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Abstract

Background: Initial primary colorectal cancer (IPCRC) has a high risk of developing into second primary colorectal
cancer (SPCRC). Right-sided colon cancer (RCC) and left-sided colon cancer (LCC) have different characteristics and are
considered to be two different entities. However, the different risks for SPCRC in categorized tumor sites and SPCRC
subcategorized sites have not been fully elucidated to date. We aimed to compare incidence and survival of IPCRC and
SPCRC and characterize the risk factors of SPCRC while also comparing the different SPCRC characteristics.

Methods: We used the National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) data to compute
standardized incidence ratios (SIR) in order to estimate risk of SPCRC after IPCRC diagnosis. The most prominent risk
factors for SPCRC were measured by multivariate regression analysis and the temporal trend of SPCRC incidence was
assessed with Joinpoint regression. Survival of patients with SPCRC and IPCRC was compared by Kaplan-Meier analysis.

Results: Patients with IPCRC were 1.73 times more likely to develop SPCRC (SIR = 1.73, 95% CI 1.69–1.78). SPCRC
incidence declined since the first 8 years of IPCRC diagnosis to baseline. We demonstrated poorer survival with SPCRC
compared with IPCRC while second RCC resulted in better survival compared with second LCC. Black ethnicity, age
range 70–79, and LCC were associated with the highest risk of developing SPCRC.

Conclusion: The characteristic differences between second LCC and RCC were relatively narrow. Furthermore, in those
with SPCRC, RCC had the best survival outcome.

Keywords: Second primary colorectal cancer (SPCRC), Standardized incidence ratio (SIR), Left-sided colon cancer (LCC),
Right-sided colon cancer (RCC), Overall survival (OS)

Background
Colorectal cancer (CRC) is the third most documented ma-
lignancy in men and women and the second most common
cause of cancer morbidity [1]. In the United States of
America, 13,543 new cases of CRC were diagnosed in 2017
[2] while the estimated number of survivors with colorectal
cancer was approximately 85,170 as of 2017 [2]. The
number of survivors of colorectal cancer is expected to
rapidly increase partly because of changes to living
habits (e.g. decreased smoking incidence and red meat
consumption), the adoption of general screening tests,
early detection tests, and improvements in treatment [3].

Recent studies using the National Cancer Institute’s Sur-
veillance, Epidemiology, and End Results (SEER) database
has shown a statistically significant increase (approxi-
mately 1.4-fold) in the risk of subsequent primary cancers
in patients with CRC compared with the general popula-
tion [4–7]. The risk increase in these study was not ele-
vated sufficiently to alter colorectal screening practice and
the risk trend was also not illuminated. Additionally,
second primary CRC sites characteristics and outcomes
difference of had not reported.
Right-sided colon cancer (RCC) and lefts-sided colon

cancer (LCC) differences have been noted [8–10]. How-
ever, it is unclear whether these biologic differences trans-
late into meaningful clinical differences in second cancer.
Rectal cancer is the second leading cause of cancer-related
deaths in the USA and constitutes approximately 28% of
all large bowel carcinomas. Although rectal cancer is more
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commonly seen in the elderly, recent studies have shown
an increased incidence of rectal cancer in adults < 40 years
old [11]. Due to longer survival rates and increasing pro-
portions of younger incident patients [12], second cancers
are important to consider [11, 13].
Second primary malignancies (SPMs) account for be-

tween 17 to 19% of incident cancer cases [14, 15]. The
risk of SPM in patients with cancer is multifactorial but
is related to genetic predisposition, treatment-related
malignant transformations, and/or continuing exposure
to the etiologic agents [16]. It has been estimated that by
2026, there will be > 20 million cancer survivors in the
United States at risk of SPMs [17].
The purpose of this study was to describe the effect of

the initial primary colorectal cancer (IPCRC) on the inci-
dence, stage at diagnosis, and tumor site characteristics that
were different for subsequent second primary colon-rectal
cancers (SPCRC). In addition, we sought to describe the
stage at presentation and outcomes of SPCRCs occurring
in patients with a prior diagnosis of IPCRC.

Methods
Data source
This study used a general dataset that selected data from
a public health program and therefore did not require
institutional review board approval. We identified pa-
tients with diagnosed CRC reported by the Surveillance,
Epidemiology, and End Results (SEER) program of the
National Cancer Institute between 1992 and 2012.
All cases of IPCRC were: histologically confirmed colo-

rectal cancer and pathological type is adenocarcinoma or
mucinous adenocarcinoma [18]. Cases where diagnosis of
IPCRC was confirmed by death certificate only or autopsy
only were excluded. A minimum interval of 6 months be-
tween the diagnoses was required to exclude synchronous
cancers (latency period).
Three sites were evaluated: the right colon (cecum, as-

cending colon, hepatic flexure, and transverse colon);
the left colon (splenic flexure, descending colon, and sig-
moid colon), and the rectosigmoid colon (rectosigmoid
junction and rectum). The SEER stage included localized
(malignant but confined to primary organ), regional (in-
vasion beyond primary organ but no distant metastasis),
or distant (with distant metastasis) and unknown [19].
The study cohort was divided into subgroups based on
latency intervals: 0–4 years, 4–8 years, > 8 years. Individ-
uals within each cohort (e.g. LCC, RCC, rectosigmoid
cancer) were classified by whether they had an ensuing
diagnosis of second primary malignant neoplasm of
CRC, hereafter referred to as SPCRC.

Observed survival
Survival time was defined as the number of months
from study commencement until the date of death from

any cause, or until the end of the observation period.
Patients alive at the end of follow-up were censored.

Statistical methods
Standardized incidence ratios (SIRs) and absolute excess
risk (AER) values were obtained from the SEER program
using SEER*Stat software. SIRs were computed by com-
paring the observed (O) number of second malignancies
with those expected (E) in the general population to
quantify second malignancy risks to assess excess relative
risk of SPCRC compared with the general population.
Within SEER, the AER is defined as the excess cancers
per 10,000 persons per year, which is calculated as follows:
([observed count-expected count] × 10,000)/ person-years
at risk [20]. Joinpoint regression was used to analyze
SPCRC incidence and mortality risk trends. We use
annual percent change (APC) to assess rate changes.
Multivariable logistic regression was used to determine

which prognostic factor were associated with the pres-
ence of SPCRC at diagnosis. The Kaplan-Meier method
was used to compare survival outcomes.
A P value of 0.05 was considered statistically signifi-

cant and P values were two sided. Analyses were per-
formed with the SAS version 9.2 software package (SAS
Institute, Cary, North Carolina) and the survival package
within the R version 2.11 statistical software package
(http://www.r-project.org) was used.

Results
Study population
After exclusions, together, among all the IPCRCs, 2.0%
(4977/252,404) were considered to have 2nd CRC, and
the incidence in those with RCC was 2.3% (1756/96,754),
2.3% (1770/73,132) in those with LCC, and 1.8% in those
with rectal cancer (1451/77,550) (Additional file 1:
Table S1). Those aged between 70 and 79 years had
the highest proportion (31.8%) of SPCRC and this was the
same for other CRCs (35.4% for RCC, 31.2% for LCC, and
28.3% for rectosigmoid cancer). Based on the SEER sta-
ging system, 1989 (40.0%) SPCRCs were considered to be
localized disease, 1703 (34.3%) had regional disease, 888
(17.8%) had metastatic lesions, and the remainder (8.0%)
of the patients unstated. When we analyzed the 2nd CRC
distribution by histology grade, we found that moderately
differentiated cancer accounted for the largest proportion
of SPCRC, which was apparently higher than any of the
other histology groups. More than half of 2nd CRCs were
diagnosed in the first four years in but approximately 20%
of 2nd CRCs were identified in the following 4–8 years
after the 1st CRC. Patients with surgery history (95.1%) were
more likely to develop SPCRC compared to patients without
surgery history (4.9%). For patients without surgery, they are
more likely to be in the early stage and had better prognosis,
then the chance to have the SPCRC is bigger. However, for
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patients without surgery history, they may tend to be in the
advanced stage and the prognosis is poor, so the probability
to have the SPCRC is relatively reduced.
Table 1 compares the demographic and clinical features

of second primary CRC between RCC, LCC, and rectal
cancer. RCC accounted for nearly half of these SPCRCs
(2144/4977). Patients tend to have more localized disease,
be of white ethnicity and have moderately differentiated
disease at diagnosis of the second primary RCC. The me-
dian time to the 2nd RCC, LCC, and rectosigmoid cancer
was 38.0 months, 28.0 months, and 31.0 months, respect-
ively. The mean age exceeded 70 years of age and the
eldest was in the RCC cohort.

SPCRC trends
Figure 1 shows the trends in incidence rate of CRC in
the standard US population and the trend in the excess
risk of a second primary CRC following latency time.
SPCRC incidence has declined since the first year of the
diagnosis of the IPCRC (Fig. 1a). Compared with the
general population, the risk summit for SPCRC appears
in the second year of the IPCRC diagnosis in the study
cohort (Fig. 1b). In the first 8-years during follow-up,
the risk of second CRC cancer patients was significantly
higher compared with the general population and then
tended to have similar likelihood as that of the general
population with intervals of > 8 years for diagnosis (Fig. 1b).

Table 1 The characteristic differences in the SPCRC

Site group RCC LCC P value Rectal cancer

Number 2144 (43.1%) 1262 (25.4%) 1430 (28.7%)

Mean Age development of 2nd cancer (years) 76.0 74.0 0.146 70.0

Sex 0.113

Male 1017 (48.1%) 689 (54.6%) 813 (56.9%)

Female 1097 (51.9%) 573 (45.4%) 617 (43.1%)

Race

Black 236 (11.2%) 147 (11.6%) 190 (13.3%)

White 1563 (73.9%) 873 (69.2%) 882 (61.7%)

Hispanic/Latino 141 (6.7%) 115 (9.1%) 172 (12.0%)

Asian or Pacific Islander and others 173 (8.2%) 126 (10.0%) 182 (12.7%)

Unknown 1 (0.1%) 1 (0.1%) 4 (0.3%)

SEER staging

Localized 1066 (50.%) 558 (44.2%) 0.061 660 (46.2%)

Regional 670 (31.7%) 373 (29.6%) 341 (23.8%)

Distant 245 (11.6%) 218 (17.3%) 218 (15.2%)

Unknown 133 (6.3%) 113 (9.0%) 211 (14.8%)

Surgery

No 219 (10.4%) 180 (14.3%) 405 (28.3%)

Yes 1892 (89.5%) 1079 (85.5%) 1018 (71.2%)

Unknown 7 (0.5%)

Pathology grade 0.312

Well differentiated 200 (9.5%) 127 (10.1%) 115 (8.0%)

Moderately differentiated 1200 (56.8%) 749 (59.4%) 769 (53.8%)

Poorly differentiated 422 (20.0%) 169 (13.4%) 172 (12.0%)

Undifferentiated 27 (1.3%) 13 (1.0%) 11 (0.8%)

Unknown 265 (12.5%) 204 (16.2%) 363 (25.4%)

Calendar year

1992–2002 801 (37.9%) 490 (38.8%) 460 (32.2%)

2003–2012 1313 (62.1%) 772 (61.2%) 970 (67.8%)

Median time to secondary cancer (months) 38.0 28.0 31.0

Abbreviations: SPCRC, secondary primary colorectal cancer; RCC, right-sided colon cancer; LCC, left-sided colon cancer. The P values are the difference of the
SPCRC between RCC and the LCC
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Similar results were obtained focusing on LCC, RCC, and
primary rectal cancers (Additional file 1: Figure S1).

Identifying factors associated with SPCRC risk
Overall CRC risk was significantly higher than expected
in the general population after CRC (SIR, 1.73; 95% CI,
1.69–1.78), RCC (SIR, 1.52; 95% CI 1.45–1.59), LCC
(SIR, 1.98; 95% CI, 1.89–2.08), and rectosigmoid cancer
(SIR, 1.77; 95% CI, 1.67–1.86) (Additional file 1: Table S2).
The calculated excess risk (beyond the expected number)
was 15.38 per 100,000 in the whole cohort, 12.09 in the
RCC, 20.33 for the LCC, and 14.21 for rectosigmoid can-
cer. The resulting SIR data and AER values are given in
Additional file 1: Table S2. Furthermore, the 2nd CRC
malignancies risk was elevated for LCC (SIR, 1.73; 95% CI,
1.64–1.83), RCC (SIR, 1.65; 95% CI, 1.56–1.72), and recto-
sigmoid cancer (SIR, 2.04; 95% CI, 1.94–2.15). Stratified
analyses suggested that the risk might be a consistent
phenomenon across almost all other subtypes. Of note,
patients diagnosed at younger ages (< 40 years) were

particularly more prone to 2nd CRC (SIR, 14.78; 95% CI,
12.20–17.74 for the 2nd CRC; SIR, 15.15; 95% CI, 10.49–
21.17 for the 2nd RCC; SIR, 10.42; 95% CI, 6.67–15.50 for
the 2nd LCC; SIR, 17.88; 95% CI, 13.54–23.16 for the 2nd
rectosigmoid cancer).
As is shown by the multivariate Cox regression in the

Table 2, History of LCC (LCC vs RCC, HR = 1.369, 95% CI,
1.269–1.477, P < 0.001), History of rectosigmoid colon
cancer (rectosigmoid colon cancer vs RCC, HR = 1.090,
95% CI, 1.003–1.184), age > 60 (60–69 vs < 40, HR = 1.342,
95% CI, 1.073–1.679, P = 0.010; 70–79, HR = 1.541, 95% CI,
1.234–1.925, P < 0.001; > 80 vs < 40, HR = 1.339, 95% CI,
1.066–1.680, P = 0.012), Female (male vs female, HR =
0,930, 95% CI, 0.871–0.992, P-0.028), Black (White vs
Black, HR = 0.490. 95% CI, 0.447–0.536, P < 0.001; His-
panic/Latino, HR = 0.604, 95% CI, 0.528–0.690, P < 0.001;
Asian and Pacific, HR = 0.798, 95% CI, 0.710–0.898,
P < 0.001), without surgery history (No vs yes, HR =
1.657, 95% CI, 1.383–1.985, P < 0.001), well differen-
tiated pathology (moderately vs well, HR = 0.868, 95% CI,
0.785–0.961, P = 0.006; poorly vs well, HR = 0.814, 95% CI,
0.720–0.919, P = 0.001; undifferentiated vs ell, HR = 0.524,
95% CI, 0.354–0.775, P = 0.001) were the risk factors of
the presence of SPCRC. Figure 2 shows the relative im-
portance of each independent variable and shows that race
in ISPCRC diagnosis was the most important factor in
predicting SPCRC risk, followed by age at diagnosis and
primary tumor site. Compared with a reference race of
black ethnicity, survivors of other race had substan-
tially reduced risks of SPCRC, with a hazard ratio
(HRs) < 0.799. Compared with those aged < 40 years, the
age group 70–79 had the highest risk of developing
SPCRC (HR = 1.516, P < 0.001). Those with LCC had an
increased risk of SPCRC compared with a reference RCC
(HR = 1.362, P < 0.001) and the trend still remained after
accounting for other confounding factors.

Observed survival (OS) comparison
We used follow-up data to compute actual observed sur-
vival estimates comparing patients with SPCRC and those
with IPCRC. The estimates are shown in Fig. 3. The sur-
vival estimates for the IPCRC and the SPCRC groups were
different (log-rank, P < 0.001). We generated separate OS
comparison data for categorized sites. For RCC, LCC, and
rectosigmoid cancer, those with SPCRC had an apparent
poorer survival outcome than the IPCRC groups (P < 0.001
for RCC, LCC, and rectosigmoid cancer, respectively,
Fig. 3). We then further compared the OS between
those with SPCRC by cancer sites and we found that those
with RCC had the best survival outcome (P < 0.001for the
whole cohort; P = 0.002 for RCC vs LCC; P < 0.001 for
RCC vs. rectosigmoid cancer; and P = 0.352 for LCC and
rectosigmoid cancer) (Fig. 4).
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Fig. 1 Temporal trend of second primary colorectal cancer (SPCRC)
incidence over a 22-year follow-up period in the United States from
1992 to 2012. (a). Trend of SPCRC incidence per 1000 person-years is
estimated by Joinpoint regression (Trend 1: 1st-8th year, Trend 2:
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Discussion
These data provide an update of earlier studies with add-
itional data on tumor site and survival. Compared with a
reference of 2nd RCC, survivors of LCC had substan-
tially increased risks of SPCRC. Furthermore, although
the characteristic differences between the 2nd RCC and
the 2nd LCC was narrowed, those with 2nd RCC had
the best survival outcome.
The association between initial colon cancer and 2nd

colon cancer has been reported by Ananya et al. where the
relative incidence rate of second primary CRC increased
during the 1990s [7] but that study did not examine the
survival outcome differences or the SPCRC categorical site
differences. The findings of the current study indeed con-
firm that IPCRC had elevated risk (SIR = 1.73 and AER =

15.38) for SPCRC and this was the same for 2nd RCC,
LCC, and rectosigmoid cancer. In the study by Green et
al., the incidence of second primary CRC remained high
despite intensive surveillance strategies [21]. This may be
attributed that the patients with a primary CRC may be
biologically different from the general population and at a
much higher risk of developing subsequent cancers. A
correlation between the hypothetical molecular basis of
SPCRC and tumor location in the colon in the same indi-
vidual has been proposed [22]. SPCRC arising exclusively
in the right colon appears to be related mainly to the
Lynch syndrome (LS) or CIMP pathways. When SRCRC is
located in the left colon, the CIN pathway may be associ-
ated with a contribution of lower penetrance genes. Finally,
cases with SPCRC throughout the entire colon appear to

Table 2 Factors Associated With Secondary Primary CRC (SPCRC) Risk Among Survivors of colorectal cancer

Cancer type Univariate Cox Regression Multivariate Cox Regression

HR 95% CI P HR 95% CI P

History of IPCRC < 0.001 < 0.001

RCC 1.000 1.000 1.000 1.000

LCC 1.362 1.264–1.468 < 0.001 1.369 1.269–1.477 < 0.001

Rectosigmoid colon 1.031 0.951–1.118 < 0.454 1.090 1.003–1.184 0.041

Age at diagnosis < 0.001 < 0.001

< 40 1.000 1.000 1.000 1.000

40–49 1.026 0.800–1.315 0.839 1.018 0.794–1.305 0.890

50–59 1.027 0.816–1.293 0.820 0.954 0.799–1.268 0.954

60–69 1.352 1.082–1.691 0.008 1.342 1.073–1.679 0.010

70–79 1.516 1.215–1.892 < 0.001 1.541 1.234–1.925 < 0.001

> 80 1.257 1.003–1.576 0.047 1.339 1.066–1.680 0.012

Sex

Female vs. Male 0.928 0.870–0.989 0.021 0.930 0.871–0.992 0.028

Race < 0.001 < 0.001

Black 1.000 1.000 1.000 1.000 < 0.001

White 0.490 0.447–0.536 < 0.001 0.490 0.447–0.536 < 0.001

Hispanic/Latino 0.581 0.508–0.664 < 0.001 0.604 0.528–0.690 < 0.001

Asian or Pacific Islander and others 0.799 0.710–0.899 < 0.001 0.798 0.710–0.898 < 0.001

SEER staging 0.001 0.007

Localized 1.000 1.000 1.000 1.000

Regional 0.947 0.882–1.017 0.159 0.943 0.878–1.013 0.109

Distant 1.116 1.023–1.116 0.013 1.087 0.996–1.186 0.061

If surgery

Yes vs. No 1.685 1.409–2.016 < 0.001 1.657 1.383–1.985 < 0.001

Pathology grade < 0.001 < 0.001

Well differentiated 1.000 1.000 1.000 1.000

Moderately differentiated 0.871 0.787–0.963 0.007 0.868 0.785–0.961 0.006

Poorly differentiated 0.775 0.686–0.875 < 0.001 0.814 0.720–0.919 0.001

Undifferentiated 0.487 0.329–0.719 < 0.001 0.524 0.354–0.775 0.001

Abbreviations: SPCRC, secondary primary colorectal cancer; RCC, right-sided colon cancer; LCC, left-sided colon cancer
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be related to the CIN pathway due to germline mutations
in APC or MUTYH genes.
Although the LCCs account for the biggest proportion

in the IPCRC, we found that within this SPCRC location
group, tumors were mainly the right colon tumors. Fur-
thermore, the clinical differences in the initial primary
LCC and the RCC were narrowed. In this study, we
found that that there was no difference with respect to

gender, age, pathology grade between the 2nd RCC and
2nd LCC, while the SPCRC tended to be diagnosed in
the early stage of disease [23, 24]. Several studies have
explored potential differences in overall survival between
initial primary RCC and LCC, although there is some
contention to the findings of such studies. However,
there have been no studies that have investigated the
2nd LCC and RCC survival difference. In this study, we
found that 2nd RCC had an apparently improved sur-
vival rate than those with 2nd LCC. This may due to the
survival differences at the tumor site and also in the
tumor features. In this study, there was a narrowing in
the poorer prognostic characteristics of RCC, such as
older age, more advanced tumor stage, and undifferenti-
ated pathology. Such parameters have a much greater
effect on survival in patients with CRC. The RCC tend
to be more often in advanced tumor stage compared
with the LCC and patients with LCC had less frequently
locally advanced tumors (T4 stage) [25–27]. This might
explain the reason that 2nd cancer was more often
identified in RCC but not in LCC.
Incidence of SPCRC varies from person to person and

identifying a high-risk population of developing SPCRC
is important for optimal surveillance and management
in colorectal cancer patients. Our study showed that the
incidence of SPCRC was continuously increasing within
2 years after the first diagnosis of CRC, and it gradually
approached baseline in the 8 years after the first
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diagnosis. These results suggested that CRC patients
have an excess risk of SPCRC over a period of 8 years,
which is of great importance. We discovered that pa-
tients with CRC had double the risk of SPCRC com-
pared with the general population to develop the CRC
and the risk hazards remained in the subgroups.
Using multivariate regression, black ethnicity, aged > 60,

LCC cohort, treatment with surgery, well-differentiated dis-
ease, SEER distant staging, and male gender were all signifi-
cant risk factors for developing SPCRC. Colon cancer may
occur at a significantly younger age in black patients com-
pared to white patients, with black patients having approxi-
mately double the proportion of colon cancers diagnosed
before the age of 50 (10.6% vs 5.5%) [28]. The socioeco-
nomic and sociodemographic status disparities might ac-
count for the high risk of 2nd CRC in those of black
ethnicity. The association between young age and lower
risk of several second cancers has been reported previously
and our data found the highest risk of developing the
second CRCs to be in those aged 70–79, which is
consistent with previous studies [7, 29, 30]. Although this
finding appears rather counter-intuitive since young survi-
vors have more time to develop SPCRC and thus could
have a higher risk of SPCRC, it is possible that this associ-
ation exists partly because the older patients have a higher
probability of developing invasive cancer, where this occurs
for 1 in 3 men and for 1 in 4 women [31]. Thus, the prob-
ability of co-occurrence of SPCRC in the same patient rises

with increasing age. The LCC cohort and patients who had
surgery have a high risk of developing 2nd CRC, and it may
be that the LCC cohort and those treated with surgery have
better survival outcomes than the RCC cohort, while also
having more chances of developing SPCRC.
There are several limitations to this study. We cannot

exclude the possibility that some of these patients with a
second primary CRC may represent hereditary nonpolypo-
sis colon cancer (HNPCC) but patients with familial
polyposis syndromes are mostly diagnosed with CRC before
the age of 50 yr. [32]. However, in our analysis, we found
that the proportion of SPCRC in patients aged younger
than 50 years was less than 10%. Furthermore, HNPCC ac-
counts for only 1–5% of patients diagnosed with colon can-
cer and is not likely to significantly bias our observations.
In summary, this is the first study to analyze a large

population-based cancer registry to quantify SPCRC sur-
vival difference with the IPCRC and the risk factors of
SPCRC. The relative risk of SPCRC appears to have in-
creased with black ethnicity, age > 60 and LCC in the first
8 years of IPCRC diagnosis. Moreover, those with 2nd
RCC had the best survival outcome.

Conclusion
These data provide an update of earlier studies with
additional data on tumor site and survival of SPCRC.
Compared with a reference race of 2nd RCC, survivors
of LCC had substantially increased risks of SPCRC.
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Furthermore, in those with SPCRC, the RCC cohort was
more likely to survive.

Additional file

Additional file 1: Table S1. Clinical Characteristics of Patients with and
without a SPCRC. Table S2. Standardized Incidence Ratios and Absolute
Excess Risk of a SPCRC. Figure S1. Temporal trend of second primary
colorectal cancer (SPCRC) incidence over the 22-year follow-up period
(A). Trend of SPCRC incidence per 1000 person-years is estimated by
Joinpoint regression. ^ P < 0.05. The solid black line shows the trend in
(1) right-sided colon cancer, RCC; (2) left-sided colon-cancer, LCC (3)
Rectosigmoid cancer in the United States from 1992 to 2012. The X-axis
represents the intervals of follow-up and the Y-axis represents rates per
100,000 of the US population. (DOCX 214 kb)

Abbreviations
AER: absolute excess risk; CIMP: CpG island methylator phenotype;
CIN: Chromosomal instability; CRC: Colorectal cancer; HNPCC: hereditary
nonpolyposis colon cancer; IPCRC: Initial primary colorectal cancer; LS: Lynch
syndrome pathway; MSI: microsatellite instability; MSI: Microsatellite
instability; MSS: Microsatellite stability; OS: Overall survival; SEER: Surveillance,
Epidemiology, and End Results; SIR: Standardized incidence ratio;
SPM: Second primary malignancies

Acknowledgements
We would like to thank the native English-speaking scientists of Elixigen
Company (Huntington Beach, California) for editing our manuscript.

Funding
The study collection, analysis, and interpretation of data and in writing the
manuscript was supported by the National Natural Science Foundation of
China (Grants 81572409), and the Science and Technology project of
Guangdong Province (2015A030313010).

Availability of data and materials
The datasets are available in the Surveillance, Epidemiology, and End Results
(SEER) dataset repository https://seer.cancer.gov/.

Authors’ contributions
YL, XZC, XXJ, and XLP made substantial contributions to study conception
and design; YL, XZC collected the data; YL, XZC, XXJ and XLP analyzed the
data and drafted the manuscript; XQK, LSS, KPF, LSH, HWZ, JC analyzed the
data; XXJ and XLP revised it critically for important intellectual content; XLP
agreed to be accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All authors (YL, XZC, XQK, HWZ, LSS,
KPF, JC, XXJ, XLP) have read and approved the final manuscript.

Ethics approval and consent to participate
This study used a general dataset that selected data SEER from a public
health program and therefore did not require institutional review board
approval and the patients’ data were atomized.

Consent for publication
Not applicable.

Competing interests
All authors have no conflicts of interest to declare.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Sun Yat-sen University Cancer Center, 651 Dongfeng Road east, Guangzhou
510060, China. 2State Key Laboratory of Oncology in Southern China,

Guangzhou, China. 3Collaborative Innovation center for Cancer Medicine,
Guangzhou, China.

Received: 11 February 2018 Accepted: 14 September 2018

References
1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ. Cancer statistics,

2008. CA Cancer J Clin. 2008;58(2):71–96.
2. Murphy G, Devesa SS, Cross AJ, Inskip PD, McGlynn KA, Cook MB. Sex

disparities in colorectal cancer incidence by anatomic subsite, race and age.
Int J Cancer. 2011;128(7):1668–75.

3. Vogelaar I, van Ballegooijen M, Schrag D, Boer R, Winawer SJ, Habbema JD,
Zauber AG. How much can current interventions reduce colorectal cancer
mortality in the U.S.? Mortality projections for scenarios of risk-factor
modification, screening, and treatment. Cancer. 2006;107(7):1624–33.

4. Hemminki K, Li X, Dong C. Second primary cancers after sporadic and familial
colorectal cancer. Cancer Epidemiol Biomarkers Prev. 2001;10(7):793–8.

5. Yamazaki T, Takii Y, Okamoto H, Sakai Y, Hatakeyama K. What is the risk
factor for metachronous colorectal carcinoma? Dis Colon Rectum. 1997;
40(8):935–8.

6. Enblad P, Adami HO, Glimelius B, Krusemo U, Pahlman L. The risk of
subsequent primary malignant diseases after cancers of the colon and
rectum. A nationwide cohort study. Cancer. 1990;65(9):2091–100.

7. Das A, Chak A, Cooper GS. Temporal trend in relative risk of second primary
colorectal cancer. Am J Gastroenterol. 2006;101(6):1342–7.

8. Lanza G Jr, Maestri I, Ballotta MR, Dubini A, Cavazzini L. Relationship of
nuclear DNA content to clinicopathologic features in colorectal cancer. Mod
Pathol. 1994;7(2):161–5.

9. Bufill JA. Colorectal cancer: evidence for distinct genetic categories based
on proximal or distal tumor location. Ann Intern Med. 1990;113(10):779–88.

10. Iacopetta B. Are there two sides to colorectal cancer? Int J Cancer. 2002;
101(5):403–8.

11. Meyer JE, Narang T, Schnoll-Sussman FH, Pochapin MB, Christos PJ, Sherr
DL. Increasing incidence of rectal cancer in patients aged younger than 40
years: an analysis of the surveillance, epidemiology, and end results
database. Cancer. 2010;116(18):4354–9.

12. Smith-Gagen J, Goodwin GA, 3rd, Tay J: Multiple primary tumors following
stage II and III rectal cancer in patients receiving radiotherapy, 1998-2010. J
Cancer Res Clin Oncol 2014, 140(6):949–955.

13. Rennert G, Robinson E, Rennert HS, Neugut AI. Clinical characteristics of
metachronous colorectal tumors. Int J Cancer. 1995;60(6):743–7.

14. Morton LM, Onel K, Curtis RE, Hungate EA, Armstrong GT. The rising
incidence of second cancers: patterns of occurrence and identification
of risk factors for children and adults. Am Soc Clin Oncol Educ Book.
2014:e57–67.

15. Donin N, Filson C, Drakaki A, Tan HJ, Castillo A, Kwan L, Litwin M, Chamie K.
Risk of second primary malignancies among cancer survivors in the United
States, 1992 through 2008. Cancer. 2016;122(19):3075–86.

16. Wood ME, Vogel V, Ng A, Foxhall L, Goodwin P, Travis LB. Second malignant
neoplasms: assessment and strategies for risk reduction. J Clin Oncol. 2012;
30(30):3734–45.

17. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, Stein KD,
Alteri R, Jemal A. Cancer treatment and survivorship statistics, 2016. CA
Cancer J Clin. 2016;66(4):271–89.

18. Ashley J. The international classification of diseases: the structure and
content of the tenth revision. Health trends. 1990;22(4):135–7.

19. Lo NS, Sarr MG. Mucinous cystadenocarcinoma of the appendix. The
controversy persists: a review. Hepato-Gastroenterology. 2003;50(50):432–7.

20. Cronin KA, Ries LA, Edwards BK. The surveillance, epidemiology, and end
results (SEER) program of the National Cancer Institute. Cancer. 2014;
120(Suppl 23):3755–7.

21. Green RJ, Metlay JP, Propert K, Catalano PJ, Macdonald JS, Mayer RJ,
Haller DG. Surveillance for second primary colorectal cancer after
adjuvant chemotherapy: an analysis of intergroup 0089. Ann Intern
Med. 2002;136(4):261–9.

22. Leggett BA, Worthley DL. Synchronous colorectal cancer: not just bad luck?
Gastroenterology. 2009;137(5):1559–62.

23. Lim DR, Kuk JK, Kim T, Shin EJ. Comparison of oncological outcomes of
right-sided colon cancer versus left-sided colon cancer after curative
resection: which side is better outcome? Medicine. 2017;96(42):e8241.

Yang et al. BMC Cancer  (2018) 18:931 Page 8 of 9

https://doi.org/10.1186/s12885-018-4823-6
https://seer.cancer.gov/


24. Yahagi M, Okabayashi K, Hasegawa H, Tsuruta M, Kitagawa Y. The worse
prognosis of right-sided compared with left-sided Colon cancers: a
systematic review and meta-analysis. J Gastrointest Surg. 2016;20(3):648–55.

25. Saltzstein SL, Behling CA. Age and time as factors in the left-to-right shift of
the subsite of colorectal adenocarcinoma: a study of 213,383 cases from the
California Cancer registry. J Clin Gastroenterol. 2007;41(2):173–7.

26. Siegel R, Naishadham D, Jemal A. Cancer statistics for Hispanics/Latinos,
2012. CA Cancer J Clin. 2012;62(5):283–98.

27. Benedix F, Kube R, Meyer F, Schmidt U, Gastinger I, Lippert H. Comparison
of 17,641 patients with right- and left-sided colon cancer: differences in
epidemiology, perioperative course, histology, and survival. Dis Colon
Rectum. 2010;53(1):57–64.

28. Theuer CP, Wagner JL, Taylor TH, Brewster WR, Tran D, McLaren CE, Anton-
Culver H. Racial and ethnic colorectal cancer patterns affect the cost-
effectiveness of colorectal cancer screening in the United States.
Gastroenterology. 2001;120(4):848–56.

29. Park SM, Lim MK, Jung KW, Shin SA, Yoo KY, Yun YH, Huh BY. Prediagnosis
smoking, obesity, insulin resistance, and second primary cancer risk in male
cancer survivors: national health insurance corporation study. J Clin Oncol.
2007;25(30):4835–43.

30. Han SS, Rivera GA, Tammemagi MC, Plevritis SK, Gomez SL, Cheng I,
Wakelee HA. Risk stratification for second primary lung Cancer. J Clin Oncol.
2017;35(25):2893–9.

31. Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Ghafoor A, Feuer EJ, Thun
MJ. Cancer statistics, 2005. CA Cancer J Clin. 2005;55(1):10–30.

32. Lynch HT, de la Chapelle A: Hereditary colorectal cancer. N Engl J Med
2003, 348(10):919–932.

Yang et al. BMC Cancer  (2018) 18:931 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Data source
	Observed survival
	Statistical methods

	Results
	Study population
	SPCRC trends
	Identifying factors associated with SPCRC risk
	Observed survival (OS) comparison

	Discussion
	Conclusion
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

