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Prognostic factors associated with early e

recurrence following liver resection
for colorectal liver metastases: a systematic
review and meta-analysis
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Abstract

Background Colorectal cancer (CRC) is the 3rd most common malignancy with the liver being the most common
site of metastases. The recurrence rate of colorectal liver metastases (CRLM) after liver resection (LR) is notably high,
with an estimated 40% of patients experiencing recurrence within 6 months. In this context, we conducted a meta-
analysis to synthesize and evaluate the reliability of evidence pertaining to prognostic factors associated with early

recurrence (ER) in CRLM following LR.

Methods Systematic searches were conducted from the inception of databases to July 14, 2023, to identify studies
reporting prognostic factors associated with ER. The Quality in Prognostic Factor Studies (QUIPS) tool was employed
to assess risk-of-bias for included studies. Meta-analysis was then performed on these prognostic factors, summarized
by forest plots. The grading of evidence was based on sample size, heterogeneity, and Egger’s P value.

Results The study included 24 investigations, comprising 12705 individuals, during an accrual period that extended
from 2007 to 2023. In the evaluation of risk-of-bias, 22 studies were rated as low/moderate risk, while two stud-

ies were excluded because of high risk. Most of the studies used a postoperative interval of 6 months to define ER,
with 30.2% (95% confidence interval [Cl], 24.1-36.4%) of the patients experiencing ER following LR. 21 studies were
pooled for meta-analysis. High-quality evidence showed that poor differentiation of CRC, larger and bilobar-distrib-
uted liver metastases, major hepatectomy, positive surgical margins, and postoperative complications were associ-
ated with an elevated risk of ER. Additionally, moderate-quality evidence suggested that elevated levels of carcinoem-
bryonic antigen (CEA) and carbohydrate antigen 19-9 (CA199), lymph node metastases (LNM) of CRC, and a higher
number of liver metastases were risk factors for ER.

Conclusion This review has the potential to enhance the efficacy of surveillance strategies, refine prognostic assess-
ments, and guide judicious treatment decisions for CRLM patients with high risk of ER. Additionally, it is essential

to undertake well-designed prospective investigations to examine additional prognostic factors and develop salvage
therapeutic approaches for ER of CRLM.
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Introduction
Colorectal cancer (CRC) is the 3rd most common malig-
nancy and the 2nd most deadly cancer worldwide [1]. It is
highly prevalent in developed countries but has started to
show an increasing trend in China, partially attributed to
shifts toward a high-fat, low-fiber diet [2]. CRC is prone
to distant metastases, affecting over 50% of patients,
with the liver being the primary site in approximately
70% of cases [3, 4]. Therapeutic options for colorectal
liver metastases (CRLM) include hepatectomy, chemo-
therapy, radiotherapy, hepatic artery embolization, and
thermal ablation, such as microwave coagulation therapy,
radiofrequency ablation [5]. Currently, liver resection
(LR) is acknowledged as the most effective treatment
for CRLM patients, which can offer prolonged survival
and, in selected cases, a chance of cure [6]. Increasing
effectiveness of chemotherapy regimens, advances in
surgical techniques, and improvements in perioperative
patient management have expanded the boundaries of
resectability [7, 8]. The current consensus proposes that
a disease should be considered technically resectable as
long as complete macroscopic resection is feasible while
maintaining at least a 30% future liver remnant [9, 10].
Nevertheless, not all technically resectable patients expe-
rience a survival benefit from surgery, with 3-year recur-
rence rates reaching 60-70% [11-13]. The earlier the
recurrence, the worse the prognosis, but the definition of
early recurrence(ER) varies from 6 to 24 months [14—16].
Therefore, this meta-analysis aims to elucidate prog-
nostic factors associated with ER in CRLM patients
undergoing LR. Subsequently, our objective is to identify
individuals with high risk of ER, who might benefit from
closer surveillance and appropriate salvage therapy.

Materials and methods

Protocol and reporting

The protocol for this study was registered on PROS-
PERO (International Prospective Register of Systematic
Reviews, www.crd.york.ac.uk/prospero) with the regis-
tration number CRD42023444091. This review was car-
ried out according to the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guide-
lines [17]. The PRISMA checklist is available in Supple-
mentary Table S1.

Data sources and search strategy
All potentially eligible publications were retrieved
from PubMed, Embase, Cochrane, and Web of Science

from database inception until July 14, 2023. The search,
employing the keywords “colorectal liver metastases’,
“surgery’, “early’; and “recurrence’, was carried out by two
investigators (YT, SEW). Supplementary File 1 included
detailed information on the search strategy. Addition-
ally, the bibliographies of included articles and relevant
reviews were manually scrutinized to identify additional
research and explore potentially relevant studies.

Eligibility criteria and study selection

Subjects were eligible for inclusion if the following cri-
teria were met: (1) Prospective or retrospective studies
including patients with CRLM who received liver resec-
tion; (2) Articles presenting ER rates categorized by a
prognostic factor; (3) Articles reporting a relative ratio
(RR) or an odds ratio (OR) (with a 95% confidence inter-
val [CI]) or offering adequate data for RR/OR estimation;
(4) No language restrictions.

Studies were excluded according to the following crite-
ria: (1) Articles on palliative surgery; (2) Articles without
sufficient data for analysis; (3) Experimental animal stud-
ies; (4) Reviews, commentaries, conference proceedings,
letters, case reports, editorials, and meta-analysis.

Article screening and study selection were inde-
pendently performed by two reviewers (SEW, YQW).
In instances of discordance, resolution was achieved
through collaborative deliberation within the research
team, culminating in a final consensus.

Data extraction

The following data were extracted from each included
study, and missing data were noted: (1) first author, pub-
lication year, country, period of recruitment, study type,
patient count, follow-up period, overall recurrence rate,
ER definition, ER rate, 5-year OS in the ER group, and
inclusion/exclusion criteria (Table 1); (2) Prognostic fac-
tors, including patient characteristics (continuous varia-
bles: age, carcinoembryonic antigen [CEA], carbohydrate
antigen 19-9 [CA199], binary variables: gender), primary
tumor characteristics (binary variables: tumor differen-
tiation [poor vs moderate/good], lymph node metastases
[LNM], tumor stage [T3-4 vs T1-2], tumor location [rec-
tum vs colon]), liver metastases characteristics (binary
variables: number [more vs less], diameter [>5 cm
vs<5 cm], synchronous metastases, bilobar distribu-
tion, extrahepatic metastases), and therapeutic factors
(binary variables: laparoscopic resection,simultaneous
resection, major hepatectomy,surgical margins [positive
vs negative],preoperative chemotherapy, postoperative
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chemotherapy,blood transfusion,postoperative complica-
tions) and clinical risk score [CRS, binary,>2 vs <2]; (3)
RRs or ORs and corresponding 95% ClIs for association
between each prognostic factor and ER.

Continuous variables were summarized using median
and interquartile range values, while categorical vari-
ables were expressed as counts and percentages. In cases
where RR was unavailable, we either convert OR to RR or
employed the events and patients counts in both exposed
and non-exposed groups to calculate RR. By using stand-
ardized forms, two authors (YT, YQW) independently
extracted the data from each eligible study. Disagree-
ments were resolved by consensus or discussion with the
third person (NYW).

Risk-of-bias assessment

To evaluate the risk-of-bias (RoB) at the study level, the
Quality in Prognostic Factor Studies (QUIPS) tool was
employed. This tool has six domains, with each domain
assigned a RoB rating categorized as high, moderate,
or low [38]. Studies were deemed to have low RoB if
all domains were rated as low RoB or only one domain
scored moderate RoB. Conversely, studies were classi-
fied as high RoB if at least one domain scored high RoB
or if three or more domains scored moderate RoB. The
remaining studies were attributed a moderate RoB rating.

Statistical analysis

The primary outcomes of the study focused on the RRs
depicting the association between ER and prognostic fac-
tors. When available, preference was given to the most
adjusted effect estimate, specifically opting for the Cox
multivariable coefficient over the univariable estimate.
Subsequently, all pooled outcomes were derived utilizing
a random-effects model (Mantel-Haenszel method). The
magnitude of the summary effects was graphically repre-
sented through forest plots.

Between-study heterogeneity was assessed utilizing the
I? statistical estimate, with an I? value > 50% regarded as
severe heterogeneity [39]. Consequently, subgroup anal-
yses were executed to identify potential sources of het-
erogeneity. Assessment of reporting bias was undertaken
through funnel plots and the Egger’s test, specifically for
prognostic factors identified in over 10 studies. A P value
below 0.1 was deemed indicative of significant publica-
tion bias, prompting the execution of Trim and Fill analy-
sis in such instances. Additionally, sensitivity analysis was
performed by switching to fixed-effects models to test
the robustness of the conclusions.

All statistical analyses were conducted using Review
Manager software (Version 5.4) and Stata software (ver-
sion 14.1). A significant two-way P value for comparison
was defined as P<0.05.
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Evidence strength assessment

The grading of evidence strength for the identified asso-
ciations in observational studies was based on the fol-
lowing criteria: Egger’s test P value>0.1, a cumulative
population > 1000, and I*><50%. The association attained
Class I (high-quality) evidence status when all three con-
ditions were satisfied simultaneously. If two out of these
three conditions were met, the association was catego-
rized as Class II (moderate-quality) evidence. Further-
more, class III (moderate-quality) evidence was conferred
upon an association when only one of the three condi-
tions was fulfilled. Conversely, the absence of satisfaction
for all of these three conditions designated an association
as Class IV (low-quality) evidence [40].

Result

Study selection

Our initial search strategy identified a total of 3157 per-
tinent studies, of which 1064 were removed due to dupli-
cation. Following the preliminary screening of titles and
abstracts, 1883 abstracts were excluded because they did
not meet the inclusion criteria. Furthermore, 12 reports
were inaccessible, and 198 potentially relevant articles
underwent a thorough review in full text. Ultimately, 174
articles were excluded for diverse reasons and 24 selected
studies were included [12, 14—16, 18—37], as illustrated in
the PRISMA flow diagram (Fig. 1).

Study characteristics
This review included 24 studies, comprising 12,705 patients
who underwent LR for CRLM, with a comprehensive

Identification of studies via databases and registers

)

Records identified from
(n=23157)
PubMed (n = 620)
Embase (n = 1403)
Web of Science (n = 1064)
Cochrane (n = 70)

]

Records screened

(n =2093)

Reports sought for retrieval Reports not retrieved
(n=210) (n=12)

Reports for eligibility Reports excluded

(n=198) *| (n=174)

Wrong prognostic factor (n = 26)
Wrong outcome (n = 44)

Wrong article type (n = 31)
Inappropriate study subjects (n = 57)
Wrong study design (n = 16)

Records removed before
screening.
Duplicate records removed
(n = 1064)

Identification

[

Records excluded
(n=1883)

Screening

Studies included in review
(n=24)

1 PRISMA flowchart version 2020
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summary presented in Table 1. Among these, twelve stud-
ies adopted a prospective cohort design [12, 18, 21, 22,
28-32, 34—36], with the remaining adopting a retrospective
cohort approach [14-16, 19, 20, 23-27, 33, 37]. The publi-
cation years of the studies spanned from 2007 to 2023. In
terms of geographical distribution, 15 studies originated
from Asia [14-16, 19, 20, 23, 24, 26, 27, 29-31, 33, 35, 37],
7 from Europe [12, 18, 22, 25, 28, 32, 34], 1 from Australia
[36], and the other one from the United States [21]. The
recruitment period ranged from 1986 to 2020, with the
median duration of follow-up ranging varying from 22 to
86.3 months.

Definition of early recurrence

The definition of ER exhibited variation among the stud-
ies. Twelve studies defined ER as six-month following
surgery [15, 23, 24, 26, 28-32, 34—36], while five studies
utilized 12 months as the cutoff for ER [16, 21, 25, 27, 37].
The ER rate ranged from 8.6% to 54.3%, and the pooled
ER rate was 30.2% (95% CI, 24.1%-36.4%), indicating
substantial heterogeneity across the studies (I*=98%,
P<0.001) (Fig. S1). Additionally, Vigano et al. applied a
3-month threshold to define very early recurrence (VER),

Table 2 Prognostic factors of patient characteristics in ER group
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with 11.6% of patients experiencing VER [12]. The over-
all CRLM recurrence rate was reported to be between
40.7% and 78.8%. For those patients who underwent early
recurrence (ER), the 5-year overall survival (OS) spanned
from 11.1% to 45.0% (Table 1).

Prognostic factors

A total of 22 potential prognostic factors were identified
before the study, categorized into patient-related factors,
primary tumor factors, liver metastasis factors, and treat-
ment-related factors. The characteristics of these prog-
nostic factors in the ER group were presented in Tables 2,
3, 4 and 5. As shown, the median age among patients
with ER ranged from 55 to 66 years, and the proportion
of males varied between 44.6% and 67.3%. Regarding pri-
mary tumor characteristics, poor tumor differentiation in
the ER group ranged from 5.6% to 66.7%, and 42.3% to
55.7% of patients had LNM. As factors of liver metasta-
ses, bilobar distribution was noted in 26.7% to 74.2% of
the ER group, and Jung et al. reported that up to 93.3%
had synchronous metastases [24]. As reported, 11.5% to
63.3% of patients with ER had positive surgical margins,

First author, year Median age (years) Male CEA CA199

(%)
Bhogal, 2015 [18] - - -
Chen,2022[19] 55.0 673 - -
Dai, 2021 [15] 62.7 66.7 24.2%,>100 ng/mL 30.3%,>320 U/mll
Deng,2023 [20] - 66.8 5.0%, > 200 ng/mL -
Finkelstein,2008 [21] - - - -
Imai, 2016 [22] - 61.5 44.8%,>10 ng/mL 29.8%,>60 U/ml
Inoue,2020 [23] 66.0 64.8 14.9 ng/mL, med 27.7 U/ml, med
Jung,2016 [24] - 66.7 53.3%,>50 ng/mL
Kaibori,2012 [14] - 59.2 50%,>6 ng/mL 35.2%,>30 ng/dl
Lalmahomed, 2015 [25] 63.0 634 - -
Lin,2018 [26] - 65.3 52.1%,>10 ng/mL 37.5%,>35U/ml
Liu,2015 [27] - 446 47.8%,>200 ng/mL -
Malik,2007 [28] 62.0 55.8 25.0 ng/mL, med 34.0 U/ml, med
Ma0,2017 [29] 57.0 56.3 39.1%, > 30 ng/mL -
Narita,2015 [30] 56.5 533 79.8 ng/mL, med -
Sakai, 2021 [16] - -
Sun,2014 [31] 582 50.0 79.1 ng/mL, med -
Tabchouri,2018 [32] - - -
Tanaka, 2014 [33] 616 514 2353 ng/mL, med -
Vigano,2014 [34] - 58.2 10.2%,> 200 ng/mL -
Vigano,2022 [12] - 554 8.9%,>200 ng/mL -
Watanabe,2020 [35] 62.0 550 11.1 ng/mL, med 18.4 U/ml, med
Wong,2022 [36] 66.6 50.0 - -
Yamashita,2011 [37] 59.0 596 26.9%,> 50 ng/mL -
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Table 3 Prognostic factors of primary tumor characteristics in ER
group

First author, year Poor tumor LNM T3-4 Rectal tumor
diff-erentiation (%) (%) (%)
(%)
Bhogal, 2015 [18] - - - 30.1
Chen,2022 [19] 288 779 952 471
Dai, 2021 [15] - 773 - 258
Deng,2023 [20] 34.9 830 942 448
Finkelstein,2008 [21] 30.0 700 - 333
Imai, 2016 [22] - 623 802 246
Inoue,2020 [23] - 818 - 420
Jung,2016 [24] 66.7 633 633 400
Kaibori, 2012 [14] 56 685 870 296
Lalmahomed,2015 [25] - 508 841 280
Lin,2018 [26] 286 727 - 347
Liu,2015 [27] - 546 475 476
Malik,2007 [28] - 58.1
Mao,2017 [29] 287 816 966
Narita,2015 [30] - 633 - 36.7
Sakai,2021 [16]
Sun, 2014 [31] - 800 - 56.7
Tabchouri,2018 [32] - 778
Tanaka,2014 [33] 114 - - 343
Vigano,2014 [34] - 688 908 356
Vigano,2022 [12] 679 839 286
Watanabe, 2020 [35] 6.1 763 878 374
Wong,2022 [36] - 741 - 31.0
Yamashita, 2011 [37] - 423 654 327

and approximately 30% to 80% of patients received
chemotherapy.

Assessment on risk-of-bias

The results of the RoB assessment were presented in
Table 6. Employing the QUIPS tool and the criteria
described above, 17 studies received a classification of
low overall RoB, whereas 5 studies were assigned a mod-
erate RoB rating. Notably, two studies were excluded due
to high RoB at this stage [33, 34].

Meta-analysis for prognostic factors

A total of 21 studies, involving 5791 patients, met the
eligibility criteria for the meta-analysis. One study was
omitted from consideration due to its utilization of VER
(3 months) as the outcome, and two additional studies
were excluded on account of high RoB.

All results graphically depicted using forest plots,
illustrated in Figs. 2, 3, 4 and 5. Patient- related fac-
tors such as age and male gender exhibited no correla-
tion with ER. Elevated concentrations of preoperative
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CEA (RR, 1.56; 95% CI, 1.19-2.04; ’=81%) and CA199
(RR, 1.48; 95% CI, 1.20-1.81; 12=36%) were identified
as potential risk factors for ER (Fig. 2). Besides, pri-
mary tumor factors associated with an increased haz-
ard of ER encompassed poor differentiation (RR, 1.13;
95% CI, 1.03-1.25; P=0%) and LNM (RR, 1.31; 95% CI,
1.17-1.48; ’=47%) (Fig. 3). Concerning liver metasta-
ses, an elevated risk of ER was associated with factors
such as a higher number of metastases (RR, 1.46; 95% CI,
1.26-1.68; P=57%), larger metastases (RR, 1.18; 95% CI,
1.04-1.34; ’=29%), and bilobar distribution (RR, 1.37;
95% CI, 1.21-1.55; P=40%) (Fig. 4). Regarding therapeu-
tic factors, major hepatectomy (RR, 1.16; 95% CI, 1.07—
1.25; P=0%), positive surgical margins (RR, 1.33; 95%
CI, 1.20-1.48; I’ =34%), and postoperative complications
(RR, 1.28; 95% CI, 1.13—1.44; I’=30%) have been recog-
nized as risk factors associated with ER (Fig. 5a and b).

However, the stage and location of the primary tumor,
synchronous metastases, extrahepatic metastases, lapa-
roscopic surgery, preoperative or postoperative chemo-
therapy, and blood transfusion were not found to be
statistically associated with ER. All the above results are
presented in Table 7.

The CRS ranges from 0 to 5 points, with 1 point
assigned for each of the following: LNM of the primary
tumor, the interval<1 year from primary tumor resec-
tion to the detection of liver metastasis, preoperative
CEA >200 ng/ml, more than one liver tumor, and largest
tumor >5 cm [41]. The combination of RRs in three stud-
ies showed that CRS >2 had the potential to increase the
risk of ER (RR, 1.44; 95% CI, 1.17-1.77; I*=0%; Egger’s P
value=0.232) (Fig. S2).

Reporting bias

Reporting bias was evaluated by funnel plot and Egger’s
test. Our results comparing the ER rates between groups
with and without LNM of primary tumor revealed an
asymmetric funnel, with a P value of 0.035 for the Egger’s
test (Fig. 6). By filling 4 studies using the Trim and Fill
method, the recalculated pooled RR was 1.20, 95% CI
(1.06, 1.37) (Fig. 7), which was not significantly changed
from the initial estimate (RR, 1.31; 95% CI, 1.17-1.48).
Therefore, the presence of publication bias has little sig-
nificant effect on the overall finding.

Study quality

Using the rating rules mentioned above, no evidence was
rated as Class IV. High-quality (Class I) evidence showed
that poor differentiation of CRC, larger and bilobar-dis-
tributed liver metastases, major hepatectomy, positive
surgical margins, and postoperative complications were
factors linked to an elevated hazard of ER. Among other
meaningful prognostic factors, elevated levels of CEA
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Table 4 Prognostic factors of liver metastases characteristics in ER group
First author, year Synchronous More Diameter Bilobar- Extrahepatic Initial un-
metastases metastases (median, cm) distribution metastases resectable
(%) (%) (%) (%) (%)
Bhogal,2015 [18] - - _ _ _ R
Chen,2022 [19] 91.3 - 30 60.6 1.5 -
Dai,2021 [15] 788 424 2.7 40.9 - -
Deng,2023 [20] - 66.8 - 47.7 14.1 -
Finkelstein,2008 [21] 66.7 40.0 - 26.7 - -
Imai,2016 [22] 718 540 66.7 230 452
Inoue, 2020 [23] 63.6 64.8 32 - - -
Jung,2016 [24] 93.3 56.7 - 46.7 - -
Kaibori,2012 [14] 68.5 444 - 444 - -
Lalmahomed,2015 [25] - - 28 329 - -
Lin,2018 [26] 63.3 143 - 34.7 - -
Liu,2015 [27] 222 60.6 - 57.3 455 -
Malik,2007 [28] 47.7 36.0 45 - - -
Mao,2017 [29] 80.5 820 30 506 - 69.0
Narita, 2015 [30] - 66.7 - 433 - -
Sakai, 2021 [16] - - - - - -
Sun,2014 [31] 683 - 4.1 - - -
Tabchouri,2018 [32] - - - - - -
Tanaka,2014 [33] 74.3 54.3 52 74.2 143 -
Vigano,2014 [34] 634 29.1 - 398 8.1 20.7
Vigano,2022 [12] 786 929 - - 232 -
Watanabe,2020 [35] 75.6 - 30 - - -
Wong,2022 [36] 70.6 - 3.1 44.8 - -
Yamashita,2011 [37] 82.7 365 37 288 - -
Table 5 Prognostic factors of therapy characteristics in ER group
First author, year Laparoscopic Simultaneous Major R1 Preoperative Postoperative Blood Postoperative
resection resection hepatectomy resection chemotherapy chemotherapy transfusion complications
(%) (%) (%) (%) (%) (%) (%) (%)
Bhogal,2015 [18] - - - - - 923 - -
Chen,2022 [19] - 731 84.6 46.2 61.5 59.6 - 59.6
Dai, 2021 [15] - - - - - - - -
Deng,2023 [20] 158 - 57.7 328 56.0 63.1 232 539
Finkelstein,2008 [21] - - 133 33 - - - -
Imai,2016 [22] - - 571 532 100 833 389 222
Inoue, 2020 [23] - 17.0 - 21.8 341 388 184 284
Jung,2016 [24] 0.0 300 200 633 - 40.0 - -
Kaibori,2012 [14] - - 370 241 37.0 556 370 370
Lalmahomed,2015 [25] - 329 - - - - - -
Lin,2018 [26] - - - - 55.1 714 - -
Liu,2015 [27] - 519 50.0 45.0 583 487 61.3 -
Malik,2007 [28] - - - 349 - - - -
Mao,2017 [29] 4.6 60.9 - 425 74.7 - 184 149
Narita, 2015 [30] - 56.7 333 - 80.0 - 300 -
Sakai, 2021 [16] - - - 320 - - - -
Sun,2014 [31] - 1.7 283 - 50.0 60.0 - 333
Tabchouri 2018 [32] - - - - - - - -
Tanaka,2014 [33] - - - - 343 68.6 - -
Vigano,2014 [34] 17 - - - - 479 244 -
Vigano,2022 [12] - 10.7 10.7 732 - - - 339
Watanabe, 2020 [35] - - 176 15 389 39.7 137 -
Wong,2022 [36] - - 39.7 345 86.2 741 - -
Yamashita, 2011 [37] - - 346 - - - 327 -
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Table 6 Risk of bias assessment using QUIPS tool Risk of bias assessment using QUIPS tool

Study 1.Study 2.Study attrition  3.PF 4. Outcome 5. Adjustment 6. Statistical Overall

participation measurement measurement  for other PF analysis and
reporting

Bhogal,2015, [18] Mod? Mod* Low Low Low Low Mod
Chen,2022,[19] Low Low Low Low Low Low Low
Dai,2021, [15] Low Low Low Low Low Low Low
Deng,2023, [20] Low Mod® Low Low Low Low Low
Finkelstein,2008, [21] Mod? Mod*® Low Low Low Low Mod
Imai,2016, [22] Low Mod® Low Low Low Low Low
Inoue,2020 [23] Low Mod Low Low Low Low Low
Jung,2016, [24] Low Mod* Low Low Low Low Low
Kaibori, 2012 [14] ModP Mod°© Low Low Low Low Mod
Lalmahomed,2015, [25]  Low Low Low Low Modf Low Low
Lin,2018, [26] Low Low Low Low Low Low Low
Liu,2015, [27] Mod?® Mod¢ Low Low Low Low Mod
Malik,2007, [28] Low Mod*® Low Low Low Low Low
Mao,2017, [29] Low Mod® Low Low Low Low Low
Narita, 2015, [30] Low Mod® Low Low Mod Low Mod
Sakai, 2021, [16] Low Mod® Low Low Low Low Low
Sun, 2014, [31] Mod? Low Low Low Low Low Low
Tabchouri, 2018, [32] Low Low Low Low Low Low Low
Tanaka, 2014, [33] Mod?® Mod® Low Mod® Low Low High
Vigano,2014, [34] ModP Mod* Mod¢ Low Low Low High
Vigano,2022, [12] Low Low Low Low Low Low Low
Watanabe, 2020, [35] Low Low Low Low Low Low Low
Wong,2022, [36] Low Low Low Low Low Low Low
Yamashita,2011, [37] Low Low Low Low Low Low Low

PF prognostic factor, Mod moderate

2 Lacks inclusion and exclusion criteria
b Lacks the baseline of study sample

¢ Lacks reporting of exact study

and CA199, LNM, and a higher number of liver metasta-
ses were rated as Class II (Table 7).

Subgroup analyses

Among the prognostic factors analyzed, an elevated
number of metastases was reported of having high het-
erogeneity (I>>50%). Subgroup analyses were conducted,
employing diverse thresholds for defining an increased
number of metastases, categorized as multiple,>3,
and >4 metastases. As shown in Fig. 8, all subgroup
analyses showed significant differences in the ER rate
between cases with more and fewer metastases. Notably,
the subgroup of multiple metastases showed great het-
erogeneity (I>=79%), whereas the other two groups did
not. Therefore, we found that the divergent definitions
of “multiple” across different articles constituted the pri-
mary source of heterogeneity.

Sensitivity analyses

We performed sensitivity analysis by switching to fixed-
effects models on all variables. The results were consist-
ent across all variables except in the case of preoperative
chemotherapy, wherein a fixed-effects model revealed an
association with diminished risk of ER (RR, 1.11; 95% CI,
1.02-1.21; ?=58%) (Fig. S3). However, this result was
deemed unreliable and excluded.

Discussion

This is the first-ever published meta-analysis summariz-
ing prognostic factors associated with ER following LR
for CRLM. Specifically, most of the studies used a post-
operative interval of 6 months to define ER, which is ear-
lier than the ER definition for other tumors in the liver.
For example, hepatocellular carcinoma (HCC) and intra-
hepatic cholangiocarcinoma (iCCA) often use 1 year or
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Experimental Control
r E Total Ev 1 igh

1.1 Age

Deng 2023 109 146 132 177 38.4%
Jung 2016 27 196 3 81 1.8%
Kaibori 2011 28 62 26 57 12.4%
Lin 2017 23 119 26 188 8.2%
Liu 2015 55 108 90 195 23.8%
Mao 2017 44 135 43 120 15.4%
Total (95% ClI) 766 818 100.0%
Total events 286 320

Heterogeneity: Tau? = 0.01; Chi?=7.80,df =5 (P =

Test for overall effect: Z=0.73 (P = 0.47)

1.2 Male

Chen 2022 70 94 34
Dai 2021 44 108 22
Deng 2023 161 209 80
Imai 2016 155 349 97
Inoue 2019 57 169 31
Jung 2016 20 189 10
Kaibori 2011 32 70 22
Lalmahomed 2015 52 111 30
Lin 2017 32 203 17
Liu 2015 78 175 67
Malik 2007 48 264 38
Mao 2017 49 156 38
Narita 2015 16 29 14
Sun 2014 30 83 30
Watanabe 2019 72 173 59
Wong 2022 29 117 29
Yamashita 2011 31 77 21
Total (95% CI) 2576

Total events 976 639

Heterogeneity: Tau® = 0.01; Chi? = 21.15, df = 16 (P = 0.17); 1= 24%

Test for overall effect: Z=1.39 (P = 0.16)
1.3 Elevated CEA

Dai 2021 16 20 50
Deng 2023 12 17 229
Imai 2016 113 217 139
Jung 2016 16 41 14
Kaibori 2011 27 52 27
Lin 2017 25 130 24
Liu 2015 11 23 134
Mao 2017 34 64 53
Yamashita 2011 14 25 38
Total (95% Cl) 589

Total events 268 708

Heterogeneity: Tau? = 0.13; Chi? = 41.61, df = 8 (P < 0.00001); I* = 81%

Test for overall effect: Z = 3.25 (P = 0.001)
1.4 Elevated CA 199

Dai 2021 20 29 46
Imai 2016 75 126 177
Kaibori 2011 19 41 35
Lin 2017 18 78 31
Total (95% Cl) 274

Total events 132 289

Heterogeneity: Tau? = 0.02; Chi2=4.69,df=3 (P =

Test for overall effect: Z =3.71 (P = 0.0002)

0.17); I = 36%

50 9.5%
42 46%
114 15.5%
213 11.7%
126 4.5%
88 1.4%
49  3.9%
62 5.6%
104 2.3%
128  9.0%
166  4.3%
99  52%
31 2.6%
69 4.1%
108  8.4%
77  3.5%
44  3.8%

1570 100.0%

130 12.2%
306 12.2%
345 13.7%
236  8.0%

67 11.1%
177 9.5%
280 10.4%
191 12.0%

96 10.7%

1828 100.0%

121 24.5%
436 44.4%

78 18.4%
229 12.7%

864 100.0%

0.20); I> = 36%

Risk Ratio
-H. R 9

1.00 [0.88, 1.14]
3.72[1.16, 11.92]
0.99 [0.67, 1.47]
1.40 [0.84, 2.33]
1.10 [0.87, 1.40]
0.91[0.65, 1.28]

1.06 [0.90, 1.25]

1.10[0.88, 1.37]
0.78 [0.54, 1.12]
1.10 [0.95, 1.26]
0.98[0.81, 1.18]
1.37 [0.95, 1.99]
0.93 [0.46, 1.90]
1.02 [0.68, 1.52]
0.97 [0.70, 1.34]
0.96 [0.56, 1.65]
0.85 [0.67, 1.08]
0.79 [0.54, 1.16]
0.82[0.58, 1.15]
1.22[0.74, 2.03]
0.83[0.56, 1.23]
0.76 [0.60, 0.97]
0.66 [0.43, 1.01]
0.84 [0.56, 1.27]

0.94 [0.86, 1.03]

2.08 [1.53, 2.83]
0.94 [0.69, 1.29]
1.29 [1.08, 1.55]

6.58 [3.48, 12.43]
1.29[0.87, 1.91]
1.42[0.85, 2.37]
1.00 [0.64, 1.56]
1.91[1.38, 2.65]
1.41[0.92, 2.17]

1.56 [1.19, 2.04]

1.81[1.30, 2.53]
1.47 [1.22,1.76]
1.03 [0.68, 1.56]
1.70 [1.01, 2.87]

1.48 [1.20, 1.81]

Fig. 2 Meta-analyses of association between patient characteristics and ER
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Experimental Control Risk Ratio Risk Ratio
r re Even Total Events Total Weight M-H. Random. 95% CI M-H, Random, 95% CI

2.1 Poor differentiation

Chen 2022 30 39 74 105 21.4% 1.09 [0.88, 1.35]

Deng 2023 84 104 157 219 61.0% 1.13[0.99, 1.28]

Finkelstein 2008 9 14 21 38  41% 1.16 [0.72, 1.89] ]
Lin 2017 14 72 35 235 3.0% 1.31[0.75, 2.29] ]
Mao 2017 25 56 62 199  7.5% 1.43[1.00, 2.05]

Watanabe 2019 8 21 123 260 3.1% 0.81[0.46, 1.41] -
Total (95% Cl) 306 1056 100.0% 1.13[1.03, 1.25]

Total events 170 472

Heterogeneity: Tau? = 0.00; Chi? = 3.52, df =5 (P = 0.62); I = 0%
Test for overall effect: Z =2.52 (P = 0.01)

2.2 Lymph node metastasis

Chen 2022 81 110 23 34 8.0% 1.09 [0.84, 1.41]

Dai 2021 51 109 15 41 4.5% 1.28[0.82, 2.01] ]
Deng 2023 200 257 41 66 9.4% 1.25[1.03, 1.53]

Finkelstein 2008 21 35 9 17 3.7% 1.13[0.67, 1.91] ]
Imai 2016 157 354 95 208 9.6% 0.97 [0.80, 1.17] _'
Inoue 2019 72 191 16 104 4.1% 2.45[1.51,3.98]

Jung 2016 19 185 1M1 92  24% 0.86 [0.43, 1.73] —
Kaibori 2011 37 80 17 39  48% 1.06 [0.69, 1.63] ]
Lalmahomed 2015 49 94 33 79 6.5% 1.25[0.90, 1.73] T
Lin 2017 32 159 17 148 3.5% 1.75[1.02, 3.02]

Liu 2015 100 183 45 120 7.8% 1.46 [1.12, 1.90]

Malik 2007 50 244 36 186 5.5% 1.06 [0.72, 1.55] ]
Narita 2015 19 37 11 23 3.6% 1.07 [0.63, 1.82] |
Sun 2014 48 97 12 55 3.5% 2.27[1.32,3.89]

Tabchouri 2018 35 175 10 98 2.6% 1.96 [1.02, 3.78]

Watanabe 2019 100 205 31 76 6.9% 1.20[0.88, 1.62] T
Wong 2022 43 131 15 63  3.9% 1.38[0.83, 2.28] ]
Yamashita 2011 22 37 30 84 5.4% 1.66 [1.13, 2.46]

Total (95% Cl) 2860 1611 100.0% 1.31[1.17, 1.48]

Total events 1207 483

Heterogeneity: Tau? = 0.03; Chi? = 34.17, df = 18 (P = 0.01); 2 =47%
Test for overall effect: Z = 4.48 (P < 0.00001)

*
Mao 2017 o7 16 78 43% 1.96 [1.22, 3.14] B
*
—
b
-

23T3-4

Chen 2022 99 137 5 7 5.9% 1.01[0.63, 1.63] ]
Deng 2023 227 303 14 20 15.7% 1.07 [0.80, 1.44] ]
Imai 2016 202 447 50 115 253% 1.04 [0.82, 1.31] 1
Jung 2016 19 173 11 104 2.8% 1.04 [0.51, 2.09] ]
Kaibori 2011 47 107 7 12 5.0% 0.75[0.45, 1.27] -
Lalmahomed 2015 69 147 13 26 7.7% 0.94[0.62, 1.43] 1
Liu 2015 104 219 41 84 20.2% 0.97 [0.75, 1.26] -
Mao 2017 84 242 3 13 1.3% 1.50 [0.55, 4.12] ]
Watanabe 2019 115 247 16 34 9.4% 0.99[0.68, 1.45] 1
Yamashita 2011 34 62 18 59 6.8% 1.80 [1.15, 2.81]

Total (95% Cl) 2084 474 100.0% 1.04 [0.93, 1.17] >
Total events 1000 178

Heterogeneity: Tau? = 0.00; Chi? = 8.42, df =9 (P = 0.49); I? = 0%
Test for overall effect: Z=0.71 (P = 0.48)

2.4 Rectal tumor

Bhogal 2015 28 104 65 139 52% 0.58 [0.40, 0.83] -

Chen 2022 49 67 55 77 9.9% 1.02 [0.84, 1.25] T

Dai 2021 17 53 49 97  4.0% 0.63 [0.41, 0.98] -

Deng 2023 108 142 133 181 13.1% 1.04 [0.91, 1.18] T

Imai 2016 62 139 190 423 9.5% 0.99 [0.80, 1.23] T

Inoue 2019 37 116 51 179 5.4% 1.12[0.79, 1.59] -
Jung 2016 12 114 18 163  1.9% 0.95[0.48, 1.90] - 1
Kaibori 2011 16 33 38 86 4.2% 1.10[0.72, 1.68] -
Lalmahomed 2015 23 47 59 126 5.6% 1.05[0.74, 1.48] -1

Lin 2017 17 117 32 190 2.9% 0.86 [0.50, 1.48] - 1

Liu 2015 59 124 86 179 85% 0.99 [0.78, 1.26] -1

Mao 2017 40 117 47 138 57% 1.00 [0.71, 1.41] -1
Narita 2015 11 14 19 46 4.0% 1.90 [1.23, 2.95] -
Sun 2014 34 73 26 79 46% 1.42[0.95, 2.11] -
Watanabe 2019 49 111 82 170 7.8% 0.92[0.71, 1.19] -

Wong 2022 18 64 40 130 3.6% 0.91[0.57, 1.46] - 1
Yamashita 2011 17 35 35 86 4.2% 1.19[0.78, 1.83] N
Total (95% Cl) 1470 2489 100.0% 1.00 [0.91, 1.11] 4}

Total events 597 1025

Heterogeneity: Tau? = 0.02; Chi? = 27.18, df = 16 (P = 0.04); > =41% y T '
Test for overall effect: Z = 0.09 (P = 0.93) . )

Fig. 3 Meta-analyses of association between primary tumor factors and ER
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Experimental Control Risk Ratio Risk Ratio

_Study or Subgroup  Events Total Events Total Weight M-H.Random.95% C| M-H. R: 95% Cl

3.1 Synchronous metastases

Chen 2022 95 126 9 18 6.3% 1.51[0.94, 2.42] T

Dai 2021 52 107 14 43 6.3% 1.49[0.93, 2.39] ]

Finkelstein 2008 " 19 19 33 6.3% 1.01[0.62, 1.63] ]

Imai 2016 181 385 71177 71% 1.17[0.95, 1.44]

Inoue 2019 56 134 32 161 6.7% 2.10[1.45, 3.04]

Jung 2016 28 175 2 102 3.1% 8.16 [1.99, 33.54]

Kaibori 2011 37 74 17 45 6.4% 1.32[0.85, 2.05] m

Lin 2017 31 204 18 103 6.1% 0.87[0.51, 1.48] ]

Liu 2015 42 189 103 114 6.9% 0.25[0.19, 0.32] -

Malik 2007 41 220 45 210 6.6% 0.87[0.60, 1.27] ]

Mao 2017 70 196 17 59 6.4% 1.24[0.80, 1.93] ]

Narita 2015 17 34 13 26 6.2% 1.00 [0.60, 1.67] 1

Sun 2014 41 94 19 58 6.5% 1.33[0.86, 2.06] 1

Watanabe 2019 99 201 32 80 6.9% 1.23[0.91, 1.67] 7

Wong 2022 41 102 17 92 6.3% 2.18[1.33, 3.55]

Yamashita 2011 43 88 9 33 5.9% 1.79[0.99, 3.25]

Total (95% CI) 2348 1354 100.0% 1.23[0.89, 1.71] b

Total events 885 437

Heterogeneity: Tau? = 0.38; Chi? = 152.64, df = 15 (P < 0.00001); I = 90%
Test for overall effect: Z = 1.26 (P = 0.21)
3.2 More metastases

Dai 2021 28 40 38 110 8.7% 2.03[1.46,2.81]

Deng 2023 161 204 80 119 13.8% 1.17 [1.02, 1.36]

Finkelstein 2008 12 21 18 31 5.8% 0.98 [0.61, 1.58] ]
Imai 2016 136 256 116 306 12.7% 1.40[1.17, 1.68]

Inoue 2019 57 133 31 162 7.7% 2.24[1.54,3.25]

Jung 2016 17 91 13 186 3.5% 2.67[1.36, 5.26]

Kaibori 2011 24 38 30 81 7.7% 1.71[1.17, 2.48]

Lin 2017 7 31 42 276 3.2% 1.48[0.73, 3.01] ]
Liu 2015 43 7 102 232 11.1% 1.38[1.09, 1.75]

Mao 2017 71 206 16 49 6.3% 1.06 [0.68, 1.65] ]
Narita 2015 20 40 10 20 4.9% 1.00[0.58, 1.71] 1
‘Yamashita 2011 19 32 33 89 7.2% 1.60[1.08, 2.38]

Total (95% CI) 1283 1971 100.0% 1.46 [1.26, 1.68]

Total events 626 584

Heterogeneity: Tau? = 0.03; Chi? = 27.70, df = 12 (P = 0.006); I = 57%
Test for overall effect: Z = 5.16 (P < 0.00001)
3.3 Larger metastases

Deng 2023 33 39 208 284 30.3% 1.16 [0.99, 1.34]

Finkelstein 2008 12 22 18 30 6.3% 0.91[0.56, 1.47] 1
Imai 2016 96 181 156 381 25.5% 1.30[1.08, 1.55]

Lin 2017 24 99 25 208 5.8% 2.02[1.22,3.35]

Liu 2015 34 7 111 232 15.3% 1.00[0.76, 1.32] -
Mao 2017 46 123 41 132 11.2% 1.20[0.86, 1.69] I
Narita 2015 13 26 17 34 5.7% 1.00 [0.60, 1.67] 1
Total (95% CI) 561 1301 100.0% 1.18 [1.04, 1.34]

Total events 258 576

Heterogeneity: Tau? = 0.01; Chi? = 8.50, df = 6 (P = 0.20); I> = 29%
Test for overall effect: Z =2.51 (P = 0.01)
3.4 Bilobar distribution

Chen 2022 63 81 41 63 13.0% 1.20[0.96, 1.48]

Dai 2021 27 43 39 107 8.3% 1.72[1.23,2.42]

Finkelstein 2008 8 16 22 36 4.1% 0.82[0.47, 1.43] ]
Imai 2016 168 341 84 221 13.7% 1.30[1.06, 1.58]

Jung 2016 14 90 16 187  3.0% 1.82[0.93, 3.56] T
Kaibori 2011 24 42 30 77 71% 1.47[1.00, 2.15]

Lalmahomed 2015 27 55 55 118 8.5% 1.05[0.76, 1.47] ]
Lin 2017 17 77 32 230 4.4% 1.59 [0.94, 2.69] T
Liu 2015 7 124 74 179 12.3% 1.39[1.10, 1.75]

Mao 2017 44 82 43 173 8.6% 2.16 [1.56, 3.00]

Narita 2015 13 27 17 33 4.7% 0.93 [0.56, 1.56] 1
Wong 2022 26 70 32 124 6.1% 1.44 [0.94, 2.20] T
‘Yamashita 2011 15 27 37 94 6.2% 1.41[0.93, 2.15] b
Total (95% Cl) 1075 1642 100.0% 1.37 [1.21, 1.55]

Total events 517 522

Heterogeneity: Tau? = 0.02; Chi? = 20.08, df = 12 (P = 0.07); I> = 40%
Test for overall effect: Z = 4.88 (P < 0.00001)
3.5 Extrahepatic metastases

B d
>
——
——

Malik 2007 31 120 55 310 7.4% 1.46 [0.99, 2.14] -
*
-
-
—
*
-—
—
*
L
-
>

Chen 2022 12 18 92 126 127% 0.91[0.65, 1.29] —
Deng 2023 34 39 207 284 46.1% 1.20 [1.04, 1.38]

Imai 2016 58 109 194 453 28.7% 1.24[1.01,1.53]

Liu 2015 20 4 125 259 12.5% 0.94[0.67, 1.33] —

Total (95% Cl) 210 1122 100.0% 1.13[0.99, 1.29]

Total events 124 618

Heterogeneity: Tau? = 0.00; Chi? = 3.99, df = 3 (P = 0.26); I> = 25% ‘0‘ p sz Ofs ; 2 5 p 0’

Test for overall effect: Z = 1.88 (P = 0.06)
Fig. 4 Meta-analyses of association between liver metastases factors and ER
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a

Experimental  Control

4.1 Laparoscopic resection

Deng 2023 38 56 203 267 950%
Jung 2016 o 13 30 264 05%
Mao 2017 4 18 83 237 45%
Total (95% CI) 87 768 100.0%
Total events 42

Heterogeneity: Tau? = 0.00; Chi* = 1.32, df = 2 (P = 0.52); I = 0%
Test for overall effect: Z = 1.40 (P = 0.16)

4.2 Simultaneous resection

Chen 2022 76 104 28 40 181%
Imai 2016 217 507 35 55 186%
Inoue 2019 15 a7 73 258 108%
Jung 2016 9 9 21 186 52%
Lalmahomed 2015 27 52 55 121 144%
Liu 2015 U 27 131 276 124%
Mao 2017 53 152 34 103 135%
Sun 2014 7 18 53 134 69%
Total (95% CI) 988 173 100.0%
Total events 418 430

Heterogeneity: Tau® = 0.04; Chi* = 1557, df = 7 (P = 0.03); I* = 55%
Test for overall effect: Z = 0.03 (P = 0.98)

4.3 Major hepatectomy

Chen 2022 88 122 16 2 84%
Deng 2023 139 172 102 151 369%
Finkelstein 2008 4 8 2% 44 12%
Imai 2016 144 288 108 274 187%
Jung 2016 6 50 24 227 09%
Kaibori 2011 20 40 3479 41%
Liu 2015 a7 % 98 209 106%
Narita 2015 ] 20 37 22%
Sun 2014 17 a7 43 115 37%
Watanabe 2019 23 56 108 225 56%
Wong 2022 23 66 35 128 35%
Yamashita 2011 18 30 4 91 42%
Total (95% CI) 986 1602 100.0%
Total events 539 648

Heterogeneity: Tau = 0.00; Chi* = 11.04, df = 11 (P = 0.44); I = 0%
Test for overall effect: Z = 3.49 (P = 0.0005)

4.4 Positive surgical margin

Chen 2022 8 59 56 85 143%
Deng 2023 79 94 162 229 205%
Finkelstein 2008 1 2 29 50 06%
Imai 2016 134 261 118 301 152%
Inoue 2019 20 44 68 251 6.0%
Kaibori 2011 13 2 4 97 52%
Liu 2015 9 20 13 283 39%
Malik 2007 0 128 56 302 58%
Mao 2017 77 50 184 77%
Sakai 2021 4 55 63 174 92%
Watanabe 2019 15 24 116 257 7.2%
Wong 2022 20 66 38 128 46%
Total (95% CI) 846 2341 100.0%
Total events 440

Heterogeneity: Tau? = 0.01; Chi = 16.79, df = 11 (P = 0.11); F = 34%
Test for overall effect: Z = 5.36 (P < 0.00001)

b

Experimental  Control

4.5 Preoperative chemotherapy

Chen 2022 64 94 40 50 128%
Deng 2023 135 181 106 142 14.9%
Inoue 2019 0 8 58 209 7.9%
Kaibori 2011 20 48 U 7T 68%
Lalmahomed 2015 41 80 41 93 92%
Lin 2017 27 13 2 171 51%
Liu 2015 63 108 82 195 11.7%
Mao 2017 65 177 2 78 70%
Narita 2015 24 a2 6 18 32%
Sun 2014 0 66 30 8 73%
Watanabe 2019 51 124 80 157 107%
Wong 2022 50 155 8 39 35%
Total (95% CI) 1297 1309 100.0%
Total events 600

529
Heterogeneity: Tau? = 0.03; Chi* = 26.11, df = 11 (P = 0.006); = 58%
Test for overall effect: Z = 1.55 (P = 0.12)
4.6 Postoperative chemotherapy

Bhogal 2015 8 192 751 42%
Chen 2022 62 88 42 56 113%
Deng 2023 152 213 89 110 124%
Imai 2016 210 467 42 95 105%
Inoue 2019 33 128 55 167 B84%
Jung 2016 12 12 18105 44%
Kaibori 2011 0 56 24 63 79%
Lin 2017 3B 26 14 81 56%
Liu 2015 9% 197 49 106 10.5%
Sun 2014 3% 106 24 46 81%
Watanabe 2019 52 149 79 132 10.3%
Wong 2022 43 132 15 62 64%
Total (95% CI) 2126 1074 100.0%
Total events 847 458

Heterogeneity: Tau? = 0.06; Chi* = 42.36, df = 11 (P < 0.0001); I = 74%
Test for overall effect: Z = 0.85 (P = 0.40)
4.7 Blood transfusion

Deng 2023 56 81 185 242 215%
Imai 2016 98 203 154 359 195%
Inoue 2019 6 42 72 253 72%
Kaibori 2011 20 45 4 74 78%
Liu 2015 27 44 118 259 136%
Mao 2017 6 45 71210 74%
Narita 2015 9 19 21 41 47%
Watanabe 2019 18 28 113 253 116%
Yamashita 2011 17 43 3B 78 69%
Total (95% CI) 550 1769 100.0%
Total events 217 803

Heterogeneity: Tau? = 0.01; Chi* = 13.10, df = 8 (P = 0.11); I = 39%
Test for overall effect: Z = 1.39 (P = 0.16)
4.8 Postoperative complications

Chen 2022 62 76 42 68 19.0%
Deng 2023 130 162 111 161 358%
Imai 2016 56 109 196 453 19.6%
Inove 2019 25 55 63 240 83%
Mao 2017 13 24 74 231 64%
Sun 2014 20 46 40 106 65%
Vigano 2021 19 126 37 388 43%
Total (95% CI) 598 1617 100.0%
Total events

563
Heterogeneity: Tau? = 0.00; Chi* = 7.55, df = 6 (P = 0.27); I = 21%
Test for overall effect: Z = 4.38 (P < 0.0001)
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2 years as a cutoff value [42—44]. This review reveals that
following LR for CRLM, the occurrence of ER is approxi-
mated at 30.2% (95% CI, 24.1%—36.4%). However, evi-
dence shows that the 5-year OS rate after ER of CRLM
ranges from 11.1% to 45%, while that of iCCA is only
8-11.6% [43—-45]. This suggests that postoperative ER of
CRLM is more common but the prognosis is relatively
better, compared with other intrahepatic tumors. Fur-
thermore, with the development of surgical techniques
and minimally invasive local treatment strategies, CRLM
patient is more likely to undergo re-resection and/or
ablation after recurrence, and the 5-year OS after repeat
hepatectomy is as high as 50% [46].

After pooling data from 21 studies involving 5791
patients, this meta-analysis identified ten prognostic
factors that could play a crucial role in ER across four
domains: patient-related factors, primary tumor char-
acteristics, liver metastases attributes, and therapeutic
factors.

As patient-related factors, elevated levels of preop-
erative CEA and CA199 were identified as potential risk
factors for ER. However, the evidence was classified as
level II due to high heterogeneity, which was attributed
to varying cutoff values in different studies. Studies indi-
cated that postoperative serum molecular markers had
stronger predictive potential. Even within the normal
limits, higher levels of postoperative CA199 were effec-
tive in predicting ER [15, 47, 48].

For primary tumor factors, the analysis of aggregated
RR values indicated a heightened risk of ER associated
with poor differentiation and LNM, both indicative of
a more advanced tumor stage. The impact of LNM on
ER was categorized as class II evidence due to report-
ing bias, but the Trim and Fill analysis indicated that the
presence of publication bias had no substantial influ-
ence on the overall findings. Besides, previous inves-
tigations have validated that individuals with LNM in
primary tumors exhibit an adverse OS and progression-
free survival (PFS) [49-51]. This reveals the significance
of pathological characteristics of primary colorectal
tumors in the prognosis assessment following LR. Par-
ticularly for metachronous liver metastases, defined as
liver metastases discovered after primary tumor sur-
gery, these primary tumor factors may assist surgeons in
identifying patients who would derive greater benefits
from LR [52, 53].

Characteristics of liver metastases, such as increased
size, number, and bilobar distribution, have been recog-
nized as potential risk factors associated with ER. Tumor
size and number were frequently treated as dichotomous
variables, with varying cutoff values, leading to het-
erogeneity across studies. However, these two variables
can be used to calculate the tumor burden score (TBS)
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Table 7 Summary of meta-analysis results and evidence quality
Outcome Studies Participants RR & 95%Cl P value 12 Egger’s test P Class of
value Evidence

1. Patient characteristic

1.1 Age 6 1584 1.06 [0.90, 1.25] 047 36% - Class Il

1.2 Male 17 4146 0.94 [0.86, 1.03] 0.16 24% 0.185 Class |

1.3 Elevated CEA 9 2417 1.56[1.19,2.04] 0.001 81% - Class I

1.4 Elevated CA199 4 1138 1.481[1.20,1.81] <0.001 36% - Class I
2. Primary tumor characteristics

2.1 Poor 6 1362 1.13[1.03,1.25] 0.01 0% - Class |
differentiation

2.2 Lymph node 19 4471 131[1.17,1.48] <0.001 47% 0.035 Class Il
metastasis

23T3-4 10 2558 1.04[0.93,1.17] 0.48 0% 0.623 Class |

2.4 Rectal tumor 17 3959 1.00[0.91,1.11] 093 41% 0.897 Class |
3. Liver metastases characteristics

3.1 Synchronous 16 3702 1.23[0.89,1.71] 0.21 90% 0.121 Class Il
metastases

3.2 More 13 3254 146 [1.26, 1.68] <0.001 57% 0.206 Class Il
metastases

3.3 Larger 7 1862 1.18[1.04, 1.34] 0.01 29% - Class |
metastases

3.4 Bilobar 13 2717 1.371[1.21,1.55] <0.001 40% 0.811 Class |
distribution

3.5 Extrahepatic 4 1332 1.13[0.99,1.29] 0.06 25% - Class |
metastases
4. Surgical procedures and operative outcome

4.1 Laparoscopic 3 855 0.87[0.72,1.05] 0.16 0% - Class i
resection

4.2 Simultaneous 8 2161 1.00[0.83,1.21] 0.98 55% - Class Il
resection

4.3 Major 12 2588 1.16[1.07,1.25] <0.001 0% 0.329 Class |
hepatectomy

4.4 Positive 12 3187 1.33[1.20, 1.48] <0.001 34% 0.505 Class |
surgical margin

4.5 Preoperative 12 2606 1.12[0.97,1.28] 0.12 58% 0.074 Class Il
chemotherapy

4.6 Postoperative 12 3200 0.931[0.78, 1.11] 040 74% 0616 Class Il
chemotherapy

4.7 Blood 9 2319 1.10[0.96, 1.25] 0.16 39% - Class |
transfusion

4.8 Postoperative 6 1731 1.28[1.13,1.44] <0.001 30% - Class |

complications

[TBS?= (maximum tumor diameter)?+ (number of liver
lesions)?], and the predictive efficacy of this index has
been proved to exhibit higher specificity and sensitivity
compared to relying solely on tumor size and number in
patients with CRLM [54, 55]. Preoperative radiological
imaging can provide first indications about the risk of ER,
especially gadoxetate disodium-enhanced magnetic reso-
nance imaging (EOB-MRI) can provide greater sensitivity

[56]. Furthermore, the implementation of intraoperative
hepatic ultrasonography (IOUS) has been reported to
identify more occult hepatic lesions missed by preopera-
tive imaging, thereby potentially mitigating the risk of ER
[57, 58].

In terms of therapeutic factors, major hepatectomy,
positive surgical margins, and postoperative complica-
tions have been identified to increase the risk of ER. But
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Fig. 6 Funnel plot of ER in groups with and without LNM
in the primary tumor
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Fig. 7 Trim and Fill analysis of the effect of LNM on ER. The squares
represent the adjusted studies

no statistically significant difference was observed in
the impact on ER between laparoscopic and open hepa-
tectomy, suggesting the viability of the laparoscopic
approach. Major hepatectomy is traditionally defined
as the resection of three or more liver segments [59].
Indeed, the presence of more and larger, and bilobar-dis-
tributed metastases mentioned above not only represents
worse tumor behavior but also increases the probability
of occult intrahepatic spread and affects the radicality
of the treatment. Consequently, to ensure the complete
removal of all lesions, more extensive liver resection
may be performed, leaving little room for salvageability
[60]. Besides, R1 resection has been identified as a risk
factor, implying that overlooked lesions and residual
microscopic tumor cells left after surgery contribute to
ER. However, it remains uncertain whether recurrence
at the surgical margin or the emergence of new metas-
tases are the primary contributors to ER in patients with

Page 150f 18

positive surgical margins. Severe postoperative complica-
tions could potentially extend the immunosuppression
induced by major surgeries and delay the initiation of
adjuvant chemotherapy [14].

The current study failed to demonstrate the ben-
efit of preoperative or postoperative chemotherapy in
preventing ER. The reason is that, on the one hand,
patients with more advanced tumors and R1 resection
have a greater tendency to receive adjuvant therapy, on
the other hand, the effects of different regimens and
cycles of adjuvant treatment are combined. But a study
revealed that>1 chemotherapy line and progression
of disease during last-line chemotherapy, were identi-
fied as independent predictors of ER, suggesting that
the response to chemotherapy was more important
than the chemotherapy itself [22]. Therefore, the coop-
eration between surgeons and oncologists is essential,
especially when aggressive indications are present.

In addition to individual prognostic factors, the CRS
combines tumor markers, primary tumor factors, and
liver metastasis factors and was widely adopted for the
prognosis of CRLM patients. In this study, class I evi-
dence demonstrated that a CRS >2 increase the risk of
ER. Furthermore, several studies have utilized multiple
prognostic factors to develop nomograms to better pre-
dict ER of CRLM [15, 19, 20]. However, the generaliz-
ability of these nomograms requires further research,
and there is an urgent need to develop a universal ER
risk prediction score.

When liver recurrence occurs, salvage resection had
the potential to extend long-term survival [22]. How-
ever, it was noteworthy that the secondary resection
rate was notably diminished in individuals with ER
compared to those experiencing late recurrence, due
to worsened condition status and potential surgical
complications [26]. Additionally, studies indicated that
the survival benefit associated with salvage resection
disappeared within the subgroup of patients exhibit-
ing more than two risk factors for ER [29]. For these
patients, salvage treatment may accelerate disease
progression and postoperative complications, thereby
mitigating survival benefits rather than effectively con-
trolling local recurrence. Therefore, the indications for
salvage resection in patients with ER should be strictly
controlled.

There are several limitations in this review. Initially,
all the included studies are non-randomized control
trials, introducing the possibility of confounding bias.
Moreover, the combination of various ER definitions,
ranging from 6 to 24 months, and amalgamation of
diverse cutoff values for prognostic factors contributed
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Experimental Control

Study or Subgrou Events Total Events Total Weight
3.7.1 Multiplemetastases

Deng 2023 161 204 80 119 13.8%
Finkelstein 2008 12 21 18 31 5.8%
Inoue 2019 57 133 31 162 7.7%
Jung 2016 17 91 13 186 3.5%
Narita 2015 20 40 10 20 4.9%
Subtotal (95% CI) 489 518 35.7%
Total events 267 152

Heterogeneity: Tau? = 0.14; Chi? = 18.99, df = 4 (P = 0.0008); I> = 79%
Test for overall effect: Z = 1.86 (P = 0.06)

3.7.2 > 3 metastases

Liu 2015 43 71 102 232 11.1%
Malik 2007 31 120 55 310 7.4%
Mao 2017 71 206 16 49  6.3%
Subtotal (95% Cl) 397 591 24.8%
Total events 145 173

Heterogeneity: Tau? = 0.00; Chi? = 1.34, df =2 (P = 0.51); 2= 0%
Test for overall effect: Z = 3.06 (P = 0.002)

3.7.3 >4 metastases

Dai 2021 28 40 38 110 8.7%
Imai 2016 136 256 116 306 12.7%
Kaibori 2011 24 38 30 81 7.7%
Lin 2017 7 31 42 276 3.2%
Yamashita 2011 19 32 33 89 7.2%
Subtotal (95% CI) 397 862 39.5%

Total events 214 259
Heterogeneity: Tau? = 0.00; Chi? = 4.06, df = 4 (P = 0.40); I>=2%
Test for overall effect: Z = 6.35 (P < 0.00001)

Total (95% Cl)
Total events 626 584

Heterogeneity: Tau? = 0.03; Chi* = 27.70, df = 12 (P = 0.006); 1> = 57%
Test for overall effect: Z=5.16 (P < 0.00001)

Test for subaroun differences: Chi2 = 1.86. df =2 (P = 0.39). 2= 0%

Fig. 8 Subgroup analyses of more metastases

1283 1971 100.0%

to the substantial heterogeneity. In addition, only RRs
were extracted and combined, not the hazard ratios
(HRs), which were less persuasive due to the absence
of time-related data. Despite these limitations, pooling
evidence from available observational studies enabled
us to synthesize relevant and generalizable prognostic
factors.

Conclusion

This review offers a consolidated summary of the prog-
nostic factors associated with ER subsequent to LR for
CRLM. These findings have the potential to enhance
the efficacy of surveillance strategies, refine prognostic
assessments, and guide judicious treatment decisions for
CRLM patients with high risk of ER. Additionally, it is
essential to undertake well-designed prospective inves-
tigations to examine additional prognostic factors and
develop salvage therapeutic approaches for ER of CRLM.

Risk Ratio
M-H, Random, 95% CI
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Abbreviations

CA199 carbohydrate antigen 19-9
CEA carcinoembryonic antigen
a confidence interval

CRC colorectal cancer

CRLM colorectal liver metastases

CRS clinical risk score

ER early recurrence

HCC hepatocellular carcinoma

HR hazard ratio

iCCA intrahepatic cholangiocarcinoma

IOUS intraoperative hepatic ultrasonography
LNM lymph node metastases

LR liver resection

OR odds ratio

(o) overall survival

PFS progression-free survival

PRISMA  Preferred Reporting Items for Systematic Reviews and Meta-analyses
QUIPS Quiality in Prognostic Factor Studies
RoB risk-of-bias

RR relative ratio

VER very early recurrence
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