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Introduction

The worldwide incidence of thyroid cancer has rapidly 
raised, and approximately 289000 individuals are diagnosed 
with thyroid cancer annually.1) In addition, thyroid cancer in-
cidence is rising at a higher rate than the incidence of any oth-
er type of cancer.2) Most thyroid cancers are well-differenti-

ated localized tumors of less than 2 cm in diameter with a low 
risk of metastases.3-6) Postoperative quality of life after thy-
roidectomies is as important as disease control, because of the 
low mortality rate associated with papillary thyroid carcinoma.

Since Ito, et al.7) reported on active surveillance of differ-
entiated thyroid cancer, several guidelines have suggested 
observation as an effective alternative to surgery and a means 
of reducing the unnecessary morbidity resulting from the 
operation.8) The National Cancer Institute defines active sur-
veillance as “a treatment plan that involves closely watching a 
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Background and Objectives   The purpose of this study was to systematically review litera-
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MEDLINE and EMBASE databases, we searched studies published from the inception of da-
tabase to December 2020. Studies were included if reported on at least one clinical risk pa-
rameter in addition to reporting on the change in tumor size during active surveillance. 
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son-years (95% confidence interval [CI]: 0.009 to 0.013). The odds ratio of lymph node metas-
tasis was 0.002 person-years (95% CI: 0.001 to 0.003). Younger age was a significant risk 
factor for tumor growth during active surveillance, with a standardized median difference of 
-0.63 (95% CI: -1.00 to -0.27). In the three studies that evaluated the association of thyroid-
stimulating hormone levels and tumor size, the results were contradictory.
Conclusion   Active surveillance may be used more cautiously for younger patients.
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patient’s condition but not giving any treatment unless there are 
changes in test results that show the condition is getting worse.” 
In low risk malignancies, the purpose of active surveillance 
is, in part, to avoid overtreatment and minimize treatment-re-
lated morbidity, particularly for individuals whose disease is 
not likely to limit survival and does not rapidly progress.9)

Although several studies provide evidence for this approach, 
a comprehensive analysis is lacking. Moreover, there is a need 
for accurate information for patients themselves and their 
guardians to support decision-making. Treatment recommen-
dations should be based on investigations into risk factors of 
substantial change. As such, a review of evidence regarding 
thyroid cancer management accumulated to date is necessary. 
The objective of this study was to systematically review the 
published English-language literature on primary active sur-
veillance for low-risk differentiated thyroid cancer, and to 
evaluate the risk factors of size increase during active sur-
veillance. 

Subjects and Methods

This systematic review followed the PRISMA checklist 
(Supplementary Table 1).10) It used a PRISMA Flow Diagram 
to describe the flow of information through the different 
phases of the systematic review.11) This study used qualita-
tive and quantitative methods to examine reasons for varia-
tion in prevalence estimates.

Selection criteria
Two of the authors (DYL and PJ) independently searched 

the MEDLINE and EMBASE databases for articles published 
from database inception to December 2020 reporting on the 
active surveillance of thyroid cancer. We used the following 
terms for the literature search: (“thyroid” AND (“surveillance” 
OR “observation”)). Two authors independently screened the 
titles and abstracts. We agreed on a final list, with discrepan-
cies resolved by a common consensus. 

Inclusion and exclusion criteria
The inclusion criteria for the current meta-analysis were 

as follows: 1) report of at least one risk factor (age, sex, etc.) 
and rates of size increase in low-risk papillary thyroid cancer 
in each risk group. We defined low-risk papillary thyroid can-
cer as T1a or T1b disease (i.e., primary tumor less than 2 cm 
in diameter) where disease is localized to the thyroid clinical-
ly and radiologically; 2) original articles from peer-reviewed 

scientific journals published in English; and 3) studies with 
adult patients aged over 18 years. Studies were excluded if they 
met one of the following criteria: 1) in vitro studies, animal 
studies, case reports, review articles, and abstracts; 2) lack of 
approachability to original articles (e.g., only abstracts) and/or 
incomplete data; and 3) duplicate publications. 

Data extraction and statistical analysis
Two researchers (DYL and PJ) reviewed all studies inde-

pendently and performed data extraction; they resolved any 
discrepancies by reaching consensus between the two authors. 
For each article that reported risk factors of size increase of 
thyroid cancer, the following information was noted: author, 
year of publication, number of patients, and incidence of size 
increase in those with risk factors. We analyzed pooled pro-
portions, while cases of incomplete or missing information 
were excluded. Weighted proportions and their 95% confi-
dence intervals (CIs) for the percentage of age, sex, hearing 
loss, and initial tumor size were calculated.

We used both random-effects model and fixed effects model 
meta-analysis. Random effects models were applied when the 
heterogeneity test based on the Cochran Q test and I2 statistic 
(for the percentage of overall variation) revealed that studies 
were inconsistent. We considered p-values <0.01 for the Co-
chran Q test to indicate significant heterogeneity among stud-
ies. Since the I2 statistic describes the percentage of total vari-
ation across studies due to heterogeneity rather than chance, 
I2<25%, I2=25% to 50%, and I2>50% represented low, mod-
erate, and high heterogeneity, respectively.12) The publication 
bias was assessed using funnel plots.13) The analyses were per-
formed using the software package R for Windows, version 
3.3.2 (R Foundation for Statistical Computing).

Results

Characteristics of the studies
A diagram showing the flow of studies from initial identi-

fication, through reasons for exclusion, to final selection is 
shown in Supplementary Table 2 and Fig. 1. We initially iden-
tified 11793 articles and the search identified 353 abstracts 
after title screening and removing the duplicate, of which 33 
appeared to meet the initial screening criteria. After review-
ing the full-length articles, we excluded 23 studies owing to 
the following reasons: duplicate cohorts (n=7), confounders in 
analysis (n=3), review article (n=12), and research letter (n=1). 
Seven studies7,12,14-18) met all inclusion criteria of this system-
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atic review; all included studies were prospective observa-
tional studies published between 2014 and 2020 (Table 1). The 
risk of bias of the studies included in the qualitative review 

was assessed based on Newcastle-Ottawa Scale criteria (Sup-
plementary Table 3), and all of the studies demonstrated the 
appropriate quality for meta-analysis.

Table 1. Studies included in quantitative analysis

Author 
(year) Nationality Inclusion criteria Follow-up 

duration

Number 
of 

patients 

Size 
criteria

Number 
of patients 

with size 
increase
(＞3 mm)

Number 
of patients 
with LNM

Ito, et al.7)  
  (2014)*

Japan ＜10 mm in size 
PTC (cytology)

60 months
  (18-227)

1235 3 mm in maximal  
  diameter

58 19

Sugitani, et al.14)  
  (2014)*

Japan ＜10 mm in size 
PTC (cytology)

6.5 years
  (2-22)

415 3 mm in maximal  
  diameter

25 3

Kwon, et al.16)  
  (2017)

South Korea ＜10 mm in size 
PTC (cytology)

30.1 months 
  (21.4-43.7)

192 3 mm in maximal  
  diameter

27 1

Tuttle, et al.15)  
  (2017)

USA ＜15 mm in size
Suspicious for malignancy  
  or malignant (cytology)

25 months
  (6-166)

291 3 mm in maximal  
  diameter

11 0

Oh, et al.19)  
  (2018)

South Korea ＜10 mm in size 
Suspicious for malignancy  
  or malignant (cytology)

34.1 months
  (23.6-47.0)

370 3 mm in maximal  
  diameter

13 5

Miyauchi, et al.20)  
  (2018)*

Japan ＜10 mm in size 
PTC (cytology)

10.1 years
  (1.57-13.5)

169 3 mm in maximal  
  diameter

7 NR

Sakai, et al.18)  
  (2019)*

Japan ＜10 mm in size 
PTC (cytology)

7.3 years
  (0.5-25)

360 3 mm in maximal  
  diameter

29 3

10 mm＜size＜16 mm
PTC (cytology)

7.9 years
  (1-17)

61 4 2

*analysis of different parameter from same cohort. LNM, lymph node metastasis; PTC, papillary thyroid carcinoma; NR, not re-
ported
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Fig. 1. Search flow chart (PRISMA flow diagram).
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Incidence of size increase
In all studies, the criteria to discontinue active surveillance 

and change the management strategy to surgery was a size in-
crease of over 3 mm (maximal diameter of tumor) and newly 
detected lymph node metastasis on follow-up ultrasonogra-
phy. Five studies reported the prevalence of size increase and 
lymph node metastasis. Our proportional meta-analysis showed 
that the proportion of a size increase more than 3 mm was 
0.011 person-year for papillary thyroid carcinoma (95% CI: 
0.009 to 0.013), and that of lymph node metastasis was 0.002 
person-year for papillary thyroid carcinoma (95% CI: 0.001 
to 0.003) (Fig. 2).

Association between age/gender/initial size and 
size increase

Age-related data of all of the included studies are shown in 

Table 2. Data for age and size increase were available in four 
studies for a total of 1067 individuals. The standardized mean 
difference between individuals with and without size increase 
was -0.63 (95% CI: -1.00 to -0.27) (Fig. 3A). The overall prev-
alence of size growing in females was 9.6% (77 of 798), whereas 
the prevalence in males was 4.9% (9 of 143). However, gender 
did not appear to be a significant risk factor for size increase, 
with an odd ratio of 1.55 (95% CI: 0.75 to 3.22) (Fig. 3B). We 
included three studies with 701 patients in the analysis of the 
correlation between initial tumor size and size increase, which 
showed that initial tumor size was also not a significant risk 
factor for size increase (odd ratio -1.11, 95% CI: -2.38 to 0.17) 
(Fig. 3C).

Association between thyroid-stimulating hormone 
(TSH) and size increase

Four studies examined the correlation between TSH levels 
and size increases. Kim, et al.17) reported that high serum TSH 
levels (larger than 2.50 mU/L) were associated with the pro-
gression of papillary thyroid microcarcinoma during active 
surveillance, and patients with lower TSH levels showed the 
lowest tumor progression (volume increase of more than 50%). 
Moreover, Ito, et al.7) also reported the successful outcomes 
of young patients who received TSH suppression. None of the 
microcancers in young patients who underwent TSH sup-
pression grew. However, other studies failed to show the ef-
fect of TSH levels on tumor growth suppression. Oh, et al.19) 
reported that thyroxine treatment and Hashimoto’s thyroiditis 
did not have a significant correlation with tumor size changes. 
Further, in a nonsurgical observation trial for thyroid cancer, 
Sugitani, et al.14) reported that there was no significant asso-
ciation between TSH levels and tumor progression. 

Table 2. Age-related data of included studies

Author (year) Size enlargement
Ito, et al.7) (2014) ＜40 years: 5.9%

40-59 years: 5.7%
≥60 years: 2.2%

Sugitani, et al.14) (2014) Size enlargement (+): 52.4±2.3
Size enlargement (-): 54.9±2.3

Kwon, et al.16) (2017) Size enlargement (+): 48.6±5.1
Size enlargement (-): 51.7±5.4

Tuttle, et al.15) (2017) Size enlargement (+): 41.8±9.6
Size enlargement (-): 52.4±15.0

Oh, et al.19) (2018) ＜45 years: 40.7%
≥45 years: 59.3%

Miyauchi, et al.20) (2018) Size enlargement (+): 50.5±10.4
Size enlargement (-): 53.8±15.9

Sakai, et al.18) (2019) Size enlargement (+): 49.5±6.2
Size enlargement (-): 54.7±10.8

Fig. 2. Proportional meta-analysis of size increase over 3 mm (A) and newly detected lymph node metastasis (B). Odds ratio of size in-
crease more than 3 mm and newly detected lymph node metastasis was 0.011 (A) and 0.002 (B). 
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Discussion

Our study demonstrated that significant size increase in 
papillary thyroid cancer (more than 3 mm) is significantly 
associated with age. Younger patients seemed to have higher 
rates of tumor size increase, although we found no association 
between gender or initial tumor size and the risk of tumor size 
increase. Proportional meta-analysis demonstrated that the 
proportion of size increase was 0.011 person-years, which 
means that 1 out of 100 patients presented with tumor size 

increases in a year. The proportion of newly detected lymph 
node metastasis was 0.002 person-years, which means that 1 in 
500 patients presented with lymph node metastasis in a year.

Although we did not include these were in the quantitative 
analysis, several studies indicated that younger age is impor-
tant contributor to tumor size increases during active surveil-
lance (Table 3). Fukuoka, et al.21) reported that papillary thy-
roid microcarcinoma in older patients showed a more indolent 
pattern. Reports from Kuma Hospital also indicated that over 
10% of patients with an age at presentation less than 40 years 

Table 3. Studies included in qualitative analysis for size increase during active surveillance

Author (year) Nationality Number of 
patients Parameters Outcomes

Fukuoka, et al.21) (2016) Japan 384 Age, ultrasonographic  
  findings

1.  Calcification is stronger and vascularity is weaker 
in older patients

2.  Consolidation of calcification and loss of  
vascularity is associated with non-progression

Kim, et al.17) (2018) South Korea 127 TSH Sustained elevation of serum TSH levels is associated  
  with PTMC progression

Miyauchi, et al.20) (2018) Japan 1211 Age The estimated lifetime disease progression is  
  associated with the age at presentation

TSH, thyroid-stimulating hormone; PTMC, papillary thyroid microcarcinoma

Fig. 3. Forest plots of studies reporting quantitative data of correlation between increase of tumor size and age (A), sex (B), initial size (C).
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Kwon, et al.16)
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showed a significant enlargement in tumor size, while less 
than 5% of those older than 60 years showed such changes. 
When they categorized patients into two groups in their study 
(age over and less than 50 years), there was no statistically sig-
nificant differences. However, calcification on the initial and 
last sonographic examinations was important parameter as-
sociated with age.22) Miyauchi, et al.20) analyzed the estimated 
lifetime probability of tumor enlargement, and they concluded 
that those in their 20s, 30s, 40s, 50s, 60s, and 70s at presen-
tation showed 46.0%, 30.7%, 24.3%, 14.8%, 8.9%, and 2.8%, 
respectively.

In females, estrogen and its receptors play a crucial role in 
the pathogenesis and progression of cancers, particularly breast 
cancer.23,24) However, the significance of estrogen in the pro-
gression of thyroid cancer remains unclear. A 3-4 times high-
er prevalence of differentiated thyroid cancer in females were 
reported by many epidemiological and clinical studies. In ad-
dition, the incidence of this tumor increases with the onset of 
puberty in females,25,26) and pregnancy is significantly associ-
ated with its progression.27) Therefore, females seem to be 
more susceptible to tumor growth than males. However, there 
are some reports that the risk for recurrence of thyroid can-
cer is higher in male than in female patients. Zahedi, et al.28) 
reported that overall recurrence was 2.2% for female and 8.5% 
for male. Although our statistical analysis failed to show sta-
tistical significance, more studies are needed in this regard. 
Considering that the overall prevalence of tumor growth in 
females was 9.6% (77 of 798), whereas it was 4.9% (9 of 143) 
in males, analyses among a larger group of patients may re-
veal significant gender differences in tumor growth during 
active surveillance. Larger studies with age and gender cate-
gorization may thus show better results.

One of the characteristics of thyroid cancer is the relation-
ship between tumor aggressiveness and prognosis.29) Well-dif-
ferentiated thyroid cancers have been reported to grow faster 
in young patients than in older patients and to be more fre-
quently accompanied by distant metastasis.30) Although these 
characteristics are not associated with prognosis,31) young age 
seems to be associated with more rapid tumor growth and a 
more frequent requirement of surgical removal. Although de-
differentiation of well-differentiated thyroid cancer is a gen-
erally accepted concept for the development of anaplastic or 
poorly differentiated thyroid cancer,32,33) these findings do not 
apply to papillary thyroid cancer, which does not seem to grad-
ually acquire negative clinical characteristics, such as rapid 
tumor growth.34) 

There is a wide use of thyroxine supplementation and the 
maintenance of lower TSH levels now during papillary thy-
roid cancer follow-up after ablation surgery.8) Considering that 
currently, active surveillance is performed mainly for low-risk 
papillary thyroid cancer, the target TSH level can be below 
2.0 mU/L. Reports on the association of tumor size increases 
with TSH levels have varied according to the measurement 
methods used. When we use volume to evaluate tumor size, 
TSH levels were significantly associated with tumor growth, 
whereas there was no correlation between TSH levels and tu-
mor growth when the tumor size was measured in terms of 
maximal diameter. As discussed by Tuttle, et al.,15) active sur-
veillance management requires the availability of specialized 
and highly skilled radiologists. Considering that the size of 
the tumor is small and diameter measurement can be subjec-
tive, tumor volume may be a more sensitive parameter. Choi, 
et al.35) reported that any differences smaller than 13.1% and 
7.3% for volume and maximum diameter, respectively, mea-
sured using ultrasonography for well-defined thyroid nodules 
>1 cm should not be considered real size changes. They also 
reported that the mean inter-observer difference for measuring 
the nodule volume was -1.6%, while the mean inter-observer 
difference was -0.6% for the maximum nodule diameter. 

Although inter-observer variation is not significantly dif-
ferent, anecdotal evidence suggests that tumor size in papil-
lary thyroid cancer fluctuates during follow-up, although no 
data on this has been published to-date. However, in clinical 
settings, volume measurement tends to be time-consuming 
and inconvenient when compared to maximal diameter mea-
surement, which is where discrepancies might arise from. 
However, it remains an open question which of the evalua-
tions on maximal diameter or on tumor volume is better. Ac-
tually, evaluation on volume is seemingly sensitive and better, 
but size/volume of papillary thyroid microcarcinoma (PTMC) 
often fluctuates. Studies published to date set tumor enlarge-
ment at 50% volume increase, which is too early. Moreover, 
life-threatening events occurred in none of the patients with 
PTMC in Japan (evaluation on maximal diameter).7,20) Al-
though we think that maximal diameter is currently better, fur-
ther studies should be performed in this regard to confirm the 
best way of tumor measurement during active surveillance.

Papillary thyroid cancer management is associated with 
significant medical costs, which are a very crucial individual 
and societal concern. Lubitz, et al.36) warned that the overall 
cost of well-differentiated thyroid cancer care in the United 
States might exceed US$3.5 billion by 2030, based on current 
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trends in the incidence of this cancer. Three studies focused 
on the active surveillance of thyroid cancer. Lang and Wong37) 
performed a comparative study of early surgical management 
and non-surgical management for incidental papillary thy-
roid microcarcinoma. They concluded that the non-surgical 
approach was cost-saving up to 16 years from diagnosis, and 
remained cost-effective from 17 years onwards. Oda, et al.38) 
also reported that the total cost of 10 years of immediate sur-
gery was 4.1 times higher than that of active surveillance. In 
contrast, Venkatesh, et al.39) reported that in patients who 
would associate non-operative management with at least a 
moderate decline in quality of life, hemithyroidectomy was 
cost-effective. However, current studies are complicated, and 
the analysis of total thyroidectomy is lacking. Although health-
care costs are a considerable burden for countries worldwide, 
estimates regarding thyroid cancer treatment are different in 
different places due to the particulars of systems and insur-
ance structures and is incomparable. 

This study has some limitations. First, the number of arti-
cles included in the quantitative analysis of risk factors in tu-
mor size increase during active surveillance is small. This pre-
vented a subgroup or sensitivity analysis in the present study. 
Secondly, there was publication bias in the sample of studies 
included (Supplementary Fig. 1). Moreover, despite the small 
number of studies, criteria for active surveillance and duration 
of follow-up were not unified. In addition, limited regions were 
used in northeast Asia except for one study. Thirdly, study-level 
bias might be present; as ultrasonographic tests are important 
in decision-making during active surveillance, treatment rec-
ommendations depend on the clinical judgment of each radi-
ologist, implying that studies with different radiologists might 
have considerable different thresholds. Lastly, we cannot pres-
ent a significant cut-off value of age. To confirm the cut-off val-
ue of age, further studies with larger cohorts are mandatory.

In conclusion, our study shows that active surveillance can 
carefully be applied for selected patients. It may be applied 
more cautiously for younger patients although it is not contra-
indicated. Further, there are need for large-cohort studies to 
elucidate the link between gender and TSH.

Supplementary Materials
The Data Supplement is available with this article at https://doi.

org/10.3342/kjorl-hns.2021.00990.
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Supplementary Table 1. PRISMA checklist

Section/topic # Checklist item Reported on page # 
Title 1 Identify the report as a systematic review, meta-analysis, or both. Title page (separate)

Abstract 
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,  

   participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of 
key findings; systematic review registration number. 

2

Introduction 
Rationale 3 Describe the rationale for the review in the context of what is already known. 3
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,  

  outcomes, and study design (PICOS). 
4

Methods 
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide  

  registration information including registration number. 
5

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language,  
  publication status) used as criteria for eligibility, giving rationale. 

5

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional  
  studies) in the search and date last searched. 

5

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 5
Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included  

  in the meta-analysis). 
5

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for  
  obtaining and confirming data from investigators. 

5

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and  
  simplifications made. 

N/A

Risk of bias in individual  
  studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the  
  study or outcome level), and how this information is to be used in any data synthesis. 

7

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 6
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2)  

  for each meta-analysis. 
6

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting  
  within studies). 

6

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which  
  were pre-specified. 

6

Results 
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each  

  stage, ideally with a flow diagram. 
7

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide  
  the citations. 

7

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 7
Results of individual  
  studies 

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention  
  group (b) effect estimates and confidence intervals, ideally with a forest plot. 

7-8

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 7-8
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 7-8
Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). N/A

Discussion 
Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key  

  groups (e.g., healthcare providers, users, and policy makers). 
9

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified  
  research, reporting bias). 

12

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 13
Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the  

  systematic review. 
N/A

For more information, visit: www.prisma-statement.org. Adapted from Moher, et al. PLoS Med 2009;6(7):e1000097



Supplementary Table 2. Searching strategy and results

Database Terms Results

MEDLINE “thyroid” AND (“surveillance” OR “observation”) 4401
EMBASE “thyroid” AND (“surveillance” OR “observation”) 7377



Supplementary Table 3. Newcastle-Ottawa scale of bias risk for the included studies

Study Adequate case 
definition

Representativeness 
of cases

Selection 
of controls

Definition 
of controls Comparability Ascertainment 

of exposure
Method of 

ascertainment
Nonresponse 

rate Score/10

Ito, et al.7) * * * * * * * 7
Sugitani, et al.13) * * * * * * * 7
Kwon, et al.15) * * * * ** * * 8
Tuttle, et al.14) * * * * ** * * 8
Oh, et al.18) * * * * * * * 7
Miyauchi, et al.21) * * * * * * * 7
Sakai, et al.17) * * * * ** * * 8
Asterisks are the star rating as per the Newcastle-Ottawa Scale



A B C
Supplementary Fig. 1. Publication bias of studies reporting quantitative data of correlation between increase of tumor size and age (A), 
sex (B), initial size (C).
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