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1   |   INTRODUCTION

Thyroid cancer was the 9th most common cancer in 2020 
with 586,202 new cases globally1 and a small increase in 
overall mortality.2 Locally advanced or metastatic differ-
entiated thyroid cancer (DTC) has only two treatment op-
tions, radioactive iodine (RAI) therapy, when the disease is 
RAI-sensitive, and multikinase inhibitors (MKIs), when it 
becomes RAI-refractory (RR) or does not respond to RAI. 
Median overall survival of RR-DTC patients ranged between 
39.4 months (95% confidence interval [CI]: 32.7–51.4) seen 
in the patients treated with sorafenib and 41.6 months (95% 
CI: 31.2–not estimable) in patients treated with lenvatinib.3

Lenvatinib and sorafenib have demonstrated im-
provement in progression-free survival (PFS) and overall 

response rate (ORR) in the SELECT4 and DECISION5,6 
trials, respectively in patients with RR-DTC. Median 
PFS and ORR for lenvatinib were 18.3 months and 64.8% 
while for sorafenib these were 10.8  months and 12.2%. 
Both trials also reported a significant number of toxic-
ities, however, only 14.2% and 18.8% of patients had to 
discontinue treatment with lenvatinib or sorafenib due 
to safety reasons.

The use of MKIs concomitant with RAI for the treat-
ment of RR-DTC has not yet been explored. Still, there 
are reasons to believe this combination could improve 
both the efficacy and toxicity of each agent alone. This 
paper aims to review the rational and potential role of 
this strategy for the treatment of RR-DTC in special 
circumstances.
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Abstract
Thyroid cancer is the most frequent endocrine tumor. However, in locally ad-
vanced or metastatic disease we have only two types of treatment at our disposal: 
radioactive iodine (RAI) when the disease is RAI-sensitive and multikinase inhib-
itors (MKIs), lenvatinib and sorafenib, when the disease becomes RAI-refractory 
(RR). This review revisits the published data on the potential combination of 
MKIs/lenvatinib with RAI in RR-differentiated thyroid cancer and evaluates 
some special situations where this combination may be of particular interest. The 
combination of MKIs/lenvatinib with RAI could, at least hypothetically, improve 
the efficacy seen in both treatments alone via a synergistic effect and with a lower 
rate of toxicity rates. Early preclinical data support this notion, while its general-
ized use awaits the results of ongoing clinical trials.
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2   |   HISTORICAL PERSPECTIVE

The first option for the treatment of advanced DTC is sur-
gery and RAI,7 but the natural progression of this disease 
is to become RAI-refractory in most cases. At that stage, an 
available treatment choice is MKIs. Approvals of lenvatinib 
and sorafenib by FDA and EMA have been an important 
advance for patients with RR-DTC despite these trials not 
demonstrating a comparative increase in overall survival 
(OS) against their placebo arms. Provided both trials had 
a high crossover rate (≥75%), it was not possible to directly 
evaluate the impact these interventions had on the survival 
expectancy of patients originally randomized to placebo or 
active treatment. Thus using statistical adjustments to esti-
mate the OS achieved by patients in the placebo arms had 
they not crossed over to sorafenib,5 or lenvatinib,8 showed 
only lenvatinib produced an OS benefit.

Recently, a new phase 3 trial (COSMIC-311) has been 
published.9 This trial evaluated cabozantinib versus pla-
cebo in locally advanced or metastatic RR-DTC that 
had progressed to a prior VEGFR-therapy. Cabozantinib 
showed a median PFS of 6.2 months for the intention to 
treat population, granting its approval by the FDA in this 
pretreated population. Other MKIs are being studied in 
this setting, however, RR-DTC remains an orphan disease 
without good treatment options and still a poor prognosis.

Combination therapies are being explored in other 
neoplasms as a strategy to improve RAI-refractory tumors 
to optimize the available treatment options, while new 
treatments are being developed.

3   |   CURRENT SITUATION

Today's definition of RR-DTC has not been free of con-
troversy. The American Thyroid Association7 consensus 
defines RR-DTC on the basis four premises: (i) the neo-
plastic tissue does not ever uptake or concentrate RAI; (ii) 
the tumor tissue loses the capability to concentrate RAI 
after previous evidence of RAI-avid disease; (iii) RAI is 
concentrated in some lesions but not in others, particu-
larly when 2-deoxy-2-[18F]fluoro-D-glucose positron emis-
sion tomography (18FDG-PET) uptake is present; and (iv) 
metastatic disease progresses despite a significant concen-
tration of RAI and there is a continual rise of tiroglobulin 
within months of RAI therapy.

Once a DTC patient has been diagnosed RAI-refractory, 
current treatment guidelines recommend avoiding fur-
ther RAI treatment. However, a couple of ongoing ini-
tiatives are investigating the combination of lenvatinib 
with RAI in DTC, one of which is a phase 2 study of this 
combo in patients with progressive RAI-sensitive DTC10 
(NCT03506048). Another one is the RESET trial, that aims 

at reinducing RAI-sensitivity in patients with RR-DTC tu-
mors using Lenvatinib11 (NCT04858867). None has yet 
published results.

The preclinical rationale supporting this research is 
based on increased apoptosis and cells arresting in the 
G2/M phase of the cell cycle observed in xenograft murine 
models, suggesting a synergistic effect of the combination. 
The increase in intracellular uptake of lenvatinib through 
augmented cell membrane permeability may explain 
these apparent synergistic antitumoral effects.12 An ad-
ditional supporting mechanism relies on the vasculature-
normalizing effect commonly seen in antiangiogenic 
drugs like lenvatinib, that is thought to improve the usual 
hypoxic tumoral microenvironment, consequently, re-
quiring lower MKI dose and toxicity.12 A preclinical trial 
with anaplastic thyroid cancer cells has demonstrated that 
K905-0266 MKI increases 125-iodine uptake in vitro and 
in vivo and enhanced cytotoxicity of 131-iodine therapy.13

These observations are in line with the accepted knowl-
edge of RAI efficacy relying on its accumulation in thyroid 
cancer cells. This has served the basis for the hypothesis 
sustaining resensitization to RAI may be a promising ther-
apeutic strategy against thyroid cancer. In fact, some data 
on resensitization to RAI with MKIs in RR-DTC have been 
published. One of the first drug groups investigated was 
retinoids, with retinoic acid producing some and resen-
sitization to RAI,14–17 and rosiglitazone that induced RAI 
uptake and reduced serum thyroglobulin levels in some 
patients with DTC, but not resulting in a clinically signifi-
cant response on long-term follow-up.18

Subsequently, selumetinib, a MEK1-2 inhibitor, was 
studied as a potential treatment to reverse refractori-
ness to RAI, attaining a clinically meaningful increase 
in iodine uptake.19 Recently, Brown et al. (SEL-I-METRY 
trial)20 and Ho et al. (NCT02393690) have led two phase 2 
trials with selumetinib followed by RAI, with results from 
both trials still pending publication. One final study of a 
similar nature, recently presented at the European Society 
for Medical Oncology Congress 2021, tested trametinib in 
patients with RAS-mutated RR-DTC. Authors observed 
cases of some restoration of RAI uptake and a 20% tumor 
response rate by the Response Evaluation Criteria in Solid 
Tumors (RECIST) v1.1 criteria (NCT03244956).21

Acctually there are 126 clinical trials on going in thy-
roid cancer that use as one of their arm radioidine with 
or without other treatments in combination (www.clini​
caltr​ials.gov accessed on July, 7th 2022). Twenty seven of 
them evaluate a MKI, 5 trials study the combination of 
radioiodine with a MKI and 3 trials analyze the potential 
to resensitisize RR-DTC cells to radioiodine therapy (al 
studies are summarize in Table 1). However, there are no 
published case reports using concomitant lenvatinib and 
RAI in RR-DTC.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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4   |   FUTURE TREATMENT 
SCENARIO

In spite of this lack of information, we can envision two 
potential scenarios where lenvatinib could be used con-
comitantly with RAI, both, at least in theory, opening 
treatment possibilities:

1.	 Patients with some, but not all, RAI-avid lesions, 
particularly when 18FDG-PET uptake is present.

2.	 Patients with RR-DTC in whom some resensitization to 
RAI after treatment with lenvatinib could be observed.

In these situations, the combination of lenvatinib and 
RAI could improve disease outcomes in relevant highly 
selected patient groups. The first group of patients would 
have a mixed disease that may benefit from both types 
of treatment, while each treatment alone would be ex-
pectedly less effective, especially considering this disease 
would be considered RAI-refractory according to current 
standards. The second group of patients with potential re-
sensitization to RAI observed in some lesions but not in 
others, would be in a similar context to the previous group 
despite receiving the combined treatment with a different 
phasing. Nevertheless, the combination of lenvatinib and 
RAI needs to be validated in a proof-of-concept clinical 
trial before it can be confidently used.

5   |   DISCUSSION

As mentioned above, in some patients RAI is concentrated 
in some lesions, but not in others where 18FDG-PET up-
take is frequently seen. This scenario is propitious to ex-
pect benefit from combining an MKI with RAI, provided 
both types of RAI-avid and 18FDG-avid lesions coexist. 
Other patients who could benefit are those whose lesions 
are all RAI-avid while still not cured after several RAI 
treatments. In these patients, the best response expected 
from RAI alone is a disease stabilization according to 
RECIST criteria.

In addition, the limited effect of the beta-emission ray of 
RAI suggests that the combination with MKIs can also pro-
vide benefit in early disease stages and might not need to 
be restricted to progressive and iodine-refractory disease.22

In turn, anti-angiogenic MKIs normalize abnormal 
vascularization and decrease tumor growth, a dual mech-
anism that could improve the efficacy of RAI in eradi-
cating disease, especially in RAI-avid lesions potentially 
leading to prolonged PFS and overall survival.22

Furthermore, by adding a cytostatic agent to a cyto-
toxic treatment, one could improve disease control even 

after stopping the MKI, provided the sustained cytotoxic 
effect of RAI is maintained.22

Sorafenib has, however, been studied in this context 
but results were negative in its capacity to show any re-
induction of RAI uptake in RR-DTC patients.23  Sorafenib 
and lenvatinib have different kinome-inhibition profiles, 
and this difference supports the idea of lenvatinib still de-
serving being tested in these population.

6   |   CONCLUSION

Currently limited treatment options for RR-DTC patients 
make further research on effective drugs essential. If, in 
the meantime, these new strategies become available to the 
clinic, some patients could benefit from potential combina-
tions of already effective therapies such as RAI and MKIs.

In conclusion, the combination of lenvatinib with RAI 
has demonstrated efficacy and low toxicity in preclinical 
studies that warrant further clinical research in patients 
with RR-DTC, or even in the earlier stages of the disease. 
Results from ongoing clinical trials in these patient popu-
lations are eagerly awaited.

FUNDING INFORMATION
The author received an honorarium payment from Eisai 
Farmacéutica SA in line with ICMJE guidelines.

CONFLICT OF INTEREST
Dr Urbano Anido Herranz has received research fund-
ing, honoraria, and non-financial or other support from 
Advanced Accelerator Applications, Astellas, Bayer, BMS, 
EUSA, Ipsen, Janssen, Kyowa Kirin, Lilly, Novartis, Pfizer, 
Pierre Fabre, Roche, Sanofi.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data 
were created or analyzed in this study.

ORCID
Urbano Anido Herranz   https://orcid.
org/0000-0003-0376-5642 

REFERENCES
	 1.	 Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 

2020: GLOBOCAN estimates of incidence and mortality 
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209-249.

	 2.	 Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in 
thyroid cancer incidence and mortality in the United States, 
1974-2013. JAMA. 2017;317(13):1338-1348.

	 3.	 Fleeman N, Houten R, Bagust A, et al. Lenvatinib and sorafenib 
for differentiated thyroid cancer after radioactive iodine: a 

https://orcid.org/0000-0003-0376-5642
https://orcid.org/0000-0003-0376-5642
https://orcid.org/0000-0003-0376-5642


      |  53HERRANZ

systematic review and economic evaluation. Health Technol 
Assess. 2020;24(2):1-180.

	 4.	 Schlumberger M, Tahara M, Wirth LJ, et al. Lenvatinib versus 
placebo in radioiodine-refractory thyroid cancer. N Engl J Med 
2015;372(7):621–30.

	 5.	 Brose M, Jarzab B, Elisei R, et al. Final overall survival analy-
sis of patients with locally advanced or metastatic radioactive 
iodine-refractory differentiated thyroid cancer (RAI-rDTC) 
treated with sorafenib in the phase 3 DECISION trial: an explor-
atory crossover adjustment analyses. Ann Oncol 2016;27:vi329.

	 6.	 Brose MS, Nutting CM, Jarzab B, et al. Sorafenib in radioac-
tive iodine-refractory, locally advanced or metastatic differenti-
ated thyroid cancer: a randomised, double-blind, phase 3 trial. 
Lancet 2014;384(9940):319–28.

	 7.	 Haugen BR, Alexander EK, Bible KC, et al. 2015 American Thyroid 
Association management guidelines for adult patients with thy-
roid nodules and differentiated thyroid cancer: the American 
Thyroid Association guidelines task force on thyroid nodules and 
differentiated thyroid cancer. Thyroid. 2016;26(1):1-133.

	 8.	 Guo M, Sherman S, Wirth L, et al. 2805 Overall survival gain 
with lenvatinib vs. placebo in radioactive iodine refractory dif-
ferentiated thyroid cancer (RR-DTC): an updated analysis. Eur 
J Cancer. 2015;3(51):S559.

	 9.	 Brose MS, Robinson B, Sherman SI, et al. Cabozantinib 
for radioiodine-refractory differentiated thyroid cancer 
(COSMIC-311): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol. 2021;22(8):1126-1138.

	10.	 Lenvatinib and Iodine Therapy in Treating Patients With 
Radioactive Iodine-Sensitive Differentiated Thyroid Cancer. 
2020. Available from: https://www.clini​caltr​ials.gov/ct2/show/
NCT03​506048.

	11.	 Reinducing Radioiodine-sensitivity in Radioiodine-refractory 
DTC Using Lenvatinib (RESET). 2021. Available from: https://
www.clini​caltr​ials.gov/ct2/show/NCT04​858867.

	12.	 Suzuki K, Iwai H, Utsunomiya K, et al. Combination therapy 
with lenvatinib and radiation significantly inhibits thyroid can-
cer growth by uptake of tyrosine kinase inhibitor. Exp Cell Res. 
2021;398(1):112390.

	13.	 Oh JM, Kalimuthu S, Gangadaran P, et al. Reverting iodine avidity 
of radioactive-iodine refractory thyroid cancer with a new tyrosine 
kinase inhibitor (K905-0266) excavated by high-throughput NIS 
(sodium iodide symporter) enhancer screening platform using 
dual reporter gene system. Oncotarget. 2018;9(6):7075-7087.

	14.	 Coelho SM, Vaisman F, Buescu A, Mello RC, Carvalho DP, 
Vaisman M. Follow-up of patients treated with retinoic acid 
for the control of radioiodine non-responsive advanced thyroid 
carcinoma. Braz J Med Biol Res. 2011;44(1):73-77.

	15.	 Handkiewicz-Junak D, Roskosz J, Hasse-Lazar K, et al. 
13-cis-retinoic acid re-differentiation therapy and recombi-
nant human thyrotropin-aided radioiodine treatment of non-
Functional metastatic thyroid cancer: a single-center, 53-patient 
phase 2 study. Thyroid Res. 2009;2(1):8.

	16.	 Coelho SM, Corbo R, Buescu A, Carvalho DP, Vaisman M. 
Retinoic acid in patients with radioiodine non-responsive thy-
roid carcinoma. J Endocrinol Invest. 2004;27(4):334-339.

	17.	 Simon D, Korber C, Krausch M, et al. Clinical impact of ret-
inoids in redifferentiation therapy of advanced thyroid can-
cer: final results of a pilot study. Eur J Nucl Med Mol Imaging. 
2002;29(6):775-782.

	18.	 Kebebew E, Lindsay S, Clark OH, Woeber KA, Hawkins R, 
Greenspan FS. Results of rosiglitazone therapy in patients with 
thyroglobulin-positive and radioiodine-negative advanced dif-
ferentiated thyroid cancer. Thyroid. 2009;19(9):953-956.

	19.	 Ho AL, Grewal RK, Leboeuf R, et al. Selumetinib-enhanced 
radioiodine uptake in advanced thyroid cancer. N Engl J Med. 
2013;368(7):623-632.

	20.	 Brown SR, Hall A, Buckley HL, et al. Investigating the potential 
clinical benefit of Selumetinib in resensitising advanced iodine 
refractory differentiated thyroid cancer to radioiodine ther-
apy (SEL-I-METRY): protocol for a multicentre UKsingle arm 
phase II trial. BMC Cancer. 2019;19(1):582.

	21.	 Leboulleux S, Cao CD, Zerdoud S, et al. MERAIODE: a re-
differentiation phase II trial with trametinib and dabrafenib 
followed by radioactive iodine administration for metastatic 
radioactive iodine refractory differentiated thyroid cancer pa-
tients with a BRAFV600E mutation (NCT 03244956). J Endocr 
Soc. 2021;5(Suppl 1):A876.

	22.	 Sheu NW, Jiang HJ, Wu CW, Chiang FY, Chiou HC, Hsiao PJ. 
Lenvatinib complementary with radioiodine therapy for pa-
tients with advanced differentiated thyroid carcinoma: case re-
ports and literature review. World J Surg Oncol. 2019;17(1):84.

	23.	 Hoftijzer H, Heemstra KA, Morreau H, et al. Beneficial effects 
of sorafenib on tumor progression, but not on radioiodine up-
take, in patients with differentiated thyroid carcinoma. Eur J 
Endocrinol. 2009;161(6):923-931.

How to cite this article: Herranz UA. Use of 
multikinase inhibitors/lenvatinib concomitant with 
radioiodine for the treatment of radioiodine 
refractory differentiated thyroid cancer. Cancer Med. 
2022;11(Suppl. 1):47-53. doi: 10.1002/cam4.5105

https://www.clinicaltrials.gov/ct2/show/NCT03506048
https://www.clinicaltrials.gov/ct2/show/NCT03506048
https://www.clinicaltrials.gov/ct2/show/NCT04858867
https://www.clinicaltrials.gov/ct2/show/NCT04858867
https://doi.org/10.1002/cam4.5105

	Use of multikinase inhibitors/lenvatinib concomitant with radioiodine for the treatment of radioiodine refractory differentiated thyroid cancer
	Abstract
	1|INTRODUCTION
	2|HISTORICAL PERSPECTIVE
	3|CURRENT SITUATION
	4|FUTURE TREATMENT SCENARIO
	5|DISCUSSION
	6|CONCLUSION
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


