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Abstract

Background: Hiirthle cell metaplasia is common in hyperplastic nodules, particularly in the
setting of lymphocytic thyroiditis(LT). The Bethesda System for Reporting Thyroid
Cytopathelogy-indicates that it is acceptable to classify Hiirthle cell-predominant fine needle
aspirations(HC ENA) as “Atypia of Undetermined Significance”(AUS) rather than "Suspicious
for a Hiirthle Cell Neoplasm"(HUR) in the setting of multiple nodules or known LT. The goal of
this study“is to address whether this approach is justified.

Methods: HC FNAs were identified and correlated with ultrasound(US) and surgical pathology
reports if available. Multinodularity was determined by findings on gross examination if imaging

results were unavailable.
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Results: 698 HC FNAs were identified, including 576 resected nodules of which 455 (79%)
were benign. Overall risk of malignancy(ROM) for HUR was 27%, while ROM for AUS was
10%. Mean size of benign nodules was 2.1 cm on resection, with multiple nodules in 293 (64%)
and histologie.LT in 116 (25%) cases. Mean size of malignant nodules was 2.8 cm, with multiple
nodules and histologic LT in 74 (61%) and 22 (18%) cases, respectively. Malignancy rate did not
differ bétween solitary or multiple nodules (p = 0.52) or in the presence or absence of LT (p =

0.12). Howevet, size did significantly differ between malignant and benign nodules (p < 0.01).

Conclusionis The malignancy rate did not significantly differ in the presence of multiple nodules
or LT, althoughrthe latter showed a statistical trend. A diagnosis of AUS over HUR based solely

on the presence of multinodularity is not warranted.

Condensed.abstract

The malignaney:rate for Hiirthle cell-predominant thyroid FNAs does not significantly differ in
the presence'ofmultiple nodules or lymphocytic thyroiditis, although the latter shows a statistical
trend. A dragnosis of “atypia of undetermined significance” over “suspicious for a Hiirthle cell

neoplasm’”based solely on the presence of multinodularity is not warranted.

Introduction

Hiirthle cellssare modified thyroid follicular cells which demonstrate oncocytic change, resulting
in abundant eosinophilic granular cytoplasm due to the presence of numerous mitochondria!.
They are often associated with enlarged, round nuclei and central prominent nucleoli. Although
oncocytic/Hiirthle cell change was initially thought to be secondary to senescence, it is now
thought to be.a.metaplastic change in response to cellular stress or changes in the
microenvironment'. Hiirthle cell metaplasia may be seen in a variety of non-neoplastic
conditions such,as autoimmune thyroiditis (including Hashimoto thyroiditis and Graves’ disease)
and multinodular hyperplasia, although it can also be seen in both benign and malignant

neoplasia.
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Given this lack of specificity of Hiirthle cell metaplasia, accurate diagnosis of Hiirthle cell-
predominant fine needle aspirations (HC FNA) can be extremely problematic. Many cytologic
features have been proposed for distinguishing non-neoplastic Hiirthle cell nodules from
neoplastic nodules as well as benign from malignant nodules, although no criteria have been
widely accepted. These include cellularity?=, amount of colloid>*6-3, architecture (i.e.
macrofollicular sheets, crowded groups, singly dispersed cells)*=7-8, and nuclear pleomorphism
or “dysplasia®®35-° among others. Given the inconsistency of cytologic features in the
evaluation of HC'FNA, it has also been suggested in The Bethesda System for Reporting
Thyroid Cytopathology (TBSRTC) that clinicopathologic correlation can aid in evaluation.
Specificallyy TBSRTC states that it is acceptable to classify HC FNA as “Atypia of
Undetermined Significance/Follicular Lesion of Undetermined Significance” (AUS/FLUS)
rather than "Suspicious for a Hiirthle Cell Neoplasm" (HUR) in the setting of multiple nodules or
known lymphocytic thyroiditis!?. The goal of this study is to address whether this approach is
justified.

Materials and*Methods

Study Population and Data Acquisition

Approval from the institutional review board from each participating institution was obtained. A
search of Hiirthle cell-predominant fine needle aspirations (HC FNA) was performed at each
institution. Fhyreid FNA cytologic preparations varied across institutions as well as within
individual institations (i.e. due to operator preference), ranging from routine use of both smear
preparations (Diff-Quick- or Papanicolaou-stained) and liquid-based preparations to use of only
one method. Cytologic diagnoses and patient demographics were recorded for each case. HC
FNA were categorized using The Bethesda System for Reporting Thyroid Cytopathology
(TBSRTC),using the following diagnostic categories: Benign, Atypia of Undetermined
Significance(AUS), Suspicious for a Hiirthle Cell Neoplasm (HUR), Suspicious for Malignancy
(SUS), and Malignant.

When available, nodule size and the presence or absence of multiple nodules were documented

from ultrasound (US) reports. Surgical pathology reports from cases with surgical follow-up
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were reviewed. Multinodularity was determined by findings on gross examination if imaging
results were unavailable. The histologic diagnosis, including presence of lymphocytic thyroiditis,

was also recorded for each case.

Surgical pathelegy diagnoses were classified using a binary system, i.e. "benign" or "malignant".
All cases inithisstudy pre-dated the introduction of non-invasive follicular thyroid neoplasm
with papillary=like nuclear features (NIFTP), and cases which had been diagnosed as follicular
variant of papillary thyroid carcinoma (FVPTC) or PTC in which the subtype was not specified
(PTC, NOS) were not re-classified. These cases were included in the "malignant" category for
the purposes of'this study, as the goal was to differentiate benign lesions from those that would

require surgicaliresection in the setting of multinodularity.

Statistical Analysis
A t-test or Fisher exact test was used to compare differences in continuous and categorical
variables, tespectively (Prism 5, GraphPad, La Jolla, CA). For all statistical methods, p-values

<0.05 were ¢onsidered significant.

Results

Cohort Characteristics

Overall, 698" HE FNA from 677 nodules were identified. The FNA diagnosis was Benign in 12
(2%) cases, AJS in 275 (39%) cases, HUR in 407 (58%) cases, Suspicious for Malignancy in 3
(<1%) cases, and Malignant in 1 (<1%) case. Five hundred seventy-six (85%) nodules were
resected. Characteristics of resected and unresected cases were compared in a subset of cases
where sufficient information for the unresected nodules was available from the participating
institutions (summarized in Table 1). Patients who did not undergo surgical resection were more
likely to be.elder (p = 0.021) and have a preceding Benign or AUS diagnosis (p = 0.011 and
0.0075, respectively), while those with a preceding HUR diagnosis were more likely to undergo
resection (p = 0.0017). There was no significant difference between resected and unresected
cases in ultrasonographic size of the nodule, presence of multinodularity, or the presence of

multiple HC nodules sampled on FNA.
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The clinicopathologic features of all 576 cases which underwent resection are summarized in
Table 2. Of resected nodules, 455 (79%) were classified as benign and 121 (21%) malignant.
Sonographic assessment of multinodularity was available in 342 (59%) resected nodules overall,
including 257.ef 454 (56%) benign nodules and 79 of 121 (65%) malignant nodules. Gross
assessment of multinodularity was available in the remaining cases. The incidence of
multinodularityWwas not significantly different between nodules with sonographic or gross

assessment(65% and 62%, respectively; p = 0.48).

Benign Nodules

Of patients with'benign nodules, 368 (83%) were female and 77 (17%) male. The mean age of
patients was 54 years old (range: 19-88). The preceding FNA diagnosis was Benign in 5 (1%)
cases, AUS in 189 (42%) cases, HUR in 260 (57%) cases, Suspicious for Malignancy in 1 (<1%)
case, and Malignant in 0 (0%) cases. All 10 patients who had more than one nodule with a
preceding HC'ENA had benign findings on resection. The mean size of benign nodules was 2.3
cm by US and 2¢1 cm on resection. Multiple nodules were identified in 293 (64%) cases overall,
including 168 of 261 (64%) which had sonographic assessment available and 126 of 194 (65%)
which were€valuated grossly. On histopathologic examination, there were 264 (58%) follicular
adenomas or adenomatous nodules (Figure 1), 166 (36%) hyperplastic nodules, 2 (<1%)
infarcted nodules, 1 (<1%) hyalinizing trabecular tumor, and 1 (<1%) parathyroid adenoma. The
remaining 217(5%) cases demonstrated only LT without a dominant nodule documented,

although 116x26%) cases overall had histologic LT.

Malignant Nodules

The mean age.of patients with malignant nodules was 55 (range: 15-87), with 94 (77%) females
and 28 (23%).males. The preceding FNA diagnosis was Benign in 2 (2%) cases, AUS in 21
(17%) casessHUR in 95 (79%) cases, Suspicious for Malignancy in 2 (2%) cases, and Malignant
in 1 (1%) case,Compared to benign nodules, malignant nodules were more likely to have been
diagnosed as HUR on FNA (p <0.01) (see Table 2). The overall risk of malignancy (ROM) for
HUR was 27% (95/355), while the ROM for AUS was 10% (21/210).
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The mean size of nodules was 2.8 cm on both US and resection. Sonographic and
histopathologic sizes were significantly different between malignant and benign nodules (both p
< 0.01). Of malignant nodules, there were 65 (54%) follicular carcinomas (including Hiirthle cell
carcinomas), 47 (39%) PTC, 6 (5%) poorly differentiated thyroid carcinomas (Figure 2), 2 (2%)
medullary careinomas, and 1 (1%) undifferentiated carcinoma. Of PTC cases, 24 (20%) were
FVPTC, 16(13%) were non-follicular variant (including classical, oncocytic, and solid variants),
and 7 (6%)"didnot have a subtype specified (PTC, NOS). Twenty-two (18%) cases demonstrated
histologic ET-"Multiple nodules were detected in 74 (61%) cases overall. These included 54 of
81 (67%) nodules which had US evaluation available and 19 of 40 (48%) which were evaluated
grossly. Amongithe entire cohort, there was not a statistically significant difference in the
malignancy'rate‘in the presence or absence of LT, although there was a weak statistical trend (p
= 0.12). Malignancy rate also did not differ in the setting of solitary or multiple nodules (p =

0.52) or when considering concurrent multinodularity and LT (p = 0.77).

Discussion

Hiirthle cellametaplasia is common in thyroid nodules and can be seen in both malignant and
benign thyroid disease, including non-neoplastic conditions such as LT or multinodular
hyperplasia. For this reason, evaluation of HC FNA can be challenging, especially given the lack
of specificity of morphologic features in identifying neoplasia or differentiating benign from
malignant nodules in cytologic preparations. To aid in this differential, TBSRTC has
recommended:that clinical features can be useful in evaluation of HC FNA. In particular,
TBSRTC has offered that it is acceptable to diagnosis HC FNA has AUS/FLUS rather than HUR

in a patient,with multiple thyroid nodules or LT!?,

In this multi-institutional study, we evaluated a large cohort of HC FNA in order to determine
whether thissapproach suggested by TBSRTC is justified. Overall, we found that 79% of the 576
resected Hiirthle cell-predominant nodules were benign, while the remaining 21% were
malignant. More specifically, the ROM for HC FNA diagnosed as HUR was 27%, while that of
AUS was 10%. The ROM for AUS with a predominance of Hiirthle cells (AUS-HC) and HUR
have been highly variable in the literature, with rates ranging from 0%-26% for AUS-HC!!-16
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and 14-45% for HUR>6.7:13.17-28 'However, the median ROM for AUS-HC and HUR among these
studies are 11% and 23%, respectively, similar to findings we observed in our cohort. Our study
did not specifically address the underlying rationale for classifying thyroid aspirates as AUS-HC
rather than HUR. Our findings indicate that the number of nodules present should not determine
this distinctiens;however, other parameters such as overall cellularity, abundance of colloid and
cell cohesiveness undoubtedly factor into classification of Hiirthle cell nodules and are able to

stratify such1€sions to a limited extent.

Among benign nodules, we found that the incidence of multinodularity was 64% compared to
61% in malignant nodules (p = 0.52). Prior studies evaluating the significance of multinodularity
in HC FNA"have been limited. However, one study by Turanli et al. did not find a significant
difference in multinodularity in benign (53%) and malignant (43%) disease®®. Another study by
Sclabas et al._evaluated multinodularity in the setting of all indeterminate FNA, where again no
difference was found in malignant nodules??. In histologic evaluation of follicular neoplasms,
including beth*Hiirthle and non-Hiirthle cell lesions, the number of nodules has been associated
with malignaney risk?3. Amongst all thyroid nodules, however, the significance of
multinodularity on ROM has been highly variable in the literature. In a meta-analysis of 14
studies, aslightly lower ROM was seen in the setting of multinodular goiter, although this
difference was seen only when including studies outside the United States from iodine-deficient
areas®’. Although we found no overall difference in ROM between Hiirthle cell nodules in
solitary or multinodular thyroids, all 10 patients in our cohort who had more than one nodule
with a preceding HC FNA had benign findings on resection. This finding in a limited number of
cases did not reach the level of statistical significance, but at least raises the possibility that an
AUS-HC diagnosis may be warranted in the circumstance of a patient with multiple Hiirthle-cell
rich nodules.(vs..multiple non-Hiirthle cell or just radiographically detected nodules). A caveat to
this, however, is‘that there could potentially be sampling of "multiple" nodules which in fact are
different areas’of a single large and/or irregular lesion or a multifocal tumor. Although close
radiologic correlation may help with this distinction, in some cases the distinction may not
always be possible. A larger series of such cases is needed to further examine this specific

uncommon scenario.
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Additionally, in our study we also evaluated the rate of histologic LT among benign nodules
(26%) compared to malignant nodules (18%), although the difference we observed did not reach
significance (p = 0.12). This finding is similar to prior studies, which also did not find a
difference in LT among benign and malignant nodules with preceding HC FNA!%3!, In the study
by Canberk et.al., histologic LT was identified in 53/213 (25%) thyroids with benign nodules
and 14/56 (25%) malignant thyroids3!. Roh et al., who included both clinical, radiologic, and
histologi¢ étiteria for Hashimoto thyroiditis, also did not find a statistical difference in ROM of
nodules with"a‘preceding HUR FNA (25.2 vs 9.5%; p =0.081)!°. However, given that the ROM
for cases without Hashimoto thyroiditis more closely approached the expected ROM for
AUS/FLUS!, the authors suggest that it may be more appropriate to diagnose these HC FNA
cases as AUS/FLUS rather than HUR!. When using only cytologic findings in HC FNA
suggestive of LT\(i.e. markedly increased lymphocytes), there have also been variable results in
predicting ROM for HC FNA?2°. Although not the primary focus of the current study, our data
reinforces the notion that the impact of LT on ROM for Hiirthle cell-rich aspirates is limited,
showing onlyra'weak statistical trend not rising to the level of statistical significance in multiple
studies. Nevertheless, even a minimal impact on ROM in the setting of LT is consistent with

favoring ansAUS diagnosis over HUR in this context.

Limitations of this study include variability in our assessment of multinodularity. While most
cases had imaging results available, a subset of cases relied on gross pathologic examination, and
it is uncleapwhether the latter would have had clinically or radiologically detectable
multinodularity-at the time of FNA. Limitations in data availability also prohibited further
assessment of more granular findings, such as number and size of additional thyroid nodules.
Additionally, because our criterion for LT included only histologic examination, we may not
have captured.cases with reporting bias (i.e. LT present but not documented in the surgical
pathology report). Additionally, histologic LT can be a somewhat non-specific finding and is, of
course, onlyzkiiown following resection. The inclusion instead of patients with true autoimmune
thyroiditis of'cenvincing radiologic evidence of thyroiditis may be more clinically relevant.
However, limited access to detailed information in the patient medical record served as a barrier
to more complete characterization of these patients. Finally, given that there was not central

review of cytology slides, there was likely some variability in criteria for FNA diagnosis
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between institutions as well as individual cytopathologists. Subjectivity in what constitutes a
predominance of Hiirthle cells beyond what is acceptable for benign/reactive conditions could
have affected the AUS threshold and overall case selection. However, pooling of data from all

institutions may have minimized any potential biases in diagnostic criteria.

In conclusion, we found that multinodularity and LT were not significantly different in benign
and malignantHiirthle cell-predominant nodules (including cases that are now classified as
NIFTP, which'still require surgical resection). Our large multi-institutional data set suggests that
the option in TBSRTC for downgrading HC FNA from HUR to AUS solely on the basis of
multinodularitysis generally unwarranted. The specific scenario of multiple Hiirthle cell nodules
may represent an exceptional circumstance warranting further study along with other factors

contributing to rigk stratification among Hiirthle cell-rich thyroid aspirates.

References

1. Mete'O,"Asa SL. Oncocytes, oxyphils, Hiirthle, and Askanazy cells: morphological and
moleeular features of oncocytic thyroid nodules. Endocr Pathol. 2010;21(1):16-24.
doi:d0:1007/s12022-009-9102-2.

2. Alaedeen DI, Khiyami A, McHenry CR. Fine-needle aspiration biopsy specimen with a
predominance of Hiirthle cells: A dilemma in the management of nodular thyroid disease.
Surgery2005;138(4):650-657. doi:10.1016/j.surg.2005.06.047.

3. Elliott:PD, Pitman MB, Bloom L, Faquin WC. Fine-needle aspiration biopsy of hurthle
cell lesions of the thyroid gland: A cytomorphologic study of 139 cases with statistical
analysis. Cancer. 2006;108(2):102-109. doi:10.1002/cncr.21716.

4. Gonzalez JL, Wang HH, Ducatman BS. Fine-Needle Aspiration of Hiirthle Cell Lesions:
A Cytomerphologic Approach to Diagnosis. Am J Clin Pathol. 1993;100(3):231-235.
doi: 10:1093/ajcp/100.3.231.

5. Kasper KA, Stewart J, Das K. Fine-needle aspiration cytology of thyroid nodules with
hiirthle cells: Cytomorphologic predictors for neoplasms, improving diagnostic accuracy
and overcoming pitfalls. Acta Cytol. 2014;58(2):145-152. doi:10.1159/000358264.

6. Renshaw AA. Hiirthle cell carcinoma is a better gold standard than Hiirthle cell neoplasm

This article is protected by copyright. All rights reserved



10.

11.

12.

13.

14.

15.

16.

17.

for fine-needle aspiration of the thyroid. Cancer. 2002;96(5):261-266.
doi:10.1002/cncr.10797.

Yang GCH, Schreiner AM, Sun W. Can abundant colloid exclude oncocytic (Hiirthle cell)
carcinoma in thyroid fine needle aspiration? Cytohistological correlation of 127 oncocytic
(Hiirthle.cell) lesions. Cytopathology. 2013;24(3):185-193. doi:10.1111/5.1365-
2303.:2012.00988 ..

RenshawA A, Gould EW. Impact of specific patterns on the sensitivity for follicular and
Hurthle“¢ell carcinoma in thyroid fine-needle aspiration. Cancer Cytopathol.
2016;124(10):729-736. doi:10.1002/cncy.21741.

Wu HHsJ;, Clouse J, Ren R. Fine-needle aspiration cytology of Hiirthle cell carcinoma of
the thyroid. Diagn Cytopathol. 2008;36(3):149-154. doi:10.1002/dc.20750.

Ali SZ, Cibas ES. The Bethesda System for Reporting Thyroid Cytopathology: Definitions,
Criteria, and Explanatory Notes. New York: Springer; 2018.

Park'HJ, Moon JH, Yom CK, et al. Thyroid “atypia of undetermined significance” with
nuclearatypia has high rates of malignancy and BRAF mutation. Cancer Cytopathol.
20143122(7):512-520. doi:10.1002/cncy.21411.

Ondes.S, Firat P, Ates D. The Bethesda system for reporting thyroid cytopathology: An
institutional experience of the outcome of indeterminate categories. Cytopathology.
2014;25(3):177-184. doi:10.1111/cyt.12091.

Wu H. Subclassification of “Atypia of Undetermined Significance” in Thyroid Fine-
Needle"Aspirates. Diagn Cytopathol. 2013. doi:10.1002/dc.

Kim'SJzRoh J, Baek JH, et al. Risk of malignancy according to sub-classification of the
atypia of undetermined significance or follicular lesion of undetermined significance
(AUS/FLUS) category in the Bethesda system for reporting thyroid cytopathology.
Cytopathology. 2017;28(1):65-73. doi:10.1111/cyt.12352.

Renshaw. AA. Should “a typical follicular cells” in thyroid fine-needle aspirates be
subclassified? Cancer Cytopathol. 2010;118(4):186-189. doi:10.1002/cncy.20091.
Valderrabano P, Khazai L, Thompson ZJ, et al. Cancer risk stratification of indeterminate
thyroid nodules: A cytological approach. Thyroid. 2017;27(10):thy.2017.0221.
doi:10.1089/thy.2017.0221.

Sangalli G, Serio G, Zampatti C, Bellotti M, Lomuscio G. Fine needle aspiration cytology

This article is protected by copyright. All rights reserved



18.

19.

20.

21.

22.

23.

24.

25.

of the thyroid: A comparison of 5469 cytological and final histological diagnoses.
Cytopathology. 2006;17(5):245-250. doi:10.1111/5.1365-2303.2006.00335 .x.

Kelman AS, Rathan A, Leibowitz J, Burstein DE, Haber RS. Thyroid Cytology and the
Risk of Malignancy in Thyroid Nodules: Importance of Nuclear Atypia in Indeterminate
Specimens. Thyroid. 2001;11(3):271-277. doi:10.1089/105072501750159714.
Roh'MH,dJo VY, Stelow EB, et al. The predictive value of the fine-needle aspiration
diagnosis™“Suspicious for a follicular neoplasm, Hiirthle cell type” in patients with
Hashimoto thyroiditis. Am J Clin Pathol. 2011;135(1):139-145.
doi:10.1309/AJCPORW2WMDUAKGK.

DeandreasM, Ragazzoni F, Motta M, et al. Diagnostic Value of a Cytomorphological
Subclassification of Follicular Patterned Thyroid Lesions: A Study of 927 Consecutive
Cases with Histological Correlation. Thyroid. 2010;20(10):1077-1083.
doi:10.1089/thy.2010.0015.

Raparia K, Min SK, Mody DR, Anton R, Amrikachi M. Clinical outcomes for
&quotisuspicious&quot; category in thyroid fine-needle aspiration biopsy: Patient’s sex
and nodule size are possible predictors of malignancy. Arch Pathol Lab Med.
20095133(5):787-790. doi:10.1043/1543-2165-133.5.787.

Sclabas GM, Staerkel GA, Shapiro SE, et al. Fine-needle aspiration of the thyroid and
correlation with histopathology in a contemporary series of 240 patients. Am J Surg.
2003;186(6):702-9; discussion 709-10. doi:10.1016/j.amjsurg.2003.08.015.

Sippel'RS; Elaraj DM, Khanafshar E, Kebebew E, Duh QY, Clark OH. Does the presence
of additional thyroid nodules on ultrasound alter the risk of malignancy in patients with a
follicular neoplasm of the thyroid? Surgery. 2007;142(6):851-857.
do1:10.1016/j.surg.2007.08.011.

Pu RT, Yang J, Wasserman PG, Bhuiya T, Griffith KA, Michael CW. Does Hurthle cell
lesion/neoplasm predict malignancy more than follicular lesion/neoplasm on thyroid fine-
needle@spiration? Diagn Cytopathol. 2006;34(5):330-334. doi:10.1002/dc.20440.
Sorrenti,S, Trimboli P, Catania A, Ulisse S, De Antoni E, D’ Armiento M. Comparison of
Malignancy Rate in Thyroid Nodules with Cytology of Indeterminate Follicular or
Indeterminate Hiirthle Cell Neoplasm. Thyroid. 2009;19(4):355-360.
doi:10.1089/thy.2008.0338.

This article is protected by copyright. All rights reserved



26. Kauffmann P., Dejax C, de Latour M, Dauplat J. The meaning and predictivity of Hiirthle
cells in fine needle aspiration cytology for thyroid nodular disease. Eur J Surg Oncol.
2004;30(7):786-789. doi:10.1016/j.ejs0.2004.05.017.

27.  Giorgadze T, Rossi ED, Fadda G, Gupta PK, LiVolsi VA, Baloch Z. Does the fine-needle
aspiratien diagnosis of Hurthle-cell neoplasm/follicular neoplasm with oncocytic features?
denote inereased risk of malignancy? Diagn Cytopathol. 2004;31(5):307-312.
d6i: 1071002/dc.20132.

28.  Castro MR, Espiritu RP, Bahn RS, et al. Predictors of Malignancy in Patients with
Cytologically Suspicious Thyroid Nodules. Thyroid. 2011;21(11):1191-1198.
doi: 10.1089/thy.2011.0146.

29.  Turanl Sy Pirhan Y, Ozcelik CK, Cetin A. Predictors of malignancy in patients with a
thyroid nodule that contains Hiirthle cells. Otolaryngol - Head Neck Surg.
2011;144(4):514-517. doi:10.1177/0194599810394052.

30.  BritoJP, Yarur AJ, Prokop LJ, Mclver B, Murad MH, Montori VM. Prevalence of
Thyreid*Cancer in Multinodular Goiter Versus Single Nodule: A Systematic Review and
Meta=Analysis. Thyroid. 2013;23(4):449-455. doi:10.1089/thy.2012.0156.

31. Canbetk S, Goyal A, Baloch Z, et al. Oncocytic follicular nodules of the thyroid with or
withotit chronic lymphocytic thyroiditis: An institutional experience. Cytojournal.

2013;10(1):2. doi:10.4103/1742-6413.106686.

Figure Legends
Figure 1: Example of a benign nodule in our cohort. The preceding FNA had abundant Hiirthle
cells singly dispersed and in clusters (A). The surgical resection demonstrated an adenomatous

nodule with Hurthle cell change (B, C).
Figure 2: Example of a malignant nodule. The FNA was composed of cells with abundant

oncocytic cytoplasm, round nuclei, and prominent nucleoli (A). The subsequent resection

revealed a widely invasive poorly differentiated thyroid carcinoma (B, C).
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Table 1. Clinicopathologic Char acteristics of Resected vs. Unresected Nodules®

o Resected Nodules Unresected Nodules P-value
Characteristic
(n=309)% (n=93)%
Sex [n (%)]
Female 237 (79) 75 (82)
0.77
Male 62 (21) 17 (18)
Age (years)
Mean 55 59 0.021
Range 19-88 14-87
FNA diagnesisn (%)]
Benign 1(<1) 4 (4) 0.011
AUS 110 (36) 48 (52) 0.0075
HUR 194 (63) 41 (44) 0.0017
SUS 3() 0 (0) 1.0
M alignant 1(<1) 0 (0) 1.0
Mean tumaqr size: ultrasound (cm) 24 2.3 0.39
Nodularity [n(%)]"
Multiple 202 (66) 52 (65)
0.89
Single 103 (34) 28 (35)
HC FNA"of >1'nodule [n (%)] 10 (3) 1(1) 0.47

4Only information from a subset of unresected cases was available for comparison.
P Of patientsswith ultrasound findings available.
AUS: atypia of undetermined significance; HUR: Suspicious for a Hurthle cell neoplasm; SUS:

suspicious formalignancy; HC FNA: Hurthle cell-predominant fine needle aspiration.
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Table 2.

Clinicopathologic Characteristics of All Resected Nodules

All Resected _ ,
Char acteristic Nodules senign Malignant® pvalue
(=576 (n = 455) (n=121)

Sex [n (%)]

Female 462 (82)° 368(83)" 94 (78)

Male 104 (18)° 77 7P 27 (22) 023
Age (years)

Mean 54 54 55 047

Range 19-88 19-88 15-87
FNA diagnosis

Benign 7(1) 5(1) 2(2) 0.64

AUS 210 (36) 189 (42) 21 (17) <0.01

HUR 355 (62) 260 (57) 95 (79) <0.01

SuUS 3 (<1) 1 (<1) 2 (2) 0.12

Malignant 1(<1) 0 (0) 1(1) 0.21
HC FNA of >1 nodule [n (%)] 10 (2) 10 (2) 0 (0) 0.13
Mean tumar size;ultrasound (cm) 2.5 2.3 2.8 <0.01
M ean tumor_size: gross (cm) 2.2 2.1 2.8 <0.01
Nodular ity-{n«(%,)]°

Multiple 367 (64) 293 (64) 74 (61)

Single 209 (36) 162 (36) 47 (39) 052
LT [n(%)]

Present 138 (24) 116 (25) 22 (18)

Absent 438 (76) 339 (75) 99 (82) 012
Concurrent MNand LT [n (%)]

Present 84 (15) 68 (15) 16 (13) 0.77
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Absent 492 (85) 387(85) 105(87)

p-values are based on comparison of benign and malignant nodules.

2All non-benign nodules were included in this group, including cases previously diagnosed as
follicularvariant of papillary thyroid carcinoma (see Methods).

®Ten patights had 2 different nodules with a preceding Hiirthle cell-predominant fine needle
aspiration:.

“Multinodularity was determined by ultrasound or gross findings.

AUS: atypia ofiundetermined significance; HUR: Suspicious for a Hirthle cell neoplasm; SUS:

suspiciousfers-malignancy; MN: multinodularity; LT: lymphocytic thyroiditis.
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