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Abstract
Fine needle aspiration biopsy does not permit to distinguish between benign and malignant follicular thyroid lesions (category IV
in the Bethesda Cytopathology System). Some reports have suggested an association between increased serum TSH levels and
thyroid cancer, so the aim of this study was to investigate the association between TSH levels and malignancy in patients with
follicular thyroid nodules. Therefore, we conducted a retrospective study of all subjects who underwent surgical treatment for
Bethesda IV thyroid nodules in a single center (years 2012–2017). A total of 127 patients were analyzed, and malignancy was
present in 38.6% of the patients. Using ROC analysis, the best TSH cut-off point to differentiate benign from malignant disease
was 2.1 mU/l and the age cut-off with better sensitivity and specificity was 47 years. The proportion of subjects with TSH ≥
2.1 mU/l was greater among subjects with cancer than in those with benign diseases (65.3 vs 44.9%, P = 0.029). The concurrence
of both cut-off points (TSH ≥ 2.1 mU/l and age ≥ 47 years) showed a higher diagnostic accuracy than either of the two variables
separately. Therefore, the present study supports an association between serum concentrations of TSH and risk of malignancy
among subjects with Bethesda IV thyroid nodules. TSH levels could modify the diagnostic and therapeutic approach of patients
with Bethesda IV nodules.
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Introduction

Nodular thyroid disease (NTD) is a common clinical problem.
Its prevalence varies depending on the mode of discovery,
ranging 2–6% by cervical palpation, 19–35% by ultrasonog-
raphy, and 8–65% according to autopsy data [1]. Although it
is a benign condition in a great majority of cases, the clinical
importance of NTD lies in the need to rule out malignant
thyroid neoplasms [2]. Differentiating benign from malignant

disease in patients with NTD can be challenging. Several fac-
tors, including age, sex, nodule size, and a previous history of
radiation have been traditionally considered for their potential
in predicting thyroid malignancy [3]. Nowadays, ultrasound-
guided fine needle aspiration biopsy (FNAB) is the gold stan-
dard of diagnosis [4] and the Bethesda System for Reporting
Thyroid Cytopathology, launched in 2009 [5], is the most
commonly used method for reporting and interpreting aspira-
tion cytology results. However, despite being a safe, accurate,
and cost-effective method [6], a significant proportion of
FNABs are inconclusive [7]. Most of them correspond to
“follicular neoplasms” or “suspicious for follicular neo-
plasms” (category IV in the Bethesda Cytopathology
System), a cytologic pattern observed in both malignant
(mainly follicular carcinoma and follicular variant of papillary
carcinoma) and benign lesions (follicular adenoma and ade-
nomatous goiter), which represents 2–25% of all FNAB re-
sults [8]. In these cases, the risk of malignancy ranges between
10 and 40% [9] and it is usually necessary to perform a sur-
gical biopsy for definitive diagnosis [10]. Different strategies
have been proposed to diagnose malignancy in patients with
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indeterminate nodules, including the assessment of clinical,
ultrasonographic, and scintigraphic features [11–14], as well
as the examination of new immunohistochemical and molec-
ular markers in FNAB specimens [15]. Among the latter, the
specific point mutations C250T and C228T in the telomerase
reverse transcriptase (TERT) promoter region seem to be par-
ticularly promising because they can exhibit spatial heteroge-
neity in follicular thyroid carcinoma, providing insights to
molecular underpinnings as well as clinical management of
the disease [16, 17]. However, these markers have not been
found to be accurate enough to be incorporated into routine
clinical practice [18].

In the last decade, a growing number of studies have
shown that there is a significant association between
increased TSH levels and the risk of thyroid cancer in
patients with NTD [19–23]. However, most of them
have not considered whether the prognostic value of
TSH changes among groups with different types of cy-
tology results, and specifically, among patients with in-
determinate follicular lesions. The aim of this study was
to evaluate whether TSH levels can help to differentiate
benign from malignant disease in patients with Bethesda
IV category nodules.

Methods

Subjects All patients who underwent thyroid surgery follow-
ing a Bethesda type IV cytology diagnosis on ultrasound-
guided-FNBA in our institution between January 1, 2012,
and December 31, 2017, were retrospectively reviewed.
Patients in whom cytology results were not reported in the
standard Bethesda format and those without an available pre-
operative measure of TSH were excluded.

Demographic and clinical data, dimensions and ultra-
sonographic characteristics suggesting thyroid cancer
(namely hypoechogenicity compared with the surround-
ing thyroid, irregular borders, central vascularization,
shape taller than wide, and microcalcifications), pres-
ence of additional thyroid nodules, final pathological
diagnosis, and serum TSH concentration in the last de-
termination before thyroid surgery were recorded. The
volume of the nodule was calculated using the formula
to calculate the volume of an ellipsoid. Nodules were
further classified in five ultrasound patterns with differ-
ent risk of malignancy, following the recommendations
of the American Thyroid Association Guidelines: high
suspicion, intermediate suspicion, low suspicion, very
low suspicion, and benign [2, 4].

In all cases, serum TSH was determined using a two-site
inmunoenzymatic (“sandwich”) assay (Beckman Coulter,
France) (normal range, 0.38–5.33 mIU/l).

Statistical Analysis

Continuous variables were presented as mean ± SD or median
(ranges), according to data distribution. The Kolmogorov-
Smirnov test was used to determine whether data were nor-
mally distributed. Discrete variables were represented as per-
centages. Comparisons between groups with malignant and
benign disease were performed using the Student t test, the
Mann-Whitney test, or the chi-square test, as appropriate.
ROC curves were analyzed to evaluate cut-off points with
predictive power for the preoperative diagnosis of malignan-
cy. A logistic regression model was performed to assess the
independent effect of elevated TSH values on the risk of ma-
lignancy. Results were presented as odds ratio (OR) with 95%
confidence intervals (CI) and P values. Diagnostic tests (sen-
sitivity, specificity, predictive values, likelihood ratio, and ac-
curacy) were derived from conventional 2 × 2 contingency
tables.

Results

A total of 127 subjects (111 women) were identified. Eighteen
of them (14.2%) had a diagnosis of primary hypothyroidism
and were taking levothyroxine treatment before thyroid sur-
gery. Forty-nine patients (38.6%) showed malignancy upon
definitive histopathological examination (21 cases of follicu-
lar variant of papillary carcinoma, 19 of follicular thyroid car-
cinoma, 8 with other types of papillary carcinoma, and 1 with
medullary carcinoma). The main demographic and clinical
characteristics of the population and the ultrasound features
of the category Bethesda IV dominant nodule that led to thy-
roid surgery are shown in Table 1, grouped according to the
final histopathological diagnosis. Subjects with thyroid cancer
were older than those with benign conditions. Prevalence of
hypothyroidism, nodule dimensions, uni- or multinodular dis-
ease, and ultrasonographic characteristics usually considered
to be associated with a higher risk of malignancy were very
similar in groups with final diagnosis of benign or malignant
disease.

TSH level, assessed as a continuous variable, was not sig-
nificantly higher in patients with thyroid cancer. Using ROC
analysis, the best TSH cut-off point to differentiate benign
frommalignant disease was 2.1 mU/l (sensitivity 65.3%, spec-
ificity 55.1%, positive predictive value 47.8%, negative pre-
dictive value 71.7%, and area under the curve 0.55) (Fig. 1).
The proportion of subjects with TSH ≥ 2.1 mU/l was greater
among subjects with cancer than in those with benign diseases
(65.3 vs 44.9%, P = 0.029). A logistic regression model in-
cluding age and TSH ≥ 2.1 mU/l as independent variables
showed that both of them retained independent association
with malignancy. The OR for elevated TSH was 2.43 (95%
CI, 1.131–5.21) (P = 0.023) and the OR for age was 1.049
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(1.01–1.08) (P = 0.07). Given that the associations of malig-
nancy with age and with increased TSH values were indepen-
dent, a combination of both variables was also assessed to
predict the risk of cancer. Using ROC analysis, the age cut-
off with better sensitivity and specificity was 47 years. Among
the 18 subjects younger than 47 years and with TSH values <
2.1 mU/l, only 2 of them had malignant nodules (11.1%). At
the other end of the spectrum, malignant disease was diag-
nosed in 22 of 40 subjects with both age ≥ 47 years and

TSH ≥ 2.1 mU/l (55%). The concurrence of both cut-off
points (TSH ≥ 2.1 mU/l and age ≥ 47 years) as criterion to
predict malignancy yielded a sensitivity of 44.9% and a spec-
ificity of 76.9%, providing a higher diagnostic accuracy than
either of the two variables separately. The diagnostic perfor-
mance of TSH and age is summarized in Table 2.

Discussion

The present study was specifically focused to assess the po-
tential of TSH measure to differentiate between benignity and
malignancy in patients with Bethesda IV thyroid nodules.
Although many studies have suggested that higher concentra-
tions of TSH, even within the normal range, are associated
with an increased risk of thyroid cancer in patients with
NTD, in most cases the relationship between TSH and cancer
was studied in all types of nodules. In fact, to our knowledge,
only four previous studies have analyzed the association of
TSH concentrations with risk of malignant disease in indeter-
minate follicular nodules. Within a large series of 845 patients
with thyroid nodules undergoing surgical treatment, Haymart
et al. [22] evaluated a small subset of 18 patients with FNAB
cytology suspicious for malignancy. They found a trend for
higher TSH levels among subjects with malignant final path-
ological diagnosis, although the difference was not significant
because of the few number of studied patients. Castro et al.
[23] reported that serum TSH levels were not a predictor of

Fig. 1 ROC curve for the TSH levels and the risk of malignancy in
nodular thyroid disease

Table 1 Demographic, clinical
characteristics, and ultrasound
features of Bethesda IV dominant
nodule, grouped according to the
final histopathological diagnosis

Total (N = 127) Benign (n = 78) Malignant (n = 49) P

Age (years) 52.7 ± 14.0 50.1 ± 13.5 57.0 ± 13.7 0.007

Male sex (%) 12.6 14.1 10.2 0.59

Postmenopausal status (women) (%) 54.6 51 60 0.51

Primary hypothyroidism (%) 14.2 11.5 18.4 0.30

TSH (mU/l) 2.1 (0.09–37.00) 2.3 (0.34–37.00) 2.0 (0.09–10.94) 0.30

Ultrasound nodule features

Maximum diameter (mm) 26.6 26.9 ± 11.5 26.1 ± 12.3 0.71

Volume (cc) 3.2 (0.2–6.9) 3.8 (0.3–46.9) 2.9 (0.2–37.7) 0.68

Solitary nodule (%) 37.0 34.6 40.8 0.57

Hypoechogenicity (%) 32.3 32.1 33.3 1

Irregular margins (%) 4.7 3.8 6.3 0.67

Taller than wide shape (%) 0.8 0 2.1 0.38

Central vascularization (%) 15.0 16.7 12.5 0.61

Microcalcifications (%) 4.7 5.1 4.2 1

Ultrasound risk (ATA guidelines) 0.91

Benign (%) 0.8 1.3 0

Very low suspicion (%) 16.7 15.4 18.8

Low suspicion (%) 50.0 51.3 47.9

Intermediate suspicion (%) 27.0 26.9 27.1

High suspicion (%) 5.6 5.1 6.3
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malignancy among 327 thyroid nodules with FNAB suspi-
cious for follicular or Hürthle cell neoplasms. Muniz Fighera
et al. [24] analyzed a sample of 622 patients of which 40
patients had follicular lesion. They found that follicular lesion
had higher TSH levels compared with patients with benign
cytological diagnosis. Finally, Husniye Baser et al. [16] inves-
tigated the association between concentrations of TSH and
malignancy in euthyroid patients harboring thyroid nodules
with different Bethesda categories. Patients with benign cytol-
ogy had TSH levels significantly lower than those with other
cytology results. Moreover, TSH levels increased as the
Bethesda category did, rising from Bethesda categories II to
VI. However, in contrast to other groups, among subjects
within Bethesda IV category, TSH levels were similar be-
tween those with benign or malignant nodules. Nevertheless,
it should be noted that the number of patients with Bethesda
IV nodules was small compared with other groups.

As observed in previous studies, we also could not find
significant differences between TSH levels in subjects with
benign and malignant nodules, when TSH was assessed as a
continuous variable. However, the risk of malignancy was
higher in patients with TSH levels just above the median value
(TSH levels ≥ 2.1 mU/l). The prognostic value of TSH was
greater when combined to age, the only additional variable
associated with thyroid cancer in our study. The concurrence
of cut-off points with better diagnostic performance to predict
malignancy for both TSH and age (TSH ≥ 2.1 mU/l and age ≥
47 years) provided a higher diagnostic accuracy than either of
the two variables separately.

The utilization of the TSH measurement in the estimation of
the risk of malignancy could, logically, be of particular relevance
in subjects with follicular nodules, since in this case the cytology
does not allow to differentiate between benign and malignant
nodules. Moreover, while thyroid ultrasonography can provide
valuable markers of suspicion for papillary thyroid malignant
neoplasms, it does not allow to differentiate so clearly between
follicular adenomas or carcinomas, which represent the great
majority of nodules with Bethesda IV cytology. In our study,
neither ultrasonographic features nor other variables previously
associated with malignant follicular nodules, such as uninodular
goiter [25] and hypothyroidism requiring thyroid hormone sub-
stitution [23], were associated with malignant disease.

In the recent years, other new diagnostic approaches
based on histopathological, imaging, and genetic bio-
markers have been researched for diagnostic use in thyroid
nodules with indeterminate cytology. Although these
emerging tools have been validated in different studies,
and some of them have been already introduced in clinical
settings [26], they are expensive and only accessible to few
centers [27–30]. On the other hand, there are few data on
the integration of the information provided by these
methods with that obtained from conventional clinical
and biochemical variables. Further studies should be per-
formed to assess if TSH levels, whose measure is very
cheap and universal, can improve the diagnostic perfor-
mance and the rational utilization of these novel tests.

Our study has some limitations. First, the sample size was
small and this could have influenced on the results. On the other
hand, it is a retrospective study and several possible confound-
ing covariables, some of which have also been related to an
increased risk of malignancy, such as antithyroperoxidase auto-
antibodies and serum T4 levels, [31, 32] were only available in
a small proportion of patients and were not evaluated.

In conclusion, TSH levels above the median value
were significantly associated with a higher risk of can-
cer in subjects with NTD and indeterminate Bethesda
IV cytology results. Further studies are needed to inves-
tigate the potential of this easy and cheap technique to
increase the accuracy of other emerging diagnostic tests
for management of these lesions.
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Table 2 Diagnostic performance of TSH and age

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Odds ratio Likelihood ratio Accuracy (%)

TSH ≥ 2.1 mU/l 65.3 55.1 47.8 71.7 2.31 1.45 59.1

Age ≥ 47 years 75.5 42.3 45.1 73.3 2.26 1.31 55.1

TSH ≥ 2.1 mU/l and age ≥ 47 years 44.9 76.9 55.0 69.0 2.72 1.94 64.6

TSH ≥ 2.1 mU/l and/or age ≥ 47 years 95.9 20.5 43.1 88.9 6.06 1.21 49.6

PPV, positive predictive value; NPV, negative predictive value
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