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ABSTRACT

Introduction: This literature review and
exploratory network meta-analysis (NMA)
aimed to compare the clinical effectiveness and
tolerability of selective internal radiation ther-
apy (SIRT) using yttrium-90 (Y-90) resin micro-
spheres, regorafenib (REG), trifluridine–tipiracil
(TFD/TPI), and best supportive care (BSC) in
adult patients with chemotherapy-refractory or
chemotherapy-intolerant metastatic colorectal
cancer (mCRC).
Methods: In light of recently published data,
the literature was searched to complement and
update a review published in 2018. Studies up to

December 2022 comparing two or more of the
treatments and reporting overall survival (OS),
progression-free survival (PFS), or incidence of
adverse events (AE) were included. The NMA
compared hazard ratios (HRs) for OS and PFS
using Markov chain Monte Carlo techniques.
Results: Fifteen studies were included, with
eight studies added (none addressing SIRT). All
active treatments improved OS in relation to
BSC. SIRT had the longest OS among all treat-
ments, although without statistically significant
differences (HR [95% credible interval] for SIRT,
0.48 [0.27, 0.87]; TFD/TPI, 0.62 [0.46, 0.83];
REG, 0.78 [0.57, 1.05]) in a fixed effects model.
Information regarding SIRT was insufficient for
PFS analysis, and TFD/TPI was the best inter-
vention (HR 2.26 [1.6, 3.18]). One SIRT study
reported radioembolization-induced liver
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disease in[10% of the sample; this was symp-
tomatically managed. Non-haematological AEs
(hand-foot skin reaction, fatigue, diarrhoea,
hypertension, rash or desquamation) were more
common with REG, while haematological
events (neutropoenia, leukopenia, and anae-
mia) were more common with TFD/TPI.
Conclusion: Current evidence supports SIRT
treatment in patients with chemotherapy-re-
fractory or chemotherapy-intolerant mCRC
compared to newer oral agents, with compara-
ble OS and low incidence of AEs.

Keywords: Best supportive; Liver metastasis;
Regorafenib; SIRT; Trifluridine–tipiracil

Key Summary Points

Selective internal radiation therapy (SIRT)
using Y-90 resin microspheres had the
highest probability of being ranked first
for the overall survival outcome (surface
under the cumulative ranking curve,
89.2%).

There is evidence to support that all active
treatments are superior to best supportive
care for the outcomes of overall survival
and progression-free survival.

SIRT with Y-90 resin microspheres has
fewer grade 3 adverse events compared
with active comparators.

SIRT using Y-90 resin microspheres shows
more favourable response rates compared
with the newer active agents.

INTRODUCTION

Approximately 50–60% of patients diagnosed
with colorectal cancer (CRC)—which accounts
for 10.0% of all new cancer cases and 9.4% of all
cancer-related deaths globally [1, 2]—will
eventually develop metastatic disease (mCRC),
with liver metastases responsible for more than
half of mCRC cases and for two-thirds of CRC

mortality [3]. Conventionally, surgical resec-
tion, adjuvant therapy, and neoadjuvant ther-
apy, when recommended, represent the
standard curative treatment for mCRC. How-
ever, only a minority of patients are suitable for
upfront surgery, and patients with symptomatic
and unresectable mCRC face a long treatment
duration involving sequential combination
chemotherapy as both first- and second-line
treatments [4, 5]. In clinical practice, half of all
patients with mCRC receiving first-line
chemotherapy will relapse and progress to sec-
ond-line therapies; of these, 25% are expected
to progress to third-line therapies [6]. Never-
theless, systemic chemotherapy may itself cause
hepatotoxicity and further complications, with
many patients unable to tolerate multiple cycles
[7]. For patients who depend on best supportive
care (BSC), defined as palliative care aimed at
improving quality of life, median survival is
only 4–6 months [8]. Therefore, the poor prog-
nosis after the recurrence of unresectable mCRC
[9, 10], the hepatotoxicity of systemic
chemotherapy [7], the high proportion of
patients progressing to third-line therapies [6],
and the limited median survival with BSC [8]
warrant the search for new agents to treat
mCRC.

Particularly for patients refractory to multi-
ple lines of therapy, two agents, regorafenib
(REG) and trifluridine–tipiracil (TFD/TPI),
became available as third-line treatments after
2012 [11]. Another alternative, selective inter-
nal radiation therapy (SIRT) with yttrium-90 (Y-
90) resin microspheres, has also emerged more
recently as an innovative option for patients
with liver-dominant mCRC, providing targeted
radiotherapy through a one-off hospital proce-
dure. A previous systematic review of literature
(SRL) and meta-analysis showed that along with
REG and TFD/TPI, SIRT with Y-90 resin micro-
spheres is more effective than BSC in
chemotherapy-resistant or chemotherapy-in-
tolerant mCRC, with a favourable adverse event
(AE) profile and increased overall survival (OS)
[11]. Overall, recently published guidelines
(Table S1 in the Supplementary Materials)
[12–15] have advocated that SIRT be considered
throughout the treatment pathway for patients
with unresectable mCRC. The feasibility, safety,
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and favourable cost–benefit of SIRT with Y-90
resin microspheres have also been reported in a
recent retrospective study in Switzerland [16].

Taking these aspects into consideration, the
objective of the present study was to update the
systematic literature review performed by Wal-
ter et al. [11] and to conduct an exploratory
network meta-analysis (NMA) comparing the
relative clinical effectiveness and tolerability of
SIRT with Y-90 resin microspheres, REG, TFD/
TPI, and BSC in patients with chemotherapy-
refractory or chemotherapy-intolerant mCRC.
Since that earlier review (Walter et al. [11]), new
data, especially from randomised controlled
trials, have become available, leading to the
approval of TFD/TPI and REG in several coun-
tries. These new data are critical to guide deci-
sion-making, warranting an update the
literature review including the analysis of OS,
progression-free survival (PFS) and AEs.

METHODS

An update of the systematic literature review by
Walter et al. [11] was performed. The early
review identified studies published up to
December 2018 comparing two or more of the
following treatments for chemotherapy-refrac-
tory or chemotherapy-intolerant mCRC: SIRT,
TFD/TPI, REG, and BSC. Although the majority
of publications from 2018 were covered in the
original search reported by Walter et al. [11], we
chose to include the year 2018 in the update to
avoid missing relevant studies as a result of
mismatches in publication/indexing dates.
Thus, we searched for studies published from
January 2018 up to December 2022. The review
followed the Cochrane Handbook for System-
atic Reviews of Interventions guidelines [17],
and the results are reported in accordance with
the PRISMA statement for Network Meta-Anal-
yses [18].

The research question was structured
according to the PICOS framework described in
Table 1. Randomised controlled trials (RCTs)
and observational studies focusing on adult
patients with chemotherapy-refractory or
chemotherapy-intolerant mCRC were included
if they compared at least two of the following

interventions: SIRT with Y-90 resin micro-
spheres, TFD/TPI, REG, or BSC. Studies com-
paring any of the interventions with a placebo
group were also included. Studies with designs,
interventions, and populations different from
the PICOS criteria were excluded.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Literature Search and Information Sources

The literature search strategies for the electronic
databases MEDLINE, EMBASE, and Cochrane
CENTRAL were based on MeSH or EMTREE
terms as appropriate for the database search
mechanism (Supplementary Materials
Table S2). Searches were conducted on Decem-
ber 3, 2022.

Duplicates were removed with EndNote 20
software (EndNote 20, Thomson Reuters, New

Table 1 Population, intervention, comparators, outcomes,
and study design (PICOS) criteria employed in the sys-
tematic literature review evaluating the clinical evidence
for the treatment of chemotherapy-refractory or
chemotherapy-intolerant metastatic colorectal cancer

P–Population Adults with chemotherapy-refractory or

chemotherapy-intolerant metastatic

colorectal cancer

I–Intervention Selective internal radiation therapy

(SIRT) with Y-90 resin microspheres

C–Comparison Regorafenib (REG), trifluridine–tipiracil

(TFD/TPI), best supportive care

(BSCa)

O–Outcomes Overall survival (OS)

Progression-free survival (PFS)

Adverse events (AEs)

S–Study design Randomised controlled trials and

observational studies

aAssuming that placebo, BSC, and 5-FU monotherapy are
treated as common BSC comparators
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York, NY) and two independent reviewers (BMV
and ALFA) selected articles by title and abstract
for full-text review based on the inclusion cri-
teria. Disagreements were resolved by consen-
sus. In a subsequent stage, full texts were
obtained and screened by the same two inde-
pendent reviewers (BMV and ALFA). Disagree-
ments were again resolved by consensus. All the
study selection process was performed with
Rayyan QCRI software [19]. Different publica-
tions from the same study were included only if
reporting distinct outcomes.

Data were extracted to Excel (Microsoft
Corp, Washington, USA) spreadsheets by two
reviewers in duplicate. The following informa-
tion was extracted: study characteristics (author
and year, study type, interventions, and com-
parators) and locations; subject characteristics
(sample size, median age, gender, Eastern
Cooperative Oncology Group performance sta-
tus [ECOG PS]); presence of KRAS mutation;
presence of extrahepatic disease (EHD) aside
from the primary site; presence of multiple sites
of extrahepatic metastasis; number of prior
chemotherapy regimens and drugs used for it;
OS, PFS, and AEs. Data contents and formats
were extracted to match the patient character-
istics and outcomes reported in the Walter et al.
[11] review. The authors of studies with missing
or unclear data were contacted by e-mail for
clarification.

Risk of Bias Within Individual Studies
and Quality of the Body of Evidence

RCTs were evaluated for risk of bias (RoB) using
the Cochrane risk of bias tool RoB 2.0 [20],
considering the randomisation process, devia-
tions from the intended interventions, missing
outcome data, measurement of the outcome,
and selection of the reported result. The assess-
ment of bias for non-RCTs was performed with
the Risk Of Bias In Non-randomised Studies—of
Interventions (ROBINS-I) tool [21] which con-
siders confounding, selection of participants,
classification of interventions, deviation from
the intended interventions, missing data, mea-
surement of outcomes, and selection of the
reported results. The studies were initially rated

by one reviewer (BMV), followed by a check
performed by a second reviewer (ALFA). The
Grading of Recommendations Assessment,
Development and Evaluation (GRADE) was used
to determine the quality of the evidence [22].

Network Meta-Analysis

An analysis was conducted for each outcome (5-
year OS and PFS) separately. First, the approach
proposed by DerSimonian and Laird was used
for fitting the random effects model for meta-
analysis of all pairs of interventions (including
BSC) where data were available. The I2 statistic
was calculated to investigate within-study
heterogeneity. The extent of between-study
heterogeneity was not estimated because of the
small number of studies for each pair of direct
evidence. An NMA was then performed to
compare the clinical effectiveness of the inter-
ventions among themselves using BSC as the
anchor. The model proposed by Lu and Ades
was used with the arm-based approach [23]. To
estimate hazard ratios (HRs), binomial likeli-
hood with a complementary log–log link was
used. Both fixed and random effects models
with homogeneity of variances were developed.
Visual inspection of autocorrelation plots was
used to define the thinning interval and the
trace plots to define the burn-in period and
convergence.

The sample size (number of iterations after
the burn-in period) was defined for a Monte
Carlo error smaller than the standard error
divided by 20 [24]. Values for thin, burn-in, and
sample size were chosen for the random effects
model and, for practicality, were repeated and
checked for the fixed model. The consistency
assumption was checked using the split node
method. Comparison between the fixed and the
random effects model fit was done using
deviance information criterion (DIC). All anal-
yses were performed using R with the ‘‘meta’’
package for pairwise and the ‘‘gemtc’’ for NMA.
The analyses were updated using the same
methods employed by Walter et al. [11].
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RESULTS

Systematic Review of the Literature

The literature search update yielded 1589 titles
and abstracts. After duplicates were removed,
1403 titles and abstracts were assessed for eligi-
bility. Of these, 19 articles were selected for full
text assessment. In addition to the seven studies
originally included in the review by Walter et al.
[11], eight new publications met the eligibility
criteria and were included [4, 25–31] (Fig. 1),
resulting in a total of 15 studies. Of the eight
new studies, three were RCTs [4, 30, 31] and five
were observational studies [25–29].

The key characteristics of the included stud-
ies are summarized in Table 2 [4, 25–38]. Of the
new studies, none assessed SIRT; five studies
compared TFD/TPI with REG [25–29], one
compared TFD/TPI with a placebo group [30],
and two compared REG with a placebo group
[4, 31].

Risk of Bias and Quality of the Body
of Evidence

The risk of bias was assessed for randomised and
non-randomised studies separately. All RCTs
presented low risk of bias for both OS and PFS
(Supplementary Materials Tables S3 and S4).
Two non-randomised studies presented critical
risk of bias and the other five presented serious
risk of bias (Supplementary Materials Table S5).
The main issues in these studies referred to
patient selection and lack of information on
adjustments for confounders. Although blind-
ing is not mandatory and also not possible for
some outcomes, the fact that patients and
investigators knew the intervention introduces
some level of bias.

Assessment of the certainty of the evidence
(GRADE) is shown in Supplementary Materials
Tables S6–S9. There was moderate confidence in
the effect size estimate for OS in the pairwise
comparisons of SIRT versus BSC and of TFD/TPI
versus REG. In the pairwise comparisons of
TFD/TPI versus BSC and REG versus BSC, there
was a high confidence effect estimate for both
OS and PFS. The comparison between TFD/TPI

and REG provided low certainty in the esti-
mated effect for PFS. There were no available
data to compare SIRT and BSC for PFS.

Population Characteristics

The demographic and clinical characteristics of
the study populations are summarized in Sup-
plementary Materials Table S10. The median
age ranged from 55 to 68 years and most
patients were men. Three of the eight new
studies assessed the presence of KRAS mutation
[28, 30, 31], detected in half of the population
in one study [28] and in approximately one-
third of the sample in the other two studies
[30, 31]. Two found extrahepatic metastases in
more than 70% of the population [26, 31].
Nakashima et al. [27] found three or more
metastatic sites including the liver in about one
third of the sample (2165 of 7279 patients); Xu
et al. [30] also found three or more metastatic
sites in about one third of the sample (158 out
of 406 patients); however, location was not
specified.

Considering all 15 studies, ECOG perfor-
mance status was not reported in three studies
[25, 27, 32]. EHD was an exclusion criterion in
one study [33]. Two studies evaluated EHD
[32, 34] and four described the number of
metastatic sites (including the liver) [26, 31,
32, 34].

The proportion of patients exposed to pre-
vious chemotherapy is summarized in Supple-
mentary Materials Table S11. Among the 15
studies, three did not provide information on
the number of prior chemotherapy regimens
[4, 27, 33], and five did not report the
chemotherapeutic agent used [25, 26, 28]. Of
the studies providing this information, most
reported two or three prior chemotherapy
regimens.

Network Meta-Analysis

Overall Survival
Thirteen studies provide HR results. Four of
them compared REG with BSC [4, 31, 35, 36],
three compared TFD/TPI with BSC [30, 37, 38],
three compared SIRT using Y-90 resin
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microspheres with BSC [32–34], and the other
three compared TAS with REG [26–28].

The fixed effects model had the best fit, with
lower residual deviance (DIC\ 3), and was
therefore chosen for the base-case analysis.
Random effects model results were calculated in
a sensitivity analysis, with no change in the

overall interpretation of the results (Table 3).
The results of individual studies can be seen in
Supplementary Materials Table S12.

The HR (95% credible interval [95% CrI]) for
OS considering SIRT versus BSC was 0.48 (0.27,
0.87); SIRT versus REG was 0.62 (0.32, 1.21); and
SIRT versus TFD/TPI was 0.78 (0.4, 1.53). For

Fig. 1 PRISMA 2020 flow diagram for the study selection
process. aMEDLINE and EMBASE searches were made
simultaneously in the embase.com search engine. bRecords
excluded after assessment of title and abstract with the

justification of not addressing the research question.
Adapted from Page MJ, McKenzie JE, Bossuyt PM, et al.
The PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021;372:n71

Adv Ther (2024) 41:1606–1620 1611



Table 2 Characteristics of the included studies

Authors Study type Intervention Comparator Location(s)

Sanoff et al. [4]

(NCT01298570)a
RCT REG 160 mg daily on

days 4–10 and days 18–24

of every 28-day

cycle ? FOLFIRI

(irinotecan 180 mg/m2,

leucovorin 400 mg/m2,

and 5-FU 400 mg/m2

followed by 2400 mg/m2

over 46 h) on days 1 and 2

and days 15 and 16

(n = 120)

Placebo ? FOLFIRI

(irinotecan 180 mg/m2,

leucovorin 400 mg/m2,

and 5-FU 400 mg/m2

followed by 2400 mg/m2

over 46 h) on days 1 and 2

and days 15 and 16

(n = 61)

USA and Ireland

Hsieh et al. [25]a Observational TFD/TPI 35 mg/m2 twice

daily for 5 days a week with

2 days of rest for 2

consecutive weeks,

followed by 14 days of rest.

Repeated every 4 weeks.

Monotherapy or

combination with anti-

VEGF, anti-EGFR,

irinotecan, or oxaliplatin

(n = 50)

REG 160 mg daily on

days 1–21 with 7 days of

rest. Repeated every

4 weeks. Monotherapy or

in combination with anti-

VEGF, anti-EGFR,

irinotecan, or oxaliplatin

(n = 75)

Taiwan

Moriwaki et al. [26]

(REGOTAS)a
Observational TFD/TPI (n = 327) REG (n = 223) Japan

Nakashima et al.

[27]a
Cohort TFD/TPI (n = 3777) REG (n = 1501) Japan

Patel et al. [28]a Cohort TFD/TPI (n = 126) REG (n = 95) USA

Vitale et al. [29]a Observational TFD/TPI 35 mg/m2 twice

daily on days 1–5 and

8–12 every 28-day cycle

(n = 76)

REG 160 mg daily on

days 1–21 of every 28-day

cycle (n = 64)

Italy and Spain

Xu et al. [30]

(TERRA,

NCT01955837)a

RCT TFD/TPI 35 mg/m2 twice

daily, 5 days a week, 2 days

of rest, for 2 weeks,

followed by a 14-day rest

period in 28-day treatment

cycles (n = 271)

Placebo twice daily, 5 days a

week, 2 days of rest, for

2 weeks, followed by a

14-day rest period in

28-day treatment cycles

(n = 135)

China, Republic

of Korea, and

Thailand

Xu et al. [31]

(CONCUR,

NCT01584830)a

RCT REG 160 mg daily for the

first 3 weeks of each

4-week cycle (n = 112)

Placebo daily for the first

3 weeks of each 4-week

cycle (n = 60)

China, Hong

Kong and

Taiwan

1612 Adv Ther (2024) 41:1606–1620



TFD/TPI versus REG, HR was 0.79 (0.6, 1.06) for
OS and 0.97 (0.65, 1.44) for PFS; for TFD/TPI
versus BSC, HR was 0.62 (0.46, 0.83) for OS and
0.44 (0.31, 0.62) for PFS; and for REG versus
BSC, HR was 0.78 (0.57, 1.05) for OS and 0.46
(0.33, 0.63) for PFS. HR estimates show SIRT
using Y-90 resin microspheres as the best
intervention from all compared treatments
(point estimates of effect size), followed by TFD/
TPI, REG, and BSC in the fixed effect model.
This is confirmed by surface under the

cumulative ranking curve (SUCRA) analysis
(which indicates the probability of a treatment
being ranked first among comparators in the
NMA) (Table 4). Considering the results of both
direct and indirect comparisons, any of the
active comparators may be considered superior
to BSC. Current evidence is unable to demon-
strate statistically significant differences
between SIRT, TFD/TPI, and REG in terms of OS.

A scenario analysis was performed to exclude
studies assessing SIRT plus chemotherapy,

Table 2 continued

Authors Study type Intervention Comparator Location(s)

Seidensticker et al.

[32]

Observational SIRT (n = 29) BSC (n = 29) Germany

Hendlisz et al. [33]

(NCT00199173)

Open-label

RCT

SIRT ? 5-fluorouracil

(n = 21)

5-Fluorouracil with crossover

to SIRT upon progression

at investigator discretion

(n = 23)

Belgium

Bester et al. [34] Non-

randomised

interventional

SIRT (n = 224) BSC (n = 29) Australia

Grothey et al. [35]

(CORRECT,

NCT01103323)

RCT REG at 160 mg/day

(n = 505)

Placebo (n = 255); cross-over

not permitted

North America,

Western

Europe, Israel,

Australia, Asia,

and Eastern

Europe

Li et al. [36]

(CONCUR,

NCT01584830)

RCT REG at 160 mg/day

(n = 136)

Placebo (n = 68) China, Hong

Kong, South

Korea, Taiwan,

and Vietnam

Mayer et al. [37]

(RECOURSE,

NCT01607957)

RCT TFD/TPI at 35 mg/m2 twice

daily (n = 534)

Placebo (n = 266); cross-over

not permitted

Japan, USA,

Europe, and

Australia

Yoshino et al. [38]

(JapicCTI-

090880)

RCT TFD/TPI at 35 mg/m2 twice

daily (n = 112)

Placebo (n = 57); cross-over

not permitted

Japan

BSC Best supportive care, RCT randomised controlled trial, REG regorafenib, SIRT selective internal radiation therapy,
TFD/TPI trifluridine–tipiracil
aNew studies added to the results reported by Walter et al. [11]
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which entailed exclusion of the Hendlisz et al.
study [33]. In this analysis, the HR for OS,
comparing SIRT versus BSC, yielded a HR of
0.37 (95% CrI 0.18, 0.75), indicating a notably
more favourable outcome for SIRT using Y-90
resin microspheres.

Progression-Free Survival
Eight studies provided data for PFS analyses.
Four studies compared REG with BSC
[4, 31, 35, 36], three studies compared TFD/TPI
with BSC [30, 37, 38], and one study compared
TAS with REG [26]. Information regarding SIRT
was not sufficient for inclusion in the PFS
analysis. HR and SUCRA estimates suggest that
TFD/TPI (HR 0.44 [0.33, 0.63]; SUCRA 0.56) has
the highest probability of being the best inter-
vention in terms of PFS followed by REG (HR
0.46 [0.33, 0.63]; SUCRA 0.44) in the fixed
effects model. The graphic representation of the
NMA for OS and PFS are shown in Supplemen-
tary Materials Fig. S1. The results of individual
studies are shown in Supplementary Materials
Table S12.

Adverse Events
None of the studies added to the present review
reported on SIRT. Therefore, the percentage of
patients experiencing grade 3 or higher adverse
events remained the same for patients receiving
SIRT as those reported by Walter et al. [11]:
hand-food skin reaction (4.8% of the sample)
[33] and radioembolization-induced liver dis-
ease (REILD) (10.3%), which was symptomati-
cally managed [32]. It should be noted that in
the study reporting hand-food skin reaction,

Table 3 League table for overall survival: fixed and random effects modelsa

Comparator, HR (95% CrI)

BSC REG SIRT TFD/TPI

Fixed effect

BSC – 0.78 (0.57, 1.05) 0.48 (0.27, 0.87) 0.62 (0.46, 0.83)

REG 1.29 (0.96, 1.74) – 0.62 (0.32, 1.21) 0.79 (0.6, 1.06)

SIRT 2.08 (1.15, 3.76) 1.61 (0.83, 3.15) – 1.28 (0.65, 2.48)

TFD/TPI 1.62 (1.21, 2.19) 1.26 (0.95, 1.68) 0.78 (0.4, 1.53) –

Random effect

BSC – 0.77 (0.54,1.08) 0.48 (0.26, 0.91) 0.62 (0.43, 0.88)

REG 1.3 (0.92, 1.84) – 0.63 (0.31, 1.3) 0.8 (0.57, 1.14)

SIRT 2.07 (1.1, 3.92) 1.59 (0.77, 3.27) – 1.28 (0.62, 2.63)

TFD/TPI 1.62 (1.14, 2.31) 1.25 (0.88, 1.76) 0.78 (0.38, 1.63) –

95%CrI 95% credible interval, BSC best supportive care, REG regorafenib, SIRT selective internal radiation therapy, TFD/
TPI trifluridine–tipiracil
aReference comparators for the HR interpretation are presented in the first row

Table 4 SUCRA values for the interventions in fixed
effect mode for overall survival

Intervention Fixed effect model
SUCRAa

BSC 0.0190

REG 0.3643

TFD/TPI 0.7246

SIRT 0.8920

BSC Best supportive care, REG regorafenib, SIRT selective
internal radiation therapy, SUCRA surface under the
cumulative ranking curve, TFD/TPI trifluridine–tipiracil
aLarger values indicate a more favourable intervention
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SIRT was used in combination with 5-FU, which
could explain these AEs. Conversely, higher
levels of non-haematological AEs such as severe
hand-foot skin reaction fatigue, diarrhoea,
hypertension, and rash or desquamation are
reported with REG compared to TFD/TPI and
SIRT using Y-90 resin microspheres [26, 29].
While TFD/TPI was associated with a higher
number of haematological events such as febrile
neutropoenia (4%) [37] and with one death
attributed to septic shock [37], grade 3 or higher
drug-related AEs occurred in 57% patients
receiving REG treatment compared to 37%
patients receiving TFD/TPI treatment in the
European Vitale et al. study [29] (Supplemen-
tary Materials Table S13), indicating a favour-
able safety profile for SIRT using Y-90 resin
microspheres.

DISCUSSION

This study set out to update the literature review
and exploratory NMA performed by Walter
et al. [11] comparing the relative clinical effec-
tiveness and tolerability of SIRT using Y-90 resin
microspheres, REG, TFD/TPI, and BSC in
patients with chemotherapy-refractory or
chemotherapy-intolerant mCRC, the second
most lethal cancer and the third most prevalent
malignant tumour worldwide [1]. The present
results are consistent with that earlier review
and NMA, which showed that all treatments
improved OS in relation to BSC in patients with
chemotherapy-refractory or chemotherapy-in-
tolerant mCRC Walter et al. [11]. Based on
pivotal RCTs for TFD/TPI and REG, the present
updated NMA adds that SIRT using Y-90 resin
microspheres had the longest OS among all
treatments, with the highest probability of
being ranked first followed by TFD/TPI and REG
(SUCRA 89.2%). Information regarding SIRT
was still insufficient for PFS NMA in the present
study, with TFD/TPI presenting as the best
intervention.

Also, the present findings indicate a persis-
tent high incidence ([10% of patients) of
grade 3 or higher AE rates with TFD/TPI and
REG [4, 26, 29–31]. Such AEs included hand-
foot skin reaction, fatigue, diarrhoea,

hypertension, and rash or desquamation for
REG, while haematological events such as neu-
tropoenia, leukopenia, and anaemia were more
common with TFD/TPI [26, 29, 35, 37]. There-
fore, even though no new studies focusing on
SIRT have been added in the present literature
review update, the AE profiles observed for REG
and TFD/TPI corroborate an important advan-
tage of SIRT using Y-90 resin microspheres in
terms of grade 3 AEs or higher. As suggested by
Walter et al. [11], the adverse event profile of
SIRT using Y-90 resin microspheres vs. systemic
therapy should be considered for clinical deci-
sion-making, but the absence of trials with a
focus on AE profile is a gap in the literature and
a limitation of the present NMA. Only one RCT
compared SIRT with BSC for refractory mCRC,
which limits any conclusions about toxicity and
efficacy.

However, real-world evidence provides
compelling support to SIRT in terms of safety
outcomes [39, 40]. The European Multicentre
Observational Study CIRT provides evidence of
effectiveness and safety in a clinical setting
where SIRT is largely considered to be a part of
an only palliative treatment strategy across
indications [40, 41]. During the CIRT study, 95
of 237 (40.1%) patients experienced 197 adverse
events, with 28 of 237 (11.8%) patients having a
grade 3 or higher adverse events: 4 (1.7%) had
abdominal pain, 1 (0.4%) had nausea, 2 (0.8%)
had gastrointestinal ulceration, 2 (0.8%) had
gastritis, and 1 (0.4%) had radiation cholecys-
titis. In addition, 18 (7.6%) of the 237 patients
experienced 29 all-cause ‘‘other’’ grade 3–4
adverse events [40]. In the Radiation-Emitting
SIR-Spheres in Non-Resectable Liver (RESIN
Registry) study, 43% received third-line and
beyond. The rate of grade 3 or higher hepatic
function toxicity was as low as 1.4% at
6 months among 347 patients [39]. In addition
to that, a retrospective study in Switzerland
demonstrated that only 7 (3.3%) out of 196
ambulatory patients had severe AEs requiring
hospital readmission, leading to the conclusion
that the safety profile of SIRT precludes hospital
treatment which may also entail a higher
cost–benefit associated with SIRT [16].

SIRT has emerged as a targeted treatment
that delivers tumoricidal doses of radiation to
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liver metastasis while sparing healthy liver tis-
sues, with important advantages in terms of
administration. For example, it is now possible
to perform the necessary mapping of the hep-
atic vasculature prior to SIRT as well as the SIRT
procedure itself on the same day, so that only
one hospital visit is needed instead of two. In
addition to circumventing the issue of patient
adherence (an issue with oral agents REG and
TFD/TPI), an order-map-treat (OMT) program in
which mapping of the hepatic vasculature and
the SIRT procedure are performed on the same
day in England has estimated savings with the
reduction in hospital visits, from the payer
perspective and from the patient perspective
with less travel time [42].

A Delphi panel with practitioners including
surgical oncologists, transplant surgeons, and
hepatopancreatobiliary surgeons has also indi-
cated that SIRT using Y-90 resin microspheres is
effective at multiple points in the algorithm of
liver-dominant mCRC management, i.e. for
complete treatment of small metastases, as first-
line therapy for liver metastases either alone or
in combination with chemotherapy, in combi-
nation with second- or third-line chemother-
apy, and as salvage therapy for patients who are
chemotherapy-refractory. According to the
authors, SIRT should be part of the treatment
algorithm to control liver tumour progression
before severe chemotherapy damage to the liver
[43] (Supplementary Materials Table S1). The
RESIN Registry study did use SIRT as first-line
therapy in 17% of 442 participants, second-line
therapy in 41% of participants and third-line
therapy or beyond in 43% of participants. The
median OS was 15.0 months (95% CI 13.3, 16.9)
for the entire cohort and 13.9 months for first-
line therapy, 17.4 months for second-line ther-
apy, and 12.5 months for third-line therapy
(v2 = 9.7; P = 0.002). Whole-group PFS was
7.4 months (95% CI 6.4, 9.5), 7.9 months for
first-line therapy, 10.0 months for second-line
therapy, and 5.9 months for third-line therapy
(v2 = 8.3; P = 0.004) [39, 44].

It should be mentioned as a limitation that
the studies of SIRT with Y-90 resin microspheres
only included patients with liver-only or liver-
dominant colorectal metastases, while studies
of systemic treatment with REG or TFD/TPI

included a not-only liver-dominant CRC-
metastases population. However, since this
exploratory NMA was undertaken comparing
HRs, it is expected to capture differences in
baseline characteristics across studies. It may
also be noted that, although tumour response
rate criterion was not studied in the present
analysis, the results in terms of tumour response
to treatment with SIRT using Y-90 resin micro-
spheres should also be put into perspective with
those of systemic treatments: indeed, no patient
achieved a complete tumour response in recent
observational studies of REG or TFD/TPI treat-
ments with an objective response rate of 1–34%
[4, 35] and 1–44% [25, 26], respectively, com-
pared to 9.5–41% for SIRT using Y-90 resin
microspheres [32, 33]. Other limitations include
the fact that both RCTs and observational
studies were included and that results are based
on data extracted from published studies, rather
than on individual patient data. Finally, the
emergence of new treatment combinations and
drugs will likely impact third-line mCRC treat-
ments, such as TFD/TPI ? bevacizumab and
fruquintinib, with a median OS of 10.8 months
[45] and 7.4 months respectively [46]. However,
their trials results have been released in peer-
reviewed articles after the SLR update search
scope [45, 46].

SIRT using SIR-spheres was found to be cost-
effective compared with BSC in the UK [47], and
cost-effectiveness analyses have been conducted
for other third-line mCRC treatments in rela-
tion to different comparators and in various
geographies, leading to more uncertainty on the
cost-effectiveness profile of REG and TFD/
TPI versus BSC [48–52].

CONCLUSIONS

This updated systematic review of the literature
with NMA provides both direct and indirect
evidence for the efficacy comparisons among
SIRT, REG, TFD/TPI, and BSC. There is evidence
to support that all active treatments are superior
to BSC for the outcomes OS and PFS. Although
SIRT, TFD/TPI, and REG have comparable OS,
the NMA indicated that SIRT using Y-90 resin
microspheres had a higher probability of being
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ranked first in comparison to the other treat-
ments (SUCRA 89.2%) for OS. The systematic
review also indicated a more favourable grade 3
or higher adverse event profile for SIRT in
comparison to REG or TFD/TPI. On the basis of
these findings, the current evidence supports
that SIRT using Y-90 resin microspheres pro-
vides a comparable effectiveness to newer orally
active agents without the inconvenience of
continuous treatment and with minimal
potential for significant AEs.
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editing: André L. Ferreira Azeredo-da-Silva,
Victor Hugo Fonseca de Jesus, Ion Agirrezabal,
Victoria K Brennan, Phuong Lien Carion,
Nathalie Amoury, Bruna Stella Zanotto, Suki
Shergill, Patricia Klarmann Ziegelmann.

Funding. Sponsorship for this study and
the journal’s Rapid Service and Open Access
Fees were funded by Sirtex Medical United
Kingdom Ltd.

Data Availability. The datasets generated
during and/or analyzed during the current
study are available from the corresponding
author on reasonable request.

Declarations

Conflict of Interest. Ion Agirrezabal was
affiliated with Sirtex Medical at the time of
the study. They now work for Sanofi. Victoria K.
Brennan was affiliated with Sirtex Medical at

the time of the study. They now work for Open
Health. Phuong L. Carion was a Sirtex Medical
employee at the time of the analysis. Nathalie
Amoury was a Sirtex Medical employee at the
time of the analysis. Suki Shergill was a Sirtex
Medical employee at the time of the analysis.
Bruna S. Zanotto was working on behalf of Sir-
tex Medical on the project. Bruna M. Vetromilla
was working on behalf of Sirtex Medical on the
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