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Background

This study aimed to analyze the effect of preoperative fine needle aspiration cytology (FNAC) combined with BRAFV600E mutation detection as compared to that of fine needle aspiration cytology alone on the diagnostic performance of papillary thyroid carcinoma (PTC) combined with Hashimoto’s thyroiditis (HT).





Method

Patients with thyroid nodules in Hashimoto’s thyroiditis, who underwent fine-needle aspiration cytology examination and BRAFV600E mutation detection in the puncture eluate at the outpatient clinic, were selected. Finally, 122 patients received surgical treatment and were included in the study. We used postoperative pathological results as the gold standard. Accordingly, we compared the sensitivity, specificity and accuracy of preoperative FNAC alone and FNAC combined with BRAFV600E mutation detection in for the diagnosis of PTC combined with HT.





Results

For PTC patients with HT, the sensitivity of FNAC diagnosis was 93.69%, the specificity was 90.90% and the accuracy was 93.44%. However, the sensitivity, specificity and accuracy of FNAC combined with BRAFV600E mutation detection were 97.30%, 90.90% and 96.72%, respectively. Therefore, combined detection can improve the sensitivity and accuracy of diagnosis (p<0.05).





Conclusion

FNAC combined with eluent BRAFV600E mutation detection can improve the sensitivity and accuracy of diagnosis of PTC in the background of HT.
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Background

Papillary thyroid carcinoma (PTC) is the most common pathological subtype of all thyroid cancers. PTC accounts for about 80%-85% (1) cases. However, it has a better prognosis than other thyroid malignancies. At present, fine-needle aspiration cytology (FNAC) is the most reliable and cost-effective diagnostic tool to determine benign and malignant thyroid nodules. Notably, FNAC can distinguish 70%-80% of thyroid nodules as benign or malignant (2). The sensitivity and specificity of FNAC are 65%-99% and 72%-100%, respectively (3).

Hashimoto’s thyroiditis (HT) is the most common autoimmune inflammation of the thyroid. The incidence of HT combined with PTC has been increasing in recent years and the relationship between PTC and HT warrants further research. The presence of HT significantly reduced the sensitivity and specificity of FNAC in diagnosing benign and malignant thyroid nodules, and increased the probability of false-negative detection of FNAC and indeterminate cytology results (4). The standard of diagnosis and treatment of thyroid carcinoma in China (5) indicates that for benign and malignant nodules that cannot be determined by FNAC, preoperative detection of relevant molecular markers such as BRAFV600E mutation and RAS mutation can help in improving the accuracy of diagnosis. Previously, several molecular markers have been confirmed to be associated with PTC combined with HT, such as BRAFV600E mutation and RET/PTC rearrangement, among others (6, 7).

BRAFV600E mutation is one of the most common mutations in papillary thyroid carcinoma and it has an incidence of about 38%-90% (8–10). Further, BRAFV600E mutation leads to the abnormal activation of the MAPK pathway, which promotes the occurrence and development of PTC. Multiple studies have shown that BRAFV600E mutations are associated with the invasiveness of PTC (11). However, the association of HT and BRAFV600E mutations with the clinical and pathological features of PTC remains unclear. Our study aimed to examine whether FNAC combined with BRAFV600E mutation detection could improve the diagnostic accuracy of PTC in the background of HT.





Method




Patients

Patients with thyroid nodules who underwent FNAC detection and BRAFV600E mutation detection at the China-Japan Union Hospital of Jilin University from July 2021 to December 2021 were selected for this study. Patients who eventually underwent surgery as well as had a complete cytological diagnosis, BRAFV600E mutation detection and postoperative pathological results were included in the study. The diagnostic criteria for HT are as follows: (1) thyroid enlargement, tendiness, large or asymmetric isthmus, or with nodules; (2) Patients with typical clinical manifestations, as long as the blood TgAb or TPOAb positive, can be diagnosed; (3) For those with atypical performance, a high titer of anti-thyroid antibody is required for diagnosis, that is, when two antibodies are measured by radioimmunoassay, the results of two consecutive tests are greater than or equal to 60%; (4) In patients with hyperthyroidism at the same time, the above high titer antibody persisted for more than half a year; (5) Thyroid puncture biopsy has diagnostic value, and ultrasound examination has certain significance in the diagnosis of this disease.

The inclusion criteria were as follows: (1) Ultrasound manifestations of thyroid nodules are indicative of malignancy i.e., the nodules are irregular in shape, ill-defined and hypoechoic, with an aspect ratio greater than 1. Further, punctate calcifications can be seen;(2)the patient underwent FNAC examination and BRAFV600E mutation detection at the same time;(3)the patient received surgical treatment and had a complete cytological diagnosis, BRAFV600E mutation detection and postoperative pathological results. The exclusion criteria were as follows:(1)patients with malignant tumors of other organs in addition to the thyroid,(2)Postoperative pathology included thyroid malignancies other than PTC,(3)patients who underwent thyroid reoperation;(4)incomplete clinical data.





Puncture method

The patient was placed in a supine position. Next, a sterile drape was placed in front of the neck and the skin was disinfected with 0.5% iodophor. Thereafter, local infiltration anesthesia was performed with 2% lidocaine. Under the guidance of ultrasound, the surgeon applied a 22-gauge disposable puncture biopsy needle into the center of the nodule and repeatedly aspirated (2-3 times) at multiple points. For the preparation of pathological sections, 3-4 smears were obtained from the puncture and fixed with 95% ethanol. The remaining puncture was placed in an EP tube for BRAFV600E mutation detection.





Cytological diagnostic methods

All FNAC specimens were diagnosed by a cytopathologist and classified into the following 6 categories according to the Bethesda System for Reporting Thyroid Cytopathology: category I, nondiagnostic or unsatisfactory biopsy; category II, benign (i.e., nodular goiter, colloid goiter, hyperplastic/adenomatoid nodule, Hashimoto’s thyroiditis); category III, atypia of undetermined significance (AUS) or follicular lesion of undetermined significance (FLUS); category IV, follicular neoplasm or suspicious for a follicular neoplasm (FN/SFN); category V, suspicious for malignancy; and category VI, malignancy. In this study, categories I-IV were classified as cytologically negative and categories V-VI were classified as cytologically positive.





BRAFV600E mutation detection

DNA was extracted from FNA specimens using the QIAamp DNA FFPE Tissue Kit, and the DNA concentration was measured by a spectrophotometer. The detection was performed using the QX200 Droplet Digital PCR System (Bio-Rad, USA). The reaction conditions for PCR were as follows:95°C for 10 min, 94°C for 30 s, 55°C for 60 s, the total number of cycles: 40, 98°C 10 min, finished at 4°C. The test results were judged as positive if ≥3 points fall in the “ch1+ ch2-” area.

The primer sequences were as follows: Forward primer: 5’-CTACTGTTTTCCTTTACTTACTACACCTCAGA-3’; reverse primer: 5’-ATCCAGACAACTGTTCAAACTGATG-3’.

FNAC and BRAFV600E mutations tests were positive. Nodules classified by Bethesda as V-VI or BRAFV600E mutation-positive or both were classified as positive.





Statistical analysis

All statistical analysis was done by the SPSS (version: 25) software. Taking postoperative pathology as the gold standard, the diagnostic efficacy of FNAC and FNAC combined with BRAFV600E mutation detection on PTC with HT was compared. The count data were expressed as a rate (%). Chi-square analysis and Fisher’s exact test were used to compare categorical variables. P<no><0.05</no> was considered statistically significant.






Results




Patient characteristics

A total of 122 patients were included, including 111 patients with postoperative, pathologically confirmed PTC and 11 patients with nodular goiter. Among them, 102 (83.6%) were female and 20 (16.4%) were male. The mean age of the patients was 44.17 ± 9.11 years. Among them, 56 patients were aged ≥55 years old and accounted for approximately 45.9% of all the patients. Further, 66 patients (54.1%) were <55 years old. Preoperative FNA results were positive in 105 patients (86.1%). A total of 60 (49.2%) patients carried the BRAFV600E mutation. (Table 1).


Table 1 | Basic characteristics of patients.







Preoperative FNAC results and BRAFV600E mutation in patients with thyroid nodules with HT background

Preoperative FNAC results of patients with thyroid nodules with HT demonstrated that there were 2 benign patients, and none of them were associated with BRAFV600E mutation. There were 15 cases of AUS/FLUS, of which 4 cases carried the BRAFV600E mutations. Further, there were 7 suspected malignant cases and 3 of them had BRAFV600E mutation. Of the 98 malignant cases, 53 had BRAFV600E mutation (Table 2).


Table 2 | Preoperative FNAC results and BRAFV600E mutation in thyroid nodules patients with HT.







Diagnostic value of FNAC and FNAC combined with BRAFV600E mutation detection in thyroid nodules patients with HT

A total of 122 patients who had thyroid nodules with HT underwent surgery. Of these, 111 patients were confirmed with PTC by postoperative pathology and 11 patients had a nodular goiter. Preoperative FNAC results were positive in 105 patients—of these, 104 patients were diagnosed with PTC postoperatively. Furthermore, 17 patients had negative FNAC results and 7 of them were diagnosed with PTC after surgery (Table 3). All 60 patients who had positive BRAFV600E mutation before surgery were diagnosed with PTC by paraffin pathology. Further, 62 patients had negative BRAFV600E mutation before surgery. Among these, 51 patients were diagnosed with PTC by paraffin pathology (Table 4). A total of 109 patients tested positive for FNAC combined with BRAFV600E mutation before surgery, of which 108 patients were diagnosed with PTC by postoperative pathology. Further, 13 patients were negative for FNAC combined with BRAFV600E mutation detection; of these, 3 patients were diagnosed with PTC by postoperative pathology (Table 5). The sensitivity of preoperative FNAC in the diagnosis of PTC with HT was 93.69%, the specificity was 90.90% and the accuracy was 93.44%. The sensitivity, specificity and accuracy of FNAC combined with BRAFV600E mutation detection were 97.30%, 90.90% and 96.72%, respectively. The sensitivity, as well as the accuracy of FNAC in combination with BRAFV600E mutation detection, was higher as compared to FNAC alone, and the difference was statistically significant (p < 0.05) (Table 6). FNAC combined with BRAFV600E mutation detection can improve the sensitivity and accuracy of the diagnosis of benign and malignant thyroid nodules in the background of HT.


Table 3 | FNAC and postoperative pathological results.




Table 4 | BRAFV600E mutations and postoperative pathological results.




Table 5 | FNAC combined with BRAFV600E mutation detection and postoperative pathological results.




Table 6 | Diagnostic efficacy of FNAC alone versus combination testing.








Discussion

The presence of Hashimoto’s thyroiditis increases the difficulty of diagnosing benign and malignant thyroid nodules. HT ultrasound showed that diffuse hypoechoic, glandular parenchyma echogenic disorder and pseudo-nodules were also observed. This may affect the accurate identification of thyroid nodules during FNAC. Previous studies have shown that thyroiditis is one of the most common factors in false-positive PTC diagnoses (12). The strong overlap of morphological features in HT and PTC can present challenges for cytopathologists—experienced cytopathologists may also be uncertain about the diagnosis of the two diseases. Moreover, diagnostic pitfalls in the assessment of HT cytology may vary by disease stage. During the “cellular stage,” a large number of eosinophils proliferate. Such changes in eosinophils may lead to nuclear atypia i.e., enlarged nucleus, finely textured chromatin, prominent nuclear membrane and large nucleoli. Occasional nuclear grooves or pseudo inclusions may lead to the overdiagnosis of PTC. In contrast, in the “fibrotic stage”, the thyroid tissue is extensively fibrotic and sclerotic, and few cells may be extracted at the time of FNAC. In this case, the presence of some atypical cells is suggestive of PTC. Further, the insufficient number of cells may affect the accuracy of the diagnosis, consequently the number of Bethesda class III and IV increased (13).

BRAFV600E mutation is a common mutation in PTC that leads to abnormal activation of the MAPK pathway, which in turn plays a key role in the occurrence and development of PTC (14–16). Since BRAFV600E mutation rarely occurs in benign thyroid lesions, its diagnostic specificity is high. The American Thyroid Association recommends the detection of relevant molecular markers for nodules whose benign and malignant nodules cannot be determined by FNAC (17). It has been reported that FNAC combined with preoperative BRAFV600E mutation detection can significantly improve the diagnostic performance of thyroid nodules as compared to FNAC alone (18). However, there are a few studies on the effect of FNAC combined with BRAFV600E mutation detection on the diagnostic performance of PTC in the context of HT.

In our study, a total of 122 patients who had thyroid nodules with HT underwent FNAC and BRAFV600E mutation testing as well as surgery. Postoperative pathology confirmed the diagnosis of PTC in 111 patients and nodular goiter in 11 patients. We did not detect BRAFV600E mutation in all the benign lesions. Further, 60 patients for whom BRAFV600E mutation was detected preoperatively were diagnosed with PTC by postoperative pathology. Notably, BRAFV600E mutation detection has high specificity for the diagnosis of PTC with HT. The results showed that preoperative FNAC combined with BRAFV600E mutation detection could improve the sensitivity of FNAC in diagnosing PTC in the background of HT from 93.69% to 97.30% and accuracy from 93.44% to 96.72%. The increase in sensitivity was mainly from patients with FNAC results of AUS/FLUS. In this study, 15 patients with HT had FNAC results of AUS/FLUS and 4 of them carried the BRAFV600E mutation. PTC was confirmed for these patients by postoperative pathology. It was noted that the combination of BRAFV600E mutation detection before surgery could help in improving the accuracy of diagnosis in such patients and avoiding lapses in determining malignant cases. The sensitivity and accuracy of the diagnosis of FNAC in our study were high. This may be because the surgeons who performed preoperative ultrasound assessment and puncture, and the pathologists who performed the cytological diagnosis were all senior physicians with rich clinical experience. Even with the interference of Hashimoto’s thyroiditis background, they were able to select suspected nodules for FNAC detection more accurately than junior physicians. But the combined testing can still improve the sensitivity and accuracy of diagnosis, so we speculate that the combined testing is more helpful for less experienced primary physicians. In addition, the number of patients diagnosed with benign lesions after surgery was fewer in this study. Surgeon combined BRAF V600E mutation testing, cytological diagnosis, and ultrasound to select only patients with high risk of malignancy for surgery. Due to the small number of patients with negative FNAC results but BRAFV600E mutation positivity and eventual surgical treatment, the specificity of the combined testing in this study was the same as that of FANC, and we were unable to accurately assess the effect of the combined test on the specificity of the preoperative diagnosis. Our results show that preoperative FNAC combined with BRAFV600E mutation detection can help in improving the diagnostic efficacy of PTC in the context of HT to some extent, and this may be of greater help to less experienced primary physicians.

However, this study had certain limitations. First, most of the patients who received surgical treatment in this study were patients with preoperative Bethesda categories V and VI. In addition, the number of patients with thyroid follicular degeneration is relatively small, and our sample size is limited, resulting in no Bethesda categories IV patients in the study. For Bethesda categories III patients, surgery is performed only in patients who are highly suspected of malignancy on ultrasound and carry BRAF V600E mutation, or who are negative for BRAF V600E mutation but are anxious, refuse close follow-up, or repeat puncture. Some patients with negative cytology and BRAFV600E mutation were unable to undergo surgical treatment. This had an impact on the diagnostic performance of PTC in the context of HT. Second, fine-needle aspiration cytology was performed by the same senior doctor at our institution. Although there was reliability and comparability in this approach, the impact of FNAC and combined testing on the diagnostic performance of inexperienced doctors has not been considered in this study. Long-term follow-up studies with larger patient samples from multiple institutions are needed to further determine the diagnostic value of the combination test.
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