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Background: Fine needle aspiration (FNA), although very reliable for cytologically benign and malignant thyroid
nodules, has much lower predictive value in the case of suspicious or indeterminate nodules. We aimed to
identify clinical predictors of malignancy in the subset of patients with suspicious FNA cytology.
Methods: We reviewed the electronic medical records of 462 patients who had FNA of thyroid nodules at our
institution with a suspicious cytological diagnosis, and underwent surgery at Mayo Clinic between January 2004
and September 2008. Demographic data including age, gender, history of exposure to radiation and use of
thyroid hormone was collected. The presence of single versus multiple nodules by ultrasonography, nodule size,
and serum thyroid-stimulating harmone (TSH) level before thyroid surgery were recorded. Analysis of the latter
was limited to patients not taking thyroid hormone or antithyroid drugs at the time of FNA.
Results: Of the 462 patients, 327 had lesions suspicious for follicular neoplasm (S-FN) or Hürthle cell neoplasm
(S-HCN), 125 had cytology suspicious for papillary carcinoma (S-PC) and 10 had a variety of other suspicious
lesions (medullary cancer, lymphoma and atypical). Malignancy rate for suspicious neoplastic lesions (FN +
HCN) was *15%, whereas malignancy rate for lesions S-PC was 77%. Neither age, serum TSH level, or history
of radiation exposure were associated with increased malignancy risk. The presence of multiple nodules (41.1%
vs. 26.4%, p = 0.0014) or smaller nodule size (2.6 – 1.8 cm vs. 2.9 – 1.6 cm, p = 0.008) was associated with higher
malignancy risk. In patients with cytology suspicious for neoplasm (FN, HCN) malignancy risk was higher in
those receiving thyroid hormone therapy than in nonthyroid hormone users (37.7% vs. 16.5%, p = 0.0004; odds
ratio: 3.1), although serum TSH values did not differ significantly between thyroid hormone users and nonusers.
Conclusion: In patients with cytologically suspicious thyroid nodules, the presence of multiple nodules or
smaller nodule size was associated with increased risk of malignancy. In addition, our study demonstrates for
the first time, an increased risk of malignancy in patients with nodules suspicious for neoplasm who are taking
thyroid hormone therapy. The reason for this association is unknown.

Introduction

Thyroid nodules are very common in clinical practice,
and although most are benign, approximately 5% may

harbor malignancy. Fine needle aspiration biopsy (FNAB) is
the most cost-effective method available to determine the
need for further intervention. Nodules determined on FNAB
to be benign in asymptomatic patients may be observed,
whereas malignant nodules warrant surgery. However, a
subset of patients with cytology suspicious for neoplasm (S-N),
or indeterminate, whether follicular or Hürthle cell in origin,
pose a more challenging problem for the clinician. On the one
hand, the inability to distinguish benign from malignant fol-

licular tumors on the basis of cytology alone has resulted in a
general recommendation that patients with this cytological
diagnosis undergo surgical excision for a definitive diagnosis
(1). On the other hand, at the time of surgery, only approxi-
mately 20%–30% of such neoplasms will prove to be malig-
nant (2–4). Hence, the inability to correctly identify
preoperatively that small subset of patients harboring ma-
lignancy ultimately results in the majority of patients with this
cytology undergoing potentially unnecessary surgery with its
attendant morbidity and complications.

Many investigators have evaluated various markers in the
attempt to better define this subset of nodules. However, no
single molecular or immunohistochemical marker or set of
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markers has been found to have sufficient accuracy and
negative predictive value to allow the clinician to comfortably
recommend observation in a subset of S-N nodules, rather
than surgery.

Many clinical parameters have long been recognized as
predictors of malignancy in patients with thyroid nodules.
Such parameters include age younger than 20 or older than 70
years (5), male gender (5,6), large nodule size (6,7), rapid
growth, associated hoarseness, dysphagia or lymphadenop-
athy, history of exposure to radiation to head and neck (8),
particularly in childhood, and type of goiter (single nodule
versus multinodular goiter [MNG]) (9).

A recent prospective study by Boelaert et al. found that
higher serum thyroid-stimulating harmone (TSH) levels at
presentation, even within the normal range, was an inde-
pendent predictor of malignancy (9). The authors provided a
formula to predict malignancy using common clinical pa-
rameters, including serum TSH, age, gender, and clinical
goiter type (9). Furthermore, a subsequent retrospective study
by Haymart and colleagues found that higher serum TSH
levels were associated with increased risk of differentiated
thyroid carcinoma and advanced tumor stage in elderly pa-
tients (10).

Given the recent reports, we wished to determine whether
we could identify clinical predictors of malignancy in this
subset of patients presenting with thyroid nodules and sus-
picious FNA cytology. In addition, we sought to determine
whether serum TSH is an independent predictor of malig-
nancy in these patients and to characterize the accuracy of
cytology in identifying malignancy in this subset of patients.

Subjects and Methods

The cytologic diagnoses for FNAB of the thyroid at the
Mayo Clinic follow the recommended Bethesda nomenclature
(11). The electronic medical record containing data from pa-
tients seen at Mayo Clinic, Rochester, MN, between January 1,
2004, and September 15, 2008, was queried to identify those
who had undergone FNAB of thyroid nodules and whose
cytological diagnosis was determined by the cytopathologist
to be in the suspicious category (including categories III, IV,
and V of the Bethesda system for cytopathology reporting)
(11). Patients with previous thyroidectomy for thyroid cancer
and cervical nodal biopsies were excluded. Demographic
data, including age, gender, and previous history of exposure
to radiation, were collected. The presence of single versus
multiple nodules based on ultrasonography evaluation was
recorded. The size (largest dimension measured in cm by high
resolution ultrasonography) of the nodule that had under-
gone the FNAB in question was also recorded. The most re-
cent serum-sensitive TSH level obtained within 3 months of
the FNAB, but before thyroid surgery was documented.

Analysis of the influence of serum TSH measurement on
outcome of surgery (malignancy) was limited to the subset of
patients who were not taking thyroid hormone preparations
(including levothyroxine, triiodothyronine, or combinations
of both, Armour thyroid or other thyroid hormone-containing
supplements) at the time of FNAB evaluation.

Cytological findings were sub-classified into one of four
categories: (1) Suspicious for follicular neoplasm (S-FN); (2)
Suspicious for Hürthle cell neoplasm (S-HCN); (3) Suspicious
for papillary carcinoma (S-PC); and (4) Other (including cy-

tological findings suspicious for lymphoma, medullary thy-
roid carcinoma, or others described simply as atypical).

The study was approved by the Mayo Clinic Institutional
Review Board.

Statistical analysis

Final diagnostic outcome defined on the basis of the final
pathology was recorded as the presence or absence of ma-
lignancy in the operative thyroid specimen. The influence of
continuous factors such as age and nodule size on the final
diagnostic outcome was assessed using a two-sample t-test.
For categorical variables such as gender, exposure to radia-
tion, and single versus MNG, an association with final diag-
nostic outcome was assessed using a Chi square test.

As one of the primary variables of interest, serum TSH level
was analyzed both as a continuous as well as a categorical
variable. Because TSH values did not follow a normal distri-
bution, a log transformation was used to satisfy the assump-
tions of the t-test. For the purpose of statistical analysis, values
below the lower end of detection in the TSH assay
( < 0.01 mIU/L) were recorded as 0.005 mIU/L. To examine
the effect of serum TSH categories on the likelihood of a ma-
lignant diagnosis, only TSH values from subjects not taking
thyroid hormone preparations were used in the analysis.
Nonthyroid hormone users were classified according to their
TSH values into four categories: (1) TSH values below the
lower end of normal in our laboratory ( < 0.3 mIU/L); (2) TSH
values between 0.3 mIU/L and the median TSH of the cohort
(1.6 mIU/L); (3) TSH between 1.61 and 5.0 mIU/L (upper
limit of normal range in our laboratory); (4) TSH > 5 mIU/L.
Similar analyses were performed on the subgroup of patients
with cytological diagnosis S-N (includes S-FN and S-HCN).

Descriptive statistics were used to summarize the results of
the accuracy of FNAB by cytological categories (1: S-FN; 2: S-
HCN; 3: S-PC; 4: S-Other, including atypical, suspicious for
lymphoma, suspicious for medullary thyroid carcinoma) with
regard to outcome of malignancy. To evaluate the effect of age
on likelihood of malignant diagnosis, patients were divided
into one of four categories. (1) Age < 30 years, (2) 30–49 years,
(3) 50–69 years, (4) ‡ 70 years. All analyses were carried out
using JMP statistical software (version 6.2; SAS Institute,
Cary, NC). A p-value of < 0.05 was considered statistically
significant. Factors showing univariate association with the
diagnostic outcome were evaluated for an independent as-
sociation using multivariate logistic regression.

Results

Of the 7039 FNAB of a thyroid nodule or nodules at Mayo
Clinic between January of 2004 and September 2008, 573 (8%)
were identified with a suspicious cytological diagnosis. One
hundred eleven patients did not undergo surgery or have
further follow up at Mayo, and therefore final pathology was
not available. The remaining 462 patients who had surgery at
Mayo Clinic and for whom a histological diagnosis was
available constitute the cohort of this study (Fig. 1).

The demographic characteristics of these patients (overall
group) are summarized in Table 1. Sixty-nine percent were
female, mean age 53.7 years – 15.2. Twenty-five patients (5.4%
of the cohort) had documented history of previous radiation
exposure to head and neck, whereas 256 (55.6%) denied such
exposure. No information was available in the remainder
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(39%). MNG was documented by ultrasonography in 65% of
the cohort. Ninety patients (19.5%) in the study group were
taking thyroid hormone preparations at time of evaluation.

The cytopathologic diagnosis identified on FNAB in 326/
462 (71%) was S-N. Of these, 100 biopsies indicated an S-HCN
and 226 showed cytology S-FN. The remaining 126 biopsies
were S-PC and 10 biopsies were miscellaneous suspicious,
including 5 suggesting lymphoma, 2 suggesting medullary
carcinoma, and 3 atypical without further characterization.
(Fig. 2). Table 2 summarizes initial and final histopathological
findings for all patients

Predictors of malignancy

No significant association was seen in our cohort between
gender and the risk of malignancy, or history of exposure to
radiation although only a small number of patients in our
cohort (n = 25) reported such exposure, and in 181 records
such information was unavailable.

Age. We did not find age to be a predictor of malignancy
in the entire cohort (n = 462; p = 0.59) or in the subset of pa-
tients with cytology S-N (n = 326; p = 0.26).

573 medical records reviewed 

   462 available 
(Cohort) 

111 Excluded because: 
No surgery, final 
pathology or f/u available 

   326  
Cytology suspicious 
for neoplasm (S-FN + 
S-HCN) 

       136 
Cytology suspicious 
for papillary Ca (S-PC 
n= 126) or other (S-
other) (n=10) 

25 No TSH on record 
90 on thyroid hormone 

   352* available for 
evaluation of TSH and 

cancer risk  

FIG. 1. Study population. *Five patients without serum
TSH values were on thyroid hormone replacement. TSH,
thyroid-stimulating hormone.

Table 1. Demographic Characteristics of Study

Cohort, 462 Patients with Thyroid Nodules

and Fine Needle Aspiration Biopsy Suspicious

Cytological Diagnosis

Female 69%
Age (years, mean – standard deviation) 53.7 – 15.2
History of radiation exposure to head/neck 5.4%
Patients with multiple nodules 65%
Mean nodule size by ultrasonography (cm) 2.8 – 1.7
Proportion of patients on thyroid hormone

therapy
19.5%

FIG. 2. Representative samples of the following cytological
categories. (A) Suspicious for follicular neoplasm: Clusters of
follicular cells arranged in microfollicles. (B) Suspicious for
Hürthle cell neoplasm: Cluster of Hürthle cells arranged in a
flat sheet with larger nuclei with prominent nucleoli. (C)
Suspicious for papillary carcinoma: Cluster of follicular cells
with round nuclei and minimal size variation and nuclear
grooving. Note the presence of two distinct intranuclear in-
clusions that raise the possibility of papillary carcinoma
(marked with arrows).
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Serum TSH level. Twenty-five patients did not have a
serum TSH measurement on record. Ninety patients were
taking thyroid hormone at the time of evaluation. Altogether,
a total of 110 patients either did not have a TSH value docu-
mented or were on thyroid hormone replacement at the time
of TSH measurement (5 patients who did not have serum TSH
value on record were on thyroid hormone replacement).
There were 352 nonthyroid hormone users with serum TSH
levels available for evaluation. The mean ( – standard devia-
tion) TSH value in this group was 2.0 ( – 1.74) mIU/L. The
median value was 1.6 mIU/L (interquartile range [IQR; 25%,
75%] 1.0–2.5).

We found no association between serum TSH values and
risk of malignancy in the entire cohort ( p = 0.61) or in the
subgroup with cytology S-N (S-FN and S-HCN combined)
( p = 0.397).

Mean serum TSH levels were not significantly different in
patients on thyroid hormone replacement (median 1.6 mIU/L
[IQR 0.8–3.1]) than in nonthyroid hormone users (median
TSH 1.6 mIU/L [IQR 1.0–2.5; p = 0.58]). When comparing
serum TSH values in the entire cohort of patients with
documented values (including users and nonusers, n = 443)
there was no significant difference between serum TSH values
in patients with benign nodules (n = 282) (median 1.7 [IQR
1.0–2.6]) and patients with malignant tumors (n = 155) (me-
dian 1.4 [IQR 0.9–2.3]).

Thirteen nonthyroid hormone users had suppressed serum
TSH values ( < 0.3mIU/L). Of these 13, 7 had a radioisotope
scan before FNA and in 4 of them this study demonstrated
increased uptake in the gland with a focal cold defect corre-
sponding to the nodule, which was subsequently biopsied.
Two of these four nodules were found to be malignant. In the
other three, the scan showed a hyperfunctioning nodule;
however, FNA was performed either because of large size
( > 4 cm) or the presence of other suspicious sonographic fea-
tures. One of these three patients had a malignant nodule,

whereas the other two had benign neoplastic lesions. The re-
maining 6/13 patients with suppressed TSH did not have a
scan before FNA.

Nodule size. Smaller nodule size measured by ultraso-
nography preoperatively (2.6 – 1.8 vs. 2.9 cm – 1.6; p = 0.008)
was associated with increased risk of malignancy.

However, we found that patients with cytological findings
S-N had significantly larger nodule size (2.9 – 1.5 cm vs.
2.5 – 1.5 cm; p £ 0.0001) than the other patients in the cohort
(S-PC and S-Other), despite a much lower malignancy rate
(15% vs. 76%). Of note is that 34% of all patients in the cohort
with nodules ‡ 4 cm in size had documented malignancy.

Single nodule versus MNG. Patients with MNG (n = 299)
had a higher rate of malignancy in our cohort (41.1%) than
patients with solitary nodules (n = 163; 26.4%, p = 0.0014).
The proportion of patients with MNG increased with ad-
vancing age (48.5% for < 30 years; 62% for age group 30–49
years; 66.8% for age group 50–69 years and 70.4% for age
‡ 70 (Fig. 3).

Cytology category. A cytological finding of S-PC was
strongly correlated with a diagnosis of malignancy in 76% of
patients and correctly identified papillary carcinoma in 97%
(93 of 96) of all malignant nodules in this group.

Thyroid hormone use. Overall, 19.5% of patients in our
cohort (90/462) were taking thyroid hormone therapy. Of
these, 51 had confirmed malignancy on final histopathology
(56.7% vs. 30.9% malignancy rate for thyroid hormone users
versus nonthyroid hormone users p < 0.0001). Mean TSH
values were not significantly different between thyroid hor-
mone users and nonthyroid hormone users (2.84 – 5.05 vs.
2.0 – 1.74; p = 0.58). The risk of malignancy was significantly
higher in patients receiving thyroid hormone therapy than in

Table 2. Cytology Category with Incidence of Malignancy, and Final Histopathology

Malignant,
Occurrence

of IPC,
Cytology category

No. of
patients na (%)

Histopathology of malignant
tumors in primary

FNA target nodule [%] n (%)

Histopathology of benign
neoplasms in primary

FNA target nodule

S-FN 226 37 (16) PC = 18 (included 7 FV-PTC) [49%];
FC = 15 [40%], HCC = 3 [8%] Other
(metastasis of RCC in a FA) = 1 [3%]

10b (4.4) FA = 134
FA-HCF = 5

HCA = 13
HPN = 38

S-HCN 100 14 (14) PC = 2 [14%]; FC = 2 [14%];
HCC = 10 [72%]

5 (5) HCA = 53
FA-HCF = 14

FA = 2
Other = 16c

S-PC 126 96 (76) PC = 93 (including 16 FV of PC) [97%];
FC = 2; MC = 1

N/A N/A

S-Other 10 5 (50) Lymphoma = 3; MC = 2 N/A N/A

aDoes not include cases of IPC listed in final column.
bIncludes one patient with coexisting HCC and IPC.
cIncludes a variety of benign nonneoplastic findings.
N/A, not applicable; IPC, incidental papillary carcinoma (seen in nodule other than target of FNAB); S-FN, suspicious for follicular

neoplasm; S-HCN, suspicious for Hürthle cell neoplasm; S-PC, suspicious for papillary carcinoma; S-Other, suspicious for other (includes
lymphoma, MC, and atypical); FC, follicular carcinoma; HCC, Hürthle cell carcinoma; MC, medullary carcinoma, FV, follicular variant; RCC,
renal cell carcinoma; HCA, Hürthle cell adenoma; FA, follicular adenoma. HCF, Hürthle cell features; HPN, Hyperplastic nodules; FNAB,
fine-needle aspiration biopsy.
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nonthyroid hormone users (56.67% vs. 30.91%; p < 0.0001)
(odds ratio [OR]: 2.92; 95% confidence interval [CI]: 1.82–
4.68). This was most obvious in patients with cytology S-N
(FN and HCN) (37.7% vs. 16.5% p = 0.0004) (OR: 3.1; 95% CI:
1.62–5.83). A similar, although nonstatistically significant
trend (83.8% vs. 70.7%; p = 0.12) (OR: 2.14; 95% CI: 0.81–5.68)
was observed in the remainder of the cohort (includes patients
in cytology categories 3: S-PC and 4: S-Other) (Fig. 4)

FNAB predictive value

Final pathology confirmed the presence of malignancy in
166 patients (36% of the entire cohort). However, the pro-

portion of malignant diagnoses varied depending on initial
cytological category (Table 2). Overall, the predictive value of
a cytological diagnosis S-FN subgroup to identify malignancy
is 16%, with most of those malignant lesions comprising true
follicular carcinomas (40%), or papillary carcinomas, includ-
ing its follicular variant (49%). Of the nonmalignant neoplastic
lesions in this subgroup, 61% (n = 139) were follicular adeno-
mas, and 5.7% (n = 13) were Hürthle cell adenomas, with the
remainder (n = 37, 16%) being hyperplastic nodules.

Similarly, for lesions S-HCN the malignancy rate was 14%,
with the majority of such tumors (72%) ultimately diagnosed
as Hürthle cell carcinomas. The nonmalignant neoplastic le-
sions in this group included Hürthle cell adenomas (53%), and
follicular adenomas (16%), most of which had Hürthle cell
features. The remainder (16%) included a variety of non-
neoplastic findings.

For patients with a cytological diagnosis S-PC the positive
predictive value (76%) was significantly higher, with 97% of
these malignant tumors comprising papillary thyroid cancers.

Approximately 5% of patients who underwent surgery for
a suspicious neoplastic lesion (n = 15) were found to have in-
cidental papillary thyroid carcinoma (IPC) in the surgical
specimen. In 14/15 IPC, the malignant foci were < 1 cm (range
0.2–0.7 cm). Two additional patients had co-incidental PC
(diagnosed preoperatively by FNA of a nodule other than the
one yielding the S-N cytology).

Discussion

The present study confirms that FNAB is an effective tool in
identifying patients with thyroid nodules who are surgical
candidates because of increased risk for malignancy, partic-
ularly among the subset classified as cytologically S-PC. In
our study, its positive predictive value overall was 76%. These
results compare favorably to those reported in other series
(12), including a previous report from our institution, in
which 60% of nodules identified as S-PC were confirmed to be
malignant on final histological diagnosis (2). Other studies
have reported similar findings (13,14) and malignancy rates
for this cytological category have been reported to range be-
tween 60% and 84% (15,16).

This study also highlights the ongoing difficulty in identi-
fying preoperatively the subset of patients with malignancy
among those undergoing FNAB of thyroid nodules classified
as cytologically S-N (Hürthle cell or follicular type). The co-
hort of suspicious results included in our study represents
approximately 10% of all patients typically undergoing FNAB
and it is this group for which FNA cytology is least helpful in
accurately identifying malignancy. It is clearly this subset of
patients in which the greatest need exists for more reliable
predictors of malignancy. This is especially problematic, gi-
ven the low positive predictive value of such results (15%–
20%) and the lack of other consistently reliable cytological,
immunohistochemical, or molecular markers to identify such
patients (17,18). Although certain clinical parameters (age,
male gender, history of radiation exposure in childhood, and
nodule size) have been variably associated in different studies
with increased risk of malignancy, FNAB remains the most
accurate available tool in the selection of patients with nod-
ular thyroid disease that require surgery.

In our study 15/35 patients (43%) with an ultimate surgical
finding of PC in the S-N group had only IPC identified,

FIG. 3. Prevalence of single nodules versus multinodular
goiter by age group. Note increasing prevalence of multi-
nodular goiter with advancing age.
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FIG. 4. Percent of patients with malignancy among thyroid
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nancies were identified in the entire cohort. Their distribu-
tion is shown for all cohort and by suspicious category.
Suspicious-neoplasm includes cytology suspicious for follic-
ular or Hürthle cell neoplasm.
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whereas the primary lesion for which surgery was performed
was a nonmalignant follicular or Hürthle cell neoplasm or a
hyperplastic nodule. In all except one of these patients, the
size of the IPC was < 1 cm, consistent with recent reports (19).
All except two of these patients had multiple nodules identi-
fied by ultrasonography. Hence, the incidence of IPC in pa-
tients with cytology S-FN or S-HCN in our cohort was 4.6%,
consistent with other studies showing the overall incidence of
IPC in patients undergoing surgery for benign thyroid con-
ditions to be between 5% and 10% (20–23). Recent reports
have suggested that the increased incidence of thyroid cancer
in the past three decades is largely due to increased detection
of small papillary cancers (19). The wide availability and in-
creased use of more sensitive technology such as high reso-
lution ultrasonography have clearly contributed to this trend.

Contrary to the recent report by Boelaert et al. (9), in which
the finding of clinical solitary nodule was associated with a
higher risk of malignancy, our study found higher incidence
of malignancy in patients with multiple nodules. A study by
Kim et al. using high-resolution ultrasonography found a
trend toward a lower rate of malignancy in patients with
solitary nodules compared to patients with multiple nodules
(24). This is in contrast to other studies showing a higher risk
of malignancy in patients with clinically detectable solitary
nodules (9,25). In our study, ultrasonography evaluation was
used to determine the presence of additional nodules, many of
which were small and nonpalpable. It has been shown that
approximately 50% of patients with clinically single palpable
nodules have evidence of MNG when evaluated sono-
graphically (26), indicating that the prevalence of thyroid
nodules is highly dependent on the methodology used for
assessment (27). With the use of high-resolution ultrasonog-
raphy the incidental finding of thyroid nodules has been re-
ported to be as high as 67% (28). Other studies have shown the
rate of malignancy to be similar in patients with single nod-
ules to those with MNG (5,29).

Two clearly distinct subgroups of patients comprise our
cytologically suspicious category. The largest group (n = 326/
462, 71% of the cohort) includes patients with cytological
findings S-FN or S-HCN (S-N), in which the overall incidence
of malignancy is 15%, and a smaller subgroup of patients with
cytological finding S-PC (n = 126) in which the overall rate of
malignancy is significantly higher (76%). Patients with cytol-
ogy S-N (S-FN and S-HCN) had significantly larger nodules
(2.89 – 1.49 cm vs. 2.48 – 1.97 cm p = 0.03) than patients with
cytology S-PC, consistent with a report by Lubitz et al. in a
similar patient population (7).

In our study, a serum TSH level obtained before surgery
was not found to be a predictor of malignancy. However, to
evaluate the effect of endogenous thyroid function and elim-
inate any potential effect of exogenous therapies on TSH
values, our analysis excluded patients who were taking thy-
roid hormone therapy at the time of FNAB.

We also found, contrary to most other reports (6), that
smaller nodule size was more frequently seen in patients with
malignancy in this subset of patients. This is likely the result of
the significantly higher malignancy rate in nodules with S-PC
cytology, which in general were smaller than S-N nodules. A
study by Sahin et al. did not find clinical features, sonographic
appearance, or nodule size to be useful predictors of malig-
nancy in a group of patients with cytologically indeterminate
nodules (17). However, in our entire cohort, 34% of all nod-

ules measuring ‡ 4 cm (n = 88) were ultimately found to be
malignant.

In our cohort, thyroid hormone use was associated with
increased risk of malignancy, an association that was most
obvious in the subgroup of patients with cytology S-N (S-FN
and S-HCN) (OR: 3.1). Although a similar trend was seen in
the remainder of the group (S-PC and S-Other), it did not
reach statistical significance. This may be due to insufficient
power given the much smaller sample size of this subgroup.

The underlying reason for this association is uncertain.
Because of the retrospective nature of our study, only a small
proportion of our cohort (18%) had thyroid peroxidase (TPO)
antibody levels measured, and in this small group no associ-
ation was seen between the presence of TPO antibodies and
risk of malignancy. The small number of patients in this group
precludes any valid conclusions on this topic.

The indications for thyroid hormone use in our cohort were
not recorded. Use of thyroid hormone in patients with an
intact thyroid is often due to the presence of autoimmune
thyroid disease. Some studies have reported an increased
frequency of autoimmune thyroiditis in patients with thyroid
carcinoma (29), although such an association has not been
consistently confirmed in other studies (30–33). The study by
Boelaert et al. did not report the frequency of thyroid hormone
use in their cohort or analyze the effect that such therapy (or
underlying reason for it) could have on serum TSH values.
One could speculate that thyroid hormone is most commonly
used in patients with thyroid failure, which in turn is associ-
ated with increased serum TSH levels. The duration of the
TSH elevation (even in patients with mild or subclinical hy-
pothyroidism) before institution of thyroid hormone therapy
could be one potential factor leading to increased risk of
malignancy, as TSH is known to be a growth factor and thy-
roid hormone suppressive therapy has been shown in some
studies to slow the growth of established nodules and possi-
bly the development of new ones (30–32). Furthermore, some
of these patients may have had very gradual thyroid failure
over several years during which time serum TSH levels may
have risen very slowly until hypothyroidism was finally
detected either by the development of clinical symptoms or by
routine laboratory testing. The duration of the hypothyroid-
ism or TSH elevation before the institution of thyroid hor-
mone therapy may also be a potential factor contributing to
the increased risk of malignancy. Some of these patients may
have been started on thyroid hormone suppressive therapy in
an attempt to reduce growth of pre-existing thyroid nodules
or of goiters. A study by D’Avanzo et al., from Northern Italy,
found a clear association between pre-existing history of
benign thyroid disease and increased risk of a diagnosis of
thyroid cancer, especially for patients with adenomas (relative
risk [RR]: 27; CI: 6.7–107.5) and goiters (RR: 8.5; CI: 3.5–20.7),
conditions that, in their study, each accounted for approxi-
mately 8% of thyroid cancer cases (33). Goldman et al. found
similar results with regard to a pre-existing history of thyroid
adenomas (34). Another study in American women found a
similar association, reporting that women with a history of
goiter were more likely to develop follicular thyroid cancer
(OR: 17) or papillary thyroid cancer (OR: 7) than women
without such history (35). These studies, however, found no
significant association with a history of hypothyroidism (35).
We did not evaluate the suspicious sonographic features of
nodules that underwent biopsy, or correlate such features
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with ultimate finding of malignancy. However, it has been
confirmed in many studies that features such as hypoecho-
genicity, increased vascularity, and the presence of micro-
calcifications, and/or irregular borders, although not
diagnostic of malignancy, are extremely useful in the proper
selection of nodules that should undergo FNA biopsy, par-
ticularly in patients with multiple nodules (29,36,37).

Our study clearly has some limitations. Its retrospective
nature makes it difficult to evaluate a number of factors. Data
regarding serum thyroid hormone levels (free thyroxine [FT4]
and total triiodothyronine [TT3]) were not available except in
a small proportion of patients and the prevalence of autoim-
munity as reflected by the presence of TPO antibodies was
only available in less than 18% of our cohort. Furthermore, the
duration of and indication for thyroid hormone replacement
therapy as well as history of pre-existing thyroid disease,
history of radiation exposure, and other important known risk
factors for thyroid cancer were not routinely recorded and
thus were unavailable for our review.

In conclusion, our study failed to demonstrate serum TSH
level as a predictor of malignancy in this cohort of patients. We
did however identify, for the first time a strong association be-
tween thyroid hormone use (possibly a surrogate indicator of
pre-existing thyroid disease) and risk of cancer, particularly in
patients with cytology suspicious for follicular and Hürthle cell
neoplasms. Further well-designed prospective studies are nee-
ded to determine the potential clinical significance of this finding.
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