Author Manuscript

This is the author manuscript accepted for publication and has undergone full peer review but has
not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/cyt. 12885

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/cyt.12885
https://doi.org/10.1111/cyt.12885
https://doi.org/10.1111/cyt.12885

DR GUIDO FADDA (OrcidTD+0000-0001-9736-0544)
DR ESTHER DIANA ROSSI (Orcid ID : 0000-0003-3819-4229)

Article type  : Original article

- [Formatted: Left, Right: 0 cm, Line spacing: single

Relevance of Rosette Patternsin Variants of Papillary Thyroid Carcinoma

Marco Dell’ Aquilal, Tefesa MusartaVincenzo Fiorentiny Chiara Brunelfi Costanza De March
Marco Raffaellf, Emanuela Train?, Celestino Pio Lombar8li Guido Faddy Luigi Maria Larocca,

Liron Pantanowit?, Esther Diana Rossi

Division of AnatomichRathelogy and HistologyDivision of Endocrine-Surgery-Fondazione
Policlinico “Agostino Gémelli*~IRCCS, Rome ltaly? Division of Endocrine surgery-Fondazione
Policlinico “Agostino Gemelli*~IRCCS-Rome Italy, *Department of Pathology, University of
Pittsburgh Medical Center, Pittsburgh, PA, USA

° These authors share_the'senior authorship

Running title: Rosettes'in thyroid carcinoma

KEY WORDS: Thyroidgarosette pattern, microfollicular pattern, papill pattern, thyroid

malignancy, PTC variant

Corresponding author ;. .Dr._Esther Rossi, MD, PhD, MIAC- Division of Anamic Pathology and

Histology — Fondazione Policlinico Universitario “Agostino Gemelli”-IRCCS, Universita Cattolica

This article is protected by copyright. All rights reserved



del Sacro Cuore, Largo Francesco Vito;- 00168 Rome (Italy) Phone: +3906-3015-4433 Fax:

+3906-3015-7008, mdl: esther.rossi@policlinicogemelli.it

Conflicts of interests: therauthors have no conflittmterest to declare

ABSTRACT

BACKGROUND: Themdetection of rosette-like clusters (RLC) of fallar cells in thyroid
carcinoma has been reported mostly ie dolumnar cell variant of papillary thyroid carcinoma
(CCV-PTC) Despite the fact that diagnosing variants of PTC is ormér encouraged by The
Bethesda System for~Reporting Thyroid Cytopathology (TBSRT®E identification of
cytomorphological features such as RLC linked withséhiamors might help reduce possible
misinterpretatiorin thyroid fine needle aspiration cytology (FNAC). We adiaugly investigated the
potential correlation of architectural patterns imlimg RLC with PTC variants.

MATERIALS ANDMETHODS:. We analyze®25 thyroid FNAC cases diagnosed as suspicious
for malignarty (SFM) and positive for malignangv) over a lyear time where all samples had
corresponding histologyVe also included 150 benign lesions (BL) from the séime period. The
presence of RLC versusssimilar appearing solid clugtensillary structures, and microfollicles were
evaluatedWe also performeddmmunocytochemistry (ICC) and mobedisting for BRAFVE00E.
RESULTS. We included100(44.4%) SFM favoring PTC and 125 (584) M cases with cyto-
histological correlationOn=histology, all SFM and M cases showed malignancy including 140
(62.2%) classic PTC and 85 (37.8%) PTC variants. The ogtphological patterns in all FNA
samples included solid (74%), papillag9¢6), microfollicular (70%), and pseudo-RLC morphology
(25.7%) We identified only pseudo-RLC B3 FNA specimens from PTC variant cases that included

tall cell variant (424%), hobnail variant (2%2 and miscellaneous variants (36.3%) of PTND
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definitive RLC were detecteid our series. ICC and BRAFV600E were not specificatikéid witha
RLC pattern.

CONCLUSIONS: These findings demonstrate that in our dataset rittgtectural pattern of RLC
was not recognized within PTC varianktowever, ve did identify a pseudo-RLC pattern that was

observed in association'with"ECV and hobnail varianésas PTC.

INTRODUCTION

Rosette and rosette-like patterns can be found in diffévenors, particularly those from the nervous
system’. Histologicaly, & typical rosettés characterized bg small round group or cluster of cells
organized in a spoke-wheelor halo arrangement aroundti@icleimen The name is derived from
their morphological resemblante rose windows found in gothic churches, such as thasedfin
the Cathedral of Notre_ Dame in Patis Whilst different authors have described rosette anettes
like patterns as a manifestation of certain tumords tarchitectural pattern alone is not
pathognomonic of any specific tumor tygeTheir presene, in fact, may be associated with various
forms of tumor differentiatioh’®. True rosettes ar@characteristic finding in neurological tumdts
However, rosettes have also been identified in other nenplasch as medullary thyroid carcinoma
(MTC), osteosarcoma, fibromyxoid sarcoma, rhabdomyosarcendometrial stromal sarcoma and
some non-Hodgkin lymphom4a¥. Pseudo-rosettes tend to be associated with neuroblastomas,
medulloblastomas, malignant melanoma, Merkel cettibama, other neuroendocrine tumors of the
skin, primitive neuroendocrine tumor (PNET), retinoblastpmependymoma, neurocytoma,
glioblastoma, Wilm tumoer:andpheochromocytditta

To the best of our knowledge, the histological identifiratof a rosette pattern in thyroid
histological samples _has not been well published. Howeregettes have been previously

documented in cytologicssamples from benign and matigiesions such as adenomatous goiter,
3
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insular carcinoma and MTE)". Sen et al also reported the presence of a rosettgdittern ina
fine needle aspiration cytology (FNACspecimen ofa well-differentiated thyroid follicular
carcinoma diagnosed as columnar cell variant of papittayroid carcinomaG@CV-PTC)2 Only a
few other papers have reported this finding associaitdthyroid carcinoma in which a rosette-like
pattern was linked withraggressive variants of PTC alinly the tall cell variant (TCV) of PTEY
Therefore, whether a“raselike pattern is indeed associated with CCV-PTC andpdtential
diagnostic valuén thyroid ¢ytology remains unknowin order to assessig possible correlation of
rosette-like morphology with specific PTC variants, aseordingly, examined a retrospective series

of thyroid FNAC cases for such specific features.

MATERIALSAND METHODS

We received institutional (Catholic University of thec&al Heart) ethical approval for this study. A
retrospective search.was performed for all thyroid FNA@gnosed as SFM and M over a one year
period (January 201® December 2018) at theatholic University “Agostino Gemelli” Hospital in
Rome, Italy Furthermore, in order to determine the presencera$eite-like pattern in benign versus
malignant thyroid entities, we included another 150 drersiequential lesions diagnosed during the
same study period. The institutional electronic medieabrd system Armonia-Metafora, Italy (CU)
was also searched for thyroidectomy specimens during @ngesstudy periodThe patient’s age,
gender, FNAC diagnoses_and follow-up information wermnded. All available pathology slides
were reviewed. The majority of the thyroid nodules werduewad and biopsied under ultrasound

guidance by clinicians'and radiologists.

Thyroid FNAC Specimens:
All aspirations (with usually two passes performeddach lesion) were performed with 25 to 27G

needles. No rapid on-site assessment for adequacy efiahatas done. All patients consented to
4
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their procedure. All FNAC specimens were processed usifgnPrep 5000" processor (Hologic
Co., Marlborough, MA, USA). Prepared slides were fixad96% methanol and stained with
Papanicolaou stain. Any remaining material was storeRr@servcyt solution for potential ancillary

studies

Specimen adequacy wasydetermined according to thedBlatlaad British RCPath classification
schemed®!® The cytology cases were classified and diagnosed accomittte new lItalian
Working Group SIAPEC-IAP classificatidit?* All of the cases were re-evaluated and then re-
classified according to The Bethesda System for Repoiiimgoid Cytology Il (TBSRTC,
2017)° % For this retrospective study, analyses were conducted T8SRTC terminology.
This case series included_the following distributiondéfgnoses: 5% non-diagnostic KD)
including cystic cases; “77.8% benign lesionBL) 3% atypia of undetermined
significance/follicular lesion<of undetermined sigodfhce (AUS/FLUS); 6.1% follicular
neoplasmsKN); 2.2% SFM and % malignant (M) case®ll cytology and histology cases were
reviewed by two cytopathelogists whilst theeclassification according to TBSRTC was done by
one cytopathologist (EDR). Casestlwan equivocal interpretation were subject to consensus

review. The concordance between SIAPEC-IAP and TBSBI&ssification systems was 95.9%.

According to the literature, roes are defined as a group of 15 or fewer follicularscelith a
circular arrangement and central lumen that may/matybe filled with colloidt®'® Most of the
cytoplasm of the cells'in a rosette tends to be lodaiwedrds the center (i.e. nuclei are peripheral),
implying that these_cells_are tall/columnar in shapeody institution we utilize LBC preparation
versus the conventionalsslide™(CS) method. Figured CAsnd Table 1 compares the rosette-like
clustes (RLC) as reportedsby Seto microfollicular and papillary structures. By comparis a
microfollicle is also comprised of a group of 15 anée follicular cells with a circular arrangement

and central area usuallyfilled with colloid. Howeversiaéollicular cells are shorter (cuboidal) and
5
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thus exhibit less cytoplasm in the microfollicle cenfemicropapillary cluster is comprised of 15
or more follicular cells arranged around a central fiasoular core. The individual follicular cells
in a papillary cluster are also shorter (more cuboidad) lz@ve minimal cytoplasm that typically
does not merge toward the center of the cellular alust;ethelessye only found a pseudorosette
pattern in some cases«#/A pseudorosette pattern reserobéttes, but does not exhibit the feature
depicted in Figure 1a andga$ described in the paper ieiSall? The presence/absence of these

different follicular structures was recorded in ouhax of cases.

Immunocytochemistry (ICC) Analysis.

In our routine practice we.perform ancillary technigimesuding ICC andBRAF % Eanalysis in all
suspicious and malignant_thyroid cytological cases. iSpa@ty, we perform ICC on all liquid-
based cytology (LBC)rsample$iBME-1 and Galectir8 ICC is performed using a protocol
previoudy described bysour,groifs2* The minimal percentage of adequate lesional cellshier
performance of ICC evaluation was defined at 30% in ISB@plesLesional cells were interpreted
to be positive when at least 50% of the cells demondtstteng cytoplasmic staining. To avoid
false negative and/or false positive yields, this 50% ¢0ff value was also used for histological
tissue sections. A case was considered to be overaliveofor malignancy when there was
concomitant expression of both immunomarkers. Adequatect8a3 immunoreactivity was
represented by cytoplasmic | staining, and suitable HBMEainisg was chiefly within the
cytoplasm with accentuation on the cytoplasmic membaadewithin the lumen. Positive controls
included mesothelioma for HBME-(membranous positivity) and histiocytes for Gale&in-
(cytoplasmic staining). Lymphocytes identified in thejomity of the thyroid slides were used as a

negative control.
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Molecular analysis for'/BRAF mutation: DNA was extracted from both LBC stored material and

VBOOE
paraffin embedded tissuesith’' 100% concordanc&RAF mutational analysis was performed

on DNA extracted from cytological and surgical specimem#taining at least 70% tumor. Details

of the protocol employedi@been previously published by our grdig®

Histology Specimens:

All surgical specimens were' fixed in 10% buffered formaldiehyembedded in paraffin and 5
micron-thick sections then'stained with hematoxylin+eoshe diagnosis of classical variant of PTC
was based on the presencerof true papillary strucametslistinctive nuclear features. The diagnosis
of FVPTC relied upon the detection of follicular architee coupled with the nuclear features of
PTC in multiple foci. Encapsulated tumors with eith@npho-vascular invasion (within the capsule
or beyond) or capsular penetration were diagnosed asivev&VPTC. All cases were classified
according to the seventh edition of the tumor-node-neisst(TNM)-based staging system
recommended by the American Joint Commission on CHASEC)?°. The different PTC variants
were classified according to the WHO 28%%. For the definition of TCV of PTC, we adopted the
standard definition of at least 30% of tall cell comgot. However, in our analysis we also included
cases of PTC with a‘less than 30% TCV component. Tételtgical diagnosis of non-invasive
follicular thyroid neoplasm with papillary like nuclear feses (NIFTP) was rendered according to
the criteria described by.Nikiforov et @lHowever, in our institution NIFTP terminology was used

for follicular neoplasms without any overt papillaryustiures.

Statistical Analysis:
Statistical analysis was performed using GraphPaf¥PH software (Graph Pad Software, San
Diego, CA) and MedCalc version 10.2.0.0 (MedCalc Softwaariakerke, Belgium). Statistical

comparison of continuous variables was performed ugiagMann-Whitney U-test or Paired t-test,
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as appropriate. Comparison of categorical variables wasrpexfl using the chi-square statistic, and

the Fisher’s exact test. P-values less than 0.05 were considered astistty significant.

RESULTS

Table 2 summarizes thexelinic-pathological featuresotorretrospective series. In order to validate
the search for a rosette-like pattern in malignaribfssas reported by Sen et?atve selected SFM
and M cases with a with cyto-histological correlatiesulting in a histological diagnosis of PTC and
its variants. Furthermore, in order to determine éréhwasa difference of a rosette-like pattern for
benign and malignant_thyroid, entities, we also includé@ $equential benign lesions diagnosed
during the same study period. The entire series waposed of 239 female and 136 male patients
with an age range of 9710 82 years (mean: 36.5 yeBine size of thyroid lesions subject to FNAC
ranged from 5 mm to 65 mm in greatest dimension (mesiz® =14 mm). All sub-centimeter
lesions were discovered during radiologic screeningcéarses unrelated to thyroid disease. There
was no significant difference in the size of thesgdid nodules among the diagnostic entities. The
cytological series included 150 BL (40%), 100 SFM (26.6#) 125 positive for malignancy (M)
(33.3%). Only 20 (13.3%) out of 150 BL had histologicalldw-up, showing 15 goiter and 5
follicular adenomaKA) casesThe histological diagnoses for SFM and positive for maligrcases

included: 40 classical PTC (cRTC-62%) and 85 PTC variant87 8%).

The distribution of the'PTC variants, analyzed in Talevas characterized by 140 classic PTC, 19
pure tall cell variant (TCV), 27 PTC with a less ti#0% TCV component, 13 hobnail PTC variant,
8 follicular variant of PTCH(EVPTC), 6 Warthin-like PTG, columnar cell variant of PTC (CCV-
PTC), 4 cases with botheF€V plus CCV-PTC, and 3 solidamérof PTC (Table 3)For the TCV
cases, we included bothspure TCV (19 cases) and alsac®3&3 witra TCV component (27 cases

58.7%) that contained less.than 30% tall cells. In &&bWe further evaluated tt8 PTC variants
8
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distributed according to their cytology diagnosis oMSE3 cases) and positive for malignancy (52
cases). On histology, the 33 SFM were diagnosed as 6T@Weand 14 PTC with a less than 30%
TCV component, 6 hobnail PTC variant, 1 Warthin-likeCR® FVPTC and 2 CCV-PTC. The 52
malignant cases were diagnosedl8sTCV and 13 PTC with less than 30% TCV, 7 hobnail PTC
variant, 5 Warthin-likesPTC34 FVPTC, 3 CCV-PTC, 4ntwned TCV and CCV and 3 as solid

variant of PTC (Table 3)

Tables 4 and 5 compare the distribution of the diffefelficular architectural patterns encountered
in the different samples according to FNAC and finaldpiathology diagnoses, respectivdly the
150 benign cases we confirmed the presence of largessifdetlicular cells, few follicular clusters,
and lack of any papillgg_rosette or pseudorosette patterns. Regardless of t& Rhagnostic
category, Table 4 shows'that'solid (without either attese a pseudo-rosette pattern) clusters were
present in all PTC cases.The different cytologic #echiral patterns (in order of decreasing
frequency) showed that there were 225 cases with solidecs of neoplastic cells (100%), isolated
follicular cells in 201 cases (89.3%), papillary stuwes in 200 cases (88.8%), microfollicular
clusters in 154 cases (6804 None of our cases had an unequivocal RLC patternetiieless, we
did identify a pseudoresette pattern3id cases (14.6%, Figures 2A-C and Figure 3A@Gmparing
these different cytomorphological patterns stratifiedoading to the FNAC diagnosis of SFM and
positive for malignancy, we found that the number oEsagith pseudorosettes was documented in
21 cases with M andl2 in SFM without any significant statistical corrétet (P>0.001)The other
cytomorphological patterns had a similar distributiorbaoth SFM and malignant casés Table 5

we analyzed these_patterns_specifically according todiffierent histological variants of PT@\
pseudorosette patterniwasrsfound in cases with a higtalatiagnosis of pure TCV (14 cases-42.4%)
and hobnail variant (7mcases-21.2%). Furtremven out of nine cases withCCV component

(including three pure CEV-PTC and 4 mixed TCV and CC\GPhada focal pseudorosette pattern.
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None of our cPTC cases showed a RLC component orual@sesette pattern.fOote, we did not

find any pseudorosette cluster within the histologseahples of our series.

None of our BL cases had been diagnosed with the suppanicdlary techniques. ICC stain results
are reported in Table 67 ICCyresults showed that therityaof our SFM and M cases (209 cases,
92.8%) had a concordantgpositive immunopanel for HBME-d @alectin-3 with only 16 cases
(7.1%) showing positivity for a single immunomarkee (HBME-1). For cases grouped in thEV
category, ICC showed 9 cases with negative stainingdiectin-3 and revealed 100% positivity for
HBME-1. The cases interpreted as being positive for matign had positive ICC staining in all
cases except for sevengthat,only showed immunoposifieitfHBME-1. None of our malignant

lesions had a negative eoncordant panel.

The different cytomorphological patterns did not coreelaith any of the analyzed immunomarkers.
BRAFYE was expressed in 47 cases out of 225 malignancies (2iM#)found a 100%
concordance between cytelogy and histology BRAF °°°F expression. The results of molecular
testing for BRAF°° demonstratedh lack of any statistical correlation betweBRAFY®E and
architectural patterns, In fact, we found that 88esaf’0.4% were of BRAFY%E wild type
phenotype whilst 3M cases 29.6%) had aBRAF mutation (Table 6). Among thBRAF5%%E
mutated cases, we fourldi cRTC, 7 hobnail PTC and 16 TCV. Of note, we did not fingt

specific significant statistical correlation betweBRAF and the pseudorosette pattern (p>0.001).

10
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DISCUSSION

It is well established that:spetific morphological paisemay be characteristic of particular tumbors.

2 Such patterns often play/an important rinl¢he pathological identification of these specific tegi
However, they are usually not pathognomonic of any omeot. One such pattern observed in
various tumors is the formation of rosettes or roséeedtructuresThe term “rosette” has been
attributed to a pattern resembling a flower, charazdrby cells radially organized around a center.
Four main kinds of rosette have been described wiferdiit morphological features including: 1)
Homer Wright rosette;@2)the Flexner-Wintersteinesette; 3) the ependymal rosette and 4)
perivascular pseudo-rosetted. Whilst these rosettes may not always be seetr, theognition is
often helpful in the diagnosis of neural entities sashmedulloblastoma/PNET, retinoblastoma,

ependymoma, central neurocytoma and pineocytoma.

To the best of our knowledge, the definition of a nes@attern has not been reported in thyroid
lesions based on histological samples. Nevertheldstst a few books and atleshave mentioned
the possibility of focal rosette-like features, thssmot been clearly linked with either a specific
entity or PTC variant. Of nota few papers have described the presence of a rosetteshkponent
representing a minor or focal feature in cytological gl from both benign and malignant thyroid
lesions, even though. they lacked pictures dennatirey this patterrt*” In our series of 150 BL we
did not find any true rosetteror pseudo-rosette follicstanctures, confirming that this pattern is
likely linked more withsmalignant thyroid nodules. Theseaeport by Sen et &, to the best of our
knowledge, the only paper reporting the presence of esdatta thyroid FNAC with CCV-PTC,

which triggered the reasen.to undertake our stddio the best of our knowledge, no prior large
11
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series hagorroborated a correlation of a specific PTC varianhvatRLC pattern. A few authors
previously described microfollicles as “rosettes” in cases of insular thyroid carcinoma and/or benign

adenomatous lesions (18)1However, their “rosette-like pattern” did not meet its strict definition®’

Since the first edition of TBSRTC, several new vasgasftthyroid carcinoma va been described?

3 The revised second ‘edition of TBSRTC even includesdtaildd definition with particular criteria
for some of thee PTC ariants® However, there was no mention of a RLC pattern in Gfrijlese
PTC variants. Analyzing published data from therditere, we found that very few authors
mentioned the presence of rasetsed/or a pseudo-rosette architectural pattern in asgmtiatith
thyroid carcinom?. Importantly, these patterns were not linked with djmeciliagnostic or
prognostic featuresHonambirajan et al, however, did emphasize that rosettes supgrficially
resemble the microfolliclestof FVPTC and that their pneseshould thus raise suspicion for an

aggressive PTC variarit

According to TBSRTC,_the“recognition of PTC variantgénerally unnecessary on FNAC given
that precise subtyping is rarely possible or reliahle tb difficulties in sampling the predominant
pattern, due to the rarity of some PTC variants, bacause of the morphological overlap with
conventional PTG%% Nevertheless, the recognition of certain PTC vasidatg. TCV, CCV-PTC,
and hobnail variant) that manifest with an aggressiveatier may warrant recognizing them on
FNAC because they often require more aggressive thehapy recent review article, Rossi et al
discussed the morphological features that may be asswaidth PTC variantd! However, there
were no details discussed.regarding the relevance dfasse PTC variant$-By definition, variants
of PTC must have somerofithe essential nuclear fstofr typical PTC including nuclear groves,
clearing and pseudoinelusions. In contrast to theivelst easy identification of TCV findings on
FNAC, the recognition«ofCCV-PTC is more elusive since the typical features of RIFE€ not

constantly found in this'wariant. TBSRTC defines\GETC as a variant characterized by columnar
12
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cells with hyperchromatic, oval and pseudostratifieccleiuwith supranuclear or subnuclear
cytoplasmic vacuoles resembling colonic epithelium or $egréype endometrium. With regard to
the architectural patterns seen in CCV-PTC, TBSR&htions that neoplastic follicular cells may
be arranged as papillag, clusters, flat shesis sometimes, small tubular structures but not REC
observed by Sen and«Colldaghieds reported by several authors, our LBC series confisorae

morphological differenceszwith CS. In particular, we @onéd a lack of unequivocal features of

rosette clusters. However; we did appreciatedlfetv of the cases had a pseudorosette pattern.

Our series, involving a review of one yasaworth of thyroid FNAC cases diagnosed as SFM or
malignant, found thaa few, pseudorosette clusters were present in 14 TCV anabialil variant
cases of PTC. Apart from_the case report by Sen, etealdid notuncover articles mentioning an
association with rosettes'and either the TCV or holwaaiant. Such pseudo-rosette pattern may b
attributed to peculiar morphological features in theagants (tall cells and columnar features of
neoplastic cells), and.as such when detected could sumgessible aggressive variant. Concerning
CCV-PTC, we did not findsa’obvious RLC pattern but did docuradatv pseudorosette clusters in 7
out of 9 cases, including four cases where there wasnebination of TCV and CCV-PTC.
Furthermore,a few pseudorosette clusters were also recognized in arityirof the other PTC
variants including one solid variant of PTC, 2 FVPT@ @nwarthin-like variant casellone of the
conventional cPTC cases had eitlaeRLC or pseudorosette pattern identified, but did frequentl
contain papillary and microfollicular cell clusteMhile ICC, especially HBMEL, demonstrated
strong and diffuse positivity in all cases of PTC suppgrtiris diagnosis, such staining did not show
any correlation with RLC. FOBRAF®°E we found an association with the aggressive variants of
PTC but no correlationmwithieytomorphological patterom®aed to the literature, we found a low
number ofBRAFYE mutatedicases 47 (21% for SFM plus M) which mighttiébated to the fact

that cPTC and several.ofithe PTC variants are frattyueild type BRAF %,

13
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In conclusion, our analysis confirmed the presen@REC pattern in several PTC variants, and that
such“rosetted were not associated with cPTC cas@sr data shows that a pseudo-rosette pattern is
possibly identify in the TCV, hobnail variant of PTC a@@V-PTC. Furthermore, none of our BL
cases had a rosette or pseudorosette pattern, suggestititetharesence is most likely associated
with malignant thyroid /ésions. Another interestingnias the absence of pseudo-rosette clusters in
histological samples, confirming that this architedtpedtern is mostly seen in cytological samples.
The detection of a pseudo-rosette architectural patmmbined with the typical cytological findings
of classical nuclear and cellular features of conieaat PTC might offer an additional feature in

those cases of thyroid FNAC with an equivocal interpiaisor scant neoplastic component.
Acknowledgement : EDR, LP, L MR GF contributed to the idea and preparadiothe manuscript
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Table 1. Comparison of cytomorphological patterns

Follicular Rosette pattern Microfollicles Papillary clusters
structure
Definition Cells with'€ircular Cells with circular e Cells with more

arrangement

15o0r less cells
Cytoplasm merges
toward center

Most of the cytoplasn
is located within cent
(i.e. nuclei peripheral
implying the cells are
tall/columnar

Central area can hav|

lumen'(+/- filled with

arrangement

15o0r less cells
Cytoplasm merges
toward center
Minimal
cytoplasm/cell cause
less to be located
within center

Cells shorter (cuboid
Central area usually

has colloid

elongated
arrangement

e 150r more cells

e Cytoplasm nee
not merge
toward center

e Minimal
cytoplasm/cell

e Cells shorter
(cuboidal)

e Central
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colloid) fibrovascular

core

Table 2. Clinicopathological.features of study cases

Parameter | Quantity (N=375)

Female 239 (63.7%0)
Male 136(36.2%)
Thyroid 6-65mm
nodule size

Cytological | BL=150/(40%)
Diagnosis SAV=100(26.68%)

PM=125 (33.36)

Histological | 15 Goiter (6.1%)
Diagnosis 5 FA (2%)

(245 cases) | cPTC=140 (48.%)
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PTC variants=85(34%)

IcC*
H+/G+ | 209 (92.86)
H+/G- | 16 (7.24)
H-/G+ |0
H/IG- |0

BRAFVEOE™ [ 47(21%)

BL= Benign Lesions; FA Follicular Adenoma; cPTC asdical papillary thyroid carcinomBM =

positive for malignancy; PTC = papillary thyroid carcinoB@M = suspicious for malignancy; ICC:

Immunocytochemistry; HzHBME-1; G: Galectin-3.

e *ICC andBRAF®®E oply, in SFM and M caegories

Table 3. Distributionnof _variants of PTC in the susmious for malignancy and positive for

malignancy cytological.eategories

Histology| CCV- | FVPTC| Hobnail{ Classic | Solid- | TCV* TCV+CCV| Warthin-like PT(
PTC PTC PTC PTC

Cytology

SFM 2 4 6 44 0 6 (14) 0 1

PM 3 4 7 96 3 13 (13) 4 5

CCV-PTC = columnar cell variant of papillary thyroid cargimg FVPTC = follicular variant of

PTC; PM = positive for malignant; PTC = papillary thgratarcinoma SFM = suspicious for

malignancy; TCV = tall'cell variant of PTC

e Including pure TCV and in brackets , cases of PTC W@V Eomponent less than 30%
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Table 4. Distribution oficases‘according to follicular architectural pattern based upon FNAC

diagnoses

Growth pattery BL SFM PM SFM+PM

(N=150 | (N=100) | (N=125) (N=225)

Solid clusters | 150 (100%) 100 (100%) 125 (100%) | 225 (100%)

Papillary 0 88 (88%) | 112 200 (88.8%)
(89.6%)

Microfollicular| O 56.(56%) | 98 (78.4%) | 154 (68.4%)

Isolated 0 94 (94%) | 107 (85.6%) | 201 (89.3%)

follicular cells

Pseudor osette] O 12'(12%) | 21 (16.8%) | 33 (14.6%)

likeclusters

PM: positive for malignancy; SFM: suspicious for madigoy; BL benign lesions

21
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Table 5. Distribution ofgscases according to follicular architectural pattern stratified by

histological diagnoses

Growth pattern | CCV-PTC/| FVPTC | H-PTC S-PTC TCV TCV+CCV-| W-PTC (N=6) cPTC (N=140)
(N=5) (N=8) (N=13) (N=3) (N=46) | PTC (N=4)

Solid clusters 2 (40%) [¢8(100%)| 13 (100%)| 3 (100%) | 27 4 (100%) | 6 (100%) 140 (100%)
(58.6%)

Papillary 2(40%) | 2(25%) | 8 (61.5%)| 2 (66.6%) | 29 (63%) 4 (100%) | 6 (100%) 130 (92.8%)

Microfollicles 2 (40%) | 3 (37.5%) 10 (76.9%)| 2 (66.6%) | 20 4 (100%) | 0 (%) 126 (90%)
(43.4%)

Isolated cells 2 (40%) " | 8(100%)| 12 (92.3%| 3 (100%) | 27 4 (100%) | 6 (100%) 140 (100%)
(58.6%)

Pseudorosette- | 3 (60%) | 3 (25%) | 7 (53.8%)| 2 (33.3%) | 14 2 (50%) 2 (33.%) 0

like clusters (30.4%)
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CCV-PTC = columnar'cell variant of papillary thyroid caraimey FVPTC: follicular variant of PTC;
PTC = papillary thyroid carcinom& CV = tall cell variant of PTC; W-PTC: Warthin-likeTE;

cPTC: Classic PTC; S-PTC: Solid variant PTC; H-PTC:édlbvariant PTC;

Table 6. Correlation between diagnostic categoriesand ancillary techniques

Cytology H+ G+ BRAF%F

diagnosis

SAV (100 cases| 100 (100%) | 91 (91%) | 10 (10%)

PM (125 cases)| 125 (100%)| 118 (94.46) | 37 (29.6%)

SFM = suspicious for malignancy; PM: Positive for muatincy; H: HBME-1; G: Galectin-3.
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Figure L egends

Figure1 A, B and C: Comparison papillary, rosette and microfolliculaustures. Drawing of the
different patterns in Figure A) Classic rosette structure; Figure 1 B) Cluster of follicular

neoplastic cells; Figurel C) Papillary structure pap stain, 200x, liquid based cytology-L BC)
Figure 2 A and B and'C: Figure 2 A and B Follicular cells in a pseudorosékie-pattern froma
case of tall cell variant of papillary thyroid caraina (pap stain, 200x, liquid based cytology-LBC)

Figure 2 C details of anotheripseudorosette-like ptben the same case (pap stain, 400x, liquid

based cytology-LBC)
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Figure 3 A and B: Follicular cells in a pseudosette-like pattern from a case of hobnail cell variant
of papillary thyroid carcinoma (Pap stain, 400x liquiddzhsytology-LBC); Figure 3B details from

the same case with a pseudorosette-like cluster itethigottom and a neoplastic cluster in the upper

right (Pap stain, 200x liquid based cytology-LBC)
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