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Abstract: Salvage treatment for refractory metastatic colorectal cancer (mCRC) has yet to be identified. We aimed to 
evaluate the efficacy of a salvage lenvatinib-based regimen for refractory mCRC. In total, 371 patients were catego-
rized into lenvatinib-based and non-lenvatinib-based groups. In the lenvatinib-based group, patients who received 
lenvatinib at a dosage of 10 mg/day were categorized into lenvatinib/chemotherapy and lenvatinib/immunotherapy 
subgroups. We reported overall survival (OS) and progression-free survival (PFS) using the Kaplan-Meier method. 
OS1 was used to measure the time from disease progression after TAS-102 and regorafenib treatment to death, 
while OS2 was used to measure the time from TAS-102 or regorafenib treatment to death. Propensity score match-
ing analysis was employed to compare the characteristics between the lenvatinib-based and non-lenvatinib-based 
groups. Next-generation sequencing (NGS) information was analyzed using R software. The lenvatinib-based group 
exhibited longer OS than did the non-lenvatinib-based group (OS1, 11.4 vs. 3.7 months; OS2, 27.2 vs. 8.2 months). 
The disease control rate (DCR) and objective response rate (ORR) of the lenvatinib-based regimens were 69.4% and 
6.1%, respectively. Lenvatinib/chemotherapy and lenvatinib/immunotherapy had similar PFS, OS, DCR, and ORR. 
The adverse effects were manageable. After propensity score matching, the lenvatinib-based group continued to 
exhibit significantly longer OS1 and OS2 than did the non-lenvatinib-based group. NGS analysis revealed that GNAS 
and KRAS alterations were associated with a worse treatment response and prolonged survival, respectively. In 
conclusion, a moderate-dose salvage lenvatinib-based regimen demonstrated promising clinical activity and toler-
ability in treating refractory mCRC.
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Introduction

CRC ranks as the third most prevalent cancer 
globally and is the second leading cause of can-
cer-related fatalities. Although survival rates 
are increasing, mCRC continues to pose a con-
siderable threat, with an approximate 5-year 
survival rate of only 14% [1]. Chemotherapy 
with 5-fluorouracil (5-FU) and leucovorin 
remains the backbone of treatment regimens. 
In addition to first- and second-line treatment 
regimens, new molecularly targeted pharmaco-
logical strategies, including VEGF, EGFR, BRAF, 

and immune checkpoint inhibitors, have been 
proven to improve survival in certain patient 
groups [2]. For a small subpopulation with MSI-
H, HER-2 amplification [3], BRAF mutation, 
KRAS G12C mutation [4], RET fusion, or NTRK 
fusion [5], specific agents have shown clinical 
efficacy in these molecular subgroups. Never- 
theless, the majority of mCRC patients ulti-
mately develop resistance to standard bio- 
chemotherapy.

Studies have shown that regorafenib and TAS-
102 improve survival after chemotherapy resis-
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tance. Patients treated with regorafenib mono-
therapy had a median OS of 6.4 months, 
whereas those treated with TAS-102 monother-
apy had a median OS ranging from 6.5 to 7.8 
months. In a recent study, TAS-102 plus bevaci-
zumab demonstrated significant survival bene-
fits, with a median OS of 10.8 months, surpass-
ing the outcome of TAS-102 monotherapy [6-8]. 
After patients develop drug resistance to rego-
rafenib and TAS-102, there is a lack of clear 
late-line salvage treatment regimens available; 
clinicians rely on genetic information, clinical 
literature, and early results from clinical trials 
to choose available drugs across different  
cancer types on the market that may be effec-
tive in salvage treatment [9]. The prognosis of 
patients with MSS mCRC is challenging, with a 
median OS of less than one year using existing 
therapies. This highlights a critical unmet need 
for novel therapeutic options for MSS mCRC 
patients.

Lenvatinib is a multitargeted inhibitor that sup-
presses vascular endothelial growth factor 
receptor (VEGFR) 1-3, fibroblast growth factor 
receptor (FGFR) 1-4, platelet-derived growth 
factor receptor (PDGFR) α, and the proto-onco-
genes RET and KIT [10]. In the phase II LEMON 
study, lenvatinib monotherapy demonstrated 
promising antitumor activity, achieving a medi-
an PFS of 3.6 months, a median OS of 7.4 
months, and a DCR of 70% in patients with 
refractory mCRC [11]. In the phase II LEAP-005 
study, pembrolizumab, a PD-1 inhibitor, in com-
bination with lenvatinib demonstrated a favor-
able trend toward improving survival in pa- 
tients with previously treated MSS mCRC [12]. 
Recently, the phase III randomized control trial 
LEAP-017 compared lenvatinib plus pembroli-
zumab to regorafenib or TAS-102 monotherapy 
and revealed that lenvatinib/pembrolizumab in 
combination tended to prolong OS (9.8 months 
vs. 9.3 months) [13].

In our study, we evaluated the clinical efficacy 
and safety of moderate-dose lenvatinib (10 
mg/day) in combination with chemotherapy  
or immunotherapy for salvage treatment of 
refractory mCRC. Furthermore, we analyzed 
next-generation sequencing (NGS) data from 
patients treated with a lenvatinib-based regi-
men to investigate the potential predictive or 
prognostic roles of these gene alterations.

Methods

Study design and participants

This was a retrospective cohort study, and the 
data were collected between January 2010 and 
March 2023 at the Taipei Veterans General 
Hospital, Taiwan. Eligible patients aged > 20 
years with a histologically confirmed diagnosis 
of mCRC were included. Patients needed to 
have been previously treated and to have had 
disease progression on or after or, otherwise, 
be unable to tolerate standard treatment. 
Standard treatment was defined as receiving 
fluoropyrimidine, irinotecan, or oxaliplatin with 
or without an anti-VEGF monoclonal antibody 
(e.g., bevacizumab) or an anti-EGFR antibody 
(e.g., cetuximab or panitumumab) for RAS wild-
type tumors.

Patients were categorized into groups based  
on the salvage regimens, which included  
lenvatinib-based regimens (received TAS-102 
and regorafenib, followed by lenvatinib-based  
regimens), non-lenvatinib-based regimens (re- 
ceived TAS-102 or regorafenib, followed by che-
motherapy or palliation care), and lenvatinib 
prior to receiving TAS-102 or regorafenib 
(received lenvatinib-based regimens, followed 
by TAS-102 or regorafenib). Patients in the len-
vatinib-based group were further categorized 
into subgroups: lenvatinib/chemotherapy and 
lenvatinib/immunotherapy. Patients in the non-
lenvatinib-based group were categorized into 
rechallenge chemotherapy and palliative treat-
ment subgroups. The inclusion flowchart and 
treatment timeline are presented in Supple- 
mentary Figure 1A and 1B, respectively.

Basic patient clinicopathological information, 
including age, gender, primary tumor location, 
American Joint Committee on Cancer 7th Edition 
at presentation (AJCC stage), metastasectomy 
(curative-intended surgical resection of metas-
tasis during any stage), pathology, histological 
grading, mucinous component, signet cell com-
ponent, lymphovascular invasion (LVSI) status, 
perineural invasion (PNI) status, microsatellite 
status, RAS mutation status, and BRAF muta-
tion status, was collected. All the materials and 
protocols in this study complied with the 
Declaration of Helsinki and Good Clinical 
Practice Guidelines. The study protocol was 
approved by the Ethics Committee and 
Institutional Review Board of the Taipei 
Veterans General Hospital.
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Treatment

A daily dose of lenvatinib (Lenvima®) of 10 mg 
was prescribed in the lenvatinib-based group 
combined with either chemotherapy or immu-
notherapy until disease progression or unac-
ceptable toxicity occurred. The addition of tar-
geted therapies was permitted and was based 
on the physician’s decisions. Regorafenib 
(Stivarga®) at 160 mg/day on days 1-21 was 
administered every 28 days, or dose escalation 
started at a dose of 80 mg/day on days 1-7, 
then at 120 mg/day on days 8-14, and then at 
160 mg/day on days 15-21. Subsequent cycl- 
es of 160 mg/day on days 1-21 were adminis-
tered every 28 days (ReDOS). TAS-102 (Lon- 
surf®, trifluridine/tipiracil hydrochloride) every 
28 days (twice daily on days 1-5 and days 8- 
12, with no doses on days 6-7 or days 13-28) 
was prescribed to the non-lenvatinib-based 
group. The dosage adjustment of regorafenib 
and TAS-102 was dependent on the physician’s 
judgment, patient compliance, and adverse 
effects. Chemotherapy rechallenge was defined 
as the reinitiation of a combination of oxalipla-
tin, irinotecan and fluorouracil.

Treatment response assessments

Two types of OS were reported (Supplementary 
Figure 1B). OS1 was defined as the time from 
disease progression after TAS-102 and rego-
rafenib treatment to death or censoring, while 
OS2 was defined as the time from initiation of 
TAS-102 or regorafenib treatment to death or 
censoring. PFS was defined as the time from 
the beginning of the lenvatinib-based regimen 
to disease progression confirmed by radiologi-
cal imaging (CT, PET/CT, MRI) or discontinua-
tion due to intolerable toxicity. The evaluation 
of metastatic disease was based on the 
Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1. We recorded the best 
response after the initiation of treatment in the 
lenvatinib-based group and in the lenvatinib 
group prior to receiving TAS-102 or regorafenib. 
The DCR was calculated as the percentage of 
patients who achieved CR, PR, or SD. The ORR 
was calculated as the percentage of patients 
who achieved CR or PR.

Statistical analysis

The correlations among clinicopathological 
variables and treatment responses were ana-
lyzed using the Chi-square test or Fisher’s exact 

test. Survival curves were generated through 
Kaplan-Meier methods and the log-rank test. 
Univariate and multivariate analyses were also 
conducted using the Cox proportional hazards 
regression model. Variables with a P value < 
0.1 in the univariate analysis were included in 
the multivariate regression model. Cox regres-
sion models were used in the subgroup analy-
sis to evaluate the impact of lenvatinib-based 
treatment on baseline variables. A two-sided P 
value < 0.05 was regarded as significant. All 
the statistical analyses were performed using 
SPSS 25.0 software (IBM Co., Armonk, NY). 
OncoPrint and heatmaps of gene alterations 
according to response were generated with the 
R ComplexHeatmap package [14].

Propensity score matching

Propensity scores were used to control for 
selection bias and derived using binary logistic 
regression to generate a propensity score for 
each patient who did or did not receive lenva-
tinib-based regimens. A one-to-one nearest-
neighbor matching method between patients 
receiving lenvatinib-based regimens and those 
receiving non-lenvatinib-based regimens was 
achieved through a propensity score matching 
model, employing a match tolerance of 0.2.

NGS

Some patients in the lenvatinib-based group 
and in the lenvatinib prior to receiving TAS-102 
or regorafenib group receiving NGS were 
enrolled for bioinformatics analysis. All the NGS 
data in our cohort were analyzed via the Roche® 
FoundationONE CDx assay, which included 324 
hotspot mutations.

TCGA database analysis

The TCGA-COAD dataset from the TCGA data-
base was used for differential expression anal-
ysis (DEA) between samples with mutant or 
wild-type RAS via the TCGABiolink package in 
the R project (fdr.cut = 0.05, logFC.cut = 1.5, 
version 2024/1/7) [15]. Gene Ontology analy-
sis and network analysis were performed  
by using ShinyGO 0.77 (http://bioinformatics.
sdstate.edu/go77/).

Results

Patients’ baseline characteristics

The baseline characteristics of patients treated 
with salvage lenvatinib-based or non-lenva-
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tinib-based agents are presented in Table 1. In 
the lenvatinib-based group, there were fewer 
patients aged more than 65 years, more 
patients who underwent metastasectomy, and 

fewer patients with BRAF mutations than in the 
non-lenvatinib-based group. The other clinical 
baseline characteristics were generally well 
balanced and were not significantly different 

Table 1. Patients’ baseline characteristics
Non-lenvatinib-based (N = 322) Lenvatinib-based (N = 44)

P value
N (%) N (%)

Age ≥ 65 134 (41.6) 9 (20.5) 0.007*

< 65 188 (58.4) 35 (79.5)
Gender Male 185 (57.5) 26 (59.1) 0.837

Female 127 (42.5) 18 (40.9)
Stage (AJCC 8th) I 8 (2.5) 1 (2.3) 0.532

II 22 (6.8) 1 (2.3)
III 74 (23.0) 8 (18.2)
IV 218 (67.7) 34 (77.3)

Primary location Right 66 (20.5) 6 (13.6) 0.270*

Left 247 (76.7) 38 (86.4)
Multi-location 9 (2.8) 0 (0)

Metastasectomy Yes 142 (44.1) 32 (72.7) 0.008*

No 180 (55.9) 12 (27.3)
Pathology Adenocarcinoma 305 (94.7) 42 (97.7) 0.401

Mucinous adeno 17 (5.3) 1 (2.3)
Grade Moderate 251 (78) 37 (84.1) 0.587

Poor 16 (5) 1 (2.3)
NA 55 (17.1) 6 (13.6)

Mucinous component Yes 24 (7.5) 5 (11.4) 0.563
No 243 (75.5) 36 (81.8)
NA 55 (17.1) 3 (6.8)

Signet cell component Yes 11 (3.4) 0 (0) 0.209
No 256 (79.5) 37 (84.1)
NA 55 (17.1) 7 (15.9)

LVSI Yes 125 (38.8) 22 (50) 0.335
No 134 (41.6) 16 (36.4)
NA 63 (19.6) 6 (13.6)

PNI Yes 78 (24.2) 15 (34.1) 0.315
No 181 (56.2) 23 (52.3)
NA 63 (19.6) 6 (13.6)

Microsatellite status MSS 313 (97.2) 41 (93.2) 0.104*

MSI-H 0 (0) 1 (2.3)
NA 9 (2.8) 2 (4.5)

RAS Wild-type 163 (50.6) 19 (43.2) 0.696
Mutation 158 (49.1) 21 (47.7)
NA 1 (0.3) 4 (9.1)

BRAF Wild-type 288 (89.4) 39 (88.6) 0.011*

Mutation 33 (10.2) 3 (6.8)
NA 1 (0.3) 2 (4.5)

Percentages may not add up to exactly 100% due to rounding. Abbreviations: AJCC, American Joint Committee on Cancer stag-
ing system; LVSI, lymphovascular invasion; PNI, perineural invasion; mCRC, metastatic colorectal cancer; MSS, Microsatellite 
Stable; MSI-H, Microsatellite Instability-High; NA, not available. *P value < 0.05.
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between the groups. The baseline characteris-
tics of patients treated with lenvatinib prior to 
receiving TAS-102 or regorafenib are presented 
in Supplementary Table 1.

Efficacy by treatment strategy

The survival data, including OS1, OS2, and PFS, 
are presented in Figure 1. In the lenvatinib-
based group, the OS1 was significantly longer 
than that in the non-lenvatinib-based group 
(11.4 months vs. 3.7 months, P < 0.001) 
(Figure 1A). In the non-lenvatinib-based group, 
the chemotherapy rechallenge subgroup had 
longer OS1 than did the palliative treatment 
subgroup (7.0 months vs. 1.7 months, P < 
0.001) (Figure 1B). In the lenvatinib-based 
treatment group, the PFS was 6.2 months 
(Figure 1C), and within the lenvatinib-based 
group, lenvatinib/chemotherapy and lenva-
tinib/immunotherapy provided comparable PFS 
(6.6 months (95% CI 3.6-9.6) vs. 1.9 months 
(95% CI 0.5-5.3), P = 0.745) (Figure 1D) and 
OS1 (11.4 months (95% CI 7.7-15.1) vs. 14.3 
months (95% CI 5.5-23.1), P = 0.554) (Supple- 
mentary Figure 2). In the lenvatinib-based 
group, the OS2 was longer than that in the non-
lenvatinib-based group (27.2 months vs. 8.2 
months, P < 0.001) (Figure 1E), and the chemo-
therapy rechallenge subgroup exhibited signifi-
cantly longer OS2 than the palliative treatment 
subgroup (12.5 months vs. 4.6 months, P < 
0.001) (Figure 1F).

Antitumor response

The treatment outcomes of patients treated 
with lenvatinib/chemotherapy and lenvatinib/
immunotherapy are presented in Figure 2A and 
2B, respectively.

In summary, the DCR was 69.4%, and the ORR 
was 6.1%. The ORR of lenvatinib/chemothe- 
rapy was 5.4%, while the ORR of lenvatinib/
immunotherapy was 8.3%; the DCR of lenva-
tinib/chemotherapy was 73%, while the DCR of 
lenvatinib/immunotherapy was 58.3% (Figure 
2C). The overall treatment outcomes of salvage 
lenvatinib-based regimens and lenvatinib prior 
to treatment with TAS-102 or regorafenib are 
presented in Supplementary Figure 3. More- 
over, some images of representative cases  
with regressive change after salvage lenva- 
tinib-based regimen were presented in Supple- 
mentary Figure 8.

Prognostic factors impacting OS1

To identify the prognostic factors for OS1, we 
conducted univariate (Figure 3A) and multivari-
ate (Figure 3B) analyses. According to univari-
ate analyses, the lenvatinib-based regimen and 
metastasectomy were identified as favorable 
prognostic factors, whereas mucinous adeno-
carcinoma, histological grade 3-4, LVSI, and 
PNI were considered poor prognostic factors. 
After controlling for other confounding factors, 
we found that the lenvatinib-based regimen 
and metastasectomy status were still indepen-
dent factors associated with a better progno-
sis, while the LVSI grade remained an indepen-
dent factor linked to a worse prognosis. The 
prognostic factors impacting OS2 (Supple- 
mentary Figure 4A and 4B) and OS1 in the  
lenvatinib-based group (Supplementary Figure 
5A and 5B) are also presented.

Subgroup analysis for OS1

To identify potential subgroups that could ben-
efit from salvage lenvatinib-based regimens, 
we conducted a comprehensive subgroup anal-
ysis of various clinical and molecular factors 
with a Cox proportional hazards model (Figure 
4A). Within these subgroups, age less than 65 
years, initial stage IV disease, adenocarcinoma, 
moderate-grade tumors, the absence of a 
mucinous component, primary lesion resec-
tion, MSS status, RAS gene mutation, and wild-
type BRAF gene status were identified as favor-
able indicators for lenvatinib-based regimens. 
The subgroup analysis for OS2 is presented in 
Supplementary Figure 6.

Safety

The adverse effects associated with salvage 
lenvatinib-based regimens are summarized in 
Figure 4B. The most frequent adverse effects 
were anemia (81.6%), proteinuria (65.3%), and 
hypothyroidism (51%). Regarding grade 3-4 
severity, the most common effects were ane-
mia (14.3%), hypertension (14.3%), and leuko-
penia (6.1%).

Propensity score matching

Propensity analysis with the one-to-one near-
est-neighbor matching method was applied to 
minimize confounding factors, including age, 
gender, primary tumor location, AJCC stage, 
metastasectomy, pathology, histological grade, 
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mucinous component, signet cell component, 
LVSI, PNI, microsatellite status, RAS mutation 

status, and BRAF mutation status (Figure 5A). 
Finally, 36 patients were matched in each 

Figure 1. Efficacy by treatment strategy. A. The image represents OS1 by salvage lenvatinib-based regimen or not; B. 
The image represents the OS1 by different salvage regimens; C. The image represents the PFS of salvage lenvatinib-
based regimen; D. The image represents the PFS of salvage lenvatinib-based group by combining C/T or IO; E. The 
image represents the OS2 by salvage lenvatinib-based regimen or not; F. The image represents the OS2 by different 
salvage regimens.
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group, and the abovementioned factors 
appeared to be well matched between these 
two groups (Table 2). After matching, the lenva-
tinib-based group continued to exhibit signifi-
cantly longer OS1 (8.6 vs. 3.8 months) and OS2 
(27.2 vs. 13.8 months) than did the non-lenva-
tinib-based group (Figure 5B, 5C).

NGS

OncoPrint on column clustering by response is 
shown in Figure 6A. A heatmap of column-
supervised clustering by response and row-
unsupervised clustering by genes having an 
impact on survival in the KM plots is shown in 
Figure 6B. The Chi-square test revealed that 
GNAS alterations were associated with a worse 
treatment response, although this difference 
was not significant in the survival analysis. 

Patients with KRAS mutations exhibited signifi-
cantly better survival (P = 0.017). Conversely, 
patients with mutations in CDH1, MCL1, PDK1, 
CHEK1, KLHL6, PIK3CB, KEL, CARD11, CD79A, 
CSF1R, BRAF, MERTK, FGF4, SNCAIP, or RAC1 
had significantly worse survival (Figure 6C).

TCGA database analysis

The 238 RAS wild-type and BRAF wild-type 
samples and 180 RAS mutant and BRAF wild-
type samples were subjected to DEA. Finally, 
651 differentially expressed genes were identi-
fied, and their distributions are shown in a vol-
cano plot (Figure 6D). In addition, the top 30 
significant pathways in the Gene Ontology 
Molecular Function category are shown as a 
dot plot (Figure 6E). The network analysis of 
these significant pathways is shown in 
Supplementary Figure 7. This report highlights 

Figure 2. Antitumor response in patients with salvage lenvatinib-based regimen and lenvatinib prior to receiving 
TAS-102 or regorafenib. A. The image shows the best response of lenvatinib/chemotherapy by RECIST version 1.1. 
B. The image shows the best response of lenvatinib/immunotherapy by RECIST version 1.1. C. The image shows the 
treatment outcomes, the distribution of response and survival data.
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the importance of the fibroblast growth factor 
(FGF) pathway.

Discussion

Our study successfully demonstrated that a 
salvage lenvatinib-based regimen conferred a 
survival benefit in patients with refractory 

mCRC, particularly when it was administered at 
a moderate dose of 10 mg/day. To our knowl-
edge, no comparable clinical trial has been 
conducted to date.

Patients receiving the salvage lenvatinib-based 
regimen had an OS1 of 11.4 months after 
becoming refractory to TAS-102 and rego-

Figure 3. Exploring clinical-pathological factors impacting OS1 in mCRC patients. A. The image represents the uni-
variate analysis of OS1 impacting factors; B. The image represents the multivariate analysis of OS1 impacting fac-
tors.
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Figure 4. Subgroup analysis of OS1 in mCRC patients and adverse effects. A. The forest plot represents the mag-
nitude of the hazard ratio for different subgroups. B. The table showed the summary of adverse events in patients 
treated with salvage lenvatinib-based regimen and lenvatinib prior to receiving TAS-102 or regorafenib. The adverse 
effects grading was based on common terminology criteria for adverse events (CTCAE) version 5.0.
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rafenib. Our findings were indirectly confirmed 
by the LEMON study, which suggested that len-
vatinib monotherapy provided an OS of 7.4 
months and a PFS of 3.6 months in previously 
treated mCRC patients treated with at least 2 
lines of chemotherapy (and/or TAS-102) [11]. 
Our results suggested that a lenvatinib-based 
regimen prolongs survival after patients are 
refractory to regorafenib and TAS-102.

Patients receiving the salvage lenvatinib-based 
regimen demonstrated an OS2 of 27.2 months 
after becoming refractory to at least two lines 
of chemotherapy. The results of previous stud-
ies, including the CORRECT, RECOURSE, 
SUNLIGHT, and LEAP-017 studies, support our 
findings. The current survival outcomes of 
patients receiving standard third-line therapy 

are still unsatisfactory: the OS of patients 
receiving regorafenib monotherapy was 6.4 
months in the CORRECT trial, the OS of patients 
receiving TAS-102 monotherapy was 6.5-7.8 
months in the RECOURSE trial, and the OS of 
patients receiving TAS-102 plus bevacizumab 
was 10.8 months in the SUNLIGHT trial. In the 
LEAP-017 trial, lenvatinib plus pembrolizumab 
was associated with longer survival than rego-
rafenib or TAS-102 (9.8 months vs. 9.3 months) 
[13]. 

Although heterogeneity in baseline characteris-
tics was observed between the lenvatinib-
based group and the non-lenvatinib-based 
group, the above results encouraged us to 
assess the actual efficacy of the lenvatinib-
based regimen using a propensity score model. 

Figure 5. Survival analysis of lenvatinib-based versus non-lenvatinib-based groups after propensity score matching. 
A. 36 pairs of matched patients were selected for analysis by the propensity score model using the one-to-one near-
est-neighbor matching method to minimize the confounding factors. B. The image represents OS1 by lenvatinib-
based regimen or not after propensity score matching. C. The image represents OS2 by lenvatinib-based regimen 
or not after propensity score matching.
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After propensity score matching, the lenvatinib-
based group consistently demonstrated signifi-
cantly longer OS1 and OS2 than did the non-
lenvatinib-based group.

Notably, lenvatinib/chemotherapy and lenva-
tinib/immunotherapy demonstrated similar 
efficacy in terms of PFS and OS1 (Figure 1D, 
Supplementary Figure 2). The efficacy of the 
lenvatinib/chemotherapy regimen may have 
provided a greater survival benefit than the len-
vatinib/immunotherapy regimen. Several pre-
clinical animal studies have suggested that len-

vatinib plus chemotherapy has synergistic anti-
tumor effects. Hepatocellular carcinoma (HCC) 
mouse model studies demonstrated that lenva-
tinib has immunomodulatory effects on T-cell 
inflammation, and lenvatinib combined with 
chemotherapy has synergistic antitumor effe- 
cts on the phosphorylation of VEGFR, RET, and 
ERK [16, 17]. Previous research has demon-
strated that immune checkpoint inhibitor thera-
py alone has limited efficacy in patients with 
MSS CRC [18]. The long tails and early cross-
over features observed in the OS curve of the 
lenvatinib/pembrolizumab group were consis-

Table 2. Patients’ baseline characteristics after propensity score matching 
Non-lenvatinib-based (N = 36) Lenvatinib-based (N = 36)

P value
N (%) N (%)

Age ≥ 65 15 (41.7) 7 (19.4) 0.072
< 65 21 (58.3) 29 (80.6)

Gender Male 20 (55.6) 20 (55.6) 1.000
Female 16 (44.4) 16 (44.4)

Stage (AJCC 8th) I 1 (2.8) 1 (2.8) 0.822
II 2 (5.6) 1 (2.8)
III 7 (19.4) 5 (13.9)
IV 26 (72.2) 29 (80.6)

Primary location Right 6 (16.7) 4 (11.1) 0.735
Left 30 (83.3) 32 (88.9)

Metastasectomy Yes 17 (47.2) 26 (72.2) 0.054
No 19 (52.8) 10 (27.8)

Pathology Adenocarcinoma 33 (91.7) 35 (97.2) 0.614
Mucinous adeno 3 (8.3) 1 (2.8)

Grade Moderate 34 (94.4) 35 (97.2) 1.000
Poor 2 (5.6) 1 (2.8)

Mucinous component Yes 9 (25) 5 (13.9) 0.372
No 27 (75) 31 (86.1)

Signet cell component Yes 3 (8.3) 0 (0) 0.239
No 33 (91.7) 36 (100)

LVSI Yes 16 (44.4) 20 (55.6) 0.480
No 20 (55.6) 16 (44.4)

PNI Yes 10 (27.8) 15 (41.7) 0.322
No 26 (72.2) 21 (58.3)

Microsatellite status MSS 36 (100) 36 (100) -#

MSI-H 0 (0) 0 (0)
RAS Wild-type 15 (41.7) 16 (44.4) 1.000

Mutation 21 (58.3) 20 (55.6)
BRAF Wild-type 36 (100) 33 (91.7) 0.239

Mutation 0 (0) 3 (8.3)
Percentages may not add up to exactly 100% due to rounding. Abbreviations: AJCC, American Joint Committee on Cancer stag-
ing system; LVSI, lymphovascular invasion; PNI, perineural invasion; mCRC, metastatic colorectal cancer; MSS, Microsatellite 
Stable; MSI-H, Microsatellite Instability-High; NA, not available. #P value was unable to calculate due to zero occurrence.
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tent with previous studies of immune check-
point inhibitors [19].

To avoid the confounding bias, patients in the 
non-lenvatinib following chemotherapy rechal-

Figure 6. NGS analysis in patients treated with salvage lenvatinib-based regimen and lenvatinib prior to TAS-102 or 
regorafenib. A. The image represents the OncoPrint on column clustering by response; B. The image represents the 
heatmap on column supervised clustering by response and row unsupervised clustering by genes having impact on 
survival; C. The image represents the survival plots of the gene alteration hotspots with significance; D. The image 
represents the volcano plot of 651 different expression genes and the distribution; E. The image represents the dot 
plot of the top 30 significant pathway in Gene Ontology Molecular Function.
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lenge subgroup were isolated and compared 
with those in the salvage lenvatinib-based 
group (Figure 1B, 1F). The results showed that 
patients in the lenvatinib-based group still had 
the longest survival, and patients in the chemo-
therapy rechallenge subgroup had longer sur-
vival than did patients in the palliative treat-
ment subgroup. Previous studies have suggest-
ed that chemotherapy rechallenge has better 
treatment outcomes than supportive care [20] 
and is sometimes even more effective than 
regorafenib in the third-line treatment of mCRC 
[21].

The survival benefit of lenvatinib-based regi-
mens mainly stems from their ability to control 
disease. In summary, the DCR was 69.4%, and 
the ORR was 6.1%. Lenvatinib/chemotherapy 
achieved a DCR of 73%, while lenvatinib/immu-
notherapy had a lower DCR of 58.3%; the ORR 
of lenvatinib/immunotherapy was 8.3%, where-
as lenvatinib/chemotherapy yielded an ORR of 
5.4%. In the LEMON study, the DCR was 70.0%, 
and the ORR was 6.7% with lenvatinib mono-
therapy [11]. In the LEAP-005 trial, the DCR 
was 47%, and the ORR was 22% in the MSS 
mCRC cohort [12]. In the LEAP-017 study, the 
lenvatinib/pembrolizumab combination achie- 
ved a DCR of 63.1%, while the ORR was 10.4% 
[13]. The DCR of lenvatinib/chemotherapy 
observed in our study surpassed the results 
reported in these trials, emphasizing the nota-
ble efficacy of lenvatinib in combination with 
chemotherapy in achieving disease control. A 
comparison of these studies is summarized in 
Supplementary Table 2.

The most frequent adverse effects observed in 
our study were anemia (81.6%), proteinuria 
(65.3%), and hypothyroidism (51%). Regarding 
grade 3-4 severity, the most common effects 
were anemia (14.3%), hypertension (14.3%), 
and leukopenia (6.1%). Our results revealed a 
lower incidence of hypertension and protein-
uria but a greater incidence of anemia and 
hypothyroidism in our study than in the LEMON 
study. This could be partially attributed to the 
relatively lower dose of lenvatinib (10 mg/day). 
Nevertheless, it was difficult to distinguish 
between the side effects caused by lenvatinib 
itself and those induced by concurrent chemo-
therapy or immunotherapy.

According to the NGS analysis (Figure 6), GNAS 
mutation was the only gene alteration correlat-

ed with a worse treatment response. A meta-
analysis suggested that GNAS mutations are 
significantly linked with poor prognosis and 
treatment failure in CRC patients [22]. Survival 
analyses revealed that patients with KRAS 
mutations had significantly longer OS1 (P = 
0.017), suggesting that the RAS mutation is a 
predictive marker for better treatment out-
comes in patients receiving lenvatinib-based 
regimens. These findings align with the results 
of our subgroup analysis, which revealed that 
patients in the RAS mutation subgroup tended 
to benefit from the salvage lenvatinib-based 
regimen (Figure 4A). A human CRC cell line 
study suggested that lenvatinib significantly 
delays the growth of KRAS-mutated CRC xeno-
grafts and decreases the density of tumor-
associated vessels in the microenvironment 
but not during tumor regression [23]. This 
observation provides insight into why the com-
bination of lenvatinib with chemotherapy or 
immunotherapy has superior efficacy to that of 
lenvatinib monotherapy. In the TCGA database 
analysis, we found that RAS mutations were 
associated with FGF signaling pathways. The 
FGF pathway is one of many major pathways 
targeted by lenvatinib. However, the underlying 
relationship between RAS mutations and lenva-
tinib needs to be better understood to improve 
patient selection in subsequent studies.

There were several limitations to our study. 
First, the retrospective design of the study may 
have led to inevitable selection bias. Patients 
who were able to receive late-line therapies 
had better general conditions and were more 
willing to receive treatment. Second, the data 
were collected from a single hospital, and a 
larger multicenter, randomized study is needed 
to validate our findings. Third, the limited use of 
NGS data may lead to extreme values and sta-
tistical bias. Future research may explore these 
aspects to provide a more comprehensive 
understanding of the treatment landscape.

Conclusion

The moderate-dose salvage lenvatinib-based 
regimen showed promising clinical activity and 
manageable adverse events in patients with 
refractory mCRC as a last-line salvage therapy. 
The combination of these two regimens with 
chemotherapy or immunotherapy had compa-
rable efficacy. Moreover, NGS gene information 
offered insights into predictive and prognostic 
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gene alterations, aiding in the precise selection 
of patients for salvage lenvatinib-based 
regimens.
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Supplementary Figure 1. Treatment flowchart and timeline of mCRC patients. A. Treatment flowchart of mCRC pa-
tients. B. Treatment timeline of mCRC patients. Abbreviations: mCRC, metastatic colorectal cancer; Tx, treatment; 
Len, lenvatinib; PD, disease progression; Re, re-challenge; C/T, chemotherapy; P/T, palliative therapy; IO, immuno-
therapy.
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Supplementary Table 1. Baseline characteristics of patients with lenvatinib prior to receiving TAS-102 
or regorafenib

Lenvatinib prior to TAS-102 or regorafenib (N = 5)
N (%)

Age ≥ 65 0 (0)
< 65 5 (100)

Gender Male 3 (60)
Female 2 (40)

Stage (AJCC 7th) I 1 (20)
II 0 (0)
III 1 (20)
IV 3 (60)

Primary tumor location Right 2 (40)
Left 3 (60)
Multi-location 0 (0)

Metastasectomy Yes 3 (60)
No 2 (40)

Pathology Adenocarcinoma 5 (100)
Mucinous adenocarcinoma 0 (0)

Grade Moderate 5 (100)
Poor 0 (0)

Mucinous component Yes 0 (0)
No 5 (100)

Signet cell component Yes 0 (0)
No 5 (100)

LVSI Yes 1 (20)
No 0 (0)

PNI Yes 2 (40)
No 3 (60)

Microsatellite status MSS 5 (100)
MSI-H 0 (0)

RAS Wild-type 2 (40)
Mutation 3 (60)

BRAF Wild-type 5 (100)
Mutation 0 (0)

Abbreviations: AJCC, American Joint Committee on Cancer staging system; LVSI, lymphovascular invasion; PNI, perineural inva-
sion; MSS, Microsatellite Stable; MSI-H, Microsatellite Instability-High. 
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Supplementary Figure 2. OS1 of salvage lenvatinib-based group by combining C/T or IO. Abbreviations: Len, lenva-
tinib; OS, overall survival; C/T, chemotherapy; IO, immunotherapy.

Supplementary Figure 3. Antitumor response in patients with salvage lenvatinib-based regimen and lenvatinib prior 
to receiving TAS-102 or regorafenib.
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Supplementary Figure 4. Exploring clinical-pathological factors impacting OS2 in mCRC patients. A. Univariate anal-
ysis of OS2 impacting factors. B. Multivariate analysis of OS2 impacting factors. Abbreviations: Len, lenvatinib; Exp, 
experimental group; AJCC, American Joint Committee on Cancer staging system; LVSI, lymphovascular invasion; PNI, 
perineural invasion; MSI-H, Microsatellite Instability-High; HR, hazard ratio. *P value < 0.05.
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Supplementary Figure 5. Exploring clinical-pathological factors impacting OS1 in patients with salvage lenvatinib-
based regimen. A. Univariate analysis of OS1 impacting factors. B. Multivariate analysis of OS1 impacting factors. 
Abbreviations: Exp, experimental group; AJCC, American Joint Committee on Cancer staging system; LVSI, lympho-
vascular invasion; PNI, perineural invasion; MSI-H, Microsatellite Instability-High; HR, hazard ratio. *P value < 0.05.
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Supplementary Figure 6. Subgroup analysis of OS2 in mCRC patients. Abbreviations: AJCC, American Joint Commit-
tee on Cancer staging system; LVSI, lymphovascular invasion; PNI, perineural invasion; HR, hazard ratio. *P value 
< 0.05.
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Supplementary Figure 7. The network analysis of significant pathways TCGA database.
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Supplementary Figure 8. Representative case with regressive change in metastatic target lesions after salvage 
lenvatinib-based regimen. A. 0 month, 2.3 month, 7.8 month. B. 0 month, 3.7 month.

Supplementary Table 2. Comparison between LEMON, LEAP-005, LEAP-017 studies
LEMON LEAP-005 LEAP-017

Type and design Single center single arm phase 2 Multicenter multicohort phase 2 Multicenter randomized phase 3

Sample size 30 32 (in CRC cohort) 480 (241 vs 239)

Study populations mCRC patient refractory to at least 2 
lines of standard therapies ± TAS-102  

mCRC patient refractory to at least 
2 lines of standard therapies

mCRC patient refractory to at least 2 lines of 
standard therapies 

Experimental group Lenvatinib 24 mg QD Lenvatinib 20 mg QD +  
Pembrolizumab 200 mg Q3W

Lenvatinib 20 mg QD + Pembrolizumab 400 
mg Q6W

Control group Nil Nil Regorafenib, TAS-102

Primary outcome DCR ORR, AE OS

Secondary outcome PFS, OS, ORR, AE PFS, OS, DCR, DOR PFS, ORR, DOR, AE, QOL

Main result DCR 70%
PFS 3.6 (2.6-3.7) mos 
OS 7.4 (6.4-10.8) mos 
ORR 6.7%

ORR 22% 
PFS 2.3 (2.0-5.2) mos
OS 7.5 (3.9-NR) mos 
DCR 47%
DOR NR

OS 9.8 (8.4-11.6) vs 9.3 (8.2-10.9) mos
PFS 3.8 (3.7-5.1) vs 3.3 (2.0-3.7) mos
ORR 10.4 vs 1.7%
DCR 63.1 vs 52.7% 
DOR 11.1 vs 7.6 mos

Abbreviations: CRC, colorectal cancer; OS, overall survival; PFS, progression free survival; ORR, objective response rate; DOR, duration of response; DCR, disease control 
rate; AE, adverse events; QOL, quality of life; NR, not reached.


