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Figure 1  Primary thyroid tumour showing follicular 
growth pattern, 20× magnification.

Figure 2  Primary tumour showing more solid growth 
pattern as well as more obvious papillary thyroid cancer 
features, 40× magnification.

SUMMARY
BCL6 corepressor like-1 (BCORL1) mutation has rarely 
been described in thyroid cancer or in association with 
BRAF mutations in any malignancy. However, we report a 
49-year-old woman who had aggressive follicular variant 
papillary thyroid carcinoma (FV-PTC) with both the BRAF 
K601E and BCORL1 mutations. The patient underwent a 
total thyroidectomy for a 3.6 cm right thyroid nodule and 
a smaller lesion in the left lobe in 2007; both were FV-
PTCs with no lymphovascular invasion or metastases. In 
2015, a positron emission tomography–CT scan showed 
a small defect in the left posterior lateral fifth rib with 
mild increased hypermetabolic activity with standardised 
uptake value of 3.9 and another lesion in the right hip at 
the junction of the femoral neck and trochanter. Tumour 
biopsy and genetic analysis revealed an uncommon BRAF 
K601E and a rare BCORL1 mutation. While rare, we 
report a case of aggressive FV-PTC with both the BRAF 
K601E and BCORL1 mutations.

Background
Thyroid cancer is the most common endocrine 
malignancy.1 Papillary thyroid carcinoma (PTC) 
represents more than 80% of thyroid cancers,1 and 
BRAF (V600E) is the most frequent mutation to be 
associated with thyroid cancer.1–3 Afkhami et al2 
reported that more than 45% of cases with papillary 
thyroid cancer had a BRAF mutation and the inci-
dence of this mutation has been increasing lately.1 2 
BRAF V600E is more likely to be associated with 
PTC with more aggressive pattern and worse prog-
nosis.1 BRAF K601E is more likely to be associated 
with low-risk PTC, especially follicular variant PTC 
(FV-PTC), less often classic PTC and rarely, follic-
ular adenoma and follicular carcinoma.1 2 4–14

BCL6 corepressor like-1 (BCORL1) is a transcrip-
tional corepressor that promotes cellular migration 
and invasion via E-cadherin dysregulation.15 16 The 
role of BCORL1 mutation in cancer metastasis has 
been described in several cancers including breast 
cancer, acute myeloid leukaemia, hepatocellular 
carcinoma (HCC), retinoblastoma17 18 and non-
small cell lung cancer (NSCLC).16 Over expression 
of this mutation could be inversely correlated with 
E-cadherin regulation which subsequently leads to 
poor prognosis and tumour metastasis.15 16 While 
the association of BCORL1 mutation with PTC 
and anaplastic thyroid cancer19 20 has been reported 
rarely, concomitant association of BCORL1 

and BRAF mutations has not been reported in 
FV-PTC. Therefore, we report a case of aggressive 
FV-PTC with both the BRAF K601E and BCORL1 
mutations.

Case presentation
In October 2007, a 49-year-old woman had a total 
thyroidectomy for a 3.6 cm right thyroid nodule and 
a smaller lesion in the left lobe; both were FV-PTCs 
with no lymphovascular invasion or lymph node 
metastases (figures 1 and 2). After that, she received 
100 mCi of 131-Iodine. The patient denied a history 
of thyroid disease or radiation exposure other than 
dental X-rays. She had a family history of benign 
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Figure 3  Positron emission tomography–CT scan of rib metastasis of 
follicular variant papillary thyroid carcinoma.

Figure 4  Rib metastasis, with follicles and colloid, 10× magnification.

Figure 5  FDG–positron emission tomography/CT scan showing subtle 
uptake in right femoral neck metastasis.

thyroid goitre. The patient had a previous medical history of 
arthritis, fibromyalgia and temporomandibular joint disorder.

Investigations
In 2009, serum thyroglobulin was <0.2 ng/mL and in 2013 was 
4.3 ng/mL. Diagnostic 131-Iodine, positron emission tomog-
raphy (PET)/CT and technetium bone scans in 2014 were nega-
tive and thyroglobulin was 14.3 ng/mL. In 2015, a PET–CT 
scan showed a small defect in the posterior/lateral aspect of 
the left fifth rib (figure 3) with mild increased hypermetabolic 
activity with standardised uptake value of 3.9. After a negative 
postrecombinant human thyrotropin (rhTSH) stimulated diag-
nostic radioiodide scan and inconclusive needle biopsy test, the 
patient underwent resection of the posterior/lateral aspect of the 
left fifth rib in early 2016. Immunohistochemistry was positive 
for thyroglobulin and weakly positive for thyroid transcription 
factor-1. Moreover, the tumour biopsy was consistent with her 
original thyroidectomy in 2007 (figure  4). Two months later, 
serum thyroglobulin was 13.7 ng/mL and 5 days after receiving 
150 mCi of post-rhTSH radioiodine and taking low-iodine diet, 
there was a subtle uptake in the right hip at the junction of the 
femoral neck and trochanter. CT scan of the right femur showed 
a 7 mm lesion in the right femoral neck, and FDG–PET showed 
subtle uptake (figure 5) for which she received 5/5 2000 cGy 
palliative radiation therapy.

Tumour from the original surgery was sent to FoundationOne 
(detects 328 cancer-related genes and 28 rearrangements) for 
genomic analysis and an uncommon BRAF K601E and a rare 
BCORL1 mutation were detected. In addition, there were vari-
ants of uncertain significance in the following genes: VEGFA; 
ARID1B (SWI/SNF); BRIP1 (interacts with BRCA1) and PREX2 
(RAC1 and PTEN).

Treatment
In 2016, the patient underwent a resection of the posterior/
lateral aspect of the left fifth rib and received 150 mCi of post-
rhTSH radioiodine afterwards and was on low-iodine diet. 
She also received 5/5 2000 cGy palliative radiation therapy for 
the right femoral neck metastasis. The patient is currently on 
synthroid 150 mcg once a day, acetaminophen 500 mg once a 
day and escitalopram 5 mg once a day.

Outcome and follow-up
The patient was doing well until she had clival metastasis in 
2018 for which she received radiation therapy and had an initial 
favourable response. In February 2019, the patient had a recur-
rence to the left iliac wing and acetabulum and right femoral 
neck for which she received 5/5 4000 cGy palliative radiation 
therapy. On 19 November 2019, FDG–PET/CT scan showed 
decreased activity in the clival metastasis and mixed changes in 
the iliac and femoral neck lesions. Due to some progression in 
the left iliac and right femoral neck metastases, palliative radio-
therapy has been scheduled and denosumab is being considered 
to reduce the risk of hip fracture. A timeline of her clinical course 
is depicted in figure 6.

Discussion
BRAF is a member of the RAF kinase family that promotes 
signalling via RAS–RAF–MAPK signal transduction which helps 
in the regulation of cellular proliferation and apoptosis.1 BRAF 
V600E is the most common mutation in PTC and presents in 
more than 50% of PTC cases.3 BRAF V600E mutation is an acti-
vating mutation on exon-15 where valine–glutamate substitution 
happens at amino acid 600. It is mainly associated with high-risk 
PTC with more aggressive clinical course, worse prognosis and 
distant metastasis,1 particularly when combined with a TERT 
promoter mutation.21

BRAF K601E mutation is an inframe mutation with either 
deletion or insertion of lysine to glutamate substitution at amino 
acid 601.2 BRAF K601E is not well described as much as BRAF 
V600E, however, BRAF K601E mutation is more linked with 
FV-PTC with more indolent clinical course, better outcomes and 
more conservative management.1 2 4–14

Trovisco et al reported that BRAF K601E is present in 7% of 
FV-PTC cases and few cases of follicular adenoma and carcinoma 
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Figure 6  Timeline of patient’s clinical course.

as well.4 22 Torregrossa et al stated that 80% of BRAF K601E 
mutations are found in early tumour stage thyroid cancers and 
96% showed no extranodal extension or distant metastasis.1 
Afkhami et al described that 5.3% of all BRAF mutations in 
thyroidectomy specimens were BRAF K601E; 93% of them 
were PTC predominantly FV-PTC, 3.4% were follicular thyroid 
carcinoma and 3.4% were follicular adenomas.2 Ninety-seven 
per cent were T1–T2 tumours, with no recurrences or metas-
tases if only a single mutation was present. Barollo et al10 identi-
fied BRAF K601E in 4/347 BRAF-mutant tumours. Three were 
FV-PTC with no nodal metastases; one was poorly differentiated 
but also had a PIK3CA mutation.

BCORL-1 is a transcriptional corepressor that interacts with 
class II histone deacetylases by interacting with the amino 
terminus of c-terminal binding protein and decreasing the tran-
scription of E-cadherin,15 16 23 an important transmembrane 
protein that mediates cell to cell adhesion.24

Multiple reports have described loss of E-cadherin expression 
and localisation in patients with advanced malignant tumours; 
moreover, it is associated with increased risk for tumour recur-
rence and metastasis.15 24

Tumour cells inhibit E-cadherin expression by a promoter 
methylation or upregulation of transcriptional repressors such 
as: SNAIL and SLUG which knock down the promoter.15 Loss 
of E-cadherin expression contributes to epithelial–mesenchymal 
transition, the main cause of metastasis in human cancer.15

To the best of our knowledge, there are no data about BCORL1 
mutations in patients with PTC. Additionally, a literature search 
on the PubMed database through 7 November 2019 using the 
query ‘BCORL1 and cancer’ yielded 29 reports, none related to 
any type of thyroid cancers.

However, the role of BCORL1 in tumour metastasis has 
been reported in patients with HCC, acute myelogenous 
leukaemia, myelodysplastic syndrome and chronic myelomono-
cytic leukaemia.15 17 18 Yin et al reported that overexpression of 
BCORL1 in HCC patients leads to suppression of E-cadherin 
expression which subsequently facilitates cancer metastasis.15 
Zhao et al stated that overexpression of BCORL1 in NSCLC is 
inversely linked to E-cadherin regulation and BCORL1 overex-
pression is correlated with worse prognosis and more tumour 
invasion.16

Xu et al25 recently reported that a small percentage of PTCs 
with low-risk histology (mostly FV-PTCs) had distant metas-
tases, and 6/8 had more than one somatic mutation. Our patient, 
in addition to a BRAF K601E mutation, almost always associ-
ated with an indolent course, developed distant metastases. It is 
likely that the BCORL-1 mutation was responsible for the more 
aggressive behaviour, although any one or more of variants of 
unknown significance in four potentially oncogenic or tumour 
suppressive genes (ARID1B, BRIP1, PREX2, VEGFA) may have 
played a role. This case illustrates the value of more intensive 

interrogation of the molecular genotype of tumours, especially 
when the clinical cancer does not align with the histopathology 
and basic molecular characterisation.

Patient’s perspective

I have been dealing with thyroid cancer since 2007 and 
underwent thyroidectomy. The cancer came back to my bones 
many years later. At the beginning, I was very scared because 
the doctors did not know how to locate my lesions but the lab 
results showed the signs of recurrence. When the doctors finally 
located my lesions in the ribs. I was told that I have an unusual 
thyroid cancer with two mutations that do not seem to be 
together in one patient before.

I have been dealing with doctors ever since. Even though my 
thyroid cancer seems to be more aggressive than what I thought, 
I still feel great that I only feel some pain more like arthritis. I still 
think that I am much better than most of other cancer patients. I 
am optimistic and will never lose hope that doctors will find the 
right treatment for my cancer.

Most importantly, I would like to thank my husband, friends 
and family for their support. I also feel a depth of gratitude for 
all of my doctors who helped me through this journey.

Learning points

►► This is a case of an aggressive follicular variant papillary 
thyroid carcinoma (FV-PTC) with a rare association with BRAF 
K601E and BCL6 corepressor like-1 (BCORL1) mutations.

►► This case illustrates the value of more intensive interrogation 
of the molecular genotype of tumours, especially when the 
clinical course does not align with the histopathology and 
basic molecular characterisation.

►► When a case of aggressive course of FV-PTC is found, it is 
important to further investigate to determine the type of 
mutation associated with the tumour.

►► Physicians should be educated about the possible association 
of BCORL-1 mutation and thyroid cancer.
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