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Background: : Incidence of hepatocellular cancer (HCC) in the Bronx is 61% higher than the rest of New York State. Underserved
populations are not well represented in clinical trials of immune checkpoint inhibitors (ICI).

Methods: Demographics were tabulated for 194 patients treated with ICI at the Montefiore-Einstein Comprehensive Cancer Center
(MECCC) between 2017 and 2022. Categorical variables were analyzed by Chi-squared test, and survival was analyzed using Kaplan—
Meier (KM) curves.

Results: MECCC patients were 40.7% Hispanic and 20.6% Black, compared with 3% and 2%, respectively, in the landmark IMbrave
150 study. Median overall survival (mOS) on ICI was 9.0 months, 25.0 months for the 100 (51.5%) favorable-prognosis Child Pugh
A (CPA) patients included in HCC clinical trials. Disease control rate (DCR) was 58.5% among 123 evaluable patients per mRECIST
1.1. Baseline liver function, as defined by CP and the Model for End-Stage Liver Disease-Sodium (MELD-Na), correlated with
survival (p < 0.001). Hepatitis C Virus (HCV) and alcoholism were over-represented relative to National Cancer Institute (NCI) data
(56.2% vs 4.7% and 38.7% vs 8.2%, respectively). HCV treatment correlated with prolonged survival in infected patients (p = 0.0017).
AFP decline correlated with response (p = 0.001). Hispanic patients lived longer when clinical variables were controlled for (mOS 52
vs 23 months; p = 0.011).

Conclusion: In an underserved HCC population, ICI yielded a DCR of 58.5% and low rates of severe toxicity. This work highlights
ICI efficacy in minority groups, a need for earlier HCC diagnosis and for studies of genetic and environmental factors in Hispanics
with HCC.
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Introduction

Liver cancer is the sixth most common cancer in the world, accounting for 4.7% of all new cancer cases. It is also the
third leading cause of cancer-related deaths.' The most common type of primary liver cancer is hepatocellular carcinoma
(HCC), accounting for 75% of all cases.” The burden of HCC is unevenly distributed based on race and sex with men and
racial/ethnic minorities being disproportionately affected. The Bronx, one of the five boroughs in New York City (NYC)
with large minority and underserved populations, is a hotspot for liver cancer, with a rate of incidence higher than the
national average and the rest of the city.® Liver cancer in under-represented groups is distinct from majority populations.
Under-represented groups have different risk factor profiles for liver disease, a higher incidence of comorbidities, lower
enrollment in screening programs, and unequal access to treatment, all culminating in increased mortality.*> The advent

Journal of Hepatocellular Carcinoma 2024:11 257-269 257
Received: 19 September 2023 © 2024 Bteich et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati org/licenses/by-nc/3.0/). By accessing the

Accepted: 7 November 2023
Published: 3 February 2024

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-2398-3500
http://orcid.org/0000-0001-9921-986X
http://orcid.org/0000-0001-7074-2681
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Bteich et al Dove

of immune checkpoint inhibitors (ICI) has revolutionized the treatment of HCC with substantial improvement in
outcomes.®’ However, the efficacy of ICI in underrepresented groups is not well-established due to infrequent inclusion
of minority patients in the pivotal trials that led to the widespread adoption of ICI in clinical practice. Therefore, further
study of ICI benefit in these populations is urgently needed.

The primary risk factors for HCC include chronic hepatitis C virus (HCV) infection, chronic hepatitis B virus (HBV)
infection, alcohol consumption, inherited genetic disorders, and acquired metabolic disorders such as nonalcoholic fatty
liver disease (NAFLD), recently renamed metabolic dysfunction-associated steatotic liver disease (MASLD).* The
prevalence of these risk factors is unevenly distributed in the United States. Notably, NAFLD has the greatest
contribution to the development of HCC among Whites (34.8%) and Hispanics (39.3%), while HCV remained
a stronger contributor among Blacks (36.1%) and Asians (29.7%).° Furthermore, minorities are diagnosed with more
advanced disease than White populations. Despite well-established surveillance guidelines,® the rate of HCC screening in
the US remains low at 18% of eligible patients, based on a meta-analysis encompassing cases between 1990 and 2011."°
In a Veterans Affairs cohort of HCV-infected patients, Blacks were significantly less likely than Whites to receive
screening imaging (OR 0.6; 95% CI, 0.45-0.81)."" As would be expected, an eventual consequence of poor screening is
advanced disease at the time of diagnosis and poorer outcomes.'*'?

Unfortunately, once a diagnosis of advanced liver cancer is made, under-represented groups have less access to
effective systemic therapies. Following the approval of ICI, there have been reports of disparities in the systemic
treatment based on race/ethnicity and SES."*™'? Ahn et al*® reported disparities in access to ICI therapy, with Latinos
(adjusted OR [aOR], 0.63; 95% CI, 0.46-0.83) and Blacks (aOR, 0.71; 95% CI, 0.54-0.89) less likely to receive
immunotherapy compared to Whites. The IMbrave 150 trial, studying the combination of atezolizumab and bevacizumab
in advanced HCC, included patients who had an excellent performance status (ECOG score 0—1) and liver function no
worse than Child-Pugh A, with only 5% of enrolled patients identifying as either Black or Hispanic.?' Several other
landmark studies for advanced HCC such as the KEYNOTE-240, CheckMate-459, REACH-2, and HIMALAYA trials
had relatively similar inclusion criteria.?> %> Of note, in all of these trials, Black and Hispanic patients were significantly
under-represented, with a prevalence ranging from <1% to 8% in the immunotherapy-treated arms.>' >° Several real-
world retrospective and database studies have included patients with poorer functional status (ECOG 2) and/or decom-
pensated liver disease (Child-Pugh Class B or C). However, available race and ethnicity data revealed limited prevalence
of Blacks and Hispanics.?®2®

Characteristics of patients in a minority-rich populations in medically underserved areas of the Bronx are markedly
different compared to national or international patient cohorts included in seminal clinical trials.*® The primary objective
of this study was to determine the real-world efficacy and tolerability of immune checkpoint inhibitors in HCC patients
seen in an underserved predominately Hispanic and African American population in an academic center serving the
Bronx. We also sought to define clinico-pathological and demographic features of HCC within The Bronx population and
identify predictors of prolonged survival. The results show that ICI yields an overall survival of 25 months in the Bronx
population when confounding factors such as poor liver function are accounted for. Notably, many of our patients
presented with advanced disease. Using a MELD-Na cutoff rather than CP A identified a larger population of patients
with prolonged survival on immunotherapy, potentially eligible for clinical trials. Notably, Hispanics with HCC fared
better than non-Hispanics within the Bronx.

Materials and Methods

Data Sources and Definition of the Cohort

A retrospective electronic medical record (EMR) review of all adult patients treated for HCC at MECCC between
January 2017 and September 2022 was conducted. All research was performed in accordance with the World Medical
Association Declaration of Helsinki. This study protocol was reviewed and approved by the Albert Einstein College of
Medicine IRB, protocol #2021-13514. A waiver of informed consent was granted due to the retrospective nature of the
work and the absence of direct impact on living patients. A total of 194 patients were identified as having advanced HCC

treated with immunotherapy.
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Data were retrieved from patients’ medical records. Outcome parameters such as overall survival and disease control
rate assessed by radiologists using the Modified Response Evaluation Criteria in Solid Tumors (mRECIST 1.1) were
reported. The occurrence of immune adverse events was identified from the available patient charts. Survival was
evaluated in light of multiple parameters such as baseline serum alpha-fetoprotein (AFP) level, its evolution at the
3-month re-evaluation mark, the Child—Pugh (CP) class and MELD-Na score at the time of diagnosis.

Statistical Analysis

Continuous data were summarized as median and interquartile range while discrete variables as absolute value and
relative frequencies. The main outcome, overall survival, was measured from the date of starting immunotherapy till the
date of last follow-up or death from any cause. Kaplan—-Meier curves were used to assess the overall survival (OS) of
patients in different subgroups, based on their Child-Pugh score, alpha-fetoprotein (AFP) levels, diagnosis methods,
ethnicity, etiology of liver disease, and MELD-Na score. The Log rank test was used to compare the OS curves between
the subgroups. A multivariate Cox proportional hazard regression model was used to assess the association between
different variables and overall survival (OS). The variables were selected based on their significance in a univariate log-
rank analysis, with a P-value cutoff of less than 0.05. The proportional hazard assumption for the Cox model was tested
using Schoenfeld residuals analysis, and the results showed that the assumption was met (global P-value > 0.05 and
P-value > 0.05 for each included variable). Finally, we used a Chi-squared test to compare the population distribution of
our data with that of the IMbravel50 clinical trial and the SEER database populations. A P-value of less than 0.05 using
a two-tailed test was considered statistically significant. Statistical analysis was performed using R language version
4.1.2 (R Core Team, 2021).

Results

Baseline Patient Characteristics

This retrospective study initially included 1059 patients with HCC who presented to MECCC between January 2017 and
September 2022. Of the 1059 patients identified, a total of 194 patients with advanced HCC had received immunotherapy
and were subsequently included in the final analysis. Patients’ baseline disease characteristics, demographics, and immu-
notherapy treatment details are shown in Table 1. Out of the 194 treated patients, 121 (62.2%) received single-agent
nivolumab, 44 (22.7%) were treated with atezolizumab and bevacizumab, 22 (11.3%) with pembrolizumab alone, 4 (2.1%)
with ipilimumab and nivolumab, while 3 (1.5%) received atezolizumab alone. Of the included patients, 137 (70.6%) were
male and the median age at baseline was 65 years. Seventy-nine patients identified as Hispanic (40.7%), 40 as non-Hispanic
Black (20.6%), 29 as non-Hispanic White (15.0%), 11 as Asian (5.7%), and 35 were of unknown racial or ethnic background
(18.0%). The cohort of HCC patients treated with immunotherapy in The Bronx was significantly enriched for Black and
Hispanic patients relative to IMbravel50 (Table 2, p < 0.0001) and the NCI Surveillance, Epidemiology and End Results
(SEER database). A review of major ICI studies in the HCC landscape demonstrated that, when racial and ethnic data were
included in study results, they were generally similar to the IMbrave 150 data, as shown in Supplemental Table 1.

The leading etiology of chronic liver disease (CLD) within the Bronx population was viral, with 109 patients
diagnosed with chronic hepatitis C (56.2%) and 22 with chronic hepatitis B (11.3%). Furthermore, 75 (38.7%), 23
(11.9%), 53 (27.3), and 15 (7.7%) patients were reported as having alcoholic liver disease, non-alcoholic fatty liver
disease, multiple co-occurring etiologies, as well as rare or unknown causes of liver disease, respectively. A small subset
of 13 patients (6.7%) carried a diagnosis of HIV infection at the time of immunotherapy initiation. We observed
a significant over-representation of individuals with chronic hepatitis C compared to both the IMbravel50 clinical trial
and NCI SEER database populations (Table 2, p < 0.0001). Further, while alcohol was not documented as a specific
cause for cirrhosis as part of IMbravel50, it was more prevalent in the Bronx than in SEER (38.7% vs 8.2%). Therefore,
in summary, our patient population differed significantly in racial composition and etiology of liver disease from clinical
trial populations on which ICI was tested.
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Table | Patient Characteristics (n = 194)

Gender, n (%) Child-Pugh at Immunotherapy, n (%)

Male 137 (70.6) A 100 (51.5)
Female 57 (294) B 70 (36.1)
Age, median (range) C 22 (11.3)
Median 65 (19-87) Unknown 2 (1.1)
Race and ethnicity, n (%) CLIP Score at Immunotherapy, n (%)

Asian, not Hispanic 11 (5.7) 0 17 (8.8)
Black, not Hispanic 40 (20.6) I 55 (28.4)
Hispanic 79 (40.7) 2 39 (20.1)
White, not Hispanic 29 (15.0) 3 43 (22.2)
Unknown 35 (18.0) 4 23 (11.8)
Etiology, n (%) 5-6 9 (4.6)
Hepatitis C 109 (56.2) Unknown 8 (4.1)
Hepatitis B 22 (11.3) AFP, n (%)

Alcohol 75 (38.7) < 400 102 (52.6)
NAFLD 23 (11.9) > 400 78 (40.2)
Multiple 53 (27.3) Unknown 14 (7.2)
Rare/unknown 15 (7.7) First Immunotherapy Received, n (%)

HIV Status, n (%) Atezolizumab 3 (1.5)
Negative 181 (93.3) Atezolizumab + Bevacizumab 44 (22.7)
Positive 13 (6.7) Nivolumab 121 (62.4)
Biopsy-Proven Diagnosis, n (%) Nivolumab + Ipilimumab 4 (2.1)
Yes 77 (39.7) Pembrolizumab 22 (11.3)
No 117 (60.3)

Note: Data presented as number n (%) or median (range).
Abbreviations: NAFLD, non-alcoholic fatty liver disease; HIV, human immunodeficiency virus; CLIP, Cancer of the Liver Italian Program; AFP,

alpha-fetoprotein.

Table 2 Comparison of Our Bronx Cohort with IMbrave |50 and SEER Data

Bronx (n = 194) | IMbravel50 (n = 336) | SEER (n = 11,522)
Etiology* n (%) n (%) n (%)
Hepatitis B 22 (11) 164 (49) 240 (4)
Hepatitis C 109 (56) 72 (21) 944 (16)
Non-viral 65 (33) 100 (30) 4453 (80)
Race*
White 34 (17) 123 (36) 1846 (16)
Black 43 (22) 6 (2%) 823 (7)
Asian Il (6) 188 (56) 7405 (64)
Unknown 106 (55) 19 (6) 112 (1)
Ethnicity*
Hispanic 79 (41) 9 (3%) 1336 (12)
Non-Hispanic 80 (41) 306 (91) 10,074 (87)
Unknown 35 (18) 21 (6) 112 (1)

Notes: Data presented as number n (%). *p-value<0.05.
Abbreviations: SEER, Surveillance, Epidemiology, and End Results.

Clinical Outcomes

Median overall survival after immunotherapy initiation was 9.0 months (95% CI, 7.0-14.0) for all participants
(Figure 1A). Seventy-five participants were still alive at last follow-up, and their survival data were therefore censored.
A total of 123 patients completed both pre-treatment and post-treatment scans, three to six months after initiation of
therapy, or at clinical progression, and were therefore evaluable per mRECIST 1.1 criteria by a radiologist. Among
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Figure | Kaplan—Meier analysis of survival data in relation to clinic-pathological variables. Survival rates are shown for: (A) all patients; (B) patients stratified by Child-Pugh
score at initiation of ICl; (C) patients stratified by baseline MELD-Na score. Low MELD is 6—18, high MELD is 19—40. ****p-value<0.0001.

evaluable patients, the disease control rate (DCR) was 58.5%. One patient had a radiologically confirmed complete
response (CR), while another patient achieved a near CR. Seven patients achieved a surgical CR.

Impact of Baseline Liver Function on Survival

We studied the impact of baseline liver function on survival to better place our Bronx population in the context of
national trials. The Child-Pugh (CP) classification at the start of therapy is a well-established predictor of survival. In
IMbrave 150, as well as in most other clinical trials, only the better prognostic group, CP A, was included while CP
B and CP C were excluded. In the ICI-treated Bronx population, at the start of immunotherapy, CP status was evaluable
in 192 patients. A total of 100 (52.0%), 70 (36.5%), and 22 (11.4%) patients were characterized as having Child Pugh
class A, B, or C, respectively. Patients in Child-Pugh class A had a median OS of 25.0 months, while those in classes
B and C lived a median of 7.0 and 2.0 months, respectively (Figure 1B, p < 0.0001). The Model for End-stage Liver
Disease Sodium (MELD-Na) score is an alternative method to evaluate liver function, and we sought to test whether this
metric could similarly identify patients with favorable liver function more likely to benefit from immunotherapy. MELD-
Na score was calculated for 168 patients with sufficient laboratory and clinical data at the beginning of immunotherapy.
A total of 142 (84.5%) patients had a low MELD-Na score, defined as a score of 6—18, whereas 26 (15.5%) patients had
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a MELD-Na score ranging between 19 and 40, and were therefore classified as high-MELD. MELD-Na score stratified
patients based on survival, with low-MELD patients living longer than high-MELD patients (Figure 1C, median OS 14
vs 1 months; p < 0.0001). Based on these data, liver function is highly predictive of survival on immunotherapy, and
using the MELD-Na score may specifically identify patients with very poor survival, and, by allowing for specific
exclusion of those high-risk patients, allow treatment of a larger number of patients with ICI than does the CP score on
clinical trials in a diverse real-world population with advanced hepatocellular carcinoma.

Alpha-Fetoprotein (AFP) Levels and ICI Efficacy

AFP has been previously reported to be a predictor of ICI efficacy and, therefore, AFP level and trends were tested as
surrogate biomarkers for survival. Pre-treatment AFP values were available for 180 patients. A total of 102 (52.6%)
patients were reported to have a baseline serum AFP value <400 while 78 (40.2%) had an AFP level >400. Patients with
a baseline serum AFP level >400ng/mL trended towards reduced survival compared to those with AFP <400 ng/mL, but
this did not reach a statistical significance (Figure 2A, median OS 15 vs 9 months; p = 0.162). In 86 patients who had
a baseline elevation in AFP as well as a subsequent AFP measurement, a drop by 15% or more in serum level at
a 3-month re-assessment was predictive of longer survival compared to AFP non-responders (Figure 2B, mOS 10.0
months vs NR; p = 0.0012). Eighty-two percent of patients with a drop in serum AFP were alive at last follow-up.

Correlation of HCV Treatment with Survival

We sought to determine whether the etiology of underlying chronic liver disease has an effect on clinical outcomes. The
etiology of chronic liver disease (CLD) was identified as viral if the patient was diagnosed with chronic HBV or HCV,
regardless of the presence or absence of concomitant alcoholic or nonalcoholic fatty liver disease. CLD that was not
caused by chronic hepatitis was considered nonviral. Survival rates were not significantly different for patients with viral
vs nonviral CLD (Figure 3A, p = 0.44).

One concern that commonly arises in the Bronx is that patients with HCV may not have been treated for HCV
infection. For a subset of patients with chronic hepatitis C and hepatocellular carcinoma, those who were treated with
direct-acting antiviral medications and achieved sustained viral response (SVR) had a higher likelihood of survival than
those who were not treated and had persistently elevated viral loads (Figure 3B, 12.0 vs 6.0 months; p = 0.0017).

Treatment-Related Immune Toxicity

Among the 194 patients analyzed, 54 patients (27.8%) experienced immune-related adverse events (irAEs), with 8
patients (4.1%) developing grade >3 irAEs. Toxicity data are shown in Table 3. Notably, one patient died due to
perforated immune colitis. Dermatologic toxicities were the most common, with 24 skin-related AEs reported, including
pruritus (10), rash (9), bullous pemphigoid (1), lichen planus (1), oral mucositis (1), vitiligo (1), and eczema (1). Thirteen
patients reported fatigue, while seven thyroid-related AEs were reported, including hypothyroidism (6) and hyperthyr-
oidism (1). Colitis was diagnosed in five patients who reported diarrhea, while four patients experienced liver toxicity,
including elevated ALT/AST (3) and isolated hyperbilirubinemia (1). One patient was diagnosed with vasculitis
attributed to ICIL.

Impact of Low Screening Rates in the Bronx

Given that immunotherapy can take weeks or months to induce a tumor response, we considered the impact of the frequency of
screening on survival in our Bronx population. Within the 194 patients with HCC treated with ICI, screening rates for HCC
were low. Chart review showed that 20 (10%) had been receiving regular biannual screening for HCC and 78 (40%) had an
imaging study done for any reason in the 24 months preceding diagnosis. Among 194 patients, 38 (14.4%) were diagnosed
with HCC based on routine screening, while the remainder had laboratory value abnormalities and/or were already experien-
cing symptoms at diagnosis. Patients diagnosed based on screening had prolonged OS, starting from the time of diagnosis,
relative to those presenting with active symptomatology (Supplemental Figure 1, 58.0 vs 16.0 months; p = 0.0037).

Furthermore, patients diagnosed based on screening were significantly less likely to die within 3 or 6 months of diagnosis
(Supplemental Table 2, p=0.042 and p = 0.004, respectively). The data show that screening rates are low in the Bronx and that
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Table 3 Presentation of Immune-Related Adverse Events and High-Grade irAEs

Type of irAE Total CTCAE Grade 3 | CTCAE Grade 4 | CTCAE Grade 5
Dermatologic 24 (12.4) | 0 0
Fatigue 13 (6.7) 0 0 0
Dysthyroidism 7 (3.6) 0 0 0
Colitis 5(2.6) 3 0 |
Hepatitis 4 (2.0 2 0 0
Vasculitis 1 (0.5) 0 | 0

Note: Data presented as number n (%).
Abbreviations: irAE, immune-related adverse event; CTCAE, Common Terminology Criteria for Adverse Events.

many patients are diagnosed with advanced disease and have lower survival rates at 3—6 months. These statistics demonstrate

that the Bronx has low screening rates, and that many patients in this population are given advanced disease diagnoses and

have lower survival rates at 3—6 months.

Effect of Race and Ethnicity on Survival
In light of the Bronx’s broad racial and ethnic composition, we subsequently examined survival rates with respect to race

and ethnicity. While there were no discernible racial disparities of significance, patients with Hispanic ethnicity lived

longer than non-Hispanics (Figure 4, mOS 52 vs 23 months; p = 0.007). In order to determine whether other prognostic

features accounted for increased survival in Hispanics, a multivariate analysis was performed. Non-Hispanic ethnicity
was found to be an independent risk factor for decreased OS compared to Hispanic ethnicity (HR 0.6; 95% CI 0.4-0.88;
p = 0.01), when age, gender, and Child-Pugh class are taken into account (Table 4). These results show that patients

identifying as Hispanic survive longer than non-Hispanics when treated with ICI for HCC.
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Table 4 Predictors of Overall Survival in Multivariate Analysis

Variables Overall Survival

HR 95% CI p-value
Age 1.02 0.98-1.03 0.694
Female sex 1.24 0.83-1.84 0.296
Hispanic ethnicity 0.60 0.41-0.89 0.011
Child-Pugh B 1.94 1.30-2.89 0.001
Child-Pugh C 4.621.94 | 2.59-8.241.30, 2.89 <0.001

Notes: Cox regression model assessing predictors of overall survival. p-values
in bold indicate statistical significance.

Discussion

This report presents our experience at a single center treating patients with advanced hepatocellular carcinoma (HCC) using
immunotherapy in a real-world setting. Our patient population has unique features, including a high proportion of Hispanic and
Black patients, difficulty accessing healthcare due to socioeconomic barriers, and a high prevalence of chronic hepatitis C and
alcohol abuse, which contribute to the development of chronic liver disease. Another distinctive feature of our population is that it
comprises treated individuals who have compromised liver function, specifically those classified as Child-Pugh B and C (47.4%
of all patients), often excluded from trials. Despite these differences compared to populations enrolled in pivotal trials, we found
that treatment efficacy, as measured by mOS, was similar to that reported in seminal randomized control trials.*' > Disease
control rate, which was assessed through imaging three months after the start of therapy, corresponded with what has been
reported in previous studies. Treatment with immunotherapy was generally well tolerated, with a low incidence of grade 3 or
higher immune-related adverse events (irAEs). Overall, our real-life experience suggests that immunotherapy is relatively safe
and active in a subset of patients with HCC.

This research confirms several factors associated with poorer survival rates in patients with advanced hepatocellular
carcinoma (HCC) undergoing immunotherapy treatment. MELD-Na score greater than or equal to 19, and an increasing
Child-Pugh class, were all found to be predictors of worse outcomes. Our work suggests that MELD-Na score at the time of
treatment initiation could be a better stratification tool to select patients for treatment than the Child-Pugh score. Using
a MELD cutoff of 19 rather than a Child-Pugh class of A as eligibility criterion for treatment could potentially increase the
number of treated patients and broaden the label of immunotherapy in HCC. This hypothesis warrants further exploration in
a prospective fashion. Similarly, a reduction of more than 15% in serum alpha-fetoprotein (AFP) levels at the three-month
mark after starting therapy may be a reliable indicator of extended survival, but more research is needed to confirm this
finding. This relationship has been confirmed in a past study including populations distinct from that of the Bronx.*!
Remarkably, among our patients, over 80% of patients with a decline in AFP >15% were alive at last follow-up.

The etiology of chronic liver disease did not have a significant effect on survival outcomes when patients were treated
with immune checkpoint inhibitors. Patients with both viral and non-viral diseases experienced similar rates of survival.
This finding is in line with current data such as the meta-analysis by Won Jin Ho et al as well as the subgroup analysis of
the HIMALAYA trial which studied dual immunotherapy, namely durvalumab with tremelimumab, in advanced
HCC.?**! In both settings, there was no significant difference in response rate or survival between viral and nonviral
hepatocellular carcinoma. It is also worth highlighting that some of our patients could have mixed underlying etiologies
for their chronic liver disease, in particular the combination of alcohol consumption and chronic hepatitis C, and which
could impact the tumor microenvironment and therefore the immune response, in a difficult-to-predict way.

Our patient population was enriched by patients diagnosed with HCC, and we found that patients with chronic
hepatitis C who receive treatment with direct-acting antivirals (DAA) and achieve sustained virologic response (SVR)
prior to ICI therapy have longer survival times. Conversely, Singal et al demonstrated in 2019 that DAA therapy, after
complete HCC response, and helping achieve SVR, is associated with improved overall survival.'® Our finding in the
pre-cancer treatment setting could, however, be confounded by a selection bias favoring treatment of patients, perceived
to be in better shape and with better liver function, with DAA while forgoing hepatitis C treatment in those thought to
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have limited benefit from viral eradication. Such preferential treatment, supported by AASLD guidance, which states that
patients with limited life expectancy within 12 months are unlikely to benefit from HCV eradication®” and based on
subjective perception of overall prognosis, could explain the elucidated difference in survival. Practice patterns still vary
widely in the advanced disease setting and more data are required to guide adequate use of resources.

Hispanic and Latin populations residing in the Bronx face greater socioeconomic challenges than non-Hispanic
populations. However, after adjusting for factors such as age, gender, and Child-Pugh class, we observed that these
populations tended to exhibit longer lifespans. This unexpected result may be explained by the Hispanic paradox,
a phenomenon that has been previously documented in medical literature. Kumar et al demonstrated in 2021 that
Hispanics with non-small cell lung cancer had better survival outcomes than non-Hispanic Whites.>® Oppositely,
Pinheiro et al found no Hispanic advantage in cancer survival.** Further investigation, both in terms of behavioral,
environmental, and genetic studies, is encouraged to fully understand the underlying mechanisms behind these phenomena.

Moreover, our study demonstrated that patients who were diagnosed with hepatocellular carcinoma (HCC) through
routine screening achieved better overall survival rates than those who were diagnosed at a symptomatic stage. This
highlights the critical significance of following screening guidelines meticulously and implementing structured programs
that are designed to target underserved populations. By doing so, the incidence and impact of HCC, which is notoriously
difficult to treat in advanced stages and with declining liver function, can hopefully be reduced.

In summary, our research offers a valuable contribution to the existing literature by demonstrating the efficacy and
safety of immunotherapy in minority populations that have not been extensively studied in large-scale phase three trials.
The observed survival and disease control rate was consistent with those reported previously, and no significant increase
in toxicity was observed. Our findings emphasize the importance of diagnosing hepatocellular carcinoma (HCC) at an
early, preferably asymptomatic stage while liver function is still intact, as these factors seem to positively influence
treatment response and survival outcomes. Further, our data further support the hypothesis that many patients, usually
excluded from clinical trials of ICC in HCC, stand to achieve substantial benefit from ICI therapy. However, it is
important to acknowledge the limitations of our study, such as its retrospective design and inherent biases, as well as the
relatively small sample size. Additionally, administered immunotherapies included diverse regimens and were not always
in the first-line setting. Nonetheless, our data highlight the benefit of immunotherapy across racial and ethnic groups as
well as the need to better study factors impacting prognosis within Hispanic populations. This is particularly true since
Hispanic populations are themselves diverse as far as geographical origin and relative admixture with African and
European populations.

Future research endeavors with larger sample sizes and prospective study designs may help to better understand the
potential implications of our findings. Our real-world experience can serve as a foundation for the development of
programs and interventions aimed at addressing the limited access and heightened hesitancy of minority populations to
participate in clinical trials. Raising awareness about chronic liver disease, hepatocellular carcinoma, and implementing
widespread screening campaigns for chronic viral hepatitides and alcohol abuse are critical steps towards reducing the
significant burden of HCC among disadvantaged communities. By implementing such initiatives, there is the potential to
improve early detection rates, reduce health disparities, and ultimately improve the overall health outcomes of under-
served populations.
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