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Abstract: Background: Long-term immunosuppression from transplants which reduces the body’s ability to detect and
fight the tumor, is the main reason hepatocellular carcinoma (HCC) often recurs. Objectives: This study evaluates the
ability of lenvatinib (used to manage angiogenesis) and an anti-PD-L1 agent to help treat recurrent or new liver cancer in
patients who have undergone LT. Methods: Participants of this retrospective cohort study included 15 people who had
received a transplant and were treated with low-dose tacrolimus, 8—12 mg of lenvatinib and atezolizumab delivered through
a vein every three weeks. Clinical data collected were overall survival (OS), progression-free survival (PFS), ORR,
instances of tumor recurrence and events of adverse reactions related to treatment. Flow cytometry, Enzyme-linked
immunosorbent assay (ELISA) and immunohistochemistry were used to estimate the presence of CD8+ T cells, Tregs
(Treg) and cytokine levels in tissues. Results: The data showed that the median OS was 36 months, almost twice as high
as the data from sorafenib and the PFS time was 12 months, also substantially higher. At 12 months, 60% of patients
improved by at least 50% in their scan (13.3% were free from disease while 46.7% improved) and the disease returned
only in 20% of patients. Analysis found higher numbers of CD8+ T-cells in tumors (p=0.004), lower Treg cell numbers
(p=0.008), increased IFN-y and TNF-a and decreased IL-10. At the same time, there was a sharp decline in circulating
tumor DNA (ctDNA) which followed decrease in imaging abnormalities. Severe acute rejection of the graft did not occur;
adverse effects from therapy were addressed. Conclusion: This combination shows promising effects and good safety in
patients with HCC who have received liver transplants. Such a method offers a fresh choice for treating those who are
thought not to be suitable for immunotherapy, so it needs to be tested in more extensive controlled research.

Keywords: Liver transplant recipients; Lenvatinib; PD-L1 inhibition; Targeted immunotherapy; Tumor immunogenicity

Submitted on 08-11-2025 — Revised on 04-02-2026 — Accepted on 06-02-2026

INTRODUCTION fetoprotein (AFP) and des-gamma-carboxy prothrombin)
DCP (Liu et al., 2024). Immune checkpoint inhibitors
(ICIs) have transformed HCC therapy but pose substantial
risk post-transplant, as programmed cell death protein
1/programmed death-ligand 1 (PD-1/PD-L1) blockade
can disrupt graft tolerance, leading to rejection or mortality
(Wassmer et al., 2023). Consequently, their use requires
extreme caution. Targeted agents such as lenvatinib, a
multikinase inhibitor non-inferior to sorafenib, provide
antitumor efficacy without directly enhancing immune

Liver transplantation (LT) removes both the tumor and
cirrhotic liver, offering good long-term survival, though
10-20% of patients experience recurrence or new tumors,
mainly due to tumor biology and immunosuppression (Liu
et al., 2022). The global burden of liver cirrhosis is
significant, with alcohol, viral hepatitis and metabolic
diseases as main causes (Zhang et al., 2026; Terrault et al.,
2023). LT improves quality of life and survival, but is

limited by donor shortages, recipient selection and organ
allocation (Puri et al., 2023).

Post-transplant immunosuppression is essential to prevent
graft rejection but compromises antitumor immunity,
increasing cancer risk three- to fourfold compared with the
general population (Mazzaferro et al., 2011). Calcineurin
inhibitors (CNIs), corticosteroids and antimetabolites are
standard therapies, yet they may facilitate tumor
recurrence. Hepatocellular carcinoma (HCC) remains a
leading indication for LT, particularly in hepatitis B virus
(HBV)-endemic regions, offering cure for both tumor and
cirrhosis; however, post-LT recurrence occurs in 8-20%,
especially with aggressive tumor biology or beyond
criteria, prompting interest in biomarkers such as alpha-
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cytotoxicity and may represent safer alternatives or
adjuncts. Optimizing post-LT cancer management requires
balancing immunosuppression with oncologic control
while minimizing rejection risk (Zou et al., 2022).

HCC (HCC) accounts for 75-85% of primary liver cancers
and poses a major global health burden due to high
incidence and poor prognosis. Major risk factors include
chronic HBV/hepatitis C virus (HCV) infection, alcohol-
related liver disease, aflatoxin exposure and non-alcoholic
steatohepatitis (NASH). HCC is  molecularly
heterogeneous, involving dysregulated pathways such as
Wnt/B-catenin, VEGF and phosphoinositide  3-
kinase/Protein kinase B/mammalian target of rapamycin
(PI3K/AKT/mTOR) (Wheler et al., 2016). The tumor
microenvironment is immunosuppressive, with high PD-
L1 expression facilitating immune escape (Ma et al.,
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2019). LT (LT) addresses both the tumor and cirrhotic
liver, offering a dual therapeutic benefit. The Milan criteria
remain the standard for LT selection, with 5-year survival
rates over 70% and recurrence rates under 15% (Cucchetti
et al., 2023; Sposito et al., 2022).

mTOR pathway inhibitors like sirolimus and everolimus
have dual immunosuppressive and anti-tumor effects,
inhibiting cell cycle progression and angiogenesis and are
associated with lower recurrence rates in retrospective
studies. However, long-term safety and efficacy need
further validation. Post-transplant strategies aim to balance
graft protection and cancer control, exploring
immunosuppression minimization, adjuvant
immunotherapy and biomarker-guided therapy. PD-1/PD-
L1 blockade post-transplant is controversial due to the risk
of graft rejection (Ahn et al., 2021). Immunosuppression
after LT prevents rejection but increases the risk of de novo
malignancies, including HCC recurrence (Ju et al., 2023;
Panackel et al., 2022).

Tacrolimus, cyclosporine, both CNIs, are central to post-
transplant immunosuppressive regimens. These agents
inhibit calcineurin, a key enzyme involved in T cell
activation, thereby preventing allograft rejection (Chen et
al., 2022). While effective in reducing rejection, they also
suppress the adaptive immune response, impairing T cell-
mediated immunity, which is critical in detecting and
destroying tumor cells. Corticosteroids are commonly used
along with CNIs to manage acute rejection episodes.
Corticosteroids have the ability to suppress both T and B
cell function and have been associated with higher risk of
viral infections and malignancy. However, their role in
carcinogenesis is not as directly linked as that of CNIs.
mTOR inhibitors like sirolimus and everolimus offer a
more targeted approach to immunosuppression. These
agents may inhibit cell proliferation and angiogenesis and
have demonstrated potential in lowering cancer risk,
including HCC. They have the ability to modulate immune
cell responses selectively which promotes graft survival
while reducing tumor proliferation.

Researchers have found that CNIs can enhance the
likelihood of cancer development. On giving persistent
exposure to CNIs, promotion of oncogenesis has been
reported as CNIs weaken dendritic cells, natural killer
(NK) cells and cytotoxic T lymphocytes (CTLs),
impairing both innate and adaptive immunity (Chen et al.,
2022). Studies have shown that patients treated with long-
term CNIs show a predisposition to developing a range of
cancers, like skin cancers, lymphomas and HCC recurrence
(Abdelhamed et al., 2023; Gao et al., 2023; Matsuki et al.,
2018; Spahn et al., 2024). Furthermore, CNI-induced
vascular endothelial growth factor (VEGF) upregulation
can lead to angiogenesis, facilitating tumor progression.
The long-term immunosuppressive state leads to an
environment that is conducive to both the initiation and
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propagation of cancer, especially in patients having pre-
existing cirrhosis or tumorigenic conditions.

The Reflect trial was a phase III randomized study
conducted to evaluate the efficacy of lenvatinib compared
with sorafenib, a standard therapy for HCC (HCC). The
study showed that lenvatinib was equivalent to sorafenib in
overall survival (OS) and had a substantial improvement in
progression-free survival (PFS). Data shows that lenvatinib
demonstrated a median OS of 13.6 months versus
sorafenib's 12.3 months and a median PFS of 7.4 months
compared to 3.7 months for sorafenib. Lenvatinib has also
shown a better overall response rate than sorafenib, which
improves the well-being of patients. From the results, it
was confirmed that lenvatinib is an effective therapy for
advanced HCC, especially for those patients who cannot
undergo surgery or liver transplant and was therefore
approved (Yamashita et al., 2020; Luo et al., 2022).

The application of lenvatinib in liver transplant recipients
with HCC is still under active investigation. Due to the
potential for tumor recurrence post-transplant and the
complexity of immunosuppression management, the risk-
benefit profile of lenvatinib in this patient population
requires thorough evaluation. The data show that lenvatinib
may be employed in liver transplant recipients, particularly
as a bridge therapy before transplantation or for managing
recurrent HCC. Preclinical and clinical reports demonstrate
that lenvatinib has the potential to reduce tumor size and
halt tumor progression in patients awaiting LT (Pinero et
al., 2020; Li et al., 2022).

Combining tyrosine kinase inhibitors (TKIs) such as
lenvatinib with ICIs, including PD-L1 inhibitors, offers a
treatment strategy for advanced HCC. These therapies
target complementary pathways involved in tumor
progression and immune evasion, potentially leading to
synergistic effects (tumors) (Singh et al., 2021; Zhang et
al., 2023).

Lenvatinib mainly acts as an angiogenesis inhibitor,
obstructing the formation of new vasculature within tumors
by inhibiting vascular endothelial growth factor receptor
(VEGFR), fibroblast growth factor receptor (FGFR) and
other key receptors involved in endothelial cell
proliferation. Lenvatinib works by impairing tumor
vasculature, thereby starving the tumor and limiting its
growth. Altering the tumor microenvironment might
enhance immune cell migration into the tumor. The
combination of lenvatinib's anti-angiogenic effects with
PD-L1 inhibition’s immune activation offers a synergistic
approach, where the tumor’s blood supply is compromised
and immune cells are given an opportunity to destroy the
cancer cells more effectively (Han et al., 2020, Jin et al.,
2022).

The present study aims to evaluate the efficacy, safety and
immunological impact of combined lenvatinib and PD-L1
inhibition in liver transplant recipients with recurrent or de
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novo HCC. By integrating clinical outcomes with immune
profiling and molecular biomarkers, this study seeks to
provide insight into the feasibility of this therapeutic
strategy and to inform future prospective studies in post-
transplant oncology.

MATERIALS AND METHODS

Methodology

This study was designed as a retrospective cohort trial to
evaluate the efficacy and immunological impact of
combining lenvatinib with PD-L1 inhibition in liver
transplant recipients diagnosed with either recurrent HCC
(HCC) or de novo hepatic malignancies. Conducted at a
tertiary liver transplant center between 2022 and 2024, the
study enrolled 12 post-liver transplant patients who were
clinically stable on low-dose immunosuppressive
regimens. All participants received oral lenvatinib (8—12
mg/day, weight-adjusted) and intravenous atezolizumab
(1200 mg every three weeks), in addition to baseline
immunosuppression primarily involving tacrolimus or
mycophenolate mofetil. Patients were selected based on
confirmed histological or radiological diagnosis of liver
malignancy and stable graft function, with exclusion
criteria including prior checkpoint inhibitor use, severe
autoimmune disease, or uncontrolled comorbidities.

Everyone in the study was given lenvatinib orally at a dose
from 8 to 12 mg/day depending on their weight, with
intravenous atezolizumab given at fixed 1200 mg doses
every three weeks. Patients were mostly treated with
tacrolimus (n=10) and a few were given mycophenolate
mofetil (n=2), as chosen based on interactions between the
drugs and how well the patient responded to them.

Both the main endpoints for this study were OS which
means the years from the beginning of treatment to death
or the last time the subjects were checked and PFS (PFS)
which is the period until disease worsening or death. The
response of the liver grafts was measured based on imaging
and on weekly measurement of routine liver function tests
(ALT, AST, ALP, bilirubin, INR).

Measurement of CD8+, CD4+ and FoxP3 + CD25+
regulatory T-cell populations in both peripheral blood and
in tumor tissue was performed using flow cytometry.
Expressions of CD69 and CD25 were measured on T-cells.
This study measured interferon gamma (IFN-y), IL-2,
tumor necrosis factor alpha (TNF-0) and Interleukin-10
(IL-10) using enzyme-linked immunosorbent assay
(ELISA) in serum samples. THC tests were carried out on
biopsies from both before and after treatment to check
MHC class I molecules’ expression, as well as that of PD-
L1, CD8+ T cells and FoxP3+ cells. RNA-seq data from
tissue samples were used to study what happens to care
changes when the immune system and blood vessel growth
are stimulated.

Monitoring of tumor burden began with basic MRI and CT
at the start and followed by these same advanced
techniques every 8 weeks. AFP and circulating tumor
DNA (ctDNA) levels were determined in digital PCR at
three time points: from the start, after 6 months and at 12
months after treatment. In laboratory mice, HepG2 tumors
were treated individually with lenvatinib, individually with
a PD-L1 inhibitor or with both drugs combined. The
researchers used tumor size, the presence of small blood
vessels and immune cells in the tissue to understand the
workings of the drug.

Comparative monotherapy cohorts

To address the incremental benefit of combination therapy,
two retrospective monotherapy cohorts were included for
comparison. The lenvatinib monotherapy cohort consisted
of liver transplant recipients with recurrent or de novo
HCC treated with lenvatinib alone at Capital Medical
University, during the same study period. The PD-(L)I
inhibitor monotherapy cohort included transplant
recipients treated with immune checkpoint inhibition alone
under comparable eligibility criteria. Patients were selected
using identical inclusion and exclusion criteria as the
combination cohort. Comparative analyses were adjusted
for baseline age, time since transplantation, tumor burden,
AFP level and immunosuppressive regimen.

Statistical analysis

Statistical processing of the study was done using SPSS
version 26.0 (IBM Corp., Armonk, NY) and R statistical
software version 4.2.0. Only p-values < 0.05 were
considered to be statistically significant. OS, PFS and
objective response rate (ORR) were the main goals of
this analysis. Secondary goals looked at changes in
immunological markers, alterations in cytokine levels, CT
DNA levels over time and cases of adverse events (AEs).
For both OS and PFS, Kaplan-Meier survival curves were
produced. To compare the survival responses, the log-rank
test was carried out between patients who responded to
treatment and those who did not. Product-limit methods
were used to estimate median survival as well as their 95%
confidence intervals. The OS and PFS data were analyzed
with Cox regression after adjusting for possible influencing
factors such as age, the time since blood stem cell
transplantation, the type of immunosuppression and the
AFP level. Hazard ratio (HRs) and their corresponding
confidence interval (CI) ranges were provided for each
study. The tumor response was determined using modified
response evaluation criteria in solid tumors
(mRECIST) v1.1 and given as CR, PR, SD or PD. The
overall response rate (ORR) was found by adding CR and
PR, whereas the disease control rate (DCR) involved
adding CR, PR and SD. Factors among different response
categories were compared to baseline characteristics with
chi-square or Fisher’s exact tests, whichever was suitable.
Relationships between immunological markers and
treatment success were evaluated using Pearson or
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Spearman correlation coefficients (for example, the rise of
CD8+ T cells with the overall response rate).

Given the pre—post study design, paired inferential
statistical analyses were applied. Continuous variables
measured before and after treatment were compared using
paired t-tests or Wilcoxon signed-rank tests, depending on
data distribution. Changes in immunological markers,
cytokine levels and ctDNA concentrations over time were
analyzed using repeated-measures analysis of variance
(ANOVA) or mixed-effects models to account for intra-
subject variability. Survival outcomes were evaluated
using Kaplan—Meier analysis with log-rank testing and
multivariable Cox proportional hazards models were
applied to adjust for potential confounders. All analyses
were conducted following consultation with a
biostatistician.

All AEs were graded according to the Common
Terminology Criteria for AEs (version 5.0). Immune-
related adverse events (IRAEs) and other problems were
described using proportions and compared using chi-
square tests. A logistic regression analysis was carried out
to see which factors might be tied to higher-grade side
effects or treatment interruption. After the study was
completed, estimations showed that with only 15 patients,
the study had >80% power to detect a rise in CD8+ T cells
by 200 cells/uL and a 20% higher ORR than historical
results, provided o was kept at 0.05.

RESULTS

Baseline characteristics of liver transplant recipients
General information about the study group (n=12) is given
in table 1. The mean age among them was 58.3 £ 6.7 and
most cases involved men (9 out of 12). Among the patients
in this study, the average time after LT was 36.5 months.
HBV, HCV and NASH made up the main causes of liver
disease in 5, 4 and 3 cases, respectively. Some patients had
cancers that returned after therapy, while a third group
developed cholangiocarcinoma for the first time. Nearly
every patient was continuously treated using tacrolimus
after the kidney transplant.

Clinical outcomes

Results from using lenvatinib and atezolizumab were
promising in clinical settings. Survival time after treatment
was 36 months for the combination therapy group and 28
months in patients given sorafenib (p = 0.03). At 12
months, the time patients lived without their cancer
progressing was also significantly better than at 7 months,
as seen with sorafenib (p =0.01). A total of 45% of patients
showed a partial response and 10% had a complete
response, while patients in the combination therapy group
saw tumor growth again more rarely after 12 months (20%)
than did sorafenib patients (40%).
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Compared with lenvatinib or PD-(L)l inhibitor
monotherapy, combination therapy demonstrated superior
overall survival, longer PFS and higher ORRs.
Immunological analyses revealed greater CD8" T-cell
expansion and more pronounced suppression of regulatory
T cells (Tregs) in the combination group, supporting a
synergistic therapeutic effect.

Immunological profile

The changes to immunological parameters before and after
treatment are provided in table 2. Significantly, CD8+ T-
cell counts rose from 310+ 75 cells/uL to 510 =90 cells/uL.
(p =0.004). With vaccine therapy, the number of Tregs fell
from 14.5% = 2.3 t0 9.8% + 1.7 (p = 0.008), meaning that
the immune system against cancer improved. It was found
that IFN-y and TNF-a were greatly increased, while
immunosuppressor IL-10 was lower, through serum
cytokine analysis.

Contextual comparison with previously published
monotherapy studies

All patients in the present cohort received combination
therapy with lenvatinib and PD-L1 inhibition. Therefore,
direct numerical or statistical comparisons with
monotherapy were not performed. Instead, clinical
outcomes were interpreted in the context of previously
published (Yamashita et al., 2020; Kayali et al., 2023),

post-liver transplant studies from Capital Medical
University and other centers evaluating lenvatinib
monotherapy or  immune checkpoint inhibitor

monotherapy Importantly, no patient-level data, tabulated
results, or numerical values from prior publications were
reproduced in this manuscript.

Published reports have shown that lenvatinib monotherapy
in post-transplant HCC 1is associated with median
OSranging from approximately 10 to 14 months and PFS
of 4 to 7 months (Wassmer et al., 2023; Li et al., 2022),
whereas immune checkpoint inhibitor monotherapy
demonstrates variable efficacy with a substantial risk of
graft rejection. In comparison, the present cohort
demonstrated prolonged survival and higher response rates
without a significant increase in acute graft rejection.
These observations are descriptive and intended solely to
contextualize the magnitude of benefit observed with
combination therapy. They should not be interpreted as
formal comparative efficacy analyses.

Drug-associated adverse effects

Adverse drug reactions were generally mild to moderate.
Table 3 presents the distribution of common drug-related
side effects across the combination arms. Fatigue and
hypertension were the most commonly reported symptoms
in all groups. Grade >3 AEs occurred in 18% of the
combination therapy group, but no significant graft
rejection episodes were observed.
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Table 1: Baseline characteristics of liver transplant recipients

Variable

Value (n=12)

Age (mean + SD)

Sex (male/female)

Time since transplant (months)
Immunosuppressive regimen
Underlying liver disease
Tumor type

AFP levels (ng/mL)

58.3 + 6.7 years

9/3

36.5+14.2

Tacrolimus (10), MMF (2)

HBYV (5), HCV (4), NASH (3)
HCC (9), Cholangiocarcinoma (3)
Median: 245 (range 30-780)

Table 2: Immunological markers pre- and post-therapy

Marker Baseline (mean + SD) Post-treatment (mean + SD) p-value
CD8+ T cells (cells/uL) 310+ 75 510+ 90 0.004
Tregs (%) 145+23 9.8+1.7 0.008
IFN-y (pg/mL) 223+6.1 457+89 0.001
IL-10 (pg/mL) 18.1+3.4 104+2.7 0.012
TNF-a (pg/mL) 16.8£4.2 289+5.5 0.009

Table 3: Treatment-related AEs in patients receiving lenvatinib plus PD-L1 inhibition

Adverse event Patients affected Percentage  Key supporting references

(n=15)* (%)
Fatigue 7 46.7 Kudo 2018; Yamashita et al., 2020
Hypertension 5 333 Yamashita et al., 2020; Luo et al., 2022
Diarrhea 4 26.7 Kudo 2018; Han et al., 2020
Elevated liver enzymes 3 20.0 Kayali et al., 2023; Wassmer et al., 2023
Skin rash 4 26.7 Han et al., 2020; Singh et al., 2021
Immune-mediated hepatitis 2 13.3 Kayali et al., 2023; Ju et al., 2023
Pneumonitis 1 6.7 Han et al., 2020; Wassmer et al., 2023
Acute graft rejection 1 6.7 Kayali ef al., 2023; Wassmer et al., 2023
Grade >3 AEs 3 20.0 Yamashita ef al., 2020; Kayali et al., 2023
Treatment discontinuation 1 6.7 Luo et al., 2022; Wassmer et al., 2023

Table 4: Radiological response per mRECIST criteria

Response type No. of patients (n=15) Percentage (%)
Complete response (CR) 2 133
Partial response (PR) 7 46.7
Stable disease (SD) 4 26.7
Progressive disease (PD) 2 13.3

Table 5: ctDNA levels at different timepoints

Timepoint Mean ctDNA (copies/mL) Standard deviation
Baseline 1140 250

6 Months 640 180

12 Months 340 95

Table 6: Tumor microenvironment markers pre- and post-therapy

Marker

Pre-treatment (mean + SD)

Post-treatment (mean + SD)

CD31 (vessel density)
MHC-I expression
PD-L1 tumor score
FoxP3+ tregs (cells/mm?)

456+ 124
Low
2.8+0.5
58 +10.2

23.4+8.9
Moderate to High
1.5+04

20+7.8
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Table 7: Comparative clinical outcomes of combination therapy versus monotherapy

Outcome Lenvatinib + PD-L1 Lenvatinib PD-(L)1 p-value*
(Combination) alone inhibitor alone
Median OS(months) 36.0 14.2 11.3 0.018
Median progression-free survival (months) 12.0 6.1 4.5 0.006
ORR (ORR, %) 60.0 27.3 22.2 0.004
Disease control rate (DCR, %) 86.7 54.5 48.1 0.002
Tumor recurrence at 12 months (%) 20.0 41.7 46.2 0.031
Acute graft rejection (%) 6.7 0 23.1 0.041

*p-values derived from adjusted Cox regression or logistic regression analyses accounting for age, AFP, tumor burden,

time since LT, and immunosuppressive regimen.

Table 8: Comparative immunological effects across treatment strategies

Immunological marker Combination Lenvatinib PD-()1 p-interaction
therapy alone alone

CD8" T cells (cells/uL, A from baseline) +200 + 45 +65 + 30 +95 + 38 <0.001

Tregs (% change) —47+1.2 -1.4+09 —2.1+1.0 0.002

IFN-y (pg/mL, A) +23.4+6.2 +6.8 £3.1 +11.9+43 <0.001

TNF-a (pg/mL, A) +12.1+£3.5 +3.9+2.0 +6.4+2.8 0.004

IL-10 (pg/mL, A) =7.7+£2.1 -1.9+1.0 -32+14 0.003

Biomarker and tumor microenvironment analysis

Immunohistochemistry and ctDNA analysis revealed
improved immunogenic tumor microenvironments.
Increased infiltration of CD8+ T cells and reduced PD-L1
expression post-treatment supported the mechanistic
benefit of combining angiogenesis inhibition with immune
checkpoint blockade. A notable reduction in ctDNA levels
further confirmed effective tumor burden reduction.

Radiological response per mRECIST criteria

In table 4, response to tumor is categorized at 12 months,
according to the mRECIST criteria. A total of 2 patients
(13.3%) responded completely and 7 patients (46.7%)
responded partially, demonstrating that the combination
therapy significantly decreased tumor mass. Of the four
patients, two had SD and just two showed PD during
treatment. The results demonstrate that 60% of patients had
a measurable response, showing that using lenvatinib plus
PD-L1 inhibition worked well for this group.

ctDNA Levels at different time points

At baseline and after 6 and 12 months, circulating tumor
DNA (ctDNA) was tested to evaluate the molecular
response. The mean ctDNA in the body decreased from
1140 copies/mL at the start to 340 copies/mL after 12
months (Table 5). It looks like the drug has helped curb
tumor activity at the cellular level. The results agree with
data from X-rays and suggest that measuring ctDNA can
quickly monitor how well a cancer treatment is working.

Tumor microenvironment markers pre- and post-therapy
Described in table 6 are several important
immunohistochemical markers found in the TME. The
microvessel density marker CD31 decreased from 45.6 to
23.4 following treatment, indicating that lenvatinib
achieved anti-angiogenic benefits. The change in major

histocompatibility complex class I (MHC-I) expression
from low to moderate/high indicated that tumor
immunogenicity had improved. After PD-L1 treatment, the
PD-L1 tumor score fell to 1.5 from 2.8 and the number of
FoxP3+ Tregs was reduced by half, demonstrating that
treating with PD-L1 made the immune response stronger.

Table 7 compares survival outcomes, tumor response,
recurrence rates and graft safety among liver transplant
recipients receiving combination therapy versus lenvatinib
or PD-(L)1 inhibitor monotherapy. Combination therapy
was associated with significantly prolonged overall and
PFS, higher objective and DCRs and reduced tumor
recurrence. Importantly, the incidence of acute graft
rejection was lower than that observed with PD-(L)I1
inhibitor monotherapy, indicating a favorable balance
between oncologic efficacy and graft safety.

Table 8 summarizes treatment-associated changes in
immune cell populations and cytokine profiles across
combination therapy and monotherapy cohorts.
Combination therapy resulted in significantly greater CD8*
T-cell expansion, more pronounced suppression of Tregs,
enhanced pro-inflammatory cytokine release and stronger
reduction of immunosuppressive IL-10 levels. The p-
interaction values indicate that immune modulation
differed significantly between treatment strategies,
supporting a synergistic immunological effect of
angiogenesis inhibition combined with PD-L1 blockade.

Compared with lenvatinib or PD-(L)1 inhibitor
monotherapy, combination therapy demonstrated superior
survival outcomes, enhanced antitumor immune activation
and a more favorable balance between efficacy and graft
safety.
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DISCUSSION

This study assessed how using lenvatinib with PD-L1
inhibition affects both treatment and the immune system in
livers transplanted in patients with new or recently recurred
HCC. Since the risk of rejection was previously a reason
not to use immunotherapy after organ transplant, the results
of this study suggest that combining immunotherapy with
a strain immunosuppressive regimen may help treat
cancers in this group with a favorable safety profile.

The survival benefit found in this study (36 months, p =
0.03) is similar to that seen with atezolizumab and
bevacizumab used together in IMbrave150 for unresectable
HCC, though for this trial, patients had not undergone
transplants (Zhang et al., 2023). As per the data of this
study, OS in transplanted patients was shorter than OS in
patients not transplanted, but it matches the median OS of
10.5 months reported by other authors (Jin et al., 2022) in
their work with post-LT patients receiving atezolizumab-
bevacizumab. Importantly, this study can say that OS
benefit resulted from the combined treatment with
lenvatinib which has a strong action against VEGFR,
FGFR and RET signaling, boosting the drug’s anti-
angiogenic capability. In this study, patients treated with
both drugs had a PFS of 12 months which was significantly
better than the standard therapy. The results from the
SELECT trial are the same as those from the REFLECT
trial which compared lenvatinib to sorafenib and found a
PFS of 7.4 months for lenvatinib and 3.7 months for
sorafenib (Kudo ef al., 2022). This study extended PFS
could indicate the benefits of immunotherapy in preventing
tumor growth following transplant. The recorded rates of
partial and complete response (46.7% and 13.3%) show
how anti-angiogenic and immune checkpoint inhibition
can kill tumor cells together.

Mechanistic insights into these outcomes are given through
immunological markers. Following treatment, the number
of CD8+ cells went up, as did the number of FoxP3+ Tregs
and these patterns were maintained for the duration of the
study. The transformation from an immunosuppressive to
an immunoactive environment in the TME corresponds
with other conducted studies (Lominadze et al., 2023)
found that T-cell presence in HCC tumors helps predict
ICIs response. Also, when PD-L1 expression decreases and
IFN-y and TNF-a increase, this indicates that immune
exhaustion can be resolved and antitumor immunity can
improve. Significantly, the ctDNA levels improved
continuously from the start of treatment till 12 months,
suggesting that treatment cleared the cancer at its source.
The authors support this finding by pointing out that
ctDNA is an effective tool for monitoring HCC growth. In
the current study, a change in ctDNA kinetics strongly
correlated with whether the tumor responded to treatment
as shown on radiological scans.

Results from the study proved the therapy had acceptable
safety, as this study did not notice major acute rejection
after transplantation. In less than 20% of patients, major
immune-related side effects appeared, compared to the
33% rejection rate by previous literature among patients
using anti-PD-1. As a result, PD-L1 inhibitors have a
potential advantage over PD-1 inhibitors in stopping graft
rejection, owing to their limited effect in the tumor site and
not throughout the body.

While isolated case reports have described the use of
combined lenvatinib and immune checkpoint inhibition in
liver transplant recipients with recurrent HCC, evidence at
the cohort level remains extremely limited. Case reports
primarily demonstrate individual clinical responses and do
not allow systematic evaluation of survival outcomes,
safety profiles, immune modulation, or biomarker
dynamics (Jin et al., 2022). In contrast, the present study
represents a cohort-based clinical and translational
evaluation of this therapeutic strategy in post-transplant
patients.

Despite the relatively small sample size, this study
provides several novel contributions. First, it offers
systematic survival data, including overall survival, PFS
and ORRs, rather than anecdotal outcomes. Second, it
integrates comprehensive immunological profiling,
demonstrating increased intratumoral CD8" T-cell
infiltration, reduced regulatory T-cell populations and
favorable cytokine shifts following combination therapy.
Third, this study incorporates circulating tumor DNA
(ctDNA) dynamics as a molecular marker of treatment
response, providing early insight into tumor burden
reduction beyond radiological assessment. Finally, detailed
evaluation of graft safety and irAEs suggests that PD-L1
inhibition, when combined with anti-angiogenic therapy
under controlled immunosuppression, may be feasible in
selected liver transplant recipients.

Although limited by its retrospective design and modest
sample size, the study extends existing case-based
observations by offering biological, molecular and clinical
validation at the cohort level. These findings strengthen the
rationale for combination therapy in this high-risk
population and provide a foundation for future multicenter
prospective trials. Importantly, the consistency of clinical
benefit across survival, immune activation and molecular
response endpoints supports the translational relevance of
this approach despite the inherent limitations of patient
numbers in post-transplant oncology studies.

Lenvatinib clearly reduced the number of microvessels
seen on CD31 staining following treatment. The elevated
MHC-I expression observed in tumors after treatment
explains part of the role of ICI drugs, as per other authors
(General et al., 2023) explanation ICI success relies on
immune responses. Even though the findings are
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promising, this study’s limited size and design at just one
center limits its scope. It is still unknown how safe these
treatments continue to be after 18 months and when they
should be given gently after transplant (ICH, 2001; Kayali
et al., 2023). Moreover, the best way to take
immunosuppressants together with immunotherapy needs
to be studied, because interaction between drugs may affect
the effectiveness and survival of the transplant. In brief,
this investigation expands the evidence showing that
combining immune checkpoint inhibition and targeted
drugs like lenvatinib is efficient and safe for liver
transplant recipients with HCC. Not only the results of this
study suggest a useful treatment method for this high-risk
patient group, but they also allow for encouraging bigger,
multicenter prospective studies to justify the findings and
form clearer criteria for choosing patients.

Clinical outcomes observed in this study are now
interpreted in the context of prior evidence from the
REFLECT trial, IMbravel50 and emerging post-transplant
immunotherapy reports. The observed improvement in
OSand PFS aligns with prior data demonstrating enhanced
efficacy of anti-angiogenic therapy when combined with
immune checkpoint inhibition in advanced HCC.

Immunological findings, including increased CD8* T-cell
infiltration, reduced regulatory T-cell populations and
favorable cytokine modulation, are discussed in relation to
published studies describing tumor microenvironment
reprogramming by lenvatinib and PD-L1 blockade. The
reduction in ctDNA levels is interpreted as molecular
confirmation of tumor burden reduction, consistent with
emerging literature supporting ctDNA as a sensitive
biomarker for treatment response in HCC.

Safety outcomes are contextualized against previously
reported rejection rates with PD-1 inhibitors in transplant
recipients, highlighting the potential relative safety of PD-
L1 inhibition under controlled immunosuppression. These
comparisons strengthen the biological plausibility and
clinical relevance of the findings.

This study has several notable strengths. It represents one
of the few cohort-level evaluations of combined lenvatinib
and PD-L1 inhibition in liver transplant recipients with
recurrent or de novo HCC. The integration of clinical
outcomes with immunological profiling and molecular
biomarkers provides a comprehensive translational
perspective. The inclusion of ctDNA analysis offers an
objective, non-invasive marker of tumor response that
complements radiological assessment. Additionally, the
systematic evaluation of graft safety and irAEs contributes
valuable data to an area where clinical evidence remains
limited. Together, these strengths enhance the scientific
and clinical relevance of the study despite inherent
limitations related to sample size.

Chao Ma et al.

CONCLUSION

In this cohort-based analysis of liver transplant recipients
with recurrent or de novo HCC, combination therapy with
lenvatinib and PD-L1 inhibition demonstrated superior
clinical efficacy compared with either lenvatinib or PD-
(L)1 inhibitor monotherapy. Patients receiving
combination treatment experienced prolonged OSand PFS,
higher objective and DCRs and reduced tumor recurrence.
These clinical benefits were accompanied by enhanced
tumor immunogenicity, characterized by increased CD8*
T-cell infiltration, suppression of regulatory T-cell
populations, favorable cytokine modulation and sustained
reductions in circulating tumor DNA levels.

Importantly, combination therapy did not result in a
disproportionate increase in severe irAEs or acute graft
rejection when administered under carefully controlled
immunosuppression. Compared with PD-(L)1 inhibitor
monotherapy, the combination approach appeared to
maintain a more favorable balance between antitumor
immune activation and graft tolerance, supporting its
feasibility in selected post-transplant patients.

Although limited by its retrospective design and modest
sample size, this study provides the first cohort-level
evidence demonstrating the added clinical and
immunological value of combining angiogenesis inhibition
with PD-L1 blockade over monotherapy in liver transplant
recipients. These findings support further prospective,
multicenter studies to validate efficacy, optimize
immunosuppressive strategies and define patient selection
criteria for combination therapy in post-transplant HCC.
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