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Abstract

BACKGROUND

The incidence of oesophageal adenocarcinoma (OAC) has been reported to be
increasing in many countries. Alongside this trend, an increase in incidence of
early-onset OAC, defined as OAC in adults aged under 50 years, has been
observed. It is unclear whether survival outcomes for early-onset OAC patients
differ from older age groups.

AIM
To investigate survival outcomes in early-onset OAC patients.

METHODS

Ovid Medline and Embase were searched from inception to January 2022 for
relevant studies relating to early-onset OAC and survival outcomes. Results
regarding the overall five-year survival and risk of death of younger and older
patients with OAC were extracted and pooled using meta-analyses to produce
pooled estimates and 95%Cls where possible.

RESULTS

Eleven studies which compared survival of early-onset OAC, defined as age at
diagnosis of < 50 years, with older patients were included. A narrative review of
median and mean survival demonstrated conflicting results, with studies showing
early-onset OAC patients having both better and worse outcomes compared to
older age groups. A meta-analysis of five-year survival demonstrated similar
outcomes across age groups, with 22%-25% of patients in the young, middle and
older age groups alive after five years. A meta-analysis of four studies demon-
strated that early-onset OAC patients did not have a significantly increased risk of
death compared to middle-aged patients (hazard ratio 1.12, 95%CI: 0.85-1.47).
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CONCLUSION
Results suggest that early-onset OAC patients do not have a significantly different survival compared to older
patients, but further population-based research, taking into account stage and treatment, is required.

Key Words: Early-onset cancer; Early-onset oesophageal adenocarcinoma; Survival; Cancer epidemiology; Systematic review;
Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this systematic review, we investigated survival outcomes in early-onset oesophageal adenocarcinoma (OAC)
(< 50 years) compared to older age groups. Eleven studies were included. A narrative review of median and mean survival
demonstrated conflicting results. Meta-analyses of 5-year survival and risk of death demonstrated no significant difference in
survival between younger and older OAC patients. Current evidence in this area has limitations, and up-to-date population-
based research is required.
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INTRODUCTION

There is concern that the incidence of oesophageal adenocarcinoma (OAC) in patients under 50, described as early-onset
OAG, is increasing. However, data regarding survival of younger patients with OAC is sparse.

Globally, while increasing age remains a major non-modifiable risk factor for cancer, the incidence of early-onset
cancers, largely accepted to be in adults aged under 50 years, is increasing[1]. This includes an observed increase in the
incidence of gastrointestinal malignancies such as colorectal, oesophageal, gastric and hepatobiliary cancers[2-4].

Despite oesophageal squamous cell carcinoma (OSCC) being more common globally (88% of cases)[5], a striking
increase in oesophageal OAC incidence has been reported in developed countries, such as the United States and Europe
[6,7]. Worryingly, the United Kingdom has the highest incidence of OAC cases in the world[8]. In addition to the increase
in OAC, an increase in incidence of early-onset OAC, defined as OAC in adults aged under 50 years, has been observed[9,
10]. A population-based cohort in the Netherlands, consisting of 59584 patients, demonstrated the incidence of early-onset
OAC to have tripled from 1989 to 2018, while OSCC cases declined in this age group[7].

OAC usually develops in the lower third of the oesophagus and the gastro-oesophageal junction, with risk factors
including obesity and gastro-oesophageal reflux disease[11]. A poor prognosis is observed, with the overall five-year
survival rate for oesophageal cancer between 15%-20%, even with treatment[12,13]. These low survival rates are likely
due to a combination of late diagnosis, intrinsic resistance to systemic therapy and the limited efficacy of surgical
resection.

Younger patients tend to present at a more advanced stage at diagnosis compared to those diagnosed later in life. A
single centre, retrospective study found that 33.3% of patients in the younger age category (< 50 years old) presented with
stage IV OAC, compared to the 20.6% of the oldest age category (> 70 years old)[14]. Another population-based study in
the Netherlands observed that OAC patients under 50 years old also presented with distant metastasis more often in
comparison to older patients (50.5% vs 44.7%), and that tumour differentiation also varied between age groups[15].

Reports of survival estimates in patients with early-onset OAC compared with older patients have resulted in
contrasting findings to date. Some studies report that due to the advanced stage and aggressiveness of the tumours seen
that the prognosis of these patients is almost always worse than their older counterparts[16]. In contrast, another study
found that the overall survival, as well as stage-specific survival was higher in those who were younger[17]. A Dutch
study which included only resectable cases found no difference in 5-year disease specific survival[18].

Given the conflicting evidence to date, the aim of this systematic review was to investigate survival in OAC patients
according to age at diagnosis.

MATERIALS AND METHODS

A protocol was composed, and the reporting of this systematic review designed, using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines[19]. The protocol included: The review question, search strategy,
inclusion criteria, type of quality assessment, the strategy for data analysis, and the “population, intervention, comparator,
and outcome’ criteria. These are expanded below.
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Study population

The population of interest was patients diagnosed with OAC aged less than 50 years. Survival outcomes were compared
between older patients and those < 50 years with a diagnosis of OAC where possible, with older patients being
considered the control group. Studies only reporting survival outcomes of those < 50 years were also included. In
addition, studies were included if the cut off for early-onset OAC was less than 50 years.

Outcome
Overall survival estimates (e.g. those recorded as net, relative and observed) within patients aged < 50 years at the time of
diagnosis of OAC.

Search strategy

The electronic databases Embase (Reed Elsevier PLC, Amsterdam, Netherlands) and Medline (United States National
Library of Medicine, Bethesda, MD, United States) were searched from week of inception to 12 January 2022 for relevant
studies relating to the age of diagnosis of OAC and the survival outcomes documented. The search strategy identified
studies that contained at least one keyword or Medical Subject Heading term relating to young age, survival outcomes
and oesophageal cancer. The full search terms are available in Supplementary Table 1. A rapid review of studies
published up to mid-2024 did not identify any further relevant articles that met our inclusion criteria.

Inclusion and exclusion criteria
Population-based studies were included, along with population representative studies, for example, large database
studies or using cancer registry data. Real-world studies considering consecutive patients were also included.

Clinical trial studies were excluded, in order to reduce the impact of selection biases or volunteer biases being present.
Conference abstracts, case reports and review papers were also excluded. The exclusion criteria also removed any studies
which did not specifically focus on the patients under the age of 50 years old. The search strategy was restricted to
include English language articles and human studies only.

The reference lists of several studies, which included the correct age categories < 50 years were also searched for any
relevant articles, but this did not identify any further studies.

Data extraction
Articles from the search were imported into Covidence, and duplicates were removed. Titles and abstracts were reviewed
independently by at least two authors (Turkington RC, Coleman HC, and Mitchell S), to remove irrelevant studies. The
full text of all selected articles was read independently by at least two authors, to determine whether they met the
inclusion criteria. Any discrepancies were resolved by discussion among the reviewers of the text, with the third reviewer
involved if required.

Methodological quality was evaluated using the Newcastle-Ottawa Scale (Supplementary Table 2). Studies were
assessed on eight items, categorised into three groups: The selection of the study groups; the comparability of the groups;
and the ascertainment of either the exposure or outcome of interest.

Statistical analysis

A narrative synthesis was assembled after a thorough and critical review of each study. Where it was deemed suitable,
the association between the age of diagnosis of OAC and survival was summarised in meta-analyses by comparing the
survival outcomes of those < 50 years old and those > 50 years old reported in the studies. Outcome measures were
evaluated in three ways:

Firstly, the median and mean survival of patients < 50 years old and those > 50 years old diagnosed with OAC was
extracted and summarised narratively since it was not possible to combine these in meta-analyses.

Secondly, the overall 5-year survival of early-onset OAC and older patients, i.e., the proportion of patients still alive
after 5 years, was also extracted from relevant studies. A meta-analysis was performed on these results, using the
Freeman-Tukey method. Meta-analyses were also performed using the Score (Wilson) method and exact CI method, with
consistent results observed across all three methods, demonstrating the robustness of the results. I? values were applied
used to assess heterogeneity between study results.

Finally, the hazard ratios (HR) for risk of death, adjusted and unadjusted, and their 95%CI were extracted from
relevant cohort studies. Random-effects meta-analyses were applied to combine adjusted HR and 95%CI from studies
reporting on the risk of death in early-onset OAC patients, compared with older adults. The random effects model
included study specific weights, which were calculated and then scaled to percentages. I values were used to assess
heterogeneity between study findings.

All meta-analyses were conducted using Stata version 16 (StataCorp, College station, TC, United States).

RESULTS

The search strategy identified 2261 papers, and 911 duplicates were removed, leaving 1350 articles for screening.
Following title and abstract screening, 128 studies were eligible for full text review. Following full text review, 117 studies
were excluded. Reasons for exclusion included the wrong patient population, wrong condition, inappropriate study
design or outcomes, and are shown in Figure 1. Any conflicts which arose were resolved through discussion and received
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(n = 1350) (n=1222)
Reports excluded:
Wrong study design (7 = 69)
Not oesophageal adenocarcinoma-specific (7 = 20)
Reports assessed for »|  Inappropriate patient population (7 = 20)
eligibility (7 = 128) Inappropriate outcomes (77 = 5)
Review (n = 2)
Inappropriate comparator (77 = 1)
A4
Studies included in
review (n = 11)

Figure 1 Flow chart of the selected articles included in the review.

a final vote on whether or not to be included. After all screening processes had taken place, eleven studies were included
in the review|[14-17,20-26].

The characteristics of the included studies are summarised in Table 1. Six studies included population-based register
cohorts[15,17,20-22,26], two were single centre retrospective cohorts[14,25], two were consecutive case studies[23,24], and
one was a retrospective cohort[16]. Nine studies were conducted in the United States, four being from the Surveillance,
Epidemiology, and End Results (SEER) database[17,20,22,26], while one was conducted in the Netherlands[15] and
Sweden[21].

Median and mean survival

To compare the difference in median survival between those diagnosed with OAC < 50 years old and those > 50 years old
we analysed three of the eleven studies[15-17,23]. One study compared the mean survival of these patients, and a
summary of these results can be seen in Table 2[14]. Together these results show inconsistent differences in survival
between age groups.

There were three studies[14,16,17] which demonstrated a significant difference in survival between early onset OAC
and patients diagnosed at an older age. However, these studies concluded in different directions on whether younger age
at the time of diagnosis impacts survival. Boys et al[16] reported a significantly shorter median survival in younger
patients (< 40 years old) at 17 months compared to older patients (> 40 years old) at 30 months. In contrast, Kolb et al[17]
observed a lower median survival in older patients at 10.4 months with median survival in younger patients being 15.2
months. Sawas et al[14] reported that patients in the middle-aged (51-70 years old) category had the longest mean
survival in comparison to shorter survival in the older (> 70 years old) and younger (< 50 years old) age categories. It is
important to note that the age cut-offs and comparator older age groups differed in each study, limiting the interpretation
of the results.

Overall five-year survival

To compare the difference in overall 5-year survival between early-onset OAC patients and older age groups, we
analysed five studies[14,15,20,22,24], with four being included in meta-analyses. The results demonstrated a similar
proportion of patients still alive after 5 years in the young, middle and old age groups (Table 3 and Figure 2A). The study
carried out by Haiyu et al[22] could not be included in the meta-analysis due to the use of the same database (SEER) and a
similar time frame as Codipilly et al[20] which used the years 2000-2011 for the reported results.

Meta-analyses results are shown in Figure 2A. The proportion of younger patients still alive five years after diagnosis
was 22% (95%Cl: 0.18-0.27) compared with 25% (95%CI: 0.19-0.31) in older patients, with high evidence of heterogeneity
(83.49% and 98.56% respectively). Sawas et al[14] and Codipilly et al[20] considered older patients to be over 70 years old
and this could not be separated in the statistical analysis. These studies also reported on the middle age category, those
aged 50-70, separately and the overall effect size in this group was 22% (95%ClI: 0.21-0.23); similar to the pooled analysis
of the other two age groups.

Haiyu et al[22] compared the relative survival rates of younger patients and older patients from 1984-2013. For the
purpose of this review, we extracted information from Haiyu et al[22] on survival rates in patients aged 20-44 and 55-64
years in the most recent time period analysed (2000-2013). The survival rates for both age categories in the first six months
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Table 1 Characteristics of studies investigating survival outcomes in early-onset oesophageal adenocarcinoma patients

I No. of . Age Follow- Specific
Publication Study No. of Recruitment g . P . Confounders
Ref. Country . cases < } categories Stage up survival .
year design cases 0 period considered
50 (%) (years) (Y/N)  outcome
Boysetal 2015 United Retrospective 772 42 (5) 1990-2013 <40, >40 -1V Y Median Sex, race,
[16] States cohort overall staging, year
survival  of diagnosis
Kolbetal 2020 United Population- 114123 10271 2000-2017 <50,50-69, I-IV Y Median Treatment,
[17] States based ) >70 survival, staging, race
Register HR of
death
Codipilly 2021 United Population 25813 2183 (8) 1975-2011 <50,50-69, IIV Y Overall 5  Sex, race,
et al[20] States based >70 year staging, year
register survival  of diagnosis
Xie et al 2017 Sweden Population- 5140 212 (4.1) 1961-2014 <50,50-59, Not Y HR of Sex
[21] based cohort 60-69, 70- recorded death
79, >80
Haiyuet 2019 United Population- 16474 Crude  1984-2013 20-44, 45- Not Y 5-year Sex, Socio-
al[22] States based number 54, 55-64, recorded relative economic
register not 65-74, > 75 survival  status, race
reported
Hashemi 2009 United Consecutive 242 31 (12.8) 1994-2004 <50,>50  0-IV N Median  Sex, family
et al[23] States case series survival  history
Portaleet 2004 United Consecutive 263 32 (12.1) 1992-2002 <50,>50  I-II N 5-year
al[24] States case series survival
rates
Sawas et 2019 United Single centre 682 105 2009-2012 <50,51-70, I-IV N Mean Sex, staging,
al[14] States retrospective (15.4) >70 survival, intestinal
study 5-year metaplasia,
survival ~ Charlson
rates, HR  comorbidity
of death  index
Strauss et 2020 United Single centre 630 65 (10.3) 1991-2018 <50, >50 -1V Y Overall Sex, race,
al[25] States retrospective survival, pathology
study HR of grade
death
van 2014 Netherlands Population- 13331 1466 2000-2011 <50,>50 IIV Y Median  Sex, staging
Nistelrooij based (10.9) overall
et al[15] register survival,
5-year
overall
survival
Yangetal 2016 United Population- 2601 94 (3.6)  1988-2011 <45,45-59, I-1II Y HR of Sex, race,
[26] States based 60-74, > 75 death lymph nodes
register examined

HR: Hazard ratio; Y: Yes; N: No.

were similar, averaging at approximately 75%. However, the five-year survival differs between the age categories, with a
lower proportion of younger patients still alive five years after diagnosis (19.4%) compared with older patients (22.6%).

Hazard ratios for risk of death over time

To compare the HRs between those diagnosed with OAC < 50 years old and those > 50 years old we analysed five studies
(Table 4)[14,17,21,25,26], with four being included in a meta-analysis (Figure 2B). Together the results show an
inconsistent risk of death between age groups. The study by Xie et al[21] was excluded from the meta-analysis due to the
use of a different reference group (all other studies used middle aged patients as the reference group). Kolb et al[17] and
Yang et al[26] both included data from SEER database, however each study covered different time periods with little
overlap and so could be included in the meta-analysis.

Three studies had significant results, with Kolb et al[17] finding that patients with early-onset OAC had a reduced risk
of death compared to 50-69 year olds (adjusted HR 0.94, 95%CI: 0.92-0.96). In contrast, Sawas et al[14] and Yang et al[26]
found that early-onset OAC patients had an increased risk of death compared to middle age groups (adjusted HR and
95%ClI: 1.34 (1.02-1.75) and 1.35 (1.02-1.80) respectively). Strauss et al[25] reported no association between the age of
diagnosis of OAC and overall survival. The one study that used early-onset OAC patients as the reference group,
published by Xie et al[21] found that patients who were middle-aged (50-69 years old) or older-aged (> 70-80 years old)
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Table 2 The median and mean survival of younger, middle-aged and older patients with oesophageal adenocarcinoma

Ref. Young age Middle age Older age Significance
Median survival

Boys et al[16]" 17 months N/A 30 months P=0.04

Kolb et al[17]* 15.2 months 15.1 months 10.4 months P<01
Hashemi et al[23]” 21.1 months N/A 22 months Not significant
Mean survival

Sawas et al[14]* 4 +4.2years 5+3.9 years 3.6 3.2 years P=0.03

"Young age < 40 years and old age > 40 years.

%Young age < 50 years, middle aged 50-69 and old age > 70 years.

*Young age < 50 years and old age > 50 years.
*Young age < 50 years, middle age 51-70 years, old age > 70 years.

N/ A: Not applicable.

Table 3 The proportion of patients alive at five years in young, middle-aged and older patients diagnosed with oesophageal

adenocarcinoma

5-year survival (%) (proportion of patients still alive)

Ret Young age Middle age Older age Significance
Codipilly et al[20]" 19.7 214 123 P <001

Portale ef al[24]” 32.6 N/A 455 Survival similar
Sawas et al[14]° 343 49.9 33.3 P<0.01

Van Nistelrooij et al[15]* 18.2 N/A 16.4 P=0.021

Haiyu et al[22]* 19.4 N/A 226 P <0.05

Young age < 50 years, middle-age 50-69 years, old age > 70 years.
%Young age < 50 years, old age > 50 years.
3%Young age < 50 years, middle age 51-70 years, old age > 70 years.
“Young age 20-44 years, old age 55-64 years.

N/ A: Not applicable.

Table 4 Hazard ratios of risk of death and 95%Cl for young, middle-aged, and older patients diagnosed with oesophageal

adenocarcinoma

Hazard ratios for risk of death and 95%CI

Ref.

Age categories (years) Young age

Age categories (years) Middle age

Age categories (years) Older age

Kolb et al[17] <50

Xie et al[21] <50

Sawas et al[14] <50
Strauss et al[25] <50

Yang et al[26] <45

0.94 (0.92-0.96)

Ref. (1.0)

1.34 (1.02-1.75)
053 (0.17-1.69)

1.35 (1.02-1.80)

50-69

50-59

60-69

51-70

>50

45-59

60-74

Ref. (1.0)
1.19 (0.99-1.43)
1.09 (0.91-1.30)
Ref. (1.0)
Ref. (1.0)
Ref. (1.0)

1.11 (0.97-1.26)

270
70-79
>80
>70
N/A

275

1.24 (1.21-1.26)
1.26 (1.06-1.50)
1.66 (1.38-1.99)
1.70 (1.36-2.10)
N/A

1.52 (1.28-1.81)

N/ A: Not applicable.

Guishidenge WVIG | hittps:/ /www.wjgnet.com

4226

October 14,2024 | Volume30 | Issue38 |



Russell A et al. Early-onset oesophageal adenocarcinoma survival

A |Ref. Proportion Effect size Study
(95%CI) weight (%)
Young
Codipilly et al ; 0.20 (0.18,022) 37.0
I
-
Portale et al : 0.31 (0.18, 049) 85
S —
Sawas et al | 0.34(0.26,044) 186
A a—
I
Van Nistlerooij et al - : 0.18 (0.16, 0.21) 359
Overalll <1E> 0.22 (0.18, 0.27) 100
I
Middle-aged :
|
Codipilly et al il 0.21(0.21, 0.22) 964
|
Sawas et al : —— 0.50(0.450.55) 36
Overall? 0.22 (0.21, 0.23) 100
I
Older :
I
Codipilly et al 0.12 (012, 013) 27.2
Portale et al | 0.45 (0.39,052) 231
I —_—
I
Sawas et al | 0.35 (0.29, 042) 225
Van Nistlerooij et al - 0.16 (0.16, 0.17) 27.2
Overall? $| 0.25(0.19, 0.32) 100
I
I
[} | ! I I
0 0.2 0.4 0.6
L Test for heterogeneity Isquared 81.3%.
2 Test for heterogeneity I-squared 0.0%.
3 Test for heterogeneity I-squared 95.6%.
B [Ref. Hazard ratio  Weight
(95%CI) (%)
1
Kolbetal i 0.94 (0.92-0.96) 39
1
Sawas etal -i-— 1.34 (1.02-1.75) 28
1
Strauss et al - ! 0.53 (0.17-1.69) 5
1
1
Yang et al -l 135 (1.02-1.80) 28
i
Pooled estimate <j> 112 (085-147) 100
I
1 1 1 ! 1 1
0.2 05 081 152
Heterogeneity: I-squared 78 %, P=0.004

Figure 2 Forest plots. A: Forest plots showing overall five-year survival of young, middle-aged, and older patients diagnosed with oesophageal adenocarcinoma
(with effect size being the proportion of patients alive); B: Risk of death in adults diagnosed with early-onset oesophageal adenocarcinoma compared with older
adults.

had an increased risk of death compared to younger (< 50 years old) OAC patients.

As shown in Figure 2B, the comparison of the pooled estimate for risk of death for younger patients in comparison to
middle-aged patients was not statistically significant, HR 1.12 (95%ClI: 0.85-1.47), with high evidence of heterogeneity
(78%).

Quality assessment was carried out using the Newcastle-Ottawa Scale (Supplementary Table 2) with no studies
excluded based on quality assessment.
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DISCUSSION

We performed a systematic review of eleven studies which investigated the survival outcomes of younger patients (< 50
years old) and older patients diagnosed with OAC. A narrative review of median and mean survival demonstrated
conflicting results, with studies showing early-onset OAC patients having both better and worse outcomes compared to
older age groups. A meta-analysis of five-year survival demonstrated similar outcomes across age groups, with 22%-25%
of patients in the young, middle and older age groups alive after five years. Finally, a meta-analysis of risk of death
demonstrated that early-onset OAC patients did not have a significantly increased risk of death compared to middle-aged
patients (HR 1.12, 95%ClI: 0.85-1.47). Overall, our findings showed no clear difference in survival in OAC between age
groups.

Despite Kolb ef al[17] and Yang et al[26] using data from the same database, SEER in the United States, their HR for risk
of death was different. It can be assumed these contradictions in findings were due to the differing time periods which
data was taken from, with little overlap seen. The reduced risk of death in younger patients reported by Kolb et al[17] was
from the more recent data set, which is likely due to improvements in cancer treatment over time. Encouragingly, it
should be noted from Haiyu et al[22] that five-year survival rates improved over time from 1984 to 2013, almost doubling
in the most recent decade studied, depending on age. This improvement in overall survival of patents reflects the
developments made in diagnosis and treatment in the past decades, such as access to endoscopy, improvement in surgery
and the introduction of neoadjuvant treatment[27].

Early-onset OAC has been observed to present at a more advanced stage than older patients, which was demonstrated
in a number of studies included in this systematic review[17,20]. For example, Codipilly et al[20] found that 84.9% of
early-onset cancer patients had regional/distant disease compared with 77.6% and 67.8% in middle age and older age
groups respectively[20]. Despite this, our results demonstrate overall five-year survival was similar in younger and older
patients. This may be because younger patients are more likely to receive aggressive cancer treatment in the presence of
advanced stage of disease or have less comorbidities. This has been demonstrated in early-onset colorectal cancer, where
young patients are more likely to receive chemotherapy and radiotherapy, as well as multimodality treatment, than older
patients[28-30]. However, whether higher rates of treatment are given to early-onset OAC patients compared to older
patients is yet to be determined.

The reason why younger patients present with a more advanced stage of OAC is still unknown and debated, but it
may be that younger patients experience a delayed diagnosis[24]. This could be because young patients do not seek
medical attention for their symptoms, or they do seek medical attention but physicians initially attribute their symptoms
to benign conditions such as gastro-oesophageal reflux disease. There may also be a reluctancy to refer these younger
patients for endoscopy and screening, which is needed to diagnose OAC, due to a lack of concern or a perception that
oesophageal cancer is a disease of the elderly[31]. There is an urgent need to raise awareness of the observed increasing
incidence of early-onset OAC, both in the general public and healthcare professionals.

Another reason why younger patients present at more advanced stage is the possibility of a more aggressive subtype,
which should also be taken into consideration. The increase in incidence of early-onset OAC, along with differing clinical
features compared to older patients, raises questions about the pathogenesis and molecular pathways that lead to the
development of the disease. It has been shown that early-onset OAC has stronger associations with recurrent gastro-
oesophageal reflux and obesity compared to later-onset OAC[32], suggesting age specific risk factor profiles.
Furthermore, it may be that early-onset OAC carries distinct biological differences compared to late-onset OAC. Recently,
a large, single-centre retrospective analysis of oesophageal, gastric and gastro-oesophageal junction tumours
demonstrated that early-onset cases had a preponderance for gastric tumours but had a reduced frequency of genomic
and microsatellite instability compared to average onset disease[33]. A study investigating the molecular profile of OAC
found no overall difference in mutational load between early-onset OAC and late-onset OAC, but did demonstrate
several additional mutations seen in early-onset OAC (including APC and CTNNB1) which were not seen in conventional
OAC[34]. Further research is needed into the molecular profile of the disease in different age groups.

The majority of cases of early-onset OAC appear to be sporadic rather than hereditary, with germline mutations being
demonstrated in 21% of cases of early-onset oesophagogastric cancer (< 50 years) compared to 13.8% in older patients
[35]. This study also included gastric cancer cases and further research is needed into the role of germline mutations in
OAC, in order to identify those at risk of a cancer diagnosis at a young age and to inform prevention strategies.

Since our literature search, two further papers have been published which include survival outcomes in early-onset
OAC, although neither would have met our inclusion criteria. Firstly, a large United States-based single centre study
published in 2023 investigated oesophagogastric cancers (n = 218 early-onset cases), and did not find a significant
difference in stage distribution or survival between early-onset and older patients[33]. Of note, this study also included
gastric cancer, which comprised 64% of the early-onset group, and included non-adenocarcinoma pathology (although
these numbers were small). As such, further studies are needed on presenting symptoms, time to diagnosis and
pathology of early-onset OAC specifically. Secondly, a Swedish study using a population-based cancer register (n = 470
early-onset OAC, defined as < 55 years) found that 5-year relative survival was 20% in early-onset OAC compared to 16%
in later-onset OAC, a similar proportion to our meta-analyses results[36].

In summary, there are a number of potential reasons for the observed variation in early-onset OAC survival. This
includes biological differences in OAC across age groups, such as stage at diagnosis and molecular characteristics.
Predictors of poor survival observed include ethnicity, treatment modality, tumour differentiation and comorbidity[17].
Different time periods covered by included studies will reflect developments in treatment over the decades, with more
favourable outcomes being observed in later studies. Disparities in healthcare access may also be contributing-most of
the studies included used data from the United States, where adults aged over 65 years are eligible for Medicare, leaving
younger patients at a disadvantage. However, many factors such as ethnicity and socioeconomic status also affect access
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to healthcare and so firm conclusions cannot be drawn about this in our study.

This systematic review had several strengths. To our knowledge, this is the first systematic review undertaken to
investigate survival in early-onset OAC. Excluding studies set within a trial setting which investigated age and outcomes
in cancer patients, reduced the impact of selection biases and any possible volunteer biases. An evaluation of the quality
of the studies was also carried out using the Newcastle-Ottawa Scale quality assessment, a robust and recognised tool.

This systematic review has some limitations. The search strategy which was conducted was limited to English
language only, and findings may not have been representative of all the evidence available. Several of the studies defined
‘young age’ and ‘older age’ at different thresholds. Studies which consider a middle-aged category overlap with older age
categories in other studies. These differences could not be separated in the statistical analysis and so could have affected
the results seen. Several of the studies could not be included in the meta-analyses for various reasons; including the use of
the same database or not reporting outcomes in a consistent manner.

CONCLUSION

In summary, our results suggest that early-onset OAC does not have a significantly different survival compared to older
patients, but interpretation is limited due to a small number of studies over a long time period. Other factors, such as
pathological characteristics and treatment receipt, also influence OAC outcomes and need to be taken into account. The
inconsistency of the findings from the retrieved studies suggests the need for a more thorough population-based study
with patients of all ages receiving similar treatment types. There is an urgent need for research to better understand the
complex factors affecting survival such as inherited vs sporadic cases, stage of disease and pathology, as well as decision
making by clinicians and patients and their influence on treatment uptake and survival for a cancer that, until now, has
been mostly studied in older age groups.
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