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Abstract

Importance Chemotherapy agents are typically initially tested in their most promising indications; however, following initial
US FDA approval, new clinical trials are often initiated in less promising indications where patients experience a worse
burden-benefit ratio. The current literature on the burden-benefit profile of lenvatinib in non-FDA-approved indications is
lacking.

Objective This study aimed to evaluate published clinical trials of lenvatinib in order to determine the burden-benefit profile
for patients over time.

Evidence Review On 25 May 2023, we searched the Pubmed/MEDLINE, Embase, Cochrane CENTRAL, and ClinicalTri-
als.gov databases for clinical trials of lenvatinib used to treat solid cancers. Eligible articles were clinical trials, containing
adult participants, published in English, and involving solid tumors. Screening and data collection took place in a masked,
duplicate fashion. For each eligible study, we collected adverse event data, trial characteristics, progression-free survival
(PFS), overall survival (OS), and objective response rate (ORR). Trials were classified as positive when meeting their pri-
mary endpoint and safety, negative (not meeting either criteria), or indeterminate (lacking prespecified primary endpoint).
Findings Expansion of clinical trial testing beyond lenvatinib’s initial FDA indication demonstrated a consistent rise in cumu-
lative adverse events, along with a decline in drug efficacy. Lenvatinib was tested in 16 cancer indications, receiving FDA
approval in 4. A total of 5390 Grade 3—5 adverse events were experienced across 6225 clinical trial participants. Expanded
indication testing further demonstrated widely variable ORR (11-69%), OS (6.2-32 months), and PFS (3.6—15.7 months)
across all indications. After initial FDA approval, clinical trial results in expanded indications were less likely to meet their
primary endpoints, particularly among non-randomized clinical trials.

Conclusion and relevance Our paper evaluated the effectiveness of lenvatinib for its FDA-approved indications; however,
expansion of clinical trials into novel indications was characterized by diminished efficacy, while patients experienced a
high burden of adverse events consistent with lenvatinib’s established safety profile. Furthermore, clinical trials testing in
novel indications was marked by repeated phase I and II clinical trials along with a failure to progress to phase III clinical
trials. Future clinical trials using lenvatinib as an intervention should carefully evaluate the potential benefits and burden
patients may experience.

1 Introduction

Cancer drug development and marketing has been charac-
terized by increasing costs over the past decade. Difficulty
in recruiting patients, demand for technical expertise, strin-
gent regulatory requirements, and lengthy trial durations are
often cited as key drivers of high drug development costs
[1, 2]. However, decrements in quality of life from adverse
effects are often not considered in the economic evaluation

Extended author information available on the last page of the article

of cancer drug therapies [3]. In addition, the average time
for a new trial drug to progress from the start of clinical
testing to US FDA approval is 7.2 years [1]. Throughout
this process, pharmaceutical companies incur a substantial
cost averaging $1.6-$2.5 billion, including cost associated
with failed drug development [1, 2, 4]. It is estimated that
90% of novel drugs fail to reach FDA approval, thus the
financial burden associated with failed trials is concerning
[5]. Therefore, importance should be placed on optimizing
outcomes and enhancing research to minimize risk associ-
ated with costly and unnecessary drug trials.
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Lenvatinib clinical trials testing novel expanded indica-
tions demonstrated variable objective response rates,
overall survival, and progression-free survival, while
being less likely to reach their primary endpoints com-
pared with those indications receiving US FDA approval.

Lenvatinib clinical trials in expanded indications failed
to progress to later-stage clinical trials and subsequent
regulatory approval.

Post-FDA approval, lenvatinib trials for expanded indica-
tions showed a rising adverse event rate and declining
efficacy, emphasizing the need to reconsider conducting
trials beyond the original drug design.

To improve the cost, impact, and burden of cancer treat-
ments, researchers should strive to improve therapeutic ben-
efits of treatments [6]. Two separate studies conducted by
Carlisle et al. examined sunitinib and imatinib, revealing a
worsening risk/benefit ratio when explored for expanded indi-
cation use [7, 8]. For example, imatinib initially demonstrated
positive results, with 60% of trials launched later receiv-
ing FDA approval within 8 years [8]. However, after initial
approval, only 6% of subsequent trials managed to either gain
FDA approval or show positive results within the same time
frame [8]. Similarly, early trials of sunitinib showed favora-
ble outcomes in treating both gastrointestinal stromal tumors
and renal cell carcinoma (RCC); however, the burden/benefit
profile deteriorated when tested in new indications [7]. These
findings suggest therapies driven by molecular insight support
their primary indication, while expanded indication trials in
novel malignancies face a diminished benefit-risk profile. [9,
10]

Lenvatinib is a tyrosine kinase inhibitor manufactured as
Lenvima®, which inhibits vascular endothelial growth factor
(VEGF) receptors VEGFR1 (FLT1), VEGFR2 (KDR), and
VEGFR3 (FLT4) activity [11]. In 2015, the FDA approved
lenvatinib for patients with radioactive iodine-refractory dif-
ferentiated thyroid cancer (DTC) [12]. Since then, lenvatinib
has received additional FDA approval in hepatocellular car-
cinoma (HCC), RCC, and endometrial carcinoma (EC) [11].
However, as lenvatinib trials have expanded across multiple
indications, the cumulative patient benefit and safety risks
have not been characterized. Redundant studies and con-
tinued exploration for new drug indications increase finan-
cial burden on patients and healthcare [13]. Furthermore,
as additional clinical trials for new indications are con-
ducted, the risk-benefit balance for patients may shift over
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time. Lenvatinib was selected for this study due to its recent
FDA approvals, the variety of solid tumor indications under
exploration, and the need to better understand cumulative
adverse events and efficacy over time. Therefore, the goal of
this study is to assess the total patient benefit and burden for
lenvatinib by creating a catalog of published clinical trials.
Furthermore, we anticipate the results of this study will lend
valuable insight into the implications of cancer treatment for
healthcare providers, patients, and policymakers.

2 Methods
2.1 Study Design/Open Science

This was a cross-sectional study that investigated the risk/
benefit profiles of lenvatinib (Lenvima, Eisai Inc.) clinical
trials during their development and applications to indica-
tions outside of their initial approval. For the enhancement
of rigor, reproducibility, and open science, we uploaded a
protocol a priori. Upon the completion of the investigation,
we uploaded raw data, statistical analysis scripts, and extrac-
tion forms to Open Science Framework (OSF), a free-to-
upload data repository [14]. The data will remain available
on OSF throughout the repository’s lifecycle or upon request
(https://osf.io/vdr68/?view_only=78fb8b6f2e3e440aa714
23b40ec8dd46) [15].

2.2 Research Questions, Definitions,
and Hypothesis

Given that clinical trials are costly and potentially harmful
to patients, what are the benefit/risk profiles of clinical trials
assessing the efficacy of lenvatinib? Do the combined risk
profiles—the drug’s burden/benefit portfolio—represent an
overall excessive risk to patients? A clinical trial profile was
defined as the total risk and benefit that participants experi-
enced during a single trial, measured through selected tools
as mentioned in the Data Extraction section. A drug portfo-
lio was defined as the complete collection of trial profiles for
a specific intervention. It was hypothesized that the expan-
sion of clinical trials of lenvatinib into expanded indications
would result in an overall negative drug portfolio with more
negative trials and an increased risk to patients.

2.3 Literature Search

A literature search of the Pubmed/MEDLINE, Embase
(Elsevier), Cochrane CENTRAL, and ClinicalTrials.gov
databases was performed on 25 May 2023 to explore can-
cer treatment clinical trials that used lenvatinib as mono-
therapy or in combination with other interventions. Our
search strings were standardized across all databases using
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the PolyGlot Search Translator (https://sr-accelerator.com/#/
polyglot), which was developed by Bond University and the
Institute for Evidence-Based Healthcare [16]. The search
strings, including the date of search and initial returns, were
uploaded to OSF and were available as supplementary data
in the final manuscript submission.

2.4 Selection Process
Search returns were uploaded to Rayyan for literature

screening. Two authors (PC and KK) screened the titles
and abstracts in a masked duplicate procedure for potential

Pubmed/MEDLINE,
Embase, and
Cochrane
(CENTRAL) Articles:
1,951

Duplicates:
510

Unique Items: 1,441

]

Excluded: 1,349
Wrong Design: 737
Wrong Publication Type: 227
Foreign Language: 31
Wrong Drug: 77
Wrong Outcome: 88
Wrong Population: 53
Background Article: 12
Unrelated to Study: 124

A

Based on

1

inclusion. Any discrepancies were resolved by a third author
(CL) after the screening was completed. Reasons for exclu-
sion were documented during the screening process to form
a study exclusion flowchart.

2.5 Inclusion and Exclusion Criteria

Inclusion criteria required the study to (1) be a clinical trial
of adult human subjects; (2) evaluate the efficacy of len-
vatinib as an intervention for treating solid cancerous tumors
in adults; (3) assess the benefit of lenvatinib using objective
response rate (ORR) according to the Response Evaluation

ClinicalTrials.gov &
Cochrane
(CENTRAL) Trial

Registries:
263

Excluded: 201
No primary publication -
Cochrane (CENTRAL): 169

No primary publication -
v ClinicalTrials.gov: 32

ClinicalTrials.gov &
Cochrane
(CENTRAL):

62 Potential Primary
Reports

Excluded: 58
Duplicates: 42
Wrong Design: 6
Wrong Publication Type: 3
Wrong Population: 1
Wrong Outcome: 4
v Wrong Drug: 2

Based on

Title/Abstract: 92

<

Fulltext Screen:
96

Final Included: 47

Title/Abstract: 4

Excluded: 49
Duplicates: 2
Wrong Publication Type: 5
Wrong Design: 39
Wrong Population: 2
Foreign Language: 1

Fig. 1 Flow diagram for study inclusion. Forty-seven studies were ultimately included for analysis.
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Table 1 Characteristics of the included trials

Characteristic Overall [n = 47] Combination [n = 25] Monotherapy
[n=22]
Phase
1 11(23.4) 8(32.0) 3(13.6)
2 29 (61.7) 13 (52.0) 16 (72.7)
3 7 (14.9) 4 (16.0) 3(13.6)
Stage
Metastatic 36 (76.6) 21 (84.0) 15 (68.2)
Non-metastatic 11 (23.4) 4 (16.0) 7 (31.8)
Response criteria used
RECIST 40 (85.1) 20 (80.0) 20 (90.9)
mRECIST 5(10.6) 3(12.0) 29.1)
Other 2 (4.3) 2 (8.0) 0(0.0)
Results
Positive 29 (61.7) 13 (52.0) 16 (72.7)
Indeterminate 10 (21.3) 7 (28.0) 3(13.6)
Negative 8(17.0) 5 (20.0) 3 (13.6)
Randomized
Non-randomized 36 (76.6) 18 (72.0) 18 (81.8)
Randomized 11(23.4) 7 (28.0) 4(18.2)
Randomization ratio
1:1 6 (60.0) 4 (66.7) 2 (50.0)
1:1:1 2(20.0) 2(33.3) 0(0.0)
2:1 2 (20.0) 0 (0.0) 2 (50.0)
Unknown/non-randomized 37 19 18
Blinding
Non-blinded 44 (93.6) 25 (100.0) 19 (86.4)
Double 3(6.4) 0 (0.0) 3 (13.6)
Number of centers
Multicenter 29 (61.7) 13 (52.0) 16 (72.7)
Single center 14 (29.8) 11 (44.0) 3 (13.6)
Not stated 4 (8.5) 1 (4.0 3 (13.6)
Sponsor/funding
Industry 31 (66.0) 15 (60.0) 16 (72.7)
Industry, non-industry 4(8.5) 3(12.0) 1(4.6)
Government 3(6.4) 3(12.0) 0(0.0)
Government, non-industry 3(64) 1(4.0) 29.1)
Industry, Government 3(6.4) 2 (8.0) 1 (4.6)
Industry, Government, non-industry 3(6.4) 1(4.0) 2.1
Conflicts of interest/disclosure statement
Reports conflicts of interest 37 (78.7) 18 (72.0) 19 (86.4)
Reports no conflicts of interest 8 (17.0) 6 (24.0) 29.1)
Not reported 24.3) 1(4.0) 1(4.6)
Country
United States 15 (31.9) 11 (44.0) 4(18.2)
Japan 13 (27.7) 4 (16.0) 9 (40.9)
China 9(19.2) 6 (24.0) 3(13.6)
France 2(4.3) 0(0.0) 29.1)
Spain 2(4.3) 1 (4.0) 1(4.6)
Taiwan 2 (4.3) 2 (8.0) 0 (0.0)
Belgium 12.1) 0(0.0) 1(4.6)
Ttaly 12.1) 0(0.0) 1 (4.6)
Netherlands 12.1) 0(0.0) 1 (4.6)
Singapore 1(2.1) 1(4.0) 0 (0.0)

Data are expressed as n (%)
RECIST Response Evaluation Criteria in Solid Tumors, mRECIST modified RECIST
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Criteria in Solid Tumors (RECIST) criteria; and (4) be pub-
lished in English. Non-oncological studies, studies on non-
solid tumors, studies on biosimilars, pharmacology studies
on healthy participants, and studies involving exclusively
pediatric populations were excluded. Also excluded were
secondary reports, interim results, clinical trial updates and
follow-ups, preclinical studies, literature reviews, system-
atic reviews, meta-analyses, human tissue studies, laboratory
studies, case reports, letters to the editor, editorials, opin-
ion pieces, conference abstracts, corrections, or redactions.
Studies with manuscripts written in a language other than
English were also excluded.

2.6 Data Extraction

Following data screening, the final study pool was sub-
jected to a data extraction process, which was carried out
by two authors (PC and KK) in a masked, duplicate man-
ner, while a third author (CL) resolved discrepancies. The
authors recorded the following variables: published trial
title, PubMed ID, clinical trial registry number, country of
first author’s affiliation, date of publication, number of par-
ticipants, mean or median age of participants, number of
male participants, number of female participants, indications
of the trial, metastatic or non-metastatic stage, whether the
trial was controlled, if the trial assessed monotherapy or
combination therapies, phase of the trial, number of cent-
ers, blinding of trial participants, randomization ratio, and
study sponsor, including funding and conflicts of interest
statements.

As clinical trials progress to later stages, primary and
secondary endpoints evolve from proving basic safety to
efficacy as regulatory approval and endorsement is sought.
The following variables were extracted for treatment arms to
measure risks and benefits: arm name, Common Terminol-
ogy Criteria for Adverse Events (CTCAE) grade of adverse
events, median progression-free survival (PFS) in months,
hazard ratio (HR) of PFS, median overall survival (OS) in
months, HR of OS, partial response (PR), complete response
(CR), ORR as defined in the RECIST criteria, number of
grade 3-5 adverse events, dose reductions, discontinuations
due to drug-related adverse events, and whether the trial
was positive, indeterminate, or negative. Data on outcome
measurements and adverse events sustained by all trial par-
ticipants of a prespecified indication were recorded. A trial
was considered positive if it utilized a tolerable regimen and
met its prespecified endpoints. An indeterminate trial did
not prespecify endpoints and was using a tolerable regimen.
A trial was considered negative if it failed to meet its pre-
specified endpoints or did not utilize a tolerable regimen.
All phase I trials were classified as indeterminate rather than
positive or negative to more accurately reflect their unique

characteristics [17]. The tolerability of a regimen was deter-
mined by the authors of the trial [8].

Several design decisions were implemented for trial-spe-
cific characteristics. In instances where trials reported mul-
tiple phases, the higher phase was extracted. If a trial pro-
vided a response rate without specifying the proportions of
partial or CRs, it was assumed that only PR was measured.
Extracted data focused on confirmed responses when trialists
specified them as confirmed or unconfirmed. Additionally,
independently confirmed measurements were extracted if
trialists indicated that measurement confirmation was con-
ducted by independent investigators. Trials incorporating
two or more different indication types were categorized as
‘multiple indications’, with additional clarification available.
ORRs were calculated for all participants in a specific arm,
unless the trialist specified evaluable patients.

2.7 Statistical Analysis

Descriptive statistics were performed using R version 4.2.1
and RStudio (The R Foundation for Statistical Computing,
Vienna, Austria). The overall response rate (ORR) was cal-
culated for each treatment arm by dividing the sum of CRs
and PRs by the total number of participants. ORRs for each
indication were then pooled by finding the median ORR
across all ORR arms within that indication. The cumula-
tive adverse event rate was determined by dividing the total
number of grade 3—5 adverse events by the total number
of enrolled participants. Based on reviewer feedback, trend
lines by phase were visualized by monotherapy or combina-
tion therapy using the techniques described by Mattina et al.
[18] The protocol was amended to reflect these changes,
which is viewable on the OSF.

A random effect meta-analysis of raw proportions, using
a restricted maximum likelihood estimator to pool ORRs
across trial characteristics, was conducted using R version
4.2.1 and RStudio. After calculations, we axis transferred
the proportions to improve readability.

2.8 Ethical Oversight
The Oklahoma State University Center for Health Sciences
reviewed our protocol and determined that this research

qualifies as non-human subject research as defined in regu-
lation 45 CFR 46.102(d) and (f).

3 Results
3.1 General Characteristics

Our systematic search yielded 1951 studies cataloged in
bibliographic databases. Our clinical trial registry search
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«Fig.2 (a) Cumulative AERs of monotherapy trials by enrollment
date versus cumulative ORR separated by phase. (b) Cumulative
AERs of combination therapy trials by enrollment date versus cumu-
lative ORR separated by phase. A{/AER-ORR] represents the abso-
lute difference between cumulative AER and cumulative ORR, ORR
objective response rate

yielded an additional 263 studies. Following a full-text
screen of 96 publications, 49 studies were excluded, result-
ing in 47 studies for inclusion (Fig. 1). Of our sample of
47 studies, 22 (46.8%) used lenvatinib as a monotherapy
and 25 (53.2%) used combination therapy. These clinical
trials involved a total of 6290 participants. Lenvatinib has
received FDA approval in four indications; clinical trials
were conducted across 16 indications in our sample. The
most common indications for lenvatinib were HCC (8/47,
17.0%) and RCC (7/47, 14.9%). Forty-four (93.6%) studies
were unblinded, while 3 (6.4%) studies were double-blinded.
Thirty-six studies were not randomized (76.6%), while 11
(23.4%) were randomized. Positive results were found in 29
(61.7%) studies, 10 (21.3%) were indeterminate, and 8 (17%)
yielded negative results. Additional trial characteristics can
be found in Table 1.

Indication
Multiple Indications ..
Melanoma °
Differentiated Thyroid Q 0
Cancer
Thyroid Cancer (5} (4] ®
Non-Small Cell Lung
Cancer o ()
Hepatocellular O
Carcinoma °
Endometrial Carcinoma )
Renal Cell Carcinoma (V]

Adenoid Cystic
Carcinoma

Breast Cancer

Gastroenteropancreatic
Neuroendocrine Tumors

Biliary Tract Cancer
Colorectal Carcinoma
Thymic Cancer

Gastric Cancer

Squamous Cell
Carcinoma

3.2 Endpoints

Among FDA-approved indications, HCC, lenvatinib mono-
therapy trials demonstrated a median PFS of 5.6 months, a
median OS of 13.6 months, and a median ORR of 16.7%. In
contrast, lenvatinib HCC combination therapy trials resulted
in a median PFS of 8.9 months, a median OS of 17.1 months,
and an ORR of 35%. In the treatment of endometrial cancer,
monotherapy demonstrated a median PFS of 5.6 months, a
median OS of 10.6 months, and an ORR of 14.3%. Mean-
while lenvatinib combination therapy yielded a median PFS
of 5.5 months, a median OS of 14.9 months, and an ORR
of 23.3%. These findings underscore the promising impact
of combination strategies on patient outcomes within cer-
tain indications. When comparing the overall OS and ORR
between monotherapy and combination therapy, it is evi-
dent that combination therapy demonstrated an elevated OS
(17.7 months) and ORR (49.8%) in contrast to monotherapy
(12.2 months, 25.6%). Meanwhile, median PFS was similar
between the overall combination and monotherapy groups
(Table 2b).

3.3 Risk Assessment

In our cumulative analysis of lenvatinib trials, a total of
6290 participants and 5390 grade 3—5 adverse effects were
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experienced across these 47 clinical trials. The cumulative
nature of these estimates reflects the evolving landscape of
clinical trials over time, accounting for both an increase in
the number of

trials and their growing sizes. Furthermore, the total
participants and grade 3-5 adverse events include all com-
parator arms, thus capturing the nature of lenvatinib clini-
cal trials as a whole. Only 12 trials (25.5%) reported all
adverse events. Notably, the year 2013 recorded an adverse
event rate (AER) >100%, indicating more adverse events
were recorded than participating patients. Additionally,
although all indications were off-label at one time before
getting approved, the expansion of lenvatinib clinical trials
into expanded indications was also associated with another
spike in adverse events (electronic supplementary material
[ESM] A).

Each specific phase of lenvatinib clinical trials main-
tained a relatively consistent rate of ORR and AER. Our
study used Grade—ORR, the difference between Grade
3-5 AER and ORR, to measure the burden-benefit pro-
file of lenvatinib, with an increasing Grade—ORR indicat-
ing a worsening burden-benefit profile. Phase II and III
clinical trials generally demonstrated a Grade—ORR just
above 50%. The phase I monotherapy outliers exhibited
a Grade—ORR approximately half that of phase II and
III trials, while phase 1 combination outliers reported a
slightly higher Grade—ORR (Fig. 2a). Additionally, the
smaller numbers of participants and limited number of
clinical trials extracted make these results more suscep-
tible to outliers. Among clinical trial participants, 74%
of monotherapy and 86% of combination therapy clini-
cal trial participants were in an indication that received
FDA approval (Table 2). This predominance stabilized
the cumulative rates of ORR and Grade 3-5 over time.

The rates of adverse events were consistently in excess
of 75% of participants among the majority of indications;
however, the ORR among these participants was variable
and the number of indications that followed a standard
developmental path from phase I through III were limited
to DTC, RCC, HCC, and EC.

3.4 Accumulating Evidence and Research
Organization (AERO) Diagram

Figure 3 illustrates the growth and progression of the len-
vatinib clinical trial portfolio, visualizing various phases and
indications [19]. The stark contrast in trial outcomes becomes
evident when comparing trials conducted for FDA-approved
indications with those conducted for expanded indications.
Among the 20 trials conducted for FDA-approved indica-
tions, 65% were positive (13/20), whereas for trials conducted
for expanded indications, only 33% (9/27) of the trials pro-
duced positive results. Thus, it becomes evident that when
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lenvatinib is utilized for FDA-approved indications, it consist-
ently exhibits efficacious outcomes; however, when used for
expanded indications, the observed benefit decreases, while
the frequency of adverse events remains high. A significant
example of a negative result is the pivotal phase III clinical
trial KEYNOTE-775, conducted in EC. This trial played a
crucial role in securing FDA approval for lenvatinib in this
indication. Although demonstrating efficacy with an ORR of
31.9%, the trial failed to meet its primary endpoint of PFS, as
indicated by an HR of 0.56 (trialist prespecified HR of 0.55),
ultimately leading to a negative outcome. [20]

3.5 Meta-Analysis

ORRs were pooled through raw proportion, random effect
meta-analysis for monotherapy phase I (9.81%, 95% confi-
dence interval [CI] 5.47-14.15%, I* = 0.0%, 7> = 0.00), phase
11 (24.41%, 95% CI1 17.11-31.71%, I> = 86.4%, 7> = 0.02),
and phase 11T (34.44%, 95% CI 12.62-56.26%, I* = 98.5%,
72 = 0.04) clinical trials. The same analyses were con-
ducted for combination therapy phase I (41.81%, 95% CI
28.24-55.38%, I* = 75.9%, v* = 0.03), phase II (39.84%,
95% CI 29.02-50.67%, I* = 90.9%, 7* = 0.03), and phase III
(37.25%, 95% CI 24.23-50.26%, I* = 97.4%, 7> = 0.02) tri-
als. Further meta-analyses were conducted of ORR by indica-
tion (30.79%, 95% CI 23.50-38.07%, I* = 97.0%, 7> = 0.02)
and among all clinical trials (31.67%, 95% CI 26.47-36.88%,
P> =95.0%, * = 0.03). Forest plots of each meta-analysis may
be found in the ESM.

4 Discussion
4.1 General Findings

Pharmaceutical companies frequently pursue additional FDA
approvals for drugs, extending beyond the initially approved
indications [7]; however, it is noteworthy that clinical trials
in novel indications are less likely to secure FDA approval
compared with trials conducted before the drug’s initial FDA
approval [10]. A concerning trend our study noted was the
failure of clinical trial testing in novel indications to advance
to phase III clinical trials. In the case of FDA-approved indi-
cations, all trials eventually progressed to a phase III trial,
indicating a standardized progression of clinical develop-
ment. However, it is worth noting that for the expanded indi-
cations, the progression from phase I to phase III trials was
absent. Instead, these indications often underwent repeated
phase I and II trials without further advancement to phase III
trials. For example, biliary tract cancer underwent five phase
IT trials without ever leading to phase III trials. Addition-
ally, clinical trials in non-FDA indications were less likely
to have achieved a positive outcome compared with those
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in indications that would receive FDA approval (33% vs.
65%). This pattern was unexpected because the exploration
of novel indications in clinical trials primarily involved early
phase, often non-randomized clinical trials, which are more
prone to overstating efficacy benefits such as ORR. These
discrepancies highlight the variation in the development and
evaluation trajectories for different indications of lenvatinib.
Sunitinib and imatinib are cancer treatment drugs char-
acterized by initially successful treatment in approved
indications with worsening expanded indication use [7,
8]. A 2021 study by Motzer et al. demonstrated superior
results for lenvatinib compared with sunitinib in a rand-
omized phase III trial in advanced RCC [21]. Lenvatinib
combination arms demonstrated higher ORR and PFS but
an OS rate was not reached by any group [21]. Lenvatinib
is characterized by a safety profile where the number of
Grade 3-5 adverse events to participant ratio is often in
excess of 75% of participating patients and is relatively
consistent across indications. Worsening expanded indica-
tion efficacy with consistently high rates of adverse events
suggests lenvatinib is potentially following the trajectory
of sunitinib and imatinib. A worsening benefit/burden
ratio needlessly places clinical trial participants at risk for
severe adverse events with diminishing therapeutic benefit.
Of the 16 potential indications, lenvatinib has received
FDA approval for four of its indications, with ORR values
ranging from 18.8 to 71%. In the context of endometrial
cancer, two studies have been conducted. In 2020, Vergote
et al. conducted a single-arm, phase II study examining
lenvatinib as a monotherapy in advanced endometrial can-
cer [22]. After trial completion, they found an ORR value
of 14.3%. A follow-up study conducted in 2022 by Makker
et al. compared lenvatinib and pembrolizumab with physi-
cian choice chemotherapy [20]. Their results demonstrated
an ORR rate of 31.9% with combination therapy. Subse-
quently, the study by Makker et al. led to the FDA approval
of lenvatinib with pembrolizumab for endometrial cancer.
Despite its approval for this indication, our study found
that the median ORR (14.7%) was vastly lower relative to
the other FDA-approved indications. This is due to a small
number of endometrial studies and differences in values
among the combination and monotherapy study arms.

4.2 Adverse Events

A potent tyrosine kinase inhibitor, lenvatinib’s safety pro-
file consistently exhibits high rates of adverse events among
clinical trial participants. The most efficacious phase III ran-
domized studies of lenvatinib, used to grant FDA approval
in several indications, exhibited AER in excess of 75%, with
comparatively high ORR (Fig. 2a, b). In the years following
initial FDA approval, as the cumulative adverse event rate
of lenvatinib rose over time, the cumulative ORR declined.

Potent chemotherapies often justify their potential adverse
effects because of the therapeutic benefit they can offer
patients [23]. However, with the expansion of lenvatinib
clinical trials into novel indications, we noticed a contin-
ued increase in patient burden with a decreasing cumulative
ORR over time. The initial decrease in cumulative ORR was
surprising considering the abundance of non-randomized
trials and their tendency to often overstate efficacy values
such as ORR by up to 2.5 times compared with randomized
controlled trials [24]. In 2021, the clinical trial by Motzer
et al. temporarily reversed the downward trend, as the large
sample size led to a substantial ORR increase and corre-
sponding AER spike [21]. In the years following this study,
we noticed another initial decrease and then plateauing of
cumulative ORR. Hutchinson et al. found a declining prob-
ability in FDA approval in novel cancer indications in the
years after initial FDA approval [25]. A diminished likeli-
hood for regulatory approval, coupled with high rates of
adverse events and declining drug efficacy suggest a neces-
sary review of the burden and benefits patients may experi-
ence in novel clinical trial testing. [25]

4.3 Strengths and Limitations

Our study has several strengths. First, to facilitate repro-
ducibility and transparency, we uploaded our protocol, data
extraction forms, and data sheets to OSF, a free open-source
archive. In addition, investigators completed training ses-
sions to standardize data extraction. Lastly, our data were
extracted in a masked, duplicated fashion, to further enhance
the validity of our study. This practice is considered the gold
standard for data extraction as set forth by Cochrane Collab-
oration guidelines [26]. However, our study, although meth-
odologically rigorous, comes with limitations. Errors in data
extraction could have persisted into our final sample analy-
sis, however we employed Cochrane Collaboration guide-
lines to mitigate this risk. Our study is also cross-sectional
by design, and thus these findings are not generalizable to
other cancer drugs or fields of medicine. A further limita-
tion to our study is only analyzing peer-reviewed published
clinical trials, potentially excluding some clinical trials from
our sample. Additionally, further limitations include limited
follow-up time for more recent trials, challenges pooling out-
comes across disparate studies, and difficulties quantifying
the overall value/impact of individual trajectories.

5 Conclusions
Our paper analyzed the burden and benefits of clini-

cal trials that patients experience, when investigators
attempt to expand the clinical use of lenvatinib beyond its
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FDA-approved indications. The adverse event rates across
indications remained considerable, while lenvatinib’s ben-
efits were diminished in non-FDA-approved indications.
Furthermore, clinical trial testing in expanded indications
was characterized by absent progression to phase III clinical
trials and instead underwent repeated phase I and II clinical
trials. Given diminished efficacy and absent standard clinical
trial progression in non-FDA-approved indications, we rec-
ommend an increased consideration of the potential benefits
and adverse events patients face in clinical trials seeking
to expand the indication of lenvatinib beyond its currently
approved FDA indications.
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