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Abstract. Background: There are few efficacy and toxicity
data on sorafenib for patients treated for hepatocellular
carcinoma (HCC) who are not Caucasian or Asian. Materials
and Methods: A retrospective analysis was carried out on 67
patients treated with sorafenib for advanced HCC at an
urban referral center. Patients were categorized by race, age,
sex, status, stage, and dose. Primary outcomes were time to
progression (TTP), toxicity, and treatment discontinuation by
race. Results: African-Americans and Caucasians had
significantly shorter TTP than patients of other races
(Hispanic, Asian, and unidentified) [African-Americans:
hazard ratio (HR)=5.01, p=0.0068; Caucasians: HR=8.25,
p=0.0008). There were no significant differences in time to
toxicity (p=0.99). Caucasians had the shortest time to therapy
discontinuation (p=0.0298). TTP was shorter for males (HR
=351, p=0.028), and longer for patients experiencing
toxicity (HR=0.47, p=0.046). Conclusion: Among patients
treated with sorafenib for advanced HCC, non African-
American/non-Caucasian race, female sex, and toxicity were
associated with significantly longer time to progression.

Hepatocellular carcinoma (HCC) is the second leading cause
of cancer-related mortality worldwide (1). Although
approximately 75% of the burden of disease from HCC is
borne by the developing world (1), HCC incidence has also
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risen dramatically in the United States (2). Although chronic
hepatitis B virus (HBV) infection accounts for approximately
50% of HCC worldwide (3), in the United States, the rise in
incidence is thought to be due primarily to the high rates of
chronic hepatitis C viral (HCV) infection and the rising
incidence of non-alcoholic fatty liver disease, which has
been shown to be a significant risk factor for development
of HCC regardless of cirrhosis (4).

Although survival rates have improved in patients with
HCC in the United States over the past several decades (5),
most of this improvement has come from higher rates of early-
stage detection due to screening of appropriate patients,
improved quality of surgical resection, and the introduction of
liver transplantation for patients who qualify. Unfortunately,
patients with intermediate- or advanced-stage disease are not
surgical candidates, and options are limited to locoregional
therapies and systemic therapy. Several studies have
demonstrated that racial disparities exist in outcomes for HCC.
African-Americans are less likely to undergo curative surgery
or receive transplantation (6), or undergo locoregional
procedures compared to White patients, and have higher in-
hospital mortality rates (7). Due, at least in part, to fewer
opportunities for advanced or curative therapies, minority
patients are frequently limited to systemic chemotherapy,
which is the least effective therapy available to treat HCC.

In 2007, two studies showed that sorafenib, a multi-target
tyrosine kinase inhibitor, improved overall survival in HCC
by approximately 3 months compared to placebo (8, 9).
These results were recently challenged by a review of the
Surveillance, Epidemiology, and End Results—Medicare
database which showed an insignificant difference in
3-month mortality between patients treated with sorafenib
and those treated with placebo (10). However, data are
lacking for African-American and Hispanic patients, as these
studies enrolled primarily Caucasian and Asian patients. In
this study, a retrospective analysis was performed of patients
treated with sorafenib at an urban academic medical center
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to evaluate the efficacy and toxicity of sorafenib in a racially
diverse population, and determine if there were other patient
characteristics that influence efficacy or toxicity of sorafenib
in a racially diverse, inner city population that has
historically been under-represented in clinical trials.

Materials and Methods

Study design. This was a retrospective cohort analysis of patients
who were seen at the University of Illinois at Chicago Cancer
Center between September 2007 and August 2016 and were treated
with sorafenib for HCC diagnosis. The University of Illinois at
Chicago Institutional Review Board granted an informed consent
waiver approval for the retrospective chart review of patients fitting
the inclusion criteria.

Retrospective data collection. The Research Informatics Department
conducted a search of the electronic medical record for patients seen
at the University of Illinois from September 2007 — August 2016
with a diagnosis of HCC who were prescribed sorafenib. Patients
were excluded from analysis if they did not have at least one
follow-up visit after being prescribed sorafenib. The final patient
list along with the data extracted from charts were secured in a
password-protected file.

Measures. Patients’ electronic medical records were reviewed for
the following clinical information: age at diagnosis, race, sex,
etiology of cirrhosis, Barcelona Clinic Liver Cancer (BCLC) stage
at diagnosis, and average daily dose of sorafenib. For race, patients
were divided into categories of Caucasian, African-American, and
Other, which included Asian, Hispanic, and unidentified races.
Etiology of cirrhosis was divided into patients who were either
positive or negative for HCV. Patients were classified as male or
female based on their recorded sex in the medical record. BCLC
stage was categorized as A through D, per classification by the
European Association for the Study of the Liver/European
Organization for Research and Treatment of Cancer definition (11).
Age and average daily dose were recorded as continuous variables.
The dates of diagnosis, initiation of sorafenib treatment, date of the
first recorded toxicity, date of permanent discontinuation of
sorafenib, date of progression of disease, and date of loss to follow-
up, and date of death were also recorded in order to calculate the
outcomes of interest. Date of progression was documented as the
date recorded in the medical record, or if undocumented was
determined using the New Response Evaluation Criteria In Solid
Tumors (12).

The primary outcomes were time to progression (TTP), time to
toxicity, and time to discontinuation of treatment among different
races. TTP was calculated as the number of days from the date of
treatment initiation to the date of progression. Time to toxicity was
calculated as the number of days from the start of treatment to the
first recorded date of toxicity. Time to discontinuation was
calculated as the number of days from treatment initiation to the
date at which sorafenib was permanently discontinued. Censored
values were recorded using the date lost to follow-up or death if
specified end points were not met.

Statistical analysis. Bivariate associations between race and other
variables were examined using Chi-squared tests or Fisher’s exact

4028

Table 1. Cox model results for time to progression in patients with
hepatocellular carcinoma treated with sorafenib.

Variable Estimate Hazard ratio p-Value
(SE) (95% CI)

Race

Other Reference 1

AA 1.61 (0.60) 5.01 (1.56-16.07)  0.0068

Caucasian 2.11 (0.63) 8.25(2.39-2847)  0.0008
Gender

Female Reference 1

Male 1.26 (0.57) 3.51(1.14-10.75)  0.0281
HCV status

No HCV Reference 1

HCV -0.91 (047) 0.40 (0.16-1.01) 0.0523%
Toxicity

No Reference 1

Yes -0.76 (0.40) 0.47 (0.22-0.98) 0.0457
Tx Discontinuation

No Reference 1

Yes 1.27 (0.76) 3.57 (0.80-15.88)  0.0953%

AA: African American; HCV: hepatitis C virus. fResults with
0.05<p<0.10 are considered marginal due to power consideration.

tests (for categorical variables), ANOVA (for continuous variables),
and log-rank tests (for time-to-event data). Confidence interval (95%
CI) estimations were provided for treatment durations, rates of
toxicity, and disease progression. Multi-variate Cox regression model
was employed to predict time-to-progression. Backward model
selections were performed. Proportional hazard assumption was tested
for all entered predictors. Results showed no violation of this
assumption. Non-inferiority test was performed to compare the
hazards between African-Americans and Caucasians per established
methods (13). All statistical tests controlled for a type I error
probability of 0.05, with notes of marginal significance when p-values
were less than 0.10 due to sample size and power considerations.

Results

Patient characteristics. A total of 67 patients with HCC
prescribed sorafenib who were not excluded were identified
within the electronic database. There were 38 African-
Americans, 13 Caucasians, and 16 patients of other racial
groups (nine Hispanics, five Asians, and two unidentified
were grouped together for power considerations). The mean
age of our patients was 59.1 years, 54 (81%) were males and
13 females. Patients were subdivided into those who were
HCV-positive and HCV-negative. Among the 48 patients
(72%) who were HCV-positive, 12 were also alcoholic, two
were co-infected with hepatitis B, and one was also thought
to have cirrhosis due to non-alcoholic steatohepatitis. Of the
19 patients (28%) who were seronegative for HCV, six were
infected with HBYV, five had alcoholic cirrhosis, seven were
diagnosed with either non-alcoholic steatohepatitis or
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Figure 1. Product-limit estimates for progression-free survival curves. AA: African—-American; C: Caucasian; O: Other race. Numbers represent

number of patients in the racial group.
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Figure 2. Kaplan—Meier curves demonstrating time to discontinuation of sorafenib treatment of patients with advanced-stage hepatocellular
carcinoma. AA: African— American; C: Caucasian; O: Other race. Numbers represent number of patients in the racial group.

cryptogenic cirrhosis, and one had alcohol-and HBV-
associated cirrhosis. There was a significant difference in
HCYV status among racial groups, with a significantly higher
number of HCV diagnoses among African-American patients
(p=0.026). By the BCLC staging system, nine patients (13%)

were diagnosed at stage A, 29 patients (43%) at stage B, and
29 patients at stage C. The median daily dose of sorafenib
among patients overall was 538.7 mg/day (mean=543
mg/day, 95% CI=487.9-598.1 mg/day), and did not differ
significantly among racial groupings (p=0.8723).
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Figure 3. Kaplan—Meier curves demonstrating time to toxicity from sorafenib in patients with advanced-stage hepatocellular carcinoma. AA: African
American; C: Caucasian; O: Other race. Numbers represent the number of patients in the racial group.

Primary objectives. The median TTP was estimated to be 210
days (95% CI=109, 510 days), and there was a significant
racial difference (p=0.0014). The respective median
progression-free times (95% CI) were: Caucasian: 73 (64-140)
days; African-American: 198 (105-546) days; 1888 days for
Other races, with 10 out of 16 patients in this subgroup not
experiencing disease progression at the time of the conclusion
of the chart review. The product-limit curves for race-specific
progression-free estimates are shown in Figure 1.

The overall median (95% CI) treatment duration was 141
(76-210) days. However, there was a significant racial group
difference (p=0.0298). The median treatment duration was
76 (29-126) days for Caucasians, 180 (72-375) days for
African-Americans, and 250 (36-850) days for Other races.
The Kaplan—Meier curves for time to discontinuation are
shown in Figure 2.

Among the 67 patients treated, 47 (70.2%, 95% CI=59.2-
80.7%) experienced toxicity. The overall median time to
toxicity was 63 (95% CI=36-91) days and there was no
statistically significant racial difference in time to toxicity
(p=0.99). The Kaplan—Meier curves for time to toxicity are
shown in Figure 3.

Multivariate analysis. Cox proportional hazard models were
employed to identify factors associated with TTP after
starting sorafenib. Results of significant factors from
backward model selections are listed in Table I.
Controlling for all other factors, there were significant
racial differences in TTP (df=2, Wald chi-square p=0.037).
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Caucasian (HR=8.25) and African-American (HR=5.01)
patients both had significantly higher hazard of experiencing
disease progression compared to patients of Other races.
There was no statistical difference in hazards between
African-Americans and Caucasians (HR=0.61, 95% CI=0.27-
1.37), with an upper HR boundary of 1.37 for Caucasians,
the non-inferiority of African-American race relative to
Caucasia was established.

Male sex was associated with significantly shorter TTP
compared to females (HR=3.51, 95% CI=1.14-10.75).
Patients who experienced toxicity to sorafenib at some time
during treatment had significantly longer TTP compared to
those who did not (HR=0.47, CI=0.22-0.99). Patients who
had documented HCV infection leading to development of
HCC had a marginal trend towards a longer TTP compared
to patients who were HCV-negative (HR=0.40, 95%
CI=0.16-1.01). Discontinuing treatment due to toxicity was
associated with a trend towards a shorter TTP (HR=3.57,
95% CI1=0.80-15.88).

Variables that showed no association with TTP were patient
age (p=0.65), BCLC stage at time of diagnosis (p=0.63),
average daily dose of sorafenib during the treatment period
(»=0.89), and duration of treatment (p=0.15).

Discussion
This retrospective study sought to examine the efficacy of

sorafenib in a racially diverse urban population, and to
evaluate whether there were certain patient characteristics
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that were associated with better efficacy or toxicity profiles
in this diverse patient population. The primary outcomes
were TTP, time to treatment toxicity, and time to permanent
discontinuation of sorafenib among patients of different
races. Other variables included in our analysis were age at
diagnosis, sex, etiology of cirrhosis, Barcelona stage at
diagnosis, and average daily dose of sorafenib.

After controlling for all other factors, our study showed that
the composite racial group of those with Asian, Hispanic, and
unidentified race had a significantly longer median TTP
compared with African-American and Caucasian patients. In
contrast to studies examining outcome disparities among
African-American patients in HCC (5-7), our study
demonstrated that African-American patients treated with
sorafenib had non-inferior outcomes compared to Caucasians.
TTP for African-American patients was 198 days compared to
73 days for Caucasians. Although this difference did not meet
statistical significance, non-inferiority was established on
multivariate analysis. There were no significant differences
between racial groups in terms of time to toxicity. There was
a significant difference between races in time to
discontinuation of treatment, mirroring the difference observed
in TTP among different races.

By Cox regression analysis, it was also determined that
female patients had significantly longer TTP compared to
male patients, and patients who experienced toxicity also had
significantly longer TTP. Patients who had HCV as an
etiological factor had a trend towards improved TTP,
whereas having to discontinue therapy due to toxicity
trended towards a shorter TTP.

The reason for the improved progression-free time for
patients of Hispanic, Asian, and unidentified race treated
with sorafenib compared with African-American and
Caucasian patients is unclear. Studies focusing on the
pharmacokinetics of tyrosine kinase inhibitors such as
sorafenib indicate that multiple factors determine the
metabolism of these agents, including gastrointestinal
absorption (14) and activity of hepatic enzymes (15). While
these variations could partially account for the different
outcomes we observed in our patients, it is unlikely that drug
metabolism is the only determinant of this difference, given
that toxicity rates were so similar among different races. It
is likely that genetic polymorphisms in cytokine profiles
(16), tumor microenvironment (17, 18), or other factors play
a significant role in the response to sorafenib, possibly
explaining the significant differences in tumor response but
similar toxicity profiles.

The significance of the differences in time to
discontinuation mirror the differences in TTP. Although 70%
of patients experienced toxicity in this study, it was easily
managed in most, and was rarely associated with
discontinuation of therapy. In fact, on review of our patients,
almost all patients who discontinued therapy did so due to

progression of disease or clinical decompensation from their
underlying disease rather than drug toxicity.

Although it is desirable to avoid side-effects, the
correlation between toxicity and efficacy has been well-
described, and evidence of toxicity can intuitively be
considered a surrogate marker for drug activity. Early
hand—foot skin reactions have been shown to be a marker
predictive for sorafenib efficacy (19, 20), and similar effects
have been seen for other targeted therapies (21). In our study,
any reported toxicity, including hand—foot skin reactions,
diarrhea, malaise, or other symptoms were included in the
side-effect profile of sorafenib. Our data suggest that patients
who experienced any toxicity from sorafenib had
significantly longer TTP compared to patients who did not
report any toxic effects.

Although previous studies have come to a wide variety of
conclusions regarding viral hepatitis status and outcomes in
patients receiving sorafenib for HCC (22-26), our study
suggests that sorafenib is more efficacious in patients with
HCV. This is consistent with a recent meta-analysis which
demonstrated that sorafenib increased overall survival in
HCV-positive/HBV-negative patients when compared with
alternative treatments (27). The mechanism by which
sorafenib may be more effective in HCC caused by HCV is
unknown, but recent studies identified several biologic
pathways that may be involved. Sorafenib has been shown
to inhibit HCV replication (28), which reduces the
expression of downstream mediators of carcinogenesis (29,
30), but it is unknown if sorafenib has any effect on these
functions, or whether blockade of these pathways would
affect outcomes. Alternatively, differences in epigenetics (31)
or changes to the inflammatory milieu of carcinogenesis in
the tumor stroma (16, 32) may be also be responsible.
Further research is needed to characterize the effect of
sorafenib in these pathways.

Our data showed that female patients had a longer TTP
than males while on sorafenib. This is consistent with the
results of a 2014 multicenter trial in Japan (33). Global
epidemiological data has shown that HCC is more prevalent
in males as compared to females, with 2- to 3-fold higher
prevalence. Although the exact mechanism of this difference
is likely multifactorial, there is evidence that sex hormones
are involved. Male patients may also have poorer outcomes
due to evidence suggesting that while androgens have been
shown to potentiate carcinogenesis (34, 35), estrogen may
have a tumor-protective effect (36). Sorafenib has been
shown to modulate sex hormone expression in vitro, but it is
unclear whether the difference seen in our study is reflective
of gender-specific effects of sorafenib or whether it simply
represents the known impact of hormonal receptors on HCC
carcinogenesis.

Our study indicated that Barcelona stage at the time of
diagnosis, age at time of diagnosis, average daily dose, and
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treatment duration were not predictive of a patient’s response
to sorafenib in terms of median TTP. Prior studies have
shown that higher Barcelona stage and Childs—Pugh score of
B was indicative of poorer prognosis in patients treated with
sorafenib (37, 38). Of note, these differences were noted in
Japanese cohorts of patients, and may not be applicable to
urban populations in the United States.

Age has not been shown to be a factor predictive of HCC
progression nor of response of HCC to sorafenib. Multiple
studies examining the use of sorafenib in the elderly have
not shown any significant difference in response to treatment
(39, 40).

Our study showed that the average daily dose had no
effect on TTP, that is consistent with the findings of previous
research. Studies evaluating the dosing of sorafenib (25, 37,
41, 42) have all shown that progression-free times are
independent of sorafenib dose or schedule. Our study
supports the conclusion that if a patient can tolerate any
administration, the absolute dose of sorafenib does not seem
to correlate with outcome.

One of the strengths of our study was that it was inclusive
of all patients who were treated with sorafenib for advanced
HCC at one major urban hospital. It also showed the variability
with which the drug was prescribed clinically, lending further
insight into its tolerability and effectiveness. Moreover, most
of the patients included were African—American, providing
significant information on an important minority patient
population that has been under-represented in previous studies
that focused only on European and Asian populations. Our
study also has several important limitations. Importantly, it was
a retrospective analysis, therefore it is impossible to draw
conclusions regarding causality. In addition, the small sample
size limits the statistical power of the study, and conduction at
a single center limits its external validity. There were large
differences in sample size among racial categories, which
required the creation of a composite ‘Other’ racial category.
Ideally, we would have been able to separate Asian and
Hispanic patients, but the small sample size made it difficult
to draw conclusions using separate racial categories.

This retrospective analysis suggests that there are racial
differences in the efficacy of sorafenib, and that sorafenib
may be more efficacious in patients of Asian/Hispanic races.
Our data also agree with the preponderance of evidence that
female sex, experiencing toxicity (pharmacodynamics
factor), and HCV are associated with better outcomes in
patients treated with sorafenib for advanced HCC. Although
disparities in HCC outcomes persist, our data suggest that
the progression-free time of patients treated with sorafenib
is at least as good, or better for non-Caucasian patients
compared to Caucasian ones. Although the methodology of
this study limits its applicability to broader clinical practice,
secondary outcomes evaluated on multivariate analysis are
consistent with results of prior studies, and our results
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suggest that a larger, prospective analysis of racial outcomes
of sorafenib is required to provide oncologists with better
information on the efficacy and toxicity of sorafenib in
minority communities.
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