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I
nterventional oncology (IO) is a subspecialty of inter-
ventional radiology (IR) that has added a number of 
therapeutic options for cancer patients, with a positive 
impact on survival demonstrated in certain conditions. 

The treatment of hepatocellular carcinoma (HCC), either 
as destination therapy or as a bridge to liver transplanta-
tion, is the most widely accepted intra-arterial IO inter-
vention. However, the relative role of IO in metastatic 
disease is less defined. This article reviews the state of 
evidence for IO in the management of metastatic liver 
disease, primarily focusing on arterial therapy.

DIFFERENCES IN TREATING PRIMARY AND 
METASTATIC DISEASE

HCC is increasing in incidence and remains chemo-
resistant. More than 50% of patients with HCC will 
undergo transarterial chemoembolization (TACE) dur-
ing the course of their treatment. Significant improve-
ment in overall survival (OS) has been demonstrated 
in separate randomized controlled trials in 2002,1,2 
as well as in a later meta-analysis. Further technical 
refinements such as use of C-arm CT, development 
of better microcatheters, and referrals of advanced 
patients for sorafenib or hospice have continued to 
improve survival. As a result, OS to 4 years for patients 
treated with destination therapy is being increasingly 
reported, with some studies showing even longer OS 
rates. TACE is well represented in guidelines from 
a variety of organizations, including the National 
Comprehensive Cancer Network (NCCN) and the 
American Association for the Study of Liver Diseases. 

In contrast, virtually all unresectable hepatic meta-
static disease is principally treated with combinations 
of chemotherapy, biologic therapy, and immunother-

apy. These therapeutic decisions are a result of large-
scale, prospective, randomized trials that developed 
well-defined algorithms for a number of tumor types. 
An example of this approach is the addition of oxali-
platin or irinotecan to the previous standard therapy 
for colorectal cancer, 5-fluorouracil and leucovorin. OS 
nearly tripled following development and evaluation of 
these agents. Similarly powered prospective random-
ized trials had not been performed using arterial-direct-
ed therapy for metastatic disease until recently. As a 
result, most interventional radiologists treat metastatic 
disease from colon cancer, breast cancer, or most other 
metastatic tumors after systemic therapy options are 
exhausted or limited. The lone exception has been neu-
roendocrine tumors (NETs), in which embolotherapy of 
lower-grade tumors has been the standard of care. 

COLORECTAL CANCER
In contrast to the previously described medical oncol-

ogy trials, IO research has been largely retrospective, 
single-center reviews of 100 patients or fewer. Two of the 
largest prospective randomized clinical trials in IO were 
published in 2016 and 2017, respectively.3,4 Both studies 
centered on the addition of yttrium-90 (Y-90) to stan-
dard first-line chemotherapy for metastatic colorectal 
cancer. The SIRFLOX study compared the addition of 
Y-90 resin microspheres to standard first-line oxaliplatin-
based chemotherapy (FOLFOX) plus or minus beva-
cizumab versus chemotherapy alone, with a primary 
endpoint of progression-free survival (PFS).3 In total, 530 
patients were randomized. Although hepatic PFS was 
superior in the study group (20.5 months vs 12.5 months 
for controls; P = .002), overall PFS was not improved with 
the addition of Y-90 (10.2 months vs 10.7 months for 
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controls; P = .43). Toxicities were evaluated using the 
National Cancer Institute Common Toxicity Criteria, 
version 3.0. Complications directly attributable to 
Y-90 (gastric/duodenal ulcer and ascites) were sig-
nificantly more common in the study group (P < .05 
for both). Treatment-associated mortality was similar 
between groups.

OS results from SIRFLOX were combined with two 
other similarly structured prospective randomized 
phase 3 trials (FOXFIRE and FOXFIRE Global).4 All trials 
completed 2 years of patient follow-up with 1,103 total 
patients. In the combined cohort, 549 patients received 
FOLFOX and 554 received FOLFOX plus Y-90. There 
was no increase in median OS with the addition of Y-90 
to first-line chemotherapy (22.6 months vs 23.3 months 
in the control group; P = .61). The absence of an 
increase in OS was despite complete or partial respons-
es in 72% of Y-90 recipients versus 63% in the chemo-
therapy only arm (P = .012). Mirroring the SIRFLOX PFS 
outcomes, patients receiving Y-90 plus chemotherapy 
had a lower incidence of initial intrahepatic progression 
(31% vs 49% in the chemotherapy alone arm). Despite 
the hepatoprotective effect of adding Y-90, initial pro-
gressive disease outside the liver was more common in 
the Y-90 plus chemotherapy group (54% vs 36% of the 
control group). Grade 3 or greater toxicities in the Y-90 
arm were significantly higher than the chemotherapy 
alone arm (74% vs 67%; P = .0089). 

Based on the outcomes of these trials, it is clear 
that Y-90 should not be used as part of first-line 
therapy for colorectal cancer. However, these out-
comes do not mean that Y-90 is not beneficial for 
patients with liver-dominant colorectal cancer. Possible 
utilizations include:

• Consolidation therapy. After 12 doses/6 months 
of first-line therapy, there is a plateau of benefit 
from further administration of oxaliplatin or irino-
tecan. With oxaliplatin, there is also a cumulative 
risk of neuropathy. At this time point, many medi-
cal oncologists switch to maintenance with 5-fluo-
rouracil/leucovorin. Patients with liver-dominant 
metastatic disease at this point of first-line therapy 
are an intriguing group because extrahepatic dis-
ease has remained under control with treatment. 
This subset of patients could potentially perform 
better than the FOXFIRE group.  

• Second-line therapy. One reason the first-line tri-
als failed may have been that first-line therapy is 
extremely effective. The response rate and PFS for 
second-line therapy is much lower than first-line 
therapy. A second-line trial combining chemo-
therapy and Y-90 in patients with liver-dominant 

metastases may select patients with more appro-
priate biology. The EPOCH trial (NCT01483027) is 
a prospective randomized trial evaluating standard 
second-line chemotherapy (either irinotecan or 
oxaliplatin) alone or combined with Y-90. Trial par-
ticipants will receive the agent that was not used 
during first-line therapy. The primary endpoint of 
this trial is PFS.

• Salvage. OS after second-line therapy is poor and is 
usually < 1 year. In multiple salvage trials, Y-90 has 
achieved OS ranging from 10 to 12 months. Most 
chemotherapy drugs used in salvage perform simi-
larly. There is a potential opportunity to combine 
Y-90 with salvage agents (biologic or immunother-
apy) to confer a longer survival benefit. 

NEUROENDOCRINE TUMORS
Embolization has been a mainstay treatment for 

patients with liver-dominant neuroendocrine metastases 
with symptoms related to hormone production or bulk 
secondary to large-volume disease distending the liver 
capsule. A variety of embolic techniques have been suc-
cessfully used, including Y-90, chemoembolization with 
Lipiodol (Guerbet LLC) or drug-eluting beads, and bland 
embolization using particles alone. Direct prospective 
comparison of these techniques has not been performed. 
A multicenter retrospective study included patients 
receiving Y-90, Lipiodol chemoembolization, and bland 
embolization.5 Among the three groups, there was no 
significant difference in hepatic PFS or OS. Bland emboli-
zation resulted in significantly more grade 3 toxicity from 
pain, whereas Y-90 resulted in more hepatic dysfunction.

Potential issues with liver dysfunction in long-term 
survivors with NETs treated with Y-90 have been retro-
spectively evaluated in two articles. Su et al reported on 
54 patients with > 2 years of follow-up, with 39 patients 
undergoing bilobar treatment.6 In the bilobar therapy 
group, 22 patients had imaging findings suggestive of 
cirrhosis and eight patients developed clinical signs of 
hepatic decompensation. Although the Y-90 treatment 
may have contributed, six of the eight patients had 
progressive liver disease with more than 50% volume 
replacement and/or had received hepatotoxic chemo-
therapy. Another study by Tomozawa et al evaluated 
93 patients with NETs who underwent Y-90 radio-
embolization.7 In this group, 45 patients had bilobar 
treatment. A total of 52 patients underwent imaging 
and completed more than 1 year of follow-up, includ-
ing 29 patients from the bilobar Y-90 cohort. Of these 
patients, five (17%) had ascites, six (21%) had hepatic 
surface nodularity suggesting cirrhosis, six (21%) had 
splenomegaly, and two (7%) had varices. 
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Patients with low-grade mid-gut NETs can live more 
than 10 years from the time of initial locoregional ther-
apy. This patient group is distinctly different compared 
to the majority of patients referred for Y-90. In salvage 
treatment of many other types of metastatic disease, 
1 year of survival is considered a benchmark of clinical 
success. Postprocedural recovery from Y-90 is easier than 
from chemoembolization and embolization. However, 
the cirrhotic-like changes identified years after Y-90 
therapy raise questions about the appropriateness of this 
therapy in patients with expected multiyear survival. 

Another issue with the use of Y-90 in patients with 
NETs is when peptide receptor radionuclide therapy 
with lutetium-177 (Lu-177) dotatate is being consid-
ered. This agent is FDA approved in the United States 
for mid-gut NETs and is administered intravenously 
four times at 1-month intervals.8 The long-term effects 
and toxicities of Lu-177 remain to be defined in 
patients with survival exceeding 10 years. Some prac-
titioners may use Lu-177 after failure of conservative 
measures to avoid hepatic toxicity. In our practice, 
patients with mid-gut NETs who may be eventual 
candidates for Lu-177 referred for arterial bridging 
therapy are currently being treated with Lipiodol che-
moembolization to avoid potential toxicity from Y-90 
and the postembolization pain of bland embolization. 
Additionally, this leaves the liver radiation naive to 
facilitate Lu-177 at a later time. In patients with a sig-
nificant disease burden who are older or otherwise frail, 
we still consider using Y-90.

 
ACQUIRING BETTER DATA

The published literature for other metastases is not 
impactful enough to merit inclusion in the NCCN 
guidelines. Regarding arterial therapy, IR is fairly rep-
resented for HCC and NET. The only representation 
of interventional therapy in any NCCN guideline is for 
treatment of metastatic colorectal carcinoma, but it 
is mentioned as a footnote after 10 pages of systemic 
chemotherapy options. Currently, IR treatment is not 
mentioned in the guidelines for breast, melanoma, sar-
coma, pancreatic, or lung cancer. Most interventional 
radiologists have treated these types of cases, albeit 
in small numbers, and anecdotal successes are fre-
quently discussed. These experiences do not translate 
to impactful publications. Additionally, on a case-by-
case level, getting insurance preapproval is frequently 
challenging, leading to issues in treating patients in a 
timely manner. 

Prospective trials are expensive, difficult to design 
and recruit patients to, and have no guarantee of suc-
cess. To improve trial success, a more cost-effective 

strategy gaining traction is the collection of registry 
data as a preliminary determination of efficacy and 
target population. In such a setting, individual sites 
can enroll, treat, and follow patients using local guide-
lines. Imaging response and toxicity are pooled among 
the centers. Another reason is that the cost-effective 
research data enable more centers to participate in 
some aspects of research, as many lack the resources 
for a prospective trial.

RESIN Liver Tumor Registry
Launched in 2015, the RESIN liver tumor registry 

includes 40 sites and continues to grow. Driven by real-
world evidence, community and academic centers are 
nearly equally represented. This approach is unique in 
IR research given that approximately 80% of operators 
self-identify as community or private practice physicians, 
whereas most research is driven by the smaller number 
of practitioners in academic centers. RESIN also includes 
10 of 27 NCCN and 16 of 49 National Cancer Institute 
comprehensive cancer centers. As of August 2018, over 
1,100 patients have been enrolled. To date, enrollment 
is split nearly equally by community and nonuniversity 
hospital centers. Given the broad cross-section of includ-
ed practitioners, RESIN will provide insight into areas of 
IR practice that have not previously been studied. 

Of the 1,100 enrolled patients, nearly two-thirds have 
metastatic disease. Within this subpopulation, approxi-
mately two-thirds remained on systemic therapy while 
undergoing Y-90 treatment. These data will be an area of 
great interest moving forward—a key to acceptance of IO 
therapies by other cancer specialists will include incorpo-
ration of locoregional therapies into existing paradigms. 
When Y-90 or chemoembolization is used as mono-
therapy for salvage at the end stage of disease, patients 
frequently have declining performance status, a predictor 
of short survival. A principal use of Y-90 for metastatic 
colorectal cancer is after failure of first- and second-line 
therapy. A number of patients have been treated with 
Y-90 while on biologic therapies. Identifying combinations 
of Y-90 and biologic or immunotherapies with clinical 
benefit and low toxicity will provide valuable background 
data to identify prospective future trials. Indeed, several 
trials are currently exploring combination therapies involv-
ing immunotherapy and transarterial embolization.

CONCLUSION
Intra-arterial therapy continues to be used for 

patients with liver-dominant metastatic disease that is 
refractory to systemic therapy. The EPOCH trial may 
potentially identify an earlier role for Y-90 in colorectal 
cancer patients. With the approval of Lu-177 for NETs, 
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treatment options for these patients before receiving 
radionuclide therapy are evolving. Our current practice 
is shifting back toward Lipiodol chemoembolization to 
maximize long-term therapeutic options. Other tumors 
have less robust data. Hopefully, the RESIN registry will 
provide useful data identifying optimal treatment sce-
narios for these malignancies. n
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