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Abstract

Introduction: Disease-free survival (DFS) is increasingly being used as surrogate end-point for 

overall survival (OS) in cancer trials. So far, there has been no validation of the surrogacy of DFS 

for OS for neoadjuvant treatment of gastroesophageal adenocarcinoma.

Methods: The study uses individual patient data (IPD) from eight randomised controlled trials 

(RCTs) (n = 1126 patients) comparing neoadjuvant therapy followed by surgery with surgery 

alone for gastroesophageal adenocarcinoma. Correlation between OS time and DFS time was 

calculated to evaluate individual-level surrogacy. For each trial, survival curves using the Kaplan-

Meier method were plotted and hazard ratios (HRs) on the treatment effects were calculated for 

OS and DFS separately. Those HRs were pooled in a random-effects meta-analysis. Observed HRs 

were compared with predicted HRs for OS using results from an error-invariables linear regression 

model accounting for the uncertainty about the estimated effect. The strength of the association 

was quantified by the coefficient of determination to assess trial-level surrogacy. The surrogate 

threshold effect was calculated to determine the minimum treatment effect on DFS necessary to 

predict a non-zero treatment effect on OS.

Results: A strong correlation between OS time and DFS time was observed, indicating a high 

individual-level surrogacy. For all RCTs, estimated HRs for OS and DFS were highly similar. In 

the meta-analysis, the overall HR for OS was virtually identical to that for DFS. The estimated 

coefficient of determination r2 for the association between HRs for OS and DFS was 0.912 (95% 

confidence interval: 0.75−1.0), indicating a very good fit of the regression model and thus a strong 

trial-level surrogacy between OS and DFS. The surrogate threshold effect based on the regression 

analysis was 0.79.

Discussion: Based on strong correlations between DFS and OS, as well as a strong correlation 

of the treatment effects of the two end-points in the error-in-variable regression, DFS seems 

an appropriate surrogate marker for OS in randomised trials of neoadjuvant chemotherapy or 

chemoradiotherapy for gastroesophageal adenocarcinoma.
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1. Introduction

Most patients with gastroesophageal adenocarcinoma, i.e. adenocarcinoma of the 

oesophagus, gastroesophageal junction or stomach, present with advanced disease [1,2]. 

In the absence of distant metastasis, oncological resection is the only potentially curative 

modality. However, the prognosis after surgery alone in locally advanced disease is 

poor with 5-year survival rates of only about 20−30%. A considerable proportion of 

patients who undergo upfront resection will eventually relapse and die as a result of their 

disease. Multimodal treatment concepts comprising chemotherapy or chemoradiotherapy 

have shown survival benefits [3–7]. Because of difficulties in administering chemotherapy or 

radiotherapy soon after surgical procedures, major efforts have been undertaken to explore 

different neoadjuvant treatment strategies to improve outcomes. Several randomised trials 

and meta-analyses have demonstrated that neoadjuvant chemotherapy and neoadjuvant 

chemoradiotherapy followed by surgery are associated with longer survival than surgery 

alone [3,4]. Therefore, both strategies are now recommended by guidelines for the 

treatment of non-metastatic gastroesophageal adenocarcinoma [8,9]. Despite this approach, 

the rate of recurrence remains high, and new neoadjuvant treatment concepts including 

postoperative chemoradiation after neoadjuvant chemotherapy such as in the CRITICS 

(ChemoRadiotherapy after Induction chemoTherapy In Cancer of the Stomach) trial [10] 

and biologicals such as dual HER2 targeting in the INNOVATION (INtegratioN of 

Trastuzumab, With or Without Pertuzumab, Into periOperatiVe chemotherApy of HER-2 

posiTIve stOmach caNcer) trial [11] or immunotherapy are being explored [12].

The conduction of trials assessing such new treatments is often difficult, as they require 

a large number of patients to detect the relatively small incremental benefits of a new 

treatment. Overall survival (OS) has been considered the gold standard end-point for 

cancer clinical trials. However, OS requires an extended follow-up period and thus trial 

duration, which leads to higher costs and a long delay until results become available. This 

has resulted in an increasing number of cancer trials using actuarial end-points, which 

can be ascertained sooner, such as disease-free survival (DFS) [13]. In non-metastatic 

gastroesophageal adenocarcinoma, a large proportion of relapses occur before 3 years [3]. 

However, postrecurrence treatment could dilute or even eliminate an apparent improvement 

in tumour control achieved by neoadjuvant treatment. Therefore, the validity of DFS as 

surrogate end-point for OS in gastroesophageal adenocarcinoma remains controversial.

A meta-analysis concluded that DFS is an appropriate end-point for OS in studies of 

gastric cancer in the adjuvant setting, showing that the effect of treatment on OS is largely 

predictable from its effect on DFS [14], whereas another analysis found this not to be true 

in the palliative setting [15]. However, most evidence from large-scale randomised trials 

in resectable gastroesophageal adenocarcinoma exists for neoadjuvant treatment; which 

has now, as opposed to adjuvant treatment, become standard of care for non-metastatic 

disease. Therefore, the present analysis assesses if DFS is a valid surrogate end-point for 

OS in trials using neoadjuvant chemotherapy or chemoradiotherapy for gastroesophageal 

adenocarcinoma.
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2. Material and methods

2.1. Trial and patient selection

We used individual patient data (IPD) from randomised controlled trials (RCTs) comparing 

neoadjuvant chemotherapy or chemoradiotherapy (i.e. therapy administered at least partially 

before surgery) with surgery alone for gastroesophageal adenocarcinoma. All RCTs 

including patients with resectable, non-metastatic tumours without prior treatment and 

providing information on both OS and DFS were potentially eligible. There were no 

exclusion criteria regarding specific treatment regimens. Trials were identified by a 

systematic literature review covering publications until 2011, the details of which have 

been previously published [3,16]. All trialists from eligible trials were solicited to provide 

IPD, and trials were only included in the analyses in case of an affirmative response. 

Upon data collection, trialists had been asked to provide most recent follow-up data, even 

if the follow-up period was longer than that reported in respective publications. Some of 

the IPD had already been used in a previous meta-analysis comparing treatment effects of 

neoadjuvant chemotherapy with those of surgery alone and in a secondary analysis exploring 

predictors of postoperative survival [3,17]. From two eligible RCTs [4,18], the final results 

were only published after completion of that meta-analysis. One of these trials [18] provided 

IPD for the present analysis. This resulted in IPD from eight trials [18–25], which comprise 

1126 patients, entering the analysis (Table 1). All included RCTs had been approved by the 

respective competent ethical committee.

2.2. Definition of outcomes

OS was defined as time from randomisation to death or to the last documented follow-up. 

DFS was defined as time from a landmark six months after randomisation to recurrence 

or death, whichever occurred first, or to the last documented follow-up. The purpose of 

this landmark was to account for differences in timing between randomisation and surgery 

between trial arms. Recurrence and death within the first six months were considered events 

at the landmark.

2.3. Statistical analyses

Characteristics of patients were compared between groups using the chi-square test 

for discrete variables and the Wilcoxone–Manne–Whitney test for continuous variables. 

Correlation between OS time and DFS time was assessed by means of the Spearman rank 

correlation coefficient to assess individual-level surrogacy. OS and DFS were calculated 

according to the Kaplan-–Meier method separately for patients who received neoadjuvant 

therapy and patients who underwent surgery alone. This was carried out in the entire study 

population and for patients from each single RCT. Survival in the single strata was compared 

using the log-rank test. Hazard ratios (HRs) with 95% confidence intervals were calculated 

for the comparison of neoadjuvant therapy and surgery alone for each RCT for the treatment 

effect on both OS and DFS. These HRs were pooled in two separate meta-analyses to 

provide a combined effect of the estimated HRs. Random-effects models were used for 

calculation of point estimates and confidence intervals because heterogeneity between the 

‘true’ effects of the different regimens (neoadjuvant chemoradiotherapy or neoadjuvant 

chemotherapy, different combinations of chemotherapeutical agents, etc.) used in the trials 
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was assumed. In addition, all results were investigated for statistical heterogeneity by I2 

statistics, without using this measure to choose between meta-analytic models.

To compare the observed with the predicted HR for the treatment effect on OS, a linear 

regression model accounting for the uncertainty about the estimated effects was used. 

The treatment effects on DFS were included as predictors in an error-in-variables linear 

regression model with 95% prediction limits to predict the treatment effects on OS. The 

strength of the association was quantified by the coefficient of determination r2 to assess 

trial-level surrogacy. Considering that the estimated treatment effects from the individual 

trials on DFS will include a measurement error, we added an additive measurement error in 

the observed variable [26–29]. The standard error of R2 was bootstrapped (1000 repetitions), 

and the 95% confidence interval was then calculated using the bootstrapped standard error 

and quantiles based on the student’s’ t-distribution.

To better evaluate the median follow-up requested for future trials using DFS as primary 

end-point, the correlation coefficient between DFS time and OS time at varying time points 

(one, two, three, and four years of follow-up) was additionally calculated. To account for the 

repeated use of data stemming from the same patients for the two end-points, we used the 

copula approach as described by Rotolo et al. as sensitivity analysis [30].

All significance tests were two-sided with p = 0.05 as cut-off. IPD were analysed using SAS 

9.4 (SAS Institute Inc.). Meta-analyses were conducted using Stata 14.2 (Stata Corp.), and 

the copula estimation was performed in R, version 3.5.1, using the extension surrosurv [30].

3. Results

Table 1 provides an overview of the characteristics of the eight included RCTs. All but one 

trial were multicentre trials. Three trials were carried out in the USA, two in France, one 

in the Netherlands and three in several countries in Europe, North Africa or Australasia. 

Four RCTs comprised a neoadjuvant chemoradiotherapy scheme and four a neoadjuvant 

chemotherapy scheme in their experimental arm. All trials used 5-fluorouracil, and seven 

of eight trials cisplatin as chemotherapeutical backbone. Table 2 shows demographic and 

clinical characteristics of the 1126 patients included in the analysis, both for the entire 

study population and separately for patients from the neoadjuvant therapy and surgery-alone 

arms. Histological and molecular tumour subtypes were not consistently reported in the 

included trials. Therefore, these data were not available. There were no relevant differences 

in demographic and preoperative clinical characteristics between the pooled populations 

from the two study arms. Most patients were male and had a good performance status and 

a tumour location at the oesophagus or gastroesophageal junction. Postoperatively, patients 

who had undergone neoadjuvant chemotherapy had significantly less often advanced T and 

N stages and a significantly higher rate of complete resection.

OS time and DFS time were highly correlated with a Spearman rank correlation coefficient 

of 0.8943, indicating a good individual-level surrogacy. If follow-up in the investigated 

trials had been only one, two, three or four years for DFS, the corresponding correlation 

coefficients would have been 0.68, 0.77, 0.82 and 0.85, respectively. The median follow-up 
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for all patients included in the analysis was 2.10 years (95% confidence interval: 1.92−2.29 

years). During follow-up, in the neoadjuvant treatment arms, 389 patients had a recurrence 

or died without documented prior recurrence, counting as event in the DFS analysis. Three 

hundred ninety-three patients died, counting as event in the OS analysis. In the surgery-alone 

arms, 419 patients had an event counting in the DFS analysis and 423 patients in the OS 

analysis. For 361 patients in the neoadjuvant treatment arms and 398 patients in the surgery-

alone arms, recurrence was documented as death of the patient, i.e. either no recurrence was 

diagnosed before the death of the patient or recurrence was diagnosed at the time of death. 

In these cases, DFS and OS were the same.

In Fig. 1, curves for OS and DFS, calculated according to the landmark method, are 

presented stratified by treatment arm. Both OS and DFS are longer in patients who had 

received neoadjuvant treatment than in those who had undergone surgery alone. OS and DFS 

curves run largely parallel in patients who had received neoadjuvant treatment as well as in 

patients who had undergone surgery alone.

Fig. 2 shows the forest plot of HRs for the comparison of treatment effects on OS and 

DFS between neoadjuvant therapy and surgery alone. There are differences between the 

absolute values of the HRs from the single RCTs, with the HR indicating a survival benefit 

for neoadjuvant chemotherapy. For each separate RCT, the point estimate of the HR for the 

treatment effect on OS and DFS is highly similar. The point estimate and confidence interval 

of the HR for the treatment effect on OS is virtually identical to those of the HR for the 

treatment effect on DFS.

Results of the error-in-variable regression are shown in Fig. 3. For one relatively small 

RCT comparing neoadjuvant chemoradiotherapy (cisplatin/5-fluorouracil with 50.4 Gy) 

with surgery alone, the observed HR for the treatment effect on OS was lower than expected 

based on the HR for the treatment effect on DFS [23]. For all other RCTs, the deviation of 

observed OS from what would be expected based on DFS is small and within the confidence 

limits. The coefficient of determination r2 for the association between the HRs for the 

treatment effects on OS and DFS is 0.912 (95% confidence interval: 0.75−1.0), indicating 

a very good fit of the regression model and thus a strong trial-level surrogacy between OS 

and DFS. The surrogate threshold effect based on the regression analysis was 0.79. This 

means that a future trial yielding a HR for the treatment effect on DFS below 0.79 could be 

expected with a 95% probability to yield a HR for the treatment effect on OS below one.

In addition to the regression analyses, copula estimation was performed to account for 

correlation between the treatment effects of the two outcomes. Results using an unadjusted 

Clayton copula are very similar to those of the regression analysis. The coefficient of 

determination for the copula analysis is 0.95, while the surrogate threshold effect is 0.74. 

As convergence could not be achieved, adjustment for the second-step linear regression for 

measurement error in the copula model was not performed.
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4. Discussion

The aim of this IPD analysis was to assess individual-and trial-level surrogacy between OS 

and DFS, or in other words, how predictable OS was by DFS in randomised trials comparing 

neoadjuvant treatment with surgery alone for gastroesophageal adenocarcinoma. In case of a 

strong and reliable prediction, DFS could be used as a valid surrogate end-point, shortening 

overall trial duration and providing trial results faster.

The results show a considerable correlation between the two outcomes in patients from the 

included trials, both between the two outcomes themselves (individual-level surrogacy) and 

between the treatment effects on the outcomes estimated in the individual trials (trial-level 

surrogacy). This observation can partially be explained by the fact that 57% of patients 

died without prior diagnosis of recurrence, which led to their DFS being identical to 

their OS. The standard definition of DFS used in oncological trials comprises that deaths 

without documented prior recurrence are counted as events in DFS analyses [31]. Thus, 

this finding is externally valid with regard to other trials. Most patients with disease 

recurrence, however, died several months or few years after diagnosis of the recurrence. 

The length of the time interval between recurrence and death is potentially influenced by 

chemotherapeutic, radio-therapeutic or even surgical treatment. None of the trials provided 

information on an individual patient level if and what treatment patients received. Therefore, 

one can only speculate about its possible effects. In general, it might be assumed that 

patients who underwent surgery alone and are thus chemotherapy-naïve receive more dose-

intense chemotherapy than patients who had already undergone neoadjuvant chemotherapy. 

Similarly, radiotherapy for locoregional recurrence can usually only be administered in 

patients who had not been treated with neoadjuvant irradiation. However, given the 

biological complexity of the disease, it cannot be readily concluded that the time between 

recurrence and death is indeed longer in patients without prior neoadjuvant therapy.

The correct determination of DFS strongly depends on follow-up intervals and the specific 

kind of clinical, radiological and histopathological examinations conducted to detect disease 

recurrence. These inevitably vary across the RCTs included in our analyses because they 

were carried out in different settings and during different time periods. However, as visual 

inspection resulted in no violation of the proportional hazards assumption, and HRs can 

therefore be assumed to be time-independent, length, intensity and frequency of follow-up 

will not influence the estimation. OS, on the one hand, is a very stable indicator because 

ascertainment of death during follow-up is supposedly very accurate. The consistency of the 

correlation between DFS and OS across trials does not suggest large differences in DFS 

determination across the different trials. The choice of the landmark time at six months 

after randomisation for DFS analyses is somewhat arbitrary. Early therapy-related and 

postoperative deaths as well as deaths during the early phase of postoperative continuation 

of chemotherapy might not be mirrored exactly by this approach. On the other hand, these 

deaths are all accounted for in the OS analysis. There is no commonly agreed landmark time 

for such analyses, but six months have been used in an RCT on neoadjuvant chemotherapy 

for oesophageal squamous cell cancer [32] and in our previous meta-analyses [3,17], which 

led us to choose the same value for the present analysis.
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In the meta-analysis, the overall HRs for the treatment effects on OS and DFS are virtually 

identical. Similarly, the coefficient of determination in the errorin-variable regression is 

close to one. This indicates a very good model fit which reflects a strong correlation between 

treatment effects on OS and DFS (trial-level surrogacy). Furthermore, the correlation 

between the two outcomes themselves was also high, indicating a good individual-level 

surrogacy. These results are consistent across all different included trials, regardless 

of the specificities of the applied neoadjuvant chemotherapy and regardless of patients 

receiving combined chemoradiotherapy or merely chemotherapy. Only one small trial using 

radiotherapy along with cisplatin/5-fluorouracil doublet chemotherapy constituted an outlier, 

as the observed HR for the treatment effect on DFS was lower than what was expected based 

on OS in the trial [23].

The results indicate that most variations in OS can be explained by the effect of the 

respective neoadjuvant treatment on DFS. This speaks in favour of DFS serving as an 

appropriate surrogate marker for OS in trials evaluating neoadjuvant chemotherapy or 

chemoradiotherapy in patients with gastroesophageal adenocarcinoma. As a limitation, none 

of the included trials used targeted therapy with biologicals or monoclonal antibodies, or 

immunotherapy, and therefore, deductions regarding these more recent treatment concepts 

[11,12] are difficult to make. Moreover, histological and molecular tumour subtypes were 

not consistently reported in the included trials and therefore not available for analysis. 

Response to therapy depends on these characteristics, and although there is no direct 

evidence to that regard, the association between DFS and OS might be influenced by the 

histological or molecular subtype of the tumour.

The calculated surrogate threshold effect of 0.79 means that in future trials, a treatment 

yielding a reduction in the hazards of disease recurrence of at least 21% can be assumed 

to have a beneficial effect also on overall survival. Comparable analyses have found a 

surrogate threshold effect of 0.92 for adjuvant chemotherapy in gastric cancer [14] and 

of 0.56 for chemotherapy in metastatic or irresectable gastric cancer [15]. There is no 

clearly established limit above which a surrogate threshold effect would qualify an outcome 

as an appropriate surrogate outcome for another one. However, most RCTs in oncology 

are powered to detect effects in the magnitude of a 20%−30% reduction in the hazards 

of relapse or death. Moreover, based on an individual patient-level analysis of multiple 

randomised trials by Shi et al. [33], 0.8 is often regarded as a meaningful boundary. 

Therefore, with a surrogate threshold effect of 0.79 in the present analysis, DFS can be 

regarded as a reasonably appropriate surrogate end-point for OS. It must be noted, however, 

that methodologically, the surrogate threshold effect is computed for trials of infinite size. 

Given that the included RCTs were all of medium size, the surrogate threshold effect might 

be overestimated.

In summary, based on a strong correlation between DFS and OS on both the individual 

patient and trial level, as well as on the finding that the vast majority of variation in 

OS can be explained by variation in DFS, DFS seems to be an appropriate surrogate 

marker for OS in randomised trials of neoadjuvant chemotherapy or chemoradiotherapy for 

gastroesophageal adenocarcinoma. However, as novel treatment concepts with substances 

other than cytotoxic compounds keep evolving, this finding requires continued validation.
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Fig. 1. 
Time-to-event curves for OS and DFS, calculated according to the landmark method, 

stratified by treatment arm. Treat_arm = 0 OS: overall survival in the upfront surgery arms, 

treat_arm = 1 OS: overall survival in the neoadjuvant therapy arms, treat_arm = 0 DFS: 

disease-free survival in the upfront surgery arms, treat_arm = 1 DFS: disease-free survival in 

the neoadjuvant therapy arms. OS: overall survival; DFS: disease-free survival.
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Fig. 2. 
Forest plot of hazard ratios for the comparison of OS and DFS between neoadjuvant therapy 

and surgery alone. CI: confidence interval; OS: overall survival; DFS: disease-free survival.
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Fig. 3. 
Error-in-variable regression, observed and predicted HRs for OS and DFS with 95% 

prediction limits. RT-CT: neoadjuvant chemoradiotherapy, CT: neoadjuvant chemotherapy; 

OS: overall survival; DFS: disease-free survival; HR: hazard ratio.
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