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Abstract

Background: Rates of thyroid cancer in patients with multinodular goitre (MNG) vary widely, from 3 per cent in older studies to 35
per cent in more recent studies. The purpose of the present study was to evaluate the prevalence of thyroid cancer in patients oper-
ated on for MNG, and to determine risk factors for incidental thyroid malignancy.

Methods: A prospectively developed database of all patients who underwent thyroidectomy for a benign MNG at the high-volume
endocrine surgery unit of a tertiary referral university hospital was interrogated.

Results: A total of 3233 patients were analysed, separated into three groups according to their functional thyroid status (hypothyroid,
hyperthyroid or euthyroid). There were 2788 women (86.2 per cent); the mean patient age was 56.4 years and mean preoperative dis-
ease duration was 106.2 months. Incidental thyroid cancer was identified in 1026 patients (31.7 per cent), of which 917 (89.4 per cent)
were papillary cancers. Multivariable regression analysis identified functional thyroid status, younger age, male sex, smaller ade-
noma size, smaller thyroid glands, Hashimoto’s thyroiditis and chronic non-specific thyroiditis as independent risk factors for thy-
roid cancer.

Conclusion: MNG was associated with a considerable rate of incidental thyroid cancer, which has been underestimated. A variety of
factors should be taken into account when considering the malignant potential of a presumed benign MNG.

Introduction
Thyroid nodules are common, discovered by palpation in at least
4 per cent of the population in iodine-sufficient areas and in
more than half of patients by the use of ultrasonography1,2, with
the majority being asymptomatic. They may be associated with
local compressive symptoms, causing dysphagia and disordered
thyroid hormone production as well as thyroid cancer1,3.

Published data regarding the prevalence of thyroid cancer
within a multinodular goitre (MNG) have demonstrated a wide
distribution of cancer rates, ranging from 3 to 35 per cent4–6.
Although fine-needle aspiration (FNA) is the most accurate and
cost-effective method of thyroid nodule evaluation, benign cyto-
logical diagnosis is associated with false-negative rates of up to 3
per cent7. Further complicating this topic, FNA cytology may be
non-diagnostic in up to 25 per cent of patients with nodular thy-
roid disease8, and its performance in the setting of MNG presents
other difficulties, including deeply located thyroid nodules that
may be more challenging to aspirate as well as reliably evaluat-
ing all suspicious nodules9.

The purpose of the present study was to evaluate the preva-
lence of thyroid cancer in patients who had thyroidectomy for
MNG, and analyse patient-related parameters to identify risk fac-
tors associated with incidental thyroid malignancy.

Methods
This was an observational study of a prospectively created database
of all surgical patients from an iodine-sufficient area with a preop-
erative diagnosis of MNG who underwent thyroidectomy at a high-
volume endocrine surgery unit in a tertiary referral university
hospital, over a 10-year period between January 2009 and
December 2018, with follow-up to the end of March 2020. All patient
records were reviewed and parameters considered potentially im-
portant as risk factors for cancer development were extracted.

All patients had preoperative thyroid and cervical ultrasound
imaging, and all hyperthyroid patients underwent preoperative
thyroid scintigraphy. MNG was defined as enlargement of the
thyroid gland, accompanied by the presence of two or more nod-
ules in the thyroid parenchyma, on preoperative ultrasonogra-
phy. The presence of two or more nodules within one thyroid
lobe, with the contralateral lobe being normal on preoperative ul-
trasound imaging, was categorized as asymmetrical MNG, and
these patients were included in the analysis. MNG was classified
as cervical when less than 50 per cent of the total thyroid volume
lay behind the sternum, or as substernal when 50 per cent or
more of the gland lay in that location.

Patients were offered surgery, irrespective of their thyroid
functional status, for associated compressive symptoms, nodule
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growth on follow-up, or nodule of 4 cm or more in size on ultra-
sound imaging. Exclusion criteria included patients with MNG
and a preoperative FNA cytology result of atypia or follicular le-
sion of undetermined significance, follicular neoplasm or suspi-
cion of a follicular neoplasm, suspicion of malignancy or
malignancy (Bethesda diagnostic categories III–VI10). All patients
with nodule growth and/or suspicious nodule characteristics on
ultrasound imaging were evaluated before surgery by FNA of the
respective nodule(s); only patients with benign cytology
(Bethesda diagnostic category II10) were included in the analysis.

Preoperative thyroid and parathyroid functional assessment
was performed in all patients, measuring serum levels of thyroid-
stimulating hormone (TSH), free thyroxine, tri-iodothyronine,
thyroglobulin (Tg), antithyroid peroxidase antibodies (anti-TPO),
antithyroid thyroglobulin antibodies (anti-Tg), intact parathyroid
hormone, and calcium. Preoperative serum calcitonin levels were
not measured routinely. Hashimoto’s thyroiditis (HT) was diag-
nosed biochemically by the presence of positive anti-TPO anti-
bodies with or without positive anti-Tg antibodies, confirmed by
pathological evidence of lymphocytic infiltration along with atro-
phy and eosinophilic changes in thyroid cells, as well as the pres-
ence of fibrosis11. Chronic non-specific thyroiditis (CNST) was
defined as lymphocytic infiltration of thyroid cells without the
presence of serum autoantibodies.

The surgical operation performed was total or near-total thy-
roidectomy. Patients with asymmetrical MNG underwent a hemi-
thyroidectomy, defined as a unilateral lobectomy with excision of
the thyroid isthmus.

The final diagnosis was determined by pathological analysis
of the surgical specimen, performed by a single pathologist ex-
perienced in thyroid malignancy. Papillary microcarcinoma
(PTMC) was defined as a papillary thyroid cancer (PTC) not ex-
ceeding 1 cm in size, whereas all papillary thyroid cancers
greater than 1 cm in size were defined as clinical papillary thy-
roid cancers12.

Statistical analysis
Statistical analysis was performed using IBM SPSSVR Statistics ver-
sion 26.0 (IBM, Armonk, NY, USA). Continuous data are reported
as mean(s.d.) values and analysed with Student’s t test for nor-
mally distributed data or ANOVA with Bonferroni post hoc pair-
wise comparisons. Univariable comparison of categorical
variables was performed using Pearson’s v2 test (or Fisher’s exact
test for 2�2 tables). All parameters that demonstrated P <0.100
in univariable analysis were subsequently included in multivari-
able analysis. Logistic regression analysis for the identification of
risk factors associated with thyroid cancer presence was per-
formed for all types of thyroid cancer as well as for PTC, PTMC
and Hürthle cell cancer (HCC), independently. Odds ratios (ORs)
with 95 per cent c.i. are presented. The level of statistical signifi-
cance was set at 5 per cent (a¼ 0.05).

Results
A total of 4198 patients were referred for surgical treatment of
MNG during the study interval. After excluding 965 patients with
a preoperative cytology result classified as Bethesda diagnostic
category III–VI, a total of 3233 patients were included in the
analysis. All enrolled patients were categorized according to their
functional thyroid status as hypothyroid (group 1), euthyroid
(group 2) or hyperthyroid (group 3) (Fig. 1).

The cohort contained 2788 women (86.2 per cent) and 445
men, with a mean age of 56.4 years and a mean preoperative dis-
ease duration of 106.2 months. Thyroid cancer was demonstrated
in 1026 patients (31.7 per cent), with PTC (including PTMC) being
the most frequent type (917 patients, 28.4 per cent), accounting
for 89.4 per cent of the 1026 cancers. PTC was identified in 345
patients (10.7 per cent), with PTMC in 572 (17.7 per cent) (Table 1).
According to the eighth AJCC classification12, PTC was classified
as T1, T2 and T3 in 598 (65.2 per cent), 199 (21.7 per cent) and 120
(13.1 per cent) of the 917 patients respectively (P¼ 0.231). All 21

Patients with MNG
n = 4198

Patients with MNG included in
analysis

n = 3233 

Patients excluded
(Bethesda diagnostic caregory III–VI)

n = 965

Group 1
(hypothyroid)

n = 89

Group 2
(euthyroid)
n = 2360

Group 3
(hyperthyroid)

n = 784

Fig. 1. Flow diagram showing inclusion of patients in the study

MCG, multinodular goitre.
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patients with incidental medullary thyroid carcinoma subse-

quently underwent bilateral central compartment neck dissec-

tion; their RET proto-oncogene status was not examined for the

purposes of this study. All patients with PTC, follicular thyroid

cancer, or HCC of T2 status or higher, as well as patients with an

aggressive thyroid cancer histological subtype irrespective of T

status (492 patients), were administered radioactive iodine after

surgery; this represented 48.0 per cent of the entire cancer cohort

(492 of 1026).
Patients with thyroid cancer had a significantly higher

mean(s.d.) preoperative TSH level than those with benign MNG

(1.51(1.38 versus 1.19(1.54) munits/l respectively; P< 0.001), were

more frequently men (161 (15.7 per cent) of 1026 versus 284 (12.9

per cent) of 2207; P¼ 0.030), were younger (mean(s.d.) 55.4(12.7)

versus 56.8(12.5) years; P¼ 0.002), and had a shorter mean dura-

tion of disease (90.5(105.4) versus 114.2(121.3) months; P< 0.001)

(Table 1). Some 2843 patients (87.9 per cent) underwent a total or

near-total thyroidectomy, whereas the remaining 390 (12.1 per

cent) had a hemithyroidectomy for asymmetrical MNG. A total of

124 patients (3.8 per cent) were operated on for a substernal

MNG. HT was present more frequently in patients with thyroid

cancer than in those with benign MBG (183 (17.8 per cent) of 1026

versus 202 (9.2 per cent) of 2207 respectively; P< 0.001), as was

CNST (138 (13.5 per cent) of 1026 versus 146 (6.6 per cent) of 2207;

P< 0.001). The mean size of the largest and second largest ade-

noma was 34.4 and 25.2 mm respectively. Smaller adenoma size

(mean(s.d.) 32.4(15.9) mm versus 35.2(16.8) mm for benign MNG;

P¼ 0.009) and smaller thyroid gland weight (mean(s.d.) 56.9(76.3)

versus 68.4(84.0) g; P¼ 0.003) were correlated with an increased

rate of incidental thyroid cancer (Table 1).
Mean follow-up for the entire cohort was 29 months; at last

follow-up there were no detected recurrences or deaths.

Univariable analysis based on functional thyroid
status
Patient age was significantly higher in group 3 than in group 2

(mean(s.d.) 57.8(12.3) versus 55.8(12.5) years respectively;

P< 0.001), as was preoperative disease duration (132.3(131.9)

Table 1 Demographic, operative and histological data for the entire cohort

No. of patients

(n53233)*

Benign MNG‡ Thyroid cancer§ P#

Age (years)† 56.4(12.5) 56.8(12.5) 55.4(12.7) 0.002**

Sex 0.030
F 2788 (86.2) 87.1 84.3
M 445 (13.8) 12.9 15.7

Smoking 632 (19.5) 19.6 19.4 0.881
Duration of disease (months)† 106.2(116.7) 114.2(121.3) 90.5(105.4) <0.001**

Positive family history of thyroid cancer 33 (1.0) 1.0 1.0 0.859
History of head and neck irradiation¶ 9 (0.3) 0.2 0.4 0.412
Substernal MNG 124 (3.8) 4.2 3.0 0.100
Functional thyroid status <0.001

Hypothyroidism 89 (2.8) 2.4 3.6
Euthyroidism 2360 (73.0) 70.0 79.3
Hyperthyroidism 784 (24.2) 27.6 17.1

Surgical operation 0.432
Total or near-total thyroidectomy 2843 (87.9) 87.6 88.6
Hemithyroidectomy 390 (12.1) 12.4 11.4

MNG histological type 0.010
Classical 3033 (93.8) 94.5 91.9
Hyperplastic 200 (6.2) 5.5 8.1

Hashimoto’s thyroiditis 385 (11.9) 9.2 17.8 <0.001
Chronic non-specific thyroiditis 284 (8.8) 6.6 13.5 <0.001
Histopathological diagnosis 0.033

Follicular adenoma 2525 (78.3) 79.4 74.7
Hyperplastic adenoma 420 (13.0) 12.5 14.1
Hürthle adenoma 181 (5.6) 4.7 7.9
Thyroid cyst 65 (2.0) 2.3 1.2
C-cell hyperplasia 42 (1.3) 1.1 2.0

Thyroid cancer 1026 (31.7) n.a.
Cancer histological type n.a.

Papillary cancer 917 (28.4)
Papillary microcarcinoma 572 (17.7)
Clinical papillary cancer 345 (10.7)

Follicular cancer 17 (0.5)
Hürthle cell cancer 65 (2.0)
Medullary cancer 21 (0.6)
Anaplastic cancer 6 (0.2)

TSH (munits/l)† 1.30(1.50) 1.19(1.54) 1.51(1.38) <0.001**

Tg (ng/ml)† 192.0(333.2) 188.9(338.3) 198.5(322.7) 0.615**

Anti-TPO (units/ml)† 163.1(681.1) 167.4(746.7) 154.8(534.2) 0.720**

Anti-Tg (units/ml)† 106.1(429.0) 93.4(414.3) 131.8(456.7) 0.098**

Largest adenoma (mm)† 34.4(16.6) 35.2(16.8) 32.4(15.9) 0.009**

Second largest adenoma (mm)† 25.2(12.4) 25.4(13.0) 24.4(10.3) 0.663**

Thyroid gland weight (g)† 65.4(82.1) 68.4(84.0) 56.9(76.3) 0.003**

*With percentages in parentheses unless indicated otherwise; †values are mean(s.d.). ‡Percentage or mean(s.d.) value in patients without incidental thyroid cancer.
§Percentage or mean(s.d.) value in patients with incidental thyroid cancer. ¶Head and/or neck irradiation during childhood. MNG, multinodular goitre; n.a., not
available; TSH, thyroid-stimulating hormone; Tg, thyroglobulin; TPO, thyroid peroxidase. #v2 test, except **Bonferroni post hoc test for continuous variables.
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versus 97.2(109.7) months; P< 0.001) Significantly higher serum
anti-TPO (472.1(782.4), (160.2(700.3) and 127.4(590.1) units/ml in
groups 1, 2 and 3 respectively) and anti-Tg (378.9(870.1),
104.3(437.7) and 69.9(254.4) units/ml) levels were observed in
patients with hypothyroid MNG than in the other groups. HT was
significantly more common in group 1 than in the other groups
(36 (40 per cent) of 89 versus 310 (13.1 per cent) of 2360 in group 2
and 39 (5.0 per cent) of 784 in group 3; P< 0.001). Total thyroidec-
tomy was performed more frequently in group 3 (711 of 784, 90.7
per cent) compared with group 2 (2056 of 2360, 87.1 per cent) and
group 1 (76 of 89, 85 per cent) (P¼ 0.022). Moreover, adenoma size
showed no correlation with functional thyroid status (Tables S1
and S2).

The incidence of thyroid cancer in groups 1, 2 and 3 was 42 per
cent (37 of 89 patients), 34.5 per cent (814 of 2360) and 22.3 per
cent (175 of 784) respectively (P< 0.001). The same pattern was
also observed regarding the incidence of PTC in the three groups
(32 (36 per cent), 717 (30.4 per cent) and 168 (21.4 per cent)
patients respectively; P< 0.001). Rates of PTMC, although most
common in group 1, showed no significant difference between
the groups (18 (20 per cent), 437 (18.5 per cent) and 117 (14.9 per
cent) patients respectively; P¼ 0.060). HCC (2 (2 per cent), 59 (2.5
per cent) and 4 (0.5 per cent) patients in groups 1, 2 and 3 respec-
tively; P¼ 0.003) and medullary thyroid cancer (0 (0 per cent), 21
(0.9 per cent) and 0 (0 per cent) patients respectively; P¼ 0.020)
were significantly more common in group 2, whereas anaplastic
thyroid cancer was more common in group 1 (2 (2 per cent) versus
3 (0.1 per cent) in group 2 and 1 (0.1 per cent) in group 3; P< 0.001)
(Tables S1 and S2).

Risk factors for incidental thyroid cancer
All histological types
Although MNG histological type, histopathological diagnosis and
preoperative disease duration were identified as significant risk
factors for thyroid cancer in univariable analysis (Table 1), they
failed to reach statistical significance in multivariable regression
analysis.

Increasing thyroid functional status was associated with a de-
creasing cancer rate (OR 0.68, 95 per cent c.i. 0.59 to 0.80;
P< 0.001), with hyperthyroidism demonstrating the lowest risk of
cancer (22.3 per cent), followed by euthyroidism (34.5 per cent);
the highest risk was observed in hypothyroid patients (42 per
cent). Older age was correlated significantly with a decreased
cancer rate (OR 1.00, 0.99 to 1.00; P¼ 0.023), as was female sex
(OR 0.73, 0.60 to 0.88; P¼ 0.001), with men demonstrating a 27.5
per cent increased risk of cancer. HT (OR 2.31, 1.85 to 2.89;

P< 0.001) and CNST (OR 2.54, 1.97 to 3.26; P< 0.001) were also

strongly associated with thyroid cancer. In addition, larger size

adenomas were correlated with a decreased rate of cancer, com-

pared with smaller adenomas (OR 0.99, 0.98 to 1.00; P¼ 0.012)

(Table 2). The multivariable analysis for each group of patients is

depicted in Table 3.

Papillary thyroid cancer
As for all cancer histological types, increasing thyroid functional

activity was associated with a decreasing cancer rate (OR 0.77, 95

per cent c.i. 0.66 to 0.90; P¼ 0.001), with hyperthyroidism demon-

strating the lowest risk of cancer (21.4 per cent), followed by

euthyroidism (30.4 per cent), with the highest risk observed in hy-

pothyroid patients (36 per cent). Older age was significantly cor-

related with a decreased cancer rate (OR 0.99, 0.99 to 0.99;

P< 0.001), as was female sex (OR 0.72, 0.59 to 0.88; P¼ 0.001). HT

(OR 2.42, 1.93 to 3.04; P< 0.001) and CNST (OR 2.88, 2.24 to 3.71;

P< 0.001) demonstrated significant associations with PTC, with a

2.4- and 2.9-fold increased risk of PTC development respectively

(Table 2). The multivariable analysis for each group of patients is

depicted in Table 3.

Papillary thyroid microcarcinoma
The occurrence of PTMC was independent of thyroid functional

status (P¼ 0.101) and sex (P¼ 0.410). Older age was significantly

associated with a decreased cancer rate (OR 0.99, 95 per cent c.i.

0.99 to 1.00; P¼ 0.036). HT (OR 2.49, 1.92 to 3.23; P< 0.001) and

CNST (OR 2.78, 2.07 to 3.72; P< 0.001) were significant factors pre-

disposing to PTMC development (Table 2). Multivariable analysis

for each group of patients is depicted in Table 3.

Hürthle cell cancer
Increasing thyroid functional activity was associated with a de-

creasing HCC rate (OR 0.37, 95 per cent c.i. 0.21 to 0.65; P¼ 0.001).

Unlike for other histological types, older age was a significant risk

factor for HCC (OR 1.03, 1.01 to 1.06; P¼ 0.005) (Table 2).

Total or near-total thyroidectomy
Thyroid gland weight was inversely associated with cancer inci-

dence, with larger thyroid glands demonstrating a decreased can-

cer rate compared with smaller glands (OR 1.00, 95 per cent c.i.

1.00 to 1.00; P¼ 0.007) (Table 4).

Table 2 Multivariable logistic regression analysis of parameters significantly associated with all histological types of thyroid cancer,
papillary thyroid cancers, papillary thyroid microcarcinoma and Hürthle cell thyroid cancer

All thyroid cancers All papillary thyroid cancers* Papillary thyroid microcarcinoma Hürthle cell cancer

OR P OR P OR P OR P

Age 1.00 (0.99, 1.00) 0.023 0.99 (0.99, 0.99) <0.001 0.99 (0.99, 1.00) 0.036 1.03 (1.01, 1.06) 0.005
Sex 0.73 (0.60, 0.88) 0.001 0.72 (0.59, 0.88) 0.001 0.410 0.245
Functional thyroid

status
0.68 (0.59, 0.80) <0.001 0.77 (0.66, 0.90) 0.001 0.101 0.37 (0.21, 0.65) 0.001

Largest adenoma 0.99 (0.98, 1.00) 0.012 0.388 0.302 0.506
Hashimoto’s thy-

roiditis
2.31 (1.85, 2.89) <0.001 2.42 (1.93, 3.04) <0.001 2.49 (1.92, 3.23) <0.001 0.335

Chronic non-spe-
cific thyroiditis

2.54 (1.97, 3.26) <0.001 2.88 (2.24, 3.71) <0.001 2.78 (2.07, 3.72) <0.001 0.229

Values in parentheses are 95 per cent confidence intervals. *Includes papillary microcarcinoma and clinical papillary cancer. OR. odds ratio.
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Discussion
Although thyroid nodules within a MNG were traditionally
regarded less likely to harbour thyroid cancer compared with sol-

itary nodules, recent studies have questioned this belief. It has

been reported13 that the probability of thyroid cancer does not

depend on the number of thyroid nodules within a MNG, but that

the likelihood of cancer within a nodule decreases as the total

number of thyroid nodules increases. Although a recent meta-

analysis14 suggested that patients with MNG were less likely to

harbour thyroid cancer compared with those with a solitary thy-
roid nodule, subgroup analysis revealed an equal risk of inciden-

tal thyroid cancer in the two groups of patients. The present

study indicated that nearly one-third of patients operated on for

MNG have unsuspected thyroid cancer.
Ultrasound guidance in FNA of suspicious nodules within a

MNG is used widely for the evaluation of thyroid nodules 1 cm or

more in greatest diameter with sonographic features of interme-

diate or highsuspicion7. Several studies have shown that preoper-

ative ultrasonography and FNA have an 84 per cent15 to 88 per
cent9 negative predictive value for excluding thyroid cancer in

patients who undergo thyroidectomy for MNG. However, a more
recent study16 reported that FNA was able to detect only 46 per
cent of the total thyroid cancers discovered at pathological evalu-
ation of the surgical specimen, even though nearly half of the
cancers missed by FNA were more than 1 cm in size.

The present study results are broadly in line with these find-
ings. Some 31.7 per cent of patients with MNG and a benign pre-
operative FNA cytology result (Bethesda diagnostic category II10)
were found to have an incidental thyroid cancer at pathological
evaluation of the specimen. Approximately 44 per cent of these
incidental cancers were either PTC of greater than 1cm in size or
other more aggressive histological cancer types.

The observed rate of incidental cancer in the present study is
higher than that in most series investigating similar subjects17–19.
Considering that the incidence of PTC is increasing, for both
PTMC and PTC greater than 1cm in size20–22, a plausible explana-
tion of this increased rate may be that it reflects the global trend
of increasing incidence of PTC. Studies17,23 have shown that vari-
able rates of incidental thyroid cancer may reflect the standard
of examination of the surgical specimen. This may be a factor in
the present study related to the scrupulous dissection and

Table 3 Multivariable logistic regression analysis of regarding parameters significantly associated with all histological types of
thyroid cancer, papillary thyroid cancers and papillary thyroid microcarcinoma in each of the three thyroid status groups

All thyroid cancers All papillary thyroid cancers† Papillary thyroid microcarcinoma

P* P* P*

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

Age 0.231 0.005
(0.99 (0.98,

1.00))

0.451 0.286 <0.001
(0.99 (0.98,

0.99))

0.443 0.308 0.376 0.398

Sex 0.342 0.001
(0.66 (0.51,

0.84))

0.390 0.305 0.004
(0.68 (0.53,

0.88))

0.501 0.225 0.289 0.402

Hashimot-
o’s thy-
roiditis

0.097 <0.001
(2.25 (1.76,

2.88))

0.008
(2.48 (1.27,

4.86))

0.119 <0.001
(2.41 (1.87,

3.10))

0.005
(2.62 (1.34,

5.14))

0.035
(3.59 (1.09,

11.81))

<0.001
(2.34 (1.74,

3.14))

0.017
(2.56 (1.18,

5.52))
Chronic

non-spe-
cific thy-
roiditis

0.091 <0.001
(2.45 (1.85,

3.25))

0.002
(2.53 (1.42,

4.50))

0.145 <0.001
(2.89 (2.18,

3.85))

0.002
(2.47 (1.38,

4.43))

0.102 <0.001
(2.72 (1.95,

3.80))

0.001
(2.89 (1.53,

5.44))

*With odds ratio (95 per cent c.i.) in parentheses when P value was significant. †Includes papillary microcarcinoma and clinical papillary cancer.

Table 4 Multivariable logistic regression analysis of parameters significantly associated with all histological types of thyroid cancer,
papillary thyroid cancers, papillary thyroid microcarcinoma and Hürthle cell thyroid cancer in 2843 patients who had total or near-
total thyroidectomy

All thyroid cancers All papillary thyroid cancers* Papillary thyroid microcarcinoma Hürthle cell cancer

OR P OR P OR P OR P

Age 0.100 0.99 (0.99, 1.00) 0.026 0.262 1.03 (1.01, 1.05) 0.017
Sex 0.53 (0.42, 0.66) < 0.0001 0.53 (0.41, 0.69) <0.001 0.178 0.265
Functional thyroid

status
0.66 (0.56, 0.78) <0.001 0.75 (0.61, 0.91) 0.004 0.151 0.38 (0.21, 0.68) 0.001

Hashimoto’s thy-
roiditis

2.16 (1.64, 2.86) <0.001 2.32 (1.74, 3.10) <0.001 1.93 (1.38, 2.69) <0.001 0.374

Chronic non-
Specific thyroid-
itis

2.78 (2.00, 3.87) <0.001 3.08 (2.21, 4.30) <0.001 2.56 (1.76, 3.73) <0.001 0.283

Thyroid gland
weight

1.00 (1.00, 1.00) 0.007 1.00 (1.00, 1.00) 0.026 0.402 0.655

Values in parentheses are 95 per cent confidence intervals. *Includes papillary microcarcinoma and clinical papillary cancer. OR. odds ratio.
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evaluation of the surgical specimen by a pathologist experienced

in thyroid malignancy.
Historically, hyperthyroidism has been regarded as a protec-

tive factor against the development of thyroid cancer24, with low

cancer rates of 3–5 per cent18,25,26. Other studies27–29 have ques-

tioned these low cancer rates, demonstrating thyroid cancer

rates of 12–21 per cent. In the present study, incidental thyroid

cancer was discovered in 22.3 per cent of hyperthyroid patients

with MNG, highlighting the assumption that the incidence of thy-

roid cancer in these patients was underestimated in the past28,29.

Lower TSH levels may still act protectively against thyroid cancer

development in hyperthyroid patients, considering the signifi-

cantly higher cancer rates in euthyroid as well as hypothyroid

patients in the present study.
HT is the most common cause of hypothyroidism in areas

where dietary iodine intake is adequate30. Its association with

PTC was first described in 195531, with recent studies indicating

a causative relationship between HT and PTC development32.

The present study confirmed a significant association between

the development of HT and PTC within a MNG, with an ob-

served OR of 2.42 for PTC development in the presence of HT.

This finding was also identified by a recent systematic re-

view33, which demonstrated an OR of 2.36 for PTC development

in the presence of HT.
Various studies have identified patient age, sex and thyroid

nodule size as independent risk factors for thyroid cancer devel-

opment16,34. The present study indicated that younger age was

an independent risk factor for all histological types of thyroid

cancer, except for HCC, the incidence of which has been shown

to increase with advancing age35–37. Regarding sex, the present

study demonstrated that men were at greater risk of having an

incidental PTC. Smaller thyroid nodule size was also found to be

significantly associated with higher thyroid cancer rates.
The incidence of thyroid cancer within a substernal MNG has

been a subject of debate for several years. It has been pro-

posed38,39 that substernal MNGs may be at an increased risk of

harbouring incidental thyroid cancer where FNA of suspicious

nodules can be extremely difficult or impossible. The reported in-

cidence of thyroid cancer in substernal goitres ranged from 3.4

per cent in earlier studies40 to 21 per cent in later reports41.

Although 25.0 per cent of all substernal MNGs in the present

study (31 of 124) were found to contain an incidental thyroid can-

cer, this rate was lower than the overall rate among all MNGs

analysed. Considering these findings, it seems that substernal

MNGs may not be at increased risk of harbouring thyroid malig-

nancy, compared with their cervical counterparts.
Thyroid gland weight has been implicated as a potential risk

factor for incidental thyroid cancer within a MNG2. The present

study demonstrated a significantly increased incidental thyroid

cancer rate in a MNG of smaller weight, especially regarding the

likelihood of PTC. A plausible explanation may be that smaller

MNGs facilitate more scrupulous preoperative evaluation by ul-

trasound imaging and FNA biopsy of suspicious nodule(s), com-

pared with larger MNGs.
A natural limitation to this study is that it was based

on patients operated on at a single centre. Despite the size of this

patient series, it would be interesting to see whether similar

results might exist in the context of an international multicentre

study.
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