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Abstract. The incidence of differentiated thyroid cancer (DTC) 
has increased over the last few decades, though it remains to be 
a rare disease. The prognosis of DTC is excellent; its treatment 
includes surgery (near‑/total thyroidectomy), which is usually 
followed by remnant thyroid bed ablation using radio‑iodine, 
as well as a risk‑stratified follow‑ups, including hormone 
replacement. Treatment of patients who are non‑responsive 
to radioactive iodine (RAI) remains a challenge. Targeted 
therapies for RAI refractory DTC act primarily through inhi‑
bition of cell proliferation, survival and angiogenesis. Tyrosine 
kinase inhibitors (TKI) have achieved prolonged responses 
and improved progression‑free survival, thereby representing 
a shift in the treatment of advanced thyroid cancer. There 
will be number of targeted treatment options for this patient 
population in the near future. Evidence regarding which drug 
should be used first and whether there is crossover drug resis‑
tance between these drugs is still lacking. Clinicians should be 
able to choose precisely which patients should be treated with 
novel targeted therapies after taking into account the following 
facts: i) TKIs have still not demonstrated a survival benefit. 
ii) The adverse effects of long‑lasting treatment with TKIs 
could worsen quality of life, which is mostly excellent in these 
patients before starting treatment with these agents.
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1. Introduction

The incidence of differentiated thyroid cancer (DTC) has 
increased over the last few decades, though it remains to be a 
rare disease (1). The appearance of DTC is dependent on age, 
sex, family history, radiation exposure and numerous other 
factors (2). In 2014, approximately 63,000 new cases of DTC 
were diagnosed compared with only 31,200 new cases in 2009 
in the USA. There are ~13,000 new cases of DTC per year in 
India (3). The increased usage of diagnostic methods, such as 
ultrasound of the neck, has led to an increased number of known 
cases of thyroid cancer, as well as more diagnoses of smaller 
tumors (4). The prevalence of distant metastases in patients with 
DTC is very low and metastases tend to affect lung and bone (5).

However, only two thirds of patients with metastases 
show substantial radioactive iodine (RAI) uptake, even after 
adequate stimulation with thyroid‑stimulating hormone (TSH), 
and in the absence of excess iodine, only 42% of them achieve 
a cure  (6). Patients who are non‑responsive to RAI are 
expected to have a life expectancy of 3‑5 years, which demon‑
strates a clear unmet medical need. An expert panel met in 
September 2012 to propose a working definition and treatment 
algorithm for these patients (7).

Patients with RAI‑refractory DTC fall into four categories, 
including: i) Patients with metastatic disease who do not take up 
RAI at the time of initial treatment; ii) patients whose tumors 
lose the ability to take up RAI in subsequent treatments after 
previous evidence of uptake. This is often due to the eradica‑
tion of differentiated cells that take up RAI, but not of poorly 
differentiated cells that do not take up RAI; iii) patients with 
multiple large metastases in whom RAI uptake is retained 
in some lesions but not in others. In such patients, progres‑
sion is likely to occur in metastases without RAI uptake, in 
particular when 18F‑fluorodeoxyglucoseuptake is present 
in these lesions and RAI treatment will not be beneficial in 
such patients; iv) patients whose disease continues to progress 
despite substantial uptake of RAI. If progression occurs after 
a course of adequate radio‑iodine treatment, subsequent iodine 
treatment will be ineffective.

The presence of the aforementioned criteria in a patient 
does not necessarily mean that the tumor will be unresponsive 
to iodine treatment, but rather that it predicts the likelihood 
that the tumor will be unresponsive to iodine treatment. The 
clinical situation should also be considered before labelling as 
a radio‑iodine refractory disease.

Update on the systemic management of radioactive iodine 
refractory differentiated thyroid cancer (Review)

GEETHU BABU  and  CESSAL THOMMACHAN KAINICKAL

Department of Radiation Oncology, Regional Cancer Center, Medical College Campus, Trivandrum, 695011 Kerala, India

Received June 9, 2020;  Accepted September 25, 2020

DOI: 10.3892/mco.2020.2197

Correspondence to: Dr Cessal Thommachan Kainickal, 
Department of Radiation Oncology, Level 2, Regional Cancer 
Center, Medical College Campus, Trivandrum, 695011 Kerala, India
E‑mail: drcessalthomas@gmail.com

Key words: tyrosine kinase inhibitors, thyroid cancer, iodine 
refractory



BABU  and  KAINICKAL:  SYSTEMIC MANAGEMENT OF RADIOACTIVE IODINE REFRACTORY DTC2

Loss of thyroid differentiation is one of the hallmarks for 
radioiodine refractoriness. A hallmark of thyroid dedifferen‑
tiation is impairment of Na/I symporter (NIS) function. NIS 
is a plasma membrane glycoprotein located on the basolateral 
surface of thyroid follicular epithelial cells, and mediates 
active iodide transport into the cells. Iodine enters the cells via 
the NIS and emits β particles that destroy the follicular cell. 
Impaired intracellular retention of NIS, or impaired targeting 
of NIS to the plasma membrane results in NIS loss, producing 
RAI resistance in a subset of DTCs.

2. Evolution of treatment

Improved understanding of oncogenic pathways over the past 
couple of decades has enabled the development of targeted 
therapies with very promising efficacy in numerous types of 
tumor. Targeted therapies for RAI‑refractory DTC act primarily 
through inhibition of cell proliferation, survival and angiogen‑
esis (8). As thyroid cancer becomes more dedifferentiated and 
aggressive, it accumulates increasingly activating mutations 
in the PI3 and MAP kinase pathways. Multi‑targeted tyrosine 
kinase inhibitor (TKI) agents utilized for the treatment of RAI 
refractory DTC have demonstrated response rates ranging 
between 8 and 49%, and progression‑free survival  (PFS) 
ranging between 10.8 and 18.1 months (9).

Sorafenib is a TKI that inhibits several tyrosine‑kinase 
receptors  (TKRs) including RET. It also targets the 
serine/threonine kinases RAF1 and BRAF. Sorafenib is active 
against TKRs including vascular endothelial growth factor 
receptors  (VEGFR)2 and 3, platelet derived growth factor 
receptor (PDGFR)b, c‑KIT and Flt3, which are involved in 
tumor neovascularization and progression. The drug, therefore, 
may inhibit thyroid cancer growth through antiproliferative 
and anti‑angiogenic mechanisms.

Lenvatinib is an oral, multi‑targeted TKI that is active 
against VEGFRs 1 to 3 (VEGFR1‑VEGFR3), fibroblast growth 
factor receptors 1 to 4 (FGFR1‑FGFR4) and PDGFRα, which 
are involved in tumor neovascularization and progression. It 
is also active against v‑kit Hardy‑Zuckerman 4 feline sarcoma 
viral oncogene homolog (KIT) and RET proto‑oncogene (RET) 
signaling pathways, which are implicated in tumor angiogenesis.

Tipifarnib, a selective farnesyl transferase  (FTase) 
inhibitor. Farnesylation of Ras is the rate‑limiting step in the 
post‑translational modification of Ras and is required for its 
oncogenic activity. Tipifarnib induces antiproliferative effects 
against various human tumor cell lines and has demonstrated 
clinical activity in several types of malignancy.

Mutations in the PI3K/mTOR/AKT pathway occur in the 
late stages of thyroid cancer and are associated with aggressive 
disease. Temsirolimus and Everolimus are inhibitors of mTOR 
and have demonstrated activity in thyroid cancer.

Targeted agents, in particular the TKIs, hold promise for the 
treatment of metastatic well‑DTC as driver and passenger muta‑
tions are increasingly understood. Clinical activity of TKI in 
thyroid cancer has been demonstrated in phase 2 trials (Table I).

3. Phase 3 trials with sorafenib and lenvatinib

Sorafenib trial. DECISION (10) was a multi‑center, random‑
ized, double‑blind, placebo‑controlled, phase 3 trial in which 

417 patients from 77 centers in 18 countries were randomized 
into groups that received sorafenib 400 mg (n=207) or placebo 
(n=210) between October 2009 and August 2011. The inclusion 
criteria for this trial were: i) Locally advanced or metastatic 
RAI refractory DTC [papillary, follicular (including Hürthle 
cell)], and poorly differentiated with disease progression within 
the last 14 months according to Response Evaluation Criteria 
in Solid Tumors (RECIST) and at least one lesion measurable 
by CT or MRI scans according to RECIST; ii) adequate bone 
marrow, liver and renal function, and a serum thyroid‑stimu‑
lating hormone concentration <0.5 mIU/l.

The primary endpoint was PFS, assessed every 8 weeks. 
Secondary endpoints were overall survival  (OS), time to 
progression, objective response rate, complete or partial 
response, disease control rate and stable disease, and dura‑
tion of response. Response and progression were assessed 
with repeat CT or MRI scans, performed ≥4  weeks after 
starting treatment. The National Cancer Institute Common 
Terminology Criteria for Adverse Events version 3.0 was used 
to assess safety.

The median time from randomization until last known 
follow‑up was 16.2  months (range 0.03‑33.20  months). 
Significant improvement in median PFS was observed for 
sorafenib compared with placebo [10.8 vs. 5.8 months; hazard 
ratio, 0.59; 95% confidence interval (CI) 0.45‑0.76; P<0.0001], 
with a 41% decrease in the risk of progression or death. An 
exploratory subgroup analysis of PFS showed consistent 
improvement in all prespecified subgroups. The objective 
response rate was 12.2% (24/196) in the sorafenib compared 
with 0.5% (1/201) in the placebo group (P<0.0001). At the time 
of analysis, the median overall survival hadnot been reached, 
potentiallyaffected by the fact that the majority of patients 
from the placebo group hadalready or will move over to the 
sorafenib group.

Lenvatinib trial. The lenvatinib phase 3 trial  (11) was a 
randomized, double‑blind, placebo controlled, multi‑center 
study, between August 5, 2011 and October 4, 2012 in which 
392 eligible patients were randomly assigned in a 2:1 ratio 
to receive oral lenvatinib at a dose of 24  mg once daily 
(261 patients) or placebo in 28‑day cycles (131 patients). The 
inclusion criteria for this trial were: i) Histologically and/or 
cytologically confirmed diagnosis of RAI‑refractory showing 
progression within 12 months; ii) eligible patients had received 
no prior therapy with a TKI or had received one prior treat‑
ment regimen with a TKI.

Patients were stratified according to age, geographic region 
and receipt or non‑receipt of prior TKI treatment. All patients 
in the trial received treatment and were included in the effi‑
cacy and safety analyses. The baseline characteristics of the 
patients were similar in the two groups.

The primary endpoint was PFS, and the secondary 
endpoints were the response rate defined as the best objec‑
tive response (complete or partial) according to RECIST 
version 1.1 and OS. Adverse effects were assessed according to 
the National Cancer Institute Common Terminology Criteria 
for Adverse Events version 4.0.

The median duration of follow‑up was 17.1 months in the 
lenvatinib group, and 17.4 months in the placebo group. At the 
time of data cut‑off (November 15, 2013), 130 patients were 
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still continuing to receive blinded treatment [122 patients 
in the lenvatinib arm (46.7%) and 8  patients assigned to 
placebo (6.1%)]. Of the 114 eligible patients, 109 (95.6%) who 
received placebo and had tumor progression elected to receive 
lenvatinib. Of the patients assigned to lenvatinib, 41 (15.7%) 
subsequently received additional anticancer therapies for 
disease progression.

The median PFS was improved with lenvatinib compared 
with placebo (18.3 vs. 3.6 months; hazard ratio for progres‑
sion or death, 0.21; 99% CI, 0.14‑0.31; P<0.001). PFS benefit 
associated with lenvatinib was observed in all prespecified 
subgroups. The 6‑month PFS rates were 77.5% in the lenva‑
tinib group and 25.4% in the placebo group. The response rate 
was higher in the lenvatinib group (64.8 vs. 5%; P<0.001). The 
median OS was not reached in either group.

4. Toxicity

In the Decision trial on sorafenib, adverse events occurred 
in 204 out of 207 (98.6%) patients receiving sorafenib and 
in 183 of 209  (87.6%) patients receiving placebo. These 
events were primarily grades 1 or 2 and tended to occur 
early in treatment. The most common adverse events in the 
sorafenib group were hand‑foot skin reaction (HFSR), rash 
or desquamation, fatigue, weight loss diarrhea, alopecia 
and hypertension. An increase in serum thyroid‑stimulating 
hormone concentration >0.5  mIU/l was recorded as an 
adverse event in 33.3% (69/207) of patients in the sorafenib 
group, and hypocalcemia in 18.8% (39/207). Dose inter‑
ruptions, reductions or withdrawals due to adverse events 
occurred in 66.2%  (137/207), 64.3% (133/207), and 
18.8% (39/207), respectively, of patients receiving sorafenib, 
and in 25.8%  (54/209), 9.1%  (19/209) and 3.8%  (8/209), 
respectively, of patients receiving placebo. The most common 
reason for sorafenib dose interruptions, reductions and with‑
drawals was HFSR. Serious adverse events occurred in 77 
(37.2%) patients receiving sorafenib and 55 (26.3%) receiving 
placebo. There were 12 deaths in the sorafenib group, and six 
in the placebo group. In the sorafenib group, seven deaths 
were due to underlying disease, two due to unknown causes, 
and one each due to lung infection, chronic obstructive lung 
disease and myocardial infarction.

In the Lenvatinib trial, the incidence of treatment‑ 
associated adverse effects (of all grades) was 97.3% in the 
lenvatinib group, and 59.5% in the placebo group, and the 
incidence of grade 3 or higher adverse effects was 75.9% in 
the lenvatinib group, and 9.9% in the placebo group. Adverse 
effects that developed in the lenvatinib group were hyperten‑
sion, proteinuria, arterial thromboembolic effects, venous 
thromboembolic effects, renal failure, including acute renal 
failure, hepatic failure, gastrointestinal fistula, corrected 
QT prolongation and posterior reversible encephalopathy 
syndrome. Out of the total 118 deaths that occurred, 71 were 
in the lenvatinib group (27.2%) and 47 were in the placebo 
group (35.9%) (P=0.08). The majority of deaths were due to 
disease progression. Of these, 6 deaths (2.3%) were considered 
by the investigator to be treatment‑related, including 1 case 
each of pulmonary embolism, hemorrhagic stroke, and general 
deterioration of physical health; 3 cases were reported as not 
otherwise specified deaths, or sudden deaths.

5. Discussion

The multikinase inhibitors have achieved prolonged responses 
and improved PFS, and they represent a shift in the treatment 
of advanced thyroid cancer. Sorafenib and lenvatinib are being 
assessed for the treatment of advanced RAI‑refractory DTC in 
phase 3 clinical trials, with positive results emerging already 
from the sorafenib and lenvatinib trial. Although the SELECT 
and DECISION trials tested TKIs for the treatment of advanced 
RAI‑refractory DTC, there are slight but marked differences 
between these two trials, and these differences should be taken 
into account when interpreting the data. Differences between 
the two trials were: i) Previous therapy was not allowed in 
the DECISION trial but was permitted in the SELECT trial, 
including one previous treatment with a VEGFR inhibitor; 
ii)  centrally confirmed progressive disease was the inclu‑
sion criteria in the SELECT trial, whereas in the DECISION 
trial, disease progression was assessed by the investigators; 
iii) the disease progression treatment offered differed in the 
two trials; iv) a higher number of patients had crossed over 
between the two treatment groups in the SELECT trial; v) sex 
race, geographic region, ECOG Performance status, time from 
diagnosis, histology and site of metastases differed within and 
between trials. These differences could influence response rates 
and PFS, making it difficult to compare data between the trials.

Inhibition of unique targets, including FGFRs, is a distin‑
guishing feature of lenvatinib (12). FGF/FGFR is one of the 
important molecular drivers of tumor growth in the patho‑
genesis of thyroid cancer. Elevated expression levels of FGF2, 
FGFR1, FGFR3 and FGFR4 have been detected in human 
thyroid carcinoma compared with normal thyroid tissue (13). 
The FGF/FGFR pathway is part of an escape mechanism to 
VEGF‑targeted anti‑angiogenic therapies (14). Elevation of 
FGF23 levels has been demonstratedto be a surrogate marker 
of FGFR1 inhibition (15).

Pharmacodynamic biomarkers for the inhibition of 
VEGF and FGF signaling pathways are changes in baseline 
levels of VEGF and FGF23 (15). In the lenvatinib arm of the 
select trial, along with VEGF levels, FGF23 levels increased 
consistently, which is suggestive of lenvatinib‑mediated 
VEGFR and FGFR target engagement and signaling inhibi‑
tion. To the best of our knowledge, this is the first report of 
a TKI‑mediated increase in FGF23 levels in a phase 3 study. 
There was an observed PFS improvement in patients, with 
greater increases in FGF23 levels while receiving lenvatinib, 
which is suggestive of the essential role of FGFR inhibition 
in patients with radio‑iodine refractory DTC (16). Lenvatinib 
has a direct oncogenic effect on controlling tumor cell prolif‑
eration by inhibiting RET, c‑KIT and PDGFR β, and also 
affects the tumor microenvironment by blocking FGFR and 
PDGFR β (17).

6. Future directions: Ongoing clinical trials

The multikinase inhibitors have achieved prolonged responses 
and improved PFS. In the near future, a number of treatment 
options for this group of patients will be available, but with little 
evidence regarding which drug to be used first and whether 
or not there is crossover of drug resistance. Furthermore, in 
this group of patients, chance of cure is less likely and TKIs 



MOLECULAR AND CLINICAL ONCOLOGY  14:  35,  2021 5

still have not demonstrated a survival benefit, and the adverse 
effects of long‑lasting treatment with TKIs could worsen 
quality of life. It should be possible to precisely select which 
patients should be treated with novel targeted therapies by 
taking these factors into account. Access and adherence to 
close monitoring with continued assessment of adverse effects 
and quality of life should be considered in the decision to start 
therapy. Table II presents ongoing clinical trials.

Specific molecular profiles (18) are more likely to result 
in RAI‑refractory disease (19). The majority of patients have 
asymptomatic, slowly progressive disease, even in the presence 
of distant metastases. Patients with RAI‑refractory disease 
exhibiting symptoms confined to a single site benefit from 
local treatments such as surgery, external beam radiotherapy, 
or thermal ablation, depending on the site of the lesion and 
local expertise. When disease progression occurs at multiple 
sites in patients with target lesions >1‑2 cm in diameter, treat‑
ment with TKIs should be considered (20); however, TKIs have 
side effects (21). Greater experience in their use and improved 
knowledge of the risk factors for these adverse effects (22) are 
likely to improve their tolerance.

For BRAF‑ or ALK‑mutant tumors, specific inhibitors 
may be used (7). Drugs capable of restoring RAI uptake have 
attracted great interest. Selumetinib (23) (a selective MEK 
inhibitor) and dabrafenib (24) (a selective BRAF inhibitor 
used in BRAF‑mutated tumors) have been shown to increase 
RAI uptake by RAI‑refractory tumor tissues. Immunotherapy 
also appears to be a promising approach to thyroid cancer, 
alone or in combination with other drugs. These agents have 
yet to be approved.

Vandetanib was tested in a phase 2 trial that was performed 
in 145 patients with advanced DTC. This trial demonstrated 
longer PFS for vandetanib (median PFS, 11.1 months) than 
those in the placebo group (5.9 months) (hazard ratio, 0.63) (25).

Currently, a double‑blind, placebo‑controlled phase  3 
study (VERIFY, NCT01876784) is evaluating the efficacy of 
vandetanib in advanced, radio iodine‑refractory DTC. The 
most common adverse events for vandetanib in all trials were 
clinically insignificant QT interval prolongation, diarrhea, 
rash, nausea, hypertension, asthenia and fatigue. In patients 
with progressive metastatic disease, enrolment in clinical trials 
should be considered and encouraged in order to improve both 
clinical case outcomes and medical knowledge in the field (26).

7. Conclusion

For patients with RAI‑refractory DTC, a disease for which 
there were previously few treatment options available, the 
advent of targeted systemic therapies represents a major 
advance. However, the best way to use these targeted treatments 
in DTC, particularly in determining who to treat and when to 
start treatment with TKIs, is still under investigation. TKIs are 
usually administered for longer duration, and adverse effects 
associated with TKI have a great impact on quality of life and 
this should be taken into consideration by the clinician prior to 
treatment initiation. It will be essential to maintain an aware‑
ness of the differences in responses and adverse effect profiles 
of each agent as more new systemic agents become available. 
As a result, management of each patient may differ from one 
to another, at least to a certain extent, for each targeted agent.
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