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Abs trac t
Notwithstanding regulatory approval of lenvatinib and
sorafenib to treat radioiodine-refractory differentiated thyroid
carcinoma (RAI-R DTC), important questions and controversies
persist regarding this use of these tyrosine kinase inhibitors
(TKIs). RAI-R DTC experts from German tertiary referral centers
convened to identify and explore such issues; this paper summarizes their discussions. One challenge is determining when
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to start TKI therapy. Decision-making should be shared between patients and multidisciplinary caregivers, and should
consider tumor size/burden, growth rate, and site(s), the key
drivers of RAI-R DTC morbidity and mortality, along with current and projected tumor-related symptomatology, co-morbidities, and performance status. Another question involves
choice of first-line TKIs. Currently, lenvatinib is generally preferred, due to greater increase in progression-free survival
versus placebo treatment and higher response rate in its pivotal trial versus that of sorafenib; additionally, in those studies,
lenvatinib but not sorafenib showed overall survival benefit in
subgroup analysis. Whether recommended maximum or lower TKI starting doses better balance anti-tumor effects versus

Introduction
Although its definition remains somewhat controversial [1, 2], radioiodine-refractory differentiated thyroid carcinoma (RAI-R DTC)
may be described as DTC that either has lost, or never had, ability
to take up radioiodine in some or all lesions, or that fails to show an
adequate response to radioiodine therapy [3]; the key molecular
mechanism is decrease or loss in expression of the sodium iodide
symporter, which is responsible for 131I uptake [4].
Absence of radioiodine uptake generally is discerned, and clinically relevant, only when RAI-R DTC is non-resectable, hence individuals with this condition will typically display distant metastases
at diagnosis. Because to date, radioiodine remains the most effective, and only potentially curative, systemic therapy for DTC, RAI-R
DTC has had a poor prognosis: with historic conventional treatment
strategies, 10-year survival can be as low as 10 % [4].
Tyrosine kinase inhibitors (TKIs) are a relatively new class of
small-molecule drugs that have demonstrated considerable anti-tumor efficacy against RAI-R DTC [4–6]: in prospective, randomized, placebo-controlled phase 3 clinical trials, single-agent
therapy with the TKIs sorafenib (Nexavar, Bayer, Berlin, Germany)
or lenvatinib (Lenvima, Eisai, Tokyo, Japan) significantly increased
progression-free survival (PFS) in patients with such disease [7, 8].
Additionally, lenvatinib significantly improved overall survival in
the subgroup of patients > 65 years old [9]. These observations led
regulatory authorities in the European Union, the United States,
and elsewhere to approve these drugs as treatments for RAI-R DTC
[10, 11].
Notwithstanding these developments, challenges persist regarding the use of TKIs in RAI-R DTC. These include limited ability
to develop strongly evidence-based standardized paradigms for
using these agents. This limited ability stems from the rarity of
RAI-R DTC, which comprises only an approximately 5 % “subfraction” of DTC cases, and from the considerable heterogeneity in clinical presentation and course among this small patient population
[4]. Other challenges in TKI therapy include the frequent, and
sometimes substantial toxicity of these agents [12–14].
To help address these challenges, several panels of RAI-R DTC
experts from German tertiary referral centers recently convened
to identify and explore key questions and controversies regarding
TKI use in this setting. This paper summarizes the panels’ perspec-
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tolerability is also unresolved. Exploratory analyses of lenvatinib pivotal study data suggest dose-response effects, possibly
favoring higher dosing; however, results are awaited of a prospective comparison of lenvatinib starting regimens. Some
controversy surrounds determination of net therapeutic benefit, the key criterion for continuing TKI therapy: if tolerability
is acceptable, overall disease control may justify further treatment despite limited but manageable progression. Future research should assess potential guideposts for starting TKIs;
fine-tune dosing strategies and further characterize antitumor
efficacy; and evaluate interventions to prevent and/or treat TKI
toxicity, particularly palmar-plantar erythrodysesthesia and
fatigue.

tives on these issues and, where applicable, reviews supporting
data for these viewpoints. These data include published evidence
as well as the panelists’ “real-world” clinical experience. Unless
noted otherwise, suggestions and commentary made herein represent panelist opinion.

Criteria for starting TKI therapy in patients with
RAI-R DTC
As alluded to earlier, the natural history of RAI-R DTC may range
from an indolent, asymptomatic course over months or even years,
to rapid progression with major morbidity, for example, one or
more of pathological fracture, spinal cord compression, dyspnea
on exertion, or cachexia [15]. These symptoms often result in substantial quality-of-life impairment, and are sometimes life-threatening.
Due to the variable clinical course of RAI-R DTC and the toxicity,
side effects, and relatively high acquisition costs of TKIs, it can be
difficult to determine when to start these drugs. The most important concept in this process is shared decision-making between the
patient and the multidisciplinary team that should take sustained
responsibility for the management of his or her care. This team
should comprise knowledgeable specialists in this rare and complex condition [3, 16].
A variety of criteria have been proposed for when to consider
starting TKIs (▶ Table 1). Tumor size/burden, growth rate, and
site(s), the key drivers of RAI-R DTC morbidity and mortality [15],
are the principal clinical factors to take into account, along with the
patient’s current and projected tumor-related symptomatology,
co-morbidities, and performance status [3]. There is broad agreement that symptomatic disease or potentially imminently symptomatic disease, for example, progressing lesions near critical anatomic structures including the esophagus, the trachea, or the
blood vessels of the neck, are an indication for TKIs [3, 15, 17, 18].
Indeed, some panelists argued that appearance of symptoms, for
example, pain or respiratory distress, may reflect too long a delay
in starting such therapy. Brain metastasis also may be an indication
for this intervention, although TKI efficacy against such lesions has
not yet been established [17].
Tuttle et al. [15] have suggested integrating tumor size/burden,
growth rate, and site(s) to identify each patient’s individual “inflec-
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▶Table 1 Potential criteria to consider starting TKI therapy of radioiodine-refractory DTC.
Source

Criterion/criteria to consider starting TKI therapy

Lenvatinib SELECT [8] or sorafenib
DECISION [7] pivotal trials

▪  ≥ 20 % increase in sum of longest diameters of target lesions defined by RECIST [19] within prior 12 ± 1
months (SELECT) or 14 months (DECISION) OR
▪ Cumulative activity > 22 GBq (600 mCi) 131I + radiologic evidence of progression within 13 months (SELECT)

Tuttle et al “inflection point” [15]

▪ Tumor diameter doubling time < 1 year + ~1.0 cm metastatic focus OR
▪ Tumor diameter doubling time 1–2 years + ~1.0–1.5 cm metastatic focus OR
▪ Tumor diameter doubling time 2–4 years + 1.5–2.0 cm metastatic focus OR
▪ Symptomatic disease OR
▪ Risk of imminently symptomatic disease due to lesion location near critical anatomic structures or due to
large tumor burden comprising high number of small lesions

ATA 2015 clinical practice guideline
for management of adult thyroid
nodules and DTC [3]

▪ Rapidly progressive, symptomatic and/or imminently (i.e., in < 6 months) threatening diseasea

NCCN clinical practice guidelines:
thyroid carcinoma [17]

▪ Progressive and/or symptomatic disease
▪ Central nervous system metastases

ATA: American Thyroid Association; NCCN: National Comprehensive Cancer Network; RECIST: Response Evaluation Criteria in Solid Tumors;
TKI: Tyrosine kinase inhibitor. a The ATA guidelines list these as factors “discouraging” rather than “contra-indicating” TKI therapy.

tion point” regarding the course and management of RAI-R DTC.
The inflection point is defined as the earliest time when RAI-R DTC
“structural disease progression” becomes “clinically significant”
and when TKI therapy should be contemplated in asymptomatic
patients. Arguing that tumor size follows an exponential growth
curve with notable consistency over the course of RAI-R DTC, Tuttle et al. focus on the structural disease progression rate in the form
of tumor diameter doubling time. This variable is calculated based
on serial cross-sectional imaging and Response Evaluation Criteria
in Solid Tumors (RECIST) [19]. The authors opine that a patient’s
overall clinical course likely will be more accurately prognosticated
if in the serial images, the summed diameters of (the same) multiple metastases are compared. The authors suggest two online resources that may assist in the calculation:
▪▪  www.thyroid.org/professionals/calcu;ators/thyroidwith-nodules
▪▪  www.kuma-h.or.jp/english/about/doubling-time-progressioncalculator/(both last accessed 28 October 2020).
Most panelists agreed that tumor diameter doubling time may be
a more reliable prognostic factor than is thyroglobulin doubling
time. Although thyroglobulin is undoubtedly useful, interpretation
of serial determinations of this analyte in patients with RAI-R DTC
may be confounded by the divergence between thyroglobulin synthesis and cell growth/proliferation. Another potential confounding factor is decrease or loss of thyroglobulin expression because
of tumor de-differentiation that may occur in this late-stage disease setting [20]. Hence in RAI-R DTC, it is important to consider
tumor growth via serial cross-sectional imaging, in addition to, or
even instead of, through a biochemical biomarker.
The metabolic activity of the tumor may provide another potentially useful and direct input regarding disease progression in
RAI-R DTC. This variable may be gauged via comparison of tumoral standardized uptake value(s), i.e., of semi-quantitative measure-

ments of the intensity of radiotracer uptake, on serial fluorodeoxygluxose PET [21]. Some panelists felt that such comparison might
be especially helpful when serum thyroglobulin measures ≥ 2–3 μg/l.
The panel opined that the “inflection point” concept could be
useful. However, when applied clinically, the concept needs to be
supplemented with additional considerations. For example, the patient’s views regarding treatment need to be taken into account,
for example, whether he or she prefers a “minimalist” or ”maximalist” approach to systemic therapy, or something in between. The
patient’s underlying condition, for example, comorbidities, should
factor into the decision-making: indeed, the 2015 American Thyroid Association guidelines for the treatment of adult DTC [3] list
as factors “discouraging” TKI therapy a number of conditions that
potentially could decrease tolerability, or increase risk or severity
of side effects of TKIs (▶ Table 2). Besides comorbidities, Eastern
Cooperative Oncology Group (ECOG) performance status [22] is
another variable reflecting the patient’s general condition that provides useful data for decision-making on whether and when to start
TKI therapy of RAI-R DTC. However, the panelists discussed that
ECOG performance status has the disadvantage of being a subjective and somewhat “fuzzy” variable. Moreover, the fact that ECOG
performance status may be assessed either by the treating physician, a nurse, or the patient himself or herself might pose inter-test
and intra-test reliability and reproducibility issues. It may well be
worth investigating whether more objective measures, for example, blood pressure after 100 steps, or the patient-reported European Organization for Research and Treatment of Cancer QLQ-C30
quality-of-life instrument (https://www.eortc.org/app/uploads/
sites/2/2018/02/SCmanual.pdf, last accessed 28 October 2020)
would have more predictive and prognostic value than does ECOG
performance status.
Regarding using the patient’s overall health status to guide decision-making on when to start TKI therapy, it is notable that in contrast to the Phase 3 studies, some analyses [23–26] of “real-world”
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▶Table 2 Suggested contra-indications to TKI therapy of RAI-R DTC.
Source

Suggested contra-indication(s)

Lenvatinib and sorafenib
European product labeling
[10–11]

▪ Hypersensitivity to active drug or excipients
▪ Breast-feeding (lenvatinib)

Lenvatinib SELECT [8] pivotal trial
exclusion criteriaa

▪ Proteinuria ≥ 1 g/24 h
▪ Significant cardiovascular or gastrointestinal dysfunction

Sorafenib DECISION [7] exclusion
criteriaa[67]

▪ Major surgery, open biopsy, significant traumatic injury within ≤ 30 days
▪ Non-healing wound, ulcer, bone fracture or grade ≥ 2 infection
▪ Grade 3 hemorrhage or bleeding event within ≤ 3 months or evidence or history of bleeding diathesis or
coagulopathy or tracheal, bronchial, or esophageal infiltration with significant risk of bleeding
▪ Clinically significant cardiac disease and/or uncontrolled hypertension ( > 150/90 mmHg) despite optimal therapy

Tuttle et al “inflection point” [15]

▪ Asymptomatic metastases in non-critical locations with tumor diameter doubling time > 4 years (criterion to
consider active surveillance)

ATA 2015 clinical practice
guideline for management of
adult thyroid nodules and DTC
[3]b

▪ Active/recent intestinal disease
▪ Liver disease
▪ Recent bleeding or coagulopathy
▪ Cachexia, low weight, or poor nutrition
▪ Poorly-controlled hypertension
▪ Prolonged QTc interval/history of significant arrhythmia
▪ Recent suicidal ideation
▪ Due to other comorbidities, life expectancy “too brief to justify systemic therapy”
▪ Recent tracheal radiation therapy
▪ Untreated brain metastases (controversial)

NCCN clinical practice guidelines:
thyroid carcinoma [17]

▪ A
 symptomatic stable or slowly progressing indolent disease assuming no brain metastasis (situation in which
active surveillance is “often appropriate”)

ATA: American Thyroid Association; NCCN: National Comprehensive Cancer Network; TKI: Tyrosine kinase inhibitor. aThese do not represent all study
exclusion criteria; exclusion criteria that appear to be intended to avoid bias in efficacy evaluation are not listed here. bThe ATA guidelines list these as
factors “discouraging” rather than “contra-indicating” TKI therapy.

experience with TKIs in patients in a “discouraging” state of health,
have found decreased, albeit still substantial, efficacy against RAI-R
DTC. The patients included in these “real-world” analyses tended
to have more advanced disease and heavier pre-treatment compared to the Phase 3 study samples. Indeed, a small (n = 13) single-center study of lenvatinib [27], in which all patients were ECOG
0–1 and TKI-naïve, registered the longest median progression-free
survival, 22 [95 % confidence interval (CI) 14–35] months of any
“real-world” experience yet published. Some investigators, as well
as some panelists, have argued that these observations support
the concept that TKI therapy should be started when patients still
have limited tumor burden and good general condition [23].
Younger patient age also arguably may mandate a quicker “trigger” to start TKI therapy of RAI-R DTC. The rationale for this view is
that manifestation of such disease earlier in life may reflect more
aggressive tumor that should be addressed sooner.

Active surveillance protocols for patients not yet on
TKIs
Optimal timing of follow-up testing in patients with RAI-R DTC who
are under active surveillance before starting a TKI remains an open
issue. Until data are available comparing outcomes of patients on
different active surveillance protocols, a prudent approach may be
to let monitoring intervals be dictated by the patient’s clinical pic-
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ture, site(s) of metastases, and tumor diameter and thyroglobulin
velocities. For example, since patients suffering from metastatic
spread confined to the lungs often show few if any symptoms and
comparatively slow progression, lung-only metastases may allow
longer intervals between monitoring visits than do loco-regional
(i.e., cervical) recurrence or bone metastasis. If thyroglobulin
is > 1 µg/l but relatively stable, active surveillance testing might
take place either every 3–6 months or every 6–9 months, absent
clinical or radiological factors indicating shorter intervals.

Choice of TKIs
In most countries, the choice of TKIs for RAI-R DTC until recently
has been between the only two agents that had been approved to
treat this disease, lenvatinib and sorafenib. These multi-kinase inhibitors remain the main options to treat RAI-R DTC, except in the
case of specific mutations (see below). Lenvatinib and sorafenib
have overlapping as well as distinct molecular targets [4]. Both selectively inhibit vascular endothelial growth factor receptors 1–3,
platelet-derived growth factor receptor α, and RET proto-oncogene, albeit via distinct modes of binding [28]; lenvatinib also selectively inhibits fibroblast growth factor receptors 1–4 and KIT proto-oncogene receptor tyrosine kinase, while sorafenib also selectively inhibits platelet-derived growth factor receptor β and RAF.
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However, in everyday practice, the choice between lenvatinib
and sorafenib is made based on clinical rather than molecular factors. Importantly, no trial directly comparing the pair yet has been
published, so clinicians must rely on other evidence, expert opinion, and patient preference in making this choice.
In the panelists’ opinion and in most cases in current everyday
practice, lenvatinib is considered the first-line agent, and it is designated as “preferred” in the August 2020 United States National
Comprehensive Cancer Network (NCCN) thyroid carcinoma treatment guidelines [17].
There are four main rationales for the preference for lenvatinib.
First, compared with placebo in their respective Phase III trials in
RAI-R DTC, SELECT [8], and DECISION [7], lenvatinib was associated with greater absolute and relative increases in median PFS than
was sorafenib [7, 8]; PFS was the primary endpoint of both studies.
For lenvatinib, the median PFS associated with active treatment
was 18.3 months, versus 3.6 months for placebo, an absolute difference of 14.7 months and a relative difference of just over 400 %
[8]. For sorafenib, the corresponding values were 10.8 months versus 5.8 months, an absolute difference of 5.0 months and a relative
difference of 86 % [7]. Interestingly, the impressive improvement
in PFS with lenvatinib was achieved even though the lenvatinib
study sample had an appreciable percentage of patients with TKI
pretreatment (25 %, 66/261, in the lenvatinib arm and 21 %, 27/131,
in the placebo arm). Also of note, a recent systematic review and
network meta-analysis of randomized controlled trials of the two
TKIs in advanced and/or metastatic DTC [29] suggested greater efficacy for lenvatinib.
Second, the literature contains some evidence [9] of an active
treatment-associated gain in overall survival in SELECT [8], but not
in DECISION [7]. Namely, in a pre-specified subgroup analysis, patients > 65 years old who received lenvatinib (n = 106) had a hazard
ratio (HR) (95 % CI) of 0.53 (0.31–0.91) for mortality relative to their
counterparts given placebo (n = 50) (p = 0.02). For both lenvatinib
and sorafenib, however, the crossover design of the pivotal studies, in which patients received active agent after progressing on
placebo, may have obscured detection of survival benefits of the
TKI versus placebo overall or in subgroups.
Third, in the respective pivotal trials in RAI-R DTC, lenvatinib had
a much higher objective (complete + partial) response rate than
did sorafenib, 65 % (169/261) [8] versus 12 % (24/196) [7].
Lastly, there is a common clinical impression that the side effects of lenvatinib may tend to be more tolerable and manageable
than are those of sorafenib; albeit both agents have frequent and
sometimes important toxicities. This perspective may be provocatively phrased as boiling down to a question of addressing hypertension versus palmar-plantar erythrodysesthesia (hand-foot syndrome). Aligning with this impression was the finding in a recent
meta-analysis of patients with advanced DTC, RAI-R DTC, or both
by Yu et al. [13]. In this meta-analysis, sorafenib was associated with
a higher rate of adverse events requiring treatment discontinuation than was lenvatinib: 18.1 % (42/238) versus 12.8 % (53/419).
However, this difference did not attain statistical significance; the
odds ratio (95 % CI) for toxicity prompting treatment cessation was
1.52 (0.98–2.36), p = 0.06, in sorafenib versus lenvatinib. The Yu et
al meta-analysis included 2 sorafenib studies (N = 238) and 5 lenvatinib studies (n = 419).

As has been noted, though, the perceived differences between
the TKIs in PFS and overall survival, objective response rate, and
toxicity, are not based on a prospective, randomized, controlled,
study directly comparing the two drugs, which to date, has not
been performed; indeed, the drugs’ respective pivotal trials [7, 30]
substantially differed in inclusion/exclusion criteria and the characteristics of their study samples. In particular, any perceived difference in overall safety outcomes at this point must be regarded
as anecdotal.

Starting regimen of TKIs
The starting regimen of lenvatinib or sorafenib that optimally balances efficacy versus toxicity is another unresolved issue in the TKI
therapy of RAI-R DTC: is it best to begin with the recommended
starting dose and to decrease if warranted by adverse events, or to
begin with a lower dose and if that dose is tolerated, to escalate to
a possibly more efficacious level?
Two factors account for the uncertainty regarding initial dosing.
First, treatment-related toxicity frequently led to a changed regimen in the active agent arms of the SELECT and DECISION trials,
both of which used the doses currently recommended in product
labeling. The respective incidences of toxicity-related treatment
interruption were 82.4 and 66.2 %, of toxicity-related dose reduction, 67.8 and 64.3 %, and of toxicity-related treatment discontinuation, 14.2 and 18.8 %, for lenvatinib [8] and sorafenib [7], respectively. Second, to date, no study comparing safety, tolerability, and
efficacy of different starting doses of the respective TKI has been
published. However, at least one such trial is underway for lenvatinib in RAI-R DTC: the E7080-G000-211 randomized, double-blind,
multicenter Phase II study (identifier NCT02702388; https://clinicaltrials.gov/ct2/show/NCT02702388, last accessed 28 October
2020) is comparing a starting dose of 18 mg daily versus the currently-recommended 24 mg daily dose.
So far, evidence regarding lenvatinib therapy of RAI-R DTC appears to favor higher starting doses. Perhaps most notably, two exploratory analyses [31, 32] of the SELECT study data suggest a cumulative dose-response effect with the drug. A post hoc analysis
of the relationship to PFS of the length of cumulative treatment interruptions due to adverse events [32] found that patients in the
active treatment arm who had shorter cumulative interruptions
(total < 10 % of treatment duration; median 19 days; n = 134) had
better median PFS than did their counterparts with longer cumulative interruptions (total ≥ 10 % of treatment duration; median 61
days, n = 127): not reached versus 12.8 (95 % CI 9.3–16.5) months,
after a 17.1-month median follow-up. Additionally, in a multivariate analysis also accounting for age group, gender, region, race,
body-mass index, and ECOG performance status category, dose interruption was the only variable other than performance status category that was independently associated with PFS: HR (95 % CI) for
progression, shorter versus longer interruption: 0.47, 95 % CI 0.31–
0.71, nominal p < 0.001. Further, patients with shorter interruptions had higher objective response rates: 76 % (102/134) versus
53 % (67/127). The SELECT protocol called for dose interruption to
allow grade 3 or intolerable grade 2 adverse events to resolve to
grade 0–1 or to baseline severity. Patients in the “shorter interruption” subgroup had a median lenvatinib dose intensity of 20.1 mg/
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day, 84 % of the planned level, versus 14.6 mg/day, 61 % of the
planned level, for the “longer interruption” subgroup.
A second exploratory analysis of SELECT data [31], focusing on
tumor size changes over time, showed that increased lenvatinib exposure, reflected by area under the curve, correlated (R2 = 0.355)
with greater tumor size reduction in the first 8 weeks of treatment.
This was the period with the most pronounced reduction in tumor
size in the overall active treatment group. Additionally, increased
lenvatinib treatment duration correlated with tumor size decrease
(R2 not reported), albeit this finding may have been at least partly
attributable to patients receiving the TKI for a longer time because
they had a better response.
Arguably somewhat aligned with observations linking treatment
intensity and efficacy were findings in a 78-patient single-center analysis from the University of Pisa (including 15 SELECT patients) [33]. In
that analysis, occurrence of treatment-related hypertension, nausea/
anorexia, or weight loss of any grade was significantly associated with
longer median PFS, 25 months versus 7 months, p = 0.02 for hypertension, and 45 months versus 7 months, p < 0.001 for the other two
adverse reaction types. Presumably, toxicity was related to greater
treatment intensity, and that, in turn, to efficacy. In SELECT, no tested
adverse event was associated with the primary endpoint, PFS [12, 34].
Nonetheless, in multivariate analyses, presence of diarrhea [12] or hypertension [34] did appear to be related to longer overall survival.
However, some investigators have argued that toxicity should not be
considered a surrogate measure of clinical benefit [35].
Regarding TKI starting doses, it also should be noted that a case
report involving lenvatinib [36] and a retrospective analysis [37]
and small prospective study involving sorafenib [38] all suggest
that good antitumor efficacy can be seen when doses are lower
than recommended levels. A recent analysis of Taiwanese “real-world” experience of sorafenib treatment of progressive advanced DTC (n = 36, n = 34 with RAI-R DTC) [39] concluded that
starting from half-dose may minimize incidence of high-grade toxicities, but that higher maintenance dose ( ≥ 600 mg daily) was associated with longer PFS.
It is hoped that the results of the lenvatinib comparative dosing
study will provide important insight regarding the question of TKI
starting doses, at least for this agent. Also of interest, and worthy
of further investigation, is the concept of plasma [40] or serum [41]
TKI levels serving as a guide for titrating a patient’s treatment dose
to improve efficacy and tolerability; analyses of clinical trial samples in patients with thyroid cancer [42] or hepatocellular carcinoma [43] given lenvatinib, and a case history [44] of a patient with
RAI-R DTC given sorafenib suggest that this approach may be helpful.

Response to and discontinuation of TKI treatment
Three aspects of response of RAI-R DTC to TKI therapy are well-accepted. First, although this therapy is associated with statistically,
and, more importantly, clinically significant benefit regarding PFS
[7, 8] and possibly, overall survival [9] in many patients with RAI-R
DTC, the modality is not curative in this setting [17]. Second, structural responses to TKIs should be defined by RECIST criteria [19],
based on serial computed tomography or magnetic resonance imaging, as should disease stability. Third, at least with lenvatinib,
tumor response, when it occurs, tends to be most marked during
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the first 8 weeks of treatment, but continues, albeit at a slower
pace, during subsequent therapy [31].
The principal open issues related to response to TKIs surround
the determination of net therapeutic benefit in particular patients.
This concept has been reasonably suggested as the ultimate criterion for continuing TKI therapy [3], and hinges on the anti-disease
efficacy, toxicity and tolerability, and quality-of-life effects of the
TKI in the given individual. In particular, in certain cases, presence
of progressive disease arguably should not be equated with absence of efficacy and benefit. These cases include patients developing slow and/or limited progression after a good general or local
tumor response, especially those with only local progression or a
small number of new lesions that can be handled by directed therapies [3, 18]. In such patients, the TKI may be controlling the overall disease, notwithstanding limited, and, importantly, manageable progression. A decrease in the rate of progression even has been
proposed as sufficing to justify continuation of treatment with a
given TKI, if that decrease would be substantial enough to lengthen survival [15]; this somewhat controversial argument also might
apply if tumor symptomatology would be decreased, or the development of symptoms deferred, despite progression, to a sufficient
extent that quality-of-life would be materially better than that in
the absence of TKI therapy.

Second-line TKI therapy
Evidence is clear [8, 26, 45–48] that many patients discontinuing a
first-line TKI due to disease progression, treatment-related toxicity, or both, may benefit clinically from a second-line TKI. However,
when to begin a second-line (or later-line) TKI is unclear. A pragmatic approach might be to base the start time of the new TKI on
the reason for discontinuation of the first-line agent, and on the
patient’s general condition. If first-line TKI therapy has been ended
due to disease progression, consideration should be given to immediately starting a second-line TKI, especially if the first-line agent
was well-tolerated. However, if the discontinued first-line TKI was
associated with a decline in ECOG performance status, or, especially, substantial weight/body mass loss [49], a brief pause between
first-line and second-line therapy may help ameliorate the patient’s
nutrition, and with it, general condition. Such a pause may be especially appropriate when disease progression is relatively indolent,
or does not affect critical/vulnerable anatomic sites.
If the first-line TKI has been discontinued due to poor tolerability, despite a tumor response or stable disease, second-line TKI
therapy generally should be withheld until severe or clinically
meaningful adverse events have resolved, or at least, markedly improved; some panelists believe that waiting 2–3 half-lives of the
first TKI may be another possible strategy. To guide the starting
time of second-line therapy when the first-line TKI is discontinued
for poor tolerability, it would be of interest to have data regarding
how long disease response persists after lenvatinib or sorafenib discontinuation. To date, such data have not been published.
In the panelists’ opinion, two alternatives to second-line TKI
therapy might be considered in specific scenarios. When a patient
has been on less than the recommended dose of the first-line TKI,
for example, when he or she has been given 14 mg daily rather than
24 mg daily of lenvatinib, an increased dosage of the first-line agent
might be tried before that agent is discontinued in favor of a sec-
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ond-line TKI. Also, if an individual with previous disease control with
a first-line TKI has had a “drug holiday” of several months due to
toxicity or patient preference, the first-line agent might be re-attempted before a second-line TKI is tried. Additionally, a case report [48] recently was published of successful re-challenge with
lenvatinib in an elderly female with inoperable metastatic papillary
thyroid cancer, who had had progression after initial response to
first-line lenvatinib and second-line sorafenib. It should be noted
that the above-described approaches are empirical and outside of
product labeling, and currently supported by very limited published
evidence.

Adjunctive treatment for patients on TKIs
To date, little if any literature has appeared regarding adjunctive
treatment for patients on TKIs. In our (anecdotal) experience, resection of small numbers of lymph node metastases or isolated
progressive metastases in other sites in otherwise stable patients
may help control local symptoms or focal progression. However,
more major metastectomy is probably contra-indicated in most
cases, due to the potential negative effects of TKIs on wound healing [50, 51].
Some patients receiving TKIs for progressive RAI-R DTC also have
subtypes of metastases that continue to respond to radioiodine
(“mixed” disease with radioiodine-avid as well as radioiodine
non-avid lesions). So far, no reports have been published about the
effects on occasional radioiodine administration in addition to TKI.
However, 131I appears to have largely non-overlapping toxicities
with those of TKIs, and observations of some authors suggest that
this combination can be administered safely in selected cases. In
theory, combining external beam radiotherapy (EBRT) with a TKI
may also provide palliation.
Nonetheless, the rationale for giving radioiodine therapy, EBRT,
or both to patients receiving TKI treatment of RAI-R DTC should be
clarified, given the potential additive toxicity [52] and the lack thus
far of documented benefits regarding PFS, overall survival, or quality-of-life. Also, it should be noted that use of either of these TKIs
in combination therapy of RAI-R DTC remains outside of lenvatinib
or sorafenib product labeling.

(94/106 patients) compared to a 67 % rate (104/155 patients) in
their counterparts ≤ 65 years old (median age: 56 years), p < 0.001
[9]. TKI side effects profiles in patients with RAI-R DTC also may differ according to patients’ ethnicity [53].
According to the literature, unwanted reactions to TKIs tend to
develop quickly during the first weeks or even days of treatment
[35]; however, in “real-world” practice, where there is less intense
follow-up than in clinical trials, initial observation of certain adverse
events may occur later. Some toxicities may be self-limiting and diminish over time; however, it is unclear to what extent this observation is an artifact of patients learning to better cope with the side
effect(s) and hence reporting them less frequently [12].
Perhaps the most important open questions regarding sorafenib
and lenvatinib safety and tolerability relate to which measures to
deploy in preventing and treating drug-related adverse events. Beyond the dose interruption/reduction and treatment discontinuation schemes delineated in the drugs’ product labeling [10, 11], a
number of interventions are used for these purposes in everyday
practice (▶ Table 3). However, the benefit of these interventions
tends to be anecdotal: few if any formal studies have characterized
or compared the efficacy of these measures. Additionally, interventions to directly or sufficiently address some TKI side effects, perhaps most notably fatigue [35] or palmar-plantar erythrodysesthesia [54], currently are lacking.
To optimize TKI tolerability, one prime goal is to identify potentially serious adverse reactions that initially are not symptomatic,
for example, hepatotoxicity, prolonged QTC, and cardiotoxicity,
particularly hypertension, before they become so [3]. Another
prime goal is to identify and treat rapidly symptomatic toxicities
while they still are at a lesser grade of severity, since doing so presumably lessens morbidity and eases and speeds recovery [35].
Key to achieving both goals is a skilled, attentive multidisciplinary team, including nurses and pharmacists [55] as well as physicians, and including well-informed and engaged patients and significant others [35]. Tools such as diaries or smartphone applications to monitor toxicities can be helpful in maximizing patients’
and significant others’ contribution to this team effort [35].

TKI-related adverse events (AEs)

Future Directions

The toxicities of sorafenib and lenvatinib are generally well-known,
with a predictable pattern and timing [51]. Although there is overlap in their adverse events profiles, specific toxicities appear to differ in incidence between the drugs. The meta-analysis by Yu et al.
[13] found that among any-grade toxicities, hypertension, nausea,
vomiting, and voice change were more commonly noted in patients
given lenvatinib, while palmar-plantar erythrodysesthesia, rash,
hypocalcemia, and elevated liver enzymes were more frequently
seen among those receiving sorafenib. Among more severe, that
is, grade ≥ 3 toxicities, weight loss, hypertension, and nausea were
reported more often in patients on lenvatinib, while palmar-plantar erythrodysesthesia, hypocalcemia, and elevated alanine aminotransferase concentration were more commonly observed in patients given sorafenib [13]. Adverse reactions may occur more frequently in older than in younger patients; an analysis of experience
in SELECT showed that the treatment subgroup > 65 years old (median age: 71 years) had an 89 % rate of any Grade ≥ 3 toxicity

As alluded to throughout earlier sections of this paper, numerous
“open issues” remain regarding use of TKIs in RAI-R DTC. Investigation should focus on at least five main areas. First, the prognostic
and predictive values of variables potentially useful in determining
if and when to start TKIs should be assessed. For example, data from
SELECT [8] and DECISION [7] could be analyzed post hoc to determine the association of tumor diameter doubling time at the start
of TKI therapy with response to such treatment, with PFS, and with
overall survival. Such research would test the clinical utility of the
Tuttle et al. disease “inflection point” model [15] for starting TKIs.
As noted earlier, the value of variables that may be more precise
and/or objective than is ECOG performance status in reflecting the
patient’s overall condition should be assessed.
Second, more research should be carried out regarding TKI dosing. Besides the optimal starting dose of lenvatinib or sorafenib, the
correlation between plasma or serum drug levels and response to
therapy and well as frequency and intensity of side effects [42–44]
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Intervention(s)

▪ Diet adjustment, i.e., avoidance of foods that can worsen diarrhea and consumption of foods that may
increase stool consistency [35, 51]
▪ Anti-diarrheal therapy, e.g., loperamide, diphenoxylate/atropine, budesonide or tincture of opium [35, 51]

▪ R
 egular screening for fatigue and to identify concurrent and potentially confounding factors that could
contribute to fatigue, e.g., fever, weight loss, other constitutional symptoms, pain, emotional distress,
anemia, sleep disturbance, nutritional deficits, comorbidities, decreased performance status,
concomitant medications [35]
▪ Consultations and interventions to address the concurrent factors [35]

▪ Optimal control of pre-existing hypertension before starting TKI; pre-treatment observation period in
order to do so should be considered [35]
▪ Cardiac evaluation before starting TKI [35]
▪ Blood pressure monitoring after 1 week, then every 2 weeks for first 2 months, at least monthly
thereafter (product labeling); blood pressure measurement each morning and evening in at least the
first 10 days of treatment [50] (expert opinion)
▪ Non-diuretic anti-hypertensives (preferred) [35]
▪ Calcium channel blockers (most effective anti-hypertensives in this setting?) [3]
▪ Close monitoring of adherence to anti-hypertension treatment [35]

▪ F requent calcium determination in patients with surgical hypoparathyroidism [51]; monthly calcium
monitoring (recommended by lenvatinib product labeling) [10]
▪ Calcium supplementation as needed

▪ Pre-prandial dopamine-receptor agonist (mild symptoms) [35]
▪ 5-HT3 antagonists [35]

▪ Patient education on good skin care [50], including stopping smoking to improve skin health [50]
▪ Removal of hyperkeratotic areas and calluses on hands and feet before starting TKI [35, 51]
▪ Manicure/pedicure [18]
▪ Keratolytic urea cream [35]
▪ Heavy moisturizer, e.g., vaseline, twice daily [35]
▪ Moisturizing cream containing low-potency topical steroid [35]
▪ ≥ 30 SPF suntan lotion [35]
▪ Prophylactic doxycycline or minocycline, 100 mg BID, for first 6 weeks on TKI [35]
▪ Use of cotton socks, avoidance of ill-fitting footwear, for first 6–8 weeks of therapy; avoidance of
mechanical pressure on hands and soles [50]
▪ Reduced exposure of hands and feet to hot water [51]

▪ Monitoring for proteinuria (urinalysis with protein determination) [54] before TKI treatment and
periodically thereafter [35], e.g., monthly for the first 3 months of treatment [50]
▪ Urinalysis by combination of the dipstick test and urine protein:creatinine ratio, which showed promise in
preventing unnecessary lenvatinib interruption in a small study (n = 63) of patients with advanced thyroid
cancer [69]
▪ Pharmacotherapy, e.g., with ACE inhibitors [35]

Adverse reaction

Diarrhea

Fatigue

Hypertension

Hypocalcemia

Nausea/vomiting

Palmar-plantar erythrodysesthesia
(hand-foot syndrome)

Proteinuria

▶Table 3 Selected TKI toxicities in patients with RAI-R DTC and interventionsa to prevent and treat these toxicities.

▪ D
 iffers from hand-foot syndrome associated with
traditional cytotoxic drugs [50]
▪ Generally more common as any grade or ≥ grade 3
toxicity with sorafenib versus lenvatinib [13]

▪ N
 ausea generally more common as any-grade
or ≥ grade 3 toxicity with lenvatinib versus sorafenib
▪ Vomiting generally more common as any-grade
toxicity with lenvatinib versus sorafenib [13]

▪ G
 enerally more common as any-grade or ≥ grade 3
toxicity with sorafenib versus lenvatinib [13]

▪ Generally more common as any-grade or ≥ grade 3
toxicity with lenvatinib versus sorafenib [13]
▪ Risk factors may include smoking, obesity, older age [35]
▪ In multivariate analysis, presence of hypertension
associated with overall survival but not PFS in SELECT
lenvatinib pivotal study [34]

▪ No effective direct therapies yet available [35]
▪ Exercise has been shown to benefit patients with
advanced cancers in general [68]

▪ In multivariate analysis, presence of diarrhea
associated with overall survival but not PFS in SELECT
lenvatinib pivotal study [12]

Comments

Review

Verburg FA et al. Questions/Controversies TKIs & RAI-R DTC … Horm Metab Res 2021; 53: 149–160 |© 2021. The Author(s).

5-HT3: 5-Hydroxytryptamine; ACE: Angiotensin-converting enzyme; BID: Twice-daily; RAI-R DTC: Radioiodine-refractory differentiated thyroid carcinoma; SPF: Sun protection factor; TKI: Tyrosine kinase
inhibitor. aThis Table lists interventions used in everyday practice, and not necessarily included in lenvatinib or sorafenib product labeling [10, 11], to prevent and/or treat given toxicities. The benefit of these
interventions tends to be anecdotal: few if any formal studies have characterized or compared the efficacy of these measures. For the complete list of their respective manufacturers’ recommendations
regarding monitoring and interventions to detect, prevent, and/or treat drug-related toxicity, please refer to lenvatinib and sorafenib product labeling [10, 11].

▪ G
 enerally more common in ≥ grade 3 severity with
lenvatinib versus sorafenib [13]
▪ Nutritional supplements if loss is > 5 % of bodyweight [50]
Weight loss

▪ Low molecular weight heparin therapy (hemodynamically stable patients) [35]

▪ Thyroid function testing at baseline and regularly during treatment [35]
▪ Thyroid hormone regimen adjustment as needed [35]
Impairment of thyrotropin suppression

Thromboembolic events

Stomatitis

▪ Baseline dental evaluation [51]
▪ Good oral hygiene: tooth-brushing using soft toothbrush and fluoride-containing toothpaste, rinsing
with saltwater and baking soda mouthwash solution after every meal [51]
▪ Avoidance of mint-flavored toothpaste, toothpaste with tartar or whitening control, alcohol-containing
mouthwash, and spicy or acidic foods [51]
▪ Steroid mouthwash [51]

Comments
Intervention(s)
Adverse reaction

Continued
▶Table 3 Selected
TKI toxicities in patients with RAI-R DTC and interventionsa to prevent and treat these toxicities.

need to be studied. Additionally, the achievable dose intensity and
outcomes of “on/off” schedules, for example, therapy followed by
rest for a week each, represents an intriguing topic for investigation.
Third, retrospective analyses and prospective studies should be
carried out regarding additional facets of TKI efficacy in RAI-R DTC.
As noted above, these could include examining the duration of
tumor responses after these agents are discontinued due to toxicity or patient preference, and the ability of lenvatinib or sorafenib
to prevent appearance of new metastases. Too, it may be informative to calculate outcomes of active treatment in SELECT [8] and
DECISION [7] when patients with RECIST stable disease are included alongside partial and complete RECIST responders in a “tumor
control” subgroup. Formal study of response to central nervous
system metastases to TKIs also could be fruitful.
Fourth, interventions to prevent and/or manage TKI toxicity also
should undergo formal evaluation. Palmar-plantar erythrodysethesia and fatigue should be high-priority targets of such work.
Lastly, use of other agents in combinations with TKIs [56, 57]
should be studied. Related to this topic would be improved classification of RAI-R DTC, with more nuanced assessment of radioiodine scintigraphy findings and of response to radioiodine therapy
than is now frequently performed in everyday practice when identifying DTC as RAI-R [2]. For example, degree of radioiodine uptake
on scintigraphy should be evaluated in light of the 131I activity,
image acquisition protocol, and timing post-radioiodine administration of the scan; response to radioiodine therapy should be evaluated in light of the size and interval of the 131I administrations and
the duration of progression-free survival post-therapy. Along these
lines, retrospective analyses correlating RAI scintigraphic and therapeutic variables with response of particular lesions to TKIs might
be of interest. Likewise, prospective study of TKI-radioiodine combination therapy may be warranted in carefully-selected cases.
Besides 131I, intriguing candidates for use along with TKIs in
RAI-R DTC include potential re-differentiation agents, for example,
13-cis-retinoic acid or 11-cis-retinol plus radioiodine therapy, vinorelbine [58], paclitaxel plus radiation therapy [59], vemurafenib
for patients with BRAF mutation [60, 61], and checkpoint inhibitors
such as pembrolizumab (Keytruda, Merck, Kenilworth, NJ, USA),
which have undergone study in combination with TKIs in the anaplastic thyroid cancer setting [62]. Relatedly, alternating TKI therapy with sorafenib and lenvatinib has shown promise in preclinical
work, including in RAI-R DTC cell lines [63], and may warrant clinical exploration.
Supplementary Table S1 summarizes selected ongoing studies
of interest regarding TKI therapy of RAI-R DTC.

Recent developments: selective TKIs
Recently, specific molecular targets have moved into greater focus
in the systemic therapy of RAI-R DTC. The August 2020 NCCN
guidelines [17] suggest testing for NTRK fusion in patients with “advanced, progressive, or threating” DTC. If such fusion is detected,
larotrectinib [64] and entrectinib [65] now have received regulatory approval in Europe as systemic treatment options. However,
NTRK fusion is fairly rare in DTC. Similarly, RET also can be specifically targeted; the selective inhibitor selpercatinib [66] now has received US regulatory approval for RET-altered thyroid cancers.
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Conclusions
A variety of important open issues remain regarding TKI therapy of
RAI-R DTC. However, in many cases, the literature and the clinical
experience of expert centers provide sufficient data to allow clinicians and patients to undertake reasonable provisional approaches to determining when to start and stop TKIs, which drug to
choose as first-line, how to identify net benefit of this form of therapy, and how to manage TKI toxicity. It is hoped that additional research will provide more definitive answers to the key questions
and controversies discussed in this paper.
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