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Abstract
Introduction

Fusion oncogenes (e.g., NTRK, RET, ALK, BRAF, PPARG) are rare genetic events in papillary thyroid
carcinoma (PTC) and little is known about the similarities and differences in clinicopathological
manifestations and prognostic outcomes of these genetic alterations. This meta-analysis aimed to
investigate the clinicopathological signi�cance and prognoses of different oncogenic fusions in PTC
patients.

Methods

We performed a summary-level meta-analysis to compare the fusion-positive with fusion-negative PTCs
and individual patient data meta-analysis to analyze the clinicopathological pro�les of different
oncogenic fusions. The odds ratio and their 95% con�dence intervals were calculated using the random-
effect model. Chi-square and Fisher’s exact tests were used to compare categorical variables while
Wilcoxon rank-sum and analysis of variance (ANOVA) tests were utilized for continuous covariates.

Results

We included 40 studies for meta-analyses. Compared to fusion-negative PTCs, cases with oncogenic
fusions occurred at a younger age and had increased rates of multifocality, vascular invasion,
extrathyroidal extension, and nodal/distant metastases. NTRK-, RET-, BRAF-, ALK-, and PPARG-rearranged
PTCs had a unique demographic/clinicopathological pro�le but similar progression-free survival (PFS)
and overall survival (OS). NTRK1-positive PTCs demonstrated more aggressive clinical behaviors and
shorter PFS in comparison to NTRK3-positive PTCs whereas RET rearrangement variants shared
comparable clinicopathological backgrounds.

Conclusion

This study provides new insights and facilitates our current understanding of clinicopathological features
and survival outcomes of different fusion oncogenes in PTCs. It may help clinicians better counsel the
patients and tailor appropriate treatment decisions.

Introduction
Recent advances in translational medicine facilitate our understanding of the tumorigenesis pathways of
thyroid cancer. Protein kinases play a crucial role in regulating cell growth, differentiation, and survival
through various molecular pathways such as MAPK, PI3K/AKT/mTOR, and JAK-STAT [1]. The most
common receptor tyrosine kinases (RTK) are rearranged during transfection (RET), neurotrophic tyrosine
receptor kinase (NTRK), anaplastic lymphoma kinase (ALK), mesenchymal-epithelial transition (MET),
and ROS1, which are all activated by molecular dimerization. Rearrangements of these RTK-encoding
genes are well-recognized oncogenic drivers in various human cancers, including thyroid cancers [2–4]. In
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addition to RTK fusions, BRAF kinase fusions such as AGK-BRAF may also activate the MAPK pathway
of thyroid cancer [5, 6]. PAX8/PPARG fusions are common in follicular tumors including follicular variant
of papillary thyroid cancer (FVPTC) and follicular thyroid carcinoma (FTC) [7, 8].

Genetic mutations in BRAF and RAS are the most common oncogenic drivers of papillary thyroid cancers
(PTC) [9] and their incidences have been increasing over the last two decades [10–12]. On the other hand,
oncogenic fusions are generally uncommon in thyroid cancer patients and are thought to be enriched in
the pediatric population [13–15]. Because of their rarity, the clinicopathological differences are still
unclear between the fusion oncogenes in PTCs. This meta-analysis aimed to investigate the
clinicopathological signi�cance and prognoses of different oncogenic fusions in PTC patients.

Materials And Methods
Literature search

We searched for relevant articles in two electronic databases, including PubMed and Web of Science
from inception to April 2022. The following search term was used: (NTRK OR NTRK1 OR NTRK3 OR
NTRK1/3 OR RET OR RET/PTC OR RET/PTC1 OR RET/PTC3 OR ALK OR BRAF OR MET OR PPARG OR
PPAR Gamma OR THADA OR ROS1) AND thyroid AND (rearrangement OR fusion). We also searched for
potential studies by reviewing the citations within the included studies and reviews. Our study protocol
followed the recommendation of the Preferred Reporting Items for Systematic Review and Meta-analysis
(PRISMA) statement [16].

Selection criteria and abstract screening

After deleting the duplicates from two electronic databases, titles and abstracts of included studies were
independently screened by four reviewers (HTL, TTBL, TL, and SH). Studies were included if they reported
demographic, clinicopathological, and/or prognostic data of any types of gene fusions in PTCs. We
excluded studies if they were (i) studies on other thyroid cancer subtypes (ii) case reports, (iii) reviews,
and (iv) posters, conference papers, theses, or books. Discordant results between the reviewers were
resolved by discussion and consensus.

Full-text screening and data extraction

The full text of all candidate articles was read independently by three reviewers (HTL, TTBL, and TL).
Subsequently, data were extracted into a prede�ned extraction form. The following data were extracted
from full-text papers: authors, institution, city, country, publication year, enrollment period, study design,
number of patients, fusion detection method, gender, patient age, histologic features, tumor size, focality,
vascular invasion, lymph node metastasis, distant metastasis at presentation, extent of resection,
administration of radioactive iodine, tumor persistence/recurrence, progression-free survival (PFS) status,
PFS time, overall survival (OS) status, and OS time. Any disagreements between two reviewers, if present,
were resolved again by discussion and consensus.
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Quality assessment and risk of bias analysis

We used the Newcastle – Ottawa Scale (NOS) tool to evaluate the quality of included studies in our meta-
analyses [17]. Two reviewers independently awarded stars for cohort or case-control studies (maximum
nine stars) based on a developed checklist [17]. Studies awarded at least �ve stars were considered
moderate to high-quality studies and those with a NOS value of less than �ve were regarded as low-
quality studies.

Meta-analysis

We conducted a meta-analysis using summary-level data to compare the differences between fusion-
positive and fusion-negative PTCs. For studies with potentially duplicated populations, we selected the
studies with the highest number of cases. Review Manager 5.4 (Cochrane Collaborative, Oxford, UK) was
utilized for statistical analysis. Pooled estimates of odds ratio (OR), mean difference (MD), and
corresponding 95% CIs were calculated using the random-effect model.

To compare different oncogenic fusions in PTCs, individual patient data (IPD) from included papers were
used because of their statistical advantage compared to aggregate data. We excluded PTC cases with
rare fusions including ROS1 (n = 1), THADA (n = 2), and MET (n = 2), and cases with concomitant fusions
(n = 5) because they might bias the analyses. Chi-square and Fisher’s exact tests were used to compare
categorical variables while analysis of variance (ANOVA), and Wilcoxon rank-sum tests were used for
continuous covariates, if applicable. Kaplan-Meier and Cox regression analyses were conducted to
investigate the impact of gene fusions on PFS and OS. IPD analyses were performed by using the R
software version 4.1.1 (The R Foundation, Vienna, Austria). A p-value of less than 0.05 indicated a
statistically signi�cant value.

Among-study heterogeneity was assessed by the I2 statistic and classi�ed as low (25% < I2 ≤ 50%),
moderate (50% < I2 ≤ 75%), and high (I2 > 75%) [18]. We further explored the origin of between-study
heterogeneity in cases of moderate and high degrees of heterogeneity using sensitivity and subgroup
analyses, if applicable. Egger’s regression test and funnel plot were carried out to further assess the
presence of potential publication bias. A p-value of less than 0.05 indicated statistically signi�cant
publication bias.

Results
We identi�ed 2005 articles for the title and abstract screening after merging studies from PubMed and
Web of Science and deleting duplicates. Following this step, we found 72 potential studies for full-text
reading. Finally, we included 40 studies with 4295 PTCs for meta-analyses [7, 13, 19–56] (Table 1 and
Fig. 1). For quality assessment using the NOS tool, the numbers of stars awarded to each study were
from �ve to seven stars (Table 1).
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Table 1
Baseline characteristics of included studies

Study Country Detection

method

No.
of

PTCs

Newcastle-Ottawa Scale

Selection Comparability Outcome

Alzahrani 2020 Saudi Arabia NGS 44 4 0 3

Bastos 2018 Brazil RT-PCR 117 4 0 3

Beimfohr 1999 Belarus RT-PCR 81 4 0 1

Bongarzone
1998

Italy RT-PCR 76 4 0 1

Bounacer 2000 France RT-PCR 16 4 0 1

Brzeziańska
2006

Poland RT-PCR 33 4 0 1

Castro 2006 Portugal FISH, RT-PCR 13 4 0 1

Chou 2015 Australia FISH, IHC 259 4 0 2

Chu 2020 USA NGS 54 4 0 3

Cordioli 2017 Brazil RT-PCR 38 4 0 1

Franco 2022 USA NGS 131 4 0 1

Kong 2021 Saudi Arabia FISH 315 4 0 1

Lan 2020 China NGS 66 4 0 1

Lee 2017 Korea FISH, RT-PCR 769 4 0 2

Lee 2020 Taiwan FISH, NGS 60 4 0 2

Lee 2021 Korea NGS 83 4 0 3

Li 2020 China NGS 168 4 0 1

Liang 2018 China RT-PCR, RNA
seq

353 4 0 1

Lu 2017 China FISH, NGS 138 4 0 1

Macerola 2021 Italy FISH, NGS 163 4 0 1

Musholt 2000 Germany RT-PCR 119 4 0 3

Musholt 2010 Germany RT-PCR 280 4 0 3

Abbreviations: FISH, �uorescent in-situ hybridization; NGS, next-generation sequencing; RNA seq,
ribonucleic acid sequencing; RT-PCR, reverse transcription polymerase chain reaction
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Study Country Detection

method

No.
of

PTCs

Newcastle-Ottawa Scale

Selection Comparability Outcome

Nies 2021 US RNA seq,
Sanger

64 4 0 3

Nozaki 2020 Japan FISH, RT-PCR 32 4 0 2

Panebianco
2019

USA NGS 27 4 0 3

Park 2015 Korea FISH, RT-PCR 29 4 0 2

Pekova 2020 Czech
Republic

RT-PCR, NGS 93 4 0 2

Pfeifer 2019 Poland RNA seq,
Sanger

14 4 0 1

Potter 2021 USA NGS, RNA
seq

36 4 0 2

Prasad 2016 USA NGS 26 4 0 3

Rabes 2000 Belarus RT-PCR 191 4 0 1

Ricarte-Filho
2022

USA NGS 19 4 0 1

Rogounovitch
2021

Belarus RNA seq,
Sanger

23 4 0 1

Sassolas 2012 France RT-PCT 57 4 0 1

Seethala 2017 USA NGS 20 4 0 3

Sisdelli 2019 Brazil RT-PCR 80 4 0 2

van der Tuin
2019

Netherland NGS 59 4 0 3

Viswanathan
2020

USA NGS 19 4 0 1

Vuong 2016 Japan RT-PCR 120 4 0 1

Zhao 2021 USA NGS 10 4 0 2

Abbreviations: FISH, �uorescent in-situ hybridization; NGS, next-generation sequencing; RNA seq,
ribonucleic acid sequencing; RT-PCR, reverse transcription polymerase chain reaction

Differences In Demographic/clinicopathological
Manifestations Of Ptcs With Fusions Versus Without
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Fusions
Compared to fusion-negative PTCs (PTCs without any fusions), cases with fusion oncogenes occurred at
a younger age, presented with larger tumor size, and were associated with increased risk for multifocality,
vascular invasion, extrathyroidal extension, lymph node metastasis, and distant metastasis (Table 2).
There were no signi�cant differences in male-to-female ratio and histologic patterns between these two
groups. Most analyses showed insigni�cant or low degrees of heterogeneity.

Table 2
Summary-level meta-analyses of fusion-positive versus fusion-negative PTCs

Parameters No. of

studies

No. of PTCs OR 95% CI p-value* I2

(%)

Male gender 18 2065 1.21 0.92 to 1.58 0.180 11

Age** 12 1127 -1.93 -3.10 to -0.76 0.001 30

Follicular variant 14 1352 1.45 0.74 to 2.83 0.281 38

Tumor size** 5 692 3.74 1.61 to 5.87 < 0.001 0

Multifocality 7 559 1.9 1.26 to 2.86 0.002 0

Vascular invasion 4 296 3.47 1.99 to 6.04 < 0.001 0

Extrathyroidal extension 9 905 2.57 1.69 to 3.90 < 0.001 16

Lymph node metastasis 19 2046 3.29 2.24 to 4.83 < 0.001 38

Distant metastasis 13 1400 3.38 2.00 to 5.72 < 0.001 24

Tumor recurrence 3 275 1.99 0.62 to 6.34 0.250 71

Abbreviations: CI, con�dence interval; I2, among-study heterogeneity; OR, odds ratio

*, bold values indicate a statistically signi�cant value

**, values calculated as Mean Difference

Follow-up data were missing in most studies. We could include only three studies to compare rates of
tumor persistence/recurrence and the difference did not reach statistical signi�cance (OR = 1.99; 95% CI = 
0.62–6.34; I2 = 71%). A moderate degree of heterogeneity was observed, and the between-study
heterogeneity completely disappeared after omitting the Lee 2021 et al. study[32] (HR = 1.08; 95% CI = 
0.54–2.17; p = 0.83). Data for OS or disease-speci�c survival were insu�cient for analyses.

Clinicopathological and prognostic differences between NTRK-, RET-, ALK-, BRAF-, and PPARG-rearranged
PTCs
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Table 3 highlights the distribution patterns of major oncogenic fusions and their fusion partners. We
found a high rate of distant metastasis in PTCs with oncogenic fusions, ranging from 29–39% (Table 4).
BRAF rearrangements occurred at a younger age, were more common in male, and were mostly seen in
pediatric PTCs compared to other fusion types (Table 4). NTRK and PPARG fusions were commonly seen
in FVPTCs whereas other fusions were associated with conventional PTCs. A signi�cant subset of RET-
rearranged PTCs was classi�ed as diffuse sclerosing variant and harbored psammoma bodies on
microscopic evaluation. The rates of clinicopathological parameters (vascular invasion, lymph node
metastasis, and extrathyroidal extension) were also statistically different between different fusion groups
(Table 4). There was no difference in PFS and OS between PTCs with NTRK, RET, ALK, BRAF, and PPARG
fusions (Fig. 2).
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Table 3
Major oncogene fusions in PTCs and their

fusion gene partners
Fusion type No. of cases (%)

NTRK fusions (n = 225)  

IRF2BP2-NTRK1 10 (4.4%)

PPL-NTRK1 2 (0.9%)

SQSTM1-NTRK1 6 (2.7%)

TPM3-NTRK1 38 (16.9%)

TPR-NTRK1 17 (7.6%)

NTRK1-Unknown gene 7 (3.1%)

EML4-NTRK3 10 (4.4%)

ERC1-NTRK3 1 (0.4%)

ETV6-NTRK3 103 (45.8%)

ETV6–NTRK3 6 (2.7%)

RBMPS-NTRK3 2 (0.9%)

RBPMS-NTRK3 6 (2.7%)

SQSTM1-NTRK3 11 (4.9%)

VIM-NTRK3 2 (0.9%)

NTRK3-Unknown gene 4 (1.8%)

RET fusions (n = 141)  

AFAP1L2-RET 1 (0.7%)

ANK3-RET 1 (0.7%)

CCDC186-RET 1 (0.7%)

CCDC6-RET 82 (58.2%)

CCDC6-RET, NCOA4-RET 1 (0.7%)

ELE1-RET 2 (1.4%)

ERC1-RET 2 (1.4%)

KIAA1217-RET 1 (0.7%)

KTN1-RET 1 (0.7%)
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Fusion type No. of cases (%)

NCOA4-RET 39 (27.7%)

PRKAR1A–RET 1 (0.7%)

RASAL2-RET 2 (1.4%)

RIa-RET 1 (0.7%)

SQSTM1-RET 1 (0.7%)

TRIM24-RET 2 (1.4%)

TRIM27-RET 2 (1.4%)

VCL-RET 1 (0.7%)

BRAF fusions (n = 25)  

AGK-BRAF 18 (72.0%)

CUL1-BRAF 1 (4.0%)

MACF1-BRAF 1 (4.0%)

MKRN1-BRAF 1 (4.0%)

OSBPL9-BRAF 1 (4.0%)

SND1-BRAF 2 (8.0%)

TTYH3-BRAF 1 (4.0%)

ALK fusions (n = 47)  

CTSB-ALK 2 (4.3%)

EML4-ALK 15 (31.9%)

PPP1R21-ALK 1 (2.1%)

RMBS3-ALK 1 (2.1%)

STRN-ALK 22 (46.8%)

ALK-Unknown gene 6 (12.8%)

PPARG fusions (n = 17)  

PAX8-PPARγ 17 (100%)
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Table 4
Demographic, histopathological, and clinical pro�les of PTCs with different oncogene fusion types

Variables ALK

(N = 47)

BRAF

(N = 25)

NTRK

(N = 225)

PPARG

(N = 17)

RET

(N = 141)

p-
value

Age           < 
0.001

Mean (SD) 35.9
(18.1)

22.8
(23.1)

32.5
(17.3)

37.4
(14.8)

25.7
(15.3)

 

Median [Min, Max] 33.0
[4.50,
69.0]

13.0 [5.00,
76.0]

31.0 [4.30,
74.0]

34.0 [19.0,
68.0]

19.5 [5.10,
69.0]

 

Age group           < 
0.001

Adult 37 (78.7) 6 (24.0) 149 (69.6) 17 (100) 74 (52.9)  

Pediatric 19 (21.3) 19 (76.0) 65 (30.4) 0 (0) 66 (47.1)  

Gender           0.032

Female 38 (80.9) 12 (48.0) 156 (72.6) 15 (88.2) 103 (73.0)  

Male 9 (19.1) 13 (52.0) 59 (27.4) 2 (11.8) 38 (27.0)  

FNA diagnosis           0.004

Benign 0 (0) NA 1 (3.57) NA 0 (0)  

Indeterminate 4 (44.4) NA 4 (14.3) NA 1 (20.0)  

Suspicious for
malignant

5 (55.6) NA 6 (21.4) NA 0 (0)  

Malignant 0 (0) NA 17 (60.7) NA 4 (80.0)  

Growth pattern           < 
0.001

Classic 20 (44.4) 15 (62.5) 59 (33.9) 0 (0) 60 (54.1)  

Follicular variant 12 (26.7) 5 (20.8) 69 (39.7) 13 (100) 10 (9.0)  

Diffuse sclerosing
variant

1 (2.2) 1 (4.2) 4 (2.3) 0 (0) 35 (31.5)  

Solid variant 2 (4.4) 2 (8.3) 11 (6.3) 0 (0) 6 (5.4)  

Other variants 10 (22.2) 1 (4.2) 31 (17.8) 0 (0) 0 (0)  

Tumor_size           0.212

Abbreviations: FNA, �ne-needle aspiration; NA, not available; SD, standard deviation
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Variables ALK

(N = 47)

BRAF

(N = 25)

NTRK

(N = 225)

PPARG

(N = 17)

RET

(N = 141)

p-
value

Mean (SD) 22.5
(13.3)

28.5
(16.0)

26.3
(17.8)

41.3
(25.3)

24.8
(15.7)

 

Median [Min, Max] 20.0
[5.00,
65.0]

25.0 [9.00,
60.0]

21.0 [4.00,
105]

42.5 [10.0,
70.0]

20.0 [4.00,
80.0]

 

Psammoma           0.006

No NA NA 65 (75.6) NA 1 (16.7)  

Yes NA NA 21 (24.4) NA 5 (83.3)  

Focality           0.131

Multifocal 10 (62.5) 17 (81.0) 76 (60.3) NA 52 (73.2)  

Unifocal 6 (37.5) 4 (19.0) 50 (39.7) NA 19 (26.8)  

Vascular invasion           0.009

No NA NA 50 (73.5) 4 (30.8) 5 (55.6)  

Yes NA NA 18 (26.5) 9 (69.2) 4 (44.4)  

Lymph node
metastasis

          < 
0.001

No 7 (41.2) 5 (20.8) 42 (36.5) 3 (75.0) 20 (17.1)  

Yes 10 (58.8) 19 (79.2) 73 (63.5) 1 (25.0) 97 (82.9)  

Extrathyroidal
extension

          < 
0.001

No 5 (33.3) 2 (25.0) 56 (56.0) 13 (100) 15 (25.9)  

Yes 10 (66.7) 6 (75.0) 44 (44.0) 0 (0) 43 (74.1)  

Distant metastasis           0.608

No 7 (63.6) 14 (60.9) 40 (61.5) NA 63 (70.8)  

Yes 4 (36.4) 9 (39.1) 25 (38.5) NA 26 (29.2)  

Extent of resection           0.791

Total thyroidectomy 14 (100) NA 82 (90.1) NA 6 (100)  

Subtotal thyroidectomy 0 (0) NA 8 (8.8) NA 0 (0)  

Abbreviations: FNA, �ne-needle aspiration; NA, not available; SD, standard deviation



Page 13/22

Variables ALK

(N = 47)

BRAF

(N = 25)

NTRK

(N = 225)

PPARG

(N = 17)

RET

(N = 141)

p-
value

Biopsy 0 (0) NA 1 (1.10) NA 0 (0)  

Radioactive iodine           < 
0.001

No 9 (52.9) 0 (0) 17 (32.1) NA 4 (7.69)  

Yes 8 (47.1) 7 (100) 36 (67.9) NA 48 (92.3)  

Persistence/Recurrence           < 
0.001

No 25 (96.2) 9 (47.4) 48 (64.9) NA 27 (44.3)  

Yes 1 (3.8) 10 (52.6) 26 (35.1) NA 34 (55.7)  

Abbreviations: FNA, �ne-needle aspiration; NA, not available; SD, standard deviation

Table S1 and Table S2 compare clinicopathological features of NTRK1 and RET/PTC1 (CCDC6-RET) with
NTRK3 and RET/PTC3 (NCOA4-RET), respectively. NTRK3-rearranged PTCs were associated with
follicular growth patterns, less aggressive clinical course, and superior PFS in comparison to NTRK1-
positive tumors (Table S2 and Fig. S1). On the other hand, the clinicopathological features and PFS of
RET/PTC1, RET/PTC3), and other rare RET fusion variants were statistically comparable with the only
exceptions of tumor growth patterns (Table S3 and Fig. S2). The OS of RET fusion variants (p = 0.471)
and NTRK1- versus NTRK3-rearranged PTCs (p = 0.150) were not statistically different. Data were
insu�cient to compare fusions variants of BRAF and ALK.

Publication Bias
Using Egger’s regression test and funnel plot, no evidence of signi�cant publication bias was found (data
not shown).

Discussion
Unlike adult PTCs, in which missense mutations are the major genetic alterations, fusion oncogenes are
more predominant in pediatric patients, with NTRK and RET being the most common fusion genes [13,
26, 48]. Risk strati�cation is the cornerstone for clinical decision-making and treatment, especially in
vulnerable pediatric patients. Over the past two decades, various molecular biomarkers, particularly
genetic missense mutations have been established as prognostic markers for PTCs [57–59]. However, the
clinicopathological and prognostic relevance of oncogenic fusions in PTCs are still controversial, mostly
because of their rarity. In this meta-analysis, we highlighted that PTCs with gene fusions are associated
with more aggressive clinical behaviors such as higher rates of multifocality, vascular invasion, nodal
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involvement, extrathyroidal extension, and distant metastasis in comparison to those without fusions. In
PTCs, TERT promoter mutations are well known for their increased risks for loco-regional/distant
metastases as well as poorer survival [58, 60]. Although we found a tendency of poorer PFS for fusion-
positive PTCs, we failed to reach statistical signi�cance, probably due to missing follow-up data.

In addition to investigating the prognostic impact of fusion oncogenes among PTCs, it is clinically
important to learn about the clinicopathological pro�les of major fusion variants in PTCs. Among fusion-
positive PTCs, we demonstrated that each fusion type has a unique demographic and clinicopathological
pro�le compared to other types. BRAF and RET fusions were more commonly seen in pediatrics and
young adults and manifested more aggressive clinical behaviors (increased rates of vascular invasion,
nodal involvement, and extrathyroidal extension) compared to cases with NTRK, ALK, or PPARG fusions
In contrast, about one-third of RET-rearranged PTCs were diffuse sclerosing variant, which is considered
an aggressive subtype of PTC [61]. However, like pediatric thyroid cancers in general [62, 63], BRAF- and
RET-rearranged PTCs were associated with an excellent outcome despite their apparent increased
aggressiveness.

Two things are still unclear; whether RET variants have similar clinicopathological manifestations and
prognosis, and whether NTRK1- are clinically and prognostically different from NTRK3-rearranged PTCs.
RET/PTC1 is seen at similar frequency in both sporadic and radiation-induced PTCs while RET/PTC3 is
more common in radiation-induced than sporadic PTCs [26, 47]. We showed that PTCs with different RET
fusion subtypes have quite similar demographic/clinicopathological features and PFS. On the other
hand, NTRK1-rearranged PTCs are demographically and clinicopathologically distinct from those with
NTRK3 rearrangements, with NTRK1-positive tumors expressing a more aggressive clinical course. In
addition, NTRK1-positive PTCs also had a poorer PFS in comparison to NTRK3-positive cases. These
�ndings might be useful for endocrinologists and clinicians in counseling patients and considering
appropriate treatment decisions.

This is the �rst meta-analysis outlining the demographic/clinicopathological pro�les of major oncogenic
fusions in PTCs. However, our study has certain limitations that need to be discussed. Firstly, most
included studies are retrospective studies so our analyses could be biased by the inherent selection
biases in this study design. Secondly, follow-up data (PFS and OS) were missing in most of included
studies and individual cases. Next, we could not analyze data for uncommon fusion types such as
THADA, MET, or ROS1 due to their very small sample size. Finally, PTCs with concurrent TERT, BRAF,
and/or RAS mutations have been shown to worsen patient outcomes [64, 65]. It is of clinical interest to
investigate the prognostic impact of PTCs with dual genetic fusions. Due to insu�cient data, we could
not further analyze these cases.

In conclusion, PTCs with oncogenic fusions were associated with more aggressive behaviors compared
to fusion-negative PTCs. Each fusion type had unique demographic, histological, and clinicopathological
features. Different RET fusion variants had overlapping clinicopathological pro�les whereas NTRK1-
rearranged PTCs demonstrated increased aggressiveness and shorter PFS compared to NTRK3-positive
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cases. This study provides new insights and facilitates our understanding of the similarities and
differences between these rare genetic alterations.
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Figure 1

Study �owchart
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Figure 2

Progression-free survival (A) and overall survival (B) of different oncogene fusions in PTCs
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