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Abstract

Background: TP53 gene plays a major role in the negative control of cell prolifer-

ation and in the regulation of signaling cascades. TP53 mutation may have a rele-

vant role in the malignant transformation of thyroid cells as well as thyroid tumor

progression. TP53 mutation has been detected only in few well differentiated

thyroid carcinomas and is absent in benign conditions.

Methods: A total of 162 prospective thyroid cytology and corresponding histolog-

ical samples diagnosed from atypia of indeterminate significance (AUS) to malignant,

were studied via immunocytochemistry for p53. Hence, 50 benign lesions (B) were

used as negative control. Molecular analysis for p53 only was performed.

Results: The cytology resulted in 50 B, 48 AUS, 40 follicular neoplasms (FNs), 23

suspicious for malignancy (SFM), and 1 malignant (M) case. The authors reported

102 negative and 60 positive p53 cases. The 60 positive cases included 27 cases

with weak and/or focal cytoplasmic positivity (+1) and 33 with cases moderate (2+)

to strong (3+) cytoplasmic and/or nuclear expression. Overall, 71 cases had his-

tology (2 B, 11 AUS, 37 FN, 20 SFM, and 1 M) including 61.7% benign and 38.2%

malignant diagnoses. Only 16 of 71 (5 FN, 10 SFM, and 1 M) were p53‐positive.
Furthermore, 100% AUS and 86.5% FN cases were p53‐negative, none of which had

malignant histology. All p53‐positive cases were associated with a larger nodule

size, tall‐cell variant subtype, multifocality, extra thyroidal infiltration, and nodal

metastases. Noninvasive follicular thyroid neoplasm with papillary like nuclear

features were negative for p53. Few discrepancies in p53 intensity were observed

on histology; there were no differences with the molecular testing.
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Conclusions: p53 might be useful in discriminating thyroid follicular lesions. p53 is

likely to be a useful diagnostic marker in recognizing indeterminate lesions that are

well‐differentiated thyroid cancers.

K E YWORD S

fine‐needle aspiration cytology, follicular lesions, p53, personalized medicine, thyroid cancer,
thyroid neoplasms

INTRODUCTION

Papillary thyroid carcinoma (PTC) is one of the most common ma-

lignancies and the most common malignant tumor in the thyroid

gland.1–3 Even though the majority of PTCs have a good prognosis, a

few exhibit recurrences and a poor prognosis. Numerous publications

have taught us that several factors have prognostic implications for

PTC including tumor size, histological type, patient age, and lymph

node metastases.1–3 Several genetic alterations have been identified

in thyroid cancers and offer a promising role in personalized patient

management.4–9

In these last few decades, a series of molecular markers have

been described in thyroid cancers, supporting diagnostic and prog-

nostic scoring systems.4–9 Among them, mutations in the p53 tumor

suppressor gene are present in approximately 50% of all human

malignancies, including thyroid cancers and mostly undifferentiated

and/or anaplastic (ATC) thyroid carcinomas.10 Nonetheless, very few

studies have discussed the diagnostic and/or prognostic role of p53

mutation in well‐differentiated thyroid cancers (WDTC) including

PTC.10–12 In fact, it seems that p53 protein is overexpressed in larger

thyroid nodules and in lymph node metastases. Thus, its evaluation

may likely contribute to more personalized treatment for PTC or help

target lymph node recurrences.10–12

The correlation of p53 with a more aggressive behavior is

confirmed by its expression in up to 50% of ATC cases and only a

minority of WDTC. For this reason, some authors hypothesized that

p53 is likely a precursor and initial step for tumors that might un-

dergo de‐differentiation.10–13 Additionally, analogous with the

gastrointestinal tract, where the expression of p53 is assessed in

highly dysplastic intestinal cells, we followed the hypothesis of a

possible multi‐step process including a dysplastic phase for thyroid

cells of indeterminate lesions that may in turn progress into malig-

nant cells. The finding of p53 might accordingly help in discriminating

indeterminate thyroid nodules that are benign versus malignant.

Although p53 can be assessed by molecular detection, the pos-

sibility of immunohistochemical (IHC) evaluation is an alternative

testing modality, especially in those laboratories where molecular

testing is limited.11–20 To date, a few articles have found a discrep-

ancy between IHC and p53 gene mutations, with a lack of mutations

in cases that demonstrated positive p53 staining by IHC.21,22 The

majority of articles evaluated p53 immunostaining on histological

thyroid samples,10–20 and, to the best of our knowledge, no publi-

cations have been reported about its role in cytological samples,

including liquid‐based cytology (LBC).

In the present study, we examined the immunocytochemical

(ICC) expression of p53 in a prospective series of thyroid lesions,

including indeterminate categories, suspicious for malignant, and

malignant diagnoses with cases that had surgical follow‐up. These

cases were analyzed for possible correlation between p53 expression

via ICC and genetic analysis combined with clinical and/or patho-

logical features.

MATERIALS AND METHODS

A prospective evaluation of p53 ICC was performed of all consecu-

tive thyroid cytological cases diagnosed in the cytological categories

ranging from indeterminate neoplasms to suspicious for malignancy

to malignant categories including those with subsequent surgical

pathology follow‐up. For our purposes, we also use 50 benign lesions

as negative control on cytology. The cases were diagnosed and

recorded in the archives of the Division of Anatomic Pathology and

Histology of the “Fondazione Policlinico Universitario Agostino

Gemelli”‐IRCCS during the period between September 2021 and May

2022. The institution's electronic medical record system (Armonia‐
Metafora, Italy) documented those cases with surgical procedures

(thyroidectomy specimens). The patient's age, gender, diagnosis,

previous fine‐needle aspiration cytology (FNAC) diagnosis, and

follow‐up information were tabulated. All cytological material and

thyroidectomy slides were reviewed for the current study.

These patients all underwent thyroid ultrasound performed in

the “Centre for Thyroid Diseases” at our hospital. All aspirations

(usually two passes performed for each lesion) were performed with

25‐ to 27‐gauge needles. No rapid on‐site assessment for adequacy

of material was done. All patients consented to their procedure. We

received institutional (Catholic University of the Sacred Heart) ethics

approval for this study (CE ID‐3832). Cytology samples were pro-

cessed using ThinPrep (Hologic Co., Marlborough, Massachusetts).

Prepared slides were fixed in 95% methanol and stained with the

Papanicolaou stain. Any remaining material was stored in Preservcyt

solution for possible preparation of additional slides and ancillary

investigations (e.g., immunostains and molecular analysis) if needed.

The lower limit for cytological adequacy of each sample was

established according to the Bethesda and British RCPath classifi-

cation schemes; specifically, the minimum number of adequate cells

in each sample was six groups of thyroid follicular epithelial cells per

submitted slide where each of these groups contained at least 10

well‐visualized epithelial cells.23–25 The cytology cases were
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classified and diagnosed according to the New Italian Working Group

SIAPEC‐IAP classification.26 These categories are defined as follows:

TIR1, inadequate; TIR1C, cystic‐hemorrhagic lesions; TIR2, benign

nodules; TIR3A, follicular neoplasm (low‐risk indeterminate lesions);

TIR3B, follicular neoplasm (high‐risk indeterminate lesions); TIR4,

suspicious for malignancy; and TIR5, positive for malignant neoplasm.

All of cases were re‐evaluated and then re‐classified according to The

Bethesda System for Reporting Thyroid Cytology (TBSRTC).25 For

the purpose of this study, analyses were conducted using TBSRTC

terminology. The entire FNAC series from the reference period

included the following distribution of cases: 2% nondiagnostic

including cystic cases, 71.3% benign; 8% atypia of undetermined

significance/follicular lesion of undetermined significance (AUS/

FLUS); 11.7% follicular neoplasm/suspicious for follicular neoplasm

(FN/SFN); 4.5% suspicious for malignancy (SFM), and 2.5% as ma-

lignant (M). All cytology and histology cases were reviewed by two

cytopathologists. Equivocal cases were reviewed by additional pa-

thologists to achieve a final consensus agreement.

ICC analysis

p53 immunostaining was performed using the Food and Drug

Administration‐approved Dako p53 pharmDx (clone 22C3; Dako/

Agilent Technologies, Carpinteria, California) on a Dako Autostainer

Link 48 (Dako/Agilent Technologies). Antigen retrieval was per-

formed using PT Link with Target Retrieval Solution (low pH; Dako/

Agilent Technologies) as specified by the manufacturer without any

modification to adjust for differences between cytology and histol-

ogy. We adopted the same LBC criteria for performing ICC and the %

of positivity and/or negativity was similar as undertaken with the

validation and long‐standing performance of HBME‐1 and Galectin‐3
immunocytochemistry previously described by our group.27–30 FNA

specimens were reviewed to identify cases with adequate material

for the study. The minimal percentage of adequate lesional cells for

the performance of p53 evaluation was defined at 100 tumor cells in

LBC samples. The p53 levels were compared with the internal and

external controls represented by stromal fibroblasts and endothelial

cells. Furthermore, specific external control as endometrial tissue

was compared with our series. According to the evaluation, and also

remembering our previous experiences in the adoption of ICC on

LBC from HBME‐1 and Galectin‐3 articles, we put a cutoff for the

expression of p53 in our study defined at 30% staining of lesional

cells.27–31 The p53 ICC positivity was defined as nuclear and/or

cytoplasmic staining, and staining intensity was defined as 0 = nega-

tive expression; 1 = weak expression when visible with a 40� mi-

croscope objective lens; 2 = moderate when visible with a 10� and/

or 20� microscope objective lens; and 3 = strong when visible with a

4� microscope objective lens. For statistical purposes only, the

scores 0 and 1 were considered as negative, whereas scores 2 and 3

represented positive p53 expression. According to these combined

scoring systems, we considered only cases with an intensity score of

2 and/or 3 in more than 30% of the neoplastic/lesional cells as

positive. For the evaluation of histological samples, the same staining

cutoff values were used as for cytological samples; we noticed that

histological cases with p53 expression were uniformly positive in up

to 50% of lesional cells. P53 controls were run concurrently; they

included the Dako provided positive and negative cell‐line controls

represented by stromal fibroblasts and endothelial cells (internal) and

endometrial cells (external). For the histological evaluation, we

selected sections including the neoplastic and/or carcinomatous cells

and benign thyroid tissue. Our decision to apply ICC to LBC samples

was based on three reasons: 1) our cytology team has had long‐
standing success with validated ICC protocols on LBC; 2) our previ-

ous personal experience with ICC (Galectin‐3 and HBME‐1) resulted

in contradictory results when LBC results were compared to formalin

fixed, paraffin‐embedded cell blocks; and 3) to demonstrate the

feasibility of LBC for p53 analysis. P53 expression was evaluated

independently by two different cytopathologists who scored these

cytology slides being blinded to the scoring results of concomitant

histology specimens. Each case was evaluated for interobserver

agreement; any case with more than 10% discordance was reviewed

together for a final consensus opinion. The assessment of p53 was

prospective so that the pathologists were blinded to p53 staining

when assessing diagnoses. The patients were not triaged to surgery

based on the presence and/or absence of p53 staining but based on

the guidelines for the cytological diagnostic categories.

Molecular analysis for p53 mutation

DNA was extracted from both LBC stored material and paraffin

embedded tissue. The p53 mutational analysis was performed on

DNA extracted from cytological and surgical specimens containing at

least 70% tumor. Details of the protocol used have been previously

published by our group.27–32

Histopathology

All surgical specimens were fixed in 10% buffered formaldehyde,

embedded in paraffin, and then subsequent 5 μm‐thick sections were

stained with hematoxylin–eosin. The peri‐thyroid adipose tissue, if

present, was submitted and examined for lymph nodes. The diagnosis

of PTC was based on the presence of true papillary structures and

distinctive nuclear features, whereas the diagnosis of follicular

variant of PTC (FVPTC) relied on the detection of entirely follicular

architecture and nuclear features of PTC in multiple foci. Encapsu-

lated tumors with either lympho‐vascular invasion (within the

capsule or beyond) or capsular penetration were diagnosed as inva-

sive FVPTC.33 All the cases were classified according to the tumor‐
node‐metastasis (TNM)‐based staging system recommended by the

Eighth Edition of the American Joint Commission on Cancer

(AJCC).34 The histological diagnosis of noninvasive follicular thyroid

neoplasm with papillary‐like nuclear features (NIFTP) was rendered

according to the criteria described in the article by Nikiforov et al.35
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In fact, in our institution, NIFTP terminology was used for follicular

neoplasms without any overt papillary structures. All suspected

NIFTP tumors were submitted entirely for microscopic examination.

The diagnosis of follicular adenoma (FA) was based on the evidence

of an encapsulated nodular lesion with typical follicular cells. The

follow‐up period for thyroidectomy ranged between 2 and 9 months.

Statistical analysis

Statistical analysis was performed using GraphPad‐Prism 6 software

(Graph Pad Software, San Diego, California) and MedCalc version

10.2.0.0 (MedCalc Software, Mariakerke, Belgium). Comparison of

categorical variables was performed using the χ2 test and the Fisher

exact test, with a 95% confidence interval. p values that were less

than 0.05 were considered as statistically significant.

RESULTS

Our study included 162 cytology samples examined during the 10‐
month study time period. The patient demographics and clinical

and/or pathologic features are described in Table 1. We included all

cytological samples diagnosed as indeterminate thyroid lesions

(including both AUS/FLUS and FN/SFN), SFM, and M with histological

follow‐up. For the negative control cases, 50 benign cases (from the

same study period) were included in this series. The total of 162 case

is obtained by the exclusion of 20 cases (10 of them did not have

adequate cell so that p53 was not performed, whilst the other 10 had

less than 100 tumor cells after having performed the p53 stain). The

series included 50 male and 112 female patients with a median age of

49 years (range, 15–85 years; mean, 49.2 years), and their thyroid

neoplasms ranged in size from 0.5 to 7.3 cm (Table 1).

For the study period, our cytological series (162 cases) included

the following distribution of thyroid diagnoses: 50 benign,; 48 AUS/

FLUS, 40 FN/SFN,; 23 SFM, and 1 M (Table 2). All subcentimeter

lesions were discovered incidentally during radiologic screening for

causes unrelated to the thyroid gland and according to the radiologic

criteria of suspicious nodules undergone FNAC directed to those

nodules with diagnoses ranging from indeterminate to malignant

categories. There was no significant difference in the size of lesions

among the diagnostic entities. No statistical correlation was found

with different parameters related to the clinical and/or pathological

data.

Seventy‐one cases had histological follow‐up with benign his-

tology in 63.38% (45 cases), malignant in 36.62% (26 cases), and the

inclusion of three NIFTP cases in the benign cohort. The correlation

with the surgical pathology follow‐up of the different cytological

categories is described in Table 2. The 50 benign cases included only

two histological cases diagnosed as goiters. The 11 AUS/FLUS cases

were diagnosed as three nodular goiters, seven FAs, and one invasive

follicular variant of papillary thyroid carcinoma (I‐FVPTC). The 37

FN/SFN cases were confirmed to be: one goiter, 29 FAs including two

oncocytic adenomas, three NIFTP, and four classic PTCs. The 20 SFM

cases included 15 classic PTCs and five I‐FVPTCs. The one M case

was diagnosed as classic PTC.

There were a total of 26 PTC cases based on histology, including

20 classical variants of PTC (with two of them showing a minor tall

cell subtype of 20% of cells) and six I‐FVPTC. Among these 26 cases,

histologically nine had multifocal PTC (five classic PTC and four I‐
FVPTC), and seven had lymph node metastases. Fourteen of these

tumors were larger than 1 cm and 10 were larger than 1.5 cm.

In Table 3, we analyzed the expression of ICC p53 in our series of

162 cytological cases (Table 3). Among the cases, none of the benign

lesions and NIFTP had p53 expression (Figure 1). Our series included

60 (37%) cases with p53 expression distributed according to the

following categories of TBSRTC: 10 AUS/FLUS cases (16.9%); 32 FN/

SFN cases (54.2%); 17 SFM cases (28.8%); and one M case (1.6%). All

of these positive cases were characterized by positive cytoplasmic

and membranous stain expression (Figures 1 and 2A,B). As previously

noted, we evaluated p53 expression using the cutoff value of 30%.

When analyzing stain intensity, the majority of these cases (26 cases)

had moderate expression in more than 30% of lesional cells; five

cases demonstrated strong cytoplasmic expression of p53 in the

majority of cells (more than 50% of them), whereas three cases had

strong cytoplasmic and nuclear positivity, including the two PTC with

TAB L E 1 Summary of clinical and/or pathological data.

Clinical and/or pathological features Proportion (n = 162 cases)

Age, years

Mean 49.2

Median 49

Range 15–85

Gender, No. (%)

Male 50 (30.86)

Female 112 (69.13)

Cytology diagnosis, No. (%)

Benign 50 (30.86)

AUS/FLUS 48 (29.62)

FN/SFN 40 (24.69)

SFM 23 (14.19)

M 1 (0.62)

Histopathology diagnosis, No. (%)

Benigna 45b (63.38)

M 26 (36.62)

Abbreviations: AUS/FLUS, atypia of undetermined significance/follicular

lesion of undetermined significance; FN/SFN, follicular neoplasm/

suspicious for follicular neoplasm; SFM, suspicious for malignancy; M,

malignant.
aIncludes follicular adenomas.
bIncludes three noninvasive follicular thyroid neoplasms with

papillary‐like nuclear features.
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a minor tall‐cell variant (TCV) subtype component. Nevertheless, 27

cases showed weak cytoplasmic positivity. Table 4 shows the corre-

lation and intensity of p53 expression only in the cytohistological

series (71 cases). Only 16 of these 71 cases had a positive p53 stain,

distributed among the categories of FN, SFM, and M. Only one FA

and one oncocytic adenoma had cytoplasmic positivity, whereas

three of four PTC were strongly positive. Notably, NIFTP cases were

p53‐negative. In the SFM group, 10 of 20 PTC had moderate and

strong cytoplasmic positivity, as well as the malignant case. To

confirm our cytology results, we evaluated p53 staining in corre-

sponding histological samples. P53 staining in LBC samples showed

high concordance with matched histological specimens. All of the

positive cases had diffuse and homogeneous positivity for p53. All of

the negatively stained samples also showed 100% concordance with

histology. Only a few discrepancies were identified, related mostly to

differences in the intensity of staining between corresponding cyto-

logical and histological specimens, but there was no statistically sig-

nificant difference and no apparent clinical implications. We

attributed those discrepancies to different technical procedures and

material preparation (cytology vs. histology), even if none of our

negative case on cytology was positive on histology and vice versa.

Those differences could be also attributed to insufficient

numbers of adequate tumoral cells in cytological slides and the

overestimation of p53 expression in cytology cases. In particular,

TAB L E 2 Cyto‐histological correlation (71 cases) according to The Bethesda System for Reporting Thyroid Cytology.

Diagnosis Goiter, No. (%) FA, No. (%) OA, No. (%) NIFTP, No. (%) PTC, No. (%)a

Benign (2 cases)^ 2 (100) 0 0 0 0

AUS/FLUS (11 cases) 3 (27.2) 7 (63.6) 0 0 1 (0.9)

FN/SFN (37 cases) 1 (2.7) 27 (72.9) 2 (5.4) 3 (8.1) 4 (10.8)

SFM (20 cases) 0 0 0 0 20 (100)

M (1 case) 0 0 0 0 1 (100)

Abbreviations: AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FA, follicular adenoma; FN/SFN, follicular

neoplasm/suspicious for follicular neoplasm; M, malignant; NIFTP, noninvasive follicular thyroid neoplasm with papillary like nuclear features; OA,

oncocytic adenoma; PTC, papillary carcinoma; SFM, suspicious for malignancy.
aIncluding PTC subtypes.

TAB L E 3 p53 expression and localization in different thyroid lesions (162 cases) for the cytological series only.

Diagnosis Cytoplasmic P53 expression Nuclear p53 expression
Cytoplasmic + nuclear
p53 expression

Benign (50 cases) 0 0 0

AUS/FLUS (48 cases) 10* (20.8%) 0 0

Weak = 3

Moderate = 7

Strong = 0

FN/SFN (40 cases) 29 (72.5%) 0 3 (7.5%)

Weak = 17 Weak = 0

Moderate = 10 Moderate = 0

Strong = 2 Strong = 3

SFM (23 cases) 15 (65.2%) 0 2 (8.6%)

Weak = 7 Weak = 0

Moderate = 6 Moderate = 2

Strong = 2 Strong = 0

M (1 case) 1 (100%) 0 0

Weak = 0

Moderate = 1

Strong = 0

Abbreviations: AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FA, follicular adenoma, NIFTP; FN/SFN,

follicular neoplasm/suspicious for follicular neoplasm; M, malignant; PTC, papillary thyroid carcinoma; SFM, suspicious for malignancy.

396 - P53 AND THYROID CYTOLOGY



whereas weak and moderate expression maintained the same stain-

ing intensity on corresponding cytology and histology cases, four

cases with strong p53 cytological expression exhibited only moderate

p53 staining on matching histology specimens (expressed in more

than 50% of the neoplastic cells).

P53 mutation, evaluated by direct DNA sequencing of thyroid

LBC samples, correlated with p53 expression in our series of cases

(Table 3). None of the AUS/FLUS and SM resulted in a p53 mutation,

whereas only five malignant cases harbored p53 mutation including

five PTC specimens. When we compare ICC and molecular results,

we found that these five mutated cases corresponded to three cases

with more intense cytoplasm positivity and only two also with nu-

clear positivity. To note, none of the FA and NIFTP cases were p53‐
mutated. All the five PTC cases with p53 expression had a more

aggressive behavior in terms of multifocality, nodal metastases, and

larger size (>1.5 cm). Furthermore, two of these five PTC had a minor

tall cell subtype component of at least 20%. Larger series are

necessary to confirm these data.

We compared p53 (cytological and histological) expression with

matched thyroid staging, according to the Eighth Edition of AJCC in

the 26 malignant cases of our series. The data showed that the ma-

jority (23 cases; 88.4%) of our patients had stage I disease, three

patients had stage II (5.3%), and none of them had stage III and/or IV

(data not tabled). The comparison between p53 expression and AJCC

stages (I–IV) was not found to be statistically significant (p

value = .4842; χ2 = 2.451; 3 df).

The comparative analysis of stage and p53 staining did not show

any significant correlation confirming the lack of any correlation

between p53 expression and thyroid lesion aggressiveness. In fact,

our results showed that the majority of cases, regardless of p53

expression, were stage I (41.5% p53 positive vs. 51.3% p53 negative

cases in stage I). Nonetheless, the three cases with more advanced

F I GUR E 1 The figures show details of the mild‐light
cytoplasmic positivity for p53 in a case of indeterminate lesion,

classified as follicular neoplasm (A and B) and resulted as a follicular
adenoma on histology (20� for figure A and 40x for figure B
ThinPrep).

F I GUR E 2 (A and B) The figures show details of the moderate‐
focaly intense cytoplasmic/nuclear positivity for p53 in a case of
suspicious for malignancy, resulted as an invasive follicular subtype
of papillary thyroid carcinoma on histology (20� ThinPrep).
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stage (stage III) had p53 strong expression. The evaluation of p53 ICC

and the three patients in stage II found that they belonged to the

group of cytoplasm expression, without any nuclear positivity.

Because of the lack of any pure PTC subtypes, a possible correlation

of p53 with more aggressive subtypes of PTC needs a larger inves-

tigative series.

DISCUSSION

Currently, the first and most valid diagnostic tool for the diagnosis of

thyroid nodules is FNA.36–38 Although FNA is able to correctly

identify the majority of benign and malignant thyroid lesions, the

category of indeterminate nodules cannot be further specified by

morphology alone.39,40 The different classification systems, including

TBSRTC, have subclassified indeterminate lesions to provide a more

accurate morphological evaluation linked to specific risk of malig-

nancy.25 Despite this subclassification, in some cases, using the

morphological criteria alone, a conclusive discrimination between

benign and malignant entities is not always possible.

Over the last few decades, we have witnessed increased at-

tempts to personalize the management of thyroid lesions by

combining morphological criteria with the support of ancillary tech-

niques including ICC and molecular testing.10–20,36–40 ICC represents

a simple and relatively inexpensive test, which can be performed in

most laboratories for the routine evaluation of thyroid nodules. Many

different antibodies have been developed and tested to demonstrate

their diagnostic role in thyroid lesions. As documented in prior

studies, including some from our group, among the antibodies

investigated are HBME‐1 and Galectin‐3, which have shown high

diagnostic accuracy in discriminating benign versus malignant thyroid

nodules.27 As previously suggested, the positive expression of a panel

made up of HBME‐1 and Galectin‐3, in cases classified as either AUS/

FLUs or FN, can effectively distinguish those thyroid lesions that

need immediate surgery (high risk) from those that can be followed

up (low risk).27 However, this immunopanel and some other markers

studied on FNA material have not been able to offer 100% conclusive

results. Additionally, the support of genetic alterations, including

somatic mutations and rearrangements, has shown high specificity

for thyroid carcinoma, especially PTC, and these molecular findings

can be used feasibly and yield reliable results on cytological material.

Among them, BRAFV600E and TERT promoter mutations seem to be

linked with a more aggressive neoplastic behavior in terms of mul-

tifocality, local recurrences, and nodal metastases.41–46 Although the

diagnostic and prognostic role of the latter gene mutations have been

extensively studied, controversial and scant data are available con-

cerning the possible role of TP53 determined by genetic evaluation

and p53 as an immunomarker in WDTC.

The present study deals with the evaluation of p53 immu-

noexpression in differentiating benign from malignant thyroid le-

sions, comparing its results with the molecular evaluation of p53 to

assess if p53 ICC is as reliable as p53 molecular testing. The pur-

pose is to verify the possible beneficial use of p53 ICC instead of

the molecular testing, mostly because the latter is expensive, it is

not available in every laboratory, and is likely to delay the man-

agement. According to the literature, p53 is an important tumor

suppressor gene regulating cell response to DNA damage by

inhibiting cell proliferation and malignant transformation.47–53 For

this reason, we decided to study the possible role of p53 in a

prospective series of thyroid lesions classified according to TBSRTC.

Different articles, including ours, have described and validated the

diagnostic role of some panels of immunomarkers (i.e., HBME‐1,

Galectin‐3, CK‐19, and CD56), even though none of them, as a

single marker or in an immunopanel, is likely to answer all

TAB L E 4 Cytohistological (71 cases) correlation related to P53 expression.

Cytology diagnosis Histology diagnosis p53‐Negative, No. (%) p53‐Positive, No. (%)

Benign (2 cases) Goiter, 2 2/2 (100) 0

AUS/FLUS (11 cases) Goiter, 3 11 (100) 0

FA, 7

PTC, 1

FN/SFN (37 cases) Goiter, 1 1 0

FA, 27 26 (96.29) 1 (3.7), strong cytoplasmic

OA, 2 1 (50) 1 (50), weak cytoplasmic

NIFTP, 3 3 (100) 0

PTC, 4 1 (25) 3 (75), strong cytoplasmic plus nuclear

SFM (20 cases) PTC, 20 10 (50) 8 (40), moderate cytoplasmic

2 (10), strong cytoplasmic

M (1 case) PTC, 1 0 1 (100), moderate cytoplasmic

Abbreviations: AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FA, follicular adenoma, FN/SFN, follicular

neoplasm/suspicious for follicular neoplasm; M, malignant; NIFTP, noninvasive follicular thyroid neoplasm with papillary like nuclear features; OA,

oncocytic adenoma; PTC, papillary carcinoma; SFM, suspicious for malignancy.
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diagnostic questions when dealing with an indeterminate thyroid

proliferation.27–29,36–38 Although many authors emphasized that

p53 is more likely to be associated with high‐grade thyroid cancers,

including PDTC and ATC, others pointed out that p53 expression

was assessed only in the early stages of thyroid cancer and in

WDTC.46–50 This latter concept is in line with published evidence

that a p53‐positive gastrointestinal tract biopsy is synonymous with

a dysplastic lesion.19 Nonetheless, right now, similar dysplastic

morphology has not been defined in thyroid lesions.

To date, in the majority of series, the evaluation of p53 has been

performed on histological specimens. In our study, we used both

LBC‐stored material and histological samples. Our approach was

focused on two major points: 1) feasibility of performing p53 ICC on

LBC material, and 2) to demonstrate that a combination of

morphology and p53 ICC can be helpful in discriminating between

low and high‐risk thyroid indeterminate nodules. Furthermore, we

also used molecular testing to evaluate p53 on the same lesions.

According to the literature, Shin and Kim11 demonstrated an

overexpression of p53 protein in 47.3% of their PTC cases without

any significant correlation with clinical and/or pathologic features.

On the other hand, Hosal et al.16 documented significant p53 over-

expression in PTC with extra thyroidal infiltration and/or metastases.

Similar results were also reported by Morita et al.21 and Horie

et al.,22 reporting a significant correlation with large tumor size and

lymph node metastases. In our series, including 71 cases with his-

tological follow‐up, only 16 cases had p53‐positive expression and

this was observed only in malignant lesions diagnosed as classic PTC

and I‐FVPTC. We did not find any statistical correlation with

aggressive behavior, even for the two cases with strong positivity

that had a minor TCV subtype of 20% and five cases with strong

positivity that showed multifocality and lymph node metastases. We

further compared p53 expression with thyroid staging of cancers

according to the Eighth Edition of the AJCC.34 This correlation was

not statistically significant with the majority of cancers in stage I

(88.4%), only three patients in stage II, and none in stage III or IV.

Those three cases expressed only cytoplasm positivity without any

nuclear expression. We need to underline that our large number of

stage I tumors may limit the ability to test whether p53 is associated

with thyroid aggressiveness. Perhaps a larger series, including

different stages and a different design, is necessary to better clarify if

there is indeed a correlation with p53 and more aggressive subtypes

of PTC.

Even though a cytological diagnosis of PTC is based on specific

architectural and nuclear features, there are still some difficult cases

to interpret, characterized by subtle findings in which the differential

diagnosis includes hyperplastic nodules, FA, NIFTP, or follicular car-

cinoma (FTC). Tan et al.48 reported the lack of p53 expression in FA

and FTC, whereas Nasir et al.50 found 90% p53 positivity in FTC and

only 15% positivity in FA. Shin and Kim11 calculated 85% sensitivity

and 72.7% specificity of p53 in discriminating PTC from other benign

thyroid lesions, showing that it can be added as an additional diag-

nostic immunomarker in a panel. Marcello et al.49 found that p53

expression was more frequently seen in malignant than benign

thyroid lesions, thereby representing a useful marker in discrimi-

nating follicular indeterminate lesions. Hence, they found a correla-

tion of p53 with smaller nodules (<2 cm) and solitary nodules. Our

series did not find any statistical correlation with nodule size, even

though strong p53 expression was found in nodules larger than

1.5 cm.

Considering the TBSRTC categories, we found that among the

FN category, the majority of FN cases with a malignant histology

(75%) had positive expression of p53, whereas only two FNs of 26

histological FAs resulted in a positive finding (76.9%). This might

suggest that p53 positivity is likely to identify high‐risk FNs, akin to a

precursor like dysplasia. We further classified the expression of p53

immunostaining as nuclear and cytoplasmic, paying attention to dif-

ferences with stain intensity. A common finding was the detection of

cytoplasmic or membranous expression in several cases, mostly in

the AUS/FLUS and FN cases, whereas combined nuclear and cyto-

plasmic expression was seen in malignant cases. In our surgical

follow‐up series, none of the AUS/FLUS cases has p53‐positive
staining, confirming that the majority of AUS/FLUS lesions are his-

tologically benign. For the FN category, only a minority of them (five

cases) had p53 expression including three PTC and only two ade-

nomas. Despite the limited number of cases, it seems that p53

expression is likely correlated with thyroid malignancy.

Several articles compared p53 with the TP53 gene mutation in

the clinical context of follicular thyroid lesions. Although mutations in

the p53 tumor suppressor gene are described in 50% of human

cancers and frequently seen in ATC, they have been reported in only

0%–25% of WDTC.47–53 Zafon et al.51 confirmed that p53 ICC

detection seemed to be linked only with mutated p53, whereas

currently it has been confirmed that p53 overexpression is not al-

ways due to p53 mutations, which can be associated with the

expression of abnormal proteins or complete absence of p53

expression.52 In fact, a series of articles, especially regarding the

early stages of gastrointestinal, liver, and lung cancers, contradicted

the opinion that the p53 gene is involved in advanced cancers. Park

et al.53 assessed an increased expression of p53 protein by IHC in

WDTC in the absence of any p53 mutation. Marcello et al.49

confirmed this, showing that five of eight alterations were intronic

without protein alterations; the remaining three exonic alterations

were not linked to an increase of p53 protein, perhaps because of

compensation from the wild‐type allele toward the alterated one.

Specifically in our series, none of the indeterminate lesions with a

benign histology had a p53 mutation, whereas only two cases

resulted in a histological diagnosis of PTC, had a p53 mutation, and

p53 nuclear and cytoplasmic ICC expression. Specifically, these two

cases had a larger size (larger than 2 cm), nodal metastases, and a

minor TCV subtype of 20%. The number of cases is limited to assess

any definitive conclusion, with only two of five mutated cases with a

nuclear p53 expression and stage II. This observation, adapted to

large and/or multi‐institutional series, might be linked to the idea of a

more aggressive malignancy when there is a p53 nuclear positivity.

In conclusion, these data about ICC evaluation of p53 propose an

overexpression of p53 in high risk and malignant lesions, so that p53
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seems to be a feasible and reliable additional immunomarker in dis-

tinguishing malignant from other benign thyroid lesions. All of the

immunoexpression identified in our study was confirmed with mo-

lecular evaluation. In our limited series we did not find a correlation

with aggressive findings such as larger size, nodal metastases; how-

ever two cases were characterized by a minor TCV subtype

component. This evidence needs further evaluation in a larger series.

In this regard, for those centers where the performance of molecular

testing is difficult, the initial use of p53 ICC may be followed by the

performance of p53 molecular analysis only to those cases that have

negative p53 by ICC.
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