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Abstract

:

In about 20% of all cases, the fine needle aspiration cytology (FNAC) results are equivocal, delivering the two common categories of indeterminate cytology, Bethesda III and IV. The observed rates of malignancy vary widely among institutions, with the urgent need for a more precise risk stratification. 99mcTc methoxyisobutylisonitrile scintigraphy (MIBI) is less expensive than molecular testing and has been shown to have a high negative predictive value. For this reason, the results of MIBI scintigraphy in adult patients with indeterminate FNAC were collected, and correlated with the final pathology reports of surgical specimens. Patients receiving FNAC, MIBI scintigraphy and surgery for sonographic suspicious hypofunctional thyroid nodules between 2015 and 2019 at the University Hospital of Cologne, Germany were identified. Sensitivity, specificity, positive predictive and negative predictive value of MIBI scintigraphy were calculated. Seventy-eight patients with sonographic suspicious hypofunctional thyroid nodules underwent surgery after interdisciplinary case discussion of both FNAC and MIBI results. In 49 (62.5%) cases, FNAC consisted of Bethesda III and IV results. In 39 (79.6%) of these cases, MIBI scintigraphy resulted in mismatch and intermediary results, but in only 4 (10.2%) of these cases was a carcinoma diagnosed. The negative predictive value of MIBI scintigraphy was 90–100%, respectively. Relying on the negative predictive value of MIBI match results might have obviated the need for surgery in 20.4% cases; one papillary microcarcinoma, however, would have been missed. MIBI scintigraphy has an underused potential for improving the diagnostic precision of hypofunctional thyroid nodules.
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1. Introduction


Thyroid nodules are common, but thyroid carcinoma is a rare entity, compared to other solid tumors. Diagnosis is seldom made preoperatively, thus, the indication for surgery is generally the suspicion that a nodule might be malignant. Since most nodules turn out to be benign, diagnostic workflow and the interdisciplinary judgement of thyroid nodules, for example in an interdisciplinary endocrine board, are pivotal for reducing the number of “unnecessary surgeries”.



The standard diagnostic work up of thyroid nodules includes pertechnetate scintigraphy and sonography. Based on ultrasound features such as echogenity, “taller-than-wide” shape, irregular margins and microcalcifications, the TIRADS classification is used to assess the risk of malignancy of hypofunctional thyroid nodules [1,2].



Fine-needle aspiration cytology (FNAC) is an invasive diagnostic tool generally used either if the nodule needs to be proven benign for interventional, non-surgical treatment and conservative management or if ultrasound is not clearly suspicious. In case of a clearly malignant appearance in ultrasound (TIRADS 5), upfront surgery is often chosen. FNAC has been shown to produce hemorrhaging, siderophagia, granulation tissue, papillary hyperplasia, fibrosis, calcification, capsular distortion, cholesterol clefts and vascular thrombosis [3]. Some of these alterations can even lead to misdiagnosis in favor of carcinoma [3].



In addition to causing histologic changes, which might reduce its role in future guidelines in favor of ultrasound, in 20% of cases, FNAC results are not helpful, because cytological features lack specific characteristics needed for a definitive diagnosis [4]. The Bethesda System for Reporting Thyroid Cytopathology [5,6] includes two common categories of indeterminate cytology: atypical or follicular lesion of undetermined significance (Bethesda category III) and follicular neoplasm/suspicious for follicular (or Hürthle cell) neoplasm (Bethesda category IV). The observed rates of malignancy in these categories are 6–48% for Bethesda III and 14–34% for Bethesda IV, varying widely among institutions [4]. The reason for this is that intraobserver and interobserver bias can be high [4].



Molecular testing of FNAC was developed over the past decade for improving diagnostic precision in these categories. Despite being technically feasible (they can be performed on stained FNA smears) and commercially available, molecular tests such as BRAFV600E, normalized concentrations of HMGA2 mRNA, microRNAs and mitochondrial/nuclear DNA ratio analyses are not yet established for the routine setting in most centers in Germany [7]. Moreover, FNAC material is often not sufficient for molecular testing in our experience.



Tc-99m-methoxyisobutylisonitrile (MIBI) scintigraphy is less expensive than molecular testing [8] and more easily available, but it is not currently included in guidelines and the algorithm for the management of indeterminate nodules. In this study, we aimed to review the use and the impact of MIBI scintigraphy for the management of indeterminate nodules at our German interdisciplinary university center. Secondly, we aimed to determine whether a MIBI match might obviate the need for surgery in the indeterminate thyroid nodules Bethesda III and IV at our institution.




2. Materials and Methods


Electronic and paper records of the endocrine tumor board and Departments of Nuclear Medicine, Endocrinology, Surgery and Pathology, beside the records of the Endocrine Board, were screened to find patients with hypofunctional nodules, undergoing both thyroid fine needle aspiration (FNA) and Tc 99m-MIBI-scintigraphy (MIBI) before surgery during a period of four years (1 January 2015 until 31 December 2018).



The diagnostic workflow at our institution includes ultrasound and pertechnetate scintigraphy for all nodules. All clearly malignant nodules 5 and some TIRADS 4b nodules are referred directly to surgery, generally without further examination, if patients agree with the recommendation. Undetermined TIRADS 4a or growing TIRADS 3 hypofunctional nodules, in addition to some TIRADS 4b nodules in patients unwilling to be operated on, usually undergo MIBI-scintigraphy and/or FNA, in order to increase diagnostic precision. There is no standard order, however, and sometimes MIBI is performed before and sometimes after FNA, depending on the judgment of the examining physician and the preferences and wishes of patients. In many cases, it is performed as a subsequent diagnostic step after sonography and pertechnetate scintigraphy, before FNA, because it is noninvasive.



All findings (sonography, scintigraphy, MIBI and/or FNA, if available) are presented and discussed in the interdisciplinary endocrine board, including nuclear medicine, endocrinology, pathology and surgery, for generating interdisciplinary official recommendations, conforming to the current guidelines but also taking into account, age, comorbidities and the wishes of patients.



All FNAs included in the present study were performed in our Nuclear Medicine Department and were analyzed in our Department for Pathology. Bethesda categories were defined as follows: Category I = nondiagnostic, Category II = benign, Category III = atypia of undetermined significance, Category IV = suspicious for follicular neoplasm, Category V = suspicious for malignancy, and Category VI = malignant. All cases in which FNA was not performed (in cases when the patients refused it or requested upfront surgery, mostly because of symptoms) were excluded. BRAF mutation analysis was not yet routinely performed between 2015 and 2018 at our institution (only in selected cases).



MIBI examinations were performed in our Nuclear Medicine Department. Otherwise MIBI scans were demonstrated and discussed in the endocrine board, when available, in order to minimize subjectivity of their evaluation. Tc-99m-MIBI images were classified as a “match” (no uptake compared to normal thyroid tissue), as an intermediate finding (isointense uptake to normal thyroid tissue), or a “mismatch” (significant uptake compared to normal thyroid tissue and in contrast to the lacking uptake in pertechnetate scintigraphy).



Figure 1 depicts two examples of MIBI match and mismatch results.



Indication for surgery was based on all available information, including patient age, symptoms (e.g., neck discomfort caused by the thyroid nodule), findings of cervical ultrasound and other imaging results such as pertechnetate and Tc-99m-MIBI scintigraphy and results of FNA. Most surgeries were performed as hemithyroidectomies and thyroidectomies by two experienced and certified Fellows of the European Board of Surgery (FEBS) for endocrine surgery.



Data were analyzed using IBM SPSS Statistics for Windows, Version 25.0 (Armonk, NY, USA).



This study is based solely on a retrospective analysis of anonymized routine patient data, who underwent common treatment at our university hospital. Data were collected by medical staff and analyzed in an anonymized fashion, according to the ethical code of our university.




3. Results


In 128 (32.6%) of 392 cases of hypofunctional thyroid nodules (HTN) presented for surgical treatment in the endocrine board, a Tc-99m-methoxyisobutylisonitrile (MIBI) scintigraphy result was taken into account, in addition to ultrasound and pertechnetate scintigraphy, which are routinely performed at our institution.



In 78 (19.9%) of these 128 cases, invasive diagnostic in the form of FNA was additionally performed in order to further increase diagnostic precision. However, in 49 (62.8%) patients, FNA delivered indeterminate (Bethesda III and IV) cytological diagnoses, in addition to 2 (2.56%) non-diagnostic Bethesda I, 23 (29.5%) Bethesda II and 4 (5.1%) Bethesda V diagnoses.



The present study focused on these 49 cytological indeterminate cases, in order to determine whether the MIBI result might be helpful in risk stratifying these categories with malignancy rates of 6–48% and 14–34%, varying widely among institutions [2]. Table 1 summarizes the characteristics of the 49 patients with indeterminate cytology included in the present study.



99mcTc MIBI scintigraphy delivered match results in 8 (21.1%) of the 38 Bethesda III tumors, mismatch in 22 (57.9%), and intermediary results 8 (21%). In the Bethesda IV group (n = 11), there were two (18.2%) match and nine (81.8%) mismatch results (Table 2). Table 2 summarizes the results of MIBI scintigraphy in indeterminate Bethesda III and IV nodules.



A differentiated thyroid cancer (DTC) was diagnosed in three (7.7%) of the Bethesda III patients, all displaying mismatch or intermediary MIBI results. In only one case, a match result turned out to be a papillary microcarcinoma.



Only one Bethesda IV patient (9%) with a MIBI mismatch result had two papillary microcarcinomas of 2 and 9 mm, respectively (Table 3). Table 3 summarizes the malignancy rates of MIBI match and non-match Bethesda III and IV nodules, respectively.



Tc99m-MIBI scintigraphy had a negative predictive value of 90% (95% CI 58.7–98.3%) and a positive predictive value of 10.3% (95% CI 6.7–15.4%) in indeterminate Bethesda III and IV nodules. Sensitivity was 80% (95% CI 28.4–99.5%) and specificity was 20.4% (95% CI 9.8–35.3%). If the microcarcinomas are excluded, the NPV turns out to be 100%, the PPV 7.69% (95% CI 6.68–8.85%), the sensitivity 100.00% (95% CI 29.24–100.00%), and the specificity 21.74% (95% 10.95–36.36%).



Relying on the negative MIBI scintigraphy results might have spared 10 (20.4%) surgeries and missed one papillary microcarcinoma.



Thirty-five (71.4%) patients with indeterminate cytological results and non-match (mismatch and intermediary) results in the MIBI scan underwent surgery but turned out to have benign nodules.




4. Discussion


Tc-99m-methoxyisobutylisonitrile (MIBI) is a lipophilic, monovalent, cationic complex, which is taken up by mitochondria. The uptake by parathyroid tumors was first published in 1989 by Coakley et al. [9]. The pathophysiologic explanation for Tc99m MIBI retention is the presence of mitochondria-rich oxyphil cells, for example, in parathyroid tissue, causing a slower wash-out than in mitochondria-poorer tissue [10]. Routine use of Tc99mMIBI for preoperative localization of parathyroid adenomas sometimes leads to the identification of MIBI-positive thyroid hypofunctional nodules. Sixty-one percent of the incidentally diagnosed thyroid carcinomas were MIBI-positive in the study of Greilsamer et al. [11], leading the authors to suggest that thyroid nodules incidentally discovered on MIBI in hyperparathyroidism patients should be resected. In their study, the sensitivity, specificity, positive predictive value, and negative predictive value of MIBI were 61, 78, 50, and 85%, respectively [11].



Whether Tc99m MIBI scintigraphy should be routinely used alongside sonography and FNA for the diagnostic work up of hypofunctional thyroid nodules is still a matter of discussion. MIBI scintigraphy does not currently play a role in the guidelines or algorithms of diagnostic work-up of thyroid nodules, although more than ten studies demonstrated a high negative predictive value of ≥97% for ruling out malignancy in the case of a match between pertechnetate and MIBI scintigraphy [9]. In contrast, a positive Tc-99m-MIBI does not seem to sufficiently differentiate between a benign and a malignant nodule. In Germany, three studies revealed a positive predictive value of thyroid malignancy in the case of a mismatch between 15 and 20% [12,13,14]. A recent meta-analysis, however, showed both low sensitivity and specificity [15].



The first finding of the present study is that MIBI scintigraphy, in addition to FNAC, was only performed in 19.9% of patients with suspicious sonographic hypofunctional nodules, and it is therefore still underused at our institution. It is likely that patients with symptoms were directly referred to surgery without MIBI, thus explaining the low number of examinations. On the other hand, patients with MIBI match might have been treated conservatively, without discussion by the tumor board, and are therefore not included in the present analysis.



Secondly, we observed that Tc-99m-MIBI scintigraphy had a high negative predictive value of 90–100% (95% CI 58.7–98.3%), with only one carcinoma diagnosis of a 9 mm pT1a microcarcinoma missed. These results are concordant with most literature [11]. Thus, relying on a negative MIBI match despite an indeterminate cytological result and choosing conservative treatment might have obviated the need for 10 (20.4%) surgeries. However, one 9 mm papillary microcarcinoma would have been missed. The possible delay in the case diagnosis that was made during follow up, however, would probably cause no significant consequences for the oncologic outcome of the patient.



The reason why some benign thyroid nodules retain MIBI is still unclear. Some parathyroid adenomas are negative in the MIBI scan, preventing the pathologist from finding a significant histopathologic correlation for MIBI retention. The volume of the adenomas, the incidence of cystic adenomas, cell-type dominance (oxyphilic cell), percent fat, and the Ki-67 ratio were not found to be significantly different in MIBI-positive and -negative parathyroid adenomas in a recent study [16], as opposed to an older study [17]. The rate of hyalinization, however, was 13% in MIBI-positive and 28% in MIBI-negative subjects, the difference being statistically significant (p = 0.04) [16]. The expression of proliferative cell nuclear antigen (PCNA) was greater in parathyroid glands with high MIBI scores compared to those with low scores in another study [18]. PCNA is a key protein of abnormal cell proliferation. Its gene is highly expressed in many tumors, including breast, lung, gastric, liver, colon and bladder cancer [19]. Two studies revealed a remarkably higher positive rate of PCNA in thyroid carcinoma tissue in contrast to normal thyroid tissue [19,20,21]. The PCNA expression was also found to correlate with echo, calcification, and blood flow in thyroid ultrasound [19]. According to a number of reports, thyroid cancer development follows a slow process. Ultrasound proves that an irregular or blurry nodule edge as well as vascular pattern and microcalcifications inside the nodule are closely associated with malignant changes of the tumor. Thus, it might be possible that MIBI-positive nodules, which turn out to be benign at the time of surgery, have a higher risk of progressing into malignant nodules. This might be a subject for future research.



Besides the small number of patients included, and the selection bias associated with a surgical collective, hypofunctional nodules which were clearly malignant by ultrasound or FNAC (Bethesda V and VI) most probably did not even undergo MIBI scintigraphy but upfront surgery, and are therefore not part of this collective. This explains the low positive predictive value of MIBI scintigraphy in this study. These limitations must be taken into account in the interpretation of the present study. However, the negative predictive value of 90–100% has been reported in several other studies [11] and deserves more clinical regard in our opinion, especially considering that most thyroid carcinomas have an indolent development and an excellent prognosis. The following workflow might be tested in future clinical studies (Figure 2) with larger patient sample collectives and in a prospective manner.




5. Conclusions


This study suggests that relying on the negative predictive value of MIBI match results might have obviated the need for surgery in some cases of indeterminate cytological nodules. MIBI scintigraphy has an underused potential, which deserves more attention in our opinion.
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Figure 1. Examples of match and mismatch between pertechnetate and Tc-99m-MIBI scintigraphy. Tc-99m-MIBI images are correlated to Tc-99m-pertechnetate scintigraphy and classified as a “match” (no uptake compared to normal thyroid tissue), as an intermediate finding (isointense uptake to normal thyroid tissue), or a “mismatch” (significant uptake compared to normal thyroid tissue and in contrast to the lacking uptake in pertechnetate scintigraphy). 
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Figure 2. Diagnostic workflow for hypofunctional thyroid nodules. MIBI match results might obviate the need for surgical treatment of indeterminate cytological categories Bethesda III and IV in thyroid nodules with moderate sonographic risk of malignancy. 
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Table 1. The characteristics of the 49 patients with indeterminate cytology included in the present study.
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	Patients’ and Nodules’ Characteristics
	Bethesda III, n = 38
	Bethesda IV, n = 11





	Age-yr. (median, range)
	57 (20–82)
	41 (22–75)



	Female—n (%)
	33 (86.8%)
	9 (81.8%)



	Male—n (%)
	5 (13.2%)
	2 (18.2%)



	Uninodular—n (%)
	18 (47.4%)
	4 (36.4%)



	Multinodular—n (%)
	20 (52.6%)
	7 (63.6%)



	Volume—cm (median, range)
	2.5(1.1–4.1)
	2.6 (1.3–3.5)



	TIRADS 3—n (%)
	6 (15.8%)
	2 (18.2%)



	TIRADS 4a—n (%)
	23 (60.5%)
	5 (45.4%)



	TIRADS 4b—n (%)
	9 (23.7%)
	4 (36.4%)










[image: Table] 





Table 2. The results of MIBI scintigraphy in indeterminate Bethesda III and IV nodules.






Table 2. The results of MIBI scintigraphy in indeterminate Bethesda III and IV nodules.





	MIBI Result
	Bethesda III, n = 38
	Bethesda IV, n = 11





	MIBI match—n (%)
	8 (21.1%)
	2 (18.2%)



	MIBI mismatch + intermediary—n (%)
	30 (79.9%)
	9 (81.8%)
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Table 3. The malignancy rates of MIBI match and non-match Bethesda III and IV nodules.






Table 3. The malignancy rates of MIBI match and non-match Bethesda III and IV nodules.





	MIBI Result
	Benign n = 44
	Malignant, n = 3 (+2m) *





	MIBI match—n (%)
	9 (90–100%)
	0 +1m (0–10%) *



	MIBI mismatch and intermediary—n (%)
	35 (89.7–92.3%)
	3 + 1m (7.7–10.2%) *







* m here is used for microcarcinoma (=pT1a, <1 cm).
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