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Introduction 

Neoadjuvant (chemo)radiotherapy (CT)RT is the gold 
standard of care for locally-advanced rectal cancer. The aim 
of treatment is to decrease local recurrence and improve: 
R0 surgery with a total mesorectal excision; and disease-
free survival (DFS) and overall survival (OS). Either a short 

course of RT with immediate surgery or a prolonged course 
of (5-fluorouracil-based)-CTRT with delayed surgery are 
acceptable options for the preoperative treatment of rectal 
cancer, with or without adjuvant therapy (1,2). Overall, the 
effect of the addition of a short course of neoadjuvant RT 
prior to planned surgery is similar to that of a prolonged 
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course of CTRT in terms of survival, local and distant 
recurrences, and R0 resection, with more pathologic 
complete responses (pCRs) with combination therapy (3). 
A ypT0N0 stage pCR at the histologic examination after 
CTRT and surgery is commonly associated with better 
outcomes compared to non pCR patients, with less local 
and distant failure (4). The addition of multidrug regimens 
to standard RT has conferred increased toxicity, but has not 
led to a better rate of pCR in phase III trials. In particular, 
the addition of oxaliplatin to neoadjuvant 5FU-based 
CTRT only modestly improved the overall pCR rate (5). 

The relationship between the response to neoadjuvant 
(CT)RT and the prognosis of patients with rectal cancer 
does not imply that pathological down-staging (e.g., pCR) 
is also a surrogate for treatment efficacy (OS). De facto, the 
demonstration that the pCR is a valid surrogate marker of 
the efficacy of systemic therapy on survival would encourage 
the use of primary systemic treatment to expedite the 
development of new systemic therapies with randomized 
neoadjuvant trials in locally-advanced rectal cancer (6). 
Furthermore, in colon cancer, DFS at 2 and 3 years is a good 
surrogate for OS at 5–6 years in trials of adjuvant CT (7-10). 

To assess the roles of the pCR and DFS as potential 
surrogates of true clinical outcomes at the trial level, we 
performed a systematic literature search and a trial-based 
meta-analysis of randomized controlled trials comparing 
different neoadjuvant treatments that had available data on 
both the observed rates of pCR and 3-year DFS% and 5-year 
OS% outcomes, respectively. The aim of this study was to 
assess whether the treatment effects on the pCR and DFS 
are able to predict the treatment effects on OS. 

Methods 

We performed a literature-based analysis of randomized 
controlled trials of neoadjuvant RT or CTRT for rectal 
cancer. The primary objective of the meta-analysis was the 
individual and trial-level validation of the pCR% and 3-year 
DFS% as surrogate endpoints of the effect on 5-year OS% 
of neoadjuvant therapy in rectal cancer (e.g., evaluating 
whether the treatment effect on the pCR%, termed ∆pCR%, 
and difference (∆) in 3-year DFS% allows the size of the 
effect on the main clinical endpoint, namely ∆5-year OS%, 
to be predicted). 

Literature search and study selection

A systematic literature search was conducted of PubMed, 

the Web of Science, SCOPUS, CINAHL, the Cochrane 
Library, and Embase up to August 2015. The search 
terms included “rectal cancer” or “rectal carcinoma”, 
“neoadjuvant” or “preoperative”, “chemotherapy” 
or  “chemoradiotherapy” or  “chemoradiat ion” or 
“radiotherapy”, and “randomized” or “randomised”. 

The search was limited to phase II–III clinical trials 
published in the English language involving ≥100 patients. 
Two researchers (FP and AC) reviewed each abstract and 
text against the study inclusion and exclusion criteria. 
Studies were included if they: evaluated RT or CTRT (plus 
or minus adjuvant CT) as neoadjuvant therapy for rectal 
cancer followed by radical surgery; and reported both 5-year 
OS and either 3-year DFS (or progression/relapse free 
survival, or time to treatment failure provided they reported 
similar events of DFS) or the pCR% clearly defined 
as the % of ypT0N0 stages after preoperative therapy. 
Retrospective or prospective case series and phase I studies 
were excluded. Trials randomizing operated patients to 
adjuvant vs. no adjuvant therapy were considered provided 
they were all treated with neoadjuvant RT or CTRT, and 
included all patients who underwent preoperative treatment. 
In the event that a study was published in multiple articles 
or abstracts, the most recent data were used.

Data extraction 

For each included study, data were extracted for study 
design, year of publication, sample size per treatment arm, 
and treatment schedule. Data on the pCR%, 5-year OS%, 
and 3-year DFS% were also collected. Rates of 3-year DFS 
and 5-year OS were captured from the reported Kaplan-
Meier (KM) curves (11-13). Only in the case KM estimates 
were not presented, they were extracted from the article. 

Statistical analysis 

The statistical analysis consisted of a weighted linear 
correlation between the primary endpoint (5-year OS) and 
the candidate surrogates pCR%, and 3-year DFS. Analysis 
was weighted to the effective sample size at the time point 
considered (KM estimates of 3-year DFS and 5-year OS): 
number of events prior to the time point plus the number of 
patients at risk at the time point.

In particular, two correlations were calculated between 
the summary statistics to determine surrogacy according to 
methods previously reported (14-16). The first approach, 
termed individual-level surrogacy, computed the association 
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between pCR% and 3-year DFS%, the potential surrogate 
endpoints, and 5-year OS%, for each included arm. The 
correlation was evaluated over all the treatment arms and 
is described as R (Pearson correlation coefficient). The 
R-squared (R2) determination coefficient (the proportion 
of variability in OS explained by the variability of the 
surrogate endpoint) was also presented (17-19). The 
second approach, termed trial-level surrogacy, assessed the 
association between the reported treatment effects on a 
surrogate (∆3yDFS and ∆pCR%), and those on OS (∆5yOS), which 
is the main endpoint. A strong correlation (R>0.8) would 
be consistent with surrogacy for OS (20). As a sensitivity 
analysis, we explored the surrogacy of the pCR and DFS 
in CTRT containing arms and phase III studies only. Both 
analyses were weighted on the sample size of each trial 
included.

As the number of included trials was small, we applied 
the non-parametric bootstrap re-sampling method (using 
10,000 bootstrap samples), weighted for the sample size of 
each trial, to construct the 95% confidence intervals (BCI) 
for all weighted correlation coefficients. All the reported 
P values correspond to 2-sided tests, and those that were 
less than 0.05 were considered to be statistically significant. 

Analyses were performed with the NCSS 2007 software 
(version 07.1.21, released June 1, 2011).

Results 

Following the systematic literature review, a total of 9,012 
publications were analyzed (Figure 1), with 22 studies, 
published between 1999 and 2015, considered for inclusion 
in the final analyses (2,21-42). Most of the studies were 
randomized phase II (n=4) or III clinical trials (n=18). 

The selected studies compared different CT backbones 
(n=6), different neoadjuvant treatments (RT vs. CTRT in 
n=5), and different strategies [neoadjuvant RT vs. surgery or 
neoadjuvant (CT)RT vs. adjuvant (CT)RT in n=5]. 

These studies involved 39 neoadjuvant treatment 
arms and 10,050 patients treated with some form of 
preoperative therapy (Table 1). There were between 50 and 
924 patients with locally-advanced rectal cancer across the 
study treatment arms, and the reported 5-year OS rates 
ranged from 53% to 90% (median, 70.3%). In 4 arms, the 
5-year OS% data were not available. The reported values 
for the 3-year DFS% ranged from 48% to 78% in n=22 
arms (median, 70.5%). The pCR rates were presented in 

Records identified through Pubmed 
searching (n=704)

Additional records identified through 
other sources (n=8,308)

Records after duplicates removed 
(n=1,235)

Records screened
(n=1,235)

Studies included in qualitative synthesis
(n=22)

Full-text articles assessed for eligibility
(n=36)

Records excluded
(n=1,199)

Full-text articles excluded, with reasons
(n=14 because they not reported 
outcome or were not randomized)

Studies included in quantitative synthesis 
(meta-analysis) (n=22)

Figure 1 Flow diagram summarizing the strategy used to identify eligible studies.
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Figure 2 Correlation of pCR% with 5-year OS. pCR, pathologic 
complete response; OS, overall survival. 

Figure 4 Correlation of treatment effect on pCR% (delta pCR) 
with delta 5-year OS (%). pCR, pathologic complete response; OS, 
overall survival.

Figure 3 Correlation of 3-year DFS with 5-year OS. DFS, disease-
free survival; OS, overall survival. 
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n=36 arms (range, 0–30%; median, 13.95%). In n=1, n=1, 
and n=2 studies, respectively, relapse-free survival (RFS),  
time-to-treatment failure, and PFS were presented instead 
of DFS. All these endpoints, however, included in their 
definition both recurrences and death as their first events.

For the individual surrogacy, n=22 and n=30 arms 
were used for the correlation of 3-year DFS% and the 
pCR% with 5-year OS%. Conversely, only trials with 
a randomization and direct comparison of different 
neoadjuvant treatments were considered for trial level 
surrogacy (n=9 and 12 trials with data available, including 
a total of n=18 and n=24 arms for the ∆3yDFS and ∆pCR% 
correlation with ∆5yos). 

Outcome surrogacy 

Among a total of 39 treatment arms available, the values for 
the pCR%/5-year OS correlation were reported in n=30 
of them. In the analysis of all the treatment regimens, the 
pCR% correlated weakly with OS (R=0.52; BCI 95% CI, 
0.31–0.91; P=0.002; Figure 2). The R2 values were 0.28 
(P=0.002). The correlation between 3-year DFS/OS was 
available for n=22 arms and was similarly poor (R=0.6; BCI 
95% CI, 0.36–1; P=0.002; Figure 3). R2 was 0.37 (P=0.002). 

Restricting the analysis to the phase III trials only (n=22 
arms), the correlation of the pCR% with 5-year OS was 
moderate (R=0.60; P=0.002); the correlation of the 3-year 
DFS with 5-year OS was similar (R=0.61; P=0.01). In the 
studies that adopted CTRT treatment in all comparisons 
(n=17 arms and 19 arms for the DFS and pCR% analysis), 
the correlation of 3-year DFS/5-year OS was similar 
(R=0.66; P=0.0037). The correlation of the pCR% with 
5-year OS was negligible (R=0.05; P=0.81).

Trial-level surrogacy

A total of 9 pairs of ∆3yDFS and ∆5yOS between the treatment 
arms were available in the randomized trials. The 
correlation between ∆3yDFS and ∆5yOS was 0.64 (BCI 95% 
CI, 0.29–1), and P=0.06. The correlations ∆pCR%/∆5yOS were 
available for 13 pairs of comparisons and R was 0.2 (BCI 
95% CI, 0.29–0.78), and P=0.5 (Figure 4). The R2 values 
were 0.41 and 0.04. 

The slope of the regression equation, namely the 
estimated change in the ∆5yOS per unit change in the rate of 
∆pCR%, was 0.22, with a standard error of 0.33 [∆5yOS = (−1.08) 
+ 0.22*∆pCR%]. This means that a treatment associated with a 
10% increase in ∆pCR% translated into an approximately (not 



45Journal of Gastrointestinal Oncology Vol 8, No 1 February 2017

© Journal of Gastrointestinal Oncology. All rights reserved. J Gastrointest Oncol 2017;8(1):39-48jgo.amegroups.com

significant) 2% increase in 5-year OS probability. Similarly, 
the slope of the regression equation, and the estimated 
change in the ∆5yOS per unit change in the ∆3yDFS, was 0.51, 
with a standard error of 0.23 [∆5yOS = (−2.16) + (0.51)*∆3yDFS]. 
This means that a treatment associated with a 10% increase 
in 3-year DFS % translated into a non-significant 5% 
increase in the risk of 3-year chance of being progression-
free or alive. 

For the phase III and CTRT-only trials, the correlations 
of ∆pCR% and ∆3yDFS with ∆5yOS were poor (R=0.78, P=0.11, and 
R=0.8, P=0.02 for the phase III trials; and R=−0.21, P=0.68, 
and R=0.17, P=0.71 for the CTRT trials, respectively).

Discussion 

Rectal cancer patients with a pCR defined as no residual 
cancer found upon the histological examination of surgical 
specimens (ypT0N0) after CTRT have better long-term 
outcomes, less risk of developing local or distal recurrences, 
and improved survival. In particular, after neoadjuvant 
CTRT and delayed surgery, a pCR is obtained in 15–27% 
of patients (43). Patients obtaining a pCR have a 50% 
reduced of risk of death and relapse, but they still portend 
a residual risk of local (2.8%) and distant (9%) metastases. 
In rectal cancer, which is a disease with a different biology 
and treatment approach compared to colon carcinoma, a 
formal validation of the surrogacy of the pCR and DFS is 
still lacking, and a demonstration of a correlation with OS 
would be required.

In the present analysis, with data extracted from a total of 
22 trials, we estimated the correlation equation of the effect 
on the pCR and 3-year DFS% on the effect on the main 
outcome (5-year OS%). We observed that both the pCR 
and 3-year DFS are not candidates for surrogates of OS in 
rectal cancer studies. In particular, the R2 results (0.02 and 
0.48 for the 2 trial-level correlation analysis) suggest that the 
neoadjuvant effect on the pCR and 3-year DFS% are able 
to explain no more than 2% and 48%, respectively, of the 
effects detected on 5-year OS% in patients with rectal cancer. 

Recently, Valentini et al. identified 2-year DFS more 
than pCR to be a good predictor of survival in a pooled 
analysis of five randomized European trials (44). They did 
not provide a formal surrogacy analysis, but did identify 
three risk classes of patient for whom reduced intensity 
treatment (in excellent and good prognosis subgroups) may 
be hypothesizable, as well as those with a poor prognosis 
(20% of total population) for whom more intensive/
effective therapies do not lead to a definitive cure, with 

more efficacious therapies urgently awaited. 
The question of the surrogacy of the pCR has arisen 

for other solid tumors with similar negative results (45,46). 
In our series, more intensive neoadjuvant schedules were 
offered in only three trials, and so a formal subgroup 
analysis was not performed. However, the results were 
similar in both larger phase III studies and those with 
concurrent CTRT in both comparison arms. 

There could be several reasons for our findings, and 
this represents the main limitations of this analysis. First, 
this is a literature-based analysis, and more appropriate 
validation with individual patient data is necessary. Second, 
the relatively short follow-up for most trials did not 
potentially capture late recurrences, as shown in Valentini 
et al.’s analysis (5% more distant metastases were found 
at 10, compared to 5, years in patients who obtained a 
pCR). Third, some older trials with RT and surgery-
alone arms, and with intrinsic technical issues related to 
radiation and surgical pathology accuracy, could have led to 
surprising results. Fourth, the randomized or non-choice 
of adjuvant CT in many trials could have diluted the final 
result. However, this is the first analysis that systematically 
evaluated the surrogacy of pCR and DFS with 5-year 
OS in rectal cancer through a systematic evaluation of 22 
randomized trials of neoadjuvant therapy involving more 
than 10,000 patients. The analysis confirmed the negative 
findings of surrogacy for both intermediate endpoints in 
CTRT studies, but significant results for surrogacy were 
found in 5 large phase III trials for 3-year DFS endpoint. 

With the possible influence of adjuvant and salvage 
therapies at relapse, the results of this trial-based meta-
analysis indicated only a poor correlation between 
neoadjuvant treatment effects on the pCR and a moderate 
correlation of 3-year DFS% on 5-year OS%. The findings 
do not therefore support the use of these intermediate 
endpoints as surrogate endpoints of treatment efficacy in 
patients with locally-advanced rectal cancer treated with 
neoadjuvant-based therapy. New clinico-pathological and 
molecular biomarkers are potentially useful for predicting 
final outcomes. Among them, the NAR score has been 
developed based on cT, pT and pN pathological results 
(47,48). The score has been validated in the NSABP-R04 
trial, and is emerging as a useful short-term surrogate 
clinical trial endpoint in rectal cancer study designs. This 
approach is undergoing trial level validation, and has 
already been adopted as a secondary and, possibly, primary 
endpoint in several ongoing phase I and II studies testing 
novel preoperative interventions in rectal cancer.  
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Further studies are needed to assess the surrogacy of 
the pCR in a small subgroup of patients with an excellent 
prognosis and for whom conservative surgery or the wait-
and-see strategy can be options. In the meantime, due to 
the occurrence of late relapses and deaths identified in long-
term follow-up observations in major phase III trials, 5-year 
OS should still remain the surrogate of a definitive cure for 
most patients.  
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