1):611–8.

Fraser S, Go C, Aniss A, Sidhu S, Delbridge L, Learoyd D, Clifton-Bligh R, Tacon L, Tsang V, Robinson B, Gill AJ,
Sywak M (2016) BRAF(V600E) Mutation is Associated with Decreased Disease-Free Survival in Papillary
Thyroid Cancer. World Journal of Surgery 40(7):1618–24.

Koperek O, Kornauth C, Capper D, Berghoff AS, Asari R, Niederle B, Von Deimling A, Birner P, Preusser M (2012)
Immunohistochemical detection of the BRAF V600E-mutated protein in papillary thyroid carcinoma. American
Journal of Surgical Pathology 36(6):844–50.

Kondo T, Nakazawa T,Murata S, Kurebayashi J, Ezzat S, Asa SL, Katoh R (2007) EnhancedB-Raf protein expression
is independent of V600E mutant status in thyroid carcinomas. Human Pathology 38(12):1810–8.

Overlapping study population
data with another included
study

Dvorak K, Aggeler B, Palting J, McKelvie P, Ruszkiewicz A, Waring P (2014) Immunohistochemistry with the
anti-BRAF V600E (VE1) antibody: impact of pre-analytical conditions and concordance with DNA sequencing in
colorectal and papillary thyroid carcinoma. Pathology 46(6):509–17.

Data on immunocytochemistry,
not immunohistochemistry

Zimmermann AK, Camenisch U, Rechsteiner MP, Bode-Lesniewska B, Rossle M (2014) Value of
immunohistochemistry in the detection of BRAF(V600E) mutations in fine-needle aspiration biopsies of papillary
thyroid carcinoma. Cancer Cytopathology 122(1):48–58.

Rossi ED, Martini M, Capodimonti S, Straccia P, Cenci, T, Lombardi CP, Pontecorvi A, Larocca LM, Fadda G (2013)
Diagnostic and prognostic value of immunocytochemistry and BRAFmutation analysis on liquid-based biopsies of
thyroid neoplasms suspicious for carcinoma. European Journal of Endocrinology 168(6):853–9.

Rossi ED,Martini M, Capodimonti S, Cenci T, Straccia P, Angrisani B, Ricci C, Lanza P, Lombardi CP, Pontecorvi A,
Larocca LM, Fadda G (2014) Analysis of immunocytochemical and molecular BRAF expression in thyroid
carcinomas: a cytohistologic institutional experience. Cancer Cytopathology 122(7)527–35.

Rossi ED, Bizzarro T, Martini M, Capodimonti S, Fadda G, Larocca LM, Schmitt F (2014) Morphological parameters
able to predict BRAFV600E-mutated malignancies on thyroid fine-needle aspiration cytology: Our institutional
experience. Cancer Cytopathology 122(12):883–91.

Leslie C, Grieu-Iacopetta F, Richter A, Platten M, Murray J, Frost FA, Amanuel B, Kumarasinghe MP (2015) BRAF
p.Val600Glu (V600E) mutation detection in thyroid fine needle aspiration cell block samples: a feasibility study.
Pathology 47(5):432–8.

Lee SR, Yim H, Han JH, Lee KB, Lee J, Soh EY, Kim DJ, Chung YS, Jeong S, Sheen SS, Park SH, Kim JH (2015)
VE1 antibody is not highly specific for the BRAF V600E mutation in thyroid cytology categories with the
exception of malignant cases. Pathology 47(5):432–8.

KimYH, YimH, LeeYH, Han JH, LeeKB, Lee J, Soh EY, Jeong SY, Kim JH (2016) Evaluation of the VE1Antibody
in Thyroid Cytology Using ExVivo Papillary Thyroid Carcinoma Specimens. Journal of Pathology& Translational
Medicine 50(1):58–66.

Smith AL,WilliamsMD, Stewart J,WangWL, Krishnamurthy S, Cabanillas ME, Roy-Chowdhuri S (2018) Utility of
the BRAF p.V600E immunoperoxidase stain in FNA direct smears and cell block preparations from patients with
thyroid carcinoma. Cancer Cytopathology 126(6):406–13.

Choi YD, Park CS, Nam JH, Kim GE, Kim SS (2018) Use of VE1 immunostaining on FNA of papillary thyroid
carcinoma. Cytopathology 29(Supplement 1): 72.

Narrative review Baloch Z, Mete O, Asa SL (2018) Immunohistochemical biomarkers in thyroid pathology. Endocrine Pathology
29(2):91–112.
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