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Abstract

Background—Although colorectal cancer (CRC) usually metastasizes to the liver and/or lungs,
factors influencing the anatomic pattern of metastases remain poorly understood.

Methods—We assessed the relationship between primary CRC site and pattern of synchronous
metastasis among 1,202 individuals diagnosed with incident metastatic CRC between 2010-2014
and identified through the Seattle-Puget Sound Surveillance, Epidemiology, and End Results
(SEER) registry. Polytomous logistic regression was used to estimate odds ratios (OR) and 95%
confidence intervals (Cl) for the association between primary tumor site and synchronous
metastatic pattern.

Results—Compared to patients with proximal colon primaries, patients with rectal primaries
were more likely to present with lungs-only or liver and lungs metastases versus liver-only
metastases (ORjyngs-only vs. liver-only: 2-39, 95% CI: 1.35-4.24, OR}jver+lungs vs. liver-only: 2.20, 95%
Cl: 1.46-3.32).

Conclusion—These findings suggest that patients with rectal primaries are more likely than
patients with colon primaries to present with synchronous lung metastases.
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INTRODUCTION

Although prognosis is generally favorable for colorectal cancer (CRC) patients diagnosed
with early-stage disease, roughly 21% of cases are diagnosed with stage IV or metastatic
disease, for which the five-year survival is only 13%[1]. Within this patient population, some
variability in survival exists dependent on the site of metastasis and the number of sites
involved [2-4]. However, while it is well-known that CRC typically metastasizes to the liver
and/or lungs, little is known as to why the disease metastasizes to different sites in different
patients [2, 3, 5, 6]. In this population-based analysis, we assessed the association between
primary colorectal tumor site and synchronous anatomic pattern of metastasis to the liver,
lungs, or other organs in individuals diagnosed with metastatic CRC.

MATERIALS AND METHODS

We identified patients diagnosed with incident metastatic CRC between 2010-2014 in the
13-county catchment area covered by the Surveillance, Epidemiology and End Results
(SEER) cancer registry of the Seattle-Puget Sound region (https://www.fredhutch.org/en/
labs/phs/projects/cancer-surveillance-system.html). As of 2010, SEER requires reporting of
CRC metastasis at diagnosis (present/absent) for four distinct sites: liver, lungs, brain, and
bone.

In this analysis, patients were classified into four groups based on the presentation of
synchronous metastatic lesions at diagnosis: metastases in the liver only (not in the lungs), in
the lungs only (not in the liver), in both the liver and lungs, and only in other sites (not in the
liver or lungs).

Primary tumors reported in the cecum through the splenic flexure (ICD-0-3 codes C180,
C182-C185) were defined as proximal colon cancers, while neoplasms in the descending or
sigmoid colon (C186-187) were categorized as distal colon cancers. Cancers arising in the
rectosigmoid junction or rectum (C199, C209) were grouped together as rectal cancers. We
limited our analysis to patients with complete information on primary tumor site and site of
synchronous metastases. Of the 1287 stage 1V cases originally sampled, 1202 (93%) had
complete data for analysis.

Polytomous logistic regression was used to estimate odds ratios (OR) and 95% confidence
intervals (CI) for the association between primary tumor site and synchronous pattern of
distant metastases, comparing patients with other metastatic patterns to individuals with
liver-only metastasis. All models were adjusted for age at diagnosis, sex, race, and T- and N-
staging [7]. Two-sided tests were considered statistically significant at the 0.05 level. We
conducted all analyses in STATA (College Station, Texas). This study was approved by the
Institutional Review Board at the Fred Hutchinson Cancer Research Center.
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Regardless of the primary tumor site, the most common site for metastatic spread was to the
liver, with or without lung metastases (Table 1). Compared to patients presenting with liver-
only metastasis, individuals with lung metastases were less likely to be white, male, and <60
years of age at diagnosis.

Analyses indicated an association between rectal primary tumors and the presence of
synchronous metastatic lesions in the lungs (Figure 1). Specifically, compared to patients
with proximal colon primary tumors, we found that patients with rectal primaries were more
likely to have metastases in the lungs- only or in both liver and lungs

(OR\ungs—only vs. liver-only: 2-39, 95% CI: 1.35-4.24; ORjiver and lungs vs. liver-only: 2.20, 95%
Cl: 1.46-3.32). Similarly, there also appeared to be a difference in the metastatic spread of
proximal and distal colon primaries. Patients with distal colon primaries had a higher odds
of synchronous metastatic spread to both liver and lungs (OR jiver and lungs vs. liver-onty: 1.68,
95% ClI: 1.10-2.57).

DISCUSSION

Prior investigation into other primary cancer sites (i.e., breast, lung) supports the paradigm
that primary tumor characteristics, including tumor site and molecular markers, can inform
the pattern of metastatic spread [8-10]. Consistent with the findings presented here, previous
epidemiologic research also indicates a relationship between primary CRC tumor site and
the synchronous pattern of metastasis to the liver and/or lungs, with three past studies
specifically noting that patients with rectal primaries were, compared to colon cancer
patients, more likely to present with lung metastases and less likely to present with liver
metastases at diagnosis.[2, 3, 11] However, these past findings have been limited by small
sample sizes [5, 6, 12], lack of population-based data [3, 5, 6, 11, 12], and/or by grouping
together proximal and distal colon primaries [2].

The underlying mechanisms driving patterns of CRC metastasis are also somewhat unclear.
With regard to hematogenous pathways, clinical evidence indicates that venous drainage of
the colon into the portal system likely influences the pattern of metastatic spread first to the
liver and then to the lungs among those with a primary tumor in the proximal or distal colon
[11, 13]. Conversely, the spread of metastatic rectal cancer to the lungs, either in isolation or
as the first of several distant sites, may be attributable to venous drainage which bypasses the
portal system and instead enters systemic circulation via the inferior and middle rectal veins
[11, 13].

Our findings should be interpreted in light of study limitations, which included the absence
of finer metastatic site detail and small numbers for less common sites of synchronous
metastasis (e.g., bone, brain) [2, 3]. Additionally, non-differential misclassification of
primary and metastatic site is possible. Finally, we lacked data on somatic mutations and
microsatellite instability status of the primary neoplasm, which have been previously
indicated to impact patterns of CRC metastasis [5, 6, 12].
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In summary, our findings suggest a relationship between rectal location of a primary CRC
and presentation of synchronous metastasis in the lungs for incident stage IV CRC cases.
Results from this population-based analysis may have implications for future clinical
practice. At present, it is unclear whether regular observation of patients with rectal
primaries for the development of lung metastases would be advantageous, as such
metastases are often asymptomatic and resection of synchronous lung metastases may not
confer a survival benefit [14, 15]. However, characterizing the factors underpinning
anatomic patterns of CRC metastatic spread could ultimately facilitate more targeted
surveillance for individuals who do not initially present with distant metastases, which may
contribute to better survival.
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Highlights
. Tumors arising in the rectum were more likely to spread to the lungs than
liver.
. Distal colon tumors were less likely to spread to one versus two visceral
organs.
. Population-based data findings are consistent with previous clinical results.
. Observed metastatic patterns may relate to differences in venous drainage.
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Figure 1.
Adjusted ORs for synchronous metastasis pattern in comparison to patients with liver only

metastasis, SEER of the Seattle-Puget Sound region, 2010-2014*
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