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AbstrAct
Background Lenvatinib inhibits tyrosine kinases, including 
vascular endothelial growth factor (VEGF) receptor, fibroblast 
growth factor receptor, platelet- derived growth factor 
receptor alpha, RET proto- oncogene and KIT proto- oncogene, 
receptor tyrosine kinase. We assessed the efficacy and safety 
of lenvatinib in patients with metastatic colorectal cancer 
after failure of standard chemotherapies.
Patients and methods This was an open- label, single centre, 
single- arm, phase 2 study. Eligible patients had unresectable 
metastatic colorectal adenocarcinoma, refractory or intolerant 
to fluoropyrimidine, irinotecan, oxaliplatin, trifluridine/tipiracil, 
anti- VEGF therapy and anti- epidermal growth factor receptor 
therapy (for tumours with wild- type RAS). Patients were 
treated with oral lenvatinib at 24 mg one time a day in 28- day 
cycles until disease progression or unacceptable toxicity. The 
primary endpoint was centrally assessed disease control 
rate. Secondary endpoints included safety, response rate, 
progression- free survival and overall survival. The planned 
sample size was 30 patients to expect a disease control rate of 
60% with a threshold disease control rate of 35%, one- sided 
alpha of 5% and power of 80%
Results Between 24 October 2016 and 23 January 2018, 
30 patients were enrolled; 11 (37%) and 19 (63%) had 
received 3 or ≥4 lines of prior chemotherapy for metastatic 
disease, respectively. The median number of lenvatinib cycles 
was 4 (range 1–13). The centrally assessed disease control 
rate was 70.0% (21/30, 90% CI 53.5% to 83.4%, one- sided 
p=0.0001); 2 patients had a partial response and 19 had a 
stable disease. Median progression- free survival was 3.6 
months (95% CI 2.6 to 3.7). Median overall survival was 7.4 
months (95% CI 6.4 to 10.8). The most common grade ≥3 
adverse events were hypertension (53%), thrombocytopenia 
(10%), increased alanine aminotransferase and anorexia (7% 
each).
Conclusions Lenvatinib showed promising clinical activity 
and was tolerated in patients with metastatic colorectal 
cancer after failure of standard chemotherapies.
Trial registration number UMIN- CTR, UMIN000023446 and 
JAMCCT- CTR, JMA- IIA00261.

InTRoduCTIon
The combination of cytotoxic chemotherapy 
with a molecular targeted agent has significantly 

improved the survival of patients with unre-
sectable metastatic colorectal cancer.1–5 From 
results of recent clinical trials, trifluridine/
tipiracil and regorafenib are recognised as new 
treatment options for patients with metastatic 
colorectal cancer refractory or intolerant to 
standard therapies.6 7 Nevertheless, the prog-
nosis of patients, which are refractory or intol-
erant to standard chemotherapies, is poor, 
and there are still an unmet medical needs 
for these patients, especially for those who are 
in a good performance status and eligible for 
further therapies.

Lenvatinib is an oral multitargeted tyrosine 
kinase inhibitor of the vascular endothelial 
growth factor receptor (VEGFR) 1–3, fibro-
blast growth factor receptors 1–4, platelet- 
derived growth factor receptor alpha, RET 
and KIT.8 9 Preclinical studies have shown that 

Key questions

What is already known about this subject?
 ► No studies have previously reported the efficacy and 
safety of lenvatinib monotherapy in patients with 
metastatic colorectal cancer refractory to standard 
chemotherapies.

What does this study add?
 ► Lenvatinib showed promising antitumour activity 
with acceptable toxicity for heavily pretreated pa-
tients with metastatic colorectal cancer refractory to 
standard chemotherapies.

 ► No unexpected safety signals were observed and 
toxicities were manageable with dose modification, 
interruptions and supportive medications.

How might this impact on clinical practice?
 ► Further prospective randomised studies are war-
ranted to evaluate the efficacy of lenvatinib in pa-
tients with metastatic colorectal cancer refractory to 
standard chemotherapies.
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http://esmoopen.bmj.com/
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lenvatinib not only interferes the interaction between 
cancer cells and endothelial cells but also inhibits tumour 
growth.10 Several phase 1 trials of patients with solid 
tumours in the USA,11 Europe12 and Japan13 14 showed 
that the optimum dosage of lenvatinib was 24 mg one 
time a day in a 28- day cycle.

A total of 195 patients were enrolled in four phase 1 
studies of lenvatinib monotherapy, 28 of whom had 
colorectal cancer. Disease control rate (DCR) was 
achieved in 17 out of 28 (61%) patients, including one 
with a partial response which continued for 30 weeks 
(2 mg two times a day for 2 weeks of a 3- week cycle). 
Grade 3 palmar- plantar erythrodysesthesia was reportedly 
much lower in 3% of patients treated with lenvatinib for 
thyroid cancer in a Japanese population of the SELECT 
trial than that of 28% reported in a Japanese popula-
tion of CORRECT trial using regorafenib for metastatic 
colorectal cancer.15 16 These results suggested that lenva-
tinib may have a potential for improving the outcomes 
of patients with unresectable metastatic colorectal cancer 
who have already received conventional chemotherapy 
with a fluoropyrimidine, irinotecan and oxaliplatin.

We conducted a single- centre, phase 2 study to evaluate 
efficacy and safety in patients with metastatic colorectal 
cancer failing to standard therapies.

PaTIenTs and meTHods
study design and patients
This study was a single- arm, phase 2 study, conducted 
at National Cancer Center Hospital, Tokyo, Japan. The 
inclusion criteria were: histological diagnosis of colorectal 
adenocarcinoma (excluding carcinoma of the appendix 
and the anal canal), unresectable metastatic disease, an 
Eastern Cooperative Oncology Group performance status 
of 0 or 1, an age of 20–79 years, no previous treatment 
with regorafenib or lenvatinib, sufficient oral intake, 
adequate organ and bone marrow function, at least one 
measurable lesion in accordance with the Response Eval-
uation Criteria in Solid Tumors (RECIST) version 1.1, 
refractory or intolerant to fluoropyrimidine, irinotecan, 
oxaliplatin, trifluridine/tipiracil, anti- VEGF therapy, 
and antiepidermal growth factor receptor therapy (for 
tumours with wild- type RAS), and no systemic therapy for 
at least 2 weeks (4 weeks if any investigational drug had 
been administered) before study enrolment. The exclu-
sion criteria were provided in the online supplementary 
material.

All patients provided written informed consent.

Procedures
Patients received lenvatinib at 24 mg one time a day in 
28- day cycles orally until disease progression or unaccept-
able toxicity. The dose was reduced to 20 mg, 14 mg, 10 
mg, 8 mg and 4 mg if a patient had an intolerable grade 2 
or grade 3 adverse event. Treatment was discontinued if a 
dose interruption was required for more than 42 consec-
utive days.

Tumour response was assessed by the independent 
radiological review committee based on the CT or MRI 
performed at baseline, every 4 weeks for 8 weeks, and 
every 8 weeks thereafter until confirmed objective disease 
progression. Safety assessments including laboratory tests 
were done at screening, days 1, 8 and 15 of cycle 1, and 
days 1 and 15 of the subsequent cycles. Urinalysis, thyroid 
function, prothrombin time- international normalized 
ratio (PT- INR) and tumour markers (both carcinoem-
bryonic antigen and carbohydrate antigen 19–9) were 
measured at screening and on day 1 of each treatment 
cycle. Adverse events were recorded from the first day of 
the protocol treatment to 30 days after the last dose of 
study medication, and graded using the National Cancer 
Institute Common Terminology Criteria for Adverse 
Events version 4.0.

Blood sampling for biomarker analyses was done 
at baseline, on days 15 and 29, and at the end of treat-
ment. Plasma levels of angiopoietin-2 were measured by 
the Human Angiopoietin-2 Quantikine ELISA Kit (R&D 
Systems, Minneapolis, USA).

outcomes
The primary endpoint was centrally assessed DCR, which 
was defined as the proportion of patients with a complete 
response, partial response or stable disease persisting for 
more than 6 weeks from the initiation of study treatment 
according to RECIST version 1.1. A complete response 
and partial response were needed to be confirmed.

The secondary endpoints were the objective response 
rate (ORR, proportion of patients who had a complete 
response or partial response), progression- free survival 
(PFS, time from the enrolment until investigator- assessed 
disease progression or death), overall survival (OS, time 
from the enrolment until death due to any cause) and 
adverse events. The incidence of adverse events was calcu-
lated based on the information of the worst grade of each 
adverse event experienced in each patient. Relative dose 
intensity, which is unprespecified outcome, was calculated 
as the proportion of the actual cumulative dose divided by 
planned cumulative dose (24 mg times treatment days).

statistical analysis
For this single- arm study, the required sample size of 28 
patients provided 80% power to reject the null hypothesis 
of DCR ≤35% with expectation that 60% of patients would 
have a disease control (one- sided α of 0.05). Considering 
the possibility of a few ineligible patients, we planned to 
recruit 30 patients.

The final analysis was planned approximately 12 months 
after enrolment of the last patient. We included all eligible 
patients in the efficacy analysis and all patients receiving 
a least one dose of lenvatinib in the safety analyses. For 
the primary analysis, binomial test was performed and the 
centrally assessed DCR was estimated with 90% CI using 
the Clopper and Pearson method, which corresponds to 
one- sided α of 0.05. We also estimated the investigator- 
assessed DCR (a supplementary analysis of the primary 
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Table 1 Baseline patient characteristics

Characteristics Overall (N = 30)

Age (years)

  Median (range) 61.5 (42-78)

Sex

  Male 20 (67%)

  Female 10 (33%)

ECOG performance status

  0 12 (40%)

  1 18 (60%)

Primary site

  Right- sided colon 3 (10%)

  Left- sided colorectum 28 (93%)*

Number of metastatic site

  1 6 (20%)

  ≥ 2 24 (80%)

Metastatic organ

  Lung 26 (87%)

  Liver 18 (60%)

  Lymph node 17 (57%)

  Peritoneum 10 (33%)

Time from start of first- line chemotherapy

  < 18 months 5 (17%)

  ≥ 18 months 25 (83%)

Number of previous palliative 
chemotherapy

  3 11 (37%)

  ≥ 4 19 (63%)

Previous chemotherapy and reason for 
discontinuation

  Fluoropyrimidine 30 (100%)

  Refractory 30 (100%)

  Intolerant 0

Oxaliplatin 30 (100%)

  Refractory 27 (90%)

  Intolerant 3 (10%)

Irinotecan 30 (100%)

  Refractory 30 (100%)

  Intolerant 0

TAS-102 (trifluridine/tipiracil) 30 (100%)

  Refractory 30 (100%)

  Intolerant 0

Angiogenesis inhibitor 30 (100%)

  Refractory 30 (100%)

  Intolerant 0

Anti- EGFR inhibitor 15 (50%)†

  Refractory 15/15 (100%)

Continued

Characteristics Overall (N = 30)

  Intolerant 0

RAS mutational status

  Wild type 14 (47%)

  Mutant 16 (53%)

BRAF mutational status

  Wild type 23 (77%)

  Mutant 0

  Unknown 7 (23%)

MSI status

  MSS 7 (23%)

  Unkown 23 (77%)

*There is an overlapping.
†This number includes 14 patients with the RAS wild type and 1 
patient with mutant RAS.
ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal 
growth factor receptor; MSI, Microsatellite instability; MSS, 
Microsatellite stable.

Table 1 Continued

endpoint) and ORR with 95% CIs using the same method. 
We estimated the median time and 6- month and 1- year 
probability of OS and PFS with the Kaplan- Meier method. 
The 95% CIs for the median time were calculated using 
Brookmeyer and Crowley method. The 95% CIs of 
6- month and 1- year survival probabilities were calculated 
based on the Greenwood’s formula. HRs and 95% CIs 
were estimated by Cox regression. We did subgroup anal-
yses divided by prespecified baseline patient and disease 
characteristic variables including RAS status for DCR, PFS 
and OS. We also did a prespecified exploratory analysis of 
potential predictive biomarkers in blood samples. We did 
all analyses with SAS V.9.4.

ResulTs
Patient characteristics
Between 24 October 2016 and 23 January 2018, 30 
patients with unresectable metastatic colorectal cancer 
were enrolled. All patients were eligible and received the 
study medication. Table 1 summarises the baseline char-
acteristics of all 30 enrolled patients. The median number 
of previous lines of palliative chemotherapy was 4 (range 
3–8); 11 (37%) and 19 (63%) patients had received 3 or 
≥ 4 prior lines of chemotherapy for metastatic disease, 
respectively. The data cut- off date was 23 January 2019, 
with median follow- up of 7.4 months (IQR 5.4–11.8).

efficacy
The centrally assessed DCR was 70.0% (21/30, 90% CI 
53.5% to 83.4%, one- sided p=0.0001); two patients had 
a partial response and 19 had a stable disease, including 
4 unconfirmed PR (table 2, figure 1). A total of 25/30 
(83%) patients had a reduction in target lesion size from 
baseline (figure 1). Time on treatment for all patients is 
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Table 2 Best response to treatment

Central assessment
(n=30)

Investigator assessment
(n=30)

Complete response 0 0

Partial response 2 1

Stable disease 19 20

Progressive disease 7 7

Not evaluable 2 2

Disease control rate (90% CI) 70.0% (53.5 to 83.4) 70.0% (53.5 to 83.4)

Response rate (95% CI) 6.7% (0.8 to 22.1) 3.3% (0.1 to 17.2)

Figure 1 Waterfall plot analysis of maximum percentage change from baseline in measurable target lesions (Response 
Evaluation Criteria in Solid Tumors version 1.1 central review).

shown in online supplementary figures 1 and 2. Events 
for PFS were recorded in all 30 patients, and median PFS 
was 3.6 months (95% CI 2.6 to 3.7; figure 2). All 30 deaths 
were recorded, median OS was 7.4 months (95% CI 6.4 
to 10.8), with a 6- month and 1- year OS of 73.3% (95% CI 
53.7 to 85.7) and 23.3% (95% CI 10.3 to 39.4; figure 2).

safety
Patients received the study treatment for four cycles at 
median (range 1–13). The median relative dose intensity 
was 65.7% (IQR 57.6–77.5). Dose interruptions and reduc-
tions were required in 28 (93%) and 27 (90%) patients, 
respectively. The major treatment- related adverse events 
(≥10%) for dose reduction were proteinuria (16 (53%) 
patients), palmar- plantar erythrodysesthesia (11 (37%) 
patients), diarrhoea (4 (13%) patients), hypertension 
(4 (13%) patients), fatigue (4 (13%) patients) and 

thrombocytopenia (3 (10%) patients). The reasons for 
treatment discontinuation of all 30 patients were disease 
progression in 28 (93%) patients and adverse events 
in 2 (7%) patients; gastrointestinal perforation and 
grade 3 proteinuria in 1 of each. After treatment with 
lenvatinib, 16 (53%) patients received a subsequent 
treatment (online supplementary table 1). Most patients 
only had mild (grades 1–2) adverse events (table 3). The 
most common grade ≥3 adverse events were hyperten-
sion (16/30 (53%) patients), thrombocytopenia (3/30 
(10%) patients), increased alanine aminotransferase 
and anorexia (2/30 (7%) patients each). No clear rela-
tionship was found between the incidence of lenvatinib- 
associated adverse event of any grade and baseline body 
surface area (online supplementary table 2). Serious 
adverse events occurred in four (13%) patients, including 

https://dx.doi.org/10.1136/esmoopen-2020-000776
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Figure 2 Kaplan- Meier curves of (A) progression- free survival (PFS) by investigator assessment and (B) overall survival (OS) 
in all patients (n=30).

five treatment- associated events (anorexia in two, and 
gastrointestinal perforation, central venous catheter- 
related bloodstream infection caused by Staphylococcus 
aureus, and nausea in each one) in each of four (13%) 
patients; all patients recovered from these adverse events.

subgroup analysis
In patients with wild- type RAS, the median PFS was 3.4 
months (95% CI 1.6 to 3.8), and that was 3.7 months 
(95% CI 2.0 to 3.8) in patients with mutant RAS (online 
supplementary figure 3). In patients with wild- type RAS, 
the median OS was 6.9 months (95% CI 95% CI 4.5 to 
10.8) and 9.0 months (95% CI 6.1 to 11.8) in patients with 
mutant RAS (online supplementary figure 3).

Plasma angiopoietin-2 levels were decreased by lenva-
tinib treatment in almost all patients and increased at the 

time of treatment discontinuation (online supplemen-
tary table 3). With a first quartile cut- off point,17 the eight 
(26.7%) patients with a first quartile or lower level of 
angiopoietin-2 had a median OS of 10.2 months (95% CI 
3.4 to 12.2 months) compared with 7.0 months (95% CI 
5.3 to 10.0) in the 22 patients with higher than a first 
quartile level of angiopoietin-2 (HR 1.050, 95% CI 0.453 
to 2.433, online supplementary figure 4). Patients with a 
first quartile or less level of angiopoietin-2 had a median 
PFS of 3.7 months (95% CI 1.1 to 5.6) compared with 3.4 
months (95% CI 2.2 to 3.7) in the patients with more than 
a first quartile level of angiopoietin-2 (HR 1.243, 95% CI 
0.546 to 2.831, online supplementary figure 4).

https://dx.doi.org/10.1136/esmoopen-2020-000776
https://dx.doi.org/10.1136/esmoopen-2020-000776
https://dx.doi.org/10.1136/esmoopen-2020-000776
https://dx.doi.org/10.1136/esmoopen-2020-000776
https://dx.doi.org/10.1136/esmoopen-2020-000776
https://dx.doi.org/10.1136/esmoopen-2020-000776
https://dx.doi.org/10.1136/esmoopen-2020-000776
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Table 3 Treatment- related adverse events occurring in 
≥20% patients (N=30)

Any grade Grade ≥3

Treatment- related adverse 
event

Hypertension 24 (80%) 16 (53%)

Proteinuria 23 (77%) 1 (3%)

Thrombocytopenia 18 (60%) 3 (10%)

Fatigue 16 (53%) 1 (3%)

Hypothyroidism 14 (47%) 0

Weight loss 13 (43%) 0

Hoarseness 12 (40%) 0

Palmar- plantar 
erythrodysesthesia syndrome

12 (40%) 0

Anorexia 11 (37%) 2 (7%)

Diarrhoea 10 (33%) 0

Mucositis oral 6 (20%) 0

Serum AST increased 6 (20%) 2 (7%)

Serum creatinine increased 6 (20%) 0

AST, Aspartate transaminase.

dIsCussIon
Patients with metastatic colorectal cancer with disease 
progression after three or more lines of therapy have 
limited treatment options. In this open- label, single- arm, 
phase 2 study of patients with previously treated metastatic 
colorectal cancer, lenvatinib demonstrated manageable 
toxic effects and promising antitumour activity. A total of 
21 out of 30 patients (70%) had disease control including 
with 2 partial responses (7%). Moreover, 25/30 patients 
(83%) experienced reduction in measurable tumour size. 
The overall toxicity profiles were similar to that reported 
for lenvatinib across a spectrum of advanced malignant 
neoplasms.

Two recent international phase 3 studies reported 
that regorafenib or trifluridine/tipiracil provided signif-
icant improvements in DCR, PFS and OS, compared 
with placebo, in patients with metastatic colorectal 
cancer after failure of standard chemotherapies (DCR; 
41%, median PFS; 1.9 months, median OS; 6.4 months 
in the CORRECT study, and DCR; 44%, median PFS; 
2.0 months, median OS; 7.1 months in the RECOURSE 
study).6 7 Interestingly, the present single- arm phase 2 
study of lenvatinib revealed favourable DCR and median 
PFS values in patients with metastatic colorectal cancer, 
compared with those in the regorafenib or trifluridine/
tipiracil study. Moreover, about half of the patients 
received post study treatment, which led to a favourable 
OS.

The lenvatinib safety profile in this study was similar 
to the published safety profiles of lenvatinib for thyroid 
cancer and hepatocellular carcinoma in the Japanese 
population.18 19 Moreover, we found no unexpected or 
off- target safety signals. The most common adverse events 

were hypertension, proteinuria, thrombocytopenia and 
fatigue, while the most case of grade 2 or 3 hypertension 
and proteinuria required treatment interruption and 
dose reduction. While the target population for thyroid 
cancer or hepatocellular carcinoma that showed efficacy 
for lenvatinib was first- line setting,20 21 this study targeted 
patients receiving salvage- line therapy. Most patients with 
metastatic colorectal cancer in the salvage- line setting 
had grade 1 or 2 proteinuria and hypertension at baseline 
because of the long- term prior treatment with anti- VEGF/
VEGFR treatment whereas the occurrence of grade 3 
hypertension (53%) was significantly higher compared 
with that of regorafenib in a similar study population in 
the CORRECT (7%), CONCUR (11%) and CONSIGN 
(15%) trials.7 22 23 It was manageable by dose reduction 
or interruption, but it may be necessary to consider the 
starting dose in the future. Although palmar- plantar 
erythrodysesthesia is a not life- threatening toxicity, these 
adverse events have a significant impact on treatment 
schedules and quality of life in treated patients. Grade 
≥3 palmar- plantar erythrodysesthesia has been observed 
in 0% and 3% of patients treated with lenvatinib in this 
study and the SELECT Japanese population,15 respec-
tively, while 28% in patients treated with regorafenib 
in the CORRECT Japanese population.16 To date, the 
clear mechanism of palmar- plantar erythrodysesthesia by 
VEGF receptor tyrosine kinase inhibitors is not known, 
but it has been reproduced that palmar- plantar erythro-
dysesthesia by lenvatinib is well tolerated. Overall, it is 
suggested that lenvatinib might be a favourable treatment 
option in terms of toxicities.

Several preclinical studies demonstrated that VEGF- 
targeted treatment affects immune suppression by 
promoting the expansion of suppressive immune cell 
populations, such as regulatory T cells and myeloid- derived 
suppressor cells.24 25 Several clinical studies suggested that 
modulation of VEGF- mediated immune suppression via 
angiogenesis inhibition could potentially augment the 
immunotherapeutic activity of anti- programmed cell 
death 1 (PD-1) antibody.26 27 Regorafenib and nivolumab 
showed antitumour activity in patients with metastatic 
colorectal cancer, including those with microsatellite 
stable tumours in a phase 1 study.28

Angiopoietin-2, a relatively novel regulator of angio-
genesis that acts through the TEK tyrosine kinase, endo-
thelial (Tie2) receptor, has been identified as a potential 
prognostic biomarker for some types of cancer. Although 
the baseline Ang-2 level was a predictive biomarker in 
patients with thyroid cancer in the SELECT trial,17 it did 
not become a reliable biomarker of lenvatinib response 
in this study. Prior treatment with anti- VEGF/VEGFR 
antibodies probably had an effect on baseline angiopoi-
etin-2 levels because the study population was refractory 
to standard treatment in this study. The decrease in angio-
poietin-2 levels was observed after treatment; therefore, it 
may be an indicator of treatment response.

The limitations of our study include its small size, which 
could limit the interpretation of the subgroup analyses, 
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and the absence of a comparison group. However, the 
level of clinical benefit in the form of confirmed responses 
observed in this study was remarkable in the historical 
context of other clinical trials done in heavily pretreated 
patients with metastatic colorectal cancer. Moreover, most 
of the patients in our study had left sided tumours which 
were known to have a better prognosis compared with 
right- sided tumours.

In conclusion, lenvatinib provided promising activity with 
prolonged survival relative to the anticipated median PFS 
in heavily pretreated patients with metastatic colorectal 
cancer. The safety profile of lenvatinib was similar to that 
in other tumour types, with no new safety signals recorded. 
Based on these findings, further investigation of lenva-
tinib with anti- PD-1 antibody or other novel combinations 
with the potential to build on the benefit of lenvatinib is 
currently taking place (NCT03797326 and NCT04008797).
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