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Abstract

Introduction: The number of efficacious systemic agents for
advanced hepatocellular carcinoma (HCC) has rapidly in-
creased over the past 3 years. However, guidance for optimal
sequential systemic treatment in patients with advanced
disease and experience with outcome and safety profiles are
lacking. Objective: We aimed to assess efficacy and tolerabil-
ity of sequential systemic therapy of advanced HCC. Meth-
ods: Our single-center study prospectively followed 14 pa-
tients who received multiple, sequential systemic therapies
after progression or intolerance to sorafenib. Endpoints
were overall and progression-free survival (OS, PFS), objec-
tive response rate (ORR), and treatment-emergent adverse
events (TEAE). Results: Patients had well-compensated liver
function and good performance status at start of each sys-
temic therapy. Agents included sorafenib (n = 14), rego-
rafenib (n = 10),immunotherapy with nivolumab or pembro-
lizumab (n =10), lenvatinib (n = 3), ramucirumab (n = 2), and

others, with a median of 3 lines of systemic therapy per pa-
tient. Median OS was 37.4 months from initiation of first-line
therapy with sorafenib. PFS and ORR for sorafenib, rego-
rafenib, and immunotherapy were 6.6, 5.3, and 6.6 months,
and 15.4, 11.1, and 22.2%, respectively. TEAE were frequent
(46-80%), but mostly manageable during tyrosine kinase in-
hibitor therapy and without the need for termination in most
patients. However, TEAE due to immunotherapy (60%) led to
cessation of treatment in 40% of the patients. Conclusions:
Sequential systemic therapy is able to prolong median OS in
selected patients with advanced HCC to more than 3 years.
TEAE are frequent, but manageable, and the quality of ad-
verse events depends on the respective agent. Further inves-
tigation of potential predictive biomarkers for treatment al-
location is needed. ©2020 S. Karger AG, Basel

Introduction

Liver cancer ranks fourth among the most frequent
causes of cancer-related death [1]. Hepatocellular carci-
noma (HCC) accounts for >90% of the primary liver
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cancers, and its high mortality is primarily due to its late
diagnosis at advanced stages with distant metastases or
macrovascular invasion, and secondarily, a result of
limited therapeutic options for advanced-stage disease
[2-5].

Since the SHARP trial in 2008, sorafenib (SOR) has
served as a standard first-line systemic treatment for ad-
vanced HCC [6, 7]. After several years of disappointing
failures in phase III clinical trials [3, 8], lenvatinib (LEN),
an anti-angiogenic tyrosine kinase inhibitor (TKI), has
been demonstrated to be non-inferior to SOR as a first-
line treatment (overall survival [OS] 13.6 vs. 12.3 months,
hazard ratio 0.92, 95% CI 0.79-1.06), and has been ap-
proved by the U.S. Food and Drug Administration (FDA)
and the European Medicine Agency (EMA) [9]. Regard-
ing second-line therapy, regorafenib (REG), another
multikinase inhibitor, was the first agent tested positive
in a phase III clinical trial with benefit in terms of OS af-
ter tumor progression on SOR compared to placebo
(RESORCE trial; OS 10.6 vs. 7.8 months, hazard ratio
0.63, 95% CI 0.50-0.79) [10]. This study further demon-
strated a significant improvement in progression-free
survival (PFS), time to progression (TTP), and an objec-
tive response rate (ORR) of 11 versus 4% in the placebo
arm (p < 0.005) [10]. With respect to treatment-emergent
adverse events (TEAE) grade 3 or 4, arterial hypertension
(15%), hand-foot syndrome (HFS, 13%), fatigue (9%),
and diarrhea (3%) were most frequently observed [10].
Further phase III clinical trials have tested cabozantinib,
a MET, VEGFR2, and RET inhibitor, in the CELESTIAL
trial [11], and ramucirumab (RAM), a VEGFR2 inhibi-
tory monoclonal antibody, in the REACH-2 trial [12], as
being superior to placebo in second-line therapy with a
prolonged median OS (the latter in patients with AFP
>400 ng/mL). In addition, immune checkpoint inhibition
following tumor progression or TEAE on SOR has re-
cently been introduced by the phase I/II CHECK-
MATE-040 trial [13], in which the PD-1 inhibitor
nivolumab (NIVO) has demonstrated promising results
with ORR close to 20% [13]. Nevertheless, 25% of the pa-
tients experienced TEAE grade 3 or 4, for example, rash,
pruritus, signs of hepatitis, or pancreatitis [13]. This has
led to accelerated approval in North America by the FDA
for second-line treatment. Similarly, another PD-1 anti-
body, pembrolizumab (PEM), has also received acceler-
ated FDA-approval as a second-line treatment based on
similar phase II trial results [14]. Yet, the respective phase
III clinical trials testing NIVO versus SOR as a first-
line therapy (CHECKMATE-459, NCT02576509) and
PEM versus placebo as a second-line treatment (KEY-
NOTE-240, NCT02702401) have failed to meet their pri-
mary endpoints, which suggests that biomarkers are
needed to identify patients who benefit from these fairly
new agents.
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Table 1. Baseline characteristics of the cohort (n = 14)

Mean age (range), years 66 (56-75)
Male 11 (78.6)
Etiology®
Alcohol related 7 (50)
HBYV related 1(7.1)
HCV related 3(21.4)
NASH 2(14.3)
Adenoma 1(7.1)
Cryptogenic 2(14.3)
Cirrhosis 10 (71.4)
Previous treatments?
Surgery 5(35.7)
Locoregional therapy 8(57.1)
Treatment-naive 5(35.7)

Baseline characteristics of the cohort at start of sequential sys-
temic therapy. Values are presented as # (%), unless otherwise in-
dicated. HBV, hepatitis B virus; HCV, hepatitis C virus; NASH,
non-alcoholic steatohepatitis. * Two patients had co-etiologies.
" Three patients had multiple previous treatments including sur-
gery and locoregional therapy.

Since the field of systemic therapy for patients with
HCC is currently profoundly changing and guidance for
effective allocation of patients to available agents is lack-
ing, we aimed to investigate real-life outcomes of sequen-
tial systemic treatment. In addition, we were also inter-
ested in the safety profile and tolerability of the new
agents listed above.

Patients and Methods

For this mono-center study, all patients who received subse-
quent systemic therapy for advanced HCC after progression or
intolerability to SOR between November 2014 and September
2018 were consecutively enrolled and followed. Diagnosis and
staging of HCC was made according to current guidelines [2, 3].

Clinical baseline characteristics such as etiology and stage of
liver disease were obtained by review of medical records. Cirrhosis
was diagnosed through biopsy or noninvasively, including liver
stiffness measurements and/or aspartate transaminase-to-platelet
ratio index (>2). Performance status, as indicated by the Eastern
Cooperative Oncology Group (ECOG), and laboratory tests were
recorded at initiation and throughout each treatment. Information
about TEAE was assessed by physical examination and question-
naires at each visit and graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE, version 4).

All patients were treated at the I. Department of Medicine, Uni-
versity Medical Center Hamburg-Eppendorf. The choice of treat-
ment was based upon the discretion of the treating physician and
available evidence at the time of start of sequential therapy [10, 13].

Primary endpoint was OS, calculated from initiation of the
first-line systemic therapy (i.e., SOR). Secondary endpoints were
PFS and ORR as well as quantity and quality of TEAE for each ma-
jor systemic agent (i.e., SOR, REG, NIVO/PEM). Tumor response
was assessed by mRECIST criteria with contrast-enhanced com-
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Table 2. Key characteristics of patients at start of each of the main sequential systemic therapies and radiograph-

ic response according to mRECIST

SOR REG NIVO/PEM
(n=14) (n=10) (n=10)
Respective line of treatment
Firstline 14 0 0
Second line 0 7 3
>Third line 0 3 7
Cirrhosis 10 6 6
CPT score A 5 5 4
CPT score B 4 1 2
CPT score C 1 0 0
ECOG
Status 0/1 14 9 10
Status 2 0 1 0
BCLC
Stage B* 1 1 0
Stage C 13 9 10
Macrovascular invasion® 4 3 5
Extrahepatic spread® 10 8 9

Median AFP (range), ng/mL
Response rates®, n (%)

Complete response

Partial response

Stable disease

Progressive disease

20 (2-23,841) 418 (2-71,335) 66 (4-12,412)

0 0 0

2 (15.4) 1(11.1) 2(22.2)
4(30.8) 5 (55.5) 2(22.2)
7 (50) 3(33.3) 5 (55.5)

Categorical and continuous variables are displayed in absolute numbers and median with range, respectively.
AFP, alpha-fetoprotein; BCLC, Barcelona Clinic for Liver Cancer classification; CPT, Child-Pugh-Turcotte;
NIVO, nivolumab; PEM, pembrolizumab; REG, regorafenib; SOR, sorafenib. * One patient received systemic
therapy after progression of locoregional therapy. ® Some patients had both macrovascular invasion and extra-
hepatic spread (n =1 SOR, n=2,REG, n=4NIVO/PEM).  One patient with missing data on radiologic response.

puted tomography or magnetic resonance imaging every 8-12
weeks as recommended by current guidelines [2, 3, 15]. We used
the STROBE cohort checklist when writing our report [16].

The datasets analyzed in this study are available from the cor-
responding author upon reasonable request.

Results

Baseline Characteristics of the Cohort

We consecutively enrolled 14 patients, who have re-
ceived sequential systemic therapy after progression or
intolerance to SOR. As expected, male gender dominat-
ed with 78.6%, and the median age of patients was 66
years (range 56-75) (see Table 1 for baseline character-
istics). We additionally summarized key clinical vari-
ables at the initiation of each of the major systemic treat-
ments (Table 2).

Efficacy of Systemic Treatments
All 14 patients started with SOR as the first-line sys-
temic agent. REG and immunotherapy (i.e., NIVO [9 cas-

Sequential Systemic Treatment in HCC

es] or PEM [1 case]) were prescribed in 7 and 3 cases for
second-line, and in 3 and 7 cases for third-line treatment,
respectively. LEN was administered in 3, RAM in 2,
capecitabine in 2, doxorubicin in 1 patient, and 2 patients
were treated within the ReLive study with doxorubicin
Transdrug (NCT01655693), respectively (Fig. 1a). The
cohort reached a median follow-up time of 22.3 months
(range 8.3-47.3). Overall, 7 deaths occurred with a me-
dian OS of 37.4 months (Fig. 1b). All deaths were due to
tumor progression, and none was judged as treatment-
related by the investigators. Survival rates at 12, 24, and
36 months were 71.4, 55.6, and 55.6%, respectively. The
median number of systemic agents per patient was 3, with
amaximum of 5 lines of treatment in 3 patients so far with
a follow-up time of 19.9, 34.2, and 42.3 months, respec-
tively. For detailed efficacy analysis, we focused on the
main 3 systemic agents in our cohort, that is, SOR (n =
14), REG (n = 10), and immunotherapy with NIVO/PEM
(n = 10). Median PFS was 6.6, 5.3, and 6.6 months for
SOR, REG, and immunotherapy, respectively (Fig. 1c—e).
Of these, immunotherapy had the highest ORR with
22.2% (Table 2), which is in line with published results
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Fig. 1. a Sequential systemic therapies by patient over time. b OS.
Seven patients are still alive (®), of whom 6 are currently receiving
therapy. c-e Progression-free survival (PFS) for each of the main
treatments. f-h Course of AFP (x-fold changes) according to best
response for treatment with SOR (f), REG (g), and immunothera-
py (h). Displayed are x-fold changes in AFP. One patient had miss-
ing data on radiologic response (NA). For illustration purposes,

from clinical trials [6, 10, 13]. Interestingly, disease con-
trol rate (percentage of patients with objective response
or stable disease) was highest under treatment with REG
(66.6%).

Next, we sought to evaluate the course of alpha-feto-
protein (AFP). Changes in AFP under treatment accord-
ing to best radiologic response are displayed in Figure 1f,
g. Regarding therapy with SOR and REG, patients with
progressive disease presented an earlier increase in AFP
compared to the ones with robust disease control. How-
ever, ultimately, most patients showed an increase in
AFP, reflecting the progression of disease. In contrast,
among patients treated with immunotherapy, those with
disease control showed a sustained decrease in AFP for
several months. Interestingly, 2 of these 3 patients are still
on treatment after 7.2 and 8 months, while the third pa-
tient had progressive disease after 9.9 months. In sum-
mary, AFP might help assess tumor response in individ-
ual cases, but our cohort is too small to draw meaningful
conclusions on this topic.
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data for immunotherapy are limited to a maximum of 8-fold in-
crease (for uncropped graph, see suppl. Fig. S1). CAP, capecitabine;
DOXO(_TD), doxorubicin (Transdrug); LEN, lenvatinib; NIVO,
nivolumab; PD, progressive disease; PEM, pembrolizumab; PR,
partial response; RAM, ramucirumab; REG, regorafenib; SD, sta-
ble disease; SOR, sorafenib.

Treatment-Emergent Adverse Events

As expected, TEAE occurred frequently. TEAE follow-
ing SOR or REG were in line with previous reports and con-
sisted mostly of HFS, hypertension, diarrhea, stomatitis,
and fatigue. Generally, TEAE were low grade (i.e., CTCAE
grade 1 and 2) and manageable following the recommenda-
tions for management of TKI AEs. Yet, dose-reduction (but
not interruption) was necessary in 50% of the patients treat-
ed with REG, and one death on treatment occurred, which
wasregarded as unrelated. One patient on SOR was switched
to NIVO due to intolerance. Regarding immunotherapy
with NIVO or PEM, most TEAE were immune-related, that
is, hepatitis, myositis, pneumonitis, and of high grade (i.e.,
CTCAE grade 3 and 4) in 60% of the cases, leading to ter-
mination of immunotherapy in these patients despite treat-
ment with corticosteroids. A general overview of TEAE
is displayed in online supplementary Table 1 (see www.
karger.com/doi/10.1159/000507381 for all online suppl.
material,). Of note, the spectrum of TEAE in TKI and im-
munotherapy was not overlapping.
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Discussion

The therapeutic landscape of advanced HCC has pro-
foundly changed over the past years following positive
phase I1I trials [9-12] and promising results from earlier-
phase clinical trials for immunotherapy [13, 14]. Treat-
ment allocation remains challenging in daily practice, es-
pecially after progression and/or intolerance to first-line
systemic therapy with SOR. To our knowledge, our study
represents the first analysis of sequential systemic therapy
in a real-life cohort of patients with advanced HCC. Our
observed median OS of 37.4 months following a median
of 3 sequential treatments is unprecedented in advanced
HCC so far. Despite this finding, the efficacy of each in-
dividual agent in terms of PFS was not higher compared
to recent reports [6, 10, 13, 17]. In detail, PFS on SOR,
REG, and NIVO was 6.6, 5.3, and 6.6 months in our co-
hortand5.5,3.1, and 3.4-4.1 (TTP) months in the respec-
tive trials [6, 10, 13]. Considering additional analysis
from the RESORCE trial, TTP on SOR was 7.2 months for
patients who received subsequent treatment with REG
[17], suggesting a selection bias towards better outcome
in patients that are eligible for subsequent therapies after
initial progression. In the RESORCE trial, the OS for the
sequence of SOR and REG was 26 months [17], which was
shorter compared to the OS that we observed after a me-
dian of 3 sequential systemic treatments. Another study,
investigating the sequence of SOR and REG in a Japanese
real-world cohort, found similar 1-, 2-, and 3-year sur-
vival rates compared to our study with 87.0, 64.2, and
58.4% (median OS not reached), respectively [18]. Im-
portantly, 46% of the patients in this study received fur-
ther systemic treatment (i.e., LEN) [18]. In summary, the
published studies together with our data suggest an im-
proved OS for patients eligible for sequential systemic
treatments beyond second-line therapies. In our study,
the majority of patients had extrahepatic spread at the
start of SOR (71%), which has been suggested as a predic-
tor of better treatment response in a subgroup analysis of
the pivotal SHARP trial [6]. In contrast, macrovascular
invasion, an indicator for poor prognosis, was less com-
mon at start of SOR in our patients; however, its occur-
rence increased for subsequent treatments with REG or
NIVO/PEM and other treatment regimes. Furthermore,
all patients receiving sequential treatments had well-
compensated liver function, which is another prognostic
marker for a better outcome in HCC [5].

Unfortunately, none of the positive phase III clinical
trials were biomarker enriched, except for REACH-2
[12], which further complicates effective treatment allo-
cation. The role of AFP for predicting and monitoring
treatment response is still controversially discussed [2-
4]. In our exploratory analysis, changes in AFP levels un-
der treatment correlate with response to therapy, in par-

Sequential Systemic Treatment in HCC

ticular in patients with sustained disease control follow-
ing immunotherapy. Despite this interesting finding, our
cohort is too small to draw any meaningful conclusion on
the role of AFP in monitoring treatment response.

We analyzed the safety profile for each major agent as
well as the cumulative toxicity of the sequential treatment
regimen. As reported [6, 7, 10, 19, 20], the TEAE profile
of SOR and REG were dominated by HFS reactions with
38 and 30%, respectively. Interestingly, and probably due
to a selection of SOR-tolerating patients for treatment
with REG, toxicity was rather mild and did not lead to
cessation or conversion of the treatment towards immu-
notherapy. Regarding immunotherapy, immune-related
AE (irAE) can be severe and even fatal [21, 22]. In our
cohort, frequency of any-grade irAE was slightly lower
compared to data from the CHECKMATE-040 and KEY-
NOTE-224 trials [13, 14]; nonetheless, appearance of se-
vere irAE during NIVO or PEM resulted in cessation of
treatment in all affected patients. Specifically, short-term
recovery of organ inflammation, for example, hepatitis,
myositis following immunosuppression with steroids, re-
lapsed after re-induction of immunotherapy, ultimately
leading to cessation of immunotherapy. Again, due to the
small sample size of these rare patients, a final conclusion
needs to be taken with care.

Our study cohort included a broad variety of novel and
established agents for the treatment of advanced HCC,
reflecting availability of drugs and clinical decision-mak-
ing in a real-life setting. According to our findings, the
exact sequence of agents does not seem to be critical for
extensive prolongation of survival, which leaves the ques-
tion of synergistic effects of combined treatments. We ob-
served a complementary spectrum of side effects in terms
of quality between TKI and immunotherapy (online sup-
pl. Table 1), arguing in favor of a safe combinatorial ther-
apeutic approach. To this respect, a promising phase Ib
clinical trial tested the combination of LEN and PEM and
achieved an ORR of 45% in advanced HCC [23]. Simi-
larly, the combination of atezolizumab and bevacizumab
achieved an ORR of 34% and has recently been reported
to be superior in terms of OS and PFS compared to SOR
in a phase III clinical trial (IMbrave-150, NCT03434379).
These results have the potential to dramatically change
the treatment landscape of HCC.

In conclusion, our data suggest a safe and efficacious
use of the currently available systemic agents. In a select-
ed patient cohort, OS can be profoundly prolonged by a
sequential therapeutic approach following first-line treat-
ment with SOR. Future research efforts need to focus on
biomarkers predicting treatment response and guiding
efficient treatment allocation. Finally, the complementa-
ry spectrum of tolerability underlines the significance of
the promising combinatorial treatment strategies with
targeted agents and immunotherapy.
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