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ABSTRACT
Introduction: Differentiated thyroid cancer has become a prevalent malignant tumor, particularly papillary thyroid carcinoma 
(PTC), constituting over 90% of cases. Most PTC lesions are asymptomatic and remain subclinical throughout life, and active sur-
veillance is now being used to monitor the progression of these lesions and intervene when appropriate. This evidence synthesis 
aims to assess PTC progression in size over time during active surveillance in terms of PTC tumor size progression to or beyond 
3 mm during the surveillance period.
Methods: A dose–response meta-analysis was conducted using the robust error meta-regression method, using time as the 
“dose” and cumulative progression (%) was assessed. A comprehensive literature review was done using PubMed/MEDLINE and 
EMBASE from inception till August 2024.
Results: A total of 21 studies from 7 different countries, including 14 648 participants, were included. Incident progression at 
2 years of follow-up was 1%, and this increased linearly to 12% at 20 years of follow-up.
Conclusion: It was concluded that progression over the threshold increases linearly over time at approximately less than 1% per 
year. Therefore, size progression beyond the threshold occurs in a minority and in less than one eighth of subjects by two decades 
of follow-up.

1   |   Introduction

Differentiated Thyroid Cancer (DTC) has become one of the most 
frequent malignant tumors in recent years, with an increase in 
incidence of 3- to 15-fold over the last two decades [1, 2]. The 
most common type of thyroid cancer is papillary thyroid carci-
noma (PTC), which accounts for over 90% of all thyroid cancers. 

A dramatic increase in incidence has been observed in several 
countries, such as the USA, with a 2.9-fold increase over the last 
35 years [3, 4]. Moreover, similar observations of thyroid cancer 
incidence increase were observed in South Korea (especial when 
screening was initiated) and Japan [5–7]. However, the majority 
of this increase was due to a higher incidence of small PTC le-
sions ≤ 1 cm; other thyroid cancer types demonstrated a stable 
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incidence rate [8]. Even though the incidence is increasing, the 
mortality rate has remained steady [9]. The evolution of medi-
cal treatment for DTC over time cannot justify this consistent 
mortality rate. As a result, it has been concluded that the higher 
incidence is due to DTC overdetection (a severe form of length-
time bias) rather than increased carcinogenesis over time. This 
has been supported by the results of autopsy studies over time 
[9–11].

The high prevalence of diagnosis has been matched by a high 
rate of thyroidectomy, which has influenced the health-care 
system's expense [12]. The majority of the newly diagnosed 
PTC lesions are subclinical and might stay asymptomatic for 
the rest of the patients' lives without surgical intervention [3]. 
Thus, unnecessary procedures might expose the patient to an-
esthesia and surgical complications (hypoparathyroidism and 
paralysis of the recurrent or superior laryngeal nerves) with-
out affecting the patient's prognosis [13]. These observations 
raised a serious question about the necessity of treatment for 
asymptomatic small PTCs. As early as 1993, Miyauchi con-
ducted an observational study for low-risk PTC without sur-
gical intervention at Kuma Hospital; and the initial results 
were promising [14]. Following that, several countries began 
to implement the active surveillance strategy, and eventually, 
this entered the latest American Thyroid Association (ATA) 
management guideline as an alternative plan for low-risk thy-
roid cancers in lieu of surgical management [15]. Although 
several active surveillance studies have been conducted, 
many variations were found among them in terms of tumor 
size inclusion, follow-up period, and tumor progression rate. 
Uncertainty, therefore, remains regarding the exact PTC le-
sion progression rate during active surveillance management. 
In this dose–response meta-analysis (DRMA), we now assess 
incident progression rates of PTC over the follow-up periods 
in several studies, as knowledge of the exact progression rate 
will give us an idea about what to expect during active surveil-
lance and also guide departure from what is the norm.

2   |   Methods

2.1   |   Search Strategy

Following the recommendations of the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement, a literature search strategy was developed using 
medical subject headings and text key words related to active 
surveillance in papillary thyroid cancer [16]. A comprehen-
sive literature review was done using PubMed/MEDLINE 
and EMBASE from inception to August 2024. Language 
search was limited to English language only. Keywords used 
were ((Watchful Waiting) OR “Watchful Waiting”[Mesh] OR 
“Active surveillance”) AND thyroid AND papillary. In addi-
tion, a similar articles search and relevant references were re-
viewed [17].

2.2   |   Study Selection Criteria

Articles that assessed the progression of PTC (< 1.5 cm) under 
active surveillance in the English language and that had a cohort 

study design were included. All other publication types, includ-
ing reviews, case reports, commentaries, letters to the editor, 
and preprints, were excluded. Papers assessing progression after 
surgery with insufficient information about patients' follow-up 
or tumor progression parameters, preliminary data, conference 
presentations, and abstract publication were excluded. The se-
lection of all articles was done independently by two reviewers, 
with disagreements resolved by including a third independent 
reviewer.

2.3   |   Screening and Data Extraction

Articles retrieved from the literature review passed through dif-
ferent screening stages. Initially, articles were screened by title, 
followed by abstract, then finally by the full text. After that, a 
similar articles search was conducted for the selected articles, 
and the first 25 articles for each included paper were screened. 
Moreover, relevant citation references were reviewed for all the 
selected articles. After identifying and finalizing the selected 
articles, one investigator was responsible for data extraction 
from the selected articles. The following information was col-
lected from the selected articles: author name, publication date, 
study location, sample size, age, gender, number of patients 
with tumor increase in size, duration of follow-up, and inclu-
sion tumor size cut-off. The tumor size progression cut-off was 
≥ 3 mm in all articles.

2.4   |   Quality Assessment

Methodological quality (mQ) assessment was done using 
the Methodological Standards for Epidemiological Research 
(MASTER) scale developed by Stone et al. [18]. The scale con-
sists of five main standards that contain 36 safeguards that cover 
potential areas of bias in each article. Each article has a count of 
implemented safeguards out of 36. For ranking, each study the 
score is divided by the highest score among the included studies, 
and this rank has a possible range between 0 and 1 (the article 
with highest number of safeguards) [19].

2.5   |   Statistical Analysis

Descriptive statistics were used to summarize the variables in 
the selected studies. The effect size of interest was the pro-
gression proportion over a specific follow-up period. This was 
modeled as a cumulative incidence difference in the DRMA. 
The latter was conducted as a 1-step procedure with follow-up 
duration (as the “dose”) along with cumulative progression 
incidence as the outcome using a linear robust error meta-
regression model [20]. A linear model was used because non-
linearity was not observed. In addition, included studies were 
divided into two groups based on the tumor size inclusion cut-
off. The first group included studies with a ≤ 1 cm cut-off, and 
the other group included higher (≤ 1.1 to ≤ 1.5 cm) cut-offs. 
DRMA was conducted for each group separately as a sensitiv-
ity analysis. Stata MP 15 (StataCorp, College Station, TX) was 
used for the analysis utilizing the robust error meta-regression 
(remr) module in Stata [20, 21]. The confidence level was set 
at 95%.
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2.6   |   Institutional Review Board (IRB) Approval

IRB approval was not required for this project as it is a system-
atic review and DRMA paper, and the data published here are 
based entirely on publicly available data that have been previ-
ously published in the literature.

3   |   Results

A total of 21 studies including 14 648 patients were enrolled in the 
DRMA [5–7, 22–39]. Figure 1 shows the flowchart of the study 
selection process. Studies were conducted in seven different 
countries (Argentina, Brazil, Colombia, Italy, Japan, Korea and 
the USA). The mean age across all studies was 50.1 (Standard 
Deviation (SD) 10.8) years. The majority of the studies used a le-
sion size inclusion cutoff of ≤ 1 cm (13 studies) and the cutoffs 
were ≤ 1.1 to ≤ 1.5 cm in eight studies. The median follow-up du-
ration across all studies was 4.5 years (Interqurtile Range (IQR) 
2.5, 7.3). The female percentage median across studies was 80.7 
(IQR 76.8, 87.6). One study [28] included two datasets; thus, the 
total datasets included were 22. Another study [5] reported the 
number of lesions and their progression over time only; thus, 
the number of lesions was used in lieu of the patients' number 
in the analysis. The demographic and clinical characteristics 
of the included studies, along with mQ assessment (including 
study safeguard counts and ranks) are reported in Table 1. The 
MASTER scale ranges from 0.78 to 1 (highest methodological 
quality). Overall, the included studies have high scores indicat-
ing valid and reliable outcomes. The DRMA summary is shown 
in Table 2.

Results of the DRMA conducted on the 21 studies to assess 
the progression of PTC over a specific follow-up duration are 
reported in Table  3 and Figure  2. At 2 years of follow-up, the 
papillary thyroid cancer progression proportion was 1% (95% CI 
1%–2%) while at 5 years, the progression proportion was 3% (95% 
CI 2%–4%). The longest follow-up duration was 20 years, with a 
progression proportion of 12% (95% CI 8%–16%).

A sensitivity analysis by inclusion size group (≤ 1 cm and ≤ 1.1 
to 1.5 cm) to assess whether including larger tumors would af-
fect the progression rate demonstrated a marginal increase in 
progression proportion in the second group (≤ 1.1 to 1.5 cm). At 
5 years, the progression proportion in the first group (≤ 1 cm) 
was 3% (95% CI 2%–4%), while in the second group (≤ 1.1 to 
1.5 cm) was 7% (95% CI 5%–10%). The dose–response relation-
ship is depicted in Figures 3 and 4.

4   |   Discussion

This meta-analysis represents the first DRMA that attempted 
to assess PTC tumor size cumulative progression over a specific 
follow-up time, the threshold for progression being ≥ 3 mm, 
which is the smallest lesion clearly detectable by ultrasound. 
In general, modern ultrasound machines can detect thyroid 
nodules as small as 2–3 mm (mm) in diameter. However, the 
sensitivity of detection may vary, and nodules smaller than 
this size can sometimes be missed [40]. Important factors 
such as operators skills and experience and quality of the ul-
trasound equipment affect the detection rate of small nodules. 
Nonetheless, in their study, Ito et  al. showed that only 6.7% 

FIGURE 1    |    Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flowchart of the Systematic Review and Dose–
Response Meta-Analysis showing the study selection process.
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of Papillary MicroCarcinoma of the Thyroid (PMCT) enlarged 
by 3.0 mm or more in diameter during 5 years of follow-up, and 
nodal metastases became detectable in 1.7% of patients overall 
[40]. The results suggest that waiting longer will increase cu-
mulative attainment of the progression threshold, which is a 
function of time and estimated to increase by around less than 
1% for each year of follow-up. In the sensitivity analysis, there 
was a slightly increased progression proportion when compar-
ing the group with higher tumor size inclusion cut-offs when 
compared with the other group (≤ 1 cm). These progression 
proportions are low enough to support the active surveillance 
approach and validate the low progression rate hypothesis for 
small size PTC lesions (< 1 cm). A tumor size progression of 
≥ 3 mm is expected to be present in around 12% of subjects 
after 20 years follow-up duration. This linear progression sug-
gests that less than one eighth progress at two decades and is 
thus very low.

PTC is characterized by specific molecular changes that con-
tribute to its development and progression. Understanding 
these molecular changes in PTC is crucial for developing 
strategies to predict aggressiveness that can be incorporated 
into AS programs as well as targeted therapies [41, 42]. These 
changes often involve mutations and alterations in key genes 
and signaling pathways. For example, the BRAF V600E muta-
tion is one of the most prevalent molecular alterations in PTC. 
This mutation occurs in the BRAF gene and leads to the con-
stitutive activation of the MAPK signaling pathway. This aber-
rant signaling promotes cell growth and proliferation [43–45]. 
BRAF V600E has emerged as a promising prognostic factor for 
PTC, but its clinical value as a prognostic tool remains incon-
clusive [46–48]. Another common genetic alteration in pap-
illary thyroid cancer is the rearrangement of the RET gene, 
leading to the formation of RET/PTC fusion genes. These fu-
sion proteins activate downstream signaling pathways, such 
as MAPK and PI3K/AKT, promoting uncontrolled cell growth 
[49–51]. Another important oncogenic change is the RAS mu-
tation. In PTC, RAS mutations are detected in approximately 
10%–20% of cases  [43, 52, 53]. RAS genes, including HRAS, 
NRAS, and KRAS, encode small GTPases that regulate criti-
cal cellular signaling pathways involved in cell proliferation, 
survival, and differentiation.

These mutations are more prevalent in follicular variant PTC 
(FVPTC) and in older patients. RAS-mutated PTCs often 
exhibit distinct clinical features, such as larger tumor size, 
encapsulation, and less lymph node metastasis compared to 
other PTC subtypes [42, 54–56]. RAS mutations in PTC re-
sult in the activation of the mitogen-activated protein kinase 
(MAPK) signaling pathway. This causes overexpression of 
genes involved in cell cycle progression and growth, promot-
ing tumor development. Furthermore, RAS mutations can 
cause resistance to targeted therapies, an important clinical 
consideration when choosing treatment [56, 57]. Although less 
frequent, mutations in the TP53 tumor suppressor gene have 
been observed in aggressive forms of PTC. TP53 mutations 
disrupt cell cycle regulation and DNA repair mechanisms 
[58–60]. Mutations in the TERT (telomerase reverse transcrip-
tase) promoter are associated with increased telomerase ac-
tivity, allowing cancer cells to maintain their telomeres and 
avoid senescence or apoptosis [61]. TERT promoter mutations St
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are linked with aggressive thyroid cancer cell features, dis-
ease recurrence, and increased mortality [61–63]. Loss of 
function mutations or deletions in the PTEN gene can occur 
in PTC. PTEN is a tumor suppressor gene that regulates the 
PI3K/AKT pathway, affecting cell growth and survival, and 
loss of PTEN function promotes further aggressiveness of the 
BRAF V600E mutation [64–67]. Another important molec-
ular alteration in PTC is the loss of Thyroid Differentiation 
Markers: As papillary thyroid cancer progresses, there is often 
a loss of expression of thyroid-specific genes like thyroglobu-
lin and sodium-iodide symporter (NIS). This loss of differenti-
ation markers is associated with a more aggressive phenotype 
[41, 68–70]. Molecular alterations in PTC can therefore pro-
vide valuable information about prognosis and potential ther-
apeutic targets; to date, no molecular markers or specific 
criteria have been conclusively shown to help in identifying 
the small number of patients who might progress by 3 mm that 
ends their active surveillance period. The decision for surgery 
is mainly driven by clinical, radiological, and pathological fac-
tors. Molecular findings can complement surgical selections 
and planning but do not directly mandate surgical interven-
tion [71–76].

TABLE 2    |    Descriptive results of the studies included in the dose–
response meta-analysis.

Variables Sub-groups Value

Articles included 21

Country Argentina 1 (5%)

Brazil 1 (5%)

Colombia 2 (10%)

Italy 2 (10%)

Japan 9 (43%)

Korea 5 (24%)

USA 1 (5%)

Size inclusion < 1.1 cm 1 (4.5%)

< 1.3 cm 3 (13.6%)

< 1.5 cm 3 (13.6%)

≤ 1 cm 13 (59%)

≤ 1.2 cm 1 (4.5%)

≤ 1.5 cm 1 (4.5%)

Age, mean (SD) 50.1 (10.8)

Abbreviation: SD, Standard Deviation.

TABLE 3    |    Dose–response meta-analysis results for the 21 studies.

Follow-up (years) Progression (95% CI)

2 0.01 (0.01–0.02)

3.5 0.02 (0.02–0.03)

5 0.03 (0.02–0.04)

10 0.06 (0.04–0.08)

15 0.09 (0.06–0.12)

20 0.12 (0.08–0.16)

Abbreviation: CI, Confidence Interval.

FIGURE 2    |    Dose–response meta-analysis results of the 21 studies.

FIGURE 3    |    Dose–response meta-analysis results for group 1 
(≤ 1 cm).

FIGURE 4    |    Dose–response meta-analysis results for group 2 
(> 1 cm).
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Having a validated prognostic scoring system in a clinical set-
ting would be a valuable tool for predicting disease progression 
and can aid the decision-making process. One commonly used 
scoring system is the American Thyroid Association (ATA) 
Risk Stratification System, which assigns risk categories based 
on various clinical and pathological factors [77–79]. However, 
the following factors are accepted as clinical and radiological 
predictors of disease progression and therefore their presence 
usually precludes active surveillance and indicates upfront 
surgery instead: older patients (greater than 55 years), tumor 
diameter > 1 cm, extrathyroidal extension of cancerous tissue 
spreading beyond the thyroid capsule into nearby structures, 
such as muscles or the trachea, metastasis of cancer to local 
lymph nodes or distant sites, presence of a deep-seated nod-
ule especially those close to the tracheoesophageal groove, and 
tumor multifocality (i.e., multiple tumor foci within the thy-
roid gland) [80]. In addition, there has been a growing body 
of evidence that supports the presence of BRAF V600E muta-
tion, which should also be factored in, as it is associated with 
a higher risk of disease progression [79, 81–83]. Nevertheless, 
despite the presence of such prognostic aids in predicting PTC 
recurrence rates and distinguishing between low- and high-
risk patients, there is still no international consensus on which 
model is optimal [84–86].

There is also ongoing controversy regarding when to end ac-
tive surveillance. Many have considered an increase of ≥ 3 mm 
in size to be the optimum signal for indicating surgical inter-
vention [26, 29]. Miyauchi et al. required immediate surgical 
intervention for tumor increase of ≥ 3 mm or lymph node me-
tastasis, and 4% of the subjects in the study underwent surgery 
due to tumor size increase [26]. On the other hand, Ito et al. 
and Rosario et al. did not consider tumor size progression of 
≥ 3 mm as an indication for surgery but rather an increase to 
over 1.2 cm in size [6, 27]. Another study recommended thy-
roid surgery for patients with tumor size greater than 1 cm; al-
though they also considered tumor size progression of ≥ 3 mm, 
lymph node metastasis, or growth toward adjacent structures 
as equally important, and by these criteria during the fol-
low-up period, 19% of the subjects underwent thyroid surgery 
(total thyroidectomy or lobectomy) [29]. As can be inferred 
from the aforementioned studies, several criteria have been 
proposed and implemented in the active surveillance trials. 
Although, huge variation was noticed in the tumor size cut-
off point that indicates surgery, ranging between > 1, > 1.2, 
and > 1.5 cm, there seems to be a general agreement about 
considering a ≥ 3 mm increment as a threshold for tumor size 
progression. Other articles have also added time to tumor size 
increments, and Smulever et al. defined surgical intervention 
criteria for tumor size as an increase of ≥ 3 mm from the base-
line in less than 1 year or tumor size larger than 1.5 cm, and 
around 6% of the patients had surgery due to tumor size pro-
gression of ≥ 3 mm from the baseline [35]. A justification of 
the increment threshold over 1 year was studies that suggested 
that size progression of benign and malignant thyroid nodules 
differed [87] with malignant nodules growing > 2 mm per 
year, and this was absent in the majority of benign nodules. 
However, this DRMA suggests that the malignant group prob-
ably represents those lesions that have been around for longer, 
so they are more likely to reach the threshold over time. There 

are indeed studies that suggest no such difference in smaller 
nodules [88].

To the best of our knowledge, this DRMA is the first publi-
cation in this field that attempts to assess PTC tumor size 
progression proportion over a specific period of follow-up. 
The outcome of this analysis validates the active surveillance 
management plan as an alternative to surgical intervention for 
small PTC lesions without clinical symptoms because we doc-
ument that small nodules expand at a very slow rate, allowing 
enough time for intervention to be planned if expansion does 
occur. We can safely, therefore, continue active surveillance 
till such expansion is seen, and we show that this accrues at 
1% per year for those followed up. We, however, cannot rec-
ommend what strategy needs to be taken after expansion is 
seen, as the data demonstrate that expansion in size is a con-
tinuous process, and we do not have data to show the outcomes 
linked to such expansion. However, although several articles 
were included, the majority had a follow-up period that was 
short (< 5 years). This might limit the validity of the size pro-
gression estimates for longer periods of follow-up. Moreover, 
the studies included were published over an extended period 
during which diagnostic models and clinical guidelines have 
evolved. These differences can introduce inconsistencies and 
potentially affect the final outcomes. Thus, further active sur-
veillance studies with longer follow-up duration are needed to 
be able to make the results of long follow-up stronger.

5   |   Conclusion

In conclusion, PTC incidence has increased over the past few 
years, and the majority of the newly diagnosed cancers are sub-
clinical that could be managed without surgical intervention. 
Several countries have begun to implement an active surveil-
lance approach instead of thyroid surgery for small-size PTC 
with very promising results. Several articles have been pub-
lished but with variation in tumor size inclusion, follow-up du-
ration, and progression outcome. This DRMA reports that the 
cumulative tumor size progression proportion over the follow-up 
period is a linear function of time and may not be sufficient to 
distinguish patients requiring surgical intervention and there-
fore, other prognostic variables at diagnosis need to be urgently 
investigated in order to have optimum selection of patients for 
surveillance versus immediate intervention.
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