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Abstract
Background: The efficacy of anti-programmed cell death (PD)-1 monotherapy in advanced 
hepatocellular carcinoma (aHCC) is limited, and combination therapy with lenvatinib and 
pembrolizumab has shown promising results. However, comparative studies between immune 
monotherapies and combination therapies are lacking.
Objectives: To investigate the efficacy and safety of anti-PD-1 monotherapy (PD-1) and anti-
PD-1 plus lenvatinib (PD-1 + L) in patients with aHCC to guide clinical treatment decisions.
Design: A retrospective study was conducted on a cohort of patients with aHCC who received 
either PD-1 monotherapy or PD-1 + L combination therapy between January 2018 and January 
2020.
Methods: The study retrospectively reviewed the medical records of 94 eligible patients 
with aHCC, with 39 in the PD-1 group and 55 in the PD-1 + L group. The efficacy outcomes, 
including objective response rate (ORR), disease control rate (DCR), duration of response 
(DOR), progression-free survival (PFS), overall survival (OS), and safety, were assessed.
Results: With a median follow-up of 30.1 months, the PD-1 + L group demonstrated a 
significantly higher ORR (32.7% versus 10.3%, p = 0.013), better DCR (80.0% versus 53.8%, 
p = 0.012), longer median PFS (10.6 versus 4.4 months, p < 0.001) and longer median OS (18.4 
versus 8.5 months, p = 0.013) than PD-1 group. For the responders, the efficacy of the two 
groups was durable (DOR was 11.6 versus 3.5 months, p = 0.009). Subgroup analyses based on 
prior tyrosine kinase inhibitor (TKI) treatment and the presence or absence of macrovascular 
tumor thrombosis or extrahepatic metastases favored the PD-1 + L group. The combination 
therapy was a good predictor of PFS and OS in multivariate analysis. Grade 3/4 treatment-
related adverse events were more common in PD-1 + L group, with higher incidences of 
hypertension and hand–foot skin reactions.
Conclusions: PD-1 monotherapy and PD-1 plus lenvatinib combination therapy were well-
tolerated in patients with aHCC. PD-1 + L showed significantly better survival benefits than 
PD-1 monotherapy.
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Introduction
Liver cancer ranks as the third-leading cause of 
tumor-related deaths globally.1 Hepatocellular 
carcinoma (HCC) is the most prevalent form of 
liver cancer, accounting for approximately 90% 
of all liver cancer cases. The tyrosine kinase 
inhibitors (TKIs) sorafenib and lenvatinib have 
been the global frontline standard for decades.2 
However, their efficacy remains unsatisfactory.3,4 

The advent of immunotherapy, with the develop-
ment of immune checkpoint inhibitors (ICIs) 
such as the PD-1 inhibitors pembrolizumab and 
nivolumab, has revolutionized the treatment of 
HCC.5,6 Nonetheless, PD-1 monotherapy dem-
onstrates an objective response rate (ORR) of 
only approximately 14–17%7 and definitive real-
world clinical data confirming the efficacy of sin-
gle-agent treatments are lacking.

(aHCC). We aimed to investigate the effectiveness and safety of this treatment approach 
and offer insights for clinical decisions.

Why was this study done?
HCC is a challenging condition to treat, especially in advanced stages. We explored 
whether the combination of two drugs, PD-1 and lenvatinib, can offer better outcomes for 
patients with aHCC than PD-1 monotherapy.

What did the researchers do?
We conducted a retrospective study on patients diagnosed with aHCC who received PD-1 
alone or PD-1 combined with lenvatinib between January 2018 and January 2020. We 
analysed the medical records to assess the treatment’s efficacy and safety.

What did the researchers find?
After a median follow-up of 30.1 months, we observed significant improvements in the 
combination therapy group, with higher response rates, better disease control, longer 
progression free survival, and more extended overall survival than those in the PD-1 
monotherapy group. Responders in the combination group also experienced a longer 
duration of response.

What do the findings mean?
Our results address the lack of data for real-world clinical experiences regarding anti-
PD-1 monotherapy for patients with aHCC compared to immunotherapy plus lenvatinib 
are lacking. The combination of PD-1 and lenvatinib was more effective and offered better 
survival benefits for patients with aHCC than PD-1 alone. These results could provide new 
hope for patients with this challenging condition.

Limitations: The study was conducted at a single centre with relatively few patients. 
Additionally, most patients had hepatitis B-associated liver cancer, which may limit the 
generalisability of our findings to other populations.

Conclusions: PD-1 plus lenvatinib is a promising treatment option for patients with 
aHCC. It is well-tolerated, and its effectiveness surpasses that of PD-1 therapy alone. 
Our findings could potentially guide clinicians in making treatment decisions for patients 
with aHCC.

Keywords: anti-PD-1, combination therapy, hepatocellular carcinoma, immune checkpoint 
inhibitors, lenvatinib
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Clinical trials exploring ICIs in combination with 
various drugs have shown promising results and 
are expected to transform the management of 
advanced HCC (aHCC).8–11 The FDA has 
granted accelerated approval for the use of len-
vatinib plus pembrolizumab as a first-line therapy 
for aHCC, based on encouraging findings from 
the KEYNOTE-524 trial.10 Notably, despite the 
favorable efficacy of combination therapy, the 
incidence of grade 3/4 treatment-related adverse 
events (TRAEs) has significantly increased (60–
70%).12 Consequently, a subset of patients still 
receive monotherapy owing to unacceptable com-
bination therapy-associated TRAEs. Both 
immune monotherapy and combination therapy 
have demonstrated favorable clinical benefits in 
appropriate populations.

Although the clinical efficacy of lenvatinib in com-
bination with different PD-1 inhibitors has been 
reported successively,13–18 there is relatively little 
clinical experience regarding anti-PD-1 monother-
apy for patients with aHCC compared with immu-
notherapy plus lenvatinib in real-world cohorts. 
Therefore, this retrospective study aimed to com-
pare the efficacy and safety of PD-1 inhibitors 
alone versus lenvatinib plus PD-1 inhibitors for 
patients with aHCC, providing valuable real-world 
insights to improve clinical decision-making.

Materials and methods

Patients
This retrospective study was conducted at the 
Chinese People’s Liberation Army General 
Hospital and approved by the Ethics Committee 
of Chinese People’s Liberation Army General 
Hospital. The data were privacy-compliant, and 
the requirement for informed consent was waived. 
The final analysis included 94 eligible patients 
with aHCC who received either PD-1 monother-
apy or PD-1 plus lenvatinib combination therapy 
at our institution between January 2018 and 
January 2020. The key inclusion criteria were as 
follows: (1) age ⩾18 years; (2) pathologically diag-
nosed with HCC; and (3) presence of baseline 
imaging showing at least one measurable lesion. 
Patients were excluded if they were treated by 
combination of heterogeneous therapies or with 
incomplete medical data. PD-1 blockade treat-
ment was administered intravenously at standard 
doses: nivolumab (3 mg/kg every 2 weeks), pem-
brolizumab (200 mg every 3 weeks), sintilimab 

(200 mg every 3 weeks), and camrelizumab 
(200 mg every 3 weeks). For patients who received 
lenvatinib (Eisai, Co., Ltd., Tokyo, Japan), the 
dosage was adjusted based on body weight (8 mg 
for patients <60 kg and 12 mg for patients ⩾60 kg).

Outcome assessment
Before initiating therapy, all clinical and labora-
tory data were collected. Tumor evaluation was 
performed using dynamic computed tomography 
or magnetic resonance imaging every 6 weeks, fol-
lowing the response evaluation criteria for solid 
tumors (RECIST1.1). Treatment was discontin-
ued in case of disease progression, unacceptable 
toxicity, death, or any other reasons. Safety 
assessments and grading were obtained from the 
patients’ electronic medical records or patient 
descriptions via follow-up calls.

Statistical analysis
Survival outcomes were estimated using the 
Kaplan–Meier method with the log-rank test. OS 
was estimated from the date of the initial treatment 
to the date of death or last follow-up (censored). 
PFS was estimated from the first dose of the PD-1 
inhibitor to the date of progression or death.

Antitumor responses were categorized as com-
plete response (CR), partial response (PR), stable 
disease (SD), or progressive disease (PD) accord-
ing to the RECIST1.1 criteria. The ORR was 
defined as the proportion of patients with the best 
tumor response, CR, and PR. Disease control 
rate (DCR) was defined as the percentage of 
patients who achieved CR, PR, or SD. The dura-
tion of response (DOR) was evaluated in patients 
with CR or PR, defined as the time from the first 
CR or PR to PD or death.

Descriptive statistics were used to summarize 
demographic data, and categorical data were pre-
sented as numbers of patients (percentages). 
Fisher’s exact test was used for discrete variables, 
and the Wilcoxon rank-sum test was used for 
continuous variables. Univariate and multivariate 
Cox regression analyses were performed to iden-
tify independent prognostic factors for OS and 
PFS. Variables with p < 0.20 in univariable analy-
ses were entered into the multivariate analysis. 
Statistical significance was set at p < 0.05. All sta-
tistical analyses were performed using SPSS ver-
sion 25.0 (IBM Corp, Armonk, NK).
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Results

Baseline characteristics of the patients
A total of 94 eligible patients with aHCC who 
received PD-1 inhibitor monotherapy or len-
vatinib combination therapy between January 
2018 and January 2020 were included (Figure 1).

Most patients were classified as having Barcelona 
Clinic Liver Cancer (BCLC) stage C–D (79.5% 
versus 92.7%, p = 0.068), Eastern Cooperative 
Oncology Group performance status (ECOG) 
performance status of 0–1 (79.5% versus 92.7%, 
p = 0.068), Child–Pugh class A (71.8% versus 
76.4%, p = 0.638), and hepatitis B virus (HBV) 
infection (74.4% versus 85.5%, p = 0.280). 
Macrovascular tumor thrombosis (MVT) and 
extrahepatic metastases (EM) did not differ 
between the two groups. A total of 65 (69.1%) 
patients were treated in the first-line setting, 
whereas the other 29 (30.9%) patients had 
received prior systemic therapy, including TKIs 
or antiangiogenic agents. In the PD-1 group, 12 
patients [sorafenib (n = 10), lenvatinib (n = 1), 
sorafenib followed by regorafenib (n = 1)] had 
received TKIs. In the PD-1 + L group, 17 patients 
[sorafenib (n = 14), regorafenib (n = 2), sorafenib 
followed by anlotinib (n = 1)] had received TKIs. 
In the PD-1 group, 20 (51.3%) patients received 
pembrolizumab, 11 (28.2%) patients received 
nivolumab, 3 (7.7%) patients received sintilimab, 

and 5 (12.8%) patients received camrelizumab, 
whereas 33 (60.0%) patients received pembroli-
zumab, 11 (20.0%) patients received nivolumab, 
6 (10.9%) patients received sintilimab, and 5 
(9.1%) patients received camrelizumab in the 
PD-1 + L group. Additional patient information 
from our cohort study is shown in Table 1.

Patients were treated with a median of 6 (3–9) 
cycles in the PD-1 group and 10 (5–17) cycles in 
the PD-1 + L group. The median duration of  
lenvatinib treatment for patients in the combina-
tion group was 8.60 months (3.86–13.57 months). 
Subsequent treatments after disease progression 
following mono-immunotherapy or combination 
therapy is presented in Supplemental Table S1. 
The combination group had a greater chance of 
receiving subsequent treatments.

Efficacy
Response evaluation. During a median follow-up 
duration of 30.1 months, the best response was 
evaluated, however, no CR was achieved in the 
total cohort. In the PD-1 group, 4 patients 
achieved PR, 17 patients achieved SD, and 18 
patients showed PD. In the PD-1 + L group, 18 
patients achieved PR, 26 patients achieved SD, 
and 11 patients showed PD (Table 2). The ORR 
and DCR were significantly higher in the 
PD-1 + L group (32.7% versus 10.3%, p = 0.013 

Figure 1. Patient selection flow.
aHCC, advanced hepatocellular carcinoma.
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Table 1. Baseline characteristics of the patients.

Characteristics, n% All patients, N = 94 PD-1, N = 39 PD-1 + L, N = 55 p value

Median age 56 (50–62) 59 (51–65) 54 (49–61) 0.071

Gender

 Male 78 (83.0%) 32 (82.1%) 46 (83.6%) 0.840

 Female 16 (17.0%) 7 (17.9%) 9 (16.4%)  

Comorbidities

 Hypertension 17 (18.1%) 10 (25.6%) 7 (12.7%) 0.173

 Diabetes 15 (16.0%) 8 (20.5%) 7 (12.7%) 0.394

Smoking history 29 (30.9%) 10 (25.6%) 19 (34.6%) 0.377

Alcohol use 32 (34.0%) 10 (25.6%) 22 (40.0%) 0.187

ECOG PS 0.068

 0–1 82 (87.2%) 31 (79.5%) 51 (92.7%)  

 > 1 12 (12.8%) 8 (20.5%) 4 (7.3%)  

BCLC stage 0.097

 B 12 (12.8%) 8 (20.5%) 4 (7.3%)  

 C 79 (84.0%) 29 (74.4%)  50 (90.9%)  

 D 3 (3.2%) 2 (5.1%) 1 (1.8%)  

Child–Pugh class

 A 70 (74.5%) 28 (71.8%) 42 (76.4%) 0.638

 B 24 (25.5%) 11 (28.2%) 13 (23.6%)  

Etiology

 HBV infected 76 (80.9%) 29 (74.4%) 47 (85.5%) 0.280

 HCV infected 3 (3.2%) 1 (2.6%) 2 (3.6%)  

 None 15 (15.9%) 9 (23.1%) 6 (10.9%)  

PD-1 agent

Pembrolizumab 53 (56.38%) 20 (51.3%) 33 (60.0%) 0.680

 Nivolumab 22 (23.4%) 11 (28.2%) 11 (20.0%)  

 Sintilimab 9 (9.6%) 3 (7.7%) 6 (10.9%)  

 Camrelizumab 10 (10.6%) 5 (12.8%) 5 (9.1%)  

AFP > 200 ng/ml

 Yes 65 (69.1%) 23 (59.0%) 42 (76.4%) 0.112

 No 29 (30.9%) 16 (41.0%) 13 (23.6%)  

(Continued)
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Table 2. Responses to treatment by RECIST 1.1.

Parameter, n% Entire cohort, N = 94 PD-1, N = 39 PD-1 + L, N = 55 p value

Best overall response, n (%) 0.007

 CR 0 0 0  

 PR 22 4 18  

 SD 43 17 26  

 PD 29 18 11  

ORR, % 23.4% 4 (10.3%) 18 (32.7%) 0.013*

DCR, % 69.1% 21 (53.8%) 44 (80.0%) 0.012*

DOR, months 10.1 (5.5–14.6) 3.5 (0–7.1) 11.6 (6.7–16.6) 0.009*

CR, Complete response; DCR, disease-control rate; DOR, duration of response; ORR, objective response rate; PD, 
Progressive disease; PR, Partial response; SD, Stable disease.
*p < 0.05, statistically significant.

Characteristics, n% All patients, N = 94 PD-1, N = 39 PD-1 + L, N = 55 p value

MVT

 Yes 48 (51.1%) 18 (46.2%) 30 (54.5%) 0.530

 No 46 (48.9%) 21 (53.8%) 25 (45.5%)  

EM

 Yes 66 (70.2%) 23 (59.0%) 43 (78.2%) 0.066

 No 28 (29.8%) 16 (41.0%) 12 (21.8%)  

Lines

 1 65 (69.1%) 27 (69.2%) 38 (69.1%) 0.931

 2 25 (26.6%) 10 (25.7%) 15 (27.3%)  

 3 4 (4.3%) 2 (5.1%) 2 (3.6%)  

Prior treatment

 TKIs 29 (30.8.0%) 12 (30.7%) 17 (30.9%) 0.818

 TACE 44 (46.80%) 21 (53.8%) 23 (41.8%) 0.297

 Ablation 26 (27.7%) 13 (33.3%) 13 (33.3%) 0.353

 Radiotherapy 13 (13.8%) 7 (17.9%) 6 (10.9%) 0.374

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance 
status; EM, extrahepatic metastases; HBV, hepatitis B virus; HCV, hepatitis C virus; MVT, macrovascular tumor 
thrombosis; TACE, transcatheter arterial chemoembolization; TKIs, tyrosine kinase inhibitors.

Table 1. (Continued)
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Figure 2. Kaplan–Meier curves for progression-free survival (a) and overall survival (b) in PD-1 and PD-1 + L 
group.

and 80.0% versus 53.8%, p = 0.012, respectively). 
Among the responders, the median DOR in the 
PD-1 + L group according to RECIST 1.1 was 
11.6 months (95% CI 6.7–16.6) compared to 
3.5 months (95% CI 0–7.1) in the PD-1 group 
(p = 0.009), indicating that the response was more 
persistent in the PD-1 + L group.

Overall survival and progression-free sur-
vival. Compared with the PD-1 group, patients in 
the PD-1 + L group showed notably better sur-
vival outcomes. The median PFS (mPFS) was 
longer in the PD-1 + L group (10.6 months, 95% 
CI 6.9–14.2) compared to the PD-1 group 
(4.4 months, 95% CI 1.5–7.3) [p < 0.001; Figure 
2(a)]. The 6- and 12-month OS rates in the PD-1 
group were 68.5% and 31.8%, respectively, 
whereas those in the PD-1 + L group were 90.9% 
and 76.2%, respectively. The median OS was 
8.5 months (95% CI 4.4–12.6) in the PD-1 group 
and 18.4 months (95% CI 14.1–22.7) in the 
PD-1 + L group [p = 0.013; Figure 2(b)].

Survival analysis by prior treatment with TKI
Survival analysis was performed based on prior 
TKI treatment. In the PD-1 + L group, 38 
(69.1%) patients received PD-1 plus lenvatinib as 
first-line therapy and 17 (30.9%) patients had 
previously received TKIs. When comparing 
patients who had received prior TKI treatment 
with patients treated with first-line therapy, no 
significant difference was found in mPFS 
[9.4 months, (95% CI 2.0–16.7) versus 
10.2 months, (95% CI 8.3–12.1), p = 0.388], and 
mOS [19.2 months (95% CI 14.7–23.7) versus 
17.3 months (95% CI 8.7–26.0), p = 0.963; 

Figure 3(a) and (b)]. In the PD-1 group, 12 
(30.7%) patients had received prior TKIs, and 
the mOS of these patients was significantly shorter 
than that of patients treated with first-line therapy 
[11.9 months (95% CI 10.6–13.3) versus 
6.1 months (95% CI 5.1–7.1), p = 0.030; (Figure 
3(d)]. No significant difference was found in 
mPFS [4.4 months (95% CI 1.7–7.1) versus 
3.0 months (95% CI 2.2–3.8), p = 0.447; Figure 
3(c)]. These results suggest that combination 
therapy is still a better option for achieving 
improved clinical benefits for patients with aHCC 
who received prior treatment with TKIs.

Survival analysis stratified by MVT or EM
In the subgroup analysis of patients with MVT or 
EM, the results showed that the median PFS and 
OS of patients in the PD-1 + L group were signifi-
cantly longer. Among the patients with MVT, the 
mOS in the PD-1 + L and PD-1 groups were 
15.5 months (95% CI 10.1–20.9) and 6.6 months 
(95% CI 5.4–7.8), respectively (p < 0.001), and the 
mPFS was 8.1 months (95% CI 4.7–11.5) in the 
PD-1 + L group versus 4.4 months (95% CI 1.6–
7.3) in the PD-1 group [p < 0.001; Figure 4(a) and 
(b)]. For patients with EM, a remarkable distinc-
tion in median PFS and OS was also observed 
between the two groups. The PD-1 + L group had a 
mPFS of 10.5 months (95% CI 8.7–12.4) com-
pared to 4.4 months (95% CI 1.4–7.5) in the PD-1 
group (p < 0.001), and a median OS of 19.2 months 
(95% CI 13.3–25.0) versus 8.5 months (95% CI 
4.3–12.7) in the PD-1 group [p = 0.002; Figure 4(c) 
and (d)]. A trend toward a longer survival benefit 
was also observed in patients without MVT 
(Supplemental Figure S1) or EM (Supplemental 
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Figure 4. Kaplan–Meier curves for progression-free survival and overall survival after stratification by the 
presence of MVT (a and b) or EM (c and d).
EM, extrahepatic metastases; MVT, macrovascular tumor thrombosis.

Figure 3. Kaplan–Meier curves for progression-free survival and overall survival after stratification by prior 
treated with TKI or not in patients treated with PD-1 + L (a and b) or PD-1 (c and d).
TKIs, tyrosine Kinase Inhibitors.
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Figure S2) treated with PD-1+L. These results sug-
gest that combination therapy is superior to immune 
monotherapy in patients with MVT or EM.

Prognostic factors associated with OS and PFS
In the univariate analysis of the entire cohort, an 
ECOG score of 0–1 (HR 3.16, 95% CI 1.58–6.34, 
p = 0.001), combination therapy (HR 0.82, 95% 
CI 0.70–0.96, p = 0.015) and the absence of MVT 
(HR 1.67, 95% CI 1.02–2.73, p = 0.042) were the 
prognostic factors significantly associated with 
better OS (Table 3). After incorporating factors 
with p < 0.2 into the multivariate analysis, ECOG 
score of 0–1 (HR 2.71, 95% CI 1.33–5.53, 
p = 0.006), combination therapy (HR 0.81, 95% 
CI 0.68–0.96, p = 0.013) and MVT (HR 1.71, 
95% CI 1.03–2.84, p = 0.038) were still significant 
independent predictors of better OS.

The combination therapy was the only factor 
associated with PFS in the univariate analysis 

(HR 0.78, 95% CI 0.67–0.91, p = 0.002) (Table 
4). After including prognostic factors with p < 0.2 
in the multivariate analysis, the combination ther-
apy still remained the only independent risk fac-
tor associated with better PFS (HR 0.80, 95% CI 
0.68–0.94, p = 0.006).

Safety profile
TRAEs were reported in 20 (51.3%) patients 
in the PD-1 group and 45 (81.8%) patients in 
the PD-1 + L group. The most common 
TRAEs in the PD-1 monotherapy group were 
thrombocytopenia (n = 10; 25.6%), fatigue 
(n = 6; 15.4%), and pruritus (n = 5; 12.8%). 
Grade 3 TRAEs occurred in 10 patients 
(25.6%). One patient (2.6%) discontinued 
treatment with PD-1 inhibitors because of 
immune-mediated pneumonitis.

Hypertension [3 (7.7%) versus 18 (32.7%), 
p = 0.005] and hand–foot skin reactions [0 versus 

Table 3. Univariate and multivariate analyses of factors associated with OS.

Characteristics Univariate analysis p Value Multivariate analysis p Value

 HR 95% CI HR 95% CI

Age ⩽56 versus >56 0.99 0.98–1.00 0.917  

Gender Male versus female 1.11 0.57–2.19 0.757  

ECOG ⩽1 versus >1 3.16 1.58–6.34 0.001* 2.71 1.33–5.53 0.006*

Lines 1 versus ⩾2 1.35 0.82–2.23 0.241  

Therapy PD-1 versus PD-1 + L 0.82 0.70–0.96 0.015* 0.81 0.68–0.96 0.013*

HBsAg + versus − 0.99 0.54–1.83 0.991  

EM NO versus Yes 0.87 0.53–1.48 0.645  

MVT NO versus Yes 1.67 1.02–2.73 0.042* 1.71 1.03–2.84 0.038*

BCLC stage B versus C–D 1.59 0.75–3.36 0.224  

AFP ng/mL <200 versus ⩾200 0.94 0.57–1.55 0.801  

Child–Pugh Class A versus B 1.44 0.85–2.42 0.174 1.5 0.87–2.56 0.143

PD-1 inhibitors Pembrolizumab  

 Nivolumab 1.26 0.59–2.71 0.557  

 Others 1.01 0.58–1.89 0.872  

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; EM, extrahepatic metastases; MVT, 
macrovascular tumor thrombosis; OS, overall survival.
*p < 0.05, statistically significant.
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6 (10.9%), p = 0.04] occurred more frequently in 
the combination group. The incidence of ⩾grade 
3 TRAEs was higher in the PD-1 + L group com-
pared to the PD-1 group [32 (58.2%) versus 10 
(25.6%), p = 0.003]. The most frequently occur-
ring ⩾grade 3 TRAEs were hypertension (n = 7, 
12.7%). Three patients discontinued therapy; 
one patient had immune-mediated hepatitis, and 
the other two had severe thrombocytopenia in the 
PD-1 + L group.

Liver dysfunction, including elevated aspartate 
aminotransferase and alanine aminotransferase 
levels, hyperbilirubinemia, and hypoalbumine-
mia, was reported in 3 (7.7%) patients in the 
PD-1 group and 11 (20.0%) patients in the 
PD-1 + L group. Serious liver dysfunction (grade 
3 or higher) was observed in one (2.6%) patient 
in the PD-1 group and 3 (5.5%) patients in the 
PD-1 + L group (p = 0.639). Most abnormal liver 
function was mild to moderate, and liver function 
returned to normal in most patients after the 

administration of liver protection drugs.  
No serious TRAEs resulted in patient deaths. 
Additional details are shown in Table 5.

Discussion
The findings suggested that the combination of 
PD-1 and lenvatinib strongly improved the ORR, 
mPFS, and mOS of patients compared to PD-1 
monotherapy. The responses of the patients were 
consistent, and the toxicity profiles were manage-
able in both groups.

The treatment of aHCC remains challenging. 
Molecular-targeting drugs, such as sorafenib  
and lenvatinib, have several limitations, includ-
ing drug resistance, toxicity or intolerability. 
Immunotherapy with PD-1/PD-L1 inhibitors, 
either as monotherapy with nivolumab and pem-
brolizumab or combination therapy, has become a 
mainstream treatment modality for aHCC.19,20  
In real clinical experience, a certain number of 

Table 4. Univariate and multivariate analyses of factors associated with PFS.

Characteristics Univariate analysis p Value Multivariate analysis p Value

 HR 95% CI HR 95% CI

Age ⩽56 versus > 56 0.99 0.97–1.02 0.509  

Gender Male versus female 0.92 0.52–1.64 0.782  

ECOG ⩽1 versus >1 1.91 0.97–3.76 0.060 1.43 0.70–2.86 0.331

Lines 1 versus ⩾2 1.31 0.82–2.10 0.255  

Therapy PD-1 versus PD-1 + L 0.78 0.67–0.91 0.002* 0.80 0.68–0.94 0.006*

HBsAg + versus − 1.07 0.61–1.88 0.822  

EM NO versus Yes 0.83 0.51–1.33 0.436  

MVT NO versus Yes 1.23 0.79–1.91 0.353  

BCLC stage B versus C–D 1.21 0.62–2.37 0.573  

AFP ng/mL <200 versus ⩾200 0.67 0.43–1.05 0.213  

Child–Pugh Class A versus B 1.11 0.67–1.82 0.686  

PD-1 inhibitors Pembrolizumab  

 Nivolumab 1.39 0.69–2.78 0.355  

 Others 1.11 0.62–2.00 0.732  

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; EM, extrahepatic metastases; MVT, 
macrovascular tumor thrombosis; PD, progressive disease; PFS, progression-free survival.
*p < 0.05, statistically significant.
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patients still use immune monotherapy. However, 
studies about first-line immune monotherapy is 
limited. In the Checkmate 459 trial, the mOS of 
single-agent nivolumab in the first-line setting was 
16.4 months, and it did not significantly improve 
OS compared to sorafenib (14.7 months).21 
Similarly, KEYNOTE-224 cohort 2 demon-
strated monotherapy with pembrolizumab has an 
ORR of 16%, mPFS of 4 months, and mOS of 
17 months.22 Another small real-world retrospec-
tive study by Pramod et al.23 reported on patients 
receiving immunotherapy as a first-line systemic 
treatment for HCC in the United States. However, 
their study enrolled only 14 patients, and the 
results showed an ORR of 14.3%, mPFS of 
4 months, and mOS of 8 months, leading to an 
unsatisfactory conclusion. In our study, the mPFS 
and mOS of patients receiving first-line treat-
ment in the PD-1 group were 4.4 months and 

11.9 months, respectively. The real-life experience 
appears to be lower than data from clinical trials, 
possibly because most patients with a poor general 
status, such as Child–Pugh B, ECOG > 1, and 
BCLC-D, are generally excluded from clinical tri-
als. Patients with autoimmune diseases (ADs) are 
also excluded from clinical trials and the use of 
ICIs in patients with ADs in clinical practice 
should account for the high-risk of disease flares 
or worsening, severe immune toxicity or dimin-
ished efficacy. Increasing studies have evaluated 
the safety and efficacy of ICIs in these patients, 
despite an elevated risk of immune-related AEs, 
the efficacy of immunotherapy is not affected.24–26 
It is necessary to clarify the pathophysiological 
mechanism underlying immune-related AEs, to 
find effective biomarkers to predict their occur-
rence, and to find suitable patients expected to 
benefit from immunotherapy.

Table 5. TRAEs in patients.

TRAE (n, %) All patients (N = 94) PD-1 (N = 39) PD-1 + L (N = 55) p Value

Any grade Grade ⩾ 3 Any 
grade

Grade ⩾ 3 Any grade Grade ⩾ 3 Any 
grade

Grade ⩾ 3

Fatigue 15 (16.0%) 4 (4.3%) 6 (15.4%) 2 (5.1%) 9 (16.3%) 2 (3.6%) 0.898 1

Loss of appetite 11 (11.7%) 0 3 (7.7%) 0 8 (14.5%) 0 0.352 –

Diarrhea 9 (9.6%) 1 (1.1%) 3 (7.7%) 0 6 (10.9%) 1 (1.8%) 0.731 1

Rash 14 (14.9%) 4 (4.3%) 4 (10.3%) 1 10 (18.1%) 3 (5.5%) 0.383 0.639

Pruritus 9 (9.6%) 0 5 (12.8%) 0 4 (7.3%) 0 0.482 –

Pneumonitis 3 (3.2%) 2 (2.1%) 1 (2.6%) 1 (2.6%) 2 (3.6%) 1 (1.8%) 1 1

Hypothyroidism 4 (4.3%) 0 1 (2.6%) 0 3 (5.5%) 0 0.639 –

Proteinuria 5 (5.3%) 1 (1.1%) 0 0 5 (9.1%) 1 (1.8%) 0.074 –

Hypertension 21 (22.3%) 8 (8.5%) 3 (7.7%) 1 (2.6%) 18 (32.7%) 7 (12.7%) 0.005* 0.134

Edema peripheral 2 (2.1%) 0 0 0 2 (3.6%) 0 0.509 –

Neutropenia 18 (19.1%) 7 (7.4%) 4 (10.3%) 1 (2.6%) 14 (25.5%) 6 (10.9%) 0.109 0.233

Thrombocytopenia 31 (33.0%) 9 (9.6%) 10 (25.6%) 3 (7.7%) 21 (38.2%) 6 (10.9%) 0.203 0.731

Liver damage 14 (14.9%) 4 (4.3%) 3 (7.7%) 1 (2.6%) 11 (20.0%) 3 (5.5%) 0.143 0.639

Hand–foot–skin reaction 6 (6.4%) 2 (2.1%) 0 0 6 (10.9%) 2 (3.6%) 0.04* 0.509

Leading to discontinuation 0 4 (4.3%) 0 1 (2.6%) 0 3 (5.5%) – 0.639

Leading to death 0 0 0 0 0 0 – –

TRAEs, treatment-related adverse events.
*p < 0.05, statistically significant.
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Owing to the limited efficacy of monotherapy, 
combination trials of immunotherapies with dif-
ferent drugs, including atezolizumab plus bevaci-
zumab, pembrolizumab plus lenvatinib and 
ipilimumab plus nivolumab are constantly being 
attempted. In the present study, the ORR, mPFS, 
and mOS of PD-1 plus lenvatinib were 32.7%, 
10.6 months, and 18.4 months, respectively, indi-
cating a marked antitumor benefit. In addition, 
the clinical benefits of PD-1 plus lenvatinib for 
systemic therapy-naive and TKI treatment-expe-
rienced patients with aHCC were similar. The 
efficacy of PD-1 monotherapy sharply decreased 
in TKI treatment-experienced aHCC compared 
to treatment-naïve aHCC. This finding indicates 
that PD-1 plus lenvatinib therapy may be prefer-
able for selected patients who have previously 
received TKI therapy.

Previous clinical trials have excluded patients 
with high-risk factors. However, our analysis 
included patients with high-risk factors, including 
Child–Pugh class B, ECOG > 1, BCLC-D, and 
MVT or EM, and it showed that PD-1 plus len-
vatinib still achieved good efficacy in these popu-
lations. In general, patients with MVT, which is 
common in patients with advanced HCC, have 
limited treatment options, a higher risk of recur-
rence, and a dismal prognosis, with OS of only 
2–4 months with the best supportive care.27 The 
real-life clinical benefits for these patients are 
moderate,28 with improved mOS by approxi-
mately 2 months. Because patients with MVT are 
generally excluded from most clinical trials, data 
regarding immunotherapy in these patients 
remain limited.29,30 Our real-world experience for 
patients with MVT revealed that the mOS for 
PD-1 plus lenvatinib therapy was 15.5 months, 
providing a promising strategy for this sub-popu-
lation. Further prospective randomized trials are 
urgently required to provide effective manage-
ment strategies for patients with HCC and MVT.

The response of different organs to PD-1 com-
bined with lenvatinib is specific in patients with 
aHCC,13,30 owing to the heterogeneity of the 
tumor immune microenvironment in different 
organs. Li-Chun et  al. reported that the corre-
sponding ORRs for liver, lung, lymph node, and 
other intra-abdominal metastases were 22.4%, 
41.2%, 26.3%, and 38.9%, respectively.31 In our 
study, in both the PD-1 and PD-1 + L groups, 
patients with EM tended to have better survival 
benefits than patients without EM. These find-
ings suggest that extrahepatic lesions have a 

higher response rate to immunotherapy than 
intrahepatic lesions. Future long-term follow-up 
studies with larger numbers of patients are needed 
to shed more light on this aspect.

Lenvatinib is a multi-targeted small-molecule 
TKI with stronger activity against Vascular 
Endothelial Growth Factor Receptor (VEGFR)
receptors and the Fibroblast Growth Factor 
Receptor (FGFR) family, making it is more likely 
to cause hypertension, proteinuria, and hand–
foot skin reactions.2 In this study, the incidence of 
TRAEs from combination therapy was higher 
than that from PD-1 monotherapy, especially 
concerning hypertension, hand–foot skin reac-
tions, and TRAEs ⩾grade 3. However, the 
TRAEs were expected and manageable. The 
combination of lenvatinib and pembrolizumab 
has shown favorable antitumor activity against 
various solid cancers, including HCC, endome-
trial cancer,32,33 renal cancer,34,35 and adrenal cor-
tical carcinoma.36 While this combined strategy 
holds promise for bringing long-term survival 
benefits and new hope for patients with various 
solid tumors, more research is needed to thor-
oughly explore its potential. In China, many 
patients with HCC are economically disadvan-
taged and tend to choose domestic PD-1 agents 
over pembrolizumab or nivolumab. Therefore, 
we included multiple PD-1 inhibitors in combi-
nation with lenvatinib. Our findings suggest that 
lenvatinib combined with various PD-1 agents 
has similar antitumor effects as lenvatinib com-
bined with pembrolizumab.

Our study had some limitations. First, this was a 
retrospective study conducted at a single center 
with a relatively small number of patients. 
Subgroup analyses were also performed with a 
small sample size, and the results should be inter-
preted with caution. Data were obtained from 
medical records and follow-up visits, accordingly, 
there may be some inaccuracies in the informa-
tion, and patients lost to follow-up could not be 
included in the study, introducing certain biases 
and limitations. Second, as HBV-associated 
HCC is more prevalent in China, with 80.9% of 
the patients in this study having HBV-associated 
HCC, the results may not be representative of 
other HCC populations with alcohol consump-
tion and Hepatitis C virus infection. Further pro-
spective and randomized trials are needed to 
validate our findings. However, this retrospective 
study is the first to compare the clinical benefits 
and safety profiles of PD-1 agents alone and PD-1 
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plus lenvatinib for aHCC. Our findings provide 
real-world experience with PD-1 monotherapy 
compared to PD-1 agents plus lenvatinib for 
patients with aHCC with high-risk factors, 
regardless of prior exposure to TKI therapy. Both 
PD-1 monotherapy and combination therapy 
with lenvatinib could benefit selected patients 
with aHCC, with a notably higher efficacy for the 
combination therapy than for PD-1 monother-
apy. The toxicity profiles and tolerability of the 
two therapeutic strategies were manageable. 
PD-1, in combination with lenvatinib, has 
remarkable advantages against aHCC and war-
rants further exploration to identify patients who 
can benefit appropriately.
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