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ABSTRACT

Background. Hepatocellular carcinoma (HCC) recurrence
rates following locoregional treatment are high. As mul-
tireceptor tyrosine kinase inhibitors targeting vascular
endothelial growth factor receptors (VEGFRs) are effective
in advanced HCC, we assessed the efficacy and safety of
neoadjuvant systemic treatment with dovitinib in early- and
intermediate-stage HCC.
Materials and Methods. Twenty-four patients with modi-
fied Child-Pugh class A early- and intermediate-stage HCC
received neoadjuvant oral dovitinib 500 mg daily (5 days
on/2 days off) for 4 weeks, followed by locoregional ther-
apy. Primary endpoints were objective response rates and
intratumoral blood flow changes. Secondary endpoints
were safety, pharmacodynamical plasma markers of VEGFR-
blockade, time to progression (TTP), and overall sur-
vival (OS).
Results. Modified RECIST overall response rate was 48%,
including 13% complete remission, and despite dose reduc-
tion/interruption in 83% of patients, intratumoral perfusion

index decreased significantly. Grade 3–4 adverse events,
most frequently (on-target) hypertension (54%), fatigue
(25%), and thrombocytopenia (21%), occurred in 88% of
patients. Plasma VEGF-A, VEGF-D, and placental growth fac-
tor increased significantly, whereas sTie-2 decreased, consis-
tent with VEGFR-blockade. Following neoadjuvant dovitinib,
all patients could proceed to their original planned loco-
regional treatment. No delayed toxicity occurred. Seven
patients (three early, four intermediate stage) underwent
orthotopic liver transplant after median 11.4 months. Censor-
ing at transplantation, median TTP and OS were 16.8 and
34.8 months respectively; median cancer-specific survival was
not reached.
Conclusion. Already after a short 4-week dovitinib treat-
ment period, intratumoral blood flow reduction and modest
antitumor responses were observed. Although these results
support use of systemic neoadjuvant strategies, the poor
tolerability indicates that dovitinib dose adaptations are
required in HCC. The Oncologist 2021;26:854–864

Implications for Practice: Orthotopic liver transplantation may cure early and intermediate-stage hepatocellular carcinoma.
Considering the expected waiting time >6 months because of donor liver scarcity, there is an unmet need for effective neo-
adjuvant downsizing strategies. Angiogenesis inhibition by dovitinib does not negatively affect subsequent invasive proce-
dures, is safe to administer immediately before locoregional therapy, and may provide a novel treatment approach to
improve patient outcomes if tolerability in patients with hepatocellular carcinoma can be improved by therapeutic drug
monitoring and personalized dosing.
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INTRODUCTION

Primary liver cancer is the sixth most commonly diagnosed
cancer worldwide with 841,000 new cases and ~782,000
cancer-related deaths annually [1]. Hepatocellular carci-
noma (HCC) accounts for 75%–85% of liver cancers and pre-
dominantly arises from cirrhotic livers.

Orthotopic liver transplantation (OLT) is the preferred
curative treatment option for HCC patients not amenable
to resection and fulfilling the Milan criteria [2]. Patients
with intermediate- and early-stage Barcelona Clinic Liver
Cancer (BCLC) with lesions >5 cm large may only become
eligible for transplant after successful downsizing [3, 4], but
the recurrence rate after locoregional treatment is high:
66% of patients relapse after radiofrequency ablation (RFA)
of small HCC, 42% of whom became transplant ineligible
[5]. To date, there is an unmet need for effective neo-
adjuvant downsizing strategies with durable responses to
qualify for transplant and improve disease outcome.

Approved first-line treatment options for advanced HCC
are multireceptor tyrosine kinase inhibitors (TKIs) sorafenib
and lenvatinib [2], which, among others, target vascular
endothelial growth factor receptors (VEGFR)1–3. Dovitinib
(CHIR-258/TKI258), a potent oral inhibitor of multiple onco-
genic and proangiogenic pathways implicated in tumor pro-
gression, metastasis, and poor prognosis [6], demonstrated
similar time to progression (TTP) and overall survival
(OS) as sorafenib in a phase II study of treatment-naive
patients with advanced HCC, but with more patients having
tumor shrinkage as best response than sorafenib [7]. Front-
line treatment with dovitinib has not been investigated in
earlier stages of HCC and is of interest as the short half-life
of dovitinib compared with sorafenib may result in reduced
occurrence of wound healing complications following sub-
sequent invasive treatments [8, 9], whereas additional inhi-
bition of fibroblast growth factor receptor (FGFR)/PI3K/Akt/
mTOR and JAK/STAT3 signaling pathways may amplify anti-
tumor effect [10, 11].

We therefore investigated the safety and efficacy of
neoadjuvant dovitinib in patients with HCC eligible for
locoregional treatment. In addition, the antiangiogenic
properties of dovitinib were assessed by measuring phar-
macodynamical biomarkers of VEGFR signaling blockade
and intratumoral blood flow using perfusion computed
tomography (CTP).

PATIENTS, MATERIALS, AND METHODS

Study Design
From May 1, 2012, to September 30, 2014, we screened
39 patients with HCC at the Leiden University Medical Cen-
ter: 8 did not meet inclusion criteria and 6 refused study
participation, resulting in 25 patients enrolled. All partici-
pants provided written informed consent. The study was
approved by the institutional Medical Ethical Committee
(MEC) and was registered as EU-CTR 2011-002445-36
(www.clinicaltrialsregister.eu).

Eligible patients were ≥18 years of age, modified Child-
Pugh class A, and BCLC stages 0, A–B and had measurable

disease (full inclusion and exclusion criteria in supplemental
online Table 1). Patients received dovitinib 500 mg orally
once daily, 5 days on/2 days off for 4 weeks followed by
locoregional therapy between days 31 and 35. As toxicity
data of dovitinib in neoadjuvant setting were lacking, the
institutional MEC requested a short treatment period to
avoid delay of subsequent locoregional treatments. Dose
reduction was based on a prespecified dose modification
protocol (supplemental online Table 2). In case of unaccept-
able toxicity or dose interruption >21 days, study treatment
was halted.

Primary endpoints were objective response rates after
4 weeks dovitinib treatment and changes in intratumoral
blood flow on CTP. Tumor response was assessed in accor-
dance with the RECIST 1.1 and modified RECIST (mRECIST)
criteria by two independent local reviewers [12, 13]. Sec-
ondary endpoints were safety and toxicity, changes in
plasma angiogenic and inflammatory proteins, TTP, OS,
radiological progression-free survival (rPFS), and cancer-
specific survival (CSS). Survival was calculated from dovi-
tinib administration day 1.

In this explorative study, no formal sample size calcula-
tion was performed because information on the effect size
and variability is lacking. A minimum of 20 patients was
considered sufficient to provide robust data.

Procedures
At study visits on days 0, 5, 12, 19, 26, and 30 days after
locoregional therapy, patients were routinely assessed clini-
cally and biochemically. Safety and toxicity were recorded
throughout the study using the National Cancer Institute
Common Terminology Criteria for Adverse Events version
4.03. Cardiotoxicity was evaluated by measurement of left
ventricular ejection fraction (LVEF) at baseline and day
26 by multiple-gated acquisition scan.

At baseline and prior to locoregional treatment, pa-
tients underwent staging by chest computed tomography
(CT), contrast-enhanced four-phase abdominal CT, and
dynamic volume sequence scans (Aquilion One 320-MDCT,
Canon Medical Systems, Japan) using Ultravist 370 contrast
medium (Bayer Healthcare, Berlin, Germany). Recurrence
after locoregional treatment was assessed three-monthly
by CT scan. Patients entered survival follow-up at
progression.

Three CTP scans (100 kV, 100 mA, rotation time 0.5 sec)
were executed: sample times were 10–30 seconds, 33–51
seconds, 56–76 seconds; acquisition intervals were 2, 3, and
5. Arrival time in the aorta was established using a 10–
15-mL contrast test bolus. Dynamic volume sequence
included 23 acquisitions of the liver (160 � 0.5 mm) and
started 4 seconds before contrast entry in the aorta. Perfu-
sion was analyzed using the Dual Input Maximum Slope
algorithm. Regions of interest (ROIs) were positioned in the
aorta, portal veins, normal hepatic tissue, and spleen.
Color-coded parametric maps and a set of arterial flow (AF),
portal flow (PF), and perfusion index (PI) volumes
corresponding to the tissue attenuation curves were plotted
simultaneously. Finally, tumor AF, PF, and PI were deter-
mined by ROI placement in the tumor.
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Health-related quality of life (HRQoL) was registered
prior to all study assessments using validated European
Organization for the Research and Treatment of Cancer
Quality of Life (EORTC QLQ)-C30 version 3.0 and HCC18
questionnaires [14]. Items from global health, functional
domains, and symptom scales were grouped and converted
to scores ranging from 0 to 100 [15].

Histopathologic and Molecular Analysis
Tumor tissue was obtained by ultrasound-guided 18 gauge
needle biopsy before and after dovitinib treatment. To evalu-
ate histopathological response (i.e., tumor necrosis, percent-
age vital tumor cells, lymphocyte infiltration, and microvessel
density), formalin-fixed paraffin-embedded 3-μm sections of
paired biopsies were stained with H&E. Immunohistochemis-
try was performed routinely with Dako Omnis fully automatic
stainer using anti-β-catenin clone 14 (BD Biosciences, San
Jose, CA) and anti-CD34 clone QBEnd10 (Dako, Glostrup,
Denmark). Protein expression profiles were not determined
because of tumor tissue exhaustion.

For molecular mutation profile assessment, genomic
DNA was prepared from microdissected tumor specimens.
Four samples were exhausted and two not suitable for
targeted next generation sequencing (tNGS). From 18 of
24 (75%) patients, tumor samples were analyzed with the
Ion Ampliseq Cancer Hotspot Panel v2 using Ion Torrent
Personal Genome Machine (PGM)/Proton system chips
(ThermoFisher Scientific, Waltham, MA). The tNGS kit
included KRAS (exon 2–4), NRAS (exon 2–4), HRAS (exon 2–
3), BRAF (exon 11, 15), EGFR (exon 3, 7, 15, 18–21), GNAQ
(exon 5), GNAS (exon 8–9), IDH1 (exon 4), IDH2 (exon 4);
KIT (exon 2, 9–18), PDGFRA (exon 12, 14, 15, 18, 23),
PIK3CA (exon 2, 5, 6–10, 14, 18, 21); RET (exon 10–12,
15, 16); TP53 (exon 4–8, 11). In addition, hotspots were
analyzed in ABL1, AKT1, ALK, APC, ATM, CDH1, CDKN2A,
CSF1R, CTNNB1, ERBB2, ERBB4, EZH2, FBXW7, FGFR1,
FGFR2, FGFR3, FLT3, GNA11, HNF1A, JAK2, JAK3, KDR, MET,
MLH1, MPL, NOTCH1, NPM1, PTEN, PTPN11, RB1, SMAD4,
SMARCB1, SMO, SRC, STK11, and VHL. Analysis was
performed routinely according to local standards. Possible
(class 3–4) or known (class 5) pathogenic variants with
allele frequencies ≥0.1 and sequencing depth ≥ 100 reads
were reported.

Plasma Biomarkers
Sodium heparin-anticoagulated plasma was collected on
days 0, 12, and 26 and stored at �20�C until analysis. Pro-
teins involved in angiogenesis, inflammation, and vascular
injury were quantitatively measured using the V-PLEX
Human Biomarker 40-Plex kit (Meso Scale Diagnostics, Rock-
ville, MD) in accordance with manufacturer’s instructions
and included soluble VEGFR1 (sVEGFR1), vascular endothe-
lial growth factors A, C, and D, (VEGF-A, VEGF-C, VEGF-D),
placental growth factor (PlGF), soluble angiopoietin receptor
2 (sTie2), cytokines, and adhesion molecules, for example,
interferon gamma (IFNγ), tumor necrosis factor alfa (TNF-α),
TNF-β, granulocyte-macrophage colony-stimulating factor
(GM-CSF), interleukin (IL)-1α, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8
(HA), IL-10, IL-12 (p70), IL-13, IL-15, IL-16, IL-17, eotaxin and
eotaxin-3, interferon gamma-induced protein 10 (IP-10),

methyl-accepting chemotaxis protein 1 and 4 (MCP1/
MCP4), C-C motif chemokine 22 (MDC), macrophage inflam-
matory proteins 1α/1β (MIP-1α/MIP-1β), thymus and activa-
tion regulated chemokine (TARC), C-reactive protein (CRP),
serum amyloid A (SAA), soluble intercellular adhesion
molecule-1 (sICAM-1/CD54), and soluble vascular adhesion
molecule-1 (sVCAM-1). Plasma of healthy subjects served as
controls.

Statistical Analysis
Data analyses were conducted using Prism version 8.3.0
(GraphPad Software, San Diego, CA). The Wilcoxon
matched-pairs signed-rank test was used to compare paired
measurements at different time points. The Mann–Whitney
U-test was applied in case of nonparametric univariate anal-
ysis. Associations within categorical data were assessed
with the Fisher’s exact test, whereas linear and nonlinear
correlations were evaluated using the Pearson (r) and Spe-
arman’s rho (rs) method respectively. Finally, Kaplan-Meier
estimates were used to determine TTP, rPFS, OS, and CSS.
Statistical significance was set at p value <.05.

RESULTS

Patient and Tumor Characteristics
Of 25 enrolled patients, 1 died before dovitinib dosing
because of tumor biopsy-related bleeding and was excluded
from data analysis. Baseline characteristics and predetermined
locoregional therapy of the remaining 24 patients are shown
in Table 1. All patients (median age 63 years, 92% male) were
treatment-naive, had Child-Pugh class A liver disease, and
were free from cancer-specific symptoms.

HCC diagnosis was histologically confirmed in 22 and
based on imaging criteria in 2 patients. Six tumors (25%)
were well differentiated, seven (29%) were moderately dif-
ferentiated, and three were poorly differentiated (13%).
Differentiation grade was not evaluable in eight (33%)
cases. All tumors showed high microvessel density and
β-catenin expression patterns consistent with CTNNB1
mutation status (Fig. 1). Tumor mutational profile was
abnormal in 12 of 18 (67%) assessable HCC specimens. The
most frequent somatic mutations were found in CTNNB1
(28%) and TP53 (22%). No pathogenic mutations were
detected in FGFR1-3 or KIT.

Tumor Response and Intratumoral Perfusion
Following dovitinib treatment, 92% patients had stable dis-
ease (SD), 8% had partial response (PR), and 0% had com-
plete response (CR) according to RECIST1.1 (Fig. 2; see
supplemental online Table 3 for response per tumor stage).
Objective response rates based on mRECIST criteria, which
measures viable tumor size only and predicts overall sur-
vival in contrast to classic RECIST 1.1 [13, 16], were much
higher, showing 52% SD, 35% PR, and 13% CR.

CTP confirmed changes in intratumoral blood flow:
median AF decreased from 87 to 74 mL/minute (p = .052),
median PF increased from 110 to 135 mL/minute
(p = .073), median intratumoral PI decreased from 45% to
39% (p = .032). All four patients with >50% decrease in
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tumor AF demonstrated objective mRECIST responses. One
patient even exhibited an acute decrease in intratumoral AF
associated with massive tumor necrosis and rupture after
3 days dovitinib treatment (Fig. 3). Following emergency

hemihepatectomy, this patient remained disease free for 14
months and survived ~35 months.

Safety and Quality of Life
Dovitinib tolerability varied greatly between individuals.
Although 16 (67%) patients completed the 4-week neo-
adjuvant dovitinib regimen (interquartile range [IQR], 14–
28 days) and 7 (29%) patients experienced no physical
side effects at all, dose modification and/or treatment
interruption was required in 20 (83%) patients because
of (laboratory) adverse events (AEs). The median relative
dovitinib dose intensity was 64% (IQR, 40–87; range,
15–100) and dose reduction occurred more frequently in
patients with liver cirrhosis (odds ratio, 25.5; 95% confi-
dence interval, 2.198–341.2; p = .021). Ultimately, all 24
patients received their locoregional treatment as planned
(prior to entering into the study). Most (63%) procedures
were performed within 4–9 days after the last dovitinib
dose; no bleeding or wound healing complications
occurred.

Recorded treatment-emergent AEs are shown in Figure 4
(AE frequencies ≥10%: supplemental online Table 4). On-tar-
get arterial hypertension (79%), fatigue (75%), and diarrhea
(63%) were the most common all grade AEs. Grade 3–4 AEs
occurred in 21 (88%) patients and again, mostly consisted of
hypertension (54%). Four patients stopped treatment already
after 3–4 days following grade 3–4 confusion (n = 2; prior
history of encephalopathy), grade 3 transaminase elevation
(n = 1), and grade 3 ruptured HCC (n = 1). These four
patients demonstrated 29%–65% reduction of viable tumor
according to mRECIST (PR, n = 3). No cardiac events were
reported except grade 2 atrial fibrillation (n = 1). Median
post-treatment LVEF was similar to baseline (67% vs. 69%;
p = .739).

Patient-reported HRQoL decreased during dovitinib
treatment (supplemental online Fig. 1): fatigue and physical
and social functioning worsened on day 12 (p < .023) and
showed some recovery at day 26 and follow-up. A large
interindividual variation was observed especially on day
12 following dovitinib initiation. Cognitive and emotional
functioning scales were not affected by the treatment. At
follow-up (30 days after locoregional treatment), global
health had deteriorated (p < .006). However, recovery of
patients’ health status, as routinely assessed by their
treating physicians in the outpatient HCC clinic, was
observed in the following months.

Markers of Vascular Injury
Pretreatment plasma markers of angiogenesis and inflam-
mation sVEGFR1, VEGF-D, PlGF, sTie2, IL-5, IL-12, IL-15, GM-
CSF, TNF-β, Eotaxin, Eotaxin-3, IP-10, MDC, CRP, sICAM-1,
sVCAM-1, and SAA levels were at least threefold higher in
patients with HCC than in healthy controls (p < .01). TNFα
and MIP-1α were fivefold lower (p < .0001).

Following dovitinib administration, angiogenic markers
VEGF-A, VEGF-D, and PlGF increased, whereas sTie2 levels
decreased consistent with VEGFR pathway blockade
(p < .04; Fig. 5). No significant changes were observed in
levels of sVEGFR-1 and VEGF-C. Plasma levels of inflamma-
tory and vascular injury markers TNF-α, IL-6, IL-8, IL-10, IL-

Table 1. Study population at baseline (n = 24)

Characteristics Median (range)

Age, yr 62.5 (46–81)

BMI, kg/m2 29.1 (20.2–50.0)

Male sex, n (%) 22 (91.7)

Modified Child-Pugh class A, n (%) 24 (100)

ECOG performance score, n (%)

0 9 (37.5)

1 15 (62.5)

Ethnicity, n (%)

European 18 (75.0)

Asian 2 (8.3)

South American 2 (8.3)

African 2 (8.3)

Risk factors, n (%)

Liver cirrhosis 18 (75.0)

Alcohol abuse 17 (70.8)

Smoking 19 (79.2)

Hepatitis B 6 (25.0)

Hepatitis C 5 (20.8)

Diabetes 12 (50.0)

Obesity 10 (41.6)

Nonalcoholic steatohepatitis 3 (12.5)

BCLC stage, n (%)

0 3 (12.5)

A 10 (41.6)

B 11 (45.8)

Histologic grade, n (%)

Well differentiated 6 (25.0)

Moderately differentiateda 7 (29.2)

Poorly differentiated 3 (12.5)

Not evaluable 8 (33.3)

Serum AFP, n (%)

<200 μg/L 21 (87.5)

>200 μg/Lb 3 (12.5)

Predetermined locoregional therapy, n (%)

RFA or MWA 12 (50.0)

TACE � RFA 7 (29.2)

Surgical resection 3 (12.5)

Yttrium-90 radioembolization 1 (4.2)

Surgical treatment aborted 1 (4.2)
aOne patient had combined hepatocellular cholangiocarcinoma
upon post-treatment revision.
bAll three patients had large hepatocellular carcinoma (54–160 mm)
with no signs of distant metastases radiographically.
Abbreviations: AFP, alfa-fetoprotein; BCLC, Barcelona Clinic Liver
Cancer; BMI, body mass index; ECOG, Eastern Cooperative
Oncology Group; MWA, microwave ablation; RFA, radiofrequency
ablation; TACE, transarterial chemoembolization.
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15, MCP1, TARC, sICAM-1, CRP, and SAA increased signifi-
cantly on day 12, whereas IL-12 and MDC decreased
(p < .04).

Immunohistochemical assessment of the tumor microenvi-
ronment pre- and postdovitinib was feasible in only 11 patients
because of small or fragmented biopsy specimens. No signifi-
cant changes in percentage vital tumor cells, lymphocyte infiltra-
tion, or microvessel density were observed.

Orthotopic Liver Transplantation
Following neoadjuvant dovitinib and locoregional treatment,
seven patients underwent OLT after a median of 11.4 months
(range: 9.0–21.9). In line with the 2012 Zurich consensus
conference recommendations [4], OLT was offered to
patients with intermediate-stage HCC with tumor regression
following locoregional treatment (n = 4; 44%), who then
met the Dutch selection criteria for liver transplantation. All

Figure 1. Tumor characteristics. (A): Representative HCC specimens, top panel: H&E and CD34 stains, respectively, show well differ-
entiated HCC (�40 magnification) and typical high tumor vascular density (�25 magnification). Bottom panel from left to right:
translocation of β-catenin to the cytoplasm and nucleus in CTNNB1-mutated HCC versus normal membrane β-catenin expression in
CTNNB1-wildtype HCC (�100 magnification). (B): Molecular tumor profile by targeted next generation sequencing. Possible and
known pathogenic gene mutations were most frequently found in CTNNB1 and TP53. CTNNB1 exon 3 variants: p.G34V, p.
I35G38del, p.T41A, p.S45P, p.S45Y, and p.S45F mutations. TP53 exon 5 + 7 variants: p.T155K, p.C238R, p.G245C, and p.R249S
mutations. Six tumors did not contain class 3–5 mutations in the evaluated genes or gene fragments. One patient with a CTNNB1
p.T41A and KRAS p.G12D mutation demonstrated aberrant nuclear β-catenin staining at diagnosis, but wildtype CTNNB1 and mem-
branous β-catenin expression on the posttreatment sample.
Abbreviation: HCC, hepatocellular carcinoma.

Figure 2. Radiologic response according to RECIST 1.1 (A) and mRECIST (B) criteria. No significant Pearson or Spearman correlation
was found between mRECIST response and cumulative dovitinib dose, change in intratumoral arterial flow, or development of
grade 3–4 on-target hypertension. *One patient was not evaluable by mRECIST.
Abbreviation: mRECIST, modified RECIST.
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except two patients with intermediate-stage disease had
intrahepatic tumor recurrence after neoadjuvant dovitinib
and locoregional treatment (LRT), which was treated with
RFA awaiting liver transplantation. Five (71%) of seven
transplanted patients were alive without disease at data cut-
off, three of whom originally had intermediate-stage HCC.
Cause of death was transplant rejection in one patient with
intermediate-stage disease and cancer relapse in one patient
with early-stage disease.

Long-Term (Secondary Endpoint) Outcomes
By February 1, 2019, at the end of survival follow-up
(median 5.5 years; IQR 5.1–6.0), 15 (63%) patients had died.
Cause of death was cancer-related (n = 9), liver failure
(n = 5), or unknown (n = 1).

Three patients were excluded from TTP and survival analy-
sis: one patient with mixed hepatocellular cholangiocarcinoma
upon revision, one patient with advanced HCC retrospec-
tively (extensive mesentery metastases at laparoscopy fol-
lowing tumor rupture prior to inclusion), and one patient
with aspecific 1–3-mm lung nodules, of which one in retro-
spect was a lung metastasis. Fourteen (67%) of 21 remaining
patients relapsed. Twelve patients again received loco-
regional therapy, mostly RFA/microwave ablation. A few
patients underwent transarterial chemoembolization (TACE)
(n = 3), resection (n = 2), or Yttrium-90 radioembolization
(n = 1) during their disease course. Patients with distant
metastasis (n = 9) were offered sorafenib or best supportive
care. Censoring at time of liver transplantation, Kaplan-Meier
estimates of median TTP and OS were 16.8 and 34.8 months,

Figure 3. Changes in tumor density and intratumoral blood flow before (left panel) and after (right panel) dovitinib treatment. After
3 days of dovitinib treatment, one poorly differentiated patient with hepatocellular carcinoma demonstrated (A) massive necrosis
on computed tomography (CT) scan and (B) 63% decrease in tumor arterial flow on perfusion CT. Even though 14% increase in
tumor size was visible on CT scan, the lesion had become largely necrotic and ruptured. (C): At emergency hemihepatectomy, large
fields of necrosis were macroscopically visible.
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respectively (Fig. 6); 5-year rPFS and CSS were 11% and 51%.
OS and TTP differed between BCLC stages 0, A, and B,
reflecting the distinct disease states as well as the
locoregional treatments given (supplemental online Fig. 2).

DISCUSSION

This study is the first to examine the efficacy and tolerability
of dovitinib as neoadjuvant treatment prior to locoregional
therapy in patients with early- and intermediate-stage HCC,
while providing long-term survival data. Overall response
rate (ORR) based on mRECIST was 48%, including 13%
CR. Intratumoral perfusion index decreased significantly,
and all four patients with >50% decrease in CTP-assessed
tumor arterial flow demonstrated mRECIST responses. The
rise of plasma VEGF-A, VEGF-D, and PlGF levels and
decrease in shedding of Tie-2 during treatment are consis-
tent with literature and indicate that dovitinib effectively
blocks angiogenesis via the angiopoietin/Tie-2 and VEGFR
signaling pathways [17, 18]. More than half of dovitinib-
treated patients developed grade 3–4 hypertension, which
is an on-target effect of VEGFR inhibition previously

associated with treatment efficacy [19]. Despite the high
rate of treatment-emergent toxicity resulting in dose
reduction and/or interruption, shrinkage of viable tumor
mass occurred in a considerable number of patients.
Remarkably, three patients stopped study treatment
already after 3 days because of grade 3–4 toxicity yet still
demonstrated a partial response. These findings support
the notion that dovitinib is a highly potent drug capable
of inducing tumor necrosis through an immediate effect
on tumor vasculature.

Patients in this study were treated with the maximum
tolerated dovitinib dose in the most optimal dosing sched-
ule validated in patients with renal cell carcinoma [9], while
taking into account the large interindividual variability in
dovitinib exposure (coefficient of variation for area under
the curve0–t and maximum concentration ~ 50%) [20]. No
new safety concerns were identified although (on-target)
hypertension (79%) and fatigue (75%) occurred more often
in our study population. The incidence of grade 3–4 AEs
was high, but was similar to the 81% observed in 79 patients
with dovitinib-treated advanced-stage HCC [7]. Dose reduc-
tions and interruptions due to AEs (83%) were required

Figure 4. Treatment-emergent adverse events from baseline to locoregional therapy. All 24 patients experienced at least one
adverse event of any grade during dovitinib treatment.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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more frequently than in renal cell carcinoma (51%) and
other cancer types but approximately as frequent as in
advanced HCC (72%) [7, 21–24]. In accordance with the
observed AEs, assessment of QLQ-C30/HCC18 scores
showed a temporary decrease in our patients’ perceived
quality of life. The large differences in tolerability compared
with patients with other cancer types than HCC may be
explained by the higher drug exposure in patients with
impaired liver function [7, 18, 24]. Indeed, in our study
there was a high prevalence of liver cirrhosis, and the
patients with liver cirrhosis required dose reduction due to
adverse events more often compared with those without.
Tolerability may be improved with a 2-week ramp-up regi-
men taking into account that autoinduction of CYP1A1/A2
enzymes occurs after 2 weeks of treatment and results in
an improved dovitinib metabolization (half-life decrease to
~13 hours) in most patients [8, 20]. Reducing dovitinib dose
intensity without therapeutic drug monitoring (TDM) may,
however, compromise antitumor effect. Future studies in
patients with HCC should therefore incorporate TDM in
order to find the optimal balance between tolerability and
tumor response for each patient, while taking into account
the poor translatability of TKI dosing regimens established
in other tumor types. Close monitoring and timely

management of SAEs for individual patients remain crucial.
In the future, individualized TDM-based dosing schemes or
alternative regimes (e.g., ramp-up dosing) may improve tol-
erability of dovitinib. Execution of such pharmacokinetic
studies in patients with Child-Pugh B liver cirrhosis may,
however, still remain challenging because of high rates of
cirrhosis-related events [25].

Considering the toxicity profile of the currently used
dovitinib regimen, other VEGFR-targeting agents, or combi-
nation therapies may be more attractive to investigate in
neoadjuvant setting. Although several case reports have
described extensive tumor necrosis and successful down-
sizing of large HCCs following sorafenib treatment [26, 27],
it is not perceived as a sufficiently effective downstaging
agent because of low response rates in pivotal phase III tri-
als [28, 29]. Its use in adjuvant setting following local thera-
pies, such as surgical resection or local ablation, has not
resulted in improvement of outcome in a large placebo-
controlled trial in early-stage HCC and is therefore not rec-
ommended [30]. In a randomized-controlled study involving
50 systemic treatment-naive patients with HCC waiting for
OLT, no significant difference in median TTP between
patients receiving TACE plus sorafenib versus TACE plus pla-
cebo (2.3 vs. 2.8 months, respectively) could be established

Figure 5. Plasma levels of pharmacodynamic biomarkers of VEGFR-blockade. Median and interquartile range on days 0, 12, and
26 of dovitinib treatment are shown.
Abbreviations: PlGF, placental growth factor; sTIE2, soluble angiopoietin receptor 2; VEGF, vascular endothelial growth factor;
VEGFR, vascular endothelial growth factor receptor.
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[31]. Although cross-study comparison is not possible,
median TTP seemed longer in our dovitinib-treated
patients, intermediate- and early-stage alike.

In a large, phase III advanced-stage HCC study, first-line
treatment with the multireceptor tyrosine kinase inhibitor
lenvatinib resulted in significantly better independent
reviewer-assessed mRECIST ORR (41% including 2% CR)
than with sorafenib (12%) [32]. Another large, phase III
advanced HCC study examining the efficacy of the combina-
tion of anti-VEGF and anti-programmed death ligand 1 anti-
bodies demonstrated higher mRECIST ORR (43% including
10% CR) for the combination of atezolizumab-bevacizumab
than single agent sorafenib (13% including 2% CR) [33].
Although the results with atezolizumab-bevacizumab seem
similar to those obtained with dovitinib, safety and efficacy
need to be confirmed in the neoadjuvant setting. Treatment-
emergent grade 3–4 hypertension, which arguably is an on-
target effect of VEGF(R) inhibition, occurred much more fre-
quently (54%) in dovitinib-treated patients than in lenvatinib-
, sorafenib-, and atezolizumab-bevacizumab–treated patients
(23%, 14%, and 15% respectively). Whether combination of
neoadjuvant dovitinib with checkpoint inhibitors, such as
atezolizumab, and implementation of therapeutic drug moni-
toring further improves ORR as well as tolerability has to be
evaluated in future studies.

Although the detailed clinicopathological characteriza-
tion and assessment of vascular injury are an important
strength of this study, the phase II design with a small num-
ber of patients precluded subgroup analysis and identifica-
tion of prognostic factors. Therefore, the relevance of the
marked changes in plasma concentration of a great number
of cytokines following dovitinib remains uncertain. In our
study, the observed pharmacodynamic angiogenesis inhibi-
tion and improvement of CTP-assessed intratumoral blood
flow were consistent with a decrease in mRECIST recorded
tumor viability. However, firm conclusions with regard to
intratumoral flow assessments cannot be drawn as CTP
measurements lack standardization.

The frequencies of gene mutations in this study are in
accordance with those reported in literature [34]. Because

none of our patients had tumors with FGFR1-3 hotspot
mutations, the ability of dovitinib to inhibit FGFR1-3 could
not be studied. The most frequently mutated gene was
CTNNB1, which regulates cell adhesion, growth, and differ-
entiation. Pathologic mutations result in activation of the
β-catenin/Wnt signaling pathway, cytosolic accumulation of
β-catenin, and initiation of target gene transcription after
translocation of β-catenin to the nucleus. The post-treatment
normalization of β-catenin expression patterns in one of our
patients may possibly indicate that dovitinib can also modu-
late Wnt/β-catenin signaling similar to what has been re-
ported in xenograft models and cell lines [35, 36]. Tumor
heterogeneity and clonal selection may also explain the
observed differences.

Considering the risks of tumor biopsy in patients with
HCC, tNGS of circulating tumor DNA may present a safer
alternative to investigate the molecular genetic landscape
in HCC and identify potential subgroups of patients benefit-
ing from treatment with multireceptor tyrosine kinase in-
hibitors [37].

Finally, the study was limited by the lack of sufficient
tumor tissue. Although pretreatment and post-treatment
specimens contained focal to dense immune infiltrates sur-
rounding the tumor, the small and fragmented tumor biopsy
specimens precluded immunohistochemical phenotyping of
immune cells. Thus, the effect of dovitinib on the immune
microenvironment remains unclear.

CONCLUSION

Neoadjuvant dovitinib treatment followed by locoregional
therapy is a feasible strategy in patients with HCC and
Child-Pugh A liver disease. A significant proportion of
patients obtained viable tumor reduction despite the short
treatment period with frequent dose reductions and inter-
ruptions. Future studies should focus on therapeutic drug
monitoring in order to facilitate individualized dosing and
prolongation of the neoadjuvant drug treatment period.
This may translate into better tolerability in patients with
HCC and maximal tumor regression.

Figure 6. Survival outcomes of 21 evaluable patients with early to intermediate hepatocellular carcinoma. (A): Cancer-specific and
overall survival. (B): Time to progression. Patients were censored at liver transplant.
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Implications for Practice:
Immune-checkpoint inhibitors (ICIs) can provide high objective response rates (ORR, estimated with RECIST 1.1.
criteria) when used as first-line treatment in advanced hepatocellular carcinoma, particularly pembrolizumab +
lenvatinib (ORR 36%) or atezolizumab + bevacizumab (ORR 27.3%). In sorafenib-experienced patients, nivolumab +
ipilimumab (ORR 32%) provided the highest ORR among ICI-based regimens. These findings emphasize high
therapeutic potential of ICI-based therapies in patients with advanced hepatocellular carcinoma, although further
studies are required to further validate and define their role in this context.
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