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Background

Radioactive iodine (RAI) is a cornerstone for metastatic thy-
roid cancer treatment since the 40 s and the first real example
of a theragnostic approach in Nuclear Medicine. The most
important paradigm of the theragnostic approach is related
to the possibility to identify by in vivo imaging the expres-
sion of a therapeutic target(s) as well as prognostic factors
influencing patients’ outcomes. In thyroid cancer, the target
is the sodium—iodine symporter (NIS), whose expression
on cell surface and functionality varies in different cancers.
For the in vivo evaluation of NIS expression and subsequent
NIS-targeted therapy several iodine isotopes can help us in
obtaining diagnostic and dosimetric information (1231; 1241.
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1317) and treating thyroid cancer patients ('>'I) [1]. A further
step of the theragnostic approach is the possibility to phar-
macologically manipulate target(s) expression to improve
radionuclide therapy efficacy. In this field, thyroid cancer is
again the first example of the feasibility of target(s) manipu-
lation before 'T therapy to reinduce tumor differentiation.
This paper has the principal aim to give a spotlight on prin-
ciples and the available results of clinical trials focused on
redifferentiation strategies in thyroid cancer, to share with
the scientific community the need to implement research in
this field as possible very promising direction for radionu-
clide therapy and to underline still open questions/perspec-
tives for the future.

Principles

The clinical need for reinducing thyroid cancer differentia-
tion arises from the fact that one-third of patients with meta-
static thyroid cancer become refractory to radioactive iodine
(RAI-R). The treatment of these patients is challenging as
the second-line therapy is based on tyrosine kinase inhibi-
tor administration, frequently reserved for patients with
progressive RAI-R disease and a high tumor burden with
several adverse events. In the era of personalized medicine,
the possibility to manipulate and reinduce the expression of
molecular targets for radionuclide therapy is fascinating and
this approach could be applied early in the disease course
to avoid toxicity and improve efficacy. Several compounds
in the past (i.e. retinoic acid, PPAR-y inhibitors) have been
investigated for redifferentiation approach in patients with
metastatic RAI-R thyroid cancer but none demonstrated a
clinically significant effect. More recently, in vitro studies
have demonstrated that the activation of a specific intracel-
lular pathway (i.e. Mitogen-Activated Protein Kinase or
MAPK) involved in tumor proliferation and neoangiogenesis
reduces the expression and activity of NIS with subsequent
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reduction of iodine avidity in thyroid cancer lesions. The
activation of the MAPK pathway through MEK and ERK
activation has been found in mutated tumors harboring
BRAF, NRAS, or RET/PTC mutations. BRAF mutation is
present in almost 50% of papillary thyroid cancers and may
inhibit genes related to iodine metabolism, decrease NIS
expression, and increase the risk of RAI-R disease. Fur-
thermore, RET/PTC (papillary thyroid cancer) and RAS
(follicular thyroid cancer) mutations are also related to the
MAPK kinase pathway. According to pre-clinical data in
mice, blockage of hyper-activated pathways could lead to a
re-expression of NIS on the cell membrane [2, 3].

Clinical trials

A summary of the available clinical studies is presented in
Table 1.

The first in-human trial published in 2013, designed at
Memorial Sloan Kettering Cancer Center (MSKCC, New

Table 1 Summary of published clinical trials

York, USA) on the basis of promising pre-clinical study
in BRAF mutated mouse models, showed the potential of
target therapy to reinduce a significant '3'T uptake through
the inhibition of MAPK cascade in patients treated by selu-
metinib (MEK inhibitor) before '*'I treatment [4]. Patients
with refractory thyroid cancer without '3'T uptake, patients
with persistent or progressive disease despite previous '>'I
treatment, or patients with at least one I8R_FDG avid lesions
were included. All patients underwent '>*I PET/CT after
rhTSH administration and were subsequently treated for
4 weeks with target therapy. A further '2*I PET/CT after
rhTSH administration was then performed to evaluate the
iodine uptake restoration and to perform lesion-based dosim-
etry. When calculated activities required to achieve a pre-
sumed absorbed dose >2000 cGy in the metastatic lesions
were < 11.1 GBq, patients were treated with a personalized
BI activity after recombinant human rhTSH administration.
Radioactive iodine uptake was restored in 12/20 included
patients and finally, 8/12 patients were treated with 5 par-
tial responses and 3 stable diseases at 6 months follow up.

Study type N of Mutation Pathway Drug Duration of Methods N of patients Response
patients Mechanism TKI before with rein- according to
RAI duced I131 RECIST 1.1
uptake and
treated with
RAI
Ho et al. Clinical trial 20 BRAF, MEK Selumetinib 4 weeks 241 PET/CT 8/20 5 PR and 3
2013 NRAS, SD
NEIM RET/PTC,
WT
Rothenberg ~ Clinical trial 10 BRAF BRAF Dabrafenib 25 days BI diagnos- 6/10 2 PR and 4
et al. 2015 V600-E tic WBS SD
Clinical
Cancer
Research
Dunnetal. Clinical trial 10 BRAF BRAF Vemurafenib 4 weeks 24 PET/CT 4/10 2 PR and 2
2019 V600-E SD
JCEM
Jaberetal.  Retrospec- 13 BRAF, BRAF or Dabrafenib ~ Median BI diagnos- 9/13 3PRand 6
2018 tive NRAS/ MEK or 14.3 months  tic WBS SD
JCEM KRAS, Vemurafenib  (1-76.4)
WT or
Dabrafenib
and
trametinib
or
Trametinib
or
Investiga-
tional drug
Leboulleux  Case report 1 BRAF BRAFand  Dabrafenib- 2 months 1311 diagnos- 1/1 1SD
etal. 2019 K601E MEK trametinib tic WBS  Not treated ~ With drugs
Thyroid with BT combina-
tion alone

TKI Tyrosine kinase inhibitor, RAI Radioactive lodine, PR Partial Response, SD Stable Disease, WBS Whole body scan
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Nevertheless, RAI uptake reinduction was observed in only
4/9 patients harboring BRAF mutation and only 1 patient
among them was treated with '3'T and achieved an objective
response. On the other hand, 5/5 patients with NRAS muta-
tion showed reinduction of RATI uptake and all were treated
with 13!T with an objective response. The remaining 2 treated
patients had a wild type and RET/PTC mutated thyroid car-
cinoma, respectively. The relationship between the reinduc-
tion of 31 uptake and the mutational status (BRAF, RAS,
RET/PTC, TERT) of thyroid cancer is challenging and needs
further investigation. In the MSKCC trial, the low efficacy of
redifferentiation strategy by selumetinib in BRAF mutated
tumors was mainly related to a sub-optimal inhibition of
the MAPK pathway. Consequently, specific BRAF inhibitors
(i.e. dabrafenib, vemurafenib, or trametinib) may induce a
sustained MAPK pathway inhibition and have been tested,
as single agents or in combination, in re-differentiation clini-
cal trials in BRAF mutated tumors. The available studies
showed reinduction of '3'I uptake in around 50% of patients
and achievement of objective response or disease stabiliza-
tion after '*'I treatment especially in cases in which pre-
therapeutic dosimetric evaluation has been applied and dem-
onstrated a sufficient absorbed dose within target lesions.
The study from Rothenberg et al. tested 4 weeks of treat-
ment with dabrafenib in 10 patients harboring BRAFV600
mutation and with an absence of '*'I uptake at whole-body
scan within 14 months before the inclusion in the trial [5].
Six of the 10 patients showed new '3!I uptake foci and were
treated consequently with radioactive iodine associated to a
prolongation of 2 weeks of dabrafenib treatment, achieving
2 partial responses and 4 stable diseases at 3 months radio-
logical restaging evaluation. In this study, the reappearance
of *-T avidity was evaluated by a pre-therapeutic diagnostic
1311 whole-body scan (WBS) after thTSH stimulation and
patients with new iodine uptake, not necessarily present in
all the known lesions, were treated with a fixed activity of
5.5 GBq of radioactive iodine without dosimetry evaluation.
Dunn et al. study from MSKCC applied the same inclusion
criteria of the selumetinib trial and tested 4 weeks of treat-
ment with vemurafenib, an ATP-competitive BRAF inhibi-
tor, in 10 patients harboring BRAFV600 mutation [6]. Six
patients presented uptake reinduction at '**I PET/CT, but
only four met the lesional dosimetry threshold according to
the same protocol applied in the first MSKCC trial and were
treated with '*'1. All four patients did not present disease
progression at 6 months follow up, two of them achieving a
partial response and two stable diseases, respectively. Inter-
estingly the available data from molecular studies obtained
by tumor biopsy in 3 patients showed a “reprogrammation”
of the genomic signature after a short-time target therapy
with an increase of the so called “Thyroid Differentiation
score” according to the Cancer Genome Atlas TCGA clas-
sification, a decrease in the mitotic index and increase in the

NIS mRNA. These data confirm a realistic effect of the drug
on the molecular profile and the reinduction of the expres-
sion of genes involved in iodine uptake especially in a more
differentiated tumor at baseline. Jaber et al. study retro-
spectively evaluated 13 patients with RAI-R thyroid cancer
treated with single agent or MEK/BRAF inhibitors combina-
tion that underwent a '*'I diagnostic whole-body scan dur-
ing the treatment period [7]. Nine patients harbored BRAF
V600E and 3 NRAS mutations, respectively. The remaining
case was a Wild Type (WT) thyroid cancer. The median
duration of target therapy before the diagnostic WBS was
14.3 months (range 0.9-76.4). Among the included patients,
8 showed a restoration of '*'I uptake and were treated with
a median activity of 7.4 GBq of radioactive iodine. A fur-
ther patient was empirically treated despite the absence of
clear evidence of '3'I avidity restoration. In only 3 patients
a dosimetric pre-therapeutic evaluation has been performed,
while in the remaining cases an empiric activity of '3'T was
administrated. Before '3'I treatment 8 patients had stable dis-
ease and 1 patient progressive disease. After '*'I treatment
and a median follow up of 14.3 months, 3 patients achieved
a partial response while 6 patients presented a stable control
of disease according to radiological evaluation, including the
patient empirically treated.

Other clinical trials are ongoing (EudraCT No 2015-002,
269-47, NCT03244956 NCT04554680, NCT04619316) and
preliminary data seem to support better results in terms of
objective response using the combination of different drugs
targeting MEK and BRAF to induce a more robust MAPK
pathway inhibition [8].

Perspectives and conclusions

Despite very promising perspectives, there are still several
open questions to define the best approach.

In particular, there is still few evidence about the best
candidate for this approach, the most appropriate therapy
sequence and drug combination, the role of a direct effect of
short-term target therapy alone on tumor response, molecu-
lar pre-treatment schedule, 1317 activity to be administered,
and the most reliable tools to evaluate response accurately.
First, the subset of patients that could benefit from this
approach achieving tumor regression or progression free sur-
vival improvement is under debate. Patients included in the
first pilot studies are heterogeneous accounting for patients
with RAI-R tumors without '*'T uptake and/or with progres-
sive disease despite previous '*'I therapy and/or '®F-FDG
PET positive lesions. Nevertheless, patients with RAI-R but
with slowly progressive disease, without extensive tumor
burden, and with a partially preserved pattern of differen-
tiation are likely the best candidates to receive available re-
differentiation therapies. This may avoid, on one side, long
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lasting TKI treatment with the risk of adverse events and,
on the other side, enhance tumor control in an early phase
of the disease. Across the studies, these drugs have been in
most cases administrated for a short period ranging from
3-4 weeks before 13'I treatment with a low incidence of
toxicity, making this approach safe and well-tolerated. Fur-
thermore, some cases of direct anti-tumoral action of the
drug itself before *'I treatment have been reported, suggest-
ing a double effect on disease response. In Dunn et al. study
for example vemurafenib alone resulted in tumor regression
within 6 weeks after completing vemurafenib and before '*'I
treatment in 7 patients, including the 4 patients that showed
reinduction of iodine uptake and 3 more patients among the
cases not treated with radioactive iodine [6]. Second, the
direct effect of these drugs on iodine uptake restoration can
be accurately evaluated before treatment by '2I PET/CT,
or as an alternative by '°I or '*'T whole-body imaging. '**I
PET-CT has the advantage over traditional *'T diagnostic
whole-body scan to quantify the iodine uptake through semi-
quantitative analysis even if there is not a standardized meth-
odology or cut off proposed, while applying more traditional
technique may lead to underestimation of iodine uptake res-
toration. Nevertheless, the reinduction of iodine uptake is
not sufficient per se’ to define a patient as “newly” respon-
sive to '*'I therapy and dosimetry-based approach is crucial
to evaluate if the delivered absorbed dose to the lesions is
sufficient to induce a therapeutic effect and to determine
the most appropriate '3'T activity. '>*I PET/CT could be the
technique of choice also for this purpose but unfortunately, it
is not widely available and at this moment it is employed for
clinical trials only.'*'I based dosimetry could be feasible but
the risk of stunning is still present even if low tracer activity
is administered.

Third, the best modality to evaluate the response after
31T treatment and the duration of response during a time
without further systemic treatments should be investigated.
In clinical trials, RECIST 1.1 criteria are the most widely
used criteria to evaluate morphological response at 3 or
6 months but it is not always correlated with a decrease of
thyroglobulin levels. On one side thyroglobulin cannot be
the best marker to evaluate the response in case of poorly
differentiated histological subtype and, interestingly, on the
other side some cases of increase of tumoral marker levels
in presence of morphological response have been described
and probably related to the redifferentiation process with
re-expression of tumoral markers compared to baseline lev-
els. Some cases of long lasting and durable response after
the last '*'I treatment have been reported but longer fol-
low up is needed to confirm this data as well as data on the
impact of this approach on progression free survival and
overall survival are lacking. Finally, several other targets
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and pathways for the re-differentiation approach are under
investigation in pre-clinical studies such as AKT, PI3K, and
the NOTCH signaling pathways and seem to be promising
for future applications [9].

In conclusion, even if further studies and comparative
trials are needed to confirm the clinical usefulness of com-
bining molecular redifferentiating drugs and *'T in patients
with RAI-R thyroid cancers, this approach represents a step
forward in the theragnostic paradigm and a promising option
for thyroid cancer patients.
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