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Abstract

Background It remains controversial whether patients benefit from adjuvant chemotherapy (ACT) after resection of pulmonary
metastasis (PM) from colorectal cancer (CRC). This meta-analysis was intended to evaluate the efficacy of ACT in patients after
resection of PM from CRC.

Methods We systematically retrieved articles from PMC, PubMed, Cochrane Library, and Embase (up to March 5, 2019).
Survival data, including overall survival (OS) and disease-free survival (DFS), were tested by hazard ratios (HRs) and 95%
confidence intervals (CIs).

Results We included 18 cohort studies with a total of 3885 patients. The meta-analysis showed that ACT had no significant effect
on OS (HR=0.78; 95% CI=0.60-1.03; P=0.077) and DFS (HR=0.91; 95% CI=0.74-1.11; P=0.339) in patients after
resection of PM from CRC. There was no significant difference in OS (HR =0.79; 95% CI=0.42-1.50; P =0.474) in patients
after resection of PM from CRC treated with bevacizumab (BV). Subgroup analysis showed that ACT did not improve OS
(HR=0.86; 95% CI=0.57-1.29; P=0.461) in patients who had undergone previous resection of extra PM. ACT did not
improve OS in patients who had positive hilar/mediastinal lymph node metastasis (HR = 0.80; 95% CI=0.57-1.14; P=0.22).
Conclusion In conclusion, ACT does not provide survival benefits for patients after resection of PM from CRC. ACT and
targeted agents (BV) are not suggested for these patients.
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Introduction in CRC [2-6]. PM from CRC has the following clinical fea-
tures. (1) The incidence of PM from colon cancer is 3.5-6%,

Colorectal cancer (CRC) is the third most common malignant  and the incidence of PM from rectal cancer is 10—18%.

tumor worldwide, and its mortality rate ranks fourth [1].
Postoperative recurrence is the main cause of CRC treatment
failure, and 19-28% of patients have metastasis after CRC
resection. At present, the lungs are the second most common
metastasis site in CRC, which is second only to the liver.
Pulmonary metastasis (PM) is found in 10-29% of patients
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Moreover, the incidence of PM from middle and lower rectal
cancer is significantly higher than that from upper rectal can-
cer, which may result from a difference in venous reflux. (2)
The incidence of solitary PM in rectal cancer is approximately
twice as high as that of colon cancer (12% vs. 6%). (3) The
incidence of multiple PMs is higher than that of solitary PM.
According to Limmer et al., most patients with PM from CRC
have double or multiple metastases, and solitary metastasis is
only found in 2-7% of patients. (4) Recurrence of PM after
surgery for CRC is correlated with the stage of the primary
lesion. Watanabe et al. found that the postoperative incidence
of PM was 0.6% in stage I, 2.2% in stage 11, 9.8 % in stage III,
and 24.6% in stage IV [7-9].

The prognosis after PM resection is good, and the 5-year
survival rate reaches 30-60% [10, 11]. Postoperative high-risk
factors include previous extra PM and preoperative
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carcinoembryonic antigen (CEA) levels >5 ng/ml, disease-
free interval (DFI) <24 months, multiple PMs, and hilar/
mediastinal lymph node metastasis (LNM) [12—15]. Unlike
other distant metastases, PM grows slowly and has a better
overall prognosis, thus it is not possible to fully adhere to the
treatment model for liver metastasis (LM) from CRC.
Although the guidelines recommend adjuvant chemotherapy
(ACT) for patients with CRC with PM [16-19], whether ACT
can be used as a prognostic factor remains controversial. The
purpose of this meta-analysis was to evaluate the effect of
ACT on the prognosis of patients after resection of PM from
CRC.

Materials and methods
Search strategy

We systematically retrieved articles from PMC, PubMed,
Cochrane Library, and Embase databases (up to March 5,
2019), restricting the language to English. The search terms
included: “colorectal cancer,” “colorectal neoplasm,” “pulmo-
nary metastasis,” “lung metastasis,” “pulmonary
metastasectomy,” “adjuvant chemotherapy,” and “postopera-
tive chemotherapy.” According to the requirements of differ-
ent databases, we changed the retrieval strategy and also re-
trieved the references of the included literature.

99 .

Inclusion and exclusion criteria

Studies included in this analysis met the following
criteria: (1) CRC and metastatic lesions could be resected
based on preoperative assessment; (2) radical resection of
CRC and PM was performed, which was confirmed by
pathology after surgery; (3) patients with PM from CRC
did not receive neoadjuvant chemotherapy; (4) sufficient
information was provided in the literature to directly ex-
tract or calculate the outcomes; and (5) English full text,
excluding conference abstracts, case reports, repeated
studies, non-English articles, poor-quality studies, and in-
ability to extract useful data research and review. Two
researchers (Chao Zhang and Yuen Tan) extracted relevant
data based on independent screening. If there was a dis-
agreement, it was resolved by discussion or a third party.

Data extraction and quality assessment

Two researchers extracted the following data from pre-
established tables: author, year of publication, country, total
number of patients, sex, age, follow-up time, ACT regimen,
outcome measures, and Newcastle—Ottawa Scale (NOS)
score. The NOS score was used for quality assessment and
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included three aspects of selection, comparability, and out-
come, scoring from 1 to 9 points, with > 6 points considered
to be high quality [20].

Statistical analysis

HRs and 95% CIs were used to evaluate the correlation
between ACT and prognosis of patients after resection of
PM from CRC. If HRs and 95% CIs were reported in the
original literature, we extracted the original values directly.
Otherwise, according to the methods reported by Parmar
et al. [21] and Tierney et al. [22], we obtained the relevant
HRs and 95% Cls indirectly from the figures or useful data
provided in the literature. In this study, the inter-study het-
erogeneity was quantified by /2. P<0.10 and/or I >50%
showed obvious heterogeneity, and the random-effects
model was used for pooled analysis. If the heterogeneity
among the studies was not significant, the fixed-effects
model was used for the pooled analysis. To explore the
source of heterogeneity and increase the reliability of the
results, subgroup analysis and meta-regression analysis
were performed. To assess the stability of the combined
results, a sensitivity analysis was performed. Egger’s test
[23] and Begg’s test [24] were used to identify publication
bias. Meta-analysis was carried out using STATA 12.0 soft-
ware; P <0.05 was considered statistically significant.

Results
Search results and quality assessment

The literature retrieval process is shown in Fig. 1. A total
of 3433 articles were retrieved; 975 duplicate articles
were removed, and 2412 articles were excluded after
reading the title and abstract. The remaining 46 articles
were further evaluated by reading the full text, and 28
articles were excluded. This left 18 articles with a total
of 3885 patients [9, 25-41]. The basic characteristics of
the studies are shown in Table 1. The quality evaluation
results of the included cohort studies are shown in
Table 2.

Effect of ACT on OS

A total of 16 articles [25-29, 31-41] were included, with
1809 patients undergoing ACT and 1856 patients without
ACT. Heterogeneity test showed significant heterogeneity
between studies (I° =74.4%, P<0.001). The random-
effects model showed that ACT had no significant effect
on OS after resection of PM from CRC (HR =0.78; 95%
CI=0.60-1.03; P=0.077; Fig. 2).
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Fig. 1 Flowchart of the selection
process of included studies

Records identified through database
searching (n=3433)

Identification

[

J

Records excluded on duplicates
(n=975)

Records retrieved for more detail
evaluation(n=2458)

Screening

Records excluded(n=2412)

Full-text articles assessed for eligibility

(n=46)

Eligibility

Full-text articles excluded(n=28)
Date insufficient (n=22)
Including other treatments (n=5)
Overlapped data (n=1)

Studies included in meta-analysis(n=18)

Included

We performed subgroup and regression analyses ac-
cording to ethnic background, study quality, sample size,
scale of study, previous resection of extra PM, and positive
LNM (Table 3). Subgroup analysis according to ethnicity
showed that ACT had no significant effect on OS in Asian
(HR=0.71; 95% CI=0.48-1.05) and western (HR =0.85;
95% CI1=0.56-1.30) patients after resection of PM from
CRC. Heterogeneity was significant in Asian (I° =76.8%,
P<0.001) and western (I° =74.7%, P<0.001) patients.
Subgroup analysis according to study quality showed that
ACT had no significant effect on OS in high-quality stud-
ies (HR=0.93; 95% CI=0.64-1.36), and heterogeneity
was significant (I =80.7%, P<0.001). ACT improved
OS in low-quality studies (HR=0.65; 95% CI=0.52-
0.82), and heterogeneity was not significant (I =4.7%,
P =0.396). Subgroup analysis according to sample size
showed that ACT had no significant effect on OS in studies
with >200 participants (HR =0.89; 95% CI=0.66—-1.19)
and <200 participants (HR =0.65; 95% CI=0.38-1.13).
Heterogeneity was significant in studies with >200

participants (I =71.9%, P=0.002) and < 200 participants
(F =78.4%, P<0.001). Subgroup analysis according to
scale of study showed that ACT had no significant effect
on OS in single institution (HR =0.69; 95% CI=0.45—
1.07) and multicenter (HR =0.99; 95% CI=0.75-1.30)
studies. Heterogeneity was significant in single institution
(P =78.7%, P<0.001) and multicenter (/° =52.8%, P=
0.06) studies. Subgroup analysis based on previous resec-
tion of extra PM showed that ACT had no significant effect
on OS in studies without previous resection of extra PM
(HR =0.75; 95% CI=0.52-1.08) and those with previous
resection of extra PM (HR =0.86; 95% CI=0.57-1.29).
Heterogeneity was significant in studies without previous
resection of extra PM (I° =79.9%, P<0.001) and those
with previous resection of extra PM (P =51%, P=0.07).
Subgroup analysis based on positive hilar/mediastinal
LNM showed that ACT had no significant effect on OS
in patients without positive hilar/mediastinal LNM (HR =
0.74; 95% CI=0.49—1.14) and those with positive hilar/
mediastinal LNM (HR =0.80; 95% CI=0.57-1.14).
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Table 2 Results of quality

assessment using the Newcastle— Selection

Author

Comparability Outcome Total score

Ottawa Scale for cohort studies

REC  SNEC

AE DO SC AF AO FU AFU

Irshad [25] 1
Munoz [26] 1
Borasio [27] 1
Kaira [28] 1
Kim [29] 1
Turan [30] 1
Zampino [31] 1
Cho [32] 1
Guerrera [33] 1
Pages [34] 1
Park [35] 1
Karim [36] 1
Kim [9] 1
Nakajima [37] 1
Park [38] 1
Shiomi [39] 1
Menna [40] 1
Imanishi [41] 1
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REC, representativeness of the exposed cohort; SNEC, selection of the nonexposed cohort; AE, ascertainment of
exposure; DO, demonstration that outcome of interest was not present at start of study; SC, study controls for age;
AF, study controls for any additional factors (chemoradiotherapy and other control factors); AO, assessment of
outcome; FU, follow-up long enough for outcomes to occur; AFU, adequacy of follow-up of cohorts; “1” means
that the study is satisfied the item and “0” means the opposite situation

Study %

D HR (95% Cl)  Weight
Irshad, 2001 —go-— 0.83(0.24, 2.898.21
Munoz, 2007 —_—— 0.62 (0.25, 1.501.78
Borasio, 2011 —~—f—- 0.56 (0.29, 1.08).31
Kaira, 2011 —_— 0.91(0.37,2.24).75
Kim, 2012 —_— E 0.23(0.09,0.61¢.45
Zampino, 2014 E —a— 2.13(1.46,3.108.42

—_—

Cho, 2015 0.56 (0.40, 0.808.64

(

(

(

(

(

(

i (

Guerrera, 2016 —’-E—- 0.67 (0.40, 1.15)7.27

Pages, 2016 +— 1.22 (0.69, 2.166.95

Park, 2016 ' 0.94 (0.52, 1.706.79

Karim, 2017 0.93 (0.66, 1.31)8.66

Nakajima, 2017 = 1.29 (1.03, 1.620.40

Park, 2017 0.47 (0.11,2.010.58

Shiomi, 2017 0.35(0.14,0.814.88

Menna, 2018 r 0.33(0.13,0.88)4.45

Imanishi, 2019 = 1.00 (0.69, 1.458.46
(

Overall (-squared = 74.4%, p = 0.000 0.78 (0.60, 1.03)100.00

NOTE: Weights are from random effectsgarpalysis
T T

R —
|
g

i
1
1
|
_—

1

—_——

|

|
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T
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Fig.2 Forest plot for the association between adjuvant chemotherapy and
OS in patients after resection of pulmonary metastasis from colorectal
cancer

Heterogeneity was not significant in patients without pos-
itive hilar/mediastinal LNM (I =42.3%, P=0.123) and
heterogeneity was significant in patients with positive
hilar/mediastinal LNM (12 =81.5%, P<0.001). Meta-
regression analysis showed that these factors were not the
source of heterogeneity (all P> 0.05).

Effect of ACT on DFS

A total of four articles on ACT [9, 35, 38, 41] were included,
with 508 patients undergoing ACT and 295 patients without
ACT. Heterogeneity was not significant (* =30.7%, P=
0.228). The fixed-effects model showed that ACT had no
significant effect on DFS in patients after resection of PM
from CRC (HR=0.91; 95% CI=0.74-1.11; P=0.339;
Fig. 3).

Effect of BV on OS
A total of two articles on BV [30, 40] were included, with

82 patients undergoing adjuvant BV and 229 patients
without adjuvant BV. Heterogeneity was not significant

@ Springer
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Table 3 Subgroup and meta-regression analyses
Subgroup No. of studies Pooled HR (95% CI) Meta-regression Heterogeneity
Fixed Random P value P (%) P value

Location

Asia 8 0.92 (0.79-1.07) 0.71 (0.48-1.05) 0.505 76.8 0.0

Western 8 1.02 (0.85-1.24) 0.85 (0.56-1.30) 74.7 0.0
NOS score

High-quality 7 1.15 (1.00-1.33) 0.93 (0.64-1.36) 0.215 80.7 0.0

Low-quality 0.65 (0.53-0.80) 0.65 (0.52-0.82) 4.7 0.396
Sample size

>200 7 0.98 (0.85-1.12) 0.89 (0.66-1.19) 0.427 71.9 0.002

<200 9 0.92 (0.73-1.16) 0.65 (0.38-1.13) 78.4 0.0
Scale of study

Single institution 10 0.81 (0.67-0.97) 0.69 (0.45-1.07) 0.87 78.7 0.0
Multicenter 6 1.09 (0.93-1.28) 0.99 (0.75-1.30) 52.8 0.06
Resection of extra pulmonary metastases

No 10 0.88 (0.75-1.02) 0.75 (0.52-1.08) 0.795 79.9 0.0

Yes 6 1.11 (0.91-1.35) 0.86 (0.57-1.29) 51 0.07
Positive lymph nodes

No 6 0.84 (0.64-1.10) 0.74 (0.49-1.14) 0.706 423 0.123

Yes 10 0.99 (0.87-1.13) 0.80 (0.57-1.14) 81.5 0.0

HR, hazard ratio; CI, confidence interval

(F =0.0%, P=0.953). The fixed-effects model showed
that adjuvant BV had no significant effect on OS in pa-
tients after resection of PM from CRC (HR =0.79; 95%

CI=0.42-1.50; P=0.474; Fig. 4).

Fig. 3 Forest plot for the
association between adjuvant

Sensitivity analysis

We conducted a sensitivity analysis of prognosis (OS) in pa-
tients receiving ACT after resection of PM from CRC.

chemotherapy and DFS
Study %
ID HR (95% Cl) Weight
Park, 2016 0.65 (0.42,1.00) 21.94
Kim, 2017 0.73(0.41,1.31) 12.15
Park, 2017 0.92(0.43,1.98) 7.03
Imanishi, 2019 — 1.07 (0.82, 1.39) 58.87
Overall (I-squared = 30.7%, p = 0.228) <:> 0.91(0.74,1.11) 100.00

T T
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Fig. 4 Forest plot for the
association between bevacizumab

and OS
Study %
ID HR (95% Cl) Weight
Turan, 2014 —30—— 0.80 (0.40, 1.60) 83.67
Menna, 2018 < ; 0.76 (0.16, 3.69) 16.33
Overall (l-squared = 0.0%, p = 0.953) <> 0.79 (0.42, 1.50)  100.00

.16

Included studies were deleted item by item to evaluate the
effect of a single study on the pooled analysis. The pooled
analysis was not substantially changed and was robust
(Fig. 5).

Publication bias

The Egger’s and Begg’s test showed that there was no obvious
publication bias in the studies of the effect of ACT on OS in

Fig. 5 Sensitivity analysis of
prognosis (OS) in patients receiv-
ing adjuvant chemotherapy after
resection of pulmonary metastasis
from colorectal cancer

Irshad, 2001
Munoz, 2007
Borasio, 2011
Kaira, 2011
Kim, 2012
Zampino, 2014
Cho, 2015
Guerrera, 2016
Pages, 2016
Park, 2016
Karim, 2017
Nakajima, 2017
Park, 2017
Shiomi, 2017
Menna, 2018
Imanishi, 2019

0.55 0.60

1 6.25

patients after resection of PM from CRC (P value for Egger:
0.024; Fig. 6a; P value for Begg: 0.115; Fig. 6b).

Discussion

Compared with LM from CRC, suggestions for comprehen-
sive treatment of PM from CRC are scarce, which is related to
the disease characteristics of CRC. LM from CRC is found in
> 80% of patients with advanced CRC. LM often becomes a

Meta-analysis random-effects estimates (exponential form)
Study ommited
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a Egger's publication bias plot

standardized effect
o
|

3 T %
precision

b Begg's funnel plot with pseudo 95% confidence limits

InHR
o
|

¢ 2 4 b 3

s.e. of: IHR

Fig. 6 Publication bias plot of prognosis (OS) in patients receiving adjuvant chemotherapy after resection of pulmonary metastasis from colorectal

cancer

determinant of prognosis, and approximately 50% of CRC
patients die from LM. However, the median survival time of
patients with PM from CRC who have not been treated is only
5-7 months. Although the prognosis of patients is improved
by surgery, it is still not ideal. Thus, current research is focused
on how to improve the prognosis of patients treated with sur-
gery [42, 43]. Although the European Society for Medical
Oncology (ESMO) recommends referencing LM and ACT
for patients after resection of PM, the biology of LM and
PM differs [44]. Therefore, the purpose of our study was to
explore whether patients could benefit from ACT after resec-
tion of PM.

This meta-analysis included 18 articles with a total of
3885 patients. Our study showed that ACT had no signif-
icant effect on OS in patients after resection of PM from
CRC. Two recent combined studies showed that ACT did
not improve OS in patients after resection of LM from
CRC [45, 46], which is consistent with our findings.
Some researchers believe that ACT can improve the prog-
nosis of patients after resection of PM from CRC [29, 32,
39, 40]. The possible reasons for our negative outcomes
are as follows. (1) The progress of PM is slow, and this
inert biological behavior may weaken the survival benefit
of ACT. (2) The proportion of patients with high-risk fac-
tors is high in studies with improving prognosis. Shiomi
et al. [39] reported that the proportion of patients with DFI
< 36 months was 78%. However, only a small proportion
of patients have high-risk factors in studies that do not
improve prognosis. For example, Park et al. [35] suggested
that the proportion of patients with CEA levels >5 ng/ml
was only 20.9% and that simple metastasis resection can
achieve good prognosis, which may lead to the effect of
ACT being less obvious. (3) There were differences in
ACT regimen. Most of the included studies that did not
benefit from ACT were based on 5-fluorouracil (5-FU)
monotherapy. For example, Imanishi et al. [41] showed

@ Springer

that 71% of patients received 5-FU alone in surgery plus
ACT group. Mitry et al. [47] showed that 5-FU did not
improve the prognosis of patients after resection of metas-
tasis from CRC, and this study was consistent with our
results. The standard chemotherapy regimen for advanced
colon cancer is fluorouracil + leucovorin + oxaliplatin
(FOLFOX) or oxaliplatin + capecitabine (XELOX), which
is more effective than 5-FU [48, 49]. It is unclear whether
the ACT regimen in our study, including oxaliplatin-based
will lead to favorable results, but this was not evident from
the study by Nakajima et al. at least [37] (HR =1.29; 95%
CI=1.03-1.62). However, it is unknown whether more
aggressive ACT regimens will be tolerated by patients after
resection of PM from CRC, and whether they will bring
survival benefits. We also look forward to more
oxaliplatin-based combination chemotherapy research to
provide more guidance. Our subgroup analysis showed
that ACT had no significant effect on OS in some of the
patients with high-risk factors, such as previous resection
of extra PM (HR =0.86; 95% CI=0.57-1.29; P=0.461)
and positive hilar/mediastinal LNM (HR =0.76; 95% CIl =
0.57-1.12; P=0.165). This may have been related to the
low proportion of patients with these high-risk factors. For
example, Munoz et al. [26] showed that only 18.2% of
patients had extra PM, and Borasio et al. [27] showed that
only 5.1% of patients had hilar/mediastinal LNM. Our sub-
group analysis also demonstrated that ACT improved OS
in low-quality studies (HR =0.65; 95% CI=0.52-0.82;
P <0.01), which may have been related to the insufficient
correction of important confounding factors.

Our pooled analysis showed that ACT had no significant
effect on DFS in patients after resection of PM from CRC.
Only Park et al. [35] considered that ACT improves DFS in
patients after resection of PM from CRC. They also deter-
mined that ACT improves the prognosis of low-risk patients
in particular, which is consistent with our previous
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explanation and related to the short survival expectation of
high-risk patients after surgery.

The emergence of molecular targeted agents has extended
the OS of patients with metastatic CRC (mCRC) from 6 to
12 months to nearly 30 months [50]. However, BV, as a com-
monly used anti-vascular endothelial growth factor (VEGF)/
VEGEF receptor-targeted agent, improves progression-free sur-
vival in patients with mCRC treated with FOLFOX, XELOX,
capecitabine, 5-FU + leucovorin + irinotecan (FOLFIRI), or
5-FU + leucovorin + oxaliplatin + irinotecan (FOLFOXIRI).
Therefore, the National Comprehensive Cancer Network rec-
ommends a combination of BV and oxaliplatin-based chemo-
therapy as first-line treatment for mCRC; however, most stud-
ies were in patients with nonresectable metastatic lesions
[51-53]. Our study showed that adjuvant BV had no signifi-
cant effect on OS (HR=0.79; 95% CI=0.42-1.50; P=
0.474), which may be related to the low number of studies
that included BV monotherapy. More effective combinations
of ACT in the future need to be validated.

Patients do not benefit from ACT after resection of PM
from CRC; therefore, it is unknown whether these patients
would benefit from perioperative chemotherapy, even though
perioperative chemotherapy for LM from CRC has made re-
markable achievements [54]. Hawkes et al. [55] confirmed
that perioperative ACT reduced the size of metastases in
62% of patients with PM from CRC, the disease control rate
reached 92%, and the toxicity of ACT did not increase, but
there was no significant improvement in OS. Pages et al. [34]
found that neoadjuvant chemotherapy did not improve the
prognosis of patients (HR =2.43; 95% CI=0.82-7.18; P=
0.1). Establishment of a scoring system based on prognostic
factors and screening of patients with poor prognosis for peri-
operative ACT seem to be reasonable suggestions, and more
research is needed to verify the effect of perioperative chemo-
therapy on prognosis.

We found high heterogeneity in the analysis of the efficacy
of ACT in patients after resection of PM from CRC. Subgroup
and regression analyses showed that location, NOS score,
sample size, scale of study, resection of extra PM, and positive
hilar/mediastinal LNM were not sources of heterogeneity. We
concluded that heterogeneity may have arisen from the differ-
ences in the basic characteristics of the study populations.

Our study had some limitations. The toxicity of ACT was
not studied in the included articles, and the research was in-
complete. The basic characteristics of patients (such as lung
resection margins) and ACT regimens in each study were
different or not reported, resulting in high heterogeneity of
our results. Our study was restricted to English language arti-
cles, and thus other suitable studies may have been excluded,
leading to bias. Furthermore, the included studies were all
cohort studies and not randomized controlled trials, which
may have led to lower quality in the methodology.
Moreover, because each of the included studies included

multiple ACT regimens (such as 5-FU, irinotecan, and/or
oxaliplatin), we were unable to perform a subgroup analysis
of different ACT regimens, which might lead to several more
efficient ACT regimens (such as oxaliplatin-based) not being
further studied. This is the focus of our follow-up research.
Despite these limitations, our meta-analysis is believed to be
the first study of the efficacy of ACT in patients after resection
of PM from CRC and may be important for guiding the treat-
ment of such patients after surgery.

Conclusions

Our study demonstrated that ACT did not improve OS and
DFS in patients after resection of PM from CRC, nor did
adjuvant BV improve OS after resection of PM from CRC.
In the future, larger studies and better-designed clinical re-
search are needed to resolve the controversy and to investigate
oxaliplatin-based ACT for PM from CRC.

Authors’ contributions HMX designed the research. CZ took part in
designing the study, extracted the data, analyzed the date, and drafted
the manuscript. YET collected the data and analyzed the date. All the
authors approved the final version.

Funding information This work was supported by National Natural
Science Foundation of China (No 81772549, 81572334).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Center MM, Jemal A, Smith RA et al (2009) Worldwide variations
in colorectal cancer. CA Cancer J Clin 59(6):366-378

2. Siegel R, Naishadham D, Jemal A (2012) Cancer statistics, 2012.
CA Cancer J Clin 62(1):10-29

3. Mitry E, Guiu B, Cosconea S, Jooste V, Faivre J, Bouvier AM
(2010) Epidemiology, management and prognosis of colorectal
cancer with lung metastases: a 30-year population-based study.
Gut 59(10):1383-1388

4. Labianca R, Beretta GD, Kildani B, Milesi L, Merlin F, Mosconi S,
Pessi MA, Prochilo T, Quadri A, Gatta G, de Braud F, Wils J (2010)
Colon cancer. Crit Rev Oncol Hematol 74(2):106—-133

5. Tampellini M, Ottone A, Bellini E, Alabiso I, Baratelli C, Bitossi R,
Brizzi MP, Ferrero A, Sperti E, Leone F, Miraglia S, Forti L,
Bertona E, Ardissone F, Berruti A, Alabiso O, Aglietta M,
Scagliotti GV (2012) The role of lung metastasis resection in im-
proving outcome of colorectal cancer patients: results from a large
retrospective study. Oncologist 17(11):1430-1438

6. Wang Z, Wang X, Yuan J, Zhang X, Zhou J, Lu M, Liu D, Li J,
Shen L (2018) Survival benefit of palliative local treatments and
efficacy of different pharmacotherapies in colorectal cancer with
lung metastasis: results from a large retrospective study. Clin
Colorectal Cancer 17(2):¢233-¢255

@ Springer



1670 Int J Colorectal Dis (2019) 34:1661-1671
7. Rithimaki M, Hemminki A, Sundquist J et al (2016) Patterns of 27. Borasio P, Gisabella M, Bille A et al (2011) Role of surgical resec-
metastasis in colon and rectal cancer. Sci Rep 6:29765 tion in colorectal lung metastases: analysis of 137 patients. Int J
8. Limmer S, Unger L (2011) Optimal management of pulmonary Color Dis 26(2):183-190
metastases from colorectal cancer. Expert Rev Anticancer Ther 28. Kaira K, Okumura T, Ohde Y, Takahashi T, Murakami H, Kondo H,
11(10):1567-1575 Nakajima T, Yamamoto N (2011) Prognostic significance of
9. Kim JY, Park IJ, Kim HR et al (2017) Post-pulmonary thymidylate synthase expression in the adjuvant chemotherapy after
metastasectomy prognosis after curative resection for colorectal resection for pulmonary metastases from colorectal cancer.
cancer. Oncotarget 8(22):36566-36577 Anticancer Res 31(9):2763-2771
10.  Watanabe K, Saito N, Sugito M, Ito M, Kobayashi A, Nishizawa Y 29.  Kim CH, Huh JW, Kim HJ, Lim SW, Song SY, Kim HR, Na KJ,
(2013) Incidence and predictive factors for pulmonary metastases Kim YJ (2012) Factors influencing oncological outcomes in pa-
after curative resection of colon cancer. Ann Surg Oncol 20(4): tients who develop pulmonary metastases after curative resection
1374-1380 of colorectal cancer. Dis Colon Rectum 55(4):459—464
11.  Zellweger M, Abdelnour-Berchtold E, Krueger T, Ris HB, Perentes 30.  Turan N, Benekli M, Dane F, Unal OU, Kara HV, Koca D, Balvan
JY, Gonzalez M (2018) Surgical treatment of pulmonary metastasis O, Eren T, Tastekin D, Helvaci K, Berk V, Demirci U, Ozturk SC,
in colorectal cancer patients: current practice and results. Crit Rev Dogan E, Cetin B, Kucukoner M, Tonyali O, Tufan G, Oztop 1,
Oncol Hematol 127:105-116 Gumus M, Coskun U, Uner A, Ozet A, Buyukberber S, for the
12. Okumura T, Boku N, Hishida T, Ohde Y, Sakao Y, Yoshiya K, Anatolian Society of Medical Oncology (ASMO) (2014)
Higashiyama M, Hyodo I, Mori K, Kondo H (2017) Surgical out- Adj:uvant §ystemic chemotherapy with or without bevacizumab in
come and prognostic stratification for pulmonary metastasis from patients with resected pulmonary metastases from colorectal cancer.
colorectal cancer. Ann Thorac Surg 104(3):979-987 ThoraP Cancer 5(5_):398_404 ) o
13. Tan KK, Lopes Gde L Jr, Sim R (2009) How uncommon are iso- 31. Zampmo MG, Maisonneuve P Ravenda PS, Magm.E, Caswaghl.M,
lated lung metastases in colorectal cancer? A review from database Solli P, .Petrella F’, Ggsparrl R, Galetta D, Borri A, Donghi S,
of 754 patients over 4 years. J Gastrointest Surg 13(4):642—-648 Veronesi G, Spaggiari L (2014) Lung metastases from colorectal
14.  Watanabe K, Saito N, Sugito M, Ito M, Kobayashi A, Nishizawa Y cancer: analysis of prognostic factors in a single institution study.
(2011) Predictive factors for pulmonary metastases after curative Ann Thorgc Surg 98(4):12387124,5 . .
resection of rectal cancer without preoperative chemoradiotherapy. 32. glln(i JJH(’zlgiI; Sj:}lliagf);gil:ﬁ; i(r:il;;zasn’cljl(l)l; Ellle(’ni?nge’rs(l)l;?gtgs[’
15. ]S);Ta(}foé(,)n\xlfiaiztr?;lr)l:zlg? )\.7\9:1?&9 988 Park JS, Park JW, Zabaleta J, tsas;egs glngglhilggzr; metastasectomy of colorectal cancer. World J
. . . S . . u :
?;ﬁfignlz F;lll_(ﬁlr:j JAﬁl%ue(tzg/{’zi\]gg;olécgllsil;ilirlv;uﬁn;niz{; 33.  Guerrera F, Mossetti C, Ceccarelli M, Bruna MC, Bora G, Olivetti
. ? . . . .. S, Lausi PO, Solidoro P, Ciccone G, Ruffini E, Oliaro A, Filosso PL
oligometastases: pooled analysis and construction of a clinical lung (2016) Surgery of colorectal cancer lung metastases: analysis of
metastasectomy prognostic model. Ann Oncol 23(10):2649-2655 survival refcgmri]ence and re-surgery. J Th ograc Dis 8 (7).' 176 43’1 1
16. Prqsama T’ Karapetis CS’ Roder D (2018) The survival ogtcome of 34. Pages PB, Serayssol C, Brioude G et al (2016) Risk factors for
patients with metastatic colorectal cancer based on the site of me- survival and recurrence after lung metastasectomy. J Surg Res
tastases and the impact of molecular markers and site of primary 203(2):293-300 ¥
cancer on metastatic pattern. Acta Oncol 57(11):1438-1444 35, Ppark H'S June M. Shin SI. Heo SJ. Kim CG. Lee MG. Beom SH
17.  Schmoll HJ, Van Cutsem E, Stein A et al (2012) ESMO consensus ' Lee CY, ,Lee %G, i(im DI, ,Ahn B ’(201 6) Belmeﬁ tof a(ijuvant che—’
guidelines fpr management ofp.at.lents Wl.t h colon apd rectal cancer. motherapy after curative resection of lung metastasis in colorectal
;\3 é)le(;;(;r:‘z;llgzezdsell%proach to clinical decision making. Ann Oncol cancer. Ann Surg Oncol 23(3):928-935
’ 36. Karim S, Nanji S, Brennan K, Pramesh CS, Booth CM (2017)
18 van de Velde CJ’_ Boqlegs PG, Borras JM et al (2014) EURECCA ChemotherapyJ for resected colorectal cancer pulmonary metasta-
colorectal: multidisciplinary management: European consensus ses: utilization and outcomes in routine clinical practice. Eur J Surg
conference colon & rectum. Eur J Cancer 50(1):1.e1-1.e34 Oncol 43(8): 14811487
19. Gallinger S, Biagi JJ, Fletcher GG et al (2013) Liver resection for 37. Nakajima J, lida T, Okumura S, Horio H, Asamura H, Ozeki Y,
colorectal cancer me@stases. Cu.rr Oncol 20(3):e255-€265 Ikeda N, Matsuguma H, Chida M, Otsuka H, Kawamura M (2017)
20. Stang A (2010) Critical evalgatlon of the Nevycastle-Qttavya scale Recent improvement of survival prognosis after pulmonary
for the assessment of the quality of nonrandomized studies in meta- metastasectomy and advanced chemotherapy for patients with co-
analyses. Eur J EP’demIOI 25(9):603-605 ] ) lorectal cancer. Eur J Cardiothorac Surg 51(5):869-873
21. Ifarmar MK, Torri V, Stewart L (1998) Extracting summary statis- 38. Park S, Kang BW, Lee SJ, Yoon S, Chae YS, Kim JG, Lee KH, Koh
tics to perform meta-analyses of the published literature for survival SA, Song HS, Park KU, Kim JY, Heo MH, Ryoo HM, Cho YY, Jo
endpoints. Stat Med 17(24):2815-2834 J, Lee JL, Lee SA (2017) Clinical significance of systemic chemo-
22. Tiemney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR (2007) therapy after curative resection of metachronous pulmonary metas-
Practical methods for incorporating summary time-to-event data tases from colorectal cancer. Cancer Chemother Pharmacol 80(1):
into meta-analysis. Trials 8:16 187-193
23.  Egger M, Davey Smith G, Schneider M et al (1997) Bias in meta- 39. Shiomi K, Naito M, Sato T, Nakamura T, Nakashima H, Naito M,
analysis detected by a simple, graphical test. Bmj 315(7109):629— Mikubo M, Matsui Y, Watanabe M, Satoh Y (2017) Effect of adju-
634 vant chemotherapy after pulmonary metastasectomy on the prog-
24. Begg CB, Mazumdar M (1994) Operating characteristics of a rank nosis of colorectal cancer. Ann Med Surg (Lond) 20:19-25
correlation test for publication bias. Biometrics 50(4):1088—1101 40. Menna C, Berardi G, Tierno SM, Andreetti C, Maurizi G, Ciccone
25. Irshad K, Ahmad F, Morin JE et al (2001) Pulmonary metastases AM, D’Andrilli A, Cassiano F, Poggi C, Diso D, Venuta F, Rendina
from colorectal cancer: 25 years of experience. Can J Surg 44(3): EA, Ibrahim M (2018) Do repeated operations for recurrent colo-
217221 rectal lung metastases result in improved survival? Ann Thorac
26. Munoz Llarena A, Carrera Revilla S, Gil-Negrete Laborda A et al Surg 106(2):421-427
(2007) Prognostic factors associated with resectable pulmonary me- 41. Imanishi M, Yamamoto Y, Hamano Y, Yamada T, Moriwaki T,

tastases from colorectal cancer. Arch Bronconeumol 43(6):309-316

@ Springer

Gosho M, Okumura T, Boku N, Kondo H, Hyodo I (2019)



Int J Colorectal Dis (2019) 34:1661-1671

1671

42.

43.

44,

45.

46.

47.

48.

49.

50.

Efficacy of adjuvant chemotherapy after resection of pulmonary
metastasis from colorectal cancer: a propensity score-matched anal-
ysis. Eur J Cancer 106:69-77

Ruers T, Bleichrodt RP (2002) Treatment of liver metastases, an
update on the possibilities and results. Eur J Cancer 38(7):1023—
1033

Sakamoto T, Tsubota N, Iwanaga K, Yuki T, Matsuoka H,
Yoshimura M (2001) Pulmonary resection for metastases from co-
lorectal cancer. Chest 119(4):1069—1072

Van Cutsem E, Nordlinger B, Cervantes A (2010) Advanced colo-
rectal cancer: ESMO Clinical Practice Guidelines for treatment.
Ann Oncol 21(Suppl 5):v93—v97

Araujo RL, Gonen M, Herman P (2015) Chemotherapy for patients
with colorectal liver metastases who underwent curative resection
improves long-term outcomes: systematic review and meta-analy-
sis. Ann Surg Oncol 22(9):3070-3078

Khoo E, O’Neill S, Brown E, Wigmore SJ, Harrison EM (2016)
Systematic review of systemic adjuvant, neoadjuvant and perioper-
ative chemotherapy for resectable colorectal-liver metastases. HPB
(Oxford) 18(6):485-493

Mitry E, Fields AL, Bleiberg H et al (2008) Adjuvant chemotherapy
after potentially curative resection of metastases from colorectal
cancer: a pooled analysis of two randomized trials. J Clin Oncol
26(30):4906-4911

Schmoll HJ, Twelves C, Sun W et al (2014) Effect of adjuvant
capecitabine or fluorouracil, with or without oxaliplatin, on survival
outcomes in stage III colon cancer and the effect of oxaliplatin on
post-relapse survival: a pooled analysis of individual patient data
from four randomised controlled trials. Lancet Oncol 15(13):1481—
1492

Schmoll HJ, Tabernero J, Maroun J, de Braud F, Price T, van
Cutsem E, Hill M, Hoersch S, Rittweger K, Haller DG (2015)
Capecitabine plus oxaliplatin compared with fluorouracil/folinic
acid as adjuvant therapy for stage III colon cancer: final results of
the NO16968 Randomized Controlled Phase III Trial. J Clin Oncol
33(32):3733-3740

Kirstein MM, Lange A, Prenzler A, Manns MP, Kubicka S, Vogel
A (2014) Targeted therapies in metastatic colorectal cancer: a sys-
tematic review and assessment of currently available data.
Oncologist 19(11):1156-1168

S1.

52.

53.

54.

55.

Cunningham D, Lang I, Marcuello E, Lorusso V, Ocvirk J, Shin
DB, Jonker D, Osborne S, Andre N, Waterkamp D, Saunders MP,
AVEX study investigators (2013) Bevacizumab plus capecitabine
versus capecitabine alone in elderly patients with previously un-
treated metastatic colorectal cancer (AVEX): an open-label,
randomised phase 3 trial. Lancet Oncol 14(11):1077-1085
Tebbutt NC, Wilson K, Gebski VJ, Cummins MM, Zannino D, van
Hazel GA, Robinson B, Broad A, Ganju V, Ackland SP, Forgeson
G, Cunningham D, Saunders MP, Stockler MR, Chua Y1, Zalcberg
JR, Simes RJ, Price TJ (2010) Capecitabine, bevacizumab, and
mitomycin in first-line treatment of metastatic colorectal cancer:
results of the Australasian Gastrointestinal Trials Group
Randomized Phase III MAX Study. J Clin Oncol 28(19):3191—
3198

Cremolini C, Marmorino F, Loupakis F et al (2017) TRIBE-2: a
phase 111, randomized, open-label, strategy trial in unresectable met-
astatic colorectal cancer patients by the GONO group. BMC Cancer
17(1):408

Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM,
Rougier P, Bechstein WO, Primrose JN, Walpole ET, Finch-Jones
M, Jaeck D, Mirza D, Parks RW, Collette L, Praet M, Bethe U, van
Cutsem E, Scheithauer W, Gruenberger T, EORTC Gastro-
Intestinal Tract Cancer Group, Cancer Research UK,
Arbeitsgruppe Lebermetastasen und-tumoren in der Chirurgischen
Arbeitsgemeinschaft Onkologie (ALM-CAO), Australasian
Gastro-Intestinal Trials Group (AGITG), Fédération Francophone
de Cancérologie Digestive (FFCD) (2008) Perioperative chemo-
therapy with FOLFOX4 and surgery versus surgery alone for re-
sectable liver metastases from colorectal cancer (EORTC
Intergroup trial 40983): a randomised controlled trial. Lancet
371(9617):1007-1016

Hawkes EA, Ladas G, Cunningham D, Nicholson AG, Wassilew
K, Barbachano Y, Ratnayake G, Rao S, Chau I (2012) Peri-
operative chemotherapy in the management of resectable colorectal
cancer pulmonary metastases. BMC Cancer 12:326

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	Does...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Search results and quality assessment
	Effect of ACT on OS
	Effect of ACT on DFS
	Effect of BV on OS
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusions
	References


