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Abstract

Purpose: In 2016, non-invasive encapsulated follicular variant of papillary thyroid carcinoma
(NI-EFVPTC) was renamed as noninvasive thyroid follicular neoplasm with papillary-like nuclear
features (NIFTP). However, as the study cohort did not mention tumors with oncocytic features,
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such lesions are still labeled by some as FVPTC. It is therefore crucial to evaluate the outcome and
molecular profile of oncocytic NI-EFVPTC.

Methods: A multi-institutional clinico-pathologic review was conducted to select 61 patients
having oncocytic NI-EFVPTC. A detailed molecular profile was carried out in 15 patients.

Results: Oncocytic NI-EFVPTCs predominantly affected women in their 50s. There was no
distant metastasis, lymph node metastases, or structural recurrence in the entire cohort. Among
patients with = 5 years of FU, all 33 individuals did not recur with a median FU of 10.2 years.
Oncocytic NI-EFVPTC commonly had RAS (33%) mutations, a high frequency of mitochondrial
DNA mutations (67%) and multiple chromosomal gains/losses (53%). No fusion genes were
detected.

Conclusions: Oncocytic NI-EFVPTC, when stringently selected for, lacks metastasis at
presentation and follows an extremely indolent clinical course, even when treated conservatively
with lobectomy alone without RAI therapy. These tumors share a similar mutational profile as
NIFTP, FVPTC and follicular neoplasm and are predominantly RAS-related. Like Hurthle cell
neoplasms, they harbor a high frequency of mitochondrial DNA mutations, which contribute to the
oncocytic cytomorphology. However, they lack the widespread chromosomal alterations observed
in Hurthle cell carcinoma. Consideration should be given to include oncocytic NI-EFVPTCs as
NIFTP in order to avoid overtreatment of these highly indolent tumors.
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Introduction

The incidence of thyroid carcinoma has increased more than any other cancer in the United
States, with an annual increase of 3.6% per year and 56,430 new cases diagnosed annually
[1,2]. The increase is in part attributed to a rise in the prevalence of the follicular variant of
papillary thyroid carcinoma (FVPTC), a diagnosis that is rendered with a certain degree of
inter-observer subjectivity [3]. For example, the percentage of FVPTC among all papillary
thyroid carcinomas (PTC) regardless of tumor size has nearly tripled from 18% to 57% over
the past four decades, becoming the most common architectural patterns encountered in PTC

3].

Histologically, PTC can be subtyped using architectural patterns or cytologic features.
FVPTC is a variant of PTC that is characterized by an exclusively follicular growth pattern,
while the oncocytic variant is used to describe PTC with prominent oncocytic
cytomorphology characterized by abundant eosinophilic granular cytoplasm [4,5]. Recently,
compelling clinical outcome data and molecular evidence, including The Cancer Genomic
Atlas (TCGA) of PTC, have demonstrated that noninvasive FVPTC follows a highly
indolent clinical course and has a molecular signature resembling follicular adenoma/
follicular carcinoma with activating RKAS mutations as the most frequently encountered
genetic alteration [6-9,5]. In 2016, a group of 28 endocrine experts critically reexamined
this entity and advocated for a nomenclature revision to non-invasive follicular thyroid
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neoplasm with papillary-like nuclear features (NIFTP), in an effort to reduce overtreatment
of this highly indolent tumor by eliminating the term “carcinoma” [5]. Such nomenclature
revision was subsequently recognized and adopted by the World Health Organization
(WHO) [4].

As the cohort of 109 patients with NIFTP studied by the consensus conference [5] and in a
previous report[8] did not explicitly address tumors with oncocytic features, i.e. oncocytic
noninvasive encapsulated follicular variant of papillary thyroid carcinoma (O-NI-EFVPTC),
there is currently no study with long-term follow up specifically designated to investigate the
clinical behavior and outcome of O-NI-EFVPTC. As a consequence, such lesions are labeled
and staged by many pathologists as O-NI-EFVPTC rather than NIFTP. Indeed, the United
Kingdom endocrine pathology society currently considers the presence of oncocytic features
as an exclusion criterion for the use of the NIFTP diagnostic term [10]. In 2013, Ganly et al.
studied a group of Hurthle cell carcinomas (HCC), i.e. carcinoma with invasion, oncocytic
cytoplasm, absence of nuclear features of PTC and solid and/or follicular growth patterns
[11]. In this study, HCC showed a distinct mutational, transcriptional and copy number
profile different from those of PTC with a low frequency (being 11%) of RAS mutations and
no BRAF mutations [11]. However, the molecular profile of oncocytic FVPTC has not yet
been studied to date.

In the current retrospective multi-institutional study, we gathered and analyzed the clinical
outcome of 61 patients with unifocal O-NI-EFVPTC from three tertiary hospitals who were
not treated with post-operative RAI. A subgroup of 15 O-NI-EFVPTC were also subjected
to targeted next generation sequencing to explore the molecular profile of these lesions and
compare it to that of Hurthle cell adenoma (HCA), PTC, FVPTC and HCC.

Study cohort and histopathologic review:

After obtaining approval from the various institutional review boards, the pathology
database of three tertiary hospitals, namely Memorial Sloan Kettering Cancer center,
(MSKCC), New York, NY, USA, Sunnybrook Health Sciences Centre (SHSC), Toronto,
ON, Canada, and Ospedale Maggiore, Bologna, Italy, were searched for candidate cases of
unifocal O-NI-EFVPTC. All cases were reviewed independently by three endocrine
pathologists (BX, GT, and RG) to confirm the diagnosis using the criteria proposed by
Nikiforov et al. [5]. In brief, PTC NI-EFVPTC was diagnosed when a PTC fulfilled all of
the following criteria: 1) encapsulation or clear demarcation; 2) exclusive/predominant
follicular growth pattern lacking psammoma bodies and with <1% papillae and < 30% solid
growth pattern; 3) nuclear atypia in the form of nuclear enlargement, nuclear membrane
irregularity and/or chromatin clearing with a nuclear score of 2-3; 4) absence of invasion
(vascular or capsular); 5) no tumor necrosis; and 6) mitotic index < 3 per 10 high power
fields (400X). A tumor was considered as oncocytic only when at least 75% of the lesional
cells exhibited unequivocal Hurthle cell/oncocytic phenotype as defined by the Armed
Forces Institute of Pathology (AFIP) fascicle [12]. The tumor cells must show abundant
eosinophilic granular cytoplasm (i.e. oncocytic/Hurthle cell phenotype, Figure 1). As
Hurthle cell lesions commonly have large nuclei with slight nuclear membrane irregularity,
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convincing diagnostic nuclear features of papillary thyroid carcinoma, e.g. marked nuclear
enlargement, membrane irregularity and/or chromatin clearing, had to be present for a lesion
to be considered as O-NI-EFPTC. Additionally, the tumor cells typically lacked prominent
central nucleoli as those seen in Hurthle cell neoplasm, but rather had peripherally located
nucleoli. Patients whose tumor was less than 1 cm, who had separate foci of carcinoma, who
had no follow up, or who received post-operative RAI were excluded from the current study.
A total of 61 cases operated between 1984 and 2017 fulfilled the above inclusion criteria.

Clinical review:

The patients’ charts were reviewed to record the following clinical parameters: age at
diagnosis, sex, surgery type (total thyroidectomy vs. lobectomy/hemithyroidectomy),
duration of clinical follow up (FU) and clinical outcome. Recurrence was defined as
structural recurrence confirmed by imaging and/or histopathologic examination.

DNA extraction and targeted next generation sequencing

Identification of Somatic DNA mutations: Fifteen O-NI-EFVPTC from the MSKCC
cohort with tissue available for DNA extraction were subjected to the MSK-IMPACT™
(Memorial Sloan Kettering-Integrated Mutation Profiling of Actionable Cancer Targets)
platform, an FDA (Food and Drug Administration)-approved deep-coverage, targeted next-
generation sequencing assay as previously described [13,14]. In brief, the MSK-IMPACT
assay detects single nucleotide variants (SNVs), small insertions/deletion (indels), copy
number variants (CNVs) and fusion/structural variants in 468 oncogenes, using custom DNA
probes designed for targeted sequencing of all exons and selected introns, including
canonical and selected non-canonical transcripts. Genomic DNA from tumor and patient
matched normal samples were extracted from formalin-fixed paraffin-embedded (FFPE)
tissue and subjected to sequence library preparation (Kapa Biosystems) and exon capture
(NimbleGen). Pooled libraries containing captured DNA fragments were subsequently
sequenced on the lllumina HiSeq 2500 system. Paired-sample variant calling was performed
on tumor samples and their respective matched normals to identify point mutations, SNVs
and indels. MuTect (version 1.1.4) was used for SNV calling and SomaticlndelDetector, a
tool in GATKV3.3.0, was used for detecting indel events. Variants were subsequently
annotated using Annovar, and annotations relative to the canonical transcript for each gene
(derived from a list of known canonical transcripts obtained from the UCSC genome
browser) were reported. Annotated SNV and indel calls were subjected to a series of
filtering steps to ensure only high-confidence calls were admitted to the final step of manual
review [15].

Identification of Copy number alterations—The FACETS analysis [16] was
performed for copy number alteration. The FACETS algorithm is an open-source allele-
specific copy number analysis tool, which can enhance the sensitivity to identify
amplifications or deletions in tumors by joint modeling of total and allele-specific patterns,
allowing reliable determination of total and allele-specific copy number call [16]. A
minimum of 1.5-fold change was required to be considered as amplification or deletion.

Endocrine. Author manuscript; available in PMC 2020 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xu et al.

Results

Page 5

Identification of mitochondrial DNA (mtDNA) mutations—Somatic mtDNA
mutation analysis was performed using a custom informatics pipeline for mtDNA as
previously described [17]. Briefly, a pileup file for paired tumor and normal tissue sample
was generated using samtools mpileup with minimal mapping quality 10 and base alignment
quality 13 [18]. Mutation annotation format files for mtDNA variants were then generated
using vcf2maf, and further annotated with calls from Mitimpact (including the APOGEE
score and MitoTIP). Putative variants were filtered if they fell in regions 302-315, 514-525,
or 3106-3110 of the mitochondrial rCRS. Variants were retained if they contained at least 5
reads in support of the variant, with at least 2 reads in both the forward and reverse direction.
Variants were prioritized as putatively loss-of-function if they were (1) associated with
disease in MITOMAP or (2) either a nonsense or frameshift variant.

Clinico-pathologic findings in O-NI-EFVPTC:

Sixty-one patients with unifocal O-NI-EFVPTC who did not receive RAI were included in
this study. The number of included cases according to the institutions was as follows:
MSKCC n = 34; Bologna-Ospedale Maggiore n = 22; and SHSC n = 5. All cases from
MSKCC and SHSC (39 of 61, 64%) had an initial diagnosis of encapsulated FVPTC while
the cases from Ospedale Maggiore were diagnosed as Hurthle cell adenomas 22 (36%) of
61.

The clinico-pathologic characteristics are summarized in Table 1. O-NI-EFVPTC
predominantly affected female patients with a female to male ratio of 2.2:1. The median age
of diagnosis was 56 (range: 8 — 82). The median tumor size was 2.5 cm (range 1.0 — 5.0 cm).
Twenty-eight patients (46%) underwent lobectomy, while the remaining 33 (54%) had total
thyroidectomy. In 37 (61%) cases, the entire tumor or tumor capsule was submitted for
histologic examination, while in the remaining 24 patients (39%), the tumors were sampled
representatively. In cases where the tumor and its capsule were representatively sampled, an
average of 5 tumor sections (median=4, range: 2—-12) and 2 tumor sections per centimeter of
tumor (median =2, range: 1-4) were examined per case. All tumors were confined to the
thyroid and were resected completely with negative surgical margins. Lymph node(s) were
sampled in 12 (20%) patients. No lymph node metastases were detected at diagnosis
clinically and/or pathologically. Benign conditions such as chronic lymphocytic thyroiditis
and nodular hyperplasia, were observed in 9 (15%) and 28 (46%) patients respectively.

Clinical outcome of O-NI-EFVPTC:

The median follow up in our cohort was 5.3 years (range:0.1 — 20.5). Among them, 55
(87%) had at least 1-year follow up with a median follow up of 6.7 years, 52 (85%) had at
least 2-year follow up with a median follow up of 6.9 years, 33 (54%) had at least 5-year
follow up with a median follow up of 10.2 years, and 17 (28%) had at least 10-year follow
up. No structural recurrence or disease specific death was observed in the entire cohort.

Molecular profile of O-NI-EFVPTC:

The molecular profile of 15 cases of O-NI-EFVPTC is listed in Table 2.
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Somatic mutations: The nuclear DNA mutation profile of O-NI-EFVPTC is illustrated in
Figure 2. Mutations in the RAS gene family appear to be the main driver with alterations
detected in 5 (33%) cases, with a particular preference for mutations to the homologous Q61
position. This included two mutations to the Q61 hotspot in NRAS (Q61R and Q61K, 13%
of samples), two mutations to KRAS (13% of samples), including the hotspot mutation
G12D, as well as a less common Q61R variant homologous to the NRAS Q61 variant. An
additional mutation to HRAS at position Q61 was also observed and one tumor harbored a
relatively rare BRAF K601E mutation. Additional mutations were detected in other cancer-
associated genes including 7SHR (thyroid stimulating hormone receptor), £ZH1 (enhancer
of zest 1 polycomb repressive Complex 2 Subunit), NFEZL2 (nuclear factor erythroid 2 like
2), TETZ (TET methylcytosine dioxygenase 2), MCL1, CDKNZC (cyclin dependent kinase
inhibitor 2C), AURKA (aurora kinase A) and GL/ (glioma-associated oncogene family zinc
finger 1): each was detected in one case (7%). Aggressive molecular signatures, e.g. 7P53
and 7ERT promoter mutations, were not seen in our cohort. No mutations were detected in 6
(40%) cases.

Fusion genes: None of the 15 tested O-NI-EFVPTC contained fusions that were reported
in thyroid carcinoma [6], e.g. PAX8-PPARy as well as those involving RET, BRAF,
NTRK3, ALK, THADA, FGFR1, MET and LTK loci. In addition, none of the fusion genes
recently reported in HCC [17] were identified.

Copy number alterations—The FACETS plots for all 15 cases are shown in
Supplementary Figure 1. Seven cases (47%) had a copy number quiet profile with no
detectable copy number gains or losses. Five cases (cases 3, 4, 5, 7, and 11) had focal
chromosomal alterations in chromosomes 2, 4, 9, 21, and 22. Three cases showed quite
different copy number alterations (cases 9, 10, and12) in which there was whole
chromosome duplication of chromosome 7 (Figure 3). These tumors did not show the
widespread uniparental disomy typical of HCC [17].

Mitochondrial DNA mutations—Nonsilent mitochondrial DNA mutations were detected
in ten (67%) O-NI-EFVPTC, including one case (7%) which harbored two nonsilent
mutations (Figure 4, case 1 of Table 2). The 6 mtDNA encoding complex | subunits were
enriched for mutations, being detected in 6 cases (40%). Of the 10 cases with mtDNA
mutations, four (27% of all cases) were frameshift or nonsense mutations, which may lead to
potential inactivation of mitochondrial respiration in these tumors and subsequent activation
of mitochondrial biogenesis [19].

Discussion

In the current study, we examined the clinical outcome and molecular profile of a large
cohort of oncocytic NI-EFVPTC with predominant oncocytic cytomorphology but otherwise
fulfilling the initial diagnostic criteria of NIFTP in order to determine the clinical behaviors
and molecular signatures of these lesions. Only unifocal cases of O-NI-EFVPTC without
separate carcinoma foci were included in this study to avoid the confounding effect of
multifocal disease. Additionally, we only included patients treated with surgery alone
(lobectomy or total thyroidectomy) without post-operative RAI, as recommended by the
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ATA guidelines [20,21]. This enabled us to follow the natural history of resected O-NI-
EFVPTC. With regard to follow up, we relied on structural rather than biochemical
recurrence to assess patients’ disease status. This was partly due to the fact that some cases
were old and did not have adequate serum thyroglobulin data. Although a long follow up
time was not available in all cases, this study comprised 33 patients, each followed for at
least 5 years, treated by surgery without RAI therapy who did not recur with a median
follow up of 10.2 years. Seventeen patients had at least 10-year follow up. As the literature
has shown that most differentiated thyroid carcinomas recur during the first decade [22,23],
the outcome data from the present study suggest that O-NI-EFVPTC may follow a very
indolent behavior similar to their non-oncocytic counterparts [24,5]. Future studies with
larger cohort size and longer follow up may be required to confirm the indolent nature of
these tumors. The definition of NIFTP is in constant evolution. The most recent suggested
criteria requires a total lack of true papillary formations [9], Despite the fact that we used the
less stringent initial criterion of less than 1% papillae, none of the patients developed nodal
metastasis. The lack of nodal disease in our cohort was also consistent with the fact that O-
NI-EFVPTC behaves similarly to other encapsulated follicular neoplasms [25],in contrast to
BRAFV600E-mutated tumors that are typically prone to develop local lymph nodes
metastases[26,12]. Additional studies with longer follow up may be required to specifically
address the long-term outcome of the patients with these tumors.

Interestingly, the molecular profile of O-NI-EFVPTC straddles between FVPTC/NIFTP and
HCC, a thyroid carcinoma that shares the eosinophilic cytoplasmic features of O-NI-
EFVPTC but lacks the nuclear features of PTC (Table 3) [6,5,27,11]. The mutation
landscape of O-NI-EFVPTC largely resembles those of FVPTC and NIFTP and differs
significantly from Hurthle cell neoplasms. NRAS, KRAS, and HRAS hotspot mutations are
detected in a significant proportion (33%) of O-NI-EFVPTC, comparable with the 37%
frequency found in the FVPTC of the TCGA PTC study [6,28], 30% in the NIFTP
consensus cohort [5] and 63% of NIFTP reported by Johnson et al. [7]. However, the NRAS,
KRAS, and HRAS mutations in O-NI-EFVPTC are significantly higher than in Hurthle cell
neoplasms, being 9-11% in HCC and 0% in Hurthle cell adenoma [11,29,17]. BRAF
V600E, a driver mutation commonly seen in classical variant and tall cell variant of PTC, is
absent in O-NI-EFPTC (current study), as well as in NIFTP, Hurthle cell adenoma, and HCC
as shown in previous studies [6,5,27,11,17]. A single case of O-NI-EFVPTC harbored
BRAFK601E, which was also described in 1 to 3% of FVPTC and NIFTP [5,6,27].

Additional molecular alterations observed in O-NI-EFVPTC include GL/, AURKA,
CDKNZC, TET2, MCL1, NFE2L2, EZHI, and TSHR mutations. CDKNZ2C, EZH1 and
TSHR mutations were also detected in four PTCs in the TCGA cohort: including three cases
each with CDKNZ2C, EZH1 or TSHR mutation and one case with both 7SHRand EZH1
mutation. Interestingly, all four cases are follicular variant, including two O-NI-EFVPTC, as
shown in cBioPortal [30,31]. COKNZ2C encodes a protein that belongs to the INK4 family of
cyclin-dependent kinase inhibitors, which functions as a cell growth regulator by controlling
cell cycle G1 progression. EZH1 is the catalytic subunit of PRC2 complex which mediates
methylation of histone H3 lys27 (H3K27), leading to transcription repression of the targeted
genes. 7SHR encodes thyroid stimulating hormone receptor. The contribution of these gene
mutations to the pathogenesis of O-NI-EFVPTC remains to be investigated.
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No gene fusions were detected in this cohort of O-NI-FVPTC. In comparison, PPARy and
THADA rearrangement has been reported in 22% of NIFTP [5] and 1 to 3% of FVPTC in

the TCGA cohort [6,28]. We do not know the reason behind this lack of gene fusions in O-
NI-EFVPTC.

Oncocytic change in thyroid neoplasms is the result of an aberrant increase in mitochondrial
mass [32], and has been described in a spectrum of thyroid follicular-cell derived neoplasms,
including Hurthle cell adenoma, HCC, and various variants of papillary thyroid carcinoma
[4]. This accumulation of mitochondria has been linked to mutations in the genes coding for
some of the subunits of the five multimeric complexes of the oxidative phosphorylation
(OXPHOS) system localized to the inner mitochondrial membrane [33,34]. If mutations of
these subunits render them missing/defective, the entire multimeric complex does not
assemble properly, OXPHOS is impaired, and there is a compensatory accumulation of
mitochondria, with phenotypic (i.e., accumulation of mitochondria), biochemical and
metabolic defects [34,33]. In the past decade a high frequency of somatic mitochondrial
DNA variants has been reported in oncocytic thyroid neoplasms [35,32,17,34], and much
less frequently in nuclear coded mitochondrial genes [35,32,17]. As high as 71% of HCC
harbors mtDNA mutations, with 37% of tumors demonstrating detrimental frameshift or
nonsense variants [17].

Among the 15 O-NI-EFVPTC tested, a very similar mtDNA mutation profile (compared to
HCC) was identified with 10 cases (67%) showing nonsilent mtDNA mutations, including
three cases with frameshift or nonsense mutations. This high rate of mtDNA mutations is
consistent with the oncocytic phenotype of O-NI-EFVPTC and further confirms the
importance of mtDNA in the development of oncocytic thyroid neoplasms. The similar rate
of mtDNA mutations in the extremely indolent O-NI-EFVVPTC and the much more
aggressive HCC suggests that mitochondrial DNA mutations are probably not sufficient to
cause an aggressive behavior in oncocytic thyroid tumors.

Multiple previous studies, including our own, have reported a plethora of chromosomal
aberrations in Hurthle cell neoplasms using array comparative genomic hybridization and
next generation sequencing techniques [11,29,32,36,35,17]. Ganly et al. recently reported
the unique chromosomal alterations seen in 56 cases of HCC (18). In this study, the more
aggressive widely invasive HCC had whole chromosome duplication of chromosome 7 and 5
with global uniparental disomy (UPD) of the remaining chromosomes. This global UPD
results in widespread loss of heterozygosity (Table 3). Numerous chromosomal gains and
losses involving chromosome 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 16, 17, 19, 20 and 22 have been
described previously in HCC (Table 3). Among O-NI-FVPTC, several tumors lacked any
chromosome alteration and 5 showed single chromosome alterations. Three tumors showed
whole chromosome duplication of chromosome 7 as seen in HCC. However, these tumors
did not show the widespread UPD that is seen in HCC [17].

In conclusion, the above data strongly suggest that O-NI-EFVPTC are similar to NIFTP at
the molecular level in regard to their MAPK alterations (enrichment in RAS-like mutations)
and at the outcome level having an indolent clinical behavior with negligible risk of
metastasis and recurrence, even when treated conservatively without post-operative RA.
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These findings further reinforce the fact that invasion rather than nuclear or cytoplasmic
features drives outcome in encapsulated follicular patterned tumors [37,38].The presence of
mitochondrial DNA mutations confirms that O-NI-EFVPTC are part of the spectrum of
oncocytic neoplasms, and further supports the role of mitochondrial DNA mutations in the
acquisition of the oncocytic phenotype. Therefore, given the molecular and behavioral
similarity, it is worth considering rebranding oncocytic noninvasive encapsulated follicular
variant of papillary thyroid carcinoma as NIFTP just as its non-oncocytic counterpart. A
note in the pathology report should mention the presence of oncocytic features. Including O-
NI-EFVPTC in the NIFTP category will help reduce unnecessary treatments with its side
effects and will prevent the adverse psychosocial and financial consequences of a cancer
diagnosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Upper panel: Oncocytic noninvasive encapsulated follicular variant of papillary thyroid

carcinoma (O-NI-EFVPTC) is completely encapsulated (black arrows) without evidence of
capsular or vascular invasion. Lower panel: The lesional cells show oncocytic features with
abundant eosinophilic cytoplasm and nuclear features of papillary thyroid carcinoma with
chromatin clearing and frequent nuclear grooves (blue arrows). Scale bars: 200 microns in
upper panel, and 30 microns in lower panel.
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Figure 2.
Somatic mutations in O-NI-EFVPTC. Oncoplot shows that O-NI-EFVPTC is enriched with

RAS mutations. The only BRAF mutation found is BRAFK601E.

Endocrine. Author manuscript; available in PMC 2020 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Xu et al. Page 15
" s l “‘ = ol chr
Chrf gain JChr!gan Chrf12 gdin| Chf16 gain |[Chr2 gdi ol |
| \ \ l | \ = Chr4 g.elll 1 Chr ?gan
3 ‘ 2 [ l
= s | o)
8 o = EA l— 3 ] 82 :
; - - |
5;_
7 o
- o
g 2 :
4 ™ e 5 faad: - b i) ¢ - =Ad I
4 — il -, Ee—) o e — e = =
i s R T e T | o] et i :
g . 2 :
1 7
: | B £ § = I
i1 sliizii=lii=N B :
E«- ] aiR s En_ N _—
§ §_|
o =
| | ! | | o
1 R I EEEEEEEERE H T 48 & T & Somn 12151 1wew B X
Chromosome Chrormosome:
Case 10 Case 12
Figure 3.

Allele specific copy number alterations in case 10 and 12. In case 10, the tumor has whole
chromosome duplication of chromosome 7 in addition to gain of Chromosomes 5, 9, 12, 16
and 20. In case 12, the tumor has whole chromosome duplication of chromosome 7 in

addition to gain of chromosome 4 and 12.
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Figure 4.
Mitochondrial DNA (mtDNA) mutations in O-NI-EFVPTC. (A) Distribution of non-

synonymous, tRNA, and rRNA mutations across mtDNA-encoded genes in 15 cases of O-
NI-EFVPTC. (B) mtDNA mutation(s) in each tested O-NI-EFVPTC sample.
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Clinico-pathologic characteristics of patients with unifocal oncocytic noninvasive encapsulated follicular
variant of papillary thyroid carcinoma (O-NI-EFVPTC) who did not receive post-operative radioactive iodine

treatment.

All patients (n = 61)

Site MSKCC, US 34 56%
Bologna, Italy 22 36%
SHSC, Canada 5 8%
Sex Female 42 69%
Male 19 31%
Age: mean, median (range) 52, 56 (8-82)
Surgical procedure Lobectomy 28 46%
Total/subtotal thyroidectomy 33 54%
Tumor sampling Entirely or entire capsule 37 61%
Representative 24 39%
Number of sections sampled per tumor in cases that were representatively sampled: mean, median (range) | 5, 4 (2-12)
Number of sections per cm of tumor in cases that were representatively sampled: mean, median (range) 2,2 (1-4)

Tumor Size(cm): mean, median (range)

2.5,2.5 (1.0 -5.0)

Background Thyroid Chronic lymphocytic thyroiditis 9 15%
Nodular hyperplasia 28 46%
Other/none 25 41%

Sampling and status of lymph nodes Not sampled 49 80%
Benign lymph node(s) 12 20%

Post-operative radioactive iodine None 61 100%

Follow up (FU) duration (years): mean, median (range)

7.2,5.3(0.1-20.5)

Disease status at last FU No evidence of disease (NED) 61 100%

Patients with at least 1-year FU (n = 55)

Surgical procedure Lobectomy 26 47%
Total/subtotal thyroidectomy 29 53%

FU duration (years): mean, median (range)

7.9,6.7 (1-20.5)

Disease status at last FU NED 55 100%

Patients with at least 2-year FU (n = 52)

Surgical procedure Lobectomy 23 44%
Total/subtotal thyroidectomy 29 56%

FU duration (years): mean, median (range)

8.3,6.9 (2.7 -20.5)

Disease status at last FU NED 52 100%

Patients with at least 5-year FU (n = 33)

Surgical procedure Lobectomy 17 52%
Total/subtotal thyroidectomy 16 48%

FU duration(years):mean, median (range)

10.9, 10.2 (5.1-20.5)
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All patients (n = 61)
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|33
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Molecular profile of O-NI-EFVPTC.

Table 2.

Page 19

Case genotyped | RASand BRAF | Other mutations Copy number alteration Mitochondrial DNA mutation
1 NRAS p.Q61K GL/p.E316Q - MT-CO1 nonsense mutation
G6930A MT-ND5 missense mutation
T12569C
2 NRASpP.Q6IR | - - -
3 KRASp.G12D AURKA p.L159fs Loss in part of 9 MT-3’flank T12228C TS2
4 KRASpP.Q61R - Loss in 21 MT-TL1 5" flank A3243G
5 HRASp.Q61R CDKN2C p.D67TN Loss of 22 MY-CYB missense mutation
T15729C
6 BRAFp.K601E TET2p.V1718L - MT-ND1 missense mutation
MCL1p.EALA c.G3901A
7 - NFE2L2p.29_32del Gain of 9p MT-RNRL1 5°flank G709A
8 - EZHI1p.Q571R - MT-ND4 frame shift deletion
A11038-
9 - TSHR p.M453T Gain of 5, 10, 12, 17, 18, 20, 21, -
X; WCD of 7; Copy neutral LOH
in9
10 - - Gain of 5, 9, 12, 16, 20; WCD of | -
7, Copy neutral LOH in X
11 - - Loss of 2p; balanced gain in 4 -
12 - - Gain of 4, 12, 18, 21; WCD of 7 MT-ND2 missense mutation T5412C
13 - - - MT-ND4 nonsense mutation
G11390A
14 - - - MT-ND4 frame shift insertion
-10952C
15 - - - -

WCD: whole chromosome duplication, LOH: loss of heterozygosity. Frameshift or nonsense mutations in bold characters.
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