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ing several agents has proven to be more effective than the use of
monotherapy in the treatment of renal cell carcinoma, hepatocellular
carcinoma, and other cancers. Combination therapy can also include
locoregional therapies such as ablation and embolization with system-
ic agents for synergistic effects. This review article discusses the current
literature and clinical trials covering these multifactorial combination

therapies in primary and metastatic liver tumors.

Introduction

Primary liver cancer is the sixth most diagnosed cancer and the third

Keywords

Ablation, hepatocellular carcinoma, immune leading cause of cancer death globally.! The incidence of hepatocellu-
checkpoint inhibitor, radioembolization, transarteri- lar carcinoma (HCC) is on the rise. Surgery (I‘CSCCtiOH or transplant)
al chemoembolization, tyrosine kinase inhibitor and ablation are the only curative treatments for primary liver cancer,
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but most patients are not suitable candidates. Addition-
ally, the liver is the most common site of metastasis,
particularly for colorectal carcinoma (CRC). When CRC
is localized or regional, the 5-year survival rates are 89.9%
and 71.7%, respectively. When CRC is distant or of
unknown metastatic status, the 5-year survival rates drop
to 13.8% and 35%, respectively.? More than 700,000
patients in the United States are affected by either pri-
mary or metastatic liver tumors every year.’ The patient
prognosis worsens and the response to systemic therapies
is reduced in those with liver involvement. Immunother-
apy has demonstrated improved overall survival (OS) in
several cancer types, but has been disappointing in solid
organ tumors, especially those with liver involvement.
Image-guided locoregional therapies are effective in con-
trolling liver disease. Moreover, percutaneous ablations
and embolizations have an immunomodulatory effect but
fail to elicit a significant antitumor response on their own.
Combination locoregional and systemic therapies can
theoretically have synergistic effects. This review article
focuses on combination locoregional and systemic thera-
pies in primary liver tumors and in metastatic liver disease
with gastrointestinal cancer (see Table and see eTable at
www.hematologyandoncology.net).

Novel Combination Approaches in the
Management of Primary Liver Tumors

Until 2017, the tyrosine kinase inhibitor (TKI) sorafenib,
which has activity against RAF kinase, platelet-derived
growth factor receptor (PDGFR), and vascular endo-
thelial growth factor receptor (VEGFR), was the only
approved systemic agent for advanced HCC. Approval
was based on a 2.7-month improvement in OS.* In the
past 5 years, several regimens have demonstrated sig-
nificant improvement in OS of advanced HCC. In the
global IMbravel50 phase 3 trial, 501 patients with unre-
sectable HCC who were not previously treated with sys-
temic therapies were randomized in a 2:1 ratio to receive
cither a combination of the anti-programmed death
ligand 1 (anti-PD-L1) agent atezolizumab (Tecentriq,
Genentech) and the anti-vascular endothelial growth
factor (anti-VEGF) antibody bevacizumab, or standard-
of-care treatment with sorafenib alone. Combination
therapy with atezolizumab and bevacizumab vs sorafenib
at primary analysis showed improved OS (stratified
hazard ratio [HR] for death, 0.58; 95% CI, 0.42-0.79;
P<.001), median progression-free survival (PFS; 6.8
vs 4.3 months; stratified HR for progression or death,
0.59; 95% CI, 0.47-0.76; P<.001), and overall response
rate (ORR; 27.3% vs 11.9%, P<.001).> Updated data
12 months following primary analysis showed similar
results, with median OS and PFS significantly higher in

the combination arm than with sorafenib (19.2 vs 13.4
months; HR, 0.66; P<.001 and 6.9 vs 4.3 months; HR,
0.65; P<.001).° Results of the IMbravel50 trial led to
a paradigm shift in the treatment of advanced HCC,
and combination therapy with atezolizumab and bev-
acizumab replaced sorafenib as the preferred first-line
treatment for advanced HCC.”

In the global phase 3 HIMALAYA trial, a combina-
tion of single-dose tremelimumab plus regular-interval
durvalumab (Imfinzi, AstraZeneca), known as STRIDE,
was evaluated against sorafenib as a first-line therapy in
patients with unresectable HCC who were not previously
treated with systemic therapies.® Combination therapy
with STRIDE led to significant improvement in median
OS and OS rate at 36 months when compared with
sorafenib (16.43 vs 13.77 months and 30.7% vs 20.2%,
respectively). More recently, survival data at 48 months
were presented for the STRIDE regimen.’ This was the
first study in advanced HCC to show long-term survival
with systemic therapy alone. There was no significant
difference in median PFS between treatment groups.
However, it is well established that PFS is not an appro-
priate surrogate outcome for immunotherapy regimens
because the benefits of immunotherapy are most evident
in the ‘tail’ of long-term survivors. Thus, the STRIDE
regimen might provide an alternative first-line treatment
option with a wider range of eligibility compared with
IMbravel50 (additionally including patients who are
not bevacizumab-eligible). Both the IMbravel50 and
HIMALAYA trials led to a paradigm shift in the first-line
treatment approach for advanced HCC from sorafenib to
immunotherapy-based combinations.

Other immunotherapy-based combinations were
also explored. The phase 3 COSMIC-312 trial evaluated
atezolizumab and cabozantinib (Cabometyx, Exelixis), a
TKI targeting VEGFR and mesenchymal-epithelial tran-
sition factor (MET), vs sorafenib. This combination did
not demonstrate an improvement in OS (15.4 vs 15.5
months)," despite a significant improvement in PES.
The phase 1/2 randomized clinical trial CheckMate 040
aimed to assess the efficacy and safety of the combina-
tion of nivolumab (Opdivo, Bristol Myers Squibb) and
ipilimumab (Yervoy, Bristol Myers Squibb) in patients
with treatment-naive advanced HCC and those who
were previously treated with sorafenib.!’ The treatment
arm consisting of nivolumab at 1 mg/kg plus ipilimu-
mab at 3 mg/kg demonstrated an ORR of 32% (95%
CI, 20%-47%) and a median OS of 22.8 months. The
adverse events identified were consistent with those of
previous studies investigating nivolumab and ipilimu-
mab in other tumor types. Most adverse events resolved
by following established treatment algorithms. Based
on these results, the combination received accelerated
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Table. Therapeutics and Mechanisms Used in Treatment of Primary Liver Tumors and Metastatic Colorectal Cancer

Therapeutic class Mechanism Agents or techniques
Immune checkpoint inhibitors | Inhibition of cancer-induced immune checkpoint | Atezolizumab (anti-PD-L1)
activation (immunological escape) Axatilimab/SNDX-6352 (CSF-1R
blocker)

Durvalumab (anti-PD-L1)
Ipilimumab (anti-CTLA-4)
Nivolumab (anti-PD-1)
Pembrolizumab (anti-PD-1)
Sintilimab (anti-PD-1)
Tremelimumab (anti—-CTLA-4)

Tyrosine kinase inhibitors Inhibition of signal transduction of growth factors | Brivanib (VEGFR/FGFR)

via blocking of tyrosine kinases Cabozantinib (VEGFR/MET)
Lenvatinib (VEGF/FGF)
Orantinib (multikinase)

Sorafenib (VEGFR)

Other monoclonal antibodies Monoclonal antibodies targeting growth factors or | Bevacizumab (anti-VEGF)
markers associated with tumor growth Cetuximab (anti-EGFR)
Codrituzumab (anti-GPC3)
Ramucirumab (anti-VEGFR2)

Other chemotherapeutics Inhibition of uncontrolled growth and prolifera- Doxorubicin (anthracycline)

tion of tumors FUdR

Irinotecan (Topl inhibitor)
M9241/NHS-IL12 (IL-12 heterodimer
immunocytokine)

SD-101 (TLR9 agonist)

Tirapazamine (hypoxia-activated

chemotherapeutic)
Adoptive cell therapy Immunotherapy using T cells with genetically CART-133 (chimeric CD133-directed
engineered TCRs or CARs to enhance cancer cell | T cells)
cytotoxicity CT0180 (chimeric anti-GPC3 T cell)
ET140202 (AFP- and GPC3-guided
TCRT cell)
Radiation therapy Delivery of local internal radiation to tumors Brachytherapy
Y90 (radioembolization)
Ablation techniques Tissue necrosis by localized temperature-induced | Cryoablation
cytotoxicity MWA
RFA
Embolization techniques Tumor ischemia induced by selective angiographic | cTACE
occlusion of arterial blood supply DEB-TACE
TACE
TAE
TATE

AFP, alpha-fetoprotein; CAR, chimeric antigen receptor T cell; CSF-1R, colony-stimulating factor 1 receptor; cTACE, conventional transarterial
chemoembolization; CTLA-4, cytotoxic T-lymphocyte-associated antigen 4; DEB-TACE, drug-eluting bead transarterial chemoembolization;
EGFR, epidermal growth factor receptor; FGE fibroblast growth factor; FGFR, fibroblast growth factor receptor; FUdR, fluorodeoxyuridine; GPC3,
glypican 3; IL-12, interleukin 12; MET, mesenchymal-epithelial transition factor; MWA, microwave ablation; PD-1, programmed death 1; PD-

L1, programmed death ligand 1; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; TAE, transarterial embolization; TATE,
transarterial tirapazamine embolization; TCR, T-cell receptor; TLRY, Toll-like receptor 9; Topl, DNA topoisomerase I; VEGEF, vascular endothelial
growth factor; VEGFR, vascular endothelial growth factor receptor; Y90, yttrium-90.

approval for second-line therapy for HCC. Long-term  with durable responses and no new safety signals since
follow-up of at least 44 months showed that the median ~ primary analysis."?
OS remained at 22.2 months for this treatment arm, CheckMate 9DW is a phase 3 trial evaluating
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nivolumab and ipilimumab as first-line treatment com-
pared with standard-of-care sorafenib or lenvatinib (Len-
vima, Eisai) in patients with advanced HCC."

The developments of systemic therapies and improve-
ments in locoregional therapies enable the exploration of
novel combinations with potential synergistic effects to

improve OS.
Combination Therapy in Early-Stage HCC

Surgery and locoregional therapies are staples in the
care of patients with early and intermediate HCC, but
both approaches have shortfalls. Recurrence following
surgery and ablation remains unacceptably high. An
ongoing phase 2 clinical trial (N=30) is investigating the
peri-interventional administration of pembrolizumab
(Keytruda, Merck) with local ablation through radio-
frequency ablation (RFA), microwave ablation (MWA),
brachytherapy, or a combination of transarterial chemo-
embolization (TACE) plus RFA, MWA, or brachyther-
apy."*"® Combination with the anti-PD-1 antibody
pembrolizumab aims to inhibit the tumor’s ability to
overcome adaptive immune responses to increased
antigen release following tumor ablation. Early clinical
data have suggested that the treatment regimen displays
an acceptable safety profile. Another ongoing study is
investigating the supplementation of local ablation with
another anti-PD-1 antibody, sintilimab, in patients
with unresectable HCC.!'® The 45-patient phase 1
clinical study aims to evaluate the efficacy and safety of
MWA combined with TACE followed by an intravenous
sintilimab infusion beginning 3 to 7 days after the first
locoregional therapy.

The IMbrave050 and EMERALD-2 trials examined
systemic adjuvant therapies after ablation or surgery in
early HCC.'”"® Preliminary results of IMbrave050 were
reported in 2023." This phase 3 trial enrolled patients
who were at high risk for recurrence following ablation
or surgery for HCC. They were randomized in a 1:1 ratio
to receive atezolizumab and bevacizumab every 3 weeks
for 1 year vs surveillance. The trial met its endpoint of
prolonged recurrence-free survival for the experimental
group, although the OS results are still pending. Based on
the preliminary data, it is possible that the OS endpoint
will not be met. Some claim that this is because of cross-
over; but if an eventual transition to systemic therapies
down the line confers similar advantages, is that not an
argument to stagger therapies? Locoregional therapies are
very effective where curative options fail. Moreover, recur-
rence after treatment with atezolizumab and bevacizumab
may select for more aggressive tumors, with a paucity of
effective systemic therapeutic options after atezolizumab
and bevacizumab regimen failure.

Combination Therapies in Intermediate-
Stage HCC

Multiple trials have attempted to compare the effects of
combination therapies with TACE in patients with unre-
sectable HCC. Initially, TACE was studied in combination
with VEGEFR inhibitors, such as sorafenib. The combina-
tion was theoretically very appealing. One major pitfall
of TACE is the lack of ischemia and ensuing hypoxia,
with an increase in levels of VEGF and hypoxia-inducible
factor 1 alpha (HIF1A) noted after TACE."-*! Moreover,
the increase in VEGF and HIF1A is correlated with prog-
nosis and response. Therefore, combining TACE with
an anti-VEGF agent was hypothesized to counteract the
negative effects of hypoxia. Several trials attempted the
combination of an anti-VEGF agent with TACE, but the
initial trials all failed to meet their endpoints.

The SPACE trial, a phase 2 randomized, dou-
ble-blind, placebo-controlled study evaluating TACE plus
sorafenib, showed no survival benefit vs the use of TACE
alone.? Failure of this study may have been attributed to
the short course of sorafenib, resulting in an inability to
produce a meaningful effect.

TACE-2 was a phase 3 trial comparing continuous
sorafenib plus drug-eluting bead TACE (DEB-TACE) vs
placebo plus DEB-TACE. Results showed no difference in
PES or OS between the combination therapy of sorafenib
and placebo.?? The reason for the trial was attributed to
the evaluation of response and progression per modified
Response Evaluation Criteria in Solid Tumors (RECIST)
and RECIST 1.1. Another study evaluating the combi-
nation of TACE plus sorafenib was stopped prematurely
owing to safety concerns. These concerns were reported
based on the greater number and severity of adverse events,
possibly related to an aggressive and continuous sorafenib
schedule with higher doses during DEB-TACE.* One
study evaluating the tolerability and efficacy of TACE
plus sorafenib in Asian patients achieved a median PFS
of 384 days (95% CI, 322-469) and a time to progression
of 415 days (95% CI, 338-491); however, a significant
median OS was not achieved.” The post-TACE trial
evaluated the administration of sorafenib vs placebo in
patients who had a tumor reduction of more than 25%
within 1 to 3 months after treatment with TACE, and
showed no difference in median time to progression
between the sorafenib arm (5.4 months) and the control
arm (3.7 months).>

One explanation for the trial’s failure was the pro-
longed time between TACE and the initiation of the TKI.
Other TKIs were studied with TACE, including adjunct
brivanib plus TACE vs TACE alone in patients with
intermediate-stage HCC.?” This was a multinational, ran-

domized, double-blind, placebo-controlled, phase 3 study
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that included 502 patients (brivanib, 249; placebo, 253)
and did not meet its OS objectives (26.4 vs 26.1 months;
P=.528). Additionally, this study was terminated 2 years
earlier than originally planned, when 2 other similar phase
3 studies (BRISK-FL and BRISK-PS) failed to meet OS
objectives.®®? A trial of orantinib produced similar results.
The ORIENTAL trial, a randomized, double-blind, place-
bo-controlled phase 3 study, included 888 patients, with
444 receiving orantinib and 444 receiving a placebo fol-
lowing conventional TACE. No improvement in OS was

shown with the combination therapy vs placebo.*

The TACTICS trial, a multicenter, phase 2, ran-
domized controlled trial, included 156 patients, with 80
receiving TACE plus sorafenib and 76 receiving TACE
alone. This trial provided TACE on demand (if a lesion
was present) with sorafenib initiated before TACE, and
maintenance therapy after TACE with a dose reduction
option in case of side effects. The primary endpoint of
PFES was defined as the time to TACE failure and not per
modified RECIST/RECIST 1.1. The TACTICS trial met
its endpoint and showed a significantly prolonged median
PES for patients treated with TACE plus sorafenib vs
TACE alone (25.3 vs 13.5 months; P<.01).%!

IMMUTACE, a single-arm, phase 2, open-label
study, evaluated TACE combined with nivolumab
in patients with intermediate-stage HCC. This study
reported an ORR of 71.4% (95% CI, 56.7%-83.4%),
supporting the initiation of the ongoing phase 3 TACE-3
and CheckMate 74W trials.**** CheckMate 74W is an
ongoing phase 3 study evaluating the safety and tolera-
bility of nivolumab with and without ipilimumab in
combination with TACE vs TACE alone in patients with
intermediate liver cancer. This randomized 26-patient
study will be assessing time to TACE progression (TTTP)
via blinded independent central review (BICR), and
will also evaluate OS, PFS, and event-free survival, with
an anticipated primary completion date of December
2023.%* Another similar study that is currently being per-
formed, under the name TACE-3, is looking at OS and
TTTP in 522 patients with intermediate-stage HCC who
are being randomly assigned to receive TACE or transar-
terial embolization (TAE) vs TACE/TAE and nivolumab
at 480 mg intravenously.”” The addition of TKIs and
immunotherapies with TACE are being explored. In fact,
a 40-patient, single-arm study is comparing the addition
of cabozantinib to ipilimumab/nivolumab plus TACE
for patients with unresectable HCC.** Another ongoing
multicenter randomized controlled trial of 342 patients is
comparing TACE combined with atezolizumab and beva-
cizumab vs TACE alone in patients with untreated HCC,
and will assess TACE PES and OS as primary outcomes.
This actively recruiting study has an estimated primary
completion date in February 2029.% The LEAP-012 trial

consists of a 450-patient randomized trial with the pri-
mary outcome being PFS per RECIST 1.1 and OS when
comparing pembrolizumab plus lenvatinib in combina-
tion with TACE vs the placebo plus TACE.* Results from
all these previously mentioned promising approaches are
highly anticipated.

Two ongoing phase 3 clinical trials are evaluating
durvalumab in combination with other systemic and
locoregional therapies.®®* The 724-patient, random-
ized EMERALD-1 trial is evaluating the efficacy of a
durvalumab and bevacizumab combination with TACE in
patients with locoregional HCC.*’ The primary objective
of this study is to compare the PES of the combination
vs TACE alone. The global EMERALD-3 study, which
is actively recruiting patients, is evaluating the STRIDE
regimen (used in the HIMALAYA trial)® with the first-
line therapy lenvatinib administered concurrently with
TACE.»# Tt aims to determine the PFS and OS of TACE
plus STRIDE with and without lenvatinib compared
with TACE alone in patients with locoregional HCC not
amenable to curative therapy.

The addition of a greater number of systemic thera-
pies and locoregional therapies is accompanied by greater
adverse events, decreased tolerability, and lower patient
adherence. Local delivery of systemic agents is being
actively studied. Doxorubicin is the most widely used in
TACE. It is one of the agents in conventional TACE and
the most common agent in DEB-TACE.*>* It is not effec-
tive against HCC.* Local delivery of the anti-VEGF TKI
inhibitor sorafenib was explored to maximize local effects
while preventing the known adverse events, which occur
in 20% of patients. Local delivery of lyophilized form of
sorafenib with ethiodized oil (Lipiodol) demonstrated
that most of the drug still circulated systemically.®
Novel beads have been developed to load sorafenib. More
interestingly, another group developed a new liposomal
formulation that enables loading of any drug including
lipophilic neutral drugs on commercially available beads.
They tested the formulation in the VX2 rabbit model and
demonstrated that loading of sorafenib and regorafenib
(Stivarga, Bayer HealthCare) was feasible because the
drugs eluted locally without systemic escape.® As these
discoveries progress into clinical studies, combinations of
TACE with a locally delivered TKI plus systemic agents
will become commonplace.

Several new agents are also being explored. For
example, the hypoxia-activated agent tirapazamine has
been studied during transarterial embolization with
very promising results in a phase 1 dose escalation
trial.¥” Transarterial tirapazamine embolization (TATE)
showed encouraging results, with a complete response
rate of 60% and an ORR of 84% per modified RECIST,

warranting future studies. Moreover, another phase 1
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study conducted in Asia reproduced these results, with
an improved response rate even in patients whose disease

failed to respond to TACE.*®

Combination Therapies in the Advanced
Setting

In the past, locoregional therapies did not play a sig-
nificant role in advanced HCC. Because disease was
usually more widespread, locoregional therapies were
deemed unnecessary. However, radioembolization for
diffuse liver-dominant disease was still utilized, with
disappointing results from combination trials. The
SORAMIC trial randomized patients with unresectable
advanced HCC to sorafenib plus selective internal radia-
tion therapy (SIRT) with yttrium-90 (Y90)-loaded resin
microspheres (n=216) vs sorafenib alone (n=208).>! The
trial identified no significant difference in median OS
between the arms (12.1 vs 11.4 months; P=.9529).

With the advent of immunotherapies and improved
systemic therapies, the addition of locoregional therapies
in the advanced or even metastatic setting is being reex-
amined. The randomized, phase 3 LAUNCH trial showed
that combination therapy with TACE plus lenvatinib in
170 patients showed improved ORR (54.1% vs 25.0%;
P<.001) and prolonged OS (median OS, 17.8 vs 11.5
months) when compared with 168 patients treated with
lenvatinib alone.>

Immunotherapies, although very effective against
some tumors, demonstrate disappointing results in cold
or excluded tumors. Locoregional therapies are known
to induce an immunomodulatory response that is too
small by itself to have an effect; however, when combined
with immunotherapy, there is potential for a synergistic
response.

DPercutaneous ablation has been shown to possess
immunomodulatory effects even in immunosuppressive
cancers such as HCC,%¢ colorectal carcinoma,”® and
pancreatic adenocarcinoma, which is generally con-
sidered a very cold tumor.® Thermal ablation results
in necrosis and induces local inflammation with T-cell
infiltration.”***>*% Moreover, tumor antigens become
available, leading to the initiation of a systemic immune
response.”>***> A 2016 study in patients with advanced
HCC who received tremelimumab with subtotal ablation
(defined as complete ablation of 1 lesion while others were
not treated) found an increase in peritumoral infiltration
of CD8+ cells in postablation biopsy specimens compared
with preablation, postimmunotherapy specimens.”

TACE also has demonstrated an immunomodula-
tory response. TACE has clinically been associated with
an increase in circulating GPC3-specific cytotoxic T lym-

phocytes, interleukin 6 (IL-6), CD4+ cells, the CD4+/

CD8+ ratio, and natural killer cells. It also has been
shown to decrease regulatory T cells, which are known to
have an inhibitory effect on the immune response. These
effects do not result in an immune reaction on their own
but may result in a widespread immune response to the
tumor when combined with immunotherapy. In an ongo-
ing phase 2a clinical trial, the PD-1 inhibitor nivolumab
is being administered in combination with TATE in
patients with metastatic HCC with disease progression
while on a prior immune checkpoint inhibitor.® The
primary aim of the study is to evaluate whether TATE-in-
duced tumor necrosis can activate host immune responses
and synergistically enhance the effects of immune check-
point inhibition. Results of these studies are forthcoming.

The REACH-2 trial was the first positive phase
3 study using the anti-VEGFR2 agent ramucirumab
(Cyramaza, Lilly) in a biomarker-selected population with
advanced HCC.®” Subgroup analysis showed significant
OS in groups with baseline alpha-fetoprotein (AFP) levels
greater than 400 ng/mL (HR, 0.697; 95% CI, 0.520-
0.934; P=.0156). Biomarkers such as glypican-3 (GPC3)
can also serve as a target in novel molecular therapeutics.
The anti-glypican-3 monoclonal antibody codrituzumab
was used in combination with atezolizumab in a phase
1 study involving patients with advanced HCC that was
refractory to prior treatments.®® This combination was
well-tolerated and showed antitumor activity in patients
with high GPC3 expression.

Gene engineering technology in adoptive cell thera-
pies (ACT) has allowed for synthetic receptor expression
on T cells, such as chimeric antigen receptor (CAR) T
cells and novel T-cell receptors (TCRs). Many clinical
trials are in the early phase exploring the safety of poten-
tial targets for CAR T-cell therapy.®” In a phase 2 study,
researchers examined the use of CD133-directed CAR T
cells in patients with refractory advanced HCC.”” Among
21 patients, 1 showed a partial response, 14 maintained
stable disease, and 6 experienced disease progression. The
median OS was 12 months and the median PES was 6.8
months. Another early-phase study over intermediate
HCC patients failing first- or second-line therapy is using
a modified TCR targeting the AFP/MHC complex with
GPC3-guided costimulation (ET140202), either in com-
bination with sorafenib or TAE, or alone.”* Currently, cell
therapies for HCC are very early in development, and
none have yet to be approved.

Moreover, local delivery of systemic agents is
another area of active research. Loading TKIs such as
sorafenib, regorafenib, lenvatinib, or an anti-VEGF
agent such as bevacizumab on embolic agents would
enable therapeutic activity while minimizing the side
effects caused by systemic administration. This has been
successfully performed in rabbits and is being studied in
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large animals before transitioning to the clinic. More-
over, preclinical studies are examining immune-medi-
ated drugs loaded on to drug-eluting microspheres for
transarterial embolization.

Recent endeavors in genomics found that novel locus
1s2242652(A) in telomerase reverse transcriptase (TERT)
is associated with a decreased risk of HCC at genome-
wide significance.”” It is possible that future therapeutics
could enhance the expression of this gene. However, the
treatment implications of this require further study at this
time.

Metabolic  dysfunction—associated ~ steatohepatitis
(MASH), formerly known as nonalcoholic steatohepatitis
(NASH), can be accelerated into HCC (MASH-HCC)
through chronic inflammation and hepatocellular injury,
mediated by an increased subset of CD8+, PD-1+ T
cells.”?7* It differs from other etiologies of HCC because
of lower surveillance rates, thus favoring the development
of HCC and reducing the efficacy of immune checkpoint
inhibitors.”>”¢ Resection and liver transplant have shown
increased survival rates in MASH-HCC,””’® whereas
ablation, TACE, and TARE have shown no differences in
OS‘7‘)-81

Novel Combination Therapies for
Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (ICC) is less common
than HCC. Its prognosis is poor, especially in more
advanced settings. Radioembolization with systemic che-
motherapies has been shown to be efficacious for intra-
hepatic cholangiocarcinoma. Other trials have attempted
to study locoregional therapies with systemic agents in
ICC. Unfortunately, several trials have been terminated
or suspended without results.® However, a few trials are
underway, and their results are highly anticipated.

The phase 1 PERIO trial is exploring pressure enabled
delivery of SD-101 with checkpoint blockade for primary
liver tumors.®® SD-101 is a Toll-like receptor 9 (TLRY) ago-
nist. It binds to the TLR9 found on immunosuppressive
cells, such as myeloid-derived suppressor cells (MDSCs).
TLRY activation is hypothesized to promote antitumor
T-cell function by priming the immune cells.*® In this
trial, 2 cycles of SD-101 will be administered locally alone,
combined with pembrolizumab in a second cohort, or
combined with ipilimumab/nivolumab in another cohort.
Each cycle of SD-101 consists of intrahepatic arterial infu-
sion of SD-101 once a week for 3 consecutive weeks, with
1 month between cycles.

Axatilimab (SDX-6352) is a CSF-1R blocker.
CSF-1R is believed to activate donor-derived pro-in-
flammatory macrophages, which have a role in graft-
versus-host disease. In a planned single-arm phase 2 trial,
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axatilimab and durvalumab will be combined with TACE
or radioembolization in patients with unresectable intra-
hepatic cholangiocarcinoma confined to the liver.” The
study will examine safety and tolerability as well as ORR.

Selective biomarkers have also shown potential
in ICC. A recent discovery found that YC-1, a small
molecule specifically active in HCC and ICC, could be
targeted through the sulfotransferase enzyme SULT1A1.”!
Sulfonation of YC-1 opens new potential for selective tar-
geting of SULT1A1, which represents a novel therapeutic
class.

Novel Combination Approaches in the
Management of Liver Tumors in Metastatic
Colorectal Cancer

Colorectal adenocarcinoma is the most common met-
astatic lesion found in the liver. The current gold stan-
dard for colorectal liver metastases is chemotherapy. For
patients with oligometastatic disease, the gold standard is
surgery for surgical candidates and ablation for nonsurgi-
cal candidates.”? Transarterial infusion and embolotherapy
are also part of the guidelines.

TARE for Liver Metastases in Colorectal Cancer
Y90 radioembolization is considered an optional locore-
gional therapy for colorectal liver metastases that are
inoperable and/or refractory to systemic therapy alone.
One of the first prospective studies to describe the use of
Y90 embolization for colorectal liver metastases refractory
to systemic therapy alone was by Hendlisz and colleagues,
in which 44 patients who were randomly assigned to
receive 5-fluorouracil (5-FU) alone or in combination
with Y90 radioembolization were assessed for time to
local progression (TTLP) and OS. It was demonstrated
that the average TTLP was 5.5 months for the Y90/5-FU
arm compared with 2.5 months for the 5-FU-alone arm.
The median OS was 10.0 vs 7.3 months, respectively.”®
Several trials showed that Y90 radioembolization
improved OS and PFS in salvage therapy. However, 3
large prospective randomized trials (FOXFIRE, SIR-
FLOX, and FOXFIRE-Global) failed to demonstrate
an improvement of OS in patients treated with Y90
radioembolization as first-line therapy. Several criticisms
were leveled at the trials, including the inclusion of a
significant portion of patients with extrahepatic disease
whose primary tumors were in place. Nonetheless, Y90
radioembolization is not recommended in the first line as
a result of these trials. In the prospective open-label phase
3 EPOCH trial, Mulcahy and colleagues affirmed the
impact of Y90 radioembolization in combination with
second-line systemic chemotherapy.” The HR for PFS
was 0.69 (95% CI, 0.54-0.88; 1-sided P=.0013), with
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a median PFS of 8.0 months (95% CI, 7.2-9.2) for the
combination group and 7.2 months (95% CI, 5.7-7.6) for
the chemotherapy-only group. The HR for hepatic PFS
was 0.59 (95% CI, 0.46-0.77; 1-sided P<.0001), with
a median hepatic PES of 9.1 months (95% CI, 7.8-9.7)
and 7.2 months (95% CI, 5.7-7.6), respectively. TARE
with chemotherapy also showed an increased response,
with rates of 34.0% (95% CI, 28.0-40.5) and 21.1%
(95% CI, 16.2-27.1; 1-sided P=.0019) for the TARE and
chemotherapy groups, respectively. Unfortunately, TARE
with chemotherapy failed to increase OS, with a median
OS of 14.0 months (95% CI, 11.8-15.5), compared with
14.4 months (95% CI, 12.8-16.4; 1-sided P=.7229) for
the chemotherapy-only group.

TACE for Liver Metastases in Colorectal Cancer
DEB-TACE has been used in the treatment of unre-
sectable colorectal liver metastases following the failure
of standard systemic chemotherapy. In a prospective,
muld-institutional, single-arm study by Martin and col-
leagues, 55 patients underwent DEB-TACE with irinote-
can-loaded beads after the failure of standard therapies.”
The median disease-free survival (DFS) and OS were 247
and 343 days, respectively. The presence of extrahepatic
disease (P=.001) and the extent of prior chemotherapy
(P=.007) were significant predictors of OS. Tumor
response (defined as complete response, partial response,
or stable disease by the European Association for the
Study of the Liver criteria) was seen in 89% of patients at
3 months and 54% of patients at 12 months, suggesting
that DEB-TACE alone is effective for the treatment of
unresectable, refractory colorectal liver metastases.

As an EGFR antagonist, the monoclonal antibody
cetuximab induces increased tumor cell apoptosis and
is used in combination with irinotecan chemotherapy
owing to its differing toxicity profile as compared with
chemotherapy. In a study conducted by Fiorentini and
colleagues, it was concluded that cetuximab in association
with irinotecan-loaded drug-eluting beads (DEBIRITUX)
is an efficacious and promising second-line treatment of
unresectable colorectal liver metastases.”® After 3 months
of therapy, the ORR was 50%, the median PFS was 9.8
months, and the OS was 20.4 months, with 75.0% and
39.1% of patients alive at 1 and 2 years, respectively.

In a prospective study, Fiorentini and colleagues
compared the tumor response, OS, and PFS of patients
with colorectal liver metastases treated with either TACE
alone or a combination of bevacizumab and TACE.” It
was found that treatment with TACE plus bevacizumab
may improve tumor responses and delay disease progres-
sion in unresectable colorectal liver metastases, as TACE
plus bevacizumab resulted in a better disease control rate
at 1 month (100% vs 84%; P<.05) and 3 months (96% vs

76%; P<.001). However, there was no statistically signif-
icant difference in OS observed between the 2 treatment
groups (18 months [range, 7-16 months] for TACE/
bevacizumab; 15.8 months [range, 5-52 months] for
TACE), and neither did PES differ significantly between
the 2 arms at 13 months (range, 3-24) vs 11.15 months
(range, 4-51).

Certain combination trials are exploring transarterial
locoregional therapies with systemic therapies in patients
with metastatic colorectal cancer that has failed to respond
to multiple lines of chemotherapy. Existing first-line che-
motherapies produce a median OS of 30 months from
a diagnosis of metastasis. However, as therapy inevitably
fails and the disease progresses, the number of responders
and the duration of response shortens. Patients with col-
orectal liver metastases whose disease has failed to respond
to at least 2 lines of therapy have a median PES of 2
months and an OS of 6 to 7 months, with a response rate
of less than 2%.%% In the trial, patients whose disease has
failed to respond to more than 2 lines of chemotherapy
are randomized to either TATE and pembrolizumab or
standard-of-care systemic therapy.'” The rationale of the
trial is to use locoregional therapies as a vaccine to boost
immunotherapy.

Another trial is exploring the local delivery of che-
motherapies, specifically a mixture of floxuridine and
dexamethasone, through a hepatic artery infusion pump
with systemic therapy and M9241 for colorectal carci-
noma and intrahepatic cholangiocarcinoma.'® M9241
is an investigational immunocytokine composed of two
IL-12 heterodimers fused to a monoclonal antibody tar-
geting DNA in necrotic tumor regions. M9241 enables
the targeted delivery of IL-12 into tumor tissue. IL-12 is a
proinflammatory cytokine that regulates adaptive immu-
nity. It has been shown to be safe in prostate cancer and
some other solid cancers.!” The trial’s primary endpoint

is ORR.
Conclusion

In recent years, exciting developments in novel combi-
nation approaches have emerged in the management of
both primary liver cancers (including both HCC and
ICC) and colorectal liver metastases. Combinations of
locoregional and systemic treatment modalities have
focused on enhancing immune response and tumor
control. Optimizing synergistic actions from systemic
therapies combined with both well-established locore-
gional therapies such as TACE and Y90 as well as novel
approaches to locoregional therapy (ie, arterially-directed
immunotherapy) has demonstrated improved outcomes
over monotherapies and shows promise for the treatment
of liver cancer. It has been shown that dual and triplet
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therapy is more effective than monotherapy in primary
and metastatic liver cancer. However, we know from the
cardiology literature that polypharmacy is correlated with
lower adherence, and the side effects of targeted therapy
are known to be more severe and numerous than those of
blood pressure medications. In light of this, local delivery
of immunotherapy and targeted therapy can maximize
treatment benefits without the cumulative or additive
side effects associated with systemic delivery. Therefore,
combination therapies involving numerous strategies are
the most likely avenue for the best outcomes.
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Supporting Online Material

eTable. Studies and Clinical Trials Involving Combination Approaches in the Treatment of Primary Liver Tumors and mCRC

Clinical trial Study | Primary
Trial registration Year phase | endpoint | Outcome Therapy
IMMULAB" | NCT03753659 Ongoing | 2 ORR Ongoing pembrolizumab
+ RFA/MWA/
brachytherapy +
TACE
8 Sintilimab + NCT04220944 Ongoing | 1 PES Ongoing MWA + TACE +
T | LRT™ sintilimab
IEI IMbrave 0507 | NCT04102098 2023 3 RFS RFS HR 0.72 (95% CI | atezolizumab +
0.56-0.93); P=.0120 bevacizumab
EMERALD-2" | NCT03847428 Ongoing | 3 RFS Ongoing resection/ablation
+ durvalumab +
bevacizumab
SPACE?* NCT00855218 2016 2 TTP Median TTP 169 d DEB-TACE (doxo-
(95% CI 166-219) rubicin) + sorafenib
vs 166 d (95% CI vs DEB-TACE
113-168) (doxorubicin)
HR 0.797 (95% CI
0.588-1.080); P=.072
TACE-2% ISRCTN93375053* | 2017 2 PES Median PES 238.0 d DEB-TACE (doxo-
(95% CI 221.0-281.0) | rubicin) + sorafenib
vs 235.0d (95% CI vs DEB-TACE
209.0-322.0) (doxorubicin)
£ HR 0.99 (95% CI
g 0.77-1.27); P=.94
; START? NCT00990860 2015 2 AEs Cumulative grade 3 cTACE + sorafenib
= AE incidence 40%
E Only 4 severe AEs
g related to sorafenib
~ 8 Sorafenib + N/A 2011 3 TTP Median TTP 5.4 mo cTACE + sorafenib
= | TACE? (95% CI 3.8-7.2) vs cTACE
ks vs 3.7 mo (95% CI
3 3.5-4.0)
E HR 0.87 (95% CI
k= 0.70-1.09); P=.252
Brivanib + N/A 2014 3 (0N Median OS 26.4 mo TACE + brivanib vs
TACE? (95% CI19.1-NR) | TACE
vs 26.1 mo (95% CI
19.0-30.9)
HR 0.90 (95% CI
0.66-1.23); P=.5280
BRISK-FL? NCT00858871 2013 B) (0N Median OS 9.5 mo brivanib vs sorafenib
(95.8% CI 8.4-10.7)
vs 9.9 mo (95.8% CI
8.5-11.5)
HR 1.06 (95.8% CI
0.93-1.22); P=.3730
BRISK-PS% NCT00825955 2013 3 (ON) Median OS 9.4 mo vs | brivanib + BSC vs
8.5 mo BSC
HR 0.89 (95.8% CI
0.69-1.15); P=.3307
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eTable. (Continued) Studies and Clinical Trials Involving Combination Approaches in the Treatment of Primary Liver Tumors

and mCRC
Clinical trial Study | Primary
Trial registration Year phase | endpoint | Outcome Therapy
ORIENTAL? | NCT01465464 2018 3 OS Median OS 31.1 mo | cTACE + orantinib
(95% CI 26.5-34.5) vs cTACE
vs 32.3 mo (95% CI
28.4-NR)
HR 1.090 (95% CI
0.878-1.352); P=.435
TACTICS" | NCT01217034 2020 |2 OS/PFS | Median PFS 25.2 mo | cTACE + sorafenib
vs 13.5 mo vs cTACE
HR 0.59 (95%CI
0.41-0.87); P=.006
OS: not analyzed
IMMUTACE® | NCT03572582 2021 2 ORR | ORR71.4% (CR: | DEB-TACE +
16.3%, PR: 55.1%, nivolumab
SD 4.1%, PD:
14.3%)
TACE-3%» NCT04268888 Ongoing | 2/3 (0N Ongoing TACE/TAE +
TTTP nivolumab vs
TACE/TAE
CheckMate NCT04340193 Ongoing | 3 AEs Ongoing TACE + nivolumab
2l o 74W34 + ipilimumab vs
g 9 TACE
g g LEAP-012% NCT04246177 Ongoing | 3 OS/PES | Ongoing TACE + lenvatinib
2| g + pembrolizumab vs
b g TACE
g i; EMERALD-1% | NCT03778957 Ongoing | 3 PES Ongoing TACE + durvalumab
~ + bevacizumab vs
TACE
EMERALD-3* | NCT05301842 Ongoing | 3 PFS Ongoing TACE + durvalumab
+ tremelimumab +
lenvatinib vs TACE
TATE® NCT02174549 2021 1 Dose Max TPZ dose: 10 tirapazamine + TAE
determi- | mg/m*IV and 20 mg/
nation m? [A
CR 60% (95% CI
38.7-78.9)
TATE> 104CONS10288- 2022 1 Dose Selected phase 2 dose: | tirapazamine + TAE
tirapazamine® determi- | 35 mg IA fixed dose
nation CR 47.1% (95% CI
23.0-72.2)
ET1402027! NCT03965546 Ongoing | 1 AEs Ongoing ET140202 (AFP
and GPC3 guided
TCR-T cell)
+ sorafenib vs
ET140202 + TAE vs
ET140202
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eTable. (Continued) Studies and Clinical Trials Involving Combination Approaches in the Treatment of Primary Liver Tumors

and mCRC
Clinical trial Study | Primary
Trial registration Year | phase | endpoint | Outcome Therapy
IMbrave 150° | NCT03434379 | 2020 | 3 OS/PES | OS at 12 mo: 67.2% (95% CI atezolizumab +
61.3-73.1) vs 54.6% (95% CI bevacizumab vs
45.2-64.0) sorafenib
HR 0.58 (95% CI 0.42-0.79);
P<.001
Median PFS 6.8 mo (95% CI 5.7-
8.3) vs 4.3 mo (95% CI 4.0-5.6)
HR 0.59 (95% CI 0.47-0.76);
P<.001
COS- NCT03755791 | 2022 |3 OS/PFS | Median PFES 6.8 mo (99% CI 5.6- | cabozantinib +
MIC-3121° 8.3) vs 4.2 mo (99% CI 2.8-7.0) | atezolizumab vs
HR 0.63 (99% CI 0.44-0.91); sorafenib
P=.0012
Median OS 15.4 mo (96% CI
13.7-17.7) vs 15.5 mo (12.1-NE)
HR 0.90 (96% CI 0.69-1.18);
P=.44
HIMALAYA® | NCT03298451 | 2022 |3 oS Median OS 16.43 mo (STRIDE) | STRIDE vs
(95% CI 14.16-19.58) vs 16.56 durvalumab vs
mo (durvalumab) (95% CI 14.06- | sorafenib
19.12) vs 13.77 mo (sorafenib)
g (95% CI 12.25-16.13)
ElQ HR (STRIDE vs sorafenib) 0.78
E 5 (96.02% CI 0.65-0.93); P=.0035
& | 8| CheckMate NCT01658878 | 2021 1/2 AEs/ORR | ORR arm A 32% (95% CI nivolumab +
E § 040" 20-47) ipilimumab
g3 ORR arm B 27% (95% CI 15-41)
& ORR arm C 29% (95% CI
17-43)
CheckMate NCT04039607 | Ongo- | 3 (N Ongoing nivolumab +
IDW"? ing ipilimumab vs
sorafenib vs
lenvatinib
SORAMIC’ | NCT01126645 | 2019 |2 OS/TTR | Median OS 12.1 mo (95% CI sorafenib + Y90
10.7-14.9) vs 11.4 mo (95% CI vs sorafenib
9.9-14.0)
HR 1.01 (95% CI 0.81-1.25);
P=.9529
LAUNCH?> NCT03905967 | 2023 |3 (ON Median OS 17.8 mo (95% CI lenvatinib
16.1-19.5) vs 11.5 mo (95% CI + TACE vs
10.3-12.7) lenvatinib
HR 0.45 (95% CI 0.33-0.61);
P<.001
Tremelim- NCT01853618 | 2017 | 1/2 AEs No DLTs tremelimumab
umab + LRT> + RFA/TACE/
cryoablation
TATE-PD1% | NCT03259867 | Ongo- | 2a ORR Ongoing TATE +
ing nivolumab
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eTable. (Continued) Studies and Clinical Trials Involving Combination Approaches in the Treatment of Primary Liver Tumors

and mCRC
Clinical trial Study Primary
Trial registration Year phase | endpoint | Outcome Therapy
REACH-2% NCT02435433 2019 3 (0N Median OS 8.5 mo (95% | ramucirumab
CI7.0-10.6) vs 7.3 mo + BSC vs BSC
(95% CI 5.4-9.1)
HR 0.710 (95% CI 0.531-
0.949); P=.0199
© | Codrituzumab | JapicCTI- 2020 1 AEs No DLTs in dose escalation | codrituzumab
g + atezolizumab® | 163325¢ + atezolizu-
=z mab
§ CT0180¢ NCT04756648 Ongoing 1 DLTs/ Ongoing CT0180
&= AEs (chimeric
g|= anti-GPC3 T
5 cells)
; CART-1337° NCT02541370 | 2020 1/2 AFEs Median OS 12 mo (95% CART-133
= CI9.3-15.3) (chimeric
¥ Median PFS 6.8 mo (95% | CD133-di-
g CI 4.3-8.4) rected T cells)
= PERIO-028% NCT05220722 Ongoing 1 AEs Ongoing SD-101 vs
SD-101 +
pembro-
lizumab vs
SD-101 +
8 ipilimumab +
= nivolumab
Durvalumab + | NCT04301778 Ongoing 2 ORR/ Ongoing durvalumab +
SNDX-6352% AEs SNDX-6352
(axatilimab) +
TACE/Y90
DEBIRI” N/A 2009 N/A DES/ Median DFS 247 d DEB-TACE
OS/TRR | Median OS 343 d w/irinote-
TRR (EASL criteria) 89% | can-loaded
at 3 mo, 54% at 12 mo beads
TRR (RECIST criteria)
71% at 3 mo, 40% at 12
mo
DEBIRITUX” | N/A 2015 N/A ORR/ ORR 50% (CR 10%, PR DEB-TACE
AEs/OS/ | 40%) (irinotecan) +
PES Grade 22 TRAEs 25% cetuximab
%‘) Median OS 20.4 mo
% Median PFS 9.8 mo
EMBOBEVA” | NCT03732235 2021 Obser- | TTP Median TTP 8 mo (range | DEB-TACE
vational 3-15) vs 2.08 mo (range (irinotecan) +
1.03-11), P<.001 bevacizumab
vs DEB-TACE
(irinotecan)
TATE + pem- NCT04701476 Ongoing 2 OS/ORR | Ongoing TATE + pem-
brolizumab'® brolizumab
vs standard of
care (TAS-102
or regorafenib)
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eTable. (Continued) Studies and Clinical Trials Involving Combination Approaches in the Treatment of Primary Liver Tumors and
mCRC

M9241 + NCT05286814 Ongo- | 2 ORR Ongoing M9241

HAIP!™! ing (NHS-IL12) +
HAIP FUdR and
dexamethasone +
FOLFOX/FOLE-
IRI OR GemOX

mCRC

‘Registered in ISRCTN Registry.
"Registered in Taiwan Clinical Trial Registry.
Registered in Japan Registry for Clinical Trials.

AE, adverse event; AFD, alpha-fetoprotein; BSC, best supportive care; CR, complete response; cTACE, conventional transarterial chemoembolization;
d, days; DEB-TACE, drug-eluting bead transarterial chemoembolization; DFS, disease-free survival; DLT, dose-limiting toxicities; STRIDE,
durvalumab plus tremelimumab; EASL, European Association for the Study of the Liver; FOLFIRI, leucovorin, 5-fluorouracil, and irinotecan;
FOLFOX, leucovorin, 5-fluorouracil, and oxaliplatin; FUdR, floxuridine; GemOX, gemcitabine and oxaliplatin; HAIP, hepatic artery infusion pump;
HCC, hepatocellular carcinoma; HR, hazard ratio; IA, intraarterial; ICC, intrahepatic cholangiocarcinoma; IV, intravenous; LRT, locoregional
therapy; mCRC, metastatic colorectal cancer; MWA, microwave ablation; NR, not reached; NE, not estimable; ORR, overall response rate; OS, overall
survival; PD, progressive disease; PES, progression-free survival; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; RFA,
radiofrequency ablation; RFS, recurrence-free survival; SD, stable disease; TACE, transarterial chemoembolization; TAE, transarterial embolization;
TATE, transarterial tirapazamine embolization; TPZ, tirapazamine; TRAE, treatment-related adverse event; TRR, tumor response rate; TTLP, time to
liver progression; TTP, time to progression; TTR, time to recurrence; TTTP, time to TACE progression; Y90, yttrium 90 radioembolization.
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