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Summary Total neoadjuvant therapy is a novel ap-
proach for locally advanced rectal cancer. The opti-
mal treatment sequence is, however, a matter of de-
bate and until now, no overall survival benefit has
been reported. This review is a critical, objective sum-
mary viewed from different perspectives of the avail-
able literature of previous milestones that have been
achieved in the treatment of locally advanced rectal
cancer, of current recommendations, and of future
perspectives.
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Introduction with a short look back

Until the 1990s, the 5-year overall survival (OS) in pa-
tients with rectal cancer was 30–70% after a curative
resection and the local recurrence rate was 15–40%
[1–3]. To improve the outcome in locally advanced
rectal cancer, two pathways were taken:

a) optimization of surgical procedures [4],
b) involvement of radiotherapy [5].

The establishment of a special surgical technique—
total mesorectal excision (TME)—and the involve-
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ment of radiotherapy has reduced the 5-year local
recurrence rate to 5–8%.

Two landmark studies, the German CAO/ARO-AIO-
94 study [6] and the Dutch trial [7], examined the in-
fluence of neoadjuvant therapy on OS, disease-free
survival (DFS), local relapse rate, complete response,
and R0 resection. Both studies could decrease the
local recurrence rate down to about 6% but had no
impact on OS. The question of whether radiotherapy
had a positive impact on local recurrence rate also in
patients in whom a TME surgery was performed could
be positively answered by the Dutch trial [7].

Further insights from these studies were

� accuracy of staging (18% of patients were stage I in
the postoperative arm, who shouldn’t be enrolled),

� distant metastases rate was still about 30%,
� uninfluenced OS.

From then on, new major questions were of interest
(from about 2005 to 2016):

� What should be the standard diagnostic procedure
for local staging of rectal cancer?
– Accurate preoperative staging of rectal cancer is
crucial in planning treatment and is the strongest
predictor for recurrence. Local staging incor-
porates the assessment of mural wall invasion,
circumferential resection margin (CRM) involve-
ment, and nodal status. For local radiological
staging of rectal cancer, a combination of modali-
ties involving magnetic resonance imaging (MRI)
and/or endorectal ultrasonography (EUS) is the
standard diagnostic procedure [8–11].

� Could/should the pathologic procedure be opti-
mized and standardized?
– Pathologists play a key role in the modern multi-
disciplinary management of patients with rectal
cancer. Pathological assessment of the resected
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specimen provides key prognostic information,
e.g., primary staging of the tumor and identifica-
tion of high-risk features, and allows evaluation
of the quality of the surgery, accuracy of radiol-
ogy, and the response to neoadjuvant therapy.
The pathologic procedure was standardized and
optimized over the years [12–15].

� Should upper-third rectal tumors should be treated
by neoadjuvant radiotherapy?

� Despite recommendations [16], the Dutch trial
showed that the main parameter is the positive
circumferential margin until the distance of 15cm
[17].

� Are there indications for adjuvant chemotherapy af-
ter neoadjuvant long-course radiotherapy?
– This question has not yet been answered un-
equivocally, and recommendations are different
[18–22], but no prospective trial could show anOS
benefit from adjuvant treatment.

� Which is the optimal radiotherapy treatment: short-
or long-course?
– Neoadjuvant radiotherapy is the standard of care
for locally advanced rectal cancer (LARC), which
can be delivered with short-course fractionation
(25Gy in 5 fractions) or in a conventionally frac-
tionated, long-course schedule over 25–30 frac-
tions with concurrent chemotherapy. Head-to-
head randomized trials have shown little or no
significant difference between short- and long-
course radiotherapy in terms of local control or
OS. Long-course radiotherapy should be offered
if downstaging is a goal or if the CRM is involved,
because the Dutch trial showed less downstag-
ing with short-course radiotherapy followed by
surgery after 1 week and that there was no benefit
if circumference is involved [23]. Both treatment
schedules remain viable options depending on
the clinical scenario.

� Which group has themost advantage fromneoadju-
vant radiotherapy?
– The Ocum trial and other observations showed
that only high-riskpatients with involvedor threat-
enedmesorectal fascia (≤1mm) or cT4 or cT3 car-
cinomas of the lower rectal third had a benefit
from neoadjuvant treatment [24–28].

� What should be the endpoint in studies about
neoadjuvant treatment with curative intent and
what should be the minimum follow-up time to
record valid local recurrence rates?
– Complete remission rate of long-course radio-
therapy has often been discussed to be a suffi-
cient argument for neoadjuvant treatment. Maas
et al. examined long-term outcome in patients
with pathologic complete remission (pCR) after
chemoradiotherapy (CRT). 5-year DFS, 5-year
risk for local relapse, 5-year distant metastasis-
free survival, and 5-year OS were 83.3%, 2.8%,
88.8%, 87.6% for patients with pCR and 65.6%,
9.7%, 74.9%, 76.4% for those without pCR, re-

spectively (p<0.001). The multivariate analyses
couldn’t show an additional favorable effect on
DFS of administration of adjuvant chemother-
apy, although it was associated with significantly
improved OS [29]. A more recent meta-analysis
of 22 randomized trials didn’t support the use
of pCR and 3-year DFS as appropriate surrogate
endpoints for 5-year OS [30]; also in colon cancer
overall association between 2-/3-year DFS and
5-/6-year OS HRs were modest to poor. Only in
stage III patients was the association increased,
and a correlation could be found [31]. Only 5-year
local recurrence rates allow treatment quality to
be definitely judged, especially when multimodal
treatment was applied [32].

� Status of escalation/optimization chemotherapy in
the neoadjuvant treatment part. Is there a benefit of
adding a second chemotherapy drug such as oxali-
platin?
– To the best of our knowledge there is no trial
which could clearly show an advantage of adding
a further chemotherapy drug combinedwith fluo-
ropyrimidine-based CRT in the neoadjuvant part.
Several randomized trials have been conducted
to evaluate the efficacy of adding oxaliplatin to
fluoropyrimidine-based CRT. Because of the in-
consistent results of these trials, several meta-
analyses have been carried out, but they have
not been conclusive. The pCR rate and DFS were
increased in a few studies but did not translate
to improved OS and toxicity was increased [20,
33–38].

� Most studies included patients with “LARC,” but
what is the definition of LARC?
To date, there is no international consensus on
a definition of LARC. In general, the term is used
when no R0 resection and an increased risk of local
relapse is expected. Other common descriptions
are cT3/4, mesorectal facia (MRF) involvement
(<1mm), nodal positivity (N+), extramural venous
invasion (EMVI), cN2, extramesorectal N+. Because
of different inclusion criteria in rectal cancer stud-
ies, a comparison between studies on the treatment
of LARC is not easy.

� What is the main aim of neoadjuvant therapy: local
relapse, DFS, OS, watch and wait (W&W), sphincter
saving, downstaging, downsizing, distant metasta-
sis, etc.?
– To date, there is no agreement about the main
aim. Therefore, due to different endpoints and
different inclusion criteria, it is impossible to draw
a clear conclusion.

During the past few years, the above-listed points
have been internationally discussed and examined
from different points of view. Main goals were to de-
crease the rate of distant metastases with the hope of
increasing OS, to increase the rate of pCR either with
the intention to increase DFS, OS, complete response,
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or the rate of sphincter-saving surgery, and last but
not least, to decrease the rate of local recurrences.
All these discussion points were internationally dis-
cussed and described by the tasked force “workflow
rectal cancer” and others [39–41].

Total neoadjuvant therapy

Total neoadjuvant therapy (TNT)—a novel therapeu-
tic approach in LARC—has been intensively investi-
gated in recent years. The results of five prospective,
randomized trials were recently published and reac-
tivated these discussion points. All studies used MRI
for local rectal staging. The five trials are briefly sum-
marized:

PRODIGE-23 trial

In the PRODIGE-23 trial [42], six cycles of modi-
fied FOFLIRINOX (mFOLFIRINOX) followed by CRT
and surgery and 3 months of adjuvant mFOLFOX6
or capecitabine (experimental arm A; n=231) were
compared with standard CRT followed by surgery
and 6 months of adjuvant mFOLFOX or capecitabine
(standard arm B; n= 230). The primary endpoint was
3-year DFS and was 75.7% in the experimental arm
versus 68.5% in the control arm (p=0.034). Distant
metastasis occurred in 17% versus 25% of patients
(p< 0.05) and pCR was 27.8% versus 12.1% (p< 0.001).
No difference was found in terms of OS, R0 resection
rate, and local relapse rate.

RAPIDO trial

In the RAPIDO trial [43], short-course radiotherapy
followed by consolidation chemotherapy with six cy-
cles of CAPOX or nine cycles of FOLFOX4 (experi-
mental arm A; n= 462) were compared with standard
CRT followed by surgery and adjuvant chemotherapy
consisting of eight cycles of CAPOX or 12 cycles of
FOLFOX4 (standard arm B; n= 450). The primary end-
point of this trial changed during the study from DFS
to disease-related treatment failure (DRTF). 3-year
DRTF in arm A was 23.7% versus 30.4% (p= 0.019).
Distant metastasis occurred in 20% versus 26.8% of
patients (p=0.0048) and pCR was 27.8% versus 12.1%
(p< 0.001). No difference was found in OS, R0 resec-
tion rate, and local recurrence rate.

OPRA trial

In the OPRA trial [44], induction chemotherapy fol-
lowed by CRT (arm A; n= 152) or CRT followed by con-
solidation chemotherapy (arm B; N= 166) and either
TME or W&W on the basis of tumor response were
assessed. Patients in both groups received 4 months
of chemotherapy (eight cycles FOLFOX or five cycles
CAPEOX). The primary endpoint was 3-year DFS and
was 76% in both arms. 3-year DFS did not differ

when compared to historical controls treated with
CRT (75%). 3-year TME-free survival was 41% in
the induction group and 53% in the consolidation
group. No differences were found between groups in
local recurrence-free survival, distant metastasis-free
survival, and OS.

CAO/ARO/AIO-12 trial

In the CAO/ARO/AIO-12 trial [45], a phase II study,
three cycles of FOLFOX followed by CRT and TME
(experimental arm A; n= 156) were compared to CRT
followed by three cycles FOLFOX and TME (control
arm B). Adjuvant chemotherapy after TME was not
recommended. The primary endpoint was DFS. The
3-year DFS was 73% in both arms. Up-front CRT
followed by consolidation chemotherapy resulted in
higher rates of pCR (27% vs 38%). Long-term onco-
logic outcomes did not differ between the groups.

STELLAR

In the STELLAR trial [46], short-course radiotherapy
followed by four cycles of CAPOX and surgery fol-
lowed by two cycles of adjuvant CAPOX (experimen-
tal arm A; n= 302) were compared with RCT followed
by surgery and six cycles of CAPOX (control arm B;
n= 297). The primary endpoint was DFS. 3-year DFS
in arm A was 64.5% versus 62.2% in the control arm
(n.s.). The pCR was 21.8% versus 12.3% (p= 0.002) and
OS was 86.5% versus 75.1% (p=0.033). No difference
was found in the occurrence of distant metastases, R0
resection rate, and local recurrence rate.

Discussion

In 2018, the National Comprehensive Cancer Network
(NCCN) incorporated TNT as the preferred treatment
for LARC [47]. This incorporation was based on high
complete response rates of about 30% and a favored
DFS rate, but with no influence on OS [48–51]. The
guidelines were not accepted in general because of
a missing influence on survival, and most of the stud-
ies were not prospective and randomized.

Recently, a big step forward was achieved with the
publication of five prospective randomized trials: the
Prodige23 trial [42], Rapido trial [43], OPRA trial [44],
Stellar trial [46], and CAO/ARO/AIO-12 trial [45] trials.

Two trials (Prodige-23 trial, Rapido trial) showed
an almost identical benefit of 7% in DFS, of 6%
in distant metastases, and 10% in pCR. The Stel-
lar trial, on the other hand, had different results,
with no benefit in DFS and in distant metastases,
but benefit in OS (11%) and in pCR (10%). Dif-
ferences in study protocols are the inclusion crite-
ria—cT3/4 and/or N+ versus cT3/4 Nx versus rectal
cancer with risk factors (Table 1)—and the used treat-
ment strategy—induction chemotherapy/CRT versus
short-course radiotherapy/consolidation chemother-
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Table 1 Overview of data from Prodige-23 trial [42], Rapido trial [43], OPRA trial [44], CAO/ARO/AIO-12 trial [45], and
STELLAR trial [46]

Prodige-23 trial Rapido trial OPRA trial CAO/ARO/AIO-12 trial STELLAR trial

Treatment
arms

6×mFOLFIRINOX→ CRT
→ 6×mFOLFOX6
vs.
CRT→ TME
→ 12×mFOLFOX6 or
8× Cap

RT→ 6× CAPOX or
9× FOLFOX4→ TME
vs.
CRT→ TME→ 8× CAPOX or
12× FOLFOX4 (optional)

8× FOLFOX or
5× CAPEOX→ CRT→W&W
or TME
vs.
CRT→ 8× FOLFOX or
5× CAPEOX→W&W or TME

3× FOLFOX
→ CRT—(45d)→ TME
vs.
CRT
(90d)→ 3× FOLFOX
→ TME

SCRT (21w)→ 4× CAPOX
→ TME→ 2× CAPOX
vs.
CRT (14w)→ TME
→ 6× CAPOX

Assessment
of extent of
primary tumor
by

MRI MRI MRI MRI MRI

Inclusion crite-
ria

<15cm anal verge
cT3 (at risk of local recur-
rence)
cT4

<16cm anal verge
cT4a/b
EMVI
cN2
MRF+
Enlarged lateral lymph node

cT3/4N0
cT× N1–2

<12cm anal verge
cT3< 6cm from the
anal verge
cT3 c/d
cT4
or N+

<10cm
cT3/4 and/or N+

Nodal status 231 vs. 230 468 vs. 452 158 vs. 166 156 vs. 150 302 vs. 297

Primary end-
point

DFS at 3 years DRTF DFS pCR DFS

pCR 28% vs. 12% (p= 0.001) 28% vs. 14% (p< 0.0001) TME: 28% vs. 26%
Tumor regrowth: 40% vs. 27%
preserved rectum: 41% vs.
53% (p= 0.01)

27% vs. 38% ynN0 71.1% vs. 68.7%
pCR 21.8% vs. 12.3%
(p= 0.002)

Median FU 46.5 months (IQR
35.4–61.6)

4.6 year (3.5–5.5) 3 years (1.84–4.06) 43 months (35–60) 35 months (8.3–63.9)

Local recur-
rence rate

4.3% vs. 3.9% (n. s.) 8.3% vs. 6.0% (n. s.) 6% vs. 6% 6% vs. 5% 8.4% vs. 11% (n. s.)

Distant metas-
tases

17% vs. 25% (p< 0.05) 20% vs. 26.8% (p= 0.0048) – 18% vs. 16% (n. s.) 22.8% vs. 24.7 (n. s.)

R0 resection 95% vs. 94% 90% vs. 90% 91% vs. 88% 92% vs. 90% 91.5% vs. 87.8% (n. s.)

DFS/DRTF DFS: 76% vs. 69%
(p= 0.034)

DRTF: 23.7% vs. 30.4%
(p= 0.019)

DFS: 76% vs. 76%
Historical DFS 75%
no benefit

73% vs. 73% 64.5% vs. 62.2% (n. s.)
MFS: 77.1% vs 75.3%

OS 91% vs. 88% (n. s.) 89.1% vs. 88.8% (n. s.) – 92% vs. 92% 86.5% vs. 75.1%
(p= 0.033)

Grade≥ 3 AEs
during neoad-
juvant therapy

46.8% CTX
37.2% CRT vs. 35.6 (n. s.)

48% vs. 25% (?) 41% vs. 34% CTX: 22% vs. 22%
CRT: 38% vs. 28%

26.5% vs. 12.6%

TME total mesorectal excision, CRT chemoradiation,MRI magnetic resonance imaging, DFS disease-free survival, DRTF disease-related treatment failure,
CTX chemotherapy, MFS metastases-free survival

apy versus short-course radiotherapy/consolidation
chemotherapy/adjuvant chemotherapy. The differ-
ence of about 10% in DFS (>70% versus 65%) is
difficult to explain.

Although in none of the studies except for the Stel-
lar trial could a benefit in OS be shown, a systemic
review and meta-analysis demonstrated a significant
increase in OS with an HR 0.81 (0.67, 0.99; p= 0.04)
[52]. On the other hand, in a recently published sys-
temic review and meta-analysis including the at ASCO
2022 published data of the Prodige-23 trial and Rapido
trial trials, no statistically significant differences in OS
were observed in the TNT treatment compared to the
standard treatment, with HR 0.88 (0.74–1.05; p= 0.15)
[53].

This is all the more remarkable since the inclusion
criteria were different. Rapido trial included the ho-
mogenous group of high-risk rectal cancers: cT4a/b,
cN2, MRF+, lateral lymph node, and EMVI, and this

group had in DFS, distant metastases, and pCR a sig-
nificant benefit. In the Prodige-23 trial, about 40%
were stage cT3a/b nodal status unknown, and in this
group neoadjuvant treatment is in discussion [27, 28,
54, 55].

Grade 3–4 acute toxicities were more common
in the TNT treatment group (9–41%) than in the
standard treatment group (2–29%) [53], although the
meta-analysis by Riesco-Martinez et al. [52] did not
show statistically significant differences in grade 3–4
adverse events (OR 1.43, 95% CI 0.75–2.70; Tables 1
and 2).

Factors to consider

In 2016, Bujko et al. [56] published the results of
a phase II trial in patients with primary or locally
recurrent rectal cancer involving or abutting adjacent
organs or structures (cT4) or a palpably fixed cT3 le-
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sion. They compared either preoperative short-course
irradiation over 5 days with consolidation chemother-
apy consisting of three cycles of FOLFOX4 (group A) or
preoperative long-course chemoradiation concomi-
tantly with oxaliplatin and boluses of 5-fluorouracil
and leucovorin (group B). After a median follow-up
of 35 months (IQR 21–50), 3-year DFS rate was 53%
versus 52% (n.s.) and the OS rate 73% versus 65%
(p= 0.046). And as Bruce Minsky said at ASCO 2010,
“Good news comes early, bad news comes later, we
need a follow-up in rectal cancer of at least 5 years,”
the long-term results put the primarily promising re-
sults into perspective [57]. After a median follow-up
of 7.0 years (IQR 5.8–8.3), OS at 8 years was 48% in
both groups and DFS 43% versus 41%.

The findings of the RAPIDO trial, PRODIGE-23
trial, and OPRA trial have found their way into the
NCCN guidelines for rectal cancer treatment [58].
The recommendations preferred for cT3, any N
with clear circumferential resection margin (CRM),
T1/2N+ total neoadjuvant therapy (12–16 weeks of
FOLFOX/CAPEOX followed by RCT or CRT followed by
chemotherapy with 12–16weeks of FOLFOX/CAPEOX).
Furthermore, standard CRT is still an option for this
patient group. For patients with T3 any N, involved
or threatened CRM, T4, any N or medically inoper-
able CRT followed by chemotherapy (12–16 weeks

Table 2 Data from Prodige-23 trial [42], Rapido trial [43], STELLAR trial [46], CAO/ARO/AIO-04 trial [21], and PETACC-6 trial
[20]

Prodige-23 trial Rapido trial STELLAR trial CAO/ARO/AIO-04 trial PETACC trial

Treatment
arms

6×mFOLFIRINOX
→ CRT→ 6×mFOLFOX6
vs.
CRT→ TME
→ 12×mFOLFOX6 or
8× Cap

RT→ 6× CAPOX or
9× FOLFOX4→ TME
vs.
CRT→ TME→ 8× CAPOX or
12× FOLFOX4 (optional)

SCRT
(21w)→ 4× CAPOX
→ TME→ 2× CAPOX
vs.
CRT (14w)→ TME
→ 6× CAPOX

CRT (5-FU+ Ox)→ Surg
→ 4× 5-FU+ Ox
vs.
CRT (5-FU)→ Surg→ 4
× 5-FU

CRT (Cap+ Ox) CRT
(Cap)→ Surg→ Cap
(4.5 months)
vs.
CRT (CAPOX)→ Surg→ Cap
(4.5 months)

Assessment
of extent of
primary tumor
by

MRI MRI MRI CT/MRI/US MRI or CT plus US
>80% MRI

Inclusion
criteria

<15cm anal verge
cT3 (risk of local recur-
rence)
cT4

<16cm anal verge
cT4a/b
EMVI
cN2
MRF+
Enlarged lateral lymph node

<10cm
cT3/4 and/or N+

<12cm anal verge
cT3/4 and/or N+

<12cm anal verge
cT3/4 and/or N+

N 231 vs. 230 468 vs. 452 302 vs. 297 613 vs. 623 529 vs. 545

Primary end-
point

DFS at 3 years DRTF DFS DFS DFS

pCR 28% vs. 12% 28% vs. 14% 21.8% vs. 12.3 17% vs. 13% 14% vs. 11.6%

Distant metas-
tases

17% vs. 25% 20% vs. 26.8% 22.8% vs. 24.7 18.% vs. 22.4% 17% vs. 19%

R0 resection 95% vs. 94% 90% vs. 90% 91.5% vs. 87.8% 95% vs. 95% 93.4% vs. 95.8%

3-year DFS/
DRTF

76% vs. 69% DRTF: 23.7% vs. 30.4 64.5% vs. 62.2% 75.9% vs. 71.2% 75.8% vs. . . 76.5%

OS 91% vs. 88% 89.1% vs. 88.8 86.5% vs. 75.1% 88.7% vs. 88.0% 88% vs. 90%

Grade≥ 3 AEs
during neoad-
juvant therapy

46.8% CTx
37.2% CRT vs. 35.6

48% vs. 25% 26.5% vs. 12.6% 24% vs. 20% 37.2% vs. 14.5%

TME total mesorectal excision, Cap capecitabine, CRT chemoradiation,MRI magnetic resonance imaging, DFS disease-free survival, DRTF disease-related treat-
ment failure, CTX chemotherapy, MFS metastases-free survival, Surg surgery, US ultrasound

of FOLFOX/CAPEOX or consider FOLFIRINOX [for
T4, N+]) or chemotherapy (12–16 weeks of FOLFOX/
CAPEOX or consider FOLFIRIONOX [for T4N+]) fol-
lowed by CRT is recommended. This recommenda-
tion shows an interpretation of the published data, but
only in the Prodige-23 trial cT3N0 without CRM in-
volvement were included, therefore this group should
be treated with 6×mFOLFIRINOX. Further facts to
consider are that both trials didn’t include cT1/2N1
without risk factors and there is no randomized trial
which examined FOLFOX→CRT or CRT→ FOLFOX
versus CRT alone.

At the beginning, the hope for TNT was not only
to increase DFS and OS, but also—based on a higher
pCR—that it should have an impact on R0 resection
rate, local recurrence rate, and sphincter-saving pro-
cedures. But at the end of the day, although there is
a CR rate higher than 20% (nearly doubled), no in-
fluence on the type of surgery nor the percentage of
colostomy could be detected. There was no impact
of this intensification on the percentage of patients
requiring temporary (78.4% in experimental arm ver-
sus 77.8% in control arm) or permanent (14.1% versus
14.6%) stoma, as demonstrated in PRODIGE-23 trial
[42]. Therefore, stoma avoidance or “what patients
really want” was not achieved [59].
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As in breast cancer, there is an ongoing discussion
on what is the best time for chemotherapy: before
surgery, after surgery, doesn’t matter? Yes, there is
a positive influence of complete remission on OS; on
the other hand, an accurate answer regarding tumor
stage could only be given after knowing the tumor
stage and the best staging is after surgery, done by
pathology. Independently, an argument for neoadju-
vant treatment is that the patient will get this therapy
anyway. In rectal cancer, proof is missing.

Still an unanswered question in rectal cancer is ad-
juvant therapy based on staging before or after neoad-
juvant therapy? And at least in patients staged cT3
without risk factors, no data are available showing
a benefit of chemotherapy additionally to CRT and
operation [16, 20, 38, 60]. Moreover, a not entirely
valid comparison to the CAO/ARO/AIO-12 trial [45]
and the PETACC-6 trial [20], which evaluated the ben-
efit of oxaliplatin neoadjuvant and adjuvant, showed
surprising but frequently ignored results. The clear
differences in toxicity between the studies are strik-
ing (from about 13 to 36% in CRT); however, there is
a significant increase in the TNT–chemotherapy arm,
with about 50% grade> 3 toxicity (Table 2).

Watch and wait

The published OPRA trial [44] evaluated chemother-
apy before or after CRT. 3-year DFS in both arms was
76%. Overall, this prospective trial could show that or-
gan preservation is achievable in half of the patients
with rectal cancer treated with TNT, without an ap-
parent detriment in survival compared with historical
controls treated with CRT, TME, and postoperative
chemotherapy.

To begin with, we should answer two basic ques-
tions:

a) How to evaluate clinical complete remission (cCR)
after CRT?
– A lot of publications have discussed advantages
and disadvantages of evaluation without a clear
recommendation [61–63]. A systematic review
[64] evaluated 17 studies, the methodology of tu-
mor assessment was reported in 16 studies, of
which 88% used a combination of DRE, endolu-
minal assessment, and radiological imaging to
detect cCR; use of biopsy was not standardized
in most of the studies. Habr-Gama A et al. was
the first to enroll carefully selected patients with
cCR into a W&W program [65]. Patients with cCR
should harbor nomore than whitening of themu-
cosa, telangiectasia with mucosal integrity, and
these patients should be considered for a non-
operative approach [66]. ESMO guidelines de-
fined cCR as the absence of any palpable tumor
or irregularity at digital rectal examination (DRE),
no visible lesion at rectoscopy except a flat scar,
telangiectasia, or whitening of the mucosa. These

minimal criteria can be complemented by the ab-
sence of any residual tumor in the primary site
and draining lymph nodes on imaging with MRI
or ERUS, and negative biopsies from the scar [67].

b) What is the optimal interval between CRT and eval-
uation?
– A review evaluated the outcome after an inter-
val> 8 weeks (LI, n= 9070) compared to an in-
terval< 8 weeks (SI, n= 14,207) between CRT and
surgery. There was no significant difference in the
R0 resection rate, anal preservation rate, morbid-
ity rate, anastomotic leakage rate, operation time,
local recurrence rate, distant metastasis rate, or
OS rate between the two groups [68]. The analy-
sis showed that the pCR rate in the LI group was
higher than that in the SI group (P<0.00001). An-
other meta-analysis showed the same results [69].
However, it is to be observed that minor or no tu-
mor response (ypT stage of 2 to 3 or ypN positive)
and a longer waiting time to surgery (>8 weeks)
compared with a shorter waiting time (<8 weeks)
was not only associatedwithworseOS rates 67.6%
versus 80.3% at 5 years and 40.1% versus 57.8% at
10 years (p<0.001), but also associatedwith worse
DFS 59.6% versus 72.0% at 5 years and 36.2% ver-
sus 53.9% at 10 years (p<0.001) [70].

What we have to keep in mind if the therapy goal
is W&W, nearly all data using CRT in the neoadjuvant
treatment arm. Therefore, combining TNT with short-
course radiotherapy to achieve a better cCR for W&W
is not evidence based.

Upcoming innovations

Circulating tumor DNA
In the discussion regarding cCR as an endpoint in
TNT, several studies have shown the accuracy and
ability of circulating tumor DNA (ctDNA) [71] to de-
tect minimal residual disease in nonmetastatic rectal
cancer (MRD) [72]. A prospective multicenter study
investigated 159 LARC patients treated with neoadju-
vant CRT and TME. Patients with detectable ctDNA
after CRT or surgery had a significantly decreased
relapse-free survival. Interestingly, the conversion of
ctDNA status from positive at baseline to negative
at 4–6 weeks after completing CRT was not asso-
ciated with pCR. In another study in patients with
LARC treated with TNT, patients with presurgery
ctDNA positivity had an increased risk of recurrence
compared to patients with negative ctDNA and a sig-
nificantly decreased OS. However, again, no correla-
tion was found between presurgery ctDNA and pCR
[73]. At the ASCO GI 2022, preliminary results of
the GALAXY study were presented [74]. These au-
thors observed the association of ctDNA with clinical
outcomes in the adjuvant setting for patients with
colorectal cancer. A total of 1365 CRC patients were
included in the analysis: 116 patients with stage I, 478

26 Total neoadjuvant therapy in rectal cancer K



short review

patients with stage II, 503 patients with stage III, and
268 oligometastatic resectable patients with stage IV
disease. The presence of ctDNA at a 4-week interval
from surgery correlated with inferior DFS. In addi-
tion, adjuvant chemotherapy cleared ctDNA and im-
proved prognosis in two thirds of the patients. Those
treated with adjuvant chemotherapy had 6- and 12-
month DFS rates of 98.6% and 96.2% compared with
97.5% and 94.7% for those without chemotherapy,
respectively (p=n.s.). This study highlighted the lack
of benefit of adjuvant chemotherapy in postsurgery
ctDNA negative patients.

As a little food for thought, in patients with cT1-3
N0-1 M0 disease with rectal cancer within 6cm of the
anal verge, with a radiation dose increase from 50.4 to
62Gy, it was possible to reach a cCR of 86%, and 61%
had no locoregional regrowth after 2 years of follow-
up without adjuvant treatment [75]. A meta-analysis
showed that pCR rates approaching 25% are achiev-
able withmoderate escalation (54–60Gy) withmodern
inverse-planning techniques [76].

Dostarlimab
At ASCO 2022, an impressive late-breaking abstract
(abstract LBA5) about dostarlimab, an anti-PD-1mon-
oclonal antibody, as single-agent neoadjuvant therapy
in patients with mismatch repair-deficient (dMMR)
LARC was presented. Approximately 5–10% of rec-
tal cancers are dMMR, and these tumors have been
shown to respond poorly to neoadjuvant chemother-
apy in LARC [77]. On the other hand, immune check-
point inhibitors are highly effective as first-line treat-
ment for patients with dMMR metastatic colorectal
cancer as well as for patients with treatment-re-
fractory disease, with an objective response rate of
33–55% and prolonged OS [78, 79]. Preliminary re-
sults of neoadjuvant immunotherapy were presented
at ASCO 2022. In this study patients, with dMMR
stage II or III rectal cancer receive dostarlimab 500mg
every 3 weeks for 6 months. Patients with a cCR after
completion of dostarlimab therapy have nonopera-
tive follow-up every 4 months. Patients without cCR
after 6 months will receive standard radiation therapy
(total dose of 50.4Gy) with concurrent administration
of capecitabine at standard doses followed by TME
(in case of residual disease after CRT) or nonoperative
follow-up (in case of cCR after CRT). 30 patients will
be included in this ongoing study. Primary endpoints
are the overall response to neoadjuvant dostarlimab
therapy with or without CRT and the cCR rate or pCR
rate 12 months after completion of dostarlimab. At
the ASCO 2022meeting, baseline characteristics of the
18 patients enrolled to date and the overall response
of the first 14 patients, who have already finished
therapy, were presented. An impressive 100% cCR
were seen in the first 14 consecutive patients without
grade 3 or 4 adverse events. None of these patients
needed CRT or TME or CTx, and no recurrences were
detected in the follow-up. The median follow-up is

currently only 6.8 months, but 4 patients have been
followed for nearly 2 years without recurrences. Most
of the patients (78%) had T3 or T4 rectal cancer, with
lymph node positivity in 95% of patients. The median
age was 54 years. All patients had dMMR and BRAF
V600E wildtype tumors. The mean tumor mutational
burden was 67mut/Mb. In 60% of cases, a germline
mutation associated with a Lynch syndrome was de-
tected [80]. Despite the fact that longer follow-up and
completion of the study are required, this concept
of treatment may be able to replace chemotherapy,
radiation, and surgery in a subgroup of patients with
dMMR rectal cancer and the final results are eagerly
awaited.

Conclusion

New studies clearly showed a benefit regarding pCR,
distant metastasis, and DFS with TNT compared
to no TNT. But as in other studies with escalat-
ing chemotherapy, to date, no OS benefit has been
demonstrated. Therefore, especially in a treatment
with curative intent, for a general statement like, e.g.,
“new standard” it is too early. Or we have to check
and prove that DFS is a clear surrogate marker for OS
in rectal cancer.

Yes, the results are promising, but we need an-
swers regarding the optimal radiotherapy strategy in
TNT (short-course radiotherapy versus CRT); whether
a triplet chemotherapy regimen (mFOLFIRINOX)
is superior to a doublet chemotherapy regimen
(FOLFOX); are 3, 6 or, 8 cycles FOLFOX required; and
is adjuvant chemotherapy necessary? Furthermore,
more subgroup selection is necessary for individu-
alized therapy like immunotherapy in microsatellite
instability-high (MSI-h) rectal cancer which possi-
bly will not need radiotherapy, chemotherapy, and
surgery in the future.

The following points still need to be clarified in de-
tail:

a) better identify the group that has an advantage
(LARC is far too imprecise),

b) therapy intention should be determined before
starting of therapy (W&W, DM, DFS),

c) sequence and dose of the multidisciplinary therapy
(e.g., chemotherapy dose, drug; radiotherapy dose,
fractionation; sequence; time interval to surgery).

During the long period of developments in rectal can-
cer, we should not focus on one or two results, we
should discuss the results in the context of multidis-
ciplinary therapy development.
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