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Abstract
Background Resectability of liver metastasis is important to establish a treatment strategy for colorectal
cancer patients. We aimed to evaluate the effect of distance from metastasis to the center of the liver on
the resectability and patient outcomes after hepatectomy.

Methods Clinical data of a total of 124 patients who underwent hepatectomy for colorectal cancer with
liver metastasis were retrospectively reviewed. We measured the minimal length from metastasis to the
bifurcation of the portal vein at the primary branch of the Glissonean tree and de�ned it as “Centrality”.
Predictive effects on positive resection margin and overall survival of centrality were statistically
analyzed.

Results The value as a predictive factor for the positive resection margin of centrality was analyzed by
the receiver operating characteristic curve (area under the curve = 0.72, P<0.001). In multivariate analysis,
total number of metastases ≥ 3 and centrality ≤ 1.5 cm were signi�cant risk factors of overall survival.
Patients with these two risk factors (n=21) had worse 5-year overall survival (10.7%) than patients with
one (n=35, 58.3%) or no risk factor (n=68, 69.2%). In subgroups analysis, neoadjuvant chemotherapy
improved overall survival in patients with these two risk factors.

Conclusion Centrality was related with a positive resection margin and had a negative effect on survival.
By combining the total number of metastases with centrality, we could determine disease prognosis and
neoadjuvant chemotherapy indications for advanced colorectal cancer with liver metastasis.

Introduction
Although curative resection of isolated hepatic metastasis improves long-term survival of patients with
colorectal cancer, only 20–30% of colorectal liver metastasis (CRLM) is resectable at the time of
diagnosis [1, 2]. Several trials assessing the expansion of liver resectability by staged resection or
systemic chemotherapy to convert unresectable metastases into resectable metastases have been
conducted [3, 4]. Generally, the tolerable liver remnant volumes are 20% in a normal liver, 30% in a liver
with chemotherapy-induced injury, and 40% in cirrhotic liver [5]. Additionally, adequate resection means
the removal of a negative margin in all viable tumors with adequate vascular in�ow and out�ow and
biliary drainage [6]. Thus, a multidisciplinary setting is required to establish treatment strategies for CRLM
to achieve favorable oncologic outcomes and preserve remnant liver function after curative resection.

Vascular proximity to the central vessels of the liver is an important factor in selecting a proper treatment
strategy. With metastasis occasionally observed near the central vessels, a large-volume resection is
required, and subsequently, complete resection is considered di�cult. Thus, this study aimed to evaluate
the effect of distance from metastasis to the center of the liver on the resectability of metastases and to
demonstrate its association with patients’ survival.

Materials And Methods
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Data collection
We retrospectively reviewed the medical records of patients who underwent hepatectomy for CRLM in our
institution from January 2012 to December 2017. Patients who were diagnosed with colorectal
adenocarcinoma with liver-only metastasis and underwent resections with curative intent were included.
Patients with other liver diseases, including liver cirrhosis or hepatocellular cell carcinoma, were excluded.
The clinical characteristics of patients, such as age at diagnosis of the primary cancer, sex, primary
cancer location, and TN categories, were investigated. Characteristics associated with liver metastasis,
such as carcinoembryonic antigen (CEA) level at the diagnosis of liver metastasis, neoadjuvant
chemotherapy (NAC), and the longest diameter, total number, and lobar involvement of liver metastases,
were also investigated. Operative factors associated with hepatectomy, such as positive resection margin,
length of the closest resection margin, intraoperative radiofrequency ablation (IORFA), and synchronous
resection with primary tumor, were investigated. Positive resection margin was de�ned as the absence of
malignant tumor cells on the border of the specimen’s resection margin after hepatectomy.

Decision-making in a multidisciplinary team
All the treatment strategies for these patients were established by a multidisciplinary team (MDT) in our
institution. The MDT for CRLM comprised a group of experienced specialists from medical oncology,
colorectal and hepatobiliary surgery, radiation oncology, pathology, and diagnostic and interventional
radiology. The resectability of CRLM was assessed by two experienced hepatobiliary surgeons in MDT.

Centrality
“Centrality” was de�ned as the minimal length from metastasis to the center of the liver, the bifurcation of
the portal vein at the primary branch of the Glissonean tree. To measure the centrality, a process of three-
dimensional (3D) interpolation from two-dimensional (2D) computed tomography (CT) or magnetic
resonance (MR) images was performed using a 3- or 5-mm slice thickness (a gap between two serial
images) of CT or MR images (Fig. 1). For 3D interpolation, three lengths on the X-, Y-, and Z-axes were
required. First, the �rst axial image of a point correlated with the center of the liver was identi�ed.
Subsequently, the second axial image where the liver metastasis lesion began to appear was also
identi�ed. The length on the Y-axis was measured as the distance between the two images, a multiple (n)
of slice thickness. The length on the X- and Z-axes could be measured on one axial image. Thus,
centrality was calculated using the Pythagorean theorem as follows:

In case of multiple metastatic lesions, centralities were calculated for all lesions close to the hilum, and
the minimum value was selected and de�ned as a �nal centrality for that case.

Statistical analyses
Data were analyzed using the Statistical Package for the Social Sciences (SPSS) software version 20.0
(International Business Machines Corporation SPSS, Chicago, IL, USA). Discrete values, such as sex, TN

Centrality2= x2 + (slicethickness × n)2 + z2
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categories, and primary tumor locations, were compared using the Pearson’s χ2 test. Student’s t-test was
used to compare continuous values such as age, CEA level, and total number and longest diameter of
liver metastases. To compare the predictive value of centrality for positive resection margin after
hepatectomy, the receiver operating characteristic (ROC) curve analysis was used. Overall survival (OS),
from diagnosis of liver metastasis to death or the last follow-up, was analyzed using the Kaplan-Meier
method and log-rank test. Cox proportional hazards regression analysis was used to evaluate the risk
factors for OS. A two-sided P value < 0.05 was considered statistically signi�cant.

Results
A total of 124 patients were included in this study (Table 1). The median age at diagnosis of primary
tumor was 60 years (interquartile range [IQR], 54–70), and the present study predominantly comprised
men (n = 77, 62.1%). Left colon and rectal cancer were more frequently observed than right colon cancer
(42.7%, 37.9%, and 19.4%, respectively). Eighty-one (65.3%) patients were simultaneously diagnosed with
primary cancer and liver metastasis. The median length of liver metastasis was 2 cm (IQR, 1.2–4), and
the median number of total liver metastasis was 2 (IQR, 1–4). The median centrality was 4.4 cm (IQR,
2.3–6.0), and 56 (45.2%) patients showed metastasis on both the right and left lobes. Neoadjuvant
chemotherapy was performed in 42 (33.9%) patients, and among them, 83.3% received a combination of
neoadjuvant chemotherapy with a target agent bevacizumab or cetuximab. Synchronous resections with
primary tumor were performed in 73 (58.9%) patients, and 16 (12.9%) patients received IORFA. The
median length of the closest resection margin was 0.4 cm (IQR, 0.1–0.8), and the proportion of the liver’s
negative resection margin was 71.0% (n = 88).



Page 5/20

Table 1
Clinicopathologic characteristics of colorectal cancer in patients with liver metastasis

Characteristics Total N = 124

No. (%)

Patient characteristics  

Age, years, median (IQR) 60 (54–70)

Sex, male 77 (62.1)

Primary tumor characteristics  

Location  

Right colon 24 (19.4)

Left colon 53 (42.7)

Rectum 47 (37.9)

T categories  

1 3 (2.4)

2 8 (6.5)

3 83 (66.9)

4 26 (21.0)

N categories  

0 36 (29.0)

1 72 (58.1)

2 12 (9.7)

Liver metastasis  

Synchronous 81 (65.3)

CEA, median (IQR) 6 (2.5–28.5)

Diameter, cm, median (IQR) 2 (1.25–4)

Number, median (IQR) 2 (1–4)

Bilobar involvement 56 (45.2)

NAC 42 (33.9)

Target agent 35 (83.3)

Centrality, cm, median (IQR) 4.4 (2.3–6.0)
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Characteristics Total N = 124

No. (%)

Operative factors  

R0 resection 88 (71.0)

IORFA 16 (12.9)

Resection margin, cm, median (IQR) 0.4 (0.1–0.8)

Synchronous resection 73 (58.9)

Postoperative factors  

Adjuvant chemotherapy 119 (96)

Target agent 78 (65.5)

CEA: carcinoembryonic antigen, NAC: neoadjuvant chemotherapy before liver resection, IORFA:
intraoperative radiofrequency ablation

The distribution of centrality is shown in Fig. 2, and a total of 25 (20.1%) patients had centrality < 1.5 cm.
The ability of centrality to predict positive resection margin was analyzed using the ROC curve (area
under the curve = 0.72, P < 0.001). The characteristics of the two groups, patients with centrality > 1.5 cm
(n = 99) and patients with centrality ≤ 1.5 cm (n = 25), were compared, and the results are shown in
Table 2. The length of the longest diameter, total number of metastasis, proportion of bilobar
involvement, and NAC were higher in patients with centrality ≤ 1.5 cm than those in patients with
centrality > 1.5 cm. The proportion of positive resection margin after hepatectomy was also higher in
patients with centrality ≤ 1.5 cm than that in patients with centrality > 1.5 cm. Moreover, the resection
margin in patients with centrality ≤ 1.5 cm was closer than that in patients with centrality > 1.5 cm.
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Table 2
Comparison of characteristics after subgroup classi�cation by centrality

Characteristics Centrality > 1.5 cm

Total N = 99

Centrality ≤ 1.5 cm

Total N = 25

P

No. (%) No. (%)

Patient characteristics      

Age, years, mean ± SD 60.9 ± 11.2 61.5 ± 9.8 0.813a

Sex, male 61 (61.6) 16 (64.0) 0.826b

Primary tumor characteristics      

Location     0.429b

Right colon 19 (19.2) 5 (20.0)  

Left colon 45 (45.5) 8 (32.0)  

Rectum 35 (35.4) 12 (48.0)  

T categories     0.729b

1 2 (2.1) 1 (4.0)  

2 7 (7.4) 1 (4.0)  

3 64 (67.4) 19 (76.0)  

4 22 (23.2) 4 (16.0)  

N categories     0.919b

0 29 (30.5) 7 (28.0)  

1 57 (60.0) 15 (60.0)  

2 9 (9.5) 3 (12.0)  

Liver metastasis      

Synchronous 61 (61.6) 20 (80.0) 0.084b

CEA, mean ± SD 83.7 ± 320.6 79.8 ± 127.4 0.954a

Diameter, cm, mean ± SD 2.9 ± 2.5 5.5 ± 4.8 0.015a

Number, mean ± SD 2.8 ± 3.4 7.3 ± 6.9 0.004a

Bilobar involvement 35 (35.4) 21 (84.0) < 0.001b
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Characteristics Centrality > 1.5 cm

Total N = 99

Centrality ≤ 1.5 cm

Total N = 25

P

No. (%) No. (%)

NAC 26 (26.3) 16 (64.0) < 0.001b

Operative factors      

Positive resection margin 22 (22.2) 13 (54.2) 0.002b

Resection margin, cm, mean ± SD 0.7 ± 0.8 0.2 ± 0.2 < 0.001a

IORFA 11 (11.1) 5 (20.0) 0.236b

Synchronous resection 56 (56.6) 17 (68.0) 0.299b

Postoperative factors      

Adjuvant chemotherapy 95 (96.0) 24 (96.0) 0.993b

CEA: carcinoembryonic antigen, NAC: neoadjuvant chemotherapy before liver resection, IORFA:
intraoperative radiofrequency ablation, SD: standard deviation, a: analyzed by Student’s t-test method,
b: analyzed by Pearson’s χ2 test method

The median follow-up period of all patients was 39.2 months (min: 5.9, max: 145.8). According to a
multivariate analysis, risk factors related with OS were the number of liver metastasis > 3 and centrality < 
1.5 cm (Table 3). All patients were classi�ed based on the number of the risk factors observed, and the
distribution of patients is shown in Fig. 3. Z0 (zone 0) represents patients with no risk factor (centrality > 
1.5 cm and total number of metastasis < 3 [n = 68]). Z1 represents patients with single risk factor
(centrality ≤ 1.5 cm or total number of metastasis ≥ 3 [n = 35]), and Z2 represents patients with both risk
factors (centrality ≤ 1.5 cm and total number of metastasis ≥ 3 [n = 21]). Figure 4 presents the Kaplan-
Meier curves of OS of Z0, Z1, and Z2 (5-year OS: Z0, 69.2%; Z1, 58.3%; Z2, 10.7%). Z2 showed worst OS
among the three groups, and statistically signi�cant differences in OS among the three groups were
observed (Z0 and Z1, P = 0.026; Z1 and Z2, P = 0.016; Z0 and Z2, P < 0.001). Additionally, patients in Z0–
Z2 were strati�ed based on NAC, and their differences in OS between subgroups were analyzed (Fig. 5).
After performing a subgroup analysis, patients receiving NAC in Z2 showed better OS than patients not
receiving NAC in Z2 (3-year OS: 65.3% vs. 0%, P = 0.017). However, there was no statistically signi�cant
difference in OS between subgroups of Z0 and Z1 (Z0: 5-year OS, 70.2% vs. 72.9%, P = 0.166; Z1: 5-year
OS, 65.0% vs. 51.5%, P = 0.396).
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Table 3
Univariate and multivariate analyses of overall survival

Factors Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age, years            

< 65 1          

≥ 65 1.092 0.570, 2.091 0.791      

Sex            

Female 1          

Male 1.808 0.851, 3.841 0.123      

Location of primary tumor            

Right colon 1   0.433      

Left colon 0.668 0.299, 1.493        

Rectum 0.559 0.227, 1.381        

T categories            

1,2 1   0.228      

3,4 1.48 0.782, 2.799        

N categories            

0 1   0.692      

1,2 1.154 0.569, 2.342        

Synchronous metastasis            

No 1          

Yes 1.235 0.627, 2.431 1.235      

CEA            

< 5 1          

≥ 5 1.908 0.953, 3.818 0.068      

Size            

< 5 cm 1          

≥ 5 cm 1.667 0.829, 3.354 0.152      

Number            
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Factors Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

< 3 1          

≥ 3 3.49 1.775, 6.865 < 
0.001

2.688 1.290,
5.602

0.008

Lobar involvement            

Unilobar 1          

Bilobar 2.979 1.524, 5.822 0.001 1.336 0.462,
3.864

0.593

Centrality            

> 1.5 cm 1          

≤ 1.5 cm 3.713 1.815, 7.595 < 
0.001

2.272 1.033,
4.999

0.041

Resection margin            

Negative            

Positive 2.243 1.060, 4.746 0.035 1.428 0.646,
3.154

0.379

Combined resection of primary
tumor

           

No 1          

Yes 1.433 0.736, 2.791 0.29      

Adjuvant chemotherapy            

No   1        

Yes 1.514 0.207,
11.071

0.683      

CEA: carcinoembryonic antigen

Discussion
This study is considered signi�cant considering that centrality, which is de�ned as the vascular proximity
of liver metastasis, was proven to be another morphologic factor in deciding the resectability of CRLM.
During the resection of liver metastasis, how to optimally solve two con�icting issues of preserving
maximum liver function and securing su�cient resection margin after hepatectomy should be
signi�cantly considered. Traditionally, volumetric parameters such as tumor size and number of CRLM
have been shown to be signi�cant factors associated with resectability and prognosis after resection [7,
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8]. However, the concept of resectability of CRLM has been changed over the last decade with the
introduction of several treatments. Surgical techniques, such as portal vein embolism (PVE) or two-stage
hepatectomy (TSH) are proven to be safe and curative in selective cases of advanced CRLM with
inadequate future liver remnant (FLR) or underlying liver diseases [9, 10]. Combined resection with IORFA
is bene�cial in preserving FLR with favorable oncologic outcomes [11, 12]. Additionally, NAC with a target
agent and rescue surgery for unresectable CRLM results in tumor downsizing with survival bene�ts [13].
Considering that the bene�ts of these treatments have been proven, active resections have been widely
performed, and the criteria for resectability have focused on how to perform R0 resection with su�cient
liver function [7]. Thus, factors associated with positive resection margin should be comprehensively
studied to de�ne the resectability of CRLM.

Although the standard width of the resection margin of CRLM remains unknown, traditionally, resection
margin of 1 cm has been accepted as a minimal margin to obtain favorable oncologic outcomes [14].
Certainly, R1 resection, i.e., microscopic identi�cation of malignant cells on the resection margin, is a
negative factor for survival after resection based on previous reports [15]. However, other studies reported
that the width of surgical margin, even < 1 cm, does not affect survival in patients with R0 resection [16].
Thus, hepatic resection tends to be actively performed even when the length of the resection margin is < 
1 cm on imaging modality. However, in this study, when the centrality was high (< 1.5 cm), the rate of R0
resection was low. Additionally, OS was also worse in patients with high centrality than in patients with
low centrality.

Daisuke et al. suggested several factors in indicating hepatectomy, such as previous hepatectomy,
disease type (hepatocellular carcinoma, benign or metastatic lesion), liver function, and tumor size and
number [17]. They also reported that performing hepatectomy is highly di�cult when the tumor is located
in deeper layers or proximal to the branch of the Glissonean tree. As the tumor is closer to the primary
branch of the Glissonean tree, the hilar dissection or anatomical resection is required to completely resect
the tumor. The centrality in this study was at the bifurcation of the primary Glissonean branch; thus, we
could assume that the centrality was a factor indicating the di�culty of hepatectomy to secure su�cient
resection margin near the center of the liver.

Subsequently, how should we approach CRLM with high centrality? Attempts to secure su�cient
resection margin at the central side of the liver, such as anatomical resections, should be made to achieve
favorable oncologic outcomes. Additionally, treatments to increase or preserve hepatic reserve (such as
PVE or TSH) should be considered to compensate largely reduced liver volume after resection. Volume-
saving therapy, such as IORFA, may also be a promising treatment option for lesions observed at the
opposite lobe of the liver. Additionally, recent studies reported a greater conversion rate of initially
unresectable CRLM after NAC with regimens of oxaliplatin, irinotecan, and other target agents [18]. Thus,
NAC should be considered in patients with high centrality, so that hepatectomy can be performed after
securing su�cient resection margin at the central side. However, prolonged chemotherapy may also have
a detrimental effect on the hepatic parenchyma due to oxaliplatin-induced sinusoidal obstruction or
irinotecan-induced steatosis [19, 20]. Hence, liver function and remnant liver volume should be carefully
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monitored during chemotherapy. Taken together, various treatment tools should be considered when
establishing appropriate strategies for CRLM with high centrality, and treatments should be customized
based on patient’s condition.

This study has several limitations. First, the de�nition of the center of the liver, bifurcation of the portal
vein at the �rst branch of the Glissonean tree, was subjective and did not include other important
structures in the liver. For example, proximity to the inferior vena cava is an important factor in deciding
treatment strategy of CRLM, but it was not considered in this study. Second, the factor of centrality ≤ 
1.5 cm was selected empirically according to the opinion of hepatobiliary surgeons in our MDT team.
According to the ROC curve analysis, the speci�city for positive resection margin of centrality ≤ 1.5 cm
was 91.0%. However, the sensitivity was only 31.4%, suggesting that factors other than centrality should
be considered when deciding the positive resection margin of CRLM. Third, this study was retrospectively
conducted based on previous pathologic reports, which contained only the shortest length of resection
margin of specimens and did not indicate whether the resection margin was of the central side. Fourth,
the result of a subgroup analysis in Fig. 5 might not be su�cient to support the idea that NAC was
effective in Z2 due to the small volume of subgroups. Although the OS of the subgroup in Z2 was
statistically different, additional large-scale studies are required to con�rm the association between NAC
and centrality.

Conclusion
Centrality, proximity to the central vessels of liver metastasis, had a potency in predicting the positive
resection margin after hepatectomy for CRLM and was a signi�cant risk factor for overall survival. With
the combination of another volumetric parameters (the number of metastases), it might be bene�cial in
predicting resectability and survival of patients with advanced CRLM.
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portal vein embolization; TSH: two-stage hepatectomy; FLR: future liver remnant

Declarations

Acknowledgements/Funding
This work was supported by Institute for Information & Communications Technology Promotion (IITP)
grant funded by the Korea Government (MSIT) (No. 2018-0-00861. Intelligent SW Technology
Development for Medical Data Analysis)



Page 13/20

Authors’ contributions
Jun Woo Bong: collection, analysis and interpretation of data, writing paper; Sun Il Lee: �nal approval of
the manuscript version; Yeonuk Ju, Jihyun Seo and Sang Hee Kang: drafting of the work for intellectual
content; Pyoung-Jae Park, Sae-Byeol Choi, Sang Cheul Oh and Byung Wook Min: design and conception
of the work.

Ethics approval and consent to participate
The Institutional Review Board of Korea University Guro Hospital approved this study with a waiver of
informed consent (Approval Number: 2018GR0395).

Consent for publication
Not applicable

Con�ict of interest
There is no con�ict of interest in this study.

Data Availability Statement
The data that support the �ndings of this study are available from the corresponding author upon
reasonable request.

References
1. Jönsson K, Gröndahl G, Salö M, et al. Repeated liver resection for colorectal liver metastases: a

comparison with primary liver resections concerning perioperative and long-term outcome.
Gastroenterol Res Pract. 2012;2012:568214.

2. Simmonds PC, Primrose JN, Colquitt JL, et al. Surgical resection of hepatic metastases from
colorectal cancer: a systematic review of published studies. Br J Cancer. 2006;94:982-999.

3. Matsuoka H, Morise Z, Tanaka C, et al. Repeat hepatectomy with systemic chemotherapy might
improve survival of recurrent liver metastasis from colorectal cancer—a retrospective observational
study. World J Surg Oncol. 2019;17:33.

4. Nanji S, Tsang ME, Wei X, Booth CM. Outcomes after repeat hepatic resection for recurrent
metastatic colorectal cancer: A population-based study. Am J Surg. 2017;213:1053-1059.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gr%C3%B6ndahl%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22973305


Page 14/20

5. Abdalla EK, Denys A, Chevalier P, et al. Total and segmental liver volume variations: implications for
liver surgery. Surgery. 2004;135:404-410.

�. Charnsangavej C, Clary B, Fong Y, et al. Selection of patients for resection of hepatic colorectal
metastases: expert consensus statement. Ann Surg Oncol. 2006;13:1261-1268.

7. Pawlik TM, Schulick RD, Choti MA. Expanding criteria for resectability of colorectal liver metastases.
Oncologist. 2008;13:51-64.

�. Sasaki K, Morioka D, Conci S, et al. The Tumor Burden Score: a new “metro-ticket” prognostic tool for
colorectal liver metastases based on tumor size and number of tumors. Ann Surg. 2018;267:132-141.

9. Farges O, Belghiti J, Kianmanesh R, et al. Portal vein embolization before right hepatectomy:
prospective clinical trial. Ann Surg. 2003;237:208-217.

10. Jaeck D, Oussoultzoglou E, Rosso E, et al. A two-stage hepatectomy procedure combined with portal
vein embolization to achieve curative resection for initially unresectable multiple and bilobar
colorectal liver metastases. Ann Surg. 2004;240:1037-1049; discussion 1049-1051.

11. Leung EY, Roxburgh CS, Leen E, Horgan PG. Combined resection and radiofrequency ablation for
bilobar colorectal cancer liver metastases. Hepatogastroenterology. 2010;57:41-46.

12. Sasaki K, Margonis GA, Andreatos N, et al. Combined resection and RFA in colorectal liver
metastases: strati�cation of long-term outcomes. J Surg Res. 2016;206:182-189.

13. Ye LC, Liu TS, Ren L, et al. Randomized controlled trial of cetuximab plus chemotherapy for patients
with KRAS wild-type unresectable colorectal liver-limited metastases. J Clin Oncol. 2013;31:1931-
1938.

14. Huiskens J, Bolhuis K, Engelbrecht MRW, et al. Outcomes of resectability assessment of the Dutch
Colorectal Cancer Group Liver Metastases Expert Panel. J Am Coll Surg. 2019;229:523-532.e2.

15. Altendorf-Hofmann A, Scheele J. A critical review of the major indicators of prognosis after resection
of hepatic metastases from colorectal carcinoma. Surg Oncol Clin N Am. 2003;12:165-192, xi.

1�. Pawlik TM, Scoggins CR, Zorzi D, et al. Effect of surgical margin status on survival and site of
recurrence after hepatic resection for colorectal metastases. Ann Surg. 2005;241:715-724.

17. Troisi RI, Montalti R, Van Limmen JG, et al. Risk factors and management of conversions to an open
approach in laparoscopic liver resection: analysis of 265 consecutive cases. HPB. 2014;16:75-82.

1�. Nozawa H, Ishihara S, Kawai K, et al. Conversion to resection in patients receiving systemic
chemotherapy for unresectable and/or metastatic colorectal cancer-predictive factors and prognosis.
Clin Colorectal Cancer. 2018;17:e91-e97.

19. Pawlik TM, Olino K, Gleisner AL, et al. Preoperative chemotherapy for colorectal liver metastases:
impact on hepatic histology and postoperative outcome. J Gastrointest Surg. 2007;11:860-868.

20. Rubbia-Brandt L, Audard V, Sartoretti P, et al. Severe hepatic sinusoidal obstruction associated with
oxaliplatin-based chemotherapy in patients with metastatic colorectal cancer. Ann Oncol.
2004;15:460-466.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Belghiti%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12560779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kianmanesh%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12560779
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oussoultzoglou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15570209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosso%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15570209
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roxburgh%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=20422869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20422869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Horgan%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=20422869
https://www.ncbi.nlm.nih.gov/pubmed/?term=Margonis%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=27916360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andreatos%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27916360
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20TS%5BAuthor%5D&cauthor=true&cauthor_uid=23569301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ren%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23569301
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montalti%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23490275
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20Limmen%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=23490275
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ishihara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29113730
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kawai%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29113730


Page 15/20

Figures

Figure 1

Measurement of centrality using three-dimensional interpolation from two-dimensional images of liver
metastasis. Centrality was de�ned as the minimal length from liver metastasis to the center of the liver to
the bifurcation of the portal vein at the primary branch of the Glissonian tree. 〖Centrality〗^2 〖= x〗^2+
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(slice thickness×n)^2+z^2, (n = [number of axial images between a and b] + 1), a = the axial image of the
center of the liver, b = the �rst axial image where the liver metastasis lesion began to appear

Figure 2

2(a) Distribution of centralities of all patients
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Figure 3

2(b) Receiver operating characteristic curve analysis of centrality for positive resection margin. AUC
=0.720, P<0.001, AUC: area under the curve
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Figure 4

Distribution of patients according to centrality and number of liver metastases Z0: centrality > 1.5 cm and
total number of metastases < 3, n = 68, Z1: centrality ≤ 1.5 cm or total number of metastases ≥ 3, n = 35,
Z2: centrality ≤ 1.5 cm and total number of metastases ≥ 3, n = 21
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Figure 5

Kaplan-Meier curves of overall survival of patients strati�ed by the number of risk factors observed.
Signi�cant differences in OS among the three groups were observed and Z2 showed worst OS (Z0 and
Z1, P=0.026; Z1 and Z2, P=0.016; Z0 and Z2, P<0.001)
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Figure 6

Kaplan-Meier curves of overall survival of subgroups strati�ed by neoadjuvant chemotherapy. Overall
survival was statistically different only in Z2. P=0.166 in Z0, P=0.396 in Z1, and P=0.017 in Z2


