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ABSTRACT

Background: As a rare but aggressive papillary thyroid carcinoma (PTC) variant, 
the genetic changes of hobnail variant of PTC (HVPTC) are still unclear.

Results: The prevalence of HVPTC was 1.69% (18/1062) of all PTC diagnosed 
in our cohort. 73 samples from 55 patients (17 HVPTC, 26 CPTC, 7 PDTC and 5 ATC) 
were successfully analyzed using targeted NGS with an 18-gene panel. Thirty-seven 
mutation variant types were identified among 11 genes. BRAF V600E mutation was 
the most common mutation, which is present in almost all HVPTC samples (16/17, 
94%), most CPTC samples (20/26, 77%), and none of the ATC and PDTC samples. 
TERT promoter mutation (C228T) was identified in 2 ATC and one HVPTC patient. 
RAS and TP53 mutation are almost exclusively present among ATC and PDTC samples 
although TP53 mutation was also observed in 3 HVPTC patients. Six different GNAS 
mutations were identified among 8 CPTC patients (31%) and none of the HVPTC 
patients. The only patient who died of disease progression harbored concomitant 
TERT C228T mutation, BRAF V600E mutation and TP53 mutation.

Methods: HVPTC cases were identified from a group of 1062 consecutive surgical 
specimens diagnosed as PTC between 2000 and 2010. Targeted next-generation 
sequencing (NGS) was applied to investigate the mutation spectrum of HVPTC, 
compared to classical PTC (CPTC), poorly differentiated thyroid carcinoma (PDTC) 
and anaplastic thyroid carcinoma (ATC).

Conclusion: As an aggressive variant of PTC, HVPTC has relatively specific 
molecular features, which is somewhat different from both CPTC and ATC/PDTC and 
may underlie its relatively aggressive behavior.

INTRODUCTION

Incidence of thyroid cancer has increased all over 
the world in recent decades, primarily due to the increased 
prevalence of papillary thyroid carcinoma(PTC). In China, 
thyroid cancer has become the eighth most common 
malignant tumor in women based on the data of the 

National Central Cancer Registry (NCCR) in 2015 [1]. 
Some of the histological variants of PTC, such as tall cell, 
diffuse sclerosing, and columnar variants, associate with 
a poor outcome, even though the overall survival rate of 
PTC at 10 years is greater than 90%. Hobnail variant of 
papillary thyroid carcinoma (HVPTC) was first described 
as a new aggressive variant in 2009 characterized by 
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tumor cells harboring hobnail features [2]. Thus far, only 
a few small cohorts of HVPTC have been reported, with 
patients from the United States [3–5], Mexico [6], Italy 
[7] and Korea [8]. All the studies have suggested that 
HVPTC behave more aggressively than classical PTC 
(CPTC). Recently, one study reported that the hobnail 
variant was observed in more aggressive thyroid tumors, 
such as poorly differentiated thyroid carcinomas, and 
suggested that hobnail features may be an indication of 
higher-grade transformation [4]. Although high BRAF 
mutation frequency (40-80%) has been reported in these 
studies, this genetic variant alone might not fully account 
for the higher rate of recurrence and mortality due to the 
small sample size and limited candidate genes.

Next-generation sequencing(NGS) technology is 
able to provide simultaneous screening of a variety of 
genomic aberrations such as single-nucleotide variants 
(SNVs), multiple-nucleotide variants (MNVs), small 
and large insertions and deletions, and copy number 
variation (CNVs) [9, 10]. More importantly, screening 
multiple markers with NGS technology requires 
lower input of nucleic acids in contrast to traditional 
sequencing technologies, which makes NGS very 
desirable for routine molecular profiling in cancer. NGS 
has been used in thyroid cytology to improve diagnostic 
accuracy, especially in indeterminate specimens [11, 12]. 
Meanwhile, one study also investigated the molecular 
profiling of the major types of thyroid cancer using the 
high-throughput NGS panel (ThyroSeq) [13]. Based on 
this study, point mutations were identified in 30-83% of 
specific thyroid cancer types, and among PTC, the genetic 
profiles of follicular variant PTC are dominated by RAS 
mutation while the BRAF is the major mutation in CPTC. 
In this study, we applied targeted NGS panel to investigate 
the mutation spectrum of HVPTC, compared to CPTC, 
poorly differentiated thyroid carcinoma (PDTC) and 
anaplastic thyroid carcinoma (ATC).

RESULTS

Clinicopathological characteristics

Table 1 shows the clinicopathological features of the 
HVPTC. The prevalence of HVPTC was 1.69% (18/1062) 
of all PTC diagnosed in our institution during the period 
of 2000-2010. The mean age was 41.8 years (range23-
78years) with a clear female predominace (female/male 
ratio, 13:5). The mean tumor size was 2.53 cm (range1-
5cm), with 3 being multifocal (16.7%). Morphologically, 
papillary and micropapillary structures and hobnail 
features were identified in all the 18 selected cases (Figure 
1A, 1B and 1C). Focal (usually <10%) hobnail appearance 
was not unusual in some PTC cases, presented on the top 
of a papilla and the marginal area of the lesion, but we 
did not put these cases into this cohort due to the selected 
criteria that hobnail features must be observed in≥30% 

tumor cells. Extra-thyroidal extension and lymph-vascular 
invasion were observed in 6 (33.3%) and 2 (11.1%) 
patients, respectively, whereas lymph node metastasis was 
identified in 10 patients (58.8%). Hobnail features were 
not observed in any of our 12 ATC/PDTC cases.

Sample acquisition

A total of 75 FFPE samples were profiled and only 
2 samples from 2 patients (1HVPTC and 1ATC patient) 
failed sequencing. 73 samples from 55 patients were 
successfully analyzed, with 29 samples from 17HVPTC 
patients, 26 samples from 26 CPTC patients, 9 samples 
from 7PDTC patients and 9 samples from 5 ATC patients. 
In 16 patients, we obtained more than one FFPE sample 
from the same patient to investigate the concordance of 
molecular profiling and possible spatial heterogeneity of 
these thyroid tumors.

Quality assessment of the targeted sequencing 
data

Deep sequencing with the 18-gene panel was 
performed to achieve an average of 1947×coverage among 
all 73samples profiled. An average of 97.3% of all reads 
was successfully mapped to the human genome (hg19) and 
55.3% of all reads were mapped to our designed target 
regions (Figure 2A), indicating a high capture efficiency 
of the designed probes. Figure 2B shows the coverage 
depth distribution in each sample, where all73 samples 
have a median coverage depth of more than 500×. Such 
high coverage enables us to assess mutations present in 
only a small portion of the tumor cells.

We then assessed the repeatability of probe 
capturing efficiency by measuring the correlation of 
coverage depth in each target region between different 
samples. Supplementary Figure 1A shows a heat map of 
such correlation between each pair of samples. More than 
79.5% of pairs show a statistically significant positive 
correlation (p<0.05, Pearson correlation), indicating an 
excellent repeatability of capturing efficiency of probes 
across different regions. The scatter plots of coverage 
depth across all regions between the most and least 
correlated pairs of samples are shown (Supplementary 
Figure 1B). It can be seen that there is a group of 15 
samples (group A) showing weak or even negative 
correlation with other samples (group B), indicating a 
different capture enrichment pattern between two types 
of samples. Supplementary Figure 1C shows the box 
plots of the imputed DNA fragment length of samples 
among group A and B. Group A samples have statistically 
significantly shorter DNA fragments than group B 
(p<0.0001), indicating a higher level of DNA degradation 
in group A samples than in group B. Detailed sample 
characteristics and sequencing data quality assessment 
parameters are listed out in Supplementary Table 1 and 2.
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Molecular features of HVPTC compared with 
PTC and ATC/PDTC

Targeted sequencing data from all 73 samples 
were analyzed, and mutations and fusion events were 
summarized. Since DNA from FFPE samples might 
degrade over the years, and thus possibly introduce 
false positive mutations due to DNA damage, we first 
assessed the DNA quality and associated it with the 
total mutational load among all samples. Samples with 
average DNA fragment size lower than 165bp or library 
complexity lower than 0.1 were defined as low-quality 
samples and the rest as high-quality samples. Figure 3A 
shows the box plots of DNA fragment size and library 
complexity between the two groups, as well as the violin 
plots of overall mutation number and number of mutations 
with low allele frequency (AF), which are usually more 
likely to be caused by DNA damage, between the two 
groups. It can be seen that both total mutation number 
and low-AF mutation number are significantly higher 
among the low-quality samples than high-quality samples 
(p=0.002, Wilcoxon rank test), as expected. Figure 3B 

shows the ranked plot of the quality parameters and 
mutation numbers over the sample collection year. While 
the DNA fragment size significantly correlates with the 
collection time (p=4.5e-9, Pearson correlation), indicating 
a continuous degradation of FFPE DNA over the years, the 
mutational load is the highest among the oldest samples 
as well as a group of samples collected from 2009. Given 
these results, a variant frequency of at least 2% and 10% 
were used as minimum requirements in this study for high-
quality samples and low-quality samples, respectively.

All mutations identified were summarized in Figure 
4A where samples were grouped by subtype, patient, 
and quality group. Mutations were color-coded by their 
mutation allele frequency. Mutation status was further 
combined onto gene level and patient level in Figure 
4B. Thirty-seven mutation variant types were identified 
among 11 genes across all samples. All details about 
mutations identified can be found in Supplementary Table 
3. BRAF V600E mutation was the most common mutation 
identified, which is present in almost all HVPTC samples 
(16/17, 94%), most CPTC samples (20/26, 77%), and none 
of the ATC and PDTC samples. HVPTC harbored an even 

Table 1: The clinical and pathologic features of 18 HVPTC cases
Case Age/

sex
Size
(cm)

Multifocal Percentage 
of hobnail 
features

Percentage 
of other 
variants

LVI ETE LN 
METS

Postsurgical 
I131treatment

Local 
recurrence

Distant 
METS

pTNM Follow up
(months)

1 32/M 1.5 No 40% 60%CPTC No No Yes(2/2) No No No PT1bN1M0 not 
available

2 76/F 5 No 50% 20%CPTC
10%CCVPTC
10%TCVPTC

Yes Yes Not 
available

No Yes Yes(Lung) PT3NXM1 17m, DOD

3 31/M 1.8 No 100% No No Yes(9/27) Yes No No PT1bN1M0 100m, NED
4 51/F 2.5 No 80% 10%CPTC

10%DSVPTC
No Yes N Yes No No PT3N0M0 95m, NED

5 25/F 2.2 No 50% 30%CCVPTC
20%CPTC

No No N No No No PT2N0M0 101, NED

6 33/F 1.5 No 80% 20%CPTC No No N No No No PT1bN0M0 92m, NED
7 49/M 1.6 No 60% 40%CPTC No Yes N Yes No No PT3N0M0 89m, NED
8 56/F 3.3 No 100% No No Yes(2/7) Yes No No PT2N1M0 82m, NED
9 38/F 2.5 No 60% 40%CPTC No Yes N No No No PT3N0M0 74m, NED
10 25/F 2 No 30% 70%CPTC No Yes N No No No PT3N0M0 82m, NED
11 27/F 3.1 No 80% 20%CPTC No No N No No No PT2N0M0 not 

available
12 45/F 1.3 Yes 40% 40%CPTC

20%CCVPTC
No No Yes(4/4) No No No PT1bN1M0 73m, NED

13 78/F 2.5 Yes 40% 60%CPTC No No Yes(4/22) No No No PT2N1M0 74m, NED
14 27/M 3 No 80% 20%CPTC No No Yes(3/9) No No Yes(Bone) PT2N1M1 53m,AWD
15 65/F 5 No 40% 50%CPTC

10%TCVPTC
Yes Yes Yes(2/7) No No No PT3N1M0 12m,DOC

16 23/M 1.8 No 90% 10% CPTC No No Yes(1/4) Yes No No PT1bN1M0 68m, NED
17 32/F 1 No 40% 30%CPTC

30%CCVPTC
No No Yes(3/12) Yes No No PT1aN1M0 68m, NED

18 40/F 4 Yes 60% 20%CPTC, 
20% FTC

No No Yes(3/22) No No No PT2N1M0 70m, NED

F: female, M: male, LVI: lymphovascular invasion, ETE: extrathyroidal extension, LN: lymph node, METS: metastases, AWD: alive with disease, DOD: 
died of disease, DOC: died of other causes, NED: no evidence of disease, CPTC: conventional PTC, CCVPTC: Columnar cell-variant papillary thyroid 
carcinoma, TCVPTC: Tall cell-variant papillary thyroid carcinoma; DSVPTC: Diffuse sclerosing-variant PTC, FVPTC: follicular-variant papillary thyroid 
cancer
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higher BRAF V600E mutation rate than CPTC, although 
the difference was not statistically significant.

The promoter mutation variant C228T in TERT, 
which was recently reported as another distinct biomarker 
for advanced thyroid cancer, was also identified in 4 
samples from 3 patients (2 ATC patients and one HVPTC 
patient). The TERT promoter mutations were all further 
confirmed by Sanger sequencing (Figure 5).

RAS family oncogenic mutations and TP53 
mutation are almost exclusively present among ATC 
and PDTC samples. Moreover, TP53 mutation was also 
observed in 3 HVPTC patients.

Six different GNAS mutations were identified among 
8 CPTC patients (31%) and none of the HVPTC patients. 
There is a statistically significant difference in GNAS 
mutation rates between these two groups (p=0.01, Fisher 

exact test). GNAS mutation was also completely absent 
among all ATC patients and PDTC patients in this study.

We have also investigated the fusion status of 
RET, ALK, PPARG, and PAX8, and found no fusion 
events among these samples. Copy numbers of all genes 
covered in our panel were also imputed and summarized 
in Supplementary Table 4. No statistically significant copy 
number variation was identified among any genes in this 
group of samples.

Tumor molecular heterogeneity

We next examined the thyroid tumor heterogeneity 
by comparing mutations identified in different samples 
from the same patients. Among 16 patients with more 
than one sample profiled, overall 37 mutation variants 

Figure 1: Pathological findings of hobnail variant papillary thyroid carcinoma. (A) The papillary architecture and characteristic 
nuclear features of papillary carcinoma: pseudoinclusions and nuclear grooves. (B) Micropapillary structures lined by cuboidal cells with 
apically placed nuclei (“hobnail”appearance) and loss of cellular cohesion. (C) The papillary architecture with focal micropapillary areas 
at low magnification.
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Figure 2: Quality assessment of the targeted sequencing data among 75 samples. (A) Histogram show the percentage of all 
mapped reads and percentage of reads mapped to target regions for every sample. (B) Bar plot of The median coverage depth among all 
the target regions for each sample.

Figure 3: The association of DNA quality and total mutational load among all samples. (A) Violin plot in left panel show the 
number of selected mutations and selected low AF mutations between high-quality and low-quality samples. Boxplot in right panel show 
the insert size and library complexity between high-quality and low-quality samples. (B) Correlation between sample collection date and 
insert size, library complexity, number of mutations, number of low AF mutations illustrated by scatterplot.
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Figure 4: Mutational profiling of HVPTC compared with PTC and ATC/PDTC. (A) Heatmap of mutations for all samples 
grouped by subtype and data quality. (mutations are color-coded by AF) (B) Representation of the mutation status by Gene-level for all 
samples grouped by subtype.

Figure 5: Detection of TERT promoter mutation (C228T) in RS1500212FFP by NGS (A) and Sanger sequencing (B), 
respectively.
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were detected. Twenty-one mutations were identified in 
both samples, while 16 were identified in only one sample. 
Supplementary Figure 2 shows the scatter plot between the 
AF of the paired samples from the same patients. It can be 
seen that the overall AF correlation is rather high between 
the paired samples (Pearson correlation coefficient = 
0.84, p<0.001), indicating great within-patient molecular 
profile consistency between samples. The vast majority 
of variants that were only detected in one of the paired 
samples have an AF lower than 20%.

Follow-up and molecular features

All patients underwent total or subtotal 
thyroidectomy with cervical lymph node dissection. Six 
patients were given 131I therapy after surgery. Follow-up 
data were available for 16 patients with a median of 74 
months (range 12-101months). Two patients died during 
follow-up. However, only one patient experienced local 
recurrence, lung metastasis and eventually died of disease 
after 17 months of surgery, whereas the other patient 
died of angiosarcoma of heart after 5 months of surgery 
without any thyroid carcinoma recurrence. The patient 
who died of disease harbored concomitant TERTC228T 
mutation, BRAF V600E mutation and TP53 mutation. 
Among 14 patients who remained alive at the last follow-
up, one patient who harbored BRAF V600E mutation 
had bone metastasis after 53 months of surgery and the 
other 13 patients were without disease recurrence and/or 
metastases.

DISCUSSION

Hobnail variant of papillary thyroid carcinoma 
(HVPTC) was unusual in our PTC cohort, and only 18 
out of 1062 (1.69%) cases were diagnosed based on the 
criteria previously described [3]. So far only 3 study 
series including more than 10 HVPTC cases have been 
reported [5, 7, 8]. Hobnail features can also be identified 
by cytology [14]. Consistent with the previous reports, we 
observed a relatively large tumor size (mean, 2.53 cm) and 
high lymph node metastasis rate (58.8 %) with some being 
multifocal (16.7%) in our HVPTC cases.

The molecular characteristic of HVPTC has been 
investigated in several recent studies. A high BRAF V600E 
mutation frequency (74%, range 40-80%) was observed 
[4, 5]. In the present study, almost all HVPTC cases 
(16/17, 94.1%) harbored a BRAF V600E mutation, which 
indicated that BRAF mutation is quite often in HVPTC 
and might play an important role in its carcinogenesis 
and cancer progression. As is known, BRAF V600E, a 
PTC-associated genetic abnormality, is the most prevalent 
mutation found in CPTC, and has been found to be 
associated with more aggressiveness and higher risk of 
recurrence and mortality in a couple of large-cohorts [15, 
16]. It is worth noting that, our results reveals that HVPTC 

harbored an even higher BRAF V600E mutation rate than 
CPTC, which might partially account for the relatively 
aggressive biological behavior of HVPTC. However, 
given that CPTC also harbored a relatively high BRAF 
V600E mutation rate, BRAF mutation alone might not be 
sufficient to explain the aggressive behavior of HVPTC.

Recently, two TERT promoter mutations, −124 C > 
T (C228T) and −146 C > T (C250T), have been detected 
in thyroid cancer cell lines and tissues including well 
differentiated, poorly differentiated and anaplastic thyroid 
carcinomas [17–20]. According to previous reports, 
TERT promoter mutation has been demonstrated to be 
particularly prevalent in the aggressive thyroid cancers 
PDTC and ATC [18, 19, 21, 22]]. In accordance with 
these studies, our study also revealed that TERT promoter 
mutation was mainly present among high-aggressive 
ATC and PDTC cases but absent from CPTC. So far 
as we know, only one study particularly investigated 
the association between TERT promoter mutation and 
HVPTC, and no TERT promoter mutation was observed 
in their cohort [8]. Interestingly, TERT promoter mutation 
was also found in one of our HVPTC patients. Of further 
note, the HVPTC patient with TERT promoter mutation 
was seventy-six years old with a relatively large tumor 
size (5cm) and the only HVPTC patients in our cohort 
who was died of disease (17 months after surgery). 
Our results indicated that TERT promoter mutation, as 
a potential marker of aggressive behavior in thyroid 
cancers, might also partially account for the relatively 
aggressive biological behavior of HVPTC. In consistent 
with our results, previous studies in PTC cohort have also 
shown a correlation between TERT promoter mutations 
and older age at diagnosis, larger tumor size, shorter 
progression free survival and overall survival. All TERT 
promoter mutations in our cohort were C228T, and TERT 
C250T mutation was not detected, which is consistent 
with previous reports that C250T mutation was relatively 
uncommon and mutually exclusive with the C228T in 
thyroid cancer [18, 22].

It has also been reported that PTCs with BRAF 
V600E mutation had a higher frequency of TERT 
promoter mutations than those with wide-type BRAF, 
and the majority of the TERT promoter mutation-
positive PTC samples harbored the BRAF V600E 
mutation. Moreover, the co-occurrence of TERT promoter 
mutation and BRAFV600E was associated with the worst 
clinicopathologic characteristics in classical PTC and the 
other PTC subtypes as well. Their study demonstrated the 
patients harboring both BRAF and TERT mutations had 
an 8.5 fold greater tumor recurrence rate compared with 
all PTCs patients with neither mutation [23]. However, 
HVPTC was not included in their study. Interestingly, 
concomitant BRAF V600E were observed in our HVPTC 
patient with TERT promoter mutation who died of disease 
during follow-up, which was consistent with the previous 
reports that coexistence of BRAF V600E and TERT 
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represented the more aggressive biological behavior in 
thyroid cancer. However, given the small sample size of 
our study, the roles of TERT promoter mutation and the 
correlation between TERT promoter mutation and BRAF 
V600E mutation in HVPTC needs further clarification in 
a large cohort.

Besides hobnail variant PTCs, tall cell variant 
PTCs is commonly recognized as an aggressive subtype 
of PTCs as well. A couple of studies have confirmed 
that the prevalence of TERT promoter mutations in tall 
cell variant PTCs [18, 22], is also much higher than the 
CPTC cases, and TERT promoter mutation might predict 
highly significant tumor relapse in tall cell variant PTCs 
[24]. According to the facts that HVPTCs usually have 
concomitant tall cell features, and demonstrate similar 
aggressive characteristics and molecular features to tall 
cell variant PTCs, a presumption that they belong to the 
same molecular subtype of PTC might be reasonable but 
warrant further clarification in large, multicentre studies.

Mutations within TP53 were found in ATC/PDTC 
but not CPTC samples in our cohort, which is consistent 
with previous knowledge that oncogenic mutations 
within these genes correlate with more aggressive cancer 
subtypes [13, 25]. It is interesting to note that TP53 
mutation was also present in 3 of our 17 HVPTC cases, 
and one HVPTC case with TP53 mutation was the above-
mentioned patient with concurrent BRAF V600E and 
TERT C228T mutations. Our results suggested that TP53 
mutation might also contribute to the relatively aggressive 
behavior of HVPTC. However, the correlation between 
TP53 mutation and BRAF or TERT mutation in thyroid 
cancer remains unclear. In fact, McFadden DG et al has 
demonstrated P53 loss enabled progression from PTC to 
ATC in a BRAF-mutant mouse model of papillary thyroid 
cancer [26].

A significant association between mutant RAS 
and more aggressive behavior of follicular and papillary 
carcinoma has been reported, which may be due to the role 
of RAS mutation in promoting tumor dedifferentiation and 
transformation to anaplastic carcinoma [27]. In consistent 
with this, we detected RAS mutations in three PTC/ATC 
cases (one KAS mutation and two NRAS mutations). 
However, no RAS mutations were observed in our 
HVPTC cases, which indicated RAS mutations might 
have little significance in HVPTC. Nonetheless, given 
the small sample size, the conclusions should be regarded 
with caution.

GNAS mutation was considered a marker of a 
benign or well-differentiated disease in the previous 
reports, including McCune-Albright syndrome [28], 
thyroid toxic nodules [29], pituitary adenoma [30], and 
ovarian granulosa cell tumor [30, 31]. A significant 
frequency of GNAS mutations in CPTC (8/26) was 
an unexpected finding in our study. Moreover, GNAS 
mutations were only found in CPTC but not in HVPTC 
and ATC/PDTC, which also supported that there might 

be obvious molecular differences between CPTC and 
HVPTC. However, the results need validation in a larger 
series.

RET/PTC1 gene rearrangement has been reported in 
HVPTC cases by previous studies [5, 32]. However, gene 
fusion and copy number alterations were not observed 
in any of our thyroid cancer cases. Given the limitations 
of genomic structural variation detection in long-term 
archived FFPE tissue by targeted NGS, the results should 
be interpreted with caution.

Intratumor molecular heterogeneity has been 
observed in this cohort and indicated that heterogeneity 
does exist in thyroid tumors. There are mutations that 
might only be carried by a small proportion of the tumor 
cells, and thus their mutation status could differ among 
different tissue samples of the same patient. These 
mutations can only be detected and studied by highly 
sensitive techniques, such as NGS.

In summary, HVPTC is a rare and aggressive 
variant of PTC. The molecular mechanisms underlying its 
aggressive behavior remain unclear. So far as we know, 
our study is the first to explore the genetic changes of 
HVPTC using targeted NGS-based 18-gene panel. In this 
study, the molecular features of HVPTC were investigated 
in comparison with, CPTC and ATC/PDTC using NGS. 
BRAF V600E mutation, which is the most prevalent 
mutation in CPTC and indicates more aggressiveness, 
was found to be even higher in HVPTC but not present in 
ATC/PDTC. TERT promoter mutation, another potential 
marker of aggressive behavior in thyroid cancers, was also 
observed in HVPTC but not in CPTC, and was concurrent 
with BRAF V600E mutation. Moreover, TP53 mutation 
was also present in HVPTC patients but not in CPTC. 
Finally, neither RAS nor GNAS mutation was found 
in HVPTC. Our results suggested that as an aggressive 
variant of PTC, HVPTC has relatively specific molecular 
features, which is somewhat different from both CPTC 
and ATC/PDTC and may underlie its relatively aggressive 
behavior. Nonetheless, given the small sample size and 
the limitation of our single-center study, the conclusions 
warrant further clarification in large, multicentre, 
prospective studies.

MATERIALS AND METHODS

Case selection

A total of 1062 consecutive cases diagnosed as PTC 
and treated at the Peking Union Medical College Hospital 
(PUMCH) were collected between 2000 and 2010. All the 
slides were submitted to re-review by two pathologists 
with special expertise in thyroid tumor (T.L and L.Z). 
A total of 18 HVPTC cases were diagnosed using the 
following criteria: 1). Growth pattern predominantly 
papillary or papillary-follicular, with predominance of 
micropapillary structures in some cases; 2). ≤10% of 
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the tumor showing tall cell/columnar pattern or diffuse 
sclerosing patterns; and 3). ≥30% tumor cells harboring 
hobnail features, which are characterized by cuboidal cells 
with high nuclear cytoplasmic ratio and apically placed 
nuclei with bulging of the apical surface [3]. In addition, 
26 CPTCs, 7 PDTCs and 6 ATCs diagnosed during the 
same period were also included in this study.

Thyroid sample preparation

An appropriate paraffin block containing 
tumor tissue was selected for analysis after the 
haematoxylineosin (H&E)-stained slides reviewed by an 
experienced pathologist. Tumor area on the H&E-stained 
slide was marked and manually micro-dissected from up 
to 10 unstained sections to enrich for tumor cells before 
DNA extraction. A minimum of 30% tumor cell content 
was required in the present study

DNA isolation and library preparation

DNA of FFPE samples was extracted (QIAamp 
DNA FFPE tissue kit; QIAGEN, Valencia, CA) and 
the DNA concentration was measured by QubitdsDNA 
assay. The gDNA quality was assessed to make sure that 
A260/A280 is within the range of 1.8 to 2.0. Shearing 
fragmentation by sonication (covaris M220;Covaris, 
Inc., USA) was conducted, followed by end repair, 
phosphorylation and adaptor ligation. Fragments of size 
200-400bp were selected by bead (AgencourtAMPure 
XP Kit; Agilent Technologies, Palo Alto, CA), followed 
by hybridization with the capture probes baits, hybrid 
selection with magnetic beads, and PCR amplification. 
A bioanalyzer high sensitivity DNA assay was then 
performed to assess the quality and size of the fragments. 
All indexed samples were then sequenced on NextSeq500 
(Illumina, Inc., USA) with pair-end reads.

Targeted DNA panel design

The capture probe baits were designed to cover 
140kb human genomic loci from 186 target regions, 
including selected exons and introns from 18 genes 
(BRAF, NRAS, HRAS, KRAS, RET, NTRK1, ETV6, 
ALK, PPARG, TERT, EIF1AX, PTEN, AKT1, PIK3CA, 
TP53, CTNNB1, TSHR, GNAS) [12], so that we were 
able to detect all point mutation, indel, and CNV events as 
well as fusion events of important genes with any partner. 
The SureSelect reagents were prepared using the Agilent 
eArray platform and the probes were manufactured by 
Agilent.

Sequencing data analysis

Sequencing data were mapped to the human genome 
(hg19) using BWA aligner 0.7.10. PCR duplicate reads 
were removed before base substitution detection. Local 

alignment optimization and variant calling was performed 
using GATK v3.2-2. DNA translocation analysis was 
performed using both Tophat2 and Factera 1.4.3. Insert 
size distribution and library complexity of each sample 
were computed to assess the level of DNA degradation. 
Different mutation calling thresholds were applied 
on samples with different DNA quality to avoid false 
positive mutation calls due to DNA damage. SNV and 
indels identified were annotated using the dbNSFP(v30a), 
COSMIC (v69), and dbSNP (snp138)database. Variants 
with a global minor allele frequency greater than 1.0% in 
1000Genome Project (Phase3, http://www.1000genomes.
org/data) were considered as common SNPs, and removed. 
Integrative Genomics Viewer (Broad Institute, USA) was 
used to visualize variants aligned against the reference 
genome to confirm the accuracy of the variant calls by 
checking for possible strand biases and sequencing errors. 
Copy number variation (CNV) analysis was performed by 
normalizing and read counts from each target region and 
the gene-level CNV was assessed by a z-test.
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