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Abstract: Advanced hepatocellular carcinoma (HCC) frequently develops resistance to immunotherapy, resulting in 

limited treatment options and poor prognosis. Ferroptosis, an iron-dependent regulated form of cell death, may help 

overcome drug resistance, and cabozantinib has shown clinical efficacy in advanced HCC. In this single-arm retrospective 

study at the First Affiliated Hospital, Zhejiang University School of Medicine, 60 patients with immunotherapy-refractory 

HCC received cabozantinib combined with sulfasalazine (1,500 mg/day in three divided oral doses) between August 2021 

and August 2024. Tumor response was assessed using RECIST v1.1, while progression-free survival (PFS) and overall 

survival (OS) were analyzed using Kaplan–Meier methods and exploratory Cox regression. The combination achieved an 

objective response rate of 40% (95% CI: 28–53%) and a disease control rate of 70% (95% CI: 58–81%), with median PFS 

of 8.5 months (95% CI: 6.9–10.1) and median OS of 15.3 months (95% CI: 12.9–17.7). Adverse events were mostly grade 

1–2 and manageable, consistent with cabozantinib’s known safety profile. These findings suggest encouraging antitumor 

activity, tolerability, and a potential synergistic effect, though the retrospective single-center design may introduce bias. 

Prospective randomized studies are warranted to confirm these results and further explore this combination’s potential in 

overcoming immunotherapy resistance. 
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INTRODUCTION 

 

Hepatocellular carcinoma (HCC) is the leading primary 

liver cancer and one of the most common causes of cancer-

related death worldwide. Its burden remains rising mainly 

due to chronic liver disease comprising hepatitis B and C 

infection, alcoholic liver disease, cirrhosis and non-

alcoholic fatty liver disease. Despite the advance in 

diagnostic imaging and early diagnosis, most patients 

present at late stages, at which potentially curative 

treatment such as resection, transplantation, or ablation is 

unfeasible (Ladd et al., 2024; Marin et al., 2020). Thus, 

prognosis remains poor in recurrent or advanced HCC and 

more effective systemic therapies are urgently needed, 

particularly when used in the context of treatment 

resistance (Huang et al., 2023; Anwanwan et al., 2020). 

 

Immune checkpoint inhibitors of PD-1/PD-L1 or CTLA-4 

have revealed new treatment paradigms, but prolonged 

response is observed in a minority of patients. Most 

advanced HCC cases will eventually develop primary or 

secondary resistance, limiting long-term clinical benefit 

(Wang et al., 2023; Xie et al., 2022). Resistance 

mechanisms are multifaceted, including an 

immunosuppressive tumor microenvironment, defective 

antigen presentation, adaptive signaling pathways and 

intrinsic survival modalities of cancer cells (Liu et al., 

2023; Tao et al., 2023). These problems underscore the 

need for novel strategies with the promise to bypass 

immune evasion and restore treatment responsiveness. 

 

Cabozantinib, an oral multikinase MET, VEGFR, RET and 

AXL inhibitor, has demonstrated activity in advanced HCC 

previously treated. It not just suppresses tumor growth, 

angiogenesis and metastasis but modulates the immune 

microenvironment of the tumor (Santoni et al., 2021; Deng 

et al., 2021). Due to these features, cabozantinib is a logical 

combination partner in immunotherapy-resistant disease 

(Chan et al., 2024; Ma et al., 2024; Wang et al., 2024b). 

Ferroptosis, an iron-dependent regulated cell death with 

lipid peroxidation, is a new treatment target for resistant 

cancers (Ajoolabady et al., 2023). Sulfasalazine (Sigma-

Aldrich, USA; oral 1,500 mg/day divided three times a 

day) is a clinically employed ferroptosis inducer that has 

been shown to selectively kill resistant cancer cells and 

possibly enhance the efficacy of systemic therapies (Huang 

et al., 2021; Wang et al., 2021). 

 

Synergy with sulfasalazine is hypothetically postulated: 

cabozantinib inhibition of various pathways could 

sensititize tumor cells to ferroptotic death and sulfasalazine 
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directly induces ferroptosis in drug-resistant populations 

(Shang et al., 2021; Haga et al., 2025). These rationalities 

are hypothesis-generating because no biomarker data were 

available in this retrospective analysis to support induction 

of ferroptosis (Gleba et al., 2023; Li et al., 2021). The 

objective of this one-center, retrospective observational 

cohort study was to assess the safety and early clinical 

activity of cabozantinib with sulfasalazine in advanced 

HCC patients with resistance to prior immunotherapy. 

These findings are preliminary and intended to provide a 

basis for future prospective trials. 

 

MATERIALS AND METHODS 

 

Study design 

This was a single-arm, retrospective observational cohort 

study conducted at the First Affiliated Hospital, Zhejiang 

University School of Medicine (Hangzhou, China) 

between August 2021 and August 2024. The primary aim 

was to evaluate the early clinical activity and tolerability of 

cabozantinib with sulfasalazine, a ferroptosis-inducing 

agent, in patients with advanced hepatocellular carcinoma 

(HCC) who had progressed after prior immunotherapy. 

Ethical clearance was received from the Institutional 

Review Board (Approval No. IIT20240569) and research 

was in accordance with the Declaration of Helsinki. 

Written informed consent was obtained from all patients 

for retrospctive use of their clinical data and receiving 

standard-of-care treatment. The study is reported based on 

STROBE guidelines and the completed checklist is 

available in supplementary material. 

 

Patient selection and baseline characteristics 

60  advanced HCC patients were recruited consecutively in 

total. The inclusion criteria were age ≥18 years, 

histologically or radiologically confirmed advanced HCC, 

disease progression documented after PD-1/PD-L1 or 

CTLA-4 inhibitor treatment, liver status Child-Pugh class 

A or B, ECOG performance status 0-2 and measurable 

disease by RECIST 1.1 criteria. Exclusionary factors 

included intolerance to prior cabozantinib, active infection 

or cardiovascular disease, concurrent malignancy, 

pregnancy, or any other aspect that could bias compliance 

or assessment. Descriptively, without inferential p-values, 

baseline demographics, comorbidities, etiology of liver 

disease, stage of the disease (BCLC/TNM), treatment 

history prior and laboratory values were recorded . 

 

Treatment protocol 

Patients were administered cabozantinib 60 mg once daily 

in association with sulfasalazine (Sigma-Aldrich, USA, 

oral tablets, 1,500 mg/day in three divided doses). Either 

dose of the drug could be lowered in the case of controlling 

toxicity according to standard clinical practice. Supportive 

therapy in the form of antiemetics, hepatoprotective 

therapy, analgesics and nutritional support was 

administered as and when clinically indicated. Compliance 

with therapy was ensured by patient diaries and pill counts 

during follow-up . 

 

Monitoring and safety assessment 

Patients were monitored at baseline and each 2-4 weeks 

with laboratory investigations, including complete blood 

count, liver function tests, kidney function tests, 

electrolytes, coagulation studies and AFP. Clinical 

assessment included performance status, vital signs and 

toxicities related to treatment at each visit. Toxicities were 

scored based on CTCAE v5.0. Dose modification, 

temporary interruption, or permanent discontinuation were 

applied based on the severity, with permanent 

discontinuation for grade 4 or life-threatening toxicity. AE 

monitoring also collected time to onset, duration, dose 

changes, treatment discontinuation, hospitalization, 

cumulative dose intensity and median treatment duration . 

 

Tumor response assessment 

Response to tumor was measured by contrast-enhanced CT 

or MRI at baseline and 8-12 weeks. Imaging was read 

separately by two radiologists who were unaware of the 

outcomes, using RECIST 1.1 criteria and any differences 

were resolved by consensus. AFP levels were also 

employed as markers. Responses were defined as CR, PR, 

SD, or PD. 

 

Outcome measures 

The primary endpoint was objective response rate (ORR), 

i.e., number of patients with CR or PR. Secondary 

endpoints were progression-free survival (PFS, time to 

radiologic progression or death after initiation of 

treatment) and overall survival (OS, time to death from any 

cause after initiation of treatment). Safety endpoints were 

incidence, severity and nature of adverse events related to 

treatment. Exploratory analyses examined outcomes by 

baseline disease stage, prior therapies and status of liver 

function. All exploratory analyses were descriptive and 

hypothesis-generating . 
 

STATISTICAL ANALYSIS 

 

Statistical analysis was done using SPSS version 28 and R 

version 4.3.1. Continuous data are reported as median 

(range) or mean ± SD and categorical data as number (%). 

Kaplan-Meier estimates of PFS and OS were calculated, 

with medians and 95% CI; censoring data, numbers-at-risk 

tables and 95% CI shading are presented in Supplementary 

Figures. Exploratory Cox proportional hazards regression 

of PFS and OS was done, with covariates BCLC stage, 

Child-Pugh class, age and sex, with proportional hazards 

assumptions tested. Hazard ratios with 95% CI are 

presented. Subgroup analyses are for exploratory purposes 

only; p-values are given for descriptive purposes only. 

Missing data for covariates were managed by multiple 

imputation and censoring was correctly applied to survival 

analyses. ORR was defined as CR + PR divided by the 



A novel cabozantinib-sulfasalazine combination targeting ferroptosis to overcome resistant immunotherapy in advanced  

Pak. J. Pharm. Sci., Vol.38, No.5, September-October 2025, pp.1906-1912 1908

overall cohort. No historical control comparisons were 

made, as recommended by reviewers. 

 

RESULTS 

 

Patient characteristics 

Patients with advanced HCC were enrolled. Median age 

was 61 years (range 42-78) with 42 men (70%) and 18 

women (30%). Baseline disease status was 35 patients 

(58%) with BCLC stage C and 25 patients (42%) with 

BCLC stage B. Child-Pugh class distribution was 45 

patients (75%) class A and 15 patients (25%) class B. 

Median baseline alpha-fetoprotein (AFP) was 245 ng/mL 

(range 12-3200). Prior treatments included immunotherapy 

alone (n = 60), TACE in 20 patients (33%) and sorafenib in 

18 patients (30%). Baseline information is described in 

table 1; no formal statistical comparisons with historical 

controls had been performed. 
 

 
 

Fig. 1: Kaplan-meier curve for progression-free survival; 

Median PFS: 8.5 months (95% CI: 7.2-9.8). Numbers at 

risk are shown in Supplementary table S1. 
 

Treatment response 

Combination of cabozantinib and sulfasalazine had an 

objective response rate (ORR) of 40% (95% CI: 28-53%) 

and a disease control rate (DCR) of 70% (95% CI: 58-

81%). There were complete responses (CR) in 5 patients 

(8.3%), partial responses (PR) in 19 patients (31.7%), 

stable disease (SD) in 18 patients (30%) and progressive 

disease (PD) in 18 patients (30%). These are descriptive 

outcomes and no historical controls were compared (Table 

2). 
 

Survival outcomes 

Median progression-free survival (PFS) was 8.5 months 

(95% CI: 7.2-9.8) and median overall survival (OS) was 

15.3 months (95% CI: 13.5-17.1), with median follow-up 

of 18.2 months estimated by the reverse Kaplan-Meier 

method. Kaplan-Meier plots of PFS and OS are presented 

in figs. 1 and 2, with numbers at risk and censoring 

information in Supplementary tables S1 and S2. 

Exploratory Cox proportional hazards regression model, 

with BCLC stage, Child-Pugh class, age and sex as 

covariates, indicated a PFS hazard ratio (HR) of 1.45 (95% 

CI: 0.85-2.47) for BCLC stage C compared to B and 1.68 

(95% CI: 0.91-3.09) for Child-Pugh B compared to A, 

whereas OS HR was 1.52 (95% CI: 0.88-2.63) for BCLC 

stage C compared to B and 1.74 (95% CI: 0.92-3.28) for 

Child-Pugh B compared to A. No hypothesis testing was 

done statistically; these are exploratory and descriptive 

results. 
 

 
 

Fig. 2: Kaplan-meier curve for overall survival; Median 

OS: 15.3 months (95% CI: 13.5-17.1). Numbers at risk are 

shown in Supplementary Table S2. 
 

Safety and adverse events 

Treatment was tolerated well overall. Most of the adverse 

effects were of grade 1-2 and frequent events were fatigue 

(45%), hypertension (30%), diarrhea (28%) and hand-foot 

syndrome (20%). Grade 3 events occurred in 9 patients 

(15%) and these were hypertension (3 patients, 5%), 

elevated liver enzymes (4 patients, 7%) and proteinuria (2 

patients, 3%). There were no grade 4 events or treatment-

related fatalities. Median treatment duration was 6.7 

months (range 1.2-18.0) and cumulative dose intensity was 

maintained at 88% for cabozantinib and 91% for 

sulfasalazine. Dose reduction was implemented in 10 

patients (17%) and temporary interruptions in treatment 

because of adverse events were implemented in 12 patients 

(20%). Time-to-onset and duration of adverse events are 

provided in table 3. 
 

Exploratory subgroup analyses 

Exploratory subgroup analyses by BCLC stage and Child-

Pugh class indicated that patients with BCLC stage B 

disease had an objective response rate (ORR) of 48% (95% 

CI: 28-69%) and a median progression-free survival (PFS) 

of 9.1 months (95% CI: 7.0-11.0), whereas those with 

BCLC stage C had an ORR of 34% (95% CI: 20-50%) and 

median PFS of 8.0 months (95% CI: 6.5-9.5) as shown in 

table 4.  
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Compared with the reference group. In Child-Pugh 

classification, class A patients had median PFS 9.2 months 

(95% CI: 7.6-10.8) compared with 6.5 months (95% CI: 

5.0-8.0) for class B, which were used as referent. The age, 

sex and history of previous TACE therapy were not 

associated with important differences (exploratory P > 

0.05). The subgroup analyses are exploratory and 

descriptive due to the small numbers. 

 

DISCUSSION 

 

In this single-arm observational cohort of 60 advanced 

hepatocellular carcinoma (HCC) patients with progression 

on prior immunotherapy, we evaluated the combination of 

cabozantinib and the ferroptosis-inducing agent 

sulfasalazine (Sigma-Aldrich, oral 1 g twice daily). 

Combination therapy yielded an objective response rate 

(ORR) of 40% and disease control rate (DCR) of 70%, 

median progression-free survival (PFS) of 8.5 months 

(95% CI: 7.2–9.8) and median overall survival (OS) of 15.3 

months (95% CI: 13.5-17.1). Adverse reactions were 

predominantly grade 1-2, reversible with standard 

supportive care and dose regimens and consistent with 

cabozantinib's known safety profile (Schwartz et al., 2020; 

Zhang et al., 2024; Suzuki et al., 2024; Cheu et al., 2023). 

There was no death due to treatment, which indicates that 

the combination is tolerable and clinically manageable. 

Although historical monotherapy outcomes are referenced, 

the descriptive and non-randomized nature of the study 

limits causal inference (Shang et al., 2021; Chan et al., 

2024). 

 

Table 1: Baseline patient characteristics 

 

Characteristic N = 60 Note 

Median age (years) 61 (42–78) Median (range) 

Sex, male/female 42/18 70% / 30% 

BCLC stage B/C 25/35 42% / 58% 

Child-Pugh class A/B 45/15 75% / 25% 

Prior TACE 20 33% 

Prior sorafenib 18 30% 

Median AFP (ng/mL) 245 (12–3200) Range 

  

Table 2: Treatment response 

 

Response N (%) Note 

Complete response (CR) 5 (8.3%) RECIST 1.1 criteria 

Partial response (PR) 19 (31.7%) RECIST 1.1 criteria 

Stable disease (SD) 18 (30%) RECIST 1.1 criteria 

Progressive disease (PD) 18 (30%) RECIST 1.1 criteria 

ORR 24 (40%) CR + PR, 95% CI: 28-53% 

DCR 42 (70%) CR + PR + SD, 95% CI: 58-81% 

 

Table 3: Treatment-associated adverse events 

 

Adverse event Grade 1-2, N (%) Grade 3, N (%) Note 

Fatigue 27 (45%) 0 Patient-reported 

Hypertension 18 (30%) 3 (5%) Managed with antihypertensives 

Diarrhea 17 (28%) 0 Supportive care only 

Hand-foot syndrome 12 (20%) 0 Dose adjustment if needed 

Elevated liver enzymes 0 4 (7%) Reversible 

Proteinuria 0 2 (3%) Monitored regularly 

 

Table 4: Subgroup analysis of ORR and PFS 

 

Subgroup ORR, N (%) Median PFS (months) Exploratory P Note 

BCLC Stage B 12/25 (48%) 9.1 (95% CI: 7.0-11.0) 0.08 Compared to BCLC Stage C (reference) 

BCLC Stage C 12/35 (34%) 8.0 (95% CI: 6.5-9.5) Reference Reference group for BCLC stage 

Child-Pugh A 20/45 (44%) 9.2 (95% CI: 7.6-10.8) 0.04 Compared to Child-Pugh B (reference) 

Child-Pugh B 4/15 (27%) 6.5 (95% CI: 5.0-8.0) Reference Reference group for Child-Pugh class 
Note: Reference categories are comparison groups. Exploratory P-values are for descriptive purposes only and results are not 

statistically powered for hypothesis testing. 
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Preclinical evidence confirms that ferroptosis, a newly 

discovered iron-catalyzed form of programmed cell death, 

is a promising direction to target therapy-resistant cancer 

cells specifically (Ajoolabady et al., 2023; Huang et al., 

2021; Wang et al., 2021). Cabozantinib in the inhibition of 

kinases like MET, VEGFR, RET and AXL can modulate 

the tumor microenvironment, disrupt pro-survival signals 

and sensitize cancer cells to ferroptosis (Santoni et al., 

2021; Fu et al., 2025; Kouroumalis et al., 2023). Flavors 

that can enhance antitumor immune activities, inhibit 

angiogenesis and disrupt adaptive mechanisms of 

resistance for HCC (Gawi Ermi et al., 2024; Ma et al., 

2022). There is no immediate clinical proof of induction of 

ferroptosis in patients; mechanistic interpretations are 

therefore hypothesis-generating and direct towards 

biomarker-driven correlative studies (Bianchi et al., 2025; 

Wang et al., 2024a). 

 

Exploratory subgroup analyses demonstrated that patients 

with preserved liver function (Child-Pugh class A) and 

intermediate tumor burden (BCLC stage B) experienced 

superior ORR and PFS than those with advanced disease 

or liver disease (Shang et al., 2021; El-Khoueiry et al., 

2021). These findings imply that tumor burden and hepatic 

reserve may influence response but that age, gender and 

previous local therapies (e.g., TACE) did not significantly 

affect outcome. Subgroup analyses are descriptive, 

exploratory and threatened by small sample sizes and type 

I error risk (Tovoli et al., 2023). 
 

Certain limitations must be noted. The single-center 

retrospective observational design limits generalizability 

and subjects to selection bias, unmeasured confounding 

and heterogeneity of prior therapy and supportive care 

(Nakamura et al., 2023; Finkelmeier et al., 2021). Low 

sample sizes reduce statistical power for subgroup analyses 

and lack of long-term follow-up limits evaluation of late 

toxicities, duration of response and cumulative adverse 

effects. Mechanistic conclusions are constrained by the 

absence of immediate evidence of induction of ferroptosis 

in tumors. Such constraints require multicenter, 

prospective trials to validate the exploratory results and 

determine definitive evidence. 
 

Despite these constraints, the results present preliminary 

descriptive evidence that cabozantinib with a ferroptosis 

inducer is an active and feasible strategy for advanced, 

immunotherapy-refractory HCC. These findings will guide 

mechanistically informed studies, biomarker-directed 

patient selection and prospective future randomized trials. 

Future research must compare cabozantinib monotherapy 

versus combination therapy, ferroptosis biomarkers (e.g., 

lipid peroxidation, GPX4/SLC7A11 expression, iron 

levels) and optimize dosing regimens to optimize efficacy 

and tolerability. Combined, the studies will generate a 

strong evidence base for the application of ferroptosis-

mediated treatment of refractory HCC (Huang et al., 2023; 

Wang et al., 2024a; Li et al., 2021). 

CONCLUSION 

 

Herein, in this one-center, descriptive evaluation of 60 

patients with immunotherapy-refractory, advanced 

hepatocellular carcinoma (HCC), cabozantinib plus the 

ferroptosis inducer sulfasalazine provided an acceptable 

safety profile and initial antitumor activity, with objective 

response rate of 40% and median progression-free survival 

of 8.5 months. These findings are hypothesis-generating 

and exploratory, rather than definitive, but do suggest the 

potential for clinical benefit, particularly in patients with 

baseline normal liver function and intermediate tumor 

burden. The rationale for multi-kinase inhibition and 

ferroptosis induction is solid, but not before tested in 

humans, creating the need for mechanism confirmation. 

Subsequent randomized controlled trials with biomarker-

guided patient enrollment, vigilant safety monitoring and 

mechanistic research are required to determine efficacy, 

establish dosing and establish the role of ferroptosis in 

abrogating resistance to immunotherapy in advanced HCC. 

These results pave the way for further investigation and 

support cabozantinib combination therapy in this 

challenging-to-treat population of patients. 
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