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Abstract
Background: To estimate the adjusted conditional overall survival (COS) in patients 
with esophageal cancer after receiving various treatment modalities via a national 
population-based database, and to investigate the possible time-dependent effects.
Materials and Methods: Eligible patients diagnosed with esophageal cancer be-
tween 2000 and 2016 were identified from the Surveillance, Epidemiology, and End 
Results (SEER) registry. The Kaplan-Meier method was used to calculate conven-
tional survival time. The inverse probability of treatment weighting method was used 
to estimate the adjusted COS in patients receiving different treatment modalities. 
Landmark analysis was employed to investigate the possible time-dependent effects 
of different treatment modalities in patients who had survived a certain period of time.
Results: A total of 25,232 patients were included in the final analysis. The conven-
tional 5-year overall survival was 19.3%. The 5-year adjusted COS increased most for 
the first 3 years, and increased slightly afterwards. In patients with regional esopha-
geal or gastroesophageal junction cancer, stage-specific analysis showed that surgery 
only and preoperative radiation therapy benefited most for patients with localized 
disease, preoperative radiation therapy plus surgery benefited regional, and preopera-
tive radiation therapy plus surgery benefited distant disease, with the 5-year adjusted 
COS given patients had survived 3 years being 67.0% (95% CI 65.2%–68.7%), 59.9% 
(95% CI 58.3%–61.5%), 58.4% (95% CI 56.3%–60.5%), and 61.8% (95% CI 59.5%–
64.1%), respectively. In time-dependent analysis, the benefits of surgery only in local-
ized cases were prominent within 48 months after diagnosis. Preoperative radiation 
therapy showed long-lasting benefits in patients with regional disease. In patients 
with distant disease, all treatment modalities showed similar and short-term effects.
Conclusions: The adjusted COS in patients with esophageal cancer increased as time 
accrued after receiving various treatment modalities. The time-dependent effects in 
specific tumor stage provided a dynamic view on optimization of treatment strategies.
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1  |   INTRODUCTION

The 5-year overall survival of esophageal cancer is poor, 
which varies from 9% to 22%, and suggests that esophageal 
cancer, in general, is a fatal neoplasm.1-5 In 2018, more than 
572,000 new cases were diagnosed with esophageal can-
cer globally, and about 509,000 cases die from esophageal 
cancer, accounting for more than 1 in 20 cancer deaths.6 
Traditionally, only patients with early stage esophageal can-
cer could receive curative treatment, whereas metastatic, 
distant nodal disease, or unresectable T4b disease prevents 
them from undergoing surgical resection or intensive chemo-
radiation.7 Recent advances in treatment modalities, such as 
the introduction of advanced surgical techniques, adjuvant 
or neoadjuvant chemoradiation therapy, targeted therapy, 
and immunotherapy, have been made to improve clinical 
outcomes of esophageal or gastroesophageal junction can-
cers. For example, the CROSS trial showed that 49% of pa-
tients with esophageal squamous cell carcinoma obtained a 
pathological complete response after receiving neoadjuvant 
chemoradiation therapy.8 The MAGIC9 and the FLOT10 trial 
reported the benefit of perioperative chemotherapy in pa-
tients with gastroesophageal junction cancers. Furthermore, 
the anti-VEGF receptor antibody ramucirumab in combina-
tion with paclitaxel for the second-line treatment appeared to 
prolong the overall survival in patients with advanced gastro-
esophageal junction cancer.11 Other recent studies revealed 
that the programmed cell death-1 (PD-1) antibody could ben-
efit patients with advanced esophageal or gastroesophageal 
junction cancer compared with chemotherapy, especially for 
those with high PD-L1 expression.12-15

Existing evidence suggests that the prognosis of patients 
with esophageal cancer heavily depends on the clinicopath-
ological characteristics and the treatment modalities.16 The 
choices of treatment strategies are based on the accuracy of 
their estimated prognosis (e.g., median survival time and 
5-year overall survival). However, the conventional survival 
derived from the Kaplan-Meier estimator is well-acknowl-
edged to be less relevant to time elapses after diagnosis, 
which may fail to reflect the increment in patients' progno-
sis.17 Previous studies suggest that the adjusted conditional 
overall survival (COS), which refers to the survival proba-
bilities given patients who have survived after a period of 
time, provides more accurate information about patients' 
prognosis, especially when the patient exceeds a prespecific 
landmark time of survival.18 Furthermore, the effect of dif-
ferent treatment modalities may change during the follow-up 

period. That is, the proportional-hazards assumption (PHA) 
may be violated, of which the Cox model may yield the bi-
ased effects.

In this study, we assessed the adjusted COS and the 
time-dependent effects of various treatment modalities, in-
cluding surgery, radiation therapy, and chemotherapy, for 
prognostication in patients with esophageal or gastroesoph-
ageal junction cancer using the population-based SEER 
(Surveillance, Epidemiology, and End Results) Cancer 
Statistics Review (CSR) 2000-2016 dataset.

2  |   METHODS

2.1  |  Design and setting

We performed a population-based study using data from 
SEER CSR 2000-2016 of the National Cancer Institute (re-
leased in April 2019). The SEER CSR 2000-2016 reports 
the most recent cancer incidence, mortality, survival, preva-
lence, and lifetime risk statistics from population-based reg-
istries, which covers almost 26% of the US population from 
14 regions (greater California, greater Georgia, Metropolitan 
Atlanta, Metropolitan Detroit, Connecticut, Hawaii, Iowa, 
New Mexico, Settle [Puget sound], Utah, Alaska, Kentucky, 
Louisiana, and New Jersey). We extracted data on patient de-
mographics, clinical observations, and prescriptions, which 
are publicly available on the SEER program.

2.2  |  Study population

Eligible patients were 18 years of age or older with the di-
agnosis of either squamous cell carcinoma (ICD-O-3 codes 
8050-8082) or adenocarcinoma (ICD-O-3 codes 8140-
8573) of the esophagus (ICD-O-3 for topography codes: 
C150-C155, C158-C159) or the gastroesophageal junction 
(ICD-O-3 for topography codes: C160) between January 
2000 and December 2016. Patients were required to have 
the confirmed diagnosis of esophageal cancer in the pri-
mary record via either histology or cytology. Patients who 
had received any one of chemotherapy, radiation therapy, 
surgery, or other treatment plans (including patients with-
out any treatment) were permitted to enroll. As such, eight 
different treatment modalities were constructed, including 
(1) surgery only, (2) radiation therapy only, (3) chemo-
therapy only, (4) chemoradiotherapy, (5) preoperative 
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radiation therapy plus surgery, (6) surgery plus postopera-
tive radiation therapy, (7) surgery plus chemotherapy, and 
(8) no treatment. Patients without the confirmed informa-
tion about either primary site code or histological code, or 
with misspecified or unstaged code of localized/regional/
distant, or missing values of overall survival information 
were excluded from the final analysis.

We retrieved demographic characteristics, including age 
at diagnosis (18–49, 50–59, 60–69, 70–79, 80+ years), sex 
(male and female), ethnicity (white, black, and others), mar-
ital status (single, married, separated/divorced/widowed, and 
unknown/others), tumor location (esophagus [C150-C155, 
C158-C159] and gastroesophageal junction [C160]), tumor 
grade (well, moderately, and poorly differentiated, undiffer-
entiated, and cell type undefined) and tumor stage (localized, 
regional, and distant), and the treatment modalities (surgery 
only, radiation therapy only, chemotherapy only, chemoradio-
therapy, preoperative radiation therapy plus surgery, surgery 
plus postoperative radiation therapy, surgery plus chemother-
apy, and no treatment). The localized tumor stage was defined 
as tumor confined to the organ of origin; the regional stage 
was defined as the tumor extended into surrounding organs or 
tissues, regional lymph nodes, or both; and the distant stage 
was defined as the tumor spread to distant organs, tissues, or 
distant lymph nodes. Furthermore, causes of death in patients 
with esophageal cancer were defined as the presence of the 
SEER site recode to both cancer and non-cancer deaths at any 
time before December 2016.

2.3  |  Case definition

We defined esophageal cancer as a patient with a diagnosis 
confirmation (based on histology or cytology) of either squa-
mous cell carcinoma or adenocarcinoma of the esophagus 
or gastroesophageal junction in the primary record in SEER 
CSR 2000-2016 dataset.

2.4  |  Outcomes

The primary outcome included all causes of death. COS and 
hazard ratios (HRs) according to tumor stage (localized, re-
gional, and distant) with an additional adjustment for poten-
tial prognostic factors were also reported.

2.5  |  Statistical analysis

The SEER CSR 2000-2016 dataset coded causes of death; 
therefore, the time to death was measured from the year of di-
agnosis to the cause-specific death. The occurrence was cen-
sored if the patient was alive at the end of 31 December 2016. 

The median follow-up time was calculated using the reverse 
Kaplan-Meier method by flipping the meaning of event and 
censor, that is, death becomes censor while censor becomes 
the endpoint of interest.19

COS represents the probability of a patient will survival 
an additional number of years (y), given that the patient has 
already survived a certain period of years (x) after the diag-
nosis of esophageal cancer.17,18 Intuitively, the 3-year COS 
for patients who have survived 5 years can be estimated using 
the 8-year survival divided by the 5-year survival derived 
from the Kaplan-Meier estimator. Confidence interval (CI) of 
COS can also be calculated using a variation of the standard 
Greenwood formula, as described by Davis et al.20 Adjusted 
COS according to treatment modalities with an additional ad-
justment for other available prognostic factors in SEER CSR 
2000-2016 was estimated using inverse probability of treat-
ment weighting (IPTW) method.21,22

HRs and 95% CIs were estimated using the Cox propor-
tional-hazards model23 to assess time-independent effects of 
various treatment modalities, with an additional adjustment 
for all the publicly available covariates, such as age at di-
agnosis, sex, ethnicity, marital status, tumor location, grade, 
and stage. Harrell concordance index (C-index) and 95% CI 
were reported to evaluate the performance of the full model 
with an additional assumption of no cured patients, of which 
0.5 represents random change, and the larger the C-index, 
the better performance of the model.24 The smoothed plots 
of the weighted Schoenfeld residuals were used to verify the 
PHA.25 When the PHA was not satisfied, landmark analysis 
approach26 was employed to estimate the possible effects of 
various treatment modalities in patients who had survived 
for a certain time (i.e., the landmark time), of which the pa-
tients who either died or censored before the landmark time 
or whose follow-up time was less than the landmark time 
were excluded. Furthermore, landmark analysis with differ-
ent landmark times was carried out to bivariate the possible 
effect of immortal time bias due to the external time period 
between diagnosis and the time of treatment for these patients 
receiving at least one treatment.27

Furthermore, considering that the population-based ob-
servational study is susceptible to unmeasured or uncon-
trolled confounding, we further explored the magnitude of 
the unobserved confounding on the observed treatment-prog-
nosis association using the E-value.28,29 The E-value is de-
fined as the minimum strength of association, on the hazard 
risk scale, that how strong the unmeasured confounding 
would have to be associated with both the treatment plans 
and the prognosis for the observed association was required 
to bias the observed results to the null. With an observed risk 
ratio of RR or HR with a rare outcome, the E-value is equal to 
RR +

√

RR × (RR − 1). In general, the higher the E-value is, 
the stronger the unmeasured confounding would be needed to 
explain away the observed results.28
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All statistical analyses were carried out using R software 
(version 3.6.1).30 Results were considered significant if a 
two-sided p < 0.05 was obtained. Lastly, because the study 
used preexisting data with no personal identifiers, this study 
was exempt from review by the institutional review board.

3  |   RESULTS

3.1  |  Baseline characteristics

A total of 25,232 eligible patients, including 19,199 (76.1%) 
with esophageal adenocarcinoma and 6,033 (23.9%) with 
esophageal squamous cell carcinoma, were included in the 
final analysis (Figure  1). Of these, 5,364 (21.3%) patients 
were female. We categorized the patients into 18–49 years 
(n  =  1,900, 7.5%), 50–59  years (n  =  5,070, 20.1%), 
60–69  years (n  =  7,600, 30.1%), 70–79  years (n  =  6,791, 
26.9%), and 80 years or older (n = 3,871, 15.3%) based on 
the age at diagnosis, of which the average age at diagnosis 
was 66.7 years with standard deviation being 11.9 years.

Table  S1 shows the baseline clinicopathological charac-
teristics and causes of death of the eligible patients according 
to the treatment modalities, in which the bootstrap-corrected 
concordance index based on the full Cox proportional-hazards 
model was 0.729 (95% CI 0.725–0.733), suggesting that these 
characteristics could adequately reflect the prognosis of these 
patients. Among patients receiving at least one treatment, the 
leading treatment modality was chemoradiotherapy (n = 7,339, 
29.1%), followed by preoperative radiation therapy plus surgery 
(n = 3,624, 14.4%), surgery only (n = 3,453, 13.7%), and che-
motherapy only (n = 3,265, 12.9%). Surgery (n = 2,407, 35.6%) 
was the most prevalent treatment modality for patients with lo-
calized disease. For patients with regional disease, chemoradio-
therapy (n = 2,792, 31.8%) or preoperative radiation therapy 
plus surgery (n  =  2,366, 27.0%) was the principal treatment 
modality. In addition, chemoradiotherapy (n = 2,970, 30.6%) 
or chemotherapy (n = 2,745, 28.3%) was the leading treatment 
modality for patients with distant diseases. These results were 
expected under the National Comprehensive Cancer Network 
guidelines for esophageal and gastroesophageal junction can-
cers. Among these patients, the leading cause of death was 
esophageal cancer (n = 13,814, 66.9%), and then followed by 
stomach cancer (n = 2,771, 13.4%) and heart diseases (n = 861, 
4.2%).

3.2  |  Adjusted conditional overall survival 
(COS)

The median follow-up time for the eligible patients was 
91.0 months (95% CI 88.7–93.3 months). Among the eligible 
patients, the median survival time was 13.0 months, with the 

5-year overall survival being 19.3% (95% CI 18.8%–19.9%). 
The 5-year COS for patients who had already survived 1, 2, 
3, 4, and 5 years were 65.7% (95% CI 65.2%–66.3%), 76.8% 
(95% CI 76.2%–77.4%), 83.2% (95% CI 82.6%–83.7%), 87.1% 
(95% CI 86.5%–87.6%), and 89.4% (95% CI 88.9%–90.0%), 
respectively, after adjustment for clinicopathological factors. 
Considering that the adjusted COS given the patients who have 
survived 3 years was stable afterwards, we regarded this COS 
as the main result. Such stable COS also suggested that there 
might exist a fraction of the patients who were cured.

Overall, patients receiving preoperative radiation therapy 
plus surgery had the best prognosis with the 5-year adjusted 
COS given the patients have survived 3 years being 59.9% (95% 
CI 58.7%–61.0%), followed by the patients receiving surgery 
only (57.9%, 95% CI 56.5%–59.2%), and receiving surgery plus 
postoperative radiation therapy (48.0%, 95% CI 46.7%–49.3%). 
In addition, patients receiving chemotherapy only had the worst 
prognosis with the 5-year adjusted COS given the patients have 
survived 3 years being 29.9% (95% CI 27.3%–32.6%). For pa-
tients without receiving any treatment, the 5-year adjusted COS 
given that the patients have already survived 3 years was 62.2% 
(95% CI 59.7%–64.6%), respectively, which suggested that 
there might be a small portion of patients who were misclassi-
fied to be esophageal cancer (Table S2).

Table 1 presents the stage-specific conditional survival 
at various time points stratified by the treatment modality 
after adjusting for all available covariates. For patients with 
localized disease receiving at least one treatment, those who 
had surgery only had the best prognosis, with the 5-year ad-
justed COS given patients had survived 3 years being 67.0% 
(95% CI 65.2%–68.7%) in terms of those of other treatment 
plans. In patients with regional esophageal or gastroesoph-
ageal junction cancer, preoperative radiation therapy plus 
surgery benefited patients the most with a 5-year adjusted 
COS given patients had survived 3 years being 58.4% (95% 
CI 56.3%–60.5%), and then followed by surgery plus che-
motherapy and surgery plus postoperative radiation therapy 
with the 5-year adjusted COS given patients had survived 
3 years of 51.4% (95% CI 49.1%–53.6%) and 48.6% (95% CI 
46.6%–50.7%), respectively. Patients receiving chemother-
apy only had the worst prognosis. Finally, in patients with 
distant disease, the preoperative radiation therapy plus sur-
gery would benefit the most with 5-year adjusted COS after 
patients who have already survived 3  years being 61.8% 
(95% CI 59.5%–64.1%), which were better than any of other 
treatment plans.

3.3  |  Time-dependent effects of various 
treatment modalities

We investigated the possible time-dependent effects of vari-
ous treatment modalities in patients with different stages with 
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F I G U R E  1   Study flowchart. *Surveillance, Epidemiology, and End Results (SEER) registry program Cancer Statistics Review (CSR)

SEER CSR* 2000-2016

Diagnosis of digestive system neoplasm, n = 211 966

SEER CSR* 1975-2016

Diagnosis of digestive system neoplasm, n = 398 793

Excluded (year of diagnosis between 1975-1999), n = 186 827

Excluded (age younger than 18 years older), n = 632

Excluded (unspecified primary site code), n = 176 727

Excluded (absence of diagnostic confirmation), n = 188

Excluded (unspecified histology code), n = 2 675

Excluded (tumor in situ), n = 316

Excluded (misspecified of tumor grade), n = 2 140

Excluded (misspecified of tumor stage), n = 2 308

Eligible cases of esophageal cancer, n = 26 980

Included cases of esophageal cancer, n = 25 232
Esophageal squamous cell cancer (ESCC), n = 6 033
Esophageal adenocarcinoma (EAC), n = 19 199

Excluded (absence of overall survival information), n = 1 593

Localized, n = 6 761
ESCC, n = 1 464
EAC, n = 5 297

Regional, n = 8 777
ESCC, n = 2 436
EAC, n = 6 341

Distant, n = 9 694
ESCC, n = 2 133
EAC, n = 7 561

Excluded (unspecified treatment information), n = 155
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(Figure 2) additional adjustment for all available prognostic 
factors. Of these, patients receiving surgery only was con-
sidered as the reference group. It is evident that the effects 
of these treatment modalities were heavily dependent on 
the clinicopathological characteristics and varied during the 
follow-up period. This was also indicated by the Schoenfeld 
residual tests (p < 0.001 for all treatment modalities except 
for no treatment with p = 0.084).

Among all the patients, as a general trend, the HRs in-
creased at first and reached the peak within the first 2 years, 
and then dropped steadily (Figure 2A). Without considering 
time-dependent effect, in comparison with surgery only, pa-
tients receiving preoperative radiation therapy plus surgery 
benefited the most, with an HR of 0.88 (95% CI 0.83–0.94). 
Moreover, this observed effect is less likely to be subject to 
the unmeasured confounding with an E value of 1.53. That 
is, if there existed an unmeasured confounding that would 
bias away from the observed results to the null, the minimum 
magnitude of associations of the unmeasured confounding 
with both the treatment plans and the death would be 1.53. 
Moreover, the results from the landmark analysis with vari-
ous landmark time (Table 2) showed that patients receiving 
surgery only would benefit the most, and this benefit per-
sisted until 48 months after diagnosis, and then was compara-
ble with those receiving either preoperative radiation therapy 
plus surgery or surgery plus chemotherapy with the HRs 
being 1.06 (95% CI 0.91–1.24) and 1.04 (95% CI 0.79–1.38), 
respectively. Such results indicated that the time-dependent 
effects of different treatment modalities existed in this study. 
Furthermore, similar results were observed in patients with 
localized disease (Figure 2B). Of these, surgery only was the 
best treatment modality, especially for the first 48 months fol-
low-up. Afterward, patients receiving preoperative radiation 
therapy plus surgery and surgery plus chemotherapy would 
have a comparable prognosis, with the HRs being 1.22 (95% 
CI 0.98–1.52) and 1.10 (95% CI 0.60–2.00).

In contrast, for patients with regional disease, preopera-
tive radiation therapy plus surgery benefited the patients most 
(Figure  2C), and the results derived from landmark analy-
sis showed that this effect lasted for a long time (landmark 
time  =  12  months: HR 0.82, 95% CI 0.72–0.93; landmark 
time  =  24  months: HR 0.84, 95% CI 0.71–1.00; landmark 
time  =  36  months: HR 0.80, 95% CI 0.65–1.00; landmark 
time  =  48  months: HR 0.71, 95% CI 0.55–0.91; landmark 
time = 60 months: HR 0.72, 95% CI 0.53–0.97). Moreover, 
surgery plus chemotherapy and surgery plus postoperative 
radiation therapy showed comparable effects with surgery 
only. Finally, in patients with distant disease, preoperative 
radiation therapy plus surgery and surgery plus chemo-
therapy would benefit the patients best in comparison with 
surgery only (Figure 2D), especially for the first 12 months 
after diagnosis with the HRs at landmark time of 12 months 
being 0.53 (95% CI 0.38–0.73) and 0.67 (95% CI 0.46–0.97), 

respectively. Afterward, no significant differences in patients 
receiving these treatment modalities were observed.

4  |   DISCUSSION

Our population-based analysis showed that patients with es-
ophageal or gastroesophageal junction cancer would have 
increased COS as time accrued. In detail, for patients with 
localized disease, surgery only benefited patients the most, 
especially for the first 48 months after diagnosis. However, 
for patients with regional disease, preoperative radiation 
therapy plus surgery appeared to be the optimal treatment 
strategy. Furthermore, for those patients with distant disease, 
preoperative radiation therapy plus surgery and surgery plus 
chemotherapy showed the benefits during the first 12 months 
after diagnosis in comparison with other treatment modali-
ties; and afterward, the benefits disappeared. In addition, we 
found that the clinicopathological characteristics played cen-
tral roles when assessing the effects of different treatment 
modalities.

The current study benefited from the large, popula-
tion-based SEER CSR 2000-2016 database. We finally re-
trieved the data of 25,232 patients diagnosed with either 
esophageal or gastroesophageal junction cancer between 
January 2000 and December 2016, which minimizes infor-
mation bias and provides reliable results. The detailed infor-
mation on clinicopathological characteristics captures the 
time-dependent effects of various treatment modalities. We 
focused on COS and time-dependent effect on survival prob-
ability for patients receiving different treatment modalities. 
The 5-year COS increased quickly from diagnosis within the 
first 3 years and slowed down afterward, as the patients with 
poor prognosis had died. Meanwhile, the time-dependent HR 
showed that the HR reached the peak was within 2 years after 
diagnosis and then fell, indicating that a fraction of patients 
were cured or had long-term survival after 3 years. This find-
ing was consistent with the previous studies on patients with 
esophageal cancer that most recurrences occurred within 
2  years after treatment, whether surgery only or preopera-
tive chemoradiotherapy.31-34 The trend of improved COS and 
time-varying HR indicated the survival benefits under multi-
modality treatment for esophageal cancer.

Previous researches on SEER database analysis usually 
reported survival outcomes based on Cox proportional-haz-
ards models.35,36 When the PHA is violated, the estimated 
HR is clinically meaningless. In contrast, our study provided 
a dynamic view of survival probability as time accrued and 
the time-dependent effect according to the different stages. 
For patients with localized esophageal cancer, radical 
esophagectomy was the commonly used treatment approach. 
Although preoperative therapy was also recommended for 
high-risk patients, such as those with long tumor length or 
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poor differentiation, the application of multimodality therapy 
for early stage esophageal cancer was reported to result in un-
expected toxicities and dissatisfactory survival outcomes.37,38 
Recent advances in surgical techniques reveal that minimally 
invasive thoracolaparoscopic esophagectomy is less likely 
to result in postoperative complications, with better func-
tional recovery and higher quality of life compared with the 
traditional open transthoracic esophagectomy.39 The high 
adjusted COS in our study verified the fundamental role of 
surgery in localized disease. The landmark analysis yielded 
consistent results. The possible explanation was the relatively 
low recurrence rate of localized disease. Such results suggest 
that neoadjuvant or adjuvant therapy may not be necessary 
for localized disease.

Randomized controlled trials and meta-analysis had 
demonstrated that preoperative chemoradiotherapy was the 
standard treatment for patients with regional esophageal 

cancer, especially for squamous cell carcinoma.8,40,41 Most 
of the patients (98.5%) in the preoperative radiation therapy 
plus surgery group in our study received chemotherapy. Our 
findings provided consistent results, and showed that patients 
with preoperative radiation therapy plus surgery had better 
and long-lasting survival benefits in comparison with surgery 
only. This remarkable effect strongly indicated that adding 
preoperative therapy to surgery in patients with regional dis-
ease could substantially increase patients' prognosis. These 
results add evidence for the application of preoperative ther-
apy in regional esophageal cancer. Moreover, surgery plus 
chemotherapy was an ideal option for regional esophageal 
adenocarcinoma, and postoperative radiation therapy plus 
surgery could improve tumor control and overall survival, 
which were consistent with several previous studies.42,43 
Finally, in patients with distant disease, preoperative radi-
ation therapy plus surgery and surgery plus chemotherapy 

F I G U R E  2   Time-dependent effects of various treatment modalities with additional adjustment for all available prognostic factors in (A) all 
patients, (B) patients with localized disease, (C) patients with regional disease, and (D) patients with distant disease

0

2

4

6

8

10

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Time since Diagnosis (months)

A
dj

us
te

d 
H

R
 (9

5%
 C

I)

Control

CT

RT

RT+CT

RT+S

S+CT

S+RT

A

0

2

4

6

8

10

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Time since Diagnosis (months)

A
dj

us
te

d 
H

R
 (9

5%
 C

I)

Control

CT

RT

RT+CT

RT+S

S+CT

S+RT

B

0

2

4

6

8

10

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Time since Diagnosis (months)

A
dj

us
te

d 
H

R
 (9

5%
 C

I)

Control

CT

RT

RT+CT

RT+S

S+CT

S+RT

C

0

2

4

6

8

10

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Time since Diagnosis (months)

A
dj

us
te

d 
H

R
 (9

5%
 C

I)

Control

CT

RT

RT+CT

RT+S

S+CT

S+RT

D



      |  671DENG et al.

T
A

B
L

E
 2

 
H

az
ar

d 
ra

tio
 a

nd
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

 w
ith

 th
e 

E-
va

lu
e 

w
ith

 d
iff

er
en

t l
an

dm
ar

k 
tim

e 
st

ra
tif

ie
d 

by
 st

ag
e 

af
te

r a
dj

us
tm

en
t f

or
 a

ge
 a

t d
ia

gn
os

is
, s

ex
, e

th
ni

ci
ty

, m
ar

ita
l s

ta
tu

s, 
tu

m
or

 g
ra

de
 

an
d 

st
ag

e,
 h

is
to

lo
gi

ca
l t

yp
e,

 tu
m

or
 lo

ca
tio

n,
 a

nd
 y

ea
r a

t d
ia

gn
os

is

Tr
ea

tm
en

t m
od

al
iti

es
a  

H
az

ar
d 

ra
tio

 (9
5%

 c
on

fid
en

ce
 in

te
rv

al
)/E

-v
al

ue
 w

ith
 d

iff
er

en
t l

an
dm

ar
k 

tim
e 

(L
T)

LT
 =

 0
LT

 =
 1

2
LT

 =
 2

4
LT

 =
 3

6
LT

 =
 4

8
LT

 =
 6

0

To
ta

l

S
1

1
1

1
1

1

R
T

3.
65

 (3
.4

0–
3.

91
)/6

.7
6

2.
91

 (2
.5

5–
3.

31
)/5

.2
6

2.
59

 (2
.1

3–
3.

16
)/4

.6
2

2.
53

 (1
.9

4–
3.

29
)/4

.4
9

2.
07

 (1
.4

5–
2.

96
)/3

.5
6

2.
10

 (1
.3

7–
3.

22
)/3

.6
2

C
T

2.
14

 (2
.0

1–
2.

29
)/3

.7
1

2.
94

 (2
.6

6–
3.

25
)/5

.3
3

3.
17

 (2
.7

1–
3.

70
)/5

.7
9

2.
17

 (1
.6

8–
2.

79
)/3

.7
6

2.
23

 (1
.6

0–
3.

11
)/3

.8
9

1.
51

 (0
.9

4–
2.

43
)/2

.4
0

R
T+

C
T

1.
81

 (1
.7

2–
1.

91
)/3

.0
3

2.
11

 (1
.9

5–
2.

27
)/3

.6
3

1.
92

 (1
.7

3–
2.

12
)/3

.2
5

1.
75

 (1
.5

4–
1.

99
)/2

.8
9

1.
62

 (1
.3

9–
1.

89
)/2

.6
3

1.
45

 (1
.2

0–
1.

74
)/2

.2
5

R
T+

S
0.

88
 (0

.8
3–

0.
94

)/1
.5

3
1.

16
 (1

.0
7–

1.
26

)/1
.6

0
1.

19
 (1

.0
7–

1.
33

)/1
.6

7
1.

14
 (1

.0
0–

1.
30

)/1
.5

4
1.

06
 (0

.9
1–

1.
24

)/1
.3

2
1.

04
 (0

.8
7–

1.
25

)/1
.2

4

S+
R

T
1.

14
 (1

.0
6–

1.
22

)/1
.5

3
1.

40
 (1

.2
8–

1.
54

)/2
.1

6
1.

43
 (1

.2
7–

1.
62

)/2
.2

2
1.

43
 (1

.2
3–

1.
66

)/2
.2

1
1.

42
 (1

.1
8–

1.
70

)/2
.1

9
1.

40
 (1

.1
3–

1.
73

)/2
.1

4

S+
C

T
0.

97
 (0

.8
8–

1.
08

)/1
.1

9
1.

25
 (1

.1
0–

1.
43

)/1
.8

2
1.

27
 (1

.0
7–

1.
51

)/1
.8

6
1.

16
 (0

.9
3–

1.
45

)/1
.5

9
1.

04
 (0

.7
9–

1.
38

)/1
.2

6
1.

04
 (0

.7
5–

1.
46

)/1
.2

6

N
on

e
4.

52
 (4

.2
5–

4.
79

)/8
.5

0
2.

16
 (1

.9
3–

2.
42

)/3
.7

5
1.

64
 (1

.3
9–

1.
94

)/2
.6

6
1.

59
 (1

.2
8–

1.
96

)/2
.5

5
1.

16
 (0

.8
7–

1.
55

)/1
.5

9
1.

16
 (0

.8
2–

1.
63

)/1
.5

9

Lo
ca

l

S
1

1
1

1
1

1

R
T

4.
13

 (3
.6

5–
4.

66
)/7

.7
2

4.
01

 (3
.3

5–
4.

81
)/7

.4
9

3.
14

 (2
.4

0–
4.

11
)/5

.7
3

2.
33

 (1
.6

0–
3.

39
)/4

.0
9

2.
49

 (1
.6

1–
3.

85
)/4

.4
2

2.
10

 (1
.2

0–
3.

68
)/3

.6
3

C
T

4.
65

 (3
.9

9–
5.

42
)/8

.7
7

4.
71

 (3
.7

5–
5.

92
)/8

.8
9

4.
27

 (3
.0

7–
5.

93
)/8

.0
1

2.
51

 (1
.4

3–
4.

42
)/4

.4
6

3.
06

 (1
.5

9–
5.

88
)/5

.5
7

2.
05

 (0
.8

2–
5.

14
)/3

.5
1

R
T+

C
T

2.
78

 (2
.5

5–
3.

03
)/5

.0
0

2.
69

 (2
.4

1–
3.

00
)/4

.8
2

2.
29

 (2
.0

0–
2.

64
)/4

.0
2

1.
99

 (1
.6

8–
2.

36
)/3

.4
0

1.
94

 (1
.5

9–
2.

38
)/3

.3
0

1.
75

 (1
.3

7–
2.

24
)/2

.9
0

R
T+

S
1.

40
 (1

.2
5–

1.
57

)/2
.1

5
1.

49
 (1

.3
1–

1.
71

)/2
.3

5
1.

38
 (1

.1
8–

1.
62

)/2
.1

1
1.

32
 (1

.1
0–

1.
59

)/1
.9

7
1.

22
 (0

.9
8–

1.
52

)/1
.7

4
1.

19
 (0

.9
2–

1.
53

)/1
.6

6

S+
R

T
1.

52
 (1

.2
8–

1.
81

)/2
.4

1
1.

75
 (1

.4
4–

2.
13

)/2
.8

9
1.

58
 (1

.2
4–

2.
01

)/2
.5

4
1.

58
 (1

.2
0–

2.
08

)/2
.5

3
1.

60
 (1

.1
6–

2.
19

)/2
.5

7
1.

53
 (1

.0
6–

2.
21

)/2
.4

3

S+
C

T
1.

35
 (1

.0
4–

1.
76

)/2
.0

5
1.

46
 (1

.0
7–

1.
98

)/2
.2

7
1.

41
 (0

.9
7–

2.
06

)/2
.1

8
1.

39
 (0

.8
9–

2.
18

)/2
.1

3
1.

10
 (0

.6
0–

2.
00

)/1
.4

2
1.

32
 (0

.6
8–

2.
57

)/1
.9

6

N
on

e
4.

66
 (4

.2
5–

5.
11

)/8
.7

9
2.

38
 (2

.0
5–

2.
75

)/4
.1

8
1.

83
 (1

.5
0–

2.
23

)/3
.0

6
1.

73
 (1

.3
6–

2.
20

)/2
.8

6
1.

30
 (0

.9
4–

1.
79

)/1
.9

2
1.

25
 (0

.8
6–

1.
82

)/1
.8

1

R
eg

io
na

l

S
1

1
1

1
1

1

R
T

2.
16

 (1
.9

1–
2.

44
)/3

.7
4

1.
72

 (1
.3

7–
2.

15
)/2

.8
3

1.
80

 (1
.2

8–
2.

52
)/2

.9
9

2.
06

 (1
.3

0–
3.

24
)/3

.5
3

1.
08

 (0
.5

2–
2.

26
)/1

.3
8

1.
61

 (0
.7

6–
3.

40
)/2

.5
9

C
T

2.
08

 (1
.8

1–
2.

40
)/3

.5
8

1.
94

 (1
.5

1–
2.

48
)/3

.2
8

1.
60

 (1
.0

5–
2.

45
)/2

.5
9

1.
29

 (0
.6

8–
2.

47
)/1

.9
1

1.
23

 (0
.5

7–
2.

66
)/1

.7
5

1.
19

 (0
.4

7–
2.

99
)/1

.6
7

R
T+

C
T

1.
25

 (1
.1

5–
1.

37
)/1

.8
2

1.
40

 (1
.2

4–
1.

58
)/2

.1
5

1.
29

 (1
.0

8–
1.

53
)/1

.9
0

1.
28

 (1
.0

2–
1.

60
)/1

.8
8

1.
09

 (0
.8

4–
1.

43
)/1

.4
2

0.
96

 (0
.6

9–
1.

33
)/1

.2
7

R
T+

S
0.

63
 (0

.5
8–

0.
69

)/2
.5

4
0.

82
 (0

.7
2–

0.
93

)/1
.7

4
0.

84
 (0

.7
1–

1.
00

)/1
.6

6
0.

80
 (0

.6
5–

1.
00

)/1
.8

0
0.

71
 (0

.5
5–

0.
91

)/2
.1

7
0.

72
 (0

.5
3–

0.
97

)/2
.1

2

S+
R

T
0.

75
 (0

.6
8–

0.
84

)/1
.9

8
0.

94
 (0

.8
2–

1.
08

)/1
.3

1
1.

02
 (0

.8
5–

1.
22

)/1
.1

8
1.

06
 (0

.8
4–

1.
33

)/1
.3

0
0.

98
 (0

.7
6–

1.
28

)/1
.1

4
0.

97
 (0

.7
0–

1.
33

)/1
.2

3

S+
C

T
0.

68
 (0

.6
0–

0.
78

)/2
.2

9
0.

86
 (0

.7
3–

1.
03

)/1
.5

9
0.

91
 (0

.7
2–

1.
15

)/1
.4

2
0.

81
 (0

.5
9–

1.
10

)/1
.7

8
0.

72
 (0

.5
0–

1.
04

)/2
.1

2
0.

74
 (0

.4
7–

1.
15

)/2
.0

6

N
on

e
3.

42
 (3

.0
6–

3.
83

)/6
.3

0
2.

06
 (1

.6
2–

2.
61

)/3
.5

4
1.

20
 (0

.7
5–

1.
93

)/1
.6

9
0.

88
 (0

.4
3–

1.
81

)/1
.5

4
0.

54
 (0

.2
0–

1.
49

)/3
.0

9
0.

54
 (0

.1
7–

1.
75

)/3
.0

8

D
is

ta
nt

S
1

1
1

1
1

1

(C
on

tin
ue

s)



672  |      DENG et al.

might bring short-term benefits to primary tumor, such as 
patients with oligometastasis or non-regional lymph nodes 
involved.44,45 However, due to the poor prognosis of distant 
metastasis, the benefits of all these treatment modalities were 
similar. In such a case, comorbidities, quality of life, and so-
cial-economic factors would be considered rather than inten-
sive treatment. Targeted therapy, immunotherapy, or clinical 
trials also served as possible selections.

Kim et al. described the conditional survival for esoph-
ageal cancer using the SEER database between 1988 and 
2011.46 In Kim's study, they used the Cox proportional-haz-
ards model to estimate conditional survival. However, we 
applied the IPTW method with adjusting clinicopathological 
covariates, which provides a more accurate estimate, espe-
cially when the PHA is violated. Moreover, we focused on 
the effect of various treatment modalities for patients with 
different stages. Considering that OS in patients with esoph-
ageal cancer decreased rapidly after 3 years of diagnosis, we 
focused on the 5-year adjusted COS given patients had sur-
vived 3 years across localized, regional, and distant stages. 
The results provided information on dynamic survival proba-
bility changes and suggestions on treatment decisions.

Nevertheless, we acknowledge several limitations in 
this study. First, the detailed treatment information lacks in 
the SEER database, such as the time from diagnosis to sur-
gery, radiation dose, and chemotherapy regimens. These are 
the common drawbacks of the retrospective or surveillance 
study, which limited the reliability of the study results, induc-
ing information bias.47 Second, patients who did not receive 
any treatment had a high 5-year adjusted COS given that the 
patients have already survived 3 years compared with other 
treatments. This is expected as the patients with poor progno-
sis died after the diagnosis, which is one of the advantages of 
the COS for describing the dynamic prognosis, although se-
lection bias may arise. Third, the immortal-time bias, which 
refers to the patients receiving any treatment modalities, has 
to survive to the date of treatment, may also bias our results 
away from the null.48,49 However, the results derived from the 
landmark analysis indicated that the effect of immortal-time 
bias seemed minimal.

In summary, with advanced treatment modalities, a steady 
increase is seen in prognosis for patients with esophageal or 
gastroesophageal junction cancer. In this study, we provide re-
liable and accurate contemporary estimates of dynamic prog-
nosis in patients with esophageal or gastroesophageal junction 
cancer after receiving different treatment modalities, espe-
cially for the preoperative radiation therapy plus surgery and 
surgery only. Considering that the outlook of esophageal or 
gastroesophageal junction cancer after diagnosis remains poor, 
there still exists an increasing need for a deep understanding 
of the prognosis of these patients. In addition, primary care 
lead research is also required for patients with esophageal or 
gastroesophageal junction cancer to achieve a better prognosis.Tr
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