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Abstract

Background: Sorafenib is a first-line treatment option for patients with hepatocellular
carcinoma (HCC). However, the impact of sorafenib resistance type on patient survival
prediction and choice of second-line treatment regimen is unknown.

Objectives: This study aims to explore the factors predicting resistance in patients with

HCC receiving sorafenib, the impact of resistance on survival, and the optimal second-line
treatment regimen.

Design: This was a retrospective cohort study.

Methods: We recruited all patients with advanced HCC who received first-line sorafenib from
January 2019 to January 2023 in two medical centers in China. They were divided into primary
and secondary resistance groups according to tumor progression within 3months. Resistance
was the primary outcome of this study. The secondary outcomes were progression-free
survival (PFS) and overall survival (0S).

Results: A total of 424 patients met the inclusion criteria, including 165 patients (38.9%)

in the primary group and 259 patients (61.1%)] in the secondary group. The independent

risk factors for primary resistance were alpha-fetoprotein (AFP)>400ng/mL and alanine
aminotransferase (ALT) >40U/L. Patients in the primary group had significantly shorter
median OS than those in the secondary group (9.0 months vs 23.0 months, p <0.001).
Compared with tyrosine kinase inhibitor (TKI) monotherapy, the use of TKI plus PD-1 inhibitor
combination therapy as second-Lline treatment conferred a longer median PFS (6.0 vs
10.0months, p<0.001) and 0S (13.0 vs 22.0months, p<0.001).

Conclusion: Sorafenib has a high incidence of primary resistance and short survival in patients
who develop primary resistance. AFP and ALT are influential factors in primary resistance,
and it is valuable to use these two metrics to guide the use of sorafenib. As second-line
therapy, a TKI plus PD-1 inhibitor regimen should be preferentially recommended.
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Introduction

Hepatocellular carcinoma (HCC) accounts for
80% of all liver cancers, one of the leading can-
cers worldwide.! Significant temporal and geo-
graphic differences exist in the etiology of HCC.
For example, in China, the country with the

highest burden of HCC worldwide, the hepatitis
B virus (HBV) is the most common etiologic
agent. By contrast, the main etiologic agent in
the United States is nonalcoholic steatohepati-
tis.2 In addition, HCC is associated with age,
sex, and genetic predisposition via complex
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oncogenic pathways.? The complex biological
processes involved and the insidious nature of
HCC result in late diagnoses for almost half of
cases, often already accompanied by local or dis-
tant metastases.*

For patients with HCC who do not respond to
surgical intervention, systemic therapy has
become the cornerstone of treatment. The recog-
nized first-line options for systemic therapy in
patients with advanced HCC include sorafenib,
lenvatinib, and atezolizumab plus bevacizumab
(A +T) regimens. However, the efficacy of these
treatment regimens is limited with 11-19 months
of overall survival (OS).5-7 This is because its effi-
cacy is mainly limited by drug resistance, low tol-
erability, and even serious adverse events.

Resistance is an inevitable problem in antitumor
therapy. A lot of research has been done on resist-
ance mechanisms, but clinical translation is still
lacking.® Resistance can be broadly categorized
into primary and secondary resistance.® Primary
resistance is said to occur when a medication is
inherently ineffective in a patient. However, sec-
ondary resistance is the occurrence of resistance
after a period of clinical benefit. Theoretically,
the prognoses in the two cases are different.® If we
group patients differently according to their drug
resistance status, can we better personalize their
treatment? Could we better predict patient
prognosis?

Sequential therapy is the best way to prolong
patient survival; however, there is currently no
standard order of treatment for backline regi-
mens. In 2023, the American Association for the
Study of Liver Diseases (AASLD) recommended
five options as second-line treatment after failure
of sorafenib therapy.l® Determining the optimal
second-line treatment is complicated by clinical
trial designs, etiological variability, complica-
tions, and patient quality of life. Previous studies
have explored relevant markers and adverse
effects that affect patient prognosis; however,
there has been no significant breakthrough in
improving patient survival.!l:12 One question is
whether we should categorize patients based on
sorafenib resistance and then select favorable
patients and explore the best second-line treat-
ment options.

Considering the heterogeneity of HCC patients,
the focus of HCC research is not only on drug
development but also on individualization of

therapy. Previously, drug resistance was not
regarded as a factor affecting efficacy, and the
impact of resistance on the choice of a second-
line regimen was not considered. Therefore, this
study aims to explore the factors predicting resist-
ance in patients with HCC receiving sorafenib,
the impact of resistance on survival, and the opti-
mal second-line treatment regimen.

Materials and methods

Study design and participants

This retrospective study was conducted at the
Affiliated Hospital of Guizhou Medical University
and the Fifth Medical Center of the General
Hospital of the People’s Liberation Army in
China. We screened all patients with HCC who
visited both hospitals between January 2019 and
January 2023. The inclusion criteria were as fol-
lows: (1) HCC diagnosed by pathology or by two
radiologic imaging techniques; (2) Child-Pugh
class A or B; (3) at least one measurable tumor
lesion as defined by the Response Evaluation
Criteria in Solid Tumors, version 1.1 (RECIST
1.1); and (4) at least one imaging examination
within 3 months of starting treatment. The exclu-
sion criteria were as follows: (1) coexistence of
other primary tumors; (2) nonadherence to
sorafenib; (3) surgical treatment; (4) non-HBV/
hepatitis C virus (HCV) infection; (5) unaccepta-
ble toxicity; and (6) incomplete follow-up data.
All patients provided informed consent before
enrollment. This study was approved by the
Ethics Committee and complied with the 1975
Declaration of Helsinki. Patients were instructed
to use the recommended medication dosage,
400mg of oral sorafenib, twice daily. Based on
the follow-up results, all patients who met the
inclusion criteria were divided into either the pri-
mary resistance group (primary group) or the sec-
ondary resistance group (secondary group). The
participants’ baseline characteristics were col-
lected at two timepoints: initiation of sorafenib
and initiation of second-line treatment after
sorafenib treatment failure. The reporting of this
study conforms to Strengthening the reporting of
observational studies in epidemiology (STROBE)
(Supplemental Table 1).13

Related definitions and study endpoints

Resistance was the primary endpoint of this work.
Primary resistance was defined as tumor progres-
sion within 3months of initiation of sorafenib.
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Tumor progression, as defined by RECIST 1.1,
is disease progression (PD) that occurs in a
patient during the follow-up period. Secondary
resistance was defined as tumor progression
occurring more than 3 months after initiation of
sorafenib but not within 3 months. The secondary
outcomes of this study were OS and progression-
free survival (PFS). OS was defined as the time
interval from the initiation of treatment to either
death from any cause or end of the study, which-
ever came first. PFS was defined as the time from
the initial dose to the first radiologically con-
firmed tumor progression or death from any
cause. Radiological response was recorded using
dynamic computed tomography or magnetic res-
onance imaging at baseline and every 8—12 weeks
after treatment initiation.

Statistical analysis

Categorical data were expressed as frequency
with proportion and were analyzed using the chi-
square test or Fisher’s exact test. The Kaplan—
Meier method was employed to calculate PFS
and OS and to plot the curve. The log-rank test
was used to compare the cumulative survival rates
of the two groups, and the risk curve was drawn.
Logistic regression and Cox proportional hazards
models were used to explore the factors influenc-
ing drug resistance and prognosis. Variables with
p<<0.05 in univariate analysis were subjected to
stepwise multivariate analysis. A two-tailed
p-value < 0.05 represented statistical significance.
Receiver-operating characteristic (ROC) curve
analysis was performed to assess the predictive
efficiency of alanine aminotransferase (ALT) and
AFP as biomarkers of primary resistance to
sorafenib and obtain the area under the curve
(AUCQ), cutoff values, sensitivity, and specificity.
All statistical analyses were performed using
SPSS version 26.0 (IBM, Armonk, NY, USA).

Results

Patient characteristics

From January 2019 to January 2023, 506 patients
with unresectable HCC treated with sorafenib
were screened. Among them, 82 patients were
excluded, and the remaining 424 patients were
included in the study. Of these, 165 (38.9%) were
in the primary group and 259 (61.1%) were in the
secondary group. At the time of data cutoff
(November 2023), the median follow-up duration
was 21.5 (95% CI: 20.1-22.9) months. During

the follow-up period, 192 patients received sec-
ond-line treatment, including 86 in the primary
and 106 in the secondary groups. In the primary
group, 36 patients received a combination of a
tyrosine kinase inhibitor (TKI) and a programmed
cell death protein-1 (PD-1) inhibitor, while 50
received only a TKI. In the secondary group, 51
patients received the combination therapy, while
55 received only TKI (Figure 1). The specific
medications used in the TKI group (z=105) were
lenvatinib (n=74, 70.5%), regorafenib (n=27,
25.7%), and apatinib (z=4, 3.8%). The specific
combination therapies (7=87) included sorafenib
plus a PD-1 inhibitor (n=47, 54.0%), lenvatinib
plus a PD-1 inhibitor (=27, 31.0%), and other
TKIs (regorafenib or apatinib) plus a PD-1 inhibi-
tor (n=13, 14.9%). Most patients were male
(n=371, 87.5%). The number of patients with
Barcelona Clinic Liver Cancer (BCLC) stage C at
the time of enrollment was 283 (66.8%). The eti-
ological factor in most patients was HBV (n=398,
93.9%), and 191 patients (45.1%) had extrahe-
patic metastasis (Table 1).

Factors associated with sorafenib resistance
Table 1 and Supplemental Table 2 show factors
associated with sorafenib resistance. Univariate
analysis showed that diabetes (p=0.035), tumor
vascular invasion (»=0.032), baseline
AFP>400ng/mL.  (p=0.002), ALT>40U/L
(»=0.007), tumor size>5cm (p=0.022), and
BCLC stage C (p=0.038) were significantly asso-
ciated with primary resistance to sorafenib.
Multivariate analysis showed that AFP>400ng/
mL (OR: 1.75, 95% CI: 1.14-2.68, p=0.01) and
ALT>40U/L (OR: 1.77, 95% CI: 1.14-2.75,
p»=0.011) were independently significantly associ-
ated with primary resistance. Both ALT and AFP
predicted primary resistance to sorafenib and were
better predictors when these two metrics were used
incombination (AUCp=0.567,AUC,; +=0.566,
AUC, ppa17=0.574) (Supplemental Figure 1).
The optimal cutoff values for AFP and ALT
obtained using Youden’s index were 371.2ng/mL
and 41.2 U/L, respectively.

Sorafenib resistance and prognosis

To explore the impact of sorafenib resistance on
the prognosis of HCC patients, we divided all
patients (n=424) who met the criteria for the
study into primary and secondary groups and
compared the cumulative survival rates by log-
rank tests and the risk curve was drawn. Patients
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HCC patients treated with sorafenib in first-line
from January 2019 to January 2023 (n=506)

Exclude(n=82)
Other primary tumors(n=5)
Non-adherence to sorafenib(n=8)
With surgical treatment(n=13)
Non-HBV/HCYV infection(n=16)
Unacceptable toxicity(n=19)
Missing data(n=21)

Recruited for study(n=424)

Sorafenib primary resistance (n=165)

n=79

Sorafenib secondary resistance(n=259)

153=n

Exclude no second line treatment

n=86
Combination (n=36) TKI(n=50)

Figure 1. Patients flow chart.

n=106

Combination (n=51) TKI(n=55)

Combination, PD-1 inhibitor combined with TKI; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C

virus; TKI, any tyrosine kinase inhibitor.

in the primary group had significantly shorter OS
than those in the secondary group (median
08S:9.0 vs 23.0months, p<<0.001). The 1-, 2-
and 3-year cumulative survival rates in the pri-
mary group were 43.8%, 23.7%, and 18.2%,
while those in the secondary group were 75.2%,
48.2%, and 38.2%, respectively (Figure 2(a)).
Similarly, when the survival time was calculated
from the initiation of sorafenib monotherapy, the
median OS was also significantly shorter in the
primary group than in the secondary group among
all patients (#=192) who received second-line
therapy (16.0 vs 42.0 months, p<<0.001) (Figure
2(b)). When survival time was calculated from
the initiation of second-line therapy, both median
PFS (5.0 vs 11.0months, p<0.001) and median
OS (11.0 vs 22.0months, p<0.001) were shorter
in the primary group than in the secondary group
(Figure 2(c) and (d)).

To further confirm whether the prognosis of the
sorafenib primary group was poorer than that of the
secondary group, we further analyzed it in sub-
groups according to the second-line treatment regi-
men. Patients in the primary group had significantly
shorter median OS than those in the secondary
group in all patients treated with TKI monotherapy
(8.5 vs 21.0months, p=0.001) and lenvatinib alone

(8.0 vs 19.0months, p=0.038). These findings
were similar to those in all patients receiving TKI
combined with PD-1 inhibitors (16.0 vs
31.0months, p=0.009) or sorafenib plus sintilimab
(17.0 vs 26.0months, p=0.046) (Figure 3).

To exclude the influence of other factors, we fur-
ther performed univariate and multifactorial anal-
yses of PFS and OS in all patients who received
second-line therapy after sorafenib treatment fail-
ure. The results showed that PFS was shorter in
multiple tumors (hazard ratio (HR) 5.48, 95%
CI: 1.74-17.33, p=0.004), primary resistant (HR
1.68,95% CI: 1.18-2.41, p=0.004), TKI mono-
therapy (HR 1.69,95% CI: 1.18-2.43, p=0.004),
and tumor size >5cm patients (HR 1.49, 95%
CI: 1.04-2.14, p=0.031), and OS was shorter in
primary resistant (HR 1.91, 95% CI: 1.31-2.77,
»=0.001), TKI monotherapy (HR 1.98, 95% CI
1.35-2.91, p=0.001), and tumor size >5cm
patients (HR 1.62, 95% CI 1.11-2.37, p=0.013)
(Table 2).

Second-line therapy and prognosis

To explore the influence of the choice of second-
line treatment regimen on prognosis, we divided
the patients receiving second-line therapy into
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Table 1. Baseline characteristics of the study population and primary resistance to sorafenib: univariate analysis.

Variables Primary group Secondary group OR (95% CI) p Value
(n=165) (n=259)
Age >50, years, n (%) 126 (76.4) 195 (75.3) 0.94 (0.60-1.50) 0.801
Male sex, n (%) 140 (84.8) 231 (89.5) 0.68 (0.38-1.21) 0.189
Diabetes, n (%) 20 (12.1) 52 (20.1) 0.55(0.31-0.96) 0.035
Hypertension, n (%) 52 (31.5) 75 (29.0) 1.13(0.74-1.73) 0.575
Smoking, n (%) 74 (44.8) 108 (41.7) 1.14.(0.77-1.69) 0.523
Drinking, n (%) 51(30.9) 97 (37.5) 0.75 (0.49-1.13) 0.169
HBV, n (%) 154 (93.3) 244 (94.2) 0.86 (0.39-1.92) 0.714
Vascular invasion, n (%) 89 (53.9) 112 (43.2) 1.54 (1.04-2.28) 0.032
Extrahepatic metastasis, n (%) 76 (46.1) 115 (44.4) 1.07 (0.72-1.58) 0.738
Portal hypertension, n (%) 78 (47.3) 127 (49.0) 0.93(0.63-1.38) 0.723
Splenomegaly, n (%) 129 (78.2) 186 (71.8) 1.41(0.89-2.22) 0.144
Cirrhosis, n (%] 138 (83.6) 207 (79.9) 1.28 (0.77-2.14) 0.339
Baseline AFP>400ng/mL, n (%) 72 (43.6) 74 (28.6) 1.94(1.29-2.91) 0.002
ALT > 40U/L, n (%) 59 (35.8) 61(23.6) 1.81(1.18-2.77) 0.007
AST > 40U/L, n (%) 86 (52.1) 110 (42.5) 1.48 (1.00-2.18) 0.052
Multiple tumors, n (%) 155 (93.9) 234(90.3) 1.66 (0.78-3.54) 0.194
Tumor size >5cm, n (%) 71 (43.0) 83(32.0) 1.60 (1.07-2.40) 0.022
Child, B stage, n (%] 48(29.1) 75 (29.0) 1.00 (0.66-1.55) 0.976
BCLC, C stage, n (%) 120 (72.7) 163 (62.9) 1.57 (1.03-2.40) 0.038

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; Tumor size, maximum tumor
diameter. The OR value is the result of using the opposite side of the column title as a reference value.

primary (z=86) and secondary (z=106) groups
according to resistance type. We then divided
each group into TKI and combination groups and
compared their PFS and OS. Among all patients
receiving second-line treatment (n=192), the
combination group had significantly longer
median PFS (6.0 vs 10.0months, p<<0.001) and
OS (13.0 vs 22.0 months, p<0.001) than the TKI
group (Figure 4(a) and (d)). To verify that the
combination group had higher survival, we also
analyzed the baseline characteristics of the TKI
monotherapy group and the combination group,
and the difference between the baseline character-
istics of the two groups was not statistically signifi-
cant (Supplemental Table 3). Further analysis
showed that in patients with both primary and

secondary resistance, the combination group had
significantly longer median PFS (primary: 8.0 vs
4.5months, p=0.031; secondary: 18.0 vs
9.0months, p=0.005) and median OS (primary:
16.0 vs 8.5months, p=0.043; secondary: 31.0 vs
21.0months, p=0.016) than the TKI group
(Figure 4).

We performed further subgroup analyses to com-
pare prognosis among the specific TKI and com-
bination regimens. Due to the limited number of
cases, we categorized the TKI regimens into the
lenvatinib group and the other TKI group, and
the TKI combined PD-1 inhibitors regimens into
sorafenib plus PD-1 inhibitors and other TKI
plus PD-1 inhibitors. No statistical difference in
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Figure 2. The K-M survival curve is used to calculate the overall survival (0S) of all patients (a), the OS of
patients receiving second-line treatment with survival time calculated from the start of sorafenib treatment
(b), and the progression-free survival (PFS) (c) and OS (d) of patients receiving second-line treatment with
survival time calculated from the start of second-line treatment.
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Figure 3. K-M survival curves were used to analyze overall survival (OS] after receiving different second-
line treatment regimens, including TKI monotherapy (a), lenvatinib monotherapy (b), TKI plus PD-1 inhibitor
therapy (c), and sorafenib plus sintilimab therapy (d).
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Table 2. Analysis of prognostic risk factors in patients with second-line treatment.

Variables Progression-free survival Overall survival

Univariate analysis HR (95% ClI) p Value HR (95% Cl) p Value
Primary 2.01 (1.42-2.83) <0.001 2.15 (1.49-3.09) <0.001
TKI 1.78 (1.26-2.53) 0.001 1.85(1.27-2.69) 0.001
Age > 50, years 1.20 (0.84-1.72) 0.321 1.29 (0.88-1.88) 0.194
Male sex 1.22 (0.72-2.05) 0.464 1.43(0.79-2.59) 0.243
Diabetes 1.13(0.73-1.75) 0.580 1.20(0.78-1.85) 0.401
Hypertension 1.07 (0.75-1.53) 0.716 0.82 (0.55-1.22) 0.326
Smoking 1.26 (0.90-1.77) 0.179 1.03(0.72-1.49) 0.857
Drinking 0.87 (0.62-1.24) 0.456 0.85 (0.59-1.24) 0.407
HBV 1.09 (0.48-2.48) 0.835 0.72 (0.34-1.55) 0.398
Vascular invasion 1.28 (0.91-1.80) 0.151 1.28 (0.89-1.84) 0.190
Extrahepatic metastasis 0.98 (0.70-1.37) 0.897 1.05 (0.73-1.51) 0.778
Portal hypertension 1.03 (0.73-1.45) 0.855 1.30(0.91-1.87) 0.149
Cirrhosis 1.19 (0.76-1.88) 0.447 1.43(0.84-2.43) 0.185
Baseline AFP>400ng/mL 1.33 (0.94-1.89) 0.109 1.14(0.79-1.65) 0.479
ALT>40U/L 1.42 (0.98-2.05) 0.065 1.36(0.90-2.06) 0.148
Multiple tumors 6.54 (2.08-20.60) 0.001 1.72 (0.80-3.70) 0.163
Tumor size >5cm 1.61(1.14-2.27) 0.006 1.68 (1.17-2.41) 0.005
Child, B-stage 1.16 (0.81-1.65) 0.426 1.39 (0.96-2.01) 0.079
BCLC, C stage 1.16 (0.79-1.70) 0.462 1.40 (0.90-2.20) 0.138
Multivariate analysis

Multiple tumors 5.48 (1.74-17.33) 0.004

Primary 1.68 (1.18-2.41) 0.004 1.91(1.31-2.77) 0.001
TKI 1.69 (1.18-2.43) 0.004 1.98 (1.35-2.91) 0.001
Tumor size>5cm 1.49 (1.04-2.14) 0.031 1.62(1.11-2.37) 0.013

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer; Cl, confidence interval; HBV, hepatitis B virus; HR,

hazard ratio; TKI, tyrosine kinase inhibitor; Tumor size, maximum tumor diameter. The HR value is the result of using the opposite side of the
column title as a reference value. Bold text is to highlight the multifactorial analysis data.

OS was found between the lenvatinib group and
the “other TKI” group, either in all patients
(p=0.235) in the primary group (p=0.873) or the
secondary group (p=0.134). Similarly, no statis-
tical significance in OS was found between

patients given sorafenib plus PD-1 inhibitors and
patients with other TKIs plus PD-1 inhibitors
(p=0.979 in all patients, p=0.544 in the primary
group, and »=0.983 in the secondary group)
(Supplemental Figure 2).
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Figure 4. K-M survival curves were used to analyze progression-free survival (PFS] (a, b, c) and overall survival (0S) (d, e, f) between
the TKI group and the combination group in three different subgroups of patients receiving second-line therapy, including all second-

line regimens, primary-resistant patients, and secondary-resistant patients.

Discussion

To the best of our knowledge, this is the first mul-
ticenter retrospective study to analyze and com-
pare the prognosis of patients with advanced
HCC in different subgroups based on sorafenib
resistance. The results of our study showed a sig-
nificantly worse prognosis in patients with pri-
mary resistance. Independent risk factors for
primary resistance were AFP>400ng/mL and
ALT>40U/L. We also found that patients who
continued to receive TKI plus PD-1 inhibitors as
a second line after sorafenib resistance had a bet-
ter prognosis than those who received TKI
monotherapy.

For more than 15years, sorafenib has been the
recommended first-line treatment for patients
with HCC. It prolongs patient survival by target-
ing vascular endothelial growth factor receptors
to inhibit tumor angiogenesis.> However, resist-
ance to sorafenib is inevitable. Prospective clini-
cal studies have shown that the disease control
rate of patients treated with sorafenib is only
43%, and the PFS is approximately 4 months,

indicating that it has no clinical benefit in more
than 50% of patients.> Our study classified
patients into primary and secondary resistance
based on whether tumor progression occurred
within or after 3months of sorafenib initiation.
We found that primary resistance occurred in
39.9% of patients. With improvements in medical
technology and healthcare services, the percent-
age of patients without clinical benefit is reduc-
ing; however, there has been very little progress.

Primary resistance occurs due to the genetic het-
erogeneity of tumor cells, leading to their insensi-
tivity to therapeutic drugs. Hence, primary
resistance factors are present before the start of
treatment.!* On the other hand, secondary resist-
ance is caused by drug insensitivity during treat-
ment owing to mutations in tumor cells; hence,
the production of secondary resistance factors
takes time.!> The mechanisms of primary resist-
ance mainly include epithelial growth factor
receptor (EGFR) overexpression!® and accumu-
lation of cancer stem cells.!” Secondary resistance
is mainly related to PI3K/AKT/mTOR signaling
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pathway!® and Ras/Raf/MEK/ERK pathways.!°
Although a variety of factors and pathways related
to sorafenib resistance mechanisms have been
identified, they have not yet been utilized in the
clinic due to limitations in trial technology and
clinical value. Theoretically, the survival of
patients with primary resistance is severely lim-
ited, which is consistent with our results.
Furthermore, this is also consistent with our pre-
viously published correlation between primary
resistance to levatinib and prognosis.?? In our
study, the median OS of patients with primary
resistance was 14 months shorter than that of
patients with secondary resistance. We also found
that analysis by resistance subgroups is of great
value for predicting patient prognosis. Although
we have demonstrated a large difference in patient
prognosis between primary and secondary resist-
ance; however, it is extremely urgent to further
explore the differences between the two resist-
ance types at a later stage.

In terms of the mechanism of resistance, assum-
ing that sorafenib resistance-related markers are
tested prior to treatment, it would be possible to
avoid wasting the patient’s treatment time due to
primary resistance and prolong the patient’s sur-
vival using lenvatinib or A+ T as the first-line
treatment option.%” The EGFR molecule, a key
molecule in primary or secondary resistance to
sorafenib, is not only a potential predictor of
resistance but also holds promise for improved
prognosis with anti-EGFR therapy.?! From the
results of previous studies, c-Jun N-terminal
kinase is also one of the markers for predicting
sorafenib resistance??; however, there are numer-
ous obstacles to its clinical use in terms of cost,
testing time, sensitivity, and specificity in predict-
ing resistance. Our study identified AFP >400ng/
mL and ALT >40U/L as independent risk fac-
tors for primary resistance to sorafenib based on
clinical indicators. The results showed an AUC
value of 0.57 for both indicators, with optimal
cutoff values of 371.2ng/mL (AFP) and 41.2U/L
(ALT). Although they have limited value in pre-
dicting sorafenib resistance, these two indicators
may guide the choice of first-line treatment of
HCC.

In recent years, research on novel systemic thera-
peutic options for HCC has revolutionized land-
scapes, bringing exciting hope for prolonging
patient survival; however, the search for the opti-
mal option has burdened both physicians and
patients. There are three FDA-approved first-line

treatment regimens for HCC. Of these, A+ T is
the most efficacious but is not used in patients
with a high risk of gastrointestinal bleeding or
immunologic  contraindications.?>  Excluded
patients may be treated with sorafenib or len-
vatinib.>®¢ Compared with sorafenib, lenvatinib is
superior in terms of PFS and disease control rates
but worse in terms of hypertension and proteinu-
ria adverse events.® In addition, the recommended
first-line treatment options, include tremeli-
mumab plus durvuluma (approved by AASLD
and National Comprehensive Cancer Network
(NSSN)),24 sintilimab + IBI305 (approved by
China)?> and donafenib (approved by China).26
Previous studies analyzed the choice of first-line
treatment regimens in terms of efficacy, adverse
events, economic conditions, geographical differ-
entiation, mental burden, patients’ wishes, and
physicians’ personal experiences. Our study fur-
ther included drug resistance. When AFP and
ALT levels exceeded the optimal cutoff values,
patients had a higher incidence of primary resist-
ance to sorafenib. In these cases, other first-line
treatment regimens were preferentially recom-
mended, such as the A+T or lenvatinib
regimen.

From the latest relevant guidelines, sorafenib still
plays an important role, and there is a big dilemma
on how to choose the second line after receiving
sorafenib resistance. The FDA-approved second-
line regimens for HCC are in the categories
of monotherapy (cabozantinib, regorafenib,
pembrolizumab, or ramucirumab (AFP =400ng/
mL)) and combination therapy (ipilimumab +
nivolumab).24 All treatment regimens above used
a placebo in the control group; hence, they lacked
reliable crossover trial comparisons. However,
some medications were compared, such as
regorafenib versus nivolumab,?’ regorafenib ver-
sus cabozantinibz?® and cabozantinib versus
ramucirumab?® in retrospective studies but no
positive results. To explore the optimal second-
line treatment regimen, we compared the progno-
sis of patients who failed sorafenib treatment in a
TKI monotherapy group versus a combination
therapy group, and the results showed that the
combination therapy had a very promising median
PFS (6.0 vs 10.0months, p<0.001) and median
OS (13.0 vs 22.0months, p<<0.001). This con-
clusion was consistent with our previous find-
ings.3% Although there are no prospective studies,
due to this study’s findings and previously avail-
able evidence, TKIs combined with PD-1 inhibi-
tors should be recommended as the preferred
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regimen for second-line treatment of HCC after
sorafenib failure.

This study has some limitations. First, this was a
retrospective study, which may have generated
information and selection biases. Second, we
excluded patients without HBV or HCV infection,
and those who switched medications due to adverse
events; therefore, data related to patients with other
etiologies were lacking. Third, the second-line
sorafenib treatment regimens were analyzed pri-
marily as TKI or TKI combined with PD-1 inhibi-
tors. Therefore, data from a single-drug prospective
study are needed to reach more robust conclusions
regarding sorafenib resistance. Fourth, because we
included patients from two centers, there may have
been differences in care that could have introduced
bias into the study results.

Conclusion

The incidence of primary resistance is high in
patients with HCC being treated with sorafenib.
AFP>400ng/mL and ALT >40U/L are inde-
pendent risk factors for primary resistance, and
both indicators are valuable in predicting primary
sorafenib resistance and can be used to guide the
choice of treatment regimen. Patients with sec-
ondary sorafenib resistance have a higher survival
than those with primary resistance. Furthermore,
TKIs combined with PD-1 inhibitors should be
recommended as second-line treatment in HCC
when resistance occurs.
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