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The objectives of this expert review are: (1) to prepare clinicians to recognize the presentation and
evidence-based risk factors for young adult-onset colorectal cancer (CRC), defined as CRC diag-
nosed in individuals 18 - <50 years of age; (2) to improve management for patients with young onset
CRC. This review will focus on the following topics relevant to young adult-onset CRC: epidemiology
and risk factors; clinical presentation; diagnostic and therapeutic management including options
for colorectal and extra-colonic surgical intervention, chemotherapy and immune-oncology ther-
apies; genetic testing and its potential impact on preimplantation genetics; fertility preservation;
and cancer surveillance recommendations for these individuals and their family members.

The evidence reviewed in this manuscript is a summation of relevant scientific publications,
expert opinion statements, and current practice guidelines.

With the rising incidence of people developing CRC before 50 years of age, diagnostic evaluation
of the colon and rectum is encouraged for all patients, irrespective of age, who present with
symptoms that may be consistent with CRC, including but not limited to: rectal bleeding, weight
loss, change in bowel habit, abdominal pain, iron deficiency anemia.

Clinicians should obtain family history of colorectal and other cancers in first and second de-
gree relatives of patients with young adult-onset CRC and discuss genetic evaluation with
germline genetic testing either in targeted genes based on phenotypic presentation or in
multiplex gene panels regardless of family history.

Clinicians should present the role of fertility preservation prior to cancer-directed therapy
including surgery, pelvic radiation, or chemotherapy

Clinicians should counsel patients on the benefit of germline genetic testing and familial cancer
panel testing in the pre-surgical period to inform which surgical options may be available to the
patient with young adult-onset CRC

Clinicians should consider utilizing germline and somatic genetic testing results to inform
chemotherapeutic strategies

Clinicians should offer hereditary CRC syndrome specific screening for CRC and extra-colonic
cancers only to young adult-onset CRC patients who have a genetically or clinically diagnosed he-
reditary CRC syndrome. For patients with sporadic young adult-onset CRC, extra-colonic screening
and CRC surveillance intervals are the same as for patients with older adult-onset CRC.

Abbreviations used in this paper: ACS, American Cancer Society; AA,
African Ameircan; Cl, confidence interval; CMS, consensus molecular
subtyping; CRC, colorectal cancer; FAP, familial adenomatous polyposis; M Most current article
LS, Lynch syndrome; MACS, microsatellite and chromosome stable; MAP,

MYH-associated polyposis; MMR, mismatch repair; MSI, microsatellite
instability; NAP, NTHL1- associated polyposis; NHW, non-Hispanic White;
PAPP, polymerase proofreading-associated polyposis.
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ver the past 30 years, colorectal cancer (CRC) has

become an increasingly common diagnosis and
cause for cancer-related death for young adults (18 to
<50 years of age),"” and is the most commonly diag-
nosed cancer and cause of cancer death for young adult
men in" the United States®® Of the approximately
140,000 cases of CRC diagnosed in the United States
annually, 11% of colon cancers and 18% of rectal can-
cers occur in young adults.” In the same time frame,
the incidence of CRC declined by 20% for people over
50 years of age, and their CRC mortality decreased by
34%. These decreases in older adult-onset CRC inci-
dence and mortality in large part have been attributed
to implementation of average-risk CRC screening begin-
ning at 50 years of age. This rise in young adult-onset
CRC is not fully accounted for by the declines in inci-
dence of older adult-onset CRC nor the increase in
known hereditary CRC syndromes, as only 20% of young
adult-onset CRC patients will have a pathogenic
mutation.”

The purpose of this clinical practice update is to
highlight the importance of the rise of CRC in young
adults, summarize the epidemiological and genetic fea-
tures of young adult-onset CRC, and present an approach
for the work up and treatment in young adults with CRC.
That 1 in 10 colon cancers and 1 in 5 rectal cancers are
projected to develop in people under the 50 years of age
by 2030 indicates the need to improve our understand-
ing of the best clinical practices to recognize and treat
young adult-onset CRC."*

Epidemiology of Young Adult-Onset
CRC

Incidence

In the United States, the incidence of CRC has
increased 51% in people 18 to <50 years of age over the
past 30 years, while at the same time, the incidence for
older age onset CRC has decreased by 20%.° The inci-
dence of young adult-onset CRC is 9.2 to 12.2 per
100,000 compared with an incidence of 40 per 100,000
for people >50 years of age.” The inflection time point
when CRC incidence began to increase in young adults
and decrease in older adults occurred in the 1990s,
coincident with the adoption and increased use of
average-risk CRC screening.” Though projections based
on the yearly percent increases seen in young
adult-onset CRC cases from 1975 to 2010 predict that
the highest increases in incidence of both colon and
rectal cancer will occur in people 18-34 years of age,’
currently 75% of young adult-onset CRC arises in peo-
ple 40 to <50 years of age.”'® Young adult-onset CRC is
significantly more likely to develop in the rectum and
distal colon compared with the proximal colon, and
rectal and distal colon tumors account for the overall
increased incidence of young adult-onset CRC."’
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Increases in the incidence of young adult-onset CRC
is not restricted to the United States. Analysis of the
incidence of young vs older adult-onset CRC in 36
countries from 3 continents highlight that young
adult-onset CRC is a global problem.” Rates of young
adult-onset CRC (18 to <50 years of age) from 2008 to
2012 increased in 19 countries (range, 3.5 per 100,000
in India to 12.9 per 100,000 in Korea) but decreased in
only 3 countries (Italy, Austria, and Lithuania)—2 of
which endorse that CRC screening begin in the fourth
decade.”

Racial Differences in Incidence and Mortality

Though the incidence of young adult-onset CRC
increased in all racial and ethnic groups in the United
States from 2000 to 2014, non-Hispanic White (NHW)
individuals had a 47% relative increase in inci-
dence—the highest increase in incidence during this
time. Despite the rising incidence in NHW individuals,
the overall incidence of young adult-onset CRC (18 to
<50 years of age) is still higher in African American (AA)
individuals not classified by Hispanic ethnicity (12.7 per
100,000 persons) compared with NHW individuals (11.0
per 100,000 persons).® This rise in incidence among
young adult-onset CRC in NHW individuals is largely
attributable to the greater increase in rectal cancer
incidence in NHW individuals (from 2.7 to 4.5 per
100,000 persons) compared with AA individuals not
classified by Hispanic ethnicity (from 3.4 to 4 per
100,000 persons) from 2000 to 2010.° Despite these
trends among NHW individuals, AA individuals still have
the highest overall incidence of young adult-onset CRC
(12.7 per 100,000) and highest incidence of both distal
and proximal colon cancer.”'" In the 40- to <50-year-old
age group in which the greatest increases in young
adult-onset CRC incidence have occurred, the incidence
remained higher in non-Hispanic AA individuals (29 per
100,000 persons) than in NHW individuals (23 per
100,000 persons).'” Young adult-onset CRC has steadily
increased by 15% annually among Hispanics in the 20-
to 29-year-old and Hispanic individuals who develop
young adult-onset CRC present on average 10 years
earlier than NHW individuals with young adult-onset
CRC."”

Non-Hispanic AA individuals with young adult-onset
CRC have lower overall survival and a higher risk for
cancer specific death compared with NHW individuals
(hazard ratio: 1.35 for colon and 1.51 for rectal and
rectosigmoid cancer). The overall survival of Hispanic
and NHW individuals is not significantly different.*
However, among young adult-onset rectal cancer pa-
tients, survival rates were similar for AA individuals not
classified by Hispanic ethnicity and NHW individuals due
to significant increases in survival for both Hispanic and
non-Hispanic AA individuals with rectal cancer.” For
NHW individuals, survival rates for proximal colon
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cancer significantly increased from 50% in 1992-1996
to 70% in 2010-2014, but for proximal colon cancer in
AA individuals not classified by Hispanic ethnicity, the
survival rate of 55% did not improve.9 For stage IV CRC,
overall survival was poorer in AA individuals not clas-
sified by Hispanic ethnicity than in NHW individuals.®

Molecular Epidemiology

Genetic, transcriptional and methylation features
characterize CRC and subdivide it into several distinct
molecular subtypes based on somatic profiles that
inform better chemotherapy options and correlate with
cancer survival.'> Next-generation sequencing efforts
have identified high frequencies of somatic mutations in
histone modifier genes, higher tumor mutation burdens,
and a greater proportion of microsatellite instability
(MSI) in 350 tumors from patients with young
adult-onset vs older adult-onset distal colon and rectal
cancers.'® MSI is the phenomenon of cancer DNA to
exhibit extra microsatellite nucleotide repeats compared
with matched normal cells secondary to deficient DNA
mismatch repair (MMR). Deficient MMR cancers arise
from constitutional pathogenic mutations in 1 of the 4
DNA MMR genes including MLH1, MSH2, MSH6, and
PMS2 causing Lynch syndrome (LS) or from hyper-
methylation of the promoter (most commonly MLH1)
seen in up to 20% of sporadic colon cancers. Deficient
MMR tumors are typically chromosomally stable, while
roughly half of microsatellite stable CRCs are chromo-
somally unstable and the other half are microsatellite
and chromosome stable (MACS)."” MACS tumors often
arise in the distal colon and rectum and are less likely to
produce the immune response of many MSI tumors with
tumor-infiltrating lymphocytes that may be prompted by
the higher cancer antigen burden that results from the
underlying genome wide MSI. Young adults with MACS
CRC may be more likely to have a family history of CRC,
though an underlying genetic etiology has not been
identified. BRAF V600E mutations and APC mutations
have been reported to be less frequent in young
adult-onset CRC,'® and in one series, somatic tumor
mutations in MYCBP2, BRCA2, PHLPP1, TOPORS, and ATR
occurred more frequently in young adult-onset CRC than
in older adult-onset cases.'” Young adult-onset CRC is
more likely to have LINE-1 hypomethylation than older
adult-onset tumors.”’

Consensus molecular subtyping (CMS) using gene
expression transcription has emerged as a prognostic
tool with associations with overall and progression-free
survival.’’ CMS subtyping is also predictive for
response and survival benefits for specific chemothera-
peutic agents for patients with stage 111 CRC."” Owerall}
CRC patients <40 years of age are more likely to have
subtypes CMS1 (MSI/immune) or CMS2 (canonical APC/
B-catenin) tumors as compared with CMS3 (metabolic)
or CMS4 (mesenchymal) tumors.'®**
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Diagnosis and Management

Clinical Presentation and Endoscopic Features
of Young Adult-Onset CRC

Regardless of the age of onset, CRC is often clinically
silent in its earliest stages. Because 70% of sporadic
young adult-onset CRC patients have no family history of
CRC and thus are not eligible for high risk CRC screening,
the majority of patients with young adult-onset CRC will
present with symptoms.”*>*° Symptoms may include
rectal bleeding, abdominal pain, weight loss, or anemia.

Currently, the diagnosis of underlying CRC may be
delayed on average for 6 months in young compared
with older patients. Possible contributors to this delay in
diagnosis include low awareness of alarm symptoms by
patients, low clinical suspicion by health care providers,
and inadequate or lack of health care access, among
others.”>?® Compared with patients >50 years of age,
patients with young adult-onset CRC are more likely to
present with advanced cancer, stage III or IV (61% of
young adult-onset CRC patients <50 years of age; 76%
<30 years of age vs ~50% older adult-onset CRC).*”*"
Signet ring cell histology is found in <1% of all CRC, but
is present in at least 3-%13% of young adult-onset CRC
and is most likely to be present in CRC patients <30
years of age.'*®*° Additionally, tumors are also more
likely to be poorly differentiated®” and are more likely to
involve the distal colon and rectum.””*"

Prevention and Early Detection

Though the use of CRC screening has contributed
significantly to the decrease of CRC in people >50 years
of age, CRC screening among asymptomatic young adults
who are <50 years of age has not been recommended
outside of known hereditary CRC syndromes in the
United States. This is with the exception of the recent
American Cancer Society (ACS) guidelines that recom-
mend average-risk CRC screening begin at 45 years of
age,’” utilize the same screening modalities and intervals
for subsequent screening or surveillance recommended
for people >50 years of age. Unlike the existing CRC
screening recommendations for asymptomatic people >
50 years of age which have been based on randomized
controlled trials and prospective cohort studies, the data
supporting the ACS guideline to start screening at 45
years of age are based on MISCAN-Colon (Micro-
simulation Screening Analysis-Colon) modeling that
identified an acceptable risk benefit of screening to po-
tential life-years gained via this intervention.**** The
U.S. Preventive Services Task Force decision not to
expand average screening to start at 45 years of age was
based on a benefit being found in 2 of the models
(SImCRC and CRC-SPIN) but not the third (MISCAN),
which was tested and originally applied to CRC incidence
from 1975 to 1979, which predated both CRC screening
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and the increase in young adult-onset CRC.** Proponents
for the ACS recommendation to begin average-risk
screening at 45 years of age purport the potential to
contain the rising incidence of young adult-onset CRC,
while those in opposition to this guideline cite concern
that by expanding the screening population may divert
resources from medically underserved people, incur
excessive financial health care costs, inhibit proper ran-
domized screening to test this guideline recommendation,
and be limited because the basic biology of young
adult-onset CRC may differ and thus not be amenable to
the current screening modalities.***” Though the impact
of lowering the screening age will likely remain under
debate for some time,*®*? it is worth reiterating that 2 of
the only 3 countries with declining incidence of young
adult-onset CRC were the only countries that endorsed
that average-risk CRC screening begin at 44 years of age
(in Italy) and at 40 years of age (in Austria).”*’

Risk Factors

Though the reasons for the increased incidence of
young adult-onset CRC are not known, having inflam-
matory bowel disease,”” harboring a pathogenic germ-
line mutation for a known hereditary cancer
syndrome,**** and having a history of irradiation®” are
each associated with a higher risk for young adult-onset
CRC. A family history of CRC in a first-degree relative is
associated with an odds ratio for young adult-onset CRC
of 4.50, with the highest odds ratio of 11.68 related to
having a sibling with CRC compared with an odds ratio of
3.75 if a parent has CRC.*® Subpar family history ascer-
tainment including failure to inquire about family history
of extracolonic cancers and age of cancer onset may limit
early recognition of individuals at risk for young
adult-onset CRC.*° Additional environmental exposures
and health behaviors are also likely to relate to young
adult-onset CRC. Given that the most significant in-
creases of young adult-onset CRC arise in countries that
have established high-income economies or are in the
process of transitioning to a high-income economy and
adopting a Westernized approach to life, a higher-calorie,
lower fruit and vegetable-based, meat-predominant diet,
higher body mass index and a decreased activity level
may contribute to the rise of young adult-onset CRC.?
Excessive sedentary time measured as hours of televi-
sion watching is also associated with an increased risk
for young adult-onset CRC, particularly rectal cancer.*’
However, having a high body mass index in childhood
or young adulthood is associated with an increased risk
for colon cancer but not for rectal cancer.*®

Hereditary CRC Syndromes

Roughly 1 in 5 young adult-onset CRCs will be caused
by a germline mutation and among those with a
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detectable hereditary condition, half of those patients
with young adult-onset CRC will have LS (Figure 1).*%°
Recognition of a hereditary CRC syndrome and the need
for genetic testing is imperative because surgical options
vary depending upon the presence and type of known
hereditary syndrome a young adult-onset CRC patient
may have (Table 1).

LS is the autosomal dominant hereditary CRC syn-
drome that results from defective DNA MMR. It is asso-
ciated with young adult-onset MSI CRC, and patients
with this condition have an increased risk for endome-
trial, gastric, ovarian, small bowel, renal pelvis, and
ureteral cancers.

Familial adenomatous polyposis (FAP) results from
constitutional pathogenic mutations in APC, and is the
second most common hereditary cause for young
adult-onset CRC. Patients with FAP develop hundreds to
thousands of colorectal adenomas and have a nearly

» Complete medical and surgical history

« Complete colonic evaluation

- Perform cancer staging or refer to oncology provider

- Discuss plans for childbearing and fertility preservation

« Offer psychosocial support

+ Discuss genetic testing

» Address concerns regarding cancer risks for family members
- Obtain family history of cancer and age of cancer onset

Personal history or family history suspicious for hereditary
colorectal cancer (CRC) syndrome*?

Yes No

} |

Consider gene testing
for known mutations

Offer genetic testing with:

- Targeted genetic testing based
l on clinical phenotype; or
* Multi-gene CRC or
multi-cancer panel

!

| Mutation detected? |

l— Yes bio

+ Recommend oncologic surgery
+/- neoadjuvant
chemoradiotherapy indicated by
the tumor stage and location.
More extensive surgical resection
CRC surgery is not typically
recommended.

+ Discuss CRC screening with
colonoscopy for family members
to begin at age 40 or 10 years
younger than the age of youngest
CRC and every 5 years thereafter.

| Mutation detected? |
Yes No

« Pursue CRC surgery or other
prophylactic surgery
recommended by consensus
guidelines for the specific
hereditary CRC syndrome
identified.

« Discuss additional extracolonic
cancer risks.**

- Discuss cancer screening
recommendations and genetic
testing options for at risk family
members.

*Hereditary CRC syndromes with known constitutional pathogenic mutations
include Lynch Syndrome, Familial Adenomatous Polyposis (classic and attenuated),
MYH-associated polyposis, NTHL1-associated polyposis, Peutz-Jeghers
Syndrome, Juvenile Polyposis Syndrome, PTEN Hamartoma Tumor Syndrome,
Polymerase proofreading associated polyposis.

**At the time of initial cancer diagnosis and treatment the discussion of extracolonic
cancer risk and future screening may be introduced but may be more completely
addressed and future testing planned until after cancer treatment.

Figure 1. Management of young adult-onset colorectal can-
cer patients
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100% risk of developing CRC by 40 years of age without
a prophylactic total colectomy/proctocolectomy.”'”
Some constitutional pathogenic APC mutations predis-
pose to attenuated FAP, which has a to a less severe
colon polyp burden (<100 polyps) and lower risk for
and later age of onset for CRC.

The autosomal recessive condition called MYH-
associated polyposis (MAP) clinically resembles attenu-
ated FAP because constitutional pathogenic homozygous
mutations of the MYH base excision repair gene may lead
to APC mutations. NTHLI-associated polyposis (NAP) is
another autosomal recessive hereditary CRC syndrome.
Typical age of polyp onset is in the 40s, polyp burden is
generally under 50 polyps, but cancer risk is increased
significantly with most CRC arising under the 60 years of
age.”** Polymerase proofreading-associated polyposis
(PAPP) is an autosomal dominant hereditary CRC syn-
drome caused by mutations in POLE and POLD1 genes.
PAPP is associated with young adult-onset CRC and
polyposis, though PAPP-associated young adult-onset
CRC may arise even in the absence of polyposis.””>°

Familial CRC syndrome X refers to patients who
fulfill Amsterdam or Bethesda criteria for consider-
ation of genetic testing for LS but are not found to have
constitutional pathogenic mutations in the DNA MMR
genes.”””® In a group of young adult-onset CRC pa-
tients who met Amsterdam criteria II but did not have
LS, 60% had constitutional pathogenic mutations in
BRCA2.”’

Genetic Screening

It is highly recommended to offer genetic testing to all
young adult-onset CRC patients because 20% of patients
with young adult-onset CRC will have an underlying
constitutional pathogenic mutation.*” As well outlined in
National Comprehensive Care Network guidelines, one
option for genetic evaluation is a targeted approach based
on several features including the patient’s family history of
hereditary CRC, other cancer syndromes, and the patient’s
polyp burden and histology.®” Tumor testing for MSI or
immunohistochemistry for MLH1, MSH2, MSH6, and PMS2
should be done on all young adult-onset CRC as a screen
for LS and be performed on all CRC regardless of age of
onset, given the prognostic value among early stages
(stage I and II) and the predictive value for treatment with
immunotherapy in stage IV disease.

With the advent of next-generation sequencing,
decreasing costs in the consumer market place, and
recent studies highlighting the limitations of guideline
based genetic testing,”"°” it may be reasonable to offer
young adult-onset CRC patients direct genetic (germline)
testing. They are better than targeted testing for people
who do not fit clinical criteria for one hereditary syn-
drome, who have clinical criteria that may fit more than
1 hereditary cancer syndrome, or who have no or a
limited family history of cancer.
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However, by testing more genes, the chances of
finding genetic variants of unknown significance or a
pathogenic variant that does not have a clear manage-
ment guideline increase and may lead to confusion for
the patient and the provider. This reinforces the concept
of early integration of genetic counselors and genetic
specialists in the care of young adult-onset CRC cases to
deliver appropriate interpretation of results through
counseling, thus providing accurate interpretation of
results and reducing patient-provider anxiety and un-
certainty. Though data on this approach of universal
genetic testing in CRC are limited, recent studies have
highlighted the limitation of a guideline-ebased approach
in breast,®! pancreas,63 and prostate64 cancers, leading
to the advocacy for more broad-based genetic testing in
these cancer types by professional organizations and the
National Comprehensive Care Network in some cases.

Treatment Options For Young
Adult-Onset CRC

Surgical and chemotherapeutic recommendations for
young adult-onset CRC that arises outside of a known
hereditary condition vary, and there are no consensus
guidelines currently available.

Multimodal Surgical and Oncologic
Management

For the subset of young adult-onset CRC patients who
demonstrate evidence of an inherited genetic predispo-
sition syndrome, the surgical management not only
treats the index CRC, but also considers prevention of
other syndromic malignancies. Preoperative assessment
includes not only appropriate clinical staging of the index
CRC to allow for stage-appropriate treatment recom-
mendations, but also comprehensive screening of other
organs considered to harbor high risk of malignancy due
to the underlying cancer syndrome. The surgical man-
agement of the most common hereditary CRC syndromes
including LS and FAP have been well summarized else-
where.®® The choice of chemotherapy is influenced by
somatic mutations that are characteristic of some he-
reditary syndromes.

Though more likely to receive adjuvant chemo-
therapy for stage I or II CRC,°® survival for stage I and II
young adult-onset CRC was not better than that of stage-
matched older-onset CRC patients who did not receive
chemotherapy and only slightly improved for stage III
and IV cancer.’® However, another study found that
young adult-onset patients were more likely to have >12
lymph nodes examined, to receive systemic therapy
(chemotherapy or immunotherapy) within 6 months of
diagnosis and to have a reduced risk of CRC-specific
death compared with those with older-onset CRC®” In
fact, multiple studies have demonstrated a more favor-
able prognosis of tumors displaying MSI among stage 11
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Table 1. Cancer Risks, Genes Associated, and Recommendations for Management of Hereditary CRC Syndromes

Mode of
Syndrome Gene(s) inheritance Lifetime cancer risks % (95% Cl) Screening/surveillance CRC and preventative surgery
Lynch syndrome MSH2' Autosomal Colorectal 49 (29-85) Age 20-25 y: Colonoscopy every 1-2 y Consider IRA for CRC
EPCAM dominant Endometrial 57 (22-82) Flexible sigmoidoscopy every 1-2 y post-  Consider prophylactic hysterectomy
Ovary 20 (1-66) IRA once child bearing complete
Stomach 11-19 Consider annual endometrial biopsy for
Hepatobiliary 2-7 premenopausal women and annual
Upper urinary tract 4-5 endometrial ultrasound for
Pancreas 3-4 postmenopausal women
Small Bowel 1-4 Age 30-35 y: Consider upper endoscopy
CNS (Glioblastoma) 1-3 every 3-5 years
Annual urinalysis
Lynch syndrome MLH1" Autosomal Colorectal 52 (31-90) Age 20-25 y: Colonoscopy every 1-2 y Consider IRA for CRC
dominant Endometrial 21 (9-82) Flexible sigmoidoscopy every 1-2 y post-  Consider prophylactic hysterectomy
Ovary 38 (3-81) IRA once child bearing complete
Stomach 11-19 Consider annual endometrial biopsy for
Hepatobiliary 2-7 premenopausal women and annual
Upper urinary tract 4-5 endometrial ultrasound for
Pancreas 3-4 postmenopausal women
Small Bowel 1-4 Age 30-35 y: Consider upper endoscopy
CNS (Glioblastoma) 1-3 every 3-5y
Annual urinalysis
Lynch syndrome MSH6' Autosomal Colorectal 18 (13-30) Age 20-25 y: Colonoscopy every 1-2'y Consider IRA for CRC
dominant Endometrial 17 (8-47) Flexible sigmoidoscopy every 1-2 y post-  Consider prophylactic hysterectomy
Ovary 1(0-3) IRA once child bearing complete
Stomach <3 Consider annual endometrial biopsy for
Urinary Tract <1 premenopausal women and annual
endometrial ultrasound for
postmenopausal women
Age 30-35 y: Consider upper endoscopy
every 3-5y
Lynch syndrome PMS22 Autosomal Colorectal 15-20 Age 20-25 y: Colonoscopy every 1-2 y Consider IRA for CRC
dominant Endometrial 15 Flexible sigmoidoscopy every 1-2 y post-  Consider prophylactic hysterectomy
IRA once child bearing complete
Consider annual endometrial biopsy for
premenopausal women and annual
endometrial ultrasound for
postmenopausal women
Familial APC®® Autosomal Colorectal 100 Age 10-12 y: Colonoscopy every 1-2'y Consideration for IPAA colectomy
adenomatous dominant Duodenum/Periampullary 4-12 Annual pouchoscopy post-IPAA when polyp burden too great for
polyposis: Stomach <1 Flex sig g 6 mo post IRA endoscopic control, IRA for
classic Pancreas 2 Age 18-25 y: Upper endoscopy every 1-3 y women in child-bearing years
Thyroid 1-2 Symptom-based evaluation with conversion to IPAA after
Liver (hepatoblastoma) 1-2 Consider thyroid ultrasound child bearing complete
CNS (Medulloblastoma) <1 Symptom based evaluation
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Familial
adenomatous
polyposis:
attenuated

MutYH polyposis
(MAP)

Peutz Jeghers
syndrome

Juvenile polyposis
syndrome

Serrated polyposis
syndrome

PTEN hamartoma
tumor
syndrome

APCS*H)

MUTYH5,6,1 1-15

STK11>16:17

SMAD45 1821
BMPR1A

Unknown?2-24

PTEN25:26

Autosomal
dominant

Autosomal

Recessive

Autosomal
dominant

Autosomal
dominant

Autosomal
dominant

Colorectal
Duodenum/Periampullary
Thyroid

Colorectal
Duodenum

Breast
Colorectal
Pancreas
Stomach
Ovary
Uterine/cervix
Lung

Small bowel
Testicular

Colorectal

Stomach, pancreas, and
small bowel

Colorectal

Colorectal
Breast
Thyroid
Endometrial
Lung

Renal

70
4-12
1-2

54
39
11-36
29
21
13
15
9-10
<1

39
21

16-42

16-20
30-50% (Female)
5-10
5-20
12
2-8

Consideration for IRA for CRC or
when polyp burden too great for
endoscopic control

Age 20-25 y: Colonoscopy every 1-2 v
Flex sig g 6 months post-IRA

Age 20-25 y: Upper endoscopy every 1-3 y
Consider annual thyroid ultrasound

Age 20-25 y: Colonoscopy every 1-2'y
Age 20-25 y: Upper endoscopy every 1-3 'y

Consideration for IRA or colectomy
for CRC or when polyp burden
too great for endoscopic control

Age 25 y: Mammogram and breast MRI
yearly

Late teens Colonoscopy every 2—-y

Age 25-30 y: MRCP or EUS every 1-2 y

Late teens Upper endoscopy every 2-3 y

Age 18 y: Annual transvaginal ultrasound

Age 20 y: Annual chest CT

Age 8-10 y: Small bowel screening (CT/MR
enterography, small bowel follow-
through, capsule endoscopy) every 1-3
y

Age 10 y: Testicular exam and ultrasound
yearly

Age 15 y: Colonoscopy every 1-3 'y

Age 15 y: Upper endoscopy every 1-3 y

Colonoscopy every 1-3 y Consideration for colectomy for CRC
or when polyp burden too great
for endoscopic control

Consider bilateral mastectomy

Total thyroidectomy for benign
lesions and cancer

Consider prophylactic hysterectomy
once child bearing complete

Colonoscopy every 1-3 'y

Age 18 y: Self-exam annually

Age 25 y: Clinical exam every 6 months

Age 30 y: Mammogram and breast MRI
annually

Age 18 y: Baseline then annually

Annual endometrial biopsy for
premenopausal women

Annual endometrial ultrasound for
postmenopausal women

Urinalysis annually

Urine cytology and renal ultrasound if family
history of renal cancer annually

Cl, confidence interval; CRC, colorectal cancer; CT, computed tomography; EUS, endoscopic ultrasound; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance imaging; IPAA, ileal pouch anal
anastomosis; IRA, ileorectostomy.
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and III CRC cases, thus recommending against the use of
adjuvant chemotherapy among patients with MSI stage Il
CRC.°® This recommendation still applies to young-onset
CRC patients. In addition, the classical use of oxaliplatin-
based chemotherapy for 6 months has been limited to
cases with larger primaries (T4) and abundant lymphatic
node involvement (N2), thus limiting the use to 3 months
in the rest of stage III cases due to the high rates of neu-
ropathy.®® Careful consideration of side effects needs to
be carefully factored in a young adult-onset population
with potential longer impacts upon their quality of life.
More aggressive surgery to extend surgical resection
beyond standard oncological guidelines or more intensive
chemotherapy in several studies was not recommended
because of the potential risk for overtreatment.®””?

Psychological Impact

Because more young adult-onset CRC patients pre-
sent with stage IIl and IV disease that requires multi-
modality therapy, they likely face higher risks for
long-term treatment-related sequelae. Even long-term
survivors face ongoing functional deficits and symp-
toms, and have disproportionately reported worse anxi-
ety, body image, and embarrassment with bowel
movements.”" Thus, their cancer survivorship needs may
differ and likely require long-term attention.

Fertility Preservation

Based on current evidence, surgery for CRC does not
appear to negatively impact fertility. That said, the moderate
risk for impaired fertility associated with chemotherapy
based on type, dose and duration warrant discussion,
particularly because patients might wish to pursue fertility
preservation prior to beginning treatment for CRC.”
Though banking of cryopreserved sperm is recommended
prior to gonadotoxic chemotherapy’® it is not universally
offered to cancer patients.”” In women, embryo cryopres-
ervation is the most established option for women, but un-
fertilized oocyte cryopreservation is available for those
women without a partner who do not want to use donor
sperm or who have beliefs that do not allow freezing of
embryos. Ovarian tissue cryopreservation and later trans-
plantation is not yet approved beyond use in clinical trials,
but has the potential to restore fertility even in young girls
who have not yet ovulated. Ovarian translocation away from
radiation fields and use of a gonadotropin-releasing hor-
mone agonist to prevent chemotherapy induced ovarian
failure are 2 more components of a complete discussion
about fertility preservation.®®

Summary and Conclusions

Young adult-onset CRC is increasing in incidence
globally, particularly in developed countries. As borne
out by the story of CRC screening among adults >50

Clinical Gastroenterology and Hepatology Vol. 18, No. 11

years of age in the United States, early detection is the key to
improving CRC-related outcomes. Thesignsandisymptoms
that prompt health care providers to consider a diagnostic
colon exam for a person over 50 should prompt a diagnostic
colonoscopy exam for the person <50 years of age. Col-
lecting family history and referring for genetic evaluation
are important first steps for patients with young
adult-onset CRC, though most young adult-onset CRC pa-
tients do not have a known hereditary CRC syndrome. For
young adult-onset CRC patients without an apparent un-
derlying genetic syndrome, better understanding of the
molecular make-up of young adult-onset CRC may lead to
more tailored surgical and chemotherapy treatment op-
tions in the future, but at this point, more extensive surgery
or more aggressive chemotherapy cannot be recom-
mended. As cancer treatments evolve to use patient tumor
specific therapeutics, our management of patients with
young adult-onset CRC will improve.

References

1. Bailey CE, Hu C-Y, You YN, et al. Increasing disparities in the
age-related incidences of colon and rectal cancers in the United
States, 1975-2010. JAMA Surg 2015;150:17-22.

2. Siegel RL, Sierra MS, Laversanne M, et al. Global patterns and
trends in colorectal cancer incidence in young adults. Gut 2019;
68:2179-2185.

3. North American Association of Central Cancer Registries. NAACCR
Incidence Data-CiNA Analytic File, 1995-2014. Public Use,
December 2016. Available at: https://www.naaccr.org/wp-content/
uploads/2019/05/intro-and-tech.pdf. Accessed February 10, 2020.

4. National Center for Health Statistics. U.S. Vital Statistics Sys-
tem. Hyattsville, MD: National Center for Health Statistics, 2016.

5. Pearlman R, Frankel WL, Swanson B, et al. Prevalence and
spectrum of germline cancer susceptibility gene mutations
among patients with early-onset colorectal cancer. JAMA Oncol
2017;3:464-471.

6. Meester RGS, Doubeni CA, Lansdorp-Voegelaar |, et al. Colo-
rectal cancer deaths attributable to nonuse of screening in the
United States. Ann Epidemiol 2015;25:208-213.e1.

7. Haggar FA, Boushey RP. Colorectal cancer epidemiology: inci-
dence, mortality, survival, and risk factors. Clin Colon Rectal
Surg 2009;22:191-197.

8. Murphy CC, Sandler RS, Sanoff HK, et al. Decrease in incidence
of colorectal cancer among individuals 50 years or older after
recommendations for population-based screening. Clin Gas-
troenterol Hepatol 2017;15:903-909.€e6.

9. Murphy CC, Lund JL, Sandler RS. Young-onset colorectal
cancer: earlier diagnoses or increasing disease burden?
Gastroenterology 2017;152:1809-1812.e3.

10. You YN, Xing Y, Feig BW, et al. Young-onset colorectal cancer:
is it time to pay attention? Arch Intern Med 2012;172:287-289.

11. Siegel RL, Fedewa SA, Anderson WF, et al. Colorectal cancer
incidence patterns in the United States, 1974-2013. J Natl
Cancer Inst 2017;109:djw322.

12. Surveillance, Epidemiology, and End Results (SEER) Program
Populations (1969-2017). Bethesda, MD: National Cancer
Institute, 2018.

13. Arshad HMS, Kabir C, Tetangco E, et al. Racial disparities in
clinical presentation and survival times among young-onset
colorectal adenocarcinoma. Dig Dis Sci 2017;62:2526-2531.


http://refhub.elsevier.com/S1542-3565(20)30769-2/sref1
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref1
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref1
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref1
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref1
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref2
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref2
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref2
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref2
https://www.naaccr.org/wp-content/uploads/2019/05/intro-and-tech.pdf
https://www.naaccr.org/wp-content/uploads/2019/05/intro-and-tech.pdf
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref4
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref4
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref5
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref5
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref5
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref5
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref5
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref6
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref6
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref6
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref6
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref7
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref7
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref7
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref7
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref8
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref8
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref8
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref8
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref8
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref9
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref9
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref9
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref9
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref10
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref10
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref10
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref11
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref11
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref11
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref11
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref12
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref12
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref12
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref12
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref13
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref13
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref13
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref13
Tonia Marie Dunnigan


October 2020

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Holowatyj AN, Ruterbusch JJ, Rozek LS, et al. Racial/ethnic
disparities in survival among patients with young-onset colo-
rectal cancer. J Clin Oncol 2016;34:2148-2156.

Ribic CM, Sargent DJ, Moore MJ, et al. Tumor microsatellite-
instability status as a predictor of benefit from fluorouracil-
based adjuvant chemotherapy for colon cancer. N Engl J Med
2003;349:247-257.

Puccini A, Lenz H-J, Marshall JL, et al. Impact of patient age on
molecular alterations of left-sided colorectal tumors. Oncologist
2019;24:319-326.

Banerjea A, Hands RE, Powar MP, et al. Microsatellite and
chromosomal stable colorectal cancers demonstrate poor
immunogenicity and early disease recurrence. Colorectal Dis
2009;11:601-608.

Willauer AN, Liu L, Pereira AAL, et al. Clinical and molecular
characterization of early-onset colorectal cancer. Cancer 2019;
125:2002-2010.

Tricoli JV, Boardman LA, Patidar R, et al. A mutational com-
parison of adult and adolescent and young adult (AYA) colon
cancer. Cancer 2018;124:1070-1082.

Antelo M, Balaguer F, Shia J, et al. A high degree of LINE-1
hypomethylation is a unique feature of early-onset colorectal
cancer. PLoS One 2012;7:e45357.

Guinney J, Dienstmann R, Wang X, et al. The consensus mo-
lecular subtypes of colorectal cancer. Nat Med 2015;
21:1350-1356.

Cremolini C, Benelli M, Fontana E, et al. Benefit from anti-EGFRs
in RAS and BRAF wild-type metastatic transverse colon cancer:
a clinical and molecular proof of concept study. ESMO Open
2019;4:e000489.

Hill DA, Furman WL, Billups CA, et al. Colorectal carcinoma in
childhood and adolescence: a clinicopathologic review. J Clin
Oncol 2007;25:5808-5814.

Karnak |, Ciftci AO, Senocak ME, et al. Colorectal carcinoma in
children. J Pediatr Surg 1999;34:1499-1504.

Riaz R, Masood N, Benish A. Red flag symptoms: detailed ac-
count of clinicopathological features in young-onset colorectal
cancer. Intest Res 2017;15:203-207.

Bleyer A, Barr R, Hayes-Lattin B, et al. The distinctive biology of
cancer in adolescents and young adults. Nat Rev Cancer 2008;
8:288-298.

Ferrari A, Rognone A, Casanova M, et al. Colorectal carcinoma
in children and adolescents: the experience of the Istituto
Nazionale Tumori of Milan, Italy. Pediatr Blood Cancer 2008;
50:588-593.

Kneuertz PJ, Chang GJ, Hu C-Y, et al. Overtreatment of young
adults with colon cancer: more intense treatments with un-
matched survival gains. JAMA Surg 2015;150:402-409.

Chang DT, Pai RK, Rybicki LA, et al. Clinicopathologic and
molecular features of sporadic early-onset colorectal adeno-
carcinoma: an adenocarcinoma with frequent signet ring cell
differentiation, rectal and sigmoid involvement, and adverse
morphologic features. Mod Pathol 2012;25:1128-1139.

Jones HG, Radwan R, Davies M, et al. Clinicopathological
characteristics of colorectal cancer presenting under the age of
50. Int J Colorectal Dis 2015;30:483-489.

Wang R, Wang MJ, Ping J. Clinicopathological features and
survival outcomes of colorectal cancer in young versus elderly: a
population-based cohort study of SEER 9 registries data
(1988-2011). Medicine (Baltimore) 2015;94:e1402.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Young Adult-Onset Colorectal Cancer Diagnosis and Management 2423

Wolf AMD, Fontham ETH, Chuch TR, et al. Colorectal cancer
screening for average-risk adults: 2018 guideline update from
the American Cancer Society. CA Cancer J Clin 2018;
68:250-281.

Peterse EFP, Meester RGS, Siegel RL, et al. The impact of the
rising colorectal cancer incidence in young adults on the optimal
age to start screening: microsimulation analysis | to inform the
American Cancer Society colorectal cancer screening guideline.
Cancer 2018;124:2964-2973.

Knudsen AB, Zauber AG, Rutter CM, et al. Estimation of bene-
fits, burden, and harms of colorectal cancer screening strate-
gies: modeling study for the US Preventive Services Task Force.
JAMA 2016;315:2595-2609.

Anderson JC, Samadder JN. To screen or not to screen adults
45-49 years of age: that is the question. Am J Gastroenterol
2018;113:1750-1758.

Mannucci A, Zuppardo RA, Rosati R, et al. Colorectal cancer
screening from 45 years of age: thesis, antithesis and synthesis.
World J Gastroenterol 2019;25:2565-2580.

Murphy CC. Colorectal cancer in the young: does screening
make sense? Curr Gastroenterol Rep 2019;21:28.

Hsu L, Jeon J, Brenner H, et al. A model to determine colorectal
cancer risk using common genetic susceptibility loci. Gastro-
enterology 2015;148:1330-1339.e14.

Jeon J, Du M, Schoen RE, et al. Determining risk of colorectal
cancer and starting age of screening based on lifestyle, envi-
ronmental, and genetic factors. Gastroenterology 2018;
154:2152-2164.e19.

Marcus PM, Pashayan N, Church TR, et al. Population-based
precision cancer screening: a symposium on evidence, epide-
miology, and next steps. Cancer Epidemiol Biomarkers Prev
2016;25:1449-1455.

Fedewa SA, Siegel RL, Jemal A. Are temporal trends in colo-
noscopy among young adults concordant with colorectal cancer
incidence? J Med Screen 2019;26:179-185.

Triantafillidis JK, Nasioulas G, Kosmidis PA. Colorectal cancer
and inflammatory bowel disease: epidemiology, risk factors,
mechanisms of carcinogenesis and prevention strategies. Anti-
cancer Res 2009;29:2727-2737.

Hampel H, Frankel WL, Martin E, et al. Screening for the Lynch
syndrome (hereditary nonpolyposis colorectal cancer). N Engl J
Med 2005;352:1851-1860.

Sinicrope FA. Lynch syndrome-associated colorectal cancer.
N Engl J Med 2018;379:764-773.

Rosato V, BOsetti C, Levi F, et al. Risk factors for young-
onset colorectal cancer. Cancer Causes Control 2013;
24:335-341.

Grover S, Stoffel EM, Bussone L, et al. Physician assessment of
family cancer history and referral for genetic evaluation in
colorectal cancer patients. Clin Gastroenterol Hepatol 2004;
2:813-819.

Mauri G, Sartore-Bianchi A, Russo A-G, et al. Early-onset
colorectal cancer in young individuals. Mol Oncol 2019;
13:109-131.

Yurgelun MB, Kulke MH, Fuchs CS, et al. Cancer susceptibility
gene mutations in individuals with colorectal cancer. J Clin
Oncol 2017;35:1086-1095.

Nguyen LH, Liu P-H, Zheng X, et al. Sedentary behaviors, TV
viewing time, and risk of young-onset colorectal cancer. JNCI
Cancer Spectr 2018;2:pky073.


http://refhub.elsevier.com/S1542-3565(20)30769-2/sref14
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref14
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref14
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref14
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref15
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref15
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref15
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref15
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref15
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref16
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref16
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref16
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref16
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref17
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref17
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref17
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref17
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref17
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref18
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref18
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref18
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref18
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref19
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref19
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref19
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref19
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref20
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref20
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref20
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref20
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref21
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref21
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref21
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref21
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref22
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref22
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref22
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref22
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref23
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref23
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref23
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref23
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref24
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref24
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref24
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref25
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref25
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref25
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref25
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref26
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref26
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref26
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref26
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref27
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref27
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref27
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref27
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref27
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref28
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref28
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref28
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref28
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref29
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref29
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref29
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref29
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref29
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref29
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref30
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref30
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref30
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref30
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref31
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref31
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref31
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref31
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref31
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref32
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref32
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref32
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref32
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref32
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref33
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref33
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref33
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref33
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref33
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref33
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref34
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref34
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref34
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref34
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref34
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref35
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref35
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref35
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref35
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref35
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref36
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref36
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref36
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref36
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref37
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref37
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref38
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref38
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref38
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref38
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref39
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref39
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref39
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref39
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref39
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref40
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref40
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref40
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref40
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref40
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref41
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref41
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref41
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref41
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref42
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref42
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref42
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref42
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref42
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref43
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref43
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref43
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref43
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref44
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref44
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref44
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref45
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref45
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref45
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref45
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref46
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref46
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref46
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref46
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref46
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref47
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref47
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref47
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref47
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref48
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref48
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref48
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref48
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref49
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref49
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref49

2424 Boardman et al

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Hidayat K, Yang CM, Shi BM. Body fatness at an early age and
risk of colorectal cancer. Int J Cancer 2018;142:729-740.
Warrier SK, Kalady MF. Familial adenomatous polyposis: chal-
lenges and pitfalls of surgical treatment. Clin Colon Rectal Surg
2012;25:83-89.

Zbuk K, Sidebotham EL, Bleyer A, et al. Colorectal cancer in
young adults. Semin Oncol 2009;36:439-450.

Weren RD, Ligtenberg MJL, Geurts van Kessel A, et al. NTHL1
and MUTYH polyposis syndromes: 2 sides of the same coin?
J Pathol 2018;244:135-142.

Weren RD, Ligtenberg MJL, Kets CM, et al. A germline homo-
zygous mutation in the base-excision repair gene NTHL1 cau-
ses adenomatous polyposis and colorectal cancer. Nat Genet
2015;47:668-671.

Palles C, Cazier J-B, Howarth KM, et al. Germline mutations
affecting the proofreading domains of POLE and POLD1 pre-
dispose to colorectal adenomas and carcinomas. Nat Genet
2013;45:136-144.

Valle L, Hernandez-lllan E, Bellido F, et al. New insights into
POLE and POLD1 germline mutations in familial colorectal
cancer and polyposis. Hum Mol Genet 2014;23:3506-3512.
Garre P, Martin L, Sanz J, et al. BRCA2 gene: a candidate for
clinical testing in familial colorectal cancer type X. Clin Genet
2015;87:582-587.

Vasen HF, Watson P, Mecklin JP, et al. New clinical criteria for
hereditary nonpolyposis colorectal cancer (HNPCC, Lynch
syndrome) proposed by the International Collaborative group on
HNPCC. Gastroenterology 1999;116:1453-1456.

Mylavarapu S, Das A, Roy M. Role of BRCA mutations in the mod-
ulation of response to platinum therapy. Front Oncol 2018;8:16.
Mork ME, You YN, Ying J, et al. High prevalence of hereditary
cancer syndromes in adolescents and young adults with colo-
rectal cancer. J Clin Oncol 2015;33:3544-3549.

Beitsch PD, Whitworth PW, Hughes K, et al. Underdiagnosis of
hereditary breast cancer: are genetic testing guidelines a tool or
an obstacle? J Clin Oncol 2019;37:453-460.

Mandelker D, Zhang L, Kemel Y, et al. Mutation detection in
patients with advanced cancer by universal sequencing of
cancer-related genes in tumor and normal DNA vs guideline-
based germline testing. JAMA 2017;318:825-835.

Lowery MA, Wong W, Jordan EJ, et al. Prospective evaluation of
germline alterations in patients with exocrine pancreatic neo-
plasms. J Natl Cancer Inst 2018;110:1067-1074.

Nicolosi P, Ledet E, Yang S, et al. Prevalence of germline vari-
ants in prostate cancer and implications for current genetic
testing guidelines. JAMA Oncol 2019;5:523-528.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Clinical Gastroenterology and Hepatology Vol. 18, No. 11

Herzig D, Hardiman K, Weiser M, et al. The American Society of
Colon and Rectal Surgeons Clinical Practice Guidelines for the
Management of Inherited Polyposis Syndromes. Dis Colon
Rectum 2017;60:881-894.

Schellerer V, Donaleshen J, Helewa RM, et al. [Colorectal car-
cinoma in young patients - is age a prognostic factor?]. Zentralbl
Chir 2015;140:600-606.

Burnett-Hartman AN, Powers JD, Chubak J, et al. Treatment
patterns and survival differ between early-onset and late-onset
colorectal cancer patients: the patient outcomes to advance
learning network. Cancer Causes Control 2019;30:747-755.
Vilar E, Gruber SB. Microsatellite instability in colorectal cancer-
the stable evidence. Nat Rev Clin Oncol 2010;7:153-162.
Alberts SR, Sargent DJ, Nair S, et al. Effect of oxaliplatin, fluo-
rouracil, and leucovorin with or without cetuximab on survival
among patients with resected stage Il colon cancer: a ran-
domized trial. JAMA 2012;307:1383-1393.

Allegra CJ, Yothers G, O’Connell MJ, et al. Phase Il trial
assessing bevacizumab in stages Il and Il carcinoma of the
colon: results of NSABP protocol C-08. J Clin Oncol 2011;
29:11-16.

Bailey CE, Cao HST, Hu C-Y, et al. Functional deficits and
symptoms of long-term survivors of colorectal cancer treated by
multimodality therapy differ by age at diagnosis. J Gastrointest
Surg 2015;19:180-188; discussion 188.

Shandley LM, McKenzie LJ. Recent Advances in fertility pres-
ervation and counseling for reproductive-aged women with
colorectal cancer: a systematic review. Dis Colon Rectum 2019;
62:762-771.

Oktay K, Harvey BE, Loren AW. Fertility preservation in patients
with cancer: ASCO Clinical Practice Guideline Update Sum-
mary. J Oncol Pract 2018;14:381-385.

Reprint requests

Address requests for reprints to: Lisa Boardman, MD, Division of Gastroen-
terology and Hepatology, Mayo Clinic, 200 First Street SW, Rochester, Min-
nesota 55905. e-mail: boardman.lisa@mayo.edu.

Acknowledgments

This expert review was commissioned and approved by the AGA Institute
Clinical Practice Updates Committee (CPUC) and the AGA Governing Board to
provide timely guidance on a topic of high clinical importance to the AGA
membership, and underwent internal peer review by the CPUC and external
peer review through standard procedures of Clinical Gastroenterology and
Hepatology. The review is a consensus summary of expert opinion in the field
without a formal systematic review of evidence.

Conflicts of Interest
The authors disclose no conflicts.


http://refhub.elsevier.com/S1542-3565(20)30769-2/sref50
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref50
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref50
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref51
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref51
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref51
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref51
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref52
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref52
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref52
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref53
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref53
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref53
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref53
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref54
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref54
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref54
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref54
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref54
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref55
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref55
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref55
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref55
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref55
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref56
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref56
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref56
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref56
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref57
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref57
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref57
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref57
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref58
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref58
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref58
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref58
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref58
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref59
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref59
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref60
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref60
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref60
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref60
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref61
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref61
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref61
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref61
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref62
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref62
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref62
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref62
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref62
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref63
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref63
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref63
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref63
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref64
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref64
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref64
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref64
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref65
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref65
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref65
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref65
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref65
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref66
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref66
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref66
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref66
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref67
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref67
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref67
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref67
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref67
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref68
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref68
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref68
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref69
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref69
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref69
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref69
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref69
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref70
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref70
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref70
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref70
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref70
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref71
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref71
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref71
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref71
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref71
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref72
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref72
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref72
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref72
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref72
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref73
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref73
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref73
http://refhub.elsevier.com/S1542-3565(20)30769-2/sref73
mailto:boardman.lisa@mayo.edu

	AGA Clinical Practice Update on Young Adult–Onset Colorectal Cancer Diagnosis and Management: Expert Review
	Epidemiology of Young Adult–Onset CRC
	Incidence
	Racial Differences in Incidence and Mortality

	Molecular Epidemiology
	Diagnosis and Management
	Clinical Presentation and Endoscopic Features of Young Adult–Onset CRC
	Prevention and Early Detection
	Risk Factors
	Hereditary CRC Syndromes
	Genetic Screening

	Treatment Options For Young Adult–Onset CRC
	Multimodal Surgical and Oncologic Management
	Psychological Impact
	Fertility Preservation

	Summary and Conclusions
	References
	Acknowledgments


