International Journal of Colorectal Disease (2019) 34:867-878
https://doi.org/10.1007/500384-019-03270-w

ORIGINAL ARTICLE m

Check for
updates

Pulmonary metastasis in newly diagnosed colon-rectal cancer:
a population-based nomogram study

Yiwei Huang' - Mengnan Zhao' - Jiacheng Yin' - Tao Lu' - Xiaodong Yang' - Guangda Yuan? - Ming Li* - Yu Liu" -
Cheng Zhan' - Qun Wang'

Accepted: 21 February 2019 /Published online: 11 March 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Background Colorectal cancer (CRC) has a high worldwide incidence with a tendency to metastasize to the lungs. We aimed to
identify clinical factors related to lung metastasis (LM) and analyze the prognosis of patients after LM.

Methods Multivariate logistic regression analysis was used to identify risk factors for LM from CRC. Univariate and multivariate
Cox proportional hazard models were performed to identify potentially important prognostic factors for patients with LM.
Results Age (p=0.010), tumor size (p <0.001), T stage (p <0.001), N stage (p < 0.001), race (p < 0.001), tumor site (p < 0.001),
liver metastasis (p < 0.001), brain metastasis (p < 0.001), bone metastasis (p < 0.001), serum levels of carcinoembryonic antigen
(CEA) (p <0.001), and circumferential resection margin (CRM) (p < 0.001) were associated with a risk of LM from CRC. All
factors (all, p <0.001) except tumor size (p =0.095) and race (p = 0.650) were related to the overall survival of patients. Two
nomograms were formulated to visually predict lung metastasis risk and 1-, 3-, and 5- year overall survivals for patients with LM.
The concordance indices were 0.754 and 0.749, respectively.

Conclusions Age, tumor size, histological grade, serum levels of CEA, tumor site, surgery modalities of CRC, CRM, number of
positive lymph nodes, and chemotherapy were independent risk factors for LM from CRC. The nomograms we developed can be
effectively used to forecast the risk of LM and predict the survival for LM from CRC.
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Introduction

Colorectal cancer (CRC) is the most common cancer in the
gastrointestinal system, with approximately 1.4 million new
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lacking. Thus, further research to identify predictors that could
affect patient long-term survival is essential. Currently, the
prognosis of CRC accompanied with LM is mainly deter-
mined by clinic experience. Constructing a quantitative prog-
nostic model specific for pulmonary metastasis from CRC
would be more beneficial in forecasting the prognosis for this
patient population.

The major aim of this study was to examine the clinical
pathological predictors of poorer survival for patients with
CRC and LM, and to visually quantify survival estimates
using a nomogram based on the Surveillance, Epidemiology,
and End Results (SEER) database.

Patients and methods
Ethics statement

Because the data for this study came from the public SEER
database and all patient data were anonymized, it was
exempted by the Institutional Review Committee of
Zhongshan Hospital, Fudan University (Shanghai, China).

Patient inclusion and exclusion criteria

Patient data were downloaded from the SEER database
using the SEER*stat software, version 8.4.4 (http://seer.
cancer.gov/seerstat/). Since 1973, the SEER database has
been collecting information about cancer management,
which is estimated to involve approximately 28% of the
population in the USA (https://seer.cancer.gov/about/
overview.html). We performed a retrospective analysis of
the SEER database for cases diagnosed from 2010 to 2015,
because the collection of information on specific metastatic
sites was initiated in 2010. The screening process was as
follows (Fig. 1). Patients who had colorectal tumors
(histological type ICD-0O-3: 8140-8389, 8440-8499,
8010-8049, and 8050-8089) as their first primary tumor
were identified. The baseline characteristics of all patients
were collected, including race, sex, site, grade, the
American Joint Committee on Cancer (AJCC) 8th Tumor
Node Metastasis stage, age at diagnosis, surgical modali-
ties, radiation, chemotherapy, tumor size, CEA, circumfer-
ential resection margin (CRM), liver metastasis, bone me-
tastasis, and brain metastasis. Patients without clear diag-
nosis, active follow-up, or complete data of survival were
not included in the cohort. Patients who were pathological-
ly confirmed with a benign tumor or without pathological
grade were also deleted. Patients with an unknown surgical
approach, cause of death, T stage, N stage, or tumor size
were also excluded. In this study, cancer-specific survival
(CSS) and overall survival (OS) were adopted as the sur-
vival outcomes.
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Fig. 1 The flow diagram of the selection process for the study cohort
Statistical analysis

We first analyzed the potential factors which may lead to LM
by comparing the difference of clinical pathological features
between patients with and without LM. Then, the prognoses
of patients with LM were furtherly analyzed. All statistical
analyses were conducted using R software, version 3.4.4 (R
Foundation for Statistical Computing, Vienna, Austria) and
SPSS statistical software for Windows, version 24.0 (IBM,
Armonk, NY, USA). The clinical pathological variables be-
tween patients with and without LM were analyzed by
Pearson’s x* test or Student’s # test. Multivariate logistic re-
gression analysis was used to identify risk factors for LM from
CRC. Univariate and multivariate Cox proportional hazard
models were conducted to identify potentially important prog-
nostic factors for patients with LM. The Kaplan-Meier method
was used for plotting survival curves. Based on the results of
the multivariate Cox proportional hazard model, a nomogram
was developed and evaluated by the concordance index (C-
index) and calibration curves. A two-tailed value of p <0.05
was considered to be statistically significant.

Results

According to the screening criteria, 138,800 patients from
2010 to 2015 were finally included in this study, with LM
occurring in 3311 patients (2.4%). The average age of all
patients with CRC was 66.00 £ 13.99 years (range 4-108).
The 3-year and 5-year survival rates for patients with CRC
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were 75.7% and 66.4%, respectively, while they were only
19.3% and 8.0%, respectively, in patients with combined pul-
monary metastasis. The median OS for CRC and CRC accom-
panied with LM were 24.0 months (interquartile range 9.0—
44.0 months) and 11.0 months (interquartile range 4.0—
23.0 months), respectively. The results of survival analysis
for patients with CRC and patients accompanied with lung
metastases are shown in Supplementary Fig. 1, which reveals
a distinctly lower survival in patients with LM (p <0.001).

Multivariate logistic regression analysis was performed for
all patients with CRC (Table 1). Patients of younger age (p =
0.010), greater tumor size (p <0.001), and higher T and N
stages suffered from a higher risk of LM. Patients of African
descent were more prone to LM compared with Caucasians
(p<0.001). The LM often occurred when the primary CRC
tumor was located in the rectum (p < 0.001) or sigmoid colon
(p<0.001). Patients were especially at a higher risk of LM
when they suffered from liver metastasis (p <0.001), brain
metastasis (p <0.001), or bone metastasis (p <0.001), with
hazard ratios of 10.91, 10.16, and 5.27, respectively. The
higher CEA levels were also a significant factor associated
with LM (p <0.001). Using multivariable logistic regression
analyses, neither sex (p =0.136) nor pathological grade (p =
0.065) was associated with a risk of LM.

To more intuitively display the risk factors for LM in the
CRCs, a nomogram was constructed (Fig. 2). The nomogram
displayed a C-index of 0.754, which effectively predicted the
risk of LM from CRC. Each of these variables was assigned a
score using a point scale, and we could easily draw straight
lines to determine the estimated LM probability by adding the
total scores and positioning them on the total point scale.

Univariate analyses and multivariable Cox regression were
conducted for patients with LM from CRC. Univariate analy-
ses of CSS showed that the patient age (p < 0.001), tumor site
(»p<0.001), grade (p<0.001), T stage (»<0.001), N stage
(p<0.001), tumor size (p <0.001), CEA (p<0.001), liver
metastasis (p < 0.001), brain metastasis (p < 0.001), bone me-
tastasis (p <0.001), surgical type (»p<0.001), CRM
(p <0.001), chemotherapy (p <0.001), and radiation therapy
(p<0.001) were all significant predictors of the outcome for
those patients accompanied with pulmonary metastasis, which
was similar to the results of univariate analyses for OS
(Supplementary Table 1). Using multivariable Cox regression
for OS among patients with LM at diagnosis, age (p < 0.001),
tumor site (p < 0.001), pathological grade (p <0.001), T stage
(p<0.001), N stage (p<0.001), liver metastasis (p <0.001),
brain metastasis (p < 0.001), bone metastasis (p < 0.001), sur-
gical type (p <0.001), tumor size (p < 0.001), serum levels of
CEA (p<0.001), CRM (p<0.001), and chemotherapy
(p <0.001) were identified as independent factors for progno-
sis, while a statistically significant difference was no longer
shown for radiation therapy and tumor size. Multivariable Cox
regression analyses for CSS also showed a consistent result.

However, patients who received radiation showed a benefit
from CSS (p =0.009; Table 2).

The second nomogram was developed based on significant
prognostic factors identified by multivariable COX regression
analysis for predicting 1-, 3-, and 5- year OS (Fig. 3a).
Interpretation of this nomogram was the same as the previous-
ly stated procedure. The nomogram illustrated pathological
grade, surgical modalities, and chemotherapy as sharing the
largest contribution to prognoses, followed by age, liver me-
tastasis, brain metastasis, bone metastasis, and T stage. Tumor
site, N stage, serum levels of CEA, and CRM showed a mod-
erate effect on survival. Our nomogram was internally validat-
ed using the bootstrap validation method. The calibration
curve of 1-, 3-, and 5- year survivals showed a relative satis-
factory predictive accuracy of the nomogram, with a C-index
of 0.749 (Fig. 3b, c, d).

We determined the cutoff values by dividing the patients
into five subgroups based on their total score (score 0—208.5,
209-253, 254288, 288.5-340, and >340.5); each group
displayed a notably different 1-, 3-, and 5- year survival
(Table 3). After grouping patients using the cutoff values in
patients with LM, there was a significant distinction between
Kaplan-Meier curves for OS outcomes because of stratifica-
tion into different risk subgroups (p < 0.001; Fig. 4).

Discussion

From both scientific and clinical points of view, effective and
precise prognostic prediction of the long-term survival in
CRC is essential. Identifying risk factors for LM from CRC
may have significant implications for clinical decision mak-
ing. The prognostic model could be applied to predict the
long-term outcomes of CRC patients. As for high-risk CRC
patients, the follow-up interval can be shortened appropriately
in order to detect the recurrence or metastasis of tumors in the
early stage. In recent years, various studies on survival factors
for metastatic CRC have shown disparate results. These in-
consistent results described differences in patient populations
and research designs, which were therefore difficult to assess.
Factors such as CEA, sex, surgical treatment, age, chemother-
apy, and number of metastatic lesions were reported as signif-
icant predictors related to prognoses [7, 8]. In the current
study, we identified age, race, tumor site, T stage, N stage,
tumor size, CEA, liver metastasis, bone metastasis, as well
as brain metastasis as associated with the risk of LM from
CRC. All of these parameters except race and tumor size were
also independent prognostic factors affecting the long-term
survival of patients with LM from CRC.

There were some limitations in our study. This was a
database-based retrospective analysis. Information of treat-
ment measures such as surgery, chemotherapy, and radiother-
apy after LM were not recorded in the database. In addition,
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Table 1 Multivariable logistic regression for the presence of lung metastases at diagnosis of colorectal cancer

Variable Total patients Lung metastasis OR (95% CI) p value
(n=138,800) (n=3311)

Age 0.010
<45 8752 240 1 [Reference] NA
45-54 21,253 630 1.12 (0.95-1.31) 0.183
55-64 31,977 888 1.12 (0.96-1.31) 0.160
65-74 35,189 854 1.25 (1.07-1.46) 0.005
75-84 28,842 522 1.11 (0.94-1.31) 0.217
>85 12,787 177 0.97 (0.79-1.20) 0.779

Sex 0.136
Male 113,322 1792 1 [Reference] NA
Female 25,478 1519 1.06 (0.98-1.14) 0.136

Race <0.001
White 109,134 2439 1 [Reference]

Black 16,185 504 1.21 (1.09-1.34) 0.001
Other 13,481 368 1.26 (1.12-1.42) <0.001

Site <0.001
Ascending colon 49,691 928 1 [Reference] NA
Transverse colon 18,461 341 1.02 (0.90-1.17) 0.735
Descending colon 6361 139 1.17 (0.96-1.42) 0.115
Sigmoid colon 36,979 1023 1.36 (1.23-1.50) <0.001
Rectum 25,478 812 2.30 (2.07-2.57) <0.001
Other 1830 68 1.53 (1.17-2.01) 0.002

Grade 0.065
1 15,100 168 1 [Reference] NA
I 97,974 2324 1.26 (1.06-1.49) 0.081
I 21,199 675 1.15 (0.95-1.38) 0.150
v 4527 144 1.07 (0.83-1.36) 0.617

T stage <0.001
TO 1926 8 1 [Reference] NA
T1 21,228 315 1.64 (0.80-3.36) 0.173
T2 20,871 107 0.57 (0.27-1.18) 0.130
T3 72,611 1690 1.11 (0.54-2.27) 0.773

T4 22,164 1191 1.64 (0.80-3.36) 0.176

N stage <0.001
NO 81,524 780 1 [Reference] NA
N1 36,794 1376 1.90 (1.72-2.10) <0.001

N2 20,482 1155 2.02 (1.81-2.26) <0.001

Tumor size <0.001
<10 mm 12,591 62 1 [Reference] NA
10-50 mm 72,108 1301 2.11 (1.59-2.79) <0.001
>50 mm 54,101 1948 2.71 (2.03-3.60) <0.001

CEA <0.001
Negative 45,858 402 1 [Reference] NA
Positive 33,959 1960 2.47 (2.20-2.78) <0.001
Other 58,983 949 1.51 (1.33-1.70) <0.001

Mets at liver <0.001
No 126,433 1189 1 [Reference] NA
Yes 12,367 2122 10.91 (10.03-11.86) <0.001

Mets at brain <0.001

@ Springer



Int J Colorectal Dis (2019) 34:867-878 871
Table 1 (continued)
Variable Total patients Lung metastasis OR (95% CI) p value
(n=138,800) (n=3311)
No 138,630 3243 1 [Reference] NA
Yes 170 68 10.16 (6.90-14.98) <0.001
Mets at bone <0.001
No 138,201 3077 1 [Reference] NA
Yes 599 234 527 (4.33-641) <0.001

CEA, serum levels of carcinoembryonic antigen; CI, confidence interval; NA, not applicable

there might have been selection bias in the case screening,
which may have led to slight differences between our results

Fig. 2 A nomogram for
prediction of the risk of lung
metastasis from colorectal cancer
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Table 2 Multivariable Cox regression for overall survival and colorectal cancer—specific survival among patients with lung metastases

Characteristics N=3747 Overall survival Cancer—specific survival
HR (95%CI) p value HR (95% CI) p value
Age <0.001 <0.001
<45 240 1[Reference] NA 1[Reference] NA
45-54 630 1.12 (0.91-1.37) 0.277 1.10 (0.89-1.35) 0.378
55-64 888 1.13 (0.93-1.37) 0.238 1.08 (0.88-1.31) 0.476
65-74 854 1.20 (0.99-1.46) 0.067 1.14 (0.94-1.39) 0.196
75-84 522 1.79 (1.46-2.20) <0.001 1.69 (1.37-2.08) <0.001
>85 177 1.85(1.44-2.37) <0.001 1.76 (1.36-2.28) <0.001
Site <0.001 <0.001
Ascending colon 928 1[Reference] NA 1[Reference] NA
Transverse colon 341 1.18 (1.01-1.37) 0.032 1.21(1.04-1.41) 0.015
Descending colon 139 0.95 (0.76-1.18) 0.628 0.92 (0.72-1.16) 0.459
Sigmoid colon 1023 0.77 (0.68-0.86) <0.001 0.77 (0.68-0.87) <0.001
Rectum 812 0.75 (0.65-0.86) <0.001 0.75 (0.65-0.87) <0.001
Other 68 1.04 (0.76-1.44) 0.790 1.04 (0.75-1.45) 0.816
Grade <0.001 <0.001
I 168 1[Reference] NA 1[Reference] NA
I 2324 1.00 (0.82-1.23) 0971 0.96 (0.78-1.18) 0.706
I 675 1.61 (1.30-2.00) <0.001 1.57 (1.26-1.95) <0.001
v 144 1.59 (1.20-2.10) 0.001 1.55 (1.17-2.07) 0.003
T stage <0.001 <0.001
TO 8 1[Reference] NA 1[Reference] NA
T1 315 1.14 (0.42-3.09) 0.793 1.05 (0.39-2.85) 0919
T2 107 0.97 (0.35-2.70) 0.956 0.82 (0.30-2.30) 0.711
T3 1690 1.07 (0.40-2.89) 0.893 0.94 (0.35-2.54) 0.905
T4 1191 1.40 (0.52-3.77) 0.512 1.27 (0.47-3.43) 0.640
N stage <0.001 <0.001
NO 780 1[Reference] NA 1[Reference] NA
N1 1376 1.14 (1.01-1.28) 0.033 1.14 (1.01-1.29) 0.038
N2 1155 1.32 (1.16-1.50) <0.001 1.36 (1.19-1.56) <0.001
Tumor size 0.095 0.126
<10 mm 62 1[Reference] NA 1[Reference] NA
10-50 mm 1301 0.89 (0.59-1.34) 0.572 0.95 (0.61-1.48) 0.823
>50 mm 1948 0.98 (0.65-1.48) 0.927 1.05 (0.68-1.62) 0.832
CEA <0.001 <0.001
Negative 402 1[Reference] NA 1[Reference] NA
Positive 1960 1.52 (1.30-1.77) <0.001 1.56 (1.32-1.83) <0.001
Other 949 1.40 (1.18-1.64) <0.001 1.43 (1.20-1.69) <0.001
Mets at liver <0.001 <0.001
No 1189 1[Reference] NA 1[Reference] NA
Yes 2122 1.94 (1.75-2.15) <0.001 2.02 (1.82-2.25) <0.001
Mets at brain <0.001 <0.001
No 3243 1[Reference] NA 1[Reference] NA
Yes 68 1.81 (1.36-2.40) <0.001 2.12 (1.57-2.87) <0.001
Mets at bone <0.001 <0.001
No 3077 1[Reference] NA 1[Reference] NA
Yes 234 1.50 (1.29-1.75) <0.001 1.55 (1.32-1.81) <0.001
Surgery <0.001 <0.001
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Table 2 (continued)
Characteristics N=3747 Overall survival Cancer—specific survival
HR (95%CI) p value HR (95% CI) p value
None 842 1[Reference] NA 1[Reference] NA
Local tumor excision 36 0.42 (0.26-0.67) <0.001 0.43 (0.26-0.70) 0.001
Partial colectomy 2297 0.55 (0.46-0.65) <0.001 0.57 (0.48-0.67) <0.001
Total colectomy 136 0.59 (0.45-0.78) <0.001 0.60 (0.45-0.80) 0.001
CRM 0.001 0.001
>5 mm 547 1[Reference] NA 1[Reference] NA
<5 mm 904 1.07 (0.93-1.23) 0.378 1.10 (0.95-1.28) 0.196
Positive 460 1.36 (1.16-1.60) <0.001 1.39 (1.18-1.65) <0.001
Other 1400 1.18 (1.01-1.38) 0.032 1.21 (1.03-1.42) 0.019
Radiation 0.069 0.009
No 2774 1[Reference] NA 1[Reference] NA
Yes 537 0.87 (0.76-1.01) 0.069 0.83 (0.72-0.96) 0.009
Chemotherapy <0.001 <0.001
No 976 1[Reference] NA 1[Reference] NA
Yes 2335 0.35 (0.32-0.39) <0.001 2.82 (2.54-3.12) <0.001

CEA, serum levels of carcinoembryonic antigen; CRM, circumferential resection margin; C/, confidence interval; NA, not applicable

studies. In addition, there are some potential predictive vari-
ables, such as targeted cancer therapy and KRAS mutations,
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which are not available in the database. Finally, the data of
timeline of CEA levels in patients with LM were not available.
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Table 3 Point assignment and prognostic score

Variable and Score Estimated 1-, 3-, and 5-year overall survival (%)
prognostic score
Age
<45 0
45-54 11
55-64 22
65-74 335
75-84 44
>85 54.5
Site
Ascending colon 37
Transverse colon 30
Descending colon 225
Sigmoid colon 15
Rectum 7.5
Other 0
Grade
1 0
1 27.5
I 55
v 83
T stage
TO 0
T1 12.5
T2 24
T3 37
T4 49
N stage
NO 0
N1 11.5
N2 23
CEA
Negative 0
Positive 7.5
Other 16
Mets at liver
No 0
Yes 69
Mets at brain
No 0
Yes 52
Mets at bone
No 0
Yes 41
Surgery
None 80
Local tumor excision 53
Partial colectomy 27
Total colectomy 0

CRM

@ Springer



Int J Colorectal Dis (2019) 34:867-878

875

Table 3 (continued)

Variable and Score Estimated 1-, 3-, and 5-year overall survival (%)

prognostic score
>5 mm 0
<5 mm 8
Positive 17.5
Other 25.5

Chemotherapy
No 100
Yes 0

Total prognostic score 1-year 3-year S-year
0-208.5 90.9% 56.0% 30.2%
209-253.5 76.0% 26.4% 5.7%
254-288 64.3% 17.7% 8.8%
288.5-340 49.0% 12.2% 5.0%
>340.5 19.6% 4.8% 2.3%

CEA, serum levels of carcinoembryonic antigen; CRM, circumferential resection margin

The CEA levels at different timepoints may be better than
levels of CEA in order to initiate timely diagnosis and surgery
of potential metastasis.

It was clear that age was a prognostic factor in most tumors,
but whether sex had an impact on the prognoses of patients
with LM from CRC is still controversial. Blackmon et al.
suggested that male sex predicts poorer survival [9].
However, a multicenter retrospective analysis performed in
2014 reported the opposite result. The majority of their co-
horts were males, but they found there was no difference be-
tween the survival of the males and females [10]. Our study
also showed that sex had no effect on long-term OS for pa-
tients with LM from CRC.

Liver metastasis is a useful independent parameter for
predicting the survival of patients with stage IV CRC [11].
In clinical practice, metastasis of any site such as the brain
or bone means a relatively poor prognosis [12]; however,
many studies suggested it is not more sites of metastasis that
worsen the prognosis [13, 14]. In our study, according to the
nomogram we constructed, simultaneous metastases of the
liver, brain, and bone meant that the higher the total score,
the lower the long-term OS. The prognosis of primary CRC
with liver metastasis was the worst. Liver metastasis from
colon cancer was more common, while lung and bone metas-
tasis presented relatively higher frequencies in patients with
rectal cancer [15]. Compared with colon cancer, both
metachronous and synchronous LM showed a higher risk in
patients with rectal cancer [16]. Patients with rectal cancer
may be associated with poorer survival [17]. Furthermore,
previous studies have also shown a shorter disease-free sur-
vival in patients with rectal cancer [18], perhaps indicating
disparate anatomical origins between colon and rectum. This
is thought to be due to the direct spread of rectal cancer

through the hemorrhoid vein into the systemic circulation
[19]. Similarly, our study revealed that LM frequently oc-
curred when the primary CRC tumor was located in the rec-
tum or sigmoid colon, but they showed a better OS and CSS
compared with those located in other sites of the colon. This
contradictory conclusion may be due to bias in the screening
process and further exploration is needed in the future.

Elevated serum levels of CEA are often reported as indica-
tors associated with poor prognoses [20]. Elevated pre-
thoracotomy serum levels of CEA are considered to be the
most important independent prognostic factors for survival
[7]. A multivariate analysis revealed that patients with normal
CEA levels and adenocarcinoma, as well as without
extrapulmonary disease and LM associated symptoms, had a
higher OS [21]. High preoperative CEA levels are believed to
be associated with an advanced stage, resulting in an increased
recurrence rate and shortened survival [22]. Close monitoring
of CEA levels after LM is therefore critical for the manage-
ment of patients with metastatic CRC [23]. In the current
study, we found that the CEA levels were associated with
LM from CRC and long-term survival in patients with LM
from CRC.

Surgery is still the best option for CRC patients who are
able to undergo surgery. Even for patients with stage IV colo-
rectal cancer, surgical resection is beneficial to the survival of
patients compared to those who do not undergo surgical re-
section [24]. It was reported that patients with normal CEA
levels but without lymph node involvement benefited most
from surgery [25]. In this study, most of the patients (63.1%)
were treated with resection for the primary CRC, including
palliative resection and curative resection. After surgery, a
positive CRM also had a significant effect on the occurrence
of LM and long-term survival. The median survival of patients

@ Springer



876

Int J Colorectal Dis (2019) 34:867-878

Fig. 4 Survival analyses for

Survival for Nomogram Score Groups
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with R1 resection (1.4 years, 95% confidence interval (CI)
0.9-2.6) was significantly lower than that of patients with an
RO resection (4.4 years, 95% CI 4.0-6.0). The corresponding
S5-year OS for patients with R1 and RO resection were 14%
(95% CI 0-29%) and 47% (95% CI 39-54%), respectively
[26]. Our research obtained similar results that a positive
CRM decreased the OS and CSS. The farther the CRM was
from the tumor lesion, the better the long-term survival.

The current practice of CRC management utilizes all avail-
able technologies, including chemotherapy. Unfortunately,
due to the lack of established guidelines, many different
methods (preoperative chemotherapy, pre-chemotherapy sur-
gery, and chemotherapy for the primary CRC) have been re-
ported, which make it difficult to compare the various
methods and clearly understand the contribution of each meth-
od [27]. A study by Kim et al. compared a group of patients

@ Springer

receiving adjuvant chemotherapy after surgery with those who
received palliative chemotherapy alone (for the same diagno-
sis). They reported that the former group had higher 3- and 5-
year survivals, which was thought to demonstrate the benefit
of chemotherapy in addition to surgery [28]. In our cohort,
patients who received chemotherapy had a longer survival.
To facilitate clinical applications, we developed and vali-
dated two nomograms based on individual characteristics, so
that clinicians can separately predict LM risk in each CRC
patient and predict long-term survival. Both nomograms had
good predictive efficiency, and they can be used to predict the
possibility of LM from CRC and the 1-, 3-, and 5- year sur-
vivals for patients with LM from CRC, which may be a prom-
ising method to guide clinical management. We recommend
close monitoring of follow-up computed tomography in pa-
tients with higher CEA ; metastasis of the liver, brain, or bone;
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higher histological grade; or who did not receive radical sur-
gery and chemotherapy, to assess the progression of the dis-
ease. For those patients who have a higher risk of metastasis
after calculating the total score, we recommend that they
closely monitor the development of the tumor and receive
surgical treatment if necessary.

Conclusions

We showed nine independent risk factors associated with LM
in CRC, including age, tumor size, histological grade, serum
levels of CEA, T stage, N stage, surgery modalities of CRC,
CRM, radiation, and chemotherapy; however, all these factors
except radiotherapy could affect the OS. In addition, tumor
site also affected the survival of patients. These risk factors
provide clinicians and CRC patients with the opportunity to
quantitatively assess the risk of LM and long-term survival
after LM, which also reduce radiation exposure and unneces-
sary diagnostic investigations.

Acknowledgements We thank the International Science Editing Co. for
editing the language.

Funding information This work was supported by the National
Natural Science Foundation of China (Grant Number 81672268)
[www.nsfc.gov.cn/]).

Compliance with ethical standards

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

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

References

1. FerlayJ, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M,
Parkin DM, Forman D, Bray F (2015) Cancer incidence and mor-
tality worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer 136(5):E359-E386

2. Limmer S, Unger L (2011) Optimal management of pulmonary
metastases from colorectal cancer. Expert Rev Anticancer Ther
11(10):1567-1575

3. 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

4. Vachani A, Tanner NT, Aggarwal J, Mathews C, Kearney P, Fang
KC, Silvestri G, Diette GB (2014) Factors that influence physician
decision making for indeterminate pulmonary nodules. Ann Am
Thorac Soc 11(10):1586-1591

10.

11.

12.

13.

14.

15.

16.

17.

18.

Zabaleta J, Aguinagalde B, Lopez I, Fernandez-Monge A,
Izquierdo JM, Emparanza JI (2017) Survival after pulmonary
metastasectomy in colorectal cancer patients: does a history of
resected liver metastases worsen the prognosis? A literature review.
Cancer Biol Med 14(3):281-286

Salah S, Ardissone F, Gonzalez M, Gervaz P, Riquet M, Watanabe
K, Zabaleta J, al-Rimawi D, Toubasi S, Massad E, Lisi E, Hamed
OH (2015) Pulmonary metastasectomy in colorectal cancer patients
with previously resected liver metastasis: pooled analysis. Ann
Surg Oncol 22(6):1844-1850

Salah S, Watanabe K, Welter S, Park JS, Park JW, Zabaleta J,
Ardissone F, Kim J, Riquet M, Nojiri K, Gisabella M, Kim SY,
Tanaka K, al-Haj Ali B (2012) Colorectal cancer pulmonary
oligometastases: pooled analysis and construction of a clinical lung
metastasectomy prognostic model. Ann Oncol 23(10):2649-2655
Boysen AK, Spindler KL, Hoyer M, Mortensen FV, Christensen
TD, Farkas DK, Ording AG (2018) Metastasis directed therapy for
liver and lung metastases from colorectal cancer - a population
based study. Int J Cancer 143:3218-3226

Blackmon SH, Stephens EH, Correa AM, Hofstetter W, Kim MP,
Mehran RJ, Rice DC, Roth JA, Swisher SG, Walsh GL, Vaporciyan
AA (2012) Predictors of recurrent pulmonary metastases and sur-
vival after pulmonary metastasectomy for colorectal cancer. Ann
Thorac Surg 94(6):1802—1809

Tanriverdi O, Kaytan-Saglam E, Ulger S, Bayoglu IV, Turker I,
Ozturk-Topcu T, Cokmert S, Turhal S, Oktay E, Karabulut B,
Kilic D, Kucukzeybek Y, Oksuzoglu B, Meydan N, Kaya V,
Akman T, Ibis K, Saynak M, Sen CA, Uysal-Sonmez O, Pilanci
KN, Demir G, Saglam S, Kocar M, Menekse S, Goksel G, Yapar-
Taskoylu B, Yaren A, Uyeturk U, Avci N, Denizli B, Ilis-Temiz E
(2014) The clinical and pathological features of 133 colorectal can-
cer patients with brain metastasis: a multicenter retrospective anal-
ysis of the Gastrointestinal Tumors Working Committee of the
Turkish Oncology Group (TOG). Med Oncol 31(9):152
Kobayashi H, Kotake K, Sugihara K (2013) Prognostic scoring
system for stage IV colorectal cancer: is the AJCC sub-
classification of stage IV colorectal cancer appropriate? Int J Clin
Oncol 18(4):696-703

Gaitanidis A, Alevizakos M, Tsaroucha A, Tsalikidis C, Pitiakoudis
M (2018) Predictive nomograms for synchronous distant metastasis
in rectal cancer. J Gastrointest Surg 22(7):1268-1276

Park JH, Kim TY, Lee KH, Han SW, Oh DY, Im SA, Kang GH,
Chie EK, Ha SW, Jeong SY, Park KJ, Park JG, Kim TY (2013) The
beneficial effect of palliative resection in metastatic colorectal can-
cer. Br J Cancer 108(7):1425-1431

Park HS, Jung M, Shin SJ, Heo SJ, Kim CG, Lee MG, Beom SH,
Lee CY, Lee JG, Kim DJ, Ahn JB (2016) Benefit of adjuvant che-
motherapy after curative resection of lung metastasis in colorectal
cancer. Ann Surg Oncol 23(3):928-935

Qiu M, Hu J, Yang D, Cosgrove DP, Xu R (2015) Pattern of distant
metastases in colorectal cancer: a SEER based study. Oncotarget
6(36):38658-38666

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

Bolukbas S et al (2014) Risk factors for lymph node metastases and
prognosticators of survival in patients undergoing pulmonary
metastasectomy for colorectal cancer. Ann Thorac Surg 97(6):
1926-1932

Cho JH, Hamaji M, Allen MS, Cassivi SD, Nichols FC III, Wigle
DA, Shen KR, Deschamps C (2014) The prognosis of pulmonary
metastasectomy depends on the location of the primary colorectal
cancer. Ann Thorac Surg 98(4):1231-1237

@ Springer


http://www.nsfc.gov.cn/

878

Int J Colorectal Dis (2019) 34:867-878

19.

20.

21.

22.

23.

Vatandoust S, Price TJ, Karapetis CS (2015) Colorectal cancer:
metastases to a single organ. World J Gastroenterol 21(41):
11767-11776

lida T, Nomori H, Shiba M, Nakajima J, Okumura S, Horio H,
Matsuguma H, Ikeda N, Yoshino I, Ozeki Y, Takagi K, Goya T,
Kawamura M, Hamada C, Kobayashi K, Metastatic Lung Tumor
Study Group of Japan (2013) Prognostic factors after pulmonary
metastasectomy for colorectal cancer and rationale for determining
surgical indications: a retrospective analysis. Ann Surg 257(6):
1059-1064

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):e233—255

Sener SF, Imperato JP, Chmiel J, Fremgen A, Sylvester J (1989)
The use of cancer registry data to study preoperative
carcinoembryonic antigen level as an indicator of survival in colo-
rectal cancer. CA Cancer J Clin 39(1):50-57

Gonzalez M, Poncet A, Combescure C, Robert J, Ris HB, Gervaz P
(2013) Risk factors for survival after lung metastasectomy in colo-
rectal cancer patients: a systematic review and meta-analysis. Ann
Surg Oncol 20(2):572-579

@ Springer

24.

25.

26.

27.

28.

Anwar S, Peter MB, Dent J, Scott NA (2012) Palliative excisional
surgery for primary colorectal cancer in patients with incurable
metastatic disease. Is there a survival benefit? A systematic review.
Color Dis 14(8):920-930

Zellweger M, Abdelnour-Berchtold E, Krueger T, Ris HB, Perentes
JY, Gonzalez M (2018) Surgical treatment of pulmonary metastasis
in colorectal cancer patients: current practice and results. Crit Rev
Oncol Hematol 127:105-116

Zampino MG, Maisonneuve P, Ravenda PS, Magni E, Casiraghi M,
Solli P, Petrella F, Gasparri R, Galetta D, Borri A, Donghi S,
Veronesi G, Spaggiari L (2014) Lung metastases from colorectal
cancer: analysis of prognostic factors in a single institution study.
Ann Thorac Surg 98(4):1238-1245

Riquet M, Foucault C, Cazes A, Mitry E, Dujon A, le Pimpec
Barthes F, Médioni J, Rougier P (2010) Pulmonary resection for
metastases of colorectal adenocarcinoma. Ann Thorac Surg 89(2):
375-380

Kim CH, Huh JW, Kim HJ, Lim SW, Song SY, Kim HR, Na KJ,
Kim YJ (2012) Factors influencing oncological outcomes in pa-
tients who develop pulmonary metastases after curative resection
of colorectal cancer. Dis Colon Rectum 55(4):459-464



	Pulmonary metastasis in newly diagnosed colon-rectal cancer: a population-based nomogram study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and methods
	Ethics statement
	Patient inclusion and exclusion criteria
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


