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Abstract 

Total neoadjuvant therapy (TNT) incorporates both chemotherapy and chemoradiotherapy prior to surgery and 

its role is currently being explored in rectal cancer. TNT is postulated to offer several advantages like down-

staging the primary tumor, reducing occult metastasis, increase compliance to treatment and thereby result in 

improved surgical and survival outcomes. We explored the available data TNT and its evaluated its current role 

in management of rectal cancers. We found TNT to be a prudent approach resulting in increased rates of 

pathological complete response and prolonging disease-free survival. In conclusion, TNT seems to be feasible 

and safe, however robust data is still awaited. 
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Introduction 

Colorectal cancer comprises around 10% of overall 

cancers diagnosed worldwide and is estimated to 

result in around 935,000 annual deaths 
1
. The current 

management of locally advanced rectal cancer 

(LARC) is a tri-modality approach comprising of 

neoadjuvant chemoradiotherapy (NACTRT) followed 

by total mesorectal excision (TME) and adjuvant 

chemotherapy  
2
. This multimodality approach has 

significantly improved overall survival and decreased 

local recurrence by around 20-25% 
34

. However, 

despite advances in all these therapies, a high rate of 

distant metastases has been reported 
5
 and this, in 

turn, results in enhanced mortality. The role of 

addition of adjuvant chemotherapy is controversial; 

while few studies have shown no benefit in terms of 

improved disease-free survival (DFS), overall 

survival (OS), or decreased recurrences, a meta-

analysis has shown improved DFS and lesser 

recurrences in patients whose primary tumor was 10-

15cm from the anal verge 
67

. It is also postulated that 

patients having pathological complete response post-

NACTRT may not have additional benefit with 

adjuvant chemotherapy. Poor compliance to adjuvant 

chemotherapy due to post-operative complications 

like leakage, pain, poor general condition, stoma, etc 

is also a commonly encountered problem 
8
. It has 

been reported that less than 50% of the patients 

complete adjuvant chemotherapy without delay or 

interruption. Thus, other modes of delivering 

chemotherapy were explored. 

Total neoadjuvant therapy (TNT) is a strategy that 

incorporates both chemotherapy and 

chemoradiotherapy ere surgery. It is assumed that 

TNT offers several advantages like down-staging the 

primary tumor, reducing occult metastasis, help 

assess chemo-sensitivity, and strengthening 

compliance to treatment. These in turn would 

produce improved surgical and survival outcomes. 

TNT is currently endorsed in NCCN guidelines as an 

alternative method of treatment in LARC, however, 

the data available is limited and is currently evolving 
2
. In this exposition, we aim to explore the current 

role of TNT and its available data. 
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Achieving Pathological Complete Response 

Pathological complete response (pCR) is the absence 

of viable malignant cells in the resected sample and is 

considered as a marker for good prognosis in rectal 

cancer patients 
910

. Several studies have reported that 

patients of LARC receiving NACTRT have pCR 

rates up to a tune of 10-30% 
11912

. It is seen that pCR 

rates affect survival outcomes. In the NACTRT arm 

of the German rectal trial (CAO/ARO/AIO-94 trial), 

5-year DFS was 86% in patients who had achieved 

pCR vs 63% in those who had an incomplete 

response 
13

. Another study by Maas et al showed 

83.3% 5year DFS in patients with pCR vs 65.6% for 

those without pCR; 5-year metastasis-free survival 

was 88.8% vs 74.9% and 5yr OS was 87.6% vs 

76.4% in patients with and without pCR respectively 
14

. 

Calvo et al in 2006 compared pCR outcomes in 

LARC patients receiving NACTRT with or without 

induction oxaliplatin and found significantly 

improved pCR in patients receiving induction 

chemotherapy (p= 0.006) 
15

. Another multicentric, 

phase II trial evaluated patients receiving NACTRT 

followed by pre-operative oxaliplatin either 2, 4, or 6 

cycles. They found improved pCR rates with 6 cycles 

of preoperative chemotherapy with decreased 

surgical technical difficulties and postoperative 

complications 
16

. A retrospective cohort analysis 

from Memorial Sloan Kettering Cancer Centre 

evaluated TNT with standard treatment in 628 

patients. Of these, 296/320 patients of the standard 

treatment group and 235/308 patients of TNT group 

subsequently underwent surgery. In patients 

undergoing surgery, pCR was comparable in both 

groups while among patients who were observed, 

sustained complete clinical response with non-

operative treatment was seen in 92% in TNT group 

vs 79% in the standard treatment group at 12 months 
17

. These findings were corroborated by few other 

studies 
18192021

. A systematic review and meta-

analysis found a pooled prevalence of pCR to be 

29.9% with TNT and 14.9% with standard treatment 
22

. A recent study also showed improved pCR rates 

with TNT, though not statistically significant ( pCR 

16.9% with TNT vs 13.1% with NACTRT, p=0.12) 
23

. In the RAPIDO trial comparing standard treatment 

with short-course radiotherapy followed by 

preoperative chemotherapy, increased pCR was 

observed with pre-operative chemotherapy (28% vs 

14%) 
21

. 

Surgical Outcomes 

Data regarding surgical outcomes like sphincter-

sparing surgery and ileostomy requirements 

following TNT is sparse. Calvo et al reported 

sphincter preservation surgery in 68% of patients 

receiving 4 cycles neoadjuvant oxaliplatin with 

NACTRT in contrast to 61% of patients who 

received NACTRT alone 
15

. Markovina et al studied 

patients treated with TNT in two institutions and 

compared outcomes with historical cohorts. They 

found no difference in sphincter preservation 

surgeries between TNT and control groups, however, 

the rates of R1 and R2 resection were higher in the 

control group 
19

. Similar outcomes were seen in few 

other studies 
1618

. The rates of diverting ileostomy 

were found to be comparable in the two studies. Even 

in the meta-analysis by Kasi et al, no difference in 

sphincter sparing surgery and ileostomy requirements 

were observed between the two treatment modalities 
22

. 

Survival Outcomes 

TNT is found to be associated with improved 

survival outcomes. Markovina et al reported 

significantly better 3 year DFS with TNT (85% vs 

68%, p=0.03) , however, this did not translate into an 

overall survival benefit 
19

. A similar finding was 

observed by Conroy et al in their phase III 

multicentre randomized trial (3-year DFS 68.5% vs 

75.7% in TNT vs without TNT) (22). Other studies 

also reported improved DFS with TNT 
16

,
22

. 

Compliance, Toxicity, Post-Operative 

Complications: 

Toxicities and compliance of patients to therapy are 

of utmost importance given the intensive neoadjuvant 

therapy. In the study by Calvo et al, grade 3 

gastrointestinal toxicity was seen in only 6% of 

patients and no grade 3 neurotoxicity was reported 
15

. 

Two other studies reported grade 3-4 hematological 

toxicities and one study reported grade 5 late toxicity 

in 2 patients resulting in post-surgical peritonitis and 

necrotic ostomy 
1619

. Higher toxicity was also 

observed with TNT in the RAPIDO trial. Conroy et 

al reported neutropenia and diarrhea as the most 

common grade 3-4 toxicities associated with 

neoadjuvant chemotherapy 
20

. They also observed 
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decreased neurotoxicity with preoperative 

chemotherapy and considered it to be a more prudent 

approach compared to adjuvant chemotherapy.  

Sequencing Of TNT 

TNT can be delivered by 2 strategies - either 

administering neoadjuvant chemotherapy between 

CTRT and surgery, or delivering neoadjuvant 

chemotherapy followed by CTRT followed by 

surgery. Both approaches have been evaluated by 

various studies. The recent phase II OPRA study 

randomized patients to two neoadjuvant treatment 

arms: either induction chemotherapy 

(8 cycles of FOLFOX [or equivalent CAPOX]) 

followed by CTRT, or CTRT followed by 8 cycles of 

FOLFOX. After 8-12 weeks of completion of 

therapy, patients were re-evaluated and those having 

complete or near-complete response were offered 

wait and watch policy. Patients with incomplete 

response had to undergo TME. At a median follow-

up of 2.1years, it was seen that upfront CTRT 

followed by consolidative chemotherapy resulted in 

better wait and watch strategy rates. Few studies with 

their sequencing and outcomes are given in table 1.

 

Table 1: Various TNT studies and outcomes 

Study No. of 

patients 

STUDY 

DESIGN 

REGIMEN pCR Sphincter 

preservation 

Post-operative 

complications 

Survival 

outcomes 

        TNT NCRT TNT NCRT TNT NCRT   

Calvo et 

al (2006) 
15

 

52 Prospective NCRT vs 

FOLFOX (4 

cycles) --> 

CTRT 

29% 8% 68% 61% 31% 36% NA 

CONTRE 

(2017)
24

 

39 Prospective, 

single arm 

mFOLFOX6 

(8cycles) --> 

NCRT 

33% - - - 6% - NA 

Dueland 

(2016) 
25

 

97 Phase 2, 

single arm 

2cycles 

FLOX --> 

CTRT 

17% - - - NA - 5yr DFS 

61%, 5yr 

OS-83% 

Schou 

(2012) 
26

 

84 Prospective, 

single arm 

2cycles 

CAPOX --> 

NCRT 

23% - - - 9% - 5yr DFS 

63%, 5yr 

OS-67% 

Garcia-

aguilar et 

al (2015) 
16

 

259 Phase 2, 

non-

randomised 

four arm, 

multicentric 

NCRT  vs  

NCRT --> 2 

cycles 

mFOLFOX6  

25% 18% 75% 77% 

(p-

value 

0.68) 

6% 15% NA 

NCRT  vs  

NCRT -->4 

cycles 

mFOLFOX6 

30% 75% 4% 
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NCRT  vs  

NCRT  --> 6 

cycles 

mFOLFOX6 

38% 68% 9% 

Bujko 

(Polish II 

trial) 

(2016) 
27

 

515 Phase 3, 

randomized 

RT --> 3 

cycles 

FOLFOX4 

16%       29%   3yr DFS 

53%, 3yr 

OS-73% 

Abbreviations: NCRT- Neoadjuvant chemoradiotherapy, TNT- Total neoadjuvant therapy arm, NA- Not 

available, FOLFOX6- 5-fluorouracil, leucovorin and oxaliplatin, mFOLFOX6- modified FOLFOX6, FLOX- 5-

fluorouracil + Folinic acid + Oxaliplatin, CAPOX- Capecitabine + Oxaliplatin, DFS- Disease-free survival, OS- 

Overall survival. 

Role In Recurrent Setting 

To our knowledge, the role of TNT in locally 

recurrent rectal cancer has been reported by only one 

study. Van Zoggel et al compared patients receiving 

TNT with those receiving NACTRT at the same time 

interval 
18

. TNT included 3-4 cycles of oxaliplatin 

and 5-fluorouracil based chemotherapy followed by 

chemoradiotherapy (30Gy radiation with concomitant 

oral capecitabine). Of 58 patients receiving TNT, 

they found no difference in R0 resection but a 

significant increase in pCR rates (17% with TNT vs 

4% without TNT, p=0.015) as compared to those not 

receiving TNT. 

Predictive And Prognostic Markers For TNT  

The role of predictive biomarkers and molecular 

profiling of tumors is currently emerging. The NCCN 

guidelines currently recommend microsatellite 

instability (MSI) or mismatch repair testing in 

patients with colorectal cancer 
2
. Around 15% of 

patients with colorectal cancer have MSI and MSI as 

a predictor of response to NACTRT has been 

investigated. Identifying a cohort of a patient based 

on MSI who may achieve pCR with TNT may help to 

improve outcomes. Hasan et al studied around 5000 

patients of LARC from National Cancer Database 

(NCDB) and investigated the association between 

MSI and pCR 
28

. They found MSI to be an 

independent predictor of pCR, with MSI + patients 

having significantly reduced pCR and 5year survival 

of patients with pCR being 93%. However, a recently 

published meta-analysis evaluated around 5800 

patients and found no significant association between 

MSI and pCR (p=0.35) 
29

. Given the contradicting 

results of the studies, the role of incorporating MSI as 

a factor for selecting patients for TNT needs to be 

further evaluated. 

Various surrogates like downsizing of tumor, down-

staging, and tumor regression grade (TRG) serve as 

an indirect measure to assess tumor response. The 

Neoadjuvant rectal score (NAR) is a short-term 

surrogate endpoint which was proposed by National 

Surgical Adjuvant Breast and Bowel Project 

(NSABP), the Radiation Therapy Oncology Group, 

and the Gynecologic Oncology Group (NRG) 

Oncology groups and was developed based on 

Valentini's nomogram for OS, but included only 

clinical T stage and pathological T and N stage 
30

. 

The randomized phase III CAO/ARO/AIO-04 trial 

found the NAR score as an independent prognostic 

factor for DFS, thus validating it further 
31

. However, 

this was contradicted by a study from Netherlands 

Cancer Registry evaluating around 6500 patients who 

did not find NAR as a surrogate for survival 
32

. 

Role Of Targetted Therapy In TNT 

Few recent studies are exploring the benefit of 

administering novel radiation sensitizers and 

immunotherapeutic agents in TNT, however mature 

data is awaited. The VOLTAGE-A study evaluated 

the role of pre-operative nivolumab following 

NACTRT. They reported a pCR rate of 30% in 

microsatellite stable (MSS) patients and 60% in 

patients with micro-instability high (MSI-H) with 

acceptable toxicities 
33

. The benefit of adding the 

anti-angiogenic drug aflibercept before NACTRT has 

been explored by randomized, phase II GEMCAD 

1402 trial; the preliminary results, though, did not 

show any improved DFS 
34

. Several other studies are 

evaluating the role of other agents like durvalumab, 
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avelumab, peposertib, veliparib, etc as a part of TNT, 

and results are currently awaited 
35363738

. 

Conclusion 

Total neoadjuvant chemotherapy seems to be a 

prudent approach in the treatment of locally advanced 

rectal cancer given the good oncological outcomes 

and acceptable toxicities. TNT has been found to 

result in increased rates of pCR which translates into 

DFS benefit. However, the benefit of TNT remains to 

be explored further in large randomized trials. The 

incorporation of targeted agents in TNT appears to be 

promising and results of ongoing studies are awaited. 
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