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Abstract
Background: Age is a known prognostic factor for various cancers. However, few 
studies explored the association between age and prognosis of esophageal cancer (EC) 
comprehensively, especially from a nonlinear perspective.
Design: Retrospective cohort study.
Objectives: Our study aims to explore the possible nonlinear associations between age and 
prognosis in EC patients receiving curative surgery and radiotherapy, respectively.
Methods: Cox regression models with restricted cubic splines were used to model the 
possible nonlinear relationship between age and prognosis in surgical and radiotherapy 
groups, respectively. Surveillance, Epidemiology, and End Results database was used to 
validate the age-prognosis patterns found in Jing-Jin-Ji Esophageal and Esophagogastric 
Cancer Radiotherapy Oncology Group database. Age-prognosis patterns were further 
validated by survival comparisons between different age subgroups and in subsequent 
sensitivity and subgroup analyses. Primary endpoint is overall survival. Secondary endpoints 
are cancer-specific survival and progression-free survival.
Results: A total of 56,457 patients from two large cancer databases were included. Patients 
receiving surgery and radiotherapy showed two distinct nonlinear age-prognosis patterns. Age 
showed a U-/J-shaped association with prognosis in the radiotherapy group, with a nadir at 
approximately 65- to 70-years-old. As for surgical cohort, relative risk for all-cause mortality 
and cancer-specific mortality increased with age with p for nonlinearity <0.05. The above 
age-prognosis relationships were validated by sensitivity, subgroup, and comparative survival 
analyses. Youngest and middle-aged patients showed better survival results compared to 
that of other age subgroups in surgical and radiotherapy cohorts, respectively [Radiotherapy, 
youngest/middle: hazard ratio (HR) = 1.06, 95% confidence interval (CI): 1.02–1.10, p = 0.001; 
Radiotherapy, oldest/middle: HR = 1.21, 95% CI: 1.18–1.24, p < 0.001; Surgical, middle/
youngest: HR = 1.19, 95% CI: 1.14–1.25, p < 0.001; surgical, oldest/youngest: HR = 1.85, 95% CI: 
1.75–1.97, p < 0.001].
Conclusion: Patients receiving surgery and radiotherapy showed two distinct age-prognosis 
patterns. Younger and middle-aged patients were associated with better survival in surgical 
and radiotherapy groups, respectively. Additional studies are warranted to explore the 
underlying mechanisms and clinical implications of this phenomenon.
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Introduction
Age is a known prognostic factor of various can-
cers, and the associations between age and prog-
nosis may vary depending on the type of cancer.1,2 
Age has been found to have a nonlinear relation-
ship with prognosis in many cancers. In meta-
static colorectal cancer, it was found to have a 
U-shaped relationship with prognosis, meaning 
that youngest and oldest patients have poorer 
prognosis compared to those in the middle age 
group.1 In patients with diffuse large B-cell lym-
phoma, the relative hazard for death did not 
change significantly during the first to fifth dec-
ades, but began to increase exponentially in 
patients aged over 62 years.2 However, the asso-
ciation between age and the prognosis of esopha-
geal cancer (EC) has been rarely studied, 
especially from a nonlinear perspective. Most pre-
vious studies either assumed the linearity of age–
prognosis relationship in EC, or used experiential 
prespecified cutting points to define younger ver-
sus older patients,3,4 omitting the possibility that 
age, as a continuous variable, may exhibit a non-
linear effect on prognosis. Moreover, previous 
studies mainly focused on subgroup of patients 
receiving certain treatments, either surgical or 
nonsurgical.5–7 Few studies have attempted to 
comprehensively demonstrate the full picture of 
age–prognosis relationship in EC, and even fewer 
have attempted to explore the similarities and dif-
ferences of the age–prognosis patterns between 
different treatments groups.

As surgery and radiotherapy were the two most 
common curative treatment options for EC, we 
explored the possible nonlinear association 
between age and prognosis in patients receiving 
radical surgery and radiotherapy, respectively. 
Two distinct age–prognosis association patterns 
were found and illustrated, the universality of 
which were confirmed in two large-scale data-
bases. One database came from a hospital-based 
collaborative group called Jing-Jin-Ji Esophageal 
and Esophagogastric Cancer Radiotherapy 
Oncology Group (3JECROG) of China, an East-
Asia country with highest EC incidence, mortal-
ity, and dominating histological type of squamous 
cell carcinoma (SCC). The other is the 
Surveillance, Epidemiology, and End Results 
(SEER) database, a population-based cancer reg-
istry covering approximately 48.0% population of 
the USA, a country with relatively low incidence 
and mortality of EC but high incidence of esopha-
geal adenocarcinoma (AC). Additionally, we also 
tried to explore the underlying reasons accounting 

for the age–prognosis association patterns by ana-
lyzing and integrating the demographic and clin-
icopathological information from two datasets.

Materials and methods

Data source and elements
Established in 2015, 3JECROG was a collabora-
tive group of several major cancer institutions, 
aiming to fill the gap in collecting and registering 
data for patients with EC in China. Initial partici-
pant institutions were mainly from Beijing (Jing), 
Tianjin (Jin), Hebei (Ji), and other provinces/
municipalities of North China, but 3JECROG 
gradually developed into a national organization 
involving more than 10 hospitals localized in dif-
ferent provinces/municipalities of North, 
Southwest, Central, and East China. In addition, 
3JECROG initially focused on patients receiving 
definitive radiotherapy, but some hospitals later 
supplemented the data of surgical patients, mak-
ing 3JECROG become the largest hospital-based 
registry of EC in China. The final 3JECROG 
database contained 6619 EC patients that 
received radiotherapy from 2001 to 2020 and 
4027 patients that received esophagectomy from 
1993 to 2019. SEER program, on the other hand, 
is the largest authoritative source of information 
on cancer of the USA, collecting data on patients’ 
demographics, primary tumor, histological type 
of primary tumor, stage at diagnosis, treatment 
modalities and sequence, and follow-up for vital 
status. The latest SEER database released in 
November 2021 collecting data of 17 registries 
from 2000 to 2019 was used for analysis. EC 
patients diagnosed with the International 
Classification of Diseases for Oncology (third edi-
tion, ICD-O-3) codes C150–C159 receiving sur-
gery and/or radiotherapy from SEER dataset were 
included in the analysis. Patients who only 
received chemotherapy or did not receive any 
treatment were excluded. Patients with missing 
data on age, treatment methods, or follow-ups 
were excluded. Patients with missing data on 
other items were retained without further pro-
cessing. Items included in both datasets were age, 
sex, year of diagnosis, histological type, TNM 
stage according to the American Joint Committee 
on Cancer (AJCC)/Union of International Cancer 
Control (UICC) manual, treatment received, 
sequence of treatment, vital status, survival time, 
and cause of death. 3JECROG database also 
included facility type and location, radiotherapy 
dose, date, and status of recurrence/distant 
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metastasis, etc. SEER database also included 
race, marital status, income (median household 
income with inflation adjusted to 2019), the 
region of residence, tumor grade, combined sum-
mary stage (localized, regional, distant), etc.

Study design and statistical analysis
Patients in both 3JECROG and SEER databases 
were divided into two cohorts (surgery and radio-
therapy) according to the treatment they received, 
respectively. The primary endpoint of the study 
was overall survival (OS) in different treatment 
cohorts. The secondary endpoints include explor-
ing cancer-specific survival (CSS) and progres-
sion-free survival (PFS) in different treatment 
groups. The above study endpoints were achieved 
through the following steps. First, we explored 
the age–prognosis associations of the radiother-
apy group in 3JECROG. The relationship 
between age and OS, CSS, and PFS were all eval-
uated. OS was defined as the time interval 
between diagnosis to death from any cause. CSS 
was defined as the time interval between diagno-
sis to death from EC. PFS was defined as the time 
interval between diagnosis to disease progression 
or death from any cause. We used Cox propor-
tional regression models with restricted cubic 
splines (RCS), a smoothly joined sum of polyno-
mial functions, to analyze the potential nonlinear 
association between age and log-relative hazard 
ratios (HRs) of all-cause mortality (ACM), 
EC-specific mortality (ECSM), and disease pro-
gression and/or ACM (DP ± ACM).8–10 RCS 
model with four knots at the 5th, 35th, 65th, and 
95th centiles was utilized as it yielded the smallest 
Akaike information criterion, and nonlinearity 
was tested by comparing the model with linear 
ones via Wald test. Next, we identified the nadir 
point and concave region of age–prognosis curves 
and divided patients into three age groups (i.e. 
younger, middle, older). Then we listed and com-
pared baseline clinicopathological and demo-
graphic characteristics of the three age groups via 
Chi-square tests to explore intergroup imbalances 
possible to explain survival differences. The above 
procedures were repeated in the radiotherapy 
cohort of SEER database to validate the age–
prognosis associations found in 3JECROG data-
set. To further validate the age–prognosis 
association patterns, we combined the two radio-
therapy cohorts from 3JECROG and SEER data-
bases to conduct further sensitivity and subgroup 
analyses. First, we categorized the combined 
group into fifths evenly by age and compared the 

HRs of ACM and ECSM of each fifth with the 
youngest fifth via Cox analysis. Covariates 
included and adjusted in the Cox model were sex, 
TNM stage, tumor site, and pathological type. 
Sensitivity analyses were done by excluding 
patients with rare histological type, extremely 
short follow-up or survival time (<3 months), or 
extreme age (>100 years) to address potential 
bias. Moreover, to further validate the survival 
difference between different age groups, we com-
pared OS and CSS of the three age groups via 
Kaplan–Meier method and log-rank tests. 
Subgroup analyses were conducted to investigate 
effect modification after stratifying the whole 
population by sex, race, histological type, year of 
diagnosis, tumor stage, treatment details, etc. 
Interaction between age and subgroup stratifica-
tion factors was evaluated in multivariate Cox 
models, with interaction associated with p < 0.01 
deemed significant.

The above procedures were repeated in surgical 
cohorts from SEER and 3JECROG datasets to 
explore the age–prognosis associations in surgical 
patients. All statistical analyses were conducted 
via SPSS Statistics (version 29.0; IBM Corp., 
Armonk, NY, USA) and R software (version: 
4.3.2). The reporting of this study conforms to the 
STROBE statement (Supplemental Table 7).11

Results

Study population
A total of 56,457 patients were enrolled in the 
final analysis, 34,952 of them received radiother-
apy as curative treatment, while 21,505 received 
esophagectomy. Baseline characteristics of radio-
therapy and surgical cohorts were summarized in 
Table 1 and Supplemental Table 1, respectively. 
More detailed information on the radiotherapy 
and surgical groups of 3JECROG and SEER 
databases can be found in Supplemental Tables 
2–5 (3JECROG/radiotherapy: Supplemental 
Table 2; 3JECROG/surgery: Supplemental Table 
3; SEER/radiotherapy: Supplemental Table 4; 
SEER/surgery: Supplemental Table 5). The 
majority of the patients were male in both the 
radiotherapy and surgical cohorts (radiotherapy: 
76.2%; surgery: 81.4%), and most of them had 
lower thoracic esophageal tumors (radiotherapy: 
46.5%; surgery: 65.6%). The median age of 
patients in the radiotherapy cohort is 68 years 
(range: 18–100 years), while the median age of 
patients in the surgery cohort is 63 years (range: 
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Table 1.  Baseline characteristics of younger, middle, and older age groups in the radiotherapy cohort.

Characteristics No. (%) p Value

Younger (n = 7790) Middle (n = 21,874) Older (n = 5288) Overall (n = 34,952)

Sex <0.001

Male 6291 (80.8) 16,694 (76.3) 3636 (68.8) 26,621 (76.2)  

Female 1499 (19.2) 5180 (23.7) 1652 (31.2) 8331 (23.8)  

Tumor site <0.001

Cervical 286 (3.7) 738 (3.4) 153 (2.9) 1177 (3.4)  

Upper thoracic 803 (10.3) 2555 (11.7) 485 (9.2) 3843 (11.0)  

Middle thoracic 1676 (21.5) 5515 (25.2) 1222 (23.1) 8413 (24.1)  

Lower thoracic 3774 (48.4) 9857 (45.1) 2622 (49.6) 16,253 (46.5)  

Abdominal 66 (0.8) 357 (1.6) 103 (1.9) 526 (1.5)  

Multifocal 364 (4.7) 867 (4.0) 183 (3.5) 1414 (4.0)  

Unknown 821 (10.5) 1985 (9.1) 520 (9.8) 3326 (9.5)  

Pathology

  AC 3462 (44.4) 8902 (40.7) 2439 (46.1) 14,803 (42.4)  

  SCC 3941 (50.6) 11,862 (54.2) 2584 (48.9) 18,387 (52.6)  

  Unknown 387 (5.0) 1110 (5.1) 265 (5.0) 1762 (5.0)  

AJCC 6th T stage <0.001

  Tis-T1 1104 (14.2) 3009 (13.8) 974 (18.4) 5087 (14.6)  

  T2 537 (6.9) 2189 (10.0) 605 (11.4) 3331 (9.5)  

  T3 2036 (26.1) 6721 (30.7) 1482 (28.0) 10,239 (29.3)  

  T4 1518 (19.5) 3681 (16.8) 604 (11.4) 5803 (16.6)  

  Unknown 2595 (33.3) 6274 (28.7) 1623 (30.7) 10,492 (30.0)  

AJCC 6th N stage <0.001

  N0 1796 (23.1) 6301 (28.8) 2112 (39.9) 10,209 (29.2)  

  N+ 4051 (52.0) 10,860 (49.6) 2013 (38.1) 16,924 (48.4)  

  Unknown 1943 (24.9) 4712 (21.5) 1163 (22.0) 7819 (22.4)  

TNM stage <0.001

  I 345 (4.4) 1311 (6.0) 575 (10.9) 2231 (6.4)  

  II 914 (11.7) 3659 (16.7) 1150 (21.7) 5723 (16.4)  

  III 1754 (22.5) 5720 (26.1) 1110 (21.0) 8584 (24.6)  

  IV 2579 (33.1) 5146 (23.5) 785 (14.8) 8510 (24.3)  

  Unknown 2198 (28.2) 6038 (27.6) 1668 (31.5) 9904 (28.3)  

(Continued)
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Characteristics No. (%) p Value

Younger (n = 7790) Middle (n = 21,874) Older (n = 5288) Overall (n = 34,952)

Chemotherapy <0.001

  No 1477 (19.0) 5575 (25.5) 2617 (49.5) 9669 (27.7)  

  Yes 6300 (80.9) 16,270 (74.4) 2667 (50.4) 25,237 (72.2)  

  Unknown 13 (0.2) 29 (0.1) 4 (0.1) 46 (0.1)  

Year of diagnosis <0.001

  1993–2000 331 (4.2) 800 (3.7) 182 (3.4) 1313 (3.8)  

  2001–2005 1782 (22.9) 4359 (19.9) 1064 (20.1) 7205 (20.6)  

  2006–2010 1982 (25.4) 5559 (25.4) 1383 (26.2) 8924 (25.5)  

  2011–2015 2179 (28.0) 6164 (28.2) 1491 (28.2) 9834 (28.1)  

  2016–2020 1507 (19.3) 4973 (22.7) 1166 (22.0) 7646 (21.9)  

  Unknown 9 (0.1) 19 (0.1) 2 (0.0) 30 (0.1)  

AC, adenocarcinoma; SCC, squamous cell carcinoma.

14–100 years). The gender proportion and 
median age of patients in both databases were 
similar, but there were significant differences in 
tumor staging and pathological types. Patients in 
the 3JECROG database had significantly more 
advanced disease at diagnosis compared to those 
in the SEER database. As for pathological type, in 
3JECROG database, 94.9% patients have SCC, 
while in the SEER database, AC accounts for 
59.9% of all patients. The disease staging of 
patients in the surgical cohort is earlier than that 
of patients in the radiotherapy cohort. In the radi-
otherapy cohort, 48.9% of patients have stages 
III–IV diseases, while in the surgical group, the 
vast majority of patients (70.2%) have stages I–III 
diseases. Among the radiotherapy cohort, 6619 
patients were from the 3JECROG database, and 
28,333 patients were from the SEER database. 
Among the surgical cohort, 4027 patients were 
from the 3JECROG database, and 17,478 
patients were from the SEER database. The 
screening flow charts for the two databases were 
illustrated in Supplemental Figure 1.

Age–prognosis patterns in radiotherapy group
A U-shaped association with significant non
linearity was observed between age and OS in  
the radiotherapy group of 3JECROG database 
[p < 0.001, Figure 1(a)]. The U-shaped association 

between CSS, PFS, and age was stronger, indi-
cating that younger patients in the left extreme 
had higher risk of experiencing ECSM and DP. 
All three curves reached their nadir at approxi-
mately age 65 years, and patients aged 55–75 years 
had lower risks for all three outcomes compared 
with patients at both extremes.

Obvious nadir point and significant nonlinearity 
were also observed in the age–prognosis curves of 
radiotherapy cohort in SEER database, though 
age exhibited a J-shaped association with OS 
[Figure 1(b)]. The association between age and 
CSS, however, resembled that of 3JECROG 
databased and showed a U-shaped curve due to 
higher risk of ECSM in younger patients. Both 
curves reached their nadir points at approximately 
age 70 years, with a 5-year right-shift compared to 
that of the 3JECROG. Patients aged 60–80 years 
had lower risk for ACM and ECSM compared to 
patients at both extremes.

Validation of age–prognosis pattern and subgroup 
analyses.  The above age–prognosis patterns  
were validated in the Cox proportional regression 
analysis and Kaplan-Meier (KM) analysis of sur-
vival after combining two datasets. In Cox regres-
sion analysis where 34,952 radiotherapy patients 
were divided equally into fifths by age, patients in 
the 2nd youngest fifth of age had a 4% (95% CI: 

Table 1.  (Continued)
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Figure 1.  Association between age and prognosis in patients with esophageal cancer receiving nonsurgical treatments 
(radiotherapy). Nonlinear relationships between age and OS, CSS, PFS were shown in nonsurgical patients of (a) 3JECROG and (b) 
SEER databases. The p values for nonlinearity were less than 0.05 for all outcomes in both datasets. (c) Subgroup analyses to study 
the effect modification by sex, race, histological type, year of diagnosis, concurrent chemotherapy, and disease stage. No statistically 
significant age-by-factor interactions were observed in all subgroup analyses.
CSS, cancer-specific survival; 3JECROG, Jing-Jin-Ji Esophageal and Esophagogastric CancerRadiotherapy Oncology Group; OS, overall survival; PFS, 
progression-free survival; SEER, Surveillance, Epidemiology, and End Results.
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1–9%) decreased risk for ACM and a 8% (95% 
CI: 4–13%) decreased risk for ECSM, and 
patients in the 3rd youngest fifth of age had an 
7% (95% CI: 4–12%) decreased risk for ACM 
and a 14% (95% CI: 10–19%) decreased risk for 
ECSM compared to the youngest fifth (Table 2). 
Moreover, such a difference in relative risk for 
ACM and ECSM between age groups remained 
persistent after exclusion of rare histological type, 
extremely short follow-up or survival time 
(<3 months) or with extreme age (>100 years) in 
subsequent sensitivity analyses.

Figure 1(c) showed subgroup analyses after 
grouping patients from both datasets by sex, race, 
histological type (SCC versus AC), receiving of 
concurrent chemotherapy or not, year of diagno-
sis (before and after 2010), and stage of disease 
(stage I–II versus stage III–IV) at diagnosis. 
Although certain degree of heterogeneity could 
be observed, the relationship between age and the 
log-scale HR of OS remained J-shaped in all sub-
groups. No statistically significant age-by-factor 
interactions were observed in all subgroup 
analyses.

Differences in baseline characteristics among 
different age groups
As shown in Supplemental Tables 2 and 3, sig-
nificant imbalances were seen in baseline charac-
teristics between different age groups in both 
cohorts. Namely, younger group (age < 55 years 
in 3JECROG, <60 years in SEER) had more 
male patients, more advanced primary disease, 
higher proportion of lymph node metastasis, 
more advanced TNM stages, and higher propor-
tion of patients receiving concurrent chemother-
apy (p < 0.001). In addition, the proportion of 
black patients was higher in the younger group in 
the SEER database, while more patients in the 
older group lived in metropolitan areas 
(p < 0.001).

Age–prognosis patterns in surgical group
Significantly different age–prognosis associations 
were seen in surgical cohorts compared to that of 
the radiotherapy group. In 3JECROG, relative 
log-scale HR for ACM, ECSM, and ACM ± DP 
all increased with age [Figure 2(a)]. Such pat-
terns were validated in SEER database, though 
the relative risk for ACM did not soar until 
70 years and increased rather mildly with age 
before that [Figure 2(b)]. In terms of CSS, 

relative risk for ECSM also increased among 
younger patients at the left extreme in the surgical 
group, making age present an association approx-
imated to J-shaped with CSS in SEER database. 
Cox proportional regression analysis and KM 
analysis for survival also confirmed that relative 
risk for mortality increased with increasing age 
among surgical patients. Patients in the 2nd, 3rd, 
4th, and 5th youngest fifth of age had a 7% (95% 
CI: 1–11%), 13% (95% CI: 5–19%), 19% (95% 
CI: 12–25%), 43% (95% CI: 30–57%) increased 
risk for ACM compared to the youngest fifth, 
respectively (Supplemental Table 6). Sensitivity 
analyses made little difference to the estimated 
associations between age and OS or CSS. As no 
obvious nadir was observed in age–prognosis 
curves of surgical cohorts, we divided surgical 
patients into younger, middle, and older groups 
using the criteria derived from the radiotherapy 
cohorts.

We also compared the baseline demographic and 
clinicopathological characteristics between differ-
ent age groups in both surgical cohorts, and 
results showed that significant imbalances were 
also detected (Supplemental Tables 4 and 5). 
Similar to that of the radiotherapy group, younger 
patients in the surgical group also had more 
advanced primary disease, higher proportion of 
lymph node metastasis, and more advanced 
TNM stages. Besides, a higher proportion of 
younger patients received neoadjuvant (chemo)
radiotherapy (p < 0.001).

In subgroup analyses, the association between age 
and OS resembled that of the SEER database in 
most subgroups, with no statistically significant 
interactions detected between age and subgroup 
factors [Figure 2(c)].

Discussion
In this study, we identified two distinct age–prog-
nosis association patterns in patients with EC 
treated with curative surgery and radiotherapy. In 
the radiotherapy group, similar to the findings of 
Lieu et al.1 in metastatic colorectal cancer, age 
showed a U-/J-shaped relationship with survival. 
In patients receiving surgical treatments, how-
ever, the U-shaped curve disappeared and was 
replaced by a near-linear relationship between 
age and survival. That is to say, the risk for ACM 
increased with age in patients with EC receiving 
surgical treatments. The abovementioned associ-
ations were verified separately in two large 
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Table 2.  Hazard ratio (95% CI) of OS and esophageal CSS to age in patients receiving radiotherapy in the setting of original analysis 
and sensitivity analyses.

Age subgroups No. of events Hazard ratio (95% CI)

  Model 1a Model 2b Model 3c Model 4d

Fifth of age

  OS

    1 (youngest) 5670 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

    2 5568 0.96 (0.91–0.99) 0.96 (0.91–0.99) 0.96 (0.91–0.99) 0.96 (0.91–0.99)

    3 5531 0.93 (0.88–0.96) 0.93 (0.88–0.96) 0.91 (0.87–0.95) 0.91 (0.88–0.95)

    4 5822 1.04 (0.99–1.07) 1.04 (0.99–1.07) 1.00 (0.95–1.04) 1.00 (0.96–1.04)

    5 (oldest) 6119 1.16 (1.12–1.20) 1.16 (1.12–1.20) 1.16 (1.11–1.20) 1.17 (1.12–1.22)

    p Value for trend – <0.001 <0.001 <0.001 <0.001

  CSS

    1 (youngest) 4929 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)

    2 4701 0.92 (0.87–0.96) 0.92 (0.87–0.96) 0.92 (0.87–0.96) 0.92 (0.88–0.96)

    3 4501 0.86 (0.81–0.90) 0.86 (0.81–0.90) 0.85 (0.79–0.89) 0.85 (0.80–0.88)

    4 4639 0.94 (0.90–1.00) 0.94 (0.90–1.00) 0.93 (0.89–0.97) 0.93 (0.87–0.96)

    5 (oldest) 4890 1.04 (1.01–1.08) 1.04 (1.00–1.08) 1.02 (0.97–1.06) 1.04 (1.00–1.08)

    p Value for trend – <0.001 <0.001 <0.001 <0.001

aModel 1: original analysis, without exclusion.
bModel 2: sensitivity analysis, exclusion of extreme age (>100 years).
cModel 3: sensitivity analysis, exclusion of deaths occurred in the early follow-up period (3 months).
dModel 4: sensitivity analysis, exclusion of patients with rare/unknown histological type.
CI, confidence interval; CSS, cancer-specific survival; OS, overall survival.

national databases, partly validating the reliability 
of our findings. Our findings were also validated 
by Cox regression analysis for survival after com-
bining the two databases together.

Although few previous studies had investigated 
the age–prognosis relationships of EC from a 
nonlinear perspective, our findings could get 
some indirect support from several large-scale 
retrospective researches. In a Taiwan study 
including 14,393 EC patients, the majority of 
patients received nonsurgical radiotherapy and 
the study-defined middle-age group (45–64 years) 
showed significantly better OS compared to that 
of the younger group (<45 years, HR: 0.86, 95% 
CI: 0.78–0.96, p = 0.0067) in the multivariate 
Cox regression analysis.12 Moreover, no signifi-
cant difference was detected between the OS of 

younger (<45 years) and older (⩾65 years) 
groups, which also correlates with the age–prog-
nosis pattern found in our analysis. On the other 
hand, in a Dutch population-based cohort study 
involving 59,584 EC patients, most potentially 
curable patients received surgical treatment, and 
the results showed that younger group (defined as 
patients <50 years in this study) had superior sur-
vival outcomes compared to that of the middle-
age group (50–74 years) and older group 
(⩾75 years).13 Although the definition and divi-
sion of different age groups may have slight vari-
ance, the results of the above studies were 
consistent with the two distinct age–prognosis 
patterns found in our study.

As compared to younger patients, older patients 
had higher risk of dying from concomitant  
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Figure 2.  Association between age and prognosis in patients with esophageal cancer receiving surgical treatments. Nonlinear 
relationships between age and OS, CSS, PFS were shown in surgical cohorts of (a) 3JECROG and (b) SEER databases. The p values 
for nonlinearity were less than 0.05 for all outcomes in both datasets. (c) Subgroup analyses to study the effect modification by sex, 
race, histological type, year of diagnosis, concurrent chemotherapy, and disease stage. No statistically significant age-by-factor 
interactions were observed in all subgroup analyses.
CSS, cancer-specific survival; 3JECROG, Jing-Jin-Ji Esophageal and Esophagogastric CancerRadiotherapy Oncology Group; OS, overall survival; PFS, 
progression-free survival; SEER, Surveillance, Epidemiology, and End Results.
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diseases, we specifically investigated the association 
between age and ECSM in both treatment-modal-
ity groups. As we expected, relative risk increased 
in younger patients when the outcome was switched 
from ACM to ECSM, yet it did not change the 
overall trend of age–prognosis pattern in both treat-
ment cohorts.

Many previous studies have found the phenome-
non that younger EC patients presented with 
more advanced disease at diagnosis compared to 
their older counterparts.5,14 This phenomenon 
has been validated in our study and considered to 
be the leading cause for inferior survival of 
younger patients in the radiotherapy group. Both 
lower tumor awareness and higher tumor inva-
siveness among younger population may contrib-
ute to this phenomenon, though specific 
explanations remained to be revealed by further 
studies. Nevertheless, although younger patients 
in both treatment cohorts presented with more 
advanced disease at diagnosis, it seems that only 
the survival of those in the radiotherapy cohort 
was affected. We believe that this may be ascribed 
to the following reasons. First, younger patients 
in the radiotherapy group had far more advanced 
disease than those of the surgical group, which 
may affect their response to radical radiotherapy. 
Second, neoadjuvant chemo(radio)therapy is sig-
nificantly more frequently applied among younger 
patients in the surgical group and may bring them 
survival benefits. Whatever the reason was, our 
finding suggested that it was meaningful to raise 
awareness of EC among young adults for early 
detection of tumors. As for survival comparison 
between different treatment groups, although sig-
nificantly longer OS and CSS were observed in all 
age subgroups in the surgical cohort compared to 
that of the radiotherapy cohort, we do not think it 
could lead to the conclusion that surgery is supe-
rior to radical (chemo)radiotherapy in the treat-
ment of EC due to imbalanced baseline tumor 
stages among two treatment cohorts. Nevertheless, 
we do believe our results support more aggressive 
tri-modality treatment among younger patients, 
as younger patients in the surgical cohort showed 
superior survival in spite of more advanced 
disease.

Among all the results, it particularly caught our 
interest that the age–prognosis curves of the radi-
otherapy cohort in SEER dataset shifted right-
ward by approximately 5 years compared to that 
of the 3JECROG. The reason for this right-shift 
remained unknown, but we did observe a much 

higher proportion of patients receiving concur-
rent chemotherapy in the SEER database com-
pared to that in the 3JECROG. In fact, the 
relatively low application of concurrent chemo-
therapy among EC patients receiving definitive 
radiotherapy in China has long been discovered 
by our previous series of 3JECROG studies,15 and 
the above phenomenon is particularly prominent 
among elderly patients in their 70s. In this study, 
the proportion of patients age between 75 and 
80 years receiving CCRT was 77.1% and 18.2% 
in SEER and 3JECROG databases, respectively. 
We assume this huge disparity in CCRT rates 
may be the leading cause for survival difference 
among elderly patients between two datasets and 
the rightward shift of age–prognosis curves in 
SEER database.

As a combined analysis of two retrospective data-
bases, our study had several limitations. First, 
since the detailed dose and site of radiotherapy 
was not described in SEER database, we cannot 
guarantee that all radiotherapy patients included 
in the SEER database received full-dose definitive 
radiotherapy. Nevertheless, as not all radiother-
apy patients enrolled in 3JECROG database 
completed full-course radiotherapy, the mismatch 
of patients from two databases caused by lack of 
information may not be as significant as imag-
ined. Second, due to the retrospective nature of 
the study, a considerable number of variables 
were incomplete after combining the two data-
bases and thus could not be adjusted in the mul-
tivariable Cox model. The reliability of the results 
of this study still needs further confirmation 
through prospective or large-scale retrospective 
studies. Last, patients in the SEER database did 
not have accurate AJCC/UICC TNM classifica-
tions, which affected our further in-depth analysis 
on this aspect.

Conclusion
To conclude, our study for the first time explored 
the association between age and prognosis in 
patients with EC receiving different definitive 
treatment modalities from a nonlinear perspec-
tive. Patients in surgical and radiotherapy cohorts 
showed distinct age–prognosis association pat-
terns, and explanations for this difference were 
explored by analyzing baseline characteristics 
between different age groups in both cohorts. 
Further translational studies are warranted to 
reveal potential biologic or genetic difference 
between different age groups in patients with EC.
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