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Abstract

The incidence and mortality from colorectal cancer in younger adults (younger than 55 years) is increasing. We reviewed the
complete database of a gene-expression test, Oncotype DX Colon Recurrence Score test, to determine age-related differences
in recurrence score (RS) and single-gene results (7 cancer-related of the 12-gene assay). We included 20 478 stage II and III A
and B colon cancer patients submitted to Genomic Health. RS results were grouped by low-, intermediate-, and high-risk
groups. Single-gene scores were described using median and interquartile range. Of all patients 72.5% and 72.6% of those
younger than 40 years had low-risk RS. Comparing older with younger patients, RS or single-gene expression did not differ by
age group or stage. Young-onset colon cancer does not differ by expression of the RS component genes. Most patients with
stage II and III colon cancer have low-risk disease as measured by the 12-gene assay, regardless of age.

Colorectal cancer (CRC) incidence and mortality have been de-
creasing from 1975 to 2006; however, these trends are influ-
enced mainly by older age groups. Between 2009 and 2013, CRC
incidence decreased by 4.6% per year in individuals aged
65 years and older, yet increased in individuals younger than
50 years by 1.6% per year (1). Similarly, CRC death rates for
adults younger than 50 years increased by approximately 1%
per year from 2005 to 2014 while declining 1–3% per year for
older patients. For those aged 20–34 years, when compared with
2010, increasing incidence of 90% by 2030 is predicted (2).

The Oncotype DX Colon Recurrence Score (RS) test
(12-gene assay; Genomic Health, Inc., Redwood City, CA)
examines individual tumor biology via quantitative expres-
sion of three stromal (FAP, INHBA, BGN), three cell cycle
(MKI67, cMYC, MYBL2), GADD45B, and five reference genes. It
was validated in four prospective clinical trials for stage II and
two in stage III colon cancer (3–6). We investigated age-
specific biological differences using the 12-gene assay in
stages II and III colon cancer.

Samples from patients with stage II or III A and B colon can-
cer were submitted to the Genomic Health clinical laboratory
for the 12-gene assay from January 2010 to February 2018 and
analyzed retrospectively. Quantitative expression of RNA
extracted from formalin-fixed, paraffin-embedded tissue was

determined for the 12 genes via reverse transcription polymer-
ase chain reaction (7). Standard cut-points for low-, intermedi-
ate-, and high-recurrence risk groups were less than 30, 30 to 40,
and no less than 41. The study cohort (n¼ 20 478) included
10 316 men and 10 162 women with reported RS results and
quantitative single-gene scores (determined by the 12-gene as-
say), patient age, sex, and disease stage. Patients with known
mismatch repair deficiency were not tested or included.

The primary objective was to assess age-specific differences
in the RS distributions by comparing results by age group (youn-
ger than 40, 40–54, 55–64, 65 years and older) and disease stage
(stage II and stage III, younger than 55 and 55 years and older);
95% confidence intervals were calculated using Clopper-
Pearson method. Two-sided v2 tests assessed differences in dis-
tribution across age and disease stage. The secondary objective
was to assess age-specific differences in component single-
gene expression. Single-gene scores were compared for patients
aged younger than 55 years vs 55 years and older, stratified by
disease stage using the two-sided Wilcoxon rank sum test. All
analyses were conducted using SAS software, version 9.4 (SAS
Institute, Inc., Cary, NC). A P value of less than .05 was consid-
ered statistically significant. Study analysis was deemed mini-
mal risk and approved with waiver of informed consent by the
Aspire institutional review board.
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Among 20 478 specimens analyzed, 19 018 (92.9%) were stage
II and 1460 (7.1%) were stage III; 24.3% (n¼ 4968) were younger
than 55 years and 3.2% (n¼ 664) younger than 40 years
(Supplementary Table 1). In comparison, patients younger than
40 years across the four validation studies with the 12-gene
assay ranged from approximately 1–7% (3–6). Overall, 50.4%
(n¼ 10 316) were male, but females younger than 40 years
(52.9%; n¼ 351) were overrepresented.

The distribution of RS results was similar across age groups,
as shown for patients with RS less than 30, 30–40, and at least
41 and by age group (younger than 40 years, 40–54 years, 55–
64 years, and 65 years and older; Figure 1). Overall, 72.5%
(n¼ 14 837) of all patients and 72.6% of patients younger than
40 years were low risk. Across all age groups, 71–75% were low,
19–21% intermediate, and 7–8% high risk of recurrence. The v2

test for independence between age and risk group produced a P
value of .002. Although statistically significant, the minor

differences were not clinically meaningful. The median RS over-
all was 23 (interquartile range [IQR] ¼ 17–30), signifying low risk,
and had little variation between groups. When factored by stage
and age (younger than 55 years vs 55 years and older), the distri-
bution of RS results remained similar (Figure 2); the median for
stage II was 23 (IQR ¼ 17–30) and stage III was 24 (IQR ¼ 17–32).
There were no clinically meaningful differences for stage II
patients younger than 55 years (median 22.5, IQR ¼ 16–30) com-
pared with 55 years and older (median ¼ 23, IQR ¼ 17–30) or in
stage III patients younger than 55 years (median ¼ 24, IQR ¼
16.5–32) vs 55 years and older (median ¼ 24, IQR ¼ 18–32).

We quantitated the expression levels of the seven colon
cancer-related genes of the 12-gene assay, comparing median
single-gene expression in younger (younger than 55 years) and
older (55 years and older) patients and by disease stage. P values
from the Wilcoxon rank sum test ranged from less than .001 to
.96. However, there were no meaningful differences in gene

Figure 1. Distribution of colon recurrence score risk groups by age. The percentage of patients with low risk (<30), intermediate risk (30–40), and high risk (�41) based

on the recurrence score (RS) result are graphically represented in stage II and stage III overall and by stage and age group (stage II younger than 55 years, stage II

55 years and older, stage III younger than 55 years, stage III 55 years and older) as well as the total number of patients within each group represented in the table below.

The mean (standard deviation) and median (interquartile range) RS result overall and within each stage and age group are also represented in the table. All statistical

tests were two-sided. IQR ¼ interquartile range; SD ¼ standard deviation. *The v2 test for independence between age and risk group produced a P value for stage II

patients of .002 and for stage III patients of .76.
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expression in all seven genes for younger vs older patients. The
gene expression was similar in stage II and stage III patients
and by age (Supplementary Figure 1, available online).

Young-onset CRC is increasing in incidence and mortality
for uncertain factors. Although some molecular alterations, in-
cluding increased rates of P53 and CTNNB1 alterations with de-
crease of APC, KRAS, BRAF, and FAM123B, have been identified,
much is still unknown regarding the role of age in colorectal
carcinogenesis and treatment outcomes (8–10). In this study,
Oncotype DX Colon RS results and single-gene expression were
analyzed within specified age groups (younger than 40, 40–54,
55–64, 65 years and older) and by stage (stage II and stage III
younger than 55 years and 55 years and older) identifying no dif-
ferences in recurrence-associated gene expression.

These data represent a select subset of stage II and III colon
cancer, as referred by their clinicians; if biased, younger-aged
and higher-risk colon cancer would be overrepresented.

Although outcome data are not collected for this lab test, the
data represent the complete, very large sample of the Genomic
Health clinical laboratory experience. We show that RS distribu-
tion and individual cancer-related gene expression within the
12-gene assay are similar between younger and older individu-
als, regardless of stage. The large size of this sample would be
sufficient to show clinically meaningful age-related differences
in recurrence-associated genes, if present. The small magnitude
differences of statistical significance comparing across all
groups (Supplementary Figure 1, available online) result from
the large sample size, not clinically meaningful differences.
This large sample of RS gene-expression with well-documented
demographics and rigorous controls does not demonstrate dif-
ferences based on age and stage using the 12-gene assay.

In summary, young age-at-onset mismatch repair-proficient
colon cancer is not associated with worse tumor biology in the
RS result or individual gene expression using the 12-gene assay.

Figure 2. Distribution of colon recurrence score risk groups by age and stage. The percentage of patients with low risk (<30), intermediate risk (30–40), and high risk

(�41) based on the recurrence score (RS) result are graphically represented in stage II and stage III overall and by stage and age group (stage II younger than 55 years,

stage II 55 years and older, stage III younger than 55 years, stage III 55 years and older) as well as the total number of patients within each group represented in the table

below. The mean (standard deviation) and median (interquartile range) RS result overall and within each stage and age group are also represented in the table. All sta-

tistical tests were two-sided. IQR ¼ interquartile range; SD ¼ standard deviation. *The v2 test for independence between age and risk group produced a P value of .002.
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Treatment decisions for younger colon cancer populations
should not be based solely on age but risk of recurrence based
on tumor biology, in conjunction with the patient’s personal
values and preferences.
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