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ABSTRACT

Rectal cancer ranks among the most common malignancies globally, with significant challenges in local recurrence and systemic failure despite advances in treatment. Historically, surgery

alone was associated with recurrence rates as high as 20-50%, but the integration of preoperative radiotherapy has markedly improved outcomes by reducing recurrence and enabling

sphincter preservation. Evidence from landmark trials, including the Swedish, Dutch, and German CAO/ARO/AIO-94 studies, established preoperative radiotherapy and chemoradiotherapy

as standards of care. Comparative analyses of short-course radiotherapy (SCRT) and long-course chemoradiotherapy (LC-CRT) demonstrate comparable long-term outcomes, though LC-

CRT may be preferable in advanced, distal tumors, while SCRT offers a pragmatic option for smaller, proximal lesions. Persistent systemic failures prompted the adoption of total

neoadjuvant therapy (TNT), shifting chemotherapy to the preoperative setting. Trials such as PRODIGE 23 and RAPIDO have confirmed TNT’s ability to improve compliance, pathological

complete response rates, disease-free survival, and distant metastasis control compared to conventional strategies. Both induction- and consolidation-based TNT regimens have shown

efficacy, particularly in high-risk locally advanced rectal cancer (LARC) patients. While organ preservation strategies such as watch-and-wait are being investigated, current evidence

supports TNT combined with total mesorectal excision as a robust paradigm shift in LARC management, offering improved oncological outcomes and patient adherence.
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INTRODUCTION

Rectal cancer is reported among the top five common cancers worldwide. Although the
incidence is relatively lower in India, worldwide overall colorectal cancer (CRC) ranks third in
terms of incidence and mortality. [1,2] Management approach to rectal cancer has undergone a
dramatic change in the last few decades. With surgery as the primary treatment modality, the
local recurrences were found to be between 20-50%. [3,4] Local recurrence mainly depends on
the involvement of regional lymph nodes and the depth of tumour infiltration. The role of
radiotherapy in rectal cancer has evolved primarily in a preoperative setting for locally

advanced rectal cancer patients.
Preoperative radiotherapy

Preoperative radiotherapy aims to downstage the tumour leading to the preservation of the anal
sphincters, maintaining anal continence, and improving quality of life. The Swedish Rectal
Cancer Trial was the first to demonstrate the benefit of preoperative radiotherapy compared to
surgery alone. Short-course radiotherapy of 5Gy for five fractions was used, followed by
surgery. The overall survival improved from 30% to 38%, and the local recurrence rate reduced
from 26% to 9%. [5] But the results of this trial were criticized as The surgery undertaken was

not total mesorectal excision (TME), so the results were criticised.

A Dutch trial added preoperative short-course radiotherapy to TME surgery, showing a

reduction of local recurrence from 11 to 5% when compared to surgery. [6]

The German CAO/ARO/ AIO-94 trial compared preoperative long-course radiotherapy 50.4Gy
in 28 fractions with concurrent fluorouracil(5-FU) versus the postoperative setting. The
preoperative group showed significant benefits with a 5-years local recurrence rate of 6% vs
13%, respectively (P=0.006). [7,8] The colorectal cancer collaborative group carried out a
meta-analysis that included 14 randomized controlled trials. This meta-analysis concluded that

preoperative radiotherapy is associated with significantly lower local recurrence rates. [9-11]
Preoperative short-course radiotherapy (SC-RT) vs long-course chemoradiotherapy (LC-CRT)

The Polish rectal cancer group first reported the results of their randomized control trial. The
SC-RT (25 Gy in five fractions) was compared with the LC-CRT of 50.4 Gy using 1.8- to 2-Gy
per fraction with concurrent chemotherapy for T3/T4 mid to low rectal cancer. A higher
pathological complete response rate was reported in the LC-CRT than in the SC-RT arm (16%
vs 1%). No differences were observed in the sphincter preservation rate, local control, or
overall survival (OS). [12] Trans-Tasman Radiation Oncology Group randomized three
hundred twenty-six patients with ¢cT3NxMO rectal cancer to SC- RT (25 Gy in 5 fractions)
followed by surgery within one week or LC-CRT (50.4 Gy in 28 fractions with continuous
infusion 5-FU) followed by surgery at 4 to 6 weeks. Both groups received adjuvant 5-FU-
based chemotherapy. Both the interventions yielded almost the same results, with a 5-year OS
of 74% versus 70% (p = 0.62) and a 3-year local recurrence rate (LRR) of 7.5 versus 4.4% (p =
0.24) for SC-RT versus LC-CRT respectively. [13].

Most recently, the results of the multicenter, randomized, phase III Trial of short-term
radiotherapy plus chemotherapy versus long-term chemoradiotherapy in locally advanced
rectal cancer (STELLAR) have been published. It was a noninferiority trial designed to see that
the short course radiotherapy followed by chemotherapy is not inferior to a standard schedule

of long-term chemoradiotherapy in patients with locally advanced rectal cancer. The

SeptemberdVegspigational arm received 25 Gy in 5 fractions of radiotherapy followed by four cycles of

chemotherapy, and the standard arm received standard radiotherapy of 50Gy in 25 fractions
concurrently with capecitabine. Both the arm received adjuvant Capox chemotherapy; the
investigation arm received two cycles, and the standard arm received six cycles respectively.
The primary endpoint was 3-year DFS. At a median follow-up of 35.0 months, 3-year DFS was
64.5% and 62.3% in TNT and CRT groups, respectively (hazard ratio, 0.883; one-sided 95%
CI, not applicable to 1.11; P <.001 for noninferiority). But acute grade III-V toxicities during
preoperative treatment was 26.5% in the investigational arm versus 12.6% in the CRT group (P
<.001). The completion rate and full-dose completion of preoperative treatment were 82.6%
versus 95.2% (P <0. 001) and 74.8% versus 93.2% (P=0.01) in the short-course RT group and
CRT groups, respectively. [14] Table 1 depicts major trials comparing SCRT with LCRT.

Based on the available evidence, it can be concluded that both the SC-RT and the LC-CRT are
not inferior to each other. However, LC-CRT may be preferable for patients with distal
tumours or advanced T3 and T4 with positive clinical circumferential resection margin
(cCRM+) and/or positive lymph nodes to downsize the tumour. SC-RT may be a better
alternative for patients with small and relatively proximal tumours without compromising the

long-term outcomes. [15, 16]
Total neoadjuvant therapy (TNT): different approaches

With the improved technique, preoperative chemoradiation substantially reduced local
recurrence in LARC. Despite improvement in the local control, 30% of patients develop

systemic failures. [17]

Several literatures have shown that 25%-50% of eligible patients with LARC never underwent
adjuvant chemotherapy. This was attributed to postoperative complications, frailty, debilitation,
or patient refusal. [18,19] To address the issues of unidentified micrometastatic disease at the
time of presentation and poor patient compliance to adjuvant chemotherapy, it was proposed to
move systemic chemotherapy to the neoadjuvant setting. To overcome this problem, many
studies were undertaken to investigate if the addition of chemotherapy in the neoadjuvant

setting, known as total neoadjuvant therapy (TNT), impacts local recurrence and survival.

Many investigators have explored different ways of administering the chemotherapy cycles in
the neoadjuvant setting. Some prefer to deliver chemotherapy cycles by dividing them into two
schedules. Half of the chemotherapy cycles are administered before surgery with radiation and
the remaining cycles after surgery. While others prefer to deliver the complete chemotherapy

cycles with radiation before the surgery.
TNT with Induction chemotherapy approach

A few studies exploring the role of induction chemotherapy as a part of the TNT approach are
shown in Table 3. In a prospective trial by Fernandez-Martos et al., 108 LARC patients with
distal or middle third, T3-T4 and/or N+ rectal adenocarcinoma were randomly divided to
receive preoperative CRT followed by surgery and four cycles of adjuvant capecitabine and
oxaliplatin (CAPOX) or four cycles of CAPOX followed by CRT and surgery. No difference in
rates of pathologic complete response was observed between the two groups. However, those
who received TNT showed significantly reduced toxicities (19% vs 54%, P < 0.001). Further,
TNT arm patients were found to be more compliant towards receiving a complete
chemotherapy schedule (91% vs 51%, P <0.001). [20,21]

A retrospective cohort analysis from Memorial Sloan Kettering Cancer Center compared 811

patients treated with either the preoperative chemoradiation and planned postoperative

chemotherapy (n = 320) or the TNT (induction FU &Mn@@ﬂﬁl’%@ﬁhj‘ﬂ%ﬁf}st?Q@Q&tWRQé{aI Tumors
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followed by chemoradiation, n = 308). Patients of the TNT arm were found to complete the full
chemotherapy schedule without any misses. Moreover, the rate of pathological complete
response rate was also higher in the TNT arm than the other arm (36%vs 21%).[22]

The PRODIGE 23, a Phase III multicentre, randomized, the open-label trial, compared
induction chemotherapy and TNT with standard preoperative chemoradiotherapy followed by
surgery and adjuvant chemotherapy (n=461). The TNT arm received six cycles of neoadjuvant
mFOLFIRINOX followed by chemoradiotherapy (50 Gy in 25 fractions concurrently with oral
capecitabine) followed by TME and adjuvant three months of mFOLFOX and Capecitabine.
The standard-of-care group received chemoradiotherapy, total mesorectal excision, and
adjuvant chemotherapy (for six months). The preliminary results of the study were published
in May 2021. The primary endpoint was DFS at three years. After a median follow-up of 46-5
months, 3-year DFS rates were 76% (95% CI 69-81) in the TNT group and 69% (95% CI 62—
74) in the standard-of-care group (stratified HR 0:69, 95% CI 0-49—-0-97; p=0-034). The 3-year
overall survival rates were 91% in the TNT group and 88% in the standard-of-care group. No

differences between the groups were found in locoregional relapse rates (p=0.56).[23]

The TNT approach is now mainly practised for patients with advanced disease with a higher
risk of distant metastasis and difficulty for surgical resection. It is thought that the upfront
chemotherapy agents reach tumour cells directly as the vasculature is not disrupted by

radiotherapy or surgery. [24-26]
TNT with Consolidated chemotherapy approach
Several studies using consolidation chemotherapy as a part of TNT are shown in Table 2.

A phase II study enrolled locally advanced rectal cancer patients to either surgery or 2, 4, or 6
cycles of modified FOLFOX (mFOLFOX) followed by surgery. It was found that patients who
received six cycles of mFOLFOX had significantly improved pathologic complete response
compared to patients who underwent surgery 6-8 weeks after completing chemoradiation (P =
0.011). The long-term results of this trial showed that the addition of mFOLFOX after
chemoradiotherapy and before surgery increased compliance with systemic therapy and

improved disease-free survival. [27, 28]

A Polish phase III randomized over 500 patients to short-course radiation followed by
consolidation chemotherapy and surgery vs long-course chemoradiation with consolidation
chemotherapy followed by surgery. Both arms showed similar pathological complete response,
disease-free survival, local failure rate, and treatment-related toxicities. However, the short-

course RT group showed improved 3-year OS and better compliance with treatment.

The RAPIDO trial, a large phase III, multicenter, randomized study, used a similar approach of
TNT. A total of 920 LARC patients were randomly assigned to SCRT (5x5 Gy) followed by six
cycles of CAPOX or nine cycles of FOLFOX4, then TME (experimental arm) or,
Capecitabine-based chemoradiotherapy (50-50.4Gy in 25-28 fractions) followed by TME and
adjuvant eight cycles of CAPOX or twelve cycles of FOLFOX4 (standard arm). The primary
endpoint was a 3-year disease-related treatment failure. The experimental group had
significantly less disease-related treatment failure at three years than the standard of care group
(p=0-019). The cumulative probability of distant metastases was 20-0% in the experimental
group compared with 26-8% in the standard-of-care group (p=0-0048) at three years. Further,
there was a significant improvement in pathological complete response rate (pCR) in the TNT
group (27.7% vs 13.8%, P<0.001). The study concluded that SCRT followed by 18 weeks of
chemotherapy before surgery significantly reduces disease-related treatment failure in patients

with LARC and results in a higher rate of pathological complete response rate. [29]

CONCLUSION

Various approaches to the multimodality management of LARC have been investigated for a
better outcome. Preoperative radiotherapy with either SCRT or LC-CRT, followed by TME and
adjuvant chemotherapy, became the standard of care based on several large studies. TNT
approach has resulted in the good oncological outcome and better patient adherence to
treatment. The results of the two recently published phase III studies viz. RAPIDO and
PRODIGE 23 have established that TNT with TME surgery is feasible for LARC patients to

overcome the difficulties with adjuvant chemotherapy.

Further, TNT helps to assess chemosensitivity and tumour response to chemoradiation before
surgery. Newer efforts have also been made to see the effectiveness of the wait-and-watch
policy for organ preservation in rectal cancer patients. But the data are not mature enough to

recommend this approach outside clinical trials.
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