
ORIGINAL SCIENTIFIC REPORT

Anti-Thyroid Antibodies and TSH as Potential Markers
of Thyroid Carcinoma and Aggressive Behavior in Patients
with Indeterminate Fine-Needle Aspiration Cytology

Mohammadmehdi Adhami1 • Peter Michail1 • Apoorva Rao1 • Chhavi R. Bhatt1 •

Simon Grodski1,2,3 • Jonathan W. Serpell1,2 • James C. Lee1,2,3

Published online: 9 September 2019
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Abstract

Background Indeterminate fine-needle aspiration cytology (FNAC) imposes challenges in the management of thy-

roid nodules. This study aimed to examine whether preoperative anti-thyroid antibodies (Abs) and TSH are indicators

of thyroid malignancy and aggressive behavior in patients with indeterminate FNAC.

Methods This was a retrospective study of thyroidectomy patients from 2008 to 2016. We analyzed Abs and TSH

levels, FNAC, and histopathology. Serum antibody levels were categorized as ‘Undetectable’, ‘In-range’ if

detectable but within normal range, and ‘Elevated’ if above upper limit of normal. ‘Detectable’ levels referred to ‘In-

range’ and ‘Elevated’ combined.

Results There were 531 patients included. Of 402 patients with preoperative FNAC, 104 (25.9%) had indeterminate

cytology (Bethesda III–V). Of these, 39 (37.5%) were malignant and 65 (62.5%) benign on histopathology. In the

setting of indeterminate FNAC, an increased risk of malignancy was associated with ‘Elevated’ thyroglobulin

antibodies (TgAb) (OR 7.25, 95% CI 1.13–77.15, P = 0.01) and ‘Elevated’ thyroid peroxidase antibodies (TPOAb)

(OR 6.79, 95% CI 1.23–45.88, P = 0.008). Similarly, while still ‘In-range’, TSH C 1 mIU/L was associated with an

increased risk of malignancy (OR 3.23, 95% CI 1.14–9.33, P = 0.01). In all patients with malignancy, the mean

tumor size was 8 mm larger in those with TSH C 1 mIU/L (P = 0.03); furthermore, in PTC patients, ‘Detectable’

TgAb conferred a 4 9 risk of lymph node metastasis (95% CI 1.03–13.77, P = 0.02).

Conclusion In this cohort, in indeterminate FNAC patients, Abs and TSH were associated with an increased risk of

malignancy. Additionally, TgAb and TSH were potential markers of aggressive biology. As such, they may be

diagnostic and prognostic adjuncts.

Introduction

Thyroid nodules are common with a prevalence of up to

70% in the general population [1]. Approximately 15–30%

of biopsied nodules are characterized as indeterminate,

namely Bethesda III–V, with an estimated risk of
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malignancy of 5–75% [2–4]. Patients with indeterminate

nodules may need to undergo diagnostic hemithyroidec-

tomy, repeat FNAC or molecular testing depending on

other clinical and imaging considerations, but none of these

options is ideal. A diagnostic hemithyroidectomy can be a

procedure of compromise because it is either unnecessary

in the absence of other indications if the nodule is proven to

be benign, or inadequate and requiring completion thy-

roidectomy if the nodule is shown to be malignant [5].

Schneider et al. [6] have reported that nearly 30% of

patients with indeterminate nodules received inappropriate

extent of initial thyroidectomy (under- or over-treatment).

Similarly, the efficacy of repeat FNAC is unclear with

reportedly no change of Bethesda category in 76% of

patients with indeterminate nodules following a repeat

FNAC [5]. Although molecular and gene testing can play a

crucial role in malignancy risk stratification, these tests are

very costly and may not be accessible in resource-con-

strained clinical settings. In addition, patients who have

papillary thyroid cancer (PTC) might also miss out on a

central lymph node dissection if the malignancy is not

diagnosed preoperatively.

As the management of thyroid patients continues to be

refined to achieve personalized treatment plans, we con-

ducted this present study to explore the use of routine

biochemical tests such as TSH and anti-thyroid antibody

measurements in augmenting the preoperative assessment.

The literature shows an association between thyroiditis

and thyroid carcinoma [7, 8], and chronic inflammation is a

recognized risk factor for cancer development [9]. More-

over, TSH is a widely known thyroid growth factor, and

several studies have suggested that higher TSH is associ-

ated with thyroid cancer development [10–12].

The cancer risk stratification and surgical treatment of

thyroid nodules with indeterminate cytology remain a

challenge for clinicians. Hence, this study aimed to

examine whether preoperative anti-thyroid antibodies and

TSH are potential markers of (1) thyroid carcinoma in

patients with indeterminate cytology and (2) more

aggressive behavior in patients with malignancy.

Methods

This was a retrospective study of patients undergoing

thyroidectomy in the Monash University Endocrine Sur-

gery Unit (MUESU) from 2008 to 2016. All information

was retrieved from the MUESU surgical database and

electronic medical records, including demographic data,

preoperative anti-thyroid antibody and TSH levels, FNAC

results and final histopathology which comprised of cancer

type, largest malignant tumor size, and lymph node

metastasis. Data collection and subsequent analysis were

approved by the Alfred Health Human Research Ethics

Committee (Project No: 185/19).

All patients with thyroid nodules were initially assessed

clinically and by ultrasonography. Subsequently, FNAC

was performed on those who had nodules with suspicious

features based on the American Thyroid Association

(ATA) guidelines [2], and where clinically indicated.

FNAC was performed under ultrasound guidance, and

cytology was reported by an endocrine cytopathologist.

Indeterminate FNAC was defined as per Bethesda criteria,

including Bethesda III (atypia of undetermined significance

or follicular lesion of unknown significance), Bethesda IV

(follicular neoplasm or suspicious for follicular neoplasm),

and Bethesda V (suspicious for malignancy) [4].

Serum marker levels were categorized into three—

‘Undetectable’ if below the lower limit of detection, ‘In-

range’ if detectable and within the assay’s reference range,

and ‘Elevated’ if above the upper limit of the reference

range. In addition, in this study, the term ‘Detectable’

refers to ‘In-range’ and ‘Elevated’ combined. TSH levels

were considered to be ‘In-range’ if they were within the

specific laboratory normal range.

The presence of elevated anti-thyroid antibodies was

correlated with the presence of thyroiditis on histopathol-

ogy of the resected specimen, regardless of whether a

malignancy was present.

Focusing on the patients with indeterminate cytology,

we then correlated the presence of elevated anti-thyroid

antibodies and TSH level to the risk of malignancy. The

rates of malignancy in patients with and without either

elevated TPOAb or TgAb were compared. Patients were

then grouped into four groups according to TSH level

(0–0.49, 0.5–0.99, 1.0–1.49, 1.5, and above) and the risk of

malignancy calculated.

In this study, the features that defined aggressive

behavior were tumor size and presence of lymph node

metastasis. The mean cancer sizes were compared in

patients with TSH below or above 1 mIU/L. The rates of

lymph node metastasis were compared between patients

with and without detectable TPOAb and TgAb.

Binary variables were analyzed using Pearson’s Chi-

square test, and continuous variables were analyzed using

Student’s t test. A P value less than 0.05 was considered

statistically significant. Statistical analysis was performed

using Stata software version 15.1 (StataCorp, Texas, USA).

Results

Clinical characteristics

During the 9-year study period from 2008 to 2016, 2045

patients had thyroid surgery and were eligible for the study.

364 World J Surg (2020) 44:363–370

123



Of these, 531 patients were included for analysis, after

excluding 1514 that did not have preoperative measure-

ments of serum anti-thyroid antibodies or TSH, cytology,

or histopathology reports. The mean age was 52 ± 17 (SD)

years (range 15–89). There was a female preponderance—

416 females (78.3%) and 115 males (21.7%) with a female-

to-male ratio of approximately 4:1 (Table 1).

Of the 402 patients with preoperative cytology, 104

(25.9%) had indeterminate cytology (91, 87.5% Bethesda

III or IV, and 13, 12.5% Bethesda V). The four most

common primary indications for surgery for all patients in

the study cohort were risk of malignancy (29.4%), pressure

symptoms (26.2%), thyrotoxicosis (22.0%), and preopera-

tive diagnosis of malignancy (15.1%) (Table 2). A high

proportion of patients in the study cohort (319, 60%) had a

total thyroidectomy, while 179 (33.7%) patients had

hemithyroidectomy, and 33 (6.2%) patients had other types

of thyroidectomy (e.g., isthmus resection, re-operative

surgery). In contrast, the majority of patients with inde-

terminate cytology (63, 60.6%) had hemithyroidectomy.

Of the 151 patients with histopathologically confirmed

thyroid cancer, the majority had PTC. This was followed

by minimally invasive follicular thyroid cancer, follicular

thyroid cancer, medullary thyroid cancer, and poorly dif-

ferentiated thyroid cancer, in descending order (Table 3).

Anti-thyroid antibodies and thyroiditis

on histopathology

The prevalence of elevated TPOAb and TgAb were 31.2%

and 17.1% respectively. There were 114 (21.9%) patients

with thyroiditis on final histopathology. There was a strong

association between elevated anti-thyroid antibodies (TgAb

and/or TPOAb) and thyroiditis on histology (OR 17.44,

95% CI 7.86–41.21, P\ 0.0001). However, thyroiditis

was sometimes seen on histopathology in the absence of

elevated antibodies, and vice versa.

Table 1 Baseline demographics of patients

Clinical characteristic Study Cohort Indeterminate

FNAC

Demographics

N (%) 531 (100) 104 (25.9)

Mean age ± SD, years (range) 52 ± 17

(15–89)

51 ± 17 (15–89)

Gender, N (%)

Male 115 (21.7) 13 (12.5)

Female 416 (78.3) 91 (87.5)

Biochemistry

Mean TSH ± SD, mIU/L 1.32 ± 3.44 1.39 ± 1.38

TSH C 1 mIU/L, N (%)

Yes 148 (38.0) 39 (47.0)

No 241 (62.0) 44 (53.0)

Elevated TgAb, N (%)

Yes 46 (17.1) 9 (17.3)

No 223 (82.9) 43 (82.7)

Detectable TgAb, N (%)

Yes 82 (30.5) 14 (26.9)

No 187 (69.5) 38 (73.1)

Elevated TPOAb, N (%)

Yes 88 (31.2) 10 (18.9)

No 194 (68.8) 43 (81.1)

Postoperative histopathology

Histopathology, N (%)

Malignant 151 (28.4) 39 (37.5)

Benign 380 (71.6) 65 (62.5)

Mean malignant tumor

size ± SD, mm

22.35 ± 19.23 24.19 ± 19.55

Thyroiditis on histopathology,

N (%)

Yes 114 (21.9) 13 (13.1)

No 406 (78.1) 83 (86.9)

Lymph node metastasis, N (%)

Yes 39 (25.8) 3 (7.7)

No 112 (74.2) 36 (92.3)

FNAC fine-needle aspiration cytology, N number, SD standard devi-

ation, TSH thyroid stimulating hormone, TgAb thyroglobulin anti-

body, TPOAb thyroid peroxidase antibody

Table 2 Indications for surgery for all patients in the study cohort

(N = 531)

Indications n %

Risk of malignancya 156 29.4

Pressure symptoms 139 26.2

Thyrotoxicosis 117 22.0

Malignancy 80 15.1

Retrosternal goiter 26 4.9

Other 13 2.4

aIncluding indeterminate cytology, rapid nodule growth and suspi-

cious ultrasound features

Table 3 Breakdown of malignancy subtypes on histopathology

Type of thyroid cancer n %

Papillary ([10 mm) 67 44.4

Micropapillary (B10 mm) 53 35.1

Follicular (minimally invasive) 22 14.6

Follicular 4 2.6

Medullary 3 2.0

Poorly differentiated 2 1.3
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Anti-thyroid antibodies and risk of malignancy

in the context of indeterminate cytology

Of 104 patients with indeterminate cytology, 10 (18.9%)

had elevated TPOAb and 9 (17.3%) had elevated TgAb.

Among these patients with indeterminate cytology, 39

(37.5%) had a thyroid carcinoma, and 65 (62.5%) had a

benign thyroid nodule on the final histopathologic exami-

nation. In this group, elevated TgAb (OR 7.25, 95% CI

1.13–77.15, P = 0.01) and elevated TPOAb (OR 6.79, 95%

CI 1.23–45.88, P = 0.008) were found to be significantly

associated with an increased risk of thyroid malignancy

(Fig. 1).

TSH and risk of malignancy in the context

of indeterminate cytology

When patients with indeterminate cytology were subdi-

vided into four groups according to TSH levels, a corre-

lation between TSH level and risk of malignancy with a

substantial increase at the TSH value of 1 mIU/L emerged

(Fig. 2). As TSH increased, the prevalence of malignancy

on final histopathology also increased. Further, 49% of the

patients with TSH C 1 mIU/L were diagnosed with

malignancy, which was over twice more frequently than

those with TSH\ 1 mIU/L, who had a frequency of 23%

(OR 3.23, 95% CI 1.14–9.33, P = 0.01). Notably, in this

cohort of patients with indeterminate cytology, three

patients were on thyroxine to achieve a TSH in the normal

range; however, all of them were excluded to avoid any

confounding effect.

Synergistic association among markers

In patients with indeterminate cytology, the presence of

either an elevated anti-thyroid antibody or TSH C 1 mIU/

L was associated with significant increased risk of thyroid

cancer (OR 3.40, 95% CI 1.21–9.91, P = 0.009), and the

presence of both an elevated anti-thyroid antibody and

TSH C 1 mIU/L was associated with an even greater risk

of thyroid carcinoma, compared to patients with neither of

the markers (OR 10.67, 95% CI 1.48–118.11, P = 0.003)

(Fig. 3). Therefore, the risk of malignancy increased as the

number of markers increased with the highest risk of

malignancy being associated with having two markers. It

should be recognized that the number of patients with both

markers was small (N = 8), despite a significant P value.

TSH/TgAb and aggressive behavior

TSH and TgAb were found to be associated with more

aggressive tumor biology as defined by primary tumor size

and presence of lymph node metastasis respectively.

Among 151 patients with histologically confirmed malig-

nancy, the mean tumor size was 26 ± 20 (SD) mm in those

with TSH C 1 mIU/L, and 18 ± 17 (SD) mm in those with

TSH\ 1 mIU/L (P = 0.03) (Fig. 4a). Of the 119 patients

with PTC, 32 (26.9%) had lymph node metastasis con-

firmed on histopathology. In patients with detectable

TgAb, 50% had lymph node metastasis, whereas in patients

with undetectable TgAb, 21% had lymph node metastasis

(OR 3.78, 95% CI 1.03–13.77, P = 0.02) (Fig. 4b). In spite

of a significant P value, it is worth noting that only three

Fig. 1 a TPOAb positivity versus prevalence of malignancy in patients with indeterminate FNAC; b TgAb positivity versus prevalence of

malignancy in patients with indeterminate FNAC
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patients had both detectable TgAb and lymph node

metastasis. No significant association between TPOAb and

lymph node metastasis was seen. Likewise, no association

was seen between the serum markers and subtype of

malignancy.

Discussion

This study demonstrated that elevated anti-thyroid anti-

bodies and TSH C 1 mIU/L were independently and syn-

ergistically associated with an increased risk of thyroid

carcinoma in patients with indeterminate cytology. Addi-

tionally, TSH C 1 mIU/L was associated with larger

primary tumor size, and detectable TgAb was associated

with presence of lymph node metastasis, both suggestive of

more aggressive tumor biology.

The association between anti-thyroid antibodies and

thyroid cancer is controversial. In line with several previ-

ous studies, our data have demonstrated that autoimmune

thyroiditis is associated with an increased risk of thyroid

carcinoma [8, 13–18], while others have proposed that the

coexistence of thyroiditis in patients with thyroid nodules

confers no additional risk of malignancy [19–22]. Cyto-

logical series tend to find no significant association

between autoimmune thyroiditis and thyroid carcinoma

arguing that the association proposed by histology-based

surgical series is a result of a selection bias reportedly due

Fig. 2 Preoperative TSH versus

prevalence of malignancy in

patients with indeterminate

FNAC, indicating increased

prevalence in those with higher

TSH levels. *, Reference group

(TSH\ 1 mIU/L) for

comparison; **, P = 0.01,

OR = 3.23 (95% CI 1.14–9.33)

compared with reference group

Fig. 3 Increasing prevalence of

malignancy with higher number

of markers among patients with

indeterminate FNAC.

*, Reference group for

comparison; **, P = 0.009,

OR = 3.40 (95% CI 1.21–9.91)

***, P = 0.003, OR = 10.67

(95% CI 1.48–118.11),

compared with 0 marker.

P value for trend = 0.003
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to the fact that patients undergoing thyroidectomy are more

likely to have suspicious nodules; however, these studies

are limited by a lack of definitive histopathological

diagnosis.

The literature suggests that inflammation is essential for

the development of most, if not all, tumors because it plays

an important role in both cancer initiation and progression

[23]. Chronic inflammation can promote a tumorigenic

microenvironment by inhibiting apoptosis and stimulating

increased cell proliferation, angiogenesis, and release of

various mutagenic cytokines and free radicals [24–26].

Even though the exact mechanism remains unclear, a

potential molecular mechanism for thyroid carcinogenesis

involves PI3K/Akt pathway and RAS/RET/ERK pathway

which are triggered in both thyroid carcinoma and Hashi-

moto’s thyroiditis [27, 28]. Similarly, immunohistological

markers of PTC, such as p63 [29] and cytokeratin 19 [30],

can also be found in tissues with autoimmune thyroiditis.

Lymph node metastasis is a marker of tumor aggres-

siveness. We found that detectable TgAb was associated

with approximately fourfold increased risk of lymph node

metastasis in patients with PTC which was consistent with

the study by Vasileiadis et al. who proposed a similar

correlation between TgAb positivity and lymph node

metastasis in PTC patients [31]. A potential confounder is

that patients with thyroiditis would be more likely to have

incidental lymph nodes resected at surgery, hence

increasing the chance of detection of incidental micro-

scopic metastasis in patients with positive antibodies.

Conversely, while acknowledging the tumorigenic action

of thyroiditis, a number of other studies have suggested that

thyroiditis may have a protective effect in the long term

with respect to recurrence and overall prognosis [32, 33].

Molecular rationales proposed for this phenomenon include

anti-tumorigenic activity of IL-1 [34] and enhanced

destruction of cancer cells expressing thyroid-specific

antigens as a result of previous autoimmune reaction to

thyroid-specific antigens [35, 36]. Notably however, Singh

et al. have argued that patients with Hashimoto’s thyroiditis

are more likely to have other protective factors such as

younger age, so controversies exist [37].

Even within normal range, TSH is associated with an

increased risk of thyroid carcinoma and advanced TNM

stage [10–12, 16, 38–41]. Interestingly, in these studies,

TSH of 1 mIU/L seems to have emerged as the threshold

above which the risk of malignancy increases. Further-

more, pathological thyroid growth can be seen in Graves’

disease (through thyroid stimulatory antibodies) and TSH-

secreting pituitary adenomas where chronic stimulation of

TSH receptor leads to persistent hyperplasia [42, 43]. In

our study, the mean malignant tumor size was found to be

approximately 8 mm larger in those with TSH C 1 mIU/L.

The fact that the expression and responsiveness of TSH

receptors remain moderately unaffected in differentiated

thyroid cancer [38, 44–46] is also why levothyroxine-in-

duced suppression of TSH is effective in tumor growth

inhibition as an adjuvant therapy [47].

A key strength of this study was that we specifically

focused on the utility of anti-thyroid antibodies and TSH in

patients with indeterminate FNAC, as most published

studies have reported the role of these markers in all

patients with thyroid nodules. Additionally, of patients

with indeterminate cytology, the majority (87.5%) had

nodules with Bethesda III or IV classification with a small

Fig. 4 a TSH level versus mean malignant tumor size (mm), error

bars represent standard deviation. b TgAb detectability versus

prevalence of lymph node metastasis in patients with indeterminate

FNAC
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proportion (12.5%) who had nodules with Bethesda V

classification. This reduces the risk of the findings being

due to selection bias from a high proportion of Bethesda V

cases with a high rate of malignancy. Moreover, to the best

of our knowledge, this is the first study to explore the

synergistic effect of TSH and anti-thyroid antibodies in

increasing the risk of malignancy in patients with indeter-

minate cytology.

The limitations of this study included its retrospective

design, and that we only had a static measure of anti-thy-

roid antibodies and TSH. Serial measurement of these

markers to assess the period of elevated antibodies and

TSH might have shed further insight. Despite a study

period of 9 years, our study had a relatively small sample

size by virtue of focusing on the patients with indetermi-

nate cytology. This limited the statistical power of sub-

group analysis. Longitudinal multicenter, prospective

studies with larger number of patients with indeterminate

cytology may be able to validate the potential role of these

markers in determining the risk of malignancy, by allowing

more standardized testing of serum markers.

In conclusion, in this cohort of patients, anti-thyroid

antibodies and TSH were markers of thyroid carcinoma

and aggressive behavior in the setting of indeterminate

cytology. As such, in the absence of molecular testing

which is not widely accessible outside of the USA, pre-

operative anti-thyroid antibodies and TSH may be addi-

tional diagnostic and prognostic adjuncts in the workup of

patients with indeterminate nodules, aiding decision-mak-

ing for the extent of surgery, and helping to achieve the

practice of personalized medicine, and to avoid over- and

under-treatment.
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