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a b s t r a c t 

Background: R1 vascular resection for liver tumors was introduced in the early twenty-first century. 

However, its oncologic adequacy remains controversial. The aim of this study was to determine the on- 

cologic adequacy of R1 vascular hepatectomy in hepatocellular carcinoma patients. 

Methods: A prospective cohort of patients with hepatocellular carcinoma resected between the years 

2005 and 2015 was reviewed. R0 was any resection with a minimum 1 mm of negative margin. R1 vas- 

cular was any resection with tumor exposure attributable to the detachment from major intrahepatic 

vessel. R1 parenchymal was any resection with tumor exposure at parenchymal margin. The end points 

were the calculation of the local recurrence of R0, R1 parenchymal, and R1 vascular hepatectomy and 

their prognostic significances. 

Results: We analyzed 327 consecutive patients with 532 hepatocellular carcinoma and 448 resection 

areas. We found that 205 (63%) resulted R0, 56 (17%) resulted R1 parenchymal, 50 (15%) resulted R1 

vascular, and 16 (5%) resulted both R1 parenchymal and R1 vascular. After a median follow-up of 33.5 

months (range 6.1–107.6), the 5-year overall survival rates were 54%, 30%, 65%, and 36%, respectively for 

R0, R1 parenchymal, R1 vascular, and R1 parenchymal + R1 vascular ( P = .031). Local recurrence rates were 

3%, 14%, 4%, and 19%, respectively for R0, R1 parenchymal, R1 vascular, and R1 parenchymal + R1 vascular 

( P = .001) per patient, and 4%, 4%, 12%, and 18%, respectively for R0, R1 vascular, R1 parenchymal, and R1 

parenchymal + R1 vascular ( P = .001) per resection area. At multivariate analysis R1 parenchymal and R1 

vascular + R1 parenchymal were independent detrimental factors. 

Conclusion: R1 vascular hepatectomy for hepatocellular carcinoma is not associated with increased local 

recurrence or decreased survival. Thus, detachment of hepatocellular carcinoma from intrahepatic vessels 

should be considered oncologically adequate. 

© 2018 Elsevier Inc. All rights reserved. 
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Hepatocellular carcinoma (HCC) is the sixth most common can-

er and the second leading cause of cancer-related death world-

ide. 1 In addition to liver transplantation, which remains the stan-

ard of care for selected patients, local therapies, such as hepatic

esection, percutaneous ablations, and transarterial treatments, are

lso considered with curative intent. 2,3 Hepatectomy remains the
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tandard treatment for HCC whenever feasible in an R0 setting. 4 

ew studies, however, have reported that tumor exposure was as-

ociated with worse survival, and some authors have found no cor-

elations. 5–14 These contradictory findings have resulted in a dis-

arate definitions of resectability among liver surgeons. 

In patients with HCC, the curability of the tumor should be

lways balanced against the risk of postoperative liver dysfunc-

ion. We have recently developed the concept of HCC detachment

rom major intrahepatic vascular structures (R1vasc) to improve re-

ectability of the tumor and decreasing the invasiveness on the

iver, which is often diseased. Our preliminary results have been

ncouraging. 15,16 This prospective study involves a significant co-

ort of patients and seeks to validate this approach from an onco-

ogic viewpoint. 

https://doi.org/10.1016/j.surg.2018.12.002
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Materials and methods 

Study design and data collection 

This is a prospective study based on a consecutive cohort of

patients who underwent hepatectomy for HCC between January

2005 and December 2015 at the Division of Hepatobiliary and Gen-

eral Surgery of Humanitas University and Research Hospital (Mi-

lan, Italy). The patients’ recruitment began in 2005 after our ini-

tial experience. 15,16 Each patient provided informed consent for the

operation and acquisition of clinical data. Inclusion criteria were

as follows: only patients with a primary untreated HCC were in-

cluded; complete follow-up data with availability of images from

computed tomography (CT) and/or magnetic resonance imaging

(MRI) performed during the follow-up; and eventually showing the

first recurrence. Exclusion criteria included patients with lymph

nodes or distant metastases, patients who underwent vascular re-

section for direct infiltration of the vessel wall, or patients who

had radiofrequency ablation in association to surgery. The study

protocol was submitted to the clinicaltrials.gov registry under en-

try NCT03476421. 

Definitions 

The nomenclature and extent of hepatic resection were

recorded according with the Brisbane classification. 17 Hepatic re-

section was considered major when more than three adjacent seg-

ments were removed. Postoperative morbidity was graded based

on the Clavien-Dindo classification. 18 Postoperative mortality was

recorded 90 days after surgery. Concerning the surgical margin, the

following definitions were adopted: 

• R0 was any resection with at least 1 mm of negative margin. 

• R1vasc was any resection with tumor exposure attributable to

the detachment from major intrahepatic vessel (first/second or-

der glissonean pedicles and hepatic vein at caval confluence). 

• R1 parenchymal (R1par) was any resection with tumor expo-

sure at parenchymal margin. 

Patients with multiple HCCs were classified as R1 if at least one

resection area had margin tumor exposure. In agreement with our

pathologists, the description of the surgical specimen included the

type of margin that we adopted. Indeed, our protocol imposed that

any specimen was properly labelled by the surgeon in charge of

the operation. Figure 1 presents the representative case of a cen-

trally located HCC treated with R1vasc hepatectomy. Overall sur-

vival was defined as the interval between the date of surgery and

the date of last follow-up or death. Recurrence-free survival was

calculated as the time between surgery and the first date of any

intrahepatic or extrahepatic recurrence. Local recurrence was de-

fined as cut-edge tumor regrowth identified in a follow-up CT or

MRI images. In cases of local recurrence, analyses were conducted

on a per-patient and per-resection area basis. 

Study end points 

The primary end point of the study was local recurrence of

R0, R1par, and R1vasc hepatectomies. The secondary end point

was prognostic significance of R0, R1par, and R1vasc. Univariate

and multivariate analyses of prognostic factors for survival were

performed. 

Preoperative workup and follow-up protocol 

The preoperative workup consisted of CT or MRI in all pa-

tients. Patients were selected for surgery based on the hepatic

functional reserve estimation based on serum total bilirubin and
holinesterases. 19–21 All patients belonged to class A of the Child-

ugh-Turcotte classification. Acceptable liver volume was estimated

sing the standard volumetric analysis on CT or MRI images. In

ases of major or extended hepatectomy, the value of the minimal

cceptable remnant liver was set at 50%. 19 In cases where the rem-

ant liver was < 50%, portal vein embolization was considered. 22 To

inimize the need for major hepatectomy, however, we system-

tically adopted parenchymal-sparing techniques. Patient follow-

p was performed every 3 months and included serum alpha-

etoprotein level, abdominal ultrasonography, CT, or MRI. 

urgical technique 

A J-shaped laparotomy was performed. In cases with tumors

n segments 1, 4-superior, 7, and 8. In cases of narrow thoracic

age or obese patients, a J-shaped thoracoabdominal approach was

erformed. Intraoperative ultrasound (IOUS) was used for staging

nd for resection guidance. Anatomic resections (ARs) were se-

ected for those patients with preserved liver function and ac-

ording to the IOUS-guided compression technique devised by our

roup. 23–25 Nonanatomic resections (NARs), performed under IOUS

uidance, were chosen in cases of impaired liver function or once

R by compression was not yet standardized. Parenchymal tran-

ection was performed using the crush-clamping technique and

hin ligatures with the intermittent Pringle maneuver. In case of

CC contact with major intrahepatic vessels, vascular detachment

as performed if no signs of infiltration were evident at IOUS, 15,16 

ach patient was systematically drained after surgery, with stan-

ard closed suction systems. Such drains were placed on the cut

urface of the liver, with one drain per area of resection. Drains

ere set for at least 7 days postsurgery based on a validated

rotocol. 26 

tatistical analysis 

Continuous variables are presented as a range with median, and

iscrete variables are presented as a number and percentage. Vari-

bles were analyzed using the χ2 test or the Mann-Whitney U

est where appropriate. Kaplan-Meier curves were used to analyze

ifferences in overall and recurrence-free survival and were com-

ared using the log-rank test. The Cox proportional hazard model

as used to identify independent prognostic factors for survival.

hese factors include age, sex, etiology, quality of the underly-

ng liver, Barcelona clinic liver cancer (BCLC) stage, serum alpha-

etoprotein level, serum bilirubin level, serum cholinesterase level,

latelet count, esophageal varices, model for end-stage liver dis-

ase (MELD) score, size of tumor, number of tumors, vascular in-

asion, tumor grading, extent of hepatectomy, type of hepatectomy,

nd type of surgical margin. To avoid the problem of model overfit-

ing and to limit its optimistic performance, we tailored the statis-

ical model using bootstrap resampling. 27–29 Moreover, to limit the

ias attributable to the exposure of competing risks, we also cal-

ulated the proportional subdistribution hazard method using the

ine-Gray model. 30,31 Data are presented using hazard ratios (HRs),

ubdistribution hazard ratio (sHR), 95% confidence intervals (CIs),

 values, and survival plots. A P value < .05 was considered signifi-

ant for all tests. 

esults 

atients 

The study included 327 consecutive patients with 532 HCCs and

48 resection areas. Table 1 details the characteristics of the co-

ort. A total of 27 patients (8%) underwent major hepatectomy.

Rs were performed in 199 patients (36%). Overall morbidity was
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Fig 1. Representativev case of HCC treated by R1vasc hepatectomy. ( A ) Hepatospecific late phase of magnetic resonance imaging, showing a centrally located HCC ( T ) in 

contact with the right hepatic vein ( arrows ). ( B ) Portal phase of magnetic resonance imaging, showing the contact of the tumor with the main, right, and left glissonean 

pedicles ( arrows ). ( C ) The patient underwent complex parenchymal-sparing hepatectomy (the liver tunnel). The tumor was detached from its contact with major intrahepatic 

vascular structures, which were exposed on the cut surface. RHV , right hepatic vein; G6-7 , glissonean pedicle for S6-7; G5-8 , glissonean pedicle for S5-8; ( D ) The specimen 

at the end of the procedure. 
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ecorded in 95 patients (29%), and 90-day mortality was seen in 6

atients (2%). 

esults on surgical margins 

On a per-patient basis, 205 patients (63%) had R0, 56 (17%)

ad R1par, 50 (15%) had R1vasc, and 16 (5%) had both R1par

nd R1vasc resections. Of the individual resections, 284 were R0,

7 were R1vasc, 75 were R1par, and 22 were both R1par and

1vasc resections. Overall, R1vasc, R1par, and R1par/R1vasc re-

ections were performed more frequently in patients with ad-

anced HCC, such as those with multiple tumors, elevated alpha-

etoprotein, or presence of macrovascular invasion. In such cases,

he use of the thoracoabdominal approach was used more consis-

ently than the abdominal approach. 

In comparison with R0 hepatectomy, R1vasc, R1par, and

1par/R1vasc resections were characterized by longer operations,

onger intermittent warm ischemia, and a higher rate of blood

ransfusion ( Table 2 ). These findings are in line with the consider-

tion that those types of resections were applied in patients with

omplex tumors, in whom R0 resections were deemed to jeopar-

ize the operation if eventually performed with wider margins. 

esults on survival and local recurrence 

Table 3 details the results on survival and local recurrence. Af-

er a median follow-up of 33.5 months (range 6.1–107.6 months),
9 patients (6%) had developed local recurrence. Figure 2 presents

he risk for local recurrence based on the types of hepatectomy.

s shown, this risk was similar in R0 and R1vasc hepatectomies

nd being significantly increased in R1par and R1par/R1vasc hep-

tectomies. The 5-year overall survival rates were 54%, 30%, 65%,

nd 36%, respectively for R0, R1par, R1vasc, and R1par + R1vasc

 P = .031) ( Fig 3 , A ). Similarly, the 5-year cumulative recurrence

ates were 27%, 15%, 28%, and 0.9%, respectively for R0, R1par,

1vasc, and R1par + R1vasc ( P = .003) ( Fig 3 , B ). The overall survival

ate was worse for R1par compared with R0, and it did not differ

n case of R1vasc hepatectomy ( Fig 4 ). We also calculated how the

isk of local recurrence impacted the hepatic-free survival. Both the

-year hepatic nonlocal-free survival and the 5-year hepatic local-

ree survival were similar for R0 and R1vasc and significantly infe-

ior for R1par and R1par/R1vasc ( Table 3 ). 

esults on prognostic factors for overall survival 

Table 4 details the results of the analysis on prognostic fac-

ors for overall survival on the entire series of 327 patients.

ith the univariate analysis, the following factors were found to

e statistically significant: number of tumors (by the increasing

f 1 unit); size of tumors (by the increasing of 1 cm); pres-

nce of esophageal varices; elevated preoperative serum alpha-

etoprotein; presence of macrovascular invasion; extent of hep-

tectomy (major versus minor); and type of the surgical mar-

in. Multivariate analysis showed that multiple tumors (sHR = 2.21;
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Table 1 

Patient characteristics. 

Characteristic Full series R0 R1vasc P value ∗ R1par P value ∗ R1vasc + R1 par P value ∗

Patients (number) 327 205 (63) 50 (15) — 56 (17) — 16 (5) —

Age (years) 

Median; range 70;18–85 70; 23–85 6 8; 4 8-82 .312 71; 18–81 .181 67.5; 46-79 .314 

Sex 

M 264 (81) 165 (80) 43 (86) 44 (76) 12 (75) 

F 63 (19) 40 (20) 7 (14) .367 12 (24) .750 4 (25) .596 

Etiology 

HCV 137 (42) 91 (28) 13 (26) 25 (44) 7 (44) 

HBV 42 (13) 18 (5,5) 11 (22) 10 (18) 3 (19) 

Alcohol 73 (22) 45 (50.5) 11 (22) 15 (27) 2 (12) 

Unknown 76 (23) 51 (16) 15 (30) .019 6 (11) .048 4 (25) .536 

Underlying liver 

chronic hepatitis or cirrhosis 234 (72) 144 (81) 37 (74) 39 (70) 14 (88) 

Normal 93 (28) 61 (19) 13 (26) .599 17 (30) .930 2 (12) .140 

BCLC stage 

0-A 173 (53) 119 (58) 20 (40) 31 (55) 3 (19) 

B 87 (27) 54 (26) 17 (34) .576 11 (20) 5 (31) 

C 67 (20) 32 (16) 13 (26) 14 (25) .217 8 (50) .001 

Alpha fetoprotein 

Median; range 10; 1–80,036 10; 1–15,673 11; 1–62,184 .021 9; 2–8,590 .234 18; 2–80,036 .002 

Bilirubin 

Median; range 0.9; 0.2–2.7 0.8; 0.2–2.2 0.9; 0.3–2 .231 0.7; 0.2–2.7 .131 0.7; 0.4–1.2 .371 

> 1 mg/dL 95 (29) 57 (28) 18 (36) .254 16 (29) .909 4 (25) .808 

Cholinesterases 

Median; range 7.3; 2.2–25 7.9; 2.2–14.9 7.6; 2.6–19.3 .491 7.5; 2.3–17.7 .978 8.2; 3.5–25 .819 

≤5.9 KUI/L 75 (23) 47 (23) 12 (24) .871 13 (23) .963 3 (19) .700 

Platelet count 

Median; range 157; 7–538 170; 60–431 159; 75–362 .644 139; 7–518 .081 180; 85–538 .918 

≤10 0,0 0 0 μL/mm 

3 41 (12.5) 26 (13) 5 (10) .602 8 (14) .752 2 (12) .983 

Esophageal varices 56 (17) 37 (18) 5 (10) .168 9 (16) .731 5 (31) .194 

CPT score A 327 (100) 205 (100) 50 (100) — 56 (100) — 16 (100) —

MELD 

Median; range 8; 6–14 8; 6–13 8; 6–11 .176 8; 6–14 .285 8; 7–13 .091 

Tumor size (cm) 

Median; range 3.7; 1.2–20 3.9; 1.2–16 5.2; 1.5–15 .876 2.5; 1.6–19 .211 4.6; 2.2–20 .981 

Tumor number 

Median; range 1; 1–33 1; 1–15 1; 1–3 .712 2; 1–30 .002 1; 1–33 .011 

Vascular invasion 

Micro 142 (43) 98 (30) 20 (40) 19 (34) 5 (31) 

Macro 67 (20) 32 (16) 13 (26) .089 14 (25) .451 8 (50) .004 

Grading 

1–2 140 (43) 69 (34) 28 (56) 34 (61) 9 (56) 

3–4 180 (55) 132 (42) 20 (40) 22 (34) 6 (38) 

Unknown 15 (5) 9 (4) 2 (4) .009 3 (5) .001 1 (6) .1318 

∗ P values are calculated considering R0 as the standard reference. 

BCLC , Barcelona Clinic Liver Cancer; CPT , Child-Pugh-Turcotte; MELD , Model for End-Stage Liver Disease. 

Table 2 

Surgical data. 

Characteristic Full series R0 R1vasc P value ∗ R1par P value ∗ R1vasc + R1par P value ∗

Extent of hepatectomy 

Major ( > 3 segments) 27 (8) 10 (10) 6 (12) 8 (14) 3 (19) 

Minor 300 (92) 195 (90) 44 (88) .062 48 (86) .455 13 (81) .131 

Type of hepatectomy 

Anatomic 119 (36) 77 (38) 17 (34) 18 (32) 7 (44) 

Nonanatomic 208 (64) 128 (62) 33 (66) .639 38 (68) .455 9 (56) .623 

Thoracoabdominal approach 125 (38) 64 (31) 30 (60) .001 24 (43) .102 7 (44) .010 

Length of operations (minutes) 

Median; range 367; 126–820 320; 126–785 437; 242–674 .002 398; 175–786 .001 503; 359–752 .003 

Length of Pringle maneuver † 

Median; range 67; 0–255 58; 0–223 97; 35–255 .211 71; 9–180 .021 121; 50–203 .043 

Blood loss (mL) 

Median; range 30 0; 0–3,0 0 0 20 0; 0–3,0 0 0 50 0; 10 0–2,0 0 0 .871 30 0; 0–1,70 0 .127 40 0; 20 0–1,20 0 .841 

Red packed cells transfusion 75 (23) 34 (17) 18 (36) .002 16 (29) .042 7 (44) .007 

Postoperative complications 

Overall 95 (29) 50 (24) 18 (36) 21 (37.5) 6 (38) 

Clavien-Dindo 1–2 70 (21) 39 (19) 16 (32) 14 (25) 1 (6) 

Clavien-Dindo 3–4 25 (8) 11 (5) 2 (4) .602 7 (12.5) .631 5 (31) .008 

Length of stay (days) 

Median; range 9; 7–64 9; 5–64 9; 8–46 .187 8; 2–44 .971 8; 7–33 .276 

90-day mortality 6 (2) 3 (1) − .797 3 (5) .084 − .166 

∗ P values are calculated considering R0 as the standard reference. 
† Cumulative length of Pringle maneuver (minutes). 



M. Donadon, A. Terrone and F. Procopio et al. / Surgery 165 (2019) 897–904 901 

Table 3 

Results of survival and recurrence. 

Full series R0 R1vasc P value ∗ R1par P value ∗ R1vasc + R1par P value ∗

Patients number 327 205 (63) 50 (15) — 56 (17) — 16 (5) −
Local recurrence per patient: N (%) 19 (6) 6 (3) 2 (4) .125 8 (14) .001 3 (19) .002 

Local recurrence per area: N (%) 27 (6) 11 (4) 3 (4) .820 9 (12) .006 4 (18) .002 

5-year overall survival 49% 54% 65% .689 30% .021 36% .045 

5-year recurrence-free survival 24% 27% 28% .712 15% .036 .9% .001 

5-year hepatic nonlocal-free survival 22% 26% 21% .115 16% .004 0% .001 

5-year hepatic local-free survival 21% 23% 19% .874 17% .035 13% .009 

5-Y OS , 5-year overall survival. 
∗ P values are calculated considering R0 as the standard reference. 

Fig 2. Rates of local recurrence. Presented are the rates of local recurrences according with the type of surgical margin. Both the per-patient and per-resection area data are 

shown. Reference indicates R0 hepatectomy cases, which were used for statistically calculation. The P values refer to the per-patient analysis. 

Fig 3. Survival plots. Presented is the Kaplan-Meier curve for ( A ) the overall survival and for ( B ) the cumulative recurrence rate of the 327 HCC patients according with the 

type of surgical margin. 
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Fig 4. Survival plots. Presented is the Kaplan-Meier curve for ( A ) the overall survival of the HCC patients operated by the R0 and R1par hepatectomy and ( B ) by the R0 and 

R1vasc hepatectomy. 

Table 4 

Prognostic factors for survival on 327 HCC patients. 

Factor Cox model Fine-Gray model 

HR 95%CI P value sHR 95%CI P value 

Age: per increase of 1 year 0.71 0.43 – 1.34 .127 0.73 0.47 – 1.27 .129 

Sex: men versus women 1.01 0.93 – 1.28 .414 1.43 0.97 – 1.95 .076 

Tumor numbers: per increase of 1 unit 2.07 1.51 – 4.81 .004 2.21 1.71 – 5.11 .001 

Tumor size: per increase of 1 cm 2.78 2.08 – 4.91 .013 2.41 1.75 – 4.97 .002 

Serum bilirubin level: per increase of 1 unit 0.91 0.29 – 3.13 .849 0.86 0.31 – 2.95 .395 

Serum Alpha Fetoprotein (UI/l): elevated versus normal 1.11 0.73 – 1.65 .751 0.91 0.63 – 1.43 .691 

Esophageal varices: yes versus no 2.99 1.58 – 6.61 .003 2.95 1.57 – 6.61 .002 

Etiology: HCV versus HBV 0.43 0.12 – 0.81 .789 0.41 0.21 – 0.91 .751 

Histological grading: G1–2 versus G3–4 1.01 0.49 – 1.29 .071 1.11 0.59 – 1.23 .086 

Status of underlying liver: chronic/cirrhosis versus normal 0.88 0.76 – 2.11 .061 1.01 0.65 – 1-99 .060 

Microvascular invasion: yes versus no 1.19 0.18 – 1.81 .097 1.13 0.78 – 1.41 .081 

Macrovascular invasion: yes versus no 3.27 2.79 – 4.81 .031 3.13 2.49 – 4.76 .002 

Extent of hepatectomy: major versus minor 2.91 1.67 – 5.14 .002 2.97 1.17 – 5.41 .002 

Type of hepatectomy: NAR versus AR 0.79 0.51 – 1.56 .364 0.91 0.43 – 1.34 .614 

Type of margin: R0 versus R1vasc versus R1par versus R1vasc + R1par 3.91 2.45 – 6.13 .031 3.99 2.15 – 5.11 .001 

HR , hazard ratio; CI , confidence interval; sHR , subdistribution hazard ratio. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

t  

s  

s  

f  

a  

w  

t  

p  

f  

v  

a  

t  

a  

s  

d

 

s

F  

b  

a  
95% CI = 1.71–5.11; P = .001), larger tumor size (sHR = 2.41; 95%

CI = 1.75–5.11; P = .002), presence of esophageal varices (sHR

= 2.95; 95% CI = 1.57–6.61; P = .002), presence of macrovascular in-

vasion (sHR = 3.13; 95% CI = 2.49–4.76; P = .002), extent of resec-

tion (sHR = 2.97; 95% CI = 1.17–5.41; P = .002), and the type of sur-

gical margin (sHR = 3.99; 95% CI = 2.15–5.11; P = .001) were found

to be statistically significant for survival. 

Discussion 

R0 hepatectomy is desirable in oncologic liver surgery. The ade-

quate surgical margin for HCC has been investigated in many stud-

ies. Some reported that narrow and positive margins were asso-

ciated with worse survival, and other studies demonstrated con-

flicting results. 5–14 These contradictory findings have resulted in a

variable set of resectability criteria among surgical centers. Fur-

thermore, patients with HCC often have an underlying diseased

liver for which the liver parenchymal-sparing surgery is preferable.

Curability of patients with HCC is balanced between the need to

be oncologically radical and to preserve the underlying liver func-
ion. 15 This is even more important in cirrhotic patients, in whom

urgery, with narrow surgical margins, may be desirable to pre-

erve liver volume and function and prevent postoperative liver

ailure. Adding to the variability of the definitions of resectability

nd outcome analysis, there is the issue of AR and NAR in patients

ith HCC. AR is usually recommended, because the removal of the

umor-bearing portal tree should ensure clearance of satellite de-

osits and microvascular invasion. 32–35 Of note, each anatomic unit

rom the subsegment up to the hemiliver is delimited by hepatic

eins. When an HCC is in contact with the veins, it can be removed

natomically, although exposed on the cut surface. For instance, in

he case of an HCC located in segment 8 in contact with the right

nd middle hepatic veins at the caval confluence, a full segment 8

egmentectomy will expose on the cut surface the right and mid-

le hepatic veins, then HCC surface at that level. 12,35 

R1vasc surgery has shown encouraging results in a preliminary

etting both for HCC 

15,16 and colorectal liver metastases (CLM). 36 

or CLM, the oncologic suitability of R1vasc surgery has recently

een validated on a larger cohort. 37 Unlike CLM, most of the HCCs

re capsulated, which means that they are surrounded by a fibrous
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issue which is the result of the host immune response against tu-

or cells. 38–42 Consequentially, the natural surgical margin should

tand on the tumor capsule. As a proof of this concept, there is

he evidence on the effectiveness of radiofrequency ablation for

mall HCC. 43 The present study confirms these expectations. We

ave demonstrated that the R1vasc margin for HCC behaves differ-

ntly from R1par, showing local recurrence rates similar to those

f R0 as observed for CLM. 37 This is relevant, not just for the lo-

al control of tumor clearance, but also for the long-term progno-

is. These findings provide a strong background for parenchymal-

paring procedures and conservative treatments of patients with

CC. Such patients might otherwise require the removal of a too-

arge portion of the liver or may be considered unresectable in the

ase of centrally located tumors or contact with the hepatic veins

t caval confluence. 44,45 The R1vasc surgery for HCC may thus al-

ow surgery for those who might otherwise not receive it. R1vasc

urgery, by reducing the amount of removed liver parenchyma,

owers both the risk of postoperative liver failure and ultimately

he surgery itself. 

The differences in surgical outcomes between R1vasc and R1par

ie in their biology. R1par is inadequate because its approach leaves

he possibility of tumor regrowth attributable to peritumoral mi-

rometastases that may be left behind. In R1vasc, the vessels may

epresent a boundary to tumor spread. The risk of local recurrence

n the R1par resections was more than three-fold higher than

n R0 and R1vasc resections ( Fig 4 , B ). Local recurrence resulted in

ignificantly worse rates of overall and recurrence-free survival in

1par and R1par/R1vasc resections ( Fig 2 ). Finally, the higher risk

f local recurrence linked to the R1par and R1par/R1vasc hepate-

tomies was reflected in the decreased rates of hepatic nonlocal-

ree survival and hepatic local-free survival compared with R0 and

1vasc hepatectomies. R1vasc hepatectomy granted the same sur-

ival, regardless of type, as the R0 hepatectomy. 

Many factors other than margin status play a role in determin-

ng local and systemic recurrence of HCC after hepatectomy. Based

n these results, some features of the tumor (ie, number, size,

ascular invasion) and liver (ie, esophageal varices) are the driv-

ng forces linked to HCC survival. Performance of the hepatectomy

ith minimal negative surgical margin or exposure of the main in-

rahepatic vessels may be considered oncologically adequate and

t should be pursued with radical intent whenever anticipated on

reoperative CT or MRI images. 

The safety of the described approach is demonstrated by its

ow mortality and major morbidity despite the presence of inter-

ediate or advanced HCC in approximately half of the patient co-

ort. For sure, overall blood transfusions were not negligible, im-

acted by those patients receiving R1vasc, R1par, and R1par/R1vasc

urgery. These subgroups included the majority of patients with

dvanced disease. Alternatively, it has been well established how

urgery could provide significant prognostic benefit to these pa-

ients, 4 and is reflected in recent guidelines for intermediate tumor

tages. 3 

Some limitations are present in this study. First, this is a single-

enter study based on a specific technical aspect, the R1vasc hep-

tectomy, which limits the generalizability of the message. To en-

ure accurate extrapolation of the conclusions, external validation

ay be required. Second, the study used specific definitions of

1par and R1vasc, which are not present in similar studies. This

ay present a bias when comparing results across multiple stud-

es. However, the study includes a large cohort of HCC patients se-

ected prospectively, operated on, and followed-up with the same

riteria. These applied methods strengthen the message, enhancing

he need for further investigation of the surgical margin for HCC

urgery. 

In conclusion, the present study shows that R1vasc hepatec-

omy for HCC is not associated with increased risk of local recur-
ence or decreased survival when compared with R0 surgery. Thus,

etachment of HCC from intrahepatic vessels should be considered

ncologically adequate. 
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