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Abstract
AIM: To explore the oncological outcomes of unresect-
able lung metastases without extrapulmonary metasta-
ses in colorectal cancer.

METHODS: Patients with unresectable isolated lung 
metastases from colorectal cancer were prospectively 
collected in a single institution during a 5-year period. 
All patients received either the fluorouracil/leucovorin 
plus oxaliplatin, fluorouracil/leucovorin plus irinotecan or 
capecitabine plus oxaliplatin regimen as first-line treat-
ment. The resectability after preoperative chemotherapy 
was evaluated. Patients’ outcome and predictive factors 
for overall survival were also investigated by univariate 
and multivariate analysis. 

RESULTS: A total of 70 patients were included in the 
study. After standardized first-line chemotherapy, only 
4 patients (5.7%) were converted to resectable dis-
ease. The median overall survival time in all patients 
was 19 mo (95% CI: 12.6-25.4), with a 2-year over-
all survival rate of 38.8%. No survival difference was 
found among different first-line chemotherapeutic regi-
mens. Prognostic analysis demonstrated that only the 
first response assessment for first-line treatment was 
the independent factor for predicting overall survival. 
The median survival time in partial response, stable 
disease and progressive disease patients were 27 mo, 
16 mo and 8 mo (P  = 0.00001).

CONCLUSION: Pulmonary metastasectomy can only 
be performed in a small part of unresectable lung me-
tastases patients after chemotherapy. Patients’ first 
response assessment is an important prognostic factor.
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INTRODUCTION
Colorectal cancer is the second leading cause of  can-
cer death in the USA, and its frequency is increasing in 
China in recent years. In Shanghai, colorectal cancer has 
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become the third most prevalent malignancy[1]. Approxi-
mately 50%-60% of  patients diagnosed with colorectal 
cancer will develop metastases[2,3]. The liver and lungs 
are the most common sites of  metastases for colorectal 
cancers. Nearly 50% of  patients with colorectal cancer 
will develop liver metastases, while only approximately 
10%-15% of  patients will develop lung metastases ulti-
mately[4,5]. Commonly, metastases from colorectal cancer 
occur first in the liver and then later appear systemically, 
because of  venous drainage via the portal system. How-
ever, lung metastases without extrapulmonary metastasis, 
also called isolated lung metastases, have been reported 
in several studies[4,6,7]. Through the bypass route of  ve-
nous or lymphatic drainage, isolated lung metastases 
were only found in 2%-8% of  all colorectal cancers[4,6].

Since the majority of  metastases from colorectal can-
cer are considered initially unresectable disease, neoad-
juvant chemotherapy has been applied in potentially re-
sectable liver metastases for years. Studies demonstrated 
that 10%-15% of  initially unresectable liver metastases 
could be converted to resectable disease after preopera-
tive chemotherapy. However, the experience in unresect-
able isolated lung metastasis was rare. Current opinions 
consider that the recommendation in liver metastases 
may be reasonable to apply to the treatment of  lung me-
tastasis[8], but the evidence is weak and the result of  this 
application is unknown, especially for initially unresect-
able isolated lung metastases. 

In this current study, we prospectively collected data 
from all patients with unresectable isolated lung metas-
tases from colorectal cancer at the first recurrence in a 
single institution during a 5-year period. The resectability 
after chemotherapy, outcomes of  the patients, results 
with different chemotherapeutic regimens, and predictive 
factors for overall survival were all studied in the current 
cohort. 

MATERIALS AND METHODS
Between May 2003 and January 2008, a prospective 
study was performed to collect data from all the colorec-
tal cancer patients who developed unresectable lung 
metastasis without extrapulmonary lesions as the first 
recurrence from the outpatient and inpatient services of  
Fudan University Shanghai Cancer Center. All the un-
resectable patients had multiple lung metastastic lesions 
in two or more than two lobes and had no possibility of  
radical resection. According to the institutional protocol, 
all patients who were diagnosed with recurrence received 
intensive oncological assessment, including chest com-
puted tomography (CT) scans, abdominopelvic CT or 
magnetic resonance imaging scans and serum carcinoem-
bryonic antigen (CEA). Positron emission tomography-
CT scans were performed in some patients, and digital 
rectal examinations were performed in all patients whose 
primary tumor was located in rectum. 

For viable patients, core biopsy or fine needle biopsy 
was performed to confirm the diagnosis. For patients 
whose cytological or histological diagnosis was unavail-

able, the diagnoses of  lung metastases were discussed by 
the colorectal cancer multidisciplinary treatment (MDT) 
team, which included a specialized radiologist. When there 
was doubt about the case, close follow-up without chemo-
therapy and dynamic change in CT scans were observed 
to confirm the diagnosis. The resectability of  lung me-
tastases was discussed by the colorectal MDT team and a 
specialized thoracic surgeon according to image study. 

Patients with extrapulmonary metastasis or local re-
currence were excluded from the current study. Patients, 
who refused to receive chemotherapy (3 cases) or sign the 
informed consent form (2 cases), were also excluded from 
the study. Besides concurrent chemotherapy, 4 patients 
received weekly administration of  cetuximab 8, 8, 11 and 
16 times, respectively, in the first line setting; they were 
excluded from the following outcome analysis because of  
the small number of  cases. After screening, a total of  70 
colorectal cancer patients who developed synchronous or 
metachronous unresectable isolated lung metastasis were 
included in the study.

Chemotherapeutic regimens and response assessment
According to the medical oncologists’ preference, either 
the fluorouracil/leucovorin plus oxaliplatin (FOLFOX), 
fluorouracil/leucovorin plus irinotecan (FOLFIRI) or 
capecitabine plus oxaliplatin (XELOX) regimen was used 
as first-line treatment for patients who never received che-
motherapy or who had received adjuvant chemotherapy 
over 12 mo ago. For patients who received adjuvant che-
motherapy within 12 mo, a different regimen from their 
original first-line treatment was used. Second-line or third-
line treatment regimens were determined by considering 
the first-line regimen, adjuvant regimen and patients’ 
consent. The “stop-and-go” strategy using a modified 
FOLFOX6 regimen with maintenance capecitabine dur-
ing the interval period was applied to 5 patients in our co-
hort, and they were considered to have received first-line 
treatment of  FOLFOX in the following analysis. 

Physical examination, chest CT scans, abdominopelvic 
ultrasound or CT scans, and serum CEA were used ac-
cording to the institutional routine assessment for meta-
static colorectal cancers. During chemotherapy, response 
assessment was performed after the first 3 (XELOX regi-
men) or 4 cycles (FOLFOX or FOLFIRI regimen) and 
then repeated every 2 to 3 mo. In patients who stopped 
treatment, similar oncological assessments were asked to 
be performed every 3 to 6 mo. The response to treatment 
was defined based on Response Assessment Criteria in 
Solid Tumors (RECIST)[9]. 

Statistical analysis
All surviving patients were followed up between January 
and March 2009 for the purpose of  this project. Progres-
sion free survival (PFS) was calculated from the start of  
first-line treatment to the time when disease progression 
was determined by response assessment. In patients with 
metachronous metastasis, the time from resection of  the 
primary lesion to occurrence of  metastases in the lung 
was defined as time to metastasis in the current study. The 
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prognostic value of  the first response assessment, which 
was performed after the first 3 (XELOX regimen) or 4 cy-
cles (FOLFOX or FOLFIRI regimen) of  chemotherapy, 
was analyzed as an independent factor.

The distribution of  PFS and overall survival (OS) was 
calculated by the Kaplan-Meier method, and a log-rank 
test was used to compare the differences among curves in 
univariate analyses. Cox regression was used in multivari-
ate analyses, and hazard ratios were calculated including 
95% confidence interval (CI). P < 0.05 was considered 
statistically significant. 

RESULTS
Basic clinical characteristics
Of the 70 patients who had unresectable lung metastases, 
19 patients (27.1%) had synchronous lung metastases with 
primary colorectal cancers, while the other 51 patients 
(72.9%) had metachronous metastatic disease. All the pa-
tients with synchronous metastases in our series underwent 
resection of  primary colorectal cancer first, and chemo-
therapy started within 2 mo of  the surgery. All 70 patients 
received first-line treatment with a regimen of  FOLFOX, 
FOLFIRI or XELOX. The detailed clinicopathological 
features are summarized in Table 1. In 51 patients who had 
metachronous lung metastasis, the median time to metas-
tasis was 17 mo (range: 3-67 mo). The cumulative propor-
tions of  time to metastasis within 1, 2 and 3 years were 
29.4%, 70.6% and 84.3%, respectively. 

Treatment outcomes
With a median follow-up time of  17 mo (range: 5-44 mo), 
81.4% of  patients (57 cases) had disease progression, and 
26 patients were still alive (37.1%). The median PFS for 
first-line treatment was 8 mo (95% CI: 6.4-9.6 mo, range: 
1-32 mo, Figure 1A). The median PFS for FOLFOX, 
XELOX and FOLFIRI regimens in the first-line set-
ting were 10, 8 and 8 mo, respectively (P = 0.693). The 
median overall survival time was 19 mo (95% CI: 12.6- 
25.4 mo, range: 5-44 mo), with a 2 years OS rate of  38.8%  
(Figure 1B). At the patients’ first response assessment, 
none of  the patients had complete response; partial re-
sponse (PR), stable disease (SD) and progressive disease 
(PD) were observed in 35.7%, 51.4% and 12.9% of  
patients, respectively. Four patients (5.7%) in our cohort 
underwent pulmonary resection of  metastases for curative 
intent after first-line chemotherapy. We analyzed the 4 pa-
tients whose pulmonary metastastic lesions converted to 
resection in more detail: all 4 patients had multiple lesions 
in bilateral lungs. Two patients received preoperative che-
motherapy with a regimen of  modified FOLFOX6, while 
the other two received FOLFIRI. All 4 patients had a PR 
after first-line chemotherapy. The decision to perform 
metastatectomy in the 4 patients was made on the basis of  
the disappearance of  lesions in one side of  lung and still-
ness of  residual disease in the other side of  lung during 
ongoing chemotherapy. One patient underwent thoraco-
scopic surgery and the other three underwent open sur-
gery. Wedge resections were performed and postoperative 

chemotherapy was applied using the same regimen before 
resection in all 4 patients. However, 1 patient developed 
disseminated liver and pelvic metastases later and died of  
cancer 7 mo after surgery; 1 patient had lung metastasis 
recurrence in the place where lesions disappeared after 
first-line chemotherapy. The other two patients were still 
free of  recurrence until the last follow-up.

Clinical characteristics, including patients’ gender, age, 
location of  primary lesion, stage of  primary lesion, meta-
chronous or synchronous lung metastasis, unilateral or bi-
lateral lung metastases, first-line chemotherapeutic regimens 
and first response assessment, were analyzed in univariate 
analyses to find potential predictive factors for patients’ OS. 
The time to metastasis (continuous variable) in 51 patients 
with metachronous lung metastases was also studied using 
univariate Cox regression. Univariate analysis revealed that 
only the first response assessment was related to overall 
survival. Using Cox regression, multivariate analyses also 
demonstrated that first response assessment was the only 
independent factor for predicting OS. The risks of  death 
within 2 years in SD and PD patients at their first response 
assessment were 3.5 times (95% CI: 1.4-8.7, P = 0.007) and 
18.2 times (95% CI: 6.1-54.5, P = 2 × 10-8) higher than that 
of  PR patients at the first response assessment. The median 
survival time in PR, SD and PD patients was 27 mo, 16 mo 
and 8 mo (P = 0.00001, Figure 1C). 
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Table 1  The clinicopathological characteristics and survival 
time of all the unresectable pulmonary metastases patients

Characteristics Number (%) Median OS 
(mo)

95% CI P  value

Gender
   Male 21 (30) 22   9.0-35.0 0.487
   Female 49 (70) 19 10.8-27.1
Age (yr)
   ≤ 60 42 (60) 24 19.5-28.5 0.093
   > 60 28 (40) 13   7.8-13.2
Location of primary lesion
   Colon    23 (32.9) 22   6.8-37.2 0.957
   Rectum    47 (67.1) 19 10.7-27.2
Stage of primary lesion
   Ⅰ    4 (5.7) 11   5.1-16.9 0.766
   Ⅱ    11 (15.7) 27 14.1-39.9
   Ⅲ    36 (51.4) 18   8.6-27.4
   Ⅳ    19 (27.1) 22 11.7-32.3
Unilateral or bilateral
   Unilateral    3 (4.3) Not reached Not reached 0.769
   Bilateral    67 (95.7) 19 12.6-25.4
Synchronous or metachronous
   Synchronous    19 (27.1) 22 11.5-32.5 0.693
   Metachronous    51 (72.9) 18 11.0-24.9
Regimen of first-line treatment
   FOLFOX    32 (45.7) 17   9.4-24.6 0.556
   XELOX    12 (17.1) 24 18.5-29.5
   FOLFIRI    26 (37.1) 17   8.0-26.0
First response assessment
   PR    25 (35.7) 27 23.4-30.6 0.00001
   SD    36 (51.4) 16   8.3-23.7
   PD      9 (12.9)   8   5.2-10.8

FOLFOX: Fluorouracil/leucovorin plus oxaliplatin; XELOX: Capecitabine 
plus oxaliplatin; FOLFIRI: Fluorouracil/leucovorin plus irinotecan; PR: 
Partial response; SD: Stable disease; PD: Progressive disease.
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Second-line treatment
None of  the patients without disease progression received 
second-line treatment. A total of  52 patients (74.3%) 
had disease progression during first-line chemotherapy. 
Thirty-one patients (59.2% of  all first-line PD patients) 
underwent second-line chemotherapy. Unlike the first-line 
regimens, the chemotherapeutic regimens in the second-
line were varied. Three patients only had a single agent 
regimen with 5-FU/leucovorin or capecitabine; 8 patients 
received FOLFOX or XELOX regimen; 16 patients re-
ceived FOLFIRI or XELIRI regimen; 4 patients received 
a combination of  chemotherapy and cetuximab. In 52 
first-line PD patients, the median survival time was 18 mo 
for those receiving any of  the above second-line regimens, 
compared with 10 mo for patients without any further 
chemotherapy (P = 0.0004, Figure 1D) .

DISCUSSION
In the current study, we focused on a typical group of  
patients with isolated lung metastasis. Lung metastases in 
all of  our patients were the first and the only site of  me-

tastasis after diagnosing the primary tumor in the colon 
or rectum. Isolated lung metastasis is considered uncom-
mon in colorectal cancers, as the major venous drainage 
is through the portal vein system and metastases in lungs 
usually occur along with concomitant systemic metastases. 
Pihl et al[4] reported 8.6% of  1578 patients with colorectal 
cancer who had undergone curative resection developed 
lung metastases, and that 11.5% of  lung metastases were 
found in patients with rectal cancer, compared with 3.5% 
in colon cancer. Tan et al[6] reported 56 cases (7.4%) of  iso-
lated lung metastasis in 754 patients with colorectal cancer, 
and 13.3% of  lung metastases were found in patients with 
primary rectal cancer vs 6.3% with primary colon cancer 
(P = 0.011). In our series, we also observed more isolated 
lung metastases in patients with primary rectal cancer. 
This result may partly be attributed to the bypass route of  
spreading into systemic circulation via the hemorrhoidal 
veins. However, the precise mechanism for this phenom-
enon of  skip metastasis bypassing the first venous or lym-
phatic draining route is unclear. Differences in tumor biol-
ogy among various patients, tumor types, or even within a 
given tumor, may also be related to this result[10,11].
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Figure 1  The median progression free survival and overall survival time. A: Progression free survival time of first-line chemotherapy; B: Overall survival rate for 
colorectal cancer patients with unresectable pulmonary metastases; C: Kaplan and Meier plots for median survival time according to chemotherapy efficacy; D: Kaplan and 
Meier plots for median survival time according to whether the second-line treatment was received. PR: Partial response; SD: Stable disease; PD: Progressive disease.
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Most of  the lung metastases from colorectal cancer 
were unresectable disease because of  synchronous me-
tastases in other organs or multiple unilateral or bilateral 
lesions. Although resection of  synchronous liver and lung 
metastases was performed in selected patients in several 
studies, a favorable outcome was only observed in a study 
with a small number of  patients with limited metastases 
in liver and lung[12-14]. Different from the situation in the 
liver, lung metastases are more prone to disseminating 
to the lungs bilaterally, making the resection rate lower 
than that of  liver metastasis[15,16]. The use of  CT scans in 
diagnosing multiple lesions and thoracoscopic resection 
in the management of  metastatic disease were also ques-
tioned[17-19]. Most of  the patients selected for pulmonary 
metastasectomy presented with a single lesion in lung, 
and patients with a single metastasis were proven to have 
a better outcome compared with patients with multiple 
metastases[20-22]. The effectiveness of  pulmonary resection 
in patients with multiple lesions is still unclear, and no 
consensus has been obtained for the indication of  resec-
tion concerning the number of  metastases[8,22-25]. Multiple 
lesions in bilateral lungs were usually considered unre-
sectable disease. In our study, after discussing the resect-
ability of  isolated lung metastases, all cases with unresect-
able metastases were treated with first line chemotherapy. 
We reported the possibility of  converting to resection 
in patients with multiple bilateral lesions by preoperative 
chemotherapy for the first time. Four cases (5.7%) were 
converted to resectable disease after first line treatment. 
To our knowledge, this is the first study reporting the 
resectability of  initially unresectable lung metastases after 
preoperative chemotherapy. The proportion of  resection 
seems lower than that of  inoperable liver metastases[26], 
suggesting a different strategy might be used when con-
sidering preoperative chemotherapy for initially unre-
sectable lung metastases. However, there are still other 
reasons which may be responsible for the low rate of  
conversion to resection, including the undetermined sur-
gical indication, doubtful nodules in other areas, multiple 
lobular lesions after chemotherapy, and patients’ consent. 

In our study, the median PFS for first-line treat-
ment and OS was similar to other studies in stage Ⅳ 
colorectal cancer, which combined all metastatic disease 
together[27,28]. Different chemotherapeutic regimens in 
the first-line setting, including FOLFOX, FOLFIRI and 
XELOX, resulted in a similar PFS and response rate. 
The National Comprehensive Cancer Network (NCCN) 
guidelines recommended that the practice in liver metas-
tases can be applied to lung metastases[29]. However, few 
data were focused on this group of  patients with unre-
sectable isolated lung metastases. Our data confirmed 
the similar oncological results in the management of  
isolated lung metastases. Although the second-line che-
motherapy regimens varied in progressed patients, we 
confirmed the benefit of  continuing chemotherapy for 
patients with isolated lung metastases who progressed 
after first-line treatment. However, which regimen would 
be better and whether a monoclonal antibody should be 
used were unknown according to our study. 

During first-line chemotherapy, the first response as-
sessment is usually performed after the second month of  
treatment in most clinical trials of  metastatic colorectal 
cancer. In our cohort, multivariate analysis demonstrated 
that the first response assessment was the independent 
factor predicting patients’ overall survival. The risk of  
death within 2 years was found to be 3.5 times higher in 
SD patients than that in PR patients. This result raised 
doubts about whether we should continue first-line treat-
ment in SD patients. In our study, the response assess-
ment was performed according to RECIST guidelines. 
Patients assessed to have SD included patients whose tar-
geted lesions showed less than 20% increase to less than 
30% decrease in the sum of  the longest diameter. Chang-
ing of  chemotherapeutic regimens might be reasonable 
in selected SD patients, such as patients with increased 
lesions. For patients with metachronous lung metastases, 
the time to relapse was considered a risk factor predicting 
survival in several studies[30], but most other studies did 
not find the time to relapse a significant risk factor[31-33]. 
In 906 patients who relapsed after curative treatment of  
colorectal cancer, Kobayashi et al[16] found that the time to 
relapse was only related to the survival of  liver metastases 
and local recurrence, but no survival difference was found 
in patients with lung metastases.

Novel treatment approaches have been introduced 
into the local treatment of  unresectable lung metastases. 
Radiofrequency ablation was studied for patients with 
unresectable lung metastases in several studies. Marginal 
survival benefit and improvement in quality of  life were 
observed in selected cases[34-36], and it is only used as an 
adjunct to resection or as an alternative for unresectable 
lesions. Transpulmonary chemoembolization is another 
new technique used for the local treatment of  inoperable 
lung metastases. Preliminary results found this technique 
was a well-tolerated procedure for palliative treatment, 
but the benefit of  survival was still unknown[37-39]. 

In conclusion, isolated lung metastases were relatively 
rare in metastatic colorectal cancer. The outcomes of  che-
motherapy in unresectable lung metastases patients were 
similar to the results of  liver metastases, and first response 
assessment was an important risk factor to predict sur-
vival. Pulmonary metastasectomy can only be performed 
in a small group of  patients with initially unresectable lung 
metastases after preoperative chemotherapy. Further stud-
ies are needed to validate our results and evaluate the rate 
of  resectability after chemotherapy. 
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Approximately 50%-60% of colorectal cancer patients will develop metastases. 
Nearly half of patients with colorectal cancer will develop liver metastases, while 
only approximately 10%-15% of patients will develop lung metastases ultimately. 
Studies demonstrated that 10%-15% of initially unresectable liver metastases 
could be converted to resectable disease after preoperative chemotherapy. How-
ever, there was little experience in unresectable isolated lung metastasis.
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tions for treatment of liver metastases to the treatment of lung metastasis, but 
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the evidence is weak and the result of this application is unknown, especially 
for initially unresectable isolated lung metastases.
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This study prospectively collected data from all patients with unresectable 
isolated lung metastases from colorectal cancer as the first recurrence in a 
single institution during a 5-year period. The outcomes of chemotherapy were 
similar to the results of liver metastases, and first response assessment was 
an important risk factor to predict survival. Furthermore, only 5.7% of patients 
were converted to resectable disease after preoperative chemotherapy, which 
was obviously lower than the conversion rate in liver metastasis. It is the first 
study reporting the resectability of initially unresectable lung metastases after 
preoperative chemotherapy. 
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