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Abstract

The morphologic criteria for tall cell variant (TCV) of papillary thyroid carcinoma (PTC) were modified in the 2017 WHO
Classification of Tumors of Endocrine Organs, with a decrease in the requirements for both the height of cells and in the percentage
of tumor demonstrating a tall cell morphology. The aim of this study was to determine if the change in criteria would result in a
significant increase in the percentage of tumors that meet criteria for TCV. In addition, we evaluated the correlation between
morphology, molecular alterations, and clinical behavior of TCV. We studied three cohorts to evaluate the above stated questions.
The first cohort was comprised of 97 PTC consecutively resected over a 12-month period that were originally diagnosed as classic
PTC, PTC with tall cell features, or TCV. Tumor slides of each case were reviewed to determine the percentage of the tall cell
component (< 30%, 30-49%, and > 50%) and the height of the cells in this component. This cohort was evaluated to determine if the
change in WHO criteria would result in a significant increase in the percentage of tumors that meet criteria for TCV. Our second
cohort consisted of nine consecutively resected PTC with a tall cell component > 30% (with tall cells defined as at least 2-3x as tall as
wide) that had molecular characterization through a targeted, next-generation sequencing (NGS) assay. The molecular characteristics
were correlated with the percentage of the tall cell component. Finally, a third cohort comprised of seven clinically aggressive TCV
(defined as those with T4 disease, disease recurrence, or subsequent tumor dedifferentiation) was evaluated to determine histologic
and molecular characteristics. In cohort 1, the number of cases classified as TCV increased significantly with the change in definition
of TCV: 8 (8%) cases met the previous criteria for TCV (cells 3% as tall as wide in > 50% of the tumor), whereas 24 (25%) cases met
the new 2017 WHO criteria (cells 2-3x as tall as wide in > 30% of the tumor) (p = 0.0020). Molecular analysis of cohort 2 revealed
that all 9 cases harbored a BRAF V60OE mutation. Pathogenic secondary mutations were absent in cases with < 50% tall cells, but
they were detected in 2 (33%) of 6 cases with > 50% tall cells (2 cases with TERT promoter mutations, including 1 that also had an
AKT?2 mutation). Histologic and molecular analysis of the clinically aggressive cohort (cohort 3), revealed that all cases had > 50% tall
cells and 3 (43%) had secondary oncogenic mutations (all TERT promoter mutations). We found that the modified morphologic
criteria put forth in the 2017 WHO tripled the number of cases that would be classified as TCV. Moreover, clinically aggressive
tumors and those harboring secondary oncogenic mutations all had a tall cell component > 50%. Additional large multi-institutional
studies incorporating clinical outcome and molecular data would be valuable to determine the best histologic definition of TCV.
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Introduction

Tall cell variant (TCV) of papillary thyroid carcinoma
(PTC) accounts for approximately 6% of PTC and is
considered an aggressive PTC subtype [1, 2]. It has dou-
ble the rate of extrathyroidal extension and nearly triple
the rate of distant metastases compared to classic PTC;
moreover, the recurrence rate and cause-specific death
rate of TCV are 22% and 8% compared to 7% and
< 1% for classic PTC [2]. There are studies demonstrat-
ing that the more aggressive clinical behavior of TCV is
not simply secondary to the higher rates of extrathyroidal
extension and distant metastases of TCV [3-5]. For ex-
ample, two SEER studies showed that the aggressive
behavior of TCV was independent of factors such as
patient age, extrathyroidal extension, or metastases [4,
5]. Additionally, in a study by Ito and colleagues evalu-
ating 1700 PTC patients with slides re-reviewed to iden-
tify cases of TCV, the authors found a significantly
worse disease-free survival and cause-specific survival
for TCV compared to classic PTC in multivariate analy-
sis [3]. The morphologic criteria for TCV were recently
modified in the 2017 WHO Classification of Tumors of
Endocrine Organs, with a decrease in both the required
height of cells (3x as tall as wide modified to 2-3x as
tall as wide) and in the percentage of tumor demonstrat-
ing a tall cell morphology (a “predominance of tall cells”
suggesting a cutoff of > 50% modified to > 30%) [6, 7].
This change was based on studies which demonstrated
that tumors possessing a tall cell component comprising
less than 50% of the tumor behave more aggressively
than classic PTC [8-11]. In addition to the height of
the tumor cells, TCV also demonstrates additional cyto-
logic characteristics including eosinophilic cytoplasm and
nuclei with pronounced nuclear features of PTC [7].
Although the molecular profile of TCV overlaps with
that of classic PTC, TCV has been shown to have a
higher mutation density than classic PTC, consistent with
its more aggressive clinical behavior [12]. The BRAF
V600E mutation, present in approximately 70% of clas-
sic PTC, is present in > 90% of TCV [12]. TERT pro-
moter mutations have been linked to aggressive clinical
behavior in thyroid carcinomas, especially when found
together with a BRAF V600E mutation [13]. TERT pro-
moter mutations are present in approximately 30% of
TCV compared to 12% of classic PTC [14]. The aim
of this study was to determine if the change in criteria
put forth in the 2017 WHO would result in a significant
increase in the percentage of tumors that meet criteria for
TCV. In addition, we evaluated the correlation between
morphology, molecular alterations, and clinical behavior
of TCV.
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Materials and Methods
Study Population and Data Acquisition

Approval from the Brigham and Women’s Hospital (BWH)
institutional review board was obtained. Three different co-
horts were investigated to evaluate our study questions. For
each cohort, all available tumor slides for cases were reviewed
to determine the percentage of the tall cell component (< 30%,
30-49%, and > 50%) and the height of the cells in this com-
ponent (2-3x as tall as wide versus 3x as tall as wide) (Fig. 1).
No tumors in any cohort had an anaplastic or poorly differen-
tiated component (as defined by the 2017 WHO).
Additionally, for each cohort, patient demographics and his-
topathologic features were recorded, including patient age,
sex, tumor size, presence of extrathyroidal extension, lymph
node status, and margin status.

Cohort 1 was comprised of 97 PTC consecutively resected
within a 12-month period at BWH that were initially

Fig. 1 Examples of papillary thyroid carcinoma with tall cells. a An
example of a tumor with cells 3x as tall as wide. b An example of a
tumor with cells 2-3x as tall as wide
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diagnosed as classic PTC, PTC with tall cell features, or TCV.
This cohort was evaluated to determine if the change in WHO
criteria would result in a significant increase in the percentage
of tumors that meet criteria for TCV. Cohort 2 consisted of
nine consecutively resected PTC with a tall cell component
> 30% (with tall cells defined as at least 2—3x as tall as wide)
that had molecular characterization through a targeted, next-
generation sequencing (NGS) assay (see below). Cohort 3 was
comprised of seven clinically aggressive TCV (defined as
those with T4 disease, disease recurrence, or subsequent tu-
mor dedifferentiation). Cohorts 2 and 3 were evaluated to
examine the correlation between morphology, molecular alter-
ations, and clinical behavior of TCV.

Molecular Characterization by Targeted
Next-Generation Sequencing

A subset of cases had molecular characterization via the
OncoPanel assay developed at Brigham and Women’s
Hospital [15, 16]. OncoPanel molecular testing was per-
formed using formalin-fixed paraffin-embedded tissue or
freshly frozen tissue. Tumor DNA was isolated per standard
methods (Qiagen, Valencia, CA) from macrodissected regions
of tumor. Libraries were prepared from 50 ng of DNA using a
customized solution-phase hybrid capture approach (Agilent
Technologies, Santa Clara, CA). Bait sets covered 447 genes.
Next-generation sequencing was performed using an Illumina
HiSeq 2500 (Illumina, San Diego, CA). Sequencing was

analyzed by a variety of internally developed and publicly
available tools, as previously described [16].

Statistical Analysis

A ttest or Fisher exact test was used to compare differences in
continuous and categorical variables, respectively. For all sta-
tistical methods, p values < 0.05 were considered significant.

Results

The clinicopathologic characteristics of cohort 1 are summa-
rized in Table 1. A total of 97 consecutively resected PTC
were identified from 71 (73%) women and 26 (27%) men,
with a mean age of 48 years (range 21-81). The mean tumor
size was 1.5 cm. Extrathyroidal extension, lymph node metas-
tases, and positive surgical resection margins were present in
28 (29%), 46 (59%), and 16 (16%) cases, respectively. With
tall cells defined as at least 3% as tall as wide, 1 (1%) had 30—
49% tall cells, and 8 (8%) had > 50% tall cells. With tall cells
defined as at least 2-3x as tall as wide, 9 (9%) had 30-49%
tall cells, and 15 (16%) had > 50% tall cells. Overall, 8 (8%)
cases met the prior WHO criteria for TCV (tall cells at least 3%
as tall as wide in > 50% of cells), whereas 24 (25%) cases
fulfilled the current WHO criteria for TCV (tall cells at least
2-3x as tall as wide in > 30% of cells) (p = 0.0020). There was
no difference in tumor size or rates of extrathyroidal extension,

Table 1 Clinicopathologic

characteristics of cohort 1 Characteristic Entire cohort TC: 3xin > 50% TC: 2-3%in > 30% P
n=97) n=28) (n=24) value
Sex (n (%))
Female 71 (73) 4 (50) 18 (75) 0.22
Male 26 (27) 4 (50) 6 (25)
Age (years)
Mean 48 57 52 0.40
Range 21-81 31-81 21-81
Mean tumor size 1.5 2.8 2.0 0.24
(cm)
ETE (n (%))
Present® 28 (29) 6 (75) 12 (50) 0.41
Absent 69 (71) 2 (25) 12 (50)
LN metastases (n (%))b
Present 46 (59) 3 (43) 13 (65) 0.39
Absent 32 (41) 4 (57) 7 (35)
Margin status (1 (%))
Positive 16 (16) 2 (25) 6 (25) 1.0
Negative 81 (84) 6 (75) 18 (75)

P values are based on comparison of the two tall cell subgroups
TC tall cell, ETE extrathyroidal extension, LN lymph node

# Includes microscopic extrathyroidal extension

® Lymph nodes were sampled in only 78 patients from the cohort
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Table 2 Histopathologic and

molecular characteristics of Case % TC H:W  Size ETE LN Margin Driver mutation ~ Secondary
cohort 2 (cm) metastases status mutations
1 30-50 2-3 0.5 No Yes Negative =~ BRAF V600E -
2 30-50 2-3 1.1 No No Negative ~ BRAF V600E -
3 30-50 >3 1.6 No N/A Negative ~ BRAF V600E -
4 >50 2-3 25 No Yes Negative ~ BRAF V600E -
5 >50 2-3 39 Yes Yes Negative BRAF V600E -
6 >50 >3 0.7 No No Negative BRAF V600E -
7 >50 >3 2.0 Yes Yes Negative BRAF V600E TERT, AKT2
8 >50 >3 22 Yes No Negative ~ BRAF V600E TERT
9 >50 >3 2.6 No Yes Negative ~ BRAF V600E -

ETE extrathyroidal extension, LN lymph node, 7C tall cell, H:W height:width

lymph node metastases, or margin status between subgroups
(Table 1).

Pathologic characteristics of cohort 2, i.e., PTC with a
tall cell component > 30% (with tall cells defined as at
least 2—-3x as tall as wide) that had molecular characteri-
zation, are shown in Table 2. All cases had a BRAF
V600E mutation. Two (22%) cases had secondary muta-
tions involving the TERT promoter, with one of these
tumors harboring an additional AK72 mutation (another
known oncogenic mutation in thyroid carcinomas). Both
cases with secondary mutations were in tumors with
> 50% tall cells and a height to width ratio of at least 3.
In cohort 3 (the cohort comprised of clinically aggressive
TCV), 3 (43%) cases had pathogenic secondary mutations
in addition to a BRAF V600E mutation (Table 3). All 3 of
these cases had TERT mutations. Two of the cases with
TERT mutations also demonstrated loss of function muta-
tions in a second gene (COL7AI and EWSRI1). Excluding
1 case where all slides were not available for review, all
clinically aggressive cases had > 50% tall cells, with a
height to width ratio of at least 3 in 2 (33%) cases and
2-3 in 4 (67%) cases.

Discussion

The aim of this study was to determine if the change in criteria
put forth in the 2017 WHO Classification of Tumors of
Endocrine Organs would result in a significant increase in
the percentage of tumors that meet criteria for TCV. In addi-
tion, we evaluated the correlation between morphology, mo-
lecular alterations, and clinical behavior of TCV. We found
that the number of cases classified as TCV increased signifi-
cantly with the modification in criteria put forth in the 2017
WHO: 8% of cases met the old criteria for TCV (cells 3% as
tall as wide in > 50% of the tumor), whereas 25% met the new
criteria for TCV (cells 2-3% as tall as wide in >30% of the
tumor). In other words, the change in the WHO definition
tripled the number of cases that would be classified as TCV.
Additionally, we found that all clinically aggressive tumors
(defined as those with T4 disease, disease recurrence, or sub-
sequent tumor dedifferentiation) as well as those with second-
ary oncogenic mutations all had a tall cell component of >
50%.

The increase in the number of tumors diagnosed as TCV
could potentially have significant clinical implications. Based

Table 3 Histopathologic and

molecular characteristics of Case % TC H:W Size Aggressive features Driver Secondary
cohort 3 (cm) mutation mutations

1 >50 2-3 2.0 T4a, possible distant metastases BRAF V600E —

2 >50 2-3 3.0 Recurrence as ATC BRAF V600E TERT, COL7A1

3 >50 2-3 32 T4a BRAFV600E  —

4 >50 2-3 5.5 T4a BRAFV600E  —

5 >50 >3 2.7 Recurrence BRAF V600E TERT

6 >50 >3 7.5 T4a BRAF V600E -

7 N/A® N/A® 38 T4a, recurrence BRAF V600E TERT, EWSRI1

#Slides for 1 case were not available for review
TC tall cell, H:W height:width, ATC anaplastic thyroid carcinoma
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on the classification of TCV as an aggressive PTC variant, the
American Thyroid Association (ATA) characterizes it as an
intermediate risk tumor in the absence of other high-risk fea-
tures [1]. ATA guidelines indicate total thyroidectomy or lo-
bectomy can be considered for low-risk tumors under 4 cm
without extrathyroidal extension or clinical evidence of lymph
node metastases; however, the guidelines indicate that
intermediate-risk tumors should undergo total thyroidectomy
and radioactive iodine treatment should be considered [1].
Compared to lobectomy, total thyroidectomy increases the
risk of recurrent laryngeal nerve damage and permanent hy-
poparathyroidism and necessitates lifelong thyroid hormone
replacement [17]. Additionally, radioactive iodine treatment
can result in salivary gland dysfunction and has been linked
to an increased risk of developing second malignancies
[18-22]. Hence, increasing the number of patients diagnosed
with TCV could put more patients at risk for complications.
For biologically aggressive tumors, the clinical benefit of ag-
gressive treatment outweighs potential complications; howev-
er, it is unclear if all tumors that would be included in the 2017
WHO definition of TCV warrant more aggressive manage-
ment. For patients who underwent an initial lobectomy, a
TCV diagnosis would potentially trigger a completion thy-
roidectomy; thus, exposing the patient to a second surgery
and driving up healthcare costs [23]. Finally, a diagnosis of
TCV also affects patient counseling given the increased risk of
recurrence and mortality associated with TCV. Clearly, it is
important to be as accurate as possible when counseling pa-
tients regarding these risks.

The change in WHO criteria for TCV was based on studies
which demonstrated that tumors possessing a tall cell compo-
nent comprising less than 50% of the tumor behave more
aggressively than classic PTC [8—11]. In a study by Ganly
and colleagues, they reported a decreased 10-year disease-
specific survival for patients with tumors with tall cell features
(defined as tumors with 30-49% tall cells, with tall cells 2—3x
as tall as wide) compared to those with classic PTC [10]. In
addition, they described subsequent dedifferentiation of three
tumors with tall cell features. Beninato and colleagues report-
ed higher rates of extrathyroidal extension, positive margins,
and lymph node metastases in tumors with > 10% talls com-
pared with classic PTC, though the recurrence rate was not
significantly different between the two groups [8]. Oh and
colleagues reported that tumors with tall cell features (defined
as those with 10-49% tall cells, with the tall cells at least 3% as
tall as wide) had similar T stage, extrathyroidal extension, N
stage, lateral lymph node metastases, and BRAF status com-
pared to tumors with a tall cell component >50% [11].
Dettmer and colleagues showed that a 10% cutoff for tall cells
was significantly associated with advanced tumor stage and
lymph node metastases [9]. Additionally, they found that a tall
cell component > 10% was the only significant factor for over-
all survival, tumor-specific, and relapse-free survival (and was

maintained in multivariate analysis). Although the study by
Dettmer and colleagues showed significance in multivariate
analysis, their cohort was enriched for patients with an adverse
event, raising the question of whether this could potentially
influence results. The two SEER studies showing that the
aggressive behavior of TCV was independent of factors such
as patient age, extrathyroidal extension, or metastases used an
undefined definition for TCV (since slides are not re-reviewed
centrally), but it is worth noting that TCV comprised < 2% of
PTC in the study by Kazaure and colleagues [4, 5]. In the
study by Ito and colleagues showing significantly worse
disease-free survival and cause-specific survival for TCV
compared to classical PTC in multivariate analysis, TCV
was defined according to the former WHO criteria (>50%
of the tumor composed of tall cells with cells 3% as tall as
wide) and TCV accounted for less than 4% of their cohort
[3]. It is unclear whether the results from all of these studies
taken together warrant the change of criteria put forth in the
2017 WHO given the number of patients potentially affected.

Our study was not designed to evaluate the prognos-
tic significance of the percentage of the tall cell com-
ponent because we did not have clinical outcome data
for our main cohort. However, we did correlate histo-
logic findings and aggressive clinical behavior with mo-
lecular characteristics in tumors from a small number of
patients. Consistent with the results reported by Dettmer
and colleagues [9], we found that although TERT pro-
moter mutations were present in some of the clinically
aggressive TCV, not all clinically aggressive tumors har-
bored TERT promoter mutations (or secondary oncogen-
ic mutations). However, it is possible that for tumors
with tall cells, parameters such as presence of secondary
oncogenic mutations, including but not limited to TERT
promoter mutations, or gross extrathyroidal extension
might be a better way to identify patients that would
benefit from more aggressive treatment than the charac-
teristics of the tall cell component. We also recognize
that there is considerable interobserver variability in the
diagnosis of TCV [24]. It may be that image analysis
could help pathologists determine height of cells,
though this ultimately would not provide insight into
the biologic implications of the findings.

In conclusion, we found that the number of cases diag-
nosed as TCV would triple using the 2017 WHO criteria.
Although this is a small, single institution, retrospective study,
this finding is concerning given the potential clinical ramifi-
cations. In the last decade, there has been a call for efforts both
to decrease overtreatment of thyroid carcinomas and to find
ways to better predict the natural history of disease [25].
Additional large multi-institutional studies incorporating clin-
ical outcome and molecular data would be valuable to deter-
mine the best histologic definition of TCV so that patients are
risk stratified and treated appropriately.
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