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Role of yttrium-90 selective internal radiation therapy in the
treatment of liver-dominant metastatic colorectal cancer: an
evidence-based expert consensus algorithm
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Abstract: Surgical resection of colorectal liver metastases is associated with greater survival compared
with non-surgical treatment, and a meaningful possibility of cure. However, the majority of patients are not
eligible for resection and may require other non-surgical interventions, such as liver-directed therapies, to be
converted to surgical eligibility. Given the number of available therapies, a general framework is needed that
outlines the specific roles of chemotherapy, surgery, and locoregional treatments [including selective internal
radiation therapy (SIRT) with Y-90 microspheres]. Using a data-driven, modified Delphi process, an expert
panel of surgical oncologists, transplant surgeons, and hepatopancreatobiliary (HPB) surgeons convened
to create a comprehensive, evidence-based treatment algorithm that includes appropriate treatment
options for patients stratified by their eligibility for surgical treatment. The group coined a novel, more
inclusive phrase for targeted locoregional tumor treatment (a blanket term for resection, ablation, and other
emerging locoregional treatments): local parenchymal tumor destruction therapy. The expert panel proposed
new nomenclature for 3 distinct disease categories of liver-dominant metastatic colorectal cancer that is
consistent with other tumor types: (I) surgically treatable (resectable); (II) surgically untreatable (borderline
resectable); (III) advanced surgically untreatable (unresectable) disease. Patients may present at any point
in the algorithm and move between categories depending on their response to therapy. The broad intent of
therapy is to transition patients toward individualized treatments where possible, given the survival advantage
that resection offers in the context of a comprehensive treatment plan. This article reviews what is known
about the role of SIRT with Y-90 as neoadjuvant, definitive, or palliative therapy in these different clinical
situations and provides insight into when treatment with SIRT with Y-90 may be appropriate and useful,

organized into distinct treatment algorithm steps.
Keywords: Metastatic colorectal cancer; selective internal radiation therapy (SIRT); yttrium-90; local

parenchymal tumor destruction therapy; transarterial radioembolization
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Introduction

The liver is a common site of metastatic tumor development
in patients with advanced colorectal cancer (CRC) (1); liver
metastases are present in approximately 20-35% of patients
with CRC at diagnosis and in up to 70% at death (1-3).
The median survival of patients with untreated CRC liver
metastases (CRCLM) after diagnosis is 6-12 months, with
survival after 5 years being rare (4). Surgical resection of
CRCLM has shown 5-year survival rates of approximately
20-70% and should be the goal for eligible patients (5).
Unfortunately, the majority (70-80%) of patients with liver-
dominant disease are not suitable candidates for resection
due to technical reasons, severe comorbidities, or significant
extrahepatic disease (1,5,6). The goal of current medical
treatment for patients with borderline resectable CRCLM
is to improve tumor response rates to maximize the
potential for curative resection (7). However, for patients
with chemorefractory CRCLM, there is no standard
recommended treatment course (8).

Identifying patients with liver mCRC for appropriate
treatment

Decisions relating to patient selection for specific treatment
choices are critical in the management of mCRC (5) and
include decisions about the type and duration of treatment (9).
Treatment goals for patients with mCRC have been
classified as curative intent (“resectable” or “operable”),
potentially curative, non-curative with active treatment
intent, and non-curative with palliative intent (i.e., best
supportive care) (10,11). Choice of first-line therapy
initiates the treatment sequence, leading to subsequent
treatment decisions for next-line therapies, which depend
on both the treatment goal and the molecular subtype of the
tumor (11). The sequence of treatments is also important
given the potential for recurrence requiring subsequent
treatment with additional lines of therapy and the potential
interaction between them (11).

To confound these decisions, the definition of
resectability seems to differ in clinical practice, and patients
with liver-dominant mCRC who are classified as having
unresectable disease in one institution might be said to
have resectable disease in another institution (12,13).
Even among experienced surgeons, there is variability in
decision-making, where some choose to resect while others
are more conservative (7). When resectability of CRCLMs
were examined by both colorectal and liver specialist
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teams, management decisions were divergent in almost
half of patients (13). Thus, many patients with potentially
resectable CRCLM are not being considered for potentially
beneficial treatment by appropriate specialists (13).
Patient evaluation by a clinically experienced liver surgeon
is essential to ensure that resection is appropriately
considered in each patient’s multidisciplinary treatment
strategy (4,7,14). To provide a potentially curative option
for patients with liver-limited, unresectable mCRC that
cannot be resected until regression of tumors from critical
structures, conversion strategies can be used to downsize
and convert CRCLM to a resectable status (5,7).

Current treatment options for CRCLM

Systemic chemotherapy has been shown to yield high
tumor response rates that result in appreciable rates of
conversion to resectability, including irinotecan-based
or oxaliplatin-based regimens in combination with anti-
epidermal growth factor receptor (EGFR) inhibitors such
as cetuximab, with rates being reported between 4% and
60% for downsizing with chemotherapy alone (5,7,15-17).
Posttreatment resectability has been associated with better
overall survival (OS), which demonstrates the importance
of conversion chemotherapy (12). In patients who are
converted to resection with chemotherapy, 5-year survival
can approach 30-50%, with 20% of patients alive 10 years
after resection (17). Intra-arterial therapies may also be
used to downsize metastases to allow resection, even in
patients who have disease refractory to chemotherapy (18).
New locoregional liver-directed therapies are emerging
but have not yet become the standard of care in many
practices (6). As metastatic tumors greater than 3 mm are
supplied primarily by the hepatic artery (19), treatments
administered via the hepatic arterial system enhance
delivery of tumoricidal and embolizing agents to tumor
tissue and may reduce significant hepatic and systemic
toxicity (8,18,20). Such treatments include hepatic arterial
infusion pump (HAIP) therapy, conventional transarterial
chemoembolization ((TACE), drug-eluting bead transarterial
chemoembolization (DEB-TACE), and selective internal
radiation therapy (SIRT) with yttrium-90 (Y-90) [also called
intra-arterial brachytherapy, transarterial radioembolization
(TARE)] (8,21,22). With the diversity of available systemic
and locoregional treatments for patients with mCRC,
establishing an effective management approach may be
challenging, in part due to a lack of comparative studies and
differences in institutional practices (8,23).
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SIRT is an arterially delivered brachytherapy that
percutaneously delivers microspheres containing Y-90, a
beta-emitting radionuclide, directly into the tumor via the
hepatic artery (6). SIRT with Y-90 has been found to cause
tumor necrosis and fibrosis and has effects on dystrophic
calcifications and tumor vasculature (24). Evidence suggests
that SIRT with Y-90 may improve treatment response in
patients with chemorefractory mCRC (25) and in patients
receiving 5-fluorouracil (5-FU) chemotherapy (26), and
may also delay liver disease progression when administered
as first-line therapy with chemotherapy (16). Furthermore,
SIRT has been used as a tool to downsize select patients
with CRCLM with increases in resectability (27) and actual
resection rates that have ranged between 10% and 21%
(15,16,28,29). However, most patients who receive SIRT
with Y-90 present in the salvage setting, with extensive liver
tumor load, reduced performance status, chemorefractory
disease, and many prior chemotherapy cycles (30). In
fact, these heavily treated patients are poor candidates
for any type of therapy, often having disease that failed
to respond to all other evidence-based treatments (31).
Outside of broad guidelines provided by the US National
Comprehensive Cancer Network (NCCN) and European
Society for Medical Oncology (ESMO), the need for
consensus remains for the specific roles of SIRT with Y-90
for patients with CRCLM (32-34).

Need for evidence-based consensus for treatment

Arterially directed catheter therapy and, in particular, SIRT
with Y-90 microspheres, has been included in the ESMO
and NCCN guidelines for the management of patients
with mCRC (5,35). The NCCN guidelines recommend
SIRT with Y-90 for treatment of mCRC in highly selected
patients with chemotherapy-resistant/-refractory disease
and with predominant hepatic metastases (Category 2A
recommendation) (5) but requires further evidence to
recommend a role for this treatment at earlier stages of
mCRC (5). The ESMO guidelines recommend SIRT with
Y-90 for patients with liver-limited disease that has failed
the available chemotherapeutic options (Level II evidence,
Grade B recommendation) and leaves room for potential
earlier use as “consolidation treatment” (35).

Despite the inclusion of intra-arterial therapies in these
guidelines, consensus is needed among oncology specialists
regarding the exact sequence involved in treating different
stages of liver-dominant mCRC, particularly the specific
roles of chemotherapy, surgery, and locoregional treatments

© Journal of Gastrointestinal Oncology. All rights reserved.
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(1,33). There is need for evidence-based, multidisciplinary
consensus with respect to the specific role of SIRT with Y-90
in the treatment of patients with varying degrees of liver-
dominant mCRC (32) as well as criteria for appropriate
patient selection (36).

To this end, a multi-step series of expert panels was
convened with experienced practitioners, including surgical
oncologists, transplant surgeons, and hepatopancreatobiliary
(HPB) surgeons, to review current clinical evidence on
the role of SIRT with Y-90 in the treatment landscape of
mCRC. The result was a data-driven treatment algorithm
based on the surgical resectability/tumor destruction
status of patients, with the goal of moving patients toward
eligibility for curative or disease-stabilizing therapy. The
expert panels sought to investigate practical considerations,
grade the evidence, and provide guidance on key
considerations in the management of different clinical
situations for patients with liver-dominant mCRC. This
paper describes the development process of the proposed
treatment algorithms, which included a systematic literature
review followed by successive modified Delphi-based expert
panels. The evidence-supported treatment algorithms focus
on key considerations of mCRC treatment regarding the
role of SIRT with Y-90.

Methods
Study design

This evidence-based treatment algorithm was developed
by a multidisciplinary expert panel of surgical oncologists,
transplant surgeons, and HPB surgeons with extensive
experience in treating mCRC. To develop the algorithm, a
multi-step modified Delphi process was conducted, which
provides a structured method of group communication to
facilitate the aggregation of expert opinions and reach an
agreement on complex issues (37). This process involved
multiple stages between October 2018 and March 2019
(Figure I). First, a Core Expert Panel (N=8) met at 2 live
meetings, as well as several webinars, and corresponded
through email.

The Core Expert Panel had 2 main goals. Firstly, it
aimed to define distinct disease categories for patients with
liver-dominant mCRC stratified by surgical treatability.
Secondly, it aimed to create a treatment algorithm
that detailed evidence-supported recommendations on
appropriate treatment options for patients at various degrees
of eligibility for surgical treatment, with an emphasis on
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Literature Review
(N=8)
SurgOnc (4); Transplant (2); HPB (2)

{

Core Expert Panel Meeting
(N=8)
SurgOnc (4); Transplant (2); HPB (2)

Algorithm development

Preliminary

Step 1 algorithm

Virtual Peer Panel
(N=17)
SurgOnc (7); Transplant (4); HPB (6)

Algorithm refinement

Modified

Step 2 algorithm

Live Peer Discussion Workgroup
(N=19)
SurgOnc (9); Transplant (4); HPB (6)

Algorithm refinement

Finalized
treatment
algorithm

Step 3

Jeyarajah et al. Treatment algorithm for SIRT with Y-90 in mCRC

Broad scope literature search and review of the
evidence by Core Expert Panel members to inform
treatment decisions

Collaboration to define disease terms and
treatment categories in line with evidence, with
development of preliminary treatment algorithms

Peers appraise terminology and algorithm,
examining supporting evidence quality via a
structured online feedback form

Group conference to establish joint agreement on
data-driven algorithm decision points

SurgOnc: surgical oncologists; Transplant: transplant surgeons; HPB: hepatopancreatobiliary surgeons

Figure 1 Multi-step modified Delphi process.

when SIRT with Y-90 would be appropriate.

A blinded, broad-scope literature review was conducted
to find publications on the role of SIRT with Y-90 in
patients with mCRC (Figure 2). Eligible studies included
systematic reviews and meta-analyses, randomized
controlled trials (RCTSs), phase I and II trials, prospective
and retrospective cohort studies, case series, and consensus
guidelines. Excluded publication types included non-
systematic reviews, single case reports, those involving only
non-CRCs or primary liver tumors, and studies published
before 2009. Levels of evidence were assigned based on
study type according to criteria from the Oxford Centre
for Evidence-Based Medicine (38). Articles were selected
based on eligibly criteria and content relevant to the review.

© Journal of Gastrointestinal Oncology. All rights reserved.

In addition to any published data analyzing the role of
SIRT with Y-90 in mCRC, several specific themes were of
interest because they were relevant to the specific intent
to use SIRT with Y-90 to help move patients to surgical
therapy. These included studies that discussed the role of
SIRT with Y-90 in converting borderline resectable tumors
to resectable status, inducing contralateral hypertrophy,
treating small metastases completely, and treating disease
while testing tumor biology with chemotherapy. After this
review, 30 papers were deemed eligible and relevant and
were included. Core Expert Panel members were given
the primary literature to perform a detailed review of the
evidence.

Based on the evidence, the Core Expert Panel developed

7 Gastrointest Oncol 2020;11(2):443-460 | http://dx.doi.org/10.21037/jg0.2020.01.09
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151 publications identified
through database
(PubMed) search®

11 publications identified
through article
cross-references

v

v

Litrev 1.0

162 publications, after duplicates
removed, assessed for eligibility

63 publications excluded due to ineligibility

\]

Y

* Non-systematic reviews

Litselect 2.0 Cohort Studies

e Level 4 — Case Series (55)
e Level 5 - Consensus Guidelines (10)
e Honorable Mentions (2)

99 publications fit inclusion criteria and screened for relevance

e Level 1a — Systematic Reviews (7) and Meta-Analyses (6)

* Level 1b — Randomized Controlled Trials (RCTs) (7)

e Level 2b — Phase | and Il Trials (5) and Prospective (2) and Retrospective (5)

* Single case reports

e Studies on non-colorectal cancers
e Studies on primary liver tumors

e Studies published before 2009

\]

Y

69 publications excluded due to lack of
relevance

Litcurated 1.0

30 publications included in analysis

# Search terms: 1) [resection] AND [colorectal] AND [microspheres]; 2) [resection] AND [colorectal] AND [radioembolization]; 3) [resection]
AND [colorectal] AND [brachytherapy]*; 4) [resection] AND [colorectal] AND [SIRT]*; 5) [SIRT] AND [downsizing]*; 6) [radioembolization]
AND [downsizing]*; 7) [brachytherapy] AND [downsizing]*; 8) [SIRT] AND [downstaging]*; 9) [radioembolization] AND [downstaging]*; 10)
[brachytherapy] AND [downstaging]*; 11) [downsizing] AND [colorectal] AND [metastatic]*; 12) [Yttrium-90] AND [mCRC]*

*using filter for Publication dates from 2000-present

Figure 2 Literature review on the role of selective internal radiation therapy (SIRT) with Y-90 in patients with metastatic colorectal cancer (nCRC).

the preliminary algorithm (Step 1), provided critical review,
and finalized the algorithm structure. The Core Expert
Panel reviewed and approved the preliminary version of
the algorithm. Ratings for the strength of evidence were
provided with each treatment step.

The algorithm and supporting evidence levels were
then scrutinized by a larger Virtual Peer Panel (N=17)
to create a modified algorithm (Step 2) in which key
issues with decision points were identified. Based on
the peer review, revisions were made to the draft to
clarify treatment steps for clinical practice. A second
in-person discussion workgroup meeting with a Live
Peer Discussion Workgroup (N=19) was conducted to
discuss these issues and further refine the algorithm.
These treatment steps were refined and modified until
agreement was reached to create a finalized algorithm
(Step 3). If no consensus was achieved, the alternative
views of the group were noted and are described herein.
The group focused on creating a cohesive map for
treating patients with mCRC, with an emphasis on the
algorithm steps and their relative order. Attention was
placed on arriving at a consensus about the overarching

© Journal of Gastrointestinal Oncology. All rights reserved.

algorithm instead of explicitly measuring the degree
of agreement on each individual step. Many individual
treatment steps within the algorithm were based on
already-established recommendations from NCCN
and ESMO guidelines, referenced where appropriate.
Evidence supporting all individual steps was added,
including the levels of evidence of each study.

Results
Terminology for locoregional treatments

During discussion of terminology, the Core Expert Panel
found that the terms ablation and resection excluded the
use of other locoregional treatments, and determined a
need for a more concise term to refer to tumor ablation or
destruction technologies that are intended for complete
local control that would otherwise be equivalent to resection
(39-41). A more inclusive term for targeted locoregional
tumor treatment, local parenchymal tumor destruction therapy,
is a blanket term for both resection and ablation as well as
other emerging locoregional treatments. This term leaves

7 Gastrointest Oncol 2020;11(2):443-460 | http://dx.doi.org/10.21037/jgo.2020.01.09
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Surgically Treatable Liver-Dominant Surgically Untreatable Liver-Dominant Advanced Surgically Untreatable
(Resectable) mCRC (Borderline Resectable) mCRC Liver-Dominant (Unresectable) mCRC
Definition Definition Definition
e Primary colorectal tumor metastatic to the e Liver-dominant but surgically untreatable * Not amenable to local parenchymal tumor

liver

¢ Candidate for local parenchymal tumor
destruction therapy of liver metastases
(eg, resection/ablation/other locoregional
treatment)

e No untreatable extrahepatic sites of
disease

e Likelihood of achieving complete resection
of all evident disease with negative
surgical margins

¢ Adequate liver reserve/anticipated FLR

Treatment goal

e Local parenchymal tumor destruction
therapy (eg, resection/ablation) are
focused on the curative intent of surgery
(intent to clear all disease)

disease due to:

- Involvement of critical structures that
impede local parenchymal tumor
destruction therapy (eg, resection/
ablation/other locoregional treatment)
unless regression is accomplished

- Inadequate liver reserve/anticipated
FLR

- Anticipated R1 or worse margin status
(tumor margin <1 mm)

- Heavy pretreatment volume of disease
(ie, presence of prior metastases that
are no longer visible, likely due to
systemic treatment, but still may be
present)

Treatment goal

e Conversion to curable or potentially
curable disease

¢ Long-term management strategy with
potential for cure

destruction therapy of liver metastases (eg,
resection/ablation)

Treatment goal
e Focus on disease palliation

Figure 3 Treatment categories. The Core Expert Panel developed 3 categories of patients with liver-dominant metastatic colorectal cancer

(mCRC) stratified by surgical treatability. FLR, future liver remnant.

room for the integration of future novel tumor therapies
into the therapeutic armamentarium for patients with

mCRC.

Treatment categories

When considering treatment approaches for different
patient types, treatment goals are different depending on
the status of the patient. The Core Expert Panel identified
3 main disease categories for patients with liver-dominant
mCRC stratified by surgical treatability and stipulated the
general treatment goals for each group (Figure 3):

(I) Surgically treatable liver-dominant (resectable)
mCRC: patients who are eligible for surgical
treatment (curative intent);

(IT) Surgically untreatable liver-dominant (borderline
resectable) mCRC: patients who may be eligible for
surgical treatment but are currently untreatable due to
oncologic or technical factors and could be potentially
converted to resectable status;

(III) Advanced surgically untreatable liver-dominant
(unresectable) mCRC: patients who are not amenable
to surgical treatment at the time of entry into the
algorithm.

Of note, the use of this terminology for categories of

© Journal of Gastrointestinal Oncology. All rights reserved.

surgical treatability mirrors treatment categories used in
pancreatic cancer classification (42), for which the goal is to
identify patients who would benefit from surgery by dividing
patients into 3 similar treatment categories (42). They also
echo the general views across the field of mCRC treatment,
where it is understood that patients with CRCLM can
generally be classified into resectable, potentially resectable/
convertible, and unresectable groups (5,23). Broad
definitions of each disease category are outlined below and
are meant to be used as rough parameters to choose the
most appropriate treatment. When evaluating individual
patients for treatment, physicians should consider not only
disease-related factors such as extent of intrahepatic disease,
presence/extent of extrahepatic disease, timing of metastatic
diagnosis (synchronous versus metachronous), and disease
biology, but also patient-related variables such as age,
comorbidities, preferences, and expectations (23).

Based on the categories of disease, the Core Expert
Panel created a distinct treatment algorithm for each
group, taking into account the unique considerations
associated with each stage of disease. Each algorithm is a
distinct entity. An overarching framework of the treatment
algorithm is provided in Figure 4. Patients can enter the
algorithm at any point and move vertically or laterally,
depending on treatment response. The overarching goal

7 Gastrointest Oncol 2020;11(2):443-460 | http://dx.doi.org/10.21037/jg0.2020.01.09
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Surgically treatable pE—
liver-dominant mCRC
(Resectable) pr—>

Surgically untreatable
liver-dominant mCRC
(Borderline Resectable)

ST

Figure 4 Treatment algorithm framework. The Core Expert Panel developed a distinct treatment algorithm for each group based on

surgical treatability. Patients enter at any point and move vertically or laterally depending on response to treatment. mCRC, metastatic

colorectal cancer.

of treatment is to transition patients toward eligibility for
curative interventions or to achieve prolonged disease-free
intervals.

Category 1: Surgically treatable liver-dominant
(resectable) mCRC

Patients with surgically treatable liver-dominant (resectable)
mCRC have a primary colorectal tumor metastatic to the
liver (5,35), no untreatable extrahepatic sites of disease (5),
and adequate liver reserve (5,35). They must be candidates
for local parenchymal tumor destruction therapy of liver
metastases (5). In these patients, there is a likelihood of
achieving complete resection of all evident disease with
negative surgical margins (5,35). The goal of treatment
is to clear all disease, whether through local parenchymal
destruction therapy or other methods (5,35).

The treatment of patients with surgically treatable liver-
dominant (resectable) mCRC is outlined in Figure 5 (5,35).
Patients with minimal disease (oligometastases) may be,
in some situations, appropriate candidates for immediate
surgical treatment, whereas patients with more extensive
disease (metachronous, poorly differentiated) may require
neoadjuvant or adjuvant chemotherapy to test disease
trajectory and/or downsize lesions before local parenchymal
tumor destruction therapy (5,35). Patients with a resectable
primary colon tumor and resectable synchronous metastases
can be treated with a synchronous or staged resection of
the liver with curative intent (or a combination of liver
resection and/or local tumor destruction, where equivalent,
for CRCLM) (5,35,43).

However, not all patients with technically resectable
liver-limited metastases will ultimately benefit from surgery,
with approximately half developing widespread systemic

© Journal of Gastrointestinal Oncology. All rights reserved.

disease within 3 years after resection (35). For some
patients, neoadjuvant chemotherapy may be a better option
than immediate surgery (35). An initial course (4-6 cycles)
of systemic first-line chemotherapy is also a reasonable
strategy for use in patients with resectable mCRC at high
risk for recurrent disease, although evidence to support
this approach is somewhat mixed (5,18,35). The expert
panelists concurred that a neoadjuvant approach merits
strong consideration in patients with any unfavorable factor,
e.g., an extensive burden of liver disease, a short interval
from primary diagnosis to the appearance of metastases, or
extrahepatic disease (33,35). Response to chemotherapy is
used by many investigators as a surrogate marker of tumor
biologic behavior and may be used to select for hepatectomy
in some patients (18). In fact, pathologic response to
chemotherapy has been an important prognostic factor in
patients who undergo resection for metastatic CRC (44).
Radiographic assessment by CT and cross-sectional
imaging may be performed often to assess for extrahepatic
metastases and local recurrence (5,35). Magnetic resonance
imaging (MRI) with hepatobiliary-specific contrast agents
such as gadoxetate enhances detection of liver lesions (45).
If size decrease or stable disease is achieved from treatment,
combined or staged local parenchymal tumor destruction
therapy may be used, depending on the tumor stage (5,35).
Progression of disease can occur in different distinguishable
metastatic patterns to aid treatment approach (46). Those
who develop new metastases after chemotherapy can be
transitioned to the treatment algorithm for surgically
untreatable liver-dominant disease (borderline resectable)
(5,35). The expert panelists agreed that those patients who
have disease that progresses on first-line chemotherapy
and experience lesion growth, but who remain surgically

7 Gastrointest Oncol 2020;11(2):443-460 | http://dx.doi.org/10.21037/jgo.2020.01.09
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Figure 5 Treatment algorithm for patients with surgically treatable liver-dominant (resectable) metastatic colorectal cancer (mCRC).

ESMO, European Society for Medical Oncology; NCCN, National Comprehensive Cancer Network.

treatable, could be considered for local parenchymal tumor
destruction therapy (5,35). Ablation may provide acceptable
oncologic outcomes for selected patients with small liver
metastases that can be ablated with sufficient margins (5).
Clinical studies have shown that 5- and 10-year OS rates
for patients who have undergone ablation, for lesions that
meet size criteria specifically, are comparable to reported
survival rates after surgical resection (39,40). However, this
similarity in survival rates is contingent upon the adherence
to several factors, including tumor size as well as sufficient
experience of the ablating professional (40,41).

While utility of SIRT with Y-90 in surgically treatable
liver-dominant mCRC is not well defined, it may have a
role in selected patients. For example, for patients with a
radiographic complete response to initial chemotherapy of
a portion of lesions, SIRT with Y-90 has been described as
a time-delaying and chemotherapy-sparing strategy to treat
the remaining visible lesions with the goal of extending
the time before subsequent chemotherapy is initiated
(47,48). The potential for liver damage with chemotherapy
emphasizes the importance of limiting the number of
treatment cycles (9). SIRT with Y-90 may also be used to
expedite treatment of metastases in chemotherapy-naive
patients who cannot receive timely chemotherapy due to
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inability to tolerate standard agents or limited access to
certain healthcare services (32).

Patients who progress on first-line chemotherapy with or
without biologics have a worse overall prognosis than those
who respond to treatment. This makes some clinicians
hesitant to proceed directly to surgical treatment, even in
patients with technically surgically treatable disease despite
progression. The expert panelists discussed whether SIRT
with Y-90 should be considered for use in this subset of
patients. SIRT with Y-90 has been used as a complementary
therapy in conjunction with second-line chemotherapy
in patients with disease that failed to respond to first-line
neoadjuvant chemotherapy (35,49,50). The SIRFLOX
and FOXFIRE (SF/FFQG) studies were conducted to
investigate the early use of SIRT with Y-90 in patients
with surgically untreatable mCRC and found that the
addition of SIRT with Y-90 to FOLFOX-based first-line
chemotherapy in patients with liver-dominant or liver-only
mCRC did not improve progression-free survival (PFS),
though results may have been biased by the enrollment
of patients with significant extrahepatic disease (51).
However, treatment with SIRT with Y-90 did significantly
delay disease progression in the liver, which suggests that
additional research is likely merited (16). In view of these
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first indications of benefit for liver control, there is ample
opportunity for additional investigation to strengthen the
evidence (14,51). Further study is needed to determine
whether this treatment can be clinically adopted, but based
on data available, there is insufficient evidence to support
a definitive role for the use of SIRT with Y-90 in patients
with limited disease at this time (51). Additional clinical
trials are required to determine if there is a role for SIRT
with Y-90 in CRCLM with limited metastatic disease. (18).
The expert panelists recognized that SIRT with Y-90 could
be justified as first-line therapy in certain cases for selected
patients with liver-dominant disease (16).

Category 2: Surgically untreatable liver-dominant
(borderline resectable) mCRC

Patients in this category have liver-limited unresectable
disease that, because of involvement of critical structures,
cannot be resected unless regression is accomplished (5).
Close proximity of the tumor to normal vital hepatic
structures, such as the portal venous bifurcation, bile duct
bifurcation, and/or hepatic veins, could potentially disqualify
patients from surgery (52). An anticipated positive margin is
an unfavorable feature that may make a patient not eligible
for up-front resection. While there is no generally accepted
definition of what constitutes a positive margin of resection, it
has been defined as the presence of exposed tumor along the
line of transection or the presence of tumor cells at the line
of transection (<1 mm) detected by histologic examination
(5,44). Shrinking the tumor and disengaging it from vital
structures can increase the chance of becoming eligible for
hepatic resection (52). An adequate future liver remnant
(FLR) is imperative to avoid posthepatectomy liver failure
and death (52); some patients may lack an adequate FLR and
may require an intervention to convert to resectability (5).

The goal of treatment is to convert the patient from a
surgically untreatable to resectable status (5). This may
often involve selecting a regimen most likely to elicit a rapid
treatment response rather than a prolonged chemotherapy
course that increases the risk of liver toxicity (5,9).

The treatment of patients with surgically untreatable
liver-dominant (borderline resectable) mCRC is outlined in
Figure 6 (5,14,18,28,35,53-63). Preoperative chemotherapy
may be used in appropriate cases in an attempt to downsize
CRCLM and convert them to a resectable status (5). Patients
with a borderline resectable status can be started on systemic
chemotherapy, preferably with biologics, as the addition of
biologics has been shown to increase treatment response (5,35).

Radiographic assessment must be performed often to assess
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for extrahepatic metastases and local recurrence (5,33). To
limit the development of hepatotoxicity, patients whose disease
becomes surgically treatable can be considered to have moved
laterally to the algorithm for patients with surgically treatable
liver-dominant mCRC, where surgery (e.g., staged tumor
destruction) can be considered as soon as possible (5,35).

Patients who respond to treatment but whose liver
reserves remain inadequate may undergo intervention to
induce contralateral liver hypertrophy and then may be
reassessed for surgical treatability (5,35). When the FLR
is anticipated to be marginal, there are several options
for improving liver reserves and inducing contralateral
hypertrophy, to allow for safe major hepatectomy (64).
These include portal vein embolization (PVE), SIRT with
Y-90, 2-stage hepatectomy, and associating liver partition
with portal vein ligation (PVL) for staged hepatectomy
(ALPPS) (57,62,64). Among these, SIRT with Y-90 has
the advantage of inducing contralateral hypertrophy while
also exerting anti-tumoral effects (24,35,53,65). However,
it is important to remember that hypertrophy induction
after SIRT with Y-90 is slower than after PVE (65). To
illustrate the FLR growth curve after treatment with SIRT
with Y-90, FLR in one study increased to 23% within 1-3
months after treatment, and then increased to 31-34%
and 40-45% after 6 and 12 months, respectively (65). The
anti-tumoral effect in the treated liver segments offered
by SIRT with Y-90 allows for a longer interval to surgery
and more time to develop contralateral hypertrophy. This
prolonged waiting period has some benefits, including the
possibility to assess for previously undetected contralateral
metastases (65). If FLR hypertrophy is insufficient after
SIRT with Y-90, a subsequent PVE/PVL treatment can be
considered (65). After contralateral hypertrophy is achieved
(4-6 weeks with PVE without interval chemotherapy, more
than 6 weeks with chemotherapy, or 3 months after SIRT
with Y-90), reassessment of liver regeneration and a second-
stage hepatectomy may be performed, possibly followed by
additional chemotherapy (18,59,63,65).

If metastatic lesions remain surgically untreatable, patients
can be assessed to determine whether they require more
chemotherapy or induction of contralateral hypertrophy
(5,35). Patients who progress to advanced disease can be
treated according to the algorithm for advanced surgically
untreatable liver-dominant (unresectable) disease (5,35).

SIRT with Y-90 has been used in patients with surgically
untreatable (borderline resectable) mCRC who need a
chemotherapy holiday or whose disease has failed available
chemotherapeutic options as local disease control to
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treat the dominant metastatic side of the liver, while
chemotherapy is stopped, with the goal of improving liver
PFS (5,35,36,48,61). As systemic treatment of mCRC
results in altered tumor biology and consecutively acquired
molecular resistance to therapy, chemotherapy-sparing
or time-delaying strategies may be used to allow the
disease to reappear for the purpose of further analysis (11).
SIRT with Y-90 has been used to fill the gap in treatment as a
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consolidation therapy in patients after first-line chemotherapy
(47,66). Even in patients who show radiographic complete
response, it is understood that chemotherapy alone does not
result in a pathologic “complete” response in 80% of patients
(35,48,67). SIRT with Y-90 has also been used to obtain
additional tumor reduction beyond chemotherapy as an
adjunct to second-line or later treatment (14,24,28,48,58-61),
as well as for the induction of contralateral hypertrophy in
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patients with inadequate liver reserves (24,35,48,53-56).

In patients with surgically untreatable (borderline
resectable) mCRC, SIRT with Y-90 has been used to
facilitate downsizing of liver-dominant mCRC tumors
to convert selected patients to eligibility for surgical
treatment (14,18) and as adjuvant therapy to decrease or
stabilize tumor bulk before the patient undergoes systemic
chemotherapy, lesion ablation, or liver resection (32).

Category 3: Advanced surgically untreatable
liver-dominant (unresectable) mCRC

Patients with advanced surgically untreatable liver-
dominant (unresectable) mCRC are not amenable to
local parenchymal tumor destruction therapy of CRCLM
(5,35). These patients are usually treated with systemic
chemotherapy (with or without biologic agents). Many
patients eventually become unresponsive to chemotherapy
(chemotherapy refractory) or are unable to tolerate multiple
cycles of chemotherapy (chemotherapy intolerant) (36).

Patients with advanced mCRC who have progressed
after standard first- and second-line therapies have limited
treatment options (36). The aim of third-line treatments is
to prolong life, improve symptoms, and maintain quality
of life; and disease management is often restricted to best
supportive care with palliative intent (6,36). The goal of
care centers on less-intensive treatments and focuses on
disease palliation and monitoring (5,35). Control of liver
disease is critical to ameliorating clinical outcomes, and
subsequently, the length and quality of life (16,35,68).

The treatment of patients with advanced surgically
untreatable liver-dominant (unresectable) mCRC is outlined
in Figure 7 (5,14,18,25,28,31,35,61). Patients with advanced
surgically untreatable liver-dominant disease should be started
on systemic chemotherapy with or without biologics (5,35).

Radiographic reassessment must be performed after
chemotherapy to assess response (5,35). If response occurs,
patients should be reassessed for surgical eligibility; if adequate
FLR is achieved for clearance, a staged local parenchymal
tumor destruction therapy may be indicated (5,35). If disease
remains liver-dominant and surgically untreatable, SIRT with
Y-90 followed by systemic chemotherapy or chemotherapy
only of the whole liver can be considered (18,35).

The expert panelists agreed that patients should be
switched to next-line chemotherapy with or without
biologics if disease progresses with standard systemic
chemotherapy, with SIRT with Y-90 as an option in cases
of chemotherapy resistance (5,18,35). If disease progresses
with next-line therapy, SIRT with Y-90 followed by systemic
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chemotherapy or chemotherapy only of the whole liver is an
option (5,18,35). If disease is diffuse, chemotherapy should
be continued with or without biologics, maintaining the
option for future treatment (5,35). For patients who truly
have surgically untreatable liver-dominant disease, and
who may never be candidates for local parenchymal tumor
destruction therapy, whole-liver treatment with Y-90 is a
possible strategy (5,18,25,35,48).

SIRT with Y-90 has been recommended for use as an
alternative therapy in the treatment of chemotherapy-
resistant/-refractory patients with liver-dominant mCRC
(5,36). It may be used for local control in patients with
liver-dominant disease that remains surgically untreatable
after second-line chemotherapy, with the goal of improving
liver PES (i.e., patients who are intolerant to chemotherapy
or who need a chemotherapy holiday) (5,18,31,35,36,48,61).
Additionally, SIRT with Y-90 may be used as a
chemotherapy-sparing or time-delaying strategy in patients
with small-volume disease that is no longer detectable after
chemotherapy, with the goal of allowing the disease to
reappear for the purpose of further analysis (35).

SIRT with Y-90 has been used as salvage therapy for
patients with diffuse liver-dominant disease that has failed
to respond to multiple treatments (5,6,18,25,31,61). In a
phase III RCT, Hendlisz and colleagues provided Level 1
evidence for the survival benefit of SIRT with Y-90 (8,31).
In the study, 44 patients heavily pretreated for unresectable
liver-limited mCRC received either infusional 5-FU alone
or Y-90 with concomitant infusional 5-FU (31). SIRT with
Y-90 significantly prolonged liver tumor growth control
(both local and overall disease progression) over protracted
intravenous FU treatments alone and did not increase the
toxicity of FU (31). Consideration for SIRT with Y-90 should
be given as the patient progresses through the algorithm,
with the concept that chemotherapy can be hepatotoxic, and
SIRT with Y-90 should be introduced for liver control before
the liver has been damaged severely by chemotherapy (9,35).

Discussion

Through a comprehensive, data-driven modified Delphi
consensus model, this multidisciplinary work presents
the first described treatment algorithm for CRCLM
that incorporates SIRT with Y-90 and provides novel
definitions for CRCLM disease categories based on surgical
eligibility. The resectable, borderline resectable, and
unresectable mCRC disease categories are clearly defined
to provide a standardized surgical reference framework for
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mCRC treatment. These definitions are consistent with
oncologic definitions for other tumor types, mirroring the
classifications used in pancreatic cancer (42). Although
several independent groups have attempted to articulate
these categories (34,69), none have specifically addressed
the diverse roles of SIRT with Y-90 in relation to other
treatments. The proposed novel stratification method of
surgical treatability establishes specific therapy endpoints
to allow physicians to ultimately improve quality of care.
Moreover, the presented algorithms allow for entry of
patients with various tumor characteristics at different
points of treatment with the possibility of moving laterally
and vertically as they progress through their treatment
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pathway. The new term Jocal parenchymal tumor destruction
therapy is meant to start a discourse about accommodating
treatments like ablation, resection, and future locoregional
treatments into the schema of treatment for patients with
mCRC.

Though SIRT with Y-90 is currently used as an end-
of-line treatment modality, it may be effective at multiple
points in the algorithm of mCRC management (32,48,70),
e.g., to treat small metastases completely (32), as a first-line
therapy for hepatic CRCLM alone (35) or in combination
with chemotherapy (71-73), in combination with second-
or third-line chemotherapy (26), and as salvage therapy for
chemotherapy-refractory patients (25,74,75). In addition,
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SIRT with Y-90 can be used as a part of clinical strategies
such as control of local liver progression, induction of
contralateral hypertrophy, or treatment of the whole liver
(18,35). These studies demonstrate that SIRT with Y-90 is
able to prolong intrahepatic disease control and improve
OS in specific clinical situations (24). The comprehensive
treatment algorithm in liver-dominant mCRC shared
here includes opportunities where SIRT with Y-90 may be
considered and is supported by available clinical data.

When contemplating therapies, practitioners must first
consider a comprehensive multimodal treatment plan while
also recognizing temporal factors. For example, contralateral
hypertrophy after SIRT with Y-90 develops at a slower
pace (3—12 months) than after PVE (6 weeks) (18,59,65).
These differences may allow for these 2 procedures
to be used to achieve different treatment goals (10),
such as immediate resection after hypertrophy (5) or to
allow a longer interval to surgery to assess for previously
undetected metastases (65).

In addition, selecting appropriate patients suited to
SIRT with Y-90 is certainly the key to treatment success
(6,10). Patients more likely to benefit from SIRT with Y-90
may include those with no extrahepatic metastases, fewer
than 6 tumors, and a tumor-to-liver volume percentage of
less than 25% (6,76). Conversely, patients with extensive
tumor volume, more previous lines of chemotherapy, poor
radiological response, low preoperative hemoglobin, higher
carcinoembryonic antigen and/or cancer antigen 19-9 levels
(30,76), KRAS mutations (77), and poor preoperative
liver function may show poorer response to treatment
(78,79). More investigation regarding these predictors of
response is warranted. Appropriate patient selection and
coordination of care may require management by a diverse
treatment team (including hepatologists, oncologists, HPB
surgeons, radiologists, interventional radiologists, radiation
oncologists, nuclear medicine physicians, and nurses) (9,36).
Especially challenging patients may benefit from review
by a dedicated multidisciplinary tumor board, such as the
method employed by the REsect study in which patient
scans were reviewed for resectability of liver metastases by
3-5 blinded expert surgeons (from a panel of 15). In that
study, resectability was deemed when 60% of reviewers
assessed a patient as having resectable disease, which is a
way of ensuring treatment consistency (14). Assessment of
patients by a multidisciplinary team that includes qualified
HPB surgeons may expedite the process of diagnosis and
decision-making in the management of patients in different
surgical eligibility categories, ultimately optimizing the
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treatment pathway for each patient (4,9).

Though there is general agreement about the sequencing
of chemotherapeutic treatments in first- and subsequent-
line treatment for mCRC (11), it is not yet clear how to
optimally sequence systemic treatments and locoregional
therapies (80). Ablation after SIRT with Y-90 in heavily
pretreated patients has been shown to be possible. In some
patients, SIRT is able to downsize liver metastases to enable
subsequent ablation therapy, allowing more patients to have
a complete response after minimally invasive therapy (59).
How different locoregional treatments and other emerging
technologies fit into the overarching schema, as well as
how they can be optimally combined and sequenced for
treatment of patients with mCRC, is still unclear (80).

Although SIRT with Y-90 may result in improved tumor
response rates and OS, treatment must balance the desire
for life prolongation and quality of life with the hazards of
aggressive treatments, such as the manifestations of long-
term hepatotoxicity from Y-90 (30,81). SIRT with Y-90
is generally well tolerated with limited liver toxicity, and
most patients have no or mild procedure-related symptoms
(48,82). However, if a significant number of radioactive
particles reaches non-targeted organs such as the lung,
the gastrointestinal tract, or the gallbladder, radiation
exposure may lead to future complications (82). Radiation
to the liver can produce liver injury and fibrosis secondary
to radiation-induced fibrotic tissue remodeling, which
results in increased portal pressures and enlargement of the
spleen (81,83). Several studies have noted the presence of
Y-90-induced liver fibrosis with corresponding changes in
hepatic volumes and portal hypertension after treatment
(83,84). Furthermore, as SIRT with Y-90 is administered to
patients who have typically received systemic anti-cancer
therapies as a concurrent or subsequent therapy, drug-drug
interactions and toxicities are expected, such as radiation
sensitization, or enhancement of expected SIRT with Y-90—
related adverse events (48). However, although the long-
term effects of Y-90 treatment on hepatic function should
be recognized, appropriately timed treatment with SIRT
with Y-90 may be able to mitigate some of the toxic effects
of chemotherapy on the underlying liver parenchyma,
potentially minimizing overall liver damage (9,35).

Although it is solidly based on a foundation of published
clinical evidence, this work remains a descriptive analysis
founded on the opinions and experiences of selected expert
panelists and does not represent a uniform consensus. Also,
as SIRT that utilizes resin microspheres is currently the
only SIRT modality that has an FDA-approved indication
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for treatment of CRCLM, many of the data supporting the
algorithm were drawn from studies examining this treatment.
Worthy of mention as well are investigations of interest that
explore the use of SIRT with glass microspheres in treating
CRCLM (85-87), The current algorithm does not stipulate
the role of specific chemotherapies at different decision
steps, and it is meant to be a more general interdisciplinary
map of possible appropriate treatment decisions. While
individual steps for treatment at different disease stages are
mentioned within established guidelines, this work is the first
to put them together in a cohesive, overarching treatment
algorithm. Conversations stimulated by these ideas should
pave the way for more concrete recommendations by larger
organizations in the future.

Conclusions

SIRT with Y-90 has the potential to play a major role in
all phases of liver mCRC treatment. This work addresses
the need to establish standard practices for locoregional
therapies in the treatment of patients with mCRC and
attempts to delineate the distinct roles of SIRT with Y-90
in patients at different stages of disease—not only in the
palliative setting. Development of this algorithm was the
result of a multidisciplinary effort to establish a reference
framework for the treatment of patients with mCRC that
incorporates SIRT with Y-90 and introduces treatment
algorithms for 3 distinct disease categories stratified by
surgical eligibility. This novel stratification method of
surgical treatability establishes specific therapy endpoints to
allow physicians to ultimately improve quality of care.
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