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The benefit of combining radioembolization with systemic
agents for the treatment of primary and metastatic liver
tumors has long been postulated, whether as an opportunity
to modulate changes in tumor signaling pathways induced by
radiation, to take advantage of the radiosensitizing effects of
several chemotherapeutic agents, or, in the era of immuno-
therapy, to trigger an immune response that might increase
the effectiveness of checkpoint-inhibitor immunotherapy.

This review provides an overview of studies in which
radioembolization was combined with systemic agent(s).
Several reports in the literature provide retrospective evalu-
ation of the use of concomitant radioembolization with
systemic agents; however, in an effort to limit the scope of
this review to the highest levels of evidence available, the
studies discussed are restricted to prospective phase 2 and 3
clinical trials of combination therapy.

Hepatocellular Carcinoma

Combination Therapy with Sorafenib as a Bridge to
Liver Transplantation

In 2014, Kulik et al reported the outcomes of patients with
HCC treated with radioembolization with or without sora-
fenib as a bridge to liver transplantation.1 Twenty patients
with HCC who were considered potential liver transplanta-
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tion candidates (up to UCSF criteria, i.e., solitary tumor
<6.5cm, or <3 nodules, the largest being <4.5cm and the
sum of tumor diameters <8cm?)? with Child-Pugh (C-P)
scores <B8 were randomized to receive radioembolization
alone or in combination with sorafenib. Patients in both arms
received radioembolization with glass microspheres.
Patients in the combination therapy arm received sorafenib
for a median of 20 days prior to radioembolization with no
interruption of sorafenib therapy for radioembolization.

All patients in the combination arm required dose reduc-
tion, the majority of which were due to dermatologic side
effects. One patient, who was also taking hepatitis C medi-
cations, developed grade 4 bilirubin toxicity. Complete dis-
continuation of sorafenib due to side effects occurred in 50%
of patients.

Seventeen of the patients (85%) received liver transplanta-
tion (9 patients in the control arm, 8 patients in the combina-
tion therapy arm). There were no significant differences in the
tumor treatment responses between the two groups based on
explant pathological analyses, with 7, 1, and 2 tumors in the
radioembolization-only arm, and 4, 2, and 2 tumors in the
combination arm exhibiting 100, more than 50, and less than
50% nonviable tissue, respectively (p = 0.69).

With regard to posttransplant complications, four
patients (50%) who received combination therapy developed
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biliary anastomotic complications (three strictures, one leak
+ stricture) within 30 days of liver transplantation. There
were no biliary complications in the control group. Three of
the patients in the combination therapy group (37.5%)
developed acute cellular rejection, whereas no patients in
the control group developed rejection.

The authors concluded that the equivalent response rates
between the two groups combined with the higher rate of
adverse events among the patients receiving combination
therapy supports continued use of locoregional therapy
alone as a bridge to liver transplantation.

Combination Therapy with Sorafenib for Advanced
HCC

In 2019, Ricke et al reported the outcomes of combination
radioembolization with sorafenib for patients with advanced
HCC from the SORAMIC trial. Patients with preserved liver
function (C-P scores < B7) and HCC Barcelona Clinic Liver
Cancer (BCLC) stage C, or BCLC stage B disease not eligible for
transarterial chemoembolization (TACE), were considered
eligible. BCLC C patients with extrahepatic disease were
permitted as long as the HCC was liver dominant and did
not present with pulmonary metastases.

A total of 216 patients were randomized to the control
arm of sorafenib only and 208 were randomized to the
investigational arm to receive combination radioemboliza-
tion and sorafenib. In the combination therapy group, radio-
embolization was performed with resin microspheres a
median of 22 days following randomization, and sorafenib
was initiated a median of 3 days after completion of radio-
embolization. In the control arm, sorafenib was initiated a
median of 4 days following randomization. Ultimately 114
patients in the investigational arm received combination
therapy according to the study protocol, while 174 patients
in the control arm received sorafenib therapy according to
the study protocol.

The intention-to-treat (ITT) analysis demonstrated a medi-
an overall survival (OS) of 12.1 months (95% confidence
interval [CI] 10.7-14.9) in the combination therapy group
compared with 11.4 months (95% CI: 9.9-14.0) in the sorafe-
nib-only group (hazard ratio [HR]: 1.01; 95% CI: 0.81-1.25;
p=0.953). Given the high number of patients who did not
complete the study according to protocol, a per-protocol
analysis was also reported. In the per-protocol analysis, medi-
an OSwas 14.0-months (95% CI: 11.5-17.0) in the combination
therapy group, and 11.1-months (95% CI: 9.8-13.8) in the
sorafenib-only group (HR: 0.86; 95% CI: 0.67-1.11; p=0.252).

Subgroup analysis of the per-protocol population sug-
gested a survival benefit for patients <65 years old (HR:
0.65; 95% CI: 0.43-1.00; p - =- 0.046), noncirrhotic patients
(HR: 0.46; 95% CI: 0.25-0.86; p = 0.013), and patients with HCC
of nonalcoholic etiology (HR: 0.63; 95% CI: 0.45-0.89;
p=0.009).

Grade 3-4 adverse events were reported in 64.8% of
patients in the combination therapy arm and 53.3% of
patients in the control arm (p =0.036). Of note, hyperbilir-
ubinemia of grades 3 to 4 was approximately four times more
common in the combination therapy arm (8.8 vs. 2.2%,
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p=0.007), although the authors reported the hepatobiliary
adverse events to be in line with previously reported adverse
events of radioembolization. Grade 5 adverse events (i.e.,
patient death) occurred in two patients (1.3%) in the combi-
nation therapy arm, and in two patients in the control arm
(1.0%).

The authors cited several factors that may have led to the
failure of the study to demonstrate a benefit from combina-
tion therapy, including the breadth of the patient population
recruited for the study, particularly patients with compro-
mised liver function, and suboptimal radioembolization
dosimetry. Patients with higher C-P scores had a higher
rate of protocol deviations in the combination therapy
arm, most often due to failure to undergo a second radio-
embolization procedure and/or missing the initiation of
sorafenib therapy. Protocol deviations confounded the ITT
analysis, and the smaller number of patients remaining for
the per-protocol analysis may have caused this analysis to be
underpowered to demonstrate a difference between the two
study arms.

With regard to the suboptimal radioembolization dosim-
etry, absorbed tumor dose thresholds have been shown to
correlate with survival.*®> However, such tumor dose thresh-
olds were not included in the SORAMIC protocol and may
have limited the efficacy of the radioembolization techni-
ques under study.

Newer Systemic Agents for HCC
The treatment paradigm for advanced HCC has changed
drastically over the past several years. After nearly 10 years
without an effective systemic treatment option other than
sorafenib, between 2017 and 2020, eight new systemic
therapies have been approved by the Food and Drug Admin-
istration (FDA) for the treatment of advanced HCC as either
first- or second-line therapy, including regorafenib (2017),
nivolumab (2017), lenvatinib (2018), pembrolizumab
(2018), cabozantinib (2019), ramucirumab (2019), nivolu-
mab + ipilimumab (2020), and atezolizumab + bevacizumab
(2020), with lenvatinib and atezolizumab + bevacizumab
being the only therapies approved for first-line treatment.
There are several clinical trials underway investigating
the use of radioembolization with these systemic therapies,
particularly the checkpoint-inhibitor immunotherapies
(nivolumab, pembrolizumab, ipilimumab); however, the
only reports of combination therapy with radioembolization
and these new agents to date are limited to a retrospective
study of the safety of concurrent radioembolization and
immunotherapy.®

Intrahepatic Cholangiocarcinoma

Edeline et al published in 2019 the results of the MISPHEC
trial, a multicenter phase 2 clinical trial investigating the
combination of glass microsphere radioembolization to first-
line chemotherapy for unresectable intrahepatic cholangio-
carcinoma.’ Forty-one patients received concomitant gem-
citabine and cisplatin chemotherapy. For patients with
unilobar disease, radioembolization was performed during
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cycle 1, whereas patients with bilobar disease received
radioembolization during chemotherapy cycles 1 and 3.
The gemcitabine dose was reduced for the cycle concomitant
and the cycle following radioembolization. The primary
endpoint was 3-month response rate, with secondary end-
points evaluating toxicity, progression-free survival (PFS),
0S, disease control rate, and response rate according to the
Choi criteria. The Choi criteria, originally developed to assess
the treatment response of gastrointestinal tumors, have been
subsequently applied to several different tumor types. The
Choi criteria use the changes in tumor dimensions and target
lesion density to determine response, defining a partial
response rate as > 10% decrease in the sum of largest tumor
diameter or > 15% decrease in the mean of tumor density.?

The primary endpointdemonstrated a response rate accord-
ing to RECIST criteria was 39% (90% CI: 26-53%). Secondary
endpoints indicated a 3-month disease control rate of 98% (95%
CI: 89-99%). and a Choi response rate of 93% (95% CI: 82-98%).
The median PFS was 14 months (95% CI; 8-17 months) with a
median OS of 22 months (95% CI: 14-52 months). Nine patients
(22%) were downstaged to surgical resection, of whom 8
patients received an RO resection. Two patients who could
not undergo liver resection did receive liver transplantation.
Each of these patients developed recurrence posttransplanta-
tion in the form of a solitary pulmonary nodule.

Toxicities in the trial were most often related to chemo-
therapy-related toxicities, including grade 3 to 4 hematologic
toxicities of which neutropenia was the most common (51%).
Hepatic toxicities were more common in patients with
cirrhosis. Nine of the twelve patients (75%) with cirrhosis
developed hepatic failure (characterized as any grade of
ascites or jaundice), of which five were nonreversible. Five
of 29 patients (17%) without cirrhosis developed hepatic
failure, all of which were reversible. All of the patients who
developed nonreversible hepatic failure had received whole-
liver radioembolization.

The authors highlighted the benefit of combination of
radioembolization and chemotherapy as a downstaging op-
tion to potentially curative resection in patients otherwise
considered only for palliative treatment. However, the
authors recommended this strategy of combination of che-
motherapy and radioembolization be avoided in patients
with cirrhosis due to the high rates of hepatic failure among
patients with cirrhosis.

A phase 3 study evaluating the addition of resin micro-
sphere radioembolization to chemotherapy consisting of
gemcitabine and cisplatin is currently underway (SIRT Fol-
lowed by CIS-GEM Chemotherapy vs CIS-GEM Chemothera-
py Alone as First Line Treatment of Patients with
Unresectable Intrahepatic Cholangiocarcinoma [SIRCCA]).
The study is estimated to complete in June 2021.

Metastatic Colorectal Cancer

Radioembolization with Hepatic Artery
Chemotherapy

Gray et al reported the outcomes for patients with hepatic
colorectal metastases treated with resin microsphere radio-
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embolization plus hepatic artery chemotherapy (HAC) com-
pared with HAC alone in 2001.°

Seventy-four patients with bilobar metastatic colorectal
cancer limited to the liver underwent laparotomy, cholecys-
tectomy, and insertion of a permanent hepatic artery catheter
attached to a subcutaneous access port for intra-HAC. The
patients were randomized to receive radioembolization plus
continuous infusion floxuridine chemotherapy, or continuous
infusion floxuridine alone. The study included patients who
were receiving first-line chemotherapy as well as patients who
had previously received palliative chemotherapy.

After four patients had been deemed ineligible after
randomization, and one patient died prior to any protocol
treatment, 35 patients received radioembolization plus HAC
and 34 patients received HAC. Resin microsphere radio-
embolization was performed as a single injection of micro-
spheres via the subcutaneous access port.

Patients who received combination therapy had greater
response rates (44 vs. 17.6%, p =0.01) and a greater reduction
in carcinoembryonic antigen (CEA) levels (72 vs. 47%,
p=0.004) than the patients who received HAC alone. In
addition, the median time to progression (TTP) in the liver
was longer in the investigational arm compared with that in
the control arm based on tumor area (15.9 vs. 9.7 months,
p=0.001), tumor volume (12.0 vs. 7.6 months, p=0.04), or
CEA (6.7 vs. 5.7 months, p = 0.06). There was no difference in
OS between the two groups. The findings led to FDA approval
of resin microsphere for the treatment of unresectable
hepatic metastases of colorectal cancer with adjuvant
intra-HAC with floxuridine.

Radioembolization with Systemic Intravenous
Chemotherapy

In 2004, Van Hazel et al published a study on the outcomes of
patients with previously untreated, unresectable hepatic co-
lorectal metastases with fluorouracil/leucovorin chemothera-
py with or without resin microsphere radioembolization.'°
Twenty-one patients were randomized, of whom 11 received
the combination therapy and 10 received chemotherapy alone.
Time to tumor progression was longer for patients receiving
combination therapy compared with chemotherapy alone
(18.6 vs. 3.6 months, p < 0.0005). Median OS was also longer
for the patients in the combination therapy arm (29.4 vs. 12.8
months; HR: 0.33; 95% CI: 0.12-0.91; p=0.025). Patients
receiving combination therapy had a higher incidence of grade
3-4 toxicities; however, the authors attributed this to the
longer duration that they received protocol treatment com-
pared with patients in the control arm.

Hendlisz et al subsequently published a multicenter study
of patients with liver-only colorectal metastases treated with
fluorouracil with or without resin microsphere radioemboli-
zation."” Forty-six patients were randomized, and 44 were
eligible for analysis, of whom 21 received combination therapy
and 23 received chemotherapy alone. Most patients had been
heavily pretreated with aregimen that included antiepidermal
growth factor receptor therapy and irinotecan.

The time to liver progression (TTLP) was the primary
endpoint and was available for 41 patients. TTLP was longer
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in the combination therapy arm compared with the control
arm (5.5 vs. 2.1 months, HR: 0.38; 95% CI: 0.20-0.72;
p=0.003). Median TTP at any site was longer in the combi-
nation therapy arm compared with the control arm (4.5 vs.
2.1 months; HR: 0.51; 95% CI: 0.28-0.94; p =0.03). There was
no statistical difference in median OS (10.0 vs. 7.3 months,
HR: 0.92; 95% CI: 0.47-1.78; p =0.80). However, 10 patients
(43%) from the control arm crossed over and received radio-
embolization, in addition to 70% of patients in the fluoroura-
cil-only arm who received additional nonradioembolization
therapies, which likely confounded the survival data. Grade
3-4 toxicity occurred in six patients receiving chemotherapy
alone and one patient receiving combination therapy
(p=0.10).

The authors concluded that the randomized trial not only
met its primary endpoint demonstrating that radioemboli-
zation in combination of intravenous infusion of fluorouracil
significantly prolongs the time of both local and distant
disease progression.

In 2017, Wasan et al published the combined results of
three multicenter, multinational studies (FOXFIRE, SIRFLOX,
and FOXFIRE-global) of combination radioembolization with
first-line systemic chemotherapy for patients with unresect-
able colorectal liver metastases.'? A total of 1,103 patients
were randomized to receive FOLFOX chemotherapy (fluoro-
uracil, leucovorin, oxaliplatin) alone or in combination with
resin microsphere radioembolization. In the combination
therapy arm, radioembolization was performed concurrent-
ly with the first or second cycle of chemotherapy. The
primary endpoint was OS.

A total of 549 patients were randomized to the control
arm and 554 patients were randomized to the combination
therapy arm. The study demonstrated no difference in me-
dian OS between the two groups: 22.6 months (95% CI:
21.0-24.5) for patients receiving radioembolization plus
chemotherapy compared with 23.3 months (95% CI:
21.8-24.7) for patients receiving chemotherapy alone (HR:
1.04, 95% CI: 0.90-1.19; p = 0.61). However, subgroup analy-
sis did show a significant benefit for combination therapy in
patients with right-sided primary tumors (HR: 0.67, 95% ClI:
0.48-0.92).

An objective response was achieved in a higher percent-
age of patients in the combination therapy arm (72 vs. 63%)
with significantly higher odds of achieving an objective
response with combination therapy (OR: 1.78, 95% CI:
1.37-2.31, p<0.0001). However, this did not translate into
a higher rate of hepatic resection in the combination therapy
arm (17 vs 16%), and there was no significant difference in
the odds of receiving hepatic resection between the two
groups (OR: 1.07, 95% CI: 0.78-1.48, p=0.67).

The authors suggested that the lack of benefit with the
addition of radioembolization to systemic chemotherapy
might be explained by the high proportion of patients who
developed disease progression outside of the liver, regardless
of whether the patients had extrahepatic disease at the time
of randomization.

Twenty-five percent of the study population had right-
sided primary tumors. The authors noted that several studies
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have shown worse survival outcomes for patients with right-
sided primary tumors and may benefit less from the standard
therapies for metastatic colorectal cancer. The finding of a
survival benefit in this subgroup warrants further evaluation
in future studies.

The EPOCH study is a multinational trial investigating the
addition of glass microsphere radioembolization to second-
line chemotherapy for patients with colorectal liver metas-
tases who progressed during or after first-line chemothera-
py. Patient enrollment concluded in October 2018. Maximum
enrollment was set to 420 patients, and the study was
designed to detect a 2.5-month increase in PFS in the
combination therapy group. Results have not yet been
released.’?

Metastatic Pancreatic Adenocarcinoma

Gibbs et al published the results of a phase 2 trial evaluating
the combination of resin microspheres with systemic che-
motherapy in patients with liver-dominant metastatic pan-
creatic adenocarcinoma.'* Patients received a single session
of radioembolization during cycle 1 of intravenous 5-fluoro-
uracil (5-FU). The primary endpoint was PFS in the liver, with
a threshold median of >16 weeks of PFS to be considered
clinically significant.

The authors reported a PFS of 5.2 months in the liver and
4.4 months at any site. Median OS was 5.5 months for the
entire cohort (range: 1.4-19.5 months). Patients with a
resected primary demonstrated a prolonged PFS as well as
alonger median OS compared with those with the primary in
situ (PFS: 7.8 vs. 3.4 months, p=0.017; OS: 13.6 vs. 4.2
months, p=0.015).

Radioembolization-related toxicities were similar to that
of prior studies of radioembolization, including mild-to-
moderate abdominal pain, nausea, and transient changes
in liver biochemistries. Toxicities associated with 5-FU were
also similar to toxicities reported in other trials in which
radioembolization had been combined with 5-FU.'%

The authors concluded that patients with no extrahepatic
disease are likely to derive the greatest benefit. In this trial,
the best results occurred in the two patients who had liver-
only disease, whereas the worst outcomes occurred in the
four patients with the primary tumor in situ in addition to
extrahepatic disease.

Conclusion

Several trials have investigated use of combination radio-
embolization with systemic therapies. Prospective phase 2
and phase 3 clinical trials provide the highest levels of
evidence of combination therapy, including protocolized
timing of administration of the two treatment modalities,
as well as prospectively collected safety and toxicity data.
With the advent of entirely new classes of systemic agents,
particularly molecularly targeted therapies and immuno-
therapies, defining the role of combination therapy with
radioembolization through prospective clinical trials is in-
creasingly important.
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