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Abstract
Objective: To compare anatomical resection (AR) and non-anatomical resection (NAR) in terms of
postoperative outcomes and long-term survival in patients of hepatocellular carcinoma (HCC).

Summary Background Data: HCC is a common cancer and studies of AR versus NAR for HCC had
contradictory �ndings.

Methods: Data of patients having AR or NAR for HCC in 2000-2015 were reviewed. Propensity-score
matching (AR:NAR, 2:1) was performed to match the two groups in liver function and tumor number, size,
and marker. The two matched groups were compared in terms of tumor characteristics, operative details,
postoperative and oncological outcomes, and survival.

Results: After matching, there were 382 patients in AR group and 191 patients in NAR group. AR group
had fewer minor resections (p<0.001) and laparoscopic resections (11% vs 19.4%, p=0.006), more blood
loss (0.565 vs 0.335 L, p<0.001) and transfusion (9.2% vs 3.7%, p<0.001), longer operations (353 vs 214
min, p<0.001) and hospitalization (p<0.001), more macrovascular involvement (4.2% vs 0%, p=0.004),
fewer recurrences (p=0.003), longer disease-free period (52.9 vs 39.2 months, p=0.041), and better
disease-free survival (p=0.012). The groups were comparable in complication and overall survival
(p=0.377). On multivariate analysis, macrovascular involvement (HR 3.689, 95% CI 2.099-6.485, p<0.01)
and NAR (HR 0.796, 95% CI 0.640-0.989, p=0.039) were independent risk factors for disease-free survival.

Conclusions: For HCC, AR showed a bene�t in disease-free survival but not overall survival, while NAR
resulted in a better postoperative pro�le.

Key Points
Anatomical resection and non-anatomical resection are both surgical techniques in liver resections

Anatomical resection resulted in better disease-free survival in resection of hepatocellular carcinoma

Non-anatomical resection had resulted in better postoperative pro�le

Introduction
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths worldwide1. Liver
resection and liver transplant remain the curative treatments, achieving 5-year survival or 54.8%2 and
70%3 respectively. Because of scarcity of liver grafts, liver transplant is not considered to be the �rst-line
treatment option. Liver resection hence remains as the gold standard, but long-term prognosis is often
in�uenced by postoperative tumor recurrence.

HCC tends to travel and spread along the portal and hepatic veins4. In order to reduce the chance of
intrahepatic metastasis, anatomical resection (AR) of the liver segment has been proposed. In AR, the
tumor-bearing portal pedicles and the supplying segment are resected at the same time5. Various papers
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demonstrated survival bene�ts of AR versus non-anatomical resection (NAR)6, but some papers reported
contradictory results7. Most of the time, selection bias exists in patient management. It is more likely that
AR is offered to patients with good performance status and preserved liver function whereas NAR is
offered to patients with marginal liver function so as to preserve as much liver as possible to increase the
functional liver remnant. This retrospective study was to compare AR and NAR in terms of postoperative
outcomes and long-term survival.

Methods
The study protocol had been approved by the institutional review board and the patients had given their
informed written consent to the study.

Data of patients having liver resection for HCC in the period from January 2000 to December 2015 at our
hospital were reviewed. Patients who had received treatment other than resection (e.g. radiofrequency
ablation in addition to resection) and patients with extrahepatic disease were excluded from analysis. All
patients included for analysis had undergone either AR or NAR. Propensity score matching (PSM) was
used to minimize baseline differences so that the genuine effect of AR and NAR would be revealed.
Patients in the AR group and patients in the NAR group were compared in terms of tumor characteristics,
operative details, postoperative and oncological outcomes, and survival.

Diagnosis of HCC was based on the criteria used by the European Association for the Study of the Liver8.
HCC was diagnosed when radiological imaging (contrast-enhanced computed tomography or magnetic
resonance imaging) showed typical features of HCC (contrast enhancement in the arterial phase and
rapid wash-out of contrast in the venous/late phase) in patients with a raised serum alpha-fetoprotein
level (> 400 ng/mL). Percutaneous liver biopsy was not preferable because of the risk of needle-tract
metastasis.

Resectability was determined by the anatomical location of the tumor in relation to major hepatic
vasculatures, irrespective of tumor size. The Couinaud nomenclature was used to de�ne major and minor
resections. Selection criteria for major resection had been reported elsewhere9. In the case of marginal
liver volume, portal vein embolization or ALPPS was considered on an individual basis. To de�ne the liver
anatomy and to check for systemic involvement, computed tomography or magnetic resonance imaging
with or without dual-tracer positron emitted tomography was performed in later period of the study.
Postoperative complications were graded according to the Clavien-Dindo classi�cation10. The UICC TNM
classi�cation, 8th edition, was used for cancer staging11.

Resections were performed in the open or laparoscopic mode; the laparoscopic mode was the choice
whenever possible. Techniques of open resection and laparoscopic resection had been described
elsewhere12. For tumors involving the bile duct, en-bloc resection of the tumor and bile duct was
performed, followed by biliary reconstruction with hepaticojejunostomy.



Page 4/22

NAR was mostly performed for small tumors peripherally located. AR was mostly performed for centrally
located tumors, especially when the tumors were in close vicinity to major vascular structures. A 1-cm
gross margin was aimed for. A positive resection margin was de�ned as the presence of tumor cells at
the line of transection due to microscopic involvement by the tumor, venous permeation or microsatellite
nodules. For AR, the Brisbane 2000 Terminology of Liver Anatomy and Resections was applied13.

All patients were followed up by the surgical team monthly in the �rst year and quarterly afterwards if no
recurrence was detected. The �rst computed tomography or magnetic resonance imaging was performed
about one month after resection and repeated every three to four months in the �rst year and every six
months in subsequent years. Diagnosis of recurrence was based on typical imaging �ndings on
computed tomography or magnetic resonance imaging. If necessary, percutaneous biopsy under
radiological guidance was performed.

Statistical analysis
The patients were divided into the AR group and the NAR group. The two groups were matched 2:1 by
PSM. The Mann-Whitney U test was used to compare continuous variables, and continuous variables
were expressed as median with interquartile range. Categorical variables were compared by Pearson’s chi-
squared test or Fisher’s exact test where appropriate. Hospital mortality was de�ned as death happening
after the operation and before discharge from hospital. Operative mortality was de�ned as death
happening within 90 days of the operation. Liver failure was de�ned according to the “50–50 criteria” on
postoperative day 514. The Kaplan-Meier method was used to estimate overall survival (OS) and disease-
free survival (DFS). The log-rank test was used for survival comparison. OS was de�ned as survival
during the period from resection to death related to any cause. DFS was de�ned as survival during the
period from resection to diagnosis of disease recurrence or death. The computer software SPSS, version
24.0, was used for statistical analyses. P < 0.05 denoted statistical signi�cance.

Results
A total of 1240 patients were included in the study. Among them, 977 received AR and 263 received NAR.
Table 1 is a comparison of the two groups. They were signi�cantly different in age, comorbidity, albumin,
platelet count, aspartate transaminase, indocyanine green retention, and alpha-fetoprotein. The AR group
had more operative blood loss (median, 0.775 vs 0.3 L; p < 0.001) and replacement (range, 0–16 vs 0-1.6
L; p < 0.001), more patients having transfusion (16.5% vs 3.8%; p < 0.001), and longer operations (median,
400 vs 207 min; p < 0.001). All patients in the NAR group had minor resection while only 30.3% of patients
in the AR group had minor resection (p < 0.001). Open resection was predominant in both groups but the
AR group had a bigger proportion of patients having open resection (94.3% vs 80.6%; p < 0.001). More
patients in the AR group developed postoperative complications (22.5% vs 15.2%; p = 0.01) and
complications of grade IIIA or above (11.5% vs 3.4%; p < 0.001). Hospital stay was longer in this group (9
vs 6 d; p < 0.001). Tumor number (p < 0.001) and tumor size (AR: median, 6 cm; NAR: median, 2.5 cm; p < 
0.001) were also signi�cantly different between groups. Resection margin was narrower in the NAR group
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(median, 0.7 vs 1 cm; p = 0.001). Both groups had a majority of cirrhotic patients but cirrhosis was more
common in the NAR group (77.9% vs 56.7%; p < 0.001). Macrovascular invasion was not found in the NAR
group but was present in 89.5% of patients in the AR group (p < 0.001). Invasion of adjacent organ(s)
other than the gallbladder was seen in 4.4% and 1.1% of patients in the AR group and the NAR group
respectively (p = 0.013). Microvascular invasion was more common (53.2%) in the AR group but less
common (37.3%) in the NAR group (p < 0.001). More patients in the AR group had bilobar disease (12.7%
vs 3.4%; p < 0.001) and tumor rupture (5.7% vs 1.5%; p = 0.005). The two groups were also signi�cantly
different in disease stage (p < 0.001), recurrence pattern (p = 0.003), and time to recurrence (p = 0.041).
DFS was similar in the two groups (p = 0.27) (Fig. 1) but OS was signi�cantly better in the NAR group (p < 
0.001) (Fig. 2).
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Table 1
Comparison of the two groups of patients before matching

  Non-anatomical

(N = 263)

Anatomical

(N = 977)

P-value

Age (years) 60.0 (12–89) 58.0 (13–86) 0.007*

Male:Female 201:62 793:184 0.087

Hepatitis B surface antigen

Unknown

No

Yes

 

0 (0%)

48 (18.3%)

215 (81.7%)

 

1 (0.1%)

154 (15.8%)

822 (84.1%)

0.500

Comorbidity

Heart

Lung

Renal

Diabetes mellitus

137 (52.1%)

114 (43.3%)

20 (7.6%)

5 (1.9%)

57 (21.7%)

415 (57.5%)

319 (32.7%)

64 (6.6%)

14 (1.4%)

157 (16.1%)

0.005*

0.001*

0.546

0.790

0.033*

Child-Pugh class

A

B

 

254 (98.6%)

9 (3.4%)

 

938 (96.0%)

39 (4.0%)

0.671

Total bilirubin (µmol/L) 11.0 (2–58) 11.0 (2–70) 0.919

Creatinine (µmol/L) 85.0 (46–839) 83.0 (34–198) 0.134

Albumin (g/L) 42.0 (26–53) 41.0 (17–54) < 0.001*

International normalized ratio 1.1 (0.8–1.6) 1.0 (0.8–1.8) 0.081

Platelet count (×109/L) 150.0 (27–384) 185.0 (20–831) < 0.001*

Aspartate transaminase (U/L) 39.0 (14–204) 47.0 (13–508) < 0.001*

Alanine transaminase (U/L) 40.0 (8-394) 43.0 (9-979) 0.071

Indocyanine green retention at 15 min (%) 12.0 (3–63) 10.5 (1.2–78) < 0.001*

Alpha-fetoprotein (ng/ml) 30.0 (1-13685) 62.1 (1-1112000) < 0.001*

Blood loss (L) 0.3 (0.01-4.0) 0.775 (0.01-30) < 0.001*

Blood replacement (L) 0.0 (0.0-1.6) 0.0 (0.0–16.0) < 0.001*

Blood transfusion 10 (3.8%) 161 (16.5%) < 0.001*
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  Non-anatomical

(N = 263)

Anatomical

(N = 977)

P-value

Operation time (min) 207.0 (0.6–14.5) 400 (45-1666) < 0.001*

Resection extent

Major resection

Minor resection

 

0 (0%)

263 (100%)

 

681 (69.7%)

296 (30.3%)

< 0.001*

Surgical mode

Open

Laparoscopic

 

212 (80.6%)

51 (19.4%)

 

921 (94.3%)

56 (5.7%)

< 0.001*

Pringle maneuver

No

Yes

Yes, continuous

 

228 (86.7%)

34 (12.9%)

1 (0.4%)

 

819 (83.9%)

152 (15.6%)

5 (0.5%)

0.530

Overall complication 40 (15.2%) 220 (22.5%) 0.010*

Complication of grade ≥ IIIA

IIIA

IIIB

IVA

IVB

9 (3.4%)

3 (1.1%)

3 (1.1%)

2 (0.8%)

1 (0.4%)

112 (11.5%)

78 (8.0%)

38 (3.9%)

17 (1.7%)

5 (0.5%)

< 0.001*

< 0.001*

0.027*

0.387

1.000

Hospital stay (d) 6.0 (2–70) 9.0 (2-198) < 0.001*

No. of tumor nodule 1 (1-multiple) 1 (1-multiple) < 0.001*

Tumor size (cm) 2.5 (0.6–14.5) 6.0 (0.7–28.0) < 0.001*

Narrowest resection margin (cm) 0.7 (0.0-3.5) 1.0 (0.0-11.5) 0.001*

Margin involvement

Not involved

Involved

 

254 (96.6%)

7 (2.7%)

 

935 (95.7%)

42 (4.3%)

0.234

Liver status

Non-cirrhotic

Cirrhotic

 

58 (22.1%)

205 (77.9%)

 

423 (43.3%)

554 (56.7%)

< 0.001*
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  Non-anatomical

(N = 263)

Anatomical

(N = 977)

P-value

Macrovascular invasion

No

Yes

 

263 (100%)

0 (0%)

 

874 (89.5%)

103 (10.5%)

< 0.001*

Invasion of adjacent organ(s)^

No

Yes

 

260 (98.9%)

3 (1.1%)

 

934 (95.6%)

43 (4.4%)

0.013*

Microvascular invasion

Absent

Present

 

165 (62.7%)

97 (37.3%)

 

457 (46.8%)

520 (53.2%)

< 0.001*

Bilobar disease 9 (3.4%) 124 (12.7%) < 0.001*

Ruptured tumor 4 (1.5%) 56 (5.7%) 0.005*

UICC8

IA

IB

II

IIIA

IIIB

IVA

IVB

 

99 (37.6%)

84 (31.9%)

70 (26.6%)

3 (1.1%)

7 (2.7%)

0 (0%)

0 (0%)

 

61 (6.2%)

326 (33.4%)

284 (29.1%)

117 (12.0%)

181 (18.5%)

7 (0.7%)

1 (0.1%)

< 0.001*

Pattern of recurrence

No recurrence

Intrahepatic

Extrahepatic

Intra- and extrahepatic

 

67 (35.1%)

85 (44.5%)

8 (4.2%)

31 (16.2%)

 

187 (49.0%)

112 (29.3%)

17 (4.5%)

66 (17.3%)

0.003*

Time to recurrence (months) 39.2 (1.0-235.5) 51.9 (0.9-231.4) 0.041*

Follow-up duration (months) 69.5 (1.8-235.5) 76.7 (2.5-231.4) 0.703
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  Non-anatomical

(N = 263)

Anatomical

(N = 977)

P-value

Data in median (range) or number of patient (percent) or ratio

*statistically signi�cant

^other than the gallbladder

Age, preoperative albumin level, preoperative platelet count, tumor number and tumor size were identi�ed
as signi�cant and independently different between the two groups. These �ve factors were used in PSM
to match the AR group and the NAR group in a ratio of 2:1. After matching, there were 382 patients in the
AR group and 191 patients in the NAR group. Table 2 is a comparison of the two matched groups. Both
groups had a majority of hepatitis B virus carriers but the proportion was bigger in the AR group (89% vs
81.2%; p = 0.01). This group had a lower indocyanine green retention rate at 15 min after injection
(median, 10.4% vs 11.95%; p = 0.004), more operative blood loss (median, 0.565 vs 0.335 L; p < 0.001)
and replacement (range, 0-3.93 vs 0-1.6 L; pp = 0.018), more patients having transfusion (9.2% vs 3.7%; p 
= 0.017), and longer operations (median, 353 vs 214 min; p < 0.001). All patients in the NAR group had
minor resection while 54.2% of patients in the AR group had minor resection (p < 0.001). Open resection
was predominant in both groups but the AR group had a bigger proportion of patients having open
resection (89% vs 80.6%; p = 0.006). More patients in the AR group developed postoperative
complications of grade IIIA (5.8% vs 1.6%; p = 0.021). This group also had longer hospital stay (range, 2-
113 vs 2–70 d; p < 0.001). Resection margin was narrower in the NAR group (median, 0.75 vs 1 cm; p = 
0.001). Both groups had a majority of cirrhotic patients but cirrhosis was more common in the NAR group
(77.5% vs 65.7%; p = 0.007). Macrovascular invasion was not observed in the NAR group but was present
in 4.2% of patients in the AR group (p = 0.004). Time to recurrence was shorter in the NAR group (median,
39.2 vs 51.9 months; p = 0.041). Hence, DFS was worse in this group (p = 0.012) (Fig. 3) although OS was
similar in the two groups (p = 0.377) (Fig. 4).
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Table 2

Comparison of the two groups of patients after matching

  Non-anatomical

(N = 191)

Anatomical

(N = 382)

P-value

Age (years) 59.0 (12–89) 59.0 (26–86) 0.672

Male:Female 151:40 311:71 0.501

Hepatitis B surface antigen

No

Yes

 

36 (18.8%)

155 (81.2%)

 

42 (11.0%)

340 (89.0%)

0.010*

Comorbidity

Heart

Lung

Renal

Diabetes mellitus

94 (49.2%)

76 (39.8%)

12 (6.3%)

3 (1.6%)

42 (22.0%)

186 (48.7%)

138 (36.2%)

30 (7.9%)

5 (1.3%)

68 (17.8%)

0.906

0.393

0.496

1.000

0.230

Child-Pugh class

A

B

 

184 (96.3%)

7 (4.7%)

 

375 (98.2%)

7 (1.8%)

0.293

Total bilirubin (µmol/L) 11.0 (2–58) 10.0 (2–70) 0.093

Creatinine (µmol/L) 85.0 (46–199) 84.0 (47–142) 0.790

Albumin (g/L) 42.0 (26–53) 41.0 (25–53) 0.300

International normalized ratio 1.1 (0.8–1.6) 1.0 (0.8–1.4) 0.093

Platelet count (×109/L) 161.0 (27–384) 157.0 (20–502) 0.490

Aspartate transaminase (U/L) 39.0 (14–183) 36.0 (15–332) 0.078

Alanine transaminase (U/L) 43.5 (9-303) 37.0 (9-551) 0.113

Indocyanine green retention at 15 min (%) 11.95 (3–63) 10.4 (1.2–41) 0.004*

Alpha-fetoprotein (ng/ml) 32.0 (1-13685) 30.0 (1.5-238100) 0.817

Blood loss (L) 0.335 (0.01-4.0) 0.565 (0.01–8.2) < 0.001*

Blood replacement (L) 0.0 (0.0-1.6) 0.0 (0.0-3.93) 0.018*

Blood transfusion 7 (3.7%) 35 (9.2%) 0.017*

Operation time (min) 214.0 (63–560) 353.0 (45–947) < 0.001*
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  Non-anatomical

(N = 191)

Anatomical

(N = 382)

P-value

Resection extent

Major resection

Minor resection

 

0 (0%)

191 (100%)

 

175 (45.8%)

207 (54.2%)

< 0.001*

Surgical mode

Open

Laparoscopic

 

154 (80.6%)

37 (19.4%)

 

340 (89.0%)

42 (11.0%)

0.006*

Pringle maneuver

No

Yes

Yes, continuous

 

159 (83.2%)

31 (16.2%)

1 (0.5%)

 

322 (84.3%)

59 (15.4%)

1 (0.3%)

0.860

Overall complication 32 (16.8%) 66 (17.3%) 0.969

Complication of grade ≥ IIIA

IIIA

IIIB

IVA

IVB

8 (4.2%)

3 (1.6%)

2 (1.0%)

2 (1.0%)

1 (0.5%)

31 (8.1%)

22 (5.8%)

8 (2.1%)

3 (0.8%)

2 (0.5%)

0.079

0.021*

0.573

1.000

1.000

Hospital stay (d) 6.0 (2–70) 6.0 (2-113) < 0.001*

No. of tumor nodule 1 (1-multiple) 1 (1-multiple) 0.069

Tumor size (cm) 3.0 (1-14.5) 3.3 (0.7–15.0) 0.057

Narrowest resection margin (cm) 0.75 (0-3.5) 1.0 (0.0–6.0) 0.001*

Margin involvement

Not involved

Involved

 

183 (95.8%)

6 (4.2%)

 

370 (96.9%)

12 (4.1%)

0.983

Liver status

Non-cirrhotic

Cirrhotic

 

43 (22.5%)

148 (77.5%)

 

131 (34.4)

251 (65.7%)

0.007*
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  Non-anatomical

(N = 191)

Anatomical

(N = 382)

P-value

Macrovascular invasion

No

Yes

 

191 (100%)

0 (0%)

 

366 (95.8%)

16 (4.2%)

0.004*

Invasion of adjacent organ(s)^

No

Yes

 

188 (98.4%)

3 (1.6%)

 

379 (99.2%)

3 (0.8%)

0.663

Microvascular invasion

Absent

Present

 

113 (59.2%)

78 (40.8%)

 

240 (62.8%)

142 (37.2%)

0.395

Bilobar disease 7 (3.7%) 21 (5.5%) 0.337

Ruptured tumor 2 (1.0%) 6 (1.6%) 0.900

UICC8

IA

IB

II

IIIA

IIIB

 

45 (23.6%)

76 (39.8%)

62 (32.5%)

3 (1.6%)

5 (2.6%)

 

60 (15.7%)

168 (44.0%)

120 (31.4%)

11 (2.9%)

23 (6.0%)

0.052

Time to recurrence (months) 39.2 (1.0-235.5) 51.9 (0.9-231.4) 0.041*

Follow-up duration (months) 69.5 (1.8-235.5) 76.7 (2.5-231.4) 0.703

Data in median (range) or number of patient (percent) or ratio

*statistically signi�cant

^other than the gallbladder

 

On multivariate analysis, macrovascular invasion (hazard ratio, 3.689; 95% con�dence interval, 2.099–
6.485; p < 0.001) and the use of NAR over AR (hazard ratio, 0.796; 95% con�dence interval, 0.640–0.989;
p = 0.039) were the two independent risk factors for DFS, whereas macrovascular invasion (hazard ratio,
3.465; 95% con�dence interval, 1.922–6.244; p < 0.001) and length of hospitalization (hazard ratio, 1.01;
95% con�dence interval, 1.001–1.019; p = 0.034) were the two independent risk factors for OS.
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Discussion
Liver transplant is the best treatment option for HCC. However, due to the scarcity of liver grafts,
especially in Asia, liver resection remains the standard and the �rst-line treatment for patients with
resectable HCC and reasonable liver function15. AR was �rst proposed by Makuuchi et al16. AR is to
resect the entire hepatic parenchymal tissue supplied by the portal venous system raining the tumor
tissue. The purpose is to remove all possible microscopic tumors and daughter nodules, as HCC tends to
invade and spread via the portal vein and its intra-segmental branches, resulting in intrahepatic
metastasis4, 5. AR is done by following the anatomical landmark of the vascular landmark, so the
adequacy and completeness of resection can be assessed17. AR helps to reduce hepatic dysfunction and
disturbance of hepatic regeneration since it leaves only minimal or no area of necrosis18, 19. It could also
reduce the chance of liver diffusion and distant metastasis resulting from drop-off of cancer tissue or
tumor cells induced by manipulation during operation20. In addition, it also allows precise measurement
of the functional liver remnant in preoperative planning, especially in patients with marginal liver function
reserve. With these advantages, AR based on the Couinaud classi�cation of liver segments is advocated.
In contrast, there is NAR, which is also known as parenchyma-sparing resection. In NAR, a liver lesion is
resected with no regard to the anatomical segments. NAR is to preserve as much liver as possible so as
to reduce the risk of postoperative liver failure, especially in a background of cirrhosis.

Patient selection for AR or NAR would depend on factors including tumor location, underlying liver status,
and the amount of normal tissue sacri�ce during liver resection. AR is usually offered to patients with
deeply seated or centrally located tumors and relatively better liver function, whereas NAR is usually
offered to patients with peripherally located tumors and relatively suboptimal liver function. In this study,
more patients in the AR group underwent major resection (69.7% vs 0% before PSM and 45.8% vs 0%
after PSM), suggesting deeper and more centrally located tumors, as well as close vicinity to the major
pedicle.

The results before PSM suggested that despite patients’ better preoperative liver function with slightly
better indocyanine green clearance, the AR group had more complicated operations and hence stormier
intraoperative and postoperative outcomes. Furthermore, due to the more advanced tumor status in the
AR group, it was not surprising that the AR group had inferior results. The two groups of patients were
eventually similar in disease stage and underlying liver function after PSM that reduced preoperative
assessment bias. After matching, the groups had similar OS but DFS was signi�cantly better in the AR
group. The similar OS could be explained by the higher re-resection rate for the more intrahepatic
recurrences in the NAR group. When liver status and tumor and patient factors allowed, re-resection were
offered. NAR could preserve a maximal amount of liver parenchyma, allowing more chances of re-
resection. In the AR group, despite better DFS, the patients suffered from more eventful intraoperative and
postoperative outcomes, resulting in more complications and hence prolonged hospital stay.

The resection line of AR was marked by vascular demarcation after pedicle control. The dissection
allowed precise resection of a liver segment based on the vascular supply to the speci�c segment or
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section. In contrast, the 1-cm margin resection line in NAR was marked by intraoperative ultrasound, and
the resection line did not follow the vascular demarcation, resulting in a narrower resection margin. The
principle of HCC resection is complete removal of tumor with adequate margin to ensure tumor clearance.
AR might be thought to produce better surgical margin, but one should also consider other factors such
as tumor location and underlying liver function before pursuing AR. In fact, a recent study showed that
margin might not be necessary in AR21, although further validation is needed.

Macrovascular involvement was found to be an independent factor for poor prognosis. Invasion of the
major branch of the hepatic or portal vein is present in about 10–40% of patients at diagnosis22, 23.
Surgical resection of tumor with macrovascular invasion remains controversial. Poor OS has been
reported, ranging from 8 to 18 months. Some patients might survive longer, depending on the level of the
major vessel involvement24, 25. The presence of macrovascular involvement would require resection of
the major pedicle, that is, by means of AR. Systemic therapy (such as sorafenib) regardless of the
location or extent of macrovascular invasion has been recommended26, with similar survival achieved.

On multivariate analysis, macrovascular involvement and NAR were independent risk factors for disease
recurrence. Even that patients in the AR group had more macrovascular invasion, the use of AR stood out
to be a factor in reduced disease recurrence. Reported results of AR versus NAR were far from
concordant. Marubashi et al27 and Okamura et al28 found no difference in DFS or OS. Ishii et al6 showed
that AR could be advantageous over NAR for patients with good liver function and a solitary tumor
smaller than 5 cm, while Suh et al29 reported that AR did not achieve superior OS or DFS. Even meta-
analyses showed discordant results; some found survival bene�ts30 but some did not20. However,
although one should interpret the results with caution, the evidence was pointing to better DFS with the
use of AR. Together with patient optimization and improvement of perioperative conditions (e.g. reduced
blood loss), a better outcome could be achieved by AR.

Up to date, there has not been any published randomized controlled trial comparing AR and NAR for HCC,
and it would be di�cult to use a randomized controlled trial to address this subject since it would be
unethical and unfeasible to randomize lesions irrespective of their locations. For this, PSM analysis is a
better analysis modality. This study used PSM to minimize baseline differences between patient groups
so as to �nd out the true bene�ts of the two surgical modes. After matching, the two groups of patients
had similar baseline liver function and similar tumor characteristics.

This was a retrospective study and therefore the possibility of selection bias, missing data and treatment
heterogeneity throughout the years could not be completely avoided. With a single-center cohort, inter-
observer variability and treatment heterogeneity in terms of perioperative management and operative
technique were also limited. However, it is hoped that this retrospective study with a reasonably large
sample size can shed some light on surgical management of HCC.

Conclusion
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For HCC, AR showed a bene�t in DFS but not OS, while NAR resulted in a better postoperative pro�le.
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Figure 1

Disease-free survival in the two groups before matching
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Figure 2

Overall survival in the two groups before matching
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Figure 3

Disease-free survival in the two groups after matching
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Figure 4

Overall survival in the two groups after matching


