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Abstract
Tall cell papillary thyroid carcinoma (TC-PTC) is considered adverse histology. However, previous studies are confounded 
by inconsistent criteria and strong associations with other adverse features. It is therefore still unclear if TC-PTC represents 
an independent prognostic factor in multivariate analysis and, if it does, what criteria should be employed for the diagnosis. 
We retrospectively reviewed 487 PTCs from our institution (where we have historically avoided the prospective diagnosis 
of TC-PTC) for both the height of tall cells (that is if the cells were two, or three, times as tall as wide) and the percentage of 
tall cells. On univariate analysis, there was significantly better disease free survival (DFS) in PTCs with no significant tall 
cell component (< 30%) compared to PTCs with cells two times tall as wide (p = 0.005). The proportion of tall cells (30–50% 
and > 50%) was significantly associated with DFS (p = 0.012). In a multivariate model including age, size, vascular space 
invasion, and lymph node metastasis, the current WHO tall cell criteria, met by 7.8% of PTCs, lacked statistical significance 
for DFS (p = 0.519). However, in the subset of tumours otherwise similar to the American Thyroid Association (ATA) 
guidelines low-risk category, WHO TC-PTC demonstrated a highly significant reduction in DFS (p = 0.004). In contrast, in 
intermediate to high-risk tumours, TC-PTC by WHO criteria lacked statistical significance (p = 0.384). We conclude that it 
may be simplistic to think of tall cell features as being present or absent, as both the height of the cells (two times versus three 
times) and the percentage of cells that are tall have different clinical significances in different contexts. Most importantly, 
the primary clinical significance of TC-PTC is restricted to PTCs that are otherwise low risk by ATA guidelines.

Keywords  Papillary thyroid carcinoma · Tall cell subtype · Thyroid carcinoma

Introduction

The tall cell subtype of papillary thyroid carcinoma (TC-
PTC) has long been considered a poor prognostic category 
of PTC [1–13]. In general, the diagnosis of TC-PTC requires 
that a significant proportion of the neoplastic cells be taller 
than they are wide. However, the precise criteria applied 
have varied over time and in different institutions. In their 
entity defining description, Hawk and Hazard originally 
described TC-PTC as a PTC in which at least 30% of the 
neoplastic cells are at least twice as tall as wide [14]. During 
the following two decades, most publications kept the twice 
as tall as wide criteria [15–18]. However by 1996, some 
publications began to use height criteria of three times as 
tall as wide [19]. In the WHO 2004 system, the 3:1 ratio was 
endorsed [20]. Subsequent publications used either the 3:1 
or 2:1 cut-off [5, 21–24] and in the WHO 2017 system the 
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tall cell component was required, somewhat ambiguously, 
to be ‘two to three times as tall as they are wide’ [25]. Simi-
larly, the proportion of cells which must be ‘tall’ has varied 
over time with cut-offs of 10%, 30%, 50%, and 70% being 
proposed and used by different authors [1–32].

The current World Health Organization (WHO) 2022 cri-
teria unambiguously defines TC-PTC as a tumour with more 
than 30% of cells being 3 times tall as wide [1, 12]. However, 
given the very different criteria used by different groups, it 
is not surprising that the historical reported incidence of 
TC-PTC in different series has varied widely—from 1.3% 
to 12% of PTCs in different institutions [1–32]; and there 
is strong evidence that the pathological diagnosis of TC-
PTC is subject to poor interobserver concordance [32]. A 
confounding feature in assessing the clinical significance of 
tallness is that, because it is so well established as an adverse 
prognostic factor; once the diagnosis of TC-PTC is made, 
patients may be offered more aggressive therapy and this 
may make it hard to retrospectively assess the independent 
clinical significance of different criteria for TC-PTC.

Our experience confirms that different institutions cer-
tainly have different tendencies to invoke the diagnosis of 
TC-PTC. Historically (that is prior to 2012), at our two 
tertiary referral centres in Sydney, Australia, we had only 
rarely used the diagnosis of TC-PTC. Whilst this was out 
of step with many centres, it reflected our experience that 
TC-PTCs commonly already show a variety of other fea-
tures associated with aggressive behaviour. Therefore, we, 
in agreement with at least some others, felt that the presence 
of tall cells commonly does not alter the treatment options 
for our patients because most TC-PTCs are also associated 
with other pathological or clinical features suggesting a high 
risk of aggressive behaviour [32, 33].

As a result of our institutions’ historical bias against mak-
ing a pathological diagnosis of TC-PTC, when we review 
our database of PTCs treated in our institution from 1985 
to 2012, only 14 of 2053 (0.68%) of resected PTCs were 
recorded as TC-PTC—much lower than in any other pub-
lished series. Of course, this can only be because during 
that historical period we had not labelled as tall cell subtype 

many tumours that would be considered TC-PTC by many, 
if not most, pathologists by current criteria; and if they were 
re-reviewed by different criteria many would be considered 
TC-PTC.

Regardless of the relative merits of applying a low or 
high threshold to the diagnosis of TC-PTC, this large cohort 
of patients with PTCs that may show tall cell features (but 
were not treated differently to other tumours as they were 
not prospectively identified as TC-PTC) offers the unique 
opportunity to retrospectively assess the validity of different 
criteria for the diagnosis of TC-PTC and investigate ques-
tions such as what cut-offs for both height and proportion 
should be employed to make the diagnosis of TC-PTC and 
whether the presence of TC-PTC is so strongly associated 
with other adverse features that it may not have independent 
clinical significance in all circumstances.

We therefore sought to use this unique cohort to critically 
assess criteria in current use for the diagnosis of TC-PTC.

Methods

We searched the computerized database of the department 
of Anatomical Pathology, Royal North Shore Hospital, for 
all PTCs from 1985 to 2012 for which we had both archived 
blocks/slides and at least 10 years of confirmed clinical fol-
low available [34, 35]. Non-invasive follicular thyroid neo-
plasm with papillary like nuclear features (NIFT-P), and 
poorly differentiated/insular/anaplastic carcinoma arising 
from PTC were excluded.

A single representative haematoxylin and eosin slide 
(H&E) from each tumour was examined by an experienced 
endocrine pathologist (JT) who was blinded to all other 
clinical and pathological features at the time. The tumours 
were assessed for two factors—both the degree of tallness 
of the tall cells and the proportion of the tumour that dem-
onstrated tall cells. That is, PTCs were divided into those 
with no significant tall cell component (defined as less than 
30% tall cells) (Fig. 1); those with a tall cell component that 
was more than two times as tall as wide in at least 30% of 

Fig. 1   Papillary carcinoma 
without tall cell features. A 
Follicular architecture (H&E, 
100x). B Cells demonstrating 
nuclear features of papillary 
carcinoma without tall cell 
features or increased cell height 
(H&E, 400x)
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cells (Fig. 2); and those with a tall cell component that was 
more than three times as tall as wide in at least 30% of cells 
(Fig. 3). The PTCs with a tall cell component were than 
divided into those comprised of 30 to 50% tall cells and 
those with > 50% tall cells.

A subset of the 20 most recent cases in the series was 
then retrieved, and the whole case was reviewed by the same 
pathologist, after a washout period of 12 months following 
the initial screening. The cases were selected because they 
were the most recent excisions in the series, and the slides 
were available for review. The pathologist selecting the 
series was not aware of the initial scores of these 20 cases 
due to the long-time delay (12 months), in a large series, 
between the initial screening and the whole case retrieval. 
At the time of re-screening the pathologist was blinded to the 
initial results and all clinical and outcome data. The tumours 
were re-evaluated for degree of tallness and proportion of 
the tumour with tall cells. The results were compared to the 
original evaluation, and a kappa score was calculated based 
on the presence or absence of any tall cell features.

According to the current ATA guidelines [10], criteria for 
low-risk papillary thyroid carcinoma include the absence of 
tall cell features, absent local or distant metastases, macro-
scopic complete excision, absent invasion of loco-regional 
structures, absent vascular invasion, and clinical N0 or ≤ five 
N1 nodal micrometastases. We therefore assessed the cohort 

as to whether they were ‘ATA guidelines low-risk-like’ (IE: 
fulfilled all criteria for low risk except absence of tall cell 
features) and ATA intermediate or high-risk-like (again 
defined using ATA criteria except tall cell definition).

Statistical analysis was performed using SPSS software 
(V25). Kaplan–Meier curve and log-rank test were used for 
survival analysis with disease free survival (DFS) being con-
sidered the main endpoint. A P-value of < 0.05 was consid-
ered significant. This study was approved by the Northern 
Sydney Local Health District Human Research Ethics Com-
mittee (ref: LNR 1312-417 M).

Results

The results are summarized in Tables 1, 2, 3. The com-
bined pathological and clinical database searches returned 
561 PTCs. Of these, representative slides of tumour were 
sourced and reviewed in 544 cases but only 487 of those 
had sufficient follow up data. Of those, 38 PTCs (7.8%) 
were found to have TC-PTC as defined by the WHO 2022 
system. That is, cells 3 times as high as wide in more than 
30% of the tumour (Fig. 3). 144 (30%) PTCs had cells 2 
times as high as wide in more than 30% of the tumour. 
343 PTCs (70%) were considered to be negative for tall 
cell morphology by any criteria (that is less than 30% tall 

Fig. 2   Papillary carcinoma with 
some tall cell features. A Papil-
lary and follicular architecture 
(H&E, 100x). B Cells dem-
onstrating nuclear features of 
papillary carcinoma with cells 
twice as high as they are wide 
(H&E, 400x)

Fig. 3   Papillary carcinoma 
with classical tall cell features. 
A Classic ‘tram tracking’ 
architecture with tubulopapil-
lary structures arranged in back 
to back fashion (H&E, 100x). B 
Cells demonstrating papillary 
nuclear features with abundant 
cytoplasm at least 3 times as tall 
as wide (H&E, 400x)
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cells). 33 cases (7.0%) had tall cell morphology with cells 
3 times high as wide in more than 50% of the tumour.

In the 20 cases where the full case was reviewed, there 
was good concordance between the original score on a 
single slide, and the score given 12 months later after 
reviewing the whole case. 5 cases of 3 × cell height were 
included, 5 cases of 2 × cell height were included, and the 
remaining 10 had no tall cell features. 9 cases of more 
than 50% proportion were included, 1 case of 30–50% 
was included and 10 cases of no tall cell features were 
included. 16 of the 20 cases were completely concord-
ant for degree of tallness, and 17 of 20 were completely 
concordant for proportion of tall cells. 18 of 20 cases were 
concordant for any tall cell features. A kappa score of 0.79 
was reached.

On univariate analysis, there was a statistically significant 
difference in disease-free survival (DFS) in PTCs with 30% 
or more neoplastic cells 2 times as tall as wide (p = 0.005). 
However, when TC-PTC was defined as cells 3 times as tall 
as wide in 30% of more the tumour (the WHO 2022 criteria), 
TC-PTC failed to reach statistical significance (p = 0.122).

When tall cells were defined as either two times or three 
times as high as wide, the proportion of tall cells (30–50% 
vs. > 50%) showed a statistically significant difference 
in DFS in 2 × height (p = 0.005 and p = 0.012) but not in 
3 × height (p = 0.122 and p = 0.237). That is, in univariate 
analysis, the greater the proportion of the tumour that was 
tall cell, the poorer the outcome when the 2 × height cut off 
was used but not when the 3 × height cut off was used.

In Table  2, the tumours are subclassified into ‘ATA 
low-risk-like’ and ‘ATA intermediate to high-risk-like’. In 
tumours classified as otherwise low risk according to ATA 
guidelines, a diagnosis of TC-PTC (as per WHO criteria) 
was associated with a significantly shorter DFS (median 
34 vs. 384 months, mean 71 vs. 299 months, p < 0.0001). 
Similarly, in tumours classified as low risk, cell height 
2 × width using 30% was also associated with significantly 
shorter DFS (median 193 months and mean 210 months, 
p = 0.025), but DFS was much better compared to TC-PTC 
as per WHO criteria. In contrast, a diagnosis of TC-PTC 
in intermediate/high-risk tumours by WHO criteria had no 
significant impact on DFS (medians not reached, mean 188 

Table 1   Univariate analysis of 
prognostic factors for disease 
free survival

Values in bold indicate statistical significance (P < 0.05)
p-values are obtained using chi2 test
HR hazard ratio, CI confidence interval, hpf high power field, MNR median not reached
* Disease-free survival calculated using Kaplan–Meier method
a Cox regression model

Variable Num-
ber (%) 
(N = 487)

Median 
DFS 
(months)*

Mean DFS 
(months)*

Univariate analysisa

HR 95% CI p-value

Age at diagnosis (years)
Median 47 (range 11–88)
 < 47 253 (52) MNR 469 1
 > 47 234 (48) 226 255 1.649 0.854–3.184 0.136
Gender
Female 365 (75) 384 305 1
Male 122 (25) MNR 334 2.045 1.047–3.995 0.036
Lymph node metastasis
Absent 307 (63) 384 336 1
Present 180 (37) MNR 191 3.900 1.988–7.654  < 0.0001
Proportion 2 × tall cells (%)
 < 30 343 (70) 384 339 1
 > 30 144 (30) MNR 208 2.548 1.323–4.907 0.005
Proportion 2 × tall cells (%)
 < 50 387 (79) 384 349 1
 > 50 100 (21) 193 176 2.440 1.218–4.885 0.012
Proportion 3 × tall cells (%)
 < 30 449 (92) 384 331 1
 > 30 (WHO TC-PTC) 38 (8) MNR 178 2.114 0.819–5.456 0.122
Proportion 3 × tall cells (%)
 < 50 454 (93) 384 330 1
 > 50 33 (7) MNR 184 1.877 0.660–5.336 0.237
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vs. 405 months, p = 0.776). Similarly, there was no associa-
tion between DFS and TC-PTC in intermediate/high-risk 
tumours using any of the other potential criteria.

In Table 3, a multivariate analysis was applied control-
ling for lymph node metastasis, vascular space invasion, and 
tumour size. When applied across the entire cohort, no cri-
teria for tall cell subtype had statistical significance. When 
separated into low risk and high-risk-like stratification, the 
high-risk-like subgroup maintained this lack of statistical 
significance. However, the low-risk-like subgroup demon-
strated statistical significance for reduced disease free sur-
vival when the proportion of tall cells was greater than 50% 
of the tumour and either 2 or 3 times cell height (p = 0.049 
and p = 0.004). Statistical significance was also maintained 
with the WHO criteria of 3 times height in > 30% of cells 
(p = 0.004) (Fig. 4). That is, in multivariate analysis TC-PTC 
was only statistically significantly associated with adverse 
outcomes in tumours which were otherwise low risk.

Discussion

There is no doubt that the presence of tall cell components 
is associated with adverse outcomes in PTC. However, 
we emphasize that tallness is a spectrum with different 
significances in different settings. For example, in simple 
univariate analysis, the greater the proportion of tall cells 
portended a worse when the 2 times cut off was used but 
not with a 3 times cut off. We note that our study includes 
cases that are both RAS driven and BRAFV600E driven, 
as this was an unselected series. As such it is likely that 

the PTCs which do not have tall cell features are more 
likely to be RAS driven tumours, and those that show any 
tallness are more likely to be BRAFV600E driven; and this 
difference in the underlying molecular events may account 
for some of the clinical significance of 2 times height cut 
off [36–38].

Secondly, and most importantly, we emphasize that 
despite these strong associations in univariate analysis, the 
actual clinical significance of TC-PTC and whether major 
management decisions should be made on the basis of tall-
ness alone is much more difficult to define. This is because 
of the clear relationship between the presence of tallness and 
other adverse histological features which are already consid-
ered in clinical decision-making. Indeed, in this study in a 
multivariate model that included age, size, vascular invasion, 
and lymph node metastasis, TC-PTC by WHO criteria lost 
statistical significance for DFS (p = 0.519) when the cohort 
was considered as a whole. However, on subgroup analysis 
when tumours were separated into otherwise low-risk or 
high-risk PTCs, the presence of TC-PTC by three criteria 
(2 × and 50%, 3 × and 30%, and 3 × and 50%) was statisti-
cally significant in low-risk patients (p = 0.049, p = 0.004, 
and p = 0.004, respectively) and the criteria of 2 × and 30% 
just failed to reach statistical significance (p = 0.063). In fact, 
none of the different criteria for TC-PTC maintained clinical 
significance for DFS in the intermediate/high-risk patients.

Therefore, we conclude that, given the strong associa-
tions between TC-PTC and other adverse prognostic fea-
tures, the diagnosis of TC-PTC only seems to have clinical 
significance in tumours which would otherwise be classified 
as ATA low risk.

Table 3   Multivariate analyses of various diagnostic criteria for TC-PTC and disease-free survival

Values in bold indicate statistical significance (P < 0.05)
p-values are obtained using chi2 test
HR hazard ratio, CI confidence interval
a Cox regression model controlling for lymph node metastasis, vascular invasion, and tumour size

All cases (N = 487) Low-risk cases (N = 214) Intermediate/high-risk cases 
(N = 273)

HR^ 95% CI p-value HR^ 95% CI p-value HRa 95% CI p-value

Proportion 2 × tall cells (%)
 < 30 1 1 1
 > 30 1.770 0.829–3.776 0.140 9.106 0.886–93.568 0.063 1.371 0.622–3.021 0.434
Proportion 2 × tall cells (%)
 < 50 1 1 1
 > 50 1.778 0.814–3.887 0.149 13.106 1.016–169.101 0.049 1.539 0.674–3.512 0.306
Proportion 3 × tall cells (%)
 < 30 1 1 1
 > 30 (WHO TC–PTC) 0.652 0.178–2.391 0.519 98.868 4.253–2298.412 0.004 0.520 0.119–2.268 0.384
Proportion 3 × tall cells (%)
 < 50 1 1 1
 > 50 0.719 0.197–2.619 0.617 98.868 4.253–2298.412 0.004 0.583 0.134–2.525 0.470
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This has significant clinical implications. According to 
the current ATA guidelines [10] in addition to the absence 
of tall cell features, criteria for low-risk papillary thyroid 
carcinoma include the absence of local or distant metasta-
ses, macroscopic complete excision, absent invasion of loco-
regional structures, absent vascular invasion, and clinical N0 
or ≤ five N1 nodal micrometastases. Our data clearly sup-
ports the ATA approach that the presence of tallness should 
be an exclusion criteria for low-risk disease. However, it 

also suggests that the presence of tallness lacks clinical sig-
nificance in intermediate or high-risk disease. Therefore, we 
would caution against offering more aggressive treatment to 
a patient with TC morphology compared to classical or other 
subtypes of PTC, if the tumour would already be considered 
intermediate or high risk by ATA guidelines.

Noting that the WHO 2022 criteria (30% of cells three 
times as tall as wide) does not have clinical significance 
over all cases in our cohort, we question the clinical value 

Fig. 4   Kaplan Meier curves for cell height and median disease-free 
survival (mDFS): A all cases 2 × cell height; B all cases 3 × cell 
height; C low-risk cases 2 × cell height; D low-risk cases 3 × cell 

height; E high-risk cases 2 × cell height; F high-risk cases 3 × cell 
height. MNR = median not reached
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of mentioning tallness (or at least changing clinical treat-
ment on the basis of tallness) in tumours which have other 
adverse features. Given that the diagnosis of TC-PTC has the 
most clinical significance in otherwise low-risk patients, the 
next question is what cut-offs should be applied. In our data 
(specifically Table 3), a diagnosis of tall cell subtype should 
only be applied to an otherwise low-risk tumour, if either it 
fulfils the current WHO criteria of 3 times the cell width in 
more than 30% of cells or if the cells are twice the height in 
more than 50% or cells. A diagnosis of TC-PTC should not 
be rendered if the cells are two times as tall as wide in only 
30% of the cells.

Whilst our study is robust and is strengthened by the fact 
that most of the TC-PTCs we describe were not prospec-
tively identified as such and therefore different treatments 
would not have affected outcome, it is not without limita-
tions. Firstly, we only reviewed one slide from each tumour 
for most of the patients. It is well established that the pro-
portion of tall cell features can be focal and highly variable 
in a single tumour and it could be that some tumours had 
a greater or less component of tall cells which could have 
changed our final diagnosis. However, we note that we also 
demonstrated that on review of the whole tumour in a subset 
of 20 cases there was excellent concordance between 1 rep-
resentative slide and the whole tumour (kappa score = 0.79). 
Therefore, although we accept that screening only 1 repre-
sentative slide for most of the cohort remains a weakness 
of the study, there is data to suggest that our findings are 
generalizable.

Secondly, although all cases were scored by an experi-
enced endocrine pathologist who demonstrated good con-
cordance with the original classification after a 12-month 
washout period, we did not assess the interobserver concord-
ance for the diagnosis of TC-PTC. We stress that TC-PTC 
is a very subjective diagnosis which is highly susceptible to 
interobserver variability which should also be considered in 
the context of our findings. As such, we caution the use of 
the tall cell subtype in general unless the diagnosis is made 
by an experienced endocrine pathologist, or concordance is 
achieved by multiple pathologists prior to diagnosis.

With the advent of the differentiated high-grade thyroid 
carcinoma (DHGTC) classification in the new WHO clas-
sification, another limitation remains in that some of the 
tumours included in this series may in fact be DHGTC and 
therefore should not be included [1]. This is especially true 
as the criteria for this diagnosis includes a mitotic count 
greater than or equal to 5 or tumour necrosis which may not 
be seen on 1 representative slide [1]. However, in our expe-
rience, tumour necrosis and high mitotic counts are readily 
identifiable across any part of an aggressive thyroid neo-
plasm and are usually not confined to 1 area. This means that 
our cohort is unlikely to have these cases included, although 
we fully accept we cannot be definitive about this.

This study is highly relevant in the context of digital 
microscopy. Although we were limited by the use of light 
microscopy, as this is still in widespread use in Australia, 
digital microscopy is rapidly becoming mainstream in many 
parts of North America and Europe. This technology would 
enable pathologists to accurately estimate the percentage of 
tall cells within a tumour and indeed artificial intelligence 
may also have a role in estimating the tall cell components 
of a tumour. This may be particularly important in tumours 
with only very minor tall cell components (< 10%) which 
were not considered in this study [39].

Other valuable data not able to be included in this study 
includes the molecular profile of the tumours. It is well 
known that TC-PTC is associated with BRAFV600E muta-
tion [29]. This is relevant in the context of BRAFV600E 
mutant disease being more likely to be radioactive iodine 
refractory and therefore complicating the treatment options 
of this group. Whilst the molecular status of these tumours 
would be of relevance to the results, the testing of this 
cohort is beyond the limits of this study due to the age of 
the included cases and costs. However, it would be data 
worth extracting in future endeavours, especially given the 
relative ease of extracting molecular data in many modern 
laboratories.

We conclude tallness is a spectrum where both the per-
centage of cells that are tall and their height have differ-
ent clinical significances in different settings. TC-PTC is 
strongly associated with other easily identified adverse 
prognostic factors such as size and lymphovascular space 
invasion and therefore the diagnosis of TC-PTC in tumours 
that are otherwise intermediate or high risk has little clini-
cal significance. Our data indicate that the primary clinical 
significance of TC-PTC is for tumours which are otherwise 
low risk, and therefore, our data supports the ATA criteria 
of considering TC-PTC an exclusion criterion for low-risk 
disease. For this reason, if the diagnosis of TC-PTC is to be 
proffered, we recommend restricting it to criteria which have 
proven clinical significance in the otherwise low-risk cohort. 
Whilst an argument could be made to include tumours where 
more than 50% of the tumour is composed of cells which 
are twice times as tall as they are wide, this approach is not 
in widespread use. Therefore, we endorse the current WHO 
criteria of restricting the diagnosis of TC-PTC to PTCs in 
which more than 30% of the tumour is composed of cells 
which are 3 times tall as wide.

In summary, our data supports the current WHO defi-
nition of TC-PTC but makes the important point that the 
diagnosis only seems to have clinical significance in PTCs 
that would otherwise be considered low risk.
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