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introduction
Malignant metastasis of cancer cells from solid tumors 

to distant organs remains a challenge to successful 
treatment and a major cause of cancer-related mortality.
( 1) Lungs are one of the organs most commonly targetewd 
by metastasis, with between 30% and 55% of all cancer 
patients found to have pulmonary metastases on autopsy.
(2,3) The prevalence of pulmonary metastases varies 
depending on many factors, such as the primary tumor 
site and its histology  and size.(4)

abstract

Background: One of the most common organs targeted 
by metastatic malignancies are the lungs. In the field 
of surgical oncology, pulmonary metastasectomy (PM) 
is frequently performed for patients with pulmonary 
metastatic nodules secondary to specific primary tumors. 
This study aimed to evaluate survival and its predictors 
among patients with primary sarcoma or colorectal cancer 
who underwent PM at the Princess Norah Oncology 
Center, Jeddah, between 2007 and 2016.

Patients and methods: Sarcoma and colorectal cancer 
patients with isolated lung metastasis and who underwent 
PM in our institution between 2007 and 2016 were 
identified. Overall survival and possible survival predictors 
were assessed using log-rank test and multivariate 
analysis was implemented using Cox regression.

results: Thirty-eight patients (16 with colorectal cancer 
and 22 with sarcoma) were identified. The median 
follow-up duration was 26 months (range 0–88). A total 

of 11 patients (28.9%) died during the follow-up period. 
The 5-year survival rates for patients who underwent 
PM with primary colorectal and sarcoma were 89% and 
41%, respectively. Univariate analysis indicated that PM 
in patients with primary colorectal cancer was associated 
with longer overall survival (p value = 0.023) compared 
with PM with sarcoma. In the multivariate analysis, a 
metastatic lesion with size ≥ 15 mm and having primary 
colorectal cancer were the factors significantly associated 
with prolonged survival.

Conclusion: Our experience has shown a substantial 
5-year survival benefit for patients with primary tumors 
of sarcomas and colorectal cancer who underwent a PM. 
A primary tumor of the colorectum and larger pulmonary 
metastases were associated with a better outcome. We 
recommend PM, following careful selection, for patients 
with pulmonary deposits secondary to a primary tumor of 
Colorectum or sarcoma.

Keywords: Pulmonary Metastasectomy, Survival 
Analysis, Sarcoma, Colorectal Cancer 
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Colorectal cancer and sarcomas are among the 
common sources for pulmonary metastases.(5) In the 
case of colorectal cancer, the 5-year cumulative risk for 
lung metastasis is estimated to be 5.8%. (6)   In contrast, 
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pulmonary metastases occur in 20–50% of patients with 
soft-tissue sarcoma, and in 11–20% of patients with 
osteosarcoma at the time of initial diagnosis. (7- 10) However, 
there are no large population-based studies to determine 
the trend and incidence of pulmonary metastasis in 
patients with sarcoma.

As pulmonary metastases are usually initially 
asymptomatic, they tend to be detected incidentally or 
in late stages.( 5) Since the first successful pulmonary 
metastasectomy (PM) in 1944, it has been considered 
the mainstay of therapy for those patients with resectable 
pulmonary deposits. (11) Several studies since then have 
assessed survival and the related parameters. There is a 
noticeable variation in 5-year survival outcomes among 
patients with different primary tumors, such as sarcomas 
and epithelial carcinomas. For sarcomas, the 5-year 
survival rate is reported as 34% and 25% for bone and 
soft tissues, respectively. (12) For colorectal carcinoma 
(CRC), the most common of the epithelial carcinomas, 
5-year survival is 27–68%. (13)

Careful pre-operative selection of patients who may 
benefit from PM is crucial. The basic prerequisites that 
candidates should meet are a completely controlled 
primary tumor, no extrapulmonary metastases, 
complete resectability of metastases, and tolerability 
to the procedure. (14) Other prognostic factors have been 
suggested to affect the overall outcome of this procedure, 
such as the primary tumor type, its location, length of 
disease-free interval, and number of metastases. (4, 15) 

This study aimed to evaluate the survival outcomes 
and associated prognostic factors among patients with 
primary sarcoma or CRC who underwent PM at Princess 
Norah Oncology Center (PNOC), Jeddah, in the period 
between 2007 and 2016.

Patients and methods
A retrospective analysis was performed on all 

patients with a histopathological diagnosis of either CRC 
or sarcoma, with proven metastasis to the lung. To be 
included, the candidates had also to undergo a surgical 
resection of that metastasis at PNOC during the period 
2007–2016. PNOC is one of the leading cancer centers in 
Saudi Arabia (SA) and the biggest in the western region. 
It also serves a considerable number of patients from the 
western, northern, and southern regions of SA. The King 
Abdullah International Medical Research Center (KAIMRC) 
approved the study.

Data on patient demographics and the extent of disease 
at evaluation were collected. These variables included 
age at diagnosis with pulmonary metastasis, gender, 
type of primary tumor, the histological subtype, margins, 

date of pathological diagnosis, and clinicopathological 
features, including size of the metastatic lesions and 
lobes of lungs involved. In addition, other parameters 
related to the surgical procedure, such as the type of 
surgery, total number of resected metastatic nodules, and 
peri-metastasectomy chemotherapy were reviewed and 
considered for analysis.

Statistical analysis
Kaplan–Meier analysis was used to estimate survival. 

Survival time was defined as the time from the date 
of first lung metastasectomy until the date of death or 
last follow-up. The log-rank test was used to compare 
survival by primary tumor type. Multivariate analysis was 
implemented using a Cox proportional hazards model to 
estimate the effect of the following prognostic factors on 
survival: age at primary tumor diagnosis; primary tumor; 
location of metastasis in the lung; tumor size; total number 
of PMs; total number of resected nodules; and use of peri-
operative chemotherapy. The results of the Cox regression 
model are reported with relative risks and 95% confidence 
intervals (CIs). The analyses were performed using Social 
Package for Social Sciences (SPSS) version 23. A p value 
< 0.05 was considered statistically significant.

results

Patient characteristics

Of 42 patients who underwent PM in our institution 
during the period from 2007 to 2016, 38 patients had 
PMs from primary colorectal or sarcomatous cancers 

Table 1. Basic characteristics of the study subjects
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and were thus included in the study. Table 1 provides 
the characteristics of the study participants. Seventeen 
patients (44.7%) had primary colorectal cancer, while 21 
patients (55.3%) had sarcoma. Overall, the study group 
comprised 22 males (57.9%) and 16 females (42.1%). 
The median age at primary tumor diagnosis was 42 years 
(range: 12–83 years).

Surgical findings

As shown in Table 2, a total of 25 patients underwent 
a single metastasectomy, 11 underwent two resections, 
and two more patients underwent four resections. The 
majority of patients (52.6%) had more than one nodule 
to be resected (range: 2–7). The most common site of 
metastasis was the upper lobe of the right lung (n = 11, 
28.9%). Multilobar involvement was present in only one 
case, and here the metastatic lesions were in the right 
upper and middle lobes.

All patients with CRC had the adenocarcinoma 
histological subtype. In contrast, patients with sarcoma had 
more than one histological subtype, with osteosarcoma 
being the most common (n = 11, 28.9%). More than half 
of patients (60.50%) had nodules ≥ 15 mm.

Table 2. Characteristics of resected pulmonary metastatic 
nodules and peri-operative chemotherapy

figure 1. Kaplan–Meier overall survival curves for 
colorectal cancer and sarcoma patients who underwent 
pulmonary metastasectomy 

Peri-operative chemotherapy

Neoadjuvant chemotherapy where used in 12 patients 
(31.6%), while adjuvant chemotherapy was received by 
26 patients (68.4%) (Table 2).

Overall survival

By the end of the study period, 11 patients (28.9%) 
had died. The median follow-up duration after PM was 
26 months (range: 0–88 months). Using Kaplan–Meier 
survival analysis, the 5 year survival was found to be 
41% for sarcoma and 89% for colorectal cancer (p value 
= 0.023) (Figure 1). Further univariate analysis showed 
that no variable significantly affected the overall survival 
of patients who had undergone PM with either primary 
tumor type.

impact of prognostic factors on survival

Using a multivariate Cox proportional hazards model, 
having primary CRC (hazard ratio )HR( 0.001, 95% CI 
0.000–0.156) and tumor size ≥ 15 mm (HR 0.015, 95% 
CI 0.002–0.802) were associated with prolonged overall 
survival. Other factors, such as gender, age at diagnosis, 
site and number of metastases, type of surgery, number 
of resected nodules, chemotherapy, and radiotherapy 
showed no significant influence on survival (Table 3).

discussion and Conclusion

The lung is a well-known site for metastasis from 
various primary tumors, including CRC and sarcoma. It is 
widely accepted that PM is the only potentially curative 
choice for these two primary tumors. However, there is 
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a shortage of data showing the long-term effectiveness 
of this procedure and the prognostic factors affecting 
outcome. This study aimed to assess the impact of PM on 
survival in CRC and sarcoma patients treated at PNOC in 
the period 2007–2016.

Among our patients, the 5-year survival was 89% in 
those with primary CRC who underwent PM. Several other 
studies have varied results. One – a systematic review 
including a total of 2925 patients – had 5-year survival 
ranging from 27% to 68%. (16) A global retrospective study 
of 26 institutions reported a 5-year survival of 66%.(17) 
Al-Ameri et al. also reported 60% 5 year survival for 184 
CRC patients who underwent PM. (18) Our high survival 
rate compared with the literature can be explained by the 
small sample size and short-term follow-up.

Our patients with primary sarcoma who underwent 
PM had a 5-year survival of 41%, which is comparable 
with that reported in different international studies. A 
systematic review of studies published between 1990 
and 2010 showed 5-year survival of 34% and 25% for 
bone and soft-tissue sarcoma, respectively. (16) Further, 
Choong et al. have reported a 5-year survival rate of 40% 
for 274 post-PM, soft-tissue sarcoma patients. (19)

In our study, we found that a larger size of metastatic 
deposits (≥ 15 mm) was positively associated with longer 
survival. Larger-scale studies published previously on 
CRC and sarcoma patients that tested the association 
of this factor with survival did not find metastatic nodule 
size to be a significant predictor. (20- 22) There are only a 
few studies where it was a significant predictor of worse 
prognosis, and this was when resected nodule size was 
> 20 mm. (19, 23) The contradiction with our findings might 
be partially attributed to two factors. First, our sample 
included patients with more than one primary tumor site, 
while other studies assessed only metastasectomy of one 
primary tumor. Second, we use a different cut-off value 
to stratify nodule size (15 mm versus 20 mm).

In summary, PM for patients with a primary colorectal 
tumor or sarcoma was shown to have a substantial 
survival benefit in our sample. We found that having a 
primary tumor of the colorectal and larger pulmonary 
metastases were associated with a better outcome. We 
recommend PM for patients with pulmonary deposits 
secondary to a primary tumor of colorectum or sarcoma. 
However, careful selection of candidates is key and needs 
to be guided by the patient’s individual prognostic factors.
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