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Mini-abstract

This international multi-center cohort study included 2,867 patients who underwent esophagectomy after 

chemoradiotherapy (CRT). Prolonged interval following CRT prior to surgery was associated with an 

increased 90-day mortality of up to a three-fold increase in patients more than 200 days after 

chemoradiotherapy, and furthermore poorer 5-year overall survival. 

Word count: 48
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Structured Abstract

Background 

Chemoradiotherapy (CRT) is a core component of multimodality treatment for locally advanced esophageal  

cancer. The timing of surgery following CRT may influence the probability of performing an oncological  

resection and the associated operative morbidity. 

Objective

To  determine  the  impact  of  delayed  surgical  intervention  following  CRT  on  survival  from  esophageal 

cancer. 

Methods 

This  was  an  international,  multi-center,  cohort  study,  including  patients  from  seventeen  centers  who 

received CRT followed by surgery between 2010-2020. In the main analysis patients were divided into four 

groups based upon the interval between chemoradiotherapy and surgery (0-50, 51-100, 101-200 and >200 

days) to assess the impact upon 90-day mortality and 5-year overall survival (OS). Multivariable logistic and 

Cox regression provided hazard rations (HRs) with 95% confidence intervals (95%CI) adjusted for relevant 

patient, oncological and pathological confounding factors.     

Results 

2,867 patients who underwent esophagectomy after CRT were included. After adjustment for relevant 

confounders,  prolonged  interval  following  CRT  was  associated  with  an  increased  90-day  mortality 

compared to  0-50  days  (reference):  51-100  days  (HR=1.54,  95%CI  1.04-2.29),  101-200  days  (HR=2.14,  

95%CI  1.37-3.35)  and  >200  days  (HR=3.06,  95%CI  1.64-5.69).  Similarly,  a  poorer  5-year  OS  was  also 

observed  with  prolonged  interval  following  CRT  compared  to  0-50  days  (reference):  101-200  days 

(HR=1.41, 95%CI 1.17-1.70) and >200 days (HR=1.64, 95%CI 1.24-2.17).

Conclusion 
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Prolonged interval following CRT before esophagectomy is associated with increased 90-day mortality and 

poorer long-term survival. Further investigation is needed to understand the mechanism that underpins 

these adverse outcomes observed with a prolonged interval to surgery.   

Word count: 244

Introduction

Esophageal cancer is the eighth most common cancer worldwide, with an estimated annual incidence of 

572, 000 new cases1,2.  With the publication of the CROSS study,  chemoradiotherapy (CRT)  followed by 

surgery  became  the  mainstay  of  curative  treatment  for  locally  advanced  esophageal  cancer  in  many 

tertiary,  high-volume centers  across  the  world  3.  Since  then,  more  combinations  of  CRT  regimes  and 

surgery have also come to the forefront as effective alternatives  4,5. Previous studies have reported this 

tailored,  multimodal  approach  to  substantially  improve  survival  outcomes  6.  Currently,  the  National 

Comprehensive Cancer Network (NCCN) guidelines for esophageal cancer recommend several therapeutic 

approaches, including neoadjuvant chemoradiotherapy with surgery (NCRS), neoadjuvant chemotherapy 

with surgery, definitive chemoradiotherapy, or primary esophagectomy  7. The final treatment decision is 

often based on the patient’s performance status, the hospital facility, physician and patient preferences,  

and oncological  characteristics  of  the tumor.  While esophagectomy remains a  principal  component of  

treatment, it is often associated with significant morbidity and substantial impact upon quality of life 8. In 

recent times, this has led to greater consideration of an organ-sparing approach that is reliant on primary  

chemoradiotherapy  with  curative  intent,  and  esophagectomy  reserved  as  salvage  when  required  for 

residual or recurrent disease 9. 

Given  that  approximately  50%  of  patients  with  squamous  cell  carcinoma  and  25%  of  patients  with  

adenocarcinoma have a pathological complete response of the primary tumour following neoadjuvant CRT,  

the need for  an esophagectomy has been called to question in patients who respond sufficiently  10,11. 

Although randomized clinical trials have shown equivalence in survival outcomes between CRT alone and  

NCRS, the recurrence rate as high as 75% in some series outweighs the morbidity of esophagectomy 12-15. 

Since then, many of the studies have reported inconsistent results, and are limited by small sample sizes 
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and overlapping tumor histopathology. In patients with recurrent or residual cancer, the only remaining 

option of salvage esophagectomy has historically suffered from poor outcomes, partly due to very high 

doses of radiation as well as results published prior to centralisation of esophageal cancer surgical services  

with concentration  of  expertise.  Previous  studies  have also shown a large degree of  heterogeneity  in  

clinical outcomes associated with the length of interval after chemoradiotherapy prior to esophagectomy 

for residual or recurrent esophageal cancer 16–18.   

The objective of this large multi-center international cohort study was to evaluate the importance of the  

interval to surgical intervention following chemoradiotherapy on short and long-term mortality in patients 

with esophageal cancer with subset analyses patients with adenocarcinoma and squamous cell carcinoma. 
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Methods   

Data sources

The Delayed surgical Intervention after Chemoradiotherapy in Esophageal cancer (DICE) study was created 

to collate data from seventeen high-volume tertiary centers based across Europe and North America. Data  

from consecutive patients undergoing chemoradiotherapy followed by surgical resection for esophageal  

cancer with curative intent between 2010 and 2020 in these centers were retrospectively entered into a 

dedicated  RedCap  platform.  Centers  uploaded  data  directly  onto  the  platform,  and  an  independent 

monitoring team audited data capture to minimize missing data and control concordance and data quality.  

Missing  or  inconsistent  data  were  obtained  from  e-mail  exchanges  with  the  referral  center.  Ethical 

approval was waived as no patient identifiable data was collected, and the necessary materials transfer  

agreements to enable data transfer was formalized between Imperial College London and the respective 

centers.  

Inclusion and exclusion criteria 

This cohort study included all adult patients who underwent surgery after chemoradiotherapy and had 

complete follow-up data for mortality. The data was collected for all patients admitted during a ten-year 

study period between 2010-2020. Patients who did not undergo both surgery and CRT or did not have  

follow-up data for primary outcome measures were excluded. Other exclusion criteria are as follows: other 

histology subtypes such as mucinous and neuroendocrine tumors; patients who underwent simultaneous 

endoscopic  resections;  other  concurrent  cancer  diagnoses;  and  patients  with  metastatic  esophageal  

cancer.

Data collection 

The DICE database contains specific details about patient demographics, including the age, sex, body mass 

index,  American  Society  of  Anesthesiologists  (ASA)  grade.  Tumor-level  characteristics  including  stage 

(pathological  TNM  staging),  histology  and  location  were  also  collected.  Details  of  local  staging  were 

recorded,  including  imaging  (computed  tomography  and  positron  emission  tomography),  endoscopy, 

endoscopic  ultrasound  and  endobronchial  ultrasound.  Operative  data  such  as  surgical  technique  and 
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approach as well as data on chemoradiotherapy (including agents, dose, regime and duration) were also 

collected. 

Exposure; Interval between chemoradiotherapy and surgery 

The  interval  was  the  time  elapsed,  measured  in  number  of  days,  between  completion  of 

chemoradiotherapy and surgical intervention. Within the study cohort, patients were categorised into four 

groups based on this interval: <50 days, 51-100 days, 101-200 days and >200 days. 

Covariates 

Other confounding variables in multivariate statistical models included radiation dose (<50 or >50Gy), age 

(continuous), sex (male or female), body mass index (BMI) (continuous), ASA (1, 2, or 3), pathological T 

stage (0, 1, 2,  3, or 4) or pathological  N stage (0, 1,  2, or 3),  histological  subtype (adenocarcinoma or  

squamous cell carcinoma), resection margin (R0 or R1/2), tumor location (upper 1/3, middle 1/3, distal 1/3  

and Siewert I,  Siewert II and Siewert III  junctional),  surgical approach (totally minimally invasive, open, 

hybrid (thoracoscopic chest and open abdomen or laparoscopic abdomen and open chest, or robotic) and 

surgical technique (transhiatal, Ivor-Lewis, three-stage or left thoraco-abdominal). 

Outcomes

The outcomes evaluated included 90-day mortality, 5-year overall survival (OS) and 5-year recurrence-free 

survival (RFS) from date of surgery. 

Statistical analysis 

Statistical  analysis  was  performed  using  SPSS  (version  27.0;  SPSS,  Chicago,  IL)  and  R  (version  4.2.2).  

Continuous variables are expressed as mean and standard deviation, and categorical variables as number  

and  percentage.  Categorical  variables  were  compared  using  the  chi-squared  test.  Non-parametric 

continuous data were analyzed using the Mann-Whitney U test. Five-year overall survival was estimated 

using the Kaplan-Meier survival curves and compared using the log-rank test. Multivariable analyses using 

logistic regression and Cox proportional hazards models were performed to derive odds ratios (OR) and 

hazard ratios (HR) as effect-size measures, with 95% CIs. Statistical significance was set at p<0.05 for all  
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analyses.  Machine  learning  techniques  were  applied  to  the  data  to  develop  a  risk  prediction  model 

associated with 90-day mortality,  and 5-year OS and 5-year RFS, using only preoperative variables. For 

mortality prediction, raw data were pre-processed as follows: variables with greater than 5% missing data 

were removed, patients with incomplete mortality, recurrence or interval-to-surgery data were excluded, 

and then random forest imputation used to complete the dataset. Backward selection was performed with 

logistic regression using the Akaike Information Criterion to identify the most informative variables, and 

the variance inflation factor (VIF) was used to assess for collinearity, keeping variables with a VIF <2. Data 

were then split into a train and test sets in a ratio of 3:1. Model training was performed using random  

forest,  tuned random forest,  support vector machines and logistic regression. Model performance was 

assessed on test data sets using receiver operating characteristics (ROC) and area under the curve (AUC). 

Raw and processed data and R code are available (DOI: 10.17632/j2ngv924sv.1).
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Results   

Demographics and study population 

A total of 2,867 patients underwent surgical resection after chemoradiotherapy and were included in the  

study.  From  this  cohort,  795  patients  received  surgery  0-50  days  following  chemoradiotherapy,  1278 

patients between 51 and 100 days, 599 patients between 101 and 200 days and 153 more than 200 days. 

Comparison of patient demographics revealed no significant differences in age, sex or BMI; however, the 

proportion of patients with ASA grade 3 was increased in patients within the longest interval group (>200 

days) (Table 1). Analysis of pathology showed significant differences across the groups in ypT stage, and a  

higher proportion of patients with SCC and upper or middle third tumours in the longest interval group  

(>200 days) (Table 1). Importantly, patients in the longer interval groups had a higher proportion of R1/2 

resection margin: 13.7% (>200 days) and 12.9% (101-200 days) compared to 5% (0-50 days) and 6% (51-

100 days). Treatment approach also varied with a greater proportion of patients in the longest interval  

group (>200 days) receiving a radiation dose of >50Gy,  open surgery and three-stage esophagectomy.  

Multivariate analysis confirmed factors associated with delayed interval after chemoradiotherapy before 

surgery (defined as more than 12 weeks) included increasing age and body mass index, greater nodal  

stage, higher tumour location, surgical approach and technique (Supplementary table S1). 

90-day mortality 

Univariate  analysis  of  90-day  mortality  showed a  stepwise  increasing  pattern  with  increasing  interval  

between chemoradiotherapy and surgery:  6.3% (0-50 days) vs. 7.1% (51-100 days)  vs.  10.2% (101-200 

days)  vs.  13.2% (>200 days);  P=0.001.  Multivariate  analysis  after  adjustment  for  relevant  confounders 

(table  2)  showed that  an increasing  interval  was  associated with a  greater  90-day  mortality:  OR=1.51 

(95%CI 1.02-2.24) (51-100 days), OR=2.01 (95%CI 1.29-3.13) (101-200days) and OR=2.95 (95%CI 1.59-5.46) 

(>200 days) compared with 0-50 day (reference). 
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Patient demographics associated with increased 90-day mortality included advancing age, male sex, lower  

BMI and ASA grade 3. Greater pathological nodal status, R1/2 resection margin status and SCC histology 

were also associated with increased 90-day mortality. Importantly, a higher radiation dose of >50Gy was 

associated with an increase in 90-day mortality (OR=1.73, 95%CI 1.17-2.55). 

These results were consistent in all subgroup analyses with increasing interval after CRT before surgery 

associated with increased 90-day mortality in subset analyses for patients with: SCC (OR=3.00, 95%CI 1.62-

5.55;  >200days)  (Supplementary  table  S2),  adenocarcinoma  (OR=2.92,  95%CI  1.22-6.99);  >200days) 

(Supplementary table S5) and R0 resection margin (OR=3.00, 95%CI 1.52-5.91; >200 days) (Supplementary 

table S8). 

5-year overall survival (OS)

5-year OS showed a stepwise decreasing pattern within increasing interval between chemoradiotherapy  

and surgery (65.9% (0-50 days) vs. 64.4% (50-100 days) vs. 58.9% (101-200 days) vs. 54.3% (>200 days);  

P=0.002) (Table 1) (Figure 1). Multivariate analysis after adjustment for relevant confounders showed that  

increasing interval after chemoradiotherapy before surgery was associated with a decreasing pattern of 5-

year OS: 101-200 days (HR=1.38, 95%CI 1.14-1.66) and >200 days (HR=1.61, 95%CI 1.22-2.13) (Table 3).  

Patient demographics associated with decreased 5-year OS included advanced age and male sex. Higher  

pathological tumor stage, R1/2 resection margin and nodal status were associated with decreasing 5-year 

OS.  Left  thoracoabdominal  approach  to  esophagectomy  was  associated  with  an  improved  5-year  OS 

(HR=0.63, 95%CI 0.41-0.98). 

These results were consistent in all subgroup analyses with increasing interval after CRT before surgery 

associated with decreased 5year overall survival in subset analyses for patients with: SCC (HR=1.60, 95%CI  

1.21-2.12;  >200days)  (Supplementary  table  S3)  (Supplementary  figure  S1),  adenocarcinoma  (HR=1.59, 

95%CI 1.12-2.25; >200days) (Supplementary table S6) (Supplementary figure S3) and R0 resection margin  

(HR=1.62, 95%CI 1.20-2.21; >200 days) (Supplementary table S9) (Supplementary figure S5). 
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5-year recurrence-free survival

The  interval  between  chemoradiotherapy  and  surgery  was  not  significantly  associated  with  5-year  

recurrence-free survival (Table 4) (Figure 2). Important co-variates significantly associated with poorer 5-

year  recurrence-free  survival  included  radiation  dose  >50Gy  (HR=3.19,  95%  CI  2.49-4.09),  increasing 

pathological  T  and  N  Stage,  R1/2  resection  margin  (HR=1.66,  95%CI  1.28-2.14),  and  robotic  surgical  

approach (HR=1.91, 95%CI 1.15-3.18). These results were consistent in all subgroup analyses for patients 

with: SCC (Supplementary table S4) (Supplementary figure S2), adenocarcinoma (Supplementary table S7) 

(Supplementary figure S4) and R0 resection margin (HR=1.62, 95%CI 1.20-2.21; >200 days) (Supplementary  

table S10) (Supplementary figure S6). 

Mortality prediction

After data pre-processing, logistic regression generally performed well in comparison to random forest  

with little benefit from model tuning, and therefore logistic regression was preferred due to its simplicity 

and the transparency of variable relevance (Supplementary figure S7,8,9). Area under curves of logistic  

regression  for  90-day  mortality,  5-year  OS  and  5-year  RFS  were  0.594,  0.604  and  0.697  respectively.  

Predictive variables included for 90-day mortality were age, BMI, interval after chemoradiotherapy, sex, 

ASA grade and radiation dose (Supplementary figure S7). Predictive variables included for 5-year OS were 

interval after age, interval after chemoradiotherapy, sex, ASA grade, pathological T and N stage, tumor  

location, operative approach and technique (Supplementary figure S8). Predictive variables included for 5-

year  RFS were smoking,  pathological  T  and N stage,  surgical  approach  and technique,  ASA grade and 

radiation dose (Supplementary figure S9). 

Subset analyses

Subset analyses were included for specific patient cohorts (Supplementary tables S11 to S22) including; 

patient age >70 years,  ASA 3 or  greater,  clinical  T4  stage,  and excluding those receiving left  thoraco-
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abdominal esophagectomy. Within the subset analysis for patients aged > 70 years, a delayed interval after  

chemoradiotherapy before surgery of 51-100 days was associated with significantly poor 5-year OS, and a  

delay of >200 days was associated with a significantly greater 90-day mortality. Within subset of patients 

ASA 3 or greater or clinical T4 stage, a delayed interval after chemoradiotherapy before surgery was not  

associated  with  any  significant  changes  in  90-day  mortality,  5-year  OS  or  5-year  RFS.  Within  subset 

excluding patients receiving left thoracoabdominal esophagectomy, a delay of >200 days was associated 

with a significantly greater 90-day mortality. A further subset analysis was performed of the high-volume 

centers contributing more than 100 patients to the study cohort (n=8) [supplementary table S23]. There  

was  no  difference  in  frequency  of  distribution  of  intervals  after  chemoradiotherapy  before  surgery 

between these high volume centers and the overall cohort [Supplementary figure S10] Survival analysis 

from these high volume centers paralleled the overall findings of the study with a delayed interval after  

chemoradiotherapy before surgery adversely affecting 5-year overall survival [Supplementary figure S11]. 

Radiation dose (50Gy)

A correlation analysis between radiation dose and chemoradiotherapy interval (Supplementary figure S12), 

showed a Spearman rank coefficient of 0.30 and thus no real correlation between these two variables.  

Radiation dose was not associated with overall  survival (Figure 3). Upon exclusion of patients receiving 

radiation dose  50Gy, analysis of 1645 patients showed, prolonged delay after chemoradiotherapy was 

associated with a trend towards increased 90-day mortality [supplementary tables S24 to S26]. 
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Discussion    

The results of this large international multi-center cohort study suggest that both 90-day and 5-year overall  

survival  outcomes for  esophageal  cancer  are  consistently  worse  in  patients  with a  prolonged interval  

between surgical intervention and completion of chemoradiotherapy. However, this increased interval did 

not significantly affect 5-year recurrence-free survival. These results were consistent in subset analyses of  

patients with adenocarcinoma and SCC. In this cohort advancing age, male sex, lower BMI, increasing ASA 

grade, resection margin status, pathological T and N stage were all factors associated with poorer short-  

and long-term survival. A higher radiation dose of >50Gy was also associated with an increase in 90-day 

mortality. The mechanisms that underpin the adverse prognostic outcomes seen with a prolonged interval 

after chemoradiotherapy remain unknown and are an important area for future investigation. However,  

given the outcomes observed in the present study, careful consideration should be made regarding any 

delay after chemoradiotherapy before undertaking surgery.  Furthermore, in patients with a long delay  

after chemoradiotherapy (>200 days), patients must be adequately counselled with a careful preoperative 

physiological assessment prior to undertaking salvage surgery given the adverse outcomes observed in this  

study with a 90-day mortality of 13% v 6% and 5-year OS of 54% v 66%.    

Neoadjuvant chemoradiotherapy followed by surgery is currently the most commonly utilized treatment 

regime for  locally  advanced  esophageal  cancer  worldwide  19.  Nevertheless,  the  role  of  surgery  as  an 

imperative  component of  the curative  treatment pathway  is  increasingly  being  challenged due to  the 

development of safer and more effective CRT regimes. Currently, the ongoing SANO trial is investigating a 

watch-and-wait  strategy  following  CRT.  Such  an  approach  remains  controversial  given  the  risk  of  

undetected recurrence or residual cancer and current ability to accurately identify a complete response  

following chemoradiotherapy 19. Failure to detect recurrence following chemoradiotherapy in an accurate 

and timely  fashion may delay surgical  intervention leading to stage migration and potentially  adverse 

impact upon postoperative morbidity and long-term survival  20. 
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In this present study, a prolonged interval between chemoradiotherapy and surgery of greater than 100 

days  doubled the 90-day  mortality,  and at  200 days,  this  was more than three times greater  than in  

patients with an interval of less than 50 days. Given that median time to recurrence of most esophageal 

cancers is typically beyond 100 days after CRT, delayed esophagectomy may translate to worse outcomes  

despite an initial complete response to CRT. The mechanism for this increase in 90-day mortality with a 

prolonged interval between chemoradiotherapy and surgery is unknown from the present available data.  

Potentially important factors include unmeasured patient factors including cachexia, physical fitness and 

frailty  following chemoradiotherapy,  are  all  clearly  important  factors  that  must  be evaluated in  these 

complex patients before embarking on salvage esophagectomy. Furthermore, it may be hypothesized that 

a prolonged delay in timing of surgery increases the degree of radiation-induced fibrosis,  thus making 

tissue dissection during salvage esophagectomy more technically challenging. This may also be reflected by 

the observed strong positive  correlation between proportion of  R1/2 resection margin  and increasing 

interval  between chemoradiotherapy  and surgery.  However,  this  remains  a  hypothesis  to  explain  the 

findings of this study, and does require further robust scientific investigation. We do await the long-term 

results of the NeoRes II trial, which will randomise 249 patients to either a standard delay of 4-6 weeks or a 

prolong delay of 10-12 weeks after chemoradiotherapy prior to surgery  21.  However this present study 

does include over 25% of patients operated on with a more than 100 day interval after chemoradiotherapy 

and thus does test a different hypothesis. 

The results of this study also identified a poorer 5-year overall survival associated with a prolonged interval  

between chemoradiotherapy and surgical intervention. Surgical complexity is often increased following a  

prolonged delay after chemoradiotherapy, with increasing fibrosis, making distinguishing residual tumor 

from fibrosis from airway structures often very challenging. Thus, there is an unmeasured mechanism that  

is  mediating  the poorer  survival  seen in  these patients  undergoing  esophagectomy with a  substantial 

interval (>200 days) after CRT. As 5-year RFS was not affected by the interval following CRT, the observed 

difference in 5yr OS is unlikely to be mediated by cancer recurrence. Thus, this most likely represents a  

further  issue  associated  with  patient  physiology  or  surgical  complexity  associated  with  salvage 
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esophagectomy. It is important to acknowledge the context of the present results, with patients included 

in this study preceding the results and implementation of Checkmate 577  22.  Thus it may be of further 

importance in future studies to assess the delay to surgery after chemoradiotherapy in the context of  

further delay in the initiation of adjuvant immunotherapy. 

Previous  investigations  have  suggested  that  more  modern  practices  including  a  minimally  invasive 

approach to esophagectomy and centralization of complex cancer services can reduce the morbidity and 

mortality attributed to esophagectomy 23-27. Although all the centers participating in this study were high 

volume esophageal  surgical  centers,  the experience with salvage esophagectomy did vary,  which is an  

important consideration in interpreting the results of the present study with real-world data. Given the 

adverse outcomes in terms of 90-day mortality and 5-year survival,  the logical  argument remains that 

esophagectomy after a prolonged interval following CRT should be centralized to high-volume centers with 

an experience in salvage esophagectomy. Interestingly robotic surgery was associated with poorer 90-day 

mortality and 5-year RFS, which is most likely a reflection of the complex learning curve associated with  

robotic surgery. 

Currently, there is no widely accepted definition of salvage or delayed esophagectomy. In our preliminary 

discussions  to  design  the  study,  we identified  the difficulty  in  characterizing  the definition  of  salvage  

esophagectomy. We have previously discussed its clinical validity and feasibility, and other studies have 

addressed the variation in how salvage esophagectomy is performed  20.  Our study has outlined several 

features that can be selectively optimized to improve survival. This will be especially relevant in situations  

where recurrent or residual cancers are detected in patients whom an organ sparing approach was initially 

undertaken, and now require esophagectomy 28.

The  optimum  dose  of  radiation  to  achieve  sustained  pathological  complete  response  (pCR)  without 

recurrence and minimal  toxicity  has  been a topic  of  controversy within  the field.  Different  doses  and 

regimes have been trialled and reported with varying success 3,14,29,30 . Although 40.4Gy is the dose used in 

the CROSS regime for neoadjuvant intent(ref),  the dose recommended for CRT alone is typically much  
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higher at 50-55Gy, and at times, extending beyond 60Gy. In the US, the current standard suggested dose of  

50-50.4  Gy  for  CRT  alone  was  based  on  the  landmark  INT0123  (RTOG  9405)  phase  III  trial  14.  Dose 

intensification  above  50.4Gy  does  not  confer  any  additional  marginal  benefit  but  does  increase  the 

incidence of toxicity 31,32 . Higher doses of radiation effect a combination of vascular and epithelial damage 

that  is  heightened  in  radio-sensitive  gastrointestinal  mucosal  tissues  33.  Acute-responding  tissues  in 

gastrointestinal mucosa are forced to enter pre-mitotic apoptosis or undergo mitotic catastrophe early on. 

The ensuing chronic inflammation leads to extensive fibrogenesis due to a persistent and exaggerated 

wound  healing  response  that  not  only  has  a  deleterious  effect  on  the  structure  and  functionality  of  

esophageal tissue, but inadvertently also hostilizes the tumor microenvironment 34,35. Within this present 

study total radiation dose of greater than 50Gy was also associated with an increased 90-day mortality,  

which may be an effect of radiation increasing fibrosis and surgical complexity or alternatively increased 

pulmonary fibrosis and poorer patient physical fitness following high doses of radiotherapy. 

Our study is topical in the current era, and pertinent within the context of currently ongoing work that may  

transform the management of esophageal cancer to an organ-sparing, surveillance-based approach. The 

generalizability of our results is based on the largest and most diverse dataset with comprehensive follow-

up from seventeen international high-volume centers. Nevertheless, this setup has important limitations. 

As a retrospective multi-center cohort study, it is dependent on reliable data collection of measurable 

prognostic factors. Approach to clinical staging did vary as would be expected in an international study 

such  as  this,  which  may  be  reflected  by  1%  of  cases  within  the  dataset  being  Siewert  type  III  on 

pathological analysis and thus would not have been intended to typically receive chemoradiotherapy prior 

to surgery. Despite the use of multivariate analysis to address confounding and selection bias of measured  

co-variates, residual bias will exist due to geographic variations in practice and fundamental differences in  

the underlying population. Furthermore, the precise reason of delay of surgical intervention is unknown 

from  the  present  study,  this  could  be  due  to  a  primary  treatment  approach  with  CRT  alone  and 

esophagectomy for residual or recurrent disease, or potentially in some cases poorer patient physiology  

delaying surgical intervention, which is an important consideration when interpreting the main findings of  
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the study. However, in the current times of COVID-related delays to surgical intervention these results may  

become increasing more relevant and important when counselling patients regarding salvage surgery. Our 

database is largely limited to European and North American centers and did not incorporate the variation 

in tumor pathology and subsequent treatment response seen in the Eastern hemisphere. Lastly, this study 

did not assess the morbidity or health related quality of life effects of surgery and CRT, although this will be 

reported outside the scope of this paper in future work. Further work is still required to understand the  

mechanisms underlying the poor survival associated with delayed surgery after CRT. If a primary organ-

sparing  approach  does  become  the  future  status  quo,  our  study  definitively  highlights  the  need  for 

modelling of risk-stratification tools to predict the profile of patients who may benefit from delayed or  

salvage surgery. 
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Conclusion 

Oncological and patient-related characteristics are most pertinent in attaining the best short and long-term 

survival outcomes in patients undergoing chemoradiotherapy and esophagectomy. A prolonged interval  

between completion of chemoradiotherapy and surgical intervention was shown to be a highly important 

prognostic factor adversely affecting 90-day mortality and 5-year overall survival. The results of this multi-

center international study do provide important data to inform patients regarding the risks of a potential  

watch and wait  strategy  after  chemoradiotherapy  with salvage  esophagectomy reserved for  recurrent 

cancer.  There remains a need to contextualize these results and identify the precise mechanisms that 

underpin the adverse clinical outcomes observed with a delayed interval after chemoradiotherapy. 
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Figure legends

Figure 1: DICE interval as a predictive factor of overall survival at five years (0 = 0-50 days; 1 = 51-100 days; 

2 = 101 – 200 days; 3 = >200 days) (p-value = <0.001)

Figure 2: DICE interval as a predictive factor of recurrence-free survival at five years (0 = 0-50 days; 1 = 51-

100 days; 2 = 101 – 200 days; 3 = >200 days) (p-value = 0.242) 

Figure 3: Dose of radiation as a predictive factor of overall survival at five years (p-value = 0.984)
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