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Abstract

Purpose—The aim of this study is to describe the demographics and clinical features of patients
with young onset (YO) CRC.

METHODS—A retrospective review of patients with CRC diagnosed between ages 20 and 49
years evaluated at Memorial Sloan Kettering Cancer Center from 1/2004 to 6/2019. We excluded
those with a hereditary CRC syndrome, inflammatory bowel disease, or prior CRC diagnosis.

Patient demographics, presenting symptoms, medical, surgical and smoking history, family history
of cancer, tumor characteristics, and pathology were obtained from the electronic medical record.

RESULTS—We identified 3856 YO CRC patients (median age CRC diagnosis 43; 52.5% male).
59.1% were overweight or obese (32.2% and 26.9%, respectively). Most (90.1%) had no family
history of CRC in a first degree relative. 56.3% of patients reported being never smokers. 5.2%
had diabetes. Most common presenting symptoms were rectal bleeding (47.7%), abdominal pain/
bloating (33.1%) and change in bowel habits (24.7%). The majority presented with left sided
cancers (77.3%), at late stage disease (68.4% at stages 3 or 4).

CONCLUSION—Most YO CRC patients presented with rectal bleeding or abdominal pain, left
sided cancers, later stage disease and had no family history of CRC in a first degree relative.
Over half were overweight and obese, and were more likely to have never smoked. More data are
needed to better understand YO CRC risk factors, and to help identify high-risk populations who
may benefit from earlier screening.

Keywords

Young onset colorectal cancer; early onset colorectal cancer; colorectal cancer; colorectal cancer
screening

INTRODUCTION

Colorectal cancer (CRC) is the third most common cause of cancer-related death in men and
women in the United States (US).! Since the mid-1980s, the incidence of CRC in the US
has been decreasing. This has mainly been ascribed to CRC screening with identification
and removal of adenomatous polyps.2 The incidence of CRC in young adults (<50 years old)
who have traditionally not been routinely screened for CRC is increasing.34>6 The cause

of this unexpected increase remains unclear, and the characteristics of these younger patients
are not fully understood. Although young onset cancers were traditionally thought to have

a high likelihood of underlying hereditary predisposition, it has instead been shown that
hereditary CRC syndromes account for only a minority of these cases.” Studies also suggest
that CRC in this young age group present at later stages, are more likely to demonstrate
signet-ring cell and poor histologic differentiation, are more commonly located in the

left colon and rectum and often associated with metachronous and synchronous colorectal
neoplastic lesions,>8:9:10,

The well-established risk factors associated with CRC, including diets high in red meat
and low in fiber, smoking tobacco, excess alcohol consumption and physical inactivity
do not appear to explain the increasing incidence of young onset CRC (YO CRC).1!
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Although obesity has recently been implicated as a possible risk factor in young females2, a
subsequent large analysis did not correlate obesity with increasing YO CRC trends.1!

The aim of this study is to describe the demographics, clinical and pathologic features of
patients with YO CRC. To better elucidate the clinical underpinnings of YO CRC, this
study also assessed symptoms leading to a diagnosis of CRC and potential risk factors in a
large population of YO CRC patients with comparison to a healthy nationally representative
cohort.

METHODS

We performed a retrospective review of all patients between ages 20 and 49 with a
pathologic diagnosis of CRC who were evaluated at Memorial Sloan Kettering Cancer
Center (MSKCC) from January 2004 to June 2019. Patients were identified by International
Classification of Diseases for Oncology (ICD-O) site and histology codes. To capture
sporadic YO CRC patients, those with a known mutation for a hereditary CRC syndrome
(defined as a known history of or genetic workup consistent with a hereditary CRC
syndrome or immunohistochemistry (IHC) of tumor with mismatch repair deficiency
(dMMR)) were excluded, as were those with a history of inflammatory bowel disease (IBD),
or appendiceal, neuroendocrine, and carcinoid tumors.

Using the electronic medical record, we abstracted information on demographics (including
age at diagnosis, gender, height, weight, race/ethnicity), family history of cancer, medical
and surgical history, tumor characteristics, pathology, smoking history and symptoms
leading to diagnosis. Data abstraction was done through chart review. Following data
abstraction, we recoded, performed logic checks, and reviewed missing data across
variables.

To explore whether the distributions of these variables in YO CRC varied from the
general population of US young adults, we compared body mass index, hypertension (yes
vs. no), diabetes (self-report of doctor-diagnosed), and smoking history (ever vs. never)

in YO-CRC patients to a population of adults (ages 20-49) without a cancer history

from the National Health and Nutrition Examination Survey (NHANES), a nationally
representative, cross-sectional survey of civilian, non-institutionalized persons living in
the US (see Supplemental Table 1 for NHANES characteristics). MSKCC data were
standardized to the NHANES population based on age, race, and sex prior to comparison
of clinical characteristics. NHANES data were used from the 2003-2016 survey cycles.
Standardization was performed by deriving post-stratification weights for each combination
of age group, sex, and race/ethnicity using NHANES as the reference population and then
applying these weights to the MSKCC data. An additional sensitivity analysis was then
conducted limiting MSKCC data to the years that overlapped with the available NHANES
survey cycles (2004-2016), since NHANES data were not publicly available after 2016

at the time of analysis'3. Due to the complex, four-stage sample design methodology of
NHANES, formal statistical comparisons to MSKCC data could not be made. Analysis of
NHANES data requires careful incorporation of survey sampling weights for appropriate
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variance estimation; given that MSKCC data would contain no such weights, formal
comparisons of the two groups would not produce statistically valid resultsl4.

The study was approved by the MSKCC Institutional Review Board/Privacy Board.

We identified a total of 4,180 patients, ages 20-49, who were diagnosed with CRC. Of these,
324 were excluded (190 for a known genetic syndrome associated with CRC, 123 for IBD
and 11 for appendiceal, neuroendocrine and carcinoid tumors). A total of 3,856 patients
were included in this analysis.

Baseline patient characteristics are shown in Table 1. The overall median age of CRC
diagnosis was 43 years (range 20-49), with 52.4% male, 79.3% white and 88.6%
non-Hispanic. 59.1% of patients were either overweight or obese (32.2% and 26.9%,
respectively). Most (90.1%) had no family history of CRC in a first degree relative. 56.3%
of patients reported being never smokers. 81.3% of patients had never undergone prior
abdominal surgery for other indications.

Patients presented with a variety of symptoms including some with multiple symptoms (see
Figure 1). Most commonly, patients reported rectal bleeding (47.7%), abdominal pain or
bloating (33.1%), or change in bowel habits (24.7%). Most (77.3%) had left sided cancers,
including 69% in the sigmoid and rectum, and most presented with later stage disease
(including at least 68.4% with Stage 111-1V) (see Table 2).

Compared to NHANES, a nationally representative cohort of patients without cancer, (see
supplemental figure 1), our YO CRC patients were less likely to have ever smoked tobacco
cigarettes (41.5% vs. 37.7%, respectively). A higher proportion of our patients had diabetes
(5.2% vs. 3.4%, respectively). Though the majority of our patients were overweight or
obese, our group had lower proportions of overweight and obese patients than the NHANES
group (29.2% and 23.7% vs. 31.8% and 33.7% respectively) even when we conducted a
sensitivity analysis excluding patients who presented with weight loss.

DISCUSSION

To date, this is the largest single center study describing the clinical features of young onset
CRC patients. We looked at 3,856 patients with YO CRC age 20 to 49 without a known
hereditary predisposition to CRC and found that most patients had no family history of
CRC in a first degree relative, presented with clinical symptoms of rectal bleeding, were
found to have left sided cancers and at later stage disease (I11-1V) which is consistent with
prior studies.3>9 The underlying cause of these patterns remains unclear. Some studies
suggest that this increase may be attributed to increased rates of obesity.# 12 We therefore
sought to look at traditional risk factors such as smoking and obesity and did not find an
increased prevalence in our YO CRC study group compared to individuals without cancer in
a nationally representative population of adults (NHANES) restricted to ages 20-49. History
of prior abdominal surgery, namely cholecystectomy, has also been reported to be associated
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with a higher risk of sporadic CRC.1® The majority of our patients did not have a history of
prior abdominal surgery.

A recent Swedish cohort study suggested that diabetes independently increased an
individual’s risk of developing CRC at a younger age.18 Though our numbers are small,
our group did have a higher prevalence of diabetes. Diabetes may therefore be a signal
which should be investigated further as a potential risk factor for YO CRC.

Given that the incidence of YO CRC continues to increase, and to date the mechanism
remains unclear, it is imperative that clinicians and patients be aware of YO CRC. We
found that our patient population presented with a myriad of symptoms, with most reporting
rectal bleeding, abdominal pain/bloating and change in bowel habits. In the past when
young patients without risk factors for CRC were evaluated for these symptoms, many

were thought to be due to benign causes that may not warrant further workup. Given

that the majority of our patients presented with rectal bleeding, it is important to consider
CRC in the differential diagnosis in symptomatic individuals under age of 50, to ensure
appropriate further workup and follow-up as to not miss potential underlying CRC in this
young population.

The major strength of this study is the large number of patients included. In addition, our
comprehensive medical record afforded us the ability to accurately review the demographics,
clinical and pathologic features of this study group. Several limitations should be noted.
First are those inherent to retrospective studies and chart reviews as we are limited to what is
included in the chart and essential information may be missing or mis-classified. There may
be recall bias in patients reporting symptoms. In addition, although we excluded patients
with dMMR found on IHC of tumor to reduce the chance of including potentially missed
cases of Lynch syndrome, because a large portion of our study predated universal tumor
testing by IHC for AIMMR, we may have underestimated the number of patients with genetic
syndromes. Second, this is a single institution tertiary cancer center and therefore may not
be representative of the general population. Third, we compared our study group of YO
CRC patients to a nationally representative cohort of patients without cancer (NHANES) to
better understand the magnitude of risk factors in our patients. Although we standardized
age, race, and sex, there may still be underlying differences in other important factors

such as socioeconomic status and insurance status. We therefore used this comparison as a
qualitative analysis and did not make any direct statistical comparisons.

In summary, we found that the majority of our YO CRC patients presented with rectal
bleeding, abdominal pain, and change in bowel habits, had left sided cancers and presented
with later stage disease (I11-1V). Until we have a better understanding of the biology

and risk factors of CRC in this population, CRC should be considered in young patients

who present with these symptoms, and should be followed closely to determine whether
further evaluation may be warranted. In asymptomatic individuals under age 50, important
questions remain regarding who, when and how to screen for CRC. If confirmed with further
studies, diabetes may be a potential risk factor in young individuals and could help define

a high risk group that may be offered specialized CRC screening recommendations in the
future. Prospective data are clearly needed to better define and understand the risk factors
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and causes for YO CRC to help guide future screening recommendations in this cohort
in efforts to reduce the increasing incidence and significant mortality of this potentially
preventable disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Percentage of patients who presented with a given symptom
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Table 1-

Demographic characteristics of patients (N = 3,856)

Characteristic N (%)
Age(y)

20-29 203 (5.3)

30-39 957 (24.8)

40-49 2696 (69.9)
Sex

Male 2015 (52.4)

Female 1832 (47.6)
Race

White 3058 (79.3)

Black 294 (7.6)

Asian 290 (7.5)

Other/Unknown 214 (5.6)
Ethnicity

Non-Hispanic 3411 (88.6)

Hispanic 216 (5.6)

Unknown 225 (5.8)
Body Mass Index (kg/m?)

Underweight (<18.5) 95 (3.0)

Normal (18.5- <25) 1191 (37.8)

Overweight (25— <30) 1015 (32.2)

Obese (30+) 847 (26.9)
Smoking

Never 2169 (56.3)

Ever 1075 (27.9)

Unknown 612 (15.9)
Family History

No 2693 (70.4)

Yes, 1% degree relative 380 (9.9)

Yes, 2" degree or unknown degree relative 753 (19.7)
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Cancer characteristics of MSK patients overall and by age decade (N= 3,856)

Table 2-

Age Category
Cancer Characteristic Overall 20-29 30-39 40-49
Stage
0 46 (1.2) 1(0.5) 9(0.94) 36 (1.34)
1 181 (4.7) 9 (4.4) 28 (2.9) 144 (5.3)
1 386 (10.0) 17 (8.4) 80 (8.4) 289 (10.7)
1or il 448 (11.6) 17 (8.4) 106 (11.1) 325 (12.1)
1 1049 (27.2) 64 (315) 273 (285) 712 (26.4)
% 1587 (41.2) 87 (42.9) 423 (44.2) 1077 (40.0)
Unknown 159 (4.1) 8(3.9) 38 (4.0) 113 (4.2)
Location
Cecum 334 (8.7) 14 (6.9) 89 (9.4) 231 (8.6)
Ascending colon 308 (8.0) 20 (9.9) 60 (6.3) 228 (8.5)
Hepatic Flexure 52 (1.4) 0 (0.0) 14 (1.4) 38 (1.4)
Transverse colon 153 (4.0) 7(3.5) 42 (4.4) 104 (3.9)
Splenic flexure of colon 85 (2.2) 4(2.0) 22(23) 5922
Descending colon 235 (6.1) 18 (8.9) 77 (8.1) 140 (5.2)
Sigmoid/rectosigmoid 1404 (36.5) 71(35.0) 355 (37.3) 978 (36.3)
Rectum 1249 (32.5) 69 (34.0)  283(29.8) 897 (33.3)
Colon, NOS 25 (0.7) 0(0.0) 9(1.0) 16 (0.6)
Pathology
Adenocarcinoma, NOS 3359 (87.6) 156 (76.9) 817(86.1) 2386 (89.0)
Mixed 39 (1.0) 8(3.9) 18 (1.9) 13 (0.5)
Mucinous 233 (6.1) 18 (8.9) 63 (6.6) 152 (5.7)
Mucinous >50% 138 (3.6) 9 (4.4) 29 (3.1) 100 (3.7)
Signet ring cell carcinoma 65 (1.7) 12 (5.9) 22 (2.3) 31(1.2)
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