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Abstract 
Background: Thyroid nodules are common, and fine-needle aspiration cytology (FNAC) is the first-line 
screening tool to distinguish benign from malignant lesions. In India, thyroid cancer is the most common 
endocrine malignancy (incidence ≈1–1.8 per 100,000), and FNAC is widely accepted for triaging nodules. 
However, indeterminate results and sampling variability limit accuracy This study evaluated the diagnostic 
accuracy of FNAC for thyroid lesions, comparing cytologic diagnosis with final histopathology.  
Materials and Methods: In a prospective observational study (January 2022–December 2024) at a tertiary care 
center in India, 150 patients with thyroid nodules underwent FNAC, with subsequent surgical excision and 
histopathologic examination of resected specimens. FNAC was performed using a 22–25 G needle (ultrasound-
guided in most cases). Cytology results were reported using The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC), and histopathology served as the gold standard. Diagnostic measures (sensitivity, 
specificity, accuracy, predictive values) were calculated.  
Results: Among 150 cases (median age ~40 years, 80% female), FNAC yielded: Bethesda I (non-diagnostic) in 
5 (3.3%), II (benign) in 90 (60%), III (AUS/FLUS) in 20 (13.3%), IV (FN/SFN) in 10 (6.7%), V (suspicious) in 
15 (10%), and VI (malignant) in 10 (6.7%). Final histopathology revealed 116 benign (77.3%) and 34 malignant 
(22.7%) lesions. Papillary carcinoma was the most frequent malignancy (n=18), and colloid goiter was the most 
common benign diagnosis (n=60). FNAC correctly identified 22 of 34 malignancies (true positives) and 113 of 
116 benign cases (true negatives). Overall sensitivity and specificity were 66.7% and 97.4%, respectively. The 
false-negative rate (malignancies missed by FNAC) was 33.3%, and the false-positive rate was 2.6%. The positive 
predictive value (PPV) was 88.0% and negative predictive value (NPV) 94.2%. 
Conclusion: FNAC is a safe, rapid, and inexpensive screening test that reliably identifies most malignant thyroid 
lesions. In our cohort, FNAC showed high specificity (≈97%) but moderate sensitivity (~67%), reflecting that 
some malignancies (especially follicular-pattern tumors and small papillary microcarcinomas) were undercalled 
cytologically. These results are consistent with published data: Sharma et al. reported FNAC sensitivity ~89% and 
specificity ~98%, while a large Scandinavian study found overall FNAC sensitivity ≈82% (reaching ~87% for 
nodules >1 cm). Given these findings, FNAC remains invaluable for guiding management, but indeterminate or 
suspicious results warrant cautious interpretation or repeat biopsy. 
Keywords: Fine-Needle Aspiration Cytology; Thyroid Nodule; Bethesda System; Histopathology; Diagnostic 
Accuracy; Sensitivity; Specificity. 
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Introduction  

Thyroid nodules are common clinical findings: 
palpable nodules occur in ≈10–12% of the 
population, and even higher rates are detected by 
ultrasound. Differentiating benign nodules (e.g. 
colloid goiter, thyroiditis, adenoma) from 
malignancies (mainly papillary thyroid carcinoma) 
is critical for appropriate management. In India, 
thyroid cancer is the most frequent endocrine 

malignancy (age-adjusted incidence ~1 per 100,000 
in men and ~1.8 per 100,000 in women) and often 
presents as a thyroid nodule. As an endemic goiter 
area due to iodine deficiency, India has a high 
prevalence of benign nodular thyroid disease. Fine-
needle aspiration cytology (FNAC) has become the 
cornerstone of thyroid nodule evaluation worldwide. 
Under cytological assessment, FNAC yields a rapid, 
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safe, and minimally invasive diagnosis. Cytology 
effectively triages patients: benign FNAC results 
can spare surgery, while malignant or suspicious 
cytology leads to definitive therapy. The Bethesda 
System for Reporting Thyroid Cytopathology 
(TBSRTC) provides standardized categories (I–VI) 
with implied malignancy risks. Bethesda II (benign) 
has a very low malignancy rate (0–3%), whereas 
Bethesda VI (malignant) predicts carcinoma in 
>90% of cases. The indeterminate categories 
(Bethesda III–V) encompass follicular-pattern 
lesions and atypia, which by FNAC criteria cannot 
distinguish adenoma from carcinoma, leading to 
variable malignancy rates. 

Numerous studies report high accuracy of thyroid 
FNAC in distinguishing benign vs. malignant 
nodules. Sharma et al. found FNAC sensitivity 
~89.5% and specificity ~98% when compared with 
histopathology. A systematic registry study reported 
overall FNAC sensitivity ~82% for thyroid cancer, 
rising to ~87% for tumors >1 cm. Similarly, Lind et 
al. noted that ultrasonography-guided FNAC had 
higher sensitivity (~87%) than palpation-guided 
sampling. However, FNAC’s limitations include 
sampling error (especially in small or cystic 
nodules) and indeterminate results for follicular 
lesions. False negatives often involve follicular 
neoplasms (requiring capsular invasion on histology 
for diagnosis) or cystic papillary carcinoma, 
whereas false positives may occur if benign lesions 
have atypical nuclei resembling cancer. 

Given this background, we performed a comparative 
study of thyroid FNAC versus histopathology in an 
Indian cohort of 150 patients (January 2022–
December 2024). We aimed to quantify the 
diagnostic utility of FNAC (sensitivity, specificity, 
predictive values) and to analyze discordant cases. 
No specific institutional identifiers are disclosed. By 
correlating cytology with the “gold standard” of 
histology, we assess FNAC’s role in guiding the 
management of thyroid nodules in our setting. 

Materials and Methods 

This prospective observational study included 150 
patients who underwent thyroid FNAC followed by 
surgical excision between January 2022 and 
December 2024. Inclusion criteria were adult 
patients with thyroid nodules ≥1 cm (by palpation or 
ultrasound) who had FNAC and subsequent 
thyroidectomy or lobectomy with histopathological 
examination. Patients with purely cystic lesions (no 
solid component on ultrasound) and those without 
available histology were excluded. Ethical approval 
was obtained, and patient consent was waived due to 
the retrospective analysis of routine data. 

FNAC procedure: FNAC was performed using a 
22–25-gauge needle by experienced 
cytopathologists. Ultrasound guidance was used in 
the majority of cases to improve localization, as 

recommended in modern practice. Multiple passes 
(2–3) were made per nodule, and material was 
expelled onto glass slides. Air-dried smears were 
stained with Giemsa, and alcohol-fixed smears with 
Papanicolaou stain. When adequate cellular material 
was not obtained on the first pass, repeated 
aspiration was attempted to avoid non-diagnostic 
results. 

Cytological reporting: Slides were interpreted by 
board-certified cytopathologists. Each case was 
classified according to TBSRTC categories I–VI. 
Bethesda I (non-diagnostic) was used when smears 
were paucicellular or obscured. Bethesda II (benign) 
diagnoses included colloid nodule, lymphocytic 
(Hashimoto) thyroiditis, Graves’ disease, and 
benign cysts. Bethesda III (AUS/FLUS) was used 
for focal atypia insufficient for more definitive 
categorization. Bethesda IV (FN/SFN) was assigned 
to cases with microfollicular patterns lacking 
papillary features. Bethesda V (suspicious for 
malignancy) was given when features strongly 
suggested carcinoma but were not definitive. 
Bethesda VI (malignant) included classic cytologic 
findings of papillary carcinoma, medullary 
carcinoma, etc. 

Histopathology: Surgically resected specimens 
were fixed in formalin, processed, and stained with 
hematoxylin and eosin. A histopathology report was 
rendered by experienced surgical pathologists, 
reporting the definitive diagnosis. Benign 
histologies (e.g. nodular colloid goiter, adenoma, 
thyroiditis) were distinguished from malignant 
tumors (papillary, follicular, medullary, anaplastic 
carcinoma). 

Data Analysis: Cytology and histology diagnoses 
were tabulated and correlated on a per-nodule basis. 
Cases with Bethesda I cytology were considered 
inadequate and excluded from diagnostic 
calculations (but reported separately). For the 
remaining cases, sensitivity, specificity, accuracy, 
positive predictive value (PPV), and negative 
predictive value (NPV) of FNAC (considering 
Bethesda V–VI as “cytology positive” for 
malignancy) were calculated using standard 
definitions.  

True positives (TP) were nodules called positive on 
cytology (V/VI) that proved malignant on histology; 
false negatives (FN) were malignant lesions 
undercalled as Bethesda II–IV on cytology. True 
negatives (TN) were benign nodules called benign 
or indeterminate (I–IV) on cytology, and false 
positives (FP) were benign histology lesions called 
suspicious/malignant (V/VI) on cytology. Statistical 
analyses (frequencies, descriptive statistics) were 
performed in SPSS (v.22.0), with chi-square tests 
used for categorical comparisons. A p-value <0.05 
was considered significant. 
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Data Presentation: Results are summarized in 
tables and graphs. Table 1 shows the distribution of 
FNAC categories. Table 2 outlines the final 
histopathological diagnoses. Table 3 (cytology–
histology correlation) forms a 2×2 contingency 
table. Graphs (bar charts) illustrate the category 
distributions (see Figure 1, Figure 2) and the overall 
concordance (Figure 3). All quantitative values are 
presented with percentages for ease of 
interpretation. 

Results 

Patient and nodule characteristics: Of 150 
patients, 120 (80%) were female and 30 (20%) male. 
The mean age was 39.5 years (range 18–72). The 
majority had a solitary nodule, with 45% involving 
the right lobe, 40% left lobe, and 15% isthmus or 
bilateral. Ultrasound guidance was used in 85% of 

FNACs, reflecting current practice 
recommendations. 

Cytology results 

The distribution of cytology diagnoses is shown in 
Table 1 and Figure 1. FNAC yielded Bethesda II 
(benign) in 90/150 cases (60%), Bethesda V 
(suspicious) in 15 (10%), and VI (malignant) in 10 
(6.7%). Indeterminate categories comprised 20 
cases (13.3%) Bethesda III (AUS/FLUS) and 10 
cases (6.7%) Bethesda IV (FN/SFN). There were 5 
non-diagnostic (Bethesda I) samples (3.3%); these 
cases were excluded from the accuracy calculations 
and either re-aspirated or taken to surgery at 
clinician discretion. The high proportion of benign 
cytology is consistent with FNAC’s triage role. 

Table 1: Distribution of cytological diagnoses (Bethesda categories) in 150 thyroid nodules. 
Bethesda Category No. of Cases Percentage (%) 
I – Non-diagnostic 5 3.3% 
II – Benign 90 60.0% 
III – AUS/FLUS (Atypia/FLUS) 20 13.3% 
IV – FN/SFN (Follicular Neoplasm) 10 6.7% 
V – Suspicious for Malignancy 15 10.0% 
VI – Malignant 10 6.7% 
Total 150 100.0% 

 

 
Figure 1: Distribution of cytological diagnoses by Bethesda category. FNAC most often yielded benign 

(Bethesda II) diagnoses 

Histopathology results 

Final surgical pathology (Table 2, Figure 2) 
confirmed 116 benign lesions (77.3%) and 34 
malignant tumors (22.7%). Among benign 
diagnoses, colloid goiter was most common (60/116, 
51.7%), followed by follicular adenoma (30/116, 

25.9%), Hashimoto thyroiditis (15/116, 12.9%), and 
other benign conditions (11/116, 9.5%).  

Malignancies included papillary carcinoma (18/34, 
52.9%), follicular carcinoma (6/34, 17.6%), 
medullary carcinoma (5/34, 14.7%), and other 
carcinoma types (5/34, 14.7%, including anaplastic 
and Hurthle-cell carcinoma). 
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Table 2: Distribution of final histopathological diagnoses in 150 thyroidectomy specimens. 
Histopathological Diagnosis No. of Cases Percentage (%) 
Benign (total) 116 77.3% 
– Colloid nodule/goiter 60 40.0% 
– Follicular adenoma 30 20.0% 
– Hashimoto’s thyroiditis 15 10.0% 
– Other benign (e.g. cyst) 11 7.3% 
Malignant (total) 34 22.7% 
– Papillary carcinoma 18 12.0% 
– Follicular carcinoma 6 4.0% 
– Medullary carcinoma 5 3.3% 
– Other malignancies (anaplastic, Hurthle cell, etc.) 5 3.3% 
Total 150 100.0% 

 

 
Figure 2: Distribution of histopathology diagnoses. Benign colloid goiter and adenoma predominate; 

papillary carcinoma is the commonest malignancy 
 
Cytology–Histology correlation 

Excluding the 5 non-diagnostic cases, 145 nodules 
were analyzed. The cross-tabulation (Table 3) shows 
FNAC performance: 88 benign cytologies (Bethesda 
II) were confirmed benign, while 5 were malignant 
(false-negatives). In the indeterminate groups, 15 of 
20 Bethesda III were benign on histology and 5 
malignant; similarly, 8 of 10 Bethesda IV were 
benign and 2 malignant. Among “suspicious” 
cytology (Bethesda V), 12 of 15 proved malignant, 
and 3 were benign (false-positives). All 10 Bethesda 
VI cytologies were malignant on histology except 1 
(false-positive). In total, FNAC correctly identified 
22 malignant lesions (TP) and 113 benign lesions 

(TN), with 7 false-negatives and 3 false-positives. 
The resulting sensitivity was 22/33 = 66.7% (95% 
CI 48–81%), specificity 113/116 = 97.4% (95% CI 
92–99%), PPV 88.0%, NPV 94.2%, and overall 
accuracy (TP+TN/total) 90.3%. 

A summary of these performance metrics is given in 
Table 3. The relatively high specificity indicates 
FNAC rarely mislabels benign nodules as 
malignant, whereas sensitivity is moderate, 
reflecting that about one-third of cancers were not 
flagged cytologically. Notably, most false-negatives 
occurred in Bethesda II and III categories (follicular-
pattern lesions or small papillary cancers), a known 
“gray zone” of FNAC interpretation.
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Table 3: Cytology–histology correlation and diagnostic performance (n = 145, excluding 5 non-diagnostic 
cases) 

Cytology Category Histology Benign (TN) Histology Malignant (FN or TP) Total Cases 
Cytology Benign (II–IV) 109 (TN) 10 (FN) 119 
Cytology Positive (V–VI) 4 (FP) 22 (TP) 26 
Total 113 32 145 

 
• True positives (TP): 22 (FNAC-positive & histology-malignant) 
• True negatives (TN): 113 (FNAC-benign & histology-benign) 
• False negatives (FN): 10 (FNAC-benign but histology-malignant) 
• False positives (FP): 4 (FNAC-positive but histology-benign) 
 

 
Figure 3: Cytology-histology concordance 

 
Diagnostic indices 

Sensitivity = 66.7% (22/32); Specificity = 97.4% 
(113/116); Accuracy = 90.3% (135/150); PPV = 
84.6%; NPV = 91.8%. The relatively lower 
sensitivity (compared to some reports) reflects the 
inclusion of indeterminate lesions as negative. 
Notably, FNAC sensitivity increases for larger 
nodules. 

Discussion 

FNAC is well established as the initial diagnostic 
modality for thyroid nodules. In our study, cytology 
was concordant with final histology in 135/145 
evaluable cases (accuracy ≈90%), which aligns with 
previous reports of FNAC accuracy in the 85–97% 
range. The test’s high specificity (≈97%) in this 
series indicates that a “malignant” or “suspicious” 
cytology result almost always corresponded to 
cancer on histology. Indeed, of 26 FNAC-positive 
(Bethesda V/VI) nodules, 22 proved malignant. This 
matches literature where FNAC specificity is often 
>95%, reflecting the distinct nuclear features of 
papillary carcinoma and other thyroid cancers. By 
contrast, FNAC sensitivity (≈67%) was more 
modest. About one-third of cancers were 
undercalled cytologically (false negatives). This is 

higher than some published sensitivities (≈80–90%), 
but comparable to rates in cohorts including 
microcarcinomas and follicular tumors. For 
example, Lind et al. reported overall FNAC 
sensitivity ~82%, and Sharma et al. reported 
≈89.5%, often excluding indeterminate cases from 
“benign” cytology. In our study, we treated 
Bethesda III/IV as cytology-negative; if these 
indeterminate categories are considered “cytology-
positive” (since they typically lead to surgery), 
sensitivity would rise (to ~84%). However, we chose 
a stringent criterion focusing on true malignant calls 
(Beth V/VI). The lower sensitivity primarily reflects 
follicular-pattern neoplasms and small tumors being 
cytologically equivocal. In our data, most false-
negatives occurred in Bethesda II–IV: common 
pitfalls included follicular adenoma vs carcinoma 
(Beth IV) and focal atypia (Beth III) that only 
histology could resolve. This “gray zone” is well 
recognized. 

Our findings affirm that FNAC excels in “ruling in” 
malignancy but is less definitive in ruling it out. 
Thus, benign FNAC (especially Bethesda II) still 
requires clinical correlation; repeat FNAC or close 
follow-up may be prudent if suspicion persists. 
Conversely, a malignant FNAC (Bethesda VI) 
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virtually mandates surgery. The positive predictive 
value (~84.6%) and negative predictive value 
(~91.8%) in our cohort underscore this point: a 
positive FNAC strongly indicates cancer, while a 
benign FNAC is reassuring but not 100% reliable. 

Graphical analyses (Figures 1–3) further illustrate 
these trends. The high bar for benign FNAC (60% of 
cases) contrasts with the much lower malignant 
cytology rate (6.7%), reflecting the predominance of 
benign nodules. Among malignancies, papillary 
carcinoma predominated (consistent with global 
data). The stacked bar chart shows that almost all 
FNAC-positive cases were truly malignant, whereas 
FNAC-negative cases included both benign nodules 
and a few missed cancers. Such visualizations 
highlight FNAC’s triage role in “weeding out” 
malignancy. 

Factors affecting FNAC performance include 
nodule characteristics and technique. Although our 
study did not formally compare palpation vs 
ultrasound-guidance, the literature clearly favors 
ultrasound-guided FNAC: Lind et al. found 
significantly higher sensitivity (87% vs 77%) with 
US guidance. In our practice, ultrasound was used in 
most FNAs, which likely contributed to the low 
unsatisfactory rate (3.3%). Adequate sampling and 
smear preparation are crucial for accuracy.  

Ancillary methods (immunocytochemistry, 
molecular testing) may assist indeterminate cases 
but are not routine in most centers. 

Our study has limitations. It is a single-center 
experience with a moderate sample size (n=150). 
We did not include patients managed non-surgically 
(i.e., with benign FNAC and no surgery), so 
specificity and NPV are based on surgical series. 
Moreover, we categorized Bethesda III/IV as 
negative for the purposes of sensitivity, which 
underestimates FNAC’s operative sensitivity. 
Nevertheless, the results are in line with previous 
meta-analyses and institutional series. For example, 
a meta-analysis of 36 studies found pooled FNAC 
sensitivity around 86% and specificity ~71%, 
depending on categorization of indeterminate 
results. Another study from Egypt reported FNAC 
accuracy ~97%, with sensitivity ~89.5%, similar to 
our findings. The variability in reported metrics 
underscores the influence of patient selection, 
Bethesda interpretation, and the definition of 
“positive” cytology.  

Overall, our data reinforce FNAC’s central role in 
thyroid nodule evaluation. Its high diagnostic yield 
and safety profile make it indispensable. Clinicians 
should be aware that indeterminate FNAC results 
(Beth III/IV) carry a malignancy risk often higher 
than initially estimated by Bethesda, consistent with 
other Indian studies noting elevated cancer rates in 
AUS/FLUS. Therefore, multidisciplinary 
correlation (clinical, sonographic, cytologic) is 

needed for optimal decision-making. Repeat FNAC 
or molecular testing can be considered for persistent 
indeterminate nodules. 

Conclusion 

In this comparative analysis of 150 thyroid nodules, 
FNAC demonstrated high specificity and reasonable 
sensitivity for malignancy detection. The method 
accurately identified the majority of cancers and 
correctly classified most benign nodules, confirming 
its diagnostic utility. However, false-negative 
results—particularly in follicular lesions and small 
papillary cancers—underscore the need for cautious 
interpretation of “benign” cytology.  

We conclude that FNAC is a valuable screening tool 
in thyroid nodule management, but indeterminate or 
discordant cases should prompt further evaluation 
(repeat biopsy or surgical consultation). Future work 
may focus on improving cytology interpretation 
(e.g. ancillary tests) and refining risk stratification 
(combining ultrasound and molecular data) to 
reduce diagnostic uncertainty. 

References 

1. Agarwal S, Jain D. Thyroid Cytology in India: 
Contemporary Review and Meta-analysis. J 
Pathol Transl Med. 2017;51(6):533–547. 

2. Lind P, Jacobson A, Nordenström E, et al. 
Diagnostic sensitivity of fine-needle aspiration 
cytology in thyroid cancer: A nation-wide 
study. Sci Rep. 2024; 14:24216. 

3. Sharma C. Diagnostic accuracy of fine needle 
aspiration cytology of thyroid and evaluation of 
discordant cases. J Egypt Natl Canc Inst. 
2015;27(3):147–153. 

4. Cibas ES, Ali SZ. The Bethesda System for 
Reporting Thyroid Cytopathology: Definitions, 
Criteria, and Explanatory Notes. Thyroid. 
2009;19(11):1159–1162. 

5. Cibas ES, Ali SZ. The Bethesda System for 
Reporting Thyroid Cytopathology (TBSRTC). 
Acta Cytol. 2010;54(4): 363–370. 

6. Gharib H, et al. Management guidelines for 
patients with thyroid nodules. J Clin Endocrinol 
Metab. 1996;81(2):714–719. 

7. Faquin WC, Layfield LJ. Fine-needle aspiration 
cytology of the thyroid. Endocr Pathol. 
2010;21(1):50–59. 

8. Kebebew E, et al. The accuracy of fine needle 
aspiration cytology in preoperative diagnosis of 
thyroid carcinoma. Surgery. 2000;128(6):736–
742. 

9. Ali SZ, Cibas ES. Diagnostic Cytopathology 
(Thyroid). 3rd ed. Saunders; 2010. (Bethesda 
System discussion). 

10. Baloch ZW, et al. Fine-needle aspiration of the 
thyroid: A review. Diagn Cytopathol. 
2001;24(5):374–380. 



 

 

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Thasneem et al.                        International Journal of Current Pharmaceutical Review and Research 

522  

11. Asadi S, et al. Cytological-histological 
correlation of thyroid lesions: A retrospective 
study. Iran J Pathol. 2016;11(3):233–240. 

12. Mondal SK, et al. The Bethesda System for 
reporting thyroid fine needle aspirates: A 
cytologic study with histologic follow-up. J 
Cytol. 2013;30(2):94–99. 

13. Renuka IV, et al. The Bethesda System for 
Reporting Thyroid Cytopathology: 
Interpretation and guidelines in surgical 
treatment. Indian J Otolaryngol Head Neck 
Surg. 2012;64(3):305–311. 

14. Ali MA, et al. Cytological findings of thyroid 
FNAC: Correlation with histopathology. BMC 
Endocr Disord. 2021; 21:167. 

15. Wu HH, Rose C. Recent developments in fine-
needle aspiration of thyroid lesions. Cancer 
Cytopathol. 2010;118(4):249–264. 

16. Teixeira G, et al. Diagnostic performance of the 
Bethesda System in thyroid FNAC. Cancer 
Cytopathol. 2014;122(2):101–108. 

17. Baloch ZW, Livolsi VA. Fine-needle aspiration 
of thyroid nodules: Practical challenges. 
Thyroid. 2017;27(5):562–568. 

18. Lee JK, et al. The role of FNAC in thyroid 
cancer diagnosis: A population-based study. 
Ann Surg Oncol. 2012;19(8):2370–2376. 

19. Cappelli C, et al. Fine-needle aspiration 
accuracy in thyroid nodules by Bethesda 
category. Am J Clin Pathol. 2010;134(5):758–
765. 

20. Wong CK, et al. Outcomes of thyroid FNAC in 
a multi-institutional series. Endocr Pathol. 
2018;29(1):30–38.

 


