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Abstract
Background and Aims: Immunotherapy has emerged as an effective treat-
ment for patients with advanced- stage HCC. We aimed to investigate the ef-
ficacy of immunotherapy for advanced HCC in a nationwide cohort and racial 
and ethnic disparities in access to immunotherapy.
Approach and Results: We used the US National Cancer Database to iden-
tify patients with tumor- node- metastasis stage 3 or 4 HCC between 2017 
and 2018. We performed multivariable Cox regression to identify factors as-
sociated with overall survival (OS) and logistic regression to identify factors 
associated with receipt of immunotherapy. Of the 3,990 patients treated for ad-
vanced HCC, 3,248 (81.4%) patients received chemotherapy and 742 (18.6%) 
patients received immunotherapy as a first- line treatment. Immunotherapy 
was associated with improved OS compared with chemotherapy (adjusted 
HR: 0.76, 95% CI: 0.65– 0.88) after adjusting for covariates. There were racial 
and ethnic disparities in access to immunotherapy, with Hispanic (adjusted 
OR [aOR]: 0.63, 95% CI: 0.46– 0.83) and Black patients (aOR: 0.71, 95% CI: 
0.54– 0.89) less likely to receive immunotherapy compared with White pa-
tients. There was a significant interaction between race- ethnicity and facility 
type, with higher disparity observed in nonacademic centers (interaction p = 
0.004).
Conclusions: Immunotherapy was associated with improved OS compared 
with chemotherapy in advanced HCC. There are significant disparities in 
early access to immunotherapy, likely due to differential access to clinical 
trials and experimental therapies. A comprehensive approach to monitoring 
and eliminating racial- ethnic disparities in the management of advanced HCC 
is urgently needed.
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INTRODUCTION

HCC is an aggressive primary liver cancer that de-
velops in patients with chronic liver disease and is a 
leading cause of global cancer mortality.[1] Patients 
diagnosed with early- stage HCC may achieve favor-
able long- term survival from curative treatments such 
as ablation, resection, or liver transplantation. On the 
other hand, patients who have large tumor burden, vas-
cular invasion, or extrahepatic metastasis have poor 
outcomes.[2] Nevertheless, decades of research and 
several recent positive phase 3 clinical trials have led 
to substantial progress in the systemic treatment of pa-
tients with advanced HCC.[3]

The first breakthrough came with the advent of mo-
lecularly targeted chemotherapy agents in the family of 
oral multityrosine kinase inhibitors. In 2007, sorafenib 
was approved as the first- line treatment for patients 
with Child- Pugh A cirrhosis and unresectable or meta-
static HCC.[4] Since 2017, another multityrosine kinase 
inhibitor, lenvatinib, has been approved as an additional 
first- line treatment,[5] and two additional multityrosine 
kinase inhibitors (cabozantinib and regorafenib) and a 
VEGF receptor 2 inhibitor (ramucirumab) have been ap-
proved as second- line treatments.[6– 8] However, none 
of the molecularly targeted chemotherapy agents have 
demonstrated significantly improved survival compared 
with sorafenib.

In recent years, immunotherapy using immune 
checkpoint inhibitors targeting programmed cell 
death- 1 (PD- 1), programmed death ligand 1 (PD- L1), 
and cytotoxic T lymphocyte– associated protein 4 
(CTLA- 4) have revolutionized the treatment of many 
cancers, with HCC being no exception.[9] The anti- PD- 1 
antibody, pembrolizumab, was approved as a second- 
line agent for patients with advanced HCC after open- 
label, single- arm phase 2 trial demonstrated durable 
responses in 15%– 20% of patients.[10] In 2020, the 
combination of the anti- PDL1 antibody atezolizumab 
and the anti- VEGF antibody bevacizumab was found 
to be superior to sorafenib in a phase 3, randomized 
controlled trial and was approved as the first- line treat-
ment for advanced HCC.[11] Other combination thera-
pies are being evaluated and awaiting further data to 
be reported.[12– 14]

Historically, racial and ethnic minorities have been 
underrepresented in clinical trials and experimental 
treatments for cancer.[15] As with other therapies, there 
is also a concern for potential racial- ethnic disparities 
in early access to immunotherapy among patients with 
HCC in the United States. With the emergence of im-
munotherapy as a highly promising new treatment in 
patients with advanced HCC, it is important to investi-
gate potential disparities and ensure that patients have 
equitable access to these highly effective but expensive 
new drugs. Therefore, the aims of this study were to in-
vestigate the efficacy of immunotherapy for advanced 

HCC in a large nationwide cohort as well as racial and 
ethnic disparity in access to immunotherapy.

METHODS

Database

We conducted a retrospective cohort study using the 
National Cancer Database (NCDB). The NCDB is a 
large, nationwide clinical oncology database spon-
sored by the American College of Surgeons and the 
American Cancer Society. The NCDB is comprised of 
hospital registry data from over 1,500 U.S. facilities ac-
credited by the Commission on Cancer, which repre-
sents more than 70% of newly diagnosed cancer cases 
and 34 million historical records.[11]

Patients and variables

All patients diagnosed with HCC between January 
1, 2017, and December 31, 2018, were identified by 
the NCDB. The diagnosis of HCC was based on the 
International Classification of Diseases– Oncology 
3rd Edition code C22.0 and the histology codes 8170- 
8175. We only included patients who met the definition 
of stage 3 or 4 HCC according to the American Joint 
Committee on Cancer tumor- node- metastasis (TNM) 
classification system and received systemic treatment 
as a first- line treatment.[16] Patients with missing treat-
ment information and those who were not treated with 
immunotherapy or chemotherapy as first- line treatment 
were excluded. NCDB does not provide detailed infor-
mation on the specific immunotherapy and chemother-
apy regimens. NCDB classifies multityrosine kinase 
inhibitors as chemotherapy and immune checkpoint 
inhibitor as immunotherapy. In this study, patients who 
received both chemotherapy and immunotherapy as 
first- line treatment were classified as the immunother-
apy group.

Covariates including demographics, socioeconomic 
status, medical comorbidities, treatment facility, treat-
ment region, as well as liver and HCC- specific clinical 
variables including Model for End- Stage Liver Disease 
(MELD) score, method of diagnosis, tumor size, and 
alpha- fetoprotein (AFP) category were captured for all 
patients. Demographic information included patients’ 
age, sex, and race- ethnicity. Categories of socioeco-
nomic status included insurance status, median in-
come level, educational level, and living environment. 
Medical comorbidities were graded by the Charlson/
Deyo Comorbidity Index. Treating facilities were clas-
sified into academic (> 500 new cancer diagnoses 
annually and at least four postgraduate training pro-
grams), comprehensive community (> 500 new cancer 
diagnoses annually), integrated network (no minimum 
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caseload; joint venture with multiple facilities, at least 
one of which is a hospital; and a commission on 
cancer- accredited cancer program), and community 
(100– 500 new cancer diagnoses annually). The treat-
ing facilities were also classified by to their geographic 
regions within the United States (Northeast, Midwest, 
South, and West).

Statistical analysis

Baseline demographic and clinical characteristics were 
summarized using standard descriptive measures, 
then compared by treatment group using the Welch’s 
t- test, Mann- Whitney Wilcoxon test, or Pearson’s chi- 
square test where appropriate. Survival probabilities 
were estimated using the Kaplan- Meier method and 
compared using the log- rank test. Median follow-
 up was estimated using the reverse Kaplan- Meier 
method.[17] Time- to- event was defined as the time 
from HCC diagnosis to death, with patients otherwise 
censored at date of last follow- up. To identify factors 
associated with overall survival (OS), univariate and 
multivariable Cox proportional hazards regression was 
performed for patients diagnosed in 2017, as follow- up 
survival data are not available for patients diagnosed 
in 2018. The proportional hazards assumption was as-
sessed visually using the scaled Schoenfeld residuals 
and quantitatively using the goodness- of- fit test as de-
scribed by Grambsch and Therneau.[18] Univariate and 
multivariable logistic regression was used to test the 
association between race- ethnicity and the receipt of 
immunotherapy over chemotherapy. Interactions be-
tween race- ethnicity and other covariates were tested 
by including an interaction term in the multivariable 
logistic regression model. The chained equation ap-
proach for multiple imputation was used[19] to account 
for missing data in the NCDB. Cirrhosis was not added 
in the main regression analysis due to a high propor-
tion of missing data (90%), although we performed 
a secondary analysis after adding the cirrhosis vari-
able with missing data imputation in the multivariable 
model. Subgroup analysis was performed to demon-
strate the impact of immunotherapy and chemother-
apy combination on OS. All statistical analyses were 
performed using R statistical software (version 4.0.5; 
R Foundation, Vienna, Austria) with two- sided tests 
and a significance level of 0.05.

RESULTS

Patient characteristics

Table 1 summarizes the baseline characteristics 
for the 3,990 patients with advanced HCC who re-
ceived systemic treatments for advanced HCC in 

2017 and 2018. There were 3,248 (81.4%) patients 
treated with chemotherapy and 742 (18.6%) patients 
treated with immunotherapy. During the study period, 
the annual proportion of patients receiving immuno-
therapy increased from 14.2% in 2017 to 23.0% in 
2018. The two treatment groups had similar age and 
sex distributions, with median age of 64 years and 
male predominance. Compared to patients treated 
with chemotherapy, patients treated with immuno-
therapy had higher proportions of White (66.6% vs. 
61.9%) and Asian (10.3% vs. 7.9%) patients and lower 
proportions of Hispanic (9.1% vs. 12.4%) and Black 
patients (14.0% vs. 17.8%) (p < 0.001). In addition, 
higher proportions of patients treated with immu-
notherapy belonged to the highest income quartile 
(34.5% vs. 27.7%, p = 0.001) and lived in neighbor-
hoods with high average education levels (21.2% vs. 
14.9%, p = 0.002).

Compared with patients in the chemotherapy 
group, a higher proportion of the immunotherapy 
group was treated at academic centers (55.1% vs. 
45.8%, p < 0.001) and in the Northeast (29.6% vs. 
19.8%, p < 0.001). Patients treated with immuno-
therapy had larger tumor sizes (median 8.0 cm vs. 
7.5 cm, p = 0.012). There were no significant differ-
ences in the Charlson Comorbidity Index, diagnosis 
method, MELD score, cirrhosis, or AFP category be-
tween the two groups.

Factors associated with OS

Patients who were diagnosed in 2017 (total = 2020, 
1732 chemotherapy vs. 288 immunotherapy) were 
included in the survival analysis. Over a median fol-
low- up of 6.8 months, the median OS for the entire 
cohort was 7.6 months. One- year and 2- year sur-
vival estimates were 30.8% and 11.4%, respectively. 
Median [interquartile range] follow- up times among 
those who were censored were similar between the 
immunotherapy (22.6 [14.2, 26.5]) and chemotherapy 
(19.1 [8.3, 26.7]) groups. Patients who received im-
munotherapy had higher OS compared with patients 
who received systemic treatment at 1 year (39.9% 
vs. 29.3%) and 2 years (13.5% vs. 11.0%) (Figure 1). 
In multivariable Cox regression analysis (Table 2), 
receipt of immunotherapy was independently asso-
ciated with improved OS (adjusted HR [aHR]: 0.76, 
95% CI: 0.65– 0.88) compared with chemotherapy. 
After the addition of cirrhosis status, immunotherapy 
continued to be associated with improved OS (aHR: 
0.76, 95% CI: 0.65– 0.89). Among the immunotherapy 
group, 303 (40.8%) patients received combination 
therapy and 439 patients (59.2%) received immu-
notherapy alone. Both combination treatment (aHR: 
0.72, 95% CI: 0.58– 0.89) and immunotherapy alone 
(aHR: 0.79, 95% CI: 0.65– 0.97) were associated 
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with improved OS compared with chemotherapy, al-
though the aHR was numerically lower in the combi-
nation group. Other factors associated with poor OS 

include nonacademic facility type, higher Charlson 
Comorbidity Index, increased AFP, higher MELD 
score, and larger tumor size.

TA B L E  1  Baseline characteristics of patients with advanced HCC

Characteristics

[ALL] Chemotherapy Immunotherapy

pN = 3,990 N = 3,248 N = 742

Mean age (SD) 64.2 (9.87) 64.3 (9.70) 63.8 (10.6) 0.283

Sex Male 3,245 (81.3%) 2,645 (81.4%) 600 (80.9%) 0.758

Female 745 (18.7%) 603 (18.6%) 142 (19.1%)

Race White 2,449 (62.7%) 1,965 (61.9%) 484 (66.6%) 0.001

Hispanic 460 (11.8%) 394 (12.4%) 66 (9.08%)

Black 668 (17.1%) 566 (17.8%) 102 (14.0%)

Asian + others 327 (8.38%) 252 (7.93%) 75 (10.3%)

Insurance status Uninsured 155 (3.93%) 131 (4.08%) 24 (3.27%) 0.691

Private 1,201 (30.4%) 969 (30.2%) 232 (31.7%)

Medicaid/Medicare 2,513 (63.7%) 2,050 (63.8%) 463 (63.2%)

Other 77 (1.95%) 63 (1.96%) 14 (1.91%)

Median income < $40,227 832 (25.4%) 702 (26.5%) 130 (20.9%) 0.001

$40,227– $50,353 765 (23.4%) 612 (23.1%) 153 (24.6%)

$50,354– $63,332 725 (22.2%) 601 (22.7%) 124 (20.0%)

$63,333 + 949 (29.0%) 735 (27.7%) 214 (34.5%)

Without high school degree ≥ 17.6% 998 (30.4%) 816 (30.7%) 182 (29.2%) 0.002

10.9%– 17.5% 950 (29.0%) 786 (29.6%) 164 (26.3%)

6.3%– 10.8% 802 (24.5%) 657 (24.7%) 145 (23.3%)

< 6.3% 529 (16.1%) 397 (14.9%) 132 (21.2%)

Urban/rural Metro 3,319 (85.7%) 2,708 (85.5%) 611 (86.3%) 0.759

Urban 495 (12.8%) 407 (12.9%) 88 (12.4%)

Rural 60 (1.55%) 51 (1.61%) 9 (1.27%)

Facility type Academic 1,861 (47.5%) 1,464 (45.8%) 397 (55.1%) < 0.001

Community cancer program 222 (5.67%) 193 (6.04%) 29 (4.03%)

Comprehensive cancer program 1,227 (31.3%) 1,016 (31.8%) 211 (29.3%)

Integrated network 607 (15.5%) 524 (16.4%) 83 (11.5%)

Region Northeast 845 (21.6%) 632 (19.8%) 213 (29.6%) < 0.001

Midwest 802 (20.5%) 696 (21.8%) 106 (14.7%)

South 1,610 (41.1%) 1,338 (41.9%) 272 (37.8%)

West 660 (16.8%) 531 (16.6%) 129 (17.9%)

Charlson Comorbidity 
Index

0 or 1 2,861 (71.7%) 2,307 (71.0%) 554 (74.7%) 0.062

2 426 (10.7%) 347 (10.7%) 79 (10.6%)

≥ 3 703 (17.6%) 594 (18.3%) 109 (14.7%)

Diagnosis method Cytology or histology 2,546 (63.8%) 2,054 (63.2%) 492 (66.3%) 0.127

Clinical diagnosis 1,444 (36.2%) 1,194 (36.8%) 250 (33.7%)

AFP Negative 297 (16.7%) 254 (16.7%) 43 (16.7%) 1.000

Positive 1,485 (83.3%) 1,271 (83.3%) 214 (83.3%)

Median MELD [IQR] 11.0 [8.47; 16.2] 10.9 [8.47; 15.8] 11.6 [8.48; 17.6] 0.164

Cirrhosis No 87 (21.1%) 72 (20.1%) 15 (27.8%) 0.268

Yes 325 (78.9%) 286 (79.9%) 39 (72.2%)

Median tumor size, cm 
[IQR]

7.50 [4.90; 11.1] 7.50 [4.80; 11.0] 8.00 [5.10; 11.9] 0.012

Abbreviations: AFP, alpha- fetoprotein; IQR, interquartile range; MELD, Model for End- Stage Liver Disease; NA, not applicable.
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Factors associated with receipt of 
immunotherapy as a first- line treatment

Table 3 displays the results of logistic regression on 
the factors associated with receiving immunotherapy 
instead of chemotherapy. All 3,990 subjects (3,248 
chemotherapy vs. 742 immunotherapy) were included 
in the analysis. Race- ethnicity was one of the strongest 
predictors of receiving immunotherapy: Hispanic (ad-
justed OR [aOR]: 0.63, 95% CI: 0.46– 0.83) and Black 
patients (aOR: 0.71, 95% CI: 0.54– 0.89) were signifi-
cantly less likely to receive immunotherapy compared 
with White patients. In contrast, there were no signifi-
cant differences in treatment choice by socioeconomic 
status or education measures.

Type and region of treatment site showed a strong 
association with receipt of immunotherapy. Compared 
with patients treated at academic centers, those 
treated at community cancer programs (aOR: 0.56, 
95% CI: 0.36– 0.82), comprehensive community can-
cer programs (aOR: 0.77, 95% CI: 0.62– 0.92), and 
integrated networks (aOR: 0.62, 95% CI: 0.48– 0.80) 
were significantly less likely to receive immunother-
apy. In addition, patients treated in the Midwest (aOR: 
0.45, 95% CI: 0.36– 0.61) and the South (aOR: 0.67, 
95% CI: 0.57– 0.87) were less likely to receive im-
munotherapy compared with patients treated in the 
Northeast. In terms of clinical variables, patients with 
Charlson Comorbidity Index of 3 or higher were less 
likely to receive immunotherapy compared to those 
with Charlson Comorbidity Index of 0 or 1 (aOR: 0.76, 
95% CI: 0.59– 0.94). While diagnosis method, MELD 
score, and AFP were not associated with receipt of 
immunotherapy, larger tumor size was associated with 

a higher likelihood of receiving immunotherapy (aOR: 
1.01, 95% CI: 1.004– 1.03).

Finally, we tested the interaction between race- 
ethnicity and other factors for association with receipt 
of immunotherapy. While there was no significant in-
teraction between race- ethnicity with socioeconomic 
status (e.g., medical insurance, median income, educa-
tion), there was a significant interaction between race- 
ethnicity with facility type, with higher racial and ethnic 
disparities observed in nonacademic centers than aca-
demic centers (interaction p = 0.004) (Table 4).

DISCUSSION

Our study provides an analysis of large- scale nation-
wide data demonstrating race- ethnicity- specific early 
use and efficacy of immunotherapy in patients with 
advanced HCC, with several important findings to be 
highlighted. Our study confirmed the efficacy of im-
munotherapy by demonstrating improved OS among a 
large nationwide cohort of patients who received immu-
notherapy versus chemotherapy. While chemotherapy 
remained the most common treatment received by pa-
tients with advanced HCC, the proportion of patients 
receiving immunotherapy increased by about 10% 
between 2017 and 2018. With the recent approval of 
atezolizumab- bevacizumab combination as first- line 
therapy for patients with advanced HCC, this trend of 
increased use of immunotherapy will likely continue 
to accelerate, given its superior efficacy. In addition, 
we discovered significant disparities in early access 
to immunotherapy, with lower use among Black and 
Hispanic patients compared with White patients.

F I G U R E  1  Overall survival estimates of patients with advanced- stage HCC treated with immunotherapy versus chemotherapy 

 15273350, 2022, 6, D
ow

nloaded from
 https://aasldpubs.onlinelibrary.w

iley.com
/doi/10.1002/hep.32527 by Jules L

evin - T
est , W

iley O
nline L

ibrary on [11/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



1654 |   IMMUNOTHERAPY EFFICACY FOR ADVANCED HCC

The advent of immune checkpoint inhibitors (ICPIs) 
has transformed the treatment for numerous types of 
cancers including HCC.[20] The first study of ICPIs in 

patients with advanced HCC was reported in 2013, when 
tremelimumab, a monoclonal antibody against CTLA- 
4, showed significant antitumor and antiviral effects in 

TA B L E  2  Factors associated with overall survival among patients with advanced HCC

Characteristics

Univariate Multivariable

OR (95% CI) p OR (95% CI) p

Age (10- year change) 1.009 (0.959– 1.061) 0.734 1.015 (0.957– 1.076) 0.627

Sex_Male (reference) (reference) (reference)

Sex_Female 0.999 (0.877– 1.138) 0.985 1.006 (0.881– 1.149) 0.930

Race_White (reference) (reference) (reference)

Race_Hispanic 0.897 (0.757– 1.063) 0.210 0.949 (0.791– 1.139) 0.575

Race_Black 1.039 (0.902– 1.197) 0.596 1.049 (0.901– 1.220) 0.539

Race_Asian + Others 1.018 (0.844– 1.228) 0.850 1.092 (0.893– 1.337) 0.391

Uninsured (Refence) (reference) (reference)

Private insurance 0.933 (0.703– 1.239) 0.631 0.995 (0.744– 1.331) 0.974

Medicaid/Medicare insurance 0.899 (0.681– 1.185) 0.450 0.965 (0.723– 1.287) 0.808

Other insurance 0.690 (0.418– 1.140) 0.148 0.715 (0.427– 1.197) 0.202

Median income < $40,227 (reference) (reference) (reference)

Median income $40,227– $50,353 1.040 (0.878– 1.232) 0.649 1.016 (0.835– 1.237) 0.870

Median income $50,354– $63,332 1.007 (0.858– 1.182) 0.933 0.959 (0.782– 1.176) 0.686

Median income $63,333+ 1.019 (0.884– 1.174) 0.799 1.055 (0.840– 1.324) 0.647

Without high school degree ≥ 17.6% 
(reference)

(reference) (reference)

Without high school degree 10.9%– 17.5% 1.121 (0.973– 1.291) 0.114 1.110 (0.931– 1.325) 0.246

Without high school degree 6.3%– 10.8% 1.024 (0.885– 1.186) 0.748 0.994 (0.811– 1.219) 0.954

Without high school degree < 6.3% 1.061 (0.889– 1.267) 0.509 1.020 (0.786– 1.323) 0.881

Metro (reference) (reference) (reference)

Urban 1.140 (0.979– 1.327) 0.092 1.113 (0.946– 1.310) 0.198

Rural 1.094 (0.747– 1.602) 0.644 1.121 (0.759– 1.657) 0.566

Facility_Academic (reference) (reference) (reference)

Facility_Community Cancer Program 1.524 (1.226– 1.894) < 0.001 1.453 (1.160– 1.820) 0.001

Facility_Comprehensive Community 
Cancer Program

1.329 (1.182– 1.494) < 0.001 1.341 (1.186– 1.516) < 0.001

Facility_Integrated Network 1.264 (1.086– 1.471) 0.002 1.238 (1.060– 1.447) 0.007

Region_Northeast (reference) (reference) (reference)

Region_Midwest 1.204 (1.027– 1.411) 0.022 1.142 (0.961– 1.357) 0.132

Region_South 1.131 (0.985– 1.299) 0.082 1.072 (0.925– 1.241) 0.357

Region_West 1.129 (0.953– 1.338) 0.161 1.054 (0.881– 1.262) 0.563

Charlson Index 0 or 1 (reference) (reference) (reference)

Charlson Index 2 1.054 (0.894– 1.243) 0.533 1.091 (0.922– 1.289) 0.310

Charlson Index 3 1.170 (1.026– 1.334) 0.019 1.215 (1.060– 1.392) 0.005

Diagnosis_Cytology (reference) (reference) (reference)

Diagnosis_Clinical 0.964 (0.868– 1.071) 0.499 0.962 (0.862– 1.074) 0.494

AFP_Normal (reference) (reference) (reference)

AFP_Elevated 1.332 (1.153– 1.539) < 0.001 1.309 (1.126– 1.522) < 0.001

MELD score (10- unit change) 1.099 (1.019– 1.185) 0.014 1.086 (1.008– 1.171) 0.030

Tumor size 1.010 (1.004– 1.016) 0.001 1.011 (1.005– 1.017) < 0.001

Treatment_Chemotherapy (reference) (reference) (reference)

Treatment_Immunotherapy 0.759 (0.654– 0.881) < 0.001 0.756 (0.649– 0.881) < 0.001
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patients with HCC and chronic HCV infection.[21] Within 
the past few years, efficacy and safety of two anti- 
PD- 1 antibodies, nivolumab and pembrolizumab, were 
proven in patients with advanced HCC.[10,22– 24] Several 

combinations of PD- 1/PDL- 1 inhibitors with CTLA- 4 in-
hibitors, VEGF inhibitor, or multikinase inhibitors have 
shown promising results.[25– 29] with the recent ap-
proval of the atezolizumab- bevacizumab combination 

TA B L E  3  Factors associated with immunotherapy treatment among patients with advanced HCC

Characteristics

Univariate Multivariable

OR (95% CI) p OR (95% CI) p

Age (10- year change) 0.955 (0.881– 1.035) 0.256 0.915 (0.835– 0.998) 0.051

Sex_Male (reference) (reference) (reference)

Sex_Female 1.038 (0.845– 1.269) 0.718 1.093 (0.885– 1.344) 0.404

Race_White (reference) (reference) (reference)

Race_Hispanic 0.684 (0.523– 0.907) 0.007 0.625 (0.458– 0.829) 0.002

Black 0.731 (0.572– 0.910) 0.008 0.706 (0.541– 0.893) 0.006

Race_Asian + others 1.190 (0.906– 1.568) 0.213 0.994 (0.732– 1.317) 0.970

Uninsured (reference) (reference) (reference)

Private insurance 1.312 (0.861– 2.157) 0.244 1.075 (0.691– 1.768) 0.762

Medicaid/Medicare insurance 1.236 (0.816– 1.999) 0.352 1.125 (0.731– 1.849) 0.618

Other insurance 1.218 (0.585– 2.515) 0.593 1.076 (0.502– 2.241) 0.847

Median income < $40,227 (reference) (reference) (reference)

Median income $40,227– $50,353 1.274 (0.968– 1.554) 0.045 1.248 (0.939– 1.567) 0.090

Median income $50,354– $63,332 1.116 (0.893– 1.451) 0.377 1.052 (0.848– 1.487) 0.723

Median income $63,333+ 1.472 (1.236– 1.914) < 0.001 1.133 (0.935– 1.739) 0.427

Without high school degree ≥ 17.6% 
(reference)

(reference) (reference)

Without high school degree 
10.9%– 17.5%

0.943 (0.759– 1.159) 0.586 0.896 (0.688– 1.099) 0.361

Without high school degree 6.3%– 10.8% 1.009 (0.769– 1.194) 0.936 0.929 (0.639– 1.114) 0.603

Without high school degree < 6.3% 1.400 (1.138– 1.813) 0.005 1.258 (0.834– 1.599) 0.166

Metro (reference) (reference) (reference)

Urban 0.941 (0.730– 1.185) 0.621 1.015 (0.802– 1.351) 0.908

Rural 0.766 (0.343– 1.451) 0.463 0.865 (0.405– 1.771) 0.697

Facility_Academic (reference) (reference) (reference)

Facility_Community Cancer Program 0.566 (0.371– 0.828) 0.005 0.562 (0.360– 0.817) 0.006

Facility_Comprehensive Community 
Cancer Program

0.770 (0.637– 0.918) 0.005 0.766 (0.624– 0.918) 0.007

Facility_Integrated Network 0.587 (0.459– 0.760) < 0.001 0.617 (0.477– 0.801) < 0.001

Region_Northeast (reference) (reference) (reference)

Region_Midwest 0.453 (0.356– 0.591) < 0.001 0.454 (0.357– 0.607) < 0.001

Region_South 0.610 (0.511– 0.763) < 0.001 0.672 (0.568– 0.869) < 0.001

Region_West 0.727 (0.576– 0.941) 0.011 0.807 (0.641– 1.075) 0.105

Charlson Index 0 or 1 (reference) (reference) (reference)

Charlson Index 2 0.948 (0.726– 1.225) 0.689 1.004 (0.761– 1.297) 0.979

Charlson Index 3 0.764 (0.608– 0.953) 0.019 0.763 (0.593– 0.940) 0.021

Diagnosis_Cytology (reference) (reference) (reference)

Diagnosis_Clinical 0.874 (0.738– 1.033) 0.117 0.856 (0.709– 1.007) 0.083

AFP_Normal (Reference) (reference) (reference)

AFP_Elevated 0.849 (0.754– 1.143) 0.122 0.869 (0.799– 1.217) 0.202

MELD (10 units change) 1.043 (0.972– 1.178) 0.393 1.079 (1.008– 1.228) 0.130

Tumor size 1.015 (1.006– 1.027) 0.005 1.014 (1.004– 1.026) 0.012
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treatment as a first- line treatment for patients with ad-
vanced HCC.[28] Our retrospective analysis of close to 
4,000 patients from the NCDB showed that receipt of 
immunotherapy over chemotherapy was independently 
associated with improved survival. These are mean-
ingful large- scale nationwide data outside of individual 
clinical trials, which confirms the effectiveness of im-
munotherapy compared with chemotherapy. Moreover, 
multiple studies have shown immunotherapy to be rel-
atively well- tolerated with an acceptable side- effect 
profile and quality of life compared with sorafenib. 
With many other phase 3 trials underway testing var-
ious combinations between ICPIs and tyrosine kinase 
inhibitors, the role of immunotherapy in patients with 
advanced HCC will continue to evolve and become 
individualized according to patient characteristics and 
tolerability.[9]

Despite the positive results showing the overall effi-
cacy of immunotherapy in patients with advanced HCC, 
our study also highlights significant racial and ethnic 
disparities in early access to immunotherapy, more no-
table in the nonacademic cancer centers. It is known 
that health care disparities can emerge or worsen with 
discoveries of more effective approaches to cancer 
treatment such as immunotherapy.[30] Racial and ethnic 
minorities experience significant barriers in access to 
clinical trials and experimental therapies. For example, 
a study of 310 clinical trials conducted between 2003 
and 2016 showed that Black and Hispanic patients 
were less likely to enroll in clinical trials for breast, col-
orectal, lung, pancreas, prostate, and renal cell car-
cinoma and melanoma.[31] A more recent study with 
the National Cancer Institute’s Clinical Data Update 
System between 2000 and 2019 showed persistent 
underrepresentation of Black and Hispanic patients 
in breast, colorectal, lung, and prostate cancer clini-
cal trials, although disparity has decreased in recent 
years.[32] The barriers could arise at multiple levels.[15] 
At a system level, racial and ethnic minorities are more 
likely to be underinsured and receive their care at un-
derresourced hospital systems with limited offers for 
clinical trials or experimental drugs.[33] Studies have 
reported that implicit bias among physicians has an im-
pact on interactions with racial and ethnic minority pa-
tients, and that some physicians are hesitant to discuss 
clinical trials or experimental treatments with Black pa-
tients because they believe that Black patients will be 

resistant or less likely to comply with the recommended 
treatments.[34,35] Conversely, racial and ethnic minority 
patients and their family members may also hold neg-
ative attitudes and mistrust toward clinical trials and 
experimental treatments, which affects their willing-
ness to participate.[36,37] A recent study among a co-
hort of patients with HCC highlighted high proportions 
of medical mistrust, health literacy, and transportation 
barriers among Black and Hispanic patients compared 
with White patients.[38] At an interpersonal level, racial 
and ethnic differences in the quality of communication 
between health care professionals and patients exist, 
with or without language barriers. A linguistic analysis 
of encounters between oncologists and Black patients 
has shown that the visit times were overall shorter 
compared to the visits with White patients, the topic 
of clinical trials was less frequently mentioned, and 
even when clinical trials were mentioned, less time was 
spent discussing them.[39]

Racial and ethnic disparities in HCC treatment 
have been well- described before the advent of im-
munotherapy.[40,41] A retrospective study of patients 
in two large urban health systems showed that 
Hispanic patients (OR: 0.75, 95% CI 0.55– 1.00) and 
Black patients (OR: 0.74, 95% CI 0.56– 0.98) were 
significantly less likely to be diagnosed with early- 
stage HCC compared with White patients, likely due 
to decreased access to HCC surveillance.[42] Another 
large retrospective study of patients with early- stage 
HCC using the Surveillance, Epidemiology, and End 
Results database suggested that Black patients were 
less likely to receive liver transplantation (relative risk 
[RR]: 0.54, 95% CI 0.36– 0.79), and Hispanic patients 
were less likely to receive resection (RR: 0.47, 95% 
CI 0.30– 0.74) or ablation (RR: 0.63, 95% CI 0.48– 
0.82) compared with White patients.[43] Another re-
cent study of 359 patients with HCC showed that 
Black and Hispanic patients were significantly less 
likely to receive any form of treatment for HCC com-
pared with White patients (50% vs. 45.3% vs. 15.2%, 
p < 0.001), and Black patients had a significantly 
higher risk of mortality compared with White patients 
(HR: 1.87, 95% CI 1.06– 3.28).[44,45] In light of such 
significant racial and ethnic disparities in early ac-
cess to immunotherapy during the years before US 
Food and Drug Administration (FDA) approval or 
clinical trial participation, a comprehensive approach 

TA B L E  4  Association between race- ethnicity and immunotherapy receipt stratified by facility type

Whites (Ref)

Academic center Nonacademic center

aOR 95% CI p aOR 95% CI p

Hispanics 0.68 0.37– 1.25 0.550 0.58 0.29– 1.17 0.274

Blacks 0.97 0.59– 1.58 0.999 0.48 0.24– 0.95 0.023

Asian/Others 1.48 0.82– 2.67 0.465 0.58 0.26– 1.30 0.451

Abbreviation: aOR, adjusted OR.
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involving all stakeholders will be needed to eliminate 
disparities in access to clinical trials and novel exper-
imental treatment, and make it an available option for 
patients with advanced HCC across all demographic 
and socioeconomic backgrounds across the United 
States. A multilevel, team- based approach designed 
to eliminate biases and mistrust, and to facilitate ef-
fective communications with minority patients, will be 
critical.

The strength of our study includes the use of a 
large, nationwide sample that provides valuable data 
on the use of immunotherapy in patients with advanced 
HCC. While most clinical trials limit their participants to 
those with well- preserved liver function (Child- Pugh A 
cirrhosis), more than half of the patients in our study 
had MELD scores greater than 10, indicating the inclu-
sion of patients with hepatic dysfunction. Furthermore, 
our study highlighted significant racial/ethnic, socio-
economic, and regional disparities in access to immu-
notherapy, which could be a surrogate for clinical trial 
participation and early access to novel experimental 
therapy.

Our study also must be interpreted in the context 
of its limitations related to its study design and data 
source. This was a retrospective study of a large 
cancer- focused database that is limited to patients 
treated at the participating institutions. Some of the 
pertinent clinical data such as patients’ Child- Pugh 
class, Barcelona Clinic Liver Cancer staging, and 
etiology of liver disease were not available, although 
we did have information on patients’ MELD scores, 
AFP, and tumor sizes. Because NCDB groups 
Medicare and Medicaid under the same umbrella 
of government- sponsored insurances, we could not 
assess the difference in outcomes between patients 
with Medicare versus Medicaid, although the two 
may represent very different patient populations. As 
our study period was limited to years 2017 and 2018, 
with follow- up OS information available in patients di-
agnosed in 2017, we had a relatively small sample 
size for subgroup analysis. We do not have detailed 
information on the specific immunotherapy and che-
motherapy regimens used at individual levels. As 
immunotherapy received FDA approval as first- line 
therapy in advanced HCC in May 2020, patients in 
our cohort received immunotherapy via a clinical trial 
setting or off- label use as an experimental treatment. 
NCDB does not provide information on whether im-
munotherapy was administered under clinical trial 
participation. We believe that a significant portion 
of patients may have received immunotherapy as an 
off- label use outside of clinical trials, as our cohort 
had shorter OS than what has been reported in previ-
ous clinical trials. However, the proportion of clinical 
trial participants was likely different between immu-
notherapy and chemotherapy groups, which could 
have introduced selection bias.

Considering that immunotherapy obtained FDA ap-
proval as a first- line treatment for HCC in 2020, use of 
immunotherapy is projected to greatly increase over 
the next several years. Therefore, additional ongoing 
assessments will be needed to more clearly eluci-
date the national trends in immunotherapy use, race- 
ethnicity specific disparities in immunotherapy access, 
and patient outcomes in this new era of HCC treatment.

Immunotherapy is associated with improved survival 
compared with chemotherapy in patients with advanced 
HCC. Although the use of immunotherapy for treatment 
of advanced HCC will likely increase, significant dis-
parities in access to immunotherapy need to be further 
investigated in future studies. Our results also suggest 
a significant disparity in early access to clinical trials 
and novel experimental therapies. A comprehensive 
approach to monitoring and eliminating racial- ethnic 
disparities in the management of advanced HCC is ur-
gently needed.
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