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Abstract
Background
Perioperative chemotherapy is widely used in the treatment of oesophagogastric adenocarcinoma (OGAC) with substantial survival benefit over surgery alone. However, the postoperative part of these regimens is given in less than half of cases, reflecting uncertainty among clinicians about its benefit and poor postoperative patient fitness. This study estimates the effect of postoperative chemotherapy after surgery for OGAC using a large population-based dataset.

Methods
Patients with adenocarcinoma of the oesophagus, gastro-oesophageal junction (GOJ) or stomach diagnosed between 2012 and 2018 who underwent preoperative chemotherapy followed by surgery, were identified from a national level audit in England and Wales. Postoperative therapy was defined as the receipt of systemic chemotherapy within 90 days of surgery. The effectiveness of postoperative chemotherapy compared to observation was estimated using inverse propensity treatment weighting (IPTW).

Results
Postoperative chemotherapy was given to 1,539 of 4,139 patients (38.5%) included in the study. Almost all patients received platinum-based triplet regimens (4,004 patients, 96.7%), with FLOT used in 3.5%. Patients who received postoperative chemotherapy were younger, with a lower ASA grade and were less likely to have surgical complications, with similar tumour characteristics. After weighting, median survival time after postoperative chemotherapy was 62.7 months compared to 50.4 months without chemotherapy, with a Hazard Ratio of 0.84 (95%CI 0.77-0.94, p=0.001).  
Conclusions
This study shows that postoperative chemotherapy improves overall survival in patients with OGAC treated with preoperative chemotherapy and surgery. 

· 

Introduction
The majority of patients suitable for curative treatment for oesophagogastric adenocarcinoma (OGAC) undergo either perioperative chemotherapy or neoadjuvant chemoradiotherapy (NACRT) followed by surgery. There is clear evidence of benefit for both approaches compared to surgery alone in patients with locally advanced disease.(1–4) Despite this, less than half of these patients will survive more than five years post-surgery(5). The benefit of perioperative/neoadjuvant treatment outside patients who exhibit substantial cancer regression (primary tumour and/or lymph nodes), which probably represents less than 20% of those receiving perioperative chemotherapy(6) and less than 30% with NACRT(3), appears to be small in retrospective analyses. Furthermore, the importance of different components of perioperative chemotherapy, particularly treatment given in the postoperative period, is unclear. This is of particular relevance in OGAC because even in trial settings the planned postoperative component of perioperative chemotherapy is started in as few as 50-60% of cases and completed in less than 50%.(1,7) This leads many treating clinicians to believe that the benefit of perioperative chemotherapy is all derived from the preoperative doses. In the majority of cases where postoperative chemotherapy is not given, this is due to poor patient fitness after surgery.(8,9) In this context, quantifying the additional benefit of postoperative treatment and establishing in whom this occurs would allow more informed decision making about relative risks and benefits. 
To date, there are no published randomised controlled trials (RCTs) of postoperative chemotherapy following preoperative chemotherapy + surgery. In reality, such a trial would be challenging to conduct. Assuming modest efficacy and 50% of patients undergoing treatment per-protocol, several thousand patients would be required for an adequately powered primary analysis (even more for meaningful subgroup analyses), a likely infeasible number of patients to achieve in a changing treatment field. The strongest evidence to guide practice has been generated from observational studies using large population-based datasets. Research into the benefit of postoperative chemotherapy after NACRT and surgery for oesophageal adenocarcinoma using the United States National Cancer Database (NCDB) suggested a survival benefit, particularly when there is residual disease (hazard ratio (HR) 0.69-0.79).(10–12) In contrast, evidence for postoperative chemotherapy after preoperative chemotherapy and surgery is limited, with one large propensity matched NCDB study showing no benefit to postoperative chemotherapy in patients with gastric cancer(13), and inconsistent results arising from small studies with cancers of the gastro-oesophageal junction (GOJ)(14–16). The aim of this study was to evaluate the survival benefit of postoperative chemotherapy compared with no chemotherapy in patients with OGAC treated with preoperative chemotherapy and surgery in a planned perioperative regimen. 

Methods
Patients and treatment
Patients over the age of 18 and diagnosed between 1 April 2012 and 31 March 2018 were identified from the National Oesophago-gastric Cancer Audit (NOGCA). The audit is funded by NHS England and the Welsh government and commissioned by the Healthcare Quality Improvement Partnership (HQIP), with data collection approved by the Confidentiality Advisory Group under section 251 of the NHS Act 2006. The NOGCA includes patient demographics, tumour details, details of surgery, surgical pathology results and treatment. Details of chemotherapeutics were cross-referenced and supplemented with linked data from the Systemic Anti-Cancer Therapy dataset (SACT), to which data submission is mandatory for all NHS chemotherapy providers in England.(17)
This non-randomised, retrospective study was designed to emulate a hypothetical comparable RCT, i.e. the ‘Target Trial’(18,19). Supplementary table 1 summarises this Target Trial protocol. Patients were eligible for inclusion if they had a histologically confirmed diagnosis of adenocarcinoma arising from the oesophagus, gastro-oesophageal junction (Siewert I-III) or stomach and underwent chemotherapy followed by planned curative surgery. As response to radiotherapy/chemoradiotherapy is biologically distinct to chemotherapy(20–22), patients who received preoperative chemoradiotherapy or radiotherapy were excluded. Patients with overt metastatic disease at resection (ypM1) were excluded, as were patients whose physical fitness prior to surgery was likely to preclude a full course of treatment (ASA≥4 or WHO Performance Status ≥3). Chemotherapy regimens were ascertained from the SACT dataset, and the study cohort was limited to those patients receiving platinum-based triplet therapy (i.e., ECF/Epirubicin + Cisplatin + 5-FU, ECX/Epirubicin + Cisplatin + Capecitabine, EOF/Epirubicin + Oxaliplatin + 5-FU, EOX/Epirubicin + Oxaliplatin + Capecitabine) or FLOT (5-FU + Leucovorin + Oxaliplatin + Docetaxel) in both preoperative and postoperative periods. Treatments other than platinum-based triplet or FLOT regimens were excluded because these regimens are primarily given in the neoadjuvant (as opposed to perioperative) setting. 
Treatment intent for platinum-based triplet therapy was three preoperative and three postoperative cycles, where each cycle consisted of epirubicin (50mg/m2 IV) and cisplatin (60mg/m2 IV) or oxaliplatin (130mg/m2 IV) on day 1 in conjunction with daily 5-FU (200mg/m2 IV) or Capecitabine (1250mg/m2 PO) for 21 days. For FLOT four pre- and four post-operative two week cycles are intended, with docetaxel (50mg/m2), oxaliplatin (85mg/m2), lecovorin (200mg/m2) and 5-FU (2600mg/m2) administered on cycle day 1.
Postoperative treatment was defined as the receipt of at least one cycle of postoperative chemotherapy started within 90 days of surgery, given with a non-palliative intent. Patients who did not receive any postoperative chemotherapy were referred to as “observation only”. 
To be eligible for postoperative treatment, patients must survive the immediate postoperative period. In retrospective analyses such as this, this introduces ‘immortal-time bias’(23) with an apparently higher mortality in the untreated group. One method of addressing this is to remove patients who die before a ‘landmark’ time(24) (all in the untreated group) from the analysis. As postoperative treatment was defined as beginning within 90 days of surgery, 90-days post-surgery was chosen as landmark time and all patients who died before this were excluded. 
The primary outcome was overall survival from date of diagnosis.

Statistical Analysis
Treatment allocation in observational studies is non-random. In routine clinical practice, allocation to postoperative treatment is influenced by a number of factors that are associated with survival(16), which will confound the results from an observational study. In order to reduce selection bias and confounding in this study, a propensity score weighting approach was used. The propensity score(25) estimates the probability of treatment given the patient characteristics, and is produced from a logistic regression model. The score is then used to balance the patient characteristics in the different treatment groups during the process of estimating the relative benefit of one treatment compared against another.  This propensity score analysis used the inverse probability of treatment weighting (IPTW) method, which has been shown to achieve better covariate balance in comparison to matching approaches.(26,27) Robust standard errors were calculated using bootstrapping with 100 replications.(28) The propensity score analysis was conducted separately for each imputed dataset and the relative treatment effect was derived by pooling the 30 treatment effects estimated with IPTW on each imputed datasets.(29) 
For this study, twenty-five variables were used for balancing the treatment groups, and incorporated a combination of relevant patient, disease and treatment factors, illustrated in Table 1. Covariate balance was assessed using the standardised mean difference (SMD),(30,31) with a value of greater than 0.1 taken to indicate significant imbalance.(32)
Missing values were assumed to be Missing at Random (MAR) and we used multiple imputation by chained equations (MICE)(33) to generate thirty imputed datasets for the analysis.(34)Comparisons of patient characteristics across the treatment groups were conducted using the weighted Mann Whitney U and Chi-Square tests. Survival analysis was conducted using the weighted Log-rank tests and Cox proportional hazard models. The proportional hazards assumption was assessed by inspection of scaled Schoenfeld residuals.(35) The restricted mean survival time (RMST)(36–41) and its derivative the life expectancy difference were also calculated at 36 and 60 months. As IPTW only adjusts for known confounders, a sensitivity analysis was conducted to assess for the magnitude of confounding from unmeasured factors required to eliminate the measured effect, using the E-Value(42). In a second sensitivity analysis, the landmark time was varied up to six months post-surgery to ensure that immortal time bias had been adequately controlled for in the analysis. A series of subgroup analyses were also conducted to assess the stability of the estimated treatment effect.  The effect of tumour site (oesophagus, GOJ, stomach) and lymph node involvement (N0, N+) were assessed separately. IPT weights were recalculated for each analysis. All analyses were conducted in R.(43)


Results
Patients
Figure 1 details the flow chart of the study. In total, 4,139 patients treated in 58 centres were included. Missing data on patient characteristics were present in 1124 cases (27.1%), with the most frequent missing variables being circumferential resection margin (CRM, 16.0%), cT (5.3%), cN (2.8%), ypN (4.4%), ypT (4.3%) and length of stay (4.1%). All other variables had <1% missing data. A full course of preoperative chemotherapy was completed in 3,025 cases (73.1%). The site of the tumour was in the oesophagus in 47.9%, the GOJ in 29.2% and the stomach in 22.9%. Median survival for the full study cohort was 57.1 months (95% CI 51.9-63.6 months), with the proportion of patients surviving at 3- and 5-years 60.8% and 49.3% respectively. Median follow up was 37.5 months (IQR 21.5-53.1 months). In the preoperative setting, ECX was most frequently used (3116 cases, 75.3%) followed by EOX (717/17.3%), FLOT (135/3.3%), ECF (134/3.2%), and EOF (37/0.9%). The most common procedures performed were Ivor-Lewis oesophagectomy (2439 cases, 58.9%), total gastrectomy (703, 16.9%) and distal gastrectomy (414, 10.0%).
Postoperative chemotherapy was started within 90 days of surgery in 1,593 (38.5%) cases (the treatment group), with 2,546 (61.5%) receiving observation only. In the treatment group, 953 patients (61.9%) were recorded as receiving three or more postoperative cycles of chemotherapy, 384 (25.0%) two cycles and 256 (16.6%) one cycle. Fewer patients who underwent FLOT received postoperative treatment than those who underwent platinum-based triplet chemotherapy (12.6% vs 39.4%, p<0.001), although the number of FLOT patients was small (137, 3.2%).
There were substantial differences in characteristics between patients who received postoperative therapy and those who were observed (Table 2).  Patients who underwent postoperative treatment were younger, with a more favourable WHO Performance Status and ASA grade. They also suffered fewer surgical complications and had a shorter length of stay. The differences in postoperative pathology were less marked, suggesting that tumour biology was less influential in treatment allocation than patient fitness. 
Of the twenty-five variables used to produce the propensity score, thirteen exhibited substantial imbalance (SMD >0.1) pre-weighting. Considerable overlap in propensity score distribution between groups is seen (supplementary figure 1). Following IPTW, the intra-group differences were substantially reduced, with the mean SMD across the variables reduced from 0.145 to 0.024. An SMD of <0.1 was achieved for all variables (Figure 2), indicating similar distribution of measured characteristics between the two groups(32). 
Outcomes
Prior to weighting, a substantial survival benefit of postoperative chemotherapy was seen, with a hazard ratio (HR) of 0.78 (95%CI 0.70-0.86, p<0.001) and an increase of median survival from 49.4 months to 67.2 months (p<0.001). 
After IPT weighting, postoperative chemotherapy treatment remained associated with a significantly longer median overall survival compared to observation (62.7 vs 50.4 months p=0.004). Three and five-year survival rates were 62.7% and 50.4% respectively in the treatment group, compared to 58.8% and 47.5% in the observation only group, corresponding to an absolute increase in survival of 2.9% at five years (Figure 3) and an increase in the RMST of 1.5 months (95%CI 0.8–2.1 months, p<0.001) and 2.2 months (95%CI 0.8-3.5 months, p=0.002) at three- and five-years respectively. Weighted Cox analysis yielded a HR for postoperative treatment of 0.84 (95% CI 0.77 – 0.94, p=0.001). Weighted Shoenfeld residuals are shown in Supplementary Figure 3.
When assessing for the risk of unmeasured confounding, an E-value of 1.51 (95% CI 1.26-1.69) was obtained, meaning that to eliminate the survival benefit described above, residual confounding would have to be expressed 1.51 times more frequently in the patients treated with postoperative chemotherapy than in the observed and exhibit a risk ratio for mortality of 1.51 (≈ HR of 1.8).  Varying the landmark analysis time from three to six months (therefore excluding patients who died before this) had minimal influence on the results (Supplementary Table 2, Supplementary Figure 2), which were consistent with the primary analysis.
Subgroup analysis
The three-year life expectancy difference and hazard ratio for each subgroup analysis are summarised in Table 3. The weighting did not produce as balanced treatment and observation groups in the subgroup analyses, with SMD >0.1 in length of stay for the N+ and Gastric groups, and in anastomotic leak for the Gastric and GOJ group. There were however substantial reductions in the mean SMD and for all variables in all subgroups.  When comparing effect by tumour site, a survival benefit was most marked in oesophageal tumours, with a life expectancy difference (LED) at 3 years of 1.82 months (95%CI 0.89-2.76, p<0.001), median survival 63.6 vs 43.2 months (p<0.001) and a HR of 0.79 (95%CI 0.68-0.90, p=0.001). For GOJ tumours, a 3-year LED of 1.59 months was seen (95% CI 0.42-2.96 months p=0.009), however the HR was not statistically significant (HR 0.86, 95%CI 0.70-1.06, p=0.156) and violated the proportional hazards assumption (and is therefore less appropriate for group comparisons). For tumours of the stomach no benefit in 3-year LED (0.72 months, 95%CI -0.51-1.95, p=0.251) or HR (0.95, 95%CI 0.75-1.20, p=0.686) to postoperative chemotherapy was seen.
Patients with tumours of the stomach were more frequently given postoperative chemotherapy (42.9% of patients compared to 36.2% GEJ and 37.8% esophagus, p<0.001), possibly reflecting the lower complication burden suffered by these patients (all complications 22.5% stomach, 33.9% GOJ and 36.2% oesophagus, p<0.001, Supplementary Table 3). ypN stage was similar for all tumour locations (p=0.111), however patients with gastric tumours were more likely to have higher ypT (ypT4 22.7% for stomach, 11.3% for GOJ and 5.2% for oesophagus, p<0.001).
 Patients found to have no involved lymph nodes at resection (ypN0) had globally excellent survival outcomes, and a further benefit to postoperative chemotherapy was not seen, whereas in patients with ypN+, observed survival was superior in those patients who received postoperative chemotherapy (HR 0.80, 95%CI 0.70-0.92, p<0.001, 3-year LED 2.1 months, 95%CI 1.2-3.0, p<0.001). When analysed according to both nodal status and site of tumour, survival was longer in patients receiving postoperative chemotherapy with ypN+ if the tumour was located in the oesophagus (HR 0.81 95%CI 0.69-0.95, p=0.009) or at the GOJ (HR 0.76, 95%CI 0.61-0.95, p=0.016), but not the stomach (HR 0.94 95%CI 0.69-1.27, p=0.686) or for any tumour site with ypN0 (supplementary table 4). 


Discussion
Although drawing definitive conclusions from retrospective analyses is challenging, this study suggests that the postoperative component of perioperative chemotherapy has a clinically meaningful benefit in patients with surgically treated oesophagogastric adenocarcinoma. Patients undergoing postoperative chemotherapy had a median survival of 62.7 months in comparison to 50.4 months for observation alone, a magnitude of effect comparable to that seen for the benefit of FLOT type perioperative treatment over ECF/ECX(4), which has led to a change in practice. In patients with oesophageal tumours, the effect of postoperative chemotherapy was even more marked, with median survival of 63.6 and 42.2 months seen and a HR of 0.79.
Following the publication of the MRC-MAGIC trial(1), perioperative chemotherapy became standard of care in many settings, especially for gastric/GOJ cancers. Subsequent trials provided further evidence of benefit for multi-modal therapy over surgery alone and aimed to optimise regimens(4,44–46). However, fewer than 50% of patients completed treatment per-protocol in all of these studies. This has left a clear evidence gap, with uncertainty concerning in whom of a comparatively unfit patient cohort, who have already undergone debilitating treatment, postoperative treatment should be targeted. This study provides evidence in support of postoperative chemotherapy in these patients. 
The strengths of this study include the large, multi-centre national datasets from which it was drawn. A large number of variables plausibly related to treatment allocation and/or survival were used to derive the propensity score and it was possible to include chemotherapy regimen details and surgical complications, which are absent from studies conducted using the NCDB(10–12,16). The main limitation of this study is its observational design, but this must be weighed against the importance of the findings made from “real world” settings outside very tightly controlled clinical trials. Robust methods to deal with potential sources of bias were used, and the IPTW produced well balanced groups in the main analysis. A landmark time method was adopted to minimise immortal time bias, observing a persistent effect even when this was significantly extended. There was one unmeasured confounding factor, tumour regression grade (TRG), which has previously been shown to influence postoperative treatment allocation(6,15). The propensity score model included several variables with which TRG is strongly corelated (ypT, ypN, CRM), which are likely to reduce or eliminate its independent multivariate effect(47). However its absence is a limitation of this analysis. Further study with direct measurement of tumour and nodal regression(48) would be beneficial. It is likely that other unmeasured confounders exist that may reduce the strength of association seen. The potential effect of unmeasured confounding was assessed. It was found that to eliminate the demonstrated benefit, a set of confounders would need to be roughly 50% more prevalent in the observation cases and would have to be associated with a 1.51 increase in the risk of death to explain the observed risk ratio, which is unlikely. The NOGCA also does not record recurrence or cause of death, so we were unable to calculate disease-free or cancer-specific survival, which may be less susceptible to residual selection bias. 
The subgroup analyses were limited by the increased residual confounding in comparison to the main analysis, with length of stay and the occurrence of anastomotic leak, both factors that strongly correlate with administration of postoperative chemotherapy, unable to be balanced in some subgroups. This reduces the validity of relationships demonstrated. However, valuable further insights may still be gained. Firstly, in ypN0 patients no survival benefit was seen with postoperative chemotherapy. These patients had very good survival outcomes overall and they may have either innately favourable biology and/or substantial response to preoperative treatment that obviate the need for postoperative chemotherapy. A prognostic model for oesophageal cancer was developed in a similar cohort from the NOGCA(49) which highlights subpopulations within staging groups with differing survival. Prospective validation of this tool or others should consider if they can identify either subgroups or individual patients who would benefit from postoperative/adjuvant therapy. The integration of biomarker analysis into routine practice may also help guide treatment decisions in future, particularly for adding of monoclonal antibodies into treatment pathways (e.g., PDL1 status for utility of Nivolumab), although no such marker of response to traditional pre/post-operative chemotherapy so far has been identified. Secondly, treatment effect varied with tumour site, with a larger effect seen with oesophageal tumours, a lesser effect seen for tumours of the GOJ, and no clear benefit to tumours of the stomach, even when ypN+, similar to previous research(13). These results should be interpreted in the context that the pre-specified balance criteria (SMD <0.1) were not met for some variables in the GOJ and gastric subgroups, making these analyses largely exploratory. Nonetheless, this reinforces that these tumours, although often considered together, vary in terms of their etiology, genetics and response to treatment, at least in certain settings, which should be taken into consideration when analysing outcomes data(50).
There were insufficient numbers to analyse patients treated with FLOT separately, as this regimen has only recently entered widespread clinical practice, however given the similarities in postoperative treatment uptake between the MRC-MAGIC and FLOT4 trials, similar results would be expected. The magnitude of effect is however unclear, and the findings on subgroup analysis (e.g., the lack of benefit in ypN0 tumours, which is seen more frequently after FLOT) may not translate to this population. Further research is required, and a further 5-10 years of experience with the regimen will be required to answer these questions. Despite the small number of patients who received FLOT in this study, the considerably reduced proportion of patients going on to have postoperative chemotherapy should be noted. Considering the effects of postoperative therapy demonstrated in this study, the more pronounced toxicity of FLOT, perceived or otherwise, could impact survival outcomes in the real-world setting.  
These results highlight the potential impact of increasing the uptake of postoperative chemotherapy in terms of improving survival among patients with OGAC.  It was found that postoperative chemotherapy was utilised less frequently overall than in published trials (38.5% of patients). Treatment allocation appeared to be predominantly governed by patient fitness and postoperative course, rather than tumour biology, with the most discriminatory variables including post-surgery length of stay, surgical complications, and age. Patients who did not complete all preoperative treatment were also less likely to be treated postoperatively, presumably because of their physical condition. Patients who were treated in higher volume centres (>60 resections/year) were more likely to be treated with postoperative chemotherapy (Table 2). 
In this context, increasing postoperative chemotherapy use involves targeting potentially modifiable factors influencing its receipt, predominantly surgical complications. Although the NOGCA reports complications less frequently than international benchmarks(51,52), we observed a strong relationship between complications and receipt of postoperative chemotherapy. This may partly explain the association of anastomotic leak and pulmonary complications with decreased overall survival after esophagectomy(53). Strategies to minimise surgical complications and their impact, including centralisation(54) and minimally invasive techniques(55) proceed at pace, and may in future yield significant survival benefits. Furthermore, better risk stratification might allow differing treatment strategies to be used in higher risk patients including both the accepted i.e. chemoradiation(3,56) and the experimental e.g. Immunotherapy,(57,58) administering all treatment cycles preoperatively, or omission of futile treatment in those patients who  will not benefit.
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Figure Legends
Figure 1: Flow diagram describing the inclusion and exclusion criteria for study.  The initial cohort contained patients diagnosed between 1 April 2012 and 30 March 2018 
Footnote figure 1
* Patients were excluded if they received non-perioperative (i.e., neoadjuvant only) or non-standard regimens (1378 patients). The majority of these received either a platinum and fluoropyrimidine doublet (780, 45.5%) or paclitaxel with carboplatin (206, 15.4%).
Abbreviations: GOJ = Gastro-oesophageal junction, ASA = American Society of Anaesthesiology Grade, PS = WHO Performance Status, ECF = Epirubicin, Cisplatin & Fluorouracil, ECX = Epirubicin, Cisplatin and Capecitabine, EOX = Epirubicin, Oxaliplatin and Capecitabine, EOF = Epirubicin, Oxaliplatin and Fluorouracil, FLOT = Fluorouracil, Leucovorin, Oxaliplatin and Docetaxel
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Figure 2: Standardised Mean Difference (SMD) of weighting covariates before and after weighting ordered by pre-weighting SMD. After weighting, SMD is <0.1 for all variables, indicating no substantial imbalance between analysis groups
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Figure 3: Weighted overall survival for patients receiving postoperative chemotherapy or observation only. Dashed line represents median survival (62.7 months for postoperative chemotherapy, 50.4 months for observation)
[image: ]

Table 1: Characteristics used for IPTW
	Patient Characteristics
	Disease Characteristics
	Treatment Characteristics

	Gender
	Site of tumour
	Completion of preoperative chemotherapy

	Age
	ypT Stage
	Time from diagnosis to surgery

	ASA Grade
	ypN Stage
	Surgical Approach

	Performance Status
	CRM involvement
	Hospital Volume

	Ischaemic Heart Disease
	Differentiation Grade
	Complications (any)

	COPD/Asthma
	
	Anastomotic Leak

	Chronic Kidney Disease
	
	Respiratory Complications

	Diabetes Mellitus
	
	Length of Stay

	Total Number of Comorbidities
	
	Surgical Procedure

	Social Deprivation*
	
	Preoperative Chemotherapy Regimen (platinum-based triplet or FLOT)

	
	 
	

	CRM = Circumferential Resection Margin, defined as per the Royal College of Pathologists guidelines (i.e. positive if tumour found at or within 1mm of cut edge)(59), COPD = Chronic Obstructive Pulmonary Disease, ASA = American Society of Anaesthesiologists, *English Index of Multiple Deprivation
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Table 2 Pre-weighting cohort characteristics stratified by receipt of postoperative treatment. 
	 
	 
	Overall (n=4139)
	Observation (n=2546)
	Treatment (n=1593)
	p§

	Female Gender
	   810 (19.6) 
	   506 (19.9) 
	   304 (19.1) 
	 0.559

	Age
	 66.00 [58.00, 71.00]
	 67.00 [60.00, 72.00]
	 64.00 [56.00, 70.00]
	<0.001¶

	Site of Tumour
	Oesophagus upper 1/3 
	    28 (0.7) 
	    18 (0.7) 
	    10 (0.6) 
	 0.019

	
	Oesophagus middle 1/3
	   176 (4.3) 
	   108 (4.2) 
	    68 (4.3) 
	

	
	Oesophagus lower 1/3 
	  1781 (43.0) 
	  1109 (43.6) 
	   672 (42.2) 
	

	
	GOJ Siewert I
	   413 (10.0) 
	   271 (10.6) 
	   142 (8.9) 
	

	
	GOJ Siewert II
	   439 (10.6) 
	   268 (10.5) 
	   171 (10.7) 
	

	
	GOJ Siewert III
	   356 (8.6) 
	   232 (9.1) 
	   124 (7.8) 
	

	
	Gastric Fundus
	    93 (2.2) 
	    58 (2.3) 
	    35 (2.2) 
	

	
	Gastric Body
	   515 (12.4) 
	   305 (12.0) 
	   210 (13.2) 
	

	
	Gastric Antrum
	   232 (5.6) 
	   117 (4.6) 
	   115 (7.2) 
	

	
	Pylorus
	   106 (2.6) 
	    60 (2.4) 
	    46 (2.9) 
	

	Procedure
	Left Thoraco-abdominal oesophagectomy
	   249 (6.0) 
	   158 (6.2) 
	    91 (5.7) 
	 0.115

	
	Two-Phase oesophagectomy
	  2439 (58.9) 
	  1520 (59.7) 
	   919 (57.7) 
	

	
	Three-Phase oesophagectomy
	    88 (2.1) 
	    64 (2.5) 
	    24 (1.5) 
	

	
	Transhiatal oesophagectomy
	    61 (1.5) 
	    37 (1.5) 
	    24 (1.5) 
	

	
	Total gastrectomy
	   703 (17.0) 
	   426 (16.7) 
	   277 (17.4) 
	

	
	Extended total gastrectomy
	   171 (4.1) 
	   100 (3.9) 
	    71 (4.5) 
	

	
	Proximal gastrectomy
	    14 (0.3) 
	     8 (0.3) 
	     6 (0.4) 
	

	
	Distal gastrectomy
	   414 (10.0) 
	   233 (9.2) 
	   181 (11.4) 
	

	Performance Status
	0
	  2587 (62.5) 
	  1509 (59.3) 
	  1078 (67.7) 
	<0.001

	
	1
	  1369 (33.1) 
	   910 (35.7) 
	   459 (28.8) 
	

	
	2
	   183 (4.4) 
	   127 (5.0) 
	    56 (3.5) 
	

	ASA Grade
	1
	   534 (12.9) 
	   293 (11.5) 
	   241 (15.1) 
	 0.002

	
	2
	  2533 (61.2) 
	  1568 (61.6) 
	   965 (60.6) 
	

	
	3
	  1072 (25.9) 
	   685 (26.9) 
	   387 (24.3) 
	

	Social Deprivation Index*
	Least Deprived
	   847 (20.5) 
	   493 (19.4) 
	   354 (22.3) 
	 0.003

	
	2nd Quintile
	   838 (20.3) 
	   502 (19.8) 
	   336 (21.2) 
	

	
	3rd Quintile
	   829 (20.1) 
	   554 (21.8) 
	   275 (17.3) 
	

	
	4th Quintile
	   825 (20.0) 
	   519 (20.4) 
	   306 (19.3) 
	

	
	Most Deprived
	   787 (19.1) 
	   472 (18.6) 
	   315 (19.9) 
	

	History of Specific Comorbidity
	IHD
	   878 (21.2) 
	   551 (21.6) 
	   327 (20.5) 
	 0.415

	
	COPD
	   399 (9.6) 
	   257 (10.1) 
	   142 (8.9) 
	 0.231

	
	DM
	   385 (9.3) 
	   249 (9.8) 
	   136 (8.5) 
	 0.199

	Number of recorded comorbidities
	  0.00 [0.00, 1.00]
	  0.00 [0.00, 1.00]
	  0.00 [0.00, 1.00]
	 0.008¶

	Annual Hospital Volume
	1 to 30
	   308 (7.4) 
	   190 (7.5) 
	   118 (7.4) 
	<0.001

	
	31 to 60
	  2117 (51.1) 
	  1392 (54.7) 
	   725 (45.5) 
	

	
	>60
	  1714 (41.4) 
	   964 (37.9) 
	   750 (47.1) 
	

	ypT
	0
	   279 (7.0) 
	   181 (7.4) 
	    98 (6.4) 
	 0.064

	
	1
	   515 (13.0) 
	   323 (13.3) 
	   192 (12.5) 
	

	
	2
	   531 (13.4) 
	   318 (13.1) 
	   213 (13.9) 
	

	
	3
	  2203 (55.6) 
	  1321 (54.3) 
	   882 (57.6) 
	

	
	4
	   435 (11.0) 
	   289 (11.9) 
	   146 (9.5) 
	

	ypN
	0
	  1708 (43.2) 
	  1063 (43.8) 
	   645 (42.2) 
	 0.416

	
	1
	   851 (21.5) 
	   526 (21.7) 
	   325 (21.3) 
	

	
	2
	   776 (19.6) 
	   456 (18.8) 
	   320 (20.9) 
	

	
	3
	   622 (15.7) 
	   383 (15.8) 
	   239 (15.6) 
	

	CRM positive
	   791 (22.8) 
	   512 (24.0) 
	   279 (20.8) 
	 0.036

	Grade
	G1
	   116 (2.8) 
	    71 (2.8) 
	    45 (2.8) 
	 0.852

	
	G2
	  1409 (34.4) 
	   872 (34.7) 
	   537 (33.9) 
	

	
	G3/4
	  2124 (51.8) 
	  1289 (51.3) 
	   835 (52.6) 
	

	
	GX
	   450 (11.0) 
	   281 (11.2) 
	   169 (10.7) 
	

	Preoperative Regime
	FLOT
	   135 (3.3) 
	   118 (4.6) 
	    17 (1.1) 
	<0.001

	
	Platinum-based triplet
	4004 (96.7)
	2428 (95.4)
	1576 (98.9)
	

	Pre-surgery treatment not completed
	1114 (26.9)
	854 (33.5)
	260 (16.3)
	<0.001

	Any Complication
	  1331 (32.4) 
	   935 (37.0) 
	   396 (24.9) 
	<0.001

	Respiratory Complication
	   614 (14.8) 
	   434 (17.0) 
	   180 (11.3) 
	<0.001

	Anastomotic Leak
	   219 (5.3) 
	   186 (7.4) 
	    33 (2.1) 
	<0.001

	Length of stay (days)
	 11.00 [9.00, 15.00]
	 12.00 [9.00, 19.00]
	 10.00 [8.00, 13.00]
	<0.001¶

	Diagnosis to resection (days)
	153.00 [139.00, 171.00]
	153.00 [138.00, 173.00]
	153.00 [140.00, 168.00]
	 0.296¶

	Data presented as absolute number (%) and median (IQR), § χ2 test, except ¶ MWU test. GOJ = Gastro-oesophageal junction, CRM = Circumferential resection margin, *Index of multiple deprivation
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Table 3: Estimated benefit of receiving postoperative chemotherapy for different patient subgroups, estimated using IPTW propensity analysis. Life expectancy (LE) difference (in months) gives difference in restricted mean survival times from 3 years follow-up.

	Cohort 
	Cases (n^) Observed/Treated 
	3-year Survival Observed (%)
	3-year Survival Treated (%)
	3-year LED (95% CI)
	P
	HR (95% CI)
	P

	
	
	
	
	
	
	
	
	

	ypN0
	1119/671
	82.4
	89.9
	0.95 (0.26 - 1.63)
	0.007
	0.846 (0.609 - 1.174)
	0.322
	

	ypN+
	1427/922
	39.8
	51.2
	2.11 (1.2 - 3.02)
	0.000
	0.803 (0.703 - 0.918)
	0.001
	

	Oesophagus
	1235/750
	55.4
	65.8
	1.82 (0.89 - 2.76)
	0.000
	0.785 (0.684 - 0.901)
	0.001
	

	Gastro-oesophageal junction (SI-III)
	771/437
	57.4
	73.8
	1.69 (0.42 - 2.96)
	0.009
	0.863 (0.704 - 1.057)
	0.156
	

	Gastric
	540/406
	66.3
	76.3
	0.72 (-0.51 - 1.95)
	0.251
	0.951 (0.754 - 1.199)
	0.686
	

	HR = Hazard Ratio, LED = Life Expectancy Difference (months), CRM = circumferential resection margin, n^ Mean number of cases across imputed datasets
	





Supplementary Table 1: Target Trial Protocol
	Eligibility criteria
	Individuals at age 18 years or older with stage I-IVa oesophageal or gastric adenocarcinoma diagnosed and treated in England, who underwent curative surgery following preoperative chemotherapy with ECX, ECF, EOX, EOF or FLOT.

	Treatment strategies
	1. Postoperative systemic chemotherapy administered within 90 days of curative surgery
2. No postoperative systemic chemotherapy administered within 90 days of curative surgery

	Assignment procedures
	Participants will be randomly assigned to either strategy after surgery, and will be aware of the strategy they have been assigned to.  

	Follow-up period
	Starts at randomization and ends at death, or censoring date, whichever occurs earlier.  No knowledge of loss to follow-up.  No loss to follow up is assumed due to the use of the national death register.

	Outcome
	All-cause mortality
Objective outcome – lack of blinding to treatment allocation unlikely to introduce bias

	Causal contrasts
	Per-protocol effect

	Analysis plan
	Per-protocol analysis



This study deviates from the target trial protocol primarily in assignment, which is not random. IPTW minimises the effect of this deviation to more closely approximate the target trial.


Supplementary Figure 1: Distribution of inverse propensity scores weights for treated and observation patients
[image: Chart, histogram
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Supplementary Table 2: Landmark time sensitivity analysis: Effect is preserved with increasing landmark time to 6 months
	Landmark Time
	Observation (n)
	Postoperative chemotherapy (n)
	HR (95% CI)
	P-value
	3-year LED (95% CI)
	P-value
	Mean Weighted SMD
	Variables with SMD>0.1

	
	
	
	
	
	
	
	
	
	

	3 months
	1760
	1054
	0.80 (0.70 - 0.91)
	0.002
	1.8 (1.0 - 2.6)
	<0.001
	0.023
	0
	

	4 months
	1729
	1052
	0.82 (0.71 - 0.94)
	0.006
	1.5 (0.7 - 2.4)
	<0.001
	0.023
	0
	

	5 months
	1696
	1046
	0.84 (0.73 - 0.96)
	0.009
	1.3 (0.6 – 2.1)
	<0.001
	0.023
	0
	

	6 months
	1649
	1037
	0.86 (0.75 - 0.99)
	0.031
	1.1 (0.3 - 1.82)
	0.006
	0.023
	0
	







Supplementary Figure 2: Weighted Kaplan Meier Chart with varying Landmark time (A) 3 months, (B) 4 months, (C) 5 months, (D) 6 months
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Supplementary Figure 3: Scaled Schoenfeld residuals from the Cox proportional hazards model
[image: Chart, line chart
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Supplementary Table 3: Comparison of clinicopathological characteristics by site of tumour

	 
	 
	Site of tumour
	 

	 
	 
	Stomach (n=946)
	GOJ (n=1208)
	Oesophagus (n=1985)
	p§

	Female Gender
	   296 (31.3) 
	   216 (17.9) 
	   298 (15.0) 
	<0.001

	Age
	 66.00 [57.00, 73.00]
	 66.00 [58.00, 71.00]
	 65.00 [59.00, 71.00]
	0.223¶

	Performance Status
	0
	   589 (62.3) 
	   722 (59.8) 
	  1276 (64.3) 
	0.128

	
	1
	   314 (33.2) 
	   425 (35.2) 
	   630 (31.7) 
	

	
	2
	    43 (4.5) 
	    61 (5.0) 
	    79 (4.0) 
	

	ASA
	1
	   133 (14.1) 
	   166 (13.7) 
	   235 (11.8) 
	0.334

	
	2
	   570 (60.3) 
	   723 (59.9) 
	  1240 (62.5) 
	

	
	3
	   243 (25.7) 
	   319 (26.4) 
	   510 (25.7) 
	

	Social Deprivation Index *
	Least Deprived
	   245 (26.0) 
	   237 (19.7) 
	   365 (18.4) 
	<0.001

	
	2nd Quintile
	   211 (22.4) 
	   230 (19.1) 
	   397 (20.1) 
	

	
	3rd Quintile
	   161 (17.1) 
	   241 (20.0) 
	   427 (21.6) 
	

	
	4th Quintile
	   174 (18.4) 
	   255 (21.2) 
	   396 (20.0) 
	

	
	Most Deprived
	   153 (16.2) 
	   239 (19.9) 
	   395 (19.9) 
	

	History of Specific Comorbidity
	IHD
	   208 (22.0) 
	   266 (22.0) 
	   404 (20.4) 
	0.43

	
	COPD
	    82 (8.7) 
	   125 (10.3) 
	   192 (9.7) 
	0.423

	
	DM
	   100 (10.6) 
	   116 (9.6) 
	   169 (8.5) 
	0.183

	Number of recorded comorbidities
	  0.00 [0.00, 1.00]
	  0.00 [0.00, 1.00]
	  0.00 [0.00, 1.00]
	0.486¶

	Annual Hospital Volume
	1 to 30
	    68 (7.2) 
	    97 (8.0) 
	   143 (7.2) 
	0.291

	
	31 to 60
	   507 (53.6) 
	   591 (48.9) 
	  1019 (51.3) 
	

	
	>60
	   371 (39.2) 
	   520 (43.0) 
	   823 (41.5) 
	

	ypT
	0
	    56 (6.2) 
	    89 (7.7) 
	   134 (7.0) 
	<0.001

	
	1
	   136 (15.0) 
	   119 (10.3) 
	   260 (13.7) 
	

	
	2
	   154 (17.0) 
	   142 (12.3) 
	   235 (12.4) 
	

	
	3
	   354 (39.1) 
	   675 (58.4) 
	  1174 (61.7) 
	

	
	4
	   206 (22.7) 
	   130 (11.3) 
	    99 (5.2) 
	

	ypN
	0
	   415 (46.0) 
	   486 (42.1) 
	   807 (42.5) 
	0.111

	
	1
	   169 (18.7) 
	   243 (21.1) 
	   439 (23.1) 
	

	
	2
	   168 (18.6) 
	   238 (20.6) 
	   370 (19.5) 
	

	
	3
	   151 (16.7) 
	   187 (16.2) 
	   284 (14.9) 
	

	CRM positive
	
	    N/A 
	   249 (23.3) 
	   518 (28.2) 
	<0.001

	
	G1
	    12 (1.3) 
	    32 (2.7) 
	    72 (3.7) 
	<0.001

	
	G2
	   230 (24.7) 
	   446 (37.1) 
	   733 (37.3) 
	

	
	G3/4
	   596 (63.9) 
	   579 (48.2) 
	   949 (48.3) 
	

	
	GX
	    95 (10.2) 
	   144 (12.0) 
	   211 (10.7) 
	

	Preoperative Regime
	FLOT
	    29 (3.1) 
	    42 (3.5) 
	    64 (3.2) 
	0.86

	
	Platinum-based triplet
	917 (96.9)
	1166 (96.5)
	1921 (96.8)
	

	Any Complication
	   212 (22.5) 
	   407 (33.9) 
	   712 (36.2) 
	<0.001

	Respiratory Complication
	    84 (8.9) 
	   197 (16.3) 
	   333 (16.8) 
	<0.001

	Anastomotic Leak
	    37 (3.9) 
	    67 (5.6) 
	   115 (5.8) 
	0.088

	Length of stay (days)
	  9.00 [7.00, 13.00]
	 12.00 [9.00, 16.00]
	 12.00 [9.00, 17.00]
	<0.001¶

	Diagnosis to resection (days)
	150.00 [136.00, 167.00]
	153.00 [140.00, 171.00]
	155.00 [140.00, 173.00]
	<0.001¶

	Postoperative Chemotherapy
	406 (42.9)
	437 (36.2)
	750 (37.8)
	0.004

	Data presented as absolute number (%) and median (IQR), § χ2 test, except ¶ MWU test. GEJ = Gastro-esophageal junction, CRM = Circumferential resection margin, *Index of multiple deprivation





Supplementary Table 4: Estimated benefit of receipt of postoperative chemotherapy dependent on tumour site and nodal involvement

	Cohort 
	Cases (n^) Observed/ Treated 
	3-year Survival Observed (%)
	3-year Survival Treated (%)
	3-year LED (95% CI)
	P
	HR (95% CI)
	P

	
	
	
	
	
	
	
	
	

	Oesophagus ypN0
	538/310
	79.5
	88.2
	1.58 (0.66 - 2.5)
	0.001
	0.692 (0.424 - 1.129)
	0.141
	

	Oesophagus ypN+
	697/440
	38.9
	40.4
	1.98 (0.68 - 3.27)
	0.003
	0.811 (0.694 - 0.949)
	0.009
	

	GOJ SI-III ypN0
	332/178
	81.1
	81.1
	0.53 (-1.28 - 2.34)
	0.567
	1.148 (0.648 - 2.036)
	0.649
	

	GOJ SI-III ypN+
	429/259
	39.5
	47.6
	2.55 (0.98 - 4.12)
	0.001
	0.762 (0.61 - 0.951)
	0.016
	

	Gastric ypN0
	249/183
	87.5
	90.5
	-0.04 (-1.43 - 1.34)
	0.952
	0.823 (0.359 - 1.889)
	0.659
	

	Gastric ypN+
	291/223
	49.5
	51.1
	1.08 (-0.98 - 3.14)
	0.305
	0.936 (0.69 - 1.271)
	0.686
	

	HR = Hazard Ratio, LED = Life Expectancy Difference (months), GOJ = Gastro-oesophageal junction, ^Mean number of cases across imputed datasets
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