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Background: The natural course of thyroid cancer nodules and benign nodules is different. This study was to compare the changes 
in size between thyroid cancer nodules and thyroid benign nodules. The risk factors associated with the changes of thyroid cancer 
nodules were assessed. 
Methods: This study contains retrospective observational and prospective analysis. A total of 113 patients with 120 nodules were re-
cruited in the cancer group, and 116 patients with 119 nodules were enrolled in the benign group. Thyroid ultrasonography was per-
formed at least two times at more than 1-year interval. 
Results: The mean follow-up durations were 29.5±18.8 months (cancer group) and 31.9±15.8 months (benign group) (P=0.32). 
The maximum diameter change in length was 0.36±0.97 mm/year in the cancer group and –0.04±0.77 mm/year in the benign 
group (P<0.01). The volume was significantly increased in the cancer group compared with the benign group (0.06±0.18 mL/year 
vs. 0.004±0.05 mL/year, respectively, P<0.01; 26.9%±57.9%/year vs. 1.7%±26.0%/year, P<0.01). Initial maximum diameter 
(β=0.02, P<0.01) and initial volume (β=0.13, P<0.01) were significantly associated with volume change (mL)/year. Initial maxi-
mum standardized uptake value did not predict the nodule growth. 
Conclusion: It is suggested that thyroid cancer nodules progress rapidly compared with benign nodules. Initial size and volume of 
nodule were independent risk factors for cancer nodule growth.
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INTRODUCTION

Thyroid cancer is the most common cancer in South Korean 
women [1]. It is an indolent disease with a low mortality rate. 
Additionally, several published autopsy studies have reported 

that the small occult thyroid cancer can be detected with a high 
degree of probability [2-4]. Small thyroid cancer without high-
risk factors does not have any symptoms and affect survival 
rate. However, surgery is considered the optimal treatment for 
thyroid cancer immediately after diagnosis. Therefore, its natu-
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ral course remains unclear. Only a small number of thyroid can-
cers have an aggressive prognosis. So, identifying the risk fac-
tors for poor prognosis in thyroid cancer before surgery are very 
important.

In several studies, papillary thyroid microcarcinomas (i.e., 
papillary thyroid carcinomas measuring ≤10 mm) diagnosed 
using ultrasonography (US) guided fine-needle aspiration biop-
sy (FNAB) were not surgically treated immediately after diag-
nosis [5,6]. According to an observational study in Japan, nod-
ules 3 mm in size or larger increased 6.4% after 5 years and 
15.9% after 10 years. In another study, 22 of 300 patients (7%) 
showed nodules 3 mm in size or larger increased during the fol-
low-up period. In studies regarding the predictors of thyroid 
cancer growth, thyroid-stimulating hormone (TSH) and tumor 
progression were not significantly associated [7]. In another 
study, patients under the age of 40 years showed a high inci-
dence of node size enlargement and metastasis [8].

In this study, we evaluated changes in the length and volume 
of thyroid cancer nodules identified using FNAB or surgery and 
compared the change in size between thyroid cancer and benign 
nodules. Additionally, we analyzed the risk factors associated 
with the growth of thyroid cancer. The initial mean age, gender, 
TSH levels, autoantibody presence, initial nodule size, taller-
than-wide shape, and microcalcification were considered as risk 
factors for rapid progression of thyroid cancer nodule. To accu-
rately analyze the change in size, we calculated the nodule vol-
umes. In previous studies, to compare the nodule size increase, 
only a single thyroid US section was used. We analyzed the as-
sociation of high maximum standardized uptake value (SUV) 
and thyroid nodule growth in several patients who underwent 
preoperative [18F] Fluoro-2-D-deoxyglucose (FDG) positron 
emission tomography (PET)/computed tomography (CT) scan.

METHODS

Subjects 
Cancer group
The present study was conducted at Yeouido St. Mary’s Hospi-
tal and Seoul St. Mary’s Hospital in Seoul, Korea. Inclusion cri-
teria for the thyroid cancer group were the following: thyroid 
nodules confirmed using FNAB or surgery; FNAB results clas-
sified according to the Bethesda system; thyroid nodules diag-
nosed using FNAB defined as cancer nodules if the result either 
Bethesda V (suspicious for malignancy) or Bethesda VI (malig-
nant); the patients underwent thyroid US at least two times at 
more than 1-year intervals (range, 12.5 to 47.5 months) before 

surgery.
The cancer group was divided into the prospective and retro-

spective observational groups. Thirty-eight patients (41 nod-
ules) in the prospective observational group received follow-up 
thyroid US after FNAB-based diagnosis. These were all Bethes-
da V (suspicious for malignancy) or Bethesda VI (malignant). 
The retrospective observational group included 75 patients (79 
nodules) who were diagnosed based on FNAB or surgery; Six-
ty-eight nodules were confirmed as Bethesda V or VI based on 
FNAB. Eleven nodules were non-diagnostic/atypia of undeter-
mined significance/follicular lesion of undetermined signifi-
cance (AUS/FLUS) by FNAB and confirmed as papillary thy-
roid carcinoma later by surgery. A total of 113 patients and 120 
nodules were enrolled in the present study (Fig. 1).

Among the enrolled subjects, 75 underwent thyroidectomy. 
All thyroid nodules were confirmed as papillary thyroid carcino-
ma after surgery. If lymph node metastasis was invisible on thy-
roid US, thyroid nodules were observed without surgical resec-
tion. A total of 31 patients underwent nonsurgical observation.

Benign group
The benign group prospectively included patients with benign 
thyroid nodules identified using FNAB who underwent thyroid 
US at least twice at more than 1-year intervals. Cystic or pre-
dominantly cystic nodules (cystic portion of thyroid nodule at 
initial US >50%) were excluded. The size of nodules was 
matched to compare with the nodules of the cancer group. A to-
tal of 116 patients (119 nodules) were included in this group.

Cancer group
(113 patients, 120 nodules)

Prospective observational group
(38 patients, 41 nodules)

29 Remained under observation
  6 Transition to surgery
  3 Transfer or follow-up loss

Retrospective observational group
(75 patients, 79 nodules)

  2 Remained under observation
69 Transition to surgery
  4 Transfer or follow-up loss

Fig. 1. Flow chart for cancer group enrollment.
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Measurement and classification of variables
Thyroid US was performed using 3000 or 5000 scanners (ATL, 
Philips, Bothell, WA, USA) with a 5 to 14 MHz transducer. 
Thyroid US was performed by radiologist or endocrinologist in 
our institution and was reviewed and confirmed by one of our 
researchers (K.J.Y.). Depth and width were measured from the 
transverse view and length from the longitudinal view. The vol-
ume of the nodule was calculated using the formula for rota-
tional ellipsoid; depth (cm)×width (cm)×length (cm)×π/6 [9]. 
The nodule maximum diameter was defined as the longest di-
ameter of the three measurements (depth, width, length). Taller 
than wide was defined as an anteroposterior/transverse diameter 
(A/T) ratio >1 in the transverse view, and A/T ratio was also 
calculated. Calcification was considered as the presence of mi-
crocalcification. Cohen’ κ value was calculated to confirm the 
interobserver variability. The serum TSH (Beckman Coulter, 
Brea, CA, USA; normal range, 0.55 to 4.78 μIU/mL), thyroid 
peroxidase antibody (TPO Ab; Roche Diagnostics, Rotkreuz, 
Switzerland; normal range, 0 to 34 U/mL), and thyroglobulin 
antibody (Tg Ab; ZenTech, Angleur, Belgium; normal range, 0 
to 115 U/mL) were measured using chemiluminescent immuno-
assays.

Before surgery, 43 patients received a 18F-FDG PET/CT. Two 
experienced nuclear medicine physicians reviewed the 18F-FDG 
PET/CT. The maximum SUV was calculated in a region of in-
terest. This study was approved by the Institutional Review 
Board of Yeouido St. Mary’s Hospital (SC15RISI0047), and all 
patients signed informed consents before entering the study. 

Statistical analysis
All data processing was performed with SPSS software version 
18.0 software (SPSS Inc., Chicago, IL, USA). t test and chi-
square test were used to compare the baseline clinical character-
istics and thyroid nodule change in the cancer and benign 
groups. The data were presented as mean±standard deviation 
for continuous variables and as proportions for categorical vari-
ables. Multiple linear regression analysis was performed to con-
firm progression risk factors for thyroid cancer nodules. The 
initial mean age, gender, TSH levels, autoantibody presence, 
initial maximum diameter, initial volume, depth/width ratio, and 
microcalcification were included as risk factors. The initial 
maximum diameter and initial volume were analyzed separately 
because of multicollinearity. To identify the relationships be-
tween pathologic findings and rapid progression of thyroid can-
cer nodules, the chi-square test was used. A P<0.05 was consid-
ered to indicate statistical significance.

RESULTS

The clinical baseline characteristics of the study population are 
presented in Table 1. The initial mean age, gender, TSH levels, 
TPO Ab levels, Tg Ab levels, number of FNABs, initial maxi-
mum diameter, and initial volume did not differ between the 
two groups. The taller than wide, A/T ratio, and microcalcifica-
tion finding on thyroid US appeared more frequently in the can-
cer group. FNAB results in the cancer group were nondiagnos-
tic or unsatisfactory or AUS/FLUS (11.8%), suspicious for ma-
lignancy (33.3%), and malignancy (51.0%). 

The mean follow-up durations in the cancer group and the be-
nign group were 29.5±18.8 months (range, 12 to 94) and 31.9±

15.8 months (range, 12 to 85), respectively (P=0.32) (Table 2). 

Table 1. Baseline Clinical Characteristics of Total Population

Characteristic
Cancer group
(n=113, 120 

nodules)

Benign group
(n=116, 119 

nodules)
P value

Age, yr 48.8±11.5 51.0±10.4 0.13

Female sex 97 (85.8) 98 (84.5) 0.67

TSH, μIU/mL 2.4±2.4 2.1±2.5 0.47

Autoantibody (positive) 

   TPO Ab

   Tg Ab

33 (29.2) 

59.9±132.9

134.2±434.7

18 (15.5)

91.3±329.0

102.0±278.0

0.21

0.42

0.58

No. of FNABs 1.6±0.9 1.4±0.7 0.05

Initial maximum diameter, 
mm

7.4±3.9 8.2±2.6 0.05

Initial volume, mL 0.27±0.69 0.19±0.16 0.21

Taller than wide 47 (39.2) 11 (9.2) <0.01

A/T ratio 1.00±0.34 0.73±0.19 <0.01

Microcalcification 50 (41.7) 12 (10.1) <0.01

Initial FNAB results

   Benign

   N ondiagnostic or unsatis-

factory or AUS/FLUSa

   Suspicious for malignancy

   Malignancy

0 

11 (9.2)

46 (38.3)

63 (52.5)

119 (100)

Values are expressed as mean±SD or number (%).
TSH, thyroid stimulating hormone; TPO Ab, thyroid peroxidase anti-
body; Tg Ab, thyroglobulin antibody; FNAB, fine-needle aspiration bi-
opsy; A/T ratio, anteroposterior/transverse diameter ratio in the trans-
verse view; AUS/FLUS, Atypia of Undetermined Significance/Follicu-
lar Lesion of Undetermined Significance.
aIt is the result of FNAB before surgery. AUS/FLUS in cancer group 
were histologically confirmed as classic papillary thyroid carcinoma by 
surgery. 
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cancer group compared with the benign group. The volume 
change (%)/year were 26.9%±57.9% in the cancer group and 
1.7%±26.0% in the benign group (P<0.01). The initial nodule 
volume increased 50% or more during follow-up in 31.7% of 
the cancer group patients and 13.5% of the benign group pa-
tients. The patients in the prospective observational group un-
derwent thyroid US every 6 or 12 months. New lymph node 
metastasis in the left level VI was found only in one patient 
whose FNAB results of suspicious lymph node included a few 
clusters of atypical cells, suspicious of metastatic carcinoma. 
The patient underwent total thyroidectomy with dissection of 
both central lymph nodes.

Multiple linear regression analysis was performed to deter-
mine the risk factors of rapid progression of thyroid cancer nod-
ules (Table 3). The initial age, gender, TSH levels, thyroid auto-
antibody levels, and microcalcification were not associated with 
volume change (mL)/year and volume change (%)/year. How-
ever, initial maximum diameter (β=0.02, P<0.01) and initial 
volume (β=0.13, P<0.01) were significantly associated with 
volume change (mL)/year. The pathologic findings were con-
firmed in 75 patients after surgery. To verify the relevance of the 
thyroid cancer nodule growth and pathologic findings, the pa-
tients were divided into two groups based on the presence of 
microscopic extrathyroid extension (ETE) or lymph node me-
tastasis (Table 4). However, microscopic ETE and lymph node 
metastasis were not associated with tumor volume growth. 

We performed subgroup analyses of the 43 patients who re-
ceived preoperative 18F-FDG PET/CT. The total maximum 
SUV average was 3.51±2.91. The maximum SUVs were not 
associated with volume change (mL)/year and volume change 
(%)/year after adjusting for initial mean age, gender, TSH lev-

Table 2. Changes in the Thyroid Nodules on Thyroid Ultra-
sound

Variable
Cancer group 

(n=113, 
120 nodules)

Benign group 
(n=116, 

119 nodules)
P value

Follow-up duration, mo 29.5±18.8 31.9±15.8 0.32

Total maximum diameter 
change, mm

0.82±2.03 0.10±1.72 <0.01

Total volume change, mL 0.17±0.57 0.03±0.15 <0.01

Total volume change, % 70.3±219.2 15.4±84.2 0.01

Maximum diameter change, 
mm/yr

0.36±0.97 –0.04±0.77 <0.01

Volume change, mL/yr 0.06±0.18 0.004±0.05 <0.01

Volume change, %/yr 26.9±57.9 1.7±26.0 <0.01

Maximal diameter change
   <3 mm change 
   ≥3 mm increase 
   ≥3 mm decrease 

112 (93.3)
8 (6.7)
0 

108 (90.8)
5 (4.2)
6 (5.0)

0.04

Volume change
   <30% change 
   30%–50% increase
   ≥50% increase 
   ≥30% decrease 

60 (50.0)
17 (14.2)
38 (31.7)
5 (4.1)

75 (63.0)
10 (8.4)
16 (13.5)
18 (15.1)

<0.01

Values are expressed as mean±SD or number (%).

Table 3. Risk Factors for Progression of Thyroid Cancer Nodules in Multiple Linear Regression Analysis

Variable
Maximum diameter change, mm/yr Volume change, mL/yr Volume change, %/yr

β P value β P value β P value

Age, yr 0.11 0.25 0.00 0.61 0.40 0.42

Female sex –0.02 0.84 –0.02 0.57 –19.70 0.20

TSH, μIU/mL –0.07 0.44 –0.002 0.58 –2.74 0.27

Autoantibody (positive) 0.00 0.98 –0.01 0.56 22.40 0.08

Initial maximum diameter, mm 0.35 <0.01 0.02 <0.01 3.63 0.21

Initial volume, mL 0.12 0.43 0.13 <0.01 –2.22 0.78

A/T ratio 0.03 0.73 0.03 0.35 26.00 0.14

Microcalcification –0.03 0.75 –0.05 0.05 –16.90 0.19

TSH, thyroid stimulating hormone; A/T ratio, anteroposterior/transverse diameter ratio in the transverse view.

We calculated maximum diameter change (mm)/year, volume 
change (mL)/year and volume change (%)/year for adjusting 
duration. The maximum diameter change (mm)/year was 0.36±

0.97 mm in the cancer group and –0.04±0.77 mm in the benign 
group (P<0.01). Additionally, the volume change (mL)/year 
and volume change (%)/year were significantly increased in the 
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els, thyroid autoantibody presence, initial maximum diameter, 
initial volume, depth/width ratio, and microcalcification in the 
multiple linear regression analysis (Table 5). Additionally, the 
maximum SUV depending on the presence or absence of lymph 
node metastasis and microscopic ETE was not significantly dif-
ferent (data not shown). 

DISCUSSION

According to the American Thyroid Association guideline [10], 
significant thyroid nodule size change was defined as more than 
50% volume increase or 2 mm and 20% nodule diameter in-
crease in at least two nodule dimensions. In the present study, 
we compared the size change of cancer nodules and benign 
nodules during an average follow-up of 30.1±17.1 months. The 
maximum diameter change/year was 0.36±0.97 mm in the can-
cer group and –0.04±0.77 mm in the benign group (P<0.01). 
In addition, volume change (%)/year was significantly increased 

in the cancer group compared with the benign group (26.9%±

57.9% vs. 1.7%±26.0%, P<0.01). Initial maximum diameter 
and initial volume were independent risk factors for cancer nod-
ule growth in the multiple regression analysis. However, there 
was no association between cancer nodule growth and patho-
logic findings. 

In the present study, the annual maximum diameter change in 
the cancer nodules was approximately only 0.36 mm. However, 
the annual volume change showed a significant increase of ap-
proximately 27%. The nodule diameter observed on thyroid US 
single plane may vary depending on the examiner’s skill or an-
gle in the thyroid US plane. Therefore, evaluating the size 
change by comparing the length difference of the nodule in a 
single US section is difficult. Thyroid nodule growth was de-
fined as 3-mm change in diameter in several observational stud-
ies [5,6,11]. However, measuring the volume of thyroid nodules 
to assess the size change would be more accurate. This finding 
is consistent with the previous studies [12-14]. 

Table 4. Relationship of Pathologic Finding and Rapid Progression of Thyroid Cancer Nodules

Variable
Microscopic extrathyroid extension Lymph node metastasis

N (n=46) Y (n=29) P value N (n=46) Y (n=25) P value

Maximum diameter change, mm/yr 0.29±0.64 0.39±0.59 0.46 0.33±0.72 0.25±0.34 0.60

Volume change, mL/yr 0.04±0.12 0.10±0.19 0.12 0.06±0.14 0.06±0.18 0.94

Volume change, %/yr 27.3±75.1 21.0±26.5 0.67 28.1±75.4 17.6±23.8 0.50

Values are expressed as mean±SD.
N, not present; Y, present.

Table 5. Subgroup Analysis of Risk Factors for Progression of Thyroid Cancer Nodules in Patients Who Underwent Preoperative 18F-
FDG PET/CT (n=43)

Variable
Maximum diameter change, mm/yr Volume change, mL/yr Volume change, %/yr

β P value β P value β P value

Age, yr 0.00 0.99 0.001 0.40 1.41 0.21

Female sex 0.17 0.27 –0.02 0.65 –25.60 0.51

TSH, μIU/mL 0.00 0.98 0.01 0.58 –5.33 0.62

Autoantibody (positive) 0.06 0.68 0.002 0.96 35.60 0.25

Initial maximum diameter, mm 0.83 0.16 0.04 0.61 0.72 0.85

Initial volume, mL 0.57 <0.01 0.27 0.35 –2.36 0.94

A/T ratio 0.10 0.53 0.02 0.78 21.90 0.64

Microcalcification –0.08 0.64 –0.04 0.32 –12.40 0.67

Maximum SUV 0.70 0.84 0.00 0.98 2.38 0.67

18F-FDG, [18F] fluoro-2-D-deoxyglucose; PET, positron emission tomography; CT, computed tomography; TSH, thyroid stimulating hormone; A/T ratio, 
anteroposterior/transverse diameter ratio in the transverse view; SUV, standardized uptake value.
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Several studies regarding the volume change of benign thy-
roid nodules using thyroid US have been performed [15-18]. 
When using 50% as a cut-off value, 10% to 15% of thyroid 
nodules increased in volume after 20 months of follow-up. 
When using 30% as a cut-off value, 25% to 50% of thyroid 
nodules increased in volume after 40 to 60 months of follow-up. 
In the present study, when using 50% and 30% as cut-off values 
in the benign group, 13.5% and 15.1% of thyroid nodules in-
creased in volume, respectively. These results were not signifi-
cantly different from other studies. When using 50% and 30% 
as cut-off values in the cancer group, 31.7% and 4.1% of thy-
roid nodules increased in volume, respectively. These results 
show a two-fold difference between the two groups. 

The risk factors for thyroid cancer nodule growth are still 
controversial. Recent studies showed that higher serum TSH is 
associated with a higher incidence of thyroid cancer, advanced 
stage thyroid cancer, and tumor growth during active surveil-
lance [19-23]. Other studies showed thyroid autoimmunity such 
as positive Tg Ab is a risk factor for thyroid cancer [20,24]. 
However, in prospective cohort studies in Japan, size progres-
sion of thyroid cancer was not associated with TSH levels and 
thyroid autoimmunity [6,7]. Ito et al. [8] reported that younger-
aged (<40 years) patients exhibited more rapid progression of 
thyroid cancer and node metastasis. Recently, Oh et al. [12] also 
reported active surveillance should be carefully applied for 
younger patients. According to our results, age, gender, TSH 
levels, and thyroid autoantibody were not associated with thy-
roid cancer nodule growth. Initial size was an independent risk 
factor for cancer nodule growth. Several studies reported that 
initial tumor size had no effect on thyroid cancer progression 
[6,7]. However, in the present study the initial tumor volume 
was included and adjusted for several related risk factors. This 
is consistent with the recently published study by Oh et al. [12]. 
Further high-quality prospective studies regarding initial tumor 
size and progression are needed.

18F-FDG PET/CT is an imaging tool using the characteristics 
of increased glucose metabolism in cancer cells [25]. FDG up-
take in 18F-FDG PET/CT is a useful predictor for prognosis and 
metastasis in many malignant tumors [26-28]. Several published 
studies showed 18F-FDG PET/CT were effective for the predic-
tion of recurrence and prognosis after thyroidectomy [29,30]. 
However, whether FDG positivity in primary thyroid cancer is 
effective for predicting prognosis remains unknown. In several 
studies, the FDG positive group showed a higher prevalence of 
microscopic ETE and central lymph node involvement com-
pared with the FDG negative group [31,32]. In contrast, other 

studies reported that preoperative FDG uptake in thyroid cancer 
was not associated with postoperative pathology [33,34]. We 
performed subgroup analyses in patients receiving preoperative 
18F-FDG PET/CT. Maximum SUV values did not affect the 
nodule growth and were not associated with lymph node metas-
tasis and microscopic ETE.

The present study had several strengths. First, we compared 
the nodule growth in both the cancer and benign groups. Addi-
tionally, the baseline characteristics between the two groups did 
not significantly differ. Second, several risk factors including 
maximum SUV values for thyroid cancer nodule growth were 
analyzed. However, the present study had several limitations. 
First, the sample size was small. Second, thyroid nodules be-
longing to the inclusion criteria were selected; therefore, a se-
lection bias may have existed. Third, benign nodules and some 
cancer nodules were diagnosed with non-surgical, FNAB. How-
ever, FNAB is a highly accurate diagnostic method. Several 
studies reported that the sensitivity and specificity levels of 
FNAB were 80% to 90% and 94% to 98%, respectively [35-37]. 
Fourth, the number of FNABs performed could have affected 
the change in nodule size. However, the numbers of FNABs 
performed in the two groups were similar. Additionally, pre-
dominantly cystic or cystic nodules were excluded in the benign 
group because the nodule size may be susceptible to FNABs. 
Finally, this study included relatively small thyroid nodules, 
which caused concern about the biased measurement. In con-
clusion, the thyroid cancer nodules showed rapid progression 
compared with benign nodules. The initial maximum diameter 
and initial volume were independent risk factors for cancer nod-
ule growth. 
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