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Factors affecting local regrowth after watch and wait for 
patients with a clinical complete response following 
chemoradiotherapy in rectal cancer (InterCoRe consortium): 
an individual participant data meta-analysis
Sami A Chadi, Lee Malcomson, Joie Ensor, Richard D Riley, Carlos A Vaccaro, Gustavo L Rossi, Ian R Daniels, Neil J Smart, Melanie E Osborne, 
Geerard L Beets, Monique Maas, Danielle S Bitterman, Kevin Du, Simon Gollins, Arthur Sun Myint, Fraser M Smith, Mark P Saunders, Nigel Scott, 
Sarah T O’Dwyer, Rodrigo Otavio de Castro Araujo, Marcus Valadao, Alberto Lopes, Cheng-Wen Hsiao, Chien-Liang Lai, Radhika K Smith, 
Emily Carter Paulson, Ane Appelt, Anders Jakobsen, Steven D Wexner, Angelita Habr-Gama, Guilherme Sao Julião, Rodiguo Perez, 
Andrew G Renehan

Summary
Background In patients with rectal cancer who achieve clinical complete response after neoadjuvant chemoradiotherapy, 
watch and wait is a novel management strategy with potential to avoid major surgery. Study-level meta-analyses have 
reported wide variation in the proportion of patients with local regrowth. We did an individual participant data meta-
analysis to investigate factors affecting occurrence of local regrowth.

Methods We updated search results of a recent systematic review by searching MEDLINE and Embase from Jan 1, 2016, 
to May 5, 2017, and used expert knowledge to identify published studies reporting on local regrowth in patients with 
rectal cancer managed by watch and wait after clinical complete response to neoadjuvant chemoradiotherapy. We 
restricted studies to those that defined clinical complete response using criteria equivalent to São Paulo benchmarks 
(ie, absence of residual ulceration, stenosis, or mass within the rectum on clinical and endoscopic examination). The 
primary outcome was 2-year cumulative incidence of local regrowth, estimated with a two-stage random-effects 
individual participant data meta-analysis. We assessed the effects of clinical and treatment factors using Cox frailty 
models, expressed as hazard ratios (HRs). From these models, we derived percentage differences in mean θ as an 
approximation of the effect of measured covariates on between-centre heterogeneity. This study is registered with 
PROSPERO, number CRD42017070934.

Findings We obtained individual participant data from 11 studies, including 602 patients enrolled between 
March 11, 1990, and Feb 13, 2017, with a median follow-up of 37·6 months (IQR 25·0–58·7). Ten of the 11 datasets 
were judged to be at low risk of bias. 2-year cumulative incidence of local regrowth was 21·4% (random-effects 95% CI 
15·3–27·6), with high levels of between-study heterogeneity (I²=61%). We noted wide between-centre variation in 
patient, tumour, and treatment characteristics. We found some evidence that increasing cT stage was associated with 
increased risk of local regrowth (random-effects HR per cT stage 1·40, 95% CI 1·00–1·94; ptrend=0·048). In a subgroup 
of 459 patients managed after 2008 (when pretreatment staging by MRI became standard), 2-year cumulative 
incidence of local regrowth was 19% (95% CI 13–28) for stage cT1 and cT2 tumours, 31% (26–37) for cT3, and 
37% (21–60) for cT4 (random-effects HR per cT stage 1·50, random-effects 95% CI 1·03–2·17; ptrend=0·0330). We 
estimated that measured factors contributed 4·8–45·3% of observed between-centre heterogeneity.

Interpretation In patients with rectal cancer and clinical complete response after chemoradiotherapy managed by 
watch and wait, we found some evidence that increasing cT stage predicts for local regrowth. These data will inform 
clinician–patient decision making in this setting. Research is needed to determine other predictors of a sustained 
clinical complete response.

Funding None.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Surgical resection is the mainstay of treatment for 
rectal cancer.1 In patients who receive preoperative neo
adjuvant chemoradiotherapy, up to a quarter have 
complete tumour regression, recognisable as a clinical 
complete response.2 In these patients, a watchandwait 

manage ment strategy allows some patients to safely 
avoid major pelvic surgery.3 This strategy originated from 
studies4–6 done in São Paulo, Brazil, more than a decade 
ago, and has been extended, for example, to a large series 
of patients in the Netherlands7,8 and to a multicentre net
work in the north west of England and Wales (the OnCoRe 
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project).2 In a matched cohort analysis of the OnCoRe 
data,2 survival rates in patients managed by watch and 
wait were not inferior to those in patients treated by 
standard surgical resection. Nonetheless, watch and wait 
has yet to reach universal acceptance in oncology and is 
not standard care.

In 2017, Dossa and colleagues9 reported a studylevel 
metaanalysis of 23 studies (15 published; eight un
published) including 871 patients, in which they 
quantified the risk of local tumour regrowth in patients 
managed by watch and wait in the setting of clinical 
complete response to neoadjuvant chemotherapy. 
The proportion of patients with local regrowth at 2 years 
was 15·7%, but the investigators noted substantial 
betweenstudy heterogeneity (I²=55·9%), with regrowth 
rates ranging from 3·3% to 33·3%.9 In a second study
level metaanalysis10 of 17 published studies (692 patients), 
the 3year cumulative risk of local regrowth was 21·6%, 
again with high levels of heterogeneity (I²=66·5%). Such 
betweenstudy heterogeneity adds to concerns that 
watchandwait management, practised mostly at 

specialist centres, might not be generalisable to standard 
care. Understanding the factors that predict for local 
regrowth might help to explain the causes of between
study heterogeneity and thus better inform clinical 
pathways. 

We did an individual participant data metaanalysis 
with data from 11 published studies within the 
International Complete Response (InterCoRe) consort
ium, with a central aim to investigate factors affecting 
local regrowth after clinical complete response to chemo
therapy. The InterCoRe project parallels the International 
Watch and Wait Database (IWWD) project,11 which 
recently reported a 2year cumulative incidence of local 
regrowth of 25·2% in 880 patients from 47 participating 
institutions (15 countries) who had clinical complete 
response to chemo      therapy and were managed by watch 
and wait.

The individual participant data metaanalysis approach 
has several advantages over the published studylevel 
metaanalyses9,10 and the registrybased IWWD study.11 
Individual participant data allow one to standardise 

Research in context

Evidence before this study
In patients with rectal cancer who achieve a complete clinical 
response after chemoradiotherapy, a watch-and-wait strategy 
offers patients an opportunity to avoid major resection surgery. 
However, in the absence of randomised trials, this approach is 
not standard care. We searched MEDLINE for articles in the 
English language published from Jan 1, 2004 (the year of the 
first major São Paulo publication) to Aug 10, 2018. We sought 
to identify published meta-analyses, pooled analyses, and 
large-scale registry-based analyses in patients with clinical 
complete response to neoadjuvant chemoradiotherapy who 
were managed with a watch-and-wait strategy. Two recently 
published study-level meta-analyses reported regrowth in 
15·7% of patients at 2 years and 21·6% of patients at 3 years, 
respectively. However, both of those studies noted substantial 
between-study heterogeneity, with a wide range of regrowth 
rates reported in different studies. A register-based project, the 
International Watch and Wait Database (IWWD), recently 
estimated 2-year cumulative incidence of local regrowth at 
25·2% in 880 patients from 47 participating institutions in 
15 countries who were managed by watch and wait after 
clinical complete response. Understanding factors that predict 
for local regrowth might explain the high levels of 
between-study heterogeneity in published studies. To date, no 
large-scale study has investigated predictive factors for local 
regrowth because of an inability to extract data in an analysable 
form or because of substantial missing data.

Added value of this study
To our knowledge, this is the first reported individual 
participant data meta-analysis to investigate factors affecting 
local regrowth in patients with rectal cancer managed by watch 

and wait after clinical complete response following 
chemoradiotherapy. The use of individual participant data 
allowed us to test for predictive factors of local regrowth and, 
using Cox frailty models, to account for unmeasured factors at 
the study level, such as centre-level protocols for staging, 
treatment, and follow-up. We obtained data from 11 studies 
comprising 602 patients, with a median follow-up of 
37·6 months, and we estimated 2-year cumulative incidence of 
local regrowth at 21·4%. We found some evidence that 
increasing cT stage was associated with increased risk of local 
regrowth, an association that remained after adjustments. 
No associations were found for other predictors, including age, 
sex, cN stage, distance of tumour from anal verge, serum 
carcinoembryonic antigen concentration, radiotherapy dose, 
and time to watch-and-wait decision.

Implications of all the available evidence
The current literature notes wide variation in the proportion 
of patients managed by watch and wait who have local 
tumour regrowth, raising the concern that this strategy might 
not be generalisable to standard care. Our analysis 
demonstrated that this variation is partly explained by 
differences in study baseline characteristics. To our knowledge, 
this is the first large-scale study to show that increasing 
cT stage is associated with increased risk of subsequent local 
regrowth. In a subgroup of patients managed after 2008 
(reflecting standard use of pretreatment staging by 
high-resolution MRI), 2-year cumulative incidence of local 
regrowth was 19% for stage cT1 and cT2 tumours, 31% for 
cT3, and 37% for cT4. These estimates will inform clinician–
patient decision making and future trials in the field of organ 
preservation in patients with rectal cancer.
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inclusion criteria and analyses, to obtain study results 
not included in published studies, to check modelling 
assumptions,12 and importantly for this study, to model 
data as timetoevent cumulative incidence rather than 
report crude rates. Individual participant data meta
analysis also allows one to model individuallevel co
variate outcomes directly clustered within studies, and 
minimises ecological bias.13 To date, no largescale study 
has assessed predictive factors for local regrowth because 
of an inability to extract these data in an analysable 
form9,10 or because of substantial missing data.11

Methods
Search strategy and study selection
This study is reported in accordance with PRISMAIPD 
guidelines.14 We sought to identify studies of patients 
with locally advanced rectal cancer where the intervention 
was watch and wait after clinical complete response to 
neoadjuvant chemoradiotherapy, as the predominant 
treat ment within each reported study, and followed up to 
local regrowth, as defined by the 2014 Champalimaud 
conference.15 We anticipated that most studies would be 
singlearm series without a comparator group.

We used the systematic search published by Dossa and 
colleagues,9 because our PICO (population; intervention; 
comparator; outcome) was equivalent and updated it by 
searching MEDLINE and Embase databases. We assessed 
the studies included in the review from Dossa and 
colleagues (where the search was up to June 28, 2016); 
then used their search terms to seek further published 
studies from Jan 1, 2016, to May 5, 2017; and finally, 
supplemented this search with studies identified 
through expert knowledge.9 No language restrictions 
were applied. The search terms are detailed in the 
appendix (p 1). 

Because the aim of the study was to assess predictive 
factors, we sought to include a more uniform population 
and therefore only included studies in which the 
definition of clinical complete response was judged to 
have used criteria equivalent to those of the São Paulo 
benchmarks described by HabrGama and colleagues 
in 20045 and 201016—namely, absence of residual ulcer
ation, stenosis, or mass within the rectum on clinical and 
endo scopic examination. Because abstracts did not allow 
for this assessment, we excluded unpublished studies. 
Although previous reports using the HabrGama 
definition5,16 restricted cases to the distal rectum, sub
sequent publi cations, including two large patient series,2,8  
two metaanalyses,9,10 and the IWWD report11 included 
patients with proximal rectal tumours. Thus, we did not 
restrict by tumour distance from the anal verge.

Data collection and harmonisation
We approached chief investigators of identified 
studies and requested transfer of fully anonymised 
data in encrypted files under centrelevel governance 
arrange ments. Data harmonisation is detailed in the 

appendix (p 2). To ensure homogeneity of patients 
entering into watchandwait management, we excluded 
patients who received shortcourse radiotherapy as initial 
treatment; patients treated by local excision or contact 
Xray brachy therapy (Papillon technique) as part of the 
initial watchandwait management; and patients with 
distant meta stases at baseline. Research ethics com
mittees or other entities overseeing the use of patients’ 
data had approved the collaborating cohorts. Cohorts 
shared only anonymised data, so neither individual 
consent nor specific approval for this individual patient 
data metaanalysis were required.

Risk of bias assessment in individual studies
To assess study quality, we modified the Institute of 
Health Economics Quality Appraisal (IHEQA) checklist 
for case series studies,17 which consists of 18 items (yes or 
no responses) with explanatory dictionaries. Only the 
first 11 items were relevant for our analysis because 
subsequent items relate to reporting qualities, which do 
not apply to the individual participant data metaanalysis 
framework. We further modified two items so that yes or 
intermediate or no responses were permitted. Studies 
were considered to have a low risk of bias if at least 
80% of criteria were met, moderate risk if 60–79% of 
criteria were met, and high risk if less than 60% of 
criteria were met.

Outcome measures
The primary outcome was 2year cumulative incidence of 
local regrowth from the date of the watchandwait 
decision, defined here as the date at which clinical 
complete response was achieved. Secondary outcomes 
were cumulative incidence of local regrowth at 1, 3, 4, 
and 5 years; the proportion of patients with local regrowth 
undergoing salvage surgery and, among those, the pro
portion who achieved R0 status (negative resection 
margin); 5year overall survival (from date of first treat
ment); 5year nonregrowth diseasefree survival (from 
date of first treatment), as detailed in our previous 
work;2,18 and 3year rate of distant metastasis (from date 
of first treatment). After registration of the protocol, we 
added an additional secondary outcome of 3year survival 
postsalvage surgery (from date of salvage surgery).

Statistical analysis
We used Stata version 14.0 in our analyses. For tables of 
study characteristics, we summarised proportions and 
medians (with IQRs) and compared data with χ² and 
KruskalWallis tests across studies.

To derive summary estimates of local regrowth 
cumulative incidences, we took two approaches. In our 
main model, we used a twostage individual participant 
data approach; we undertook timetoevent analyses per 
dataset to determine 2year cumulative incidence of local 
regrowth with 95% CIs using 1 minus KaplanMeier 
analyses, and then combined the outputs using a 

See Online for appendix
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randomeffects method with the admetan command. We 
assessed betweenstudy heterogeneity with the I² statistic 
and assigned adjectives of low, moderate, and high to 
I² values close to 25%, 50%, and 75%, respectively.19 We 
repeated this for local regrowth cumulative incidences at 
1, 3, 4, and 5 years. For yearly summary estimates, we 
additionally derived prediction intervals. Second, we 
pooled data from all datasets and reported cumulative 
incidence of local regrowth for each year from 1 year up 
to 5 years as 1 minus KaplanMeier and 95% CIs, without 
accounting for withincentre correlations. We refer to our 
main (preferred) analysis as random effects and our 
second analysis as pooled analysis.

We assessed the effect of clinical and treatment 
covariates on local regrowth. Initially, we reported uni
variable pooled analysis, and compared as required using 
logrank tests. For multivariable modelling, we used Cox 
frailty models, with results expressed as hazard ratios 
(HRs) and 95% CIs. These models introduce a random
effects approach to account for associations and un
observed heterogeneity due to participation of different 
centres.20 In the context of the present study, this 
approach accounts for unmeasured factors at each study 
level such as centrelevel protocols for staging, treatment, 
and followup. Frailty models are increasingly reported in 
multicentre trial analyses to account for centrelevel 
variations in clinical practice outside the trial protocol.21 
A limitation of the Cox frailty model occurs if one 
attempts to evaluate a predictor where certain values of 
that covariate exist only in specific centres. This limitation 
is similar to the colinearity problem in regression 
models. From Cox frailty models, we derived theta (θ) 
values and their standard errors and tested for θ=0 
using the likelihood ratio test to quantify between 
centre variability. If p values were less than 0·01, the cor
relation between participants within centres could not be 
ignored. To approximate the effect of measured factors 
on betweencentre heterogeneity, we performed frailty 
models with and without covariates, and derived per
centage mean differences in θ values. We tested 
assumptions of proportionality using Schoenfeld 
residuals and by visualising predicted versus observed 
survival plots.

There were 11 core variables: age, sex, performance 
status, baseline serum carcinoembryonic antigen (CEA), 
radiotherapy dose, initial treatment chemotherapy regi
men, time to watchandwait decision, cT stage, cN stage, 
tumour distance from anal verge, and use of adjuvant 
chemotherapy. The proportion of missing data was 
generally low. Data were complete for age and sex, and 
missing for 4% of participants for cN stage; 8% for 
cT stage; and 7% for tumour distance from anal verge; 
these five covariates formed the basis for multivariable 
model A (ten datasets). Model B was model A plus time 
to decision for watch and wait, based on eight datasets 
(this variable was not calculable for the two São Paulo 
datasets4,6). Model C was model A plus serum CEA 
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concentration; values for CEA concentration were 
missing for 45% of participants. Radiotherapy dose was 
missing for 6% of participants, but was near totally 
coincident with centre status (the previously mentioned 
colinearity problem), and was reported only in uni
variable models. In multivariable models, the continuous 
variables time to decision for watch and wait and serum 
CEA concentration were modelled using fractional 
polynomials.22

For reporting proportions among patients undergoing 
salvage surgery, we used a twostage individual partici
pant data approach, first estimating proportions (using 
the metaprop command) with 95% CIs, and then 
combined using randomeffects methods. For the out
comes of overall survival, nonregrowth diseasefree 
survival, and distant metastases, we used similar two
stage metaanalysis approaches to those used for 
cumulative incidence of local regrowth.

For interpretation of significance, we used the language 
recommended by Pocock and Ware23 (weak evidence for 
0·05<p<0·10; some evidence for 0·01<p<0·05; and 
strong evidence for p<0·001).

Post-protocol stratified analysis
After full data collection, it became clear that enrolment 
dates ranged from March 11, 1990, to Feb 13, 2017, 
meaning that some of the data were older than anticipated 
in the initial protocol. We postulated that there was risk 
of misclassification in pretreatment staging across such 
a long period, and thus we performed a posthoc stratified 
analysis restricted to patients enrolled after Jan 1, 2008. 
We judged this analysis to reflect contemporary clinical 
practice, whereby pretreatment staging is generally done 
by highresolution MRI assessment using the MERCURY 
study24 principles.

Publication bias, data availability bias, and reviewer 
selection bias
We assessed for publication bias using contourenhanced 
funnel plots and the asymmetry test in accordance with 
recommendations from Sterne and colleagues.25 As per 
principles set out by Ahmed and colleagues,26 we assessed 
for data availability bias by deriving summary estimates 
from abstracts that were included in the metaanalysis 
by Dossa and colleagues9 and comparing with our sum
mary estimates generated using individual participant 
data. Similarly, we assessed for reviewer selection bias 
(individual participant data sought from only a subset of 
known studies) by deriving summary estimates from 
published studies not included in this study (taken 
mainly from the metaanalysis by Dossa and colleagues9) 
and comparing with our summary estimates generated 
using individual participant data. The protocol for 
this metaanalysis was registered with PROSPERO 
(CRD42017070934).

Role of the funding source
There was no funding source for this study. SAC, LM, JE, 
RDR, and AGR had access to all data. SAC, RDR, GLB, 
RP, and AGR shared the responsibility for the final 
decision to submit for publication.

Results
A flow diagram of the study selection and reasons for 
exclusion of studies are provided in the appendix 
(pp 3–5). We initially received data from 12 studies, but 
excluded one study27 in which all patients received contact 
Papillon brachytherapy. The large São Paulo series was 
two distinct cohorts; patients in the early series 
(São Paulo I4,5) received neoadjuvant chemoradiotherapy 
consisting of 50·4 Gy and two cycles of fluorouracil; 

Figure 1: Forest plot of 11 datasets
Centres are sorted by descending 2-year cumulative incidence of local regrowth. Summary estimate, 95% CIs, and prediction intervals shown for random-effects 
method. NYU=New York University. University Penn=University of Pennsylvania. 
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where as patients in the later series (São Paulo II6) were 
treated with an extended regimen of 54 Gy and six cycles 
of fluorouracil.

Our final analysis included 11 studies.2,4,6,8,28–34 The 
definitions for clinical complete response across all 
datasets were judged to be equivalent to São Paulo bench
marks5,16 (appendix pp 6–7). 602 patients enrolled between 
March 11, 1990 and Feb 13, 2017, were included in the 
analysis, of whom 108 were not reported in the previously 
published papers (appendix p 8). We noted two clinical 
indications among the studies: standard practice neo
adjuvant chemoradio therapy in which clinical complete 
response rates ranged from 12% to 49%, and highdose 
or extended neoadjuvant chemoradiotherapy with 
intended enhanced clinical complete response rates 
ranging from 68%4 to 73%.29

Patient, tumour, and treatment characteristics, by data
set, are summarised in table 1. We noted wide variation 
in clinical and tumour characteristics. Median age 
ranged from 59 to 75 years (p=0·0001); the proportion of 
men ranged from 40% to 91% (p=0·0010); median 
distance of tumour from anal verge ranged from 3 cm to 
6 cm (p=0·0001); the proportion of patients with cT3 or 
cT4 tumours ranged from 43% to 82% (p=0·0070); the 
proportion of patients with nodal positive (cN+) disease 
ranged from 13% to 76% (p<0·0001); and median time to 
watchandwait decision ranged from 6 weeks to 17 weeks 
(p=0·0001). Radiotherapy treatment protocols also 
differed between studies, and concurrent chemo therapy 
(fluorour acilbased in 518 [91%] of 570) was used in all 
series, and in at least 95% of patients in seven datasets. 
Using the modified IHEQA checklist,17 we judged ten of 
the 11 datasets to be at low risk of bias, and one8 to be at 
moderate risk (appendix p 9).

Overall, median followup was 37·6 months 
(IQR 25·0–58·7), ranging from 12·4 months to 
60 months between studies. Local regrowth occurred in 
166 patients (crude proportion 28%). The summary 
2year cumulative incidence of local regrowth was 21·4% 
(randomeffects 95% CI 15·3–27·6), with a high level of 
betweenstudy heterogeneity (I²=61%; figure 1).

Incidences of local regrowth from 1 year up to 5 years 
for the pooled analysis and the twostage randomeffects 
metaanalysis are shown in figure 2. Compared with the 
pooled analysis, summary point estimates for the two
stage randomeffects metaanalysis were more conser
vative but with wider 95% CIs. Local regrowth occurred 
almost exclusively in the first 3 years (155 [93%] of 166). 
We assessed visually for pro portion ality of local regrowth 
curves with time across the 11 datasets and found similar 
patterns in all datasets (appendix p 10).

We tested for factors predicting local regrowth, initially 
for the total set of cohorts, and then for a subgroup of 
459 patients managed after 2008 (table 2). For the total 
set of cohorts, we found some evidence that incre asing 
cT stage was associated with increased risk of local re
growth. By univariable analysis, 2year cumulative 

incidences were 18% (95% CI 13–25) for stages cT1 and 
cT2, 29% (24–34) for cT3, and 31% (17–52) for cT4. In 
the multivariable frailty model A, including age, sex, 
cT stage, cN stage, and tumour distance from anal verge, 
the HR per cT stage increase was 1·40 (randomeffects 
95% CI 1·00–1·94; ptrend=0·0480). No associations were 
noted among other factors included in model A or in the 
other models.

For the subgroup of patients managed after 2008, 
2year cumulative incidence of local regrowth increased 
in a stepwise manner from 19% (95% CI 13–28) for stage 
cT1 and cT2 tumours, 31% (26–37) for cT3, to 37% (21–60)  
for cT4. In model A, the HR per cT stage increase was 
1·50 (randomeffects 95% CI 1·03–2·17; ptrend=0·0330).

We tested (likelihood ratio test) for θ=0 and found 
significance in all models, indicating that correlation 
within centres could not be ignored (table 3). We com
pared θ values in each model (A to C) with and without 

Figure 2: Incidence of local regrowth
(A) Pooled analysis of cumulative incidence of local regrowth from 1 year to 5 years, with 95% CIs. (B) Two-stage 
random-effect meta-analysis with summary estimates for 1 year up to 5 years, with 95% CIs. Predictive intervals 
are shown in blue.
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added factors, and noted that the likelihood ratio test 
remained significant and addition of the measured 
factors only modestly affected θ. Measured factors 
contributed an estimated 4·8% to 45·3% to between
study heterogeneity.

Of the 166 patients with local regrowth, 137 had salvage 
surgery (randomeffects estimate 89% [95% CI 80–98]; 
table 4). R0 status was achieved in 131 of these patients 
(randomeffects 98% [95–100]). After histopathological 
examination, only four patients were pT4; most 
(59 patients) were pT3 (randomeffects 44% [30–58]). 

Node positivity was noted in 18 resections (random
effects 16% [5–27]).

The 137 patients with local regrowth who underwent 
salvage surgery were younger than the 29 patients treated 
by nonsurgical strategies (median age 65·2 years 
[IQR 57·4–71·2] vs 70·3 years [60·9–76·0], respectively; 
p=0·0374). The most common reason for no salvage 
surgery was synchronous distant metastases (12 patients) 
or being unfit, mainly associated with older age 
(ten patients aged ≥75 years). 3year postsalvage survival 
was 80·1% (95% CI 70·3–87·0); 3year survival in 

Total cohort (n=602) Post-2008 subcohort (n=459)

Number of 
patients

Pooled analysis 2-year 
cumulative incidence of 
local growth, % (95% CI)

Frailty model 
univariable HR 
(random-effects 
95% CI) 

Frailty model 
multivariable* HR 
(random-effects 
95% CI) 

Number of 
patients

Pooled analysis 2-year 
cumulative incidence of 
local growth, % (95% CI)

Frailty model 
univariable HR 
(random-effects 
95% CI)

Frailty model 
multivariable* HR 
(random-effects 
95% CI)

All patients 602 25% (21–28) ·· ·· 459 27% (23–31) ·· ··

Age group

Per 10 years 602 ·· 1·01 (0·88–1·16) 0·95 (0·82–1·11) 459 ·· 0·92 (0·79–1·09) 0·90 (0·76–1·07)

Sex

Women 201 23% (18–30) 1 (ref) 1 (ref) 155 22% (16–30) 1 (ref) 1 (ref)

Men 401 25% (21–30) 1·17 (0·84–1·63) 1·19 (0·93–1·06) 304 29% (24–31) 1·44 (0·97–2·13) 1·53 (1·02–2·30)

cT stage

cT1 and cT2 163 18% (13–25) 1 (ref) 1 (ref) 125 19% (13–28) 1 (ref) 1 (ref)

cT3 367 29% (24–34) 1·40 (0·96–2·03) 1·43 (0·95–2·14) 282 31% (26–37) 1·55 (1·01–2·39) 1·66 (1·07–2·58)

cT4 26 31% (17–52) 1·53 (0·73–3·19) 1·86 (0·84–4·13) 22 37% (21–60) 1·71 (0·77–3·80) 1·90 (0·85–4·27)

Per cT stage increase ·· ·· 1·348 (1·00–1·82) 1·40 (1·00–1·94) ·· ·· 1·45 (1·04–2·04) 1·50 (1·03–2·17)

cN stage

cN0 288 25% (21–31) 1 (ref) 1 (ref) 192 28% (22–35) 1 (ref) 1 (ref)

cN+ 288 24% (19–30) 0·91 (0·65–1·27) 0·87 (0·61–1·24) 256 26% (21–32) 0·91 (0·63–1·31) 0·75 (0·51–1·10)

Distance from anal verge (cm)†

<6·0 311 25% (20–30) 1 (ref) 1 (ref) 264 27% (22–33) 1 (ref) 1 (ref)

≥6·0 246 23% (18–29) 0·94 (0·67–1·32) 0·90 (0·63–1·27) 160 23% (17–31) 0·81 (0·55–1·20) 0·77 (0·51–1·15)

Serum CEA (ng/mL)†

<3·0 219 29% (23–35) 1 (ref) Not included‡ 164 32% (25–40) 1 (ref) Not included‡

3·0–9·9 88 19% (12–29) 0·70 (0·42–1·18) Not included‡ 71 20% (13–32) 0·70 (0·40–1·24) Not included‡

≥10 22 36% (20–55) 1·54 (0·79–3·02) Not included‡ 18 39% (30–65) 1·54 (0·75–3·16) Not included‡

Radiotherapy dose (Gy) 

45 212 30% (24–37) 1 (ref) Not appropriate§ 187 33% (26–40) 1 (ref) Not appropriate§

50·4 228 19% (14–25) 0·90 (0·56–1·44) Not appropriate§ 161 19% (13–26) 0·57 (0·33–0·99) Not appropriate§

54 79 30% (21–42) 1·54 (0·75–3·14) Not appropriate§ 38 40% (26–60) 1·49 (0·74–3·01) Not appropriate§

60–65 44 26% (15–41) 1·00 (0·41–2·40) Not appropriate§ 43 26% (15–42) 0·81 (0·36–1·82) Not appropriate§

Intention to enhance clinical complete response

Yes (two studies) 106 26% (19–36) 1 (ref) Not appropriate§ 67 28% (19–41) 1 (ref) Not appropriate§

No (nine studies) 496 24% (21–29) 1·13 (0·57–2·21) Not appropriate§ 392 26% (22–31) 1·11 (0·53–2·30) Not appropriate§

Time to watch-and-wait decision (weeks)¶

<13 264 23% (18–29) 1 (ref) Not included‡ 239 25% (20–33) 1 (ref) Not included‡

≥13 141 25% (19–34) 1·21 (0·81–1·82) Not included‡ 134 27% (20–36) 1·15 (0·77–1·73) Not included‡

Frailty models account for centre effect. Analyses in post-2008 subcohort limited to model of age, sex, cT stage, cN stage, and tumour distance from anal verge (equivalent to model A in table 3). cT and cN 
staging according to American Joint Committee on Cancer 7th edition. CEA=carcinoembryonic antigen. HR=hazard ratio. *For the full cohort, the complete case multivariable model was based on 514 patients, 
equivalent to model A in table 3. For the post-2008 cohort, the complete case multivariable model was based on 393 patients. †Categorisation cutoff points for tumour distance from anal verge and serum CEA 
concentration were based on clinical reasons. Tumour distance from anal verge of 6 cm was taken as equivalent to that commonly used to define low-rectal cancers. ‡Not included in multivariable model because 
of substantial proportion of missing data. §Not appropriate because of coincidence of radiotherapy dose and study centre. ¶Cutoff point of 13 weeks determined using spline approaches; equivalent to model B 
in table 3.

Table 2: Factors predicting local regrowth in the total cohort and post-2008 subcohort
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patients not undergoing salvage surgery was 55·3% 
(30·0–74·8; appendix p 11). Accounting for age at local 
regrowth and betweencentre variation, this difference 
was not significant (p=0·2140).

68 deaths occurred. 5year overall survival was 
87·0% (randomeffects 95% CI 81·5–92·4), and 5year 
nonregrowth diseasefree survival was 81·3% (random
effects 95% CI 74·9–87·6; appendix p 12). Distant meta
stases were reported in 60 patients (appendix p 13). 
3year incidence of distant metastasis was 9·1% (random
effects 95% CI 8·7–9·5). The most common sites of 
distant metastases were lung (31 [52%] of 60 patients) 
and liver (23 [38%] of 60 patients; appendix p 13). 
31 (52%) of 60 patients with distant metastases had 
local regrowth. Distant metastasis was identified 
synchronous with local regrowth in 12 patients, after 
local regrowth in 14 patients, and before local regrowth 
in only four patients (dates were missing for one patient; 
appendix p 13).

We visually inspected the funnel plot for the 11 
included datasets for asymmetry and found no evidence 
indicating publication bias (appendix p 14). For the 
primary outcome of 2year cumulative incidence of local 
regrowth, we found no evidence for data availability bias 
(randomeffects 21·4% [95% CI 15·1–27·7] for estimates 
in the individual participant data metaanalysis vs 13·9% 
[7·9–19·8] for estimates from data available in abstract
form only; pinteraction=0·1110; appendix p 15) and weak 
evidence for reviewer selection bias (randomeffects 
21·4% [95% CI 15·1–27·7] for estimates in the individual 
participant data metaanalysis vs 11·5% [5·3–17·7] for 
estimates of other known published studies not included 
in the present analysis; pinteraction=0·0890; appendix p 16).

Discussion
We report five main findings. First, among studies of 
patients with rectal cancer and clinical complete 
response after chemoradiotherapy managed by watch 
and wait, there was wide variation in baseline patient, 
tumour, and treatment characteristics, but overall, study 
quality was at low risk of bias. Second, 2year cumulative 
incidence of local regrowth was approximately 20%, but 
there was wide variation across studies. Third, we found 
some evidence that increasing cT stage was associated 
with increased risk of local regrowth, particularly in a 
sub group of patients managed after 2008, but we found 
no clear signal of associations between other factors and 
risk of local regrowth. Fourth, the observed between
study heterogeneity might partly be explained by study 
differences in measured factors, such as cT stage, but 
other unmeasured predictors might be relevant and 
should be investigated in future research. Finally, we 
described several secondary outcomes, which will 
inform clinician–patient decision making. These include 
the findings that salvage surgery rates were high after 
tumour local regrowth, with almost all patients achieving 
R0 status and favourable 3year postsalvage survival. 

Overall incidence of distant metastasis was low; and 
overall survival rates were favourable.

Two published studylevel metaanalyses9,10 and one 
large  registrybased review11 have estimated local re growth 

Covariates in model Mean θ (SE) Difference 
in θ (%)

Likelihood 
of θ=0

AIC

Total cohort

Model A (514 patients)*

No covariates None 0·12 (0·10) ·· 0·002 1673·7

With covariates Age, sex, cT stage, cN stage, 
distance from anal verge

0·12 (0·10) 4·8% 0·003 1680·2

Model B (337 patients)

No covariates None 0·18 (0·15) ·· 0·001 981·5

With covariates Age, sex, cT stage, cN stage, 
distance from anal verge, time 
to watch-and-wait decision

0·26 (0·21) 45·3% 0·001 978·3

Model C (278 patients)

No covariates None 0·27 (0·21) ·· <0·001 872·2

With covariates Age, sex, cT stage, cN stage, 
distance from anal verge, 
baseline serum CEA

0·25 (0·19) 7·4% 0·001 870·9

Post-2008 subcohort

Model A (393 patients)*

No covariates None 0·10 (0·08) ·· 0·005 1234·4

With covariates Age, sex, cT stage, cN stage, 
distance from anal verge

0·11 (0·09) 12·4% 0·003 1233·9

Tumour distance from anal verge, time to watch-and-wait decision, and serum CEA concentration as continuous 
variables. Time to watch-and-wait decision as a spline pivoted as 13 weeks (determined from fractional polynomials). 
AIC= Akaike Information Criteria. CEA=carcinoembyronic antigen. *Patients included here might have had missing 
data for some variables but not others.

Table 3: Outputs from frailty models clustering for centres and assessing changes in between-study 
heterogeneity (θ) for local regrowth, with and without covariates

Number (%) Post-salvage surgery pathology findings

Positive 
CRM

Positive 
DRM

ypT stage* (T0/T1/
T2/T3/T4/missing)

ypN stage* 
(N0/N+/missing)

Number of patients with 
local regrowth

166 ·· ·· ·· ··

Non-surgical treatments 29† (17%) ·· ·· ·· ··

Surgical treatments 137 (83%) ·· ·· ·· ··

Operation types

Abdominoperineal 
resection

73 (53%) 4 0 1/7/22/35/2/6 56/9/8

Anterior resection 29 (21%) 0 0 3/5/6/14/0/1 20/8/1

Hartmann’s procedure 4 (3%) 0 1 0/0/0/3/0/1 2/1/1

Other radical operations 6 (4%) 0 0 0/0/2/2/2/0 6/0/0

Transanal local excision 
or TEM

25 (18%) Not 
applicable

1 0/5/13/5/0/0 Not applicable

Total ·· 4 2 4/17/43/59/4/8 84/18/10

Total colostomies 80 (48%) ·· ·· ·· ··

Data are number of patients. Values in parentheses are percentages. CRM=circumferential resection margin. 
DRM=distal resection margin. TEM=transrectal endoscopic microdissection. ypT=pathological T-stage. 
ypN=pathological N-stage. *The Taiwan study did not contribute to the pathological T and N staging. †Five patients 
had synchronous diagnoses of distant metastases.

Table 4: Treatment of 166 patients with local regrowth initially managed by watch and wait
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rates, and one metaanalysis35 focused on salvage in 
patients with local regrowth. As in our study, Dossa and 
colleagues9 found wide variation in baseline patient 
characteristics and 2year local regrowth rates across 
studies. By contrast with the study by Dossa and col
leagues, our analysis directly reported these baseline 
differences—for instance, median ages varied across the 
studies by as much as 16 years and the proportion of cT3 
and cT4 tumours varied from 43%29 to 82%.31 Dossa 
and colleagues reported a lower summary 2year local 
regrowth (15·7%) than we report (21·4%); our assess
ment of data availability bias suggests that this difference 
was mainly driven by the inclusion of eight unpublished 
abstracts in the Dossa review,9 but this difference was not 
statistically significant.

Dattani and colleagues10 reported a 3year cumulative 
risk of local regrowth of 21·6%, using a range of methods 
to estimate numbers at risk at 3 years to account for 
censoring, given the absence of individual timetoevent 
data. Thus, their estimate is broadly equivalent to our 
2year cumulative incidence of local regrowth of 21·4%.

In the recent IWWD analysis of 880 participants, there 
were data on 552 participants from five centres (AJGI; 
OnCoRe; Maastricht; Hospital Italiano, Buenos Aires; 
Vejle) that also contributed to our analysis.  While the 
inclusion criteria into our analysis were more stringent, 
given the overlap, not unexpectedly, similar estimates 
were seen for several, but not all, outcomes. Twoyear 
cumulative incidence of local regrowth was 25·2% 
(95% CI 22·2–28·5) in IWWD versus 21·4% (random
effects 95% CI 15·3–27·6) in our analysis; 5year overall 
survival was 84·7% (95% CI 80·9–87·7) versus 87·0% 
(randomeffects 95% CI 81·5–92·4); and 3year incidence 
of distant metastasis was 8·1% (95% CI 6·2–10·5) versus 
9·1% (randomeffects 95% CI 8·7–9·5). However, the 
proportion of patients who had salvage surgery was 
estimated to be 69% in the IWWD study compared with 
89% in our study. R0 status was attained in 88% of 
patients in IWWD, whereas in almost all salvage 
operations in our analysis. We also report 3year post
salvage overall survival (80·1%) and 5year nonregrowth 
diseasefree survival (81·3%), having previously argued 
that the latter is an informative outcome of disease 
control.18

Although there were individuallevel data in IWWD,11 
data were pooled without taking account of between
study differences. With high proportions of missing data 
for key confounders such as cT stage (18%), the IWWD 
analysis was unable to assess predictive factors of tumour 
local regrowth. From our analyses, we observed some 
evidence that increasing cT stage was associated with 
increased risk of local regrowth, a finding that was also 
noted at a smaller scale in the São Paulo series.36

A systematic review by Kong and colleagues35 focused 
on the frequency of salvage surgery reported in studies in 
which patients were managed by watch and wait. The 
analysis included 370 patients from nine studies, of 

whom 256 (69%) had sustained clinical complete 
response. The proportion of patients undergoing salvage 
surgery (84%) was similar to our analysis (89%).

Our study has limitations. First, we did not collect data 
on surveillance protocols. The IWWD study11 reported 
wide variation in frequency and assessment methods, 
and in theory, this might contribute to the observed 
betweenstudy heterogeneity in key outcomes. We 
broadly controlled for this using frailty models, which 
account for centrelevel heterogeneity, such as followup 
protocols. Second, the individual participant data meta
analysis approach does not resolve the potential problem 
of susceptibility to bias in included studies. We formally 
assessed for this bias and found that most studies were at 
low risk. Third, we sought data from only a subset of 
published studies, but we found only weak evidence of 
reviewer selection bias. Finally, we only approached 
investigators of published studies, which could result in 
data availability bias, although we found no strong 
evidence for this.

At first glance, a study weakness might be the absence 
of a comparator group. There is debate about the most 
appropriate comparator, such as patients with rectal 
cancer undergoing resection surgery and found to have a 
pathological complete response, or patients with a 
clinical complete response and treated by surgery.9 The 
choice of comparator group depends on the question;2 if 
the focus is oncological safety (eg, survival outcomes), 
the comparison group should be matched for key pro
gnostic factors such as age, performance status, and 
tumour stage to minimise selection bias. By contrast, our 
aim here was to assess predictive factors for local 
regrowth, since these will inform clinical protocols.

Indeed, our assessment of predictors of local regrowth 
is a notable strength of our study. Moreover, we restricted 
studies to those that defined clinical complete response 
using criteria equivalent to São Paulo benchmarks in 
order to minimise baseline misclassification of clinical 
complete response and facilitate interpretation of our 
predictions. The use of individual participant data meta
analysis also allowed us to update and extend studylevel 
information (eg, data for a sixth of participants were 
previously unreported); to identify published studies that 
contained overlapping sets of participants; to incorporate 
results from underreported outcomes (eg, nonregrowth 
diseasefree survival18); to verify results presented in the 
original study publications; to standardise the strategy 
for statistical analysis; and to assess model assumptions 
in each study. Specifically, we ran identical timetoevent 
analyses for each study, thus bypassing numbers at 
risk assumptions used in other metaanalyses. We 
purpose   fully strengthened our analytical design by 
seeking homogeneity of treatment; for example, some 
series8,16 historically included local excisions as part of the 
initial watchandwait manage ment from an era when it 
was thought that this additional step was necessary. 
Similarly, we excluded patients with a near complete 
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clinical response,37 some of whom were treated by contact 
Papillion brachy therapy.38

Regarding the clinical relevance of this study, we have 
not identified a patient subgroup that is unsuitable for 
watch and wait. Although in the post2008 posthoc 
analysis, cT4 tumours were associated with 2year 
cumulative incidence of local regrowth of about 40%, 
more than half of patients potentially benefited from a 
sustained complete response. Going forward, there is a 
need to validate the associations between cT stage and 
local regrowth on the basis of standardised MRIbased 
pretreatment staging protocols.

Another clinical question is whether there should be a 
stratified approach to followup. Conceivably, one might 
argue that cT3 and cT4 tumours are at high risk of local 
regrowth, but given the high proportions of patients 
undergoing salvage surgery and attaining R0 status, it is 
questionable whether more intensive surveillance in this 
patient subgroup would substantially affect longterm 
outcomes. Similarly, the rate of distant metastases in all 
these patients is low, arguing that more regular CT 
surveillance is unlikely to have a major clinical impact.

What are the implications for future trials? Several 
trials are ongoing or in development in which rectal 
organ preservation is the primary aim. Our study 
included one such trial,29 and the selection of patients in 
the São Paulo II cohort6 fulfilled the same aim. We 
showed that these subpopulations had similar incidences 
of local regrowth to those who achieved clinical complete 
response through routine care.

There are several key areas for future research. First, 
there is a need to establish an internationally accepted 
definition of clinical complete response, and to establish 
the role of MRI in this definition. Research is also needed 
to determine other predictors of sustained clinical 
complete response. Several approaches exist including 
imaging, blood biomarkers, and tumour molecular 
phenotyping. There is also a need to engage with patients 
to assess their options and preferences. Evidence 
suggests that watch and wait is associated with sub
stantially better quality of life and functional out comes 
compared with standard surgical resection.39 But a major 
caveat is that chemoradiotherapy itself might be 
associated with longterm morbidity. To date, no study 
has included MRItailored approaches by surgery alone 
as a comparator. All three pathways (chemo radiotherapy 
plus resection vs chemoradiotherapy plus watch and wait 
vs tailored resection alone) need to be investigated. Only 
then can we truly appraise the role of watch and wait in 
the overall standard care management of locally advanced 
rectal cancer.
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