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e Department of Radiotherapy, Institut Jules Bordet – Université Libre de Bruxelles (ULB), Brussels, Belgium   

A R T I C L E  I N F O   

Keywords: 
Rectal cancer 
Total neoadjuvant therapy 
RAPIDO 
PRODIGE 23 
Induction chemotherapy 
Consolidation chemotherapy 

A B S T R A C T   

A few months ago, results from two randomised phase III trials of total neoadjuvant therapy (TNT) in locally 
advanced rectal cancer were presented (RAPIDO and PRODIGE 23), consistently showing better short- and long- 
term outcomes with TNT as compared with standard neoadjuvant long-course chemoradiotherapy (CRT) or 
short-course radiotherapy (SCRT). These results represent corroborating evidence in support of a practice that 
many centres had already implemented based on promising preliminary data. Also, they provide new, high-level 
evidence to endorse TNT as a new management option in the treatment algorithm of stage II-III rectal cancer in 
those centres where CRT and SCRT have long remained the only accepted standard neoadjuvant treatments. 
Having two consistently positive trials is certainly reassuring regarding the potential of TNT as a general 
treatment approach. Nevertheless, substantial differences between these trials pose important challenges in 
relation to the generalisability and applicability of their results, and translation of the same into practical clinical 
recommendations. In this article, we address a number of key questions that the RAPIDO and PRODIGE 23 trials 
have raised among the broad community of gastrointestinal oncologists, proposing an interpretation of the data 
that may help the decision making, and highlighting grey areas that warrant further investigation.   

Introduction 

For many years, long-course chemoradiotherapy (CRT) and short- 
course radiotherapy (SCRT) have represented standard neoadjuvant 
treatments for stage II-III rectal cancer. CRT generally consists of 28–30 
fractions of 1.8 Gy with concurrent fluorouracil or capecitabine followed 
by surgery after an interval of ≥6 weeks, while SCRT involves the de
livery of 5 fractions of 5 Gy followed by surgery either 1 or up to 8 weeks 
later [1–3]. These therapeutic approaches are equivalent in terms of 
survival, toxicity and patient-reported outcomes [4–6]. Therefore, in 
clinical practice and international guidelines, CRT and SCRT are 
considered interchangeable, with a preference for the former when 
substantial tumour downsizing is needed to achieve clear resection 
margins or allow sphincter-sparing surgery [7,8]. 

Since a few years ago, this paradigm has increasingly been chal
lenged by the notion of total neoadjuvant therapy (TNT), an alternative 

multimodal strategy meaning to intensify pre-operative treatment by 
delivering both radiotherapy and systemic dose chemotherapy [9]. The 
historical bases of TNT lie on a number of factors. First, despite many 
advances over time and the routine adoption of a multidisciplinary 
approach by specialised teams, a substantial proportion of non- 
metastatic rectal cancer patients (especially among those with high- 
risk features) suffer tumour recurrence [10]. Second, while adjuvant 
chemotherapy is still offered in many cases, this has never been shown to 
be beneficial if neoadjuvant radiotherapy and high-quality surgery are 
carried out, with the only exception of a randomised phase II trial 
[11–16]; by contrast, it has long been hypothesised that moving sys
temic chemotherapy from the adjuvant to the neoadjuvant setting could 
ensure better compliance and an early and more efficient targeting of 
micrometastases, which now outperform local residual disease as the 
leading cause of recurrence [17]. Third, emerging data suggesting a 
time-dependent radiotherapy effect on tumour regression have 
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gradually led physicians to stretch the radiotherapy-to-surgery interval, 
this opening an opportunity window that encouraged the delivery of 
sequential, preoperative chemotherapy [18]. Finally, intensification of 
neoadjuvant therapy has the potential to increase the proportion of 
patients who achieve clinical complete response (cCR), and could 
therefore become eligible for watch & wait, an approach that has gained 
more and more traction over the last few years given the excellent 
survival data and positive implications in terms of long-term functional 
outcome and quality of life [19]. 

Until recently, the only available data on the use of TNT in rectal 
cancer were from relatively large retrospective or prospective series 
(generally showing promising results) [9,20–26], and small randomised 
trials (often failing to meet their primary endpoints) (Table 1) [27–34]. 
Not surprisingly, the lack of strong and unequivocal evidence generated 
substantial heterogeneity in terms of recommendations from 

international guidelines and treatment patterns across centres [68]. The 
NCCN guidelines fully endorsed TNT back in 2016, and this rapidly 
became common practice in many US centres [8]. By contrast, the latest 
version of the ESMO guidelines from 2017 considered TNT only as a 
potential alternative to CRT for the so-called “ugly” tumours, and the 
majority of European centres continued adopting conventional CRT or 
SCRT in most cases [7]. 

A few months ago, however, preliminary results from the rando
mised phase III RAPIDO and PRODIGE 23 trials were presented, ulti
mately tipping the balance towards TNT, and setting a new standard of 
care [35,36]. Nevertheless, many questions remain, especially con
cerning the selection of patients who are most likely to benefit from 
neoadjuvant treatment intensification and the choice of the most 
appropriate TNT regimen to adopt. By thoroughly analysing and 
comparing these trials and interpreting their results in light of the 

Table 1 
Main randomised trials of TNT before RAPIDO and PRODIGE 23.  

Trial N Eligibility Treatment Primary endpoint Primary outcome pCR DFS OS 

Maréchal et al. [31] 57 cT2-T4/N+ CRT 
FOLFOX x2 → CRT 

ypT0-1 N0 34%†

32%†

28%†

25%†

NR NR 

GCR 3 [27,28] 108 ≥cT3, N+, EMVI+, MRF + or distal CRT* → CAPOX x4 
CAPOX x4  → CRT* 

pCR 13%†

14%†

NR  
64%†□ 

62%†□  

78%†□ 

75%†□ 

WAIT [33] 49 cT3-T4 or N+

CRT 
CRT → 5FU x3  

pCR 25%†

16%†

NR NR NR 

KCSG CO 14-03 [32] 110 cT3-T4 CRT 
CRT → CAPOX x2 

ypT0-2 N0 21%‡

36%‡ 6%†

14%†

NR NR 

POLISH II [29,30] 515 Fixed cT3 
or cT4 

CRT* 
RT → FOLFOX x3 

R0 resection 71%†

77%†

12%†

16%†

41%†□ 
43%†□ 

49%†□ 
49%†□ 

KIR [34] 180 cT2/3 and N+, EMVI+, or MRF+ HDRBT 
FOLFOX x6 → HDRBT 

Chemo compliance 53%‡

80%‡

28%†

31%† 68%†□ 

72%†□   
82%†□ 

84%†□  

* Oxaliplatin-based chemoradiotherapy. 
□Survival estimates at 5 years. 
□Survival estimates at 8 years. 
†Non statistically significant. 
‡Statistically significant. 
Abbreviations: DFS: disease-free survival; pCR: pathological complete response; OS: overall survival; CRT: chemoradiotherapy; EMVI: extramural venous invasion; 
MRF: mesorectal fascia; HDRBT: high-dose rate endorectal brachytherapy; NR: not reported. 

Fig. 1. Study design of the RAPIDO and PRODIGE 23 trials.  
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existing evidence and unmet needs, we seek to answer to these ques
tions, and provide both physicians and patients with some guidance to 
follow in the decision-making process. 

RAPIDO AND PRODIGE 23: Two high-quality and consistently 
positive trials 

Data presented at the 2020 ASCO Annual Meeting have been 
considered by many as major breakthroughs in the management of non- 
metastatic rectal cancer. For the first time after decades, a new multi
modal neoadjuvant strategy consistently led to better short- and long- 
term outcomes, as shown by two large and well-conducted academic 
phase III trials. 

Both RAPIDO and PRODIGE 23 trials were run by expert in
vestigators under the auspices of prestigious cooperative groups 
[35,36]. The former was an international collaboration driven by the 
Dutch Colorectal Cancer Group (DCCG) and the Nordic Gastrointestinal 
Tumour Adjuvant Therapy Group (NGTATG), the latter was a French 
national study supported by the Unicancer Gastrointestinal, Fédération 
Francophone de Cancérologie Digestive (FFCD), Groupe Coopérateur 
Multidisciplinaire en Oncologie (GERCOR), and Groupe Francais Chir
urgie du Rectum (GRECCAR). In both cases, TNT was compared against 
standard control arms (CRTfollowed by surgery ± adjuvant chemo
therapy) and pre-planned target recruitment completed (n = 912 and 
461, respectively) (Fig. 1). 

Most importantly, both studies met the respective primary endpoints 
with statistically significant HRs translating into clinically meaningful 
outcome improvements. In the RAPIDO trial, disease-related treatment 
failure (DRTF, an outcome measure including progression, R2 resection, 
recurrence, new primary colorectal cancer, cancer- or treatment-related 
death) occurred at 3 years in 23.7% of patients treated with TNT and 
30.4% of those who had received standard therapy (HR 0.75, p = 0.019). 
Of note, in this study the original primary outcome measure was disease- 
free survival (DFS), and the pre-defined target difference was reduced 
from 10% to 7.5% in due course, following a lower-than-expected 
number of events [35]. The PRODIGE 23 trial used the more conven
tional endpoint of 3-year DFS, relative and absolute advantages of 
similar magnitude being reported in favour of the investigational group 
(ie, 75.7% versus 68.5%, HR 0.69, p = 0.034) [36]. Notably and further 
confirming the positive results, consistency between the two trials was 

also observed for secondary endpoints. In either study, the pathological 
complete response (pCR) rate in the TNT arm was doubled as compared 
with the control arm (ie, 28.4% versus 14.3% in RAPIDO, 27.8% versus 
12.1% in PRODIGE 23), and use of TNT led to an absolute 7% reduction 
(or 25% relative reduction) in the risk of distant metastases at 3 years 
(Table 2) [35,36]. 

While still preliminary, these data appear robust and compelling 
enough to justify routine adoption of TNT in clinical practice. Similar 
effect estimates across studies are one of the hallmarks of evidence- 
based medicine, and having two consistently positive trials should 
reassure regarding the actual performance of the investigational treat
ments. The lack of statistically significant improvements in overall 
survival (OS) with TNT should not be seen as a major limitation, as data 
are not mature yet, and neither trial was powered to address this 
question. Furthermore, although DFS and (even less) DRTF are not 
validated surrogates for OS in rectal cancer, previous evidence suggests 
that 2-year DFS may be a stronger predictor of OS than pCR, which is 
still used as a common primary endpoint for phase II studies [37,38]. 
Finally, it is interesting to note that improvements in DFS and DRTF 
were achieved mostly due to better distant tumour control, a task we 
failed to accomplish for many years. 

Nevertheless, there are substantial differences between these two 
trials (especially in terms of eligibility criteria and TNT regimens) that 
make interpretation of the results and translation of these into everyday 
clinical recommendations quite challenging. 

Table 2 
Efficacy data from RAPIDO and PRODIGE 23 trials.   

RAPIDO PRODIGE 23  

Primary endpoint   (DRTF) 
30.4% (vs 23.7%) 
HR 0.75, p = 0.019   

(DFS) 
75.5% (vs 68.5%) 
HR 0.69, p = 0.034   

pCR rate   28.4% (vs 14.3%) 
OR 2.37, p < 0.0001   

27.8% (vs 12.1%) 
p < 0.001  

Locoregional failure 
(at 3 years)   

8.3% (vs 6.0%) 
HR 1.42, p = 0.12   

NR  

Distant metastases 
(at 3 years)    

(Cumulative probability) 
20.0% (vs 26.8%) 
HR 0.69, p = 0.0048  

(Metastasis-free survival) 
78.8% (vs 71.7%) 
HR 0.64, p = 0.017   

OS 
(at 3 years)  

89.1% (vs 88.8%) 
HR 0.92, p = 0.59  

90.8% (vs 87.7%) 
HR 0.65, p = 0.07 

Abbreviations: DRTF: disease-related treatment failure; DFS: disease-free sur
vival; pCR: pathological complete response; NR: not reported; OS: overall 
survival. 

Table 3 
Patient characteristics from RAPIDO and PRODIGE 23 trials.   

RAPIDO PRODIGE 23  

No. of patients   912  461  

Median age (yrs) 
Elderly patients   

62 
40% (≥65 yrs)  

61 
13% (≥70 yrs)  

Males   67.1%  66.4%  

Performance status 
0 
1   

(ECOG) 
80.5% 
19.5%  

(WHO) 
79.1% 
20.9%  

Distance from anal verge 
< 5 cm 
5–10 cm 
10–15 cm    

25.7% 
39.3% 
35.0%   

36.9% 
50.3% 
12.8%  

Clinical T stage 
T2 
T3 
T4   

3% 
65.8% 
31.1%   

1.1% 
82.2% 
12.8%  

Clinical N stage 
cN0 
cN1 
cN2    

8.4% 
26.1% 
65.5%   

10.4% 
N+: 89.6%   

Other high-risk features 
EMVI +
MRF +
Lateral N+

29.9% 
61% 
14.8%   

NR 
27% 
NR 

Abbreviations: EMVI: extramural venous invasion; MRF: mesorectal fascia; NR: 
not reported. 
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Selection of patients suitable for TNT 

Having established that TNT should be regarded as a new standard of 
care, the first question that arises is about the patients who are most 
likely to benefit from such approach. It has long been thought that 
intensification of neoadjuvant treatment with pre-operative delivery of 
systemic dose chemotherapy could be a reasonable option for patients 
with most advanced tumours, who especially bear the risk of metastatic 
dissemination and distant recurrence [17]. Eligibility for many of the 
pivotal trials of TNT was based on the presence of high-risk features, this 
decision reflecting also the intent to avoid over-treatment of patients 
with good prognosis tumours [20–22]. Considering indeed the relatively 
high curative rate of standard neoadjuvant CRT or SCRT followed by 
high-quality surgery, and the marginal impact (if any) of adjuvant 
chemotherapy, moving systemic dose chemotherapy from the adjuvant 
to the neoadjuvant setting in unselected patients could still carry an 
unacceptably high risk of unnecessary toxicity [39]. 

In line with these considerations, the RAPIDO trial recruited only 
patients with at least one of the five following high-risk features as 
detected by baseline pelvic MRI: T4, N2, extramural venous invasion 
(EMVI), mesorectal fascia (MRF) involvement/threatening, and 
enlarged lateral pelvic lymph nodes. Enrichment for poor prognosis 
patients in this study is confirmed by the high proportion of those who 
had at least two risk factors (up to almost 65%) [35]. The contention that 
TNT should be indicated only for high-risk locally advanced rectal 
cancers, however, is challenged by the eligibility criteria of the PRO
DIGE 23 trial. In this study, recruitment was extended to all stage II-III 
patients (as revealed by MRI +/- endorectal ultrasound) regardless of 
the presence of high-risk features. Notably, while approximately 90% of 
patients had N + tumours at baseline, the proportion of those with T4 
stage (17% vs 31%) and MRF involvement/threatening (27% vs 61%) 
was substantially lower than in RAPIDO (Table 3) [36]. Based on these 
data, it is reasonable to propose TNT to patients with stage III tumours 
and to those with stage II tumours bearing at least one of the above
mentioned high-risk factors. Adopting such practice would mitigate 
concerns about the general risk of over-treatment, as patients who are 
considered here as suitable candidates for TNT are currently the most 
likely to be offered adjuvant chemotherapy following a non-TNT-based 
pre-operative strategy [8]. More data, however, are needed to support 

the routine adoption of TNT in patients with low-risk stage II tumours. 
Also, information regarding the quality assurance of MRI and the impact 
of endorectal ultrasound on patient eligibility in the PRODIGE 23 trial is 
awaited. 

In addition to tumour stage and MRI-based high-risk features, 
patient-related characteristics should also be taken into account in the 
treatment selection process. In this regard, it is worth noting that the 
vast majority of patients included in the RAPIDO and PRODIGE 23 trials 
(ie, approximately 80%) had an ECOG/WHO performance status of 
0 [35,36]. Also, the median age in either trial was 61 years (which ap
pears slightly lower than that from previously reported studies of stan
dard (C)RT) [1,3] and, as a result of more stringent eligibility criteria (ie, 
age ≤ 75 years), only about 12% of patients in the PRODIGE 23 trial had 
≥ 70 years (Table 3). Therefore TNT appears especially indicated for 
younger/fitter patients, while it is unknown to which extent the RAPIDO 
and PRODIGE 23 study results could be generalised to an older/less fit, 
real-world population. For patients aged >75 years, TNT may still be 
considered, but it should not include induction triplet chemotherapy. 

While subject to inherent limitations, subgroup analyses have the 
potential to shed some light into the patient selection process. In the 
RAPIDO trial the TNT effect was consistent across all patient subgroups 
[35]. Unfortunately, data from the PRODIGE 23 trial are awaited, but 
once available these could provide further insights into the role of the 
abovementioned high-risk features, and clarify whether the study posi
tive results are largely driven by specific risk categories. 

Selection of the optimal TNT schema 

While the consistently positive results of the RAPIDO and PRODIGE 
23 trials strongly support the superiority of TNT over standard neo
adjuvant therapy in stage III and high-risk stage II patients, they do not 
reveal the optimal TNT schema to use in routine practice. In fact, they 
have generated some uncertainty among oncologists who now have to 
choose between two similarly effective treatment options. This uncer
tainty is enhanced by the fact that the RAPIDO and PRODIGE 23 trials 
adopted two diametrically opposed strategies. In the former, the inves
tigational arm consisted of upfront SCRT followed by 18 weeks of 
doublet oxaliplatin-based chemotherapy (ie, 6 cycles of CAPOX or 9 
cycles of FOLFOX4) and surgery. No adjuvant chemotherapy was 
administered [35]. In the latter, TNT included 12 weeks of upfront 
triplet chemotherapy (ie, mFOLFIRINOX) followed by CRT, surgery and 
12 weeks of adjuvant chemotherapy (fluoropyrimidines with or without 
oxaliplatin) (Fig. 1) [36]. 

If we stuck to the study eligibility criteria, the PRODIGE 23 schema 
could be considered for all patients with stage II-III tumours, while the 
RAPIDO strategy should be restricted to those with high-risk tumours 
only. Such a rigorous interpretation of the data would make treatment 
allocation easier, limiting the proportion of patients who could be can
didates for either TNT regimen. Nevertheless, if we rather considered 
the results from these trials as supporting evidence of the superiority of a 
TNT strategy (however structured) over standard neoadjuvant therapy 
across all study patients, it is legitimate to infer that the benefit of the 
RAPIDO approach could hold for low-risk stage III tumours. While 
potentially hazardous, this conclusion would also conciliate what is 
considered to be a paradoxical mismatch between the two trials in terms 
of the anticipated recurrence risk of the study population (ie, higher in 
RAPIDO, lower in PRODIGE 23) and the intensity of the TNT schema (ie, 
lower in RAPIDO, higher in PRODIGE 23). 

Bearing in mind the differences between the RAPIDO and PRODIGE 
23 trials in terms of study design, and the inherent limitations of any 
inter-trial comparison, efficacy data appear very similar, as above noted, 
and not useful to settle the question about the best TNT to use in routine 
practice. As far as safety is concerned, this does not appear to be a key 
decisional factor either. In general, as previously shown by the pivotal 
Spanish GRC-3 trial, toxicity is lower and compliance is higher when 
systemic chemotherapy is moved from the adjuvant to the neoadjuvant 

Table 4 
Safety data from RAPIDO and PRODIGE 23 trials.   

RAPIDO PRODIGE 23  

Compliance to (chemo)radiotherapy   100% RT 
(vs 93% CRT)   

98% CRT 
(vs 99% CRT)   

Compliance to 
neoadjuvant chemotherapy   

85% 
(vs 67% adj 
chemo)   

92% 
(vs 75% adj 
chemo)   

Grade ≥ 3 AEs during neoadjuvant 
therapy   

48% 
(vs 25%)  

NR  

Grade ≥ 3 AEs during 
adjuvant chemotherapy   

NA (vs 35%)  44% − 3 months 
(vs 74% − 6 
months)   

Post-operative 
complications  

50% 
(vs 47%)  

29% 
(vs 31%)  

Treatment-related 
deaths  

3% 
(vs 3%)  

NR 

Abbreviations: RT: radiotherapy; CRT: chemoradiotherapy; adj: adjuvant; Aes; 
adverse events; NA: not applicable; NR; not reported. 
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setting [27]. Safety findings from the RAPIDO and PRODIGE 23 trials 
are in line with this contention, and they do not seem to be substantially 
influenced by the chemotherapy regimen, the radiotherapy schema, or 
the order in which chemotherapy and radiotherapy are administered. In 
the RAPIDO trial, the rate of grade ≥ 3 adverse events during the pre- 
operative phase was higher in the investigational than in the control 
arm (ie, 48% vs 25%), but this difference was balanced by the additional 
toxicity of adjuvant therapy in the latter (ie, 35% of grade ≥ 3 adverse 
events); furthermore, treatment-related toxicity did not affect compli
ance to neoadjuvant chemotherapy, which remained higher than adju
vant chemotherapy in the control arm (ie, 85% vs 67%) [35,40]. 
Unfortunately, information on the overall rate of grade ≥ 3 adverse 
events during the pre-operative phase in the PRODIGE 23 trial is not yet 
available. Nevertheless, the safety profile of induction mFOLFIRINOX 
was better overall than what was previously shown by studies with 
triplet chemotherapy in the metastatic setting [41]. The feasibility of 
this treatment is also confirmed by the high proportion of patients (92%) 
who completed 6 cycles of induction chemotherapy as per study pro
tocol. Notably, no major differences between the RAPIDO and PRODIGE 
23 trial are apparent in terms of compliance to radiotherapy (100% and 
98%, respectively), and the investigational TNT treatment in neither 
trial was reported to be associated with a higher rate of post-operative 
complications or a negative impact on quality of life (Table 4) 
[35,36,40]. 

Given these data and the lack of a direct comparison between the 
RAPIDO and PRODIGE 23 investigational treatments, no definitive 
conclusion can be drawn regarding the optimal TNT schema to use in 
routine practice. As is often the case, the decision to adopt one approach 
over the other will likely be influenced by pre-existing treatment pat
terns (at the country or institution level), physicians’ general attitude 
and familiarity with one particular TNT schema or some components of 
the same. It should be noted though, that the RAPIDO and PRODIGE 
TNT strategies are not entirely interchangeable, and there are some 
nuances that could be factored in the decision making, ultimately 
informing treatment choice. 

When the RAPIDO or PRODIGE 23 TNT strategies may be the preferred 
option 

Induction versus consolidation chemotherapy 
For many years, the debate about the use of systemic chemotherapy 

before (C)RT has largely focused on radiobiological considerations. 
While delivering induction systemic chemotherapy has long been 
viewed as an appealing option, concerns remained about the potential 
risk that chemotherapy-driven accelerated repopulation of resistant 
tumour clones could reduce the tumoricidal effects of sequential 
radiotherapy [42]. Over time, these concerns have been mitigated by the 
promising oncological outcomes of many retrospective and non- 
randomised prospective studies [9,20–26], and now finally swept 
away by the results of the PRODIGE 23 trial [36]. Nevertheless, the 
timing of systemic chemotherapy may still matter, or at least have some 
important practical implications. 

CAO/ARO/AIO-12 and OPRA were the first randomised phase II 
trials to address the question about the optimal sequence of systemic 
chemotherapy and radiotherapy within the context of a TNT strategy 
[43,44]. In the CAO/ARO/AIO-12 study, 306 stage II-III rectal cancer 
patients were randomised to oxaliplatin-based chemotherapy (3 cycles 
of FOLFOX) given before or after oxaliplatin-based CRT. While the study 
had a non-comparative pick-the-winner design, a higher proportion of 
patients (25% vs 17%) achieved pCR in the consolidation chemotherapy 
arm, which was the only one to fulfil the pre-defined statistical hy
pothesis [43]. In the OPRA trial, 306 patients with distal tumours were 
randomised between 4 months of oxaliplatin-based chemotherapy 
(FOLFOX or CAPOX) before or after fluoropyrimidine-based CRT, fol
lowed by surgery or watch & wait. Bearing in mind the non-comparative 
design, no difference was observed between the two arms in term of 3- 

year DFS (77% vs 78%, both survival estimates being in line with his
torical control data) and pCR rate (10% vs 8%). According to pre
liminary analyses, however, the proportion of patients who were able to 
preserve their sphincter following cCR and the adoption of a watch & 
wait strategy was substantially higher in the consolidation arm (59% vs 
43%) [44]. 

Again, drawing firm conclusions based on inter-trial comparison and 
inference should be generally discouraged. Nevertheless, the available 
data suggest that survival outcomes are unlikely to be influenced by the 
timing of systemic chemotherapy. As long as this treatment is delivered 
before surgery (and therefore not too long delayed), the effective tar
geting of micro-metastases is preserved. In contrast, despite identical 
pCR rates were reported in the RAPIDO and PRODIGE 23 trials, a TNT 
strategy including consolidation chemotherapy may lead to deeper re
sponses of the primary tumour, and therefore could represent the 
preferred approach at least for those patients who are interested in 
pursuing non-operative management in the case of a confirmed cCR. Of 
course, more data are needed to confirm this hypothesis. Also, one 
question that remains unanswered is whether the increased pCR/cCR 
rate observed with consolidation chemotherapy is exclusively attribut
able to the sequential strategy per se or somewhat influenced (and if so, 
to which extent) by the longer interval between radiotherapy and sur
gery or the first imaging reassessment time point, that at least to a 
certain limit may increase the chances of tumour regression [45–48]. 
For instance, in the CAO/ARO/AIO-12 trial, the median CRT-to-surgery 
interval was doubled in the consolidation arm (90 vs 45 days) [21]. 

Assuming that a RAPIDO-like strategy could be preferred over a 
PRODIGE-like approach based on the above considerations (ie, deeper 
tumour responses and comparable safety), the question arises whether 
there are any advantages of delivering systemic chemotherapy before 
radiotherapy. In fact, in some clinical circumstances induction chemo
therapy may represent the optimal choice. This is for instance the case of 
patients with bulky cancers at baseline. Systemic chemotherapy elicits 
tumour response much more quickly than CRT or SCRT [49] and, as 
shown in previous studies, the tumour shrinkage effect achieved with 
induction chemotherapy may result in a rapid symptomatic relief [50]. 
Also, upfront administration of chemotherapy may provide a pragmatic 
solution for those patients who do not have rapid access to the radio
therapy facilities or for whom delays in the start of radiotherapy are 
anticipated due to internal logistical issues. Finally yet importantly, 
induction chemotherapy may provide an opportunity window to assess 
in vivo tumour sensitivity/response and to decide on the next course of 
action, including proceeding with surgery without pre-operative radio
therapy [51]. In this regard, substantial interest has recently emerged 
for radiotherapy-free neoadjuvant strategies to reduce the risk of long- 
term toxicity and poor functional outcomes. For instance, the 
FOWARC trial showed the feasibility of delivering neoadjuvant FOLFOX 
chemotherapy without radiotherapy in stage II-III rectal cancer patients 
[52,53]. While this was formally a negative study in view of its superi
ority design and the results should be interpreted with caution given a 
number of limitations, it is notable noting that the reduction in pCR rate 
with the omission of radiotherapy did not translate into a difference in 
either local recurrence rate, DFS or OS. Upon availability of confirma
tory data [such as those from the ongoing PROSPECT/NCCTG N1048/ 
Alliance trial (NCT01515787)], induction chemotherapy with selective 
use of radiotherapy may become standard practice for many patients, 
especially those with high and/or MRF- tumours. 

Long-course chemoradiotherapy versus short-course radiotherapy 
It is well established that CRT and SCRT are largely equivalent in 

terms of long-term toxicity, local recurrence rates, and survival out
comes [4–6]. Even the pCR rate, which has historically been higher with 
CRT, appears similar if SCRT is followed by delayed surgery (ie, after an 
interval of 4 to 8 weeks), as shown by the Stockholm III trial [3,18]. 
Also, there are no compelling data suggesting potential synergistic ef
fects between either radiotherapy regimen and induction versus 
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consolidation chemotherapy. Therefore, it is unlikely that clinical or 
radiobiological considerations linked to the radiotherapy schedule may 
drive the decision to adopt one TNT schema over the other. On the other 
hand, there are some practical implications of using SCRT or CRT within 
the context of a TNT strategy, that may ultimately count in the decision 
making. 

While the overall duration of the neoadjuvant treatment (ie, from 
treatment start to surgery) in the RAPIDO and PRODIGE 23 trial is quite 
similar (ie, theoretically 23–26 weeks and 26–27 weeks, respectively), 
the latter is burdened by a substantially higher number of in-hospital 
treatment days (ie, theoretically 11–14 days versus 34 days) [35,36] 
(Fig. 1). This difference is mostly attributable to the use of CRT instead 
of SCRT, and it increases further if the additional 12 weeks of adjuvant 
chemotherapy from the PRODIGE 23 trial are considered (ie, theoreti
cally, 11 to 14 days versus 38–40 days). In a general context where 
treatment cost saving and cautious use of healthcare resources are 
paramount, an SCRT-including TNT strategy such as that investigated in 
the RAPIDO trial is by far more convenient than a CRT-based TNT 
approach as proposed in the PRODIGE 23 trial. This point is especially 
valid at the present time, with healthcare systems being under massive 
pressure for the COVID-19 pandemic crisis [54,55]. Also, it is very likely 
that for the same reason, the RAPIDO TNT strategy may be the preferred 
option for patients and their caretakers, especially if these happen to live 
a long distance from the healthcare facilities. 

As outlined above, however, rapid access to the radiotherapy treat
ment is not always possible especially in developing countries, and 
opting for CRT after 12 weeks of induction chemotherapy can avoid 
substantial delays in treatment start. What is not known, however, is 
whether, regardless of the preferences or circumstances driving the 
decision about CRT versus SCRT, the type and timing of radiotherapy 
should mirror either the RAPIDO or PRODIGE 23 strategy. Only limited, 
non-randomised data are available for upfront CRT followed by 
consolidation chemotherapy or induction chemotherapy followed by 
SCRT [25,32,33,43]. 

Open questions regarding the RAPIDO and PRODIGE 23 TNT regimens 

In addition to the above-discussed points regarding the optimal pa
tient selection and the choice of the most appropriate TNT schema to 
propose to our patients, a number of other questions remain about 
specific treatment components of the RAPIDO and PRODIGE 23 TNT 
strategies. 

The first question concerns the optimal duration of consolidation 
chemotherapy if the RAPIDO approach is used. Should this be continued 
for 18 weeks (ie, 9 cycles of FOLFOX or 6 cycles of CAPOX), or a shorter 
duration could be equally effective? This is a legitimate question, 
especially considering that in the adjuvant setting of colon cancer 
(where the value of systemic chemotherapy is by far higher than in rectal 
cancer) 12 weeks of oxaliplatin-based chemotherapy were shown to be 
non-inferior to 24 weeks of the same treatment at least for patients with 
low-risk tumours [56]. Although no randomised data are available, re
sults from previous studies help to shed some light into this topic. In the 
MSKCC 12-201 trial, 259 patients with stage II-III rectal cancer were 
prospectively enrolled into four sequential treatment arms, three of 
which had a RAPIDO-like treatment strategy with SCRT followed by 2, 4 
or 6 cycles of consolidation FOLFOX chemotherapy [57]. Notably, the 
pCR rate was directly proportional to the number of chemotherapy cy
cles, increasing from 25% when 2 cycles were given to up to 38% among 
patients who had received 6 cycles. Of course, and as abovementioned, 
these results might have been largely influenced by the longer 
radiotherapy-to-surgery interval (median values increasing with the 
number of cycles and ranging from 11 to 19 weeks), and could not be 
entirely reflective of the benefit deriving from a longer duration of the 
consolidation chemotherapy. Also, the study did not test the impact of 
extending consolidation chemotherapy up to 9 cycles (i.e., 18 weeks). 
Indirect confirmation of the potential value of a longer duration of 

consolidation chemotherapy (or simply a longer radiotherapy-to- 
surgery interval) comes from the negative results of the POLISH II 
trial. No significant difference was observed for any of the outcome 
measures of this study, where 515 patients with fixed cT3 or cT4 tu
mours were randomised between oxaliplatin-based CRT followed by 
surgery and SCRT followed by “only” 3 cycles of FOLFOX and surgery 
[29,30]. Overall, in the absence of tolerability issues and until new ev
idence becomes available, it is not advisable to administer less than 18 
weeks of consolidation chemotherapy if the RAPIDO-based TNT strategy 
is used. The true impact of the duration of consolidation chemotherapy 
on survival is unknown, and it cannot be ruled out that a shorter 
chemotherapy treatment may have a detrimental effect on long-term 
outcomes. 

The second question is about the induction chemotherapy regimen 
used in the PRODIGE 23 trial. Is triplet chemotherapy necessary, or 
similar results could be achieved with oxaliplatin-based doublet 
chemotherapy? Historically, treatment intensification in the metastatic 
setting has not been very popular among oncologists, and it took several 
years and follow-up/confirmatory studies after the pivotal TRIBE trial 
for FOLFOXIRI (or its variant FOLFIRINOX) to become a universally 
accepted, routinely used, first-line regimen [40,58,59]. Not surprisingly, 
concerns have already risen by many who consider 12 weeks of induc
tion mFOLFIRINOX as a disproportionate measure for patients with 
relatively early-stage rectal tumours. Furthermore, irinotecan has never 
been shown to play a role in the peri-operative setting of colorectal 
cancer [60,61], and the risk of overtreatment in a population that mostly 
remains free of recurrence even with conventional neoadjuvant CRT or 
SCRT is very high. Deciphering the added value of irinotecan in this 
setting is impossible at this stage. Randomised data on TNT with 
intensified induction treatments in non-metastatic rectal cancer are 
available only for the combination of chemotherapy plus monoclonal 
antibodies: while higher radiological response rates were observed in 
favour of the intensive arm at the end of the induction phase, overall 
results were disappointing (possibly influenced by suboptimal patient 
selection criteria) [22,62]. On the other hand, at least two randomised 
phase II trials failed to demonstrate the superiority of a PRODIGE-like 
strategy including induction oxaliplatin-based doublet chemotherapy 
over standard therapy [27,28,31]. What we know from the metastatic 
setting is that intensification of chemotherapy increases response rates, 
progression-free survival and OS at the price of increased toxicity 
[40,58,59,63]. Assuming that this notion holds true for early-stage pa
tients, the advantage of administrating mFOLFIRINOX upfront lies in the 
rapid and deep tumour downsizing, thus improving tumour-related 
symptoms and widening the proportion of patients who could poten
tially be spared from sequential radiotherapy within the context of an 
adaptive treatment strategy [51]. Of note, the potential of mFOLFIR
INOX in this setting is being addressed in the ongoing NORAD01 trial 
[64]. As far as the risk of increased toxicity is concerned, data from the 
PRODIGE 23 trial appear reassuring overall, and they suggest that safety 
is less of an issue in this setting, this conclusion being likely influenced 
by the early-stage population. Overall, in the absence of specific con
traindications to triplet chemotherapy, oncologists should not be 
reluctant to deliver 12 weeks of mFOLFIRINOX if a PRODIGE-based TNT 
strategy with induction chemotherapy is considered. 

The last question is about the actual value in the PRODIGE 23 trial of 
adjuvant chemotherapy, a treatment component that has not generally 
been included in classical TNT studies. All phase III trials of adjuvant 
chemotherapy in rectal cancer patients who had received neoadjuvant 
radiotherapy and high-quality surgery failed to show any survival 
improvement [11–15,65]. It is then legitimate to hypothesise that, if 
patients are treated with an intensified neoadjuvant therapy including 
systemic chemotherapy, there are no chances whatsoever that adjuvant 
chemotherapy may be beneficial. Also, it should be noted that in the 
investigational arm of the PRODIGE 23 trial, 29% of patients never 
started adjuvant chemotherapy, and only 57% completed the assigned 
treatment [36]. These figures are in line with those from the 
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abovementioned negative phase III trials, and further limit the value of 
adjuvant chemotherapy in the setting of TNT [11–14]. Of course, these 
assumptions should be confirmed by randomised data. Meanwhile, if the 
decision is made to adopt the PRODIGE 23 schema, patient suitability 
for adjuvant chemotherapy after surgery should be carefully assessed, 
and in the absence of specific contraindications an open discussion 
should take place with the patient regarding pros and cons of each 
management option (the decision to use either mFOLFOX or capecita
bine in the trial was left to the discretion of the investigator). Moving 
forward, a TNT strategy whereby adjuvant chemotherapy is replaced by 
systemic chemotherapy delivered before and after CRT according to a 
“sandwich” treatment appears more interesting and worth testing in 
future clinical trials [66,67]. 

Conclusions 

For decades, outcome improvements for locally advanced rectal 
cancer have mostly resulted from technical advances (especially in im
aging, surgery, and pathology), and routine use of multimodal ap
proaches as proposed by specialised multidisciplinary teams. For the 
first time since the standardisation of TME, we have two randomised 
phase III trials consistently showing better short- and long-term out
comes with a new multimodal treatment. We believe that results from 
these trials should be considered as practice-changing, and TNT be 
rapidly included as a management option in the treatment algorithm of 
patients with stage II-III tumours (Fig. 2). Of course, full peer-reviewed 
data from the PRODIGE 23 trial are eagerly awaited to confirm 

interpretations and recommendations outlined in this article. Also, 
many questions about TNT remain unanswered, and these should 
represent the subject of future studies. 
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