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Abstract

Background: Thyroid nodules are very commonly encountered in clinical practice and there exists a need to effectively diagnose malignancy.
Fine Needle Aspiration Cytology (FNAC) plays an important role in the initial evaluation of these patients. However, reports of FNAC samples
are limited by subjective error, reporter bias, inter-observer variability, and terminology confusion. The Bethesda System of Reporting of
Thyroid Cytology (BSRTC) was developed in 2007 as consensus recommendations to overcome these limitations. Six diagnostic Categories
were formed which provided the information regarding the risk of malignancy in each. This study aims to assess the accuracy of the
BSRTC in the detection of malignancy at a tertiary referral institute.

Method: A cross-sectional diagnostic accuracy study of 110 patients with thyroid swelling, with diagnostic FNAC and underwent surgical
intervention at a tertiary care centre between January 2015 and March 2016. The results were obtained by calculating validity parameters
(sensitivity, specificity, positive predictive value, negative predictive value, and accuracy) for cytology with respect to histopathology. Rates
of malignancy in each category (I, V, and VI) were also calculated.26 cases of Category Ill lesions were analyzed separately to calculate
the rates of malignancy on histopathology in this category

Results: Validity parameters calculated for cytology with respect to histopathology showed sensitivity of 66%, specificity of 88%, positive
predictive value of 87%, negative predictive value of 69%, and accuracy of 76%. 20 of the 64 patients in Category Il (31%) were
diagnosed to be malignant on histopathology. 25 of 29 in Category V lesions (86%), and 16 of the 17 Category VI lesions (94%) were
malignant on histopathology. Of the 26 patients in Category Ill, 12 (46%) were benign and 14 (54%) were malignant

Conclusion: The risk of malignancy in each of the six diagnostic categories should be independently defined at each institution.
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Introduction fine-needle aspiration cytology are wused in the initial

Thyroid nodules are present in about 60% of the general
population and malignancy occurs in about 10% of these
nodules. There thus exists a need to effectively diagnose
malignancy in order to provide the best treatment for these
patients. The strongest data collected in a systematic analysis of
nodule size suggest that prevalence of malignancy is higher within
larger nodules, whether a cutoff of 3 ¢m or 4 cm is utilized.
Multiple modalities exist for the evaluation of thyroid disease, and
these play roles complementary to each other.

assessment. Each step of evaluation adds up to complete the
clinical picture of a patient with thyroid swelling, each with its own
benefits and setbacks. It is due to this that no single modality
is yet used alone in diagnosis and management of thyroid
disease [1]. First developed by Martin and Ellis in 1930, FNAC
has been developed to such an extent that it is now the standard
for initial assessment of thyroid nodules, owing to its reliability
and cost-effectiveness. It may be used as a screening test in the
detection of malignancy in thyroid nodules, and accuracy of this
increases if the test is done under
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ultrasonographic guidance. The complications that arise from
FNAC are few and not serious, and may include slight pain and
skin discoloration at the site of aspiration [2].

Microscopic analysis of samples obtained by FNAC is prone
to subjective error and there inherently exists a reporter bias and
inter-observer variability. The various terms used to describe a
cytology specimen also leads to terminology confusion. The
BSRTC was developed in 2007 as consensus recommendations
during the National Cancer Institute’s thyroid fine needle
aspiration state of the science conference which was held at
Bethesda, Maryland, USA. These guidelines were formed in order
to overcome the various limitations faced during the reporting of
thyroid cytology [3]. Based on the definitions, diagnostic criteria,
and morphologic criteria which were provided by the BSRTC, six
diagnostic Categories were formed, which provided the practitioner
with information regarding the risk of malignancy in each Table 1.

Understandably, the risk of malignancy increases with each
Category. Understanding the accuracy of the risk of
malignancy estimated through thyroid nodule FNAC s
essential when making management decisions. FNAC results often
guide the decision to observe or pursue surgical
intervention, given the diagnostic test's typically favorable
sensitivity and specificity [4]. Only Categories Il, V, and VI provide
information on the presence or absence of malignancy in the
examined nodule. Category IV includes follicular and oncocytic
(formerly called Hurthle cell) neoplasms. Benign and malignant
follicular neoplasms and oncocytic adenomas and carcinomas
cannot be distinguished on the basis of cytology alone, as
tissue architecture is required to make the diagnosis of
malignancy through observation of capsular or angiolymphatic
invasion [5]. Also, in larger nodules, due to the higher underlying
prevalence of malignancy, a malignant FNA result is more likely
to be truly positive, whereas a benign FNA result is less likely to
be truly negative.

This study aims to assess the accuracy of the BSRTC in the
detection of malignancy at a tertiary referral institute by
calculating validity parameters for cytology with respect to
histopathology using standard statistical definitions as set
aside by the AACE/AME Task Force on Thyroid Nodules [6].

Materials and Methods

This is a cross-sectional diagnostic accuracy study of 110
patients with thyroid swelling who underwent FNAC (reported by
cytologists at the Department of Clinical Pathology) and surgical
intervention in the Departments of Otorhinolaryngology, Head and
Neck Surgery and Oncology, and General Surgery at the Amrita
Institute of Medical Sciences and Research Centre, Cochin between
January 2015 and March 2016, after the approval of the Ethics
Committee at this institute [7].
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Inclusion criteria

Patients with diagnostic FNAC (Categories I, V, and VI) who
underwent  surgical intervention at this institute (total
thyroidectomy or hemi- thyroidectomy).

Exclusion criteria

Patients with non-diagnostic FNAC (Categories |, Ill, and IV).

Calculation of sample size

Based on the results of previous studies, and with 20%
allowable error and 95% confidence, the minimum sample size
comes to 60. In this study, 110 patients were included, which gives
15% error and 95% confidence [8].

Primary objective: To evaluate the diagnostic agreement of

Bethesda  System of Reporting Thyroid  Cytopathology
(BSRTC) with final histopathology in patients with thyroid
disease who undergo surgical intervention.

Secondary objective:
 Evaluation of outcomes of Category lll lesions.
« Assessment of patient profiles.
Statistics

The electronic medical records of patients with thyroid

nodules who underwent surgical management were reviewed, and
their demographic details, pre-operative cytology reports and final
histopathology reports were collected. Patients with pre-operative
cytology of Categories Il, V and VI of the BSRTC were
included in the study group as they provide information of the
lesion being benign or malignant [9]. For the purpose of statistical
analysis, Categories V and VI were analyzed together as “malignant
on FNAC". Patients with pre-operative cytology of Categories I, IlI
and IV were excluded since it does not provide information with
regards to presence or absence of malignancy in the smear.
Follicular lesions (Category V) require the detection of
angioinvasion on histopathology for the diagnosis of malignancy.
The results of the study were obtained by calculating validity
parameters using standard definitions (for sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy)
for cytology with respect to histopathology.

Statistical definitions used:

 Sensitivity=True positives/True positives+False negatives

 Specificity=True negatives/False positives+True negatives

« Positive predictive value=True positives/True positives
+False positives

» Negative predictive value=True negatives/True negatives
+False negatives

« Accuracy=True positives+True negatives/Total
Rates of malignancy in each category (Il, V, and VI) were

also calculated. 26 cases of Category Il lesions were analyzed
separately to calculate the rates of malignancy in this category.
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Results

During the study 110 patients with thyroid nodules who
underwent FNAC and thyroidectomy were included in the study,
after considering the inclusion and exclusion criteria (Table-1).

BSRTC category Interpretation Risk of malignancy (%)

| Non diagnostic/
unsatisfactory smears

Il Benign 0-3

1] Atypia of undetermined 5-15
significancelfollicular
lesion of undetermined
significance (AUS/FLUS)

\Y Follicular neoplasm/ 15-30
suspicious for follicular
neoplasm; Hurthle cell
neoplasm/suspicious for
Hurthle cell neoplasm

" Suspicious for malignancy 60-75

Vi Malignant 97-99

Table 1. The Bethesda system of reporting of thyroid
cytology.

Results of validity parameters

The pre-operative diagnosis of benign or malignant based on
cytology was compared to the final histopathological diagnosis
of the thyroidectomy specimen (Table 2). Validity parameters
calculated for  cytology  with  respect to histopathology
showed sensitivity of 66%, specificity of 88%, positive predictive
value of 87%, negative predictive value of 69%, and accuracy of
76%.

Malignant on HPE Benign on HPE
Malignant on FNAC 40 6
(Cat. V, VI) 87% 13%
N=46 (True positives) (False positives)
Benign on FNAC 20 44
(Cat. Il) 31% 69%
N=64 (False negatives) (True negatives)

Table 2. Results of the study.

Results of rates of malignancy in each category

20 of the 64 patients in Category Il (31%) were diagnosed to be
malignant on histopathology. Categories V and VI which were
analyzed  together  for the  purpose  of  statistical
calculations, were also analyzed separately (Table 3). 25 of 29 in
Category V lesions (86%), and 16 of the 17 Category VI lesions
(94%) were malignant on histopathology. This shows that
Category VI was more accurate in determining the presence
of malignancy than Category V (Figure 1) [10].
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Study Rate of malignancy in category Il (%)
Bongiovanni 14
Mondal 20
Mufti 50
Muratli 21
Naz 33
Jo 17
This study 51

Table 3. Comparison of
previous studies.

outcomes of category Il with

97
88 Il
7%
| 68
NPV

Figure 1. Comparison of Validity Parameters of this study with
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Results of assessment of patient profiles

Of the 110 patients studied, 80 were females (73%) and 30 were
males (27%). Among females, malignancy was seen as commonly
as benign lesions. However, males were more likely to have
malignant lesions (63%) than benign (37%) (Figure 1).

Results of rate of malignancy in category il

26 cases of Category Il lesions which were operated on were
analyzed separately to assess the rates of malignancy in this
category. Of the 26 patients in Category Ill, 12 (46%) were
benign on histopathology and 14 (54%) were malignant (Figure 2).
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Figure 2. Comparison of rates of malignancy in this study with
previous studies. Note: = Bongiovanni, » Muratli, * Naz, = This study
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Discussion

An analysis of the validity parameters calculated by various
others studies was performed. The validity parameters
calculated in this study are not as high as compared to other
studies (Figure 1). However, there exists much variability in the
statistical calculations among those studies, and this can affect
the results [11]. FNA has multiple levels of results, and thus holds
inherent potential variability in sensitivity and specificity
depending on how intermediate/indeterminate results are
categorized. If suspicious lesions are considered positive (as in
this study), the sensitivity increases while the specificity
decreases. If suspicious lesions are excluded, then the sensitivity
decreases and the false negative rates increase. Also, this study
only evaluates those patients who underwent surgical
intervention, and this inherently injects bias into the analysis.
False negative results mean the missed malignancies [12]. The
most likely cause of these is improper sampling, especially if
the nodule is less than 1 cm or more than 4 cm. In this study, it
has been demonstrated that a significant percentage (31%)
of lesions diagnosed to be benign on FNAC was in fact malignant
as seen on histopathology. This is far in excess of the predicted
rate of malignancy in Category Il according to the BSRTC
(0%-3%), and also higher than reported in previous studies [13].

The rates of malignancy in Categories V and VI according to
this study are comparable to previous studies as well as the BSRTC
(Figure 2) [14]. The rate of detection of malignancy in the Category
V is higher than that estimated by the BSRTC, and is lower for
Category VI. This shows that it may in fact be more accurate to
classify some of the Category V lesions as Category VI at this
institute. Category Il lesions also have a high rate of
malignancy, and this is compared to previous studies (Table 3)
[15]. It should be noted that any estimate of the risk of
malignancy in indeterminate thyroid nodules is limited by the
fact that not all nodules undergo surgery. Alarge proportion of
patients diagnosed in our institute as Category Il do not
undergo surgical intervention. It is thus likely that the rate of
malignancy in Category Il lesions is falsely elevated in this
study since the true number of Category Il diagnoses is
unknown. The follicular variant of Papillary Thyroid Carcinoma
(fvPTC) is not as aggressive as classical papillary carcinoma, and
has a lower risk of regional and distant metastasis [16,17]. A study
by Kleiman et al shows that Category Il or IV nodules are most
likely fvPTC, and Category V or VI nodules are most likely
classic PTC. This may also explain the high rate of malignancy in
Category lll lesions.

Limitations

One limitation of this study is that cases of microcarcinomas
detected in specimens which are predominantly benign, and
cases of fvPTC were included in the malignant group and this may
also have altered the results. The strength of this study would
also have improved if every FNAC was performed under
ultrasonographic guidance, and if the ultrasonographic features
were taken into account as well.
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Recommendations

Care should also be taken when interpreting a reported
false-negative rate in the literature. It is possible that the
reason for the variability in the validity parameters may be that
standard definitions were often not utilized in many of the
primary reports. Thus, following the standard definitions is
required to improve future studies. Similar to standardizing the
reporting of intermediate results, it would allow direct
comparison of individual studies’ reported results.

Conclusion

In conclusion, this study illustrates that the risk of
malignancy in each of the six diagnostic categories should be
independently defined at each cytology centre or institution.
Further studies are required which utilize strict inclusion
criteria, and also analyze the role of nodule size on the
occurrence of malignancy. The role of ultrasonography in the
evaluation of thyroid nodules also needs to be considered. The
BSRTC represents a significant step forward to enable
standardization, reproducibility, and predictive value in the
evaluation of thyroid nodules, and institutions need to be
encouraged to utilize the BSRTC to facilitate easy sharing of data
across the world.
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