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Abstract
Background While overall colorectal cancer (CRC) rates in the USA are declining, the incidence of early-onset CRC 
(eoCRC) under age 50 is increasing. The aim of this study was to examine the risk of a second primary malignancy (SPM) 
in individuals with eoCRC, and how this risk compares to those with late-onset CRC (loCRC).
Methods We used data from the Surveillance, Epidemiology, and End Results Program database to examine the risk of 
SPM after a diagnosis of eoCRC. Standardized incidence ratios (SIR) were used to estimate the risk of SPM after eoCRC 
and loCRC in comparison with the risk of malignancy in the general population.
Results Compared to the general population, individuals with eoCRC, but not loCRC, had an increased lifetime risk of SPM 
(SIR 1.42, 95% CI 1.37–1.48 and SIR 1.00, 95% CI 0.99–1.02, respectively), and locations at highest risk were the small 
intestine, ureter, rectum, and colon. The risk of SPM after eoCRC was similar in men and women, but higher in non-whites 
compared to whites and higher in those with a lower area-level median household income. The risk of SPM following eoCRC 
was high in the first 5 years after diagnosis (SIR 2.44, 95% CI 2.24–2.66) and, in a birth cohort analysis, was found to be 
increasing over time.
Conclusions Individuals with eoCRC have a lifetime risk of SPM nearly 50% higher than the general population. The risk 
of SPM is highest in the first 5 years after diagnosis and is increasing over time.

Keywords Colorectal cancer · Early onset · Second primary malignancy · Standardized incidence ratio

Introduction

Colorectal cancer (CRC) is the third most common cancer 
among men and women in the USA. Overall rates of CRC in 
the USA are declining, attributed in large part to increased 
use of screening methods such as colonoscopy. However, 
the incidence of early-onset CRC (eoCRC), defined as colon 
and rectal cancers diagnosed in individuals under 50 years 
of age, is on the rise. The incidence of eoCRC has increased 
by 1.5% per year in men and 1.6% per year in women since 
1992, and the rate of increase is highest among individuals 
ages 20–29 [1]. Since the early 1990s, the proportion of 

rectal cancers diagnosed in individuals under the age of 55 
has doubled from 14 to 29% [2]. One study estimated that 
by 2030, the incidence rates for colon and rectal cancers will 
increase by 90% and 124%, respectively, for patients aged 
20–34 years [3]. Currently, the etiology behind this rise in 
eoCRC remains unknown.

An unanswered question is whether a diagnosis of eoCRC 
is associated with a higher risk for developing a second 
primary malignancy (SPM). Additionally, it is unknown 
whether this risk varies by sex, race, socioeconomic sta-
tus, or location of index cancer along the colorectal tract. 
Understanding these questions could inform decisions about 
screening and surveillance for SPM in this population and 
potentially help our understanding of genetic or environmen-
tal factors that contribute to this phenomenon.

The aim of this study was to assess the risk of SPM after 
a diagnosis of eoCRC in comparison with those diagnosed 
at age 50 or older with CRC, defined as late-onset CRC 
(loCRC), using the Surveillance, Epidemiology, and End 
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Results (SEER) Program database. We also aimed to iden-
tify changes in risk of SPM over time.

Methods

Data Source

The National Cancer Institute’s SEER database is a national 
cancer surveillance program which collects data from popu-
lation-based cancer registries covering approximately 34% 
of the US population. The SEER Research Data, 9 Regs was 
used, which covers the geographic or metropolitan areas of 
San Francisco-Oakland, Connecticut, Detroit, Hawaii, Iowa, 
New Mexico, Seattle (Puget Sound), Utah, and Atlanta from 
1975 to 2017 (Nov 2019 submission) [4]. Although it covers 
a smaller geographical area than other available datasets, 
this dataset has complete cancer records starting at an ear-
lier date and was used to enable time trend analyses. All 
SEER records are publicly available and anonymized prior 
to submission, and permission was obtained to access the 
data for this study.

Study Population

The primary analysis included all individuals age 20 years 
and above who were diagnosed between the years of 1975 
and 2017 with CRC (site record ICD-O-3/WHO 2008 vari-
able limited to colon and rectum) who were also diagnosed 
with a subsequent primary malignancy (SPM). Histologic 
type ICD-O-3 was limited to adenocarcinoma (8140), 
and primary malignancies originating in the appendix 
were excluded from the analysis. The secondary analyses 
included individuals diagnosed during that timeframe with 
CRC and subsequently found to have metachronous CRC. 
Individuals with unknown age at diagnosis were excluded. 
Cancer behavior was limited to malignant cases only, and 
cases diagnosed by death certificate or autopsy only were 
excluded. The latency period between the index cancer and 
SPM was set at a minimum of 6 months to reduce inclusion 
of undiagnosed metastatic or synchronous disease.

Statistical Analysis

Multiple primary standard incidence ratios (MP-SIRs) were 
generated using SEER*Stat software to estimate the risk of 
SPM after initial CRC diagnosis [5]. MP-SIRs are standard-
ized sessions used to evaluate cohorts of individuals who 
develop multiple primary cancers. The analyses compare 
the incidence of cancers in the study cohort to the inci-
dence of cancer in the general population matched by age, 
sex, and calendar year. Risk is estimated using SIR values, 
which represent the ratio of observed cancer cases to the 

number of expected cases based on incidence rates for the 
general population. Confidence intervals were included for 
all SIR calculations, and statistical significance was set at p 
value < 0.05. Analyses were conducted to assess SIR values 
by gender, race, and area-level median household income in 
the past year. Household income data were available for the 
years 1990–2017. An additional sensitivity analysis was per-
formed assessing SIR values by area-level median household 
income within each reported racial group. Chi-square tests 
of independence were performed to examine the relationship 
between age groups and study population characteristics. 
Index CRC locations were classified as proximal colon, com-
prised of cancers emerging from the cecum to the splenic 
flexure; distal colon, including cancers in the descending 
colon and sigmoid colon; and rectum, which also included 
cancers in the rectosigmoid junction.

Results

Study Population Characteristics

During the study period, a total of 356,899 CRC cases 
were diagnosed. There were 47,007 SPM detected amongst 
37,043 individuals with a primary diagnosis of CRC at any 
age. Of this population, 2530 individuals were diagnosed 
with eoCRC and an SPM, while the remaining 34,513 were 
diagnosed with loCRC. Regardless of age at diagnosis with 
CRC, a greater proportion of individuals were male and the 
majority of index CRC cases were diagnosed in the right 
colon (Table 1). However, among those with eoCRC, a 
greater proportion were of black or American Indian/Alaska 
Native and Asian/Pacific Islander race than individuals with 
loCRC.

Risk of SPM by Age

As compared to the general population, individuals with 
eoCRC had a substantially increased lifetime risk of SPM 
(SIR 1.42, 95% CI 1.37–1.48) while those with loCRC have 
no increased risk (SIR 1.00, 95% CI 0.99–1.02) (Table 2). 
This was seen most strongly in individuals who were diag-
nosed with CRC under the age of 40. Individuals who devel-
oped eoCRC between the ages of 20–29 had more than a 
threefold risk over that of the general population of devel-
oping a second malignancy (SIR 3.85, 95% CI 3.07–4.78), 
while those between ages 30–39 had greater than twofold 
risk (SIR 2.14, 95% CI 1.96–2.33).

For individuals with eoCRC, the locations with the 
highest increase in risk of SPM were the small intestine 
(SIR 8.52, 95% CI 6.68–10.71), ureter (SIR 8.01, 95% CI 
4.38–13.43), rectum (SIR 4.38, 95% CI 3.75–5.09), colon 
(SIR 4.30, 95% CI 3.91–4.7), and biliary system (SIR 4.30, 
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95% CI 3.06–5.87) (Fig. 1). Other areas with significantly 
increased risk of cancer were the stomach, pancreas, uterus, 
and bladder. The risk of subsequent melanoma, prostate, and 
oropharyngeal malignancies was significantly decreased in 
eoCRC as compared to the general population. For individu-
als with loCRC, the increase in risk of SPM was highest in 
the small intestine (SIR 2.75, 95% CI 2.48–3.05), the rectum 
(SIR 1.46, 95% CI 1.38–1.55), and the colon (SIR 1.46, 95% 
CI 1.42–1.5) (Fig. 2). Other sites with significantly elevated 

risk of SPM in this group included the vagina, ureter, bil-
iary system, and uterus. The risk of SPM was significantly 
decreased in the liver, prostate, brain, ovaries, and for hema-
tologic malignancies including leukemias, myeloma, and 
lymphomas.

Risk of SPM by Gender, Race, and Area‑Level 
Household Income

The increase in risk of SPM after eoCRC was similar in men 
and women (SIR 1.44, 95% CI 1.36–1.521 and SIR 1.40, 
95% CI 1.32–1.49, respectively). However, for individuals 
with loCRC, the risk of SPM was significantly increased 
for women (SIR 1.06, 95% CI 1.04–1.08) but significantly 
lower than the general population for men (SIR 0.97, 95% CI 
0.95–0.98) (Table 2). The risk of SPM was higher in individ-
uals of black or other non-white race, including American 
Indian/Alaska Native and Asian/Pacific Islander, than indi-
viduals of white race, regardless of age at CRC diagnosis. 
The greatest increase in risk was among American Indian/
Alaska Native and Asian/Pacific Islander individuals with 
eoCRC (SIR 2.23, 95% CI 1.98–2.51).

The risk of SPM was also higher in young individuals 
with a lower area-level household income (Table 3). Those 

Table 1  Baseline characteristics of individuals diagnosed with colo-
rectal cancer who developed subsequent primary malignancies

* Other = American Indian/Alaska Native and Asian/Pacific Islander
† p < .001 for association between age groups and study population 
characteristics
CRC  colorectal cancer

Variable Age at diagnosis with CRC 

Age 20–49
(n = 2530)

Age 50 + 
(n = 34,513)

Sex†

Female, n (%) 1155 (45.7) 14,546 (42.1)
Male, n (%) 1375 (54.3) 19,967 (57.9)
Age at diagnosis
20–29, n (%) 82 (3.2) –
30–39, n (%) 501 (19.8) –
40–49, n (%) 1947 (77.0) –
50–59, n (%) – 6496 (18.8)
60–69, n (%) – 12,299 (35.6)
70–79, n (%) – 11,402 (33.0)
80 + , n (%) – 4316 (12.5)
Race†

White, n (%) 1975 (78.1) 29,611 (85.8)
Black, n (%) 273 (10.8) 2551 (7.4)
Other*, n (%) 282 (11.1) 2344 (6.8)
Unknown, n (%) 0 (0.0) 7 (0.0)
Household income†

 < $45,000, n (%) 58 (2.3) 677 (1.2)
$45,000–$59,999, n (%) 244 (9.6) 4048 (11.7)
$60,000–$74,999, n (%) 409 (16.2) 5847 (16.9)
$75,000 + , n (%) 597 (23.6) 8620 (25.0)
Unknown/missing 1222 (48.3) 15,321 (44.4)
Primary tumor location†

Proximal colon, n (%) 1045 (41.3) 14,312 (41.4)
Distal colon, n (%) 733 (29.0) 10,455 (30.3)
Rectum, n (%) 696 (27.5) 9410 (27.2)
Large bowel, unspecified, n (%) 56 (2.2) 336 (1.0)
Stage at first CRC diagnosis†

Localized, n (%) 953 (37.7) 16,141 (46.8)
Regional, n (%) 1351 (53.4) 16,272 (47.1)
Distant, n (%) 161 (6.4) 1256 (3.6)
Unstaged, n (%) 65 (2.6) 844 (2.4)

Table 2  Risk of second primary malignancy by age, gender, and race

* Other = American Indian/Alaska Native and Asian/Pacific Islander
SIR standardized incidence ratios, CI confidence interval

Variable SIR (95% CI)

Age 20–49 Age 50 + 

Total 1.42 (1.37–1.48) 1.00 (0.99–1.02)
Age at initial diagnosis
20–29 years 3.85 (3.07–4.78) –
30–39 years 2.14 (1.96–2.33) –
40–49 years 1.28 (1.22–1.33) –
50–59 years – 1.07 (1.04–1.09)
60–69 years – 1.01 (1.00–1.03)
70–79 years – 1.00 (0.98–1.02)
80 + years 0.92 (0.89–0.94)
Sex
Female 1.40 (1.32–1.49) 1.06 (1.04–1.08)
Male 1.44 (1.36–1.51) 0.97 (0.95–0.98)
Race
White 1.36 (1.30–1.42) 0.99 (0.98–1.00)
Black 1.38 (1.22–1.56) 1.09 (1.05–1.13)
Other* 2.23 (1.98–2.51) 1.18 (1.13–1.22)
Household income
 < $45,0000 2.25 (1.71–2.91) 0.99 (0.92–1.07)
$45,000–$59,999 1.85 (1.62–2.09) 1.04 (1.00–1.07)
$60,000–$74,999 1.66 (1.50–1.83) 1.04 (1.02–1.07)
$75,000 + 1.62 (1.49–1.75) 1.02 (1.00–1.04)
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with eoCRC and an area-level median household income 
less than $45,000 had a higher risk of SPM than those with 
an area-level income greater than $75,000 (SIR 2.25, 95% 
CI 1.71–2.91 and SIR 1.62, 95% CI 1.49–1.75, respectively), 

whereas the risk of SPM was approximately equivalent 
across income levels in older individuals. An additional sen-
sitivity analysis within racial groups indicated that area-level 
household income is linked to a substantially higher risk of 

Fig. 1  Lifetime risk of second primary malignancy after colorectal cancer, by age and location

Fig. 2  Risk of metachronous 
colorectal cancer by index loca-
tion and age at diagnosis
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SPM for those of minority race with eoCRC. Among black 
individuals, those with eoCRC and an area-level household 
income of less than $45,000 had a substantially higher risk 
of SPM than those with an area-level income greater than 
$75,000 (SIR 4.31, 95% CI 1.58–9.38 and SIR 1.46, 95% 
CI 1.12–1.87, respectively), with similar findings among 
American Indian/Alaska Native and Asian/Pacific Islander 
individuals (SIR 8.66, 95% CI 4.73–14.53 and SIR 2.19, 
95% CI 1.77–2.66, respectively). However, for white indi-
viduals the risk of SPM after eoCRC was similar across 
area-level income groups (SIR 1.67, 95% CI 1.18–2.29 and 
SIR 1.56, 95% CI 1.41–1.71, respectively).

Risk of Metachronous CRC by Location in Colon

The risk of metachronous CRC diagnosis varied depending on 
location of index CRC and age at diagnosis. Overall, individu-
als with eoCRC had greater than four times the risk compared 
to the general population of developing a subsequent CRC 
(SIR 4.29, 95% CI 3.97–4.63) (Fig. 2). Individuals with loCRC 

had a much lower risk of metachronous CRC, although still 
nearly 50% greater than the general population (SIR 1.43, 95% 
CI 1.39–1.46). An index diagnosis of cancer in the proximal 
colon for individuals with eoCRC posed the highest increase in 
risk for metachronous CRC (SIR 5.39, 95% CI 4.77–6.08), and 
the subsequent location with the highest risk was the proximal 
CRC (SIR 6.17, 95% CI 5.10–7.41). However, for individuals 
with loCRC, the increase in risk of a metachronous CRC at any 
site was nearly equivalent whether the index malignancy was 
in the proximal (SIR 1.49, 95% CI 1.44–1.55) or distal colon 
(SIR 1.53, 95% CI 1.45–1.60). Individuals diagnosed with rec-
tal cancer, regardless of age, had a lower risk of metachronous 
CRC than those diagnosed with index cancers in the colon, 
but the risk remained increased over the general population.

Latency Period of SPM After CRC 

For individuals with eoCRC, the risk of SPM as compared to 
the general population was highest in the first 6–11 months 
after CRC diagnosis (SIR 2.91, 95% CI 2.33–3.58) (Fig. 3). 
The risk of SPM remained high in the first 1–5 years after 
eoCRC diagnosis (SIR 2.44, 95% CI 2.24–2.66), after which 
it decreased in a linear fashion. At 20 or more years after 
initial diagnosis with eoCRC, the risk of SPM was equiva-
lent to the general population (SIR 1.05, 95% CI 0.98–1.13).

In comparison, the risk of SPM in after loCRC was 
slightly lower than that of the general population in the first 
6–11 months after diagnosis (SIR 0.94, 95% CI 0.90–0.98). 
The risk of SPM rose slightly between 1 and 5 years after 
the onset of cancer (SIR 1.08, 95% CI 1.06–1.10), but sub-
sequently decreased and at 20 or more years after diagnosis 
the risk of SPM was again lower than the general population 
(SIR 0.92, 95% CI 0.88–0.95).

Risk of SPM Over Time

The risk of a second malignancy after eoCRC has also 
increased over time (Fig. 4). When analyzing by birth year 
divided into 5-year increments, individuals diagnosed with 
eoCRC had a 69% greater risk than the general population 
of diagnosis with a SPM if they were born between 1950 
and 1954 (SIR 1.69, 95% CI 1.51–1.87), whereas the risk 
was over double for those born between 1960 and 1964 (SIR 
2.16, 95% CI 1.86–2.49) and more than fourfold for those 
born between 1970 and 1974 (SIR 4.55, 95% CI 3.38–6.00).

Discussion

In this study, we found that the risk of developing a SPM 
after eoCRC is nearly 50% greater than the risk of malig-
nancy among the general population. These risks were high-
est among racial minorities and individuals diagnosed under 

Table 3  Risk of second primary malignancy by race and household 
income

* Other = American Indian/Alaska Native and Asian/Pacific Islander
SIR standardized incidence ratios, CI confidence interval

Variable SIR (95% CI)

Age 20–49 Age 50 + 

All races
 < $45,0000 2.25 (1.71–2.91) 0.99 (0.92–1.07)
$45,000–$59,999 1.85 (1.62–2.09) 1.04 (1.00–1.07)
$60,000–$74,999 1.66 (1.50–1.83) 1.04 (1.02–1.07)
$75,000 + 1.62 (1.49–1.75) 1.02 (1.00–1.04)
Unknown/missing 1.21 (1.15, 1.28) 0.98 (0.96, 0.99)
White
 < $45,0000 1.67 (1.18, 2.29) 0.96 (0.88, 1.04)
$45,000–$59,999 1.73 (1.49, 1.99) 1.03 (0.99, 1.06)
$60,000–$74,999 1.66 (1.48, 1.86) 1.03 (1.00, 1.06)
$75,000 + 1.56 (1.41, 1.71) 0.99 (0.97, 1.01)
Unknown/missing 1.17 (1.10, 1.24) 0.97 (0.95, 0.98)
Black
 < $45,0000 4.31 (1.58, 9.38) 1.59 (1.17, 2.12)
$45,000–$59,999 2.49 (1.73, 3.48) 1.09 (0.96, 1.22)
$60,000–$74,999 1.47 (1.14, 1.88) 1.12 (1.04, 1.21)
$75,000 + 1.46 (1.12, 1.87) 1.12 (1.04, 1.21)
Unknown/missing 1.11 (0.91, 1.34) 1.03 (0.96, 1.10)
Other*
 < $45,0000 8.66 (4.73, 14.53) 1.19 (0.7, 1.87)
$45,000–$59,999 3.36 (1.79, 5.74) 1.65 (1.31, 2.05)
$60,000–$74,999 2.18 (1.50, 3.06) 1.20 (1.07, 1.33)
$75,000 + 2.19 (1.77, 2.66) 1.18 (1.12, 1.25)
Unknown/missing 2.03 (1.69, 2.43) 1.12 (1.04, 1.20)
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the age of 40. The risk of SPM is highest within the first year 
after eoCRC diagnosis and remains high in the first 5 years 
after diagnosis.

Prior studies have demonstrated that the risk of SPM is 
increased after a primary diagnosis of CRC at any age [6–8]. 
Liang et al. found that the risk of second malignancy was 
increased after eoCRC using a national cancer registry in 
Taiwan [9]. Another study looked at the risk of developing 
SPM after an initial cancer of any kind, which occurred in 
approximately 1 in 12 cancer survivors [10]. A study by He 
et al. looked at second primary malignancy after colorectal 
cancer using the SEER database, but did not look at risk by 
birth year or area-level household income [11]. Our study 
provides an updated analysis for the US population in the 
setting of increasing eoCRC in recent years. In addition, 

this is the first study that we know of to examine the risk 
of SPM by birth year and by area-level household income, 
which provides a new understanding of risk factors and the 
increase in risk of SPM over time, mirroring the increasing 
risk of eoCRC.

It has previously been demonstrated that eoCRC has dis-
tinct molecular and genetic features compared to cancers 
diagnosed at a later age. Young-onset colorectal tumors 
are more likely to be microsatellite-stable, diploid, have a 
higher likelihood of LINE-1 hypomethylation, and have a 
lower frequency of the CpG island methylator phenotype 
(CIMP) [12–15]. CIMP has been demonstrated in numerous 
other tumor types, including gliomas, leukemias, and breast 
cancer, but its significance in terms of cancer prognosis 
remains unknown [16]. Multiple studies have demonstrated 

Fig. 3  Risk of second primary 
malignancy by time interval 
after colorectal cancer diagnosis

Fig. 4  Risk of second primary 
malignancy (all sites) after early 
onset colorectal cancer, by birth 
cohort
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that eoCRC is more likely to have mucinous and signet-ring 
histologic subtypes, which are linked to worse outcomes, 
and to be poorly differentiated and high-grade at presenta-
tion [17–19]. Whether these findings are linked to a higher 
risk of SPM remains unknown.

The risk of SPM after eoCRC was found to be nearly 
equivalent for women and men. This is in contrast to the 
study by Yang et al., which demonstrated the risk of SPM 
is higher for women compared to men after a diagnosis of 
CRC at any age [6]. Notably, we found that the risk of SPM 
after loCRC is higher for women than men, suggesting that 
these findings of increased malignancy risk are driven pri-
marily by an older female population. The risk of SPM is 
higher among minorities regardless of age at CRC diagnosis, 
including for African-American, American Indian/Alaska 
Native, and Asian/Pacific Islander populations, which is 
similar to prior findings [7]. Notably, we found that the risk 
of SPM was greatly increased for those with an area-level 
median household income under $45,000, and the risk was 
highest for those who were also of black or other non-white 
race. However, minority individuals with eoCRC and an 
area-level median household income greater than $75,000 
still carried a greater risk than both young white individuals 
and the general population of SPM. These findings suggest 
that the increased risk of SPM after eoCRC among minority 
groups may be partially mediated by socioeconomic class 
and reflect factors such as reduced access to healthcare [1, 
14].

Individuals with eoCRC have a substantially increased 
risk of metachronous CRC compared to individuals first 
diagnosed with CRC at a later age, and the risk is highest for 
those diagnosed with eoCRC in the proximal colon. Other 
studies have similarly shown that the risk of metachronous 
CRC is highest after an index location in the proximal colon 
[6, 20]. For individuals with loCRC, the risk of metachro-
nous CRC was approximately equivalent with an index can-
cer in the proximal or distal colon. This raises the question 
of whether there are potential genetic field defects leading 
to a higher risk of metachronous lesions in proximal colon 
eoCRC.

The risk of SPM is over two times that of the general 
population within the first 5 years after eoCRC diagnosis, 
while for loCRC the risk of SPM nearly equivalent to the 
general population during that time frame. This difference 
between the two groups suggests that the increased risk of 
SPM after eoCRC is not simply due to increased detection 
from the staging and surveillance testing patients undergo 
after an index cancer is diagnosed. Our findings demon-
strate the need for a high level of surveillance within the 
first 5 years after a diagnosis of eoCRC, and particularly 
within the first year of diagnosis. Further studies, such as a 
prospective cohort study of eoCRC examining the yield of 
additional screening and surveillance, are needed to better 

inform decisions about optimal intervals and dedicated sur-
veillance methods for SPM.

Although genetic syndromes such as Lynch syndrome are 
common in eoCRC, it is unlikely that a change in prevalence 
of germline mutations can account for the recent increase in 
eoCRC or the increasing risk of SPM. One study found ger-
mline mutations in only 16% of colorectal tumors diagnosed 
in individuals under the age of 50, with approximately half 
of those genetic alterations attributable to Lynch syndrome 
mutations [21]. It has therefore been suggested that only 
about 20% of eoCRCs can be explained by genetic altera-
tions alone [14, 21]. Data on genetic syndrome prevalence 
are not available in the SEER database, which prevented 
additional sensitivity analyses. However, although there may 
be a higher contribution of familial cancer syndromes to the 
prevalence of CRC and SPM in those under 50 compared 
to an older population, this would not explain the recent 
rapid change in cancer incidence. Additionally, this further 
highlights the need for regular cancer surveillance among 
those with eoCRC.

The risk of SPM after eoCRC has been increasing over 
time, mirroring the increasing incidence of eoCRC alone 
in birth cohort analyses [14]. It has previously been sug-
gested that this increase may be linked to clinical factors 
such as obesity, tobacco use, or changes in diet. However, 
our findings did not support a strong link between obesity or 
tobacco use and other associated malignancies after eoCRC 
[22]. In this study, individuals with eoCRC had a risk no 
greater than the general population of developing cancers 
strongly associated with obesity, such as esophageal, ovar-
ian, or breast cancer, and also demonstrated a lower overall 
risk of prostate cancer. Similarly, cancers linked to tobacco 
use, such as oropharyngeal, esophageal, and lung, showed 
no greater risk of occurrence after eoCRC than among the 
general population. Furthermore, the delay of approximately 
30 years between smoking and onset of carcinogenesis and 
the decreasing rates of smoking among young adult indi-
viduals would not explain this increase in malignancy risk 
over time [23–25]. These findings also cannot be attributed 
solely to sequelae of cancer treatments, such as radiother-
apy-induced malignancy, which typically require a minimum 
of 10 years to develop [26]. Although some malignancies, 
particularly metachronous CRC, may be partially explained 
by a history of CRC and prior pelvic radiation, this would 
not explain the increase in other types of malignancies seen 
in this study. Other potential environmental contributors 
such as diet, childhood antibiotic exposure, or decreasing 
levels of physical activity are difficult to assess using these 
data and require further studies to explore.

Limitations of this study include that the database cov-
ers only certain metropolitan and geographic areas, which 
may not be representative of the US population as a whole. 
Additionally, the limited demographic information of the 
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SEER database precludes close analyses of potential risk 
factors such as family history, obesity, tobacco use, or other 
habits. The area-level median household income data are 
only available for the years 1990–2017 and reflect 2018 
census data, limiting additional longitudinal information for 
this analysis. Some of the second primary cancers included 
in this analysis may represent late metastases and not a de 
novo malignancy, making it similarly difficult to interpret 
risk factors for those malignancies. Similarly, the findings 
for metachronous CRCs may represent a recurrence of the 
initial malignancy and not a second primary, which cannot 
be clarified with the current data. Finally, younger people 
with cancer diagnoses are inherently more likely than older 
individuals to develop a second cancer during their lifetimes, 
due to a greater number of total person-years and carcinogen 
exposures, which is a limitation on comparisons between 
eoCRC and loCRC.

In this study, we found that the risk of a SPM after eoCRC 
is substantially higher than after loCRC and increased over 
the general population. The risk is highest for racial minori-
ties, those with a low area-level household income, and indi-
viduals diagnosed under the age of 40, and particular atten-
tion must be paid to these populations for both screening 
and surveillance for SPM. The risk is highest within the first 
5 years after diagnosis with eoCRC and has been increasing 
over time. Greater consideration should be given to optimal 
screening and surveillance methods for such populations at 
highest risk of metachronous CRC and SPM.
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