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Abstract

Objective: The safety of the simultaneous resection of synchronous colorectal cancer liver metastases

(SCRLM) is still being debated. However, this simultaneous operative approach is more commonly adopted

at present than in the past. Therefore, we compared simultaneous hepatic resection with delayed hepatic

resection in this study.

Methods: All patients with SCRLM diagnosed before initial treatment between January 2009 and

September 2013 were retrospectively included in our study. Short-term and long-term outcomes were

compared in patients who underwent simultaneous colorectal and hepatic resection and those treated by

delayed hepatectomy.

Results: Among the 73 patients diagnosed with SCRLM, simultaneous colorectal and hepatic resection

was performed in 60 patients (82.2%), while delayed hepatic resection was performed in 13 patients (17.8%).

The mortality rate was zero. The postoperative complication rate after delayed resection was higher than,

but not significantly different from, that after simultaneous resection (46% vs. 23%, P=0.166). The duration

of operating time (240 vs. 420 min, P<0.05) and postoperative hospital stay time (11 vs. 18 days, P<0.05)

were shorter in the simultaneous resection group. After the initial treatments were given, the 1-, 2-, and

3-year survival rates in the simultaneous resection group were 77%, 59%, and 53 %, respectively, whereas

those in the delayed resection group were 67%, 42%, and 10%, respectively. The 5-year survival rate in

the simultaneous resection group was 23%; overall survival differed significantly between the two groups

(P=0.037). Median disease-free survival (DFS) times were 19.1 months in the simultaneous resection group

and 8.8 months in the delayed resection group. DFS differed significantly between the two groups.

Conclusions: Simultancous colorectal and hepatic resection is safe and exhibits advantages in the long-

time survival of patients.
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Introduction

Colorectal cancer is one of the most common malignancies
worldwide (1). Nearly half of colorectal cancer patients

develop colorectal liver metastases (CRLM) during the
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course of the disease (2). Liver metastasis is the main cause
of failure of colorectal cancer treatment (3). Synchronous
liver metastases, which indicate poor outcome, represent
13% to 25% of all liver metastases from colorectal cancer
(4,5). Without treatment, patients have a median survival
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time of 2.3 to 21.3 months (6,7). Liver resection has a
pivotal role in offering long-term survival to patients with
CRLM. Five-year survival rates ranging from 20% to 40%
have been reported (8-10). However, the optimal surgical
strategy for resectable synchronous CRLM is still being
debated and continues to evolve (11-13). The classical
approach is to resect the primary colorectal tumor first,
and then to proceed with liver resection after 2-3 months,
with chemotherapy in the interim. This policy enables
the selection of the best candidates for surgery (12). With
improvements in surgical techniques worldwide, the safety
and efficacy of the simultaneous resection of colorectal
and liver tumors has been confirmed (14-16). Some studies
have found the advantages of simultaneous resection of
primary colorectal tumor and synchronous liver metastases
to be economical (17) and psychological (18). The present
study was conducted to investigate the safety and survival
superiority of simultaneous hepatic resection compared
with delayed hepatectomy.

Materials and Methods
Patient selection

With the approval of the Institutional Review Board, the
data of 256 consecutive patients with synchronous colorectal
cancer liver metastases (SCRLM) (diagnosed before primary
tumor surgery) treated with surgery at the Abdominal
Surgery Department, Cancer Hospital of the Chinese
Academy of Medical Science, Beijing, China between
January 2009 and September 2013 were retrospectively
reviewed. After ruling out patients who did not undergo
complete colorectal or liver operation, 73 patients (28.5%)
who received curative resection were enrolled in this
study. Among the enrolled patients, 60 were treated with
simultaneous hepatic resection, whereas the remaining
13 were treated with delayed hepatic resection. Radio-
frequency ablation (RFA) for liver tumors smaller than 3 cm
was considered as an acceptable curative treatment modality
if resection was technically infeasible (i.e., if the resultant
liver remnant would not have sufficient volume).

Preoperative investigation

Colonoscopy and biopsy were performed in each patient to
confirm the primary tumor. Diagnosis of liver metastases
was performed based on the detection of liver tumors by
ultrasonography and computed tomography (CT) and/
or magnetic resonance imaging (MRI). Before hepatic
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resection, all patients underwent contrast enhanced
abdominal-pelvic multislice CT and chest X-ray, thoracic
CT, or positron emission tomography-CT to rule out
extrahepatic diseases. Preoperative chemotherapy was
administered if the metastatic tumors were considered
potentially resectable. Furthermore, patients diagnosed
with initially resectable liver metastases were frequently
treated by neoadjuvant chemotherapy when at least two
nodes were present. Response to chemotherapy was
evaluated radiologically every 2 months according to the
World Health Organization guidelines and the Response
Evaluation Criteria in Solid Tumors (19).

Simultaneous colorectal and hepatic resection was
performed on patients without general contraindications
as a combined surgical strategy (such as cardiovascular or
pulmonary comorbidity) when both the primary tumor
and all metastatic nodes could be resected curatively. A
multidisciplinary team (MD'T) that consisted of surgical
oncologists, medical oncologists, radiation oncologists,
pathological oncologists, and radiologists made the
treatment decisions for the patients.

Surgical treatment

All the patients were operated to achieve a curative
treatment. Six patients were initially treated with colorectal
surgery outside our hospital. Then, then we performed
delayed hepatic resection on these patients after MDT
discussions. Seven patients were operated twice because
of the heterogeneity of primary and metastatic tumor
progression or inappropriate general conditions. The
operative modalities included two incisions laparotomy
(65.7%), one incision laparotomy (15.1%), laparoscopic
operation combined with laparotomy (13.7%), and total
laparoscopic operation (5.5%). Laparoscopic operations
of the colorectum and/or liver were performed on
selected patients. Preoperative MRI results of the liver
were scrutinized if laparoscopic hepatic resection was
planned. If a simultaneous resection strategy was selected,
then hepatic resection was first performed because it
represented the non-contaminated part of the procedure.
However, combined laparoscopic colorectal operation must
first be performed because of its infeasibility after liver
laparotomy. During the operation, extensive exploration
and intraoperative ultrasonography of the liver were
performed routinely to rule out extrahepatic diseases and
detect unsuspected liver metastases. RFA was performed for
metastases smaller than 3 cm. Hepatic vascular exclusion
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techniques were used to decrease intraoperative blood loss
when necessary. Postoperative complications were graded
according to the method described by Dindo ez 4l. (20). For
safety analyses, the patients were divided into two groups:
(I) patients who either had no postoperative complication
or had complications that did not require intervention
(Clavien-Dindo Grade I) and (II) patients who required
intervention (Clavien-Dindo Grade II or higher).

Follow-up and statistical analysis

Intraoperative data were collected through medical
records. Pathological analyses were performed to obtain
the pathological tumor node metastasis (p TNM) stage
according to the Union for International Cancer Control
classification, the differentiation grade of the primary
tumor, the greatest diameter, as well as the number and
grade of synchronous liver metastases. Patients were
followed up clinically with physical examination, estimation
of serum tumor markers and liver function parameters,
and abdominal ultrasonography 1 month after surgery, and
then every 3 months thereafter. Abdominal-pelvic CT and/
or liver MRI were performed every 6 months. Adjuvant
chemotherapy was recommended routinely because of the
stage IV disease.

Overall survival (OS) was defined as the time from the
first treatment (surgery or chemotherapy) to the date of
death (all-cause mortality). Disease-free survival (DFS)
was defined as the time from the hepatic surgery to the
date of the first evidence of recurrence (local, regional, or
metastatic). Follow-up time was defined as the time from
the hepatic surgery to the date of the last follow-up. Follow-
up and survival times were recorded in months.

Data were analyzed using the SPSS 20.0 software. The
comparison of categorical variables was performed by a
chi-squared test (y’) test and Fisher’s exact test, continuous
data by the Student #-test and Mann-Whitney U test,
respectively. Cumulative survival was calculated using the
Kaplan-Meier method; differences were analyzed with the
log-rank test. Variables with a significant difference between
simultaneous resection group and delayed resection group
were entered into a Cox regression analysis. A difference
was considered significant at P<0.05 (two-sided).

Results

From January 2009 to September 2013, 73 primary
colorectal cancer patients who presented synchronous
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liver metastases detected before operation were treated
curatively. Simultaneous resection of liver metastases
and primary colorectal cancer was performed in 60
patients (82.2%), whereas delayed hepatic resection was
performed in 13 patients (17.8%). The mean age, sex ratio,
comorbidity, primary site, pathological differentiation,
maximum size of the liver metastases, local tumor node (TN)
stage of the primary tumor, and type of hepatectomy did
not differ between the two groups. Before hepatic resection,
a higher proportion of patients in the delayed resection
group received chemotherapy (92.3% vs. 38.3% in the
simultaneous group; P<0.05). The number of metastases
was significantly smaller in the simultaneous resection
group (P<0.05). The bilobar distribution of metastases was
considerably more common in the delayed resection group
(P<0.05). And the tumors in delayed resection group had
more aggressive T stage (P<0.05), as shown in Table 1.

Surgical data and outcome

The type and extent of liver resections are recorded in
Table 2. The intro-operative blood loss, requirements for
intraoperative transfusion, hepatic pedicle occlusion, and
combined RFA did not significantly differ between the two
groups.

The mortality rate was zero. The postoperative
complication rate (morbidity) after delayed resection
was higher, but not significantly different from that after
simultaneous resection (46% vs. 23%, P=0.166). The details
of the postoperative complications are shown in Table 3.
None of the patients required repeated operation, including
the patient with abdominal hemorrhage. The duration of
the operating time (240 vs. 420 min, P<0.05) and postoperative
hospital stay time (11 vs. 18 days, P<0.05) were shorter in the
simultaneous resection group (Zables 2 and 3).

Survival and recurrence

The follow-up rate of all patients was 97.4%; only two
patients were lost to follow-up. The median follow-up time
of all patients was 44 (range 5-74) months. After initial
treatments were given, the 1-, 2-, and 3-year survival rates
in the simultaneous resection group were 77%, 59%, and
53%, respectively, whereas those in the delayed resection
group were 67%, 42%, and 10%, respectively (Figure 1).
The 5-year survival rate in the simultaneous resection group
was 23%. OS differed significantly between the two groups
(P=0.037). The median DFS times were 19.1 months in the
simultaneous resection group and 8.8 months in the delayed

WWW.CjCren.org

Chin J Cancer Res 2016;28(5):528-535



Chinese Journal of Cancer Research, Vol 28, No 5 October 2016 531

Table 1 Patient and tumor characteristics

Characteristics Simultaneous resection (n=60) Delayed resection (n=13) P*
Mean age (years) 55.35+11.63 54.46+10.14 0.8*
Sex 0.522
Male 38 (63%) 10 (77%)
Female 22 (37%) 3 (23%)
Comorbidity 0.723
No 46 (77%) 9 (69%)
Yes 14 (23%) 4 (31%)
Primary site 0.500
Right colon 13 (22%) 1(8%)
Left colon 21 (35%) 5 (38%)
Rectum 26 (43%) 7 (54%)
Preoperative chemotherapy 0.001
No 36 (60%) 1(8%)
Yes 24 (40%) 12 (92%)
Pathological differentiation 0.246
Well differentiated 2 (3%) 0 (0%)
Moderately differentiated 49 (82%) 13 (100%)
Poorly differentiated 9 (15%) 0 (0%)
Number of metastases 0.047
1-3 52 (87%) 8 (62%)
>4 8 (13%) 5 (38%)
Mean 11,2] 3[1,7.5] 0.0147
Maximum size of metastases
Mean (cm) 3[2,4] 42, 6] 0.089"
Location of metastases 0.019
Unilobar 45 (75%) 5 (38%)
Bilobar 15 (25%) 8 (62%)
T stage 0.029
T1/T2/T3 56 (93%) 9 (69%)
T4 4 (7%) 4 (31%)
N stage 0.86
NO 17 (28%) 4 (31%)
N+ 43 (72%) 9 (69%)
Primary tumor TN stage 0.514
Local TN Stage Il 17 (28%) 5 (38%)
Local TN Stage Il 43 (72%) 8 (62%)
Type of hepatectomy 0.07
Non-anatomical resection 47 (78%) 7 (54%)
Bisegmentectomy 8 (13%) 3 (23%)
Trisegmentectomy 4 (7%) 2 (15%)
Extended half hepatectomy 0 (0%) 1 (8%)

* 2 test unless indicated otherwise; T, Mann-Whitney U test; * Student t-test. T, tumor; N, node.
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Table 2 Resection characteristics

Characteristics Simultaneous resection (n=60) Delayed resection (n=13) P*
Operating time (min) 240 [180, 304] 420 [340, 475] <0.001"
Intro-operative blood loss (ml) 200 [100, 400] 200 [100, 350] 0.907"
Transfusion 0.318
No 49 (82%) 12 (92%)
Yes 11 (18%) 1(8%)
Hepatic pedicle occlusion 0.583
No 54 (90%) 13 (100%)
Yes 6 (10%) 0 (0%)
Combined RFA 0.91
No 50 (83%) 11 (85%)
Yes 10 (17%) 2 (15%)

*, %’ test unless indicated otherwise; T, Mann-Whitney U test. RFA, radio-frequency ablation.

Table 3 Short-term postoperative outcome

Outcome Simultaneous resection (n=60) Delayed resection (n=13) P*
Death 0 0
Hospital stay (days) 11109, 12] 18 [17, 20.5] <0.001"
Morbidity 0.166
None 46 (77%) 7 (54%)
Yes 14 (23%) 6 (46%)
Detail of complications -
Grade I 4 (7%) 2 (15%)
Diarrhea 2 1
Tachycardia 1 1
Urination disorder 1 0
Grade II-IV* 10 (17%) 4 (31%)
Wound infection 2 1
Abdominal hemorrhage 1 0
Bile duct infection 1 1
Transient liver failure 1 0
Electrolyte disturbances 1 0
Pneumonia 2 0
Auricular fibrillation 2 0
Acute respiratory failure 0 1
Acute left heart failure 0 1

* x* test unless indicated otherwise; T, Mann-Whitney U test; ¥, Clavien-Dindo grade.
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resection group. DFS differed significantly between the two
groups (Figure 2, P=0.02).

Multivariate analysis was conducted to clarify the impact
of the four differences (preoperative chemotherapy, number
of metastases, location of metastases and T stage) between
the two groups on overall survival. The results of the
multivariate analysis for influence of survival are depicted in
Table 4. Simultaneous resection, preoperative chemotherapy
and location of metastases revealed statistically significant
influence on survival.

Discussion

Although the surgical resection of both the primary tumor
and liver metastases is the only option offered for a potential
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cure, the optimal surgical strategy for synchronous CRLM
remains unclear. Our unit has adopted an active policy of
simultaneously resecting CRLM irrespective of the age of the
patient and metastatic tumor number, provided that complete
resection of the tumors is deemed feasible, liver function
reserve is satisfactory, and patient physical status is available.
In recent years, Luo et 4l. (21) reported that the operating
time required for simultaneous and delayed resections was 255
and 415 min, intraoperative blood loss was 400 and 650 mL,
and postoperative hospitalization time was 8 and 14 days,
respectively. The differences were statistically significant (all
P<0.0001). Our study included 60 simultaneous resection
patients and 13 delayed resection patients. The results of our
study were similar to those reported in previous research. In
our study, the mean duration of operating time required for

Table 4 Multivariate analysis of preoperative chemotherapy, number of metastases, location of metastases, T stage and simultaneous/

delayed resection for influence on survival

B SE Wald P OR
T stage 0.813 0.559 2.113 0.146 2.255
Preoperative chemotherapy 1.448 0.568 6.506 0.011 4.254
Simultaneous/delayed resection —1.444 0.539 7.166 0.007 0.236
Number of metastases -0.354 0.574 0.380 0.537 0.702
Location of metastases -0.927 0.455 4.418 0.042 0.396
B, regression coefficient; SE, standard error; OR, odd ratio; T, tumor.
s o
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=+ Delayed-censored ~+-Delayed-censored
0.8
g 3
c s
> >
2 0.6 °
S £
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) 3
0.4 2
0.2 4
0 20 40 60 80 0 20 40 60 80

Time after initial treatment (months)

Number at risk
Simultaneous 59 47 21 3
Delayed 12 8 1 0

Figure 1 Kaplan-Meier OS curves of patients with SCRLM
who underwent simultaneous (n=60) or delayed (n=13) resection
(P=0.037). OS, overall survival; SCRLM, synchronous colorectal

cancer liver metastases.
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Time after hepatectomy (months)
Number at risk
Simultaneous 56 19 9 2
Delayed 12 1 0 0
Figure 2 Kaplan-Meier DFS curves of patients with SCRLM
who underwent simultaneous (n=60) or delayed (n=13) resection
(P=0.02). DFS, disease-free survival; SCRLM, synchronous

colorectal cancer liver metastases.

WWW.CjCren.org

Chin J Cancer Res 2016;28(5):528-535



534 Li et al. Simultaneous hepatic resection benefits patients with SCRLM

simultaneous and delayed resections was 240 and 420 min,
while postoperative hospitalization time was 11 and 18 days,
respectively (all P<0.05). However, intro-operative blood loss
(200 vs. 200 mL) and transfusion rate (18% vs. 8%) were not
different in the two groups (all P>0.05).

Although no perioperative death occurred in our
study, the serious complication (Grade II-IV) rate was
higher in the delayed resection group. This result may be
attributed to the fact that the number and maximum size
of the metastases are larger in the delayed resection group.
Meanwhile, we observed that a higher proportion of patients
in the delayed resection group received preoperative
chemotherapy, which might have caused chemotherapy-
associated steatohepatitis, even blue liver syndrome, and
increased perioperative morbidity (22).

Unlike the results of most previous studies, which found
survival benefit in the delayed resection group (23) or no
survival advantage in the simultaneous group (24,25), we
found that simultaneous resection had a positive influence
on the OS and DEFS of the patients compared with delayed
resection (Figures 1 and 2).

Some authors favor delayed resection because it appears
safer (16) and allows a “test of time” to detect more occult
liver metastases than simultaneous resection (18). In the
past decades, however, surgical techniques had stepped
forward remarkably, and minimally invasive means, such as
laparoscopic operation and RFA, had been widely used in
surgeries, which caused less surgical trauma. Simultaneous
resection had been proven to be as safe as delayed resection (24).
At the same time, Gd-EOB-DTPA [Primovist(R)] enhanced
MRI and intraoperative ultrasound examination improved the
capability to detect micro colorectal liver metastasis lesions.
The benefit of delayed resection had decreased. In addition,
the waiting time before delayed hepatic resection may cause
metastases to be at risk of progression. In view of tumor
biology, simultaneous resection may alleviate tumor burdens
without delay, achieve better chemotherapy response, and
avoid repeated postoperative immunosuppression. Thus, we
recommend simultaneous resection to SCRLM patients in
our hospital.

This study has several limitations. The groups differ in
three aspects, namely, the extent of liver resection (although
insignificant), acceptance of pre-operative chemotherapy and
the severity of liver metastases, which can explain the poorer
OS and DEFS in the delayed resection group. As was showed
in multivariate analysis, simultaneous/delayed resection,
preoperative chemotherapy and location of metastases
were three independent prognostic factors. In spite of the
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liver injury, pre-operative chemotherapy provides several
benefits. It can: (I) suppress tumor proliferation, improve
the RO removal rate and preserve residual liver as much as
possible; (II) help physicians to evaluate the sensitivity of
the chemotherapy regimen; (III) control the tiny subclinical
lesions, reduce postoperative recurrence rate.

Unlike in previous studies in which surgical strategies on
simultaneous and delayed hepatic resections were vacillating
(16,18,21,23,25,26), we adopted an active policy of
simultaneously resecting CRLM if the oncological, surgical,
and general conditions of a patient permit such procedure.
Despite these limitations, we can draw the conclusion that
patients with SCRLM will have better chances of survival
if they are qualified to undertake simultaneous hepatic
resection.

Conclusions

We presented the outcomes of simultaneous and delayed
liver metastases resections conducted in our hospital.
Our results revealed that simultaneous resection did
not increase the risk of postoperative complications and
presented a positive effect on the OS and DFS of patients
compared with delayed resection. Moreover, simultaneous
resection had shorter operating time and postoperative
hospitalization stay. These results support the conclusion
that simultaneous resection of SCLRM is a safe procedure
and offers advantages in the long-time survival of patients.
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