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IMPORTANCE Tumor relapse after partial hepatectomy for colorectal liver metastasis (CRLM)
remains an unsolved issue. Intraoperative manipulation of the liver during conventional
hepatectomy might enhance hematogenous tumor cell spread. The anterior approach is an
alternative approach that may reduce intraoperative tumor cell dissemination.

OBJECTIVE To determine the efficacy and safety of the anterior approach compared with
conventional hepatectomy in patients undergoing resection for CRLM.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical study evaluated the efficacy
and safety of the anterior approach compared with conventional hepatectomy in adult
patients with CRLM who were scheduled for hepatectomy from February 1, 2003,
to March 31, 2012, at a tertiary-care hospital. A total of 80 patients with CRLM were
randomized to the anterior approach and conventional hepatectomy groups in a 1:1 ratio.
Bone marrow and blood samples were analyzed for disseminated tumor cells and circulating
tumor cells (CTC) using cytokeratin 20 reverse transcriptase–polymerase chain reaction
analysis. Data were analyzed from April 1 to December 1, 2018, using intention to treat.

INTERVENTIONS Anterior approach vs conventional hepatectomy.

MAIN OUTCOMES AND MEASURES The primary end point was intraoperative CTC detection in
central blood samples after liver resection. Secondary end points included postoperative
morbidity, mortality, and long-term survival.

RESULTS Among the 80 patients included in the analysis (48 men [60%]; mean [SD] age,
61 [10] years), baseline characteristics, including preoperative CTC detection, were
comparable between both groups. There was no statistically significant difference in
intraoperative CTC detection between patients in the conventional hepatectomy (5 of 21
[24%]) and anterior approach (6 of 22 [27%]) groups (P = .54). Except for a longer operating
time in the anterior approach group (mean [SD], 171 [53] vs 221 [53] minutes; P < .001),
there were no significant differences in intraoperative and postoperative outcomes between
both study groups. Although detection of CTC was associated with poor overall (median,
46 [95% CI, 40-52] vs 81 [95% CI, 54-107] months; P = .03) and disease-free (median,
40 [95% CI, 34-46] vs 60 [95% CI, 46-74] months; P = .04) survival, there was no significant
difference in overall (median, 73 [95% CI, 42-104] vs 55 [95% CI, 35-75] months; P = .43) and
disease-free (median, 48 [95% CI, 40-56] vs 40 [95% CI, 28-52] months; P = .88) survival
between the conventional hepatectomy and anterior approach groups. Also, there was no
significant difference in patterns of recurrence between both groups.

CONCLUSIONS AND RELEVANCE This randomized clinical trial found that the anterior approach
was not superior to conventional hepatectomy in reducing intraoperative tumor cell
dissemination in patients undergoing resection of CRLM.
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P artial hepatectomy remains the most effective thera-
peutic modality for patients with colorectal liver
metastasis (CRLM). Within a multimodal setting, par-

tial hepatectomy may result in 10-year survival rates of as
high as 24%.1 However, after curative resection, as many as
70% of patients develop hepatic or extrahepatic disease
recurrence.2,3 Although approximately one-quarter of
patients with intrahepatic recurrence may undergo repeated
hepatectomy, most patients with disease recurrence after
potentially curative partial hepatectomy for CRLM are candi-
dates for palliative therapy only.4

Circulating tumor cells (CTC) represent the key element
within the metastatic cascade. Numerous studies have dem-
onstrated the prognostic value of CTC in primary and meta-
static colorectal cancer.5-7 Selective analyses of CTC in the he-
patic inflow and outflow compartments have recently revealed
the ability of CRLM to shed intact tumor cells into the
circulation.8 Mechanical manipulation of the liver during con-
ventional hepatectomy might further enhance dissemina-
tion of CTC into the circulation and thereby result in higher
recurrence rates. This hypothesis is backed by previous stud-
ies that proved an increased detection rate of CTC in the cir-
culation of patients after partial hepatectomy for CRLM.9,10

For patients requiring a right hepatectomy, the anterior ap-
proach presents an alternative surgical strategy with transec-
tion of the parenchyma and division of the right hepatic vein
before mobilization of the right hepatic lobe. In patients with
hepatocellular carcinoma (HCC), the anterior approach has
been shown to be associated with improved survival com-
pared with conventional hepatectomy, potentially owing to de-
creased hematogenic dissemination of cancer cells.11,12 Based
on the hypothesis that the anterior approach without initial
mobilization of the liver might reduce intraoperative CTC dis-
semination, we performed a prospective randomized clinical
trial to investigate the efficacy and safety of the anterior ap-
proach compared with conventional hepatectomy in patients
with CRLM.

Methods
The trial was approved by the Ethics Committee of the Uni-
versity of Heidelberg, Heidelberg, Germany, and all patients
provided written informed consent before surgery. A com-
plete copy of the study protocol is available in Supplement 1.
In addition, the rationale and design of the study was pub-
lished previously.13 This study followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guideline.

Patients
From February 1, 2003, to March 31, 2012, patients with CRLM
who were scheduled for potentially curative resection were
screened for inclusion in the trial at the Department of Gen-
eral, Visceral and Transplantation Surgery, University of Heidel-
berg. Eligible patients were 18 years or older and planned to
undergo elective right-sided or extended right-sided hepatec-
tomy. Patients with history of other malignant neoplasms,
extrahepatic disease of colorectal cancer, liver cirrhosis, and

grossly positive lymph nodes in the hepatoduodenal liga-
ment were excluded, as were patients with expected lack of
adherence or impaired mental state. Furthermore, patients
with positive margins after liver resection (R1), intraopera-
tive blood loss exceeding 2000 mL, and positive preopera-
tive tumor cells in blood samples were excluded from the analy-
sis of intraoperative tumor cell detection in blood samples but
not from the analysis of secondary end points.

Randomization and Blinding
Patients were randomly assigned in a 1:1 ratio to the anterior
approach or the conventional hepatectomy arm. Randomiza-
tion was performed in the operating room after surgical ex-
ploration before hepatic resection by using consecutively
numbered opaque and sealed envelopes. Stratification was per-
formed for patients’ clinical risk score (0-2 vs 3-5). Patients were
blinded to the study intervention. Perioperative outcomes were
assessed by blinded observers (third party).

Outcomes
The primary end point was intraoperative CTC detection
rate in blood samples obtained immediately after liver
resection using cytokeratin 20 (CK20) reverse transcriptase–
polymerase chain reaction (RT-PCR) analysis. Predefined sec-
ondary end points included intraoperative blood loss, need of
the Pringle maneuver, operating time, blood transfusion, post-
operative complications, and length of hospital stay. In addi-
tion, resection margin status, long-term outcomes from the
date of randomization (overall and disease-free survival), and
the site of disease recurrence were assessed.

Collection and Processing of Blood
and Bone Marrow Samples
Preoperative blood samples (10 mL) were collected through a
central venous catheter after induction of general anesthe-
sia. Bone marrow samples (10 mL) were aspirated from both
iliac crests after the patient was prepped and draped in a ster-
ile fashion. Intraoperative blood samples (10 mL) were drawn
immediately after completion of hepatectomy through the cen-
tral venous catheter. Blood and bone marrow samples were pro-
cessed according to a standardized protocol and stored at
−80 °C for further central analysis. In brief, blood samples were

Key Points
Question Does anterior approach hepatectomy reduce tumor cell
dissemination during resection of colorectal liver metastasis
compared with conventional hepatectomy?

Findings In this randomized clinical trial including 80 participants,
no statistically significant difference in tumor cell dissemination
(5 of 21 [24%] vs 6 of 22 [27%]) and overall (median, 73 vs 55
months) and disease-free (median, 48 vs 40 months) survival was
found between conventional hepatectomy and the anterior
approach.

Meaning These findings suggest that both techniques offer safe
and comparable postoperative and survival outcomes in patients
undergoing right-sided hepatectomy for colorectal cancer.
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diluted with 10 mL of phosphate-buffered solution and cen-
trifugated through sterile medium (Ficoll-Paque; Amersham
Pharmacia Biotech) for 30 minutes (at 400g). After harvest-
ing the mononuclear peripheral blood cell pellet, RNA extrac-
tion and complementary DNA synthesis was performed using
commercially available kits (Life Technologies, Inc). The CK20
RT-PCR protocol has been described in detail previously.13

Technicians and physicians involved in the laboratory analy-
ses were blinded to patients’ clinical data and allocated
study arms.

Trial Interventions and Perioperative Care
All surgeons were instructed on the study interventions be-
fore the start of the trial. Only surgeons who had already per-
formed 25 or more partial hepatectomies performed opera-
tions within the setting of this trial. In both study groups,
perioperative care was identical except for the study interven-
tion. In brief, a reversed L-shape incision was made. For cases
in which the surgeon confirmed resectability by (extended)
right-sided hepatectomy, patients were randomized. In the an-
terior approach group, a hanging liver maneuver was per-
formed after ligation and division of right portal vein and he-
patic artery (inflow control) with subsequent parenchymal
transection. This was followed by outflow control and finally
mobilization of the liver out of the retroperitoneal plane.
In the conventional hepatectomy group, the liver was first
mobilized from the retroperitoneal plane. Parenchymal tran-
section was performed after completion of inflow and out-
flow control. In both study groups, hepatic transection was per-
formed according to surgeon’s preference under low central
venous pressure without routine vascular inflow control
(Pringle maneuver).

Sample Size Calculation and Statistical Analysis
The sample size was calculated with regard to the primary end
point of hematogenous tumor cell dissemination. The inci-
dence of intraoperative hematogenous tumor cells was ex-
pected to be 50% to 55% in the conventional hepatectomy
group (19 of 38 patients) and 15% to 20% in the anterior ap-
proach group (2 of 14 patients) based on previous results of tu-
mor cell dissemination for patients undergoing resection of pri-
mary colorectal cancer and liver metastases.10,14 Assuming a
30% difference between the 2 groups in the proportion of pa-
tients with CTC, a total of 112 patients were calculated (1:1 ra-
tio) to be needed for the primary analysis, with a significance
level α = .05 and a power of (1 – β) = 0.9 (2-sided test). The study
protocol required an interim analysis of the primary end point
when at least 75 patients were randomized and completed the
follow-up. According to the study protocol, the study was ter-
minated owing to an overall P > .65 between both groups, in-
dicating futility of the assessment of whether the anterior ap-
proach is superior to conventional hepatectomy in reducing
intraoperative tumor cell dissemination in patients undergo-
ing resection of CRLM.

Data were analyzed from April 1 to December 1, 2018, using
the intention-to-treat population. The primary end point was
analyzed using the Fisher exact test. Categorical variables were
expressed by absolute and relative frequencies (percentage)

and compared using the Pearson χ2 or the Fisher exact test.
Continuous variables were summarized as mean (SD) or me-
dian (interquartile range [IQR] or 95% CI) and compared using
the unpaired 2-tailed t test or the Wilcoxon rank sum test,
depending on the pattern of distribution. Analyses for overall
survival and disease-free survival were performed using the
Kaplan-Meier method and the log-rank test between the
groups. Patients who reached the final point of follow-up or
who were lost to follow-up were censored. The prognostic rel-
evance of tumor cell detection in bone marrow and blood
samples was assessed using the Cox proportional hazards re-
gression method. The following explanatory variables were in-
cluded: clinical risk score, operating technique, and detec-
tion of CTC. The Cochran Q test was performed to correlate
the RT-PCR results with timing of blood sampling, and the
McNemar test was conducted to compare tumor cell detec-
tion rates in blood vs bone marrow samples. All statistical tests
were evaluated for significance at 2-sided P < .05. Statistical
analysis was performed using SPSS software, version 25 (IBM
Corp), and R, version 3.5.2 (R Project for Statistical Computing).

Results
Patient Characteristics
A total of 80 patients (48 men [60%] and 32 women [40%];
mean [SD] age, 61 [10] years) were randomized to the conven-
tional hepatectomy (n = 41) and anterior approach (n = 39)
groups. Figure 1 displays the CONSORT flow diagram. Pa-
tients’ baseline characteristics were equally distributed be-
tween groups (Table 1). Between study groups, oncological
characteristics of the primary tumor were well balanced with
regard to pathological findings of the primary tumor (AJCC/
UICC stage I, 3 [7%] vs 3 [8%]; AJCC/UICC stage II, 5 [12%] vs 4
[10%]; AJCC/UICC stage III, 13 [32%] vs 15 [38%]; AJCC/UICC
stage IV, 19 [46%] vs 16 [41%]; P = .97) and perioperative on-
cological treatment strategies (neoadjuvant chemotherapy, 3
[7%] vs 3 [8%; P = .95]; adjuvant chemotherapy, 23 [56%] vs
17 [44%; P = .26]). In particular, we found no significant dif-
ferences in the onset (synchronous metastases, 20 [49%] vs
16 [41%]; P = .49), timing (mean [SD], 17 [27] vs 14 [16] months,
P = .54), and size (mean [SD], 48 [27| vs 44 [27] mm; P = .49]
of CRLM between the conventional hepatectomy and ante-
rior approach groups.

Operative Details and Perioperative Outcome
Data on perioperative outcomes are outlined in Table 2. The
kind of surgical procedures were similar between both groups.
Although the need for the Pringle maneuver was comparable
between groups (19 of 41 [46%] vs 13 of 39 [33%]; P = .24), the
anterior approach was associated with a longer duration of in-
flow control (mean [SD], 10 [6] vs 24 [15] minutes; P < .001).
There was no significant difference in intraoperative blood loss
(mean [SD], 763 [484] vs 1051 [1150] mL; P = .15). However, the
anterior approach resulted in a significantly longer operating
time (mean [SD], 171 [53] vs 221 [53] minutes; P < .001).

There was no statistically significant difference between
study groups in grades I to IV complications (16 of 41 [39%] vs
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16 of 39 [41%]; P = .16). There was no mortality in the conven-
tional hepatectomy group, whereas 2 patients in the anterior
approach group died of septic multiorgan failure postopera-
tively. The incidence of specific complications, such as bile leak-
age, abdominal fluid collection, wound infection, postopera-
tive cholangitis, pneumonia, or sepsis, did not differ
significantly between the groups. Median length of hospital
stay was comparable among the study groups (11 [IQR, 9-15]
vs 12 [IQR, 10-17] days; P = .74).

Detection of Tumor Cells in the Blood and Bone Marrow
In preoperative blood samples, 12 patients (32%) were posi-
tive for CTC in each study group (P = .57). A total of 9 of 34 pa-
tients in the conventional hepatectomy group (26%) and 12 of
38 patients in the anterior approach group (32%) had dissemi-
nated tumor cells detected in the bone marrow before sur-
gery (P = .80). In line with the study protocol, patients with a

positive resection margin, excessive intraoperative blood loss,
and preoperative CTC detection were excluded from the analy-
sis of the primary end point. After exclusion of these patients,
a total of 21 patients remained in the conventional hepatec-
tomy group and 22 remained in the anterior approach group
for the analysis of the primary efficacy end point of intraop-
erative detection of CK20-positive CTC. The analysis of the pri-
mary end point revealed no significant difference in intraop-
erative CTC detection between both groups (5 of 21 [24%] vs
6 of 22 [27%]; P = .54) (Table 3). Further analyses showed no
statistically significant differences between the timing of
blood sampling and detection of tumor cells for all patients
(24 of 75 [32%] for preoperative vs 21 of 73 [29%] for intraop-
erative; P = .70) and for patients in the conventional hepatec-
tomy (12 of 37 [32%] for preoperative vs 11 of 35 [31%] for in-
traoperative; P > .99) or anterior approach (12 of 38 [32%] for
preoperative vs 10 of 38 [26%] for intraoperative; P = .62) group
(eTable 1 in Supplement 2). Furthermore, there was no statis-
tically significant difference in preoperative detection of dis-
seminated tumor cells in blood and bone marrow samples of
the respective patients (13 of 21 [62%] had both positive tu-
mor cells detected in blood and bone marrow samples, whereas
8 of 21 [38%] had positive tumor cells detected in blood but
no tumor cells detected in bone marrow samples; P > .99)
(eTable 2 in Supplement 2).

Long-term Outcomes
Median follow-up time was 46 (IQR, 0-116) months for the total
cohort. During follow-up, 16 patients (39%) in the conven-
tional hepatectomy group and 19 patients (49%) in the ante-
rior approach group died. There was no significant difference
in median overall survival between patients in the conven-
tional hepatectomy group (73 [95% CI, 42-104] months) com-
pared with patients in the anterior approach group (55
[95% CI, 35-75] months) (P = .43) (Figure 2A).

On last follow-up, a total of 8 patients (20%) in the con-
ventional hepatectomy group and 6 patients (15%) in the an-
terior approach group showed no evidence of disease (P = .47).
Recurrence of colorectal cancer developed in 23 patients (56%)
in the conventional hepatectomy group and in 17 (44%) in the
anterior approach group (P = .46). The median disease-free sur-
vival was 48 (95% CI, 40-56) months in the conventional he-
patectomy group and 40 (95% CI, 28-52) months in the ante-
rior approach group (P = .88) (Figure 2B). There was no
significant difference in the pattern of disease recurrence be-
tween both study groups. Most patients with recurrent dis-
ease had the first recurrence of CRLM within the liver (10 [24%]
in the conventional hepatectomy vs 8 [21%] in the anterior ap-
proach groups; P = .82). Although we observed a higher inci-
dence of disease recurrence in the lungs in patients after con-
ventional hepatectomy (n = 9) vs anterior approach (n = 5), this
difference did not reach statistical significance (P = .52). Five
patients in the conventional hepatectomy group (3 lung, 1 liver,
1 colon) and 6 patients in the anterior approach group (2 liver,
2 lung, 1 bone, 1 pelvis) underwent repeated metastasec-
tomy for recurrent disease. Chemotherapy for recurrent dis-
ease was administered in a total of 18 patients in the conven-
tional hepatectomy and 12 patients in the anterior approach

Figure 1. CONSORT Diagram

229 Patients assessed for eligibility

80 Randomized

41 Randomized to conventional
group

39 Randomized to anterior
approach group

29 Right hepatectomy
12 Extended right hepatectomy

or trisegmentectomy
10 Additional segmentectomy

21 Analyzed for primary end point
41 Analyzed for secondary end points

9 Lost to follow-up

22 Analyzed for primary end point
39 Analyzed for secondary end points

10 Lost to follow-up

27 Right hepatectomy
12 Extended right hepatectomy

or trisegmentectomy
11 Additional segmentectomy

149 Excluded
111 Did not meet inclusion

criteria

5 Lack of consent

43 Refused to participate
3 Participated in other

studies

44 Other

1 Scheduled for extended
surgery

1 Had previous surgery

17 Excluded from primary
end point analysisb

4 R1 resections
3 Blood loss exceeding

2000 mL
12 Preoperative tumor cell

detection in blood
samples

20 Excluded from primary
end point analysisa

2 R1 resections
2 Blood loss exceeding

2000 mL
16 Preoperative tumor cell

detection in blood
samples

1 No intraoperative
blood sample

a One patient had a positive resection margin and blood loss exceeding
2000 mL simultaneously.

b Two patients had positive resection margins, blood loss exceeding 2000 mL,
and preoperative positive tumor cells simultaneously.
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Table 1. Baseline Characteristics

Characteristic

Study groupa

P valueb

Conventional
hepatectomy
(n = 41)

Anterior
approach
(n = 39)

Age, mean (SD), y 60 (11) 63 (10) .22

BMI, mean (SD) 25 (3) 24 (4) .80

Sex ratio (No. M:F) 24:17 24:15 .78

ASA grade

I/II 22 (54) 17 (44)

.19III/IV 8 (20) 14 (36)

Missing 11 (27) 8 (21)

Cardiovascular comorbidities 3 (7) 7 (18) .15

Preoperative laboratory test results, mean (SD)

Albumin level, g/dL 4.3 (0.5) 4.2 (0.7) .67

Bilirubin level, mg/dL 0.8 (1.1) 0.6 (0.5) .41

AST level, U/L 46 (72) 50 (120) .85

ALT level, U/L 60 (174) 48 (85) .72

CEA level, ng/mL 168 (430) 40 (81) .10

Primary tumor location

Hemicolon

.50

Right 7 (17) 5 (13)

Left 12 (29) 17 (44)

Rectum 20 (49) 17 (44)

Synchronous lesions 2 (5) 0

Primary tumor T stage

pT1/pT2 7 (17) 8 (21)

.28pT3/pT4 33 (80) 30 (77)

pTx 1 (2) 1 (3)

Primary tumor nodal status

pN0 18 (44) 12 (31)

.33pN1/pN2 22 (54) 26 (67)

pNx 1 (2) 1 (3)

AJCC/UICC stage

I 3 (7) 3 (8)

.97

II 5 (12) 4 (10)

III 13 (32) 15 (38)

IV 19 (46) 16 (41)

Missing 1 (2) 1 (3)

Onset of metastasis

Synchronous 20 (49) 16 (41)
.49

Metachronous 21 (51) 23 (59)

Time to liver metastasis, mean (SD), mo 17 (27) 14 (16) .54

Characterization of CRLM, mean (SD)

Preoperative No. of CRLM 2 (2) 2 (2) .35

Preoperative size of largest CRLM, mm 48 (27) 44 (27) .49

Histologic size of largest CRLM, mm 68 (121) 47 (33) .31

Neoadjuvant chemotherapy before primary tumor resection 3 (7) 3 (8)

Fluorouracil or capecitabine with or without oxaliplatin 2 (5) 2 (5)
.95

Bevacizumab with or without cetuximab 1 (2) 1 (3)

Adjuvant chemotherapy after primary tumor resection 23 (56) 17 (44)

Fluorouracil or capecitabine with or without oxaliplatin 19 (46) 10 (26)

.26Bevacizumab with or without cetuximab or panitumumab 4 (10) 6 (15)

Fluorouracil plus oxaliplatin plus regorafenib 0 1 (3)

Neoadjuvant chemotherapy before CRLM resection 16 (39) 11 (28)

Fluorouracil or capecitabine with or without oxaliplatin 6 (15) 3 (8)

.81
Fluorouracil or capecitabine plus irinotecan hydrochloride 1 (2) 1 (3)

Bevacizumab with or without cetuximab or panitumumab 9 (22) 6 (15)

Fluorouracil plus oxaliplatin plus regorafenib 0 1 (3)

Abbreviations: AJCC/UICC, American
Joint Committee on Cancer/Union
Internationale Contre le Cancer;
ALT, alanine aminotransferase;
ASA, American Society of
Anesthesiologists; AST, aspartate
aminotransferase; BMI, body mass
index (calculated as weight in
kilograms divided by height in meters
squared); CEA, carcinoembryonic
antigen; CRLM, colorectal liver
metastases; pNx, nodal status not
available; pTx, T stage not available.

SI conversion factors: To convert
albumin to g/L, multiply by 10.0;
ALT and AST to μkat/L, multiply by
0.0167; bilirubin to μmol/L, multiply
by 17.104; and CEA to μg/L, multiply
by 1.0.
a Unless otherwise indicated, data are

expressed as number (percentage)
of patients. Percentages have been
rounded and may not total 100.

b The unpaired 2-tailed t test was
performed for continuous
parameters. Pearson χ2 test or
Fisher exact test was performed for
categorical parameters dependent
on sample size.
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group. Overall, detection of CTC (preoperative and intraop-
erative) independently of the study group was associated with
significantly decreased overall survival (median, 46 [95% CI,
40-52] vs 81 [95% CI, 54-107] months; P = .03) (Figure 2C). Simi-
larly, disease-free survival was significantly shorter in pa-
tients with positive CTC detection (median, 40 [95% CI, 34-
46] vs 60 [95% CI, 46-74] months; P = .04) (Figure 2D). On Cox
proportional hazards regression analysis, detection of posi-
tive CTC was associated with poor survival (hazard ratio, 2.18;
95% CI, 1.09-4.37; P = .03) (eTable 3 in Supplement 2).

Discussion
The anterior approach technique was first described by Ozawa15

in 1992. Several liver surgeons adopted this approach as a no-
touch technique without tumor manipulation, and refine-
ments were made by the hanging liver maneuver.16 Although
this approach was shown to be safe and potentially superior
to the conventional approach in terms of morbidity, survival,

and CTC dissemination in HCC, its efficacy and safety for re-
section of CRLM has remained unclear.11,12,17 This random-
ized clinical trial addressed this lack of evidence using intra-
operative CTC detection as the primary efficacy end point.
Based on an a priori interim analysis, the trial was stopped pre-
maturely, and the null hypothesis was not rejected. In the en-
tire cohort, however, CTC detection was associated with poorer
overall and disease-free survival, whereas CTC detection in the
study groups was comparable and reflected a similar onco-
logical outcome. Perioperative results revealed no significant
differences between both surgical techniques except for a lon-
ger operating time in the anterior approach group.

Detection of CTC is associated with poor outcome in
patients with primary as well as metastatic colorectal
cancer.6,7,18,19 Using the US Food and Drug Administration–
approved CellSearch device for CTC detection in patients with
colorectal cancer, moreover, Rahbari et al8 demonstrated the
ability of liver metastases to shed intact tumor cells into cir-
culation. Measures to limit detachment of tumor cells from
metastatic lesions are therefore urgently needed to decrease

Table 2. Operative Details and Perioperative Outcomes

Variable

Study groupa

P valueb

Conventional
hepatectomy
(n = 41)

Anterior
approach
(n = 39)

Surgical procedure

Hemihepatectomy

Right-sided 29 (71) 27 (69)
.88

Extended right-sided 12 (29) 12 (31)

Additional segmentectomy 0 2 (5) .14

Additional wedge resection 10 (24) 9 (23) .89

Extrahepatic resection 6 (15) 4 (10) .81

R1 resection 2 (5) 4 (10) .43

Pringle maneuver 19 (46) 13 (33) .24

Duration of Pringle maneuver, mean (SD), min 10 (6) 24 (15) <.001

Need for intraoperative transfusion 9 (22) 10 (26) .70

No. of PRBC units transfused, mean (SD) 2.6 (1.0) 2.8 (2.5) .81

No. of FFP units transfused, mean (SD) 4.0 (0) 5.5 (3.0) .54

Operating time, mean (SD), min 171 (53) 221 (53) <.001

Blood loss, mean (SD), mL 763 (484) 1051 (1150) .15

Postoperative complications

Grade I 4 (10) 8 (21)

.16

Grade II 5 (12) 2 (5)

Grade IIIa 2 (5) 5 (13)

Grade IIIb 3 (7) 1 (3)

Grade IV 2 (5) 0

Grade V (death) 0 2 (5)

Specific complications

Bile leakage 3 (7) 4 (10) .64

Abdominal fluid collection 2 (5) 4 (10) .36

Wound infection 4 (10) 4 (10) .94

Postoperative cholangitis 2 (5) 2 (5) .96

Pneumonia 3 (7) 3 (8) .95

Sepsis 0 2 (5) .14

Postoperative blood transfusion 10 (24) 7 (18) .48

No. of PRBC units transfused, mean (SD) 1.8 (0.4) 1.8 (0.5) .85

No. of FFP units transfused, mean (SD) 2.8 (1.3) 2.7 (1.2) .86

Length of hospital stay, median (IQR), d 11 (9-15) 12 (10-17) .74

Abbreviations: FFP, fresh frozen
plasma; IQR, interquartile range;
PRBC, packed red blood cell;
R1, residual tumor.
a Unless otherwise indicated, data are

expressed as number (percentage)
of patients. Percentages have been
rounded and may not total 100.

b The unpaired 2-tailed t test was
performed for continuous
parameters. Pearson χ2 test or
Fisher exact test was performed for
categorical parameters dependent
on sample size.
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potential further spread of tumor cells. However, increasing
data suggest that CTC spontaneously leaving the cellular union
of a tumor mass are phenotypically and genotypically differ-
ent from tumor cells that are detached from the original mass
secondary to mechanical manipulation.20-22 Although the an-
terior approach failed to reduce the intraoperative CTC detec-
tion rates, these data do not support further efforts to reduce
tumor cell dissemination and subsequent disease recurrence
by minimizing intraoperative manipulation. They should rather
prompt strategies to prevent spontaneous tumor cell dissemi-
nation and to target minimal residual disease after poten-
tially curative resection.

Most data on the oncological effect of the anterior
approach are available for patients undergoing resection for
HCC. The first randomized clinical study on this topic by
Liu et al12 analyzed patients with large HCC (>5 cm) and
revealed a significant overall survival benefit after the ante-
rior approach, whereas disease-free survival and periopera-
tive outcome were comparable between the study groups.
Although the recurrence rate was 56% in both study groups,
recurrent disease was amenable to local ablative or surgical
therapy in 80% of patients after the anterior approach com-
pared with 17% after conventional hepatectomy. Further-
more, the anterior approach was associated with intraopera-
tive lower plasma levels of albumin messenger RNA,
supporting the evidence of lower levels of circulating liver
cells during the anterior approach; however, CTC were not
evaluated. Another recent randomized clinical trial by Hao
et al11 assessed patients with a heterogenous size of HCC and
detected less mean and median epithelial cell adhesion
molecule–positive CTC after the anterior approach compared

with conventional hepatectomy in the first 10 postoperative
days. Unfortunately, long-term outcome was not reported,
but 2-year overall and recurrence-free survival was signifi-
cantly reduced after the conventional approach. Thus far,
perioperative outcome and long-term survival of patients
with CRLM who underwent anterior approach and conven-
tional hepatectomy were only assessed in 2 nonrandomized
cohort studies.23,24 Finally, these studies revealed no signifi-
cant differences between the study groups, which is consis-
tent with the results of the present study.

Morbidity after major hepatectomy remains high and
ranges from 35% to 69% depending on the patient popula-
tion, preexisting liver disease, and volume of the future liver
remnant.25-27 Although the anterior approach failed to pro-
vide a benefit with respect to patients’ oncological outcome,
advantages in perioperative outcomes might still justify its use
in clinical routine. Our results showed a significantly pro-
longed operating time and duration of portal triad clamping
for patients in the anterior approach group with no statisti-
cally significant difference in any further perioperative param-
eters, including blood loss, morbidity, and length of hospital
stay. These data are in line with previous data from randomized
trials that reported similar perioperative outcomes for
patients who underwent a right-sided hepatectomy with the
anterior approach and the conventional hepatectomy
approach.11,12,28 Owing to the lack of benefits in perioperative
outcomes, the anterior approach does not appear superior to
conventional hepatectomy. However, it is useful in patients
with large masses that render primary mobilization of the
right lobe difficult.29 Previous studies on CTC detection using
CK20 RT-PCR reported higher rates of CTC-positive findings.30

Table 3. Oncological Outcomes

Outcome

Study groupa

P valueb
Conventional hepatectomy
(n = 41)

Anterior approach
(n = 39)

Tumor cell detection

Preoperative bloodc 12 (32) 12 (32) .57
Preoperative bone marrowd 9 (26) 12 (32) .80
Intraoperative bloode 5 (24) 6 (27) .54

Follow-up

No evidence of disease 8 (20) 6 (15)

.47
Alive with disease 8 (20) 4 (10)

Death from disease 15 (37) 16 (41)

Death from other reason 1 (2) 3 (8)

Recurrence (first site) 23 (56) 17 (44)

Liver 10 (24) 8 (21)

.46

Adrenal gland 2 (5) 0

Lung 9 (22) 5 (13)

Bone 1 (2) 2 (5)

Nodal 0 1 (3)

Pelvic recurrence 0 1 (3)

Colon 1 (2) 0

Therapy of recurrence

Chemotherapy 15 (37) 10 (26)

.36
Surgery 2 (5) 4 (10)

Chemotherapy + surgery 3 (7) 2 (5)

Loss to follow-up 3 (7) 1 (3)

a Unless otherwise indicated, data are
expressed as number (percentage)
of patients. Percentages have been
rounded and may not total 100.

b The Wilcoxon rank sum test was
performed for continuous
parameters. Pearson χ2 test or
Fisher exact test was performed for
categorical parameters dependent
on sample size.

c Preoperative blood samples were
available for 37 patients in the
conventional and 38 in the anterior
approach group.

d Preoperative bone marrow samples
were available for 34 patients in the
conventional and 38 in the anterior
approach group.

e Intraoperative blood samples of
21 patients in the conventional and
22 in the anterior approach group
were considered in this analysis.
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We used a highly sensitive and specific RT-PCR assay to
identify CTC as described and standardized previously.14,31

The number of patients with intraoperative positive
tumor cells were comparable in both groups. In total, we
found a considerably lower rate of CTC as described in the
literature31,32; however, this could be owing to modern che-
motherapy protocols with subsequent reduction of tumor
cells.

Limitations
Our study has some limitations. First, our sample size is
relatively small, which is primarily owing to a premature
termination of the study. Because there were no statistically
significant differences for the primary end point on interim
analysis, the study was discontinued in line with the study
protocol. Second, 8 patients had no bone marrow samples
because of patient’s preference to avoid an additional

procedure. Third, evaluation of the primary end point was
limited to a relatively small group of patients owing to a
high number of patients with preoperative positive tumor
cells in blood as well as intraoperative blood loss of more
than 2000 mL, resulting in loss of statistical power and
inconclusive results. Fourth, to minimize reporting bias, all
patients were evaluated for secondary outcomes.

Conclusions
In this randomized clinical trial, patients undergoing right he-
patectomy for colorectal cancer by anterior or conventional re-
section bore a similar risk of tumor cell dissemination. Find-
ings suggest that both techniques are safe and indicate no
statistically significant difference in postoperative outcome
or long-term survival.
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