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ABSTRACT

Surgery is by far the most effective treatment for patients with Colorectal Cancer Liver Metastases 
(CRLM). Furthermore, numerous studies have shown that surgical margins significantly impact patient 
survival and should be systematically evaluated. Given the modern era of chemotherapy, this review 
focuses on millimetre surgical margins and their impact on survival. A systematic search of 200 reports 
yielded 53 studies, and data on Overall Survival (OS) or Disease-Free Survival (DFS) stratified by 
surgical margin were collected. A Kruskal-Wallis test was conducted to compare the surgical margin 
subgroups: R1 (0 mm), <1 mm, 1-5 mm, 5-10 mm, and >10 mm. A meta-analysis was used to compare 
pairs R0 (>0mm)/R1(0mm) and >1 mm/<1 mm. All four meta-analyses reported a significant difference 
(p<0.01) between the pairs R0/R1 and >1 mm/<1 mm, with 95% CIs and PIs not intercepting the null 
line. The findings suggest a survival benefit of R0 resection with a minimum 1 mm margin. However, 
due to the current limitations of this review, we cannot draw a clinical conclusion regarding the optimal 
surgical margin to maximise survival in patients with CRLM.

Keywords: Margin; Colorectal Cancer Liver Metastases; Overall Survival; Disease-Free Survival;  
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INTRODUCTION

Colorectal cancer makes up approximately 10% of 
all cancer cases and is the 2nd most common cancer in 
the world. It predominantly affects males and individuals 
aged 50 or older. (1) In Colorectal cancer, the liver is the 
primary location of metastasis, and over 25% of patients 
develop Colorectal Cancer Liver Metastases (CRLM) 
over the course of their illness. (2) As of this date, 

surgery is regarded as a potentially curative treatment 
for this disease. In fact, according to a meta-analysis 
conducted by Todeschini et al., “Liver resection (LR) is 
superior to Radiofrequency ablation (RFA) in terms of 
overall survival and disease-free survival for respectable 
CRLM”. (3) 

The reason the surgical margin is so crucial is that the 
surgeon must balance the benefits of improving survival 
in patients against the costs of reducing the future 
remnant liver. For example, Sakamoto et al. (2023) 
conducted a meta-analysis examining the impact of 
surgical margin on overall survival (OS) and disease-free 
survival (DFS). (4) They analysed factors that alter the 
“optimal surgical margin”, including tumour number and 
size, response to chemotherapy, and distance from blood 
vessels. All these factors play a role in the margin that 
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should be used, defeating the purpose of generalising 
a number.  However, with the increasing number of 
clinical trials on surgical margins, it is imperative to 
systematically collate and analyse the data to determine 
a result.

This systematic review aims to identify the correlation 
between surgical margin and four survival metrics: 
5-year OS, 5-year DFS, Median OS, and Median DFS. 
Firstly, the Kruskal-Wallis test, a non-parametric test, 
will be used to analyse significant differences between 
the surgical margins subgroups: R0, <1 mm, 1-5 mm, 
5-10 mm, and >10 mm. Subsequently, a meta-analysis 
will be conducted to compare pairs R0/R1 and >1 mm/<1 
mm with respect to OS and DFS.

METHODS AND MATERIALS

Data Collection 
On July 4, 2025, A systematic search was conducted 

in PubMed using the keywords (“R1” OR “margin”) 
AND (“colorectal cancer liver metastasis” OR “CRLM”). 
A total of 200 abstracts were scanned and filtered down 
to 53 reports using PRISMA Guidelines (Figure 1). To 

be included, the reports had to contain data with the 
surgical margin as an independent variable and OS or 
DFS as the dependent variable. The reports also had 
to be a retrospective or prospective clinical trial, fully 
accessible, and written in English.

After filtration, data were collected from all reports 
for the four survival rates: 5-year OS, 5-year DFS, 
median OS, and median DFS, stratified by surgical 
margin. The surgical margins subgroups collected were 
R1 (0 mm), R0 (>0 mm), <1 mm, >1 mm, 1-5 mm, 5-10 
mm, and >10 mm. The year of study and demographic 
features, such as the median age and the gender ratio, 
were also collected.

Data Analysis

Kruskal-Wallis test 
Four Kruskal-Wallis tests were conducted in IBM 

SPSS Statistics for each dependent variable: 5-year 
OS, 5-year DFS, Median OS and Median DFS. All 
tests compared the surgical margins subgroups: R0, <1 
mm, 1-5 mm, 5-10 mm, and >10 mm. These specific 
ranges were chosen based on data availability and their 
mutual exclusivity. The number of studies, patient sizes, 
medians, and ranges of survival rates (DFS and OS) were 
summarised. This experimental data is presented in Table 
2. Each Kruskal-Wallis test also produced a box-and-
whiskers plot (Figure 2) stratified by surgical margin. The 
plot highlights the median, range, and 95% confidence 
intervals, excluding outliers. The median and range 
shown in the box-and-whisker plots differ from those in 
the tables because outliers were removed. Outliers were 
defined as points that were 1.5 times the Interquartile 
Range (IQR). Lastly, each test also produced a Pairwise 
Comparison table. The table stratified each possible pair 
(n = 10) amongst all samples and identified a p-value 
(Sig.) for each pair. The p-values were also adjusted using 
the Bonferroni correction (5), and significant p-values 
(p<0.05) were identified (Table 3).

Meta-analysis
A total of four meta-analyses were conducted 

between two dependent variables for two pairs (R0/
R1) and (>1mm/<1mm). These pairs were chosen based 
on data availability and mutual exclusivity. Before each 
meta-analysis, studies reporting 5-year OS or DFS for 
each pair were collected. The 5-year OS or DFS and the 
number of patients in each surgical margin subgroup 
were used to calculate the number of patients who 
survived for 5 years in each margin subgroup. This data Figure 1. The PRISMA diagram for systematic review.
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was entered into the binary meta-analysis, and a forest 
plot was created (Figures 3A, 4A, 5A, 6A). Information 
on the Risk Ratio (RR), lower and upper bounds, 
p-value, and weights for each study is provided in Tables 
5, 6, 7, and 8 for each dependent variable. The studies 
in this meta-analysis represent a small sample of the 
larger population of patients with CRLM; therefore, they 
are subject to substantial sampling variation. Therefore, 
a random-effects model was used to provide a more 
realistic outcome. (6)

Heterogeneity and Publication bias
Heterogeneity is a critical consideration, especially 

in a surgical meta-analysis, as it reveals true differences 
across populations. In meta-analyses, I2 is commonly 
used to understand heterogeneity, but according to 
Borenstein [2023], it measures heterogeneity as a 
percentage rather than its magnitude and is therefore 
not particularly relevant to clinical practice. (7) 
Consequently, this systematic review also produces a 
95% Prediction Interval (PI), which is larger than the 
95% CI and accounts for between-study heterogeneity. 
It allows us to predict the true effect size in a future 
comparable study and estimate the proportions of studies 
that will yield results below and above a clinically 
relevant threshold (RR=1). Using the mean and 95% CIs 
retrieved from SPSS,  95% PI was calculated using an 
online meta-analysis website. (8) This value was cross-
checked against SPSS findings to ensure accuracy. 

Publication bias is also a critical consideration in 
each of these meta-analyses, given the history of surgical 
margins. Dating back to when Halsted first introduced 
radicalism in surgery, surgeons are inherently biased 
towards achieving larger margins. In the modern era of 
chemotherapy and invasive treatment, a large margin 
may not be necessary and could even be potentially 
detrimental to the patient. Due to this inherent bias, 
researchers may not publish insignificant or opposing 
results, which we must test for in all the meta-analyses. 
Therefore, using the mean and 95% CIs retrieved from 
SPSS, an Egger’s test was conducted using an online 
meta-analysis website. (8)

RESULTS

Demographics
Across all 53 studies, 26,658 patients were included. 

Of these, 36 were retrospective clinical trials, and 17 
were prospective. The median age for all patients was 
62.6 years; 13,788 were males, and 8,652 were females. 

Thirty-two studies defined the pair R1/R0 as 0 mm/>0 
mm, and the other 21 studies defined it as <1 mm/>1 mm. 
Therefore, for the simplicity of this report, R1 and R0 
have been defined as (0 mm) and (>0 mm), respectively. 
Both pairs have been analysed in different meta-analyses 
to make this report more comprehensive (Table 1).

Kruskal-Wallis test comparing R1, <1 mm, 1-5 mm, 
5-10 mm, and >10 mm

5-year Overall Survival
More studies contributed to both the R1 (n = 14) 

and <1 mm (n = 14) subgroups than to the other three 
subgroups (n = 7 each) (Table 2). Despite this, the number 
of patients was relatively homogeneous across all study 
subgroups, ranging from 1537 in the <1 mm subgroup to 
984 in the 5-10 mm subgroup. 

The box-and-whisker plot (Figure 2A) compares 
5-year OS across the five surgical margin subgroups: R1, 
<1 mm, 1-5 mm, 5-10 mm, and >10 mm. The statistical 
differences were summarised in Table 3.  The pairs with 
(1-5 mm), (5-10 mm), and >10 mm have adjusted p-values 
of 1 (Table 3). In this review, we didn’t observe statistical 
significance between subgroups, indicating that all 
subgroups with >1 mm have similar 5-year OS rates. In 
fact, the only significant pairs are (R1 vs 1-5 mm) (p = 
0.008), (R1 vs 5-10 mm) (p = 0.003), and (R1 vs >10 mm) 
(p = 0.009) (Table 3). 

Table 1. A table summarising the demographics of the 
entire test population. The surgical margins were segregated 
into mutually exclusive subgroups. The pairs (R0/R1) and 
(>1 mm/<1 mm) were analysed by meta-analyses, and the 
subgroups (R1, >1 mm, 1-5 mm, 5-10 mm, >10 mm) were 
analysed using Kruskal-Wallis tests.

Demographics Category Patient number 
(n = 26,658)

Gender Males 13788
Females 8652

Surgical Margin (mm) R1 (0) 2753
R0 (>0) 12359

>1 2370
<1 5841
1-5 2002
5-10 1528
>10 1901
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Table 2. A statistical summary of the Kruskal-Wallis tests for each surgical margin, covering 5-year overall survival, 5-year 
disease-free survival, median overall survival, and median disease-free survival.

R1 <1 mm 1- 5 mm 5-10 mm >10 mm
5-year Overall Survival (%) No. Studies 14 14 7 7 7

Patients 1260 1537 1404 984 1214
Min 0.00 0.00 20.40 40.70 37.00
Median 26.30 38.20 55.50 53.00 53.00
Max 49.30 58.30 70.00 65.00 70.70

5-year Disease-Free Survival (%) No. Studies 10 12 4 4 6
Patients 1161 959 716 342 1773
Min 0.00 3.50 0.00 15.00 34.80
Median 16.10 17.85 26.70 33.60 39.45
Max 28.90 60.00 40.00 35.00 45.00

Median Overall Survival (Months) No. Studies 16 9 3 3 3
Patients 1624 987 154 80 84
Min 16.80 18.00 25.80 36.20 36.20
Median 34.00 37.00 57.80 60.00 60.00
Max 58.40 72.10 60.00 75.60 120.00

Median Disease-Free Survival (Months) No. Studies 11 9 3 3 4
Patients 1057 937 154 80 84
Min 1.60 6.00 10.30 10.00 15.70
Median 10.20 12.00 15.10 12.50 24.00
Max 19.00 30.00 16.00 31.50 31.50

Table 3. A summary of all the Kruskal-Wallis tests to assess the significant differences in the 5-year Overall Survival, 5-year 
Disease-Free Survival, Median Overall Survival, and Median Disease-Free Survival between the five subgroups of surgical 
margins: R1, <1 mm, 1-5 mm, 5-10 mm, and >10 mm. Each row tests the null hypothesis that the distributions of Samples 1 and 
2 are identical. Asymptotic significances (2-sided tests) are displayed. All values have been adjusted for multiple tests using the 
Bonferroni correction, and the significant p-values (<0.05) are highlighted in bold.

Sample 1 (mm) 
Sample 2 (mm)

5 year-OS 5 year-DFS Median OS Median DFS

Z-value Adj. p-value Z-value Adj. p-value Z-value Adj. p-value Z-value Adj. p-value
R1 (<1) 1.766 0.774 0.802 1.000 0.815 1.000 0.727 1.000
R1 (>10) 3.319 0.009 1.181 1.000 1.168 1.000 0.836 1.000
R1 (1-5) 3.363 0.008 1.755 0.793 2.029 0.424 1.039 1.000
R1 (5-10) 3.595 0.003 3.681 0.002 2.078 0.377 2.596 0.094
(<1) (>10) -1.827 0.677 0.614 1.000 0.639 1.000 0.379 1.000
(<1) (1-5) 1.870 0.614 1.195 1.000 1.467 1.000 0.581 1.000
(<1) (5-10) 2.099 0.358 -3.067 0.022 -1.514 1.000 -2.068 0.387
(1-5) (5-10) 0.038 1.000 -0.474 1.000 -0.660 1.000 -0.160 1.000
(1-5) (>10) 0.239 1.000 -1.826 0.678 -0.698 1.000 -1.243 1.000
(5 - 10) (>10) -0.201 1.000 -1.307 1.000 -0.038 1.000 -1.072 1.000
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From this data, there is a disparity in survival 
between subgroups smaller than 1 mm (R1 and <1 mm) 
and those greater than 1 mm (1-5 mm, 5-10 mm, and >10 
mm). To investigate this disparity, a binary meta-analysis 
is presented later in this report. 

5-year Disease-Free Survival
For the 5-year DFS, the number of studies contributing 

to each subgroup was heterogeneous, ranging from 4 in 
the 1-5 mm and 5-10 mm subgroups to 12 in the < 1 mm 
subgroup (Table 2). Furthermore, the number of patients 
was heterogeneous across studies, ranging from 1773 in 
the subgroup >10 mm to 342 in the subgroup 5-10 mm. 

The box-and-whisker plot (Figure 2B) compares 
5-year DFS across the five surgical margin subgroups: 
R1, <1 mm, 1-5 mm, 5-10 mm, and >10 mm. The 

statistical differences were analysed using the Kruskal-
Wallis test, and the pairwise values are summarised 
in Table 3. Although the median 5-year DFS increases 
with increasing surgical margin, the subgroups 1-5 mm 
and 5-10 mm include data from only 4 studies (Table 2). 
Therefore, additional clinical research involving these 
subgroups is needed to improve the reliability of the 
analysis. The only significant pairs are (<1 mm, >10 mm) 
(p = 0.022) and (R1, >10 mm) (p = 0.002) (Table 3).

Median Overall Survival
For the Median OS, the number of studies was 

relatively heterogeneous. There was a maximum of 16 
in the R0 subgroup and a minimum of 3 in the surgical 
margin subgroups: 1-5 mm, 5-10 mm, and >10 mm. 
Furthermore, the number of patients varied widely 

Figure 2. Surgical margin–stratified survival outcomes based on Kruskal–Wallis analyses. Box-and-whisker plots show 
survival outcomes across five surgical margin subgroups (R1 [0 mm], <1 mm, 1–5 mm, 5–10 mm, and >10 mm). (A) 5-year 
overall survival (OS). (B) 5-year disease-free survival (DFS). (C) Median overall survival (OS). (D) Median disease-free 
survival (DFS). Boxes represent the interquartile range (IQR) with the median indicated by the central line; whiskers represent 
the range excluding outliers. Mild outliers (>1.5× IQR from the box) are denoted by open circles (○), and extreme outliers 
(>3× IQR) by asterisks (*). Pairwise statistical comparisons and Bonferroni-adjusted p-values are provided in Table 3.
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across studies, ranging from 80 in the 5-10 mm subgroup 
to 1624 in the R1 subgroup. The box-and-whisker plot 
(Figure 2C) compares Median OS across the five surgical 
margin subgroups: R1, <1 mm, 1-5 mm, 5-10 mm, and 
>10 mm. The statistical significance for each pairwise 
comparison on median OS is summarised in Table 3. 
There are no significant p-values (p < 0.05) as shown by 
the Pairwise comparisons of the Kruskal-Wallis test.

Table 2 suggests a positive correlation between 
surgical margin and median OS. There is a significant 
difference in median survival between the surgical 
margin subgroups: <1 mm (37.00 months) and 1-5 mm 
(57.80 months). (Table 2). However, the analysis did not 
detect any significance between pairs for Median OS 
(Table 3). This may be because three surgical margin 
subgroups (1-5 mm, 5-10 mm, and >10 mm) each include 
data from only three studies (Table 2).

Median Disease-Free Survival
For Median DFS, the number of studies varies, 

ranging from 3 in the 1-5 mm and 5-10 mm subgroups 
to 11 in the R1 subgroup (Table 2). Furthermore, the 
number of patients was highly heterogeneous across 
studies, ranging from 1057 in R1 to only 80 in subgroup 
5-10 mm (Table 2). 

The box-and-whisker plot (Figure 2D) compares 
median DFS across the five surgical margins: R1, <1 
mm, 1-5 mm, 5-10 mm, and >10 mm. The statistical 
differences between the pairwise values are summarised 

in Table 3. There are no significant p-values (p < 0.05) 
as shown by the Pairwise comparisons of the Kruskal-
Wallis test (Table 3). This analysis did not detect any 
significance between pairs for Median OS. However, this 
may be because two surgical margin subgroups (1-5 mm 
and 5-10 mm) contain data from only three studies.

Meta-Analysis between surgical margin pairs, R0/R1 
and >1 mm/<1 mm

Comparing the Overall Survival between subgroups R0 
and R1

As shown in Section 5-year Overall Survival, it 
is valuable to conduct a meta-analysis comparing R1 
and R0 to obtain a more accurate p-value. 13 of 53 
included studies stratified data by 5-year OS for R1 and 
R0. Although the number of studies was the same, the 
number of patients was heterogeneous: 4773 in R0 and 
1260 in R1.  There is a significant disparity between the 
median 5-year OS for R0 and R1 (26.80% vs 55.97%) 
(Table 4).

As shown in the forest plot (Figure 3A), the random-
effects model estimates an RR of 1.48 (p < 0.01). SPSS 
found τ2 = 0.0184, and I2 = 67.5%, suggesting moderate 
heterogeneity amongst studies; the 95% PI ranged from 
1.06 to 1.99. The funnel plot does not suggest publication 
bias (Figure 3B). The Egger’s test does not support the 
presence of funnel plot asymmetry (intercept: 1.04, 95% 
CI:-1.14 - 3.22, t: 0.934, p-value: 0.37).

Table 4. Comparison of the 5-year Disease-free survival (DFS) and 5-year Overall Survival (OS) between 
surgical margin pairs (R1, R0) and (>1 mm, <1 mm).

R1 R0 <1 mm >1 mm
5-year Overall Survival (%) No. of Studies 13 13 13 13

No. of Patients 1260 4773 1935 4732
Min(%) 0.00 33.80 0.00 38.00
Median (%) 26.80 55.00 38.20 52.00
Max (%) 49.30 68.00 58.30 75.70

5-year Disease-Free Survival (%) No. of Studies 9 9 8 8
No. of Patients 1063 5025 692 2729
Min (%) 0.00 22.00 3.50 24.50
Median (%) 17.05 35.50 17.85 32.35
Max (%) 28.90 58.80 60.00 37.50
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Comparing the Disease-Free Survival between subgroups 
R0 and R1

9 Studies out of 53 contained data stratified by 
5-year DFS, with 5-year DFS reported for both R1 and 
R0. Although the number of studies was the same, the 
number of patients was heterogeneous: 5025 for R0 and 
1063 for R1. There is a significant disparity in the median 
5-year OS between the subgroups R0 and R1 (17.05% vs 
35.50%) (Tables 4 and 6). 

As shown in the forest plot (Figure 4A), the random-
effects model estimates an RR of 1.28 (p < 0.01). SPSS 
found τ2 = 0, and I2 = 0%, suggesting negligible to no 
heterogeneity amongst studies; therefore, a 95% PI 

was not calculated. The funnel plot does not suggest 
publication bias (Figure 4B). The Egger’s test does not 
support the presence of funnel plot asymmetry (intercept: 
0.86, 95% CI:-0.28 - 2, t: 1.479, p-value: 0.183).

Comparing the Overall Survival between surgical 
margin subgroups >1 mm and <1 mm

13 of 53 studies included data stratified by 5-year 
OS for the surgical margin subgroups >1 mm and <1 
mm. Although the number of studies was the same, 
the number of patients was heterogeneous: 4732 in the 
R0 subgroup and 1935 in the <1 mm subgroup. There 
is a significant disparity between the 5-year OS for R0 
and R1, as reflected in both the mean (14.23%) and the 
median (18.20%) (Tables 4 and 7). 

Figure 4. Meta-analysis of 5-year disease-free survival 
(DFS) comparing surgical margin subgroups R1 
versus R0. (A) Forest plot showing risk ratios (RRs) and 
95% confidence intervals (CIs) for individual studies 
and the pooled effect estimate using a random-effects 
model. The overall RR is indicated by the red dashed 
line, and the x-axis is plotted on a logarithmic scale. (B) 
Funnel plot assessing potential publication bias among 
studies evaluating DFS between R1 and R0 subgroups. 
Each dot represents an individual study, with RR = 1.0 
corresponding to the null line.

Figure 3. Meta-analysis of 5-year overall survival (OS) 
comparing surgical margin subgroups R1 versus R0. (A) 
Forest plot showing risk ratios (RRs) and 95% confidence 
intervals (CIs) for individual studies and the pooled effect 
estimate using a random-effects model. The overall RR is 
indicated by the red dashed line, and the x-axis is plotted 
on a logarithmic scale. (B) Funnel plot assessing potential 
publication bias among studies evaluating OS between 
R1 and R0 subgroups. Each dot represents an individual 
study, with RR = 1.0 corresponding to the null line.
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As shown in the forest plot (Figure 5A), the random-
effects model estimates an RR of 1.36 (p < 0.01). SPSS 
found τ2 = 0.0056, and I2 = 41.5%, suggesting moderate 
heterogeneity amongst studies; the 95% PI ranged from 

1.14 to 1.64. The funnel plot does not suggest publication 
bias (Figure 5B). The Egger’s test does not support the 
presence of funnel plot asymmetry (intercept: -1.17, 95% 
CI:-2.58 - 0.24, t: -1.62, p-value: 0.134).

Table 5. A table listing the RR, p-value, and weights for all studies included in the meta-analysis, 
showing the correlation between the subgroups R1/R0 and OS.

Authors RR Lower Range Upper Range P-value Weight (%)
She et al. (9) 1.28 1.05 1.55 0.01 8.49
Oshi et al. (10) 2.17 1.65 2.85 0.00 6.50
Sakamoto et al. (11) 1.61 1.45 1.80 0.00 10.93
Mao et al. (12) 1.22 1.05 1.43 0.01 9.64
Lemke et al. (13) 1.65 1.24 2.19 0.00 6.25
Pandanaboyana et al. (14) 1.25 1.15 1.37 0.00 11.43
Margonis et al. (15) 1.33 1.09 1.63 0.01 8.30
Serrablo et al. (16) 1.22 0.78 1.88 0.38 3.67
Nuzzo et al. (17) 1.56 1.30 1.88 0.00 8.79
Chavez et al. (18) 1.95 1.42 2.50 0.00 7.08
Ardito et al. (19) 1.08 0.75 1.55 0.69 4.71
Lee et al. (20) 1.60 1.27 2.01 0.00 7.51
Brudvik et al. (21) 1.42 1.09 1.85 0.01 6.71
Overall 1.46 1.32 1.62 0.00 100

Table 6. A table that includes the RR, p-value, and weights of all studies included in the meta-
analysis, showing the correlation between the surgical margin subgroups R1/R0 and DFS.

Authors RR Lower Range Upper Range P-value Weight (%)
Perrin et al. (22) 1.30 1.22 1.40 0.00 24.71
Oshi et al. (10) 1.32 1.12 1.55 0.00 4.35
Sakamoto et al. (11) 1.25 1.17 1.33 0.00 28.18
Pandanaboyana et al. (14) 1.28 1.20 1.37 0.00 25.38
Serrablo et al. (16) 1.25 1.20 1.57 0.05 2.28
Nuzzo et al. (17) 1.37 1.15 1.63 0.00 3.98
Chavez et al. (18) 1.19 1.02 1.40 0.03 4.85
Ardito et al. (19) 1.76 1.16 2.67 0.01 0.68
Brudvik et al. (21) 1.24 1.07 1.43 0.00 5.59
Overall 1.28 1.23 1.32 0.00 100
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Comparing the Disease-Free Survival between surgical 
margin subgroups >1 mm and <1 mm

8 of 53 studies included data stratified by 5-year 
DFS into surgical margin subgroups: >1 mm and <1 
mm. Although the number of studies was the same, the 
number of patients was heterogeneous: 2729 in the R0 
subgroup and 692 in the <1 mm subgroup. There is a 
significant disparity in 5-year DFS between the surgical 
margin subgroups (>1 mm and <1 mm), with the median 

difference being 14.50% (Tables 4 and 8). 
As shown in the forest plot (Figure 6A), the random-

effects model estimates an RR of 1.21 (p < 0.01). SPSS 
found τ2 = 0, and I2 = 0%, suggesting no measured 
heterogeneity amongst studies; therefore, a 95% PI 
was not calculated. The funnel plot does not suggest 
publication bias (Figure 6B). The Egger’s test does not 
support the presence of funnel plot asymmetry (intercept: 
-0.15, 95% CI:-1.7 - 1.4, t: -0.191, p-value: 0.855).

Table 7. A table that includes the RR, p-value, and weights of all studies included in the meta-
analysis, showing the correlation between the surgical margin subgroups 1mm/<1mm and OS.

Authors RR Lower Range Upper Range P-value Weight (%)
Takamoto et al. (23) 1.29 1.02 1.62 0.03 6.54
Kim et al. (24) 1.72 1.12 2.65 0.01 2.46
Iwaki et al. (25) 1.22 0.77 1.93 0.40 2.20
Ai et al. (26) 1.06 0.83 1.36 0.64 5.99
Wang et al. (27) 1.53 1.35 1.73 0.00 12.50
Mils et al. (28) 1.40 1.28 1.53 0.00 15.58
Sasaki et al. (29) 1.41 1.21 1.64 0.00 10.72
Martínez‑Cecilia et al. (30) 1.25 1.09 1.42 0.00 12.20
Xu et al. (31) 1.30 1.01 1.69 0.04 5.69
Tranchart et al. (32) 1.12 0.85 1.47 0.43 5.19
Montalti et al. (33) 1.10 0.57 2.11 0.78 1.15
Pourfaraji et al. (34) 1.60 1.43 1.79 0.00 13.51
Sasaki et al. (35) 1.34 1.05 1.70 0.02 6.28
Overall 1.36 1.27 1.47 0.00 100

Table 8. The individual studies included in the meta-analysis for the correlation between >1mm/<1mm and DFS
Authors RR Lower Range Upper Range P-value Weight (%)

Takamoto et al. (23) 1.27 1.15 1.40 0.00 19.12
Kim et al. (24) 1.06 0.85 1.33 0.59 3.72
Ai et al. (26) 1.18 1.01 1.38 0.03 8.16
Wang et al. (27) 1.15 1.05 1.26 0.00 22.29
Martínez‑Cecilia et al. (30) 1.21 1.12 1.32 0.00 26.57
Xu et al. (31) 1.22 1.07 1.38 0.00 11.84
Tranchart et al. (32) 1.21 1.01 1.47 0.04 5.33
Montalti et al. (33) 1.32 1.02 1.71 0.04 2.87
Overall 1.21 1.15 1.26 0.00 100
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DISCUSSION

Interpretations of Sub-Group Analysis
To initially explore the relationship between surgical 

margin and OS and DFS, Kruskal-Wallis tests were used. 
The ranges used for our surgical margins were not all the 
same size, for instance, >1 and 1<x<5. Considering this, 
the data suggest that although increasing the surgical 
margin improves survival, there may be diminishing 
marginal gains in survival as the surgical margins 
increase. This is shown in the Kruskal-Wallis tests, 
which reveal no statistically significant differences across 
ranges above 1mm, suggesting a potential threshold at 

which a surgical margin increase is no longer beneficial. 
However, it is important to note that the Kruskal-Wallis 
test is nonparametric and has numerous limitations, 
including low statistical power, a high false-negative 
rate, and the inability to weight sample sizes.

Interpretations of the Meta-analyses
Meta-analysis is an appropriate statistical tool 

for analysing effects and providing a more weighted, 
confirmatory estimate of effect size. The Kruskal-
Wallis tests identified significant pairs with <1 and R1; 
therefore, meta-analyses were conducted comparing 
R1/R0 and >1/<1 for each dependent variable (OS and 

Figure 5. Meta-analysis of 5-year overall survival (OS) 
comparing surgical margin subgroups <1 mm versus 
>1 mm. (A) Forest plot showing risk ratios (RRs) and 
95% confidence intervals (CIs) for individual studies and 
the pooled effect estimate using a random-effects model. 
The overall RR is indicated by the red dashed line, and 
the x-axis is plotted on a logarithmic scale. (B) Funnel 
plot assessing potential publication bias among studies 
evaluating OS between <1 mm and >1 mm subgroups. 
Each dot represents an individual study, with RR = 1.0 
corresponding to the null line.

Figure 6. Meta-analysis of 5-year disease-free survival 
(DFS) comparing surgical margin subgroups <1 mm 
versus >1 mm. (A) Forest plot showing risk ratios (RRs) 
and 95% confidence intervals (CIs) for individual studies 
and the pooled effect estimate using a random-effects 
model. The overall RR is indicated by the red dashed line, 
and the x-axis is plotted on a logarithmic scale. (B) Funnel 
plot assessing potential publication bias among studies 
evaluating DFS between <1 mm and >1 mm subgroups. 
Each dot represents an individual study, with RR = 1.0 
corresponding to the null line.
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DFS). They suggested that positive margins (R1) were 
associated with poorer outcomes than negative margins 
(R0), and margins <1mm were associated with poorer 
outcomes than margins >1mm.

Furthermore, the effect size was greater for R1/R0 than 
for >1/<1, indicating the critical role of negative margins 
in improving survival. It also develops the exploratory 
idea from the Kruskal-Wallis test: diminishing marginal 
gains in survival as surgical margins increase. 

Lastly, the effect size was greater in OS than in 
DFS, which is quite unusual, as DFS is thought to have 
a stronger relationship with the surgical margin. (36) 
A smaller margin would directly impact the incidence 
of microscopic residual traces of cancer in the liver, 
whereas the effect is not as direct for the OS. However, 
our findings align with existing meta-analyses such as 
those by Sakamoto et al. (4) and Margonis et al. (37).

Interpretations of Heterogeneity
A potential explanation for the result could be 

heterogeneity. As outlined in the methods section, it 
is a crucial factor to consider and may change how we 
view the effect size. Although all meta-analyses reached 
statistical significance, heterogeneity was greater for 
OS than for DFS. In fact, the meta-analyses for OS 
had what’s classified as mild to high heterogeneity, 
whereas the meta-analyses for DFS had no measured 
heterogeneity. Therefore, the higher effect size for OS 
observed in the meta-analysis was inconsistent across 
studies, and further research is needed to determine 
whether the change in surgical margin has a greater 
effect on OS or DFS. 

Despite this, the heterogeneity in the OS meta-
analysis was not substantial enough to make the 95% 
PIs encompass both sides of the null; therefore, we 
can estimate that 0% of studies will favour R1 over 
R0, or favour <1mm over >1mm for both DFS and OS. 
According to Borenstein (2023), an effect size of 1.2-
1.5 is considered moderate, with large effects for values 
of 1.5 or higher (8). Therefore, our results support the 
conclusion that margins >1mm will yield a moderately 
better survival; however, this systematic review and 
meta-analysis are strongly limited, as described in the 
next section.

Limitations

Confounding Variables
While most clinical studies included data on surgical 

margins, they also reported other significant confounding 

variables that affect OS and DFS. KRAS status may 
affect R1 and R0, but more clinical trials are needed to 
investigate this effect in a meta-analysis. One clinical 
study that examines both variables was conducted by 
Hatta et al. (38) and demonstrates that the resection 
margin has a greater effect on patients without KRAS 
mutations than on those with KRAS mutations. 

All in all, the standard confounding variables were: 
Chemotherapy (9, 10, 15, 27, 32), KRAS mutation (11, 
15, 25, 29, 31, 35, 38, 39, 40), tumour burden (10, 12, 
41), type of resection (laparoscopic vs open) (30, 42), 
synchronous vs metachronous (32, 43), Pushing growth 
pattern (44, 45), BRAF mutation (46, 47), and intra-
operative transfusion (28, 48)

Number of Studies
This systematic review was based on 53 clinical 

trials that provided survival data stratified by surgical 
margin. Studies varied in terms of patient size and the 
surgical margins analysed (Table 1). Furthermore, some 
studies were retrospective, sample sizes varied, and 
only a limited number provided patient counts stratified 
by both the confounding variable and the margin. For 
example, nearly all studies provided the number of males 
and females participating in the entire study, but only a 
limited number provided those demographics stratified 
by surgical margin. Therefore, although we were able 
to collect the total numbers of males and females across 
the entire meta-analysis, we were unable to remove their 
interference from the results.

Publication Bias
All the Egger’s tests across the meta-analyses found 

p-values larger than 0.05. Consequently, they do not 
support funnel plot asymmetry, and the funnel plot does 
not suggest publication bias. However, Egger’s test is 
known to be inaccurate with small sample sizes (n<10), 
resulting in a high false-positive rate and leading to 
misidentification of bias. Therefore, although Egger’s test 
suggests no publication bias, we cannot be certain of its 
accuracy given the limited number of studies. (49)

Margin definitions
For simplicity, we had operationalised R1 as 0mm and 

R0 as >0mm, as it is the general definition in pathology 
for almost all cancers. However, some clinical studies 
define R1/R0 as <1mm/>1mm, especially in the literature 
about CRLM. Due to this variation, the definition may 
have been ambiguous in some cases, potentially leading 
to increased heterogeneity.
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Future scope and recommendations
To deliver a more accurate analysis, we should 

control for all the confounding variables mentioned 
previously. We can do this by limiting the search to 
propensity-matched studies or randomised controlled 
trials, if sufficient studies are available, thereby reducing 
the number of confounding variables. We should then 
conduct a meta-regression, which would require more 
studies that stratify patients by both the confounding 
variable and the margin. 

CONCLUSION

This systematic review suggests that surgical margin 
status is associated with survival outcomes in patients 
with CRLM. Meta-analyses and Kruskal–Wallis tests 
indicate a potential survival advantage for patients 
achieving an R0 resection with a minimum margin of 
1 mm. The presence of 95% prediction intervals across 
all meta-analyses suggests that, with high confidence, 
individual studies tend to favor larger resection margins. 

However, the evidentiary strength of these findings 
is limited by substantial heterogeneity, residual 
confounding, variability in margin definitions, potential 
publication bias, and the relatively small number of 
eligible studies. Consequently, these results should be 
interpreted as observational rather than as definitive 
clinical guidance regarding the optimal surgical margin 
width for maximizing survival in CRLM. 

Future research should aim to better control for 
confounding variables by prioritizing propensity-
matched studies or randomized controlled trials, where 
available. As additional stratified data become available, 
meta-regression analyses incorporating both margin 
width and key confounders will be essential to refine 
effect estimates and improve causal inference. Such 
efforts will help clarify whether a true margin-dependent 
survival benefit exists and guide evidence-based surgical 
decision-making.
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