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Background. The incidence of papillary thyroid microcarcinoma (PTMC) has significantly increased in recent years, and the
decision to use radioactive iodine (RAI) ablation in low-risk (LR) and intermediate-risk (IR) patients is controversial. The aim
of this study was to evaluate whether RAI ablation can reduce the recurrence rate in LR-IR PTMC patients. Methods. A
comprehensive literature search of the PubMed, Embase, Cochrane Library, and Web of Science was conducted according to
the PRISMA statement. Results. There were 8 studies in English that fit our search strategy, and a total of 2847 patients were
evaluated. The results of the meta-analysis showed RAI ablation in LR-IR PTMC patients did not reduce cancer recurrence
(risk radio (RR) 0.56, 95% CI 0.19-1.70, P = 0:31). Nevertheless, we further performed data analysis and found that IR PTMC
patients without RAI ablation had a higher rate of cancer recurrence than those who underwent RAI ablation (RR 0.23, 95%
CI 0.11-0.49, P = 0:0001). Furthermore, patients with risk factors for lymph node metastasis (RR 0.16, 95% CI 0.06-0.42, P =
0:0002), microscopic extrathyroidal extension (RR 0.19, 95% CI 0.06-0.60, P = 0:005), and multifocality (RR 0.13, 95% CI 0.04-
0.45, P = 0:001) in the absence of RAI ablation were more likely to have recurrence. Conclusions. Based on our current
evidence, RAI ablation can reduce the cancer recurrence rate over 5 years in IR PTMC patients, especially when patients have
some risk factors, such as lymph node metastasis, microscopic extrathyroidal extension, and multifocality.

1. Introduction

According to the World Health Organization (WHO), the
incidence of papillary thyroid microcarcinoma (PTMC) with
dimensions of 10mm or smaller has significantly increased
in recent years [1, 2]. Although the majority of patients with
PTMC have a good prognosis, disease recurrence after initial
treatment does occur. Locoregional recurrence and even dis-
tant metastasis have been reported in some patients with
PTMC treated with surgery [2–6].

The American Thyroid Association (ATA) risk of recur-
rence stratification approach is often used to classify each
PTMC patients as low, intermediate, or high risk [7].

Intrathyroidal PTMC without signs of extrathyroidal exten-
sion, vascular invasion, or metastasis is regarded as low-risk.
Microscopic extrathyroidal extension and lymph node
metastasis are seen in intermediate-risk individuals. High-
risk patients have macroscopic extrathyroidal extension,
inadequate tumor excision, and distant metastasis.

Radioactive iodine (RAI) ablation after total or near-
total thyroidectomy (TT/NT) is one of the current measures
for the treatment of PTMC. The aim is to ablate any residual
thyroid tissue and any small residual tumors to limit the
possibility of cancer recurrence or metastasis [8]. The inci-
dence of PTMC has increased rapidly in recent years, giving
rise to controversy over treatment strategies. Some experts
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believe that the term “microscopic” does not indicate a low-
risk malignancy. Therefore, they advocate extensive surgery,
as well as postoperative RAI ablation, which can significantly
decrease the recurrence rate of patients [9, 10]. In contrast,
some specialists suggest that RAI ablation after surgery
may be overtreatment for LR-IR PTMC patients [11, 12].

According to the 2015 ATA guidelines [7], RAI therapy
is recommended for high-risk patients with macroscopic
extrathyroidal extension, distant metastasis, or incomplete
tumor resection. As for PTMC without adverse features,
RAI ablation is not recommended. It remains unclear
whether RAI ablation in LR-IR PTMC patients reduces
recurrence. Thus, we used a meta-analysis to clarify the
value of RAI ablation in cancer recurrence in LR-IR PTMC
patients. We present the following article in accordance with
the PRISMA reporting checklist.

2. Materials and Methods

The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guideline [13, 14] was used to
perform the systematic review. We have followed the proto-
col that was registered in INPLASY (INPLASY202220030).

2.1. Search Strategy.We used the following search method to
search the PubMed, Embase, and Cochrane library through
December 2021: (“remnant ablation”[tiab] OR “radioiodi-
ne”[tiab] OR “radioactive iodine”[tiab] OR “iodine
131”[tiab] OR “iodine-131”[tiab] OR “RAI” [tiab]) AND

(“papillary thyroid microcarcinoma” [tiab] OR “papillary
microcarcinoma” [tiab] OR “thyroid microcarcinoma” [tiab]
OR “PTMC”[tiab]). The most recent search took place in
December 2021. Only studies that were published in English
with a complete text were considered. When many publica-
tions reported findings from the same patients, the most
recent or comprehensive study was selected.

2.2. Inclusion and Exclusion Criteria. Articles that met the
requirements were identified based on the flow chart in
Figure 1. The criteria for inclusion in the study were as fol-
lows: (1) LR and IR PTMC patients who are in a disease-
free state after TT/NT, (2) with RAI ablation vs. without
RAI ablation groups, and (3) reporting of the outcome of
cancer recurrence. Studies were excluded if (1) high-risk
patients with macroscopic extrathyroidal extension, distant
metastasis, or incomplete tumor resection; (2) patients with
biochemical recurrence; (3) with a median follow-up period
of less than 5 years; and (4) lacking any necessary data.

2.3. Data Extraction. Two of the researchers independently
assessed all the selected papers to see if the articles met the
requirements. The two authors resolve any differences that
arise through discussion. If no agreement is reached, the
other authors are contacted, and a decision by popular elec-
tion is taken.

The following information was extracted according to a
fixed protocol: first author’s name, publication year of the
article, geographical location, demographic information

(i)

Potentially relevant papers identified
(n = 898)

(ii)
(iii)
(iv)
(v)

PubMed
Cochrane
Embase
Web of science
Additional reference

Studies excluded (n = 54)
(i)

(ii)
Only abstract available (n = 3)
Did not fulfill inclusion criteria (n = 51)

Title and abstracts
screened for retrieval

(n = 573)

Potentially appropriate studies to be
included in meta-analysis

(n = 62)

Studies included in meta-analysis
(n = 8)

Studies excluded (n = 511)

Duplicates excluded (n = 325)

Figure 1: Flowchart of study selection.
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(age and sex), pathological characteristics of PTMC, follow-
up time, and endpoint. The endpoint was defined as the
recurrence rate between with or without RAI ablation ther-
apy after TT/NT, as defined by each eligible study. In this
meta-analysis, recurrence is divided into locoregional recur-
rence and distant metastasis. Recurrence was defined as
structural recurrence after completion of initial treatment
and identified using imaging modalities, such as ultrasonog-
raphy, diagnostic radioactive iodine scan, PET scan, or MRI
scan, followed by cytological or histological confirmation,
regardless of serum levels of thyroglobulin (Tg).

2.4. Statistical Analysis. The meta-analysis was performed
using Review Manager (RevMan) version 5.4. Dichotomous
data were compared using a relative ratio (RR), and 95%
confidence intervals (CI) were calculated for each estimate.
A P value of < 0.05 was considered statistically significant.
We determined heterogeneity by visual inspection of forest
plots and using the χ2 test and I2 statistic. More specifically,
when P < 0:10 and I2 > 50%, there is statistical heterogeneity
and a random-effects model should be used, otherwise, a
fixed-effects model was chosen. When we found heterogene-
ity, we attempted to determine potential reasons for it by
examining individual study and subgroup characteristics.

2.5. Quality Assessment. The Newcastle-Ottawa Scale (NOS)
[15] was used by two reviewers to independently evaluate
the quality of retrospective (case-control and cohort)
researches. The NOS is made up of three components:
patient selection, comparability of research groups, and
assessment of exposure/outcome. A total of nine objects
were retrieved, and each object was assigned a score of
one. Overall, the ratings ranged from 0 to 9. If the ratings
were more than or equivalent to 5, the paper was deemed
of good quality. Any differences amongst authors were
resolved by a reassessment of the initial paper as a whole.

3. Results

3.1. Study Selection and Characteristics. The abovemen-
tioned search strategy yielded no randomized controlled tri-
als. As shown in Figure 1, out of 898 findings, 8 studies met
the inclusion/exclusion criteria for this study [16–23].

In the eight included studies, there were 2874 PTMC
patients with a median follow-up time ranging from 5.3 to
8.4 years. Of these patients, 1742 received RAI ablation at
doses ranging from 30 to 150mCi. The detailed characteris-
tics of the included studies are given in Table 1.

3.2. The Methodological Quality of Included Studies. Table 2
shows the results of the quality evaluation according to the
NOS. The comprehensive search tactics generated 8 retro-
spective studies, all of which were judged to be of high qual-
ity: three studies received a NOS score of 9 [17, 18, 21], and
five studies received a NOS score of 8 [16, 19, 20, 22, 23].

3.3. Meta-Analysis Findings

3.3.1. Cancer Recurrence Rate in the Overall Population.
Cancer recurrence in patients treated with or without RAI

ablation after TT/NT was compared. In the overall popula-
tion, the cancer recurrence rate in patients treated with
RAI ablation (2.87%) was lower than without RAI ablation
(3.53%). The heterogeneity was found between different
studies (I2 = 76%, P = 0:0004), and the random effect model
was used (RR 0.56, CI 0.19-1.70, P = 0:31). Unfortunately,
there was no statistically significant difference between these
two groups (Figure 2). When cancer recurrence was divided
into locoregional recurrence and distant metastasis, similar
results were obtained. Regarding locoregional recurrence
(RR 0.79, 95% CI 0.22-2.78, P = 0:72) in patients, there was
also no significant difference between with and without
RAI ablation (Figure 3).

3.3.2. Cancer Recurrence Rate in Patients with IR PTMC.We
further performed data analysis and found that patients with
intermediate-risk PTMC who with RAI ablation had a
higher rate of cancer recurrence than those without RAI
ablation (RR 0.23, 95% CI 0.11-0.49, P = 0:0001)
(Figure 4). Furthermore, patients with risk factors for lymph
node metastasis (RR 0.22, 95% CI 0.10-0.49, P = 0:0002),
microscopic extrathyroidal extension (RR 0.21, 95% CI
0.07–0.65, P = 0:007), and multifocality (RR 0.15, 95% CI
0.04-0.53, P = 0:003) were more likely to have recurrence
without RAI ablation (Figure 5). No significant statistical
heterogeneity in treatment effects was observed in all meta-
analyses, and all were statistically significantly different.

3.4. Analysis of Literature Publication Bias. An inverted fun-
nel plot of the recurrence of RAI therapy in treating PTMC
was produced to determine whether the articles had any
publication bias. As Figure 6 shown, inverted funnel figure
indicated publication bias in the research. The possible rea-
sons were few literatures included in the meta-analysis and
the heterogeneity between the articles. Subsequently, a sub-
group analysis was performed that IR PTMC group have
no publication bias.

4. Discussion

RAI ablation is an important adjuvant treatment for differ-
entiated thyroid cancer after TT/NT [9]. However, two pre-
vious meta-analyses, both concluded that RAI ablation may
not help reduce recurrence rates in PTMC patients [24, 25].
Unfortunately, there was heterogeneity in the results of both
meta-analyses, and the researchers did not explore the
source of the heterogeneity.

Our meta-analysis improved on the initial inclusion and
exclusion criteria of the article. We excluded not only high-
risk patients with macroscopic extrathyroidal extension, dis-
tant metastasis, or incomplete tumor resection but also stud-
ies with less than 5 years of follow-up. In addition, we only
included studies in which the diagnostic criteria were struc-
tural recurrence. On the one hand, there is no accepted diag-
nostic criteria for biochemical recurrence. On the other
hand, different studies had different definitions of cancer
recurrence. Our uniform diagnostic criteria could reduce
the impact on the meta-analysis results.
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This meta-analysis of 8 retrospective studies including 2874
patients is evaluating whether RAI ablation reduces the likeli-
hood of recurrence in patients with low- to intermediate-risk
MPTC. The results showed that any recurrence rate with
patients who had or had not received RAI ablation therapy
was 2.87 versus 3.53%. The pooled analysis suggested that any
cancer recurrence did not decrease with incremental RAI abla-
tion. Pooled analysis showed that recurrence of any cancer did
not decrease with increased RAI ablation. This finding was sim-
ilar to the results of the two previous meta-analyses.

Unfortunately, the heterogeneity was found in the total
meta-analysis (P = 0:0004, I2 = 76%), and we tried to investi-

gate the reasons for the heterogeneity. We divided cancer
recurrence into locoregional recurrence and distant metasta-
sis, but the results were not as good as expected. Too few
patients with distant metastasis could not be analyzed, while
heterogeneity remained in the meta-analysis of locoregional
recurrences. Therefore, we further divided the patients with
LR-IR PTMC from the eight included studies into the IR
PTMC group and the LR PTMC group. Since neither patient
who underwent RAI ablation nor those who did not undergo
RAI ablation in the two studies included in the LR PTMC
group had cancer recurrence. So, we only analyzed whether
RAI ablation in IR PTMC patients could reduce cancer

Table 2: Methodological quality assessment (risk of bias) of included studies by Newcastle–Ottawa scale.

References Selection Comparability Outcome/exposure Total score

Chow et al. [23] ★★★★ ★✰ ★★★ 8

Kim et al. [22] ★★★★ ★✰ ★★★ 8

Durante et al. [21] ★★★★ ★★ ★★★ 9

Moon et al. [20] ★★★★ ★✰ ★★★ 8

Neuhold et al. [19] ★★★★ ★✰ ★★★ 8

Creach et al. [18] ★★★★ ★★ ★★★ 9

Kim and Kim [17] ★★★★ ★★ ★★★ 9

Xue et al. [16] ★★★★ ★★ ★✰★ 8

A total of nine items were extracted, and each item was scored one “star.” The total scores ranged from 0 to 9.

Study or subgroup

Chow 2003
Kim TY 2008
Durante 2010
Moon 2011
Neuhold 2011
Creach 2012
Kim HC 2013
Xue 2017

Total (95% CI)
Total events
Heterogeneity: tau2 =1.42: chi2 = 24.54, df = 6 (P = 0.0004): I2 = 76% 
Test for overall effect: Z = 1.02 (P = 0.31)

Surgery + RRA Surgery

8
8
0
3
3

20
6
2

50
1742

39
1105 100.0% 0.56 [0.19, 1.70]

7
0
0
2
1

20
6
9

51
10

175
67

582
51

126
43

0.43 [0.17, 1.14]
1.14 [0.07, 18.49]

0.88 [0.15, 5.14]
Not estimable

10.09 [1.06, 96.41]
0.15 [0.08, 0.25]

2.85 [0.16, 50.29]
0.10 [0.02, 0.45]

19.1%
9.2%

14.2%
11.5%
21.2%
8.9%

15.9%

2003
2008
2010
2011
2011
2012
2013
2017

0.01 0.1 1
Surgery + RAI Surgery

10 100

134
163
137
114
173
349
578
94

Events Total Events Total
Weight

Risk ratio

YearM–H, random, 95% CI

Risk ratio

M–H, random, 95% CI

Figure 2: A forest plots that details any recurrence in LR-IR PTMC patients.

Study or subgroup
Surgery + RRA Surgery

M–H, random, 95% CI

Risk ratio

Events Total Events Total
Weight

Year
Chow 2003
Kim TY 2008
Durante 2010
Neuhold 2011
Moon 2011

Xue 2017

Total (95% CI)
Total events
Heterogeneity: tau2 = 1.46; chi2 = 13.60, df = 5 (P = 0.02); I2 = 63%
Test for overall effect: Z = 0.36 (P = 0.72)

Kim HC 2013

6
8
0

3
6
2

0
9

28 18

6
0
0
1
2

51 23.4% 0.38 [0.13, 1.13]
1.14 [0.07, 18.49]

Not estimable

0.88 [0.15, 5.14]

11.9%

14.8%
18.2%
11.5%
20.3%

10
175
582
67

126
43

134
163
137

114
578
94

1393

3 173

2003
2008
2010

10.09 [1.06, 96.41] 2011
2011

2.85 [0.16, 50.29] 2013
0.10 [0.02, 0.45]

100.0%1054 0.79 [0.22, 2.78]

2017

0.01 0.1 1
Surgery + RAI

10 100

Risk ratio

M–H, random, 95% CI

Surgery

Figure 3: A forest plots that details the locoregional recurrence in LR-IR PTMC patients.
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recurrence. Fortunately, this subgroup lacked heterogeneity
(P = 0:35, I2 = 8%) and was statistically different
(P = 0:0001). In addition, we found that intermediate-risk
patients with risk factors such as lymph node metastasis,
microscopic extrathyroidal extension, and multifocality were
more likely to recur in the absence of RAI ablation.

It is well known that microscopic extrathyroidal exten-
sion, lymph node metastasis, and/or multifocality are associ-

ated with increased recurrence rates [26–28]. Some scholars
suggest that postsurgical PTMC should be treated with RAI
like papillary thyroid carcinoma (PTC) larger than 1 cm
[16, 18, 20, 21, 23]. While some other scholars are against
it, arguing that it may be an overtreatment of PTMC
patients [17, 19, 22]. It remains unclear whether RAI abla-
tion in PTMC patients with these risk factors will reduce
recurrence, which is now addressed by our meta-analysis.

0.01 0.1 1
Surgery + RAI

10 100

Study or subgroup
Surgery + RRA Surgery Risk ratio

M–H, fixed, 95% CIEvents Total Events Total
Weight

Year
Chow 2003
Moon 2011
Kim HC 2013
Xue 2017

Total (95% CI)
Total events

Test for overall effect: Z = 3.84 (P = 0.0001)
Heterogeneity: chi2 = 3.26, df =3 (P = 0.35); I2 = 8%

7
1
6

4
2
0
9

9 28.7% 0.40 [0.15, 1.09]
0.19 [0.02, 1.98]
0.89 [0.05,15.50]

12.8%

54.5%
4.1%

18
30
43

39
47

450
2

1516

94

630

2003
2011
2013

0.10 [0.02, 0.45]

100.0%100 0.23 [0.11, 0.49]

2017

Risk ratio
M–H, fixed, 95% CI

Surgery

Figure 4: A forest plots that details the recurrence in patients with IR PTMC.

Study or subgroup
Surgery + RRA Surgery Risk ratio

M–H, fixed, 95% CI

Risk ratio

M–H, fixed, 95% CIEvents Total Events Total
Weight

Year
Chow 2003
Kim HC 2013
Xue 2017

Total (95% CI)
Total events

Test for overall effect: Z = 3.74 (P = 0.0002)
Heterogeneity: chi2 = 2.78, df = 2 (P = 0.25); I2 = 28%

7
5
2

14 13

4
0
9

9 32.8% 0.40 [0.15, 1.09]
0.47 [0.03, 7.73]
0.10 [0.02, 0.45]

0.22 [0.10, 0.49]

4.8%
62.3%

100.0%

6
43

58

39
162
94

295

2003
2013
2017

0.01 0.1 1 10 100
Surgery + RAI Surgery

(a)

Study or subgroup
Surgery + RRA Surgery

Events Total Events Total
Weight

Year
Moon 2011
Kim HC 2013
Xue 2017

Total (95% CI)
Total events

Test for overall effect: Z = 2.70 (P = 0.007)
Heterogeneity: chi2 = 0.86, df = 2 (P = 0.65); I2 = 0%

1
5
2

8 8

2
0
6

18 24.1% 0.19 [0.02, 1.98]
0.71 [0.04, 12.47]
0.16 [0.03, 0.73]

0.21 [0.07, 0.65]

7.8%
68.1%

100.0%

19
40

77

47
307
86

440

2003
2013
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0.01 0.1 1 10 100
Surgery + RAI Surgery

Risk ratio

M–H, fixed, 95% CI

Risk ratio

M–H, fixed, 95% CI

(b)

Study or subgroup
Surgery + RRA Surgery

Events Total Events Total
Weight

Year
Kim HC 2013
Xue 2017

Total (95% CI)
Total events

Test for overall effect: Z = 2.96 (P = 0.003)
Heterogeneity: chi2 = 1.23, df = 1 (P = 0.27); I2 = 19%

2
4

6 8

8
0

0.11 [0.02, 0.48]
0.67 [0.04, 11.95]

0.15 [0.04, 0.53]
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7.7%

100.0%

31
15

46
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213

285

2013
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0.01 0.1 1 10 100
Surgery + RAI Surgery

Risk ratio

M–H, fixed, 95% CI

Risk ratio
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(c)

Figure 5: A forest plots that details the recurrence in PTMC patients with some risk factors (lymph node metastasis, microscopic
extrathyroidal extension, and multifocality).
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There are several limitations to this meta-analysis. First,
there are very few randomized clinical trials on the manage-
ment of papillary thyroid cancer due to the inertness and
longer survival rates of differentiated thyroid cancer and
the associated high costs. Therefore, all included studies
were retrospective. Second, our meta-analysis ensured that
the recurrence of thyroid cancer is not influenced by the sur-
gical approach and by high-risk factors, but many other fac-
tors influence its recurrence, such as the dose of iodine
therapy and whether RAI ablation is complete. Third, the
credibility of the results of our meta-analysis may be affected
because of the small number of subgroups studied. Given the
limitations of retrospective data meta-analysis in terms of
methodology, a prolonged, randomized controlled trial with
a greater sample size of patients could definitively address
this issue.

5. Conclusion

According to the results of this meta-analysis, RAI ablation
in IR PTMC patients who have already undergone surgery
can significantly reduce thyroid cancer recurrence, especially
when patients have some risk factors such as lymph node
metastasis, microscopic extrathyroidal extension, and
multifocality.
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