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Abstract
Colorectal cancer (CRC) is one of the most common 
cancers worldwide, with 5%-15% of CRC patients 
eventually developing lung metastasis (LM). Despite 
doubts about the role of locoregional therapy in the 
management of systemic disease, many surgeons have 
performed pulmonary metastasectomy (PM) for CRC 
in properly selected patients. However, the use of pul-
monary metastasectomy remains controversial due to 
the lack of randomized controlled studies. This article 
reviews the results of surgical treatment of pulmonary 
metastases for CRC, focusing on (1) current treatment 
guidelines and surgical techniques of PM in patients 
with LM from CRC; (2) outcomes of PM and its prognos-
tic factors; and (3) controversial issues in PM, focusing 
on repeated metastasectomy, bilateral multiple metas-
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tases, and combined liver and lung metastasectomy.
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Core tip: Pulmonary metastasectomy is now the accept-
ed treatment of choice in the multimodal management 
of metastatic colorectal cancer. There is no absolute 
contraindication for pulmonary metastasectomy as long 
as complete resection can be achieved. However, there 
are still many questions regarding the proper indication 
of pulmonary metastasectomy, for example: How many 
times can pulmonary metastasectomy be performed for 
recurrent pulmonary metastases? How many nodules 
can be resected safely and effectively in patients with 
recurrent and multiple metastatic nodules? This article 
reviews the different therapeutic strategies for patients 
with pulmonary metastases of colorectal cancer, with a 
particular focus on these questions.
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INTRODUCTION
Colorectal cancer (CRC) is one of  the most common 
cancers worldwide[1]. Although mortality from CRC has 
decreased by almost 35% from 1990 to 2007, possibly 
due to earlier diagnoses through screening and improved 
treatment modalities, CRC remains the second leading 
cause of  cancer death in the United States[2,3]. Recur-
rence is the primary reason for treatment failure, and 
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approximately 50% of  patients undergoing resection of  
CRC develop metastases[4-6]. The most common sites of  
metastasis from CRC are the liver and lungs, with 5%-15% 
of  CRC patients eventually developing lung metastasis 
(LM)[4-8].

As in other conditions with a diagnosis of  stage Ⅳ 
disease, LM in CRC indicates widespread hematogenous 
dissemination of  cancer. If  untreated, patients with LM 
have a median survival of  less than 10 mo and a 5-year 
survival rate of  less than 5%[9,10]. When used for hepatic 
metastases of  CRC, chemotherapy in combination with 
surgery may prolong survival time or downsize the le-
sions to render them resectable in patients who were 
previously considered inoperable[11]. However, there is 
still controversy over the optimal management strategy. 
Despite doubts about the effect of  locoregional therapy 
in the management of  systemic disease, many surgeons 
have performed surgical resection of  LM in properly 
selected patients[12-17]. Numerous studies have suggested 
that resecting LM offers a better chance of  survival com-
pared with the expected 5-year survival rate of  less than 
10% for stage Ⅳ CRC managed with palliative chemo-
therapy[18,19]. Thus, pulmonary metastasectomy (PM) has 
become widely accepted as a potentially curative treat-
ment option for LM from CRC[20].

However, the role of  surgery in patients with LM 
remains controversial due to the lack of  prospective ran-
domized controlled trials comparing PM with a control 
of  either medical therapy or observation[21]. Retrospective 
and non-comparative studies include only candidates se-
lected as suitable for PM and exclude those who cannot 
be offered PM. The encouraging outcomes of  PM to 
date might therefore be attributed to the fact that selected 
candidates already have beneficial prognostic factors, typ-
ically resectability, rather than the benefit of  surgical re-
section per se[22], and it is therefore unknown whether the 
reported good results are due to surgery or selection[23]. 
Nonetheless, the fact that there is insufficient evidence 
supporting PM in the total patient population with stage 
Ⅳ CRC does not necessarily mean that the opportunity 
of  surgery should be denied for selected patients who 
could benefit from PM. Moreover, since chemotherapy 
alone is not quite reliable in controlling LM in many 
cases, the best way to improve treatment outcomes is to 
carry out PM more aggressively in patients who are most 
likely to benefit from PM.

No one would argue about offering PM when a soli-
tary, slowly growing, and isolated LM is detected after a 
long disease-free interval. Conversely, it would be unrea-
sonable to recommend PM when numerous metastatic 
lesions are extensively widespread in both lungs and 
extrathoracic organs within several months after surgi-
cal resection of  CRC. Between these extremes however, 
there are always borderline cases with a combination of  
favorable and unfavorable features in which the indica-
tion of  PM is uncertain, such as recurrent LM after first 
PM, bilateral multiple metastases, or synchronous liver 
and lung metastases. This review discusses the accumulat-

ed knowledge regarding: (1) current treatment guidelines 
and surgical technique of  PM in patients with LM from 
CRC; (2) outcomes of  PM and its prognostic factors; and 
(3) controversial issues regarding PM, focusing on re-
peated metastasectomy, bilateral multiple metastases, and 
combined liver and lung metastasectomy.

TREATMENT GUIDELINE
Since Blalock first described pulmonary resection for 
metastases from CRC[24], PM has become the mainstay of  
treatment for LM in a highly selected subset of  patients. 
In 1965, Thomford et al[25] suggested the criteria for resec-
tion of  LM as follows: (1) patient is low risk for surgical 
intervention; (2) primary site is controlled; (3) no other 
extrapulmonary metastases exist, or if  present, it can be 
controlled by surgery or another treatment modality; and 
(4) pulmonary metastases are thought be completely re-
sectable. These criteria have been generally accepted by 
most surgeons and must be met when considering PM[26].

However, these guidelines have inherent limitations 
due to not being based on the results of  randomized 
controlled trials. In addition to the rarity of  LM patients, 
ethical dilemmas about withholding surgery in an ideal 
candidate make it difficult to conduct randomized trials. 
Instead, the rationale for PM is supported by other lines 
of  evidence, such as multi-institutional prospective data 
registries and systematic review of  non-randomized or 
non-comparative studies. The International Registry of  
Lung Metastases was established in 1991 by the Europe-
an Society of  Thoracic Surgeons (ESTS)[12]. Said registry 
is a large prospective study encompassing a total of  5206 
patients who underwent surgery at 18 sites in Europe, 
the United States, and Canada[12]. With a 5-year survival 
of  36% in patients undergoing complete resection, this 
study made a substantial contribution to the consider-
ation of  PM as an effective therapy[12]. Several authors 
have reported the results of  systematic reviews in order 
to overcome the limitations of  previously published ret-
rospective series based on small numbers of  patients[14-17]. 
Pfannschmidt et al[14] conducted a systematic review of  
1870 patients from 20 published case series, summarizing 
the available evidence for the effectiveness of  PM with 
an emphasis on prognostic factors that influence survival. 
Recently, Gonzalez et al[17] performed a more extensive 
meta-analysis of  series published between 2000 and 2011 
that included 2925 patients from 25 studies.

Based on these efforts to seek a higher level of  evi-
dence from previously reported studies, new indications 
for PM in metastatic CRC patients have been established 
by the National Comprehensive Cancer Network (NCCN) 
as follows[3]: (1) complete resection based on the ana-
tomic location and extent of  disease with maintenance 
of  adequate function is required; (2) the primary tumor 
must have been resected for cure; (3) resectable extra-
pulmonary metastases do not preclude resection; (4) re-
resection can be considered in selected patients; and (5) 
patients with resectable synchronous metastases can be 
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resected synchronously or using a staged approach.

CURRENT PRACTICE
Preoperative imaging tests
According to the NCCN, the Association of  Coloproc-
tology of  Great Britain and Ireland, and the Danish 
Colorectal Cancer Group[3,27,28], the initial staging pro-
cedure should include preoperative chest computerized 
tomography (CT). The use of  CT is justified by its higher 
overall sensitivity than chest X-ray and higher sensitivity 
for LM less than 1 cm in diameter than positron emission 
tomography (PET)[29,30]. As well in terms of  a PET/CT 
scan, these are below the level of  routine chest CT detec-
tion, especially for sub-centimeter lesions; a PET/CT 
scan is not routinely indicated as a baseline for preopera-
tive workup[3,31]. A PET/CT scan is considerable only if  
prior anatomic imaging indicates the presence of  poten-
tially surgically curable M1 disease, with the purpose to 
evaluate for unrecognized metastatic disease that would 
preclude the possibility of  surgical management[3].

Application of  an appropriate CT acquisition tech-
nique is a prerequisite for the optimal evaluation of  pul-
monary metastasis. This includes, most importantly, the 
use of  thin-section (1-2 mm) image reconstruction, in 
addition to appropriate exposure factors. The high sensi-
tivity of  CT scans is not accompanied by an equally high 
specificity; therefore this staging procedure reveals lung 
lesions of  uncertain nature in up to one-third of  patients, 
with some of  these indeterminate nodules representing 
metastatic disease[30,32,33]. Nordholm-Carstensen et al[34] 
recently performed a systematic review of  12 studies that 
included the prevalence of  indeterminate pulmonary 
nodules and specific radiological and clinical character-
istics that predict their malignancy at initial staging chest 
CT in patients with colorectal cancer. Among a total of  
5873 patients, 9% had indeterminate pulmonary nodules 
at chest CT, of  which 10.8% (95%CI: 10.3%-11.2%) 
turned out to be colorectal cancer metastases at follow-
up[34]. Generally, regional lymph node metastasis and 
multiple numbers of  indeterminate pulmonary nodules 
were predictive of  malignancy, whereas calcification of  
the nodules indicated benign lesions. However, nodules 
that are truly metastatic disease cannot be definitively 
identified by specific radiological characteristics, therefore 
the demonstration of  indeterminate pulmonary nodules 
should not delay curatively intended surgery[34].

Regarding the follow-up duration for indeterminate 
pulmonary nodules in patients with CRC, at least two 
consecutive annual studies are suggested as a minimum 
requirement to document stability. According to the 
NCCN guidelines 2014 Ver. 1.0[3], a follow-up every 3-6 
mo for the initial 2 years and every 6-12 mo for an ad-
ditional 3 years in cases with metastatic disease, or three 
annual follow-ups for the initial 2 years in cases with no 
metastasis, is recommended for surveillance of  metasta-
sis[35]. However, the optimal follow-up duration for sur-
veillance of  pulmonary metastasis has yet to be definitely 

determined.

Surgical technique
As in other surgical techniques for primary malignant 
tumors, the most important aspect that can never be 
compromised in PM is completeness of  resection[36]. At 
the same time, healthy lung parenchyma should also be 
preserved as much as possible[36]. These essential consid-
erations should be kept in mind when planning PM in 
patients with LM from CRC. To achieve better outcomes 
of  surgical treatment while adhering to this principle, 
several important issues need to be addressed, including 
surgical approach, minimally invasive surgery, extent of  
resection, and lymph node dissection.

Surgical approach: For unilateral lesions, anterior or 
posterolateral thoracotomy has been the most commonly 
used approach in PM[13]. Thoracotomy offers reason-
able access to all areas of  the hemithorax for performing 
wedge and other anatomic resections, along with system-
atic mediastinal and hilar lymph node dissection[37]. Some 
surgeons suggested that a median sternotomy is the best 
approach to ensure a more complete resection for all le-
sions, even unilateral ones, as it can provide access to bi-
lateral hemithoracic cavities through a single incision[38,39]. 
However, a study by Roth et al[40] comparing median 
sternotomy with unilateral thoracotomy demonstrated no 
survival advantage of  the bilateral approach through me-
dian sternotomy. Moreover, a major limitation of  median 
sternotomy is poor exposure of  lesions located at the 
posterior aspect of  the lung. Saito et al[41] reported that 
the survival of  patients undergoing simultaneous bilateral 
PM by median sternotomy was significantly lower than 
that of  those undergoing unilateral or bilateral sequential 
PM, and postulated that remaining lesions after median 
sternotomy could be the reason for the poor prognosis 
of  patients with bilateral LM. It is difficult to determine 
the optimal timing of  surgery involving simultaneous or 
sequential bilateral thoracotomies. Careful patient selec-
tion is required when considering simultaneous bilateral 
thoracotomies because this approach may substantially 
affect respiration in the immediate postoperative period. 
Pfannschmidt et al[37] showed that the surgical method did 
not influence long-term survival when all metastases were 
completely resected.

Open approach vs  video-assisted thoracic surgery: 
As a minimally invasive surgery, video-assisted thoracic 
surgery (VATS) is now the method of  choice for the 
treatment of  stage Ⅰ non-small cell lung cancer[42]. Sev-
eral surgeons have advocated the use of  the VATS tech-
nique for PM, arguing that it offers a decrease in postop-
erative morbidity, pain, and duration of  hospital stay[43,44]. 
However, most surgeons still prefer the open approach, 
since it allows for manual palpation of  the entire lung pa-
renchyma, thus enabling detection of  additional smaller 
lesions that are rarely found by thoracoscopic instru-
ments[13]. Many authors have expressed concern about the 
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ever, if  multiple lesions are scattered over more than one 
lobe or throughout both lungs, it is difficult, and even 
harmful, to perform a lobectomy for every single lesion. 
Moreover, considering the potential for recurrent LM 
after initial PM, wedge resection would be helpful in pre-
serving the lung parenchyma as much as possible in case 
further metastasectomies are needed in the event of  re-
lapse. Surprisingly, Yedibela et al[58] and Lin et al[59] report-
ed significantly better survival on multivariate analysis for 
patients undergoing lobectomy for LM. Except for these 
reports, however, most authors have shown that there are 
no significant differences in treatment outcomes between 
wedge resection and lobectomy. Given the high risk of  
postoperative morbidity and mortality, pneumonectomy 
is usually not indicated, except in extremely exceptional 
cases[36,60].

Lymph node dissection: The role of  mediastinal lymph 
node dissection (MLND) in PM remains controversial. 
Systematic MLND offers accurate staging and thus pro-
vides a better understanding of  the extent of  disease. 
Given that the reported incidence of  mediastinal lymph 
node metastasis ranges from 10% to 33%[37,61-66], a sig-
nificant number of  metastasectomies performed without 
MLND but considered complete resection may actually 
have been incomplete[64]. The presence of  mediastinal 
lymph node metastases suggests more aggressive features 
of  LM, and consequently has a significantly unfavorable 
influence on long-term survival. Welter et al[66] reported 
that 5-year survival rates with or without lymph node 
metastases were 19% and 42%, respectively (P = 0.02). 
Therefore, proponents of  routine MLND argue that 
PM is not worthwhile in patients with mediastinal lymph 
node metastases, with palliative chemotherapy being rec-
ommended in such cases instead[37,61-66]. Although some 
authors demonstrated that there were long-term survi-
vors after MLND despite their metastatic nodal involve-
ment[67], a therapeutic effect of  MLND has not been 
fully proven. Thus, many surgeons still do not routinely 
perform MLND in their clinical practice. A recent sur-
vey among members of  the ESTS found that only 13% 
of  responding surgeons routinely performed complete 
mediastinal lymphadenectomy, and approximately 32% 
performed neither lymph node sampling nor dissec-
tion[13]. To clarify the role of  MLND in patients with LM 
of  CRC, the following questions need to be addressed: 
Should MLND be performed regardless of  the prob-
ability of  mediastinal lymph node metastases based on 
imaging studies at the expense of  potentially increased 
complication rates, or should MLND be applied selec-
tively according to the location, number, and size of  
lesions in patients with LM of  CRC? When mediastinal 
lymph node involvement is unexpectedly found during 
PM, should PM with MLND be performed or should the 
procedure be stopped? If  MLND reveals the presence of  
mediastinal lymph node metastases, should systemic che-
motherapy be recommended? Prospective, randomized 

risk of  missing small metastatic lesions during VATS[45-47]. 
Another potential concern is whether a safe resection 
margin can be adequately obtained through VATS[48]. Re-
section of  lesions located deep in the lung parenchyma 
with a safe surgical margin may be technically demanding 
given the limited exposure in VATS. Even though they 
are advocates of  VATS for PM, Chao et al[49] admitted 
that they found a closer resection margin in the VATS 
group.

The use of  helical CT has been shown to improve 
detection of  smaller pulmonary nodules during VATS 
when compared with conventional CT[50-52]. If  a lesion is 
too small to be detected on high-resolution CT, manual 
palpation is also almost impossible. Therefore, surgeons 
in favor of  VATS for PM argue that there is no need for 
manual palpation through thoracotomy for these tiny 
nodules. Nakajima et al[53] found that more than 40% of  
pulmonary nodules 5 mm or smaller at CT in patients 
with suspicious LM were not pulmonary metastases, 
which implies that thorough bimanual palpation might 
potentially overestimate the number of  pulmonary nod-
ules[48]. Given that repeated metastasectomy does not ad-
versely affect postoperative morbidity and survival, even 
lesions that are missed at initial PM can be re-resected 
safely and effectively[54,55]. Because LM is a systemic dis-
ease, better compliance with adjuvant therapy after VATS 
should also be considered[56]. More importantly, Onaitis 
et al[57] reported no difference in recurrence-free survival 
between VATS and thoracotomy for PM, suggesting that 
resection of  very small nodules may not significantly con-
tribute to recurrence-free survival even if  thoracoscopic 
palpation is inferior to that performed through thora-
cotomy. Despite its limitations, VATS is being applied to 
PM more and more frequently based on the benefits of  
minimal invasiveness[48,49,51-53,57]. Although the fact that 
VATS is a less invasive technique is undeniable, com-
pleteness of  resection cannot be sacrificed in exchange 
for reduced invasiveness. However, if  complete resection 
can be guaranteed then there is no reason to avoid VATS 
for PM. More evidence supporting the benefit of  VATS 
for CRC patients with LM is required.

Extent of  resection: Lobectomy is the standard pro-
cedure for patients with early-stage non-small cell lung 
cancer, whereas wedge resection is the preferred proce-
dure for LM, especially those located in the periphery of  
the lung. Wedge resection can be justified only if  there 
is a safe resection margin around the metastatic lesion. 
It is therefore necessary to establish how wide the safe 
resection margin should be. To prevent local recurrence, 
Rusch recommended a margin of  normal lung tissue of  
least 0.5-1.0 cm in all directions, thus removing a conical-
shaped wedge of  lung parenchyma circumferentially 
around the nodule[36]. On the other hand, lobectomy can 
be a reasonable option for cases in which wedge resection 
is not feasible, such as lesions located deep in the hilum 
or multiple lesions localized within a single lobe. How-
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studies are required to answer these questions.

Perioperative chemotherapy
The treatment options for advanced colorectal cancer 
have been almost exclusively based on 5-fluorouracil 
(5-FU) for more than three decades[68]. Until the early 
1990s, 5-FU, often modulated by leucovorin, was the only 
effective chemotherapy available, although it resulted in 
meaningful responses in only a small minority of  treated 
patients. The recent integration of  oxaliplatin and irino-
tecan for the management of  advanced CRC patients 
has significantly extended median overall survival[68,69]. 
Currently, combination chemotherapy including 5-FU, 
leucovorin, and oxaliplatin (FOLFOX) or 5-FU, leu-
covorin, and irinotecan (FOLFIRI) is the most widely 
used regimen, and the addition of  molecular targeting 
agents, such as cetuximab or bevacizumab, has resulted in 
further significant increases in response rate and overall 
survival[70,71]. In CRC patients with potentially resectable 
liver metastases, perioperative combination chemother-
apy with the FOLFOX regimen is recommended, as it 
improves progression-free survival at 3 years by 7%-8%. 
In patients with surgically resectable CRC with liver me-
tastases, perioperative chemotherapy is frequently given 
for 3 mo before and 3 mo after surgical resection of  the 
metastases. However, the duration of  chemotherapy or 
the timing of  metastasectomy can vary among patients. 
If  no preoperative chemotherapy has been administered, 
postoperative chemotherapy with FOLFOX is recom-
mended. Currently, there is a lack of  robust evidence 
that the addition of  a biological, such as bevacizumab or 
cetuximab, improves the outcome in CRC patients with 
resected metastases compared with chemotherapy alone.

Initially unresectable liver metastases can be con-
verted to resectable disease after downsizing the tumor 
with chemotherapy. Standard combination chemotherapy 
regimens comprising FOLFIRI or FOLFOX have been 
reported to facilitate resection in 7%-40% of  patients 
with initially unresectable metastases, depending upon 
the initial selection of  patients. Nevertheless, approxi-
mately 80% of  these patients will experience recurrence 
within 2 years of  resection. Recently, the combination of  
FOLFOX or FOLFIRI chemotherapy plus cetuximab 
has resulted in higher resection rates in liver-limited unre-
sectable CRCs that are wild-type for KRAS.

In contrast to liver metastasis, few data is available 
comparing survival between patients undergoing PM 
with and without adjuvant or neoadjuvant chemotherapy 
for LM only. Most retrospective studies of  PM have not 
analyzed the prognostic significance of  perioperative che-
motherapy in patients undergoing PM for LM. Several 
authors favored the use of  perioperative chemotherapy 
for patients undergoing PM for LM[57,66], but these sug-
gestions were not based on convincing evidence due 
to a lack of  randomized controlled trials on the role of  
perioperative chemotherapy in patients undergoing PM 
for metastatic CRC. Whether the results of  perioperative 
chemotherapy in patients undergoing metastasectomy for 

liver metastases can be applied to those undergoing PM 
for LM remains unknown. Therefore, whether patients 
undergoing PM for LM of  CRC will benefit from periop-
erative chemotherapy requires further evaluation.

TREATMENT OUTCOMES AND 
PROGNOSTIC FACTORS
Since most studies are retrospective reviews of  single-
center reports of  relatively small numbers of  patients 
over a time period of  15 to 20 years, there is considerable 
variation in overall survival rates and prognostic factors 
as a result of  heterogeneous selection criteria, diverse 
patterns of  clinical practice, and differences in variables 
analyzed[14-17]. The reported 5-year survival rates of  PM 
ranged from 27% to 68%[14-17]. Treatment outcomes and 
related prognostic factors are summarized in Table 1.

Several authors have conducted systematic reviews or 
meta-analyses to summarize the treatment outcomes of  
published retrospective studies[14-17]. Pfannschmidt et al[14] 
reported a systematic review of  17 studies involving 1684 
patients who underwent PM for metastatic CRC in which 
the 5-year survival rates ranged between 41% and 56% 
(median 48%). Recently, in a meta-analysis of  1112 me-
tastasectomies performed in 927 patients between 1983 
and 2008, Salah et al[16] found an overall 5-year survival 
rate of  54.3% following initial PM. These numbers are 
encouraging when compared with the disappointing out-
comes of  chemotherapy[18,19].

Many authors have also performed prognostic factor 
analyses, which will be helpful in establishing valuable 
treatment guidelines for PM by identifying patients most 
likely to benefit from PM. Completeness of  resection has 
consistently been reported to affect survival after PM for 
metastatic CRC, as it is the most important prerequisite 
of  metastasectomy[12]. Age, sex, and pathologic features 
of  the primary CRC have been more rarely reported as 
significant factors[14-17]. There are conflicting data regard-
ing other prognostic factors, although the most com-
monly suggested prognostic factors are: (1) disease-free 
interval; (2) number of  LM; (3) size of  the largest LM; (4) 
distribution of  LM; (5) preoperative serum carcinoem-
bryonic antigen (CEA) level; and (6) lymph node metas-
tasis.

Disease-free interval
A prolonged disease-free interval (DFI) between CRC 
resection and PM is associated with a favorable treat-
ment outcome[17]. In contrast, a short DFI represents 
early dissemination of  metastatic disease, which implies 
more aggressive tumor biology[17]. At the extreme end of  
a short DFI is synchronous LM. Although it has been 
recommended that patients with resectable synchro-
nous LM can be resected synchronously or by using a 
staged approach, survival after PM for synchronous LM 
is reported to be poorer than for metachronous LM[3]. 
Onaitis et al[57] reported that a DFI of  less than 1 year 
was an independent predictor of  recurrence after PM. 
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They also showed that none of  the patients with three or 
more lesions and a DFI of  less than 1 year were cured 
by surgery, suggesting that medical management alone 
should be considered for these patients. However, not all 
investigators showed that a short DFI correlated with a 
poor prognosis after PM[14,72-78]. In their systematic review, 
Pfannschmidt et al[14] did not find DFI to be a significant 
prognostic factor. Despite the clinical relevance of  DFI 
between CRC resection and PM, only six studies reported 
that short DFI was a poor prognostic factor[57-59,79-81]. Al-
though various cut-off  values for defining the short DFI 
might have affected these differences, it is still difficult to 
explain this inconsistency. Based on current findings, it 
appears that a short DFI might be a poor prognostic fac-
tor, but is not an absolute contraindication for PM.

Number of metastasis
Many authors reported that multiplicity of  LM was a 
poor prognostic factor[37,57,73-75,82]. Multiple lesions may in-
crease the likelihood of  widespread undetected tiny nod-
ules throughout the lung or even in other distant organs. 
Pfannschmidt et al[37] demonstrated that patients with a 
solitary LM had significantly better survival than those 
with multiple LM. On the contrary, some authors did 
not find a significant relationship between prognosis and 
number of  LM[6,41,61,72]. Inoue et al[61] found no significant 
difference in survival between patients with solitary and 
multiple lesions, and suggested that occult micrometasta-
ses might have existed at the time of  PM in patients con-
sidered to have a solitary lesion, resulting in incomplete 
resection. Advances in CT imaging techniques can help 
us decide whether to recommend PM through preopera-
tive identification of  the exact number of  LM. Therefore, 
a solitary LM described before the development of  these 
advanced techniques might not have truly been solitary. 
Most authors would agree that a larger number of  lesions 
are associated with a poor prognosis, but the cut-off  
value for denying PM for patients with multiple LM is 
undetermined[20]. The presence of  more than one meta-
static lesion is not always a contraindication for PM, and 

it seems unfair to deny PM for patients with two to four 
lesions[17].

Size of the largest metastatic nodule
Although some authors showed that the size of  LM 
was an independent prognostic factor[83,84], most studies 
have found no significant relationship between survival 
and the size of  LM[73,85]. Similar to the number of  LM, a 
larger tumor may indicate a greater possibility that other 
undetectable metastatic lesions are present.

Distribution of metastasis
Conflicting data exist as to whether the distribution of  
metastasis affects survival after PM in metastatic CRC 
patients. Inoue et al[31] reported that unilateral location 
of  LM was an independent predictor of  longer survival 
and Chen et al[86] reported no long-term survivors with 
bilateral LM. McCormack et al[77] showed no significant 
difference in survival with respect to bilaterality of  LM, 
suggesting that patients with bilateral lesions may benefit 
from PM in addition to those with ipsilateral multiple le-
sions. Riquet et al[67] reported that 5-year survival rates of  
patients undergoing complete bilateral metastasectomies 
tended to be comparable to those observed in cases of  
complete unilateral metastasectomy (68% vs 35.5%; P = 
0.09). In this context, bilateral lesions do not seem to be 
a contraindication for PM if  they can be completely re-
sected.

Preoperative CEA
CEA is an antigen expressed on the apical surface of  
colonic epithelial cells that is involved in intracellular 
recognition and adhesion of  tumor cells to host cells[87,88]. 
Serum CEA level is an indication of  the total tumor 
mass and the ability of  tumor cells to express CEA[89]. 
Elevated serum level of  CEA has consistently been 
found to be an independent negative prognostic fac-
tor[14,37,41,72,73,75,79,82,84,89,90]; patients with a high serum CEA 
level had 5-year survival rates ranging from 0% to 53%, 
compared with 23% to 80% for those with normal CEA 
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Table 1  Summary of survival outcomes and prognostic factors in recently published studies

Ref. Year Patients (n ) 5-yr survival Px factor

Zink et al[82] 2001 110   32.6% Number of mets, CEA, size of mets
Rena et al[79] 2002   80   41.1% DFI, number of mets, CEA
Saito et al[41] 2002 165   39.6% LN mets, CEA
Pfannschmidt et al[37] 2003 167   32.4% LN mets, CEA, number of mets
Inoue et al[61] 2004 128   45.3% Primary tumor stage, distribution of mets
Melloni et al[64] 2006   81   42.0% Primary tumor stage, complete resection
Yedibela et al[58] 2006 153   37.0% Number of mets, DFI,  transfusion
Welter et al[66] 2007 169   39.1% DFI, number of mets, LN mets
Lin et al[59] 2009   63   43.9% DFI, type of resection
Onaitis et al[57] 2009 378    78.0%1 Age, sex, DFI, number of mets
Watanabe et al[91] 2009 113   67.8% CEA, lymphatic invasion
Landes et al[101] 2010   40   43.4% Prior history of liver mets
Riquet et al[67] 2010 127   41.0% Complete resection
Zabaleta et al[104] 2011   84   54.0% Prior history of liver mets, LN mets, DFI, number of mets

1Indicates 3-year survival rate. mets: Metastasis. LN: Lymph node; DFI: Disease-free interval; CEA: Carcinoembryonic antigen.
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levels[20]. Sakamoto et al[72] demonstrated that the pre-
operative CEA level was the only significant prognostic 
factor. However, not all investigators found that a high 
serum CEA level is associated with poor prognoses[59,91]. 
Watanabe et al[91] reported that the 5-year survival rate in 
patients with a serum CEA concentration of  5 ng/mL or 
greater was 53%, suggesting that an elevated CEA level, 
although related to unfavorable outcomes, is not a con-
traindication to PM. However, in patients with multiple 
bilateral LM an increased serum CEA can play a pivotal 
role in determining operability. Close monitoring of  CEA 
level after PM would also be critical in the management 
of  metastatic CRC patients[17].

Lymph node metastasis
Hilar and mediastinal lymph node metastasis is also con-
sistently reported to have a negative impact on survival 
outcomes, and there is little doubt about its importance 
as a prognostic factor for LM of  CRC. In the meta-anal-
ysis performed by Gonzalez et al[17], hilar and/or medias-
tinal lymph node involvement was a prognostic factor of  
poor outcomes. They suggested that PET/CT scans need 
to be performed before PM in order to identify potential 
mediastinal lymph node metastasis and, when suspected, 
histologic assessment such as mediastinoscopy should 
be considered[17]. As discussed above, the role of  MLND 
remains unclear.

SPECIAL CONSIDERATIONS
Repeated metastasectomy
Tumor recurrence is always a possibility in patients with 
LM from CRC, even after successful PM. The reported 
recurrence rate after PM is as high as 68%, with the 
remaining lung being the most common site of  recur-
rence[31,92]. Recurrent metastatic nodules that develop 
after complete resection of  initial LM represent residual 
lesions that were too small to be detected by high-
resolution CT and/or manual palpation at the time of  
initial PM. This means that PM might not be truly com-
plete even when all the metastatic nodules are believed 
to be completely resected. More importantly, this rate 
of  recurrence also suggests the presence of  occult mi-
crometastases disseminated throughout extrapulmonary 
distant organs in addition to the remaining lungs. Ac-
cordingly, there is an intrinsically high chance of  relapse 
after repeated PM. Moreover, reoperation may increase 
the risk of  postoperative morbidity compared with the 
first operation because patients are less able to tolerate 
repeated operations due to limited residual lung capac-
ity, and pleural adhesions from a previous operation may 
complicate subsequent surgery. For these reasons, most 
surgeons have been reluctant to perform repeated PM 
for recurrent LM and thus there is no clear consensus on 
optimal treatment strategies and the role of  repeated PM 
for recurrent LM.

However, several authors, including our group, have 
tried repeated PM despite its unfavorable aspects, and 

reported that PM can be performed multiple times safely 
and effectively[54,55,59,73,93,94]. Welter et al[54] showed that 
among 175 patients who underwent PM for LM of  CRC, 
33 had PM up to three times with no postoperative mor-
tality and a 5-year survival rate of  53.8% with a median 
survival of  72.6 mo. Lin et al[59] even reported that the 
5-year survival rate of  repeated PM was 85.7%, albeit in 
only eight cases. Our group also demonstrated excellent 
outcomes of  repeated PM[55]. Among 202 patients who 
received PM for LM of  CRC at our institution between 
1995 and 2007, 48 underwent second metastasectomy. 
Among these 48 patients, 28 developed recurrence 
again, with 10 of  those receiving a third metastasectomy. 
Overall and disease-free 5-year survival rates for second 
metastasectomies were 79% and 49%, respectively, and 
overall 5-year survival rate for third metastasectomies was 
78%. Recently, Salah et al[95] conducted a pooled analysis 
of  seven published retrospective series that included 148 
patients undergoing repeated PM. They reported that the 
5-year survival rate of  repeated PM was 57.9%, indicat-
ing that repeated PM offers an excellent chance for long-
term survival. 

However, it should be noted that the favorable out-
comes of  repeated PM might have been due to the fact 
that the candidates for repeated PM were highly selected, 
as for first PM. Patients eligible for repeated PM may have 
better prognostic factors than those who are ineligible, ir-
respective of  the potential benefits of  resection of  recur-
rent LM. The survival benefit might therefore be attrib-
uted to patient selection rather than repeated PM per se. 
Since a randomized controlled trial is difficult to conduct 
for first PM, let alone repeated PM, and there is no way 
to prove the therapeutic effect of  repeated PM compared 
with observation or chemotherapy. Considering that the 
only therapeutic option for recurrent LM is repeated PM, 
the best way to improve survival is to determine which 
patients are most likely to benefit from repeated PM. 
Chen et al[94] found that patients with a DFI greater than 
1 year after the first metastasectomy showed significantly 
better overall survival, whereas Welter et al[54] reported that 
the number of  metastases was an important prognostic 
factor. Our group also tried to determine the prognostic 
factors, but multivariate analysis revealed no independent 
prognostic factor even though preoperative CEA level 
was a significant factor in univariate analysis[55]. Given 
the smaller number of  patients undergoing repeated PM 
relative to initial PM, the prognostic factors are not con-
sistently reproducible, and there is still debate about the 
best candidates for repeated PM[95]. Nonetheless, when 
patients with recurrent LM after PM have multiple favor-
able prognostic factors such as prolonged DFI, solitary 
recurrent LM, and normal CEA level, repeated PM can 
be a valuable alternative to palliative chemotherapy.

Several points need to be considered when consider-
ing repeated PM. First, meticulous restaging is crucial to 
rule out the presence of  extrapulmonary metastases[95]. 
PET/CT is known to be a useful and sensitive restag-
ing modality to identify hilar or mediastinal lymph node 
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metastasis, as well as extrapulmonary metastases[96]. If  
a PET/CT scan suggests thoracic lymph node involve-
ment, mediastinoscopy should be considered[95]. Second, 
as we emphasized in our series, it is very important to 
attempt to preserve as much of  the lung parenchyma 
as possible, as future repeated PM may be necessary[55]. 
Parenchyma-saving procedures, such as wedge resection, 
precision excision, and segmentectomy rather than lobec-
tomy, will allow for further resection in cases of  future 
relapse[55]. Third, vigilant surveillance based on a regular 
follow-up schedule will be helpful for the early detec-
tion of  tumor recurrence. In our institution, chest CT 
with serum CEA and liver function testing are routinely 
performed postoperatively every 3 mo for the first year, 
and then on a 6-mo basis for at least 2 years and annually 
thereafter[55]. These efforts provide a chance to repeat 
PM, especially in the most suitable candidates.

Multiple metastatic nodules
As discussed above, the presence of  multiple metastatic 
nodules is a strong predictor of  poor survival[37,57,73-76,82]. 
Onaitis et al[57] reported that the most potent predictor of  
recurrence after PM for metastatic CRC was the number 
of  metastases. This can be explained by the notion that 
patients with multiple metastatic nodules are more likely 
to have occult micrometastases in the lungs or extrapul-
monary organs at the time of  PM, which eventually lead 
to recurrence.

However, some investigators reported that the prog-
noses of  patients who underwent PM despite multiple 
nodules were not as poor as originally predicted, which 
suggests that even patients with multiple metastatic nod-
ules might benefit from PM[97,98]. Welter et al[66] found a 
median survival of  58 mo in patients with a solitary LM 
and 33 mo in those with up to 10 metastases, which still 
seems to be a good outcome. An analysis of  the Interna-
tional Registry of  Lung Metastases revealed that the 5-year 
survival rates gradually decreased as the number of  meta-
static nodules increased from 43% (single) to 34% (two 
or three) and 27% (four or more), although the study in-
cluded various histologic types of  primary tumor[12]. Even 
in patients who had 10 or more metastases resected (n = 

342), survival reached 26% at 5 years with a median sur-
vival of  26 mo[12]. In our institution, the 5-year survival 
rates were 65%, 50%, and 33% for single, two or three, 
and four or more lesions, respectively (unpublished data, 
Figure 1). Patients with five or more lesions also showed 
acceptable survival outcomes, with a 5-year survival rate 
of  31%.

These encouraging outcomes in patients with mul-
tiple nodules might also be related to patient selection. 
PM would not have been recommended to patients with 
multiple lesions if  they had additional unfavorable factors 
such as a short DFI, increased serum CEA, or a history 
of  liver metastasectomy. The fact that patients received 
PM for multiple metastatic lesions indicates a good pre-
operative status, both oncologically and physiologically. 
Although long-term survivors have been seen among 
patients for whom surgeons usually hesitate to offer PM, 
no one can deny that survival rates progressively decline 
as the number of  LM increases. This raises some impor-
tant questions: Is there an absolute limit on the number 
of  LM beyond which we should never recommend PM? 
How many nodules can be considered a reasonable indi-
cation for PM in patients with LM of  CRC? It is still dif-
ficult to answer these questions in the absence of  studies 
that specifically address these issues.

It should also be noted that patients with four or 
five lesions and those with more than ten lesions should 
not be treated as the same category (i.e., multiplicity). 
Although the exact cut off  has not been determined, we 
believe that patients with less than a certain number of  
metastases could benefit from PM despite the fact that 
they have multiple LM. If  a patient is found to have LM 
from CRC but has no other unfavorable prognostic fac-
tors, it is unreasonable to deny PM for this patient just 
because of  multiplicity of  LM. The acceptable cut off  
number for not recommending PM needs to be further 
defined in the future.

Combined liver and lung metastasectomy
With recent advances in the management of  liver me-
tastases in CRC patients, the prognosis of  CRC patients 
treated for liver metastases is improving, with a 5-year 
survival rate of  nearly 50%[99]. Almost two-thirds of  pa-
tients who underwent hepatic metastasectomy (HM) de-
veloped extrahepatic metastases, with the lung being the 
most common site, and such patients could be candidates 
for PM[15,100,101]. However, there is no clear consensus on 
the optimal management in patients presenting with both 
liver and lung metastases, and the role of  PM in these 
patients remains controversial. It also remains unknown 
whether patients undergoing both HM and PM have 
similar survival outcomes to those undergoing PM only.

Although some authors reported that a previous HM 
correlated with an increased risk of  death in patients 
undergoing PM[101-104], most studies have found that a 
history of  liver metastasis at the time of  PM is not a sig-
nificant factor affecting survival, and that outcomes after 
combined HM and PM were similar to those after HM 
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Figure 1  Kaplan-Meier survival curve according to the number of metastases.
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alone or PM alone, with reported 5-year survival rates 
ranging from 11% to 61%[17,105-115]. Based on these find-
ings, most investigators suggest that a history of  resected 
liver metastases should not be regarded as a contraindica-
tion to PM. 

Although based on a small number of  cases, our pre-
vious molecular study showed that pulmonary metastases 
were significantly diverged from hepatic metastases indis-
tinguishable from primary colorectal cancers, which may 
also support such an aggressive approach[116].

Therefore, provided liver metastases are completed 
resected, there is no reason to deny PM when patients 
have no unfavorable prognostic factors other than a his-
tory of  previous liver metastases. Some authors indicated 
that this treatment strategy can also be applied to patients 
with synchronous liver and lung metastases[89,114].

FUTURE DIRECTION
Ideally, a randomized controlled trial is needed to answer 
the question of  whether patients with LM from CRC 
could benefit from PM, compared with observation 
or chemotherapy, and which patients are most likely to 
benefit the most. However, as discussed above, it is not 
feasible to conduct a randomized trial to address this 
question. Nonetheless, a trial on pulmonary metastasec-
tomy in colorectal cancer (PulMiCC) is currently open to 
recruitment to examine whether surgical resection of  LM 
from CRC lengthens survival, and its critically important 
results are expected to be released in the near future[117]. 
In addition to this trial, additional prospective studies 
investigating various aspects of  PM should be carried 
out to gather more convincing evidence. Before we can 
draw robust conclusions from current and future trials, it 
is vitally important to perform PM based on the compre-
hensive knowledge and reliable experience of  surgeons. 
Moreover, great effort should be made to select patients 
who are most likely to benefit from PM. Continued ap-
plication of  PM will provide valuable information to ad-
dress the questions of  how many times PM can be per-
formed for recurrent LM and how many nodules can be 
resected safely and effectively, which will in turn expand 
the indication of  PM in challenging cases such as recur-
rent LM and multiple metastatic nodules.
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