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A Large Thyroid Fine Needle Aspiration Biopsy Cohort
with Long-Term Population-Based Follow-Up

Dianna L. Ng,"® Annemieke van Zante,' Ann Griffin? Nancy K. Hills** and Britt-Marie Ljung’?

Background: Prior studies evaluating thyroid fine needle aspiration biopsies (FNABs) have limited the
calculation of risk of malignancy (ROM) to cytologic specimens with corresponding histologic specimens,
and clinical follow-up for those patients who do not undergo immediate surgery has been largely dis-
regarded. Moreover, there is marked variability in how researchers have approached thyroid FNAB sta-
tistical analyses. This study addresses the urgent need for information from a large cohort of patients with
long-term clinical follow-up to more accurately determine the performance of thyroid FNAB and ROM for
each diagnostic category.

Methods: A retrospective review of the University of California, San Francisco (UCSF), pathology database for
thyroid FNABs from January 1, 1997, to December 31, 2004, was performed. Diagnoses were coded using the
2017 The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC), and patients were matched to both
the UCSF cancer registry and California Cancer Registry. Data were analyzed using the Kaplan—-Meier method,
and stratified by TBSRTC diagnostic category. Kaplan—-Meier curves were used to estimate incidence rates of
malignancy, stratified by FNAB category. Cox proportional hazards models were used to determine the instan-
taneous ROM.

Results: Initial FNABs from 2207 patients were included. Median follow-up period after the first thyroid FNAB
was 13.9 years (range: 10.5-18.4 years). During follow-up, there were 279 confirmed diagnoses of thyroid
malignancy. Estimates derived from Kaplan—Meier curves demonstrated that the risk of having a thyroid malig-
nancy was low for nondiagnostic and benign categories, intermediate for atypia of undetermined significance
(AUS), follicular lesion of undetermined significance (FLUS), AUS/FLUS combined, and follicular neoplasm, and
high for suspicious and malignant categories. A total of 52/1575 false-negative cases (3.2%) were identified.
Excluding papillary microcarcinomas, the false-negative rate was 1.5% (23/1575). No patients with a false-negative
diagnosis died of thyroid cancer during the follow-up period.

Conclusions: Asymptomatic patients with low-risk clinical and radiologic features and initially benign or unsat-
isfactory biopsy are unlikely to develop thyroid malignancy and highly unlikely to die of thyroid cancer. FNAB is
highly accurate in detecting malignancy. Additional studies evaluating similar large data sets after the adoption of
TBSRTC and the integration of molecular testing are needed.

Keywords: adequacy, Bethesda, cytopathology, fine-needle aspiration biopsy, thyroid

Introduction

A PPROXIMATELY 7-15% of thyroid nodules are malig-
nant, of which more than 90% are papillary or follicular
carcinomas (1). In the United States, there were an estimated
52,070 new cases of thyroid cancer in 2019 (2). Fine needle
aspiration biopsy (FNAB) is a well-established and cost-
effective diagnostic tool for evaluation of thyroid nodules

and is endorsed by the American Thyroid Association (1).
The Bethesda System for Reporting Thyroid Cytopathology
(TBSRTC) provides a standardized category-based reporting
system that allows cytopathologists to communicate defined
diagnoses concisely. It also provides estimated risk of ma-
lignancy (ROM) and recommendations on clinical manage-
ment for each category. The TBSRTC was recently updated
to incorporate new literature regarding ROM, the rapidly

1Department of Pathology, University of California, San Francisco, San Francisco, California, USA.

Helen Diller Family Comprehensive Cancer Center, University of California, San Francisco, San Francisco, California, USA.
3Department of Pathology, Memorial Sloan Kettering Cancer Center, New York, New York, USA.

Departments of “Epidemiology and Biostatistics, and >Neurology, University of California, San Francisco, San Francisco,
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expanding role of molecular testing, and the reclassification
of encapsulated follicular variant of papillary thyroid carci-
noma to noninvasive follicular thyroid neoplasm with
papillary-like nuclear features (NIFTP) (3,4). The estimated
ROM in TBSRTC is based on publications evaluating the
performance of thyroid FNAB; these studies largely rely on
the subset of patients with corresponding cytologic and histo-
logic specimens, and exclude patients who underwent clinical
follow-up. This selection bias results in the overestimation of
the ROM, because nodules that are resected often have con-
cerning radiographic and/or clinical features, abnormal repeat
FNAB results, or abnormal molecular test results. Moreover,
there is marked variability in how researchers have ap-
proached the statistical analysis of thyroid FNAB, precluding
meaningful interinstitutional comparisons, and resulting in a
wide range of ROMs (5-11). For example, studies assessing the
performance of thyroid FNAB and determining ROM have
inconsistently considered indeterminate categories negative
or positive test results, or excluded them from analysis al-
together (12). Studies have also applied sensitivity, speci-
ficity, and diagnostic accuracy calculations to indeterminate
TBSRTC categories, when these metrics are only applicable
to binary tests that produce definitive results (5,12). Given
that published ROM data inform clinical decision-making,
there is an urgent need for studies with long-term clinical
follow-up and robust statistical methodology to more accu-
rately determine the performance of thyroid FNAB.

To our knowledge, our study represents the first to evalu-
ate a large cohort of patients who underwent thyroid FNAB
with long-term clinical follow-up and utilizing a statewide
population-based cancer registry. We review the experience
of thyroid FNAB at the University of California, San Fran-
cisco (UCSF), and investigate the validity of the TBSRTC
and the recently revised ROMs therein.

Materials and Methods

A retrospective review of the UCSF Pathology database
was performed for thyroid FNABs from January 1, 1997, to
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December 31, 2004. During this period, most palpable
nodules were sampled by pathologists, with a subset per-
formed by endocrinologists and surgeons; all ultrasound-
guided FNABs were performed by radiologists. The FNABs
performed by both pathologists and radiologists all under-
went rapid on-site evaluation. Because these FNABs pre-
date TBSRTC, diagnoses were recoded using the 2017
TBSRTC diagnostic categories for the purpose of this study
(3.4). Due to the absence of ultrasonographic imaging data,
specimens that consisted of cyst fluid only were considered
nondiagnostic. Patients who underwent thyroid FNAB at
UCSF during the study time frame were matched to both the
UCSEF cancer registry and California Cancer Registry (CCR).
CCR is a statewide population-based cancer registry adminis-
tered by the California Department of Public Health. Matching
allowed identification of patients diagnosed with thyroid ma-
lignancy during the follow-up period. The patients were di-
vided into two categories: (a) absent from both UCSF and CCR
records, or (b) present in the UCSF cancer registry and/or CCR.
Patients absent from both CCR and UCSF records were as-
sumed to be free of thyroid malignancy. Patients with a prior
diagnosis of thyroid malignancy, prior thyroid surgery, or who
developed a thyroid malignancy contralateral to the site of bi-
opsy were excluded. Only each patient’s initial thyroid FNAB
was included in the analysis. If patients had multiple nodules
biopsied during the same procedure yielding different diag-
noses, the TBSRTC category with the highest associated ROM
was used for calculating the incidence of malignancy during
follow-up. Whether or not a patient underwent repeat FNABs
and the time interval to repeat biopsy was documented. The
follow-up interval was defined from the time of FNAB to July
10, 2015, when the CCR match was performed, and which
represents the date of the most recent clinical follow-up. The
data were analyzed using Kaplan—Meier techniques, and strat-
ified by TBSRTC diagnostic category. The date of the FNAB
was considered to be time origin, and the patients were followed
until they experienced an event (defined as the diagnosis of a
thyroid malignancy); patients who did not develop a thyroid
malignancy were censored as of July 10, 2015. Kaplan—Meier

TABLE 1. DISTRIBUTION OF CYTOLOGIC DIAGNOSES FOR INITIAL FINE NEEDLE
ASPIRATION B10PSY AND ‘‘RISK OF MALIGNANCY™’

Cytologic diagnosis No. of specimens Distribution of diagnoses (%) Patients with cancer “ROM’”’ (%)
Nondiagnostic 236 10.7* 16 6.78
Benign 1575 71.4 51 3.23%*
AUS/FLUS 135 6.12 33 244
AUS 57 2.58 19 33.0
FLUS 78 3.53 14 17.9
Follicular neoplasm 107 4.85 31 29.0
SuUS 20 0.91 14 70.0
Malignant 134 6.07 133 99.2
Total 2207 100 279 100

ROM is defined as number of thyroid cancers divided by the number of patients receiving each diagnosis over the follow-up period
(mean=13.9 years).

*The percentage of cases assigned the nondiagnostic category includes cyst fluid without thyroid epithelium. If these cases are considered
benign, then the percentage is 7.6%.

**0Of note, the ROM calculation includes any cancer occurring in the ipsilateral lobe and includes papillary microcarcinoma. If papillary
microcarcinoma is removed from this calculation, the ROM for both nondiagnostic and benign categories is significantly lower (i.e., 1.4%
for the benign category).

AUS, atypia of undetermined significance; FLUS, follicular lesion of undetermined significance; ROM, risk of malignancy; SUS,
suspicious for malignancy.
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curves were used to estimate the incidence rates of malignancy,
stratified by FNAB category. Cox proportional hazards models
were used to determine the instantaneous ROM given: having a
repeat biopsy, having a repeat biopsy within different intervals,
having multiple biopsies, and having a given diagnosis (with a
benign diagnosis as the reference).

A false-negative diagnosis was defined as an FNAB
interpreted as benign with subsequent identification of
malignancy in the ipsilateral thyroid on histopathologic
evaluation. A false-positive diagnosis was defined as an
FNAB interpreted as malignant, resected, and found to be
benign on histopathology. This study received Institu-
tional Review Board approval by the UCSF Committee for
Human Research (10-04747).

1.0

NG ET AL.

Results

A total of 2233 patients were identified for whom 2758
FNAB reports were available; 26 patients were excluded.
The first FNAB from each of the remaining 2207 patients
[median age: 48 years old, range 7-92 years; 1880 (85.2%)
females and 327 (14.8%) males] was included in the
analysis. The median follow-up period after the initial
thyroid FNAB was 13.9 years (range: 10.5-18.4 years). The
distribution of TBSRTC diagnostic categories was 236
(10.7%) nondiagnostic, 1575 (71.4%) benign, 57 (2.58%)
atypia of undetermined significance (AUS), 78 (3.53%)
follicular lesion of undetermined significance (FLUS), 107
(4.85%) follicular neoplasm or Hurthle cell neoplasm (FN),
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20 (0.9%) suspicious for malignancy (SUS), and 134
(6.07%) malignant (Table 1). During follow-up, 279 pa-
tients were diagnosed with thyroid malignancy. Using the
conventional method of calculating the ROM for thyroid
FNAB, dividing the number of thyroid cancers by the total
number of patients within a category, our data are con-
cordant with the 2017 TBSRTC ROM (Table 1).

Using time from first biopsy to diagnosis of thyroid ma-
lignancy as the primary endpoint, estimates derived from
Kaplan—Meier curves demonstrated that the risk of being di-
agnosed with a thyroid malignancy was low for nondiagnostic
and benign FNAB categories, intermediate for AUS/FLUS and
FN, and high for SUS and malignant biopsy results (Fig. 1A).
When AUS and FLUS were analyzed as distinct groups, the
Kaplan—Meier curves for both groups demonstrated interme-

1.0
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diate risk of being diagnosed with a thyroid malignancy. Of
note, the risk for AUS was similar to FN, while FLUS was in
between AUS and benign (Fig. 1B). The distribution of risk was
similar when analyses were repeated excluding patients who
had repeat biopsies (Fig. 2A, B). Among the 262 patients who
had repeat biopsies, the interval from first biopsy to diagnosis of
malignancy was 40 days to 12.4 years. There were 10 patients
with initially nondiagnostic FNA biopsies, 11 patients with
benign FNA biopsies, and 2 patients with AUS FNA biopsies,
who were ultimately diagnosed with thyroid malignancy. Of
the 23 cases, on repeat, 2 were categorized to AUS, 2 to FN, and
9 to malignant from benign, one to FLUS from nondiagnostic,
and one to papillary carcinoma from AUS, with the remainder
unchanged. In comparison with the benign FNAB category, all
other diagnostic categories were associated with significantly
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higher risk of being diagnosed with a thyroid cancer during the
follow-up period, with hazard ratios ranging from 2.09 (95%
confidence interval [CI 1.19-3.67], p=0.01) for nondiagnostic
to 201 ([CI 138-293], p<0.001) for malignant categories
(Table 2). For patients with benign FNAB diagnoses, the esti-
mated rate of malignancy was 2.42/1000 person-years (py) [CI
1.85-3.18]; only 3.2% of this group received a diagnosis of
thyroid malignancy, of which 1.8% were microcarcinomas,
during the entire time of observation; the median time to di-
agnosis was 3.44 years (Fig. 3). In comparison, all other di-
agnostic categories had a higher estimated rate of malignancy,
including patients with nondiagnostic FNAB with a rate of
4.83/1000 py [CI 2.96-7.88] and median time to thyroid ma-
lignancy diagnosis of 4.4 months. AUS, FLUS, combined
AUS/FLUS, and FN categories had similar and intermediate
rates of malignancy at 34.5, 15.2, 22.4, and 29.1/1000 py, re-
spectively, and the median time to thyroid malignancy was also
similar at 2.17, 1.45, 2.1, and 1.94 months, respectively. Much
higher incidence rates were seen for the SUS (183/1000 py) and
malignant (980/1000 py) categories with median times to ma-
lignant diagnosis at 1.26 and 0.92 months, respectively. Pa-
tients who had multiple thyroid nodules biopsied during the
first visit did not have an increased risk of being diagnosed with
thyroid cancer (hazard ratio=0.88 [CI 0.55-1.42], p=0.60).
Patients who had at least one repeat biopsy had a marginally
reduced risk of being diagnosed with thyroid cancer (hazard
ratio=0.63 [CI 0.41-97], p=0.03), while having a repeat bi-
opsy within 6 months of the first FNAB suggests a minimally
increased risk of thyroid cancer, but it was not statistically
significant (hazard ratio=1.10 [CI 0.63-1.9], p=0.73).

Of the 134 FNABs diagnosed as malignant, 116 were pap-
illary carcinomas (of which 15 measured <1 cm), 6 were med-
ullary carcinomas, 2 were anaplastic carcinomas, 2 poorly
differentiated carcinomas, 3 were lymphomas, 4 were metastatic
cancers, and 1 was lost to follow-up. The distribution of ma-
lignant cases based on surgical resection or other clinical follow-
up was 218 papillary carcinomas (of which 70 measured <1 cm),
27 follicular carcinomas, 6 Hurthle cell carcinomas, 11 med-
ullary carcinomas, 4 poorly differentiated carcinomas, 2 ana-
plastic carcinomas, 4 lymphomas, and 4 metastatic cancers. Of
the 20 FNABs diagnosed as SUS, 14 were confirmed to be
malignant, with a distribution of 12 papillary carcinomas

NG ET AL.

(of which 3 were <1 cm) and 2 medullary carcinomas. The
remaining 6 cases were composed of 2 follicular adenomas,
and 4 received no follow-up confirmatory procedures.

One of the 134 malignant cases (0.75%) was not in the cancer
registry, data suggesting a false-positive diagnosis. However,
this patient was a visitor from outside the United States, received
no health care at UCSF other than the FNAB visit, and was
likely lost to follow-up. A total of 51 false-negative cases (3.2%)
were identified: 28 papillary microcarcinomas (<1 cm), 11 fol-
licular carcinomas (=1 cm), 9 papillary carcinomas (=1 cm), 1
medullary carcinoma (<1 cm), and 2 papillary carcinomas of
unknown size. Excluding the papillary microcarcinomas, the
false-negative rate was 1.5% (23/1575). The median time to
thyroid cancer diagnosis for all false-negative FNABs was 3.44
years (0.04-13.6 years); no patients who had a false-negative
diagnosis died of thyroid cancer during the follow-up period.

Overall, 15 patients in our cohort died of thyroid cancer
during the follow-up period. One patient with a history of ra-
diation exposure died of papillary thyroid carcinoma 16.8 years
after an initial nondiagnostic biopsy. No patients who had a
benign FNAB diagnosis died of thyroid cancer (Table 3). The
remainder of the patients who died of thyroid cancer are de-
tailed in Tables 3 and 4. For all patients, the overall cumulative
hazard of dying 18 years after undergoing a thyroid FNAB was
extremely low (Nelson—Aalen cumulative hazard ratio=0.01
[CI 0.005-0.02]), and was only marginally increased for pa-
tients who had a malignant FNAB (Nelson—Aalen cumulative
hazard ratio=0.09 [CI 0.04-0.17])

Discussion

FNAB is the recommended first-line procedure for the
diagnosis of thyroid nodules (1). However, to maintain thy-
roid FNAB as a clinically useful diagnostic tool, accuracy
must be maintained. TBSRTC has successfully standardized
diagnostic terminology and markedly improved communi-
cation between pathologists and referring physicians. How-
ever, the published ROM and recommendations for patient
management are largely based on data sets including only
those FNABs with corresponding histologic specimens. This
selection bias leads to an overestimation of the ROM, par-
ticularly for low-risk diagnostic categories. Prior analyses of

TABLE 2. RELATIVE RisKk OoF DEVELOPING THYROID MALIGNANCY, ESTIMATED TIME
TO DIAGNOSIS, AND ESTIMATED RATES

Estimated rate

Cytologic diagnosis  Category Hazard ratio [CI] p (per 1000 person-years) [CI]
Nondiagnostic 1 2.09 [1.19-3.67] 0.01 4.82 [2.96-7.88]
Benign 2 Reference group 2.42 [1.85-3.18]
AUS/FLUS 3 . [5.69-13.6] <0.002 224 [16-31.6]

AUS 3A 13.0 [7.69-22.0] <0.001 34.5 [22.0-54.1]

FLUS 3F 6.12 [3.39-11.04]  <0.001 15.2 [9.0-25.7]
Follicular neoplasm 4 10.9 [7.0-17.0] <0.003 29.1 [20.4-41.3]
SuUS 5 49.1 [27.1-88.9] <0.004 183 [108-310]
Malignant 6 201 [138-293] <0.005 980

The hazard ratio is the relative risk of developing thyroid cancer when compared with the reference group (benign diagnosis). All
diagnostic categories show a significantly higher risk of cancer when compared with the benign category. The estimated rate of thyroid
cancer diagnosis is given for each diagnostic category. Of note, these data include all thyroid malignancies occurring in the ipsilateral lobe

over the follow-up period.
CL, 95% confidence interval.
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thyroid FNABs also vary greatly in statistical methods. One
study found four different approaches to indeterminate
FNAB results (defined as any result that is not definitively
benign, malignant, or nondiagnostic) when thyroid statistics
was calculated; indeterminate FNABs were variously con-
sidered positive, negative, excluded from analysis, or con-
sidered a positive result when calculating sensitivity and
negative when calculating specificity (12).
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Our data demonstrate a low false-negative rate of 1.5%
when papillary microcarcinomas are excluded, which is
commensurate with the predicted, and lower than the ob-
served, ROM in published literature (4,5,7). Of note, our
methods classify any cancer arising in the ipsilateral lobe to
represent a false-negative biopsys; it is likely that many of the
small cancers identified histologically did not represent the
target of the preceding FNAB. Importantly, no patients with a
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TABLE 3. FREQUENCY OF DEATH ATTRIBUTABLE
TO THYROID MALIGNANCY AND TIME TO DEATH

Total deaths Median time

Cytologic attributable to to death
diagnosis thyroid malignancy  (years, range)
Nondiagnostic 1 16.8
Benign 0 NA
AUS/FLUS 2 2.43 (1.29-3.58)

AUS 0 n/a

FLUS 2 2.43 (1.29-3.58)
Follicular neoplasm 2 9.25 (5.2-13.3)
SuUS 1 9.01
Malignant 9 2.41 (0.01-15.02)
Total 15

A total of 15 deaths attributable to thyroid cancer were recorded over
the follow-up period. One patient who had an initially nondiag-
nostic biopsy succumbed to thyroid cancer. No deaths attributable
to thyroid cancer were recorded for those patients who received a
benign cytologic diagnosis.

n/a, not available.

benign FNAB died of thyroid cancer during the follow-up
period, suggesting that a benign cytologic diagnosis essentially
excludes an aggressive thyroid malignancy. False-negative
diagnosis can result in a delay in treatment. However, our data
suggest that those thyroid cancers identified at a later date are
low risk and effectively treated without increased mortality.
Our data suggest that the value of repeat biopsies may be
limited in the appropriate clinical setting. Of 262 patients who
had repeat biopsies, malignancy was diagnosed in only a small
proportion. More definitive conclusions regarding the value of
repeat biopsy are difficult to make without considering other
clinical factors, including size and sonographic findings. To
date there is one retrospective study with long-term follow-up,
which analyzed the 2010 benign thyroid FNAB from 1369
patients with a mean follow-up of 8.5 years. Only 18 false-
negative FNABs were identified in this cohort and, similar to
our data set, none of the deaths that occurred was attributable to
thyroid cancer (13). Unfortunately, other diagnostic categories
were not analyzed in this retrospective study.

Although many studies and the most recent edition of
TBSRTC suggest that the ROM for the nondiagnostic FNAB
category is 5-10% higher compared with the benign cate-
gory, our data suggest that while there is an increased ROM in

NG ET AL.

the short term, long-term outcomes for both nondiagnostic
and benign categories are fairly similar. Of note, one high-
risk patient with initial nondiagnostic FNAB in our cohort
died of thyroid cancer. Therefore, an unsatisfactory diagnosis
may still warrant repeat biopsy and/or close follow-up in cer-
tain clinical settings. There was one potential false-positive
diagnosis in our cohort, but this patient was lost to follow-up
and likely received care outside of California.

In other large studies, including one meta-analysis, the per-
centage of thyroid FNABs categorized as benign ranges from
21% to 89%, while the nondiagnostic category ranges from 2%
to 43%. Indeterminate diagnoses, which encompass all diag-
noses that were not definitely benign or malignant, range from
6% to 55%, and malignant from 3% to 32% (3,11-14). At our
institution, the proportion of definitive diagnosis (either benign
or malignant) makes up a majority of diagnoses rendered
(77.5%), whereas equivocal diagnoses (i.e., AUS/FLUS, FN,
and SUS) represent only 11.9% of diagnoses, suggesting that the
proportion of specimens where adjunctive molecular testing is
of value is relatively low in our practice. The long-term prob-
ability of developing malignancy for AUS/FLUS and FN ca-
tegories was similar at our institution, raising the possibility of a
five-tier diagnostic system, rather than the current six-tier sys-
tem. Another suggestion might be to create distinct categories
for AUS and FLUS, since our data and several previous studies
have shown that FNABs diagnosed as AUS have an increased
probability of developing malignancy over those diagnosed as
FLUS (15-20). Nondiagnostic specimens represented 10.7% of
FNABs, which is similar to published data from other large
academic institutions, which range from 2% to 23.6%. We
considered the implications of categorizing the 69 FNABs
containing cyst fluid only as benign and found that 2 (2.9%) of
these patients were later found to have a thyroid malignancy.
The cysts measured 2 and 4 cm, respectively. Therefore, if cyst
fluid cases are considered benign, the nondiagnostic rate falls to
7.6%, but the false-negative rate increases. Therefore, we ad-
hered to TBSRTC criteria and characterized the cyst fluid-only
cases as nondiagnostic, allowing for clinical correlation with
imaging studies. Numerous factors can influence adequacy
rates, including the type of clinician performing the biopsy,
training and experience, and the use of ultrasound-guidance and
rapid on-site evaluation (14,21-24). Our study period predates
publication of TBSRTC and formal specimen adequacy criteria,
and before widespread adoption of ultrasound guidance for
thyroid FNAB by physicians other than radiologists (25). The

TABLE 4. RATE OF OVERALL SURVIVAL AND PROBABILITY THAT PATIENTS WOULD REMAIN FREE
OF THYROID MALIGNANCY UP TO 15 YEARS BY Di1aGNoOsTIC CATEGORY

Free of thyroid malignancy (%)

Overall survival (%)

Cytologic diagnosis  Patients (n) 1 Year 5 Years 10 Years 15 Years Still in study 15 Years
Benign 1575 99.1+£0.2 97.9+04 97.1£04 96.61£0.4 512 1.00
Nondiagnostic 236 945+1.5 93.2+1.6 93.2+1.6 93.2+1.6 126 1.00
AUS/FLUS 135 76.3+3.7 76.3+3.7 75.6+3.7 75.6+3.7 38 98.5+1.0
AUS 57 66.7+6.2 66.7+£6.2 66.71£6.2 66.71£6.2 21 1.00
FLUS 78 83.3+4.2 83.3+4.2 83.3+4.2 82.1+4.4 17 974+1.8
Follicular neoplasm 107 73.814.2 71.0t4.4 71.0t4.4 71.0t4.4 34 97.3+1.9
SuUS 20 30.0+10.2 30.0+10.2 30.0£10.2 30.0x10.2 10 95.0+4.9
Malignant 134 0.7£0.07 n/a n/a n/a 41 93.1+£2.2
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nondiagnostic biopsies in this data set were primarily submitted
by a small number of clinicians lacking formal training or
experience in performing FNAB on palpable lesions and
without the benefit of rapid on-site evaluation. In addition,
we recognize that academic and large referral centers may
receive a higher proportion of cases that may be more chal-
lenging to aspirate (23).

Commentaries by Sebo (26) and Ljung et al. (27) identify
several factors necessary to maintain the quality of FNAB
specimens and to optimize interpretation: (a) maintaining
strong communication and multidisciplinary cooperation
between referring providers, pathologists, and radiologists;
(b) minimizing indeterminate diagnoses thereby maximizing
specificity; (c) intradepartmental consultation among pa-
thologists to reduce interobserver variability; and (d) limiting
FNAB procurement to skilled operators to reduce problems
related to poor sampling technique. Overall, the vast majority
of patients at our institution received a definitive diagnosis,
which provided clear clinical guidance and reduced the need
for repeat biopsy, molecular testing, or diagnostic lobectomy.

Although in other settings, the introduction of NIFTP has
significantly altered the rates of malignancy, a prior study by
our group found that the vast majority of tumors diagnosed as
NIFTP on histology were classified as FN or AUS/FLUS on
preceding FNAB (28-32). None was diagnosed as SUS and
only 1 of 22 NIFTPs was diagnosed as papillary thyroid car-
cinoma on cytology. In our experience using direct smears,
cytologic evaluation can reliably triage NIFTP for conservative
management and accurately diagnose classic papillary thyroid
carcinoma (and often infiltrative follicular variant of pap-
illary carcinoma) as SUS or malignant (32). Given that the
vast majority of NIFTPs were appropriately classified as
AUS/FLUS or FN on FNAB, the adoption of the NIFTP
diagnostic category will likely have little impact on the rates
of malignancy in our practice.

There are a few limitations in our study. This study was
retrospective in design and focused on thyroid FNAB per-
formed at a single institution. Although using a statewide
population-based cancer registry minimizes the number of
patients who are lost to follow-up, we were unable to deter-
mine whether individuals not represented in the registry had
moved outside of California and received health care out of
state. Therefore, there may be some underestimation of the
ROM. While we were able to evaluate the development of
thyroid malignancy and related mortality from the CCR,
detailed diagnostic and clinical data were not available for
patients who were not treated at UCSF. Our practice also
depends primarily on direct smears, with ThinPrep as an
adjunct preparation in a minority of cases. Therefore, our
findings may not be applicable to settings that rely on liquid-
based cytology (LBC) preparations. The performance of di-
rect smear preparations may explain the difference in the
distribution of diagnoses and the high percentage of FNABs
with definitive diagnosis at our institution (77.5%) when
compared with those where LBC is used exclusively (60—
65%) (9,33,34). Studies have shown conflicting results when
conventional smears and LBC are compared, with some
studies showing increased rates of malignant, nondiagnostic,
and/or benign diagnoses with LBC, while others showed
decreased rates (33,35-38).

In conclusion, our study is the first to assess the long-term
ROM after thyroid FNAB, including mortality data. Most of
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the false-negative cancers were papillary microcarcinomas,
followed by follicular carcinomas. There were no deaths at-
tributable to thyroid cancer for patients who had a benign
diagnosis on FNAB, with a median of 10.5 years of follow-
up. Among patients with nondiagnostic specimens, one high-
risk patient died more than 15 years after the initial biopsy.
Thus, asymptomatic patients without worrisome clinical and
radiographic findings and an initially benign or unsatisfactory
biopsy are highly unlikely to develop thyroid malignancy and
even less likely to die of thyroid cancer. In our practice,
FNAB is highly accurate in detecting not only papillary
carcinoma but also malignancy overall. We recognize that
additional large studies with long-term follow-up and rigor-
ous statistical methodology are needed since the impacts of
TBSRTC, increasing use of ultrasound, and molecular testing
are unknown.
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