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Abstract
Background The incidence in young patients has increased significantly over the last few decades. The aim of this study is to
evaluate demographic and tumor characteristics of young patients and analyze the short-term surgical outcomes of patients
undergoing surgery.
Methods We performed a 2-year review (2015–2016) of the ACS-NSQIP and included all patients with CC who underwent
surgical management. Patients were stratified into two groups: early-onset CC (< 50 years old) and late-onset CC (≥ 50 years old).
Outcome measures were hospital length of stay, 30-day complications, mortality, and readmission.
Results We included a total of 15,957 patients in the analysis. Mean age was 65 ± 13 years, and 52% were male. Overall 10% of
the patients had early-onset CC. Patients with early-onset CC were more likely to be black (11% vs 7%, p = 0.04) and Hispanic
(8% vs 4%, p = 0.02). Additionally, they presented with a more aggressive tumor and higher TNM staging. Patients with early
onset CC had lower 30-day complications (18% vs 22%, p = 0.02), shorter hospital length of stay (6[3–8] vs 8[5–11], p = 0.03)
and lower 30-day mortality (0.4% vs 1.8%, p = 0.04) compared to their counterparts. However, there was no difference between
the two groups regarding 30-day readmission. On regression analysis, there was no difference between the two groups regarding
study outcomes.
Conclusions Racial disparity does exist in the incidence of colon cancer in the young with higher incidence in blacks. Younger
patients with CC tend to have better surgical outcomes on univariate analysis. On regression analysis, the surgical outcomes
between the two groups are comparable.
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Introduction

Colon cancer (CC) is the third most common incident cancer
and cause of cancer-related deaths in the USA [1]. According
to estimates by the International Agency for Research on
Cancer (IARC), CC accounted for around 10% of all cancers
incident globally, with approximately 814,000 cases in men
and 664,000 cases in women [2]. Annually, around 50,630
Americans die of CC. This accounts for approximately one
in 12 of all cancer-related deaths [3]. Thus, CC remains a
major cause of morbidity and mortality in the USA and is a
significant burden on the population and the healthcare sys-
tem. More than a million US residents were estimated to have
been living with CC cancer in 2013 [1].

There is widespread variation in the overall incidence, mor-
tality rates, and epidemiological trends across different coun-
tries, and the incidence has been changing over the past two
decades especially in high-income countries [4]. More specif-
ically, CC occurrence and mortality have been decreasing sig-
nificantly since 1990, and multiple reasons behind these
shifting epidemiological trends have been identified [5–7].
The widespread implementation of effective screening prac-
tices and the resection of adenomatous polyps along with oth-
er precursor regions in individuals considered to be at average
risk has decreased the annual incidence by 4% per year [8, 9].
There has also been advances in the disease’s management
which has led to improvement in cancer-free survival
[10–13]. Despite all these significant progress made, during
the same time period, there is an alarming increase in the
incidence of CC in individuals below the age of 50 especially
in high-income counties [14–16]. Rates are projected to in-
crease by 124% for patients aged 20–34 years, and by 46% for
patients aged 35–49 years by 2030 [17].

Unlike middle-aged individuals, there is a paucity of data
describing the unique characteristics of CC in young patients
[18]. Understanding the unique risk profile of patients below
the screening age threshold, along with their surgical out-
comes following resection provides insight into the pathogen-
esis of the disease in light of our understanding of its genetic
and environmental underpinnings. Furthermore, it will also
guide efforts for prevention and early detection [18]. The
aim of this study is to evaluate demographic and tumor char-
acteristics of young patients and analyze the short-term surgi-
cal outcomes of patients undergoing surgery.

Methods

Data source

We queried the American College of Surgeons – National
Surgical Improvement Program (ACS-NSQIP) database.
ACS-NSQIP is a nationwide compiled surgical database that

can guide national quality improvement programs by provid-
ing risk-adjusted information on surgical outcomes. Data from
> 550 institutions across the USA and Canada is collected
based on current procedural terminology (CPT) codes. This
study was an exempt from the Institutional Review Board as
the ACS-NSQIP database contains deidentified patient data.

Patient selection (inclusion and exclusion criteria)

We performed a 2-year (2015–2016) retrospective cohort
analysis and selected all adult patients (age ≥ 18) diagnosed
with CC and underwent surgical management. Patients who
non-surgically managed were excluded from the analysis.

Patient stratification

Patients were stratified into two groups on the basis of age at
presentation: Early-onset CC (< 50 years old) and late-onset
CC (≥ 50 years old). The age of 50 years was used as a cutoff
for stratification because it is the age beyond which screening
is recommended for individuals considered to be at average
risk of CC and it is the age belowwhich the incidence of CC is
noted to be rising unlike middle-aged and older adults.

Data points and study outcomes

The following data points were collected for each patient from
the dataset: age, gender, race, ethnicity, body mass index,
functional status, comorbidities, type of anesthesia, procedure
type, and wound classification. Outcome measures were hos-
pital length of stay, 30-day complications, mortality, and re-
admission. The post-operative complications analyzed were
stratified as follows: respiratory (pneumonia, re-intubation,
and ventilator support), cardiac (cardiac arrest and myocardial
infarction), hematologic (deep venous thrombosis and pulmo-
nary embolism), septic, renal (acute and progressive renal fail-
ure), neurological (coma and cerebrovascular incident),
wound complications (infection or dehiscence), and urinary
tract infection. A complication was defined as suffering from
at least one of the aforementioned complications.

Outcome measures

Surgical outcome measures were hospital length of stay, 30-
day complications, 30-day mortality, and 30-day readmission.

Statistical analysis

We reported descriptive statistics. Data are reported as mean ±
standard deviation (SD) for continuous variables with normal
distribution, as median [interquartile range (IQR)] for continu-
ous variables without normal distribution, and as proportions
(% percentage) for the categorical variables. To analyze the
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differences between the two patient groups on the univariate
level, we used a chi-square test for categorical variables, the
Mann-Whitney U test for continuous nonparametric data, and
the independent Student’s t test for continuous parametric data.

A multivariate logistic regression was used to control for
the following covariates: patient’s demographics, comorbidi-
ties, TNM stage, ASA class, type of surgery, anesthesia, and
recipient of chemotherapy. First, we evaluated the association
between each covariate and the binary outcomes, on a univar-
iate level. Variables with a p value of less than 0.2 in the
univariate model were included in multivariable logistic re-
gression model. On the multivariable logistic regression anal-
ysis, variables were considered significant at p value of < 0.05.
To assess the model fit, Hosmer-Lemeshow test was per-
formed. In the logistic regression model, the Hosmer-
Lemeshow test exceeded 0.05 and the tolerance was greater
than 0.1 for all independent variables with a variance inflation
factor of less than 10.0. In our study, alpha was set at 5% and a
value of p < 0.05 was considered statistically significant. All
statistical analyses were conducted using the Statistical
Package for Social Sciences software (SPSS, version 24;
SPSS, Inc.).

Results

A total of 15,957 adult patients diagnosed with CC and man-
aged operatively were identified throughout the study period.
The sample was stratified based on the age at presentation into
the early CC group which includes those who presented <
50 years of age (n = 1567) and the late CC group which in-
cludes those who presented ≥ 50 years of age (n = 14,390).
Mean age was 64 ± 9 years and 49% were male. In terms of
race and ethnicity, 7.3% were black and 4.3% were Hispanic.
The overwhelming majority of patients were functionally in-
dependent at the time of presentation (96%). The patient co-
hort was not free from comorbidities. The most commonly
noticed comorbidity was hypertension 55% followed by
smoking 14%. Regarding their operative intervention, the
overwhelming majority of patients were operated on under
general anesthesia (99.6%), under non-emergent conditions,
with a clean/contaminated wound classification (87.3%).

Patients with early-onset CC were more likely to be male
(53.2% vs. 38.9%; p < 0.01), black (11% vs 7%, p < 0.01), and
Hispanic (8% vs 4%, p < 0.01). Additionally, patients in the
early-onset group were more likely to be functionally inde-
pendent (98.5% vs. 95.8%, p < 0.01) and were more likely to
have a lower ASA Class ≥ 3 (40.2% vs. 66.9%, p < 0.01)
compared to patients in the late-onset group. In terms of co-
morbidities, patients in the late-onset group are more likely to
present with higher rates of comorbidities including diabetes
mellitus (p < 0.01), hypertension (p < 0.01), CHF (p < 0.01),
and dyspnea (p < 0.01). On the other hand, patients in the

early-onset group had higher rates of smoking (p < 0.01),
and weight loss (p < 0.01) (Table 1).

On analysis of surgical outcomes, patients with early-onset
CC had a shorter hospital length of stay (6[3–8] vs. 8[5–11];
p = 0.03), along with lower rates of 30-day complications
(18% vs 22%, p = 0.02), and 30-day mortality (0.4% vs
1.8%, p = 0.04) compared to their counterparts. However,
there was no difference between the two groups regarding
the rate of 30-day readmission (11.9% vs. 12.2%, p = 0.29)
(Table 2). Regarding tumor characteristics, patients in the
early-onset were more likely to present with aggressive tumor
and higher TNM staging. Patients in the early onset CC were
more likely to have a larger tumor size T > 2 (64% vs. 58%;
p = 0.02), an increased likelihood of lymph node involvement
(49% vs. 38%; p = 0.02), and distant metastasis (12% vs. 7%;
p = 0.01) (Table 3). Additionally, these patients were also
more likely to undergo emergent surgery (20% vs 16%, p =
0.01) compared to patients with late-onset CC.

On multivariate regression analysis after controlling for
demographics, comorbidities, type and approach of surgery,
TNM stage, and ASA class, there was no difference between
the two groups regarding 30-day complications (OR 0.97
[0.79–2.45], p = 0.26), 30-day mortality (OR 0.92 [0.82–
3.15], p = 0.28), and 30-day readmission (OR 1.11 [0.92–
3.58], p = 0.59) (Table 4).

Discussion

The results of our study indicate that in a nationally represen-
tative sample of CC patients, around 10% has early onset CC.
Therefore, the increasing incidence of early onset CC is sig-
nificant and is an alarming epidemiological trend and warrants
further investigation. In an effort to outline the unique set of
patient-related factors that define the risk profile of early onset
CC, our results can help identify and risk stratify patients, and
this may help guide disease surveillance and promote early
diagnosis. In addition, the results show no apparent difference
in surgical outcomes when comparing early versus late onset
CC after adjusting for measurable confounding variables.

Patients with early onset CC are more likely to be function-
ally independent according to the results, and these patients
have the potential to lose a large number of productive years
[19]. It is therefore imperative to explore the unique risk fac-
tors in this vulnerable age group. Kolligs et al. conducted a
recent epidemiological review of CC and reported that the
incidence in individuals below the age of 50 was around
10% [20]. The incidence is in line with the results of this study.
Nationally compiled databases like the NSQIP can capture a
large number of patients from multiple centers, and this can
allow clinicians to explore pertinent characteristics and recog-
nize trends that can allow the early identification of high-risk
individuals for the purpose of screening and early diagnosis.
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For example, the results shed light on noticeable racial and
ethnic disparities in the incidence of early onset CC. The pa-
tients with early onset CC are more likely to be black and
Hispanic. These findings are consistent with previously pub-
lished studies. Compared to other races, the incidence and
mortality of CC differ significantly among African-
Americans. According to the American Cancer Society esti-
mates, incidence rates were 25% higher and mortality rates
were 50% higher in African-Americans compared to

Caucasians in the period between 2006 and 2010 [21].
Stefanis et al. analyzed a single-center tumor registry, and they
looked into the incidence of CC in Hispanics and reported
results that are in line with the findings of this study [22].
Hispanic patients are more likely to be younger at the time
of diagnosis and are more likely to have more metastatic dis-
ease leading to a poor prognosis relative to non-Hispanics.

BMI is another important risk factor captured in the results
of this study. The association between BMI and CC has been

Table 1 Patient characteristics
Variable Early (n = 1567) Late (n = 14,390) p value

Age, mean ± SD 42 ± 5 66 ± 14 < 0.01*

Male, n (%) 53.2% 48.9% < 0.01*

Black, n (%) 11% 7% 0.04*

Hispanic, n (%) 8% 4% 0.02*

BMI, mean ± SD 28.7 ± 7.7 28 ± 7.0 < 0.01*

Functional status, n (%)

Independent 98.5% 95.8% < 0.01*

Partially dependent 0.7% 3.3% < 0.01*

Totally dependent 0.3% 0.4% < 0.01*

Unknown 0.6% 0.5% < 0.01*

ASA Class ≥ 3, n (%) 40.2% 66.9% < 0.01*

Comorbidities, n (%)

Diabetes mellitus (non-insulin) 5.5% 14.1% < 0.01*

Hypertension 21.0% 59.5% < 0.01*

Current smoker 18.9% 12.9% < 0.01*

CHF (30-day before surgery) 0.2% 2.1% < 0.01*

History of severe COPD 0.7% 7.2% < 0.01*

Bleeding disorder 1.7% 4.8% < 0.01*

Dyspnea (at rest) 0.3% 0.8% < 0.01*

Steroids use for chronic condition 2.8% 3.3% 0.35

Systemic sepsis, n (%) 6.4% 4.6% < 0.01*

Sepsis 2.0% 1.7% < 0.01*

Septic shock 0.1% 0.2% < 0.01*

SIRS 4.3% 2.7% < 0.01*

Currently on pre-op dialysis 0.1% 0.7% 0.01*

Ascites 1.4% 1.0% < 0.1*

> 10% weight loss 7.9% 5.9% < 0.01*

Type of anesthesia

General, % 99.5% 99.7% 0.49

Wound classification, n (%)

Clean 2.0% 1.6% < 0.01*

Clean/contaminated 84.7% 87.6% < 0.01*

Contaminated 7.7% 7.0% < 0.01*

Dirty 5.6% 3.8% < 0.01*

Type of surgery

Emergent procedure 20% 16% 0.01*

SD standard deviation, ASA American Society for Anesthesiology, CHF congestive heart failure, COPD chronic
obstructive pulmonary disease

*Statistically significant, p < 0.05
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describedmultiple times in previous studies [23]. Even though
the difference in the mean BMI between the two groups
reached statistical significance in the results, the difference is
not clinically significant. The contribution of BMI in increas-
ing the risk in both early onset and late onset CC patients is
expected. In light of our understanding of the pathophysiology
of carcinogenesis, there is clearly an interplay of both envi-
ronmental and genetic factors.

In this study, the distribution of the patients’ comorbidities
differed between the two groups and this could contribute to
our understanding of the effect of the comorbidity profile of
the patient in dictating the eventual risk of early onset CC. For
example, patients in the early onset CC group had higher rates
of smoking. Smoking has been shown to be associated with
malignant diseases involving many organ systems and CC is
no exception. In a meta-analysis of prospective cohort studies,
Kelvin et al. examined the association between smoking and
CC [22]. Not surprisingly, smokers exhibited a significantly
higher risk of CC, findings that is consistent with other stud-
ies. Smoking is a potentially modifiable environmental and
lifestyle associated risk factor that is highly relevant to the
young age group [24].

When examining the disease’s characteristics related to the
tumor biology and aggressiveness, there is a noticeable trend
towards a more aggressive disease in patients with early onset
CC. This is evident when comparing tumor size, lymph node
involvement, and extent of distant metastasis. Patients in the
early onset CC group were more likely to have a larger tumor
size, lymph node involvement, and disseminated disease. The
reason behind the evident aggressive course in this group of
patients is yet to be fully explained but is most likely due to the
complex interplay of these patients’ unique environmental
risk factors along with their genetic predisposing factors.

The genetics of early onset CC is growing field of research
and the development of gene panels that can be used to test
individuals with certain risk factors has become a subject of
interest [25].

On a multivariable level analysis after controlling for mea-
surable imbalances between the two groups including the tu-
mor characteristics, there were no further differences in post-
operative outcomes between the two groups as was shown in
the univariate analysis. This demonstrates a confounding ef-
fect when examining the results of the univariate analysis. Age
at presentation has been confounded by the differences in
tumor characteristics observed between the two groups and
that it contributes primarily to a more aggressive disease at
the time of the diagnosis. However, after we adjusted for the
disease characteristics between the two groups, older patients
were no different than their younger counterparts.

A retrospective review of 162 CC patients performed by
Habib et al. at a tertiary center to compare the presentation and
survival outcomes in younger patients compared to older pa-
tients with CC showed no significant differences in surgical
outcomes and post-operative complications even with the two
groups having similar postoperative TNM staging. The results
from this study is aligned with the findings of ours. In addi-
tion, there were no differences in survival between older and
younger CC patients [26].

There are some inherent limitations of our study. There are
limitations attributed to the retrospective nature of the analy-
sis, unmeasurable confounding factors, and erroneous data
entry. The NSQIP database samples more procedures from a
greater number of institutions with every iteration, and it is not
possible to determine the completeness of sampling year to
year for any given procedure or any given hospital.

Table 2 Univariate analysis of
the study outcomes Outcomes Early (n = 1567) Late (n = 14,390) p value

Hospital length of stay, median (IQR) 6 (3–8) 8 (5–11) 0.03*

30-day complications, n (%) 18% 22% 0.02*

30-day mortality, n (%) 0.4% 1.8% 0.04*

30-day readmission, n (%) 11.9% 12.2% 0.29

*Statistically significant, p < 0.05

Table 3 Tumor staging characteristics

Variable Early
(n = 1567)

Late
(n = 14,390)

p value

Size, T > 2, n (%) 64% 58% 0.02*

Lymph node involvement,
n (%)

49% 38% 0.02*

Distant metastasis, n (%) 12% 7% 0.01*

*Statistically significant, p < 0.05

Table 4 Multivariate logistic regression

Variable Adjusted
odds ratio

90% CI p value

30-day complications 0.97 0.79–2.45 0.26

30-day mortality 0.92 0.82–3.15 0.28

30-day readmission 1.11 0.92–3.58 0.59

Ref. late colon cancer. Adjusting for demographics (age, gender, race,
ethnicity), Body Mass Index, functional status, comorbidities, ASA
Class, TNM stage, type, and approach of surgery
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Furthermore, we were not able to follow up patients for a
longer period of time to determine CC recurrence, or CC free
survival which are important oncological outcome measures.
Patients with a more advanced disease such as the younger CC
group could eventually end up having a different long-term
course and mortality relative to their older counterparts. In
addition, we could not capture data points regarding surgical
margins which also have a bearing on oncological outcomes.
However, the study analyzes a nationally representative co-
hort of CC patients and describes the salient characteristics of
early onset CC patients, this which helps guide screening and
surveillance to promote early identification of CC. The study
also presents encouraging results stating that surgical out-
comes in young patients are no different than their older coun-
terparts when matched for disease stage and this signifies that
the early identification of young patients with CC can allow us
to achieve the same favorable epidemiological trends ob-
served in older patients.

The study paves the way for future research studies that
aim to further refine the characteristics of early onset CC pa-
tients and allows the development of screening guidelines and
surveillance programs. In addition, future research studies
using prospective data can also better examine surgical and
longer-term oncological outcomes.

Conclusion

Racial disparity does exist in the incidence of CC in the young
with higher incidence seen in blacks. Higher rate of smoking
was associated with CC in younger patients. Young patients
also tend to have more aggressive disease and are more likely
to undergo emergency surgery. However, younger patients
with CC tend to have similar surgical outcomes at least in
the immediate post-operative period.
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