Supplementary Tables
Table S1. PRISMA 2020 Checklist.
	Section/topic 
	#
	Checklist item 
	Reported on page #  

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review, meta-analysis, or both. 
	1

	ABSTRACT 
	

	Structured summary 
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number. 
	3-4

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of what is already known. 
	5-6

	Objectives 
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	6-7

	METHODS 
	

	Protocol and registration 
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number. 
	7

	Eligibility criteria 
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. 
	7-8

	Information sources 
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	7

	Search 
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	Table S2

	Study selection 
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	7-8

	Data collection process 
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	8

	Data items 
	11
	4
	8-9

	Risk of bias in individual studies 
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	8

	Summary measures 
	13
	State the principal summary measures (e.g., risk ratio, difference in means). 
	8-9

	Synthesis of results 
	14
	Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis. 
	8-9

	Section/topic 
	#
	Checklist item 
	Reported on page # 

	Risk of bias across studies 
	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 
	9-10

	Additional analyses 
	16
	Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. 
	8-9

	RESULTS 
	

	Study selection 
	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. 
	10-11, Figure 1

	Study characteristics 
	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
	10-11, Table 1

	Risk of bias within studies 
	19
	Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 
	Figure S1

	Results of individual studies 
	20
	For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
	11-12, Figure 2-3

	Synthesis of results 
	21
	Present results of each meta-analysis done, including confidence intervals and measures of consistency. 
	11-12, Figure 2-3

	Risk of bias across studies 
	22
	Present results of any assessment of risk of bias across studies (see Item 15). 
	13

	Additional analysis 
	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 
	12-13

	DISCUSSION 
	

	Summary of evidence 
	24
	Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 
	14-16

	Limitations 
	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 
	19

	Conclusions 
	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	18-19

	FUNDING 
	

	Funding 
	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. 
	20



Table S2. Detailed search strategy for all databases
Objective: To identify all relevant studies evaluating the association between Tumor Burden Score (TBS) and prognosis in patients with Colorectal Liver Metastases (CRLM).
Time frame: Database inception to September 30, 2025. 
Inclusion: Combination of Subject Headings (MeSH/Emtree) and Free Text (Title/Abstract) terms.
	Database / Step
	Concept
	Search Term / Command
	Results

	A. PubMed
	
	
	176

	S1
	P/I (MeSH)
	"Colorectal Neoplasms"[MeSH] AND "Liver Neoplasms"[MeSH]
	

	S2
	P/I (Free Text)
	("colorectal liver metastasis" OR "colorectal liver metastases" OR CRLM OR "hepatic metastasis" OR "hepatic metastases") [Title/Abstract]
	

	S3
	CRLM Concept
	#1 OR #2
	

	S4
	Exposure (MeSH)
	"Tumor Burden"[MeSH] OR "Neoplasm Staging"[MeSH]
	

	S5
	Exposure (Free Text)
	("tumor burden score" OR "tumor burden scores" OR TBS OR "tumor load score")[Title/Abstract]
	

	S6
	TBS Concept
	#4 OR #5
	

	S7
	Final Combination
	#3 AND #6
	

	B. Embase (via Ovid)
	
	
	82

	S1
	P/I (Emtree)
	'colorectal cancer'/exp AND 'liver metastasis'/exp
	

	S2
	P/I (Free Text)
	('colorectal liver metastasis' OR CRLM OR 'hepatic metastasis' OR 'liver metastasis of colorectal cancer'):ti,ab
	

	S3
	CRLM Concept
	#1 OR #2
	

	S4
	Exposure (Free Text)
	('tumor burden score' OR TBS OR 'tumor load score'):ti,ab
	

	S5
	Final Combination
	#3 AND #4
	

	C. Web of Science
	
	
	48

	S1
	CRLM Concept
	TS=("colorectal liver metastasis*" OR CRLM OR "hepatic metastasis*" OR "liver metastasis* of colorectal cancer")
	

	S2
	TBS Concept
	TS=("tumor burden score" OR TBS OR "tumor load score" OR "tumor volume score")
	

	S3
	Final Combination
	#1 AND #2
	

	Database / Step
	Concept
	Search Term / Command
	Results

	D. Scopus
	
	
	66

	S1
	CRLM Concept
	TITLE-ABS-KEY("colorectal liver metastasis" OR CRLM OR "hepatic metastasis")
	

	S2
	TBS Concept
	TITLE-ABS-KEY("tumor burden score" OR TBS OR "tumor load score")
	

	S3
	Final Combination
	#1 AND #2
	

	E. CNKI, Wanfang, VIP
	
	
	27

	S1
	Final Combination
	Subject/Keywords: ("肿瘤负荷评分" OR "TBS") AND ("结直肠癌肝转移" OR "结直肠肝转移" OR "CRLM")
	(2+20+5)



Table S3. Summary of covariates included in the multivariate Cox proportional hazards models for the Overall Survival cohort.
	First author
	Perioperative chemotherapy (%)
	KRAS adjusted
	Covariates

	Sasaki
	65.4
	Yes
	Nodal metastases,Preoperative CEA, Extrahepatic disease, KRAS status, Liver resection, Resection margin width

	Mao
	65.0
	No
	CEA, Lymphovascular invasion, Node-positive primary tumor, Synchronous metastasis, Initial unresectability, Number of metastases, Bilobar distribution, R1 resection

	Andreou
	75.0
	No
	NA (Univariate)

	Conci
	Not available
	Yes
	Primary tumor location, Radicality Primary, Lobar distribution, KRAS status

	Peng
	0.0
	No
	NA (Univariate)

	Tsilimigras
	59.0
	No
	CEA, Type of liver resection, Minimally invasive liver resection, Chemotherapy before hepatectomy, Extrahepatic disease at hepatectomy

	Xu
	100.0
	No
	PCRRLM,Lymph node status, Synchronous LM, LM number, LM diameter, Hepatic lobe involvement, CRS

	Shimagaki
	60.1
	No
	Serum albumin, ICG test, APRI score

	Zhai
	0.0
	No
	NA (Univariate)

	Peng
	27.1
	No
	CA19-9, the sum of CEA and CA19-9 level, bilobar metastasis, primary tumor nodal invasion, Preoperative chemotherapy

	Akabane
	NR
	Yes
	ASA class, T Category, Lymph node metastasis, Recurrence within 12 months, KRAS status, Margin status, FIB-4 index

	Burlaka
	60.8
	Yes
	Bilobar LM, Number of LM, LM size, CTx courses, Regional lymph node metastases, Two-stage hepatectomy with PVE, Surgical incision, Laparoscopic, 30-day major morbidity, KRAS status

	Baldo
	61.2
	No
	GNRI, Bilobar, pN, Timing



Table S4. Subgroup analyses of overall survival for the initial full cohort.
	Subgroup
	Variables
	No. of Studies
	Patients (n)
	Pooled HR (95% CI)
	p value
	I² (%)
	phet
	pinteraction

	Region
	Western
	6
	3,636
	1.61 (1.20-2.15)
	0.008
	52.4%
	0.062
	0.862

	
	Asia
	5
	1,087
	1.65 (1.33-2.03)
	0.003
	0.0%
	0.789
	

	Year
	≤2021
	6
	2,712
	1.80 (1.27-2.56)
	0.008
	42.5%
	0.122
	0.076

	
	>2021
	5
	2,011
	1.41 (1.34-1.48)
	<0.001
	0.0%
	0.772
	

	Size
	>400
	4
	3,314
	1.45 (1.17-1.79)
	0.012
	47.1%
	0.129
	0.123

	
	≤400
	7
	1,409
	1.73 (1.37-2.17)
	0.001
	0.0%
	0.583
	

	Design
	Single-center
	9
	2,534
	1.67 (1.36-2.05)
	<0.001
	39.8%
	0.103
	0.257

	
	Multi-center
	2
	2,189
	1.47 (0.61-3.51)
	0.112
	0.0%
	0.512
	

	Type
	Multivariate
	9
	4,431
	1.54 (1.35-1.76)
	<0.001
	16.0%
	0.300
	0.551

	
	Univariate
	2
	292
	2.16 (0.00-2810.21)
	0.402
	71.3%
	0.062
	

	Time span(2021)
	No
	8
	3,845
	1.68 (1.36-2.08)
	<0.001
	20.2%
	0.269
	0.047

	
	Yes
	3
	878
	1.40 (1.29-1.52)
	0.003
	0.0%
	0.628
	

	Cutoff
	≤4
	4
	1,452
	1.62 (1.26-2.09)
	0.009
	0.0%
	0.697
	0.979

	
	>4
	7
	3,271
	1.63 (1.26-2.10)
	0.003
	45.8%
	0.086
	


Note: a. HR, Hazard Ratio; CI, Confidence Interval; OS, Overall Survival. 
	b. The "Western" subgroup comprises studies conducted in Western Europe and the USA. 
	c. p-value indicates the statistical significance of the hazard ratio within each subgroup. pinteraction represents the p-value for the test of subgroup differences. 
	d. Heterogeneity within each subgroup is assessed by I2 and phet (the p-value derived from Cochran’s Q test). 
	e. All pooled estimates were calculated using a random-effects model with Hartung–Knapp adjustment.
Table S5. GRADE Summary and rationale for certainty assessment
1. GRADE assessment rationale
The certainty of evidence for the association between high Tumor Burden Score (TBS) and poor Overall Survival (OS) in Colorectal Liver Metastases (CRLM) patients was evaluated using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology.
Starting Point: Observational studies (retrospective cohorts) inherently start at Low certainty of evidence. Final Rating: Moderate certainty of evidence. Detailed Appraisal: The initial evidence certainty was modified through the following criteria:
	Factor
	Criterion Met
	Direction
	Rationale

	Risk of Bias
	No serious limitations
	No Change
	Included studies were of high methodological quality (NOS score ≥ 7). Inherent confounding in retrospective designs is already accounted for by the initial "Low" starting point.

	Inconsistency
	No serious inconsistency
	No Change
	After rigorous diagnostic procedures and the exclusion of one biologically implausible outlier, the statistical heterogeneity in the refined cohort was fundamentally resolved (I² = 3.5%).

	Indirectness
	No serious indirectness
	No Change
	All included studies directly addressed the predefined PICO elements (CRLM / preoperative TBS / OS) within real-world clinical settings.

	Imprecision
	No serious imprecision
	No Change
	The pooled analysis achieved a robust sample size (Refined OS cohort N=4,202) and yielded a sufficiently narrow 95% confidence interval (HR: 1.40–1.96) entirely above the null value.

	Publication Bias
	Unlikely
	No Change
	Although Egger's test suggested asymmetry, the extremely robust Fail-Safe N (N=440) and the persistence of a highly significant risk penalty after Trim-and-Fill correction (Adjusted HR = 1.41, P < 0.001) confirm that unpublished studies would not alter the qualitative conclusion.

	Magnitude of Effect
	Moderate (HR < 2.0)
	No Change
	The pooled HR of 1.65 is clinically important but does not meet the strict GRADE threshold (HR > 2.0) required for an automatic magnitude upgrade.

	Dose-Response Gradient
	Present
	+1 Upgrade
	Subgroup analyses confirmed a consistent prognostic penalty across different numerical cut-offs (< 4 vs. ≥ 4). Furthermore, primary data from key studies modeled TBS as a continuous scalar, demonstrating a step-wise gradient where mortality risk progressively escalates per unit increase in morphologic burden.


Final Calculation: Starting at Low → No downgrades → Upgrade by +1 (Dose-Response Gradient) → Final Rating: Moderate Certainty.
2. Summary of Findings
	Outcome
	No. of Studies / Patients
	Risk of Bias / Inconsistency / Indirectness / Imprecision / Publication Bias
	Relative Effect (HR [95% CI])
	Certainty of Evidence
	Comments / Justification

	Overall Survival (OS)
	10 studies (N=4,202)*
	No Serious limitations across all five domains; I² reduced to 3.5% (Refined Cohort).
	1.65 (1.40 – 1.96)
	Moderate
⊕⊕⊕⊖
	Start: Low (Observational).

Downgrade: None (0).

Upgrade: +1 (Clear dose-response gradient established).


*Note: The patient count reflects the refined OS cohort after resolving heterogeneity.
Supplementary Figures
[image: Risk of bias summary_1000dpi]Figure S1. Methodological quality assessment using the Newcastle-Ottawa Scale (NOS).

[image: Online_Resource4_KRAS_1000dpi]Figure S2. Forest plots of overall survival for cohorts adjusted for KRAS mutational status.

[image: Online_Resource5_forest_EFS_ses_1000dpi]Figure S3. Forest plot of recurrence-free survival (excluding disease-free survival composite endpoints).

[bookmark: _GoBack][image: Online_Resource7_TrimFill_1000dpi]Figure S4. Trim-and-fill funnel plot assessing publication bias and adjusted effect size for overall survival.
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Study ID Hazard Ratio [95% CI] Weight %
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