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Introduction

Esophageal cancer is most frequently diagnosed in people 
aged 64–74, with a median age of 67 years of age at 
diagnosis. Patients less than 45 years of age only represent 
3.2% of all patients with esophageal cancer (1). The risk 
factors and mechanism of disease in the young is still an 
area of investigation. The unanswered question remains, 
is the biology of esophageal cancer more aggressive when 

diagnosed at a younger age? Current literature on survival 
and characteristics of esophageal cancer comparing the 
young and old remains controversial. Some reports suggest 
that younger patients present with later stages of esophageal 
cancer and therefore have poorer outcomes (2,3). Others 
report better outcomes in the younger patients due to less 
co-morbidities and their ability to tolerate more aggressive 
treatments (4,5). The general consensus from the majority 
of publications is similar outcomes regardless of age (6-9).  
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The purpose of this study is to characterize the survival 
of esophageal cancer in patients who were diagnosed at a 
young age (<45 years old) when matched with older patients 
who have similar stage, neoadjuvant treatment, pathology, 
sex, and year of diagnosis. Our hypothesis was that younger 
patients with esophageal cancer have a more aggressive 
biology and may have worse survival.

Methods

Data collection

The Mayo Clinic Institutional Review Board approved this 
study. A retrospective review of all patients undergoing 
surgical resection for esophageal cancer at the Mayo 
Clinic in Rochester, Minnesota between 1985–2014 was 
performed. Of the approximately 3,600 esophagectomies 
performed, only the patients under the age of 45 at the time 
of surgery were included in the study. During this time 
period similar to other publications that have examined 
the role of age in survival outcomes of cancer, patients 
were defined as young if there were 2 standard deviations 
below the mean age at the time of diagnosis. Therefore, 
the age of 45 was used as a cut off to define young patients 
(10,11). Patient demographics, clinical and pathologic stage, 
neoadjuvant and adjuvant therapy, co-morbidities, sex, 
history of smoking or alcohol use, and date of death were 
collected. Seventh edition of AJCC was used for staging. 

Statistics

To assess the impact of age on outcomes of esophageal 
cancer, an older control group was created using frequency 
matching. These control patients were selected from our 
prospectively maintained esophageal cancer database. 
Patients were categorized by sex (male and female), 
histological subtype (adenocarcinoma and squamous cell 
carcinoma), age (<45 and >45 years old), pre-treatment 
clinical stage and neoadjuvant therapy. Year of treatment was 
also matched within 5 years, except for 3 cases where the 
matching was extended to 10 years. The potential controls 
(older than 45 years old) were sorted in random order and 
reviewed in sequence until they matched a younger (less 
than 45 years old patient) 1:1 by sex, neoadjuvant treatment, 
pathology, clinical stage, and year of surgery (12). Sex 
disparities in esophageal cancer were recently published 
from our group as a significant variable in the survival 
outcome of esophageal cancer (12). Neoadjuvant treatment 

was chosen as a matching criterion as it has been previously 
shown that pre-treatment does significantly affect survival 
outcomes of esophageal cancer (13). Lastly, surgical era was 
chosen as a matching criterion due to our own changes in 
surgical approach to esophageal cancer (1990–2005) mainly 
hand-sewn anastomosis vs. stapled anastomosis (2006 to 
present).

Categorical variables were described as frequencies 
(percent) and compared using Fisher’s exact test. 
Continuous variables were summarized using median 
(range) and compared using the Mann-Whitney test. 
Overall and disease-free survival times were calculated 
from date of surgery. Survival estimates were calculated 
using the Kaplan-Meier method, and models were created 
using Cox proportional hazards regression. The date of the 
esophagectomy was used as the starting point in the survival 
estimation and the date of death or last follow up was the 
end point. All analysis was performed using SAS, version 9.4.

Results

Patient characteristics

Eighty-two patients less than 45 years of age at time of 
surgery were identified. There were 69 men (84.1%), and 
13 women (15.9%). Median age was 41.0 (range, 22.0–44.0) 
years old. The median age of the matched older patients 
was 66.0 (range, 51.0–81.0) years old. Co-morbidities were 
not prevalent in the younger than 45 group, but as expected, 
were significantly more common in the over 45 group. 
Diabetes was present in 3 patients in our younger than  
45 group (3.7%), while 11 patients had diabetes in the older 
matched cohort (13.6%). Coronary artery disease (CAD) 
was present in 23.2% of the matched older patients (n=19). 
Smoking and alcohol use were known for 161 patients and 
unknown for 3 patients (1.8%). Fifty percent of young 
patients (n=40) were smokers, while 69.1% (n=56) of the 
older matched patients were smokers (P=0.0162). Alcohol 
use was not statistically significant between the two groups 
(P=0.4261) (Table 1).

In the young patient cohort, 22.0% of patients had a 
complete pathologic response (n=18), 6.1% had stage 1 
(n=5), 28.0% had stage II (n=23), 42.7% had stage III (n=35) 
and only 1 patient (1.2%) had stage IV disease. We elected 
to match patients based on pathologic stage, thus the 
older matched patients had the same stage distribution of 
esophageal cancer (Table 1).

Surgical approach was not a variable the two cohorts 
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Table 1 Patient characteristics

Characteristics Old (45+) (N=82) Young (<45) (N=82) Total (N=164) P value

Age    <0.00011

N 82 82 164

Mean (SD) 67.0 (7.7) 39.8 (4.6) 53.4 (15.1)

Median 66.0 41.0 47.5

Q1, Q3 62.0, 73.0 38.0, 43.0 41.0, 66.0

Range 51.0–81.0 22.0–44.0 22.0–81.0

Stage, n (%)    –

0 18 (22.0) 18 (22.0) 36 (22.0)

IA 1 (1.2) 1 (1.2) 2 (1.2)

IB 4 (4.9) 4 (4.9) 8 (4.9)

IIA 6 (7.3) 6 (7.3) 12 (7.3)

IIB 17 (20.7) 17 (20.7) 34 (20.7)

IIIA 17 (20.7) 17 (20.7) 34 (20.7)

IIIB 11 (13.4) 11 (13.4) 22 (13.4)

IIIC 7 (8.5) 7 (8.5) 14 (8.5)

IV 1 (1.2) 1 (1.2) 2 (1.2)

Surgery, n (%)    0.36212

Ivor Lewis 54 (65.9) 64 (78.0) 118 (72.0)

MIE 1 (1.2) 0 (0.0) 1 (0.6)

McKweon 3 (3.7) 2 (2.4) 5 (3.0)

T.G. w/RNY 8 (9.8) 6 (7.3) 14 (8.5)

Trans hiatal 16 (19.5) 10 (12.2) 26 (15.9)

Smoking, n (%)    0.01622

Missing 1 2 3

No 25 (30.9) 40 (50.0) 65 (40.4)

Yes 56 (69.1) 40 (50.0) 96 (59.6)

Alcohol use, n (%) 0.42612

Missing 1 2 3

No 44 (54.3) 49 (61.3) 93 (57.8)

Yes 37 (45.7) 31 (38.8) 68 (42.2)

Diabetes, n (%) 0.04702

Missing 1 1 2

No 70 (86.4) 78 (96.3) 148 (91.4)

Yes 11 (13.6) 3 (3.7) 14 (8.6)

Length of stay 0.52941

N 82 79 161

Mean (SD) 11.7 (7.5) 10.9 (7.6) 11.3 (7.5)

Median 9.0 9.0 9.0

Q1, Q3 7.0, 14.0 7.0, 11.0 7.0, 13.0

Range 0.0–43.0 0.0–57.0 0.0–57.0

1, Mann-Whitney; 2, Fisher exact. MIE, minimally invasive esophagectomy; T.G. w/RNY, total gastrectomy with Roux en Y reconstruction. 
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were match for, thus there is some variability between 
the young and old groups. In both groups, Ivor Lewis 
esophagectomy (n=118, 72.0%) was the most common 
surgical approach, followed by transhiatal esophagectomy 
(n=26, 15.9%) (Table 1).

The overall length of stay in the hospital was not 
statistically significant between the two groups, median of  
9 days in both groups (P=0.5294). The younger patients had 
no perioperative mortality, but in the matched older group, 
there were 2 deaths within 30 days of surgery (2.4%). In 
the first case, the patient had a pulseless-electrical activity 
(PEA) cardiac arrest on postoperative day (POD) 11 and 
the family withdrew care. The second patient developed 
a sudden headache and became unresponsive on POD 4. 
The patient also subsequently suffered a PEA arrest and the 
family withdrew care. 

Survival outcomes

Overall survival, including all stages, was not statistically 
different between the <45 and match >45 groups. 1-, 3-, 
and 5-year survival was 89.9%, 53.7% and 44.5% in the <45 
group respectively, while in the older matched cohort 1-, 
3-, and 5-year survival was 79.2%, 50.2%, 39.1% (Figure 1). 
Overall survival by stage was also examined. Interestingly, 
there was no statistically significant difference in overall 
survival for patients aged >45 years relative to <45 years 
for either the stage I or stage II patients (Figures 2,3). 

However, for stage III/IV there was a statistically significant 
difference, where the overall survival for the younger 
patients was better than the match older cohort (Figure 4). 
1-, 3-, and 5-year survival was 88.6%, 31.8% and 24.2% 
in the <45 group respectively, while in the older matched 
cohort 1-, 3-, and 5-year survival was 58.3%, 20.6%, 8.8% 
[P=0.04, hazard ratio (HR) 1.72].

In examining the stage III/IV patient population, it was 
noted that the younger patients were more likely to receive 
adjuvant chemotherapy and radiation therapy. Sixty percent 
of the younger stage III patients (n=21/35) received adjuvant 
therapy, while only 8.6% of the older matched patients 
received adjuvant treatment (n=3/35) (P<0.0001, Table 2).  
Disease-free survival was not statistically significantly 
different between the two age groups regardless of stage.

Conclusions

The impact of young age on the survival, diagnosis and 
treatment of esophageal cancer remains an unanswered 
question. The overall percent of patients diagnosed with 
esophageal cancer under the age of 45 has been published 
between 3–10% (14). Early reports suggest that while 
younger patients have similar symptoms (dysphagia) when 
they develop the disease, they are less likely to seek out 
medical attention and therefore often present with later 
stages of esophageal cancer (3). A recent publication used 
Surveillance, Epidemiology and End Results (SEER) 

Figure 1 Overall survival of <45- and >45-year-old patients. HR, hazard ratio; CI, confidence interval.
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Figure 2 Overall survival of stage I esophageal cancer based on age. HR, hazard ratio; CI, confidence interval.
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Figure 3 Overall survival of stage II esophageal cancer based on age. HR, hazard ratio; CI, confidence interval.
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data to study the changes in survival, stage and age in 
esophageal cancer over the last 3 decades (4). They 
concluded, that while younger patients presented with 
more advanced disease, they had better overall survival. 
Similarly, Vallbohmer et al. found that younger patients  
(<50 years old) had better 5-year survival, and were 
receiving more neoadjuvant therapy (5). Other publications, 
such as Oezcelik et al. have found that younger patients are 

presenting at later stages and have poorer survival (3). Thus, 
there is no definitive conclusion in the literature regarding 
age of diagnosis and esophageal cancer. Importantly, the 
majority of publications on this topic draw conclusions 
based on comparisons between an older vs. young group of 
patients. To date, no publications have looked at the role 
of age on overall survival after matching patients to these 
significant pre-operative factors. Based on this, we chose to 
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match patients age <45 vs. >45 with maintaining constants 
on stage, neoadjuvant treatment, year of surgery (within  
5 years), pathology and sex. 

Our retrospective review identified 82 patients from 
1985 to 2014 who were diagnosed with esophageal cancer 
and had an esophagectomy before the age of 45. Of these 
82 patients, only 9 (11.0%) were diagnosed before the 

year 2000. We matched these 82 patients to an older 
cohort of patients who had the same stage, sex, similar 
neoadjuvant treatment, year of surgery (within 5 years) and 
pathology with the primary outcome of overall survival. 
Our data shows that patients with stage I and II esophageal 
cancer have similar overall survival regardless of patient 
age. In contrast, we observed that younger patients had 

Figure 4 Overall survival of stage III/IV esophageal cancer based on age. HR, hazard ratio; CI, confidence interval.
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Table 2 Treatment trends

Treatment Old (45+) (N=82) Young (<45) (N=82) Total (N=164) P value1

Neoadjuvant_Chemo, n (%)    0.7360

No 27 (32.9) 24 (29.3) 51 (31.1)  

Yes 55 (67.1) 58 (70.7) 113 (68.9)  

Neoadjuvant_radiation, n (%)    1.0000

No 28 (34.1) 27 (32.9) 55 (33.5)  

Yes 54 (65.9) 55 (67.1) 109 (66.5)  

PO_Chemotherapy, n (%)    <0.0001

No 76 (93.8) 40 (58.0) 116 (77.3)  

Yes 5 (6.2) 29 (42.0) 34 (22.7)  

PO_Radiation, n (%)    0.0381

No 78 (96.3) 60 (85.7) 138 (91.4)  

Yes 3 (3.7) 10 (14.3) 13 (8.6)  
1, Fisher exact.
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significantly better overall survival for pathological stage 
III/IV esophageal cancer. At 1 year the overall survival was 
88.6% for the younger group compared to 58.3% in the 
older patient of stage III/IV patients. The 5-year survival 
was 24.2% in the <45 group, while in the matched group 
was 8.8% (P=0.04, HR 1.72). An inherent bias in the 
older population is a higher prevalence of co-morbidities 
including CAD and diabetes, that will have a significant 
influence on overall survival. 

The most likely explanation for our finding of superior 
overall survival in the younger cohort with stage III/IV 
disease compared to the older cohort is that the younger 
patients were more likely to receive adjuvant therapy. Of 
the 35 patients with Stage III disease, 21 patients (60.0%) 
of the younger stage III patients received adjuvant therapy 
compared with only 8.6% (3/35) of the older matched 
patients (P<0.0001). This finding appears to be consistent 
with other publications that suggest that younger patients 
receive more treatment (surgical, chemotherapy and 
radiation) when compared to older patients of the same 
stage (5,9,10). In reviewing our charts, we found that 
medical oncologist and radiation oncologist were more 
likely to suggest adjuvant therapy because of the young 
age of the patient. Additionally, we also found that older 
patients were less likely to want additional treatment even 
when recommended. 

We sought to answer two questions in this analysis: 
(I) do patients who develop esophageal cancer at a much 
younger age than expected demonstrate a biologically more 
aggressive phenotype of the disease compared to older 
patients? (II) Young patients diagnosed with cancer are 
frequently treated with much more aggressive treatment 
protocols primarily based on their young age. Is such a 
practice justified by the outcomes or is it a form of reverse 
ageism? Our finding that disease-free survival is not 
statistically significant between the two age groups, suggests 
that the cancer biology is likely similar regardless of age of 
diagnosis, and that patients who develop the disease and 
an unexpected young age do not appear to manifest a more 
aggressive phenotype of the disease. Furthermore, the more 
aggressive treatment strategy that is frequently employed in 
the younger patient cohort appears to be justified based on 
the superior survival results observed, particularly in those 
patients with more advanced stages of disease.

The question of young age as a prognostic factor has 
been explored in different cancer types. In breast cancer, 
Xiong et al. found that patients who are 30 years old or 
younger had a worse prognosis (15). Of importance, they 

found that younger patients were more likely to have 
estrogen receptor/progesterone receptor (ER/PR) negative 
breast cancer and have p53 expression, all suggestive of a 
more aggressive biology (15). A recent publication from 
Arnold et al. used the National Cancer Database to examine 
survival and treatment pattern in young patients with lung 
cancer. They found that younger patients had better overall 
survival, especially at the early stages (10). Additionally, 
the younger patients received more treatment regardless of 
stage.

To our  knowledge,  this  i s  the  only  s tudy that 
demonstrates the significance of age in esophageal cancer 
after matching patients based on significant pre-operative 
factors. We acknowledge several limitations of this 
publication. This is a retrospective study limited to one 
institution. Additionally, we acknowledge that matching does 
not completely eliminate confounding factors on survival. 
For example, we were not able to match on type of surgery 
(Ivor Lewis esophagectomy vs. transhiatal esophagectomy) 
and there were obvious discrepancies with co-morbidities 
with increased prevalence in the older population.

In conclusion, our data highlights that our younger 
patients have better 5-year survival at later stages of 
esophageal cancer when compared to older patients. 
Additionally, this publication highlights that as clinicians and 
surgeons, we tend to be more aggressive in our treatment 
of younger cancer patients. Overall, this survival data is 
encouraging especially as the number of young patients who 
are diagnosed with esophageal cancer seems to be increasing. 
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