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Abstract 
Background: In a sufficient sample, the diagnostic accuracy of fine needle aspiration (FNA) for papillary 
thyroid cancer (PTC) is approximately 90%. Reliance on a single or small number of cytologic features can 
result in a misdiagnosis if the relative importance of each feature is not understood. Our goal was to ascertain 
the value of both individual and the best combination of cytologic characteristics for PTC diagnosis. 
Methods: The files contained H&E stained FNA smears of fifty cases each of successive histologically 
confirmed PTC and benign thyroid cases (controls), reported over a three-year period. Blind to the final 
diagnosis, 31 architectural, cytological, and background characteristics were evaluated and compared between 
the two groups. Chi-square and odds ratios were used to determine each parameter's statistical significance 
(p<0.05), and ROC curves were used to evaluate the quality of the combinations. 
Results: Twenty features were found to be statistically significant. Fourteen highly significant (p<0.000) 
features included flat syncytial sheets, anatomical borders, true papillae, cellular swirls, individually dispersed 
cells with eosinophilic cytoplasm, anisonucleosis, elongated oval nuclei, powdery chromatin, nuclear outline 
irregularity, thickened nuclear membranes, crescent shaped nuclei, intranuclear inclusions, histocytoid cells and 
soap bubble cytoplasmic vacuolation. The six statistically significant features (p<0.05) included micro-acinar 
structures, cellular crowding, nuclear overlapping, nuclear grooves, squamoid cells and bubble gum colloid. The 
control group also showed some of these single cytologic features. All the combinations of ≥4 features had a 
statistical significance of p=0.000 and specificity and PPV of 100% with ROC showing excellent results. 
Conclusion: Using correct combination of cytologic features will increase accuracy of FNA diagnosis of PTC. 
Keywords: Fine Needle Aspiration, Papillary Thyroid Carcinoma, Cytologic. 
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Introduction 

Roughly 1% of all cancers are thyroid carcinomas. 
It is the most prevalent endocrine cancer, with 
papillary thyroid carcinoma (PTC) accounting for 
90% of occurrences in children and 80% of cases in 
adults [1-3]. The disease has a strong female 
predilection. In India and neighboring regions, it is 
significantly more common in females than in 
males, with a reported ratio typically between 3–
4:1.According to recent cancer registry data in 
India, thyroid cancer is one of the leading sites of 
cancer for women in the 30–39 age group. [4]  

Fine needle aspiration cytology (FNAC) is a 
reliable first-line diagnostic technique for thyroid 

nodules.[5–8] If the sample is sufficient, the 
diagnosis accuracy of PTC by FNA is over 90%.[8] 

True papillary tissue fragments and nuclear 
characteristics such as dusty pale enlarged nuclei, 
fine dusty powdery chromatin, chromatic ridge/bar 
(nuclear gsingle or multiple micro and 
macronucleoli), and intranuclear cytoplasmic 
pseudo inclusions with dense stringy "bubble-gum" 
colloid in the background are the recognized 
criteria for cytodiagnosis of PTC.[9] 

However, none of the previously mentioned 
architectural, cytomorphological, and background 
characteristics are specific to or indicative of PTC 
because they can be found in a number of other 
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thyroid lesions, both neoplastic and non-neoplastic, 
including hyperplastic nodules, papillary 
hyperplasia, thyroiditis, Hurthle cell neoplasm, and 
hyalinizing trabecular adenoma.[9, 10] Since PTC 
and lymphocytic thyroiditis share many 
characteristics, such as nuclear grooves and 
intranuclear inclusions, it is difficult to differentiate 
reactive nuclear alterations linked to PTC from 
lymphocytic thyroiditis.[11] 

Unless they coexist and are rather common, none 
of these characteristics are diagnostic on their 
own.[8,9] 

The cytopathologist's overemphasis on a single 
cytological characteristic is the most frequent error 
in PTC diagnosis.[9] 

Therefore, untrained cytopathologists may find it 
challenging to make an unambiguous diagnosis of 
PTCFNA when only a few diagnostic signs are 
present or if the symptoms are detected 
infrequently. Additionally, some PTC variants, 
such as the follicular variant, may have relatively 
few nuclear characteristics that are only found in a 
small number of foci.[12] 

Determining which individual cytoarchitecural 
traits are most trustworthy for PTC diagnosis as 
well as which feature combination is more helpful 
for FNA diagnosis of PTC will therefore be 
beneficial. 

Materials and Methods 

This Descriptive cross sectional study with an 
analytical component. Fine needle aspiration 
smears from 50 consecutive histologically 
confirmed PTC cases, reported at the Departments 
of Pathology, Lord Buddha Koshi Medical College 
and Hospital, Saharsa, Bihar from August 2025 to 
January 2026 were retrieved from the archives. 
FNAs from 50 consecutive histologically 
confirmed cases of nodular goiter, chronic 
autoimmune thyroiditis or hyperplastic nodules 
reported at the same setting during period were also 
retrieved to be used as controls. 

Haematoxylin and eosin (H and E) stained slides of 
each case were selected consecutively and the 
slides showing extensive drying artifact and slides 
which were broken or poorly staining were 
excluded. 

The presence or absence of each cytoarchitectural 
feature was recorded and entered in a Microsoft 
excel sheet. The final data was then analyzed by 
SSPS software (version 23). 

The sensitivity, specificity, positive and negative 
predictive values (PPV and NPV) of the selected 
parameters were calculated. The histological 
diagnosis as the gold standard. The chi-square test 
and odds ratio were used to determine the statistical 

significance (p<0.05) of each cytological 
parameter.  

Results 

A total of 100 FNAs were evaluated. In the 
papillary group 31 cases had been diagnosed as 
PTC (Thy 5, Bethesda 6) whilst 19 cases had been 
diagnosed suspicious for PTC (Thy4, Bethesda 5). 
All FNA cases diagnosed as diagnostic of and 
suspicious for PTC were confirmed as PTC by 
histology. In the control group, 2 cases had been 
diagnosed as follicular proliferation (Thy 3). Rest 
of the cases were diagnosed as benign (Thy2, 
Bethesda 2) of which 28 cases had been diagnosed 
as colloid storing goiter and 20 cases as chronic 
autoimmune thyroiditis on cytological evaluation. 

The two cases diagnosed as follicular proliferation 
were confirmed as hyperplastic nodules by 
histology. The remaining 48 cases were confirmed 
histologically as colloid storing goiter (28 cases) or 
chronic autoimmune thyroiditis (20 cases). 

According to the statistical analysis, the highly 
statistically significant (p=0.000) cytoarchitectural 
features are flat syncytial sheets, anatomical 
borders, true papillae, cellular swirls, individually 
dispersed cells with eosinophilic cytoplasm, 
anisonucleosis, elongated oval nuclei, powdery 
chromatin, nuclear outline irregularity, thickened 
nuclear membranes, crescent shaped collapsed 
nuclei, intranuclear inclusions, histocytoid cells and 
cells with soap bubble cytoplasmic vacuolation. 
Most of these features also had high sensitivity, 
specificity, PPV and NPV (>70%). However, 
features like true papillae, cellular swirls, 
histocytoid cells and cells with soap bubble 
cytoplasmic vacuolation had low sensitivity but 
very high specificity whereas features like 
intranuclear inclusions, anisonucleosis and 
elongated nuclei had high sensitivity but slightly 
low specificity. 

The other architectural, cytological and background 
features which were found to be statistically 
significant (p<0.05) were microacinar structures 
away from the sheets, cellular crowding with 
nuclear overlapping, nuclear grooves, squamoid 
cells and bubble gum colloid. All these features 
except the latter two had high sensitivity and low 
specificity. 

Squamoid cells and bubble gum colloid were more 
specific (100% and 78% respectively) than 
sensitive (12% and 48% respectively). Presence of 
plasma cells admixed with cell clusters also 
showed statistical significance (p<0.05) in this 
study with a sensitivity of 72% and a specificity of 
50%. Rest of the features (cellularity, marginated 
and non-marginated nucleoli, mitosis, 
multinucleated giant cells, hurtheloid cells, cyst 
macrophages, lymphocytes and neutrophils within 
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the aspirate) were statistically insignificant 
(p>0.05). Although psammoma bodies which are 
generally considered to be significant, failed to 
prove so in our study. The statistical studies could 
not be applied on two features; individually 
dispersed bare nuclei and columnar cells, as two of 
the four values were less than five. It was not 
possible to analyze individual cytoarchitectural 
parameters by ROC since the variables were 
categorical and not continuous. 

All the combinations of more than two features 
were found to be statistically highly significant in 
differentiating between PTC and other thyroid 
pathologies with a statistical significance of 
p=0.000 with specificity and PPV of 100% in all 
five combinations. Combination 3 which included 
flat syncytial sheets, true papillae, individually 
dispersed cells with eosinophilic cytoplasm, 
nuclear outline irregularity, thickened nuclear 
membranes and showed 100% sensitivity and 
specificity. 

Our study also showed that all the combinations of 
more than two features to be in the first category of 
0.9-1 so the test quality indicated as being 
excellent. All the five combinations are more or 
less similar with the highest area under the curve to 
be for combination 2 which is 0.936.  

The ROC for combinations of only two features 
completely failed the test thus highlighting the 

importance of having more than two cytological 
features for the combinations to be significant. 
Although the single cytological parameters could 
not be compared to the combination parameters in 
the ROC, it was shown that certain statistically 
significant single cytological parameters were 
present in some proportion in the non-papillary 
group as well. However, when more than two 
statistically significant cytoarchitectural features 
were combined, all had 100% specificity and none 
were present in the non-papillary group as a total. 
This signifies the use of combination of 
cytoarchitectural features in the diagnosis of PTC 
on FNA. 

As indicated in Table 5, many individual 
cytological features with 100% specificity and 
100% PPV {except for individually dispersed cells 
with eosinophilic cytoplasm (72%) and true 
papillae (56%)} had sensitivity of 50% or less. This 
highlights the problem in cytological diagnosis of 
PTC, where individual cytological features with a 
high specificity and positive predictive value may 
not always be reliable due to low sensitivity. 
Nuclear outline irregularity in the category of 90% 
specificity and 90% PPV also had a high sensitivity 
(88%). In the category of 80-90% specificity and 
80% PPV, most of the features had a high 
sensitivity except for the mitoses (12%). 

 
Table 1: Calculating sensitivity, specificity, PPV, NPV and significance of combinations of statistically 

important selected cytoarchitectural features 
Characteristic 
 

Papillary 
(=50) 

Non- papillary 
(=50) 

Sensitivity
% 

Specificit
y% 

PPV 
% 

NPV 
% 

Significance 

Combination 1 
Present 20 0 40% 100% 100% 62.5% Fisher’s exact test 

p=0.000 Absent 30 50 44% 100% 100% 64% 
Combination 2 
Present 22 0 100% 100% 100% 66.6% Fisher’s exact test 

p=0.000 Absent 28 50 80% 100% 100% 83.3% 
Combination 3 
Present 25 0 18% 100% 100% 54.9% Fisher’s exact test 

p=0.000 Absent 25 50 40% 100% 100% 62.5% 
Combination 4 
Present 40 0 44% 100% 100% 64% Fisher’s exact test 

p=0.000 Absent 10 50 100% 100% 100% 66.6% 
Combination 5 
Present 41 0 80% 100% 100% 83.3% Fisher’s exact test 

p=0.000 Absent 09 50 18% 100% 100% 54.9% 
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Table 2: ROC of the combinations: area under the curve 
Combination Area Standard  

errora 
Asymptotic 
significanceb 

Asymptotic 95% 
Lower bound 

Confidence interval 
Upper bound 

1 0.924 0.032 0.000 0.862 0.987 
2 0.936 0.028 0.000 0.861 0.990 
3 0.932 0.033 0.000 0.869 0.996 
4 0.933 0.031 0.000 0.873 0.993 
5 0.917 0.033 0.000 0.853 0.982 
6 0.182 – – – – 
7 0.188 – – – – 
8 0.268 – – – – 
9 0.165 – – – – 
10 0.301 – – – – 
 
The test result variable (s): Total 2 has at least one tie between the positive actual state group and the negative 
actual state group. Statistics may be biased. aUnder the nonparametric assumption, bNull hypothesis: true area = 
0.5 
 

Table 3: Categorization of cytologic features according to the specificity and the PPV 
100% Specificity and 100% PPV Characteristics Sensitivity% 
Individually dispersed cells with eosinophilic cytoplasm 72 
True Papillae 56 
Histiocytoid cells 50 
Cells with septatevacuoles in the cytoplasm 28 
Meta plastic squamous cells 12 
Psammoma bodies 10 
Columnar cells 6 
90% Specificity and 90% PPV Characteristics Sensitivity% 
Nuclear outline Irregularity 88 
80-90% Specificity and 80% PPV Characteristics Sensitivity% 
Fine powdery chromatin 94 
Thickened nuclear membranes 90 
Anatomical borders 74 
Cellular swirls 58 
 
Discussion 

Our study's primary goal was to ascertain the utility 
of individual cytoarchitectural features in FNA 
smears for the diagnosis of PTC and its variations. 
Additionally, we sought to identify the most 
beneficial cytoarchitectural features as well as the 
most dependable combination of cytoarchitectural 
features for the diagnosis of PTC in cytology 
smears. 

This was justified by the fact that, despite the well-
defined cytological characteristics reported in 
multiple studies, PTC diagnosis on cytology is 
frequently fairly challenging, and there is currently 
no international standard for the cytological 
diagnosis of PTC. 

When compared to the control group, twenty of the 
thirty-one cytological markers examined in our 
study were found to be statistically significant in 
the diagnosis of PTC. Six traits had a significance 
of p<0.05, while 14 features had a significance of 
p=0.000.  

Flat syncytial sheets, anatomical borders, true 
papillae, cellular swirls, individual cells with 
eosinophilic cytoplasm, anisonucleosis, elongated 
oval nuclei, fine powdery chromatin, irregular 
nuclear outline, thickened nuclear membranes, 
crescent-shaped collapsed nuclei with or without 
nuclear molding, INCI, histiocytoid cells, and cells 
with septate vacuolation were among the fourteen 
characteristics.  

The aforementioned cytological results and the 
histologic diagnosis of PTC were significantly 
correlated. 

Nevertheless, all five combinations of more than 
four features had 100% specificity when the 
statistically relevant cytoarchitectural features were 
pooled, and none of the traits were present in the 
non-papillary group. Combining more than four 
cytological traits was more important than 
combining two features, according to the ROC.
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Fig. 1: ROC curves of the combination; A-J: Combination 1 -10 

 

Conclusion 

This study highlights how crucial it is to diagnose 
PTC on FNA by combining a greater number of 
cytoarchitectural markers. In order to create a score 
system that may be used to categorize the FNA as 
diagnostic for PTC, it is also advised to involve a 
bigger study group. 
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