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Abstract: Background: Colorectal cancer is one of the most common malignancies in the Western
world, and is responsible for about 10% of annual cancer-related deaths. Especially for UICC stage
IV, the probability of survival is significantly reduced. Little is known about risk factors for specific
metastatic patterns of colorectal cancer that may also influence patients’ overall survival. Methods:
We used data from the IQVIA oncology dynamics (OD) database to determine the prevalence of
pulmonary metastases in 19,321 patients with UICC stage IV colorectal cancer in eight European and
Asian countries. Results: In total, 6132 of 19,321 (31.7%) study patients had lung metastases, with a
higher prevalence among patients with rectal (37.5%) than colon (30.1%) cancer. When compared to
China as the country with the lowest lung metastases prevalence, the odds for lung metastases were
highest in UK (OR: 2.02, 95%CI: 1.80–2.28), followed by Italy (OR: 1.86, 95%CI: 1.52–2.27), Spain (OR:
1.85, 95%CI: 1.64–2.09), and Germany (OR: 1.47, 95%CI: 1.26–1.71). Conclusion: The prevalence of
pulmonary metastases in UICC stage IV colorectal cancer varies widely among the different analyzed
countries. Although the present data are purely descriptive, a possible combination of ethnic,
environmental, and health care system-associated differences could be discussed as the underlying
cause. Further studies are needed to investigate the reasons for differences in the prevalence of
lung metastases.
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1. Introduction

In recent decades, colorectal cancer has become one of the most common tumors in
the Western world, with a lifetime disease risk of 3–5%, and most recently, accounted for
approximately 10% of annual cancer deaths [1]. Unfortunately, approximately one quarter
of patients are diagnosed at a metastatic stage, which complicates curative therapeutic
approaches [2]. The most common site of metastasis is the liver, followed by the lung [3].
Several studies estimate that 6–8% of colon carcinomas and 10–18% of rectal carcinomas
metastasize to the lung [4,5]. Interestingly, the pattern of metastasis appears to influence
overall survival in colon carcinoma. For example, one study demonstrated improved
survival with lung-only metastases compared to liver-only metastases [6]. While risk
factors for the development of colon cancer are well studied, there are little data to date
on specific risk factors for particular metastatic patterns [1]. In our retrospective work, we
looked at differences in the prevalence of pulmonary metastases in Union internationale
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contre le cancer (UICC) stage IV colon cancer in different countries to identify risk factors
for pulmonary tumor spread.

2. Methods
2.1. Database

This retrospective cross-sectional study is based on the data from the IQVIA oncology
dynamics (OD) database [7–9]. This source is a cross-sectional semi-retrospective survey
collecting anonymized patient cases from a representative panel of oncologists. OD collects
fully anonymized patient-level data on drug-treated cancer cases in several countries
worldwide. Data collection and reporting are conducted through a standardized online
questionnaire where all items are mandatory. A reporting manual with precise instructions
on filling out the questionnaire is provided to each respondent. Specific instructions are
displayed through a ‘pop-up’ system throughout the survey to provide clear definitions
for the desired variables. Physicians are also asked to enter factual information from the
patient medical record to avoid recall biases. Further tactics to ensure input accuracy
include controlled code lists and multiple-choice questions, as well as interactive filters
that limit non-applicable questions (e.g., items on cancer-specific biomarkers). Responses
are immediately validated against previous answers and reference files; “unexpected
value” messages are displayed to the participant, prompting them to double-check their
response. Physicians are instructed to report the most recent consecutive cases (up to
20 cases depending on the specialty) that they had treated during the last 7-day period to
discourage selective case submission. After the form submission, additional validations
and trend checks are performed; anomalous values are discussed with the participant who
had submitted them, and are corrected as needed.

2.2. Patient Selection and Study Outcome

Surveys of patients with either colon (ICD-10: C18) or rectum (ICD-10: C20) cancer in
the stage IV (distant metastases) filled in the time between 1 January 2017 and 31 March
2021. Countries which data were available for were Germany, France, United Kingdom
(UK), Spain, Italy, China, Korea, and Japan. The outcome of the study was the proportion
of cancer patients with a documentation of lung metastasis depending on country, age, sex,
and co-diagnosis of chronic obstructive lung disease (COPD, ICD-10: J44).

2.3. Statistical Analysis

The prevalence of lung metastases was calculated as the proportion of patients with
lung metastases on all patients with stage IV, and was shown by country. To investigate the
lung metastasis probability, a multivariable logistic regression model was fitted with lung
metastases (yes/no) as dependent variable and age, sex, cancer type, COPD co-diagnosis,
and country as impact variable. The results of the regression analyses are presented as odds
ratios (ORs) with 95% confidence intervals (CIs). p-values lower than 0.05 were considered
statistically significant. All analyses were performed using SAS 9.4 (SAS Institute, Cary,
NC, USA).

3. Results
3.1. Baseline Characteristics of Study Population

Overall, 19,321 people with metastatic colorectal cancer (15,086 colon and 4235 rectal
cancer) documented by 2122 physicians were included in this study. The baseline char-
acteristics of the study sample and the patient population analyzed in each country are
displayed in Table 1. Mean age was 65.2 years, and 61.4% were males. Moreover, 18%
of study patients were treated in Italy, followed by China (15.7%), Germany (15.5%), and
France (13.4%).
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Table 1. Baseline characteristics of study patients.

Variable N (%)

N 19,321

Cancer type

Colon 15,086 (78.1)

Rectum 4235 (21.9)

Age (mean, SD) 65.2 (11.3)

Males (%) 11,863 (61.4)

Facility

Hospital 13,903 (72.0)

Office-based oncologists 1930 (10.0)

Unknown 3488 (18.0)

Co-Diagnosis of COPD 1732 (9.0)

Country

Germany 2988 (15.5)

France 2594 (13.4)

Italy 3486 (18.0)

Spain 2203 (11.4)

UK 2224 (11.5)

Japan 1713 (8.9)

Korea 1074 (5.6)

China 3039 (15.7)

3.2. Prevalence of Lung Metastases among Patients with Metastatic Colorectal Cancer

In total, 6132 of 19,321 (31.7%) study patients had lung metastases. However, only
784 patients had only lung and no other distant metastases, as most patients had several
metastases, including lung metastases. The prevalence of lung metastases was higher
among patients with rectal (37.5%) than colon (30.1%) cancer. Figure 1 shows the prevalence
of lung metastases in colorectal cancer patients in eight countries. This prevalence was
highest in the United Kingdom (41.1%), followed by Spain (39.0%) and Korea (33.3%). The
lowest prevalence was observed in China (26.6%).
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Figure 1. Prevalence of lung metastases among patients with UICC stage IV metastatic colorectal
cancers in eight countries of Europe and Asia.
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3.3. Results of Multivariable Regression Analysis

In a multivariate regression model, rectal cancer (OR: 1.52, 95%CI: 1.42–1.64, p < 0.001)
was significantly associated with higher odds of lung metastases, compared to colon
cancer as a reference group (Table 2). Furthermore, COPD diagnosis was also significantly
associated with lung metastases (OR: 1.22: 95%CI: 1.09–1.36). When compared to China as
the country with the lowest lung metastases prevalence, the odds for lung metastases were
highest in UK (OR: 2.02, 95%CI: 1.80–2.28), followed by Italy (OR: 1.86, 95%CI: 1.52–2.27),
Spain (OR: 1.85, 95%CI: 1.64–2.09), and Germany (OR: 1.47, 95%CI: 1.26–1.71).

Table 2. Association between age, sex, country, and the prevalence of lung metastases in UICC stage
IV metastatic colorectal cancer patients (multivariable logistic regression model).

Variable OR (95%CI) p Value

Age

Age ≤ 50 Reference

Age 51–60 1.04 (0.92–1.17) 0.571

Age 61–70 1.09 (0.97–1.21) 0.157

Age > 70 1.09 (0.97–1.22) 0.154

Sex

Male sex 0.98 (0.92–1.04) 0.444

Female sex Reference

Cancer type

Colon cancer Reference

Rectum cancer 1.52 (1.42–1.64) <0.001

COPD 1.22 (1.09–1.36) <0.001

Country

Germany 1.47 (1.26–1.71) <0.001

France 1.29 (1.15–1.46) <0.001

Italy 1.86 (1.52–2.27) <0.001

Spain 1.85 (1.64–2.09) <0.001

UK 2.02 (1.80–2.28) <0.001

Japan 1.20 (1.05–1.37) 0.008

Korea 1.28 (1.10–1.50) 0.002

China Reference

4. Discussion

Lung metastases are the second most common metastatic site in colorectal carci-
noma, with studies recently demonstrating marked differences in the metastatic pattern
between colon and rectal carcinoma [10,11]. Furthermore, there appears to be an addi-
tional dependence on histologic subtype as to which organs are preferentially invaded by
metastases [12].

In our study, we investigated the prevalence of lung metastases in UICC stage IV
colorectal cancer in different countries. First, we found an increased incidence of pulmonary
metastases in rectal cancer, as expected from the different metastatic patterns. This is in line
with several other studies, identifying higher odds of lung metastases in rectal cancer [12].
Furthermore, we found an increased risk of lung metastases in patients with existing
COPD. This may be related to existing data, showing that smokers have an increased risk
of pulmonary metastases in colorectal carcinoma [13]. In addition, worsened survival of
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patients with COPD and colorectal cancer has been demonstrated, potentially as a result of
inflammatory cytokine driven tumor cell growth [14–17].

More difficult to assess are the marked prevalence differences between the different
countries studied. On the one hand, ethnic differences cannot be solely responsible for the
different prevalences, since both low prevalences of lung metastases (Italy and China) and
high prevalences (UK, Korea) occur in the Caucasian population, as well as in the Asian
population. Nevertheless, the difference between the leading countries UK and Spain and
the rest of the studied countries is pronounced, thus contributing ethnical or genetical
factors cannot be excluded, as the odds ratio of lung metastases for all Asian countries is
fairly low compared to the European ones. The assessment regarding environmental risk
factors is similarly difficult. Smoking appears to increase the risk of lung metastases in
CRC, yet the prevalences of tobacco smoking between China (27.7% in 2015) and the UK
(14.1% in 2019) or Germany (29.7% in 2011) cannot explain the prevalence differences in
lung metastasis at all [18,19]. Furthermore, air pollution cannot explain these differences,
as pollution in China has increased in recent years and is higher than in other developed
countries, arguing for highest prevalence rates in China [20].

Another issue might be differences in health care, and as a consequence, the detection
of lung metastasis in different countries. Thus, it could be argued that, due to better health
care systems and surveillance, longer survival of patients and therefore the more frequent
occurrence of lung metastases would be reasonable, but the quality of health care should be
accounted similar at least in the European countries studied and thus alone cannot explain
the different prevalences.

Overall, our data are purely descriptive, reflecting the prevalence of pulmonary
metastases in CRC in different countries. The cause of the differences in distribution
cannot be ascertained from our data, but can only be discussed in the context of various
influencing factors such as environmental risk factors, ethnic differences and differences
in health care systems. Furthermore, treatment- and health care- associated factors, like
elective or urgent operation, type of chemotherapeutic regimen or hospital volume, are
not included in our database, and can influence our results. Our data should be the basis
for prospective studies in this field to identify further risk factors for lung metastases in
CRC, in order to develop better prognostic models, but also to improve risk assessment
and reduction in the long term.

5. Conclusions

The prevalence of pulmonary metastases in UICC stage IV colorectal cancer varies
among different countries. We suggest a possible combination of ethnic, environmental,
and health care system-associated differences as the underlying cause.
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