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Abstract

Introduction:  The  tall  cell  subtype  of  papillary  thyroid  carcinoma  (PTC)  is considered  to  have

poor prognosis,  but  its  diagnostic  criteria  have been  modified  on several  occasions.  The  aim  of

our study  was  to  find  the  best  diagnostic  criteria  to  relate  the  tall  cell  subtype  with  aggressive-

ness and  poor  prognosis.

Material  and  methods:  In  171 cases  of  classic  subtype  and  tall  cell  subtype  of  PTC,  the per-

centage of  cells  between  two  and  three  times  taller  than  wide  (C2−3)  and  cells  more  than

three times  taller  than  wide  (Cx3)  was  determined  by  two  observers,  after  obtaining  reference

images.  Groups  were  made  based  on  the  percentage  of  cells  of  each  component  (<2%,  between

2 and  10%,  between  11  and  30%,  between  31  and  50%  and  >50%)  and  were  correlated  with

clinical and histopathological  data.  Interobserver  agreement  was  also  assessed.

Results:  According  to  the  current  WHO  classification  criteria,  only 8 cases  (5%)  of tall  cell

subtype were  identified.  The  comparison  of  the risk  of recurrence  at  5  years  based  on the

percentage and  type  of  cells  showed  that  it  increased  significantly  from  >10% of  the  Cx3  cell

component,  while  there  were  no  significant  differences  in recurrence  rate  with  any  C2−3 cell

percentages.  Very  good  interobserver  agreement  was  obtained  (Kappa  index:  0.83).

Conclusions:  We  consider  relevant  reporting  the presence  of  Cx3  cells  from  10%  in  PTC  as  it  is

associated  with  a  significant  increase  in  the  recurrence  rate  at  5 years.  Interobserver  agreement

is very  good  if  reference  images  are  available.
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PALABRAS  CLAVE

Tiroides;
Carcinoma  papilar;
Subtipo  de  célula alta

Estudio  de  la altura  de  las  células  en  el  subtipo  de  célula  alta  del carcinoma  papilar

de  tiroides.  ¿Es un  factor  clave  en  el  pronóstico?

Resumen

Introducción:  El subtipo  de célula  alta  del  carcinoma  papilar  de  tiroides  (CPT)  se  considera

de mal  pronóstico,  pero  sus  criterios  diagnósticos  han sido  modificados  en  varias  ocasiones.

El objetivo  de  nuestro  estudio  fue  la  búsqueda  de los mejores  criterios  en  relación  con  la

agresividad y  al  pronóstico.

Material  y  métodos:  En  171 casos  de subtipo  clásico  y  subtipo  de células  altas  de  CPT  se  deter-

minó, por  dos  observadores,  el  porcentaje  de células  entre  dos  y  tres  veces  más  altas  que

anchas (C2−3) y  de células  más  de tres  veces  altas  que  anchas  (Cx3),  previa  realización  de

imágenes de  referencia.  Se  elaboraron  grupos  en  función  del  porcentaje  de  células  de cada

componente (<2%,  2−10%,  11−30%,  31−50%  y  >50%)  y  se  correlacionaron  con  datos  clínicos  e

histopatológicos.  Se  valoró  asimismo  la  concordancia  interobservador.

Resultados:  Según  los  criterios  actuales  de  la  clasificación  de  la  OMS,  se  identificaron  única-

mente 8  casos  (5%)  de  subtipo  de células  altas.  La  comparación  del  riesgo  de  recidiva  a  los  5  años

en función  del porcentaje  y  tipo  de células  demostró  que  éste  se  incrementó  significativamente

a partir  de  >10%  de componente  de células  Cx3,  mientras  que  no  existieron  diferencias  significa-

tivas entre  porcentajes  de células  C2−3.  Se  obtuvo  muy buena  concordancia  interobservador

(índice Kappa:  0.83).

Conclusiones:  Consideramos  recomendable  informar  de la  presencia  de células  Cx3  a  partir

de un  10%  en  los  CPT  al  asociarse  a  un  aumento  significativo  de recidivas  a  los  5  años.  La

concordancia  interobservador  es  muy  buena  si se  dispone  de imágenes  de  referencia.

© 2024  SEEN  and  SED. Publicado  por  Elsevier  España,  S.L.U.  Se  reservan  todos  los  derechos,

incluidos los  de  minería  de texto  y  datos,  entrenamiento  de  IA y  tecnologías  similares.

Introduction

The  tall  cell  variant  of  papillary  thyroid  carcinoma  (PTC)
was  described  in 1976  by Hawk  and  Hazard as  a histologi-
cal  variant  with  a poor  prognosis,  characterized  by  cells  at
least  twice  as  tall as  they  are wide.1 Since  then,  multiple
changes  have  been  made  in the World  Health  Organiza-
tion  (WHO)  diagnostic  criteria,  changing  the required  cell
height  from  at  least twice  as  tall as  they  are wide  to  cells
3  times  as  tall as  they  are wide  (Cx3)  in 2004,  reverting
in  2017  to  cells  between  2 and  3  times  as  tall as  they
are  wide  (C2−3),  and  returning  to  Cx3  in  2022.  In  addi-
tion  to these  changes  in cell  description,  changes  have been
made  in  the  required  percentage  of  tumor  area  occupied
by  tall  cells  for diagnosis:  while  the original  description
required  the  tall  cell component  to be  clearly  predomi-
nant,  in  2004  it was  required  that  tall  cells  should  make  up
>50%  of  the  tumor,  and in 2017  the  cutoff  was  cut  down  to
30%.2

Furthermore,  numerous  studies  indicate  that  the  tall cell
variant  is  associated  with  a  worse  prognosis.  This  poor  prog-
nosis  has  been  demonstrated  regardless  of  the  diagnostic
criteria  applied:  30%  of cells  at least  twice  as  tall as  they  are
wide,3 50%  of  cells  at least  twice  as  tall  as  they  are  wide,4

30%  of  C2-3,5 30%  of  Cx3,6 50%  of  Cx3,7 or  studies  with  large
case  numbers  obtained  from  databases  where  the  criteria
were  likely  not homogeneous.8,9

The  greater  aggressiveness  of  the tall cell  variant  has
been  determined  by  larger  tumor  size,10,11 higher  rates  of
extrathyroidal  extension,10---14 lymph  node  metastasis,12,14---17

and  distant  metastasis12---15,17,18 vs  classical  papillary  carci-
noma.  Additionally,  these  tumors  tend  to occur  in older
patients,10,11,18 present  more  recurrences,10,13,15,16,19 and
are associated  with  lower  survival  rates.10,12---17,19

Given  the disparity  in  criteria  used across  different  stud-
ies  over time,  which complicates  their  interpretation,  we
aimed  to  elucidate  the  best  criteria  that  could  define  the
tall  cell  variant  so that  its  diagnosis  would  have  prognostic
significance.  To  this end,  we  evaluated  cell  height  and the
percentage  of  tumor  area  occupied  by  tall cells,  correlating
these  with  tumor  characteristics  and  outcomes  across  dif-
ferent  groupings,  establishing  the percentage  at which  the
tall  cell component  becomes  relevant  and  the  height  these
cells  should  have.

Materials and methods

This  retrospective  observational  cohort  study  followed  the
STROBE  guidelines.  All  cases  coded  as  PTC  in the Pathology
Department  of  our  hospital  from  January  1st,  2000  through
December  31st,  2017,  were  selected  for  review.  Before
starting  the  case  review,  a tall  cell  case  not included  in  the
study  period  was  selected  to  obtain  images  for measuring
cell  height  and  width  and  calculating  height/width  ratios.
This  established  a reference  for  defining  Cx3  and  C2−3  to
unify  criteria  among  observers  before  the review  began.  The
study  was  approved  by  the center Ethics  Committee.

We  conducted  a histopathological  review  of  all cases
to  confirm  diagnosis  and  classify  by  histological  subtype.
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Figure  1  Tumor  with  Cx3.

Figure  2  Tumor  with  C2-3.

Cases  diagnosed  with  any subtype  other  than  classical
papillary  carcinoma  or  tall  cell  variant  were  excluded.
Tumors  meeting  all  three  of  the  following  conditions  were
also  excluded:  maximum  diameter  < 2 mm,  no  lymph  node
involvement,  and  incidental  diagnosis.  For included  cases,
2  observers  (an  experienced  pathologist  and  a senior  res-
ident)  reviewed  the cases  to  determine  the percentage
of  tall  cells  in the  tumor.  Each  observer  determined  the
percentage  of Cx3  (Fig.  1)  and  C2−3  (Fig.  2).  These  per-
centages  were  recorded  in  intervals:  <2%, 2−10%,  11−30%,
31−50%,  and  >50%.  In  cases  where  observers  disagreed,
a  joint  review  was  conducted  to  agree  on  the  percent-
age  of  tall  cells.  Multicentricity,  tumor-capsule  relationship,
presence  or  absence  of  oncocytic  cytoplasm  (abundant  and
eosinophilic),  and  elongated  follicles  in  the  tumor  were  also
recorded.

From  the  included  cases,  relevant  clinical  data  were
obtained,  such  as  age  at  diagnosis,  sex,  lesion  size, lymph
node  involvement,  distant  metastasis,  TNM  stage,  persis-
tence  of  neoplasia  after  surgery,  vital  status,  and  presence
of  recurrence  at  5  years  and  at  the last  available  follow-
up.  Recurrence  was  defined  as  any evidence  of  disease,
confirmed  by  histopathology,  imaging,  and/or  biochemical

tests.  Persistence  of disease  after  surgery  was  not  consid-
ered  recurrence.  The  5-year  follow-up  was  calculated  from
the  date of  thyroid  surgery.

Descriptive  methods  were  used for  exploratory  data
analysis.  For quantitative  variables,  the  mean,  standard
deviation,  and  median  were  calculated.  For qualitative
variables,  frequencies  and  proportions  were  determined.
Inferential  analyses  were  performed  using IBM  SPSS  Statis-
tics  version  29.0.0.0,  R  version  4.3.1  (2023-06-16  ucrt),
and  RStudio  2023.09.0  Build  463.  Associations  were  eval-
uated  using the chi-square  test  or  Fisher’s  exact  test.
Interobserver  agreement  was  assessed  using  the  kappa  coef-
ficient  and  density  plots.  Statistical  significance  was  set
at  5%.

Results

A total  of  369 tumors  from  366  patients  (3  patients  had  2  syn-
chronous  tumors  of  different  histological  types  at  surgery)
were  reviewed,  307  of  which had  nuclear  features  of  PTC
without  a poorly  differentiated  carcinoma  component.  Of
these,  171  patients  had classical  papillary  carcinoma  or  tall
cell  variant.

The  136 excluded  cases  were  excluded  for  the  following
reasons:  22  were  incidental  findings,  <2  mm,  and  without
lymph  node  involvement;  22  were  noninvasive  follicular  thy-
roid  neoplasms  with  papillary  carcinoma  nuclear  features;
2  were  tumors  of uncertain  malignant  potential;  and 90
were  subtypes  other  than  classical  or  tall cell  (81 follicu-
lar  variant,  3 diffuse  sclerosing  variant,  2  oncocytic  variant,
2  hobnail  variant,  1  Warthin-like  variant,  and  1  cribriform
morular  carcinoma).  Of  the  171  included  tumors,  corre-
sponding  to  171 patients,  using the current  WHO  criteria
for  tall  cell variant  (at  least 30%  of  the tumor  composed  of
Cx3),20 163 would  be classified  as  classical  papillary  carci-
noma  and  8 as  tall cell variant.

Twelve  out  of  the  171 included  patients  did not  have
5-year  follow-up:  4  died  from  causes  unrelated  to  the
study,  1  died  from  thyroid  carcinoma----with  persistent
neoplasm----and  7  were lost  to  follow-up,  although  1 had
recurrence  before  being  lost.  For  this study,  these  patients
were  considered  not  to  have  recurrence,  except  for  the one
who  recurred  before  being lost.  Among  the 12  patients,  the
patient  who  died  from  disease  had  30---50%  Cx3, 3  patients
had  2−10%  Cx3,  and  8 patients  had  <2%  Cx3,  with  1  of  them
recurring.

Comparative  data  for  patients  with  classical  papillary
carcinoma  and  tall  cell  variant  are shown  in Table  1.
In  our  series,  patients  with  tall  cell  variant  according
to  current  criteria  were  older  than  those  with  classical
papillary  carcinoma  and  had  a  significantly  higher  5-year
recurrence  risk  (62.5%  vs  7.4%).  Morphologically,  tall cell
variant  tumors  more  frequently  showed  elongated  follicles
(62.5%  vs  19%)  and oncocytic  cytoplasm  (75%  vs 43.6%)
vs  classical  papillary  carcinoma.  A  more  aggressive  rela-
tionship  with  the  thyroid  capsule  was  also  observed,  with
a  higher  frequency  of  extrathyroidal  spread  (37.5%  vs
16.6%).

Table  2 shows  data  for  groups  stratified  by  the amount
of  Cx3. It shows  how  the  5-year  recurrence  risk  and
extrathyroidal  extension  frequency  increased  incremen-
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Table  1  Comparison  between  classical  papillary  carcinoma  cases  and  the  high  cell subtype  (current  WHO  definition).

Cx3  <  30%  Cx3  > 30%

No.  of  cases  163 8

Sex

- Female  125 (76.7%)  5 (62.5%)

- Male  38  (23.3%)  3 (37.5%)

Mean age  46.7  55.5

Incidental diagnosis

-  Yes 28  (17.2%) 0  (0%)

- No 135  (82.8%) 8  (100%)

Mean size  (mm) 14.5  22.8

T stage  (AJCC  8th Ed.)

-  T1  121 (74.2%)  3 (37.5%)

- T2  26  (16.0%)  3 (37.5%)

- T3  14  (8.6%)  2 (25.0%)

- T4 2  (1.2%) 0  (0%)

Lymph node  involvement  (AJCC  8th Ed.)

- N0 80  (49.1%) 4  (50%)

- N1a 38  (25%) 0  (0%)

- N1b  34  (22.4%)  4 (50%)

5-year rate  of  recurrence

-  Yes  12  (7.4%)  5 (62.5%)

- No  148 (90.8%)  2 (25.0%)

- Disease  persistence  3 (1.8%)  1 (12.5%)

Tumor-capsule  relationship

- No  contact  98  (60.1%)  1 (12.5%)

- Contact  without  infiltration  15  (9.2%)  0 (0%)

- Infiltrates  without  crossing  21  (12.9%)  4 (50%)

- Extrathyroid  spread  27  (16.6%)  3 (37.5%)

Multicentricity

- No  70  (42.9%)  3 (37.5%)

- Ipsilateral  38  (23.3%)  2 (25.0%)

- Contralateral  19  (11.7%)  1 (12.5%)

- Bilateral  31  (19.0%)  2 (25.0%)

Presence of  elongated  follicles

- Yes  31  (19.0%)  5 (62.5%)

- No  132 (81.0%)  3 (37.5%)

Oncocytic cytoplasm

- Yes  71  (43.6%)  6 (75.0%)

- No  92  (56.4%)  2 (25.0%)

Observer agreement

- Yes  157 (96.3%)  5 (62.5%)

- No  11  (6.7%)  3 (37.5%)

tally  starting  from  the group  with  11−30%  tall cells.
For  recurrence  risk,  statistical  significance  was  demon-
strated  starting  from  the group  with  31−50%.  Table  3
shows  how  stratifying  the percentage  of C2−3  and
Cx3  by  cutoff  points  modified  recurrence  risk:  for  Cx3,
recurrences  were  significantly  more  frequent  starting  at
10%  Cx3,  while  for  C2−3,  no  cutoff  reached  statistical
significance.

Only  1  out  of  the  171  patients  included  in the  study  died
from  the  disease  within  the first  5 years  after  surgery----11
months  after  surgery----belonging  to  the 31−50%  tall  cell
group  and  showing  persistent  disease  after  surgery.  In addi-
tion  to  this  patient,  3 others  died  from  the  disease,  but  after
5  years.  Two  of  these  3 patients  had  no  tall  cells  in the

tumor,  and  the third  belonged  to  the  31−50%  group.  All 3
had  recurrence  before  5 years.

A  total  of 4  patients  had  persistent  disease,  1 of whom
died  before  5  years  (with  tall  cell  variant).  Of  the  other
3,  none had tall  cells  in  the histological  study  and  remain
alive  with  controlled  disease  at the last  follow-up  7, 14,
and  16  years  after  total  thyroidectomy  and radioiodine
treatment.

Regarding  interobserver  agreement,  in 163  out of  the
171  cases,  both  observers  agreed  on  the Cx3  percentage,
and  only in  8  cases  was  joint  review  required  to  agree  on
the  percentage.  With  these  results,  the kappa  index  for
the  diagnostic  agreement  of  Cx3  was  0.83,  indicating  very
good  agreement.  In the  2  discordant  patients  in  the <  2%
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Table  2  Case  comparison  according  to  the  Cx3  component  in percentage  of  area.

Percentage  Cx3  < 2%  2−10%  11−30%  31−50%  >50%

No.  of  cases 136  24  3  6  2

Sex

- Female  102 (75%)  20  (83.3%)  3  (100%)  4  (66.7%)  1 (50%)

- Male  34  (25%)  4  (16.7%)  0  (0%)  2  (33.3%)  1 (50%)

Mean age  46.7  47.2  45.7  56.3  53.0

Incidental diagnosis

-  Yes  25  (18.4%)  3  (12.5%)  0  (0%)  0  (0%)  0 (0%)

- No  111  (81.6%)  21  (87.5%)  3  (100%)  6  (100%)  2 (100%)

Mean size  (mm) 13.5  18.1  29.3  22.5  23.5

T stage  (AJCC  8th Ed.)

-  T1 104  (76.5%) 15  (62.5%) 2  (66.7%) 3  (50%) 0  (0%)

- T2  19  (14.0%)  7  (29.2%)  0  (0%)  2  (33.3%)  1 (50%)

- T3  12  (8.8%)  1  (4.2%)  1  (33.3%)  1  (16.7%)  1 (50%)

- T4  1  (0.7%)  1  (4.2%)  0  (0%)  0  (0%)  0 (0%)

Lymph node  involvement  (AJCC  8th Ed.)

-  N0  70  (54.3%)  9  (45%)  1  (33.3%)  4  (66.7%)  0 (0%)

- N1a  33  (25.6%)  5  (25%)  0  (0%)  0  (0%)  0 (0%)

- N1b  26  (20.2%)  6  (30%)  2  (66.7%)  2  (33.3%)  2 (100%)

5-year rate  of  recurrence

-  Yes  10  (7.4%)  1  (4.2%)  1  (33.3%)  3  (50%)  2 (100%)

- No  123  (90.0%)  23  (95.8%)  2  (66.7%)  2  (33.3%)  0 (0%)

- Disease  persistence  3  (2.2%)  0  (0%)  0  (0%)  1  (16.7%)  0 (0%)

Tumor-capsule  relationship

-  No  contact  84  (61.8%)  14  (58.3%)  0  (0%)  1  (16.7%)  0 (0%)

- Contact  without  infiltration  12  (8.8%)  3  (12.5%)  0  (0%)  0  (0%)  0 (0%)

- Infiltrates  without  crossing  17  (12.5%)  3  (12.5%)  1  (33.3%)  3  (50%)  1 (50%)

- Extrathyroid  spread  21  (15.4%)  4  (16.7%)  2  (66.7%)  2  (33.3%)  1 (50%)

Multicentricity

- No  50  (36.8%)  18  (75.0%)  2  (66.7%)  3  (50%)  0 (0%)

- Ipsilateral 34  (25.0%)  4  (16.7%)  0  (0%)  1  (16.7%)  1 (50%)

- Contralateral 17  (12.5%) 1  (4.2%)  1  (33.3%)  1  (16.7%)  0 (0%)

- Bilateral 31  (22.8%)  0  (0%)  0  (0%)  1  (16.7%)  1 (50%)

Presence of elongated  follicles

-  Yes 15  (11.0%) 14  (58.3%) 2  (66.7%)  4  (66.7%)  1 (50%)

- No 121  (89.0%) 10  (41.7%)  1  (33.3%)  2  (33.3%)  1 (50%)

Oncocytic cytoplasm

-  Yes 51  (37.5%) 17  (70.8%) 3  (100%) 5  (83.3%)  1 (50%)

- No  85  (62.5%)  7  (29.2%)  0  (0%)  1  (16.7%)  1 (50%)

Observer agreement

-  Yes  134  (98.5%)  21  (87.5%)  2  (66.7%)  4  (66.7%)  1 (50%)

- No  2  (1.5%)  8  (12.5%)  1  (33.3%)  2  (33.3%)  1 (50%)

category  of  high  cells,  there  was  doubt  with  the 2−10%  cat-
egory.  In the  2−10%  category,  2  discordances  were  with  the
11−30%  category  and 1  with  < 2%.  For  the 31−50%  group,
2  cases  raised  doubt  with  the  11−30% category.  The  discor-
dant  patient  in the >  50%  category  was  discordant  with  the
31−50%  category.  When  repeating  the analysis  for  C2−3, the
kappa  index  slightly  dropped  down  to  0.8, still  considered
very  good  agreement.

Discussion

The  main  conclusion  of  our study  is  that  the presence  of
Cx3  in  > 10%  of the  tumor  is  relevant  to  the  aggressiveness

and  prognosis  of  papillary  thyroid  carcinoma.  This  finding  is
consistent  with  other  authors  who  recommend  reporting  the
Cx3  component  starting  at 10%  due  to  its  adverse  prognostic
implications.6,21

Following  the current  WHO  diagnostic  criteria  for  tall  cell
variant  (>30%  Cx3),  the percentage  of  cases in this category
was  very  low in  our  series  (5%),  which  is  a major limitation
of  this  study,  but  with  a  high  recurrence  rate  (62.5%).  Only
2  studies  have reported  higher  recurrence  rates:  Moreno
Egea  et  al.,3 with  5  tall  cell  cases  and  80%  recurrence,  and
Solomon  et  al.,22 with  30  cases  and  70%  recurrence.  Inter-
estingly,  both  studies  used  diagnostic  criteria  different  from
the  current  ones,  as  they were  conducted  before  the current
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criteria  were  established.  In  any  case,  we  believe  that  the
current  WHO  classification  cellularity  criterion20 identifies
cases  with  high  aggressiveness  and  unfavorable  outcomes
but  may  be too  restrictive,  excluding  cases  where  adverse
behavior  might be  relevant.

Similarly,  in  the tall cell  variant  group  following  current
WHO  criteria,20 we  observed  morphological  findings  more
frequently  described  in  this subtype,  such  as  elongated  folli-
cles  and  oncocytic  cytoplasm.  The  latter  has  been attributed
to  abundant  mitochondria  in  the  cytoplasm,  related  to  mito-
chondrial  DNA mutations.23

Another  primary  endpoint  of  our  study  was  to  evaluate
differences  in aggressiveness  and  prognosis  based  on  the
definition  of tall  cells  (Cx3  or  C2−3).  Based  on  the  results,
C2−3  cells  seem  less  relevant  prognostically.  Table  4  shows
the  characteristics  of  tumors  with  10%  or  more  tall  cells
stratified  by  C2−3 and Cx3 components.  The  data  suggest
that  the  recurrence  rates  observed  in groups  with  C2−3  com-
ponents  can  be explained  by  the  Cx3  component  present  in
these  tumors.  Additionally,  no  recurrences  were  observed
in  the  two  tumors  with  more  C2−3  but  minimal  Cx3.  There-
fore,  the Cx3 criterion  seems  better  than  C2−3  for  defining  a
subgroup  of  more  aggressive  tumors.  Our results,  however,
differ  from  those  of  Turchini  et al.,24 who  also  evaluated
the  proportion  of C2−3  and  Cx3  in each  tumor,  finding  that
C2−3  is  associated  with  poor  prognosis,  although  their  Cx3
group  did  not reach statistical  significance.  They  also  pro-
vided  a subgroup  analysis  where  the  Cx3  component  carried
a worse  prognosis  only  in low-risk  papillary  carcinomas.  In
that  same  subgroup,  the  C2−3  component  did not reach
statistical  significance  for poor  prognosis.  In conclusion,
although  our  results  cannot  be directly  compared  with  pub-
lished  data,  they  suggest  that  C2−3  cells  act  more  as  a
confounding  factor,  without  independently  implying  poor
prognosis,  which is  determined  by  the Cx3  component  that
may  exist in the same  tumor.  In  our  sample,  8 tumors
had  more  than  30%  Cx3,  all  of which  also  had  more  than
30%  C2−3.

Of note,  the  issues  caused  by  changes  in the diagnostic
criteria  for  tall  cell  variant  in recent  WHO  editions.  In  the
5th  edition  (2022),  the height  criterion  for tall  cell  variant  is
Cx3.20 This  height  criterion  is  the  same  as  before 2017.  How-
ever,  in the  4th  edition  (2017---2022),  cells  could be C2−3.25

According  to  Wong  et  al.,  this change  tripled  the prevalence
from  8%  with  Cx3 up  to  25%  with  C2−3.26 In our  study,  this
trend  was  also  observed,  albeit  with  lower  prevalences:  4.7%
for  tumors  with  more  than  30%  Cx3  and 12.7  % for  more  than
30%  C2−3. Given  that tumors  with  a relevant  C2−3  compo-
nent  seem  more  frequent  than  those  with  Cx3  and may  have
a lower  recurrence  risk,  it could  be  assumed  that  between
2017  and 2022,  the diagnostic  criteria  for  tall cell variant
were  suboptimal  for  selecting  patients  with  poor prognosis,
leading  to  overdiagnosis  and  overtreatment.  These  changes
also  complicate  comparisons  between  studies,  as  different
diagnostic  criteria  were  applied  depending  on  when  they
were  conducted.

During  data  mining,  3  patients  with  persistent  disease
and  available  follow-up  were  identified.  One  had  tall cell
variant  and  died  from  the disease  at 11  months,  while  the
other  2----without  tall cell component----remain  stable  with
controlled  disease  >10  years  after total  thyroidectomy  and
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Table  4  Effects  of  Cx3  component  stratification  according  to  the C2-3  component.

C2−3 Cutoff  point  No.  of  cases  Cx3  percentage  Recurrences  (%)

>50%  4 2−10%  →  4  cases  0  (0%)

>30% 20  <2%  →  3 cases  0 (0%)

2−10%  →  8  cases  0  (0%)

11−30%  →  1 case  1 (100%)

31−50%  →  6 cases  2 (33%)

>50% →  2  cases  2 (100%)

>10% 51  <  2% → 22  cases  2 (9.1%)

2−10% →  19  cases  1 (5.3%)

11−30%  →  2 cases 1  (50%)

31−50%  →  6 cases 2  (33%)

>50% →  2  cases 2  (100%)

Simultaneous evaluation of  the C2−3  and Cx3 components and their effects on recurrences. Cases are stratified according to the C2−3

component to show the effect of the Cx3 component.

radioiodine  treatment  with  tolerable  cumulative  doses.  This
situation  might  indicate  that certain  non-aggressive  thy-
roid  tumors  could  have a tendency  toward  self-limitation,
as  proposed  in some  thyroid  carcinogenesis  models  in the
literature.27

In addition  to  defining  the most  appropriate  diagnos-
tic  criteria  for  tall  cell  variant,  another  notable  aspect  is
their reproducibility.  For  this reason,  our  study  included  an
interobserver  agreement  analysis  between  an experienced
pathologist  and  a  senior  resident,  both  for  Cx3  and  C2−3
percentages.  The  results,  with  a  kappa  index  of  0.83  for Cx3
and  0.8  for  C2−3, indicate  very  good diagnostic  agreement.
Therefore,  we  consider  the  morphological  criterion  of  cell
height  to  be  reproducible  for both  Cx3  and  C2−3.  A strength
of  our  study  is  the availability  of  reference  images  with  cell
measurements.

After  literature  review,  only  2  interobserver  agreement
studies  for  tall  cells  were  found,  but  they  are difficult  to
compare  with  ours.  The  first,  by  Hernandez-Prera  et  al.,2

reported  a kappa  index of 0.34,  but  it was  conducted  in
2017  with  different  diagnostic  criteria,  involved  14  patholo-
gists  (vs  2 in our  study),  and lacked  well-defined  diagnostic
criteria  unification,  unlike  our  study,  where  both  observers
had  reference  images  with  measurements.  The  second  one,
by  Stenman  et al.,28 also  involved  2 observers,  obtaining  a
kappa  value  of  0.566  with  cutoffs  of  10%,  30%,  50%, and 70%.
Although  their  kappa  value  is  lower  than  ours,  comparison  is
difficult  draw  due  to  their  use  of  2017---2022  criteria  (C2−3)
and different  cutoffs.

There  is  also  another  intraobserver  agreement  study
where  papillary  carcinomas  were  classified  based on  their
C2−3  and  Cx3  components.  In it,  20  cases  were  reviewed
twice  by  the  same  observer  with  a  12-month  interval,
obtaining  a kappa  index  of 0.79,  similar  to  our  study.
However,  it  is  not  comparable  either:  first,  because  it
studied  intraobserver  agreement;  second, because  the
first  review  evaluated  a single  representative  slide  of
the  tumor,  while  the second  reviewed  the  entire tumor;
and  finally,  the diagnostic  categories  were  not  the
same.24

Consequently,  we  consider  our  interobserver  agreement
study  on  tall  cells  to  be the  first  of its  kind,  and more  sim-
ilar  studies  with  precise  reference  images  of  C2−3  and  Cx3
cells  available  to  each  observer  would be interesting  to  draw
more  robust  conclusions,  especially  given  the  small number
of  tall cell variant  cases  in our  study,  which  we consider  its
main  limitation.

Conclusions

Based  on  our  results,  the  aggressiveness  of classical  papil-
lary  carcinoma  or  tall  cell  variant  is  related  to  the amount  of
cells  > 3  times  as  tall  as  they  are wide,  with  their  presence
becoming  relevant  starting  at 10%.  This  suggests  that  report-
ing  their  presence  in the  pathological  report  starting  at 10%
is  necessary,  and  the possibility  of  lowering  the required
percentage  for  diagnosing  tall  cell variant  could  be  consid-
ered.  The  current  criterion  of  > 30%  results  in  few diagnoses,
potentially  ignoring  patients  with  lower  percentages  who
may  still  have  a  higher  risk  of  recurrence  or  unfavorable
outcomes.

Conversely,  cells  between  2  and 3 times  as  tall  as  they
are  wide do  not  seem  to  independently  influence  prognosis,
acting  more  as  a confounding  factor.

Regarding  the reproducibility  of  diagnostic  criteria,  our
study  achieved  very  good  interobserver  agreement  (kappa
index  of  0.83),  suggesting  that  the morphological  criterion
of  cell  height is  valid  and  reproducible,  likely  facilitated  by
the  availability  of reference  images  with  objective  measure-
ments.
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Acknowledgments

This  work  was  conducted  within  the  framework  of  the  Doc-
toral  Program  in Surgery  and  Morphological  Sciences  at
Universitat  Autònoma  de  Barcelona  (Barcelona,  Catalonia,
Spain).

We  wish  to  thank  the  technical  and  administrative  staff  of
the  Pathology  Department  at Hospital  Parc  Taulí  for  their  col-
laboration  in  obtaining  the case  list  and  histological  material
for  review.

References

1. Hawk WA, Hazard JB. The many appearances of  papillary

carcinoma of the thyroid. Cleve Clin Q.  1976;43(4):207---15,

http://dx.doi.org/10.3949/ccjm.43.4.207.

2. Hernandez-Prera JC,  Machado RA, Asa SL,  Baloch Z, Faquin

WC, Ghossein R, et al. Pathologic reporting of tall-cell

variant of papillary thyroid cancer: have we reached a

consensus? Thyroid. 2017;27(12):1498---504, http://dx.doi.org/

10.1089/thy.2017.0280.

3. Moreno Egea A, Rodriguez Gonzalez JM, Sola Perez J, Soria

Cogollos T, Parrilla Paricio P. Prognostic value of  the tall cell

variety of papillary cancer of  the thyroid. Eur J  Surg Oncol.

1993;19(6):517---21.

4. Gunalp B, Okuyucu K, Ince S, Ayan A, Alagoz E. Impact of

tall cell variant histology on predicting relapse and chang-

ing the management of  papillary thyroid carcinoma patients.

Hell J Nucl Med. 2017;20(2):122---7, http://dx.doi.org/10.1967/

s002449910552.

5. Bikas A, Wong K, Pappa T, Ahmadi S,  Wakefield CB, Mar-

qusee E,  et  al. Papillary thyroid carcinomas with tall cell

features: an  intermediate entity between classic and tall

cell subtypes. Thyroid. 2023;33(6):697---704, http://dx.doi.org/

10.1089/thy.2022.0534.

6. Bongers PJ, Kluijfhout WP, Verzijl R, Lustgarten M, Ver-

meer M, Goldstein DP, et  al. Papillary thyroid cancers

with focal tall cell change are as aggressive as tall cell

variants and should not be considered as low-risk dis-

ease. Ann Surg Oncol. 2019;26(8):2533---9, http://dx.doi.org/10

.1245/s10434-019-07444-2.

7. Villar-Taibo R, Peteiro-González D, Cabezas-Agrícola JM, Aliyev

E, Barreiro-Morandeira F, Ruiz-Ponte C, et al. Aggressive-

ness of the tall cell variant of  papillary thyroid carcinoma

is independent of the tumor size and patient age. Oncol

Lett. 2017;13(5):3501---7, http://dx.doi.org/10.3892/ol.2017.

5948.

8. Ho AS, Luu M, Barrios L,  Chen I, Melany M, Ali N, et al. Inci-

dence and mortality risk spectrum across aggressive variants

of papillary thyroid carcinoma. JAMA Oncol. 2020;6(5):706---13,

http://dx.doi.org/10.1001/jamaoncol.2019.6851.

9. Shi X, Huang NS, Lei BW, Song KH, Shi RL,  Wei WJ,

et al. Central lymph node status has significant prognos-

tic  value in the clinically node-negative tall-cell variant

of papillary thyroid cancer regardless of  t-staging and

radioactive iodine administration: first evidence from a

population-based study. Ann Surg Oncol. 2018;25(8):2316---22,

http://dx.doi.org/10.1245/s10434-018-6542-2.

10. Dizbay Sak S. Variants of papillary thyroid carcinoma: multiple

faces of a familiar tumor. Turk Patoloji Derg. 2015;31:34---47,

http://dx.doi.org/10.5146/tjpath.2015.01313.

11. Ghossein R,  Livolsi VA. Papillary thyroid carcinoma tall

cell variant. Thyroid. 2008;18(11):1179---81, http://dx.doi.org

/10.1089/thy.2008.0164.

12.  Hernandez-Prera JC. The evolving concept of aggressive

histological variants of differentiated thyroid cancer. Semin

Diagn Pathol. 2020;37(5):228---33, http://dx.doi.org/10

.1053/j.semdp.2020.03.002.

13. Janovitz T, Barletta JA. Clinically relevant prognos-

tic parameters in differentiated thyroid carcinoma.

Endocr Pathol. 2018;29(4):357---64, http://dx.doi.org/10

.1007/s12022-018-9548-1.

14. Jen-Der L, Hsueh C, Huang BY. Papillary thyroid carcinoma

with different histological patterns. Chang Gung Med J.

2011;34(1):23---34.

15. Cartwright S, Fingeret A. Contemporary evaluation and

management of tall cell variant of papillary thyroid carci-

noma. Curr Opin Endocrinol Diabetes Obes. 2020;27(5):351---7,

http://dx.doi.org/10.1097/MED.0000000000000559.

16. Lee JH, Shin JH, Lee HW,  Oh YL,  Hahn SY, Ko EY.

Sonographic and cytopathologic correlation of  papillary thy-

roid carcinoma variants. J Ultrasound Med.  2015;34(1):1---15,

http://dx.doi.org/10.7863/ultra.34.1.1.

17. Roman S,  Sosa JA. Aggressive variants of  papillary thy-

roid cancer. Curr Opin Oncol. 2013;25(1):33---8, http://dx.doi.

org/10.1097/CCO.0b013e32835b7c6b.

18. Silver CE, Owen RP,  Rodrigo JP,  Rinaldo A, Devaney KO, Ferlito A.

Aggressive variants of papillary thyroid carcinoma. Head Neck.

2011;33(7):1052---9, http://dx.doi.org/10.1002/hed.21494.

19. Livolsi VA. Papillary carcinoma tall cell variant (TCV): a

review. Endocr Pathol. 2010;21(1):12---5, http://dx.doi.org/

10.1007/s12022-010-9106-y.

20. Baloch ZW, Asa SL, Barletta JA, Ghossein RA, Juhlin CC,

Jung CK,  et  al. Overview of the 2022 WHO classifica-

tion of  thyroid neoplasms. Endocr Pathol. 2022;33(1):27---63,

http://dx.doi.org/10.1007/s12022-022-09707-3.

21. Rossi ED, Pantanowitz L.  Focal tall cell change in pap-

illary thyroid carcinoma: lessons learned from practices

adopting rigid criteria (height to width ratio of  3).

Endocr Pathol. 2024;35(1):80---1, http://dx.doi.org/10.

1007/s12022-024-09801-8.

22.  Solomon A, Gupta PK, LiVolsi VA, Baloch ZW. Distinguishing

tall cell variant of  papillary thyroid carcinoma from usual

variant of papillary thyroid carcinoma in cytologic speci-

mens. Diagn Cytopathol. 2002;27(3):143---8, http://dx.doi.org/

10.1002/dc.10156.

23. Tsybrovskyy O, De Luise M,  de Biase D,  Caporali L, Fiorini C,

Gasparre G,  et al. Papillary thyroid carcinoma tall cell variant

shares accumulation of  mitochondria, mitochondrial DNA muta-

tions, and loss of oxidative phosphorylation complex I  integrity

with oncocytic tumors. J  Pathol Clin Res. 2022;8(2):155---68,

http://dx.doi.org/10.1002/cjp2.247.

24.  Turchini J, Fuchs TL, Chou A, Sioson L,  Clarkson A, Sheen A,

et al. A critical assessment of  diagnostic criteria for the tall

cell subtype of papillary thyroid carcinoma----how much? How

tall? And when is it relevant? Endocr Pathol. 2023;34(4):461---70,

http://dx.doi.org/10.1007/s12022-023-09788-8.

25. Coca-Pelaz A, Shah JP, Hernandez-Prera JC,  Ghossein RA,

Rodrigo JP, Hartl DM, et  al. Papillary thyroid cancer----aggressive

variants and impact on  management: a narrative review.

Adv Ther. 2020;37(7):3112---28, http://dx.doi.org/10.

1007/s12325-020-01391-1.

26.  Wong KS, Higgins SE, Marqusee E, Nehs MA, Angell T, Bar-

letta JA. Tall cell variant of papillary thyroid carcinoma:

8

dx.doi.org/10.3949/ccjm.43.4.207
dx.doi.org/10.1089/thy.2017.0280
dx.doi.org/10.1089/thy.2017.0280
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0015
dx.doi.org/10.1967/s002449910552
dx.doi.org/10.1967/s002449910552
dx.doi.org/10.1089/thy.2022.0534
dx.doi.org/10.1089/thy.2022.0534
dx.doi.org/10.1245/s10434-019-07444-2
dx.doi.org/10.1245/s10434-019-07444-2
dx.doi.org/10.3892/ol.2017.5948
dx.doi.org/10.3892/ol.2017.5948
dx.doi.org/10.1001/jamaoncol.2019.6851
dx.doi.org/10.1245/s10434-018-6542-2
dx.doi.org/10.5146/tjpath.2015.01313
dx.doi.org/10.1089/thy.2008.0164
dx.doi.org/10.1089/thy.2008.0164
dx.doi.org/10.1053/j.semdp.2020.03.002
dx.doi.org/10.1053/j.semdp.2020.03.002
dx.doi.org/10.1007/s12022-018-9548-1
dx.doi.org/10.1007/s12022-018-9548-1
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
http://refhub.elsevier.com/S2530-0180(25)00027-7/sbref0070
dx.doi.org/10.1097/MED.0000000000000559
dx.doi.org/10.7863/ultra.34.1.1
dx.doi.org/10.1097/CCO.0b013e32835b7c6b
dx.doi.org/10.1097/CCO.0b013e32835b7c6b
dx.doi.org/10.1002/hed.21494
dx.doi.org/10.1007/s12022-010-9106-y
dx.doi.org/10.1007/s12022-010-9106-y
dx.doi.org/10.1007/s12022-022-09707-3
dx.doi.org/10.1007/s12022-024-09801-8
dx.doi.org/10.1007/s12022-024-09801-8
dx.doi.org/10.1002/dc.10156
dx.doi.org/10.1002/dc.10156
dx.doi.org/10.1002/cjp2.247
dx.doi.org/10.1007/s12022-023-09788-8
dx.doi.org/10.1007/s12325-020-01391-1
dx.doi.org/10.1007/s12325-020-01391-1


Endocrinología,  Diabetes  y Nutrición  72  (2025)  101530

impact of change in WHO definition and molecular anal-

ysis. Endocr Pathol. 2018;30(1):43---8, http://dx.doi.org/10

.1007/s12022-018-9561-4.

27.  Williams D. Thyroid growth and cancer. Eur Thyroid J.

2015;4(3):164---73, http://dx.doi.org/10.1159/000437263.

28. Stenman S, Siironen P, Mustonen H, Lundin J,  Haglund C, Arola

J.  The prognostic significance of tall cells in papillary thyroid

carcinoma: a case-control study. Tumor Biol. 2018;40(7):1---7,

http://dx.doi.org/10.1177/1010428318787720.

9

dx.doi.org/10.1007/s12022-018-9561-4
dx.doi.org/10.1007/s12022-018-9561-4
dx.doi.org/10.1159/000437263
dx.doi.org/10.1177/1010428318787720

	Analysis of cell height in the tall cell subtype of papillary thyroid carcinoma. Is it a key factor in the prognosis?
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Funding
	Declaration of competing interest
	Acknowledgments

	References

