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Abstract

Background: Tyrosine kinase inhibitors (TKIs) have transformed the 
management of advanced thyroid carcinoma. However, newer agents 
and updated long-term evidence from pivotal trials have not been com-
prehensively synthesized. This systematic review and meta-analysis 
integrates recent randomized evidence, including donafenib and nint-
edanib, with qualitative synthesis of updated SELECT (lenvatinib) and 
COSMIC-311 (cabozantinib) analyses, alongside separate quantitative 
evaluations of placebo-controlled and dose-comparison trials.

Methods: PubMed/MEDLINE, Embase, Cochrane CENTRAL, 
Google Scholar, and reference lists were systematically searched for 
randomized controlled trials evaluating TKIs in advanced thyroid car-
cinoma. Eighteen studies were included in the systematic review, of 
which 14 publications contributed to the meta-analysis. Updated SE-
LECT and COSMIC-311 analyses were synthesized qualitatively to 
avoid duplication of patient populations. For trials reporting progres-
sion-free survival (PFS) and overall survival (OS) in separate publi-
cations, the most appropriate publication was selected for each out-
come, resulting in risk-of-bias assessment of 13 unique randomized 
trials using the Cochrane RoB 2 tool. Random-effects meta-analyses 

were performed using SAS version 9.4.

Results: Thirteen randomized controlled trials involving 2,671 pa-
tients were quantitatively analyzed. Compared with placebo, TKIs 
significantly improved PFS (hazard ratio (HR) = 0.36; 95% confi-
dence interval (CI), 0.26–0.50; P < 0.001), reducing the risk of disease 
progression or death by approximately 64%, although heterogeneity 
was substantial (I2 = 83.8%). Separate dose-comparison analyses of 
three trials demonstrated no significant advantage of higher-dose reg-
imens (HR = 1.18; 95% CI, 0.87–1.60). TKIs also significantly im-
proved OS (HR = 0.78; 95% CI, 0.67–0.91; P = 0.002), corresponding 
to a 22% reduction in mortality risk, with no heterogeneity (I2 = 0%). 
Lenvatinib demonstrated the greatest PFS benefit, followed by cabo-
zantinib. Updated SELECT and COSMIC-311 analyses confirmed 
durable efficacy across extended follow-up and multiple patient sub-
groups. No significant publication bias was detected.

Conclusions: TKIs significantly improve PFS and OS in advanced 
thyroid carcinoma, supporting their role in contemporary clinical man-
agement. Lenvatinib demonstrated the greatest efficacy, while updated 
long-term evidence reinforced the durable benefits of lenvatinib and 
cabozantinib. Although placebo-controlled trials consistently favored 
TKIs, dose-comparison trials did not demonstrate superiority of higher-
dose regimens. Further randomized studies with longer follow-up and 
biomarker-guided treatment strategies are warranted.

Keywords: Oncology; Thyroid; Therapeutics; Targeted therapy; Sur-
vival outcome; Efficacy; Systematic review

Introduction

The World Health Organization (WHO) International Agen-
cy for Research on Cancer, using the GOBOCAN database, 
reports that thyroid cancer is the ninth most common cancer 
globally and the most prevalent endocrine malignancy, repre-
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senting 3% of all cancer diagnoses [1–3]. The more advanced 
strategies for diagnosing thyroid conditions have contributed 
to the rising incidence of early-stage well-differentiated can-
cers; however, there has also been an increase in advanced 
metastatic cases over the past few decades [4].

Thyroid cancer encompasses a significant spectrum of ma-
lignancies, forming the largest section in the fifth edition of the 
WHO Classification of Endocrine and Neuroendocrine Tumors 
[5]. The primary cell types from which thyroid malignancies 
originate are parafollicular C and follicular thyroid cells [6–8]. 
Medullary thyroid cancers are derived from parafollicular C 
cells, which comprise a tiny portion of the overall incidence 
of thyroid malignancies (2–3%) [9]. Nevertheless, unlike oth-
er types of thyroid carcinomas, which tend to have a relatively 
indolent progression, medullary thyroid carcinoma (MTC) ac-
counts for a disproportionately large number of fatalities [10]. 
Most thyroid malignancies originate from follicular cells and are 
subdivided into follicular thyroid cancer (FTC, 6–10%), papil-
lary thyroid cancer (PTC, 65–93%), poorly differentiated thyroid 
cancer (PDTC, 0.3–6.7%), Hurthle cell cancer (currently known 
as oncocytic carcinoma of thyroid) [11], and anaplastic thyroid 
cancer [12]. FTC and PTC are differentiated thyroid carcinomas 
(DTCs), and anaplastic carcinoma is the most aggressive form of 
malignancy among the follicular-derived cancers [9].

Selecting treatment strategies for thyroid malignancy large-
ly depends on individual patient’s histopathological character-
istics and preoperative risk assessment [6]. Surgery is typically 
the first-line approach for most patients, with the extent of surgi-
cal intervention (such as lobectomy, total thyroidectomy with or 
without central neck dissection, and extended resection) is de-
termined by both the radiological and histological status of the 
tumor [13]. Considering the impact of surgery on quality of life 
and financial considerations, non-surgical options are gaining 
increased interest [14, 15]. Active surveillance, a risk- and cost-
effective strategy, is gaining recognition and is a reassuring sign 
of progress in treatment strategies mentioned by Surveillance, 
Epidemiology and End Results-Medicare database-based study 
[16]. Radioactive iodine (RAI) therapy is commonly utilized 
to prevent or treat recurrent disease; however, there has been 
a noticeable increase in radioactive iodine-refractory (RAI-R) 
cases [17]. Among these, patients with targetable, locally oligo-
metastatic disease may be treated with surgery combined with 
external beam radiation therapy (EBRT) [13]. For patients with 
locally advanced and/or symptomatic metastatic RAI-R disease, 
targeted therapies are chosen as the preferred treatment option 
demonstrating an increasing level of efficacy and promising out-
comes [13, 17–25].

Papillary and follicular thyroid carcinomas generally re-
spond favorably to conventional treatment modalities, includ-
ing surgery, RAI therapy, and thyroid-stimulating hormone 
(TSH) suppression [26]. However, some metastatic lesions 
may undergo dedifferentiation during the disease course and 
lose their ability to concentrate iodine, resulting in radioi-
odine-refractory differentiated thyroid cancer (RR-DTC), 
which is associated with a significantly poorer prognosis [15]. 
In contrast, MTC and anaplastic thyroid carcinoma (ATC) are 
inherently resistant to RAI therapy. Consequently, radioiodine-
refractory thyroid cancer has emerged as an increasingly im-
portant therapeutic challenge and a growing area of research 

interest within endocrine oncology.
A potential challenge in the treatment of thyroid malignan-

cy is the increasing incidence of RAI-R thyroid cancer. Until 
years ago, conventional forms of treatment like external beam 
therapy and chemotherapy showed evidence of more severe 
toxicities, adverse events, low efficacy, identifying these as 
palliative forms of management [27]. Additionally, it showed 
a transient effect with no survival prolongation using either 
single form of treatment or both in combination [28, 29]. Man-
aging RAI-R thyroid malignancy has increasingly given rise to 
the development of newer varieties of drugs in the recent past. 
Tyrosine-kinase receptors have been identified as one of the 
potential targets in thyroid malignancy, which are responsible 
for tumor growth and angiogenesis [30]. The drugs recently 
evaluated for targeting these receptors have demonstrated 
strong evidence of blocking tyrosine kinase receptors, along 
with other kinases, ultimately impeding cell proliferation and 
tumor transformation [30]; and many of them have been ap-
proved by Food and Drug Administration [8].

The novelty of this systematic review and meta-analysis 
includes its incorporation of recently published evidence that 
has not been comprehensively synthesized in previous reviews 
[31] of targeted therapies for thyroid carcinoma. In addition to 
evaluating established tyrosine kinase inhibitors (TKIs), this 
review includes newer therapeutic agents such as donafenib 
[32] and nintedanib [33], thereby expanding the current evi-
dence base. Furthermore, updated follow-up analyses from 
the pivotal SELECT (lenvatinib) and COSMIC-311 (cabozan-
tinib) trials were reviewed and presented qualitatively through 
descriptive data extraction to provide a more contemporary 
understanding of the durability and consistency of treatment 
benefit, while avoiding duplication of patient populations in 
quantitative meta-analysis.

While both progression-free survival (PFS) and overall 
survival (OS) were evaluated, this review places particular em-
phasis on PFS, as it represents the primary efficacy endpoint 
in most pivotal targeted therapy trials and serves as the princi-
pal basis for regulatory approval and clinical decision-making 
in advanced thyroid carcinoma. Moreover, efficacy outcomes 
were assessed through separate analyses of targeted therapy 
versus placebo and targeted therapy with different dosage 
comparisons. The dose-versus-dose analyses were performed 
independently to explore whether higher-dose regimens confer 
superior efficacy over lower-dose strategies, thereby providing 
additional evidence to inform treatment optimization.

By integrating newly available agents, updated long-term 
evidence, dedicated analyses of PFS and OS outcomes, qualita-
tive synthesis of updated follow-up analyses, and separate eval-
uations of placebo-controlled and dose-comparison trials, this 
review may complement the existing literature and support fu-
ture research and clinical decision-making in this evolving field.

Materials and Methods

Eligibility criteria

Eligibility criteria were established a priori using the Popula-
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tion, Intervention, Comparator, Outcome, and Study Design 
(PICOS) framework. Studies involving adult patients diagnosed 
with any form of thyroid carcinoma, including papillary thyroid 
carcinoma, follicular thyroid carcinoma, MTC, ATC, and other 
recognized thyroid cancer subtypes, were considered eligible for 
inclusion. Studies involving pediatric populations or malignan-
cies other than primary thyroid carcinoma were excluded.

The intervention of interest was TKIs administered for the 
treatment of thyroid carcinoma. Eligible studies included those 
evaluating targeted agents either against placebo or against 
another targeted therapeutic regimen. Consequently, both tar-
geted therapy versus placebo trials and targeted therapy dosage 
comparison trials were included in the review. Studies inves-
tigating only conventional treatment modalities, such as sur-
gery, RAI therapy, chemotherapy, or radiotherapy without a 
targeted therapy arm, were excluded. Similarly, studies lacking 
a targeted therapy intervention in the experimental arm were 
not considered eligible.

The outcomes of interest were PFS and OS. Studies re-
porting either or both efficacy outcomes were considered eligi-
ble for inclusion in the review and were synthesized according 
to the available outcome data. Studies that did not report at 
least one of these predefined efficacy or safety outcomes were 
excluded from the review.

To ensure a high level of evidence, only randomized con-
trolled trials and prospective clinical trials were included. 
Non-randomized controlled studies, observational studies, case 
reports, case series, conference abstracts without full-text pub-
lication, review articles, editorials, and commentaries were ex-
cluded. Additionally, only studies published in English and avail-
able as full-text articles were considered eligible for inclusion.

Search strategy

A comprehensive search strategy was developed based on the 
predefined Population, Intervention, Comparator, and Out-
come (PICO) framework to ensure a systematic and reproduc-
ible literature search. The eligibility criteria were established 
prior to study selection and implemented within the Covidence 
platform in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. A comprehensive literature search was conducted using 
PubMed/MEDLINE, Embase, the Cochrane Central Register 
of Controlled Trials (CENTRAL), and Google Scholar, with 
manual screening of the reference lists of eligible studies to 
identify additional relevant publications. The literature search 
was conducted from database inception through September 
2026.

Following database retrieval, duplicate records were iden-
tified and removed. Subsequently, title and abstract screening 
were conducted in Covidence, followed by full-text assess-
ment of potentially eligible studies using the predefined inclu-
sion and exclusion criteria.

The search strategy was designed to identify studies eval-
uating the efficacy of targeted therapies in thyroid carcinoma. 
Search terms related to the population included thyroid neo-
plasm, thyroid cancer, thyroid carcinoma, thyroid malignancy, 

differentiated thyroid cancer, papillary thyroid cancer, follicu-
lar thyroid cancer, medullary thyroid cancer, anaplastic thyroid 
cancer, and poorly differentiated thyroid cancer. Intervention-
related search terms included both generic intervention terms 
and specific therapeutic agents to maximize search sensitivity. 
Generic terms included “targeted therapy,” “molecular targeted 
therapy,” “tyrosine kinase inhibitor,” “multikinase inhibitor,” 
and “protein kinase inhibitor,” together with individual TKIs 
names relevant to thyroid cancer including sorafenib, len-
vatinib, vandetanib, cabozantinib, donafenib, nintedanib, anlo-
tinib, apatinib, axitinib, selpercatinib, pralsetinib, dabrafenib, 
and trametinib. Comparator-related terms included placebo, 
standard therapy, surgery, radioactive iodine, chemotherapy, 
and radiotherapy. Outcome-related terms included PFS, OS, 
objective response rate, disease control rate, adverse effects, 
toxicity, and quality of life.

Relevant medical subject headings (MeSH) terms, key-
words, synonyms, abbreviations, and alternative expressions 
were incorporated to maximize the sensitivity of the search. 
The Boolean operator “OR” was used to combine synonymous 
terms and related concepts within each PICO component, 
whereas the Boolean operator “AND” was used to combine the 
different PICO elements to construct the final database search 
strategy. A comprehensive breakdown of all included studies is 
provided in the PRISMA flow diagram (Fig. 1).

Data extraction

Data extraction was performed independently by two research-
ers using a predefined data extraction form. The following in-
formation was collected from each eligible study: first author, 
year of publication, trial phase, number of participants, patient 
demographics, thyroid carcinoma subtype, intervention and 
comparator details, treatment dose, and study characteristics. 
In addition, efficacy data including hazard ratios (HRs) and 
corresponding 95% confidence intervals (CIs) for PFS and OS 
were extracted whenever available.

To facilitate quantitative synthesis, median PFS values for 
the experimental and comparator groups were also collected. 
For studies comparing targeted therapies with placebo, PFS 
data for both the targeted therapy and placebo arms were ex-
tracted. Similarly, for drug dose comparison trials, PFS out-
comes for both treatment groups were recorded.

A total of 18 studies [25, 32–48] were included in the sys-
tematic review, of which 14 contributed to quantitative meta-
analysis. Four studies represented updated analyses of the SE-
LECT and COSMIC-311 clinical trials evaluating lenvatinib 
[43, 44] and cabozantinib [34, 41], respectively. These updated 
publications were included in the systematic review to provide 
long-term efficacy data and additional subgroup findings but 
were excluded from the quantitative synthesis to avoid duplica-
tion of patient populations and repeated contribution of the same 
randomized trial to the pooled effect estimates. Accordingly, 
Tables 1 and 2 [25, 32, 33, 35–40, 42, 45–47, 48] summarize 
the baseline characteristics of the placebo-controlled and active-
comparator (dose versus dose) randomized trials included in 
the meta-analysis, whereas Table 3 [34, 41, 43, 44] presents the 
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Figure 1. PRISMA flow chart demonstrating search strategy for inclusion of studies reporting randomized controlled trials for 
tyrosine kinase inhibitors in thyroid carcinoma. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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principal findings from the updated analyses of the SELECT 
and COSMIC-311 trials that were synthesized descriptively.

Any discrepancies between the two researchers during 
data extraction were resolved through discussion and con-
sensus. Following completion of the extraction process, the 
extracted data were jointly reviewed to ensure accuracy and 
consistency prior to analysis.

Risk of bias assessment

The methodological quality of the included studies was as-
sessed using the Cochrane Risk of Bias 2 (RoB 2) tool for 
randomized controlled trials. The assessment was performed 
across five domains, including bias arising from the randomi-
zation process, deviations from intended interventions, miss-
ing outcome data, measurement of outcomes, and selection 
of the reported results. Each study was classified as having 
a low risk of bias, some concerns, or a high risk of bias. The 
overall risk of bias judgement was determined according to 
the RoB 2 guidance and incorporated into the interpretation of 
the study findings. The four updated analyses of the SELECT 
and COSMIC-311 trials were not assessed separately using 
the RoB 2 tool because they represented extended follow-up 
analyses of previously included randomized controlled trials 
rather than independent clinical trials. Consequently, the risk 
of bias assessment was performed only once for each original 
randomized trial to avoid duplication of methodological qual-
ity assessments. The methodological quality of the included 
randomized controlled trials was independently assessed by 
two reviewers using the Cochrane Risk of Bias 2 (RoB 2) tool. 
Any discrepancies in the domain-specific or overall risk-of-
bias judgments were resolved through discussion, and the final 
assessment was reached by mutual consensus.

Publication bias assessment

Publication bias was assessed using both graphical and statisti-

cal approaches. Funnel plots were generated to visually evalu-
ate the symmetry of the included studies around the pooled 
effect estimate, with marked asymmetry considered suggestive 
of potential publication bias. In addition, Egger’s regression 
test was performed using SAS software to statistically assess 
funnel plot asymmetry. A two-sided P value of less than 0.05 
was considered indicative of statistically significant publica-
tion bias.

Statistical analysis

Statistical analyses were performed using SAS software ver-
sion 9.4 (Maintenance Release 8; SAS Institute Inc., Cary, NC, 
USA). Meta-analyses were conducted using a random-effects 
model to account for potential clinical and methodological 
heterogeneity among the included studies. Treatment effects 
were summarized as pooled HRs with corresponding 95% CIs 
and presented using forest plots. For studies that did not re-
port 95% CIs, the reported CIs were converted to 95% CIs 
using standard statistical methods to ensure consistency across 
studies and facilitate quantitative synthesis. Separate meta-
analyses and forest plots were generated for studies comparing 
targeted therapies with placebo and for studies comparing dif-
ferent targeted therapy regimens.

Heterogeneity among studies was assessed using the I2 sta-
tistic. Publication bias was evaluated through visual inspection 
of funnel plots. In addition to the pooled analyses, bar charts 
were generated to illustrate the efficacy of targeted therapies 
relative to placebo or control groups based on PFS outcomes. 
Updated analyses of previously published trials for lenvatinib 
(SELECT trial) and cabozantinib (COSMIN-311) were summa-
rized descriptively and presented separately from the quantita-
tive meta-analysis to avoid duplication of patient populations.

Ethics statement

This study was based exclusively on data obtained from previ-

Table 2.  Baseline Characteristics of Active-Comparator (Dose vs Dose) Targeted Therapy Trials

Study Registration ID Malig-
nancy Phase

Num-
ber of 
pa-
tients

Sex of 
patients

Interven-
tion vs 
comparator

OS HR 
(95% 
CI)

Median 
follow 
-up timea

Median 
PFS in 
months 
(drug)

Median 
PFs in 
months 
(drug)

PFS HR 
(95% CI)

Brose et 
al, 2022 
[35]

NCT02702388 RR-
DTC

II 152 Male: 
54.7%/ 
48.1%

Lenvatinib 
24 mg vs len-
vatinib 18 mg

Not 
reported

D 
(12.8)/D 
(11.2)

24 mg 
(not 
reached)

18 mg 
(24.4)

1.44 
(0.76–2.74)

Capdev-
ila et al, 
2022 [36]

NCT01896479 MTC IV 247 Male: 
73%/60%

Cabozan-
tinib 60 mg 
vs 140 mg

1.12 
(0.77–
1.63)

D (30)/D 
(30)

60 mg 
(11)

140 mg 
(13.9)

1.24 
(0.90–1.70)

Lin et al, 
2021 [32]

NCT02870569/
CTR20160220

RR-
DTC

II 35 Not 
clearly 
extracted

Donafenib 
300 mg vs 
200 mg

Not 
reported

Not 
reported

300 mg 
(14.98)

200 mg 
(9.44)

0.678 (0.298–
1.547)

aD: drug; P: placebo. MTC: medullary thyroid carcinoma; RR-DTC: radioiodine-refractory differentiated thyroid cancer; PFS: progression-free sur-
vival; OS: overall survival; HR: hazard ratio; CI: confidence interval.
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ously published studies and publicly accessible databases. As 
no individual patient data were collected and no direct involve-
ment of human participants occurred, ethical approval and in-
formed patient consent were not required.

Results

Characteristics of included studies

A total of 13 randomized controlled trials comprising 2,671 
patients met the eligibility criteria and were included in the 
systematic review and meta-analysis. Of these, 10 placebo-
controlled trials involving 2,237 patients evaluated targeted 
therapies against placebo, while three active-comparator tri-
als involving 434 patients compared different targeted therapy 
regimens or doses. The included studies enrolled patients with 
radioiodine-refractory differentiated thyroid carcinoma (RR-
DTC), MTC, or mixed thyroid carcinoma populations and in-
vestigated a range of targeted therapies including vandetanib, 
cabozantinib, sorafenib, lenvatinib, anlotinib, apatinib, nint-
edanib, and donafenib. The baseline characteristics of the TKIs 
vs placebo, and drug vs drug studies are presented in Tables 1 
and 2 [25, 32, 33, 35–40, 42, 45–48] respectively.

For the nintedanib trial [33], efficacy outcomes were re-
ported separately for DTC and MTC cohorts. These subgroup 
findings were summarized descriptively but were considered 
to originate from a single study. Additionally, for the EXAM 
trial, PFS data were extracted from the primary efficacy pub-
lication by Elisei et al (2013) [40], whereas OS data were ob-
tained from the subsequent long-term follow-up analysis re-
ported by Schlumberger et al (2017) [38]. To avoid duplication 
of patient populations, these publications were considered to 
represent a single randomized trial, with the most appropriate 
source used for each outcome.

Table 3 [34, 41, 43, 44] summarizes the four studies dem-
onstrating the updated follow-up analyses of the SELECT and 
COSMIC-311 trials. These analyses provided additional evi-
dence on the long-term efficacy of lenvatinib and cabozantinib 
through extended follow-up and subgroup evaluations based 
on RR-DTC definitions, treatment response, prior TKI ex-
posure, and histological subtype. Overall, the updated analy-
ses consistently demonstrated sustained PFS benefits across 
the evaluated subgroups. As these publications represented 
extended analyses of previously included randomized trials, 
they were synthesized descriptively and were not included in 
the quantitative meta-analysis to avoid duplication of patient 
populations.

Risk of bias assessment

The methodological quality of the included randomized con-
trolled trials was assessed using the Cochrane Risk of Bias 2 
(RoB 2) tool, and the results are presented in Figure 2. Overall, 
seven of the 13 included studies were judged to have a low 
risk of bias, while six studies were categorized as having some 
concerns. No study was at high risk of bias.

The studies judged as having some concerns included 
Elisei et al (2013) [40], Wells et al (2012) [37], Li et al (2021) 
[46], Lin et al (2021) [32], Leboulleux et al (2024) [33], and 
Zheng et al (2021) [47], and Lin et al (2022) [45]. These judg-
ments were primarily attributable to concerns regarding the 
randomization process, deviations from intended interven-
tions, missing outcome data, or selective reporting. One study 
(Lin et al, 2022 [45]) demonstrated a high risk of bias in the 
randomization process, while Zheng et al (2021) [47] showed 
a high risk of bias in the selection of the reported result. How-
ever, these domain-specific concerns did not result in an over-
all high-risk judgment. Most studies demonstrated a low risk 
of bias in the domains assessing outcome measurement and 
deviations from intended interventions, indicating generally 
robust methodological quality across the included evidence.

PFS

For the drug versus placebo comparison, 11 PFS effect esti-
mates were included in the random-effects meta-analysis, 
with the nintedanib trial contributing separate DTC and MTC 
cohort estimates while originating from a single randomized 
study. Targeted therapies were associated with a significant 
improvement in PFS compared with placebo, with a pooled 
HR of 0.36 (95% CI, 0.26–0.50; z = –6.23, P < 0.001) (Fig. 3a). 
This indicates an approximately 64% reduction in the hazard 
of disease progression or death in the targeted therapy arms. 
However, substantial heterogeneity was observed across stud-
ies (Q = 61.56, df = 10, τ2 = 0.232, I2 = 83.76%). Drug-specific 
subgroup analysis showed the strongest pooled PFS effects for 
lenvatinib (HR = 0.19; 95% CI, 0.15–0.25) and cabozantinib 
(HR = 0.26; 95% CI, 0.19–0.34), while vandetanib, sorafenib, 
apatinib, and anlotinib also favored targeted therapy (Fig. 3b). 
Nintedanib showed numerically favorable but statistically 
nonsignificant PFS effects in both DTC and MTC cohorts. 
Visual inspection of the funnel plot did not demonstrate strong 
evidence of publication bias, and Egger’s test did not indicate 
statistically significant small-study effects (P = 0.103).

For the active drug-dose comparison analysis, three ran-
domized trials were included. The pooled random-effects es-
timate showed no statistically significant PFS difference be-
tween targeted therapy dosing regimens or active comparator 
arms (pooled HR = 1.18; 95% CI, 0.87–1.60; z = 1.07, P = 
0.286). Heterogeneity was low (Q = 2.29, df = 2, τ2 = 0.012, I2 
= 12.55%), suggesting consistency across the included active-
comparator trials.

OS

OS was evaluated using 11 effect estimates from placebo-con-
trolled randomized trials. Consistent with the PFS analysis, 
the nintedanib study reported separate efficacy outcomes for 
the DTC and MTC cohorts, which were analyzed descriptively 
while representing a single randomized trial. In addition, OS 
data for the EXAM trial were extracted from the long-term fol-
low-up publication by Schlumberger et al (2017) [38], whereas 
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PFS data were obtained from the primary trial publication by 
Elisei et al (2013) [40] to avoid duplication of patient popula-
tions.

The random-effects meta-analysis demonstrated that tar-
geted therapies were associated with a statistically significant 
improvement in OS compared with placebo, yielding a pooled 
HR of 0.78 (95% CI, 0.67–0.91; z = -3.14, P = 0.002) (Fig. 4a). 
This corresponds to an approximately 22% reduction in the 
hazard of death among patients receiving targeted therapies. In 
contrast to the PFS analysis, no between-study heterogeneity 
was observed (Q = 5.46, df = 10, τ2 = 0.00, I2 = 0.0%), indicat-
ing excellent consistency across the included studies. Among 
individual targeted agents, lenvatinib demonstrated a signifi-
cant pooled survival benefit (HR = 0.67; 95% CI, 0.46–0.99), 
whereas cabozantinib showed a favorable but nonsignificant 
trend (HR = 0.76; 95% CI, 0.52–1.11) (Fig. 4b). Vandetanib, 
sorafenib, anlotinib, and the nintedanib in the DTC and MTC 
cohorts did not demonstrate statistically significant improve-
ments in OS, while apatinib showed a significant benefit based 
on a single study (HR = 0.42; 95% CI, 0.18–0.96). Visual in-

spection of the funnel plot suggested no substantial asymme-
try, and Egger’s regression test did not demonstrate evidence 
of small-study effects or publication bias (P = 0.323). Overall, 
these findings indicate that targeted therapies provide a signifi-
cant survival advantage over placebo, with highly consistent 
treatment effects across the included randomized trials.

Discussion

This systematic review synthesized evidence from 18 eligible 
studies evaluating targeted therapies in thyroid carcinoma. Of 
these, 14 publications were included in the quantitative me-
ta-analysis, while the risk of bias assessment was conducted 
across 13 unique randomized controlled trials, as updated 
follow-up publications arising from the same randomized tri-
al were not assessed separately. Overall, the pooled analyses 
demonstrated that targeted therapies significantly improved 
both PFS and OS compared with placebo. Specifically, target-
ed therapies reduced the risk of disease progression or death 

Figure 2. Risk of bias assessment for the included trials.



Articles © The authors   |   Journal compilation © World J Oncol and Elmer Press Inc™   |   https://wjon.elmerpub.com608

Magnitude of Survival Benefit Associated With TKIs World J Oncol. 2026;17(5):599-613

by approximately 64% and the risk of death by approximately 
22%, supporting their important role in the management of ad-
vanced thyroid carcinoma.

This relative benefit is clinically reflected in pivotal ran-

domized placebo-controlled trials: in RR-DTC, median PFS 
was 18.3 months with lenvatinib versus 3.6 months with place-
bo in SELECT; in medullary thyroid cancer, median PFS was 
11.2 versus 4.0 months with cabozantinib in EXAM, while the 

Figure 3. Forest plots of progression free survival (PFS). (a) Drug vs placebo. (b) Drug specific subgroup analysis. HR: hazard 
ratio; CI: confidence interval; MTC: medullary thyroid carcinoma; DTC: differentiated thyroid cancer.
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predicted median PFS with vandetanib was 30.5 months com-
pared with 19.3 months with placebo in ZETA. These find-
ings demonstrate that the pooled risk reductions translate into 
clinically meaningful delays in disease progression across ad-

vanced thyroid cancer populations.
Although substantial heterogeneity was observed in the 

PFS analysis, the direction of treatment effect consistently 
favored targeted therapies across the included studies. This 

Figure 4. Forest plots of overall survival (OS). (a) Drug vs placebo. (b) Drug specific subgroup analysis. HR: hazard ratio; CI: 
confidence interval.
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variability is likely attributable to differences in thyroid car-
cinoma subtypes, molecular targets, treatment doses, previous 
treatment exposure, and study populations. In contrast, the OS 
analysis demonstrated excellent consistency with no evidence 
of statistical heterogeneity, suggesting that the survival benefit 
associated with targeted therapies was robust across the availa-
ble randomized evidence. Furthermore, no significant publica-
tion bias was identified, and the overall methodological quality 
of the included trials was high, strengthening the reliability of 
the pooled findings.

Among the placebo-controlled trials, lenvatinib demon-
strated the greatest improvement in PFS, followed by cabo-
zantinib, while vandetanib, sorafenib, apatinib, and anlotinib 
also showed favorable treatment effects. In the OS analysis, 
lenvatinib demonstrated a significant pooled survival benefit, 
whereas apatinib showed a significant survival advantage 
based on a single randomized trial. Cabozantinib demonstrat-
ed a favorable trend toward improved OS, although statistical 
significance was not reached. Conversely, nintedanib did not 
demonstrate statistically significant efficacy in either the DTC 
or MTC cohorts. Furthermore, the active-comparator (dose-
versus-dose) analysis did not identify a statistically significant 
difference in PFS between different targeted therapy regi-
mens or dose strategies, suggesting overall, the PFS benefit 
was clearly demonstrated in placebo-controlled trials, whereas 
dose-comparison studies did not show a significant advantage 
of one targeted therapy regimen over another.

The findings from the dose-comparison analysis are in-
fluenced by clinical and methodological heterogeneity across 
the included studies, including differences in thyroid cancer 
subtype, study design, sample size, and intervention strategy.

Although pooled PFS did not differ significantly between 
dosing strategies, the phase III trial by Brose et al [35] demon-
strated a significantly higher objective response rate at week 
24 with lenvatinib 24 mg compared with 18 mg, suggesting 
that dose reduction may preserve PFS while reducing early tu-
mor response.

Beyond the quantitative synthesis, four updated analyses 
of the SELECT and COSMIC clinical trials were reviewed 
descriptively to capture recently published long-term efficacy 
data. These analyses provided valuable information regarding 
the durability of treatment response, long-term PFS and OS 
outcomes, subgroup-specific efficacy, and extended follow-up 
beyond the primary trial publications. Although these studies 
were not incorporated into the meta-analysis to avoid duplica-
tion of patient populations, their findings further supported the 
sustained clinical benefit of lenvatinib and cabozantinib and 
strengthened the overall body of evidence regarding targeted 
therapies in advanced thyroid carcinoma. TKI therapy is as-
sociated with substantial but generally manageable toxicity; 
long-term follow-up studies have demonstrated sustained ther-
apeutic benefit with appropriate dose modification and sup-
portive care. Furthermore, consistent efficacy across multiple 
subgroup analyses suggests that these TKIs provide durable 
benefit irrespective of prior TKI exposure, histological sub-
type, or radioiodine-refractory disease definition.

Compared with previous systematic reviews, the present 
review provides a more comprehensive and contemporary syn-

thesis of the available evidence by incorporating recently pub-
lished randomized trials evaluating donafenib and nintedanib, 
together with updated long-term analyses of the SELECT and 
COSMIC trials. In addition, separate quantitative analyses 
of placebo-controlled and active-comparator trials allowed 
a clearer evaluation of treatment efficacy while minimizing 
clinical heterogeneity. As newer targeted therapies continue to 
emerge and molecular characterization of thyroid carcinoma 
evolves, future randomized trials should focus on biomarker-
guided patient selection, head-to-head comparisons between 
targeted agents, combination treatment strategies, and longer-
term survival outcomes. Such evidence will be essential for 
refining personalized treatment algorithms and optimizing the 
management of patients with advanced thyroid carcinoma.

Despite the encouraging efficacy demonstrated across 
several targeted agents, additional research remains warranted 
to further optimize treatment selection. Future randomized tri-
als should focus on direct head-to-head comparisons between 
targeted therapies, biomarker-guided patient selection, mo-
lecular subtype-specific treatment strategies, and longer-term 
survival outcomes. As novel targeted agents and combination 
treatment approaches continue to emerge, future evidence syn-
theses incorporating these therapies will be essential to further 
refine treatment algorithms and support individualized thera-
peutic decision-making for patients with advanced thyroid car-
cinoma.

Limitations of the review

Several limitations should be considered when interpreting 
the findings of this review. First, although only randomized 
controlled trials were included, the number of eligible studies 
remained relatively limited, particularly for the active-compar-
ator (drug-versus-drug) analyses, thereby reducing the statis-
tical power to detect differences between individual targeted 
therapies. Second, considerable heterogeneity was observed in 
the PFS analysis, which likely reflects differences in thyroid 
carcinoma subtypes, molecular targets, treatment doses, prior 
therapies, and patient characteristics across the included tri-
als. Although separate analyses were performed for placebo-
controlled and active-comparator studies to minimize clinical 
heterogeneity, these inherent clinical differences may still have 
influenced the pooled estimates.

Another limitation is that several updated publications 
from the SELECT and COSMIC trials were not incorporated 
into the quantitative meta-analysis because they represented 
extended follow-up analyses of previously included rand-
omized trials. Although this approach was methodologically 
appropriate to avoid duplication of study populations, some 
recently reported long-term efficacy data could only be synthe-
sized descriptively rather than quantitatively. Furthermore, di-
rect comparisons between targeted agents were limited because 
most available randomized trials compared targeted therapies 
with placebo instead of alternative targeted treatments.

Finally, this review primarily evaluated efficacy outcomes 
and did not perform a quantitative synthesis of treatment-relat-
ed adverse events or quality-of-life outcomes. Consequently, 
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the overall benefit-risk profile of individual targeted therapies 
could not be comprehensively compared. Nevertheless, the 
inclusion of randomized controlled trials, rigorous study se-
lection following PRISMA guidelines, assessment of method-
ological quality using the Cochrane RoB 2 tool, separate anal-
yses according to study design, and incorporation of recently 
published trials and updated long-term analyses strengthen the 
validity and clinical relevance of the present findings.

Conclusions

This systematic review and meta-analysis demonstrate that 
targeted therapies provide significant improvements in PFS 
and OS in patients with advanced thyroid carcinoma, support-
ing their important role in contemporary disease management. 
Among the evaluated agents, lenvatinib demonstrated the most 
favorable efficacy, while several other targeted therapies also 
showed meaningful clinical benefit. Nevertheless, the current 
evidence remains limited by the relatively small number of 
randomized trials and the lack of direct dosage comparisons 
between targeted agents. Future well-designed randomized 
studies with longer follow-up and biomarker-guided treatment 
strategies are warranted to further optimize personalized man-
agement of thyroid carcinoma.
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