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AIM: assess tolerability and safety of total neoadjuvant therapy (TNT) with three consolidation courses of XELOX for 
patients with rectal carcinoma.
PATIENTS AND METHODS: patients with histologically proven rectal carcinoma were randomly assigned in two groups: 
in the TNT group after the neoadjuvant CRT 50–54 Gy with capecitabine 3 consolidation courses of XELOX were done, 
in the CTR group — conventional neoadjuvant CRT 50–54 Gy with capecitabine. The RTOG scale was used to assessed 
radial reactions, and the NCI-CTC v5.0 scale was used to evaluate toxicity. For selected patients with a complete 
clinical response «watch and wait» approach was used. Postoperative complications were graded according with the 
Clavien-Dindo scale. The primary endpoint of study was the complete response rate (clinical and pathomorphologi-
cal). Secondary endpoints of study: frequency and structure of intraoperative and postoperative complications, the 
rate of grade 3–4 toxicity of radiotherapy and chemotherapy, R0-resection rates. The study was registered on the 
ClinicalTrials.gov (NCT04747951).
RESULTS: between October 2020 and March 2022, 145 patients were enrolled in the randomized study: 72 patients 
in the TNT group and 73 patients in the CRT group. The full course of neoadjuvant treatment was completed in 90% 
patients in the TNT group, comparing with 96% in the CRT group (p = 0.65). The total rate of severe adverse effects 
of radiation therapy was 59% in the TNT group, comparing with 67% in the CRT group (p = 0.48), with 3–4 grade 
by RTOG scale were observed only in two cases in the CRT group. During chemotherapy severe adverse effects were 
observed in 54% in the TNT group comparing with 19% in the CRT group (p < 0.001). Grade 3–4 toxicity was 3% in 
the TNT group comparing with 2% in the CRT group. The rate of intra- and postoperative complications did not differ 
between two groups.
CONCLUSION: TNT is a safe alternative to conventional CRT.
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INTRODUCTION

Neoadjuvant chemoradiotherapy in the total focal 
dose of 50–54 Gy on the background of synchro-
nizing doses of fluoropyrimidines followed by sur-
gery is the recommended option for most patients 
with stage III cancer of the middle and low rectum 

or with compromised, according to MRI, resection 
margins.
This approach minimizes the rate of local recur-
rences within 3–5%, but does not reduce the rate 
of distant metastases [1,2]. The administration 
of systemic chemotherapy in adjuvant mode in 
this cohort of patients does not demonstrate a 
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significant increase in life expectancy; however, it 
is associated with higher toxicity due to the pre-
treatment of patients, and therefore only 70% of 
the patients receive a full course of postoperative 
CT [3,4]. A promising approach is total neoadjuvant 
therapy (TNT), in which systemic chemotherapy is 
prescribed in the neoadjuvant mode in addition to 
preoperative CRT. According to the literature, this 
approach is not only accompanied by better toler-
ability, but also increases the chance of obtaining 
a complete pathomorphological response, which is 
associated with better survival of patients [5,6].

PATIENTS AND METHODS

In October 2020, a prospective, randomized sin-
gle-center study with “per protocol” analysis was 
started.
The hypothesis of the study: the combination of 
chemoradiotherapy with a course of consolidating 
chemotherapy in the neoadjuvant mode (TNT) in-
creases the rate of complete rectal tumor respons-
es, compared to the standard CRT.
The inclusion criteria were as follows: signed 
voluntary informed consent to participate in the 
study, histologically confirmed adenocarcinoma 
of the low rectum cT2-4N0-2M0 and the cancer of 
middle rectum cT2-T4N1-2M0, assessment of the 
patient’s general condition on the ECOG scale of 
no more than 2 points.
The exclusion criteria were as follows: age young-
er than 18 and older than 75 years; recurrent rec-
tal cancer; primary multiple tumors of other sites; 
previous radiation therapy for pelvic organs; preg-
nancy; breast-feeding; distant metastases; severe 
cardiovascular, respiratory, nervous system, kid-
neys and liver comorbidities.
The primary point of the study was the rate 
of complete tumor responses (clinical and 
pathomorphological).
The secondary points of the study were the rate 
and the structure of intra- and postoperative 
complications according to the Clavien-Dindo 
classification, the rate of complications of the 
3rd–4th grade of radiation therapy according to the 
RTOG scale and chemotherapy according to the 
NCI-CTC TNT and CRT toxicity scale, the rate of R0 
resections.

After receiving voluntary informed consent, the 
patients were randomized into two groups: 1) 
the CRT group — the standard prolonged course 
of neoadjuvant chemoradiotherapy with the TFD 
of 50-54Gy with capecitabine 825 mg/m2 twice a 
day per os on the days of the radiation therapy; 
2) the TNT group — the prolonged course of the 
radiation therapy with the TFD of 50-54Gy with 
capecitabine 825 mg/m2 twice a day inside on the 
days of the radiation therapy and 3 consolidating 
courses of XELOX in the waiting period after the 
end of the radiation therapy. At the end of the 
neoadjuvant treatment, a control checkup (pelvic 
MRI, CT of the chest and abdominal cavity with 
contrast) was performed, followed by curative 
surgery.
The operated patients with stage III according to 
the pathomorphological study and patients with 
stage I-II risk factors (lymphovascular invasion, 
R1 resection, mucinous adenocarcinoma, were 
prescribed adjuvant chemotherapy): in the main 
group — 5 courses of CAPOX, in the control group 
8 courses of CAPOX. The radiation therapy (RT) 
was performed in the mode of standard fraction-
ation, using the technology of intensive modu-
lated radiation therapy (IMRT). Single Dose (SD) 
of 2Gy, Total Dose (TD) of 50-54Gy, against the 
background of taking capecitabine as a modify-
ing agent, in a dose of 825 mg/m2 twice a day on 
the RT days. The RTOG scale was used to evalu-
ate radiation reactions [7]. The consolidating 
chemotherapy in the main group was performed 
(XELOX), the adjuvant chemotherapy — according 
to the standard protocols using a doublet of fluo-
ropyrimidines and oxaliplatin. The NCI-CTC v5.0 
scale was used to assess toxic reactions [8]. The 
effect of the neoadjuvant therapy was evaluated 
according to MRI data on the mrTRG scale [9]. If a 
complete tumor response was suspected, the ex-
amination was supplemented with the data from 
endorectal ultrasound, proctoscopy and/or video 
colonoscopy. In patients without a confirmed 
complete clinical response, the surgery was per-
formed in the volume of total mesorectumectomy 
or extralevatory abdomino-perineal rectal resec-
tion [10].
The quality of TME was evaluated by Quirke P. 
gradation [11]. Staging — according to the TNM 
classification of the 8th revision [12]. The degree 
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of therapeutic pathomorphosis was determined by 
the Rayn scale [13].
The severity of postoperative complications was 
assessed on the Clavien-Dindo scale [14]. When 
detecting the leakage of colorectal anastomosis, 
the latter was classified in accordance with the 
recommendations of the International Research 
Group for the Study of Rectal Cancer (A, B or C 
grade) [15]. Follow-up was recommended to all op-
erated patients after the treatment [16]. Patients 
with a complete clinical tumor response were in-
formed about the possibility of an alternative ap-
proach within the framework of the “watch-and-
wait” strategy, which includes mandatory pelvic 
MRI every 3 months during the first two years 
of follow-up. The final decision on the choice of 
treatment approach was made at an oncological 
MDT.

STATISTICAL ANALYSIS

The patients’ data were entered into the Microsoft 
ACCESS 2019 for Windows. The statistical analy-
sis was carried out using R studio software (ver-
sion 3.6.1; R studio, Boston, Massachusetts). 
Continuous variables were described using medi-
ans and quartiles (25%:75%). For the analysis of 
qualitative variables, the exact Fisher’s test or χ2-
test was used, the Wilcoxon test was used for the 
analysis of continuous variables.

RESULTS

In the period from October 2020 to March 2022, 
145 patients were included in the study: 72 pa-
tients in the TNT group and 73 patients in the CRT 

Figure 1. Research diagram
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group. Twelve patients were excluded from the 
TNT group: 10 — due to a violation of the protocol 
(refusal of consolidating chemotherapy, a short 
course of RT with the TFD of 25 Gr instead of a pro-
longed course of CRT TFD 50–54 Gr). One patient 
was excluded due to his death from coronavirus 
infection at the pre hospital stage, one patient 
was diagnosed with synchronous adenocarcinoma 
of the sigmoid colon.
In the CRT group, 11 patients were excluded: 9 — 
due to a violation of the protocol, one patient 
revealed a synchronous neuroendocrine tumor 

of the rectum and one patient had cancer on the 
background of ulcerative colitis. Currently, 39 out 
of 60 patients have completed treatment in the 
TNT group, 13 patients are under follow-up due to 
the complete clinical response of the tumor, 23 pa-
tients underwent surgery. At the time of writing, 
52 patients out of 62 completed treatment in the 
CRT group, 6 patients are under control follow-up 
due to a complete tumor response, 42 patients un-
derwent surgery. Surgical treatment is planned for 
the remaining 6 patients from the TNT group and 
4 patients from the CRT group (Fig.1).

Table 1. Characteristics of patients

Parameter TNT CRT Р

Number of patients 60 62

Age, Me (quartiles) 62 (52:67) 62 (55:69) 0.34

Gender, n (%)
Female
Male

23 (38%)
37 (62%)

24 (39%)
38 (61%)

0.97

BMI (kg/m2) Me (quartiles) 26 (22:28) 26 (22:29) 0.59

ASA, n (%)
ASAI
ASAII
ASAIII
Unknown

6 (21%)
18 (64%)
4 (14%)

32

7 (18%)
25 (62%)
8 (20%)

22

0.8

Abdominal surgery in history, n (%) 5 (8%) 7 (11%) 0.6

Diabetes mellitus, n (%) 6 (10%) 3 (5%) 0.13

Level of cancer markers, Me (quartiles)
REA, ng/ml
Unknown

3.1 (1.7: 4.6)
33

2.6 (1.9:4.4)
38

> 0.99

cT, n (%)
cT2
cT3
cT4

14 (23%)
29 (48%)
17 (28%)

12 (19%)
36 (58%)
14 (23%)

0.56

cN, n (%)
cN0
cN1
cN2

22 (37%)
20 (33%)
18 (30%)

20 (32%)
16 (26%)
26 (42%)

0.37

cTNM, n (%)
I
II
III

10 (17%)
11 (18%)
39 (65%)

7 (13%)
10 (19%)
35 (67%)

0.84

CRM + according to MRI data, n (%)
By lymph node
By tumor

25 (43%)
9

16

31 (51%)
16
15

0.4

Me (quartiles) of tumor height from anal edge (mm) 54 (30:64) 54 (37:68) 0.49

Me (quartiles) tumor extent (mm) 44 (35:56) 48 (40:56) 0.43
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Comparison of the groups according to the main 
characteristics of patients
The groups were homogenous in the main clini-
cal parameters and characteristics of the tumor 
(Table 1).
Compliance and toxicity of neoadjuvant therapy
The full course of the neoadjuvant therapy in the 
TNT group was completed by 90% (35/39) of pa-
tients versus 96% (50/52) in the CRT group, the 
differences were not significant (p = 0.65).
There were no serious problems during the radia-
tion therapy in the TNT group. The vast majority 
(90.0%) of the patients completed all 3 courses 
of the consolidating chemotherapy, 2 (5.0%) pa-
tients completed 2 courses of the chemotherapy 
and 2 (5.0%) patients completed only one course. 

Only in one case, the chemotherapy was discontin-
ued due to the development of toxic reactions. In 
the other cases, the reason was non-compliance 
with the study protocol. In the CRT group, two 
patients (4.0%) required reduction of the radia-
tion therapy with TFD less than 45 Gy due to the 
severe radiation proctitis. In one patient (2.0%), 
the neoadjuvant CRT was stopped due to acute re-
spiratory disease.
The overall rate of complications of the radia-
tion therapy in the groups did not differ signifi-
cantly and was 23 (59.0%) in the TNT group versus 
35 (67.0%) in the CRT group (p = 0.48), while ra-
diation reactions of the 3rd–4th grade on the RTOG 
scale were noted only in two cases in the CRT 
group.

Table 2. Compliance and toxicity of neoadjuvant therapy

TNT CRT P

Number of patients who completed the full course of treatment, 
n (%)

35/39 (90%) 50/52 (96%) 0.65

Reduction of radiation therapy dose, n (%) 0 (0%) 2 (4%) > 0.99

Interruption of radiation therapy, n (%) 0 (0%) 1 (2%) > 0.99

Total rate of radiation toxicity on RTOG scale, n (%)
Grade 1–2 Grade 3-4

23 (59%)
0 (0%)

33 (63%)
2 (4%)

0.48

Total rate of toxic reactions according to NCI-CTC scale, n (%)
Grade 1–2 Grade 3-4

20 (51%)
1 (3%)

9 (17%)
1 (2%)

< 0.001

Hematological toxicity, n (%)
Grade 1–2 Grade 3-4

6 (15%)
1 (3%)

1 (2%)
1 (2%)

0.039

Diarrhea, n (%)
Grade 1-2

11 (28%) 7 (13%) 0.081

Peripheralpolyneuropathy, n (%)
Grade 1-2

4 (10%) 2 (4%) 0.4

Table 3. Comparison of data on immediate results of surgeries

TNT CRT P

Number of patients 23 42

Me (quartiles) surgery time, min 180 (161:188) 180 (151:188) 0.63

Me (quartiles) blood loss, ml 80 (30:100) 50 (20:100) 0.35

Access, n (%)
Laparoscopic
Open

12 (52%)
11 (48%)

24 (57%)
18 (43%)

0.76

Intraoperative wound of urethra 0 (0%) 1 (2%) 0.76

Sphincter-saving surgeries, n (%) 11 (48%) 23 (55%) 0.59

Preventive stoma, n (%) 9 (39%) 20 (47%) 0.51
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The overall rate of chemotherapy complications 
was 54% (21/39) in the TNT group versus 19% 
(10/52) in the CRT group, the difference was sig-
nificant (p < 0.001). It is worth noting that the 
differences were due to mild toxic reactions on 
the NCI-CTC v5.0 scale, while the rate of severe 
toxic reactions in the TNT group was 3% versus 
2% in the CRT group and was due to hematological 
toxicity. There were no significant differences in 
the rate of diarrhea and peripheral polyneuropa-
thy (Table 2).
Immediate results of surgical treatment
At the time of writing, in the TNT group of 39 pa-
tients who completed the neoadjuvant treatment, 
surgery was performed in 23 (59.0%), in the CRT 
group — in 42 (81.0%) of 52 patients. The groups 
were comparable in median duration of the sur-
gery, intraoperative blood loss and type of surgi-
cal access. Intraoperatively, only one patient had 
a complication: in the CRT group, a patient with a 
locally advanced tumor had unintentional damage 
to the urethra (p = 0.76) (Table 3).
Postoperative complications were detected in 
34% in the TNT group and in 28% in the CRT group 
(p = 0.42). Thus, one patient from the main group 
had a perforation of the small intestine wall, which 
was the reason for emergency surgery. The anasto-
mosis leakage was detected in one patient (5.0%) 
in the CRT group, which corresponded to grade B 
that required drainage and antibiotics. According 
to the rate of postoperative urinary retention and 
ileus, the groups did not differ significantly. In 
one patient in the TNT group, the postoperative 
period was complicated by the pulmonary embo-
lism, which led to the death of the patient, thus, 
the mortality rate was 4% in the TNT group. The 

median (quartile) of the postoperative day in the 
TNT group was 10 (8–12) hospital stay days versus 
9 (7–12) days in the CRT group, while the differ-
ences did not reach significance (p = 0.5) (Table 
4).

DISCUSSION

Standard protocols for the treatment of patients 
with rectal cancer of the third stage recommend 
postoperative systemic chemotherapy.
These recommendations are largely based on the 
results of clinical trials of adjuvant chemotherapy 
for colon cancer [17,18]. The role of systemic che-
motherapy in the treatment of rectal cancer has 
not been fully established, and its effectiveness in 
the postoperative regime has not been proven in 
most randomized studies [19–21]. Systemic che-
motherapy in the mode of total neoadjuvant ther-
apy can potentially improve treatment outcomes 
by increasing the rate of complete responses, as 
well as reduce the risk of progression by eliminat-
ing micrometastases.
It should be emphasized that the effectiveness of 
treatment directly depends on the chosen regimen 
of total neoadjuvant therapy, and the rate of com-
plete pathomorphological responses varies widely 
from 12% to 28% [22–28]. At the same time, the 
tolerability and compliance of treatment ulti-
mately determine its practical feasibility.
In the presented randomized study, chemotherapy 
was prescribed as a consolidating course in the 
waiting period after completing radiation thera-
py, while 90% (35/39) of the patients completed 
the full course of the treatment in the main group, 

Table 4. Frequency and structure of postoperative complications*

Severity grade TNT CRT

Wound infection, n (%) I 1 (4.0%) 1 (2.0%)

Urinary retention, n (%) I 2 (9.0%) 4 (10.0%)

Post-op ileus, n (%) II 3 (13.0%) 6 (14.0%)

Anastomosis leakage, n (%) II 0/9 (0%) 1/20 (5%)

Perforation of small intestine, n (%) IIIB 1 (4.0%) 0

Pulmonary embolism, n (%) V 1 (4.0%) 0

Total, n (%) 8 (34.0%) 12 (28.0%)

*all differences are not statistically significant
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which is comparable to the control group, where 
96% (50/52) of the patients completed the full 
course of the neoadjuvant therapy (p = 0.65). In 
the TNT group, 90% (35/39) of the patients com-
pleted all 3 courses of consolidating chemother-
apy. In a randomized study conducted in 2018 by 
Kim, S.Y. et al. in a sample of 108 patients, com-
pliance in the TNT group with two consolidating 
courses according to the XELOX scheme was 87% 
(48/55). The short interval (on average 7 days) 
between the end of radiation therapy and the be-
ginning of consolidating chemotherapy, regulated 
by the study protocol, is indicated by the authors 
as the most likely reason for refusing to continue 
treatment in five patients [25]. In this study, the 
interval between the end of radiation therapy and 
the beginning of consolidating chemotherapy was 
not strictly regulated and only one patient refused 
to continue treatment due to toxic reactions.
The escalation of preoperative treatment was ex-
pected to lead to an increase in the overall rate 
of toxic reactions, which was 51% (20/39) versus 
17% (9/52) in the control group, the differences 
were significant (p < 0.001). At the same time, the 
addition of chemotherapy did not lead to a critical 
increase in the rate of severe toxic reactions, and 
the differences were due to toxic reactions of the 
1–2 grade (Table 4). The results obtained corre-
late with the data of a randomized trial (RAPIDO) 
published in 2020 by Bahadoer, R. et al. A group 
of 912 patients demonstrated comparable tol-
erability of TNT and the standard approach with 
preoperative prolonged CRT and adjuvant chemo-
therapy. In the TNT group, where patients under-
went consolidating chemotherapy after a short 
course of RT TFD 25 Gy (6 courses of XELOX / or 
9 courses of FOLFOX), the rate of toxic reactions 
of the 3rd–4th grade was 38% (177/460) compared 
to the control group, in which the rate of severe 
toxic reactions during neoadjuvant CRT was 34% 
(87/254) and 34% (64/187) during adjuvant che-
motherapy [24]. In the randomized trial (PRODIGE 
23), published in 2021 by Conroy, T. et al. and com-
bining the results of treatment of 461 patients, 
the rate of severe toxic reactions during TNT with 
6 courses of induction CT (FOLFIRINOX) and the 
standard CRT was 27% (63/231) compared to 22% 
(50/230) in the control group (the standard course 
of preoperative CRT), the differences did not reach 

significance. The authors report a lower rate of 
severe toxic reactions during adjuvant chemo-
therapy in the TNT group, where patients received 
mFOLFOX6 for 3 months, compared to the control 
group, where patients received similar treatment 
for 6 months (11% vs 23%, p = 0.0049) [26].
The question of which TNT regime is better toler-
ated by patients was partially solved in the ran-
domized study published in 2019 by Fokas, E. et al. 
in a sample of 306 patients. The authors compared 
two different TNT regimes with induction (group 
A) and consolidating (group B) chemotherapy with 
3 courses of the FOLFOX in combination with a pro-
longed course of CRT. At the same time, the au-
thors report that the rate of toxic reactions of the 
3rd–4th grades during chemotherapy did not differ 
and amounted to 22% in each group [29].

CONCLUSION

Thus, the transfer of chemotherapy from adjuvant 
to neoadjuvant regimen in addition to CRT does 
not negatively affect the tolerability of treatment 
and its compliance. Also, the rate of intra- and 
postoperative complications does not increase.
The preliminary results of the presented random-
ized trial demonstrated that TNT is a safe alter-
native to the standard neoadjuvant CRT. Further 
recruitment and analysis of immediate and long-
term results will establish the effectiveness of 
this option.
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