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Dynamics of the neutrophil-to-lymphocyte ratio during
lenvatinib treatment for unresectable hepatocellular carcinoma
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Abstract.Lenvatinib is an approved therapy for advanced hepa-
tocellular carcinoma (HCC). Recently, immune checkpoint
inhibitors have been approved as frontline chemotherapies
for HCC, and the tumor immune microenvironment (TIME)
has been demonstrated to significantly affect HCC treatment.
The neutrophil-to-lymphocyte ratio (NLR) is associated with
the TIME, and the dynamics of the NLR are associated with
prognosis or treatment efficacy in various cancer types. The
present study investigated the dynamics of the TIME using
the NLR in 101 patients with HCC treated with lenvatinib.
Immunostaining for CD8* tumor-infiltrating lymphocytes
(TILs) was also performed in 9 patients who underwent liver
tumor biopsy prior to subsequent chemotherapy for progres-
sion or discontinuation due to adverse events on lenvatinib
treatment. The NLR values measured at the start of treatment
(SOT), after 1 month of treatment and after 3 months of treat-
ment were 2.78+2.20, 2.61+1.86 and 2.66+2.36, respectively
(P=0.733). Among the patients with no reduction in the initial
dose, there was no significant difference between the NLR
after 1 month (2.34+0.25) and that at the SOT (2.86+2.33)
(P=0.613). In patients who achieved a complete or partial
response, the NLR at the time of the best tumor response
was 1.65+0.56, which was significantly lower than that at the
SOT (2.05+0.78) (P=0.023). In patients who did not respond
to lenvatinib, the NLR at the time of disease progression was
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3.68+3.19, which was significantly higher than that at the
SOT (2.78+1.79) (P=0.043). Overall, 5 out of the 6 patients
who did not respond to lenvatinib had low CD8* TIL counts
at disease progression. Although the present study included a
limited number of patients, the NLR was associated with the
therapeutic effects of lenvatinib. These findings suggest the
potential of lenvatinib as an immunomodulator.

Introduction

With an estimated 900,000 new cases and 830,000 associated
deaths in 2020, hepatocellular carcinoma (HCC) ranks as the
sixth most common neoplasm and the third leading cause of
cancer-related mortality worldwide (1,2). Recent advance-
ments in systemic chemotherapy for advanced HCC, including
immune checkpoint inhibitors (ICIs) and molecular targeted
agents, have enhanced patient outcomes (3-8). The main
elements of the tumor immune microenvironment (TIME)
include cancer cells, antigen, immune cells and cytokines.
These components interact with each other to determine the
tendency of antitumor immunity (9). ICIs exhibit antitumor
effects by reactivating the immune cells in TIME and it is
imperative to elucidate the TIME in HCC.

Lenvatinib, an oral multi-kinase inhibitor targeting
vascular endothelial growth factor receptors 1-3, fibroblast
growth factor receptors 1-4, platelet-derived growth factor
receptor o, rearranged during transfection and stem cell
factor receptor, has demonstrated anticancer efficacy (10). A
global, randomized, multicenter, open-label trial assessing
the non-inferiority of lenvatinib compared with sorafenib
(REFLECT; NCTO01761266) revealed that lenvatinib
significantly improved progression-free survival (PFS) versus
sorafenib in patients with previously untreated, metastatic or
advanced HCC (3). Lenvatinib is currently approved for the
treatment of HCC. Recently, Yamauchi ef al (11) described the
capability of lenvatinib to modulate the TIME in HCC.

Inflammation has an important role in cancer, and neutro-
phils suppress T cell function by secreting myeloperoxidase
and arginase-1, and upregulating programmed cell death
ligand 1 (12). Therefore, neutrophils create an immunosup-
pressive tumor microenvironment that reduces the efficacy
of immunotherapy (13). Lymphocytes also have a role in
cytotoxic cell death, and they produce cytokines to inhibit
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tumor cell growth (14). The neutrophil-to-lymphocyte ratio
(NLR) is considered a systemic marker of the balance between
adaptive immune surveillance and the inflammatory status. A
high NLR at baseline is associated with a poor prognosis in
numerous types of cancer, such as lung, thyroid, biliary tract
and colon cancer, and the dynamics of the NLR are associated
with prognosis or treatment efficacy in various cancer types,
such as lung cancer, renal cell carcinoma and gastrointes-
tinal cancer, treated with systemic chemotherapies such as
ICIs (15-22). It has been reported that the dynamics of the NLR
reflect changes in the TIME and capture antitumor immune
responses, ultimately being associated with clinical outcomes
following immune checkpoint blockade (23). To the best of our
knowledge, to date, no reports have evaluated the dynamics
of the NLR as a biomarker of the TIME during lenvatinib
therapy in HCC. The present study therefore investigated the
dynamics of the NLR in this context.

Patients and methods

Patients. The current prospective, single-center study analyzed
the dynamics of the NLR in patients with HCC who were
treated with lenvatinib at Aso lizuka Hospital (lizuka, Japan)
between May 2018 and February 2023. In total, 130 patients
with unresectable HCC who received lenvatinib treatment
as first-line treatment or post-progression treatment after
other therapies, including transarterial chemoembolization,
sorafenib, and atezolizumab plus bevacizumab, were identified.
Finally, 101 patients were evaluated, after excluding 29 patients
who were observed for <12 weeks and did not have images
to assess treatment efficacy. Additionally, liver tumor biopsy
samples were obtained with consent from 9 patients treatment
to assess the TIME prior to subsequent chemotherapy treat-
ment for progression or discontinuation due to adverse events
on lenvatinib treatment. This study adhered to the Declaration
of Helsinki guidelines and received approval from the lizuka
Hospital Ethics Committee (approval no. 18070). All patients
provided written informed consent. Specific written informed
consent was obtained from 2 patients for the publication of
their immunohistochemistry results.

Biomarker analysis. Peripheral blood (2 ml) was obtained
from the patients at the start of treatment and at each hospital
visit during lenvatinib treatment. The NLR was a calculation
based on the absolute neutrophil count divided by the absolute
lymphocyte count determined by complete blood count differ-
ential in the peripheral blood.

Treatment protocol. Patients received oral lenvatinib (Eisai
Co., Ltd.) based on body weight (8 mg/day for those weighing
<60 kg and 12 mg/day for those weighing =60 kg). Reduction
of the initial dose was permitted according to the performance
status (by assessment of the level of function and capability
of self-care) and the presence of proteinuria at the start of
treatment (SOT) (4-8 mg/day). Dose adjustment, including
interruption and reduction (to 8 mg/day, 4 mg/day or 4 mg
every other day), was permitted during treatment according
to the performance status and adverse events. The protocols
outlined in the REFLECT trial, as prescribed by Eisai Co.,
Ltd., were followed (3). Adverse events were graded using the

Common Terminology Criteria for Adverse Events, version
4.0 (24). Grade 3 or higher adverse events or any unacceptable
grade 2 events led to a reduction in the drug dose or inter-
rupted treatment according to the lenvatinib administration
guidelines. Following the occurrence of an adverse event, the
lenvatinib dose was reduced or treatment was temporarily
halted until symptoms improved to grade 1 or 2, in line with
Eisai Co., Ltd., guidelines.

Evaluation of efficacy. The treatment response was assessed
every 8-12 weeks after treatment initiation using computed
tomography or magnetic resonance imaging. The antitumor
response was evaluated by the treating physician based on
the modified Response Evaluation Criteria in Solid Tumours
version 1.1 (25). The disease control rate (DCR) was defined
as the sum of the rates for complete response (CR), partial
response (PR) and stable disease lasting at least 4 months.
The objective response rate (ORR; also referred to as the
best response) was defined as the sum of the PR and CR
rates. Patients were followed up every 4 weeks, and long-term
treatment was continued until disease progression or intoler-
able side effects occurred.

Immunohistochemistry (IHC). Liver tumor biopsy specimens
were fixed in 10% formalin at room temperature for 10-48 h
and embedded in paraffin. Serial sections (5 pm) were cut
from the paraffin blocks and stained with hematoxylin and
eosin (hematoxylin for 3 min and eosin for 45 sec at room
temperature). CD8* T-cell staining was performed with a
Leica Bond-III, which is an automatic and continuous access
slide-staining system that simultaneously processes IHC
protocols, using a Bond Polymer Refine Detection Kit (Leica
Biosystems). Specimens were then incubated for 30 min with
the primary antibody mouse anti-human monoclonal CD8
antibody (clone C8/144B; 1:50; Dako; Agilent Technologies,
Inc.), followed by visualization with the Leica Bond Polymer
Refine Detection kit for 20 min at room temperature. The
sections were counterstained with hematoxylin, dehydrated
and mounted. The slides were examined under the BZ-X700
fluorescence microscope (Keyence Corporation). CD8* cell
infiltration was quantified according to the number of posi-
tively stained CD8* tumor-infiltrating lymphocytes (TILs)
at x400 magnification, focusing on areas with the densest
CDS8* TIL presence. A cutoff of 15.9 cells/high-power field
was utilized to classify high and low CD8* TIL infiltration,
consistent with a previous report (26).

Statistical analysis. JMP Pro version 11 (SAS Institute Inc.)
was utilized for all statistical analyses. Data are presented as
the median (interquartile range) or mean (standard deviation).
The Kaplan-Meier method was applied for statistical testing to
evaluate overall survival (OS) time, PFS time and first objec-
tive response time. NLR was compared at different time points
using Friedman's test with Dunn's post hoc test or a paired t-test.
P<0.05 was used to indicate a statistically significant difference.

Results

Patient characteristics. The characteristics of the 101 patients
who received lenvatinib are presented in Table I. A total of
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Table I. Baseline and overall characteristics of patients who
received lenvatinib.

Characteristics Value
Number of patients 101
Age, years® 73.0 (68.3-80.0)
Males/females, n 77124
MVI-positive, n 20
EHS-positive, n 30
Intrahepatic max tumor size, cm* 3.1(2.0-5.2)
Patients with >5 tumors, n 50
Etiology, n

HBV 19

HCV 42

NBNC 40
Child-Pugh score, n

A 83

B/C 18
Alb, g/dI* 3.7(3.3-4.1)
T.Bil, g/dI* 0.8 (0.6-1.2)

ALBI score®
BCLC stage,n

239 (275 to -2.01)

A 12

B 45

C 44
Tumor markers®

AFP, ng/ml 23.7 (4.2-4392.1)

PIVKA-II, mAU/ml 189.0 (29.0-2086.0)
Initial dose reduction, n (%) 54 (53.5%)
ORR (CR + PR), n (%) 26 (25.7)
DCR (CR + PR + SD), n (%) 59 (58.4)
Median PFS, months® 6.0 (4.9-7.5)

Median OS, months® 27.9 (16.5-32.8)

"Data are expressed as median (interquartile range). "Data are
expressed as median (95% confidence interval). HBV, hepatitis B
virus; HCV, hepatitis C virus; NBNC, non-B non-C; MVI, microvas-
cular invasion; EHS, extrahepatic spread; Alb, albumin; T.Bil, total
bilirubin; ALBI score, albumin-bilirubin score; BCLC, Barcelona
Clinic Liver Cancer; AFP, a-fetoprotein; PIVKA-II, vitamin K
absence or antagonist-II; ORR, objective response rate; CR, complete
response; PR, partial response; DCR, disease control rate; SD, stable
disease; PFS, progression free survival; OS, overall survival.

54 patients (53.5%) required a reduction of the initial dose
of lenvatinib. The ORR was 25.7% (26/101 patients) and the
DCR was 58.4% (59/101 patients). The median PFS time was
6.0 months [95% confidence interval (CI), 4.9-7.5] and the
median OS time was 27.9 months (95% CI, 16.5-32.8). Median
time to first objective response was 3.1 months (95% ClI,
2.3-3.6 months).

Dynamics of the NLR after treatment with lenvatinib. The
NLR values at the SOT, after 1 month of treatment and
after 3 months of treatment were 2.78+2.20, 2.61+1.86 and
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Figure 1. NLR dynamics after treatment with lenvatinib in all patients. NLR,
neutrophil-to-lymphocyte ratio; SOT, start of treatment.
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Figure 2. NLR dynamics after treatment with lenvatinib in patients with no
reduction of the initial dose. NLR, neutrophil-to-lymphocyte ratio; SOT, start
of treatment.

2.66+2.36, respectively (P=0.733; Friedman's test) (Fig. 1).
Among the patients with no reduction of the initial dose,
the NLR values at the SOT, after 1 month of treatment and
after 3 months of treatment were 2.86+2.33, 2.34+0.25 and
2.48+2.26 (P=0.613; Friedman's test) (Fig. 2). There was
no significant difference between the NLR after 1 month
and that at the SOT. Among the patients with an objective
response, the NLR at the time of the best tumor response was
1.65+0.56, which was significantly lower than that at the SOT
(2.05+0.78) (P=0.023; Fig. 3). Among the non-responders, the
NLR was significantly higher at the time of disease progres-
sion (3.68+3.19) compared with that at the SOT (2.78+1.79)
(P=0.043; Fig. 4).
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Figure 3. NLR dynamics after treatment with lenvatinib in patients who
achieved a complete or partial response (best tumor response). NLR, neutro-
phil-to-lymphocyte ratio; SOT, start of treatment.
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Figure 4. NLR dynamics after treatment with lenvatinib in patients who did
not respond to treatment. NLR, neutrophil-to-lymphocyte ratio; SOT, start of
treatment; PD, progressive disease.

IHC for CD8* TILs in HCC tissues. CD8" TIL counts were
assessed by IHC after lenvatinib treatment and prior to subse-
quent-line chemotherapy in 9 patients (Table II). In total, 5 out
of 6 patients who did not respond to lenvatinib had low CD8*
TIL counts at disease progression. A typical case is presented
in Fig. 5A (case 6). Furthermore, 2 out of the 3 patients who
discontinued treatment due to adverse events had high CD8*
TIL counts. A typical case is presented in Fig. 5B (case 7).

Discussion

The immune response serves a crucial role in the progression
of cancer. The most recent immunogenomic classification of
HCC was published in 2022 (27). This study reported that
ICI treatment was likely to initiate a response in 65% of HCC

cases in the non-inflammatory group and in 35% of cases in
the inflammatory group. The inflammatory group was char-
acterized by robust interferon signaling and cytolytic activity,
upregulated effector molecules of cytotoxic T cells, and
increased checkpoint molecule levels and CD8* T-cell counts.
HCC is influenced by the TIME, which has been reported to
benefit from immune checkpoint blockade treatment (28).

Clinical trials and preclinical studies investigating the
immunomodulatory effects of antiangiogenic agents on the
tumor microenvironment have highlighted enhanced matura-
tion of dendritic cells, improved trafficking and function of T
cells, and reversal of immunosuppression that is induced by
hypoxia or immunosuppressive cells (29-31). Further in vivo and
in vitro studies have illustrated that molecular targeted agents
enhance antitumor immunity by promoting the polarization of
tumor-associated macrophages to an M1 phenotype (32-34),
enhancing the infiltration and functions of CD4* and CD8* T
cells (35,36), reducing the numbers of regulatory T cells (37-39),
and reversing the suppressive functions of myeloid-derived
suppressor cells in the tumor microenvironment (40,41).
Lenvatinib has also been demonstrated to modulate the
TIME (11,42-44). It is important to evaluate the TIME in the
treatment of HCC. However, previous studies have required
liver tumor biopsy tissues to be obtained, highlighting the need
for a non-invasive biomarker for predicting treatment response.

The NLR is a simple and inexpensive measure of the
balance between adaptive immune surveillance and the
inflammatory status (16). Tada et al (45) reported that a high
NLR was associated with negative outcomes (PFS, ORR, and
DCR) in patients who received lenvatinib for HCC. However,
the dynamics of the NLR in patients with unresectable HCC
treated with lenvatinib have not been thoroughly investigated.

In the present study, the NLR decreased at the time of
the best tumor response among the patients with an objec-
tive response, indicating an inflammatory condition, whereas
NLR elevation at the time of disease progression suggested a
non-inflammatory condition. There was notably less CD8* TIL
infiltration in liver tumor tissue at the time of disease progres-
sion in patients who did not respond to lenvatinib. The results
suggest that NLR may be useful for assessing the TIME and
treatment efficacy.

Recently, the combination of an ICI and a vascular
endothelial growth factor inhibitor (atezolizumab plus beva-
cizumab) and the combination of the ICIs tremelimumab and
durvalumab were approved as systemic therapy options for
patients with advanced HCC (4,8). If the tumor is inflamed
prior to ICI treatment, the response to ICI treatment might
be improved. Therefore, switching to ICI treatment early or
before disease progression after lenvatinib administration
could improve prognosis.

The limitations of the present study include included the
small number of patients due to the single-center design and
the lack of observation of tumor tissue over time. The NLR can
be influenced by numerous factors, including age, body mass
index, steroidal drugs, viral hepatitis, alcoholic fatty liver and
diabetes (46,47). The present study encompassed advanced
HCC cases with varying stages and levels of liver function.
Matching patients according to these factors is not feasible
when analyzing a small case series. These factors warrant
consideration, and randomized controlled trials should be
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Table II. CD8* TIL levels after lenvatinib treatment and prior to subsequent-line chemotherapy.

Reason for NLR at PD or

Age, discontinuation NLR at the start discontinuation CD8* TIL
Case years Sex Etiology of treatment of treatment of treatment infiltration
1 52 M HBV PD 1.65 2.17 Low
2 59 M ALC PD 599 1.10 Low
3 76 M HCV PD 2.28 3.52 Low
4 87 M NBNC PD 1.87 5.09 Low
5 73 F HBV PD 0.71 0.85 Low
6 68 M HBV PD 2.39 427 High
7 79 M HCV Proteinuria 2.61 2.11 High
8 61 M HCV Proteinuria 7.86 2.71 High
9 69 M NBNC Proteinuria 2.62 2.07 Low

TIL, tumor-infiltrating lymphocyte; NLR, neutrophil-to-lymphocyte ratio; HBV, hepatitis B virus; ALC, alcoholic; HCV, hepatitis C virus;

NBNC, non-B non-C; PD, disease progression; SOT, start of treatment.

CD8* TlLs

Figure 5. H&E and IHC in liver specimens of two typical cases. (A) H&E and
THC results in a patient who did not respond to lenvatinib. A low CD8" TIL
count is shown. (B) H&E and IHC results in a patient who discontinued treat-
ment due to adverse events. A high CD8" TIL count is shown. HE staining:
Magnification, x100; scale bar, 100 ym. IHC: Magnification, x100; scale bar,
100 ym. IHC, immunohistochemistry; H&E, hematoxylin and eosin; TIL,
tumor-infiltrating lymphocyte.

conducted in future. Nevertheless, despite the limitations of
the present study, NLR dynamics may be recognized in future
as a useful marker of the TIME.

In conclusion, the NLR at the time of the best tumor
response was lower than that at the SOT among the patients
with a PR or CR. Among the non-responders, the NLR was
higher at the time of disease progression than at the SOT.
These findings suggest the potential of lenvatinib as an immu-
nomodulator. Further studies exploring the impact of different
treatment methods on the TIME of HCC and further studies
with larger sample sizes are required to investigate the TIME
in patients with advanced HCC.
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