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Abstract
BACKGROUND
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related death worldwide. The landscape of the systemic treatment for advanced HCC is changing quickly, and recently, the standard of care became either atezolizumab plus bevacizumab or tremelimumab plus durvalumab in the single tremelimumab regular interval durvalumab regimen. Nivolumab monotherapy has proven to be effective sometimes for advanced HCC and could be a valuable treatment option for patients outside current treatment indications and reimbursement criteria for the standard of care. This is a particular population of interest.

AIM
To evaluate the real-world effectiveness of nivolumab monotherapy in patients with advanced HCC who are not eligible for other treatment.

METHODS
[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK67][bookmark: OLE_LINK68]We conducted a retrospective, multicentric study including 29 patients with advanced HCC from 3 Belgian tertiary hospitals. All patients had had prior chemotherapy or were intolerant or ineligible for treatments. All study subjects received nivolumab 3 mg/kg in monotherapy, administered once every two weeks intravenously. Treatment continued until disease progression, severe adverse events or death. Data were retrieved from patients’ medical records. The outcome parameters such as radiological response according to response evaluation criteria in solid tumors (RECIST) criteria, the biological response through the evolution of the alpha-fetoprotein (AFP) level, and clinical response considering both the Child–Pugh (CP) score and the World Health Organization (WHO) performance status (PS) were reported. A safety profile was also reported. Statistical analysis was performed using the SPSS Statistics 27 statistical software package.

RESULTS
[bookmark: OLE_LINK4]The radiological overall response rate (defined as complete or partial response according to the immune RECIST and modified RECIST criteria) to nivolumab monotherapy was 24.1%. The biological overall response rate (defined as a decrease of ≥ 25% in AFP blood level) was 20.7%. Radiological and biological responses were significantly associated both with each other (P < 0.001) and with overall survival (P < 0.005 for radiological response and P < 0.001 for biological response). Overall survival was 14.5 mo (+/- 2.1), and progression-free survival was 10.9 mo (+/- 2.3). After 4 mo of treatment, 78.3% of patients remained clinically stable or even showed improvement in WHO PS. Grade 3 adverse events occurred in 17.2% of patients, none had grade 4 adverse events, and no patients ceased nivolumab due to adverse events.

CONCLUSION
Nivolumab monotherapy is a good treatment choice in frail patients with HCC who are ineligible for the standard of care or other validated systemic treatments.
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Core Tip: We conducted a study on the real-world effectiveness of nivolumab (immunotherapy) in patients with advanced liver cancer who were ineligible for the standard of care or other validated treatments, including patients with impaired liver function and a poor general condition, a population that is usually not included in studies. We showed a reduction of tumor mass in 24.1% of patients, with a disappearance of tumor mass in 13.9% of patients, which is better than that reported in the literature. Furthermore, we confirmed the favorable safety profile of nivolumab. Hence, nivolumab should be considered as a valuable treatment option in selected patients who are otherwise not eligible for treatment.


INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver malignancy and a leading cause of cancer-related death worldwide, with over 826000 deaths in 2020. The worldwide incidence is 14.1 and 5.2 per 100000 men and women, respectively, and the incidence is still increasing[1]. HCC develops mainly in the context of underlying chronic liver disease, mostly in the cirrhotic stage. Chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, excessive alcohol consumption and metabolic syndrome are the most important risk factors[1-3].
Over the past years, therapeutic options for advanced HCC have changed remarkably. Advanced HCC is defined as a liver tumor not eligible for local therapies given the extent of disease or liver tumors that recurred after local therapies[4]. Sorafenib, a tyrosine kinase inhibitor (TKI) that showed survival benefits as a first-line systemic treatment for advanced HCC, was the only available therapy for more than a decade. Thereafter, other TKIs have become available as first- and second-line treatments for advanced HCC. The introduction of immunotherapy, however, has caused a major shift in the therapeutic landscape of advanced HCC. Immune checkpoint inhibitors (ICIs), such as anti-programmed cell death protein 1 (PD1), anti-PD-ligand 1 (L1), and anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), which enhance the patient’s antitumor immune response by countering the inhibitory signals from cancer cells that block the natural antitumor lymphocyte response[5], have been extensively studied. Atezolizumab (anti-PD-L1) plus bevacizumab anti-vascular endothelial growth factor (VEGF) has recently become the first-line treatment of choice for advanced HCC, since recent results from the IMbrave150 trial have shown superiority in both coprimary outcomes [median overall survival (OS) of 19.2 mo and progression-free survival (PFS) of 6.8 mo) over sorafenib (median OS 13.4 mo and PFS 4.3 mo) as first-line treatment[6]. Since January 2022, the phase III HIMALAYA trial proposed single tremelimumab regular interval durvalumab (STRIDE) as a novel, first-line standard of care systemic therapy for advanced HCC, since this has shown superior efficacy and a favorable benefit-risk profile vs sorafenib[7].
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Recent and ongoing trials of ICI in advanced HCC show encouraging results, with some excellent responders among the treated patients. However, there is great heterogeneity in response to treatment[5,8]. Recently, the Keynote-394 trial presented positive results at the American Society of Clinical Oncology Gastrointestinal Cancers Symposium for pembrolizumab as a second-line monotherapy treatment in advanced HCC; pembrolizumab, an anti-PD-1 blocker equal to nivolumab, showed significant improvements in OS, PFS and overall response rate (ORR) compared with placebo[8].
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Nivolumab as monotherapy for advanced HCC has shown promising results in the phase I/II trial Checkmate 040[9] with some durable responses but failed to show statistically significant benefit vs sorafenib in the primary endpoint of overall survival in the phase III trial Checkmate 459[10]. Both studies confirmed the good tolerability and favorable safety profile of nivolumab. The studies enrolled patients with unresectable HCC who were naïve to any systemic treatment and limited to CP class A liver function and World Health Organization (WHO) performance status (PS) 0 or 1[9,10].
In the current retrospective study, we analyzed a population of patients with advanced HCC who showed disease progression under one or more TKIs or were intolerant or ineligible for TKIs. Some of these patients also had decreased liver function with a CP score of B. This study aims to assess the effect of nivolumab monotherapy in a difficult-to-treat patient population with advanced HCC after multiple lines of treatment and for whom best supportive care was the only alternative option. In contrast to the IMbrave150[6] and HIMALAYA trials[7], our study patients were ineligible for the standard of care because they were no longer in a first-line setting because of the more advanced stage of disease, more severely impaired liver function, worse WHO PS and/or underlying comorbidities.

MATERIALS AND METHODS
Study design and patient selection
This is a retrospective, multicentric study including 29 patients with advanced-stage Barcelona clinic liver cancer stage C (BCLC-C) or intermediate stage (BCLC-B) HCC for whom no other validated therapeutic option at that time was available[11]. All study subjects were diagnosed with HCC between September 2014 and February 2019. Follow-up and data collection continued until May 2021. Patients were ineligible for curative options, locoregional or systemic TKI therapies, due to disease progression, more advanced cirrhosis, worse WHO PS, underlying comorbidities (mostly cardiovascular) or intolerability to TKIs because of side effects. All patients received nivolumab 3 mg/kg as monotherapy. Nivolumab was administered once every 2 wk intravenously. Treatment continued until progression (as defined below), severe adverse events or death. Patients were enrolled in 3 Belgian centers as follows: Hôpital Erasme, Université Libre de Bruxelles (ULB), Brussels (18 patients), University Hospital of Antwerp (UZA, 6 patients) and Maria Middelares Hospital Ghent (MMG, 5 patients). Approval from the ethics committee was obtained (EC number 21/06/080).

Data collection
[bookmark: OLE_LINK3]Baseline characteristics and demographics were retrospectively retrieved from the patients’ medical records. The tumor stage was defined by the BCLC staging system. Hepatic function was expressed by the CP system in case cirrhosis was present. Response to nivolumab was evaluated through 3 different outcome parameters. First, the radiological response was evaluated according to the RECIST1.1 (Response Evaluation Criteria In Solid Tumors) criteria in all three centers and additionally iRECIST in ULB and mRECIST in UZA and MMG. Second, the biological response was measured through the evolution of the alpha-fetoprotein (AFP) level, with response defined as a ≥ 25% decrease in the AFP blood level and disease progression defined as a ≥ 25% increase in the AFP blood level. Third, clinical response was assessed considering both the CP score and the World Health Organization PS at baseline and after 2 and 4 mo of therapy.
The primary endpoints were overall and progression-free survival. OS was counted in months from the start of nivolumab treatment until the patient died or until the last follow-up. Seven patients were still alive at the time of enrollment of this study. Progressive disease leading to the decision of treatment cessation was defined by the treating physician considering radiological progression or progression of the AFP level, and patients with progression of one of both were considered as progressive. One patient died before progression was reached; in this case, PFS was equal to overall survival. Adverse events were recorded and graded according to the National Comprehensive Cancer Network severity scale (grades 1-4).

Statistical analysis
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Statistical analysis was performed using the SPSS Statistics 27 statistical software package. Descriptive statistics were used to express categorical variables in numbers and percentages and continuous variables in the mean and standard error of the mean. Survival (OS and PFS) was calculated and graphically represented using a Kaplan–Meier survival curve, and comparative chi-square analysis was performed. Comparative analyses were performed with chi-square testing; Breslow, long rank and Pearson chi-square coefficients were used for correlations. Conventionally, the cutoff for statistical significance was a P value < 0.05.

RESULTS
Patient characteristics at baseline
The patient population consisted of 29 patients (see Table 1). The male/female ratio was 21/8 (72.4%/27.6%), which is a good representation of the real-life HCC context[12]. The mean age was 69.1 (2.1) years, and the mean body mass index was 26.6 (+/- 1.0) kg/m².
One patient had an HCC stage BCLC-B, and all 28 others were advanced stage BCLC-C. The disease was bilobar in 64.3% of patients, multifocal in 57.7% and macrovascular invasion in 27.6%. Up-to-7 criteria were met in 55.2% of patients[13]. Thirteen patients (44.8%) had metastatic disease, of which 8 patients (27.6%) had only one metastatic location. Seventy-five percent of patients had increased levels of AFP at baseline, and the other 25% of patients were AFP negative. The mean baseline AFP was 4375.6 ± 2566.6 µg/L.
Eighteen patients had underlying cirrhosis, 10 patients had no underlying cirrhosis, and in 1 patient, there were no data recorded about underlying liver disease. Of the 18 cirrhotic patients, 10 had CP score A, and 8 had CP score B at baseline. The origin of cirrhosis in our study cohort was heterogeneously divided into HBV-, HCV-, alcoholic- and nonalcoholic steatohepatitis-induced cirrhosis.
Before the start of nivolumab, the WHO PS was 0 in 5 patients (17.2%), 1 in 21 patients (72.4%) and 2 in 3 patients (10.3%). Twenty-seven patients (93.1%) had received 1 or more previous treatments, and 2 patients (6.9%) had not received previous treatments because of contraindications due to comorbidities. For a detailed overview of the different previous treatment lines for each of the study subjects, we refer to Supplementary Table 1.

Response rate
Radiological response: Serial radiological evaluation was performed according to the criteria RECIST 1.1, iRECIST and mRECIST; to calculate the response rate, we used iRECIST (ULB) and mRECIST (UZA and MMG), as these criteria are more specific in the current context. While the RECIST 1.1 criteria are the most commonly used criteria to evaluate response to conventional chemotherapies in solid tumors, iRECIST criteria are developed specifically to evaluate the response of novel immunomodulating agents, and mRECIST criteria are developed specifically for evaluation of HCC treatment[14].
Four patients (13.9%) showed a complete response, 3 patients (10.3%) showed a partial response, and 6 patients (20.7%) showed stable disease following nivolumab therapy. As a result, the radiological overall response rate (defined as complete or partial response) was 24.1%. The radiological disease control rate (defined as complete or partial response or stable disease) was 44.8% (Figure 1).
One patient died before the radiological evaluation was possible.

Biological (AFP) response: Of the 29 patients, 7 had no increased AFP level at diagnosis, of whom 2 developed AFP progression during nivolumab therapy. Overall, 16/29 study subjects experienced AFP progression (55.2%). AFP remained stable in 7 patients (24.1%), including the 5 AFP-negative patients at baseline. There was a 25% decrease without normalization of AFP in 1 patient (3.4%) and a normalization of AFP in 5 patients (17.2%). In our results, we differentiated between AFP decrease without normalization and complete AFP normalization. 
Altogether, this accounts for a biological disease control rate (defined as AFP normalization, AFP decrease of ≥ 25% or stable AFP, including those with negative AFP from baseline until last follow-up) of 44.8% and a biological overall response rate (defined as AFP normalization or AFP decrease of ≥ 25%) of 20.7% (Figure 2).

Correlation between the radiological and biological response: The radiological and biological responses were significantly correlated (Pearson chi-square coefficient 42.28 with a P value < 0.001). All 4 patients with complete radiological remission had AFP normalization. Among the 3 patients with partial response, the results were mixed: 1 showed AFP normalization, 1 a > 25% decrease and 1 remained AFP-negative from baseline until the last follow-up. Conversely, among the 5 patients with AFP normalization, 4 had a complete radiological response, and 1 had a partial radiological response.

Survival
The mean OS after the start of nivolumab was 14.5 mo (+/- 2.1). Seven patients were still alive at the time of completion of this study. The patient who was censored at 3 mo underwent liver transplantation at that time (Figure 3).
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Progression-free survival (with progression defined as progression radiologically or progression of AFP level, CFR. Methods) was 10.9 mo (+/- 2.3). There were 6 patients (20.7%) in the study cohort who did not show disease progression and were still alive at the time of study closure; they were censored at 3, 23 (3 patients), 28, and 33 mo (Figure 3).

Overall survival per radiological response category: There was a statistically significant correlation between the overall survival and the radiological response to nivolumab, with a P value < 0.005 (Breslow 12.85). In the (radiological) responder group (partial and complete), all 7 patients showed a durable treatment response (1 patient for 20 mo, 1 patient for 26 mo, and 5 patients were still alive at the time of study closure with a sustained tumor response). All 4 patients with complete responses were among those 5 survivors. In the group with stable disease, the mean survival was 10.4 mo (+/- 2.1). One patient in this group received a liver transplant after 3 mo and is still alive without HCC recurrence; the patient was censored at the time of transplantation. Patients with progressive disease had a survival of 8.8 mo (+/- 2.0). One patient in this group was switched to cabozantinib after 6 mo of nivolumab treatment and was still alive at study closure (Table 2, Figure 4A). In Table 2 we presented the survival per radiological response category; total number of patients in each response category, mean overall survival in months, and the number of patients death and alive at study closure are depicted.

[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Overall survival per biological (AFP) response category: There was a statistically significant correlation (Breslow coefficient 21.5) between overall survival and biological AFP response, with a P value < 0.001. If we excluded the group of patients with negative AFP levels at baseline until death or last follow-up from the correlation, it remained significant with a Breslow coefficient of 10.27 (P value 0.016).
All 5 patients who showed AFP normalization were still alive at the time of elaboration of this paper, with survival of 100% at 23 mo since the start of nivolumab. One patient with a > 25% AFP decrease died at 26 mo after the start of nivolumab. Two patients with an increased AFP level at baseline showed a stable AFP level during treatment, and both died 2 mo after nivolumab was started. All but 1 of the 16 patients who showed AFP progression died. In this group, survival was 9.6 mo (+/- 1.8). In the group of patients (n = 5) with negative AFP levels at baseline until death or last follow-up, all patients but 1 died; the mean survival was 13.8 mo (+/- 3.9). In Table 3 we presented the survival per biological response category; total number of patients in each response category, mean overall survival in months, and the number of patients death and alive at study closure are depicted. For a visual representation, the categories ‘stable AFP’ and ‘AFP remaining negative from baseline until death/Last follow-up’ were merged in the graph (Table 3, Figure 4B).
Overall survival according to baseline AFP comparing patients with an AFP level > 200 ng/mL and patients with an AFP level < 200 ng/mL was not significantly different (P = 0.517).

Clinical response
[bookmark: OLE_LINK23]We evaluated the clinical response using the WHO PS and the CP score at baseline and at 2 mo and 4 mo.

WHO PS: Before the start of nivolumab treatment, the WHO PS was 0 in 17.2% of patients (n = 5), 1 in 72.4% of patients (n = 21) and 2 in 10.3% of patients (n = 3) (Table 1). We looked at the WHO PS before the start of treatment, after 2 mo, and after 4 mo of treatment to examine the evolution of the WHO PS over time for each patient individually.
After 2 mo of nivolumab treatment, 29.6% (8/27) of the remaining patients had a worse WHO PS compared to the start of treatment; 51.9% (14/27) of patients had a stable WHO PS; and 18.5% (5/27) of patients had a better WHO PS (Table 4, Figure 5A).
After 4 mo of treatment, in the 23 remaining patients (6 died), 21.7% (5/23) had a worse WHO PS, 56.5% (13/23) had a stable WHO PS, and 21.7% (5/23) had a better WHO PS compared to the start of treatment (Table 4, Figure 5B).
Thus, we can say that 70.4% of patients at 2 mo and 78.3% of patients at 4 mo remained clinically stable or even showed improvement.
These data illustrate the favorable tolerability of nivolumab and can support the finding that a subgroup of patients responds well to nivolumab clinically.

CP score
Before the start of nivolumab treatment, 18/29 patients had cirrhosis, of which 10 (35.7%) had CP score A and 8 (28.6%) had CP score B.
We looked at the CP before the start of treatment, after 2 mo, and after 4 mo of treatment to examine the evolution of the CP over time for each patient individually. The patients who had no cirrhosis at baseline and did not develop cirrhosis were classified in the category ‘stable CP’, assuming that their liver function remained stable.
After 2 mo of nivolumab treatment, 36% (9/25) of the remaining patients had a worse CP compared to the start of treatment; 60% (15/25) of patients had a stable CP; and 4% (1/25) of patients had a better CP (Table 5).
After 4 mo of treatment, 33.3% (7/21) had a worse CP, 57.1% (12/21) had a stable CP, and 9.5% (2/21) had a better CP compared to the start of treatment (Table 5).
There were 2 patients for whom there was no information available concerning the evolution of CP scores. Generally, we observed no major impact on liver dysfunction in the first months after the start of nivolumab therapy.

Nivolumab-associated toxicity
Five out of 29 patients (17.2%) had grade 3 adverse events: 2 cases of dyspnea, 1 asthenia, 1 cholestatic hepatitis, and 1 cerebellar ataxia. None of these grade 3 adverse events were judged to be unequivocally related to the use of nivolumab. No side effects of grade 4 were reported. No patients ceased nivolumab due to adverse events.

Correlation between viral vs non-viral etiology of liver disease and response to nivolumab
Previous studies[15] suggested a more favorable outcome in certain etiologies of underlying liver disease (e.g., viral-mediated) because of improved antiviral immune responses and reduction of viral load after ICI therapy.
In our study cohort, we could not detect an association between a viral vs a non-viral etiology of liver disease and the radiological response to nivolumab (Pearson correlation was -0.330 with P value 0.086). However, it is important to note that this finding is of limited relevance given the small patient numbers (only 6 patients had an underlying viral liver disease) and hence the lack of power for a robust statistical analysis; therefore, it is impossible to draw conclusions based on this small amount of data (Table 6).

DISCUSSION
The current standard of care for first-line treatment of advanced HCC is either atezolizumab plus bevacizumab, based on the results of the phase III IMbrave 150 trial[6], or tremelimumab plus durvalumab in the STRIDE regimen, based on the results of the phase III HIMALAYA trial[7]. The IMbrave trial included patients with advanced HCC who had an excellent PS, a liver function no worse than CP A, no extended macrovascular invasion, no prior bleeding event due to untreated or incompletely treated esophageal and/or gastric varices within the previous 6 mo and no cardiovascular events in the previous three months[6]. The HIMALAYA trial included patients with advanced HCC who had liver function no worse than CP A and who had not received prior systemic treatment[7].
Our real-world population also included patients with a worse PS and worse liver function (including CP B). Furthermore, our patients had already received (often multiple) previous treatment lines, while the IMbrave150 trial and the HIMALAYA trial took place in a first-line setting[6,7].
In the present study, 6 of 29 patients (20.7%) showed an impressively good and sustained response (radiologically and biologically) to nivolumab monotherapy, with 4 complete responders. All 6 patients were still alive and had an excellent PS at study closure, while before nivolumab treatment, these patients had a very poor prognosis, since no other treatment options were available at the start of treatment.
Compared to the phase III Checkmate 459 trial[10], the results of the present study in a selected patient population are notably better, with an overall response rate of 24.1% and especially a complete response in 13.9% of patients, compared to 15% and 4%, respectively, in the Checkmate459 trial[10].
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The phase III Checkmate459 trial included systemic therapy-naïve patients, while most of our patients had already received (multiple) previous systemic treatments. However, in the entire cohort of the Checkmate trial, durable effects of nivolumab were observed in sorafenib-naïve (ORR 23%) and sorafenib-experienced (ORR 16%-19%) patients[9,10].
Due to the long follow-up (of 33 mo) of the present study, we demonstrated that when there was a good response to treatment, this response was sustained, and the patient remained in a very good condition for a long time (our patient with the longest survival received nivolumab monotherapy at the time of study closure (2 years) and 9 mo) and was in excellent condition.
In conclusion, even though nivolumab monotherapy could not demonstrate a significant survival benefit over sorafenib in the phase III Checkmate 459 trial[10], in our specific population of patients with HCC for whom no other validated therapeutic option is available, this treatment has been shown to be effective and associated with a sustained response and an excellent PS in a subset of patients.
Recently, pembrolizumab (an anti-PD 1 blocker such as nivolumab) showed positive results as a second-line treatment for advanced HCC in the Keynote-394 trial compared with placebo[8].
In the HIMALAYA trial[7], durvalumab (an anti-PD-L1 blocker) in monotherapy showed noninferiority to sorafenib as a first-line treatment for advanced HCC with favorable safety.
These results confirm that blocking the pathophysiologic pathway of PD-1 is an effective strategy in the treatment of advanced HCC.
Interestingly, nivolumab plus ipilimumab (= anti-CTLA-4) as a second-line treatment for advanced HCC demonstrated an ORR of 33% (per RECIST 1.1)[16]. In the HIMALAYA trial[7], on which the latest standard of care was based, the same combination of dual antibody therapy was used, durvalumab, a PD-L1 blocker, plus tremelimumab, a CTLA-4 blocker, and this combination showed good efficacy and safety.
However, dual antibody therapy implies a higher cost and a higher potential of (life-threatening) adverse events, but compared to TKIs in second-line therapy, ICIs might be preferable because of the higher response rate (including some complete responders) and the more favorable safety profile[7,17].
Especially in a second- or third-line setting, in a more frail or ill patient population who have worse liver function or intolerability or contraindications for TKIs (e.g., patients with a higher risk of bleeding varices) or who have already progressed under TKI treatment and for whom there is no validated treatment available (yet), nivolumab in monotherapy is a valuable treatment option[18,19].
Radiological (tumor mass) and biological (AFP) evolution were used as outcome parameters to define the response to nivolumab therapy. They are strongly associated both mutually and with survival, supporting their value as good outcome parameters.
Our study confirmed that nivolumab is generally well tolerated and has a favorable safety profile even in patients with impaired liver function and/or poor PS. Generally, there was no major impact on the WHO PS or on the CP scores following the start of nivolumab treatment. Nevertheless, clinicians should always be aware of potentially life-threatening immune-mediated toxicity when administering ICIs[16].
Today, the field of systemic therapy of advanced HCC is in full development. Future research is warranted to determine the best standard of care in the first-line setting and to develop evidence-based recommendations concerning the treatment sequence after first-line therapy, strategies to select patients who will benefit from one of the currently available treatment modalities, and an adequate therapeutic approach in patients with CP B and/or a poor PS[18].

CONCLUSION
Nivolumab monotherapy in this real-world retrospective multicenter case series of difficult-to-treat HCC cases – deemed ineligible for other systemic treatments, including patients with impaired liver function and poor PS – is a valuable option with a substantial number of responders with sustained clinical improvement, good OS and PFS and with excellent tolerability and safety.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Nivolumab monotherapy should hence be considered in selected patients otherwise not eligible for systemic treatment, a population that is usually not included in randomized controlled trials.
These results need to be confirmed in a prospective trial targeting the specific population of frail patients with HCC for whom antiangiogenic agents are contraindicated. Further studies are warranted to better define the group of patients who might benefit from this strategy and how to select them.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma is one of the leading causes of cancer-related death worldwide. The landscape of the systemic treatment for advanced hepatocellular carcinoma (HCC) is changing quickly. However, frail patients with impaired liver function and poor performance status, who already received multiple treatment lines, are often excluded from randomized controlled trial’s and are ineligible for the standard of care. Nivolumab monotherapy has proven to be effective sometimes for advanced HCC, with a favorable safety profile, and hence nivolumab could be a valuable treatment option for these patients.

Research motivation
Given the recent fast evolutions in the systemic treatment of advanced HCC nowadays, this study is very topical. This article provides interesting information as a starting point for further research, e.g., on patient selection per treatment strategy.

Research objectives
We aimed in this study to evaluate the real-world effectiveness of nivolumab monotherapy in patients with advanced HCC who are not eligible for other treatment. 

Research methods
We conducted a retrospective, multicentric study including 29 patients with advanced HCC. All patients had had prior chemotherapy or were intolerant or ineligible for treatments. Data were retrieved from patients’ medical records. The outcome parameters that we evaluated were radiological response according to RECIST criteria, the biological response through the evolution of the alpha-fetoprotein level, and clinical response considering both the Child–Pugh score and the World Health Organization performance status. A safety profile was also reported. Statistical analysis was performed using the SPSS Statistics 27 statistical software package. 

Research results
The radiological overall response rate (ORR) to nivolumab monotherapy was 24.1%. The biological ORR was 20.7%. Radiological and biological responses were significantly associated both with each other and with overall survival. Overall survival was 14.5 mo (+/- 2.1), and progression-free survival was 10.9 mo (+/- 2.3). We confirmed the favorable safety profile of nivolumab. We showed notably better results than reported in literature. Hence nivolumab monotherapy should be considered as a valuable treatment option in selected patients otherwise not eligible for systemic treatment. Further research is warranted to confirm these findings.

Research conclusions
Nivolumab monotherapy is a good treatment choice in frail patients with HCC who are ineligible for the standard of care or other validated systemic treatments.

Research perspectives
This article provides interesting information as a starting point for further research. Future research is warranted to confirm the good treatment response to nivolumab in a subgroup of patients with advanced HCC, and furthermore to define this subgroup of patients, to facilitate patient selection per treatment strategy.
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Figure Legends
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[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Figure 1 Radiological response categories by mRECIST and Irecist. The figure shows the number (%) of patients per radiological response category. ORR: Overall response rate; DCR: Disease control rate.
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[bookmark: OLE_LINK65][bookmark: OLE_LINK66]Figure 2 Biological (alpha-fetoprotein) response categories. The figure shows the number (%) of patients per biological response category. AFP: Alpha-fetoprotein; ORR: Overall response rate; DCR: Disease control rate.
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Figure 3 Overall and progression-free survival. The graph shows the Kaplan-Meier survival curves for overall and progression-free survival. Below the graph the number of patients still alive at that time is depicted. OS: Overall survival; PFS: Progression-free survival.
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Figure 4 Survival per radiological and biological response. A and B: The graph shows the Kaplan-Meier survival curves for each category of radiological (A) and biological (B) response. Below the graph the number of patients still alive at that time is depicted. AFP: Alpha-fetoprotein; AFP decrease: AFP decrease without normalization.
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Figure 5 Evolution of the World Health Organization performance status after 2 mo and 4 mo of treatment, compared to baseline. A and B: The figure shows the proportion of patients with an improved, a stable, and a worse World Health Organization performance status after 2 mo (A) and after 4 mo (B) compared to baseline. WHO PS: World Health Organisation performance status.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK76]
Table 1 patient characteristics
	Characteristic
	Case subjects (n = 29)

	Sex
	

	Male (n)
	21

	Female (n)
	8

	[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Age at diagnosis, yr (mean ± SEM)
	69.1 ± 2.1

	[bookmark: OLE_LINK85][bookmark: OLE_LINK86]BMI, kg/m² (mean ± SEM)
	26.6 ± 1.0

	BCLC stage (n)
	

	BCLB-B
	1

	BCLB-C
	28

	HCC characteristics (n)
	

	Bilobar
	18/28

	Multifocal
	15/26

	Vascular invasion
	8/29

	UP-TO-7-Criteria
	16/29

	Metastasis (n)
	

	No metastases
	16

	1 meta location
	8

	2 meta locations
	3

	4 meta locations
	2

	AFP at baseline, ng/mL (mean ± SEM)
	4375.6 ± 2566.6

	Cirrhosis (n)
	

	No Cirrhosis
	10

	CP A
	10

	CP B
	8

	Unknown
	1

	Origin cirrhosis (n)
	

	HBV
	4

	HCV
	2

	Ethyl
	7

	NAFLD
	3

	Other
	2

	Missing
	1

	WHO performance status (n)
	

	0
	5 

	1
	21

	2
	3

	Previous treatment (n) (Resection, radiofrequency ablation, transarterial radioembolization, transarterial chemoembolization, selective internal radiation therapy, sorafenib, capecitabine, GEMOX, doxorubicine, FOLFOX, regorafenib, cabozantinib)
	

	Yes
	27

	No
	2


WHO: World Health Organization; CP: Child-Pugh; BMI: Body mass index; BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular cancer; AFP: Alpha-fetoprotein; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease.

Table 2 Survival per radiologic response category
	Radiological response
	Total n
	Overall survival, mo (mean ± SEM)
	n of deaths (%)
	n alive at study closure (%)

	Progressive disease
	16
	[bookmark: OLE_LINK82]8.8 ± 2.0
	15 (93.7)
	1 (6.3)

	Stable disease
	6
	10.4 ± 2.1
	5 (83.3)
	1 (16.7)

	Partial response
	3
	Not assessable
	2 (66.7)
	1 (33.3)

	Complete response
	4
	Not assessable
	0 (0)
	4 (100)

	Overall
	29
	14.5 ± 2.1
	22 (75.9)
	7 (24.1)


Not assessable: Patients were alive at study closure.

Table 3 Survival per biological response category
	[bookmark: _Hlk109120634]Biological (AFP) response
	Total n
	Overall survival, mo (mean ± SEM)
	n of deaths (%)
	n alive at study closure (%)

	Increase ≥ 25%
	16
	[bookmark: OLE_LINK79]9.6 ± 1.8
	15 (93.7)
	1 (6.3)

	Stable
	2
	2
	2 (100)
	0 (0)

	Decrease ≥ 25% without normalization
	1
	26
	1 (100)
	0 (0)

	Normalization of AFP (< 7 μg/L)
	5
	Not assessable
	0 (0)
	5 (100)

	AFP remains negative
	5
	13.8 ± 3.9
	4 (80)
	1 (20)

	Overall
	29
	14.5 ± 2.1
	22 (75.9)
	7 (24.1)


Not assessable: Patients were alive at study closure. AFP: Alpha-fetoprotein.

Table 4 Evolution of World Health Organization performance status
	WHO PS
	2 mo
	4 mo

	Worse PS
	8 (29.6%)
	5 (21.7%)

	Stable PS
	14 (51.9%)
	13 (56.5%)

	Better PS
	5 (18.5%)
	5 (21.7%)

	Total
	27 (100%)
	23 (100%)

	Death
	2
	6


[bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK77][bookmark: OLE_LINK78]WHO PS: World Health Organization performance status.


Table 5 Evolution of Child-Pugh score
	CP score
	2 mo
	4 mo

	Worse CP
	9 (36%)
	7 (33.3%)

	Stable CP
	15 (60%)
	12 (57.1%)

	Better CP
	1 (4%)
	2 (9.5%)

	Total
	25 (100%)
	21 (100%)

	Death
	2
	6

	Missing
	2
	2


CP: Child-Pugh score.

Table 6 Viral vs non-viral liver disease and response to nivolumab
	Radiological response
	Non-viral liver disease
	Viral disease
	Total

	Progressive disease
	10
	5
	15

	Stable disease
	5
	1
	6

	Partial response
	3
	0
	3

	Complete response
	4
	0
	4

	Total
	22
	6
	28


The numbers represent the patient count.
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