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Background: The incidence of rectal cancer among adults aged less than 50 years is rising. Survival data

are limited and conflicting, and the oncological benefit of standard neoadjuvant and adjuvant therapies is
unclear.
Methods: Disease-specific outcomes of patients diagnosed with rectal cancer undergoing surgical
resection with curative intent between 2006 and 2016 were analysed.
Results: A total of 797 patients with rectal cancer were identified, of whom 685 had surgery with curative
intent. Seventy patients were younger than 50 years and 615 were aged 50 years or more. Clinical stage
did not differ between the two age groups. Patients aged less than 50 years were more likely to have
microsatellite instability (9 versus 1⋅6 per cent; P = 0⋅003) and Lynch syndrome (7 versus 0 per cent;
P < 0⋅001). Younger patients were also more likely to receive neoadjuvant chemoradiotherapy (67 versus
53⋅3 per cent; P = 0⋅003) and adjuvant chemotherapy (41 versus 24⋅2 per cent; P = 0⋅006). Five-year overall
survival was better in those under 50 years old (80 versus 72 per cent; P = 0⋅013). The 5-year disease-free
survival rate was 81 per cent in both age groups (P = 0⋅711). There were no significant differences in the
development of locoregional recurrence or distant metastases.
Conclusion: Despite accessing more treatment, young patients have disease-specific outcomes comparable to those of their older counterparts.
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Introduction

Colorectal cancer represents the third most common
cancer and third leading cause of cancer-related death
worldwide1 . Although the overall incidence of colorectal
cancer has decreased owing to the implementation of
population-based screening, there has been an alarming increase in incidence of rectal cancer among young
adults under the age of 50 years2 . It is estimated that by
2030 nearly one in four rectal cancers will be diagnosed
in individuals aged less than 50 years3 . The reasons for
this disproportionate increase are unknown. Although
young-onset disease may arise in the context of a hereditary cancer syndrome, the majority of cases are sporadic,
with considerable genotypic and phenotypic heterogeneity. Environmental risk factors, such as obesity, physical
inactivity and a Western diet do not explain the observed
trends as they are not age-related.
© 2020 BJS Society Ltd
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It is possible that young-onset rectal cancer represents a
unique disease process, with an incompletely understood,
distinct biomolecular profile characterized by alternative
mutations and/or signalling aberrations. In a curious
paradox, younger patients typically present with more
advanced disease and worse histopathological features
than older people, yet have comparable (or better) shortand long-term survival4 – 9 . The oncotherapeutic sensitivity
of young-onset colorectal cancer to standard neoadjuvant
and adjuvant therapies is not known in isolation owing
to the (historically) small proportion of patients aged less
than 50 years. The paucity of data, lack of standardization
and use of varying cut-off ages has hampered the broader
applicability of reports on the subject. The aim of this
study was to analyse the clinical and pathological features,
long-term survival and disease recurrence patterns among
patients aged less than 50 years diagnosed with rectal
BJS 2020; 107: 606–612
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cancer, and to compare cancer-specific outcomes with
those of patients aged 50 years or more.
Methods

A prospectively registered consecutive series of patients
with histologically confirmed rectal cancer, undergoing
surgery with curative intent at St Vincent’s University Hospital, Dublin, between 2006 and 2016, was studied retrospectively. The study protocol was reviewed and approved
by the institutional research and ethics board. Rectal cancer
was defined as adenocarcinoma within 15 cm from the anal
verge on colonoscopy. Clinical staging was done according
to the eighth edition of the AJCC TNM system10 , and was
based on a combination of pelvic MRI and CT. Baseline
demographic, clinical, staging, treatment, histopathological and survival data were retrieved from a prospectively
maintained database.
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sections of the resected specimen were analysed using
a minimum data set and a standardized reporting system. Microscopically clear resection (R0) was defined by
a tumour-free resection margin of at least 1 mm. The
absence of residual tumour cells in the resected specimen
was defined as a complete pathological response (pCR).
The extent of residual carcinoma was assigned to one of
three categories: tumour regression grade (TRG) 1 represents no identifiable residual cancer cells (pCR); TRG 2
indicates residual cancer outgrown by fibrosis; and TRG
3 represents significant fibrosis outgrown by cancer or
no fibrosis with extensive residual cancer11 . Microsatellite
instability was assessed in all patients using immunohistochemistry for the mismatch repair (MMR) proteins MLH1,
PMS2, MSH2 and MSH6. Germline testing was undertaken as needed following patient counselling and consent.

Statistical analysis
Treatment protocol
After histological diagnosis and radiological staging, all
patients were discussed at an institutional multidisciplinary
team meeting. Patients with clinical stage III disease
or aggressive stage II disease (extramural venous invasion, T4 tumour, threatened mesorectal margin) received
long-course neoadjuvant chemoradiotherapy, comprising
45–50⋅4 Gy delivered in daily fractions over 5–6 weeks and
concurrent 5-fluorouracil (5-FU)-based chemotherapy.
Following completion of neoadjuvant therapy, patients
were restaged by CT of the thorax, abdomen and pelvis,
MRI of the pelvis and clinical/endoscopic evaluation. If
there was no evidence of local or systemic disease progression and performance status had not deteriorated
significantly, total mesorectal excision was performed after
an interval of 10–12 weeks. Adjuvant chemotherapy was
given routinely to patients with predicted stage III disease
and those with histologically node-positive disease who
were otherwise fit. For patients with stage II disease,
adjuvant chemotherapy was considered on an individual
basis after multidisciplinary discussion.
All patients were followed up with annual CT and
endoscopy at 1, 3 and 5 years, or when indicated clinically.
Locoregional recurrence was defined as that occurring at
the site of the anastomosis or within the pelvis. Distant
recurrence was defined as that occurring within a solid
organ. Cytological, histological or radiological proof was
required to confirm a diagnosis of recurrent disease.

Continuous variables are described as mean(s.d.) or median
(range), and were compared using the Student’s t test or
Mann–Whitney U test, depending on their distribution.
Categorical variables are reported numbers with percentages, and were assessed using χ2 test or Fisher’s exact test
where appropriate. For follow-up data, date of death or
last follow-up was entered. Disease-free and overall survival rates were calculated according to the Kaplan–Meier
method, and group comparisons done by means of the
log rank test. Independent variables were entered into a

Fig. 1 Study flow chart

Rectal cancer
n = 797
Metastatic disease at
diagnosis
n = 87
Non-metastatic disease
n = 710
Non-operative
management
n = 25
Surgery with curative
intent
n = 685

Pathology

< 50 years
n = 70

Tumour stage was classified according to the TNM staging
system and AJCC classification10 . Haematoxylin and eosin
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Table 1 Comparison of demographics and clinicopathological
data according to age group

Sex ratio (M : F)

Age
< 50 years
(n = 70)

Age
≥ 50 years
(n = 615)

P*

40 : 30

393 : 222

0⋅295

Fig. 2 Kaplan–Meier overall survival curves for patients aged

less than 50 years versus those aged 50 years and above
1·0

0·8

I–II

23 (33)

218 (35⋅4)

0⋅298

III

47 (67)

324 (52⋅7)

0⋅302

0 (0)

73 (11⋅9)

47 (67)

328 (53⋅3)

0⋅031

Anterior resection

54 (77)

425 (69⋅1)

0⋅101

Abdominoperineal resection

9 (13)

99 (16⋅1)

0⋅604

Transanal excision

2 (3)

59 (9⋅6)

0⋅074

Pelvic exenteration

4 (6)

8 (1⋅3)

0⋅026

Other (e.g. Hartmann’s)

1 (1)

24 (3⋅9)

0⋅501

Unknown
Neoadjuvant CRT

Cumulative survival

cTNM stage

Type of operation

0·6

0·4
< 50 years
≥ 50 years
0·2

0

(y)pTNM stage

12

24

36

48

60

Time after surgery (months)

ypT0N0

7 (10)

62 (10⋅1)

0⋅687

I

14 (20)

172 (28⋅0)

0⋅201

II

18 (26)

157 (25⋅5)

1⋅000

III

31 (44)

221 (35⋅9)

0⋅239

No. at risk
< 50 years 70
≥ 50 years 615

63
523

48
340

32
194

Pathology
Pathological complete resection

7 (10)

62 (10⋅1)

0⋅687

Fig. 3 Kaplan–Meier disease-free survival curves for patients

R0 resection

67 (96)

585 (95⋅1)

1⋅000

aged less than 50 years versus those aged 50 years and above

Microsatellite instability

6 (9)

10 (1⋅6)

Lynch syndrome

5 (7)

0 (0)

29 (41)

149 (24⋅2)

MMR status

Adjuvant chemotherapy

1·0

0⋅003
< 0⋅001
0⋅006

0·8
Cumulative survival

Values in parentheses are percentages. CRT, chemoradiotherapy; MMR,
mismatch repair. *χ2 or Fisher’s exact test.

multivariable Cox proportional hazards regression model.
Only variables found to be significant on univariable analysis were entered into the multivariable model. A significance level of 0⋅050 was used for all analyses; reported P
values are two-tailed. Data were analysed using SPSS® version 24⋅0 (IBM, Armonk, New York, USA).

0·6

0·4
< 50 years
≥ 50 years
0·2

0

Results

12

24

36

48

60

Time after surgery (months)

Between 2006 and 2016, a total of 797 consecutive patients
were diagnosed with rectal cancer. Eighty-seven had
metastatic disease at presentation, ten of 83 (12 per cent)
aged less than 50 years and 77 of 714 (10⋅8 per cent) aged
50 years or more. Of those with non-metastatic disease,
685 patients underwent surgery with curative intent and
comprise the study group. Among these, 70 were aged
under 50 years and 615 were at least 50 years old (Fig. 1).
Clinicopathological characteristics of the study population
are summarized in Table 1. Age less than 50 years was
associated with microsatellite instability and diagnosis of
Lynch syndrome, but not clinical stage, pCR, R0 resection
© 2020 BJS Society Ltd
Published by John Wiley & Sons Ltd

No. at risk
< 50 years 70
≥ 50 years 615

58
492

43
302

29
171

rate or pathological stage. Young patients were more likely
to undergo pelvic exenteration, and to receive neoadjuvant
and adjuvant therapy.

Survival
Overall median follow-up was 48 (range 1–169) months.
Among patients aged less than 50 years, median overall
www.bjs.co.uk
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Table 2 Age-based univariable logistic regression of factors predicting disease-specific survival
Age < 50 years

Age ≥ 50 years

Hazard ratio

P

Hazard ratio

P

Age (years)

1⋅01 (0⋅92, 1⋅12)

0⋅782

1⋅01 (0⋅99, 1⋅03)

0⋅251

Male sex

0⋅64 (0⋅22, 1⋅87)

0⋅413

1⋅25 (0⋅84, 1⋅86)

0⋅270

cTNM stage I–II

0⋅66 (0⋅21, 2⋅09)

0⋅482

0⋅88 (0⋅57, 1⋅33)

0⋅535

cTNM stage III

1⋅51 (0⋅48, 4⋅76)

0⋅482

1⋅21 (0⋅79, 1⋅84)

0⋅376

Neoadjuvant chemotherapy

1⋅96 (0⋅55, 6⋅93)

0⋅299

1⋅90 (1⋅24, 2⋅90)

0⋅003

TRG 2–3

0⋅56 (0⋅07, 4⋅36)

0⋅581

0⋅34 (0⋅15, 0⋅78)

0⋅011

R0 resection

4⋅92 (1⋅11, 21⋅93)

0⋅036

5⋅32 (3⋅18, 8⋅90)

< 0⋅001

Pathologically node-negative

2⋅89 (0⋅99, 8⋅48)

0⋅053

2⋅09 (1⋅42, 3⋅10)

< 0⋅001

Microsatellite instability

1⋅72 (0⋅39, 7⋅62)

0⋅477

0⋅97 (0⋅24, 3⋅94)

0⋅966

Adjuvant chemotherapy

2⋅28 (0⋅81, 6⋅41)

0⋅119

1⋅47 (0⋅95, 2⋅27)

0⋅087

Values in parentheses are 95 per cent confidence intervals. TRG, tumour regression grade.

survival was 60 (10–166) months, with 1-, 3- and 5-year
overall survival rates of 96, 88 and 80 per cent respectively.
Equivalent values in the older group were 44 (3–169)
months, and 95, 85 and 72 per cent (P = 0⋅013) (Fig. 2).
Median disease-free survival was 54 (7–166) months
among younger patients and 38 (7–169) months for
the older group. In patients aged under 50 years, the
disease-free survival rate at 1, 3 and 5 years was 96, 87 and
81 per cent, compared with 95, 85 and 81 per cent respectively among those aged 50 years or more (P = 0⋅711)
(Fig. 3).

Disease recurrence
Fifteen patients (21 per cent) younger than 50 years developed disease recurrence compared with 102 (16⋅6 per cent)
aged 50 years or more (P = 0⋅313). Locoregional recurrence occurred in five patients in the younger group (7 per
cent) and 30 (4⋅9 per cent) in the older group (P = 0⋅573),
and distant disease in ten (14 per cent) and 74 (12⋅0 per
cent) respectively (P = 0⋅567). The median time to recurrence was 21 (range 7–157) months after surgery among
patients younger than 50 years and 19 (7–103) months in
those aged 50 years and over.

Prognostic factors
In univariable analysis, in the group younger than 50 years,
the only variable associated with better disease-specific
survival (DSS) was R0 resection (Table 2). In the group aged
years 50 and over, neoadjuvant chemoradiotherapy, pCR,
R0 resection and node negativity were associated with
better DSS. On multivariable analysis, R0 resection (hazard
ratio (HR) 3⋅44, 95 per cent c.i. 1⋅93 to 6⋅11; P < 0⋅001)
© 2020 BJS Society Ltd
Published by John Wiley & Sons Ltd

and (y)pN0 status (HR 1⋅74, 1⋅07 to 2⋅84; P = 0⋅025) were
significantly associated with DSS in the older group.
Discussion

Recent data from a large registry-based study in Europe
have indicated that rectal cancer rates have increased by
1⋅8 per cent per year from 1990 to 2016 in adults aged less
than 50 years12 . Similar trends have been observed in the
USA, with the greatest annual percentage change among
adults aged between 20 and 34 years3,13 . This highlights the
need to understand the underlying aetiology, and biological and pathological mechanisms of young-onset disease. In
the present study, younger patients typically presented with
advanced disease stage. Several studies14 – 17 have reported
that patients with sporadic young-onset colorectal cancer
typically have microsatellite-stable tumours, demonstrate
a higher frequency of LINE-1 hypomethylation, are less
likely to harbour BRAF and KRAS mutations, and have a
lower frequency of the CpG island methylator phenotype.
The incidence of unfavourable histopathological features
is also higher in young individuals. Poor differentiation,
mucin and signet ring morphology, all indicative of aggressive tumour biology and associated with worse oncological outcomes, are more frequently encountered among
patients with young-onset disease18,19 .
Survival data for young-onset colorectal cancer are conflicting. Several studies have indicated a worse prognosis, whereas others have demonstrated equivalent or better
oncological outcomes among younger patients8,9,20,21 . In
the present series, young patients had short- and long-term
DSS comparable to that of their older counterparts. The
incidence of locoregional recurrence and distant disease
failure was also similar between groups. Interestingly,
www.bjs.co.uk
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oncological outcomes were equivalent despite increased
neoadjuvant and adjuvant therapy among those aged less
than 50 years.
The oncological benefit of standard neoadjuvant and
adjuvant therapies in young-onset rectal cancer is unclear.
Unsurprisingly, young patients were more likely to receive
neoadjuvant chemoradiotherapy than older patients, presumably related to advanced disease stage at presentation
and better performance status. It may therefore be anticipated that they would derive a meaningful benefit from
such a treatment approach. Pathological response and
tumour downstaging, however, are influenced by the specific molecular characteristics of the tumour. Although
several large series22 – 24 have demonstrated superior oncological outcomes with neoadjuvant chemoradiotherapy
compared with surgery alone in locally advanced disease,
patients younger than 50 years accounted for only a small
percentage of the overall study population in these series.
Recent data acquired from a national registry in the USA
suggest that multimodal therapy for stage II and III disease
may not be associated with an overall survival benefit in
patients younger than 50 years8 , despite greater adherence
to National Comprehensive Cancer Network treatment
guidelines.
Age less than 50 years was also associated with higher
rates of adjuvant chemotherapy. Historically, adjuvant chemotherapy has been administered to patients
with locally advanced disease to improve oncological
outcomes25 – 27 ; however, its role in the modern era
of neoadjuvant therapy is less clear. Four European
RCTs28 – 31 have failed to demonstrate a significant
survival advantage, and the potential for significant
treatment-related toxicity and overtreatment of patients
with low-risk disease must be considered in the absence
of a definitive oncological benefit. Given that alternative signalling aberrations and mutations may be the
driving pathogenesis, conventional chemotherapy may
differ in efficacy in young-onset rectal cancer. Similar to MMR status predicting response to 5-FU-based
adjuvant chemotherapy and immunotherapy, the identification of specific oncogenic mutations in young-onset
disease would facilitate targeted treatment tailored to the
molecular signature of the tumour32 – 34 .
Young age at disease onset is a hallmark of inherited cancer predisposition. The prevalence estimates of
young-onset colorectal cancer due to pathogenic germline
mutations ranges between 5 and 35 per cent15,35 – 37 . This
proportion is significantly higher than the 2–5 per cent
of colorectal cancers overall15,36 . In the present series,
age less than 50 years was significantly associated with
microsatellite instability and diagnosis of a hereditary

cancer syndrome. The most commonly diagnosed hereditary cancer syndrome implicated in the pathogenesis of
young-onset colorectal cancer is hereditary non-polyposis
colorectal cancer, also known as Lynch syndrome, which
occurs as a result of germline mutations in MLH1, MSH2,
MSH6, PMS2 and EPCAM genes36,38,39 . More recently,
several additional genes, such as SMAD4, CHEK2 and
POLE, have also been implicated in cancer predisposition, and gene alterations of uncertain clinical relevance
(variations of unknown significance) have been increasingly
identified since the introduction of multigene panel testing. The development of next-generation sequencing has
enabled genetic testing for hereditary colorectal cancer to
transition from phenotype-specific single-gene assessment
to broad multigene panels providing evaluation of multiple
genes implicated in various hereditary cancer syndromes37 .
This is of particular importance as a significant proportion
of patients with germline mutations do not report a colorectal cancer diagnosis in a first-degree relative38 .
This study has limitations, including the singleinstitution, retrospective nature, and dichotomization
by age using an arbitrary integer cut-off (50 years). Considerable variation in survival outcomes has been observed
among patients younger than 50 years independent of
disease stage, supporting further age-based subgrouping40 .
Owing to the relatively small number of patients aged
less than 50 years, further subgrouping was not possible
in this analysis. Nonetheless, survival data specific to
patients with young-onset disease are lacking, and the
roles of environmental risk factors and the microbiome
remain to be clarified. The changing epidemiology of
colorectal cancer may necessitate the refining of current
population-based screening strategies. On the basis of a
microsimulation screening analysis model, the American
Cancer Society41,42 has recommended lowering the age
of initial screening from 50 to 45 years. However, given
that the greatest change in incidence is among those aged
20–39 years, optimal population education is a healthcare
priority.
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