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Background: Tall-cell variant (TCV) is widely believed to be a more aggressive subtype of papillary thyroid
carcinoma (PTC). Despite the significance of TCV with respect to risk stratification and therapeutic decision
making, its diagnosis is subject to inter-observer variability. This study aimed to determine the level of
agreement among expert pathologists in the identification and reporting of TCV.
Methods: Seventeen surgical resections for thyroid cancer containing the diagnostic term ‘‘tall cell’’ in their
pathology reports and 22 cases diagnosed as classical PTC were selected. Cases were digitalized, and 14 expert
pathologists reviewed the scanned slides blinded to the original interpretation. Each pathologist designated each
case as TCV or not and answered multiple questions about diagnostic histopathologic features of TCV.
Results: The overall strength of agreement for identifying TCV was fair (Fleiss kappa 0.34), and the proportion
of observed agreement was 0.70. Of 22 cases originally diagnosed as PTC classical variant, 15 (68%) were
reclassified as TCV by at least one expert pathologist. It was noted that four different definitions for TCV were used
by the participants based on various combinations of cell height to width (H:W) ratio and the percentage of tumor
cells showing that specific ratio. All pathologists agreed that the diagnosis of TCV does not rely solely on a specific
H:W ratio.
Conclusions: Pathologic reporting of TCV varies among pathologists. This disagreement is a result of the lack of
unanimous diagnostic criteria and variation in individual pathologists’ interpretations. These discrepancies lead to
over- and under-diagnosis of TCV, which has significant implications in patient management. It is imperative to
understand this variability in diagnosis TCV as it relates to risk stratification and interpretation of clinical studies
related to this histologic subtype of PTC. Further studies are needed to reach consensus on the diagnostic criteria
of TCV.
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Introduction

The revised 2015 American Thyroid Association

(ATA) management guidelines for patients with differ-
entiated thyroid cancer strongly recommends the identification

and reporting of histological variants of papillary thyroid
carcinoma (PTC) associated with unfavorable outcomes (1).
Tall-cell variant (TCV) of PTC is among those histological
subtypes that has been frequently associated with advanced
stage at presentation, higher recurrence rate, and decreased
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disease-specific survival compared to classic PTC (2).
Consequently, the identification of TCV in a thyroid sur-
gical resection influences the postoperative risk stratifica-
tion of patients and generally implies the need for more
aggressive treatment as well as more intensive disease
surveillance (1).

Prior studies have shown that the identification of histo-
logical prognostic factors in PTC (i.e., extrathyroidal and
extranodal extension) suffers from inter-observer variability
(3,4). Thus, this study aimed to determine the level of
agreement among expert pathologists in the identification
and reporting of TCV. Moreover, the study strove to identify
areas for improvement in the clinical interpretation and
pathological assessment of this variant of PTC typically re-
garded to be aggressive.

Methods

After Institutional Review Board approval, 17 surgical
thyroid resections containing the diagnostic term ‘‘tall cell’’
(i.e., TCV or tall-cell features) in their pathology reports and
22 cases diagnosed as classical PTC were selected. The
classic PTC cases were selected randomly, and none of them
contained the diagnostic term ‘‘tall cell’’ in their reports. All
39 cases originated from the pathology department of Mount
Sinai Beth Israel from 2004 to 2015, and all resections were
performed by one surgeon. All available hematoxylin and
eosin–stained slides were reviewed, and 89 representative
slides from the primary tumor were selected (average of two
slides per case). The slides were de-identified and digitalized
using a Pannoramic 250 Flash III scanner (3DHISTECH
Ltd.) at 40 · magnification. The scanned slides were sent out
through hard drives to the participating pathologists, and the
cases were reviewed on CaseViewer 2.1 (3DHISTECH Ltd.).

Fourteen board-certified pathologists from the United
States and Canada with subspecialty expertise in thyroid
pathology reviewed the scanned slides and were blinded as to
the original histological interpretation. Each pathologist was
required to answer multiple questions about diagnostic his-
topathologic features, the first being whether they designated
each case in the cohort as TCV (Table 1).

Data were collected and analyzed. A Fleiss generalized
kappa coefficient for determining reliability among multiple
rates was calculated to evaluate the agreement of TCV be-

tween the participating pathologists. All Fleiss kappa coef-
ficient calculations were performed on a freely downloadable
Microsoft� Excel spreadsheet (www.ccitonline.org/jking/
homepage/interrater.html). The results of the kappa coeffi-
cient were interpreted as follows: <0, less than chance agree-
ment; 0.00–0.20, slight agreement; 0.21–0.40, fair agreement;
0.41–0.60, moderate agreement; 0.61–0.80, substantial
agreement; and 0.81–0.99, almost perfect agreement.

A review limited to English literature to tabulate the his-
torical evolution of TCV was performed. Studies were in-
cluded if at least one of the authors was a pathologist and if a
histological definition of TCV was provided. Meta-analysis
and population-based studies were excluded. Key reference
books such as the Classification of Endocrine Tumors of
the World Health Organization were also included in the
literature review.

Results

The overall strength of agreement for identifying TCV was
fair (Fleiss kappa 0.34), and the proportion of observed
agreement was 0.70. Out of the 39 cases, unanimous agree-
ment for TCV was reached in only two (5%) cases. Of 22
cases originally diagnosed as PTC classical variant, 15 (68%)
were reclassified as TCV by at least one expert pathologist.
Among the original cases containing the diagnostic term ‘‘tall
cell,’’ the individual rates of diagnosing TCV ranged from
29% to 82% by expert pathologists. (Supplementary Table S1
shows which cases were designated as TCV by the 14 expert
pathologists; Supplementary Data are available online at
www.liebertpub.com/thy).

It was noted that four different definitions for TCV were
used by the expert panel based on the various combinations of
cell height to width (H:W) ratio and the percentage of tumor
cells showing that specific ratio (Table 2). Eleven (79%)
considered a cell to be ‘‘tall’’ if its height was at least three
times (3:1) its width (Fig. 1). Among those pathologists, six
designated a tumor as TCV if it was comprised of ‡30% tall
cells, while five employed the threshold of ‡50%. A H:W
ratio criteria of 2:1 (Fig. 2) was used by three panelists, and
the tall-cell cutoff value was ‡50% for two and ‡30% for one.

Since different definitions for TCV were utilized by the
participants, the strength of agreement among the two groups
with more pathologists (C and D) was also calculated. When
using definition C, the inter-observer agreement was fair
(Fleiss kappa: 0.32), while the agreement amount group D
was moderate (Fleiss kappa: 0.46).Table 1. Survey Inquiring About Diagnostic

Histologic Features of TCV

1. What cell height to with ratio criteria do you use
to identify cells with tall-cell morphology?

2. What percentage of the tumor should be comprised
by cells with tall-cell morphology for you to make
a diagnosis of TCV of papillary thyroid carcinoma?

3. If you encounter a papillary thyroid carcinoma that does
not reach your percentage criteria, how do you sign out
the case?

4. Which additional histological features do you use to
identify cells with tall-cell morphology?

5. Do you use any ancillary tests (immunohistochemistry,
molecular testing, etc.) to diagnose TCV of papillary
thyroid carcinoma?

TCV, tall-cell variant.

Table 2. Definitions for TCV Based

on the Combination of Cell Height

to Width (H:W) Ratio and the Percentage

of Tumor Cells Showing that Specific

Ratio Utilized by Pathologists

H:W Tumor (%)
Number of

pathologists

A 2:1 ‡30 1/14
B 2:1 ‡50 2/14
C 3:1 ‡30 6/14
D 3:1 ‡50 5/14
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In addition to the H:W ratio and the percentage of tu-
mor cells showing that specific ratio, all pathologists unani-
mously answered that they use other histological features to
identify TCV. Elongated ‘‘tram-track’’ follicles, eosinophilic
cytoplasm with distinct cell borders, and prominent/exagger-
ated nuclear features of PTC were consistently listed by the
participants as histological diagnostic criteria necessary for
TCV (Fig. 3A–C). It was also noted that the histological fea-
tures of TCV varies, depending on the plane of sectioning of
the tumor (Fig. 3D). None of the panelists reported the use of
ancillary studies for the diagnosis of TCV, except one, who
mentioned that the immunohistochemical reactivity for
BRAFV600E is typically seen in TCV.

All panelists reported using the terminology PTC with tall-
cell features (TCF) when a tumor composed of tall cells did
not reach their percentage criteria. When the latter scenario is

encountered, five participants mentioned that, in addition,
they document in the pathology report the approximate per-
centage of tall cells present in the tumor. Moreover, one
pathologist reported using the term PTC with TCF only when
the tumor is comprised of 30–50% of tall cells.

Table 3 shows selected articles and key reference
books showing the evolution of the histological definition
of TCV.

Discussion

This study highlights the lack of agreement in the identi-
fication and reporting of TCV of PTC among expert pathol-
ogists, which has important clinical implications. According
to current ATA clinical practice guidelines, a diagnosis of
TCV places patients in an ‘‘intermediate risk’’ category for
which radioactive iodine (RAI) adjuvant therapy should be
considered (1). Consequently, depending on the pathologist,
a given patient may or may not be advised to undergo addi-
tional therapy. The impact can be significant in patients with
PTC who undergo lobectomy alone as their initial surgical
procedure and who lack other histological features of the
intermediate risk category (microscopic extrathyroidal ex-
tension [ETE], vascular invasion, more than five patho-
logic N1 with all involved lymph nodes <3 cm in largest
dimension).

Diagnostic histopathology of thyroid tumors is inherently
variable due to subjective in interpretation by pathologists.
Multiple studies have demonstrated this to be an intrinsic and
inevitable phenomenon in the field of thyroid pathology (3–
6). Thus, poor diagnostic agreement for the identification of
TCV is in part secondary to individual pathologists’ inter-
pretative thresholds. In addition, it is evident from this study
that despite the known prognostic significance of TCV, no
consensus diagnostic criteria have been established by pa-
thologists. The four different definitions used by the partici-
pants reflect the historical evolution of TCV (Table 3).

TCV of PTC was first characterized as a distinct and ag-
gressive variant by Hawk and Hazard in 1976. However,
descriptions of PTC with tall-cell morphology in the litera-
ture date back to 1948 (7,8). In their seminal article on the
many histological appearance of PTC, Hawk and Hazard
introduced the concept that a tall cell exhibits a height at least
twice its width (8). During the 1980s and 1990s, different
publications using the same H:W ratio proposed by Hawk and
Hazard perpetuated the idea that TCV is a more aggressive
subtype of PTC (9–12). A source of confusion was created in
the late 1990s, when studies started utilizing a 3:1 ratio as the
defining H:W ratio for classification as a tall cell (13). The 3:1
ratio was later adopted by the 2004 World Health Organi-
zation (WHO) classification (14). Since then, studies have
used either a 2:1 or a 3:1 ration to define a tall cell (15–19).
These ratios are typically not derived by quantitative mea-
surement, but rather by the subjective architectural and
morphological appearance to the pathologist. Additionally,
there is marked variability in the literature with regard to the
proportion of tall cells needed to designate a PTC as TCV
ranging from 30% to ‘‘virtually all tumor’’ among different
publications (813,15–19). The criteria proposed by the up-
coming WHO classification strives to meet consensus and
indicates that TCV is composed of >30% of cells that are two
to three times as tall as they are wide (20).

FIG. 1. ‘‘Tall’’ cell showing a height (0.03 mm) three
times its width (0.01 mm). Measurements obtained using
Olympus cellSens Standard software at 60· magnification
(hematoxylin and eosin [H&E] stained slide).

FIG. 2. ‘‘Tall’’ cell showing a height (0.02 mm) two times
its width (0.01 mm). Measurements obtained using Olympus
cellSens Standard software at 60· magnification (H&E
stained slide).
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All participants in this study consistently use the term TCF
when a tumor demonstrates features of tall cells but does not
reach their cutoff percentage criteria. However, the definition
of TCF is more nebulous than the one of TCV, and few
studies have addressed its clinical significance (13,17–19).
Ganly et al. defined as TCF as a tumor harboring between
30% and 50% tall cells, and showed that TCF and TCV have
similar clinicopathologic features (18). Nevertheless, the
TCF threshold proposed by Ganly et al. falls into the TCV
category by other authors. In addition, three publications
have shown that tumors that demonstrate as little as 10% of
tall cells behave aggressively (17,19,21).

It should be appreciated that the percent of the volume of a
tumor that is considered to be composed of tall cells is also an
estimate, since most studies have used visual determinations
based on representative sections of a lesion. Currently, there
are no guidelines addressing the amount of thyroid tumor that
needs to be submitted for histological evaluation. Tumor
sampling varies from institution to institution, with some
submitting lesions in toto, but many, if not most, examine
only representative sections. Therefore, in this study, as well
as in general practice, the 30% or 50% cutoff was applied to
the sampled tumor and not to the entire tumor volume.

Importantly, as highlighted by all participants, the des-
ignation ‘‘tall cell’’ is not limited to a specific H:W ratio and
percentage criteria. Other histological diagnostic criteria
are necessary for the diagnosis of TCV, including elongated
‘‘tram-track’’ follicles, eosinophilic cytoplasm with distinct
cell borders, and prominent/exaggerated nuclear features of
PTC. These features have not received enough attention as
defining criteria and are necessary for the histological diag-
nosis of TCV (22). It is particularly important to distinguish
TCV from the oncocytic variant of PTC, as studies have
shown that oncocytic variant of PTC is not more aggressive

than conventional PTC (23,24). In contrast to the TCV, the
cells in the oncocytic variant of PTC tend to have a more
intensely granular eosinophilic cytoplasm, are typically not
two to three times tall as wide, do not consistently have distinct
cell borders, and lack elongated ‘‘tram track’’ appearing fol-
licular growth pattern. Consequently, careful and accurate
measure of cell height and width is needed to overcome this
dilemma.

Independent of definition, multiple studies have reinforced
the widespread consensus that TCV has a worse prognosis
compared to classic PTC (8–13,16–19). Even meta-analysis
and a population study using Surveillance, Epidemiology,
and End Results data that did not control for strict histological
inclusion criteria have shown that TCV is associated with
older age at presentation, higher frequency of ETE (both
gross and microscopic), and lymph node and distant metas-
tases (25–27). It is important to note that this concept has
been challenged. Some publications have also shown that
when age and ETE are controlled for, TCV did not alter
prognosis (15,28). These conflicting and opposing outcome
data, which have brought into question the true clinical sig-
nificance of TCV, can in part be explained by the findings that
identification and reporting TCV is inconsistent and depen-
dent on individual pathologist’s criteria. Therefore, it has to
be acknowledged that the prognostic significance of TCV is
not definitively settled, and better outcome studies based
on stringent diagnostic criteria and standardized reporting
are necessary. It is beyond the scope and the design of
this study to correlate the findings with clinical outcome.
The cases were selected randomly and have short follow-
up. In addition, the marked inter-observer variability and
lack of unanimous diagnosis criteria for TCV would have
represented a major confounding source in any analysis
relative to outcome.

FIG. 3. Additional histo-
logical features of tall-cell
variant (TCV) of papillary
thyroid carcinoma (PTC).
(A) Elongated follicles
showing parallel arrangement
(‘‘tram-track’’ follicles;
H&E, 20· ). (B) Tall cell
with eosinophilic cytoplasm
and distinct cell borders
(H&E, 60· ). (C) Tall cells
showing prominent/exagger-
ated nuclear features of PTC,
including easily identifiable
nuclear inclusions (arrow;
H&E, 60· ). (D) The histo-
logical appearance of some
features (height to width ratio
and ‘‘tram-track’’ follicles)
varies depending on the
plane of sectioning of the
tumor (H&E, 40· ).
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It is evident that there are many obstacles for the consistent
identification and reporting of TCV. Consequently, endo-
crinologists and thyroid surgeons should be aware of the lack
of agreement among pathologists in diagnosing TCV while
interpreting clinical studies as well as individual patient

pathology reports. Current clinical guidelines for PTC follow
linear and binary pathways that do not take into consideration
the ambiguity and uncertainty of the practice of thyroid his-
topathology. For example, in the discussion of aggressive
variants of PTC in the 2015 ATA guidelines, there is no

Table 3. Selected Articles and Key Reference Books Showing the Evolution

of the Histological Definition of TCV

Author, year (ref)
Total #
patients

H:W
criteria Tumor % criteria Prognostic impact and association of TCV

Hawk and
Hazard, 1976 (8)

18 2:1 ‘‘Virtually all
massive tumor’’

Higher mortality and older age at presentation

Johnson et al., 1988 (9) 12 2:1 ‡30% First case-control study that demonstrated
significant statistical difference between TCV
and classic PTC in ETE, distant metastasis,
recurrent disease, disease-specific mortality

Terry et al., 1994 (10) 19 2:1 ‡30% Significant statistical difference between TCV
and classic PTC in concomitant nodal
metastasis and ETE, recurrence rate

Ostrowski and
Merino, 1996 (11)

11 2:1 ‡70% In multivariate analysis TCV showed more ETE
(including gross and microscopic ETE)
compared to classic PTC

Van den Brekel
et al., 1997 (13)

30 3:1 ‡30% (six cases
included in the
analysis had <30%)

Older patient age but no higher incidence of local
or regional recurrence or distant metastasis

Prendiville
et al., 2000 (12)

24 2:1 ‡30% Significant statistical difference between
TCV and classic PTC in higher stage on
presentation, ETE (including gross and
microscopic ETE), tumor size <1.5 cm

World Health Organization
Classification of
Endocrine Tumors,
2004 (14)

Not
applicable

3:1 ‘‘Predominantly’’ ‘‘Show more aggressive clinical behavior’’

Michels et al., 2007 (15) 56 2:1 ‡30% TCV was associated with larger tumor size,
bilaterality, multifocality, and extrathyroidal
invasion. After multivariate analysis, TCV
did not have an effect on clinical outcome.

Ghossein et al., 2007 (16) 62 2:1 ‡50% In multivariate analysis, TCV without ETE was
associated with more lymph node and distant
metastases compared to classic PTC without
ETE, independent of age, sex, and tumor size

Beninato et al., 2013 (17) 83 2–3:1 Tumors with ‡1%
of tall cells were
included in the
analysis but later
separated as ‡10%,
‡30%, ‡50%

Tumors with >10% tall cells had more ETE,
angiolymphatic invasion, positive surgical
margins, and lymph node involvement than
classic PTC

Ganly et al., 2014 (18) 31 TCF
134 TCV

2:1 30–50% TCF
‡50% TCV

TCF and TCV have similar clinicopathologic
features.

Extensive ETE, positive margins, advanced
tumor stage, decreased 10-year disease-
specific survival was associated with TCV
and TCF in comparison to classic PTC.

Oh et al., 2014 (19) 149 TCF
95 TCV

3:1 10–50% TCF
‡50% TCV

No statistically significant differences between
TCV and TCF with regard to pT, ETE, pN, or
lateral lymph node metastasis. In multivariate
analysis, classic PTC were significantly
different from TCV and TCF in regard
to age group, ETE, lymph node metastasis.

2017 World Health
Organization
classification of
endocrine tumors (20)

Not
applicable

2–3:1 ‡30% ‘‘Considered an aggressive variant, because
the tumors show extrathyroidal extension
and metastatic disease more frequently than
do conventional papillary carcinoma’’

PTC, papillary thyroid carcinoma; ETE, extrathyroidal extension; TCF, tall-cell features.
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mention as to the variability in the definition of TCV. Fur-
thermore, there are no specific recommendations for the
clinical management of cases diagnosed as showing TCF (1).

Pathological examination of thyroid resections provides
the foundation upon which most postoperative clinical de-
cisions are formulated. Therefore, it is imperative that sur-
gical pathologists recognize the significance of TCV with
respect to risk stratification and therapeutic decision making.
For a number of years, the College of American Pathologist
(CAP) has made enormous improvements in the development
and implementation of a protocol for the examination of
specimens from patients with thyroid cancer (29,30). CAP
synoptic protocols have achieved standardization in the ter-
minology among pathology reports. Unfortunately, the CAP
thyroid cancer protocol cannot solve the variation in pa-
thologists’ interpretation and lack of unanimous diagnostic
criteria for TCV. However, the CAP could recommend that
pathologists include in their reports the H:W ratio and tumor
percentage criteria that they used to render the diagnosis of
TCV. This may allow for important data collection and an-
alyses that might justify a practice change in the future.

Regardless of great advances in the understanding of
molecular pathogenesis of PTC, as of today, the diagnosis of
TCV relies exclusively on conventional light microscopy.
Data from The Cancer Genome Atlas (TCGA) has shown that
most TCVs cluster together at the mRNA level and have a
distinct molecular signature, including the highest frequency
of BRAFV600E mutations (78%) and miR-21 expression (31).
In addition, studies have shown that TERT promoter muta-
tions significantly correlated with tall-cell morphology (21).
This potential phenotypic–genotypic correlation opens dif-
ferent possibilities for the integration of molecular testing in
the diagnosis of TCV.

Digital microscopy has advantages over the human eye
in the identification and quantification of specific features
in whole-slide images. Utilization of image analysis could
represent a feasible solution to achieve agreement in the
identification and reporting of TCV. Consequently, a
computer-assisted approach could be developed to identify
precisely all histological features necessary for the diag-
nosis of TCV. However, with the advent of digital pathol-
ogy, tumor sampling will remain an issue.

Conclusion

Currently, the gold standard for the identification of TCV
is histopathologic evaluation and interpretation of thyroid
resection specimens. As reported in this study, this method is
subject to significant inter-observer variability. In addition,
there is no consensus as to the diagnostic criteria for TCV
among pathologists. It is imperative for clinicians to under-
stand this variability in interpretation and lack of concor-
dance in reporting of thyroid surgical pathology specimens as
it relates to specific patient care, as well as the implications
for interpreting clinical studies related to this histologic
subtype of PTC. Likewise, it is critical for surgical patholo-
gists to recognize the significance of TCV with respect to risk
stratification and therapeutic decision making. In addition,
this study emphasizes the fact that TCV is more than just a
specific H:W ratio. Future studies are envisioned that inte-
grate data derived from stringent histological criteria, image
analysis, molecular testing, and clinical outcomes in order to

standardize the diagnosis, elucidate the real prognostic sig-
nificance, and optimize the management of TCV of PTC.
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