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a b s t r a c t

Objective: Location of the primary tumor side has become an increasingly prognostic factor for colorectal
liver metastasis. The present study was to perform a meta-analysis to investigate if primary right-sided
tumor impacted on long-term survival outcome of colorectal liver metastases following local treatment.
Method: Eligible trials were identified from the Embase, PubMed, Web of Science and the Cochrane
database that were published before October in 2018. English language trials that compared long-term
survival outcome of primary left-sided tumor with right-sided tumor colorectal liver metastases
following local treatment were included. Hepatic resection for colorectal liver metastases was investi-
gated. The main study outcomes included overall survival and disease free survival of primary right-
sided colorectal liver metastases following local treatment. The risk factors of largest tumor size, pri-
mary node metastases, multiple tumor and RAS mutation were also analyzed. A systematic review and
meta-analysis was done using a fixed-effects model. Hazard ratio with a 95% confidence interval was
used to measure the pooled effect.
Results: A total of twelve studies with 6387 patients were included. For primary right-sided colorectal
liver metastases patients following hepatic resection, the overall pooled HR for 5-year overall survival
rate was 1.354 (95% CI: 1.238e1.482; p¼ 0.000; I2¼ 33.7%, p¼ 0.138). The pooled HR for 5-year disease
free survival rate of primary right-sided CRLM in the included studies calculated using the fix-effects
model was 1.104 (95% CI: 0.987e1.235; p¼ 0.084; I2¼ 0%, p¼ 0.477).
Conclusion: It demonstrated that primary right-sided for colorectal liver metastases location was a
significantly worse prognostic factor in terms of overall survival.

© 2019 Published by Elsevier Ltd.
Colorectal cancer (CRC) is the third most common cancer for
globally [1]. Colorectal liver metastases (CRLM) occur in 50% of
patients in the disease progress and account for two-thirds of
deaths from CRC [2]. Indications for curative-intended treatment of
CRLM have expanded in recent years. Hepatic resection is regarded
as the only way to cure and a well-accepted modality in the
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treatment of CRLM, which has been able to achieve a 5-year overall
survival (OS) 50% [3]. Unfortunately, long-term survival outcome
has also been associated with multiple oncological factors, despite
the surgical advancement.

It was increasingly recognized that location of the primary tu-
mor impacts prognosis factor in metastatic colorectal cancer. Large
population-based studies have demonstrated that survival
following surgery for colon cancer differs by tumor location [4].
Previous studies have reported conflicting results regarding the
survival of primary right-sided CRLM (RSCRLM) compared with
primary left-sided CRLM (LSCRLM) after hepatic resection. This
distinction is mainly based on embryonic origins, because the right
colon develops from the midgut and the left colon from the hind-
gut. Tumors within these unique regions are known to differ in
regard to clinicopathologic factors, such as microsatellite instability
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(MSI) and BRAF mutation rates [5].
Differences in study results may be attributable to sample size,

heterogeneity in treatment methodologies and limited information
on molecular and pathological features. With this bias, we con-
ducted this meta-analysis of retrospective studies to quantify the
prognostic difference between LSCRLM and RSCRLM following
hepatic resection.
Materials and methods

Literature search strategy

Eligible studies were identified from Embase, PubMed, the Web
of Science and the Cochrane database were searched for eligible
studies (January 1990 to October 2018). The following MeSH terms
were searched: ‘colorectal cancer’ or ‘colorectal neoplasm’ and
‘liver metastases’ and ‘hepatic resection’ or ‘liver resection’ and the
terms ‘prognosis’ or ‘survival’, combined with terms ‘left’ and
‘right’.
Study selection

Two authors (Wei Liu and Hong-Wei Wang) independently
screened the potential titles and abstracts. We included studies
based on the following inclusion criteria: (1) comparative studies
investigated the association between primary tumor location and
survival outcomes; (2) included a hazard ratio (HR) and 95% con-
fidence interval (CI) for suvival according to primary tumor loca-
tion, which were either reported or could be calculated from the
data presented; (3) all the patients underwent hepatic resection or
RFA; (4) right-sided primary tumor was defined as a malignant
neoplasm in the cecum, ascending colon or transverse colon, and
left-sided primary as that located from the splenic flexure to the
sigmoid colon, recto-sigmoid colon or rectum; (5) publication
language was limited to be English; (6) Only cohort studies were
included in the review, be they prospective or retrospective.

The exclusion criteria were as follows: (1) letters, reviews, case
reports, conference abstracts, editorials, comments, systematic re-
views or studies unrelatedwith our topics were excluded from final
analysis; (2) articles in which no information on survival outcome
was given or the HR for survival could not be calculated from the
given information; and (3) articles in which the prognostic effect
was determined as a function of recurrence. The quality of the
studies was assessed independently by two investigators.
Data extraction

Two authors (Wei Liu and Hong-Wei Wang) independently
extracted data from studies by a standardized extraction form. Any
disagreement was resolved by consensus and discussion. The
following datawere extracted: number of patients (both of primary
left-sided and right-sided), the study design, year of publication,
country where study was conducted, characteristic of patients
included in largest tumor size, synchronous liver metastases, pri-
mary node positive, multiple lesions, CEA>200, Ras mutation and
survival outcome according to primary tumor location. A modified
Newcastle-Ottawa scale was used to assess the quality of non-
randomized studies included in this meta-analysis [6]. The scale
assessed each study based on three broad perspectives: patient
selection, comparability of the survival outcome of left or right side,
and characteristic of studies. Given the variability in quality among
observational studies, a high-quality study was defined if it had six
or more NOS criteria scores.
Statistical analysis

HR and 95% CI were used to estimate the impact of primary
tumor location on survival outcome. A combined HR> 1 implied a
worse survival for the RSCRLM. For the time-to-event variables, the
HRs of OS with 95%CI were directly extracted or calculated by a
calculation sheet as previously described if the value were not re-
ported directly [7]. Pooled estimates of HR were calculated using
the fixed-effects model. To assess for publication bias, we evaluated
funnel plot asymmetry using the regression test by Begg [8]. Het-
erogeneity among the studies was evaluated using I [2] statistics
[9]. The extent of heterogeneity was defined as follows: I [2]<25%,
absent heterogeneity; I [2]¼ 25e50%, moderate heterogeneity; I
[2]¼ 50e75%, high heterogeneity; and I [2]>75%, extreme hetero-
geneity [10]. A p value less than 0.05 was judged as statistically
significant. All statistical analyses were performed using STATA
version 12.0 (Stata Corporation, College Station, TX, USA).

Results

Identification of eligible studies

A total of 742 CRLM-related citations based on the initial search.
After independent review, 730 studies were excluded due to the
irrelevance to the current analysis or their disagreement with the
inclusion criteria (Fig. 1). Finally, 12 studies (n¼ 6387) were ulti-
mately included in the meta-analysis of the prognostic value of
primary tumor location [11e22]. A total of 6135 patients were
performed hepatic resection, among of them, 2228 patients were
primary right-sided CRLM.

Characteristics of eligible studies

The baseline characteristics and oncological characteristic of the
12 retrospective cohort studies are presented in Table 1 and Table 2,
respectively. Hepatic resection were performed in 10 studies. RFA
or MA were performed in other two studies. The quality of the
included studies according to NOS was determined to be higher for
nine studies, and lower for three studies. There were nine studies
from non-Asian countries, and three studies from Asian countries.
Eight studies reported data from which the HR was retrieved
directly; in the remaining four studies, the HR was calculated
indirectly from Kaplan-Meier curves.

Prognosis of primary tumor location

All 12 studies included in the meta-analysis reported the results
of 5-year OS rate. The pooled HR for 5-year OS rate of primary right-
sided CRLM following local treatment in the included studies per-
formed using the fixed-effects model was 1.322 (95% CI:
1.215e1.439; I2¼ 66.3%, p¼ 0.000)(Fig. 2a). After excluded two
study of ablation[15,22], the pooled HR for 5-year OS rate of primary
right-sided CRLM after hepatic resection in the included studies
performed using the fix-effects model was 1.354 (95% CI:
1.238e1.482; I2¼ 33.7%, p¼ 0.138) (Fig. 2b). A sensitivity analysis
was performed to examine the potential source of heterogeneity.
One study was excluded[17], the pooled HR for the OS in the
included studies performed using the fix-effects model was 1.350
(95% CI: 1.234e1.477; p¼ 0.000; I2¼ 35.4%, p¼ 0.135). The Egger's
test (p¼ 0.215) and Begg's test (p¼ 0.304) revealed no publication
bias. Six studies reported the 5-year DFS rate of primary tumor
side[11,12,17,19,20,21]. The pooled HR for 5-year DFS of primary right-
sided CRLM in the included studies calculated using the fix-
effects model was 1.234 (95% CI: 1.120e1.360; p¼ 0.000;
I2¼ 72.8%, p¼ 0.003) (Fig. 3a). After excluding the study by



Fig. 1. Flow chart for the study selection method.

Table 1
Overview included studies.

Study Year Design Recruitment time Left Right Treatment Median FU(m) Country 5-year OS-L 5-year OS-R NOS Outcome Analysis of
variance

Creasy[11] 2018 Retro 1992e2004 578 392 Resection 136.8 America 50.4 38.5 9 OS Multi
Dupre[12] 2018 Retro 2010e2015 290 74 Resection 41.8 UK 37.5 25.4 9 OS Multi
Engstrand[13] 2018 Retro 2008e2008 57 11 Resection 63.6 Sweden 16.6 4.3 7 OS Multi
Goffredo[14] 2018 Retro 2010e2015 1467 1188 Resection N/A America N/A N/A 8 OS Multi
Gu[15] 2018 Retro 2007e2013 51 51 RFA N/A China 30 14 9 OS Multi
Makowiec[16] 2018 Retro 2000e2016 158 63 Resection N/A Germany 41 46 9 OS Multi
Marques[17] 2018 Retro 1998e2012 124 27 Resection 42 Brazil 8.9 1.4 8 OS Multi
Price[18] 2015 Retro 2006e2015 307 107 Resection N/A Australia 65 24 9 OS Multi
Sasaki[19] 2016 Retro 2000e2015 284 191 Resection 30.7 America 53.7 41.5 9 OS Multi
Wang[20] 2018 Retro 2002e2015 334 86 Resection 26 China 38.3 46.5 9 OS Multi
Yamashita[21] 2018 Retro 1990e2015 163 89 Resection 27 America N/A N/A 9 OS Multi
Zhou[22] 2018 Retro 2006e2016 201 94 MA 24 China N/A N/A 9 OS Multi

OS overall survival, DFS disease-free survival, RFS recurrence free survival, NOS Newcastle-Ottawa scale, N number, FU follow up, N/A not available, MA microwave ablation,
RFA Radiofrequency ablation, Multi multiple variances, Retro retrospective.
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Yamashita[21], the pooled HR for 5-year DFS of right side in the
included studies calculated using the fix-effects model was 1.104
(95% CI: 0.987e1.235; p¼ 0.084; I2¼ 0%, p¼ 0.477) (Fig. 3b).

Risk factors of OS

A subgroup analysis was performed to evaluate whether
patients had a survival difference with respect to the oncology
characteristics. The pooled HR for gender (female vs. male) was
1.068 (95% CI: 0.989e1.153; p¼ 0.093; I2¼ 25.1%, p¼ 0.261)
(Supplementary Fig. 1), for largest tumor size>5 cmwas 1.678 (95%
CI: 1.455e1.935; p¼ 0.000; I2¼ 69.5%, p¼ 0.020) (Supplementary
Fig. 2), for primary node positive was 1.519 (95% CI: 1.356e1.702;
p¼ 0.000; I2¼15.7%, p¼ 0.313) (Supplementary Fig. 3), for



Table 2
Oncological characteristics of the studies included in the meta-analysis.

Study Subgroup Age Tumor size(mm) No. of tumors(n) Primary N
stage(þ)(n)

Synchronous CRLM(n) CEA>200 Ras mutation R1

Creasy[11] L¼ 578 62.6(23e89) N/A N/A 231(40.0%) 292(50.5%) 48 N/A 51(8.8%)
R¼ 392 65.4(26e86) 113(34.3%) 202(61.4%) 38 21(6.4%)

Dupre[12] L¼ 290 65.1± 10.6 40.5± 27.3 2.8± 2.7 186(65.5%) 148(51%) N/A 32(28.1%) 141(51.6%)
R¼ 74 68.8± 10.9 38.8± 28.1 2.8± 3.2 30(40.5%) 31(41.9%) 13(54.2%) 28(41.2%)

Engstrand[13] L¼ 57 N/A N/A N/A N/A N/A N/A N/A N/A
R¼ 11

Goffredo[14] L¼ 1467 N/A N/A N/A N/A N/A N/A N/A N/A
R¼ 1188 647(58.4%)

Gu[15] L¼ 51 63.0(31e74) N/A N/A N/A N/A 17 N/A N/A
R¼ 51 61.5(27e73) 16

Makowiec[16] L¼ 158 64(33e85) 41± 27 2.4± 2.2 59(39%) 83(52%) N/A N/A 14(9%)
R¼ 63 65(39e82) 44± 40 2.0± 1.6 23(39%) 37(59%) 9(14%)

Marques[17] L¼ 124 57 (29e80) 89± 48 2 (1e20) 81(65.3%) 84(67.7%) N/A 19(15.3%) 11(8.9%)
R¼ 27 61 (23e73) 37± 19 2 (1e9) 15(55.5%) 12(44.4%) 9(33.3%) 0(0%)

Price[18] L¼ 307 70.6(17.4e103.3) N/A N/A N/A N/A N/A N/A N/A
R¼ 107 76(35.6e105.4)

Sasaki[19] L¼ 284 58(48e66) 26(16e42) 2(1e3) 86(30.3%) 167(58.8%) N/A 68(28.8%) 64(22.5%)
R¼ 191 63(53e72) 25(17e40) 2(1e3) 106(55%) 107(61.5%) 78(48.8%) 37(17.9%)

Wang [20] L¼ 334 57(49.7e64) 30(20e40) 2(1e4) 208(69.8%) 169(50.8%) N/A 68(25.9%) N/A
R¼ 86 58(49.7e65) 30(20e40) 2(1e3.5) 47(63.5%) 46(52.9%) 29(43.3%)

Yamashita[21] L¼ 487 58(50e66) 22(15e35) N/A 335(69%) 356(67%) N/A 170(35%) 32
R¼ 238 56(49e64) 21(13e33) 155(65%) 181(76%) 92(39%) 20

Zhou[22] L¼ 201 N/A N/A N/A N/A N/A N/A N/A N/A
R¼ 94 59 (39e83) 30 (11e46) 1 (1e3) 31(33%) 32(34%) N/A N/A N/A

CRLM colorectal cancer liver metastases, N/A not available, Primary N stage primary node stage.

Fig. 2a. Forest plot of the hazard ratios for 5-year overall survival between primary right-sided and left-sided CRLM following hepatic resection or ablation. The pooled HR for 5-
year OS rate of primary right-sided CRLM following local treatment in the included studies performed using the fixed-effects model was 1.322 (95% CI: 1.215e1.439; I2¼ 66.3%,
p¼ 0.000). It demonstrated that primary right-sided for colorectal liver metastases location was a significantly worse prognosis than those with left-sided primary in terms of
overall survival.
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Fig. 2b. Forest plot of the hazard ratios for 5-year overall survival between primary right-sided and left-sided CRLM following hepatic resection. The pooled HR for 5-year OS rate of
primary right-sided CRLM after hepatic resection in the included studies performed using the fix-effects model was 1.354 (95% CI: 1.238e1.482; I2¼ 33.7%, p¼ 0.138). It
demonstrated that primary right-sided for colorectal liver metastases following hepatic resection location was a significantly worse prognosis than those with left-sided primary in
terms of overall survival.
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multiple liver metastases was 1.278 (95% CI: 1.114e1.466;
p¼ 0.000; I2¼ 0%, p¼ 0.818) (Supplementary Fig. 4), for synchro-
nous liver metastasis was 1.191 (95% CI: 1.059e1.340; p¼ 0.004;
I2¼ 3.4%, p¼ 0.387) (Supplementary Fig. 5), and for Ras mutation
was 1.274 (95% CI: 1.141e1.422; p¼ 0.000; I2¼ 22.5%, p¼ 0.271)
(Supplementary Fig. 6).
Discussion

In previous studies of stage I-III colon cancer, survival outcome
of right-sided colon cancer was significantly worse than that of left-
sided colon cancer among patients with poorly differentiated
adenocarcinoma [23]. Many results correspond with what has been
previously reported regarding the impact of primary location on OS
in patients with metastatic colon cancer treated with palliative
chemotherapy [24,25]. However, the survival outcome of primary
right-sided CRLM after hepatic resection still remains debatable. To
the best of our knowledge, the present study is the first meta-
analysis to examine the implication of primary right-sided tumor
in context of CRLM following hepatic resection. It was included in
12 studies and provided a solid evidence showing that primary
right-sided tumor exhibited a significantly worse 5-year OS rates
(HR¼ 1.354, 95% CI: 1.238e1.482; I2¼ 33.7%, p¼ 0.138).

Primary left-sided tumor of CRC are present more often in early-
stage disease, which is probably attributed to be diagnosed easily
by apparent symptoms, such as rectal bleeding or a change in bowel
habits. Consequently, this lead-time bias may partly related to the
difference in prognosis. Patients with primary right-sided tumor
were found to be older than those with left-sided tumor, and to
have more comorbidities [26]. Tumors arising on the midgut and
hindgut exhibit huge differences in their molecular and cellular
features [26]. As a result, many studies have been conducted to
search for theoretical genetic backgrounds of various lesions.
Mutant KRAS and BRAF status was more frequent among patients
with RCC. A significant interaction of KRAS status and primary tu-
mor locationwas observed in terms of OS, indicating that LCCmight
be a predictor of cetuximab efficacy [27]. Furthermore, RCC were
more commonly characterized by high Microsatellite instability
(MIS), high CpG island methylation (CIMP), which could lead to
poor response to chemotherapy for right-sided CRLM [28]. MSI has
been proposed to be one of the most promising molecular markers
investigated to date. Several studies have found that patients with
microsatellite instability-positive (MSI-H) tumors have a better
overall prognosis and that MSI status is a favorable independent
predictor of survival [29].

Selecting patients whowould benefit from hepatic resection has
always been concerned. Previous studies developed scoring sys-
tems to stratify patients into different risk groups to predict sur-
vival outcome before surgery [30,31]. However, these studies did
not examine the significance of right versus primary left-sided
tumors following hepatic resection. Further studies regarding he-
patic resection for CRLM should include primary tumor location as
a clinicopathologic variable, and will better elucidate the overall
impact it has on survival. Many studies on location of colon cancer
as a prognostic factor for survival do not include rectal cancer. In the
few studies that do, the results are consistent with right-sided



Fig. 3a. Forest plot of the hazard ratios for 5-year disease free survival between primary right-sided and left-sided CRLM following hepatic resection.

Fig. 3b. Forest plot of the hazard ratios for 5-year disease free survival between primary right-sided and left-sided CRLM after excluding study of Yamashita.
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cancer having worse survival outcome compared with left-sided
cancer [32,33].

When analysing early stage disease, there could be merit in not
including rectal cancer in the analyses due to different treatment
strategies, but in the setting of CRLM is not different between
metastatic rectal and colon cancer. Although the primary right-
sided tumor was associated with worse 5-year OS rate based on
the present study, the OS was might be influenced by postoperative
chemotherapy and the treatment of recurrent tumors. Primary
tumor location, by itself, has limited utility to improve current
methods of patient selection for surgery and should not yet alter
surgical decision making. Recurrence after hepatic resection from
right-sided may be less amenable to resection.

Limitation

There were several limitations to our study. First, there was
heterogeneity derived from definition of right and left sided pri-
mary, most studies on location of colon cancer as a prognostic
factor for survival do not include rectal cancer. Second, limitation
was related to the quality of enrolled studies. There were two
studies due to small sample of patients. Finally, the characteristics
of patients and perioperative chemotherapy regimens vary
considerably between the included trials. These factors may in-
crease the heterogeneity and affect the results.

Conclusion

The primary right-sided CRLM patients were found to have a
significantly worse prognosis than that of left-sided primary CRLM
patients in terms of OS. An implication of this finding is that pri-
mary right-sided CRLM might be treated distinctively from left-
sided CRLM, and the establishment of standardized management
for CRLM by tumor location is needed.
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Abbreviations

DFS Disease-free survival
OS Overall survival
RFS Recurrence free survival
NOS Newcastle-Ottawa scale
N Number
FU Follow up
N/A Not available
MA Microwave ablation
RFA Radiofrequency ablation
Multi Multiple variances
Retro Retrospective
CRLM Colorectal liver metastases
RSCRLM Primary right-sided colorectal cancer liver metastases
LSCRLM Primary left-sided colorectal cancer liver metastases
HR Hazard ratio

References

[1] Torre LA, Bray F, Siegel RL, et al. Global cancer statistics. CA Cancer J Clin
2012;65(2):87e108.

[2] Kopetz S, Chang GJ, Overman MJ, et al. Improved survival in metastatic
colorectal cancer is associated with adoption of hepatic resection and
improved chemotherapy. J Clin Oncol 2009;27(22):3677e83.

[3] Hayashi M, Inoue Y, Komeda K, et al. Clinicopathological analysis of recurrence
patterns and prognostic factors for survival after hepatectomy for colorectal
liver metastasis. BMC Surg 2010;10:27.

[4] Weiss JM, Pfau PR, O'Connor ES, et al. Mortality by stage for right- versus left-
sided colon cancer: analysis of surveillance, epidemiology, and end results–
Medicare data. J Clin Oncol 2011;29(33):4401e9.

[5] Benedix F, Meyer F, Kube R, et al. Influence of anatomical subsite on the
incidence of microsatellite instability, and KRAS and BRAF mutation rates in
patients with colon carcinoma. Pathol Res Pract 2012;208(10):592e7.

[6] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol
2010;25(9):603e5.

[7] Tierney JF, Stewart LA, Ghersi D, et al. Practical methods for incorporating
summary time-to-event data into meta-analysis. Trials 2007;8:16.

[8] Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics 1994;50(4):1088e101.

[9] Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med 2002;21(11):1539e58.

[10] Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ 2003;327(7414):557e60.

[11] Creasy JM, Sadot E, Koerkamp BG, et al. The impact of primary tumor location
on long-term survival in patients undergoing hepatic resection for metastatic
colon cancer. Ann Surg Oncol 2018;25(2):431e8.

[12] Dupre A, Malik HZ, Jones RP, et al. Influence of the primary tumour location in
patients undergoing surgery for colorectal liver metastases. Eur J Surg Oncol
2018;44(1):80e6.

[13] Engstrand J, Nilsson H, Stromberg C, et al. Colorectal cancer liver metastases -
a population-based study on incidence, management and survival. BMC Canc
2018;18(1):78.

[14] Goffredo P, Utria AF, Beck AC, et al. The prognostic impact of KRAS mutation in
patients having curative resection of synchronous colorectal liver metastases.
J Gastrointest Surg 2018. https://doi.org/10.1007/s 11605-018-3978-4.

[15] Gu Y, Huang Z, Gu H, et al. Does the site of the primary affect outcomes when
ablating colorectal liver metastases with radiofrequency ablation? Cardiovasc
Interv Radiol 2018;41(6):912e9.

[16] Makowiec F, Menzel M, Bronsert P, et al. Does the site of primary colorectal
cancer influence the outcome after resection of isolated liver metastases? Dig
Liver Dis 2018;50(10):1088e92.

[17] Marques MC, C.R.H, Costa WJ, et al. Is primary sidedness a prognostic factor in
patients with resected colon cancer liver metastases (CLM)? J Surg Oncol
2018;117(5):858e63.

[18] Price TJ, Beeke C, Ullah S, et al. Does the primary site of colorectal cancer
impact outcomes for patients with metastatic disease? Cancer 2015;121(6):
830e5.

[19] Sasaki K, Margonis GA, Wilson A, et al. Prognostic implication of KRAS status
after hepatectomy for colorectal liver metastases varies according to primary
colorectal tumor location. Ann Surg Oncol 2016;23(11):3736e43.

[20] Wang K, Xu D, Yan XL, et al. The impact of primary tumour location in patients
undergoing hepatic resection for colorectal liver metastasis. Eur J Surg Oncol
2018;44(6):771e7.

[21] Yamashita S, Brudvik KW, Kopetz SE, et al. Embryonic origin of primary colon
cancer predicts pathologic response and survival in patients undergoing
resection for colon cancer liver metastases. Ann Surg 2018;267(3):514e20.

[22] Zhou F, Yu X, Liang P, et al. Does primary tumor location impact the prognosis
of colorectal liver metastases patients after microwave ablation? - lessons
from 10 years' experience. Oncotarget 2017;8(59):100791e800.

[23] Yahagi M, Okabayashi K, Hasegawa H, et al. The worse prognosis of right-
sided compared with left-sided colon cancers: a systematic review and
meta-analysis. J Gastrointest Surg 2016;20(3):648e55.

https://doi.org/10.1016/j.ejso.2019.04.017
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref1
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref1
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref1
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref2
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref2
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref2
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref2
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref3
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref3
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref3
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref4
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref4
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref4
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref4
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref5
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref5
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref5
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref5
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref6
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref6
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref6
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref6
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref7
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref7
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref8
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref8
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref8
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref9
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref9
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref9
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref10
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref10
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref10
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref11
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref11
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref11
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref11
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref12
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref12
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref12
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref12
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref13
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref13
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref13
https://doi.org/10.1007/s 11605-018-3978-4
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref15
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref15
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref15
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref15
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref16
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref16
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref16
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref16
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref17
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref17
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref17
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref17
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref18
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref18
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref18
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref18
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref19
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref19
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref19
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref19
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref20
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref20
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref20
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref20
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref21
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref21
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref21
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref21
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref22
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref22
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref22
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref22
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref23
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref23
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref23
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref23


W. Liu et al. / European Journal of Surgical Oncology 45 (2019) 1349e13561356
[24] Tejpar S, Stintzing S, Ciardiello F, et al. Prognostic and predictive relevance of
primary tumor location in patients with RAS wild-type metastatic colorectal
cancer: retrospective analyses of the CRYSTAL and FIRE-3 trials. JAMA Oncol
2017 Feb 1;3(2):194e201.

[25] Holch JW, Ricard I, Stintzing S, et al. The relevance of primary tumour location
in patients with metastatic colorectal cancer: a meta-analysis of first-line
clinical trials. Eur J Cancer 2017;70:87e98.

[26] Benedix F, Kube R, Meyer F, et al. Comparison of 17,641 patients with right-
and left-sided colon cancer: differences in epidemiology, perioperative
course, histology, and survival. Dis Colon Rectum 2010;53(1):57e64.

[27] von Einem JC, Heinemann V, von Weikersthal LF, et al. Left-sided primary
tumors are associated with favorable prognosis in patients with KRAS codon
12/13 wild-type metastatic colorectal cancer treated with cetuximab plus
chemotherapy: an analysis of the AIO KRK-0104 trial. J Cancer Res Clin Oncol
2014;140(9):1607e14.

[28] Tran B, Kopetz S, Tie J, et al. Impact of BRAF mutation and microsatellite
instability on the pattern of metastatic spread and prognosis in metastatic
colorectal cancer. Cancer 2011;117(20):4623e32.
[29] Malesci A, Laghi L, Bianchi P, et al. Reduced likelihood of metastases in pa-

tients with microsatellite-unstable colorectal cancer. Clin Cancer Res
2007;13(13):3831e9.

[30] Fong Y, Fortner J, Sun RL, et al. Clinical score for predicting recurrence after
hepatic resection for metastatic colorectal cancer: analysis of 1001 consecu-
tive cases. Ann Surg 1999;230(3):309e18. discussion 318-21.

[31] Nagashima I, Takada T, Matsuda K, et al. A new scoring system to classify
patients with colorectal liver metastases: proposal of criteria to select can-
didates for hepatic resection. J Hepatobiliary Pancreat Surg 2004;11(2):
79e83.

[32] Price TJ, Beeke C, Ullah S, et al. Does the primary site of colorectal cancer
impact outcomes for patients with metastatic disease? Cancer 2015;121(6):
830e5.

[33] Brule SY, Jonker DJ, Karapetis CS, et al. Location of colon cancer (right-sided
versus left-sided) as a prognostic factor and a predictor of benefit from
cetuximab in NCIC CO.17. Eur J Cancer 2015;51(11):1405e14.

http://refhub.elsevier.com/S0748-7983(19)30409-3/sref24
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref24
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref24
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref24
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref24
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref25
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref25
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref25
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref25
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref26
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref26
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref26
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref26
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref27
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref27
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref27
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref27
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref27
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref27
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref28
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref28
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref28
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref28
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref29
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref29
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref29
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref29
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref30
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref30
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref30
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref30
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref31
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref31
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref31
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref31
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref31
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref32
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref32
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref32
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref32
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref33
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref33
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref33
http://refhub.elsevier.com/S0748-7983(19)30409-3/sref33

	The primary tumor location impacts survival outcome of colorectal liver metastases after hepatic resection: A systematic re ...
	Materials and methods
	Literature search strategy
	Study selection
	Data extraction
	Statistical analysis

	Results
	Identification of eligible studies
	Characteristics of eligible studies
	Prognosis of primary tumor location
	Risk factors of OS

	Discussion
	Limitation

	Conclusion
	Funding/support
	Financial disclosure
	Statement
	Acknowledgement
	Appendix A. Supplementary data
	Abbreviations
	References


