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Multidisciplinary Lenvatinib Therapy in DTC

Demachi et al.

ORIGINAL ARTICLEMultidisciplinary Team Management of Lenvatinib 
Therapy in Differentiated Thyroid Cancer: Real-World 
Long-Term Treatment Outcomes

ABSTRACT

Background: Lenvatinib demonstrates efficacy in radioiodine-refractory differentiated 
thyroid cancer (RR-DTC), but managing adverse events (AEs) remains challenging. This 
study evaluated real-world outcomes of lenvatinib therapy supervised by a multidisci-
plinary team without dedicated medical oncologists.

Methods: The study retrospectively analyzed 44 DTC patients treated with lenvatinib 
(June 2015-December 2023), divided into long-term (≥657 days, n = 22) and short-term 
(<657 days, n = 22) groups based on median treatment duration.

Results: The long-term group showed significantly superior objective response rate 
(95.5% vs. 27.3%, P < .001), overall survival, and progression-free survival. Grade 3 fatigue 
occurred more frequently in the short-term group (45.5% vs. 9.1%, P = .016), with earlier 
onset (47.0 vs. 206.5 days, P = .022), representing the leading cause of AE-related treatment 
discontinuation. The long-term group more frequently implemented planned drug holi-
days (40.9% vs. 13.6%) and dose escalation (63.6% vs. 18.2%, P = .005), which were associ-
ated with prolonged treatment continuation. Multidisciplinary management, including 
pharmacist-led monitoring and telephone consultations, facilitated early detection and 
appropriate management of AEs.

Conclusions: Early identification and proactive management of fatigue, the most criti-
cal treatment-limiting adverse event, were essential for sustaining long-term lenvatinib 
therapy in real-world practice. Multidisciplinary care provided a supportive framework for 
fatigue-oriented management, enabling prolonged treatment in regional healthcare set-
tings without dedicated medical oncology specialists.

Keywords: Adverse events management, differentiated thyroid cancer, dose escalation, 
lenvatinib, multidisciplinary team, planned drug holidays, real-world data

Introduction

Thyroid cancer is the most common endocrine malignancy. According to GLOBOCAN 2020, 
approximately 586 000 cases of thyroid cancer were diagnosed worldwide, accounting for 
about 3% of all malignancies.1 The global incidence of thyroid cancer is projected to con-
tinue rising toward 2030, with East Asia, including Japan, being no exception.2 The majority 
of thyroid cancers are differentiated thyroid cancer (DTC), most of which are amenable to 
surgical treatment. The prognosis of DTC is generally favorable, with 10-year survival rates 
exceeding 95%.3,4 However, approximately 10% of DTC cases develop distant metastases, for 
which radioactive iodine (RAI) therapy is employed.3-5 The 10-year survival rate for patients 
with distant metastases is considerably lower, at 50% or less.6,7 Furthermore, a subset of 
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these DTCs becomes radioactive iodine-refractory (RAI-R), and RAI-
refractory DTC (RR-DTC) accounts for the majority of thyroid cancer-
related deaths.3,5

The therapeutic landscape for RR-DTC has evolved markedly with 
the approval of sorafenib and lenvatinib following the DECISION 
and SELECT trials.8,9 Lenvatinib, in particular, demonstrated favor-
able progression-free survival (PFS) prolongation in the SELECT 
trial and has become one of the standard treatments for RR-DTC. 
However, despite its efficacy, lenvatinib is associated with frequent 
and sometimes treatment-limiting adverse events (AEs), including 
hypertension, hand-foot syndrome, diarrhea, and fatigue. For this 
reason, its administration is generally recommended to be super-
vised by specialized teams at expert centers with medical oncology 
expertise.10,11

In Japan, the COLLECT study was conducted to evaluate real-world 
treatment outcomes of lenvatinib, based on the favorable results of 
the SELECT trial.12 Initially planned to include 100 institutions, the 
study ultimately enrolled 265 patients from 49 institutions. Notably, 
many cases were registered not only from medical oncology depart-
ments but also from surgical and otolaryngology-head and neck sur-
gery departments, suggesting that lenvatinib treatment for RR-DTC 
is frequently managed by surgical specialties in real-world practice.

However, due to geographical constraints and limited medical 
resources, access to specialized centers with medical oncologists 
remains difficult for some patients with advanced DTC, including 
RR-DTC. Moreover, over 4000 RAI treatments are performed annually 
throughout Japan,13 indicating that thyroid cancer patients—includ-
ing those who eventually develop RR-DTC—are widely distributed 
nationwide. Under these circumstances, lenvatinib treatment is 
often initiated and managed by surgeons and otolaryngology–head 
and neck surgeons, who have long-standing relationships with 
patients through surgical treatment and postoperative follow-up. 
Consequently, these surgical specialties are frequently required to 
oversee lenvatinib therapy and adverse-event management, even in 
the absence of dedicated medical oncologists.

In this real-world setting, treatment continuation is frequently com-
promised not by radiological disease progression but by AEs. Among 
these, fatigue represents a particularly critical and treatment-limiting 
factor.14 Early-onset or severe fatigue often necessitates treatment 
interruption or discontinuation and is difficult to manage with phar-
macological interventions alone, making its proactive recognition 
and management essential for sustaining long-term lenvatinib ther-
apy in routine clinical practice.

A characteristic feature of thyroid cancer treatment is that surgical 
intervention is the first-line approach except in exceptional circum-
stances, resulting in long-term relationships between patients and 
surgical teams. This clinical background may facilitate sustained treat-
ment continuation based on patient-physician trust relationships, 
even in the context of molecular targeted therapy for RR-DTC. This 
study reported real-world outcomes on lenvatinib treatment imple-
mented within a multidisciplinary collaborative system involving 
otolaryngology-head and neck surgeons, pharmacists, and nurses 
at a regional medical institution without dedicated medical oncol-
ogy specialists. Such healthcare environments are encountered not 
only in Japan but also in many regions worldwide, and the findings 
of this study may serve as a reference for clinical practice. There is no 
dispute that, ideally, such drugs should be administered long-term. 
By comparing long-term and short-term treatment groups, the study 
aimed to clarify factors associated with sustained lenvatinib adminis-
tration, with particular focus on fatigue as a modifiable determinant 
of treatment continuation.

Material and Methods
Study Design and Patient Selection
This retrospective study protocol was reviewed and the ethi-
cal approval was received from the Ethics Committee of 
Keiyukai Sapporo Hospital (Approval No.: 2023-68; Date: Jan 20, 
2024). The study conformed to the Declaration of Helsinki. 
Between June 2015 and December 31, 2023, 50 patients 
pathologically diagnosed with DTC (papillary carcinoma, follicular 
carcinoma) or poorly differenti-ated carcinoma were treated with 
multiple kinase inhibitors (MKIs), including lenvatinib, at Keiyukai 
Sapporo Hospital. Multiple kinase inhibitor therapy was indicated 
for RR-DTC or for tumors showing rapid progression despite no 
prior RAI. Written informed consent was obtained from all patients 
before treatment. One patient who transi-tioned to surgical 
treatment during lenvatinib therapy was excluded.

The median MKI treatment duration was calculated for the 
remaining 49 patients (733 days). Five patients who did not reach 
this median were excluded, leaving 44 patients for analysis. Since 
lenvatinib was the primary treatment agent, patients were divided 
into 2 groups based on median lenvatinib treatment duration: the 
long-term treat-ment group (≥657 days, n = 22) and the short-term 
treatment group (<657 days, n = 22). Clinical comparisons were 
performed between the 2 groups.

Clinical Variables Analyzed
Analysis items included age, sex, body weight, height, body 
mass index (BMI), performance status (PS), baseline tumor 
burden, RAI history, histopathological diagnosis, genomic 
alterations, metastatic sites, and number of metastatic organs. 
Treatment efficacy was eval-uated according to the Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1,15 and 
overall survival (OS), PFS, best response, objective response rate 
(ORR), time to best response, and 8-week response rate were 
calculated. Adverse events were also evaluated as part of the safety 
assessment.

Safety Monitoring Protocol
All patients were first admitted for a 2-week observation 
period, followed by regular outpatient follow-up. Adverse events 
grading was performed according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events v4.0.16 During 
hospitaliza-tion, supportive care for AE management was provided 
and taught by physicians, pharmacists, and nurses.

MAIN POINTS
• Multidisciplinary care provided a supportive framework for

fatigue-oriented management, enabling prolonged treatment in
regional healthcare settings without dedicated medical oncology
specialists.

• Early identification and proactive management of fatigue, through 
planned drug holidays, flexible dose reduction, and subsequent
dose escalation, are essential for sustaining treatment.

• Early identification and proactive management of fatigue, the
most critical treatment-limiting adverse event, were essential for
sustaining long-term lenvatinib therapy in real-world practice.
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After transition to outpatient care, at each visit, following blood 
tests, urinalysis, and imaging studies, patients underwent pharma-
cist consultations, which included interviews, visual examinations, 
and proposals for supportive care for identified AEs. Nurse assess-
ments, including blood pressure measurements and skin examina-
tions, followed. Physician consultations were conducted after all test 
results and information from pharmacists and nurses were compiled. 
Between outpatient visits, patient AE concerns were addressed 
through telephone consultations primarily managed by pharmacists, 
with physician input when necessary.

Efficacy and Statistical Analysis
Clinical tumor response to MKI treatment was evaluated radiographi-
cally according to RECIST version 1.1 using axial computed tomog-
raphy scans of the neck, thorax, and abdomen before and after MKI 
therapy. Computed tomography frequency was monthly for the first 
6 months, then every 1-3 months depending on disease status. The 
observation period was defined as the time until death or until the 
data cutoff (December 31, 2024).

Overall survival and PFS were evaluated as efficacy measures. Overall 
survival was defined as the time from MKI treatment initiation to 
death from any cause or the cutoff date. Progression-free survival 
was defined as the time from treatment initiation to progressive dis-
ease (PD) or death from any cause, whichever occurred first. Overall 
survival and PFS were calculated using the Kaplan–Meier method 
and compared using the log-rank test.

For between-group comparisons, continuous variables were tested 
for normality using the Shapiro–Wilk test. After confirming normality, 

the F-test was used to assess variance equality, followed by a t-test 
for equal variances or Welch’s t-test for unequal variances. When nor-
mality was not confirmed, the Mann–Whitney U-test was used. For 
nominal variables, Fisher’s exact test was employed. P-values <.05 
were considered statistically significant. Statistical analyses were per-
formed using EZR version 1.68.17

Results

Patient Characteristics
Table 1 shows sex, age, body weight, height, BMI, and PS for the 
long-term group (lenvatinib administration ≥657 days, n = 22) and 
the short-term group (lenvatinib administration <657 days, n = 22). 
Regarding sex, the long-term group included 5 males (22.7%) and 
17 females (77.3%). In comparison, the short-term group included 
12 males (54.5%) and 10 females (45.5%), suggesting a trend toward 
more males, though not statistically significant (P = .062). For PS, in 
the long-term group, 14 patients (63.6%) had PS 0, 5 (22.7%) had PS 1, 
and 3 (13.6%) had PS 2, while the short-term group had 14 with PS 0 
(63.6%), 1 with PS 1 (4.5%), and 7 with PS ≥ 2 (31.8%), showing a non-
significant trend toward higher PS in the short-term group (P = .123). 
Other factors, including age, body weight, height, and BMI, did not 
differ between groups. The duration from surgery to MKI initiation 
did not differ significantly between groups (median 95 months in the 
long-term group vs. 56.0 months in the short-term group, P = .629).

Table 2 shows histological subclassification, baseline overall tumor 
burden of target tumors, metastatic sites, number of metastatic 
organs, and RAI history. Comparisons between groups showed no 
statistically significant differences in any items, including histological 

Table 1.  Baseline Patient Characteristics and Demographics

​ Long Term (≥657 Days) Short Term (<657 Days) ​
​ n = 22 n = 22 P
Sex, n (%) ​ ​ .062a

  Male 5 (22.7) 12 (54.5) ​
  Female 17 (77.3) 10 (45.5) ​
Age (year), median (range) ​ ​ .222c

Age group, n (%) ​ ​ 1.000a

  ≤65 years 3 (13.6) 2 (9.1) ​
  >65 years 19 (86.4) 20 (90.9) ​
Body weight (kg), median (range)	 52.9 (35.8-84.8) 56.5 (40.8-80.9) .519c

Body weight group, n (%) ​ ​ .755a

  <60 kg 15 (68.2) 13 (59.1) ​
  ≥60 kg 7 (31.8) 13 (59.1) ​
Height (cm), median (range) 154.3 (141.8-175.0) 159.8 (142.7-174.5) .288b

BMI, median (range) 22.9 (17.5-30.8) 22.5 (18.4-31.2) .716c

ECOG PS, n (%) ​ ​ .123a

  0 14 (63.6) 14 (63.6) ​
  1 5 (22.7) 1 (4.5) ​
  2 3 (13.6) 4 (18.2) ​
  ≥3 0 3 (13.6) ​
NLR group, n (%) ​ ​ 1.000a

  >3 10 (45.5) 11 (50.0) ​
  <3 12 (54.5) 11 (50.0) ​
Duration of ope-MKI (months), median (range) 95 (0-399) 56.0 (0-251) .629c

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; MKI, multiple kinase inhibitor; NLR, neutrophil-to-lymphocyte ratio.
aFisher’s exact test.
bt-test.
cMann–Whitney U.
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subtype (P = .741), baseline tumor burden (P = .108), metastatic sites, 
number of metastatic sites (P = .651), or RAI history (P = .491).

Effectiveness of Lenvatinib According to Treatment Duration
In the long-term group, the best response was complete response 
in 1 case (4.5%), partial response (PR) in 20 cases (90.9%), and stable 
disease (SD) in 1 case (4.5%). In the short-term group, there were 6 
PR cases (27.3%) and 16 SD cases (72.7%). The ORR was 95.5% in the 
long-term group and 27.3% in the short-term group (P < .001). Both 
best response and ORR were statistically significantly better in the 
long-term group. Time to best response was 7.3 months in the long-
term group and 6.7 months in the short-term group, with no signifi-
cant difference (P = .715). Furthermore, comparison of responses at 8 
weeks showed a trend toward better long-term response in the long-
term group (PR: 50.0% vs. 18.2%), though this did not reach statistical 
significance (P = .055) (Table 3).

Overall survival and PFS are shown in Figures 1 and 2, with the long-
term group showing significantly better outcomes for both measures 
(log-rank test, P < .05). Target tumor shrinkage rates are shown in 
Figure 3 (waterfall plots), demonstrating superior reduction rates in 
the long-term group.

Treatment Background and Management Strategies
All patients in the long-term group initiated treatment with lenva-
tinib, while only 1 patient (4.5%) in the short-term group started 
with sorafenib (P = 1.000). The lenvatinib starting dose was ≥20 mg 
in 18 cases (81.8%) in the long-term group, compared with 15 cases 
(68.2%) in the short-term group (P = .620). Sorafenib use as second-
line therapy occurred in 6 cases (27.3%) in the long-term group and 
4 cases (18.2%) in the short-term group. So-called rechallenge with 
lenvatinib as third-line therapy occurred in 5 cases (83.3% of those 
receiving third-line) in the long-term group and 2 cases (50.0%) in the 

short-term group. These showed no significant differences between 
groups.

Planned drug holidays were implemented in 9 cases (40.9%) of the 
long-term group and 3 (13.6%) of the short-term group, showing 
a non-significant trend toward more frequent use in the long-term 
group (P = .088). Treatment interruptions ≥10% of treatment duration 
showed no significant difference between groups (P = .332). Notably, 
dose escalation after initial dose reduction was performed signifi-
cantly more frequently in the long-term group: 14 cases (63.6%) vs. 4 
cases (18.2%) in the short-term group (P = .005).

Reasons for lenvatinib discontinuation included PD in 10 cases (45.5%) 
in both groups. However, AE-related discontinuation occurred signifi-
cantly more frequently in the short-term group: 9 cases (40.9%) vs. 1 
case (4.5%) in the long-term group (P = .003). Six patients (27.3%) in 
the long-term group were still on treatment at the time of analysis.

After MKI treatment, driver gene identification led to transition to 
BRAF+MEK inhibitor therapy in 2 cases (9.1%) in the long-term group 
and 4 cases (18.2%) in the short-term group, and to neurotrophic 
tyrosine receptor kinase (NTRK) inhibitor therapy in 1 case (4.5%) 
in the long-term group. These post-MKI treatment transition rates 
showed no statistical significance (P = .289) (Table 4).

Safety Profile and Adverse Events Management
Tables 5 and 6 present the major AEs and their onset timing. The most 
common Grade 3 AE was hypertension in 33 cases (75%), followed by 
proteinuria in 13 cases (29.5%). These showed no significant differ-
ence between long-term and short-term groups for Grade 3 events 
(hypertension: P = 1.000; proteinuria: P = .510).

However, Grade 3 fatigue occurred in 10 of 22 cases (45.5%) in the 
short-term group, compared to only 2 cases (9.1%) in the long-term 

Table 2.  Disease Characteristics at Baseline

​ Long Term (≥657 Days) Short Term (<657 Days) ​
​ n = 22 n = 22 P
Histological subtype, n (%) ​ ​ .741a

  Papillary 17 (77.3) 18 (81.8) ​
  Follicular 3 (13.6) 1 (4.5) ​
  Poorly differentiated thyroid cancer 2 (9.1) 3 (13.6) ​
Baseline overall tumor burden (mm), median (range) 29.1 (10.6-118.8) 45.7 (10.2-140.2) .108c

Metastatic sites, n (%) ​ ​ .661a

  Pulmonary 18 (81.8) 15 (68.2) .488a

  Bone 4 (18.2) 5 (22.7) 1.000a

  Lymph node 17 (77.3) 12 (54.5) .203a

  Brain 1 (4.5) 4 (18.2) .345a

  Primary lesion 8 (36.4) 6 (27.3) .747a

Number of metastatic sites, n (%) ​ ​ .266a

  1 6 (22.7) 10 (31.8) ​
  2 14 (36.4) 8 (40.9) ​
  ≥3 2 (40.9) 4 (27.3) ​
RAI, n (%) ​ ​ 5 (22.7)
  Yes 18 (81.8) 17 (77.3) ​
  No 4 (18.2) 5 (22.7) ​

RAI, radioactive iodine. 
aFisher’s exact test.
bt-test.
cMann–Whitney U.
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group, a statistically significant difference (P = .016). Furthermore, 
fatigue was the most common reason for AE-related discontinu-
ation in the short-term group. Thrombocytopenia (platelet count 
decrease) occurred in 8 cases (18.2%), all leading to treatment inter-
ruption and dose reduction, with no difference between groups 
(P = 1.000). Hemorrhage/perforation as Grade 3 events occurred in 3 
cases (13.6%) in the long-term group and 1 case (4.5%) in the short-
term group, with no significant difference (P = 1.000).

Analysis of the onset timing of Grade ≥2 AEs revealed that fatigue 
in the short-term group occurred significantly earlier than in the 

long-term group (median 47.0 days vs. 206.5 days, P = .022). Proteinuria 
onset was also significantly earlier in the short-term group (median 
21.0 days vs. 43.0 days, P = .007). Hypertension occurred early in both 
groups (median 2.0 days in both groups, P = .593).

All cases underwent AE checks through pharmacist and nurse con-
sultations after various tests, with information shared with physicians 
to consider treatment interruption and dose modification. Between 
hospital visits, patient AE reports via telephone were primarily man-
aged by pharmacists, who appropriately responded and contacted 
physicians when necessary to instruct treatment interruption and 

Table 3.  Treatment Efficacy Outcomes

​ Long Term (≥657 Days) Short Term (<657 Days) ​
​ n = 22 n = 22 P
Best response, n (%) ​ ​ <.001b

  CR 1 (4.5) 0 ​
  PR 20 (90.9) 6 (27.3) ​
  SD 1 (4.5) 16 (72.7) ​
  PD 0 0 ​
Objective response rate (ORR, CR + PR) (%) 95.5 27.3 <.001b

Time to best response, (months), median (95% CI) 7.3 (3.4-11.9) 6.7 (0.9-15.9) .715a

8-week response, n (%) ​ ​ .055b

  CR 0 0 ​
  PR 11 (50.0) 4 (18.2) ​
  SD 11 (50.0) 17 (77.3) ​
  PD 0 1 (4.5) ​

CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
aLog-rank test.
bFisher’s exact test.

Figure  1.  Overall survival (OS) curves Kaplan–Meier curves 
showing OS comparison between long-term treatment group 
(≥657 days, solid line) and short-term treatment group (<657 days, 
dashed line). The long-term group demonstrated significantly 
better OS (log-rank test, P < .05). Number at risk is shown below the 
x-axis at specified time points.

Figure  2.  Progression-free survival curves (PFS) Kaplan–Meier 
curves showing PFS comparison between long-term treatment 
group (≥657 days, solid line) and short-term treatment group (<657 
days, dashed line). The long-term group demonstrated significantly 
better PFS (log-rank test, P < .05). Number at risk is shown below 
the x-axis at specified time points.
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dose reduction. The pharmacist consultation rate exceeding 100% in 
some cases reflects the inclusion of telephone consultations in the 
count (Table 6).

Discussion

Following reports of lenvatinib’s efficacy for RR-DTC, numerous real-
world studies from various countries have emerged.18-30 In addition, 
subgroup analyses from the SELECT trial have been reported,31-40 and 
various efforts have been made to optimize lenvatinib treatment. 
Most of these reports originate from institutions with extensive 
experience and expertise in the management of molecular targeted 
therapies.

However, given the high incidence of thyroid cancer, patients with 
advanced disease are widely distributed and, in real-world practice, 
often receive treatment in regional medical institutions rather than 
specialized centers.

At the institution, otolaryngology-head and neck surgeons have long 
been responsible for initial surgical treatment as well as the man-
agement of recurrence and distant metastases. Consequently, MKI 
therapy, including lenvatinib, has also been administered by otolar-
yngology–head and neck surgeons. Because the adverse-event pro-
file of MKIs differs substantially from that of conventional cytotoxic 
chemotherapy, pharmacists and nurses have played an active role in 
patient monitoring and supportive care, functioning as a multidisci-
plinary MKI response team.

While lenvatinib is a highly effective and practical therapeutic option, 
its clinical benefit is critically dependent on sustained treatment 
duration. In this context, adverse-event management—rather than 
tumor response alone—represents the major challenge to long-term 
administration.

The findings indicate that treatment continuation was most fre-
quently compromised by fatigue, the most critical treatment-limit-
ing adverse event, rather than by radiological disease progression. 
Multidisciplinary collaboration at the institution did not function 
as an independent determinant of outcome, but rather as a sup-
portive framework that enabled early recognition and proactive 

management of fatigue. This fatigue-oriented approach facilitated 
treatment continuation and, consequently, allowed patients to 
derive maximal benefit from lenvatinib therapy.

Early Treatment Planning and Patient Education
Despite being such useful drugs, reports express concerns about 
hesitation to initiate treatment and delays in starting due to various 
AEs.41 The authors, as otolaryngology-head and neck surgeons, per-
form initial thyroid cancer surgery and surgical treatment for cervical 
lymph node metastases. Although few patients with thyroid cancer 
have distant metastases at initial diagnosis, 3%-15% do.42 Currently, 
in such cases, total thyroidectomy and explain preoperative RAI, with 
drug treatment options were performed (MKI treatment or, depend-
ing on driver mutation analysis, RET inhibitor or NTRK inhibitor 
therapy). While not all lung metastasis cases receive drug treatment, 
many patients approach surgery more positively, knowing drug 
treatment is available.

In this study, the period from surgery to MKI treatment initiation was 
exceptional for poorly differentiated papillary carcinoma patients 
who started lenvatinib immediately after surgery due to acute post-
operative progression in both groups. For others, the median interval 
before drug treatment initiation was over 4 years in the short-term 
group and over 8 years in the long-term group. The opportunity to 
discuss MKI therapy with patients during long-term follow-up may 
be a unique advantage of surgical departments.

The American Thyroid Association (ATA) guidelines also empha-
size the importance of thoroughly considering each patient’s val-
ues, drug benefits, and AEs, and involving multiple departments in 
decision-making before treatment initiation.3 Furthermore, the insti-
tution hospitalizes patients for treatment initiation in most cases. 
During hospitalization, education on the drug and AE management 
is provided by physicians, pharmacists, and nurses. Hospitalization 
allows repeated explanations from multiple disciplines, deepen-
ing understanding and building relationships beyond the physi-
cian. Additionally, the same pharmacist continues care after the 
outpatient transition. This multidisciplinary team monitoring allows 
patients to consult pharmacists by telephone about concerning 
symptoms before consulting physicians, which is not uncommon.41 

Figure 3.  Target tumor response—Waterfall plots. Waterfall plots showing the best percentage change from baseline in target tumor burden 
for individual patients in the long-term group (left panel) and short-term group (right panel). Each bar represents 1 patient. Positive values 
indicate tumor progression, while negative values indicate tumor shrinkage. The long-term group demonstrated markedly superior tumor 
shrinkage compared to the short-term group.
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This likely prevented treatment interruptions due to severe AEs and 
facilitated appropriate management, thereby enabling long-term 
administration.

Factors Affecting Long-Term Administration and Dose 
Management Strategies
While there is no dispute that long-term lenvatinib administration is 
associated with longer OS,33 many obstacles exist in real-world prac-
tice. Although the SELECT trial showed tumor burden affects OS,38 
the comparison between long-term and short-term administration 
groups showed a trend toward shorter administration duration with 
larger initial tumor burden (median 45.7 mm vs. 29.1 mm, P = .108). 
Additionally, there was a trend toward higher PS in the short-term 
group. This higher PS resulted in some cases starting lenvatinib at 
≤20 mg. While ideally starting at 24 mg is preferable based on com-
parative reports of 24 mg vs. 18 mg,43 in real-world practice, elderly 
patients or those with high PS may not be started on 24 mg.29,30 
Furthermore, even in highly malignant anaplastic thyroid cancer, 

where higher doses are desired, treatment efficacy has been reported 
even when unable to start at 24 mg.44 Moreover, in real-world prac-
tice, because of the high PS, patients cannot reach specialists and can 
only receive treatment at nearby hospitals.

Regarding dose intensity, since doses up to 8 weeks greatly affect 
treatment efficacy,33,45 the highest possible dose was deliberately 
maintained for the first 8 weeks in both groups, despite lower start-
ing doses. Among all AEs observed in this study, fatigue emerged as 
the most critical determinant of treatment discontinuation. Grade 
3 fatigue occurred significantly more frequently in the short-term 
group and developed much earlier than in the long-term group. 
Importantly, fatigue was the leading cause of AE-related discontinu-
ation, whereas other AEs such as hypertension or proteinuria were 
generally manageable with dose reduction or supportive medica-
tion.37 Fatigue represents a unique challenge in lenvatinib therapy 
because it lacks objective biomarkers and often progresses insidi-
ously. Once severe fatigue develops, treatment interruption becomes 
unavoidable, resulting in premature termination of therapy. These 
characteristics explain why early fatigue, rather than cumulative tox-
icity, has a disproportionate impact on treatment duration.

Planned drug holidays have been proposed as an effective manage-
ment strategy to mitigate AEs including fatigue.46 Unlike reactive 
dose interruption after severe symptom onset, planned holidays 
allow recovery from fatigue while maintaining overall dose intensity. 
In the present study, although not statistically significant, planned 
drug holidays were more frequently implemented in the long-term 
group. This observation suggests that structured fatigue-oriented 
dose modulation, rather than continuous maximal dosing, may be 
essential for sustaining long-term therapy. Thus, fatigue-focused 
dose adjustment strategies, including planned drug holidays and 
subsequent dose re-escalation, should be regarded as core compo-
nents of lenvatinib management.

Another approach for managing treatment is prompt drug switch-
ing when appropriate. As shown in the ATA guidelines, reliably deter-
mining driver mutation analysis before RR-DTC treatment initiation 
is necessary to prepare for the next drug after MKI.3 Currently, driver 
mutation analysis will be performed before initiating drug treatment 
in cases with distant metastases or unresectable lesions.

Management After Progressive Disease
When the disease progresses to PD, treatment continuation interrup-
tion is similarly considered. When the following drugs are prepared 
through driver mutation analysis, drug switching is an option. In the 
early observation period of this study, the Oncomine Dx Target Test 
(Thermo Fisher Scientific, Waltham, MA, USA) and MEBGEN BRAF kit 
(MBL Co., Ltd., Nagoya, Japan) were not covered by Japanese insur-
ance, so some cases underwent comprehensive genomic profiling 
(CGP) after PD for driver mutation analysis. Among such cases, how-
ever, after drug approval, some transitioned to BRAF+MEK inhibitor 
administration and continued treatment. Furthermore, the authors 
experienced a case transitioning to NTRK inhibitor administration via 
CGP, continuing drug treatment for over 10 years from MKI adminis-
tration. Since MKI treatment is not curative,3 the authors recognize 
the importance of continuously exploring subsequent therapeutic 
strategies.

As mentioned, during this study period, Oncomine and MEBGEN 
testing became covered by insurance partway through. For patients 
transitioning from SD to possible PD during lenvatinib treatment, 

Table 4.  Treatment Details and Subsequent Therapies

​
Long Term 

(≥657 Days)
Short Term 
(<657 Days) ​

​ n = 22 n = 22 P
First-line MKI, n (%) ​ ​ 1.000a

  Lenvatinib 22 (100) 21 (95.5) ​
  Sorafenib 0 1 (4.5) ​
Second-line MKI, n (%) ​ ​ .721a

  Lenvatinib 0 1 (4.5) ​
  Sorafenib 6 (27.3) 4 (18.2) ​
  No 16 (72.7) 17 (77.3) ​
Third-line MKI, n (%) ​ ​ .500a

  Lenvatinib re-challenge 5 (83.3) 2 (50.0) ​
Post-MKI treatment, n (%) ​ ​ .500a

  BRAF + MEK inhibitor 2 (9.1) 4 (18.2) ​
  TRK inhibitor 1 (4.5) 0 ​
  Other chemotherapy 0 2 (9.1) ​
  No 19 (86.4) 16 (72.7) ​
Lenvatinib-starting dose, n (%) ​ ​ .620a

  24 mg 13 (59.1) 10 (45.5) ​
  20 mg 5 (22.7) 5 (22.7) ​
  ≤14 mg 4 (18.2) 7 (31.8) ​
Planned drug holidays, n (%) ​ ​ .088a

  Yes 9 (40.9) 3 (13.6) ​
  No 13 (59.1) 19 (86.4) ​
Interruption group, n (%) ​ ​ .332a

  >10% 9 (40.9) 5 (22.7) ​
  <10% 13 (59.1) 17 (77.3) ​
Dose escalation, n (%) ​ ​ .005a

  Yes 14 (63.6) 4 (18.2) ​
  No 8 (36.4) 18 (81.8) ​
Reason for discontinuing 
lenvatinib, n (%)

​ ​ .003a

  Progressive disease 10 (45.5) 10 (45.5) ​
  Adverse events 1 (4.5) 9 (40.9) ​
  Others 5 (22.7) 3 (13.6) ​
  Ongoing treatment 6 (27.3) 0 ​

MKI, multiple kinase inhibitor; NTRK, neurotrophic tyrosine receptor kinase.
aFisher’s exact test.
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when initial treatment specimens are over a decade old, active tis-
sue sampling (especially cervical lymph node excision for submis-
sion) for concurrent driver mutation analysis may be an advantage 
for otolaryngology-head and neck surgeons.47 However, not all 
tested cases yield findings. In such cases, lenvatinib dose-escalation 
strategy,48 switching to sorafenib (another MKI), and subsequent 
lenvatinib rechallenge49 should be considered. In this study, dose 
escalation was performed significantly more frequently in the 
long-term group. The authors experienced cases achieving tumor 
shrinkage after PD through dose escalation and cases maintaining 
relatively long-term SD status. Therefore, dose escalation is a worth-
while approach when other drugs are unavailable. With still limited 
available drugs, maximizing lenvatinib’s efficacy—currently consid-
ered the most effective—can lead to long-term administration even 
after PD appears.

Study Limitations
This study has several limitations. It is a single-center retrospective 
study with a small sample size. Additionally, during the study period, 
cases that could switch to other drugs (specifically BRAF or NTRK 
drugs) were mixed with cases lacking other drug options, making it 
challenging to examine MKI-only treatment outcomes. The median 
treatment duration cutoff may have introduced selection bias, as 
very short-term cases were excluded from analysis. Furthermore, 
the evolving treatment landscape during the study period, with new 

drugs becoming available, may have influenced treatment strategies 
and outcomes.

Despite these limitations, real-world data examining regional cases 
managed by a team comprising otolaryngology-head and neck 
surgeons, pharmacists, and nurses for drugs like lenvatinib, which 
have expected efficacy but challenging AE management, provide 
a valuable reference for regional hospitals considering this treat-
ment approach. Although this study was conducted within a mul-
tidisciplinary care framework, the findings do not suggest that 
multidisciplinary management itself directly prolongs survival. 
Rather, multidisciplinary collaboration should be understood as a 
supportive structure that facilitates early recognition and timely 
management of fatigue. Pharmacist-led interviews and telephone 
consultations enabled early detection of subtle fatigue symptoms, 
allowing prompt intervention before progression to severe fatigue. 
In this context, multidisciplinary care functions as an enabling plat-
form for fatigue management, rather than as an independent thera-
peutic factor.
In summary, the present study highlights fatigue—not tumor 
response or survival duration—as the key modifiable barrier to long-
term lenvatinib treatment in real-world practice. Early identification 
and proactive management of fatigue, through planned drug holi-
days, flexible dose reduction, and subsequent dose escalation, are 
essential for sustaining treatment. Multidisciplinary care should be 

Table 5.  Adverse Events by Grade and Frequency

​ Long Term (≥657 Days) Short Term (<657 Days) ​
​ n = 22 n = 22 P*
Adverse events, n (%) Any grades Grade 3 Grade 2 Any grades Grade 3 Grade 2 ​
Hypertension 22 (100.0) 17 (77.3) 3 (13.6) 20 (90.9) 16 (72.7) 4 (18.2) 1.000a

Diarrhea 16 (72.7) 1 (4.5) 6 (25.0) 10 (45.5) 1 (4.5) 1 (4.5) 1.000a

Fatigue 17 (77.3) 2 (9.1) 10 (45.5) 19 (86.4) 10 (45.5) 4 (18.2) .016a

Appetite loss 15 (68.2) 3 (13.6) 5 (22.7) 19 (86.4) 5 (22.7) 9 (40.9) .698a

HFS 19 (86.4) 1 (4.5) 12 (54.5) 16 (72.7) 0 10 (45.5) 1.000a

Proteinuria 22 (100.0) 5 (22.7) 17 (77.3) 18 (81.8) 8 (36.4) 7 (31.8) .510a

Platelet count decreased 7 (31.8) 4 (18.2) 2 (9.1) 7 (31.8) 4 (18.2) 3 (13.6) 1.000a

Hemorrhage/perforation 3 (13.6) 3 (13.6) 0 1 (4.5) 1 (4.5) 0 1.000a

*P values for Grade 3 comparisons.
aFisher’s exact test.
HFS, Hand-Foot Syndrome

Table 6.  Adverse Event Onset Timing and Pharmacist Consultation

​ Long Term (≥657 Days) Short Term (<657 Days) ​
​ n = 22 n = 22 P
Adverse events onset (day), median (range) ​ ​ ​
  Hypertension 2.0 (2-24) 2.0 (2-43) .593a

  Diarrhea 350.0 (82-1042) 64.0 (30-98) .111a

  Fatigue 206.5 (21-2501) 47.0 (6-513) .022a

  Appetite loss 242.0 (21-2501) 102.5 (5-513) .194a

  HFS 35.0 (14-1605) 25.0 (6-98) .072a

  Proteinuria 43.0 (16-1203) 21.0 (7-261) .007a

  Platelet count decreased 23.5 (12-53) 21.0 (13-546) 1.000a

Pharmacist outpatient rate (%),
median (range)

100.0 (90.9-116.7) 100.0 (75.0-133.3) .699a

Pharmacist consultation rate >100% reflects telephone consultations between scheduled visits.
aMann–Whitney U.
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viewed as a practical framework that supports these fatigue-cen-
tered management strategies, particularly in regional hospitals with-
out dedicated medical oncology specialists.
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