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Abstract

Background: The Canadian province of Saskatchewan introduced a pre-fine

) e needle aspiration (FNA) clinic to review adherence of referrals for thyroid
of Thyroid Nodule Investigation in Saskat-

chewan. Open Journal of Radiology, 10,
23-34.
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biopsy based on the guidelines of the American College of Radiology’s (ACR)
Thyroid Imaging, Reporting and Data System (TI-RADS) scoring system.

The intention is to minimize low-yield biopsy rates by improving the quality
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is a malignancy risk scoring system for thyroid nodules based on five sono-
graphic characteristics: composition, echogenicity, shape, margin, and echo-
genic foci (calcium). Recommendations for intervention or clinical follow-up
are further determined by the size of the nodule. Methods: Through a re-
trospective chart review of all thyroid biopsy referrals to the Royal University
Hospital (RUH) in Saskatchewan between 22 March 2016 and 17 May 2018,
the impact of the multidisciplinary pre-FNA clinic on appropriate thyroid
biopsies in Saskatchewan was evaluated. Results: This study evaluated 252
referrals, 203 of which underwent FNA and 23 which received surgical biop-
sy. TI-RADS scores appended to thyroid biopsy referrals increased upon
pre-FNA clinic initiation, yet score quality did not improve. Rates of malig-
nant biopsies were lower than ACR-reporting suggesting inappropriate biop-
sy of low risk nodules perhaps by overcalling the TI-RADS score. The major-
ity of FNA cytology matched final surgical pathology, with 78% of indeter-
minate FNAs being malignant, and all non-diagnostic FNAs being benign.
Conclusions: The implementation of the pre-FNA clinic reduced the number
of thyroid biopsies in Saskatchewan by 11% overall.
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1. Introduction

Thyroid nodules are frequently found in the adult population, many incidentally
by imaging being done for other reasons. In a randomly-selected group, thyroid
nodules can be detected in up to 68% of individuals by high-resolution ultra-
sound (US) [1] [2]. While the majority of these cases are generally benign, some
of these cases can be malignant [2] [3]. The malignant cases are important to
identify and treat, yet the number of unnecessary benign biopsies should be mi-
nimized. To address this issue, the American College of Radiology (ACR) intro-
duced the ultrasound-based Thyroid Imaging, Reporting and Data System
(TI-RADS) in 2015 with the publication of their lexicon [4]. TI-RADS was de-
signed based on the BI-RADS® risk classification commonly used in breast im-
aging [5] [6].

There are five levels within TI-RADS, from TR1 (benign) to TR5 (high suspi-
cion of malignancy) [7]. These levels are based on five sonographic feature cate-
gories. When assessing the ultrasound of a thyroid nodule, points are awarded
based on the presence or absence of particular findings within each category.
One feature with the highest risk associated with it is chosen for each of the fol-
lowing categories: composition, echogenicity, shape, and margin, while all the
features that apply in the final category of echogenic foci are included for sum-
mative points [7]. Each feature is awarded a pre-determined number of points.
The sum of these points determines the TI-RADS level (TR) of the nodule [7].
Recommendations for the type of treatment at each level are further determined
by the size of the nodule. TR1 (benign) and TR2 (not suspicious) are not rec-
ommended for fine-needle aspiration (FNA). TR3 (mildly suspicious), TR4
(moderately suspicious), and TR5 (highly suspicious) are recommended for
FNA if they measure over 2.5 cm, 1.5 cm, and 1.0 cm, respectively. The same
three levels are recommended for follow-up clinically and/or with US if they are
below the previously listed size but above 1.5 cm, 1.0 cm, and 0.5 cm, respec-
tively.

Implementation of TI-RADS was discussed at the provincial multidisciplinary
thyroid cancer rounds for Saskatchewan in early 2016. A multidisciplinary
pre-FNA clinic consisting of local thyroid experts in radiology, surgical oncolo-
gy, otolaryngology, nuclear medicine, and endocrinology was created. The in-
tention was to improve the quality of the investigation of thyroid nodules in
Saskatchewan and to minimize the low-yield biopsy rate. As of late March 2016,
all referrals for US-guided thyroid FNA biopsies sent to the Royal University
Hospital (RUH) were filtered through the pre-FNA clinic. The clinic members
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met twice a month to review the US imaging and relevant reports and to assign
independent TI-RADS scores. Feedback was then sent to the referring physicians
from the pre-FNA clinic advising on the appropriateness of a biopsy, including
information on the role of TI-RADS in their decisions.

Increasing the efficacy and efficiency of the Saskatchewan health system is
important to provide the best possible standard of care to patients. We hypothe-
sized that implementation of the pre-FNA clinic will lead to a reduction in un-
necessary thyroid biopsies being completed and increase TI-RADS use and re-
porting by local radiologists. We performed an audit on follow-up management
of non-diagnostic and indeterminate cytology in Saskatchewan, as well as the
prevalence of malignant cytology within each TI-RADS level and compared
these results with American Thyroid Association (ATA) and ACR guidelines,
respectively. Finally, we compared the accuracy of local FNA cytology results

with final surgical pathology.

2. Methods

A retrospective chart review was completed for all thyroid biopsy referrals to the
RUH in Saskatchewan. All new thyroid biopsy referrals sent to the RUH between
22 March 2016 and 17 May 2018 that were screened by the multidisciplinary
pre-FNA clinic were included. De-identified data was collected from referral let-
ters, pathology reports, pre-FNA clinic charts, and imaging reports.

A total of 286 referrals were collected (Figure 1). Five referrals were excluded
based on missing information: one because the pre-FNA clinic failed to assign
and/or record a TI-RADS score; two lacked an accurate electronic health num-
ber; one was a parathyroid biopsy referral; and one was a duplicate referral. Re-
ferrals related to 28 multinodular patients were limited by the caveat that only
certain nodules were biopsied whereas others were not, therefore, 29 referrals
not biopsied that met these criteria were excluded. Pre-biopsy analysis was per-
formed on this data including a total of 252 referrals.

Data was then separated based on whether or not a biopsy and/or surgery was
performed. Further analysis on pathology reports was performed for 203 refer-
rals from FNA and 23 patients from surgery. FNA cytology results were com-
pared to ACR-predicted cancer rates depending on TI-RADS score [7]. The fol-
low-up management steps for indeterminate and non-diagnostic FNA results
were compared with best practices based on ATA guideline recommendations
[8].

FNA cytology reporting was based on the Bethesda system’s six categories:
non-diagnostic, benign, atypia of unknown significance (AUS)/follicular lesion
of unknown significance (FLUS), (suspicious for a) follicular neoplasm (FN),
suspicious for malignancy, and malignancy [9]. For the purposes of this study
we reduced these categories down to four groups: non-diagnostic, benign, inde-
terminate (AUS/FLUS and FN), and malignant (suspicious for malignancy and

malignancy).
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Thyroid biopsy referrals screened by the
thyroid pre-FNA clinic
(n=286)

Referrals excluded:
1 was not assigned a TIRADS score by
the pre-FNA clinic; 2 had an incorrect
electronic health number attached; 1
was a parathyroid biopsy; 1 was a
duplicate request

Thyroid biopsy referrals after excluding
those that do not qualify
(n=281)

Thyroid biopsy referrals after excluding

Thyroid biopsy referrals included in additional referrals made for the same Referrals excluded:
general thyroid biopsy referral patient where only certain referrals 29 thyroid biopsy referrals from 28
demographic analysis received biopsies different patients
(n=252)

v

Thyroid biopsy referrals that
received a partial or complete
thyroidectomy

Thyroid biopsy referrals that
received a biopsy
(n=203)

(n=23)
Thyroid biopsy results included Thyroid operative specimen
in analysis histologies included in analysis

Figure 1. A flow chart demonstrating the selection process for appropriate data for each
stage of analysis in this study.

The raw data from this study is reported in complete sets without statistical
manipulation. The data was converted to percentages for ease of comparison to
the guidelines provided by the ATA [8], in order to audit local practice to that
recommended by the ATA, as well as compliance over time.

3. Results
3.1. Study Population

Of the 252 referrals received between 22 March 2016 and 17 May 2018 by the
pre-FNA clinic, 190 referrals (75%) arrived without a TI-RADS score, while 62
referrals (25%) had a previously assigned TI-RADS score. The percentage of re-
ferrals arriving with a score increased over time from 0% in 2016 to 38% in the
first half of 2018 (Figure 2). The percentage of pre-scored referrals that had their
scores altered by the pre-FNA clinic was 100% (1) in 2016, 45% (5) in early 2017,
42% (11) in late 2017, and 54% (13) in early 2018.

3.2. Pre-Screening Recommendations for Biopsy

After TI-RADS score adjustments by the pre-FNA clinic, there was one referral
for a TR1 nodule, ten referrals for TR2 nodules, 50 referrals for TR3 nodules, 87
referrals for TR4 nodules, and 104 referrals for TR5 nodules. The pre-FNA clinic
recommended 225 of the 252 referrals (89%) continue on to a biopsy (Figure 3).
None of the TR1 or TR2 nodules were recommended for FNA by the pre-FNA
clinic, and an explanatory letter was sent to the referring physician. Of the no-
dules determined to be TR3, 80% (43) were recommended for FNA by the
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Figure 2. Changes over time in the inclusion of TI-RADS scores with thyroid biopsy re-
ferrals and how they compare to those given by the pre-FNA clinic.

-Thyroid biopsy referrals accepted
. Thyroid biopsy referrals denied

Figure 3. Pie chart demonstrating the effect of the pre-FNA clinic on reducing thyroid

biopsies in Saskatchewan by promoting or denying referrals.
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pre-FNA clinic. Recommendation for biopsy was made on 94% (82) of the TR4
nodules. The pre-FNA clinic recommended 96% (100) of the TR5 nodules con-
tinue on to biopsy. The TR3-TR5 nodules not recommended for biopsy were too

small and were instead recommended for clinical follow-up.

3.3. Results of Biopsy Pathology Correlated to Adjusted TI-RADS
Score

Two TR2 nodules were biopsied and cytology results for both were benign. Of
the 41 TR3 nodules biopsied, 80% (33 nodules) were benign, 5% (2 nodules)
were non-diagnostic, 12% (5 nodules) were indeterminate, and 2% (1 nodule)
were malignant. Cytology results for the 70 TR4 nodules biopsied, showed 70%
(49) were benign, 7% (5) were non-diagnostic, 21% (15) were indeterminate, and
1% (1) was malignant. There were 90 TR5 nodules biopsied, with cytology re-
sults as follows: 67% (80) benign, 9% (8) non-diagnostic, 14% (13) indetermi-
nate, and 10% (9) malignant (Figure 4).

100
90
80

40
30
20
10
0 —

TIRADS 1 TIRADS 2 TIRADS 3 TIRADS 4 TIRADS 5
. Malignant . Benign .Non-diagno stic Indeterminate

Number of thyroid FNAs performed
W
S

100%
90%

(a)

80% :
70%
60%
50%
40%
30%
20%

10%

0%

TIRADS 1 TIRADS 2 TIRADS 3 TIRADS 4 TIRADS 5
-Malignant . Benign .Non-diagno stic " Indeterminate
(®)

Figure 4. Thyroid FNA cytology results sorted by TI-RADS level based on number of
FNAs (a) and percentage of FNAs (b).

Percentage of thyroid FNAs performed by
TI-RADS level
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The biopsies with indeterminate cytology received various types of follow-up
(Figure 5). Surgery was ultimately performed on 34% (10) of these patients.
Another 13% (4) underwent a repeat FNA. For 3% (1) of these patients, nuclear
medicine imaging was pursued to determine if the nodules were functioning.
Ongoing clinical follow-up was being pursued by 50% (15) of these patients at
the time of this study.

The biopsies which received non-diagnostic cytology results underwent simi-
lar types of follow up to that of the indeterminate nodules (Figure 6). Surgery
was ultimately performed on 15% (2) of these patients, and US on 8% (1).
Another 8% (1) of these patients had repeat FNA, while 69% (9) of them were

still pursuing ongoing clinical follow up at the time of this study.

3.4. Results of Surgery

From the 203 patients who received an FNA, 10% (21) went on to have surgery
(Figure 7). Four of these patients had a benign FNA cytology and all four had a

. Surgery . Rebiopsy .Ongoing foll ow-up -Nuclear Medicine imaging

Figure 5. Pie chart demonstrating the methods of follow-up care for patients with inde-
terminate cytology results in percentages.

- Surgery . Rebiopsy -Ongoi ng foll ow-up . Ultrasound

Figure 6. Pie chart demonstrating the methods of follow-up care for patients with
non-diagnostic cytology results in percentages.
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Figure 7. Surgical pathology sorted by FNA cytology results for patients that received
surgical excision following FNA.

benign final pathology. Of the 6 patients who had a malignant FNA cytology and
went to surgery, all had a malignant final pathology. Two individuals with a
non-diagnostic FNA went to surgery and both had benign final surgical pathol-
ogy results. Of the 9 patients who received an indeterminate biopsy result and
went to surgery, 2 had a benign final surgical pathology and 7 had a malignant
final surgical pathology.

4. Discussion

Use of formal TI-RADS risk stratification by radiologists in Saskatchewan for
malignancy of thyroid nodules based on ultrasound findings has been increasing
since the implementation of the pre-FNA clinic (Figure 2). This change is fol-
lowing best practice suggestions by international thyroid cancer expert groups,
including the ATA [8] [9] [10]. Inclusion of a TI-RADS score with referrals for
thyroid biopsies has almost quadrupled from 2016 to 2018. Despite the increase
in TI-RADS use, accuracy of TI-RADS scores provided by community radiolo-
gists compared with the pre-FNA clinic has not been increasing. This highlights
the fact that there may be an aspect of user expertise in reporting. In fact, more
scores had to be changed in 2018 than in 2017. This discovery acknowledges the
possible role of the pre-FNA clinic in improving awareness and implementation
of TI-RADS. It cannot be determined by this study alone whether the increase in
use of TI-RADS locally is a by-product of the feedback provided by the pre-FNA
clinic to referring physicians or simply due to more radiologists discovering
TI-RADS on their own. However, the pre-FNA clinic has been important in re-
ducing the number of thyroid biopsies by 11% since implementation through
re-evaluation of thyroid sonography for each referral (Figure 3). Inaccuracy of
pre-assigned TI-RADS scores compared with those given by the pre-FNA clinic
suggests a possible need for additional education for local radiologists on the uti-
lization of TI-RADS. An easy method of improving accuracy might be to raise
awareness of scoring tools that aid the radiologists and technicians in including
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and identifying relevant sonographic features [10] [11]. One such tool was
created locally and is used by the pre-FNA clinic when scoring each referral [11].

When reviewing the FNA cytology, it can be noted that benign biopsies were
prevalent (71% of FNAs performed). Both of the TR2 patients who received a
biopsy, despite recommendation against it by the pre-FNA clinic, had benign
results, supporting the clinic’s decision and ACR guidelines [7]. ACR guidelines
discussing TI-RADS scoring describe a predictive malignancy rate of 5% for TR3
nodules, 5% - 20% for TR4 nodules, and more than 20% for TR5 nodules [7].
With a 2% malignancy rate for TR3, 1% for TR4, and 10% for TRS5, Saskatche-
wan is experiencing much lower ratios of malignant to benign biopsies than
ACR guidelines suggest (Figure 4).

There are several possible reasons to explain our low malignant biopsy rates.
First, unfamiliarity with TI-RADS due to its recent local implementation may be
causing physicians to err on the side of caution by assigning higher scores to
prevent missing a malignancy. Second, Saskatchewan thyroid malignancy rates
and presentations could differ from American rates and presentations. Finally,
our Provincial high rates of the “indeterminate” Bethesda pathology category by
the pathologists reviewing FNA biopsies may be reducing our malignancy rates.
ATA guidelines recommend this category be used sparingly, with only around
7% of biopsies bearing this title, however indeterminate results represent 16% of
our local thyroid biopsies. In reality the ATA is seeing rates of 1% - 27% for in-
determinate biopsy results [8]. While we are still within that range, we are at the
higher end, and more than double the recommended 7%.

Solutions to this problem may lie with more education and practice for radi-
ologists and technicians to increase comfort in assigning lower scores. Further
studies in other locations or with larger local sample sizes may confirm local dif-
ferences in thyroid malignancy rates and presentations compared to ATA guide-
lines. More education for pathologists performing the FNA cytology focused on
the use of the indeterminate classifications could also increase malignancy rates
by reducing indeterminate ones.

ATA guidelines have recommendations for the management of indeterminate
or non-diagnostic FNA results [8]. Indeterminate results, AUS and FLUS, are
weakly recommended for a repeat FNA and strongly recommended for surgical
excision or surveillance. For the indeterminate result, surgical excision is the
standard of care. Half of our indeterminate biopsies received some sort of active
investigation: 34% were sent for surgical excision, 13% received a repeat FNA,
both in accordance with ATA guidelines, and 3% underwent nuclear medicine
imaging as an alternative version of surveillance (Figure 5). The other 50% of
indeterminate biopsies were still pursuing ongoing clinical care at the time of
this study. Non-diagnostic results are strongly recommended for a repeat biopsy
under US guidance [8]. A weak recommendation is given for non-diagnostic re-
sults to have surgical excision if sonographic features are highly suspicious for
malignancy, or to continue surveillance. A repeat biopsy was performed on one

of our 13 non-diagnostic FNA patients (8%), in accordance with ATA guidelines
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(Figure 6). Surgical excision was pursued by 2 of these patients (15%), both with
TR5 nodules, which corresponds with the ATA recommendation for high-risk
nodules [8]. One patient (8%) received an US as follow-up. For both the inde-
terminate and non-diagnostic FNA patients, there was overlap of the cut-off and
data collection which provides a limitation in making conclusions about fol-
low-up care. The majority of these cases, 9 of our 13 (69%) non-diagnostic and
15 of our 30 indeterminate (50%), were still pursuing ongoing clinical follow-up
at the time of the study. While some of these patients may not have received fol-
low-up care yet, others might have opted for active surveillance, which was not
part of the data collected, but which would comply with ATA guidelines [8].

Of those patients who received an FNA and went on to receive surgical exci-
sion, we were most interested in those with a surgical pathology that did not
match the pre-operative FNA pathology report. By comparing pathology results,
we hoped to determine the reliability of our local FNA cytology. All nodules
with a benign or malignant FNA cytology had a matching surgical excision pa-
thology (Figure 7). Of the indeterminate surgical excisions, 78% were malig-
nant, which suggests that surgical excision for indeterminate biopsies is appro-
priate locally, as is recommended by ATA guidelines, and perhaps we should be
referring more of our indeterminate biopsies in Saskatchewan for surgical exci-
sion. On the other hand, while we only sent two non-diagnostic FNA patients
for surgical excision, both were benign, supporting ATA guidelines to repeat the
FNA rather than excise the nodule [8].

One of the limitations of our study was the narrow scope of referrals that were
included, as we only covered the referrals received by the RUH and not the en-
tire metro area or our second major urban centre, Regina, Saskatchewan. This
reduced our sample size and limited our ability to make generalizations about
the entire province. Another limitation we faced, as previously mentioned, was
that a large portion of our sample size was still receiving ongoing clinical care at
the time of this study and therefore inclusion of final surgical pathology in
comparison to FNA pathology was not possible (Figure 5 and Figure 6). Due to
the longitudinal nature of this clinical care, with recommendations for follow-up
spanning 12 months or more, the final outcomes of these cases were unknown at
the time of this study. These unknown outcomes further limited our ability to

draw stronger conclusions from the data.

5. Conclusion

The implementation of the pre-FNA clinic reduced the number of thyroid biop-
sies by 11% presumably by limiting the procedures performed to those with op-
timal indications. Inclusion of TI-RADS scores with thyroid biopsy referrals has
increased since the implementation of the pre-FNA clinic in Saskatchewan and
appears to be very useful when reported accurately to stratify the appropriate in-
dication for thyroid nodule biopsy. Local rates of malignant thyroid biopsies
were lower than ACR guidelines due to various possible factors. The majority of
FNA cytology matched final surgical pathology.
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