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Elucidating the Prognostic Role of BRAF'®"°F and the Activation
Status of the Downstream MAPK Pathway in PTC: A Study from
a Tertiary Centre in India
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Introduction: Papillary thyroid carcinoma (PTC) has an excellent prognosis, but few cases are treatment-resistant. To check the applicability
of combined BRAFV**t and MEK-targeted therapy, the current study correlated BRAFY*® with the MAPK pathway activation status in a
cohort of PTCs. The prognostic relevance of BRAFY’F and the usability of immunohistochemistry (IHC) for detecting the mutation were
also assessed. Methods: Randomly selected 50 PTC and 15 non-PTC cases were re-classified according to the 2022 WHO classification. The
BRAF mutation status was compared with the THC of BRAFY®’t, pERK 1/2, pMEK 1/2, and clinicopathological variables, including response
to radioactive iodine and disease-free survival. Results: BRAFY*’F mutation was present in 38%. Most (87.8%) cases were immunopositive for
pMEK1/2 and 40% for pMEK1/2. Although BRAFV*"* mutation did not correlate with the MAPK activation status, it had an adverse impact
on tumour sensitivity to radioiodine (P < 0.05). Five of the seven radioiodine-resistant tumours were BRAFY*E-mutated. An Allred cut-off
score of 7 had a sensitivity of 100% and a specificity of 84% for detecting the mutation by IHC. All the non-PTC cases were BRAF-wild type,
but 20% showed weak immunopositivity for mutated protein and were scored 6. Conclusions: BRAFV***E-mutated PTCs are more likely to
be RAI-resistant. MAPK pathway activation status did not vary significantly with BRAF mutation. Immunopositivity for pMEK1/2 in most
suggests a scope for MEK 1-targeted therapy in recalcitrant PTC cases even in the absence of the BRAF mutation. In addition, IHC is a reliable
technique for detecting BRAFY*°® mutation but needs validation by correlation with molecular studies.
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INTRODUCTION

Papillary thyroid cancer (PTC) is the most prevalent endocrine
malignancy.l"?! BRAFVS®F mutation, commonly present in
PTC,B acts through the MAPK (RAS/RAF/MEK/ERK)
pathway.™ It has variably been associated with higher stage
and radioactive iodine (RAI) resistance.*% Tyrosine kinase
inhibitors show an excellent response in RAI-resistant
PTC. However, resistance to these inhibitors is an emerging
problem.*™! Combined BRAF and MEK inhibition has been
approved in BRAFV*"E-mutated anaplastic thyroid cancer.!'”]
Its applicability in PTC remains underexplored. We evaluated
BRAFV® mutation and the activation status of the MAPK
pathway in PTC and compared the results with patient
outcomes, and immunohistochemistry (IHC) for the mutated
protein.
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MarteriALs AND METHODS

This was a retrospective study performed after obtaining
appropriate ethical approval by the Institute Ethics Committee.
Randomly selected 50 cases of PTC were enrolled in the study.
Tumours measuring <1 cm were excluded. The cases were
retrieved from the archives of the Department of Pathology
and re-evaluated for recharacterisation as per the 2022 WHO
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classification.l” In each case, the patient demographics,
size of the tumour, focality, metastatic profile, and clinical
outcome, including response to RAI, were documented. The
response to RAI was considered complete when a tumour
lacked evidence of RAT uptake and radiological disease, along
with undetectable Thyroglobulin and anti-thyroid antibodies.
Radioiodine-resistant cancer refers to the following scenarios:
negative RAI whole body scan, metastases progressing despite
RAI uptake, persistent disease despite cumulative I-131 of
>22.2 GBq (600 mCi), one or more lesions not demonstrating
RATI uptake, the de-novo radioiodine refractory disease, or a
combination of FDG-positive, elevated thyroglobulin, and
I-131 negative lesions (TENIS syndrome).!'! Fifteen non-PTC
thyroid lesions, including follicular adenoma (FA; n = 6),
follicular thyroid carcinoma (FC; n = 8), and hyperplastic
thyroid nodule (HTN; n = 1), were used as a negative control
for Sanger sequencing and BRAFY"F THC.

DNA extraction and BRAF mutation assessment

Tumour DNA was extracted from representative
paraffin-embedded tissue blocks by using a commercially
available kit as per the manufacturer’s protocol (Promega).
The extracted DNA was evaluated for BRAF mutation analysis
by PCR followed by Sanger Sequencing. Forward and reverse
primers used were 5’-CTAGTAACTCAGCAGCATCTCAG-3’
and 5’-CTCTTCATAATGCTTGCTCTGATAG-3",
respectively, and the PCR product derived was 250 base
pairs long. Sequencing was performed on ABI 3500 Genetic
Analyser, and the data were analysed using Chromas software.

Immunohistochemical analysis

Five-micron-thick formalin-fixed paraffin-embedded
representative sections were stained for BRAFY"F (clone
VEI, 1:50; Spring Bioscience) by using the Ventana
automated immunohistochemical stainer according to the
manufacturer’s specifications (Ventana Medical Systems,
Tucson, AZ). The VE1 antibody exhibits a cytoplasmic
staining pattern with variable staining intensity ranging from
weak to strong. Allred score, which is a semi-quantitative
system considering the proportion and intensity of positive
cells, was applied as follows: Proportion score: 0: 0%, 1: 1%,
2:2%—-10%, 3: 11%—-33%, 4: 34%—66%, and 5: 67%—-100%;
Intensity score: 0: negative, 1: weak, 2: moderate, and 3:
strong. The proportion and intensity scores were added to
get the total score ranging from 0 to 8.[' When staining
intensity was heterogeneous within a tumour, the intensity
was evaluated based on the highest staining intensity. Tissue
sections from a case of malignant melanoma were used as
positive control.

To evaluate the activation status of the MAPK pathway,
immunostaining using antibodies for the activated
(phosphorylated) forms of the downstream molecules,
pERK1/2 (4376, Cell Signalling Technology, USA; 1:400
dilution), and pMEK1/2 (2338, Cell Signalling Technology,
USA; 1:50 dilution), was performed manually. Nuclear and/
or cytoplasmic staining was considered positive.l'¥) The

quality of immunohistochemical staining was evaluated
using endothelial cells as an internal positive control. The
intensity was recorded on a scale from 0 to 3 and multiplied
by the percentage of cells showing positivity at a given
intensity. Hence, the expression was quantified on a scale of
0-300. Thus-obtained IHC score was considered positive if
it was >30 and was given a final score of 0: <30 (negative);
I: 30-99 (low expression); II: 100-199 (medium expression);
and III: >200 (high expression).!'*!

Statistical analysis

Statistical analysis was performed on STATA 16.0. Fischer’s
exact test was used to compare BRAFV"F mutation
status with clinicopathological variables, namely age at
presentation (55 years as cut-off), tumour size (4 cm as cut-off),
lymph nodal metastasis, multifocality, gross extrathyroidal
extension, distant metastasis, and RAI-responsiveness.
The disease-free survival (DFS) was analysed by plotting
the Kaplan-Meier survival curves. The cut-off BRAFV6E
IHC score, predictive of the mutation, was calculated using
logistic regression and receiver operating characteristic (ROC)
analyses. The area under the ROC curve (AUC) was used to
summarise the discrimination power of the test. A P value
of < 0.05 was considered statistically significant.

Ethical aspects

The study was performed in compliance with Declaration of
Helsinki 1964 and its later amendments. It was also approved
by the Institute review board, All India Institute of Medical
Sciences, New Delhi, India (Ref. No. IECPG-617/22.12.2016).
Informed consent was waived in view of retrospective nature
of the study.

ResuLts

The mean age of the PTC patients was 37 years (+14 years;
range: 10—68 years). There was a female preponderance
(female:male = 1.8:1). The mean tumour size was
4.63 cm (+2.5 cm; range: 1-10 cm). Multifocality was
present in 36% (18/50), gross extrathyroidal extension
in 9.1% (3/33), and regional lymph node metastasis in
38% (19/50). Three (7.8%) of the 38 patients with available
follow-up had hematogenous metastasis. The mean follow-up,
available in 33 patients, was 10.2 months (+5.1 months;
range: 5-28 months). Of these 33 patients, 29 were given
RAI Most (82.8%, 24/29) patients went into remission
post-RAI (complete response), and five (17.2%) showed
an incomplete response to RAI (RAI-resistant). The four
who were not given RAI included two who were surgically
ablated and two who had TENIS syndrome. Thus, a total
of seven patients were RAI-resistant. The two with TENIS
syndrome were treated with radiotherapy and sorafenib, an oral
multikinase inhibitor, respectively. While the former patient
became disease-free, the latter had persistent but stable disease
and was subsequently lost to follow-up.

On histopathological analysis, most (27, 54%) of the cases were
classical PTC. Seventeen (34%) had a follicular pattern, of
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which seven had an infiltrative morphology, lacking a capsule
(infiltrative follicular subtype of PTC; IFVPTC), and ten were
encapsulated. Of the latter, five showed capsular and/or vascular
invasion and were categorised as invasive encapsulated
follicular variants of PTC (EFVPTC); the remaining five lacked
true papillae, psammomatous calcification, and evidence of
capsular and vascular invasion, leading to their reclassification
as non-invasive follicular thyroid neoplasm with papillary-like
nuclear features (NIFTP).>!5'® The rest of the cases included
two tall cell PTC (4%), a case of columnar cell PTC (2%), a
case of solid PTC (2%, a case of Warthin-like PTC (2%), and
a case of PTC with nodular fasciitis-like stroma (2%).

Mutation analysis for BRAFVE0E

The prevalence of BRAFV*E mutation was 38% (19/50)
cases. Thirteen of the 27 classical PTC (48%) [Figure la]
harboured the mutation. Two of the IFVPTC (2/7), both tall
cell PTC (2/2), the Warthin-like PTC (1/1), and PTC with
nodular fasciitis-like stroma (1/1), were also BRAF-mutated.
The alteration was not found in any of the EFVPTC (0/5),
NIFTP (0/5), columnar cell PTC (0/1), solid PTC (0/1) cases,
in the follicular neoplasms, or the HTN.

Immunohistochemistry for BRAFV60E

Of the 50 PTC cases, 48 showed variable immunopositivity
with antibodies for BRAFVSE protein. While one case
was scored as 3, 23 cases as 6, 11 as 7, and 13 as 8. None
had a score of 0, 1, 2, 4, or 5. On comparison with the
mutation status, none of the cases with a score less than
7 were mutated. Of the 11 cases scored 7, 54.5% (6/11)

were mutated. Significantly, all 13 cases scored as 8 were
BRAF-mutated [Figure 1b]. Of the NIFTP cases, three had a
score of 6 and two had a score of 7. While most (80%; 12/15)
of the cases of FC, FA, and HTN were negative (score 0),
three (20%) were weakly but diffusely immunopositive,
yielding a score of 6 [Figure 1b inset].

On ROC analysis, an IHC score of 7 had a sensitivity of 100%
(95% CI: 79%—100%), a specificity of 83.87% (95% CI: 66%—
94%), a positive predictive value of 79.2% (95% CI: 57%-92%),
and a negative predictive value of 100% (95% CI: 84%—100%)
for detecting BRAFY*F mutation (AUC: 0.974) [Figure 1c].

Immunohistochemistry for pMEK1/2 and pERK1/2

IHC for p-MEK1/2 and p-ERK1/2 was successful in 49 and
50 PTCs, respectively. The staining was patchy and of varying
intensity [Figure 1d and e]. While 43 of the 49 cases (87.8%)
were immunopositive for pMEK1/2, 20 of the 50 (40%) were
scored I and above for pERK 1/2. These immunohistochemical
results did not correlate with the BRAF mutation status
(P =10.38 and 0.25, respectively). All five NIFTP cases were
pMEK1/2-positive, and two for pERK1/2.

Correlation of clinicopathological parameters with
BRAFV5"t mutation

Five of the seven RAl-resistant cases, including both with
TENIS syndrome, were mutated for BRAFV*E, Thus,
BRAFY*E-mutated cases were more likely to be non-responsive
to RALI This was statistically significant (P =0.036). The BRAF
mutation status, however, did not correlate significantly with
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Figure 1: (a) Chromatogram: BRAF'6%-mutated PTC. (b) PTC scored 8 for VE1; FA (inset) scored 6 (400x). (c) ROC curve: BRAF'6%E [HC.
(d) PTC: pMEK1/2 IHC score lll (400 ). () NIFTP: patchy pERK1/2 immunopositivity (400 ). (f) DFS curves: BRAF6E-mutated and BRAF®™E-wt cases
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any other clinicopathological variable, including the DFS
[Figure 1f].

Discussion

BRAF mutation involving thymidine to adenine transversion at
nucleotide 1799 (T1799A), leading to a change of amino acid
Valine to Glutamate in codon 600 (V600E), is the most frequent
genetic alteration in PTC. The frequency of this mutation
ranges 30%—60% as per Western data and 25%—53% in Indian
studies.[''1 A recent systematic review documented an overall
prevalence of this mutation to be 46% in India, with higher rates
reported from East Asia.* The wide range can be ascribed to
different molecular techniques used and the spectrum of the
histological subtypes of PTC assessed. In the current study,
using Sanger sequencing, the prevalence of BRAFV*"F mutation
was 36.5%, concordant with the published literature. After
excluding the NIFTP and EFVPTC cases that, as per the recent
WHO definition, lack this molecular alteration, the prevalence
of BRAFY*E among the PTC cases increased to 47.5% (19/40).

The tumours were also evaluated immunohistochemically for
BRAFVYS%E protein expression. The anti-human monoclonal
antibody VEI1 detects the BRAFV**E-mutated amino acids
sequence from amino acids 596 to 606 (GLATEKSRWSG).
This antibody differentiates the BRAFY*E-mutated protein
from wild-type BRAF protein and BRAF-mutated proteins at
codons other than 600.2?? Na et al. found IHC using the VE1
antibody to have an overall sensitivity and specificity of 100
and 94%, respectively. They scored the staining intensity from
0 to 3, using the follicular colloid as a comparator [Figure 1b
inset].[?*) Kim recommended an evaluation system for BRAF
[HC, similar to the evaluation systems for HER2 status in breast
and gastric cancer. They recommended a semi-quantitative
scoring system, whereby the scores of the proportion of
positive cells (scored 0-5) and staining intensity (scored 0-3)
were added. Using their scoring system, they found the cut-off
score of BRAF IHC for predicting the mutation to be 5.5. They,
hence, suggested that using their scoring system, scores <4
or>6 do not require confirmation by additional tests, unlike the
scores of 4 or 5 that require molecular testing.['? Two Indian
studies have evaluated the role of BRAFV*E immunostaining
in PTC. Fonseca used the VEI clone on Ventana and reported
44.44% positivity in their study. A molecularly confirmed case
of PTC was used as the positive control. However, no grading
or scoring of immunopositivity or correlation with molecular
evaluation of the cases was done.”*! Krishnamurthy et al.™*
used the RMS clone (Rabbit monoclonal, Biorbyt Inc) and
compared it with qPCR and reported a positivity rate of 26.5%.
They graded the intensity of immunopositivity (1 +to 3+). The
cases with staining of 2+ and 3+ were considered positive.
In the current study, a cut-off Allred score of 7 had a high
sensitivity (100%) and specificity (83.87%). All cases scored
8 harboured the mutation as confirmed by Sanger sequencing.
Although the antibody clone used by Kim et al.l'? and by us is
the same, the difference in the results may be due to the different
dilutions (1:300 vs 1:50) and the autostainers used. While a

LEICA BOND-III Autostainer (Leica Biosystems, Newcastle
Upon Tyne, UK) was used by Kim et al.,/*?! we used Ventana
automated immunohistochemical stainer (Ventana Medical
Systems, Tucson, AZ). As the method and the antibody used
for IHC have a bearing on the interpretation of results, there
is a need to standardise the IHC protocol in each laboratory.
This is especially important as the results not only aid in
diagnosis but also act as an indicator for BRAFY**E-targeted
therapy. Our study is limited by the relatively small number
of cases. Moreover, Sanger sequencing has relatively low
sensitivity, and there is a need to re-analyse the negative
cases with more sensitive techniques such as allele-specific
PCR. However, unlike the previous studies, we used non-PTC
samples for validating BRAFY®E THC. The weak positivity
in some of the latter cases leading to a score of 6 supports the
cut-off obtained in the current study. Moreover, for scoring the
cases, we preferred using the Allred score as it is one of the
most widely used IHC scoring methods. Our results reinforce
the need for determining a cut-off score by correlation with
molecular studies before using the technique for patient care.

As MEK-targeted therapy has been approved for treating
RAl-resistant anaplastic thyroid carcinoma cases,?" we further
assessed our patient cohort for MEK 1/2 immunoexpression. The
majority (88%) were positive, but the results did not correlate with
the BRAF mutation profile. This can be explained as MEK1/2 is
the downstream molecule activated by other signals too, including
the RAS mutations, commonly found in PTC. Moreover, activating
mutations of the MEK/ gene also lead to overexpression of the
protein.”! An important limitation of our study is that molecular
alterations other than BRAFVS™E were not evaluated. However,
MEK|1/2-immunopositivity in most of our cases suggests
the amenability of the tumours to MEK1-targeted therapy,
irrespective of the BRAF status. The immunohistochemical
expression status of pERK1/2 also did not correlate with the
BRAF-mutation status. Similar results were reported by Mitsiades
et al., who immunohistochemically evaluated expression levels of
phosphorylated and total forms of MEK and ERK. The authors
did not find differences in these levels between wild-type and
BRAFY™ -mutated patient specimens or cell lines.*”? However,
some other authors have shown stronger activation of the MAPK
pathway in PTCs with BRAFV*F mutation.*™

The prognostic significance of BRAF mutation is
contentious.>17:21222930 While some reports have demonstrated it
to be associated with poor outcomes,>1"212%] others have found
confounding results.?” There are no valid explanations for these
conflicting observations other than possible heterogeneity of the
sample regarding tumour variants as well as the methodology for
assessing molecular alterations. In the present study, BRAF V6t
mutation correlated significantly with RAI resistance but not
with the other clinicopathological variables.

CoNncLuSION

BRAFVSE mutation predicts a higher risk of radioactive
iodine resistance in papillary thyroid carcinoma (PTC).
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Immunohistochemistry provides a reliable technique for
detecting BRAFVS®F mutation. Most tumours express an
activated form of MEK1/2, implying the feasibility of
MEK 1-targeted therapy in recalcitrant PTC cases even in the
absence of BRAF mutation.
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