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Abstract 

Background Colorectal liver metastases attached major intrahepatic vessels has been considered to be a risk fac‑
tor for survival outcome after liver resection. The present study aimed to clarify the outcomes of R1 surgery (mar‑
gin < 1 mm) in CRLM patients, distinguishing parenchymal margin R1 and attached to major intrahepatic vessels R1.

Methods In present study, 283 CRLM patients who were evaluated to be attached to major intrahepatic vessels 
initially and underwent liver resection following preoperative chemotherapy. They were assigned to two following 
groups: R0 (n = 167), R1 parenchymal (n = 58) and R1 vascular (n = 58). The survival outcomes and local recurrence 
rates were analyzed in each group.

Results Overall, 3‑ and 5‑year overall survival rates after liver resection were 53.0% and 38.2% (median overall sur‑
vival 37 months). Five‑year overall survival was higher in patients with R0 than parenchymal R1 (44.9%% vs. 26.3%, 
p = 0.009), whereas there was no significant difference from patients with vascular R1 (34.3%, p = 0.752). In the 
multivariable analysis, preoperative chemotherapy > 4 cycles, clinical risk score 3–5, RAS mutation, parenchymal R1 
and CA199 > 100 IU/ml were identified as independent predictive factors of overall survival (p < 0.05). There was no 
significant difference for local recurrence among three groups.

Conclusion Parenchymal R1 resection was independent risk factor for CRLM. Vascular R1 surgery achieved survival 
outcomes equivalent to R0 resection. Non‑anatomic liver resection for CRLM attached to intrahepatic vessels might 
be pursued to increase patient resectability by preoperative chemotherapy.

Keywords Colorectal cancer, Hepatic metastasis, R1, Recurrence

Introduction
Colorectal carcinoma is the third most common cancer 
worldwide [1]. Colorectal liver metastases (CRLM) will 
develop in half of patients in the course of disease and 
25% will have synchronous CRLM at presentation. Liver 
resection (LR) has been considered to be only opportu-
nity to cure the disease with 5-year overall survival (OS) 
ranging from 45 to 50% [2]. Preoperative chemotherapy 
was recommended to initially unresectable CRLM dis-
ease in conversional treatment. It was also administered 
to resectable patients as neoadjuvant chemotherapy to 
evaluate tumor behavior [3].

Anatomic liver resection always combined to 
remove major intrahepatic vessels and areas they 
supply or drained. With the efficiency increasing of 

†Wei Liu, Yong Cui, Xiao‑Gang Wu, Feng‑Lin Chen and Kun Wang contributed 
equally to this work.

*Correspondence:
Ying‑Shi Sun
sys27@163.com
Bao‑Cai Xing
xingbaocai88@sina.com
1 Hepatopancreatobiliary Surgery Department I, Beijing Cancer Hospital 
and Institute, Key Laboratory of Carcinogenesis and Translational 
Research, Ministry of Education, Peking University School of Oncology, 
No. 52, Fu‑Cheng‑Lu Street, 100142 Beijing, China
2 Department of Radiology, Peking University School of Oncology, 
Beijing Cancer Hospital and Institute, Key Laboratory of Carcinogenesis 
and Translational Research, Ministry of Education, No. 52, Fu‑Cheng‑Lu 
Street, 100142 Beijing, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12893-023-01971-2&domain=pdf


Page 2 of 10Liu et al. BMC Surgery          (2023) 23:169 

surgical technique and modern chemotherapy, paren-
chymal‐sparing hepatectomy (PSH) has widely accept to 
be a standard surgical procedure for CRLM [4]. It is less 
invasive and leaves a more functional remnant liver [5]. 
While PSH might induce microscopically positive margin 
to preserve vessels by wedge liver resection that might 
be crucial for long-term survival [6]. Therefore, whether 
PSH is appropriate for CRLM still under debated in con-
dition of major intrahepatic vessels attached.

The present study intended to assess whether preop-
erative chemotherapy improve resectability for CRLM 
attached major intrahepatic vessels by PSH. It also inves-
tigated to clarify the clinical relevance of R1 resection for 
CRLM with a focus on the distinction between tumor 
exposure along the transection plane (parenchymal R1) 
and CRLM initially attached major intrahepatic vessels 
(vascular R1). The outcomes of the two R1 procedures 
were compared with those of standard R0 resections in a 
per-patient and a per-resection area analysis.

Materials and methods
Patients
From January 2017 to December 2021, CRLM patients 
who were evaluated that tumor lesion attached to major 
intrahepatic vessels and underwent hepatic resection 
following preoperative chemotherapy at the Hepatopan-
creatobiliary Surgery Department I of Peking University 
Cancer Hospital were retrospectively reviewed.

Study design
At pathology, a margin width ≥ 1  mm was classified as 
R0 resection, whereas a margin width < 1  mm was clas-
sified as R1 resection [7]. Patients with multiple liver 
resection were classified as R1 if at least one resection 
area had margin < 1 mm. R1 resections were included in 
vascular R1 (R1v) and parenchymal R1 (R1p). The R1v 
was defined that tumor exposed exclusively along the 
vessel [8]. R1p was defined that tumor exposed along the 
transection plane. The three groups, R0, R1v, and R1p 
were compared. Local recurrence was defined as any 
cut-edge recurrence diagnosed at the follow-up imaging 
(all the radiological images were reviewed). MR images 
were evaluated by two radiologists (Yong Cui and Qian 
Xing). The two radiologists adopted a consensus evalu-
ation method, performed one-to-one correspondence 
before preoperative chemotherapy and liver resection. 
Per-patient and per-resection area analyses were per-
formed. The present study was approved by the local eth-
ics committee.

Routine examination
Preoperative staging included carcinoembryonic antigen 
level, total colonoscopy, thoraci CT, abdominal contrast 

enhanced CT (CE-CT) and hepatic dynamic enhanced 
contrast MRI (DCE-MRI) with tissue-specific contrast 
agent. Follow-up was performed every 3  months and 
included carcinoembryonic antigen levels and abdominal 
ultrasonography, CT, or DCE-MRI.

Inclusion and exclusion criteria
The inclusion criteria were: 1) liver metastasis was evalu-
ated to be attached to major intrahepatic vessels; it was 
defined that CRLM attached first/second-order glis-
sonean pedicles or hepatic veins within their last 4  cm 
before confluence into the inferior vena cava by MRI; 
2) patients who received preoperative chemotherapy 
including neoadjuvant or conversional chemotherapy fol-
lowed by liver resection; 3) there were no other simulta-
neous malignancies; 4) age 19 to 80 years; 5) an Eastern 
Co-operative Oncology Group (ECOG) performance 
status < 2; 6) patients with extrahepatic metastases only 
with resectable lung metastases. The exclusion criteria: 
1) patients who underwent only ablation or palliative 
hepatic resection (R2); 2) patients were resected with 
both R1v and R1p were excluded.

Surgery
The technical criteria of resectablitiy related to the liver 
remnant after resection: a) the anticipated ability to pre-
serve two contiguous segments; b) the anticipated abil-
ity to preserve adequate vascular inflow, outflow and 
biliary drainage; c) the anticipated ability to preserve 
adequate future liver remnant volume (30% in normal 
liver and 40% in pretreated liver with chemotherapy) [9]. 
Any resection of three or more segments was considered 
a major hepatic resection. All the patients completed 
hepatic resection and primary tumor resection. Based on 
preoperative images, the tumor would be removed from 
intrahepatic major vessels as much as possible. If the ves-
sel was testified to be invaded during operation, the ana-
tomical liver resection was advocated. For patients whose 
lesions were suspicious attached to intrahepatic major 
vessels preoperatively, systematically IOUS to define 
the resection areas and determine to combine vascular 
resection.

Statistical analysis
Patients were identified from a prospectively maintained 
database and retrospectively analyzed. Categorical vari-
ables were compared using the  X2 or Fisher’s exact test. 
One continuous variable was analyzed and the Mann–
Whitney U test was used. The Kaplan–Meier method was 
used to estimate survival probabilities, which were com-
pared using the log-rank test. Disease free survival (DFS) 
was calculated as the time in months between the resec-
tion of primary tumor and metastases, and the diagnosis 
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Table 1 Demographic and clinical characteristics of patients

R0(n = 167) R1V(n = 58) R1P(n = 58) p

Age(years) 56.1 ± 9.5 58.1 ± 8.1 58.8 ± 9.7 0.113

Sex(M) 108(64.7%) 43(74.1%) 37(63.8%) 0.376

Primary tumor

 Rectal/Colon 62/105 20/38 21/37 0.937

 Right/Left 27/140 8/50 11/47 0.751

 T1‑2 11(6.6%) 3(5.2%) 5(8.6%) 0.755

 T3‑4 156(93.4%) 55(94.8%) 53(91.4%)

Primary Node

  (‑) 40(24.0%) 22(37.9%) 17(29.3%) 0.119

  ( +) 127(76.0%) 36(62.1%) 41(70.7%)

Liver metastases

 Synchronous 151(90.4%) 51(87.9%) 54(93.1%) 0.638

 Metachronous 16(9.6%) 7(12.1%) 4(6.9%)

 No. of metastases (median) 4(1–20) 4(1–20)

 Single metastases 26(15.6%) 11(19.0%) 4(6.9%) 0.15

 Multiple metastases 141(84.4%) 47(81.0%) 54(93.1%)

Tumor size

  > 50 mm 25(15.0%) 15(25.9%) 8(13.8%) 0.126

  ≤ 50 mm 142(85.0%) 43(74.1%) 50(86.2%)

 Unilobar 49(29.3%) 16(27.6%) 6(10.3%) 0.014

 Bilobar 118(70.7%) 42(72.4%) 52(89.7%)

 Extrahepatic disease 35(21.0%) 5(8.6%) 13(22.4%) 0.084

 CEA 26.64 ± 63.50 33.04 ± 79.02 29.53 ± 70.16 0.697

 CA199 100.74 ± 38.68 46.27 ± 66.61 94.41 ± 52.16 0.435

 CRS(0–2)

 CRS(3–5)

Preoperative chemotherapy

 Neoadjuvant chemotherapy 77(46.1%) 28(48.3%) 19(32.8%) 0.15

 Conversional chemotherapy 90(53.9%) 30(51.7%) 39(67.2%)

 Oxaliplatin 60(35.9%) 15(25.9%) 26(44.8%) 0.328

R0(n = 167) R1V(n = 58) R1P(n = 58) p

 Irinotecan 52(31.1%) 20(34.5%) 15(25.9%)

 Both 55(33.0%) 23(39.6%) 17(29.3%)

 Ass bevacizumab 80(47.9%) 28(48.3%) 26(44.8%) 0.367

 Ass cetuximab 67(40.1%) 24(41.4%) 22(37.9%)

 Both 3(1.8%) 0(0%) 4(6.9%)

 None 17(10.2%) 6(10.3%) 6(10.3%)

 Number of lines > 1 40(24.0%) 21(36.2%) 16(27.6%) 0.195

 Number of cycles 5(2–23) 5(2–16) 5(2–14) 0.664

 Response 0.963

 PR 100(59.9%) 33(56.9%) 37(63.8%)

 SD 64(38.3%) 24(41.4%) 20(34.5%)

 PD 3(1.8%) 1(1.7%) 1(1.7%)

 Adjuvant chemo 137(82.0%) 47(81.0%) 44(75.9%) 0.530

 RAS mutation 80(47.9%) 17(29.3%) 25(43.1%) 0.048

Before preoperative chemo

 Tumor attachment of vessels 219 103

After preoperative chemo

 Anatomic resection 58(34.7%) 15(25.9%) 43(74.1%) 0.445
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of recurrent disease. OS was calculated from the date of 
LR to the date of death or to the last follow-up contact. 
The date of the patient’s last contact was used as the end 
of follow-up in all censored patients, and no patient was 
lost to follow-up. Multivariate analysis was performed 
using a Cox proportional hazard model to identify inde-
pendent prognostic factors of OS. Multivariate analysis 
was completed for factors with a p value in the univariate 
analysis. A p value < 0.05 was considered significant for 
all tests. A nomogram was created based on the results of 
the multivariable analysis. The predictive performance of 
the nomogram was assessed by evaluating the degree of 
discrimination with the C-index, plotting Kaplan–Meier 
curves over the quartiles of the nomogram-predicted 
score and examining calibration plots with bootstrapped 
samples.

Result
Overall, 1,220 consecutive patients undergoing a first LR 
for CRLM in the study period were considered. Finally, 
283 patients with 1,752 resection areas were analyzed. 
Patient characteristics are summarized in Table  1. In 
the whole series, 116 patients (41.0%) had R1 resec-
tion, including 58 (50.0%) with R1p and 58 (50.0%) with 
R1v. R1p had a higher rate of bilobar location while R1v 
patients had a higher rate of RAS wild type. R0, R1v, 

and R1p patients had similar morbidity and blood loss 
volume. The R1p group had a similar rate of liver-only 
recurrences (27 in the R1v and 34 in the R1p groups, 
p = 0.618). non anatomical resection (NAR) had a similar 
rate of recurrence in anatomic resection (AR) (18 vs. 9, 
p = 0.442). The local recurrence rate was similar in glis-
sonean than hepatic vein (16 vs. 11, p = 0.737) (Table 2).

Survival analysis
The median followed up was 27  months since the 
first recurrence (95% CI: 23–30  months). Overall, 3- 
and 5-year OS rates after liver resection were 53.0% 
and 38.2% (median OS 37  months). Five-year OS was 
higher in patients with R0 than R1p (44.9%% vs. 26.3%, 
p = 0.009), whereas there was no significant difference 
from patients with R1v (34.3%, p = 0.752; Fig. 1a). More-
over, 3- and 5-year DFS rates after liver resection were 
17.5% and 10.4% (median DFS 10  months). Three-year 
DFS was higher in patients with R0 than R1p (21.8%% vs. 
13.0%, p = 0.004), whereas there was no significant differ-
ence from patients with R1v (11.1%, p = 0.612; Fig. 1b).

In the univariable analysis, including CRS 3–5, RAS 
mutation, R1v resection, preoperative chemotherapy > 4 
cycles, distribution bilobar and CA199 > 100  IU/ml 
were identified as independent predictive factors of OS 
(p < 0.05). In the multivariable analysis, preoperative 
chemotherapy > 4 cycles, CRS 3–5, RAS mutation, R1p 
and CA199 > 100  IU/ml were identified as independent 
predictive factors of OS (p < 0.05) (Table 3).

Creation of a prognostic nomogram
A prognostic nomogram for OS after hepatectomy 
with point scales for the above five factors was con-
structed subsequently (Fig.  2). Based on the multivari-
able Cox model, these factors were assigned a specific 
score as follows: R1p, 10’; cycle > 4, 8’; RAS mutation, 
7’; CA199 > 100, 9’; CRS, 7’ (Supplementary Table). The 
sum of the scores for each variable was plotted on the 
total points axis (left side), and the estimated probabili-
ties of survival at 1, 3 and 5 years were obtained by draw-
ing a line horizontally from the plotted total points axis 

Table 1 (continued)

R0(n = 167) R1V(n = 58) R1P(n = 58) p

 PSH 109(65.3%) 43(74.1%) 15(25.9%)

 Blood loss(ml) 244.0 ± 66.1 278.3 ± 20.5 306.0 ± 62.6 0.098

Major complication

 0‑II 160 56 55 0.133

 III‑IV 7 2 3

 Blood transfusion 9 1 6 0.129

Table 2 Local recurrence after liver resection

n Local 
recurrence

Extrahepatic 
recurrence

p

Total 0.168

R0 Group 167 79 34

R1v Group 58 27 18

R1p Group 58 34 9

R1v Group 58 0.737

Glissonean 32 16 10

Hepatic Vein 26 11 8

R1v Group 0.442

LR with vessels 15 9 3

LR without vessels 43 18 15
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straight to the survival axis (right side). Total points for 
the scores ranged from 0 to 41, and the C-statistic for OS 
prediction was 0.70. A calibration plot for the probability 
of survival at 1, 3 and 5 years demonstrated good calibra-
tion between the prediction by the nomogram and the 
actual observation (Fig. 3).

Discussion
Liver resection is crucial for long-term survival. However, 
the R1v resection was still controversial with the effects 
of preserving major intrahepatic vessel contact with the 

CRLM. Therefore, we analyzed the impact of the surgical 
margin and vessel preservation on oncological outcomes. 
The present study indicated that R1 resections of CRLM 
were sufficient for local recurrence control, and that pre-
serving hepatic vein contact with tumors is acceptable. 
Five-year OS was not significant difference in patients 
with R0 than R1v (44.9%% vs. 34.3%, p = 0.752).

AR has been advocated to liver resection for HCC in 
last decades [10]. Assuming a margin negative resection 
can be achieved, some authors also have suggested that 
a more aggressive resection strategy may be required for 

Fig. 1 a The OS of R0, R1v and R1p was showed by Kaplan–Meier Curve, respectively. b The DFS of R0, R1v and R1p was showed by Kaplan–Meier 
Curve, respectively



Page 6 of 10Liu et al. BMC Surgery          (2023) 23:169 

Table 3 Univariable and multivariable analysis of factors associated with OS

Univariable analysis Multivariable analysis

HR 95% P value HR 95% P value

Age

  > 70 Ref

  ≤ 70 1.363 0.710–2.616 0.352

Gender

 Male Ref

 Female 1.183 0.782–1.791 0.426

Primary T stage

 1–2 Ref

 3–4 0.651 0.328–1.294 0.651

Primary N stage

 N0 Ref

 N1‑2 1.384 0.894–2.142 0.145

Location tumor

 Colon Ref

 Rectum 1.091 0.737–1.615 0.663

Primary tumor location

 Left Ref

 Right 1.433 0.896–2.293 0.133

Disease free interval

  > 12 month Ref

  ≤ 12 month 1.419 0.756–2.662 0.474

CEA

  ≤ 200 Ref

  > 200 1.448 0.587–3.571 0.421

CA199

  > 100 Ref Ref

  ≤ 100 0.451 0.284–0.718 0.001 0.485 0.300–0.785 0.003

Tumor size

  ≤ 5 cm Ref

  > 5 cm 1.196 0.727–1.965 0.481

Tumor no

  ≤ 1 Ref

  > 1 0.613 0.328–1.146 0.126

Neoadjuvant

 No Ref

 Yes 0.677 0.457–1.003 0.052

Ras status

 Wild Ref Ref

 Mutation 0.562 0.383–0.842 0.003 0.554 0.372–0.825 0.004

Hepatic resection

 Minor Ref

 Major 1.072 0.841–1.297 0.114

CRS

 0–2 Ref Ref

 3–5 0.486 0.300–0.787 0.003 0.594 0.355–0.996 0.048

Margin status

 R0 Ref

 R1V 1.074 0.661–1.744 0.112



Page 7 of 10Liu et al. BMC Surgery          (2023) 23:169  

CRLM patients. Actually, similar survival outcomes can 
be achieved with both AR and NAR [11]. More aggres-
sive surgical management in the setting of multidiscipli-
nary patient care has been associated with a shift in focus 
to the remnant liver rather than the volume of tumor 
present. With an increased emphasis on preserving the 
remnant liver, there has been an increased interest in 

parenchymal versus non-parenchymal-sparing opera-
tions for CRLM. Regarding long-term OS, the major-
ity of studies did not demonstrate a difference in OS 
among patients undergoing PSH versus AR for CRLM. 
When assessing OS in aggregate, there was no difference 
whether resection of CRLM was performed with PSH 
(5-year OS: mean 44.7%, range 29–62%) or AR (5-year 

Table 3 (continued)

Univariable analysis Multivariable analysis

HR 95% P value HR 95% P value

 R1P 2.039 1.155–3.599 0.014

Line

 Line = 1 Ref

 Line > 1 1.268 0.831–1.934 0.271

Cycles

  ≤ 4 Ref Ref

  > 4 0.528 0.352–0.790 0.002 0.533 0.352–0.808 0.003

Response

 PR Ref

 SD 0.776 0.689–1.227 0.442

 PD 0.812 0.542–1.361 0.531

Distribution

 Unilobar Ref Ref

 Bilobar 0.497 0.307–0.805 0.005 0.756 0.445–1.238 0.300

Complication

 Minor Ref

 Major 1.563 0.914–7.407 0.442

Adjuvant chemotherapy

 No Ref

 Yes 1.114 0.689–1.437 0.267

Fig. 2 Colorectal liver metastasis Nomogram for OS
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OS: mean 44.6%, range 27–64%) (p = 0.97) [11]. It was 
consistent with hepatocellular carcinoma that extensive 
liver resection was not recommended even patients with 
portal vein thrombosis [12].

Surgical margin status is a technical, operative factor 
that has also been traditionally associated with long-term 
prognosis [13]. Historically, compared with R0 resections, 
R1 resections elevated risk of recurrence and significantly 
lower survival rates. However, the need to achieve an 
even R0 margin in the new era of modern chemotherapy 
has been recently challenged. Perioperative chemother-
apy has been adopted routinely since the publication of 
the EORTC trial [14]. Preoperative chemotherapy might 
converse unresectable patients to hepatic resection and 
highly select candidates to surgery in resectable patients 
[15]. It was believed that increasingly efficient chemo-
therapy may have changed the long-term outcome after a 
R1 resection, especially in patients with advanced meta-
static disease [6, 16]. A series of studies have testified and 
showed benefit of modern chemotherapy on R1 resection 
that there were no negative impacts in survival rates, par-
ticularly in patients with optimal morphological or major 
histopathological responses [17].

In the literature, as in the present series, local recur-
rence was rarely the only metastatic site and, whenever 
isolated, was resectable in most patients [18]. However, 
patients receiving R1p resection had twofold lower OS 
in comparison with the R0 group. This prognostic dif-
ference is well known in the literature [18]. It is unclear 
if R1p per se drives prognosis or if it is a surrogate of 
aggressive tumor biology, but should be avoided when-
ever possible. The long-term outcome of R1v resection 
remains to be clarified. These patients had higher rates of 
multiple and bilobar disease and of preoperative extrahe-
patic disease, which corresponded to a higher postopera-
tive extrahepatic recurrence rate and early cancer-related 
mortality. Nevertheless, the intrahepatic recurrence rate 
and the long-term survival of the R1v group were similar 
to those of the R0 group, strongly suggesting the onco-
logical adequacy of vascular detachment.

If a predicted positive surgical margin after resection 
is no longer an absolute contraindication to surgery for 
treating advanced and aggressive liver metastases [19], 
tumor size reduction by > 60% could permit resection 
that preserves the vessel showing attachment, without 
vascular resection or reconstruction. In such situations, 
liver metastases attached to or invading major intrahe-
patic vessels seemed not easily separable by treatment, 
even with a regimen including monoclonal antibod-
ies [20, 21]. Extent of tumor attachment to the vessels 
and deformity of the vessels on CT were reported to 
be useful indications for concomitant liver and vessel 

resection, focusing on hepatic caval invasion of the liver 
tumors [22].

Limitation
Firstly, the present study analyzed CRLM attached intra-
hepatic major vessel retrospectively by clinical risk fac-
tors without preoperative radiological information. 
Secondly, the nomogram is not fully accurate because the 
prediction was calculated based on the statistical signifi-
cance within the collected factors. It still needs external 
validation. Finally, this was an observation cohort study 
and sample size limited.

Conclusion
In conclusion, R1 resections for CRLM occurring apart 
from vessels can achieve good local control, regardless of 
the surgical margin width. When CRLM are in contact 
with the major intrahepatic vessels, the wedge resection 
also improves long-term survival with low recurrence.

Abbreviation
CRLM  Colorectal liver metastases
RFA  Radiofrequency ablation
OS  Overall survival
DFS  Disease free survival
MDT  Multidisciplinary team
CEA  Carcinoembryonic antigen
HR  Hazard ratio
MRI  Magnetic resonance imaging
CT  Computed tomography
IOUS  Intraoperative Ultrasound
LR  Liver resection
AR  Anatomical resection
NAR  Non‑ anatomical resection
CRS  Clinical risk score
PSH  Parenchymal‐sparing hepatectomy
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