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ABSTRACT

KEY WORDS:

Background: Due to the high variability in malignancy rate
among cytologically indeterminate thyroid nodules (Bethesda
categories IlI-V), the American Thyroid Association recom-
mends that each center define its own categorical cancer risk.
Objectives: To assess cancer risk in patients with cytologically
indeterminate thyroid nodules who were operated at our cen-
ter.
Methods: In a retrospective study, we analyzed the pathology
results of all the patients whose fine needle aspiration results
showed Bethesda Il1-V cytology and who subsequently under-
went total thyroidectomy or lobectomy from December 2013 to
September 2017.
Results: We analyzed 56 patients with indeterminate cytolo-
gy on fine needle aspiration. Twenty-nine (52%) were defined
as Bethesda Ill, 19 (34%) Bethesda IV, and 8 (14%) Bethesda
V category. Malignancy rates were 38%, 58%, and 100% for
Bethesda categories lll, IV, and V, respectively. Most malignan-
cies in Bethesda categories Il and IV were follicular in ori-
gin (follicular thyroid carcinoma and follicular type papillary
thyroid carcinoma), while 100% of the patients with Bethesda
category V were diagnosed with classical papillary thyroid car-
cinoma. No correlation was found between sonographic and
cytological criteria of nodules with Bethesda categories Il and
IV and rates of malignancy.
Conclusions: We found higher than expected rates of malig-
nancy in indeterminate cytology. This finding reinforces the
guidelines of the American Thyroid Association to establish
local malignancy rates for thyroid nodules with indetermined
cytology.
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he detection of thyroid nodules in clinical practice has in-
creased [ 1]. Nonetheless, most nodules are benign in nature
[2]. The 2007 National Cancer Institute Thyroid Fine-Needle
Aspiration State of the Science Conference provided consensus
recommendations known as the Bethesda System for Reporting
Thyroid Cytopathology [3,4]. The Bethesda system recognizes

six diagnostic categories and provides an estimation of cancer
risk within each category based on literature review and expert
opinion. Bethesda categories I, II, and VI are considered non-di-
agnostic, benign, and malignant, respectively. For categories I1I
(atypia of undetermined significance or follicular lesion of un-
determined significance), IV (follicular neoplasm or suspicious
for a follicular neoplasm), and V (suspicious for malignancy),
the estimated risks for malignancy are 5-15%, 15-30%, and 60—
75%, respectively, and are thus considered as intermediate risk.

A major problem in interpreting cytological findings in the
Bethesda era is the high variability among pathologists and
institutions in the rates of malignancy in Bethesda categories
I11, IV, and V [5]. Difficulties in determining the actual risk of
malignancy may arise from surgical bias (in Bethesda III) and
from the subjective component of cytological examinations, as
evident by interobserver discrepancy [6].

Assessments of malignancy rates for these categories may
have important implications on patient management (e.g., sur-
gery vs. follow-up in Bethesda categories Il and IV) and on
the extent of surgery (total vs. hemi-thyroidectomy in Bethesda
category V). Consequently, the 2015 American Thyroid Asso-
ciation guidelines recommend that each center defines its own
categorical cancer risk of indeterminate cytology [5].

To date, most studies reporting categorical risk of malig-
nancy were surgical series, and thus not representative of the
entire population of patients with cytologically indeterminate
nodules [7]. Others, like the study by Godoi Cavalheiro et al.
[8], in which all Bethesda III (N=478) and IV (N=137) nod-
ules were operated, reported a lower rate (17%) of malignancy
for Bethesda IV but surprisingly, not for Bethesda III (16%).
Attempts have been made to refine the risk of malignancy of
nodules with indeterminate cytology, according to cytological
features and molecular testing [9-11]. These studies found that
nuclear atypia confers a significantly higher risk for malignancy
than does architectural atypia.

The aim of this study was to assess cancer risk in cytological-
ly indeterminate thyroid nodules in patients who had fine needle
aspiration cytology performed by the Department of Pathology
and were operated at the Department of Otolaryngology at our
center.
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PATIENTS AND METHODS

Data were collected retrospectively of patients who underwent
total thyroidectomy or lobectomy at the Department of Otolar-
yngology at our center between December 2013 and September
2017. Included in the study were all patients with indeterminate
cytology results (Bethesda category 111-V) on fine needle aspi-
ration performed at our institution.

The data collected for analysis included demographic char-
acteristics, neck and thyroid ultrasonography features prior to
surgery, cytology analysis, and pathology from thyroid surgery.
The demographic characteristics included age, sex, ethnicity,
family history of thyroid cancer, and previous exposure to ioniz-
ing radiation. Neck and thyroid ultrasonography was performed
at several radiology centers and by a number of ultrasonogra-
phy specialists. Ultrasound images were not reviewed; rather,
reports were used for data extraction. Data extracted included
findings from both lobes of the thyroid and the isthmus: size,
single vs. multiple nodules, bilateral vs. unilateral nodules, and
nodule description (e.g., size, echogenicity, borders, calcifica-
tions, vascularity, dimensions). Cytology was analyzed by sev-
eral pathologists from our institution. Three reports that did not
include a Bethesda classification were not included in the anal-
ysis. Cytology reports of fine needle aspiration were reviewed,
and data were extracted. These included the number and type of
cytological criteria [4] that were mentioned for the diagnosis of
the three Bethesda groups analyzed (I11-V). Pathologists from
our institution assessed pathology.

The histopathological results from thyroidectomy were re-
viewed. Only the findings that were related to the nodules that
were diagnosed with intermediate cytology by fine needle aspi-
ration were analyzed. Incidental and unrelated findings were ex-
cluded. Surgical pathology reports were categorized as benign
or malignant (papillary thyroid cancer [PTC]/follicular thyroid
cancer [FTC]). The PTC group was subcategorized to classical
and follicular variants.

Clinical, cytological, and ultrasonographic features were
compared for each Bethesda cytology group III-V, between
those with benign and malignant pathologies. Neither repeated
FNA nor molecular studies were performed in our cohort.

The results are presented as mean + standard deviation for
continuous and ordinal variables (age, maximal diameter, the
number of suspicious features in ultrasound, and the number
of cytological criteria) and as percentages for categorical data
(patient’s sex). Patient age, the number of suspicious features in
ultrasound, and the number of cytological criteria in Bethesda
[T and IV were compared using the Mann-Whitney test. The
proportion of females was compared using the chi-square test or
Fisher’s exact test. A P-value of < (.05 was considered statisti-
cally significant. Statistical analyses were performed using IBM
Statistical Package for the Social Sciences statistics software,
version 25 (SPSS, IBM Corp, Armonk, NY, USA).

The study protocol was approved by the institutional review
board of Soroka Medical Center. Informed consent was waived
due to the retrospective study design.

RESULTS

During the study period, 253 patients underwent total thyroidec-
tomy or lobectomy in the Department of Otolaryngology at our
center. The analysis included the 56 patients whose cytology re-
sults of fine needle aspiration were concluded as indeterminate.
The mean age was 50 years, 74% were female. Twenty-nine
(52%) were defined cytologically as Bethesda I1I, 19 (34%)
Bethesda IV, and 8 (14%) Bethesda V category [Table 1].

The malignancy rate in Bethesda 11 category was 38% [Fig-
ure 1]. Most were classified as follicular (seven as follicular
type PTC, two as FTC) and only two as classical PTC. Among
the patients with Bethesda category III cytology, the mean age
of those with a malignant pathology was significantly younger
than of those with a benign pathology [Table 2]. Sex, maximal
diameter in ultrasound, the number of suspicious features on ul-

Table 1. Baseline characteristics according to Bethesda category

Bethesda category I, n=29 | IV,n=19 | V,n=8 | P-value
Benign pathology, n (%) 18(62) |8(42) 0

Age in years, mean + SD 51.82+ | 48.63+ | 49.12 | 0.873
15.0 15.1 £93

Sex, female, n (%) 17 17 [ 0.021
(58%) (89%) (75%)

Max diameter in 39.75+ | 31.05+ | 2225 | 0.024

ultrasound (mm), mean 20.4 18.5 7.7

£SD

Number of suspicious 1(1-2) 2 0.17

features in ultrasound, (1-25) | (1-

median [Q1-Q3] 2.25)

Q = quarter, SD = standard deviation

Figure 1. Malignancy rate by Bethesda category
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trasound, and the number of cytological criteria for diagnosis
did not differ statistically between those with benign and malig-
nant pathologies.

The malignancy rate in Bethesda IV category was 58% [Fig-
ure 1]. As with Bethesda III category, most were classified as
follicular (five as follicular type PTC and two as FTC) and on-
ly four as classical PTC. Among the patients with Bethesda IV
category cytology, those with a malignant pathology had sig-
nificantly fewer cytological criteria for diagnosis than did those
with a benign pathology result [Table 2]. Age, sex, maximal
diameter in ultrasound, and the number of suspicious features
on ultrasound were not statistically different between the benign
and malignant pathology groups.

The malignancy rate in Bethesda V category was 100%
[Figure 1]. All were classified as classical PTC. The number
of suspicious features on ultrasound [Table 1] for Bethesda V
was higher than for Bethesda categories III and IV, but this dif-
ference did not reach statistical significance. The diameter of
Bethesda V nodules was significantly smaller than of Bethesda
[T and 1V nodules.

DISCUSSION

In this single center study of patients with thyroid nodules of in-
determinate cytology, the rates of malignancy were 38%, 58%,
and 100% for Bethesda III, IV, and V, respectively. These rates
are high compared to those reported in the literature.

Like most reports of malignancy rates of nodules with inde-
terminate cytology according to fine needle aspiration results,
our cohort was a surgical series. Such studies are biased by fac-
tors involved in the decision to operate. These factors include
personal risk for malignancy, growing nodules on serial sonog-
raphy, and neck lymphadenopathy. These characteristics may
explain the relatively high rate of malignancy of Bethesda III
category nodules (38%), although this rate was within the re-
ported range of malignancy for this category.

For Bethesda IV and V, we found higher rates (58% and

100%, respectively) for malignancy than those reported in the
literature. Possible explanations are underestimation or exces-
sive caution in interpretation of cytological findings by the re-
porting pathologist.

In recent years, a few single center studies [12-15] and one
multicenter study [16] from Israel reported rates of malignancy
in thyroid nodules with indetermined cytology. Rates of malig-
nancy according to cytology classification from these studies in
addition to the current study are summarized in Table 3. Rates
of malignancy in Bethesda I1I-V in all five reports from Israel
showed higher rates of malignancy than those reported by other
studies. This finding suggests the possible involvement of envi-
ronmental or genetic factors in the development of malignancy
and a tendency by local pathologists to underestimate malignan-
cy risk in thyroid cytology.

All the nodules that were classified as Bethesda V on cy-
tology were classified as classical PTC on final postsurgical
pathology. In contrast, in Bethesda III and IV, most nodules
were classified as follicular or follicular variant PTC and only
a minority as classical PTC (2/11 in Bethesda III and 4/11 in
Bethesda IV). These results can be explained by the inclusion
of papillary structures in the diagnostic criteria of Bethesda V
only in the classical variant PTC and not in the follicular type.

Accumulating evidence [17] shows that among the cytological
characteristics of Bethesda I1I and IV categories, nuclear atypia
represents a higher risk of malignancy. Due to the retrospective
nature of our study, we relied on the existing reports of the cytol-
ogists in which the detailed criteria were not uncommonly under
reported. Therefore, we could not draw conclusions as to the as-
sociation of the type of cytological criteria with malignancy rates.
Alternatively, we compared the total number of Bethesda criteria
between the malignant and benign nodules that were categorized
as Bethesda III and IV categories. We did not find a difference in
the number of criteria in the Bethesda III category. Unexpected-
ly, we found significantly fewer criteria in the malignant group
in Bethesda IV. The small sample size and the examination by a
number of cytologists could explain these results.

Table 2. Benign versus malignant cytology in Bethesda llI, IV category

Bethesda llI Bethesda IV

Benign, n=18 Malignant, n=11 P-value Benign, n=18 Malignant, n=11 P-value
Age in years, mean * SD 57.00 £ 15.1 43.36 £ 20.8 0.024 45.60 £11.2 50.80 £ 17.6 0.508
Sex, female, n (%) 11 (61) 6 (55) 0.728 7 (87) 10 (90) 0.811
Maximum diameter in ultrasound (mm),
e 44.83 +20.8 30.60+17.0 0.058 31.5+16.8 30.6 = 20.9 0.923
Number of suspicious features in _ R _ R
ultrasound, median [Q1-Q3] 1(1-2) 1(1-2) 0.579 1.5 (0.75-2) 2(1-3) 0.370
gy e I = 101-2) 2(1-3) 0738 | 3(2.75-35) 2(0-3) 0.024

Q = quarter, SD = standard deviation
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Table 3. Malignancy rate in indetermined cytology from single center studies [12-15] and from a multicenter [16] study in Israel

R EereTenee Total Number of patients Patients in each Malignancy rate

operated category (lll, IV, V) Bethesda Ill Bethesda IV Bethesda V
Cohen et al. [12] 46 no data 32% no data
Ronen et al. [13] 28 11,6, 11 29% 50% 83%
Hirsch et al. [14] 123 66, 57, ND 45% 63% no data
Al-Kurd et al. [15] 176 14,162, ND 36% 64% no data
Madgar et al. [16] 310 70, 133, 107 41% 41% 87%
Current 56 29,19,8 38% 58% 100%
Average 38% 55% 90%

We found that younger age was a significant risk factor for
malignancy among patients classified with Bethesda III but not
in the Bethesda IV category. Similarly, Todorovic et al. [18] re-
ported significantly higher rates (36.8 vs. 7.4%) of malignancy
in younger (< 55 years of age) than in older (> 55 years of age)
patients with Bethesda III cytology [13] but did not find this
association among those with Bethesda IV category nodules.
These results may be due to an increased risk factor for thy-
roid cancer among younger people [19]. Alternatively, Bethes-
da III cytology may represent a specific risk for cancer among
younger individuals. While more research is needed, younger
age should be considered in assessing the rate of malignancy in
the Bethesda 111 category.

Several studies have shown no association between nodule
size and risk for malignancy [20-24]. However, other studies
reported that larger nodules confer a higher risk for malignancy.
We found that the maximal diameter of the nodule by ultrasound
decreased in the progression from Bethesda I1I to IV to V, while
the number of suspicious features on ultrasound increased but
without statistical significance. This observation is not surpris-
ing due to the retrospective design of our study and its reflection
of real-life clinical experience, which is characterized by a ten-
dency to aspirate suspicious nodules irrespective of their size.

The present study has several limitations. First, the final co-
hort for analysis was relatively small. As a retrospective surgical
series, the results may overestimate the real malignancy rate in
the Bethesda III category. In addition, cytologists analyzed the
cytology. The cytology report was not standardized and there-
fore not homogeneous. This finding limits drawing conclusions
regarding the number and type of cytological criteria in each
cytological subtype and the ability to compare these to the final
post-surgical pathology diagnosis. Another limitation is that the
sonographic examinations were conducted at different facilities
and by different sonographers. This aspect also limits drawing
conclusions regarding sonographic features that may increase
the risk of malignancy in thyroid nodules with indeterminate
cytology. For more reliable evaluations in future studies, more
uniformity is required, both in the cytology and ultrasound re-

ports. Last, the criteria of noninvasive follicular thyroid neo-
plasm with papillary like nuclear features, which represents a
relatively benign condition, were published and included in the
revised Bethesda reporting system after the end of our study
[25]. Therefore, a small subset of our patients who were diag-
nosed with follicular variant PTC could represent this condition.

A strength of our study is that it was conducted at a large,
single center; thus, the patients referred to surgery represented
a rather homogenous group. In addition, the real-life nature of
our study encourages other centers to collect similar data for
their institutions.

CONCLUSIONS

In our retrospective, single center study we found higher than
expected rates of malignancy in thyroid nodules with indetermi-
nate cytology on FNA. The 100% malignancy rate for Bethes-
da V category in our institute makes this Bethesda category
highly suspicious. Our findings reinforce the ATA guidelines to
establish local malignancy rates for thyroid nodules with inde-
termined cytology. Sonographic and cytological criteria within
Bethesda categories 11T and IV did not facilitate differentiating
between those with benign and malignant pathologies, and more
standardized prospective studies are needed.
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Editing away heart disease

Ischemia-reperfusion injury, tissue damage that occurs
after oxygen deprivation, can be observed after a variety
of insults, including common ones such as heart attack
or stroke. A key protein that plays a role in this damage is
calcium calmodulin-dependent protein kinase 115 (CaMKII).
Lebek and associates found that targeting CaMKII using
CRISPR-Cas9 gene editing was a viable intervention to

Microbiota and tau-mediated disease

The accumulation of certain forms of the tau protein in
the brain is linked to loss of nerve cells, inflammation,
and cognitive decline in Alzheimer’s disease and several
other neurodegenerative diseases. Apolipoprotein-E
(APQOE), the strongest genetic risk factor for Alzheimer’s
disease, regulates brain inflammation and tau-mediated
brain damage; however, the gut microbiota also regulates
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protect the heart tissue from ischemia-reperfusion damage

in

mouse models. Injecting gene-editing reagents soon

after ischemia exposure was sufficient for the mice to
recover from severe heart damage, suggesting that it may
not be too late to intervene after a heart attack happens.
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brain inflammation. In a mouse model of tau-mediated
brain injury, Seo et al. found that manipulation of the gut
microbiota resulted in a strong reduction of inflammation,
tau pathology, and brain damage in a sex- and APOE-
dependent manner.
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