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IMPORTANCE This was a clinical study of total neoadjuvant therapy (TNT) for rectal cancer.

OBJECTIVE To assess the use and outcomes of TNT in routine practice.

DESIGN, SETTING, AND PARTICIPANTS This international, multicenter study was conducted at
61 centers across 21 countries and included consecutive patients treated off trial with TNT for
stage II/III rectal adenocarcinoma from September 2012 to December 2023. Data were
analyzed between August and October 2024.

EXPOSURE TNT, defined as the delivery of radiotherapy and nonradiosensitizing
chemotherapy before surgery or watch and wait.

MAIN OUTCOMES AND MEASURES The primary outcome was type of TNT administered.
Secondary outcomes were patient characteristics, treatment adherence, safety, and efficacy
overall and by type of TNT in the entire population and after propensity vector matching.

RESULTS A total of 1585 patients (588 female [37.1%]; median [IQR] age, 61 [53-68] years)
were included, 1260 (79.5%) of whom had 1 or more high-risk features (eg, cT4, cN2,
extramural venous invasion, threatened/involved mesorectal fascia, and lateropelvic
lymphadenopathy). Patients were treated with the PRODIGE 23–like regimen
(FOLFIRINOX/FOLFOXIRI followed by long-course chemoradiotherapy) (271 [17.7%]),
RAPIDO-like regimen (short-course radiotherapy followed by consolidation FOLFOX/CAPOX)
(529 [33.4%]), OPRA induction-like (induction FOLFOX/CAPOX followed by long-course
chemoradiotherapy) (190 [12.0%]), OPRA consolidation-like (long-course chemoradio-
therapy followed by consolidation FOLFOX/CAPOX) (257 [16.2%]), and other regimens (360
[22.7%]). After TNT, 192 (12.1%) underwent watch and wait, and 30 (1.9%) underwent local
excision. Pathological or clinical complete response was reported in 23.2% of cases. At
treatment failure, 8.5% was local and 16.4% was distant progression. Three-year event-free
survival (EFS) was 68% (95% CI, 64%-71%), and 5-year overall survival (OS) was 79% (95%
CI, 75%-83%). In the overall population, patients treated with the PRODIGE 23–like regimen
were most likely to have serious adverse events (61 [23.5%]) but had better local control and
survival outcomes than those treated with the RAPIDO-like (EFS: hazard ratio [HR], 0.68;
95% CI, 0.49-0.95; P = .03; OS: HR, 0.51; 95% CI, 0.27-0.97; P = .04), OPRA induction-like
(EFS: HR, 0.66; 95% CI, 0.44-0.98; P = .04; OS: HR, 0.35; 95% CI, 0.18-0.70; P = .003), and
OPRA consolidation-like (EFS: HR, 0.64; 95% CI, 0.44-0.93; P = .02; OS: HR, 0.50; 95% CI,
0.25-1.00; P = .05) regimens. In the matched population (928 patients [58.5%]), no
differences in survival outcomes were observed between the TNT regimens.

CONCLUSIONS AND RELEVANCE The findings of this case series study show substantial
variation in the choice of the TNT regimen and were overall aligned with those reported in
clinical trials, suggesting the efficacy of TNT in a clinical setting regardless of the specific
regimen.
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D uring the past few years, the management of locally ad-
vanced rectal cancer (LARC) has rapidly evolved.1 Until
recently, standard treatments included long-course che-

moradiotherapy (LCCRT) or short-course radiotherapy (SCRT)
followed by surgery (watch and wait [W&W] being an option in
selected cases) with or without adjuvant chemotherapy, while
in some countries, upfront surgery remained the preferred op-
tion for cT3a/b tumors of the mid-high rectum.2

In 2020, total neoadjuvant therapy (TNT) emerged as a new
standard of care following the results of 2 randomized phase
3 clinical trials.3 In RAPIDO, SCRT followed by 18 weeks of ox-
aliplatin-based chemotherapy yielded higher rates of patho-
logic complete response (pCR) and better 3-year disease-
related treatment failure than LCCRT followed by surgery with
or without adjuvant chemotherapy in high-risk LARC.4,5 In
PRODIGE 23, 12 weeks of modified folinic acid, fluorouracil,
irinotecan, and oxaliplatin (FOLFIRINOX) followed by
LCCRT, surgery, and adjuvant chemotherapy improved the
rates of pCR, 3-year disease-free survival, and 7-year overall
survival (OS) compared with LCCRT followed by surgery and
adjuvant chemotherapy in patients with stage II to III disease.6,7

Despite being supported by lower-level evidence, other TNT
regimens have increasingly gained traction in clinical prac-
tice. In the randomized, noncomparative phase 2 OPRA trial,
the organ preservation rate at 5 years was higher with 16 weeks
of oxaliplatin-based chemotherapy administered after rather
than before LCCRT.8,9 Finally, phase 3 trials testing other TNT
regimens in Chinese populations have been reported, such as
STELLAR and TNTCRT, that showed better 3-year OS or 3-year
disease-free survival, respectively, than LCCRT.10,11

Limited information is available on the use and outcome
of TNT in clinical practice. Also, to our knowledge, trials com-
paring these regimens are lacking, and according to interna-
tional guidelines, any type, combination, and sequence of ra-
diotherapy and chemotherapy are deemed acceptable.12 With
the intent to address this knowledge gap, and leveraging the
potential of clinical data,13 we launched the International Real-
World Study of TNT in Rectal Cancer, an initiative designed to
build the largest dataset of patients with LARC who were
treated with TNT outside of clinical trials. In this article, we
report the initial results.

Methods
Study Design and Participants
The study was conducted according to the Declaration of Hel-
sinki. Approval by institutional review boards and ethics com-
mittees, which advised on the need to obtain patient in-
formed consent for study participation, was managed by the
principal investigators at each center and according to the regu-
lations from local authorities.

Eligibility was restricted to consecutive patients who ful-
filled all the following criteria: histologically/cytologically con-
firmed adenocarcinoma, clinical stage II/III disease, distal tu-
mor border within 15 cm of the anal verge and below the
peritoneal reflection, and TNT according to local practice. TNT
was defined as any treatment, including the delivery of radio-

therapy and nonradiosensitizing chemotherapy before surgery
(or W&W). Patients with metastatic disease, locally recurrent tu-
mors, previous treatment for rectal cancer, receipt of TNT within
a clinical trial, or a diagnosis of a second primary cancer within
2 years of initiating treatment were excluded.

Participating centers were invited through the Oncodin-
stinct Network and the European Organisation for Research
and Treatment of Cancer or by direct contact with the local
principal investigator. Data were entered into a password-
protected REDCap database, and monitoring was conducted
remotely by the study team at the Institut Jules Bordet
(Brussels, Belgium). This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE
reporting guidelines.

Study Objectives and Outcome Measures
The primary objective was to describe clinical practice.
TNT was analyzed by regimen (ie, PRODIGE 23–like vs RAPIDO-
like vs OPRA induction-like vs OPRA consolidation-like), tim-
ing of chemotherapy (ie, induction vs consolidation vs sand-
wich), type of chemotherapy (ie, doublet vs triplet), and type
of radiotherapy (ie, LCCRT vs SCRT). Secondary objectives in-
cluded the evaluation of patient characteristics, treatment ad-
herence, safety, and efficacy in the overall population and by
type of TNT. Exploratory objectives included the investiga-
tion of prognostic/predictive biomarkers.

Analyses by the TNT regimen were done according to
an intention-to-treat and a per-protocol (PP) basis. The
former considered the type of radiotherapy (ie, LCCRT
for PRODIGE 23–like, OPRA induction-like, and OPRA
consolidation-like regimens and SCRT for RAPIDO-like regi-
mens) and the type and timing of chemotherapy (ie, induc-
tion FOLFIRINOX/fluorouracil, leucovorin, oxaliplatin,
and irinotecan [FOLFOXIRI] for PRODIGE 23–like, consoli-
dation folinic acid, fluorouracil, and oxaliplatin [FOLFOX]/

Key Points
Question What are the preferences of physicians and the
outcomes of total neoadjuvant therapy (TNT) in routine practice?

Findings In this case series study of 1585 patients with rectal
cancer, TNT was delivered via 12 weeks of folinic acid, fluorouracil,
irinotecan, and oxaliplatin (FOLFIRINOX)/fluorouracil, leucovorin,
oxaliplatin, and irinotecan (FOLFOXIRI) followed by long-course
chemoradiotherapy, short-course radiotherapy followed by
consolidation folinic acid, fluorouracil, and oxaliplatin
(FOLFOX)/capecitabine and oxaliplatin (CAPOX), induction
FOLFOX/CAPOX followed by long-course chemoradiotherapy,
long-course chemoradiotherapy followed by consolidation
FOLFOX/CAPOX, or other regimens. While better outcomes were
observed with induction FOLFIRINOX/FOLFOXIRI followed by
long-course chemoradiotherapy in the overall population, no
statistically significant differences were found after a propensity
vector matching analysis.

Meaning The results of this study suggest that substantial
variation exists in the choice of TNT in routine practice, and
efficacy outcomes in this setting are consistent with those from
clinical trials and similar among the different regimens.
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capecitabine and oxaliplatin [CAPOX] for RAPIDO-like and
OPRA consolidation-like, and induction FOLFOX/CAPOX
for OPRA induction-like regimens). The latter also consid-
ered the radiotherapy dose and number of neoadjuvant che-
motherapy cycles administered based on the regimens
reported by the respective trials.4,6,8 Adherence was evalu-
ated by the proportion of patients who completed (chemo)
radiotherapy and chemotherapy without modification/dose
reduction or discontinuation. Safety was assessed based on
the incidence of serious adverse events (SAEs) and grade 3
or higher perioperative complications according to the
Clavien-Dindo classification.14 Efficacy end points included
pCR, complete response (CR), local (LP) or distant progres-
sion (DP) at the time of treatment failure (TTF), event-free
survival (EFS), and OS. pCR was reported as the proportion
of patients who had ypT0N0 tumors of those who initiated
TNT, while CR also included those who had either ypT0Nx
(after local excision) or ymrT0N0 tumors (if W&W) with no
disease regrowth/progression for 15 months or longer after
TNT completion. LP and DP were defined as intrapelvic and
extrapelvic, respectively, tumor progression. EFS was calcu-
lated from TNT initiation to tumor progression or death,
with censoring at the last imaging showing no progression.
Isolated local regrowth during W&W was not considered an
event for LP or EFS if followed by an R0/R1 salvage surgery.
OS was calculated from TNT initiation to death, with cen-
soring at the last follow-up. The methods for missing data

imputation and propensity vector matching15 are described
in the eMethods in Supplement 1.

The statistical software used was R, version 4.3.1 (R Core
Team 2023). Statistical significance was set at a P < .05.

Results
Baseline Characteristics
At the data cut-off date of December 31, 2023, 1585 patients
who initiated treatment between September 2012 and Decem-
ber 2023 at 61 centers across 21 countries (eTable 1 and eFig-
ure 1 in Supplement 2) were included. The median age was 61
years (IQR, 53-68), and most patients were males (62.9%) and
had an Eastern Cooperative Oncology Group/World Health Or-
ganization performance status of 0 (1026 [64.7%]). The pri-
mary tumor was located in the distal rectum in 46% of cases.
In almost all patients (93.9%), a pelvic MRI (± an endoscopic
ultrasonography) was carried out for local staging, and 79.5%
were found to have 1 or more high-risk features, including cT4
(25.3%), cN2 (47%), EMVI (32.4%), MRF+ (44.1%), and LPLN
(3.8%) (Table).

Outcomes in the Entire Population, by Type/Timing
of Chemotherapy, and Type of Radiotherapy
Chemotherapy was given as induction, consolidation, and
sandwich treatment in 547 (34.5%), 809 (51.0%), and 229

Table. Patient Demographic and Baseline Characteristics in the Overall Population and by Total Neoadjuvant Therapy (TNT) Regimen

Variable

No. (%)

Overall population PRODIGE 23–like3 RAPIDO-like3
OPRA
induction-like9

OPRA consol-
idation-
like9 Other

Age, median (IQR), y 61 (53-68) 60 (51-66) 62 (53-70) 64 (54-71) 59 (52-68) 61 (53-67)

Sex

Female 588 (37.1) 107 (38.2) 202 (38.1) 63 (33.2) 97 (37.7) 119 (36.3)

Male 997 (62.9) 173 (61.8) 328 (61.9) 127 (66.8) 160 (62.3) 209 (63.7)

Date of diagnosis

2012-2015 68 (4.3) 14 (5.0) 21 (4.0) 8 (4.2) 20 (7.8) 5 (1.5)

2016-2019 310 (19.6) 47 (16.8) 23 (4.0) 45 (23.7) 27 (10.5) 168 (51.2)

2020-2023 1207 (76.1) 219 (78.2) 486 (92.0) 137 (72.1) 210 (81.7) 155 (47.3)

ECOG/WHO performance status

0 1026 (64.7) 212 (75.7) 277 (52.3) 134 (70.5) 162 (63.1) 241 (73.5)

≥1 495 (31.2) 64 (22.9) 225 (42.4) 47 (24.8) 80 (31.1) 79 (24.1)

Unknown 64 (4.1) 4 (1.4) 28 (5.3) 9 (4.7) 15 (5.8) 8 (2.4)

Tumor histotype

Adenocarcinoma 1518 (95.8) 271 (96.8) 513 (96.8) 180 (94.7) 245 (95.3) 309 (94.2)

Mucinous carcinoma 48 (3.0) 7 (2.5) 12 (2.3) 7 (3.7) 8 (3.1) 14 (4.3)

Signet ring cell carcinoma 10 (0.6) 0 3 (0.5) 2 (1.1) 2 (0.8) 3 (0.9)

Other 8 (0.5) 2 (0.7) 1 (0.2) 1 (0.5) 2 (0.8) 2 (0.6)

Unknown 1 (0%) 0 1 (0.2%) 0 0 0

Tumor differentiation

Grade 1-2 1012 (63.9) 195 (69.6) 356 (67.2) 93 (48.9) 154 (59.9) 214 (65.3)

Grade 3-4 111 (7.0) 14 (5.0) 42 (7.9) 18 (9.5) 13 (5.1) 24 (7.3)

Unknown 462 (29.1) 71 (25.4) 132 (24.9) 79 (41.6) 90 (35.0) 90 (27.4)

(continued)
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patients (14.5%), respectively (Figure 1). This consisted
of single-agent (ie, fluoropyrimidine, 1.1%), doublet (ie,

FOLFOX/CAPOX, 78.8%), and triplet (ie, FOLFOXIRI/
FOLFIRINOX, 20.1%) regimens. In 2.1% of cases, antiangio-

Table. Patient Demographic and Baseline Characteristics in the Overall Population and by Total Neoadjuvant Therapy (TNT) Regimen (continued)

Variable

No. (%)

Overall
population PRODIGE 23–like3 RAPIDO-like3

OPRA
induction-like9

OPRA consol-
idation-
like9 Other

MMR status

pMMR/MSS 912 (57.5) 224 (80.0) 339 (64) 122 (64.2) 165 (64.2) 62 (18.9)

dMMR/MSI-high 34 (2.1) 5 (1.8) 10 (1.9) 3 (1.6) 13 (5.1) 3 (0.9)

Unknown 639 (40.4) 51 (18.2) 181 (34.1) 65 (34.2) 79 (30.7) 263 (80.2)

CEA

Less than ULN 825 (52.0) 122 (43.6) 283 (53.) 91 (47.9) 142 (55.3) 187 (57)

Greater than ULN 559 (35.3) 71 (25.4) 199 (37.5) 80 (42.1) 88 (34.2) 121 (36.9)

Unknown 201 (12.7) 87 (31.0) 48 (9.1) 19 (10.0) 27 (10.5) 20 (6.1)

Pelvic MRI

No 96 (6.1) 1 (0.4) 52 (9.8) 7 (3.7) 26 (10.1) 10 (3.0)

Yes 1489 (93.9) 279 (99.6) 478 (90.2) 183 (96.3) 231 (89.9) 318 (97.0)

Distance from the anal verge, cm

≤5 729 (46.0) 150 (53.6) 221 (41.7) 89 (46.8) 132 (51.4) 137 (41.8)

>5 and ≤10 645 (40.7) 106 (37.8) 222 (41.9) 79 (41.6) 93 (36.2) 145 (44.2)

>10 191 (12.0) 23 (8.2) 74 (14.0) 22 (11.6) 27 (10.5) 45 (13.7)

Unknown 20 (1.3) 1 (0.4) 13 (2.4) 0 5 (1.9) 1 (0.3%)

cT stage

cT1-2 78 (4.9) 12 (4.3) 25 (4.7) 5 (2.6) 19 (7.4) 17 (5.2)

cT3 1097 (69.2) 206 (73.6) 398 (75.1) 127 (66.8) 169 (65.8) 197 (60.0)

cT4 401 (25.3) 62 (22.1) 105 (19.8) 56 (29.5) 65 (25.3) 113 (34.5)

Unknown 9 (0.6) 0 2 (0.4) 2 (1.1) 4 (1.5) 1 (0.3)

cN stage

cN0 178 (11.2) 53 (18.9) 57 (10.8) 8 (4.2) 36 (14.0) 24 (7.3)

cN1 638 (40.3) 131 (46.8) 200 (37.7) 79 (41.6) 116 (45.2) 112 (34.1)

cN2 745 (47.0) 90 (32.1) 267 (50.4) 100 (52.6) 99 (38.5) 189 (57.7)

Unknown 24 (1.5) 6 (2.2) 6 (1.1) 3 (1.6) 6 (2.3) 3 (0.9)

Lateropelvic lymph nodes

No 1507 (95.1) 270 (96.4) 509 (96.1) 179 (94.2) 242 (94.2) 307 (93.6)

Yes 60 (3.8) 10 (3.6) 15 (2.8) 8 (4.2) 7 (2.7) 20 (6.1)

Unknown 18 (1.1) 0 6 (1.1) 3 (1.6) 8 (3.1) 1 (0.3)

Distance from the mesorectal fascia,
mm

≤1 699 (44.1) 155 (55.4) 208 (39.2) 81 (42.6) 86 (33.5) 169 (51.5)

>1 516 (32.6) 76 (27.1) 168 (31.7) 71 (37.4) 80 (31.1) 121 (36.9)

Unknown 370 (23.3) 49 (17.5) 154 (29.1) 38 (20.0) 91 (35.4) 38 (11.6)

Extramural venous invasion

No 533 (33.6) 120 (42.9) 160 (30.2) 72 (37.9) 94 (36.6) 87 (26.5)

Yes 513 (32.4) 92 (32.9) 163 (30.8) 47 (24.7) 54 (21) 157 (47.9)

Unknown 539 (34) 68 (24.2) 207 (39.0) 71 (37.4) 109 (42.4) 84 (25.6)

RAPIDO high-risk features

No 99 (6.2) 28 (10.0) 24 (4.5) 21 (11.1) 21 (8.2) 5 (1.5)

Yes 1260 (79.5) 222 (79.3) 418 (78.9) 146 (76.8) 171 (66.5) 303 (92.4)

Unknown 226 (14.3) 30 (10.7) 88 (16.6) 23 (12.1) 65 (25.3) 20 (6.1)

Abbreviations: CEA, carcinoembryonic antigen; dMMR, mismatch repair
deficient; ECOG, Eastern Cooperative Oncology Group; MMR, mismatch repair;
MRI, magnetic resonance imaging; MSI-high, microsatellite instability high; MSS,

microsatellite stability; pMMR, mismatch repair proficient; ULN, upper limit of
normal; WHO, World Health Organization.

Research Original Investigation Total Neoadjuvant Therapy for Locally Advanced Rectal Cancer

E4 JAMA Oncology Published online July 10, 2025 (Reprinted) jamaoncology.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, AI training, and similar technologies.

Downloaded from jamanetwork.com by Universite Catholique de Louvain user on 07/15/2025

http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2025.2026


genic agents or anti–epidermal growth factor receptor mono-
clonal antibodies were added. Radiotherapy was delivered as
SCRT in 37.2% and LCCRT in 62.8% of cases. Chemotherapy
during LCCRT included fluoropyrimidine alone (94.6%) or fluo-
ropyrimidine and oxaliplatin (4%). Following TNT, surgical re-
section was conducted for 82.3% of patients and local exci-
sion for 1.9%, while 12.1% of patients received W&W and 3.7%
did not undergo surgery due to tumor unresectability,
progression, toxic effects, or death. Adjuvant chemotherapy
was administered to 19.4% of patients (eTables 2-4 in
Supplement 1).

A total of 1514 patients (97.9%) completed radiotherapy as
planned. Chemotherapy dose reductions and/or modifica-
tions were reported in 493 cases (31.9%) and discontinuation
in 209 (13.5%). SAEs and grade 3 or higher perioperative com-
plications were observed in 240 (15.5%) and 116 patients (8.9%),
respectively. Adherence and safety data by type of treatment
are available in eTables 5 to 7 in Supplement 1. Overall, pCR
was achieved in 271 cases (21.3%) and CR in 335 (23.2%).
After a median follow-up of 24 months (IQR, 14-35), 340 pa-
tients (23.6%) had progressive disease, and 150 (9.7%) died
of any cause. LP and DP at the TTF occurred in 112 (7.0%) and
251 cases (16.2%), respectively. Three-year EFS was 68% (95%
CI, 64%-71%), and 5-year OS was 79% (95% CI, 75%-83%)

(eFigure 2 and eTable 4 in Supplement 1). LP was less fre-
quent with triplet chemotherapy (odds ratio, 0.46; 95% CI,
0.24-0.83, P = .01), while patients treated with LCCRT (haz-
ard ratio [HR], 0.77; 95% CI, 0.62-0.96; P = .02) and sand-
wich chemotherapy (HR, 0.67; 95% CI, 0.50-0.91; P = .001;
compared with consolidation chemotherapy) had better EFS
(eTable 8 and eFigure 3 in Supplement 1).

Outcomes by TNT Regimen in the Overall Population
Of the 1585 patients, 280 (17.7%), 530 (33.4%), 190 (12%), and
257 (16.2%) were treated according to the PRODIGE 23–like,
RAPIDO-like, OPRA induction-like, and OPRA consolidation-
like regimens, respectively. Demographic and baseline char-
acteristics by TNT regimen are available in eTable 9 in Supple-
ment 1, while adherence, toxic effects, surgical procedures, and
outcomes are shown in eTables 10 to 12 in Supplement 1.
Patients treated with the PRODIGE 23–like regimen were most
likely to experience SAEs (61 [23.5%]) and require chemo-
therapy dose reduction and/or modification (109 [41.1%]). The
median radiotherapy to surgery interval was 9.1 weeks (IQR,
7.8-10.4) for PRODIGE 23–like, 24.8 weeks (IQR, 21.3-28.7) for
RAPIDO-like, 10.4 weeks (IQR, 9.1-13) for OPRA induction-
like, and 24.3 weeks (IQR, 16.1-30.9) for OPRA consolidation-
like regimens. The proportion of patients achieving pCR and

Figure 1. Distribution of the Patient Population
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CR, respectively, was 22.2% and 24.8% for PRODIGE 23–like,
21.7% and 24.4% for RAPIDO-like, 17.8% and 18.5%
for OPRA induction-like, and 22.4% and 25.4% for OPRA con-
solidation-like regimens, respectively. Patients treated with the
PRODIGE 23–like regimen were less likely to experience LP at
the TTF than those treated with other regimens (3.9% vs 8.9%
with RAPIDO-like regimens, 11.9% with OPRA induction-like
regimens, and 10.1% with OPRA consolidation-like regi-
mens), while no difference was observed for DP. Survival out-
comes by TNT regimens are shown in eFigure 4 in Supple-
ment 1. EFS and OS were longer with PRODIGE 23–like regimens
than RAPIDO-like regimens (EFS: HR, 0.68; 95% CI, 0.49-
0.95; P = .03; OS: HR, 0.51; 95% CI, 0.27-0.97; P = .04), OPRA
induction-like regimens (EFS: HR, 0.66; 95% CI, 0.44-0.98;
P = .04; OS: HR, 0.35; 95% CI, 0.18-0.70; P = .003), and OPRA
consolidation-like regimens (EFS: HR, 0.64; 95% CI, 0.44-
0.93; P = .02; OS: HR, 0.50; 95% CI, 0.25-1.00; P = .05). Asso-
ciations between outcomes and prognostic factors estimated
in multivariable analyses are listed in eTable 13a to f in Supple-
ment 1, while outcomes in the PP population are presented in
eTable 14 and eFigure 5 in Supplement 1.

Outcomes by TNT Regimen in the Matched Population
After propensity vector matching, 928 patients (58.5%) were
eligible for analysis. Demographic and baseline characteris-
tics are shown in eTable 15 in Supplement 1, while treatment
adherence, toxic effects, surgical procedures, and early out-

come measures are shown in Figure 2 (eTables 16-17 in Supple-
ment 1). Patients treated with PRODIGE 23–like and RAPIDO-
like regimens were most likely to require chemotherapy dose
reduction and/or modification (40.8% and 40.4%, respec-
tively), while SAEs were most commonly reported for pa-
tients treated with RAPIDO-like regimens (23.5%). When the
OPRA consolidation–like regimen was used, more patients re-
ceived W&W (23.3% vs 6.0% for PRODIGE 23–like, 14.4% for
RAPIDO-like, and 5.6% for OPRA induction-like regimens). No
statistically significant difference was observed between TNT
regimens for any oncological outcome. At 3 years, the propor-
tion of patients who were alive and free of progression was 76%
(95% CI, 70%-83%) for PRODIGE 23–like, 64% (95% CI, 55%-
74%) for RAPIDO-like, 64% (95% CI, 55%-76%) for OPRA in-
duction-like, and 61% (95% CI, 52%-71%) for OPRA consolida-
tion-like regimens. Five-year OS rates were 88% (95% CI, 80%-
96%), 74% (95% CI, 59%-93%), 76% (95% CI, 64%-90%), and
83% (95% CI, 75%-93%), respectively (Figure 3 and Figure 4;
eTable 18 in Supplement 1).

Discussion
To our knowledge, this is the largest study to date on patients
with LARC who were treated with TNT in a clinical setting. We
found that TNT was mostly considered for high-risk tumors
and delivered through various approaches. Safety and effi-

Figure 2. Details of Neoadjuvant Treatment, Safety, Surgical Procedures and Early Outcomes
by Total Neoadjuvant Therapy (TNT) Regimen in the Matched Population
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cacy outcomes were similar to those reported in clinical trials,
and the latter were not consistently associated with the TNT
regimen.

The recent TNT trial results have transformed the treat-
ment landscape of LARC, enriching the therapeutic algo-
rithm with options that improve pCR and long-term
outcomes.16 However, they have increased the complexity of
decision-making. In addition to selecting patients who might
benefit from neoadjuvant treatment intensification, physi-
cians have to face the challenge of choosing among several regi-
mens that were tested in different-risk populations and have
not yet been compared against each other.3,17,18 Evidence is
needed to confirm the generalizability of trial results and ad-
dress the question as to whether the available TNT regimens
should be considered interchangeable or whether differ-
ences exist in either safety or efficacy that could guide treat-
ment decisions for individual patients.

Through the participation of many centers worldwide, we
managed to gather individual data from several series of pa-
tients with LARC treated with TNT according to local practice.
The inclusion period spanned more than a decade, with most
patients being treated during the last few years. Yet, in approxi-
mately 25% of cases, TNT was administered before 2020, which
highlights the adoption of this strategy in some centers before
the positive results of phase 3 trials became available. As ex-
pected, we observed a substantial variation in the choice of TNT.
The RAPIDO-like was the most used regimen, while fewer pa-
tients were treated with other regimens. However, virtually all
patients were treated before the latest trial readouts (showing
worse local control for RAPIDO, better overall survival for
PRODIGE 23, and prolonged organ preservation for OPRA

consolidation),5,7,9 and a shift over time in the adoption of the
different TNT regimens cannot be excluded. What appears clear
from the characteristics of this population is that TNT was gen-
erally regarded as an option for high-risk tumors, as originally
proposed by the RAPIDO and TNTCRT trials.4,11 However, the
choice of the regimen was largely independent of the indi-
vidual risk profile or eligibility criteria of the corresponding study,
with the proportion of high-risk patients treated with RAPIDO-
like, PRODIGE 23–like, and OPRA-like regimens being similar and
ranging from 67% to 79%. This suggests that TNT regimens are
generally considered similar and broadly applicable to the en-
tire spectrum of patients with LARC.

Based on the higher rates of pCR compared with LCCRT,
TNT is assumed to also be associated with an increased like-
lihood of pursuing organ-preservation approaches.8,9,19 In our
series, 14% of the patients were treated either with local exci-
sion or W&W. The former was mostly offered to patients treated
with PRODIGE 23–like regimens, while the latter was espe-
cially considered for those treated with OPRA consolidation-
like regimens. These findings likely reflect systematic prefer-
ences in some centers for certain strategies when an organ-
sparing approach is intentionally pursued.8,9 The rate of pCR
did not differ substantially among regimens. This was 21.3%
in the entire population, which was overall consistent
with clinical trials,4,6,10,11 especially considering that an addi-
tional 2% had sustained cCR more than 1 year after treatment
completion.

Some of the uncertainty regarding the choice of the TNT
regimen is derived from the variable association that neoad-
juvant treatment intensification may have with long-term out-
comes. While none of the available phase 3 TNT trials were

Figure 3. Event-Free Survival (EFS) and Overall Survival (OS) by Total Neoadjuvant Therapy (TNT) Regimen in the Matched Population3,9
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powered to primarily address OS, the PRODIGE 23 and
STELLAR trials were the only to suggest an OS advantage with
TNT.7,10 Also, only the RAPIDO trial reported a detrimental ef-
fect of TNT on local control.5 The long-term outcomes of this
population met the expectations overall. Patients treated with
the PRODIGE 23–like regimen had a reduced risk of LP at TTF
and better survival outcomes compared with those treated with
other regimens. However, these findings were not confirmed
in the matched analysis, in which only a numerical but not sta-
tistically significant difference in favor of the PRODIGE
23–like regimen was observed. The median follow-up of our
study was relatively short, making estimations highly uncer-
tain at this stage. Investigators from the PRODIGE 23 trial
reported an OS advantage for TNT only after prolonged fol-
low-up and using the restricted mean survival time.6,7 Regard-
ing local failure, the rate observed with the RAPIDO-like regi-
men (8.9%) did not appear different compared with that
observed with the OPRA induction-like or OPRA consolidation-
like regimens (12.5% and 10.1%, respectively). The long dura-
tion of the consolidation chemotherapy in the RAPIDO trial and

risk of tumor repopulation were proposed to explain the un-
expectedly worse local control.20,21 In our study, the LP rate
among patients with the RAPIDO-like regimens was similar be-
tween the intention-to-treat and PP populations (ie, 8.9% vs
9.7%). However, the pattern of progression was captured only
at the TTF, and the overall rate of LP (as well as DP) could have
been underestimated.

Confirming the feasibility and safety of TNT in a clinical
population is one of the requisites for the wide adoption of this
strategy in routine practice. In line with clinical trials, the ad-
herence with radiotherapy in our study was very high regard-
less of the type of TNT. Regarding chemotherapy, early dis-
continuation occurred in 13.5% of cases (compared with 8%-
23% from clinical trials),6,8 and this was more commonly
reported with the RAPIDO-like regimen, possibly due to the
longer treatment duration. On the other hand, chemotherapy
dose reductions/modifications occurred for 32% (compared
with 44%-47% from clinical trials)4,6 and were expectedly more
frequent among patients treated with the PRODIGE 23–like regi-
men, who also appeared to have an increased risk of SAE. Re-

Figure 4. Pathologic Complete Response (pCR), Complete Response (CR), Local Progression (LP),
and Distant Progression (DP) by Total Neoadjuvant Therapy Regimen in the Matched Population
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assuringly, the incidence of grade 3 or higher postoperative
complications was low (8.9%) and in accordance with the 4%
to 14% range from TNT trials.10,11

Limitations
Our study had several limitations. First, the retrospective de-
sign was inherently associated with data collection errors/
biases and missing information, which were only partially ad-
dressed with the remote monitoring and data imputation.
Second, this was a nonrandomized study, and despite running
a propensity vector matching analysis, the comparison be-
tween TNT regimens remained subject to treatment selection bi-
ases due to unknown confounders. Furthermore, variations in
treatment delivery, staging methods, and supportive care across
institutions further complicated direct comparisons. Third, the
relatively short follow-up might have precluded us from detect-
ing differences in long-term outcomes between TNT regimens.
Fourth, the lack of comprehensive molecular testing did not al-

low us to evaluate the prognostic effect of certain tumor bio-
markers. Fifth, no correction methods for multiple testing were
applied, and the possibility of chance findings could not be ex-
cluded. Finally, despite the high number of countries involved,
most patients were treated in Europe, limiting the generalizabil-
ity of our results to other populations.

Conclusions
This case series study illuminates the applicability of TNT to
clinical practice. Recruitment of additional centers is ongo-
ing, and further analyses are planned with larger numbers and
longer follow-up. Meanwhile, according to our initial find-
ings, we believe that TNT decisions should be made based on
the individual risk profile and following an accurate discus-
sion about the positives and negatives of each option while con-
sidering patient preferences and expectations.
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