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1. Abstract

1.1. Background: Colorectal cancer liver metastases (CRLM) that
cannot be surgically removed are often addressed locally with He-
patic Arterial Infusion (HAI) or Selective Internal Radiation Therapy
(SIRT). This study used Bayesian network meta-analysis (NMA) to
assess the differences in survival between patients treated with HAI
or SIRT for CRLM.

1.2. Methods: We searched PubMed, Embase, Scopus, the Web of
Science, the Cochrane Library, and ClinicalTrials.gov for articles that
met the criteria before October 1, 2022. Overall survival (OS) and

progression-free survival (PES) were analyzed via NMA.

1.3. Results: Twenty-six articles containing 4,394 participants and
eight distinct treatments were analyzed. Treatments were sub-cate-
gorized into standard chemotherapy (SCT), HAI-based (HAI and
HAI+SCT group), SIRT-based (SIRT, SIRT+SCT, multi-SIRT, and
"Y-glass SIRT group), and single-agent fluorouracil intravenous
chemotherapy/best supportive care (FU/BSC). HAI-based treat-
ments were indirectly compared with SIRT-based therapy. NMA did
not reveal statistically significant differences in OS or PFS when com-
paring patients receiving HAI-based treatments with those receiving
SIRT-based treatments. Patients receiving SIRT-based treatments did
demonstrate significantly better prognoses than those receiving SCT

treatment. In addition, based on the rank probabilities in this analy-

sis, multi-SIRT had the best results in terms of OS (74.27%) while
SIRT+SCT ranked first in terms of PES (95.02%).

1.4. Conclusion: Our NMA results suggest, compared with HAI-
and other SIRT-based therapies, multi-SIRT may best improve OS in
CRLM patients while SIRT+SCT may best improve PFS.

2. Background

Approximately 60% of colorectal cancer patients eventually develop
liver metastases [1,2] and these metastases remain a major obstacle to
long-term survival for colorectal cancer patients [3]. For metastatic
colon cancer and metastatic rectal cancer, the hazard ratios (HR) for
death in patients with versus without liver metastases were 1.32 (95
% CI = 1.28-1.37, P < 0.001) and 1.27 (95 % CI = 1.19-1.36, P <
0.001), respectively [4]. For patients with unresectable colorectal can-
cer liver metastases, a non-surgical, local approach to treat colorectal
liver metastases (CRLM) may provide more clinically utility than sys-

temic treatment alone [2].

Hepatic artery infusion (HAI) therapy has been developed as an at-
tractive treatment strategy to control disease progression in patients
with CRLM [5]. The hepatic artery is the main source of blood sup-
ply for liver metastases larger than 3 mm in diameter, whereas not-
mal hepatocytes are mainly perfused through the portal circulation.
Therefore, infusion of chemotherapeutics via the hepatic artery can

help localize drug exposure to the area around the tumor, thus pro-
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tecting the normal functioning of unaffected areas of the liver [6].

The Selective Internal Radiation Therapy (SIRT) technique involves
embolization of radiolabeled microspheres into the hepatic arterial
system. These microspheres contain a radioisotope, yttrium-90, that
emits high-energy particles, providing a localized, effective dose of
radiation to the tumor without causing intolerable toxicity to the
healthy areas of the liver |7, 8]. Non-randomized trials have shown
significant activity of SIRT-based therapies against CRLM across a
variety of contexts: both alone and in combination with chemother-
apy, and both as a first-line treatment or in the context of chemother-
apy-refractory disease [9]. To the best of our knowledge, this is the
first network meta-analysis (NMA) that aimed to indirectly compare
the survival prognosis of patients with CRLM under HAI-based or
SIRT-based therapy.

3. Methods

This net-work meta-analysis follows the requirements of the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [10].

3.1. Search Strategy: We performed a systematic literature search
of PubMed, Embase, Scopus, Web of Science, the Cochrane Library,
and ClinicalTrials.gov before October 1, 2022. The following MeSH
terms and text words were used: “Colorectal Neoplasms”[Mesh],
“Colorectal Neoplasm”, “Colorectal Tumor”, “Colorectal Cancer”,
“Neo-

plasm Metastases”, “Neoplasm Metastasis”, “Metastase”, “Metasta-

“Colorectal Carcinoma”, “Neoplasm Metastasis”[Mesh],

sis”, “Hepatic Metastase”, “Liver Metastase”, “Selective Internal Ra-
diation Therapy”, “SIR-Spheres Y-90 resin microspheres”, “Internal
Radiation”, “SIRT”, “Infusions, Intra-Arterial’ [Mesh], “Intra-Arteri-
al Infusion”, “Intraarterial Infusion”, “Intra Arterial Infusion”, “Re-
gional Arterial Infusion”, “Hepatic Arterial Infusion”, “HAI”, “Sur-
vival”’[Mesh], “Mortality”’[Mesh], “Survival Analysis”[Mesh]|, “Sur-
vival Rate”[Mesh], “Survival”, “overall survival”, “progression-free
survival”, “OS”, “PFS”. The “AND” or “OR” operators are used
to combine these terms in different combinations. Two authors in-
dependently reviewed the titles and abstracts identified during the
search process. Any disagreements could be resolved through discus-
sion or by involving a third evaluator.

3.2. Selection Criteria: We developed the following inclusion crite-
ria in accordance with Population, Intervention, Comparison, Out-
comes and Study (PICOS) principles [11].

3.3. Population: Patients with CRLM.

3.4. Intetvention/Comparison: Comparison of different treat-
ments for CRLM. 8 protocols were included, namely HAI, HAI+-

standard chemotherapy (SCT), SIRT, SIRT+SCT, multi-SIRT,
"Y-glass SIRT, SCT, and single agent fluorouracil intravenous
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chemotherapy/best supportive care (FU/BSC). Notably, since most
clinical applications and experimental studies around SIRT are con-
ducted with *"Y-resin SIRT, we use SIRT directly to represent *"Y-res-
in SIRT for brevity, while *Y-glass SIRT is specifically denoted as
such. Trials were only included if each arm applied only one of the

above treatments.

3.5. Outcome: Clinical outcome data need to be extractable so that
hazard ratios (HR) and their 95% confidence intervals (CI) could
be gathered for overall survival (OS) and progression-free survival
(PES).

3.6. Study Design: Randomized controlled trials (RCTs) or qualified

cohort studies.

3.7. Data Extraction: The following contents were extracted: name
of first author, year of publication, region, total sample size, treat-
ment regimen, follow-up time, HR with 95% CI of OS and PFS.

3.8. Quality Assessment: Two review authors independently as-
sessed the risk of bias for each study. The Newcastle-Ottawa Quality
Assessment Scale (NOS) was used to assess the quality of the cohort
studies [12]. A study with NOS > 5 was regarded as a qualified study.

3.9. Statistical Analysis: Microsoft Excel was used for data man-
agement, correlation, duplicate removal, and eligibility assessment
according to PRISMA guidelines. Bayesian analysis was performed
using the Gemtc package and Rjags package in the statistical software
“R 4.2.1” to draw network plots, forest plots and rank probability
plots. The random-effects model was used for analysis. A total of
300,000 simulated iterations were updated (100,000 per chain). An-
nealing value was set at 100,000. If the convergence is not satisfied,
we will increase the operation time. Contour-enhanced funnel plots
after trim-fill analysis were drawn using the Metafor package in the
statistical software “R 4.2.1”, and the presence of selection bias was

detected by Egger linear regression.
4. Results

4.1. Search Results and Study Characteristics: The literature
search returned a total of 324 potential articles from the aforemen-
tioned databases. After screening, 26 studies met the inclusion cri-
teria [13-24]. (Figure 1) shows the PRISMA 2020 flow diagram for
new systematic reviews [25]. As shown in (Table 1), the 26 included
cohort studies were published from 1984 to 2021 and involved a total
of 4,394 patients with CRLM. Twenty of the studies were in Euro-
pean and American patients, six were in Australian patients, and only
two involved Asian patients. Of the 26 studies, 18 provided com-
parative results for OS only, 1 provided comparative results for PFS
only, and 7 provided comparative results for both OS and PFS. The
quality assessment is also shown in (Table 1). In general, the studies
included in our analysis were of moderate quality (NOS scores great-
er than 5 for all studies).



Table 1: Descriptive Characteristics of the Included Studies.
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oS PFS
Author Year | Region Sal'nple Intervention | Comparator Follow-up P NOS | Selection | Comparability | Exposure
size (months) [HR (95% HR (95% CI)
CD) ’
Allen' 1994 UK 100 HAI FU/BSC 68 ‘gg)(OAl, - 7 Yk k k * * ok
Bester'* 2012 | Australia 253 SIRT FU/BSC 36 .g;)(OAl, - 8 Yk k ok * %k
Chang'® 1987 U.S. 64 HAI SCT 50 1';;‘)(0'42’ - 7 ok k ok * * ok
[Fiorentini'® 2006 Ttaly 82 HAI+SCT HAI 20 g.;g)(O.SS, - 7 ok ke * * %
Ghiringhelli'® | 2019 France 27 HAI FU/BSC 23 (1)'33)(0'41’ 0.32 (0.14, 0.76)| 8 %k ok * %k * %
Gray'’ 2001 | Australia 70 HAI+SCT HAI 24 I-Zé)(O.AB’ - 7 Yk k * * %
Hafstrom' 1994 | Sweden 60 HAI FU/BSC 37 ';Z)(O'w’ - 7 Yk kk * %k
Hendlisz* 2010 | Belgium 44 SIRT+SCT FU/BSC 26 ]'3§)(0'47’ 0.51 (0.28, 0.94), 8 ok k ok * %k
Hine?! 1984 UK 52 SCT FU/BSC 61 g.gg)(O.ZS, - 7 ok ke * * %
Hohn? 1989 | Us. | 143 HAI SCT 53 ?’Zg)(°'68’ - 7| Akkk * Ak
Kazim?’ 2016 u.S. 606 Multi-SIRT SIRT 40 g.g%(O]S, - 8 %k %k k * %k * %
Kemeny? 1987 U.S. 99 HAI SCT 36 1'22)(0'55’ - 7 Yk k * %k
Kemeny?* 2006 U.S. 135 HAI SCT 72 .gg)(O.SS, - 7 %k kk * * ok
Kerr? 2003 UK 290 HAI FU/BSC 48 :.gg)(O.SO, 0.87 (0.68, 1.11) 7 ko k * %k
ILorenz? 2000 | Germany 114 HAI FU/BSC 56 }.ég)(().fil, - 7 ok ke * * %
Martin*® 1990 uU.S. 69 HAI FU/BSC 36 (l)gg)(o'sl 0.88 (0.49, 1.58)| 7 Yk k ok * %k
North
Mary®' 2021 | Ameriea, | e | SIRTHSCT SCT aa POOOTE ) 600.54,088) 8 | kkkk *k *k
Europe, 1.24)
Asia
INGTATG® 1992 | Sweden 182 SCT FU/BSC 36 ‘gg)(0'44’ 0.51 (0.37, 0.71), 7 %k %k k * * ok
Rougier 1992 France 163 HAI FU/BSC 36 'gg)(0'47’ - 7 Yk kok * %k
Scheithauer’* | 1993 | Austria 36 SCT FU/BSC 37 | '?g)(o' 14, - 7 L 2.8 8 ¢ * *
Seidensticker®| 2012 | Australia 58 SIRT FU/BSC 16 g.;g)(o.lé, - 8 ok ok * %k * %
4.00 (1.30,
Shyam? 2016 U.S. 28 "°Y-glass SIRT SIRT 35 12.30) - 8 ok ke * ok * %
. 0.39 (0.14,
Van Hazel¥’ 2004 | Australia 21 SIRT+SCT FU/BSC 36 113) - 7 %k kK * * ok
\Van Haze ustralia IRT+SCT T - . .55, 0. ok Kk * * ok
138 2016 | A li 126 S SC SC 60 0.69 (0 0.90 8
Wagman® 1990 U.S. 41 HAI+SCT HAI 75 ;(1)2)(0.68, - 7 Yk kk * * ok
Wasan(1)* 2017 | Australia,| 364 | SIRT+SCT SCT 60 }'(3)41‘)(0'83’ 0.87 (0.69, 1.09) 8 | kK *k *k
North -
Wasan(2)* 2017 | America, 530 SIRT+SCT SCT 60 }.(z)g)(O.SZ 0.97 (0.81, 1.17)| 8 ko ok * ok %k
Europe, :
. P 0.95 (0.67,
Wasan(3) 2017 | Asia 209 | SIRT+SCT SCT 60 36 0.79 (0.59,1.02) 8 | kokkk *k *k

Note: HAI, Hepatic artery infusion; SIRT, 90Y-resin Selective Internal Radiation Therapy; 90Y-glass SIRT, 90Y-glass Selective Internal Radiation Therapy;

SCT, standard chemotherapy; FU/BSC, single agent fluorouracil intravenous chemotherapy/best supportive care; OS, overall survival; PES, progression-free

survival; HR, hazard ratio; CI, confidence interval.



Figure 1: Flow chart of study selection
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*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all

databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

4.2. NMA: The network structure is illustrated in (Figure 2), reflect-
ing the relationships between the different treatment options. The
number of comparisons between two treatments is represented by
the thickness of the line connecting them, while the number of pa-
tients who received a given treatment is represented by the diameter

of the circle itself.

(Figures 3 and 4) provide forest plots of OS and PFS when different
treatments are used as references, and the HRs and their correspond-

ing 95% Cls are summarized in (Figure 5).

Rank probabilities for the role of each treatment regimen in OS and
PES prognosis are shown in (Figure 6). We will present these results
in terms of both OS and PFS, respectively.

4.3. OS: The results of the NMA in the OS section were generat-
ed from 25 studies with a total of 4,268 participants, including 8
treatment regimens (HAI, HAI+SCT, SIRT, SIRT+SCT, multi-SIRT,
"Y-glass SIRT, SCT, and FU/BSC). The reticulation between the dif-
ferent regimens is shown in (Figure 2A), the forest plot of OS when

different treatments were used as reference is shown in (Figure 3),

and the efficacy of different treatment modalities on HRs and corre-

sponding 95% Cls is shown in (Figure 5A).

For OS, multi-SIRT therapy and SIRT therapy performed better than
HAI-based therapies (HR =0.53, 95% CI: 0.27-1.00; HR=0.62, 95%
CI: 0.38-1.00, respectively), although only with marginal significance.
Importantly, this gap disappeared when HAI was combined with
SCT (HR =0.67, 95% CI: 0.31-1.40; HR=0.79, 95% CI: 0.43-1.40,
respectively). Based on the results of the rankograms shown in (Fig-
ure 6A), the treatment regimens from most to least favorable for
OS were multi-SIRT, SIRT, HAI+SCT, HAI, SCT, SIRT+SCT, FU/
BSC, and *Y-glass SIRT.

4.4. PFS: The results of the NMA in the PFS section were generated
from 8 studies with a total of 2,269 participants, including 4 treat-
ment regimens (HAIL, SIRT+SCT, SCT, and FU/BSC). The reticu-
lation between the different regimens is shown in (Figure 2B), the
forest plot of PFS when different treatments were used as reference
is shown in (Figure 4), and the efficacy of different treatment mo-

dalities on HRs and corresponding 95% Cls is shown in (Figure 5B).
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SIRT+SCT therapy appeared to have a favorable, albeit not signifi-
cant, effect on PFS compared to HAI therapy (HR =0.57, 95% CI:
0.34-1.10). HAI therapy did not show a benefit on PFS compared to
SCT and FU/BSC therapy (HR =1.40, 95% CI: 0.78-2.40; HR=0.78,
95% CI: 0.52-1.10, respectively), but SIRT+SCT therapy had a more
pronounced effect on PFS compated to SCT and FU/BSC thera-
py (HR =0.81, 95% CI: 0.66-0.99; HR=0.44, 95% CI: 0.29-0.69, re-
spectively). Based on the results of the rankograms in (Figure 6B),
the treatment regimens from most to least favorable for PFS were
SIRT+SCT, SCT, HAI, and FU/BSC.

4.5. Publication Bias: Contour-enhanced funnel plots after trim-fill

analysis are shown in (Figure 7).
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For OS, the funnel plot showed good symmetry, and the Egger linear
regression test indicated no publication bias (z = 1.30, p = 0.19). Af-
ter Trim and Fill, it showed that the two studies requiring additions
were distributed in statistically insignificant areas (dotted circles in
the (Figure 7A), indicating that perhaps there were statistically insig-
nificant studies that were not published and that there was possible

publication bias in the OS correlation analysis.

For PFES, the funnel plot

ad good symmetry, and the Egger linear regression test indicated no
publication bias (z = 0.41, p = 0.68). As shown in (Figure 7B), after

Trim and Fill, no additional studies needed to be added, indicating no
publication bias in the PFS-related analyses [26-39].

Figure 2: Summary of Network Geometry of OS(A) and PFES(B). The size of the circle indicates the number of participants per treatment. The width of

the line indicates the number of direct comparisons between the two treatments.

Figure 3: Forest Plots of OS compared with HAI(A), HAI+SCT(B), SIRT(C), SIRT+SCT (D), Multi-SIRT(E), *Y-glass SIRT(F), SCT(G), and FU/BSC(H).
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Figure 4: Forest Plots of PFS compared with HAI(A), SIRT+SCT(B), SCT(C), and FU/BSC(D).

Figure 5: HRs and corresponding 95% Cls for OS(A) and PFS(B). Results with statistical significance are bold.

Figure 6: Rankograms for OS(A) and PFS(B). The figure shows the probability of each treatment from best to worst. The heights of the columns "Rank 1,
Rank 2, etc." refer to the probability of each rank.
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Figure 7: Funnel plots with Trim and Fill for OS(A) and PFS(B).

5. Discussion

This NMA was performed to compare which HAI-based or SIRT-
based therapies have a more favorable survival prognosis for patients
with CRLM. Based on the rank probabilities, multi-SIRT exhibited
the most favorable results for OS (74.27%) while SIRT+SCT ranked
first for PES (95.02%). For OS, multi-SIRT therapy and SIRT ther-
apy have better results than HAI therapy; however, this prognostic
advantage disappeared in HAI combined with SCT, implying an ad-
juvant effect of SCT on HAI At the same time, SIRT alone was
more beneficial to OS than SIRT+SCT, implying an inverse effect of
SCT on SIRT. The diametrically opposed role of SCT on HAI- and
SIRT-based therapies warrants investigation. Possible explanations
are that both HAI and SCT are essentially chemotherapies, with the
combination enhancing the tumor-killing effect to a greater degree
than it enhances the chemotherapy-related toxicity resulting from the
combination. Conversely, SIRT can be classified as an internal radia-
tion therapy, and, thus, the side effects of the combination might ac-
tually lower OS. For PES, the SIRT+SCT model had greater benefits
and was significantly more favorable than the HAI- and SCT-based
regimes, and HAI treatment was even inferior to SCT treatment in
the rankogram ranking, Although SIRT+SCT has limited effect on
OS, its prognostic benefit on PFS is obvious, perhaps due to its ob-
vious tumor-killing effect. As described in the introduction, HAI has
evolved as an attractive strategy to expand resectability and/ot control
disease progression in patients with CRLM who have liver-dominant
disease. HAT is usually administered through the gastroduodenal ar-
tery via surgically implanted pumps, hepatic artery ports, or percuta-
neously placed catheters connected to external pumps6. Intra-arterial
administration of high-channel liver-extracting drugs (e.g:, fluoroura-
cil [FUDR]) limits their systemic toxic effects and allows concurrent
administration of near-full-dose systemic chemotherapy [40-42]. The
most common adverse event with hepatic arterial infusion of FUDR
is biliary sclerosis, which can be mitigated by pump administration
of dexamethasone or adjustments [43]. Thus, HAI therapy alone or
HAI+SCT both have a relatively high safety profile.

In palliative cate for metastatic cancer, treatment toxicity and im-
pact on quality of life are important endpoints. In 2002, Gray et al.
conducted a trial of 74 patients, ultimately gaining FDA approval
for SIR-Spheres for the treatment of colorectal cancer secondary
to liver metastases [17]. In studies by Van Hazel et al. in 2004 and
2016, the addition of SIRT to systemic chemotherapy did increase

hematologic toxicity as well as SIRT-related side effects such as nau-
sea, vomiting, abdominal pain, radiation hepatitis, and liver failure
[36, 37]. The impact of late radiation effects associated with SIRT
- such as liver fibrosis - on survival is uncertain45. Only two phase IT
studies and three observational studies have reported the incidence
of delayed toxicity rates, which range from 4-10% [44-46]. The most
common delayed toxic reactions were gastrointestinal ulcers and liver
dysfunction46, with liver dysfunction mainly secondary to grade 3
or 4 radiation therapy-induced biliary strictures [46]. Therefore, the
effect of addition of SCT to SIRT on OS in this study may be attrib-

utable to toxic effects.

There are several limitations of the NMA. First, only survival-related
data were analyzed in this NMA, while data on adverse effects - al-
beit inextricably linked to survival time - were not examined due to
underreporting. Second, although we had acceptable results for the
funnel plot and Egger test, we found evidence for publication bias
in the meta-analysis for OS by the cut-and-patch method, which may
have some degree of impact on the robustness of the results. Third,
the studies included in this web-based meta-analysis mainly included
European, American, and Australian patients, and the applicability
of the findings to Asian patients necessitates further validation with
additional clinical studies.

11. Conclusion

This NMA sought to indirectly compare the survival prognosis of
patients with CRLM under HAI-based and SIRT-based therapy. For
OS and PFS, multi-SIRT and SIRT+SCT, respectively, may be the
best treatment options.

12. Acknowledgement

This research was supported by Suzhou Medical Key Support Dis-
cipline - Pathology (SZFCXK202140); 2017 Kunshan Social Devel-
opment Science and Technology Special (KS1725); 2020 Suzhou Sci-
ence and Technology Bureau guiding project (SYSD2020037).

References

1. Sung H, Ferlay ], Siegel RL. Global Cancer Statistics 2020: GLOBO-
CAN Estimates of Incidence and Mortality Wotldwide for 36 Cancers
in 185 Countries. CA: a cancer journal for clinicians. 2021; 71: 209-49.

2. Uhlig ], Lukovic ], Dawson LA, Patel RA, Cavnar MJ, Kim HS, et al.
Locoregional Therapies for Colorectal Cancer Liver Metastases: Op-

tions Beyond Resection. American Society of Clinical Oncology educa-


https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/33538338/
https://pubmed.ncbi.nlm.nih.gov/34010047/
https://pubmed.ncbi.nlm.nih.gov/34010047/
https://pubmed.ncbi.nlm.nih.gov/34010047/

10.

11.

12.

13.

14.

15.

16.

tional book American Society of Clinical Oncology Annual Meeting.
2021; 41: 133-46.

Dekker E, Tanis PJ, Vleugels JLLA, Kasi PM, Wallace MB. Colorectal
cancer. Lancet (London, England). 2019; 394: 1467-80.

Horn SR, Stoltzfus KC, Lehrer EJ. Epidemiology of liver metastases.
Cancer epidemiology. 2020; 67: 101760.

Ammori JB, Kemeny NE. Regional hepatic chemotherapies in treat-
ment of colorectal cancer metastases to the liver. Seminars in oncolo-

gy. 2010; 37: 139-48.
Datta J, Narayan RR, Kemeny NE, D’Angelica MI. Role of Hepatic

Artery Infusion Chemotherapy in Treatment of Initially Unresectable
Colorectal Liver Metastases: A Review. JAMA surgery. 2019; 154: 768-
76.

Gray BN, Burton MA, Kelleher D, Klemp P, Matz L. Tolerance of the
liver to the effects of Yttrium-90 radiation. International journal of

radiation oncology, biology, physics. 1990; 18: 619-23.
Welsh JS, Kennedy AS, Thomadsen B. Selective Internal Radiation

Therapy (SIRT) for liver metastases secondary to colorectal adenocar-
cinoma. International journal of radiation oncology, biology, physics.

20006; 66: S62-73.
Townsend AR, Chong LC, Karapetis C, Price TJ. Selective internal

radiation therapy for liver metastases from colorectal cancer. Cancer
treatment reviews. 2016; 50: 148-54.

Moher D, Liberati A, Tetzlaff ], Altman DG. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA state-
ment. PLoS medicine. 2009; 6: ¢1000097.

Amir-Behghadami M, Janati A. Population, Intervention, Compar-
ison, Outcomes and Study (PICOS) design as a framework to for-
mulate eligibility criteria in systematic reviews. Emergency medicine
journal: EM]J. 2020; 37: 387.

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the as-
sessment of the quality of nonrandomized studies in meta-analyses.

European journal of epidemiology. 2010; 25: 603-5.
Allen-Mersh TG, Eatlam S, Fordy C, Abrams K, Houghton J. Quality

of life and survival with continuous hepatic-artery floxuridine infu-
sion for colorectal liver metastases. Lancet (London, England). 1994;
344: 1255-60.

Bester I, Meteling B, Pocock N. Radioembolization versus standard
care of hepatic metastases: comparative retrospective cohort study of
survival outcomes and adverse events in salvage patients. Journal of
vascular and interventional radiology: JVIR. 2012; 23: 96-105.

Chang AE, Schneider PD, Sugarbaker PH, Simpson C, Culnane M,
Steinberg SM, et al. A prospective randomized trial of regional ver-
sus systemic continuous 5-fluorodeoxyuridine chemotherapy in the
treatment of colorectal liver metastases. Annals of surgery. 1987; 206:
685-93.

Ghiringhelli F, Vincent J, Bengrine L. Hepatic arterial chemotherapy
with raltitrexed and oxaliplatin versus standard chemotherapy in un-
resectable liver metastases from colorectal cancer after conventional
chemotherapy failure (HEARTO): a randomized phase-11I study. Jour-
nal of cancer research and clinical oncology. 2019; 145: 2357-63.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

2022, V79(13): 19
Gray B, Van Hazel G, Hope M. Randomised trial of SIR-Spheres plus

chemotherapy vs. chemotherapy alone for treating patients with liv-
er metastases from primary large bowel cancer. Annals of oncology :
official journal of the European Society for Medical Oncology. 2001;
12: 1711-20.

Fiorentini G, Cantore M, Rossi S. Hepatic arterial chemotherapy in
combination with systemic chemotherapy compared with hepatic ar-
terial chemotherapy alone for liver metastases from colorectal cancer:
results of a multi-centric randomized study. In vivo (Athens, Greece).
2006; 20: 707-9.

Hafstrom L, Engaris B, Holmberg SB. Treatment of liver metastases
from colorectal cancer with hepatic artery occlusion, intraportal 5-flu-
orouracil infusion, and oral allopurinol. A randomized clinical trial.
Cancet. 1994; 74: 2749-56.

Hendlisz A, Van den Eynde M, Peeters M. Phase III trial comparing
protracted intravenous fluorouracil infusion alone or with yttrium-90
resin microspheres radioembolization for liver-limited metastatic col-
orectal cancer refractory to standard chemotherapy. Journal of clinical
oncology : official journal of the American Society of Clinical Oncol-
ogy. 2010; 28: 3687-94.

Hine KR, Dykes PW. Prospective randomised trial of early cytotoxic
therapy for recurrent colorectal carcinoma detected by serum CEA.
Gut. 1984; 25: 682-8.

Hohn DC, Stagg R], Friedman MA. A randomized trial of continuous
intravenous versus hepatic intraarterial floxuridine in patients with col-
orectal cancer metastatic to the liver: the Northern California Oncol-
ogy Group trial. Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 1989; 7: 1646-54.

Kemeny N, Daly ], Reichman B, Geller N, Botet ], Oderman P, et
al. Intrahepatic or systemic infusion of fluorodeoxyuridine in patients
with liver metastases from colorectal carcinoma. A randomized trial.
Annals of internal medicine. 1987; 107: 459-65.

Kemeny NE, Niedzwiecki D, Hollis DR. Hepatic arterial infusion ver-
sus systemic therapy for hepatic metastases from colorectal cancer:
a randomized trial of efficacy, quality of life, and molecular markers
(CALGB 9481). Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2006; 24: 1395-403.

Page MJ, McKenzie JE, Bossuyt PM. The PRISMA 2020 statement:
an updated guideline for reporting systematic reviews. BMJ (Clinical
research ed). 2021; 372: n71.

Narsinh KH, Van Buskirk M, Kennedy AS. Hepatopulmonary Shunt-
ing: A Prognostic Indicator of Survival in Patients with Metastatic
Colorectal Adenocarcinoma Treated with (90)Y Radioembolization.
Radiology. 2017; 282: 281-8.

Kerr DJ, McArdle CS, Ledermann J. Intrahepatic arterial versus intra-
venous fluorouracil and folinic acid for colorectal cancer liver metas-
tases: a multicentre randomised trial. Lancet (London, England). 2003;
361: 368-73.

Lorenz M, Miller HH. Randomized, multicenter trial of fluorouracil
plus leucovorin administered either via hepatic arterial or intravenous
infusion versus fluorodeoxyuridine administered via hepatic arterial in-

fusion in patients with nonresectable liver metastases from colorectal

8


https://pubmed.ncbi.nlm.nih.gov/34010047/
https://pubmed.ncbi.nlm.nih.gov/34010047/
https://pubmed.ncbi.nlm.nih.gov/31631858/
https://pubmed.ncbi.nlm.nih.gov/31631858/
https://pubmed.ncbi.nlm.nih.gov/32562887/
https://pubmed.ncbi.nlm.nih.gov/32562887/
https://pubmed.ncbi.nlm.nih.gov/20494706/
https://pubmed.ncbi.nlm.nih.gov/20494706/
https://pubmed.ncbi.nlm.nih.gov/20494706/
https://pubmed.ncbi.nlm.nih.gov/31188415/
https://pubmed.ncbi.nlm.nih.gov/31188415/
https://pubmed.ncbi.nlm.nih.gov/31188415/
https://pubmed.ncbi.nlm.nih.gov/31188415/
https://www.sciencedirect.com/science/article/abs/pii/036030169090069V
https://www.sciencedirect.com/science/article/abs/pii/036030169090069V
https://www.sciencedirect.com/science/article/abs/pii/036030169090069V
https://pubmed.ncbi.nlm.nih.gov/16979443/
https://pubmed.ncbi.nlm.nih.gov/16979443/
https://pubmed.ncbi.nlm.nih.gov/16979443/
https://pubmed.ncbi.nlm.nih.gov/16979443/
https://pubmed.ncbi.nlm.nih.gov/27690234/
https://pubmed.ncbi.nlm.nih.gov/27690234/
https://pubmed.ncbi.nlm.nih.gov/27690234/
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000097
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000097
https://journals.plos.org/plosmedicine/article?id=10.1371/journal.pmed.1000097
https://pubmed.ncbi.nlm.nih.gov/32253195/
https://pubmed.ncbi.nlm.nih.gov/32253195/
https://pubmed.ncbi.nlm.nih.gov/32253195/
https://pubmed.ncbi.nlm.nih.gov/32253195/
https://pubmed.ncbi.nlm.nih.gov/20652370/
https://pubmed.ncbi.nlm.nih.gov/20652370/
https://pubmed.ncbi.nlm.nih.gov/20652370/
https://pubmed.ncbi.nlm.nih.gov/7526096/
https://pubmed.ncbi.nlm.nih.gov/7526096/
https://pubmed.ncbi.nlm.nih.gov/7526096/
https://pubmed.ncbi.nlm.nih.gov/7526096/
https://pubmed.ncbi.nlm.nih.gov/22079516/
https://pubmed.ncbi.nlm.nih.gov/22079516/
https://pubmed.ncbi.nlm.nih.gov/22079516/
https://pubmed.ncbi.nlm.nih.gov/22079516/
https://pubmed.ncbi.nlm.nih.gov/2961314/
https://pubmed.ncbi.nlm.nih.gov/2961314/
https://pubmed.ncbi.nlm.nih.gov/2961314/
https://pubmed.ncbi.nlm.nih.gov/2961314/
https://pubmed.ncbi.nlm.nih.gov/2961314/
https://pubmed.ncbi.nlm.nih.gov/31273511/
https://pubmed.ncbi.nlm.nih.gov/31273511/
https://pubmed.ncbi.nlm.nih.gov/31273511/
https://pubmed.ncbi.nlm.nih.gov/31273511/
https://pubmed.ncbi.nlm.nih.gov/31273511/
https://pubmed.ncbi.nlm.nih.gov/11843249/
https://pubmed.ncbi.nlm.nih.gov/11843249/
https://pubmed.ncbi.nlm.nih.gov/11843249/
https://pubmed.ncbi.nlm.nih.gov/11843249/
https://pubmed.ncbi.nlm.nih.gov/11843249/
https://pubmed.ncbi.nlm.nih.gov/17203750/
https://pubmed.ncbi.nlm.nih.gov/17203750/
https://pubmed.ncbi.nlm.nih.gov/17203750/
https://pubmed.ncbi.nlm.nih.gov/17203750/
https://pubmed.ncbi.nlm.nih.gov/17203750/
https://pubmed.ncbi.nlm.nih.gov/7954233/
https://pubmed.ncbi.nlm.nih.gov/7954233/
https://pubmed.ncbi.nlm.nih.gov/7954233/
https://pubmed.ncbi.nlm.nih.gov/7954233/
https://pubmed.ncbi.nlm.nih.gov/20567019/#:~:text=Median overall survival was 7.3,TTP compared with FU alone.
https://pubmed.ncbi.nlm.nih.gov/20567019/#:~:text=Median overall survival was 7.3,TTP compared with FU alone.
https://pubmed.ncbi.nlm.nih.gov/20567019/#:~:text=Median overall survival was 7.3,TTP compared with FU alone.
https://pubmed.ncbi.nlm.nih.gov/20567019/#:~:text=Median overall survival was 7.3,TTP compared with FU alone.
https://pubmed.ncbi.nlm.nih.gov/20567019/#:~:text=Median overall survival was 7.3,TTP compared with FU alone.
https://pubmed.ncbi.nlm.nih.gov/20567019/#:~:text=Median overall survival was 7.3,TTP compared with FU alone.
https://pubmed.ncbi.nlm.nih.gov/6376291/
https://pubmed.ncbi.nlm.nih.gov/6376291/
https://pubmed.ncbi.nlm.nih.gov/6376291/
https://pubmed.ncbi.nlm.nih.gov/2530317/
https://pubmed.ncbi.nlm.nih.gov/2530317/
https://pubmed.ncbi.nlm.nih.gov/2530317/
https://pubmed.ncbi.nlm.nih.gov/2530317/
https://pubmed.ncbi.nlm.nih.gov/2530317/
https://pubmed.ncbi.nlm.nih.gov/2957943/
https://pubmed.ncbi.nlm.nih.gov/2957943/
https://pubmed.ncbi.nlm.nih.gov/2957943/
https://pubmed.ncbi.nlm.nih.gov/2957943/
https://pubmed.ncbi.nlm.nih.gov/16505413/
https://pubmed.ncbi.nlm.nih.gov/16505413/
https://pubmed.ncbi.nlm.nih.gov/16505413/
https://pubmed.ncbi.nlm.nih.gov/16505413/
https://pubmed.ncbi.nlm.nih.gov/16505413/
https://www.bmj.com/content/372/bmj.n71
https://www.bmj.com/content/372/bmj.n71
https://www.bmj.com/content/372/bmj.n71
https://pubs.rsna.org/doi/full/10.1148/radiol.2016152100
https://pubs.rsna.org/doi/full/10.1148/radiol.2016152100
https://pubs.rsna.org/doi/full/10.1148/radiol.2016152100
https://pubs.rsna.org/doi/full/10.1148/radiol.2016152100
https://pubmed.ncbi.nlm.nih.gov/12573372/
https://pubmed.ncbi.nlm.nih.gov/12573372/
https://pubmed.ncbi.nlm.nih.gov/12573372/
https://pubmed.ncbi.nlm.nih.gov/12573372/
https://pubmed.ncbi.nlm.nih.gov/10637236/
https://pubmed.ncbi.nlm.nih.gov/10637236/
https://pubmed.ncbi.nlm.nih.gov/10637236/
https://pubmed.ncbi.nlm.nih.gov/10637236/

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

carcinoma. Journal of clinical oncology : official journal of the Amer-
ican Society of Clinical Oncology. 2000; 18: 243-54.

Martin JK, Jr., O’Connell MJ, Wieand HS. Intra-arterial floxuridine vs
systemic fluorouracil for hepatic metastases from colorectal cancer. A
randomized trial. Archives of surgery (Chicago, IlI : 1960). 1990; 125:
1022-7.

Mulcahy ME, Mahvash A, Pracht M. Radioembolization With Chemo-
therapy for Colorectal Liver Metastases: A Randomized, Open-Label,
International, Multicenter, Phase I1I Trial. Journal of clinical oncology
: official journal of the American Society of Clinical Oncology. 2021;
39: 3897-907.

Expectancy or primary chemotherapy in patients with advanced as-
ymptomatic colorectal cancer: a randomized trial. Journal of clinical
oncology : official journal of the American Society of Clinical Oncol-
ogy. 1992; 10: 904-11.

Rougier P, Laplanche A, Huguier M. Hepatic arterial infusion of flox-
uridine in patients with liver metastases from colorectal carcinoma:
long-term results of a prospective randomized trial. Journal of clinical
oncology : official journal of the American Society of Clinical Oncol-
ogy. 1992; 10: 1112-8.

Scheithauer W, Rosen H, Kornek GV, Sebesta C, Depisch D. Ran-
domised comparison of combination chemotherapy plus supportive
care with supportive care alone in patients with metastatic colorectal

cancer. BMJ (Clinical research ed). 1993; 306: 752-5.

Seidensticker R, Denecke T, Kraus P. Matched-pair comparison of ra-
dioembolization plus best supportive care versus best supportive care
alone for chemotherapy refractory liver-dominant colorectal metasta-

ses. Cardiovascular and interventional radiology. 2012; 35: 1066-73.

Srinivas SM, Nast EC, Kunam VI, Bullen JA, Purysko AS. Adminis-
tered activity and outcomes of glass versus resin (90)Y microsphere
radioembolization in patients with colorectal liver metastases. Journal

of gastrointestinal oncology. 2016; 7: 530-9.

Van Hazel G, Blackwell A, Anderson J. Randomised phase 2 trial of
SIR-Sphetes plus fluorouracil/leucovorin chemotherapy versus fluo-
rouracil/leucovorin chemotherapy alone in advanced colorectal can-

cer. Journal of surgical oncology. 2004; 88: 78-85.

Van Hazel GA, Heinemann V, Sharma NK. SIRFLOX: Randomized
Phase III Trial Comparing First-Line mFOLFOX6 (Plus or Minus
Bevacizumab) Versus mFOLFOXG6 (Plus or Minus Bevacizumab) Plus
Selective Internal Radiation Therapy in Patients With Metastatic Col-
orectal Cancer. Journal of clinical oncology :
American Society of Clinical Oncology. 2016; 34: 1723-31.

official journal of the

Wagman LD, Kemeny MM, Leong L. A prospective, randomized eval-
uation of the treatment of colorectal cancer metastatic to the liver.
Journal of clinical oncology : official journal of the American Society

of Clinical Oncology. 1990; 8: 1885-93.
Wasan HS, Gibbs P, Sharma NK. First-line selective internal radiother-

apy plus chemotherapy versus chemotherapy alone in patients with
liver metastases from colorectal cancer (FOXFIRE, SIRFLOX, and
FOXFIRE-Global): a combined analysis of three multicentre, ran-
domised, phase 3 trials. The Lancet Oncology. 2017; 18: 1159-71.

40.

41.

42.

43.

44.

45.

46.

2022, V79(13): 1-9

Ensminger WD, Rosowsky A, Raso V. A clinical-pharmacological eval-
uation of hepatic arterial infusions of 5-fluoro-2’-deoxyuridine and
5-fluorouracil. Cancer research. 1978; 38: 3784-92.

Ensminger WD, Gyves JW. Clinical pharmacology of hepatic arterial
chemotherapy. Seminars in oncology. 1983; 10: 176-82.

Collins JM. Pharmacologic rationale for regional drug delivery. Journal
of clinical oncology : official journal of the American Society of Clin-
ical Oncology. 1984; 2: 498-504.

Kemeny N, Seiter K, Niedzwiecki D. A randomized trial of intrahe-
patic infusion of fluorodeoxyuridine with dexamethasone versus fluo-

rodeoxyuridine alone in the treatment of metastatic colorectal cancer.
Cancer. 1992; 69: 327-34.

Maker AV, August C, Maker VK, Weisenberg E. Hepatectomy After
Yttrium-90 (Y90) Radioembolization-Induced Liver Fibrosis. Journal
of gastrointestinal surgery : official journal of the Society for Surgery
of the Alimentary Tract. 2016; 20: 869-70.

Cosimelli M, Golfieri R, Cagol PP. Multi-centre phase 11 clinical trial
of yttrium-90 resin microspheres alone in unresectable, chemotherapy
refractory colorectal liver metastases. British journal of cancer. 2010;
103: 324-31.

Chua TC, Bester L, Saxena A, Morris DL. Radioembolization and sys-
temic chemotherapy improves response and survival for unresectable

colorectal liver metastases. Journal of cancer research and clinical on-
cology. 2011; 137: 865-73.


https://pubmed.ncbi.nlm.nih.gov/10637236/
https://pubmed.ncbi.nlm.nih.gov/10637236/
https://pubmed.ncbi.nlm.nih.gov/2143063/
https://pubmed.ncbi.nlm.nih.gov/2143063/
https://pubmed.ncbi.nlm.nih.gov/2143063/
https://pubmed.ncbi.nlm.nih.gov/2143063/
https://pubmed.ncbi.nlm.nih.gov/34541864/
https://pubmed.ncbi.nlm.nih.gov/34541864/
https://pubmed.ncbi.nlm.nih.gov/34541864/
https://pubmed.ncbi.nlm.nih.gov/34541864/
https://pubmed.ncbi.nlm.nih.gov/34541864/
https://pubmed.ncbi.nlm.nih.gov/1588370/
https://pubmed.ncbi.nlm.nih.gov/1588370/
https://pubmed.ncbi.nlm.nih.gov/1588370/
https://pubmed.ncbi.nlm.nih.gov/1588370/
https://pubmed.ncbi.nlm.nih.gov/1296590/
https://pubmed.ncbi.nlm.nih.gov/1296590/
https://pubmed.ncbi.nlm.nih.gov/1296590/
https://pubmed.ncbi.nlm.nih.gov/1296590/
https://pubmed.ncbi.nlm.nih.gov/1296590/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/7683942/
https://pubmed.ncbi.nlm.nih.gov/21800231/
https://pubmed.ncbi.nlm.nih.gov/21800231/
https://pubmed.ncbi.nlm.nih.gov/21800231/
https://pubmed.ncbi.nlm.nih.gov/21800231/
https://jgo.amegroups.com/article/view/7222/html
https://jgo.amegroups.com/article/view/7222/html
https://jgo.amegroups.com/article/view/7222/html
https://jgo.amegroups.com/article/view/7222/html
https://pubmed.ncbi.nlm.nih.gov/15499601/
https://pubmed.ncbi.nlm.nih.gov/15499601/
https://pubmed.ncbi.nlm.nih.gov/15499601/
https://pubmed.ncbi.nlm.nih.gov/15499601/
https://pubmed.ncbi.nlm.nih.gov/26903575/
https://pubmed.ncbi.nlm.nih.gov/26903575/
https://pubmed.ncbi.nlm.nih.gov/26903575/
https://pubmed.ncbi.nlm.nih.gov/26903575/
https://pubmed.ncbi.nlm.nih.gov/26903575/
https://pubmed.ncbi.nlm.nih.gov/26903575/
https://pubmed.ncbi.nlm.nih.gov/2146370/
https://pubmed.ncbi.nlm.nih.gov/2146370/
https://pubmed.ncbi.nlm.nih.gov/2146370/
https://pubmed.ncbi.nlm.nih.gov/2146370/
https://pubmed.ncbi.nlm.nih.gov/28781171/
https://pubmed.ncbi.nlm.nih.gov/28781171/
https://pubmed.ncbi.nlm.nih.gov/28781171/
https://pubmed.ncbi.nlm.nih.gov/28781171/
https://pubmed.ncbi.nlm.nih.gov/28781171/
https://pubmed.ncbi.nlm.nih.gov/151583/
https://pubmed.ncbi.nlm.nih.gov/151583/
https://pubmed.ncbi.nlm.nih.gov/151583/
https://europepmc.org/article/med/6346495
https://europepmc.org/article/med/6346495
https://pubmed.ncbi.nlm.nih.gov/6547166/
https://pubmed.ncbi.nlm.nih.gov/6547166/
https://pubmed.ncbi.nlm.nih.gov/6547166/
https://pubmed.ncbi.nlm.nih.gov/1303612/
https://pubmed.ncbi.nlm.nih.gov/1303612/
https://pubmed.ncbi.nlm.nih.gov/1303612/
https://pubmed.ncbi.nlm.nih.gov/1303612/
https://pubmed.ncbi.nlm.nih.gov/26847353/
https://pubmed.ncbi.nlm.nih.gov/26847353/
https://pubmed.ncbi.nlm.nih.gov/26847353/
https://pubmed.ncbi.nlm.nih.gov/26847353/
https://pubmed.ncbi.nlm.nih.gov/20628388/
https://pubmed.ncbi.nlm.nih.gov/20628388/
https://pubmed.ncbi.nlm.nih.gov/20628388/
https://pubmed.ncbi.nlm.nih.gov/20628388/
https://link.springer.com/article/10.1007/s00432-010-0948-y
https://link.springer.com/article/10.1007/s00432-010-0948-y
https://link.springer.com/article/10.1007/s00432-010-0948-y
https://link.springer.com/article/10.1007/s00432-010-0948-y

