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Abstract. Anaplastic thyroid cancer (ATC) is a highly 
malignant and aggressive endocrine tumor with the poorest 
prognosis among all thyroid cancer (TC) subtypes. Although 
ATC is extremely rare, treatment remains a notable challenge, 
as traditional therapies have exhibited very limited efficacy. 
Targeted small‑molecule inhibitors that disrupt molecular 
signaling pathways offer a potential therapeutic approach for 
patients with ATC. Lenvatinib, a tyrosine kinase inhibitor, 
has emerged as a promising therapeutic agent, which targets 
various factors involved in angiogenesis and tumor progres‑
sion, including vascular endothelial growth factor receptor, 
platelet‑derived growth factor receptor α, fibroblast growth 
factor receptor and mast/stem cell growth factor receptor. 
Preclinical and clinical trials have demonstrated the efficacy of 
lenvatinib, both as monotherapy and in combination with other 
targeted therapy, chemotherapy, immunotherapy, warranting 
a comprehensive review of these studies. However, lenvatinib 
monotherapy was associated with a high incidence of adverse 
events (including hypertension, anorexia and proteinuria) and 
certain limitations, particularly drug resistance, emphasizing 
the need for optimized therapeutic strategies. In the present 
review, the efficacy and safety of lenvatinib monotherapy and 
combination therapies in the treatment of ATC were exam‑
ined. Furthermore, the feasibility and limitations of different 
combination therapies were analyzed and compared. The 
present review aimed to provide insights into potential lenva‑
tinib‑based regimens that could enhance survival outcomes 
and improve the quality of life for patients with ATC in the 
future.
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1. Introduction

Thyroid cancer (TC) is the most common type of malignant 
tumor in the endocrine system, which accounts for ~90% 
of all endocrine malignancies (1). Among the TC subtypes, 
anaplastic thyroid cancer (ATC) is extremely rare and repre‑
sents only 1.7% of all TC cases (2). However, ATC is the most 
lethal TC subtype, with a high mortality rate (20‑40%) and 
poor prognosis (3). The average survival time is ~6 months and 
the 1‑year overall survival (OS) rate is only 20% (4), largely 
due to the high invasiveness and resistance to treatment (5). 
Clinically, ATC often presents with a rapidly enlarging neck 
mass, frequently accompanied by dysphagia, hoarseness, 
dyspnea and occasionally neck pain (6). Metastasis is observed 
in 50% of patients, with the lungs, brain and bones as the most 
common sites of distant spread (7).

The core pathogenesis of TC involves genetic and epigen‑
etic alterations, which include gene mutations, amplifications, 
copy‑number gains, aberrant methylation, gene translocations, 
decreased expression of the Na/I symporter and non‑coding 
RNA imbalances (8). Key molecular pathways implicated in 
TC are the MAPK and PI3K‑AKT pathways (Fig. 1). Mutations 
commonly involve oncogenes such as BRAF (~60%), Ras 
(~13%) and rearrangements of anaplastic lymphoma kinase, 
rearranged during transfection (RET) and neurotrophic tyro‑
sine receptor kinase genes (~5%), as well as loss‑of‑function 
mutations in tumor suppressor genes, such as peroxisome 
proliferator‑activated receptor γ, PTEN and TP53 (~10%) (9,10).

Notably, ATC displays distinct genetic profiles compared 
with differentiated TC (DTC). The prevalence of telomerase 
reverse transcriptase (TERT) promoter and TP53 mutations in 
ATC are markedly higher compared with mutations in BRAF 
and Ras, which are less frequent in ATC. TERT promoter 
mutations are common in both poorly DTC and ATC, but TP53 
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mutations are more common in ATC and may serve a key role 
in tumor aggressiveness. Mutations in PTEN, PIK3CA and 
immune‑modulatory genes [for example, programmed death 
ligand (PD‑L)‑1; PD‑L2 and Janus kinase 2] are also relatively 
common in ATC (9‑11). The higher overall tumor mutation 
burden in ATC contributes to the invasiveness and resistance to 
conventional therapies, including chemotherapy, radiotherapy 
and single targeted therapy, which makes ATC treatment 
highly challenging.

Current treatments for ATC include surgery, chemo‑
therapy, radiotherapy, immunotherapy and targeted therapy. 
For cases without distant metastasis, complete surgical resec‑
tion is the primary treatment and has demonstrated efficacy 
in early‑stage tumors (12). As with the most common type 
of TC‑papillary thyroid carcinoma, early surgical treatment 
without lymph node dissection still results in an extremely 
low recurrence rate within 8 years (13,14). However, ~80% 
of ATC cases were diagnosed with invasion of surrounding 
tissues, lymph node involvement or distant metastases, where 
surgery alone has a poor prognosis  (4). In such instances, 
adjuvant therapies such as chemotherapy or radiotherapy are 
typically required. Chemotherapy often includes doxorubicin, 
cisplatin and paclitaxel (or docetaxel), administered either 
alone or in combination (doxorubicin + docetaxel or cisplatin 
+ paclitaxel) (15). While the American Thyroid Association 
recognizes the survival benefits of chemotherapy in ATC, the 
survival rate for late‑stage ATC remains dismal, as the median 
survival was only 2.7‑3 months (4). Additionally, the notable 
off‑target toxicities of chemotherapy drugs frequently lead to 
dose reductions or treatment discontinuation, which severely 
affect the quality of life in patients (16). Common adverse 
effects include cardiotoxicity from doxorubicin (17), ototox‑
icity, neurotoxicity and nephrotoxicity from cisplatin  (17), 
peripheral neuropathy, gastrointestinal disturbances and 
hematologic toxicities from paclitaxel, with elderly patients 
being particularly vulnerable compared with younger 
patients (18). ATC is also generally unresponsive to radioac‑
tive iodine (RAI) therapy. Previous studies have reported that 
BRAF and TERT promoter mutations, which are prevalent in 
ATC (9,19), were associated with the loss of RAI avidity and 
impaired expression of thyroid‑specific genes (20). These find‑
ings highlight the need for alternative therapeutic approaches.

Targeted therapy has become a promising area of research 
when conventional therapeutic approaches fail. Lenvatinib 
(E7080), a tyrosine kinase inhibitor (TKI) approved by the 
US Food and Drug Administration (FDA) and European 
Medicines Agency for progressive, RAI‑refractory DTC, 
has demonstrated efficacy in the treatment of ATC (21,22). 
However, lenvatinib monotherapy has notable limitations, 
which include a high incidence of adverse events (AE) (23).

In the present review, the efficacy and safety of lenva‑
tinib monotherapy and combination therapies for ATC were 
analyzed. The present review aimed to provide insights into 
the feasibility of various therapeutic combinations to improve 
survival outcomes and quality of life for patients with ATC.

2. Database search strategy

The following search words were used for data mining 
in PubMed  (https://pubmed.ncbi.nlm.nih.gov/.) and Web of 

Science (https://www.webofscience.com/) databases: {‘lenvatinib’ 
or all its synonyms [4-(3-chloro‑4-((cyclopropylaminocarbonyl)
amino)phenoxy)-7-methoxy-6-quinolinecarboxamide, E7080, 
Lenvima] in the Mesh database (Title/Abstract)} and [‘anaplastic 
thyroid cancer’ or all its synonyms (anaplastic thyroid 
carcinoma, anaplastic thyroid carcinomas, anaplastic thyroid 
cancers) in the Mesh database (Title/Abstract)]. Publications 
dated from 1st January 2024 to 7th February 2024 were 
imported into EndNote X9. After automatic elimination 
of duplicate documents, a total of 138 papers were obtained.

Inclusion criteria were as follows: i)  Clinical trials of 
lenvatinib on ATC; ii) preclinical trials of lenvatinib on ATC; 
iii) clinical trial of lenvatinib combined with other drugs; and 
iv) preclinical trials of lenvatinib combined with other drugs 
on ATC. Exclusion criteria were as follows: i) Repeated litera‑
ture and research; ii) irrelevant articles; iii) clinical trials of 
other TC types excluding ATC; and iv) preclinical trials of 
other types of TC excluding ATC.

Based on the aforementioned criteria, 42 studies were 
rejected (Fig. 2). The remaining 96 studies were examined 
and relevant materials were analyzed to extract the informa‑
tion and data required for the present review. After integrated 
analysis, the clinical efficacy and safety of lenvatinib and 
the combination with chemotherapy, radiotherapy, targeted 
therapy, immunotherapy and histone deacetylase inhibitors 
(HDACIs) on ATC were summarized. For the combination 
drugs that have not been clinically studied, the pre‑clinical 
experiments were analyzed to assess their potential.

3. Lenvatinib

Lenvatinib is an oral, multi‑target TKI that suppresses 
several key signaling pathways involved in tumor growth and 
angiogenesis. Lenvatinib targets include vascular endothelial 
growth factor receptor (VEGFR)1, VEGFR2 and VEGFR3, 
platelet‑derived growth factor receptor (PDGFR)α, fibroblast 
growth factor receptor (FGFR)1, FGFR2, FGFR3 and FGFR4, 
mast/stem cell growth factor receptor, RET and the tumor 
angiogenesis‑related proto‑oncogene, receptor tyrosine kinase 
(c‑KIT) signaling network, among others (24).

VEGF is a key cytokine in tumor neovascularization, which 
promotes tumor growth and cell proliferation. Upregulation 
of VEGFR was associated with increased tumor invasive‑
ness and reduced recurrence‑free survival. Among VEGFRs, 
VEGFR‑2 served a pivotal role in tumor angiogenesis, while 
VEGFR‑3 was key for lymph angiogenesis (27,28). By inhi‑
bition of the tyrosine kinase domain of VEGFR, lenvatinib 
disrupted intracellular signaling, which thereby suppressed 
tumor growth and migration (25‑27).

PDGFR complements VEGFR in the mediation of angio‑
genesis. The PDGFRα signaling pathway has been identified as 
essential for cell migration and lenvatinib targets the PDGFRα 
pathway to impede tumor progression (28).

The FGFR family is upregulated in TC and regulates 
processes such as tumor cell proliferation, differentiation and 
survival  (29). Lenvatinib exhibits notable potency against 
FGFR‑1 by inhibition of the downstream effector, fibroblast 
growth factor receptor substrate 2 phosphorylation, which sets 
lenvatinib apart from other anti‑angiogenic TKIs (imatinib, 
sorafenib), this ability may help overcome resistance to 
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other angiogenesis inhibitors (30). FGFR‑2 is the only FGFR 
detected in normal thyroid tissues and FGFR‑2 expression is 
reduced in TC tissues (29). FGFR‑3 was more highly upregu‑
lated in less aggressive TC types, whereas FGFR‑4 was highly 
upregulated in more aggressive primary thyroid tumors, 
including ATC and PDTC, FGFR‑4 was not upregulated in 
well‑differentiated, less aggressive TC types (31). Thus, the 
FGFR family may be able to serve as a prognostic factor for 
patients with TC (32).

RET gene fusions are frequently observed in TC  (33). 
Lenvatinib demonstrated antitumor activity in RET 
gene fusion‑driven tumor models by blocking oncogenic 
signaling (34). The c‑KIT receptor is suggested to serve a role in 
thyroid epithelial cell proliferation, but this function may be lost 
during malignant transformation. Lenvatinib inhibited tumor 
progression by targeting this pathway (Fig. 1) as well (34).

Lenvatinib has demonstrated efficacy in the treatment of 
various solid tumors, including liver cancer, renal cell carci‑
noma and adenoid cystic carcinoma. The role of lenvatinib in 
TC, particularly in ATC, involves disrupting tumor angiogen‑
esis and growth through the aforementioned mechanisms. The 

present review focused on the development of lenvatinib and 
the effectiveness in managing ATC (35).

4. Lenvatinib monotherapy in ATC

Preclinical studies. Tohyama et al (30) evaluated the antipro‑
liferative effects of lenvatinib by comparing the half‑maximal 
inhibitory concentration (IC50) values in TC cell lines and Nthy‑ori 
3‑1 cells (human thyroid follicular epithelial cells). Among 11 
TC cell lines, only RO82‑W‑1 and TT cells demonstrated notable 
antiproliferative activity in vitro. However, in five ATC xenograft 
models, lenvatinib markedly reduced tumor micro vessel density, 
which suggested that the antitumor effects of lenvatinib in TC 
were primarily driven by antivascular activity.

Ferrari et al  (36) investigated the effects of lenvatinib 
on primary ATC cells, 8305C cells and an ATC cell line 
(AF). Dose‑dependent pro‑apoptotic, anti‑proliferative and 
inhibitory effects on migration and invasion were observed in 
primary ATC cells. Similar effects were seen in 8305C and 
AF cells, which attributed to the inhibition of EGFR, AKT 
and ERK1/2 phosphorylation. Lenvatinib also downregulated 

Figure 1. Regulatory mechanisms involved in thyroid tumor progression and related targets of lenvatinib. FGFR, fibroblast growth factor receptor; RET, 
rearranged during transfection; PDGR, platelet‑derived growth factor receptor; SCFR, stem cell growth factor receptor; KIT, receptor tyrosine kinase type III.

https://www.spandidos-publications.com/10.3892/ol.2025.15139
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cyclin D1, a key regulator of cell cycle progression in ATC, 
which thereby suppressed tumor cell proliferation.

In vivo, lenvatinib reduced tumor growth, VEGF‑A expres‑
sion and blood vessel density in AF xenograft mice without 

affecting body weight. Additionally, while both lenvatinib and 
sorafenib inhibited subcutaneous ATC tumor growth, lenva‑
tinib uniquely crossed the blood‑brain barrier, which enabled 
intracranial tumor inhibition (37).

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta‑Analyses 2020 flow diagram for the identification, screening and inclusion of studies in 
the present review. Adapted from Page et al (90). ATC, anaplastic thyroid cancer.
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Clinical studies. Preclinical findings have been corroborated 
by clinical studies, which demonstrated the efficacy of lenva‑
tinib in patients with ATC. In total, two Phase II trials (28,29) 
that included 54  and  17  patients with ATC, respectively, 
evaluated lenvatinib at an initial dose of 24 mg/day (adjusted 
based on patient tolerance). In the first trial, 20 patients failed 
to meet the minimum overall response rate (ORR) threshold 
of 15%, which led to early termination of treatment for those 
participants. Among the remaining 34  patients, 1  patient 
(2.9%) achieved partial response (PR), 17 patients (50%) had 
stable disease (SD) and the disease control rate (DCR) reached 
90%. Median OS and progression‑free survival (PFS) were 
3.2 and 2.6 months, respectively. In the second trial, 4 patients 
(24%) achieved PR, 12 patients (71%) had SD, with a DCR 
of 94.1%. Median OS was 10.6 months and median PFS was 
7.4 months.

Differences in clinical efficacy between the two Phase II 
clinical trials could be attributed to patient demographics. 
The first trial primarily included White and Black patients 
(88%), while the second study enrolled Japanese patients. 
Additionally, 9% of participants in the first trial received 
treatment with monoclonal antibodies or protein kinase inhibi‑
tors prior to lenvatinib, which potentially influenced patient 
outcomes.

Retrospective studies have further supported the benefits 
of lenvatinib in prolonging survival for patients with ATC 
(Table I). Murayama et al (38) reported that lenvatinib‑induced 
pulmonary cavitation, observed in 46.2% of patients diagnosed 
with ATC with lung metastases, was associated with markedly 
longer OS (186 vs. 89 days for patients without cavitation). 
Another previous study (39) reported that 7 out of 10 patients 
with TC, who developed lung cavitation during treatment with 
lenvatinib or sorafenib were in the lenvatinib group, which 
suggested the potential efficacy of lenvatinib in the manage‑
ment of ATC with lung metastases.

The neutrophil‑lymphocyte ratio (NLR) of patients with 
ATC was higher compared with that of radioiodine‑refractory 
(RR)‑DTC patients and NLR was also a diagnostic marker 
for distinguishing ATC from RR‑DTC (40). In addition, NLR 
has also emerged as a prognostic marker for lenvatinib‑treated 
patients with ATC. Fukuda et al (41) demonstrated that patients 
with low NLR had higher ORR (33.3%), longer median PFS 
(4.0 months) and longer median OS (10.2 months) compared 
with patients with high NLR. The study by Fukuda et al (41) 
was a single‑center and small‑sample retrospective study. The 
clinical stages of the experimental individuals were different 
and patients had undergone different degrees of radiotherapy, 
chemotherapy and surgical treatment before inclusion in the 
trial, which had an impact on the basic level of NLR. Another 
previous study (42) ruled out inflammatory interference and 
the statistical results indicated that NLR did not affect the 
therapeutic effect of lenvatinib. Nonetheless, monitoring 
dynamic changes in NLR before and after lenvatinib treat‑
ment could provide some prognostic insight for patients with 
ATC. Another previous study (43) on TKI treatment in ATC 
reported a notable increase in NLR levels at three key points: 
Before TKI initiation, after TKI initiation and at the time of 
death. However, current studies are influenced by numerous 
confounding factors such as prior treatments, recurrence or 
metastasis, infections, glucocorticoid use and physiological 

stress. Therefore, NLR requires validation through large‑scale, 
multi‑center prospective trials with stricter patient inclusion 
criteria.

Safety. Previous studies on lenvatinib in ATC reported 
at least 1 AE per patient, wherein hypertension, reduced 
appetite, fatigue and proteinuria were the most common 
AEs (23,27,44,45). These AEs were linked to the inhibition 
of VEGFR by lenvatinib (46). While the incidence of AEs is 
high, severe AEs (SAEs) associated with lenvatinib are rare 
and treatment discontinuation due to AEs is uncommon.

In a previous study conducted in Japan (47), of 124 patients 
with ATC (mean age, 73 years), 76.6% experienced grade ≥3 
AEs, primarily hypertension (46.8%) and thrombocytopenia 
(12.9%). The high rate of severe AEs may be attributed to the 
advanced age of participants and the use of a 24 mg/day dose, 
which may be excessive for Asian populations (48).

Another study conducted in Korea on 14 patients with ATC, 
who were administered an initial dose of 20 mg/day reported 
100% incidence of AEs, with 50% classified as grade ≥3 (49). 
At a maintenance dose of 13 mg/day, DCR reached 93% and 
median OS was 6.73 months. These findings suggested that 
lower starting doses may improve tolerability and efficacy in 
Asian populations despite differences in participant numbers 
between the studies.

5. Lenvatinib combination therapy in ATC

Preclinical studies
Lenvatinib and other targeted inhibitors. i) MEK inhibitors. 
Enomoto et al  (50) investigated the combination of lenva‑
tinib with MEK inhibitors (U0126 and selumetinib) in ATC. 
Lenvatinib inhibited AKT signaling but not MAPK signaling, 
which prompted the use of MEK inhibitors to complement 
its effects. In vitro assays demonstrated that a combination 
of 5 µM lenvatinib and 5 µM U0126 demonstrated syner‑
gistic antiproliferative effects in ATC cell lines (8505C and 
TCO1). The antiproliferative rate increased significantly 
compared with lenvatinib alone (8505C, 32 to 66%; TCO1, 
58 to 72%), The present review concluded that lenvatinib 
suppressed AKT phosphorylation, while U0126 suppressed 
ERK phosphorylation and cell cycle protein D1 expression. 
In vivo assays demonstrated that mice treated with lenvatinib 
(30 mg/kg/day) and selumetinib (30 mg/kg/day) experienced 
significantly larger tumor volume reduction compared with 
tumor volumes in monotherapy groups. Tumor cell apop‑
tosis increased via caspase‑3 activation, while toxicity levels 
remained manageable.

The aforementioned results highlight the potential of 
lenvatinib and MEK inhibitors as a synergistic therapy for 
ATC, which targets both AKT and MAPK signaling pathways 
effectively.

ii) BRAF inhibitors. In a previous study, lenvatinib was 
combined with vemurafenib, a BRAF inhibitor, to treat 
BRAF‑mutated (8505C) and non‑BRAF‑mutated (HTh7) 
ATC cell lines (51).

The results demonstrated that under low concentrations 
(0.25 µM) of vemurafenib, the proliferation of BRAF mutated 
8505C cells was significantly inhibited, whereas the HTh7 cell 
line exhibited resistance to vemurafenib by 4 µM. Lenvatinib 

https://www.spandidos-publications.com/10.3892/ol.2025.15139
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inhibited 8505C cell proliferation in a dose‑dependent manner, 
whereas HTh7 cells did not exhibit an antiproliferative pattern 
compared with that of 8505C until lenvatinib reached 12. 5 µM 
and cell viability of HTh7 and 8505C did not differ statistically 
until 25 µM. HTh7 cells demonstrated only additive cytotoxic 
effects when combined treatment with lenvatinib and vemu‑
rafenib. Vemurafenib effectively inhibited the proliferation of 
8505C cells but vemurafenib was less effective in HTh7 cells. 
The combination of lenvatinib and vemurafenib demonstrated 
cooperative cytotoxic effects in BRAF‑mutated cells, which 
induced apoptosis through poly(ADP‑ribose) polymerase 
cleavage.

In addition, combined BRAF and MEK inhibitors 
increased sodium/iodide symporter expression and RAI 
uptake in BRAF‑mutated TC types (52,53), which offered a 
potential strategy for BRAF‑mutated ATC. Further clinical 
trials are required to establish safety and optimal dosing for 
BRAF and MEK inhibitors combination therapy.

Lenvatinib and chemotherapeutic agents. i) Lenvatinib 
and doxorubicin. Doxorubicin, an approved chemotherapy for 
ATC, cannot improve the OS rate of advanced ATC and has 
strong cardiotoxicity as monotherapy. A preclinical study (54) 
combining lenvatinib (1 µM) and doxorubicin (10 nM) demon‑
strated synergistic effects in ATC cell lines (8305C, C643 and 
8505C), which inhibited cell proliferation, migration, invasion 
and colony formation. In vivo assays demonstrated that the 
combination therapy group exhibited lighter tumor weights 
and lower Ki‑67 levels compared with both the lenvatinib 
monotherapy and doxorubicin monotherapy groups. The 
mechanism may be to inhibit ERK phosphorylation and induce 
cell cycle arrest. The MAPK pathway has a notable effect on 
DNA repair in reaction to DNA damage and lenvatinib can 
impair DNA repair capacity by suppressing receptor tyrosine 
kinases and the downstream.

The lenvatinib and doxorubicin combination therapy may 
further enhance the damage of doxorubicin to DNA and 
thereby exert a synergistic anticancer effect (55,56) without 
added toxicity, which highlights the clinical potential of lenva‑
tinib and doxorubicin.

ii) Lenvatinib and paclitaxel. The combination of lenva‑
tinib and paclitaxel demonstrated similar cooperative effects 
to lenvatinib and doxorubicin, which includes inhibition of 
tumor cell growth, colony formation, increase of the propor‑
tion of G2/M phase and induction of apoptosis in ATC cells. 
The effects were dose‑dependent, which supports the potential 
for combination therapy (5).

iii)  Lenvatinib and vinorelbine. Vinorelbine is a 
microtubule‑targeting drug, which induces tumor cell death 
via apoptosis (57). The drug has also been demonstrated to 
block angiogenesis  (58). In vitro assays demonstrated that 
lenvatinib in combination with vinorelbine has synergistic 
anti‑proliferative activity, whereas sorafenib in combination 
with vinorelbine did not exhibit synergistic effects (59).

As an efflux pump, the ATP‑binding cassette subfamily 
(ABC) transporter can excrete TKIs, which may increase 
tumor resistance to lenvatinib and vinorelbine (60). Lenvatinib 
reduced ABCB1 expression, which increased intracellular drug 
concentrations and overcame resistance (59).Wide permeation of 
tumor associated macrophages (TAMs) was observed in 95% 
of patients with ATC (61). The colony-stimulating factor‑1 

receptor (CSF‑1R) gene, as a TAMs-related gene, was asso‑
ciated with low survival and was markedly upregulated in 
ATC (59). CSF‑1 can also induce the generation of VEGF (62). 
However, both lenvatinib monotherapy and the combination 
with vinorelbine can inhibit the expression of CSF‑1 mRNA, 
wherein lenvatinib combined with vinorelbine is more effec‑
tive (63). This combination regimen might serve as an option 
to mitigate TKI resistance in patients with ATC. In vivo find‑
ings: Combination therapy reduced tumor volume, mitotic 
activity and Ki‑67 levels, while increasing apoptosis markers 
such as caspase‑3 (59). Lenvatinib combined with vinorelbine 
may mitigate resistance to TKIs in patients with ATC.

Lenvatinib and immunotherapy. Immunotherapy, 
particularly anti‑programmed death‑1 (PD‑1)/PD‑L1 agents, 
is a major research focus in ATC. ATC markedly upregulates 
PD‑L1 compared with DTC (64). Gunda et al (3) reported that 
lenvatinib combined with anti‑PD‑1/PD‑L1 therapy reduced 
tumor size and improved survival. ATC cells treated with 
lenvatinib alone did not affect PD‑L1 expression but increased 
TAMs, CD8+ T cells, regulatory T cells and polymorpho‑
nuclear myeloid derived suppressor cells (PMN‑MDSCs). The 
lenvatinib treatment group also demonstrated an increase in 
granulocyte‑CSF levels in tumor lysis fluid, which may drive 
the proliferation of MDSCs. T‑cell defection and natural killer 
cell toxicity were linked to the increase in these cells, which 
had a negative effect on the efficacy of lenvatinib (65‑67). The 
effect of lenvatinib to increase PMN‑MDSCs was also demon‑
strated in patients with ATC and only the lenvatinib combined 
with anti‑PD‑1 group exhibited reduced PMN‑MDSCs (3). 
Combining lenvatinib with therapies targeting PMN‑MDSCs 
or TAMs, such as CSF‑1R blockade, may enhance therapeutic 
efficacy and overcome immune evasion in ATC.

Lenvatinib and HDACIs. Histone deacetylase (HNHA) 
is a HDACI that removes acetyl groups from histone lysine 
residues. This process is called deacetylation, which 
suppresses cellular transcription and stalls tumor growth, 
polarization and apoptosis. In addition, it can sensitize tumor 
cells to radiation, which increases the uptake of RAI and the 
accumulation of RAI in tumors (68). A previous study (69) 
reported that the combination of HNHA and lenvatinib has 
a strong anti‑proliferative effect, which increased apoptosis 
in GSA2 (first patient‑derived ATC cells) and GSA1 (second 
patient‑derived ATC cells) cell lines by increasing p53 and p21 
levels, reduced cyclin D1 and CDK4 and induced cell cycle 
arrest. In the mouse xenograft model, both the monotherapy 
group and the HNHA combined with sorafenib group did not 
significantly suppress the development of GSA1 and GSA2 
cell xenografts. However, HNHA combined with lenvatinib 
could significantly inhibit tumor growth.

Previous studies have suggested that drug resistance in 
poorly differentiated cancer stem cells is associated with 
epithelial mesenchymal transition (EMT) and the FGFR 
signaling pathway is involved in this process  (70,71). A 
previous study reported that the expression of the FGFR 
signaling pathway and EMT markers in ATC cell lines is 
higher compared with that in DTC  (69). Therefore, when 
combined lenvatinib with HNHA in GSA2 and GSA1 cell 
lines, lenvatinib combined with HNHA group had a stronger 
inhibitory effect on the FGFR signaling pathway compared 
with other groups. In addition, the EMT marker, β‑catenin, is 
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important in EMT nuclear positioning induction in late‑stage 
TC cells. Other studies have demonstrated that downregulating 
zinc finger E‑box binding homeobox 1 (ZEB1) expression can 
restore drug sensitivity (72,73), which blocks β‑catenin and 
downregulation of ZEB1, which may potentially be novel 
methods for the treatment of ATC resistance in the future. 
These findings suggest that combining lenvatinib with HDACIs 
could potentially be a promising strategy to overcome drug 
resistance in ATC.

Clinical studies. Although research is limited, clinical trials 
that investigated lenvatinib in combination with other agents 
for ATC have demonstrated promising efficacy.

Pembrolizumab, a monoclonal antibody targeting the PD‑1 
receptor, was approved by the US FDA for the treatment of 
several types of cancer, including non‑small cell lung cancer, 
biliary tract cancer and ATC (64,74). ATC tumors exhibit 
diffuse expression of PD‑L1, which makes this combination a 
rational therapeutic approach (31). Lenvatinib in combination 
with pembrolizumab has been evaluated in patients with ATC 
in two studies, with an initial lenvatinib dose of 24 mg/day and 
pembrolizumab at 200 mg every 3 weeks (31,64).

The first study (64) initially used with lenvatinib mono‑
therapy and later introduced pembrolizumab upon ATC 
progression. Among 5 patients, 3 patients (60%) achieved PR, 
1 patient (20%) achieved SD and the DCR was 83%. The median 
OS was 8.25 months. While the lack of a control group for 
continuous lenvatinib monotherapy limits direct comparisons, 
the median survival time for lenvatinib monotherapy before 
pembrolizumab addition was 10.4 months, which suggested an 
improvement in survival with combination therapy.

In the second study (31), 6 patients were treated with the 
combination therapy from the outset. Complete response 
(CR) was achieved in 4 patients (66.7%), 1 patient (16.7%) 
achieved SD and the DCR was 66%. The median OS was 
17.3 months and the median PFS was 16.8 months. Treatment 
was well‑tolerated, with a maximum treatment duration of 
40 months and 3 patients (50%) were still receiving therapy at 
the time of data cut‑off.

Another previous study reported that pembrolizumab 
is only partially effective in patients with prior resistance 
to TKIs, which resulted in a PFS of just 2.96 months (69). 
These findings underscore the importance of timing in 
adding pembrolizumab to TKI therapy. Previous studies have 
suggested that early addition of pembrolizumab may provide 
greater benefit compared with sequential therapy, though the 
optimal timing requires further investigation (64,75).

Another previous study  (76) evaluated a combination 
regimen involving paclitaxel, intensity‑modulated radiotherapy 
and lenvatinib. Patients began with one cycle of paclitaxel and 
IMRT. After 6 weeks, imaging determined the suitability for 
surgery. Patients, who were ineligible for surgery continued 
chemotherapy and radiotherapy, with lenvatinib (10 mg/day) 
added upon disease progression. Among 18  patients, the 
median OS was 230 days, with 6‑month and 1‑year survival 
rates of 61.1 and 22.2%, respectively. Notably, 3  patients 
(16.7%) survived beyond 1 year. While this study demonstrated 
a survival benefit, the optimal timing for the introduction of 
lenvatinib during radiotherapy remained unclear due to the 
absence of a control group initiating paclitaxel, radiotherapy 

and lenvatinib simultaneously. Furthermore, the toxicity 
profile of the three‑drug combination requires additional 
investigation through larger sample sizes and more compre‑
hensive clinical studies.

Lenvatinib combined with pembrolizumab or tradi‑
tional chemoradiotherapy has demonstrated positive results 
for patients with ATC, particularly in improving survival 
outcomes (64,75,76). However, the timing of lenvatinib initia‑
tion and the role of lenvatinib in combination regimens require 
further clinical exploration. The aforementioned studies lay a 
foundation for future research aimed at the optimization of 
lenvatinib‑based therapies for ATC.

6. Discussion

Clinical studies have demonstrated that lenvatinib mono‑
therapy offers notable efficacy in the treatment of ATC, with 
PR rates ranging from 2.9 to 60%, DCR ranging from 25 to 
100% and median OS ranging from 2.9 to 10.6 months. The 
difference in the PR, DCR and median OS rates may stem 
from the predominance of retrospective studies, which carry 
a high risk of selection bias, such as differences in enroll‑
ment criteria, sample sizes, prior treatments and demographic 
characteristics. For example: i)  Age, poorer prognosis in 
trials with predominantly elderly participants (47); ii) sex; 
and iii) ethnicity, the initial recommended dose of lenvatinib 
(based on a phase III trial for RR‑DTC) may not be optimal 
for Asian populations (77). Second, the external validity of 
retrospective studies is also questionable, as participants are 
often recruited from large single‑center hospitals with more 
complex conditions. To address the aforementioned issues, it 
is essential to establish a standardized inclusion framework, 
recruit volunteers across multiple centers, dynamically adjust 
exclusion criteria and explore the optimal monotherapy dose 
under varying conditions. Third, the lack of predictive markers 
for ATC prognosis and lenvatinib efficacy. Previous studies 
have identified potential prognostic indicators, such as acute 
symptoms, white blood cell count, tumor diameter (≥5 cm), 
distant metastases, NLR, age >70 years and extra‑thyroidal 
infiltration (T4b), which were associated with poor prog‑
nosis (78‑80). Furthermore, a low NLR was associated with 
improved outcomes for lenvatinib‑treated patients. Another 
potential predictive factor includes the presence of hand‑foot 
syndrome, which was associated with improved a 24‑month 
OS rate (81), and lower FGFR4 expression, which has been 
linked to better lenvatinib response (82). However, the lack of 
standardized detection methods, incomplete data collection 
and common selection biases require key interpretation of 
these results. Future research may employ more rigorous trial 
designs to validate these prognostic factors, which potentially 
leverage existing data to screen candidate biomarkers, estab‑
lish uniform detection and enrollment criteria and conduct 
multi‑center prospective validation trials.

Combination therapies including lenvatinib have demon‑
strated increased efficacy. For instance, in two studies 
investigating lenvatinib combined with pembrolizumab (64,75), 
the first study reported a DCR of 80% and a median OS of 
18.65 months, while the second reported a DCR of 66% and a 
median OS of 17.3 months‑substantial improvements compared 
with lenvatinib monotherapy. Additionally, a previous study that 
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examined lenvatinib combined with paclitaxel and radiotherapy 
observed a median OS of 230 days, although the efficacy was 
lower compared with that of pembrolizumab combinations. 
Notably, conventional chemotherapeutic agents combined with 
lenvatinib yielded less favorable results (76), likely due to the 
late introduction of targeted therapies. Nevertheless, the combi‑
nation of lenvatinib and pembrolizumab demonstrated robust 
potential. A recent consensus supported the effectiveness of 
lenvatinib and pembrolizumab combination therapy in patients 
with ATC with BRAF mutations (83). According to the Thyroid 
Neck Morbidity Complexity (TNMC) Scoring System (84), 
current guidelines (4,85) recommend surgery as the first‑line 
treatment for patients with stage IVB BRAFv‑ATC (TNMC, 
0) with resectable primary tumors, followed by adjuvant 
radiotherapy and chemotherapy. The consensus recommended 
first‑line use of BRAF/MEK inhibitors [dabrafenib‑trametinib 
(DT)] for patients with stage IVB BRAFv‑ATC or patients 
with unresectable or advanced disease (TNMC ≥1), followed 
by surgery. The consensus also advised combining the regimen 
with pembrolizumab from the outset or adding pembrolizumab 
upon disease progression. If surgery is not feasible after 
6 months of neoadjuvant treatment, radiotherapy and chemo‑
therapy should be considered. Similar to lenvatinib, combination 
therapy with pembrolizumab demonstrates survival benefits in 
patients with ATC. However, a previous study (69) indicated 
that prior resistance to TKI inhibitors notably limits the effi‑
cacy of pembrolizumab, while the consensus suggested that 
the limited effectiveness of adding pembrolizumab midway 
was due to the delayed onset of action. Additionally, combining 
pembrolizumab with immune checkpoint inhibitors increased 
treatment toxicity (64). Therefore, clinical decisions should 
be individualized based on the condition of the patient. For 
patients with stage  IVC BRAFv‑ATC, both the guidelines 
and consensus recommended routine DT plus pembrolizumab 
(DTP), with reassessment after 2‑3 months. If surgery is not 
possible or recurrence risk is high, DTP should be continued. 
If surgery is resectable, DTP should continue postoperatively 
and discontinuation of pembrolizumab after 1 year may offer 
enhanced survival benefits.

Targeted therapy combined with immunotherapy is a 
promising direction for the future treatment of ATC. However, 
several clinical studies (44,45,86,87) on combination therapies 
are single‑arm phase  II trials with low levels of evidence, 
which potentially overestimate treatment efficacy. Future 
studies should incorporate control groups for causal inference, 
avoid selecting only patients with favorable baseline charac‑
teristics and extend follow‑up duration to improve long‑term 
safety data collection.

ATC remains one of the most challenging malig‑
nancies in TC, with limited benefits from traditional 
treatments  (16,17,86‑93). Targeted therapies such as lenva‑
tinib represent a vital avenue for improving patient outcomes 
(Table  Ⅰ) (23,38,41,44,45,47,49,86,87,91-93). The present 
review highlighted the efficacy and safety of lenvatinib as 
both a monotherapy and in combination regimens. There are 
still several directions worth exploring in the future. Notably, 
lenvatinib has exhibited superiority to sorafenib in preclinical 
models of ATC brain metastases and has provided notable 
survival benefits in patients with ATC lung metastases (37,39). 
Combination regimens have also proven effective in mitigating 

toxicity, with specific combinations that demonstrate sensitivity 
in certain ATC subgroups. For example, lenvatinib combined 
with the BRAF inhibitor vemurafenib or HDACIs increased 
RAI sensitivity and lenvatinib combined with vinorelbine or 
HDACIs reduced drug resistance (52,68). However, relevant 
studies remain scarce, with most evidence derived solely from 
animal models and lacking clinical validation. Future research is 
warranted to verify the aforementioned hypotheses and provide 
improved therapeutic options for specific ATC subgroups.

The findings from the aforementioned studies highlight 
promising directions for future clinical trials, aimed at opti‑
mizing lenvatinib combinations to enhance DCRs, minimize 
toxic side effects and improve survival outcomes for patients 
with ATC. The present review serves as a foundation for future 
research and clinical trial design, with the ultimate goal of 
developing individualized therapies to meet the diverse needs 
of patients with ATC.
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