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Abstract 

Background  Colorectal cancer (CRC) is a significant malignancy with widespread implications. Despite progress 
in surgical interventions for rectal cancer, improvements in overall prognosis remain disproportionate. Standard 
preoperative chemoradiation, while established as the standard treatment for the majority of rectal cancers, exhibits 
limited effectiveness in enhancing disease-free survival (DFS) and mitigating distant metastases, particularly in cases 
of locally advanced rectal cancer (LARC).

Methods  This randomised clinical trial assessed 286 patients with LARC in two paralleled groups. Group A under‑
went six courses of neoadjuvant MFOLFOX chemotherapy, chemoradiation, surgery, and six adjuvant chemotherapy 
cycles. Group B received concurrent chemoradiation, surgery, and twelve adjuvant chemotherapy cycles. Patient 
evaluations were achieved at multiple stages of treatment and follow-up.

Results  Group A had significantly lower local recurrence (11.64%) than Group B (21.74%, P = 0.025). The distant 
metastasis rate in Group A (8.90%) was lower than in Group B (20.29%) but was not significant (p = 0.143). More 
patients in Group A experienced downstaging (80.82% vs. 60.87%, p < 0.001). Specifically, 72.60% demonstrated 
downstaging of tumour invasion and 54.79% downstaging of lymph node involvement, compared to 57.25% 
and 41.30% in Group B (p = 0.009 and p = 0.025, respectively) as well as higher pCR rate (26.03% vs. 15.25%, p = 0.030) 
and three-year DFS rate (82.19% vs. 71.01%, p = 0.035) in group A compare to group B.

Conclusion  This innovative strategy for LARC showed promising results with lower local recurrence and higher rates 
of downstaging and pCR. Treatment side effects were similar in both groups but less frequent in Group A. Anaemia 
was the most common haematological side effect (A: 58%, B: 68%), and peripheral sensory neuropathy was the most 
common non-haematological complication (A: 63%, B: 64%). These findings suggest this regimen could be a valuable 
therapeutic approach for LARC.
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Introduction
Recent data from the Global Cancer Observatory high-
lights colorectal cancer (CRC) as the third most-diag-
nosed cancer and the second leading cause of cancer 
death globally in 2023 [1]. CRC represents 10% of all 
cancer diagnoses and 9% of cancer deaths, with an esti-
mated 1.9 million new cases and 0.9 million deaths annu-
ally. Despite a 2% decrease in mortality over the past 
two decades, there is a concerning 3.9% increase in CRC 
incidence among individuals under 50 [2]. Geographic 
disparities in CRC incidence and mortality are signifi-
cant, reflecting differences in risk factors, screening, and 
healthcare access. Developed regions report higher CRC 
rates, ranking it as the second or third most common 
cancer among both genders [3].

Conversely, developing countries, primarily in Africa 
and Asia, exhibit lower CRC rates, ranking lower among 
the top ten cancers. Nonetheless, many low and mid-
dle-income nations’ records indicate increased CRC 
incidence and mortality rates, while high-income coun-
tries are experiencing a decreasing or stabilising trend 
[4] Socioeconomic development, lifestyle changes, and 
improvements in the health system could influence this 
trend.

Rectal cancer is a common malignancy that requires 
multimodal treatment to achieve local control and pre-
vent distant recurrence. However, the treatment results 
of locally advanced colorectal cancers, especially tumours 
that invade adjacent structures or have extensive nodal 
involvement, are still disappointing despite the advances 
in surgical techniques [5]. About 30% of patients with 
locally advanced rectal cancer (LARC) develop distant 
metastases, the leading cause of mortality. Therefore, sys-
temic therapy has gained importance in managing LARC, 
as it can target micrometastases, decrease distant metas-
tases, and improve survival outcomes. The current stand-
ard of care for LARC is preoperative chemoradiotherapy 
followed by surgery plus/minus adjuvant chemotherapy 
[6–8]. However, this sequence has some limitations, such 
as poor compliance, delayed surgery, and reduced efficacy 
of adjuvant chemotherapy due to postoperative compli-
cations and impaired drug delivery to the tumour blood 
and microenvironment [9]. Previous studies have demon-
strated that the neoadjuvant combination of chemother-
apy and radiotherapy increases local control and reduces 
the side effects of the treatment more than postopera-
tive chemotherapy and radiotherapy in rectal cancers 

[10, 11]. Besides, more pathologic complete response 
and tumour downstaging have been seen following neo-
adjuvant chemoradiation, which causes a reduction in 
local recurrence and more sphincter-saving surgery [12]. 
The National Comprehensive Cancer Network (NCCN) 
guidelines have recently proposed an alternative strategy 
to overcome these challenges: administering neoadjuvant 
chemotherapy before chemoradiotherapy and surgery 
[13]. This approach, known as total neoadjuvant therapy 
(TNT), has several potential advantages over the con-
ventional sequence, such as better tolerance, higher drug 
concentration in the tumour microenvironment before 
surgery, increased tumour shrinkage and radiosensitisa-
tion, and higher rates of pathological complete response 
and organ preservation [14].

Consequently, TNT may improve patients’ quality of 
life and prognosis with LARC. However, the possibility of 
distant recurrence is still present, probably because of the 
problems during the surgery, tumour manipulation, and 
the likelihood of micrometastasis creation at the time of 
operation. Therefore, post-surgery chemotherapy may 
help eliminate these micrometastases.

Our objective was to assess the efficacy of a neoadju-
vant sandwich treatment protocol for locally advanced 
rectal cancer. This approach integrates induction chemo-
therapy, concurrent chemoradiation therapy, and con-
solidation chemotherapy after surgery, compared with 
the standard treatment that involves chemoradiation, fol-
lowed by surgery and chemotherapy (Fig.  1). Our study 
aimed to determine the complete pathological response, 
primary tumour and lymph nodes downstage, and three-
year disease-free survival.

Methods
Eligibility and pre‑treatment evaluation
Initially, we evaluated the transparency indicators, 
including the completeness of reporting as per the CON-
SORT statement and the extent of data sharing [15]. This 
clinical trial aims to investigate the effects of neoadju-
vant chemotherapy on locally advanced rectal cancers 
through a two-arm parallel group randomised study. The 
study comprises individuals between the ages of 18 and 
75 years with confirmed rectal adenocarcinoma by his-
topathology or Immunohistochemistry and located 2 to 
15 cm from the anal verge. Patients with locally advanced 
rectal cancer (T3-T4 or N +) were identified through 
magnetic resonance imaging (MRI) or endorectal 

Trial Registration  This trial was registered on 2023–12-08 within the IRCT.IR database under the number 
IRCT20210308050628N1.

Keywords  Neoadjuvant therapy, Disease-free survival, Follow-up studies, FOLFOX, LARC​



Page 3 of 11Biniaz et al. BMC Cancer          (2024) 24:863 	

ultrasound (EUS). They were required to have no evi-
dence of distant metastasis on computed tomography 
(CT) or positron emission tomography plus computed 
tomography (PET-CT) scans. In addition, participants 
had to meet specific criteria for Eastern Cooperative 
Oncology Group (ECOG) performance status and hema-
tologic, liver, and renal functions. All participants under-
went a chest, abdomen, and pelvis CT scan.

Serum carcinoembryonic antigen (CEA) and CA19-9 
levels were measured. Patients with recurrent rectal can-
cer, prior pelvic radiation, or previous history of other 
malignancies were excluded. The American Joint Com-
mittee on Cancer (7th edition) TNM system was used for 
staging. Following initial assessments and identification 
of eligible patients for study inclusion, these patients were 
assigned to intervention or control groups based on their 
admission numbers (1:1). Individuals with odd admis-
sion numbers were allocated to the intervention group. 
In contrast, those with even numbers were assigned to 
the control group. The surgeons, pathologists, and data 
analysis team are unaware of the treatment methods and 
treatment groups of patients. In contrast, the oncologists 
and the data collection and registry team knew the treat-
ment modalities and treatment groups. This study was 
conducted as a phase three randomised clinical trial. The 
therapeutic interventions, including radiation therapy 
and chemotherapy, were performed at the cancer centre. 

In addition, supplementary diagnostic and therapeu-
tic interventions such as surgery, pathology, laboratory 
tests, endoscopic ultrasound (EUS), magnetic resonance 
imaging (MRI), computed tomography (CT) scans, and 
positron emission tomography (PET) CT scans were per-
formed at various academic, private, public, and charity 
centres. Trained and specialised colleagues within the 
study team carried out these measures. One significant 
limitation of this investigation is the need for a central-
ised review of study results at the participating centres. 
The decentralised approach may have introduced vari-
ability in data collection, interpretation, and reporting, 
potentially affecting the strength and consistency of our 
findings. The sample size was determined based on the 
guidelines for determining sample size in the health sci-
ences [16]. The Hamadan University of Medical Sci-
ences ethics committee approved the study protocol 
and followed the principles outlined in the Declaration 
of Helsinki (IR.UMSHA.REC.1401.768), with informed 
consent obtained from all participants before treatment 
initiation. This trial is registered with IRCT.IR, number 
IRCT20210308050628N1.

Chemotherapy
Three hundred and seven patients with locally advanced 
rectal cancer were enrolled in two therapeutic lines, 
among which one hundred fifty-five were placed in group 

Fig. 1  Enrolment, Treatment, and Follow-up
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A (Neoadjuvant chemotherapy group), of which 146 
patients completed their treatment and follow-up. They 
were treated first with six cycles of chemotherapy, includ-
ing oxaliplatin 85 mg/m2 on day 1, Calcium Folinate 200 
mg/m2 per day on day 1 and 2 followed by 5-FU bolus 
5-fluorouracil (5FU) 400 mg/m2 on day 1 and 1200 mg/
m2 per day for two consecutive days every two weeks 
(the MFOLFOX6 regimen), followed by standard chemo-
radiation therapy, including radiotherapy with concur-
rent capecitabine 800–1000 mg/m2 BID (twice-daily in 
radiotherapy days) followed by surgery. Six to eight weeks 
after surgery, these patients received six more chemo-
therapy cycles (the MFOLFOX6 regimen). Conversely, 
one hundred fifty-two patients were placed in group B 
(Standard-of-care group), and one hundred thirty-eight 
patients completed their treatment period. They were 
treated with standard concurrent chemoradiation ther-
apy (Radiation therapy plus capecitabine) followed by 
surgery. They received 12 cycles of MFOLFOX6 chemo-
therapy six to eight weeks after surgery. We used G-CSF 
after each cycle of chemotherapy.

Radiotherapy
In this study, two groups were subjected to radiation 
therapy using a CT simulator and a linear accelerator 
employing the 3D-Conformal therapy method, using 
high-energy photons (18MV). The radiation dose deliv-
ered was 50.4 Gy over approximately six weeks (28 frac-
tions), with a daily fraction of 180cGy. The treatment 
planning and dose calculation were done using the 
Monaco treatment-planning system with a Monte Carlo 
algorithm.

The simulations were conducted with patients in a 
prone position and with a full bladder, and the CT-based 
simulation with a slice thickness of 3 mm was performed. 
Target volumes were determined following the Interna-
tional Commission on Radiation Units and Measure-
ments Reports 50 ICRU guidelines. The gross tumour 
volume (GTV) was delineated, and any enlarged lymph 
nodes observed on a CT scan or magnetic resonance 
imaging (MRI) were marked.

The clinical target volume (CTV) encompassed the 
GTV with a radial margin of 2 cm for the true pelvis 
and a craniocaudal margin of at least 3 cm. It included 
lymphatic drainage areas such as the sacral, iliac lymph 
nodes, obturator lymph drainage, and the true pelvis 
internal iliac lymph drainage area. The prescribed irradi-
ation dose for the treatment involves delivering 45 Gy to 
the pelvis in 25 fractions. This was achieved by adminis-
tering a daily dose of 1.8 Gy five days a week. The irradia-
tion technique employed was the Box technique, utilising 
four fields daily. A boost dose of 5.4 Gy was also adminis-
tered to the gross tumour, resulting in a total dose of 50.4 

Gy. The radiation was delivered using 18MV photons 
and the 3D/CRT (three-dimensional conformal radia-
tion therapy) method. In the treatment planning process, 
comprehensive attention was directed towards the dosage 
prescription and limitations concerning delicate organs, 
notably the small bowel and bladder. These organs were 
considered to ensure that the radiation dose delivered to 
them remained within acceptable limits, thereby mini-
mising the potential for adverse effects. In addition, the 
concurrent administration of capecitabine at a dose of 
800–1000 mg/m2 BID (twice daily on radiotherapy days) 
was employed to complement the treatment.

Surgery
Surgical intervention, adhering to the principles of total 
mesorectal excision (TME), was meticulously scheduled 
to occur within a 6 to 8-week window following the cul-
mination of radiation therapy. This interval allowed for 
optimal healthy tissue recovery and response evaluation 
post-radiation. During the procedure, patients under-
went a comprehensive radical rectal resection, which is a 
cornerstone technique in rectal cancer surgery aimed at 
removing the cancerous tissue along with the associated 
lymphovascular structures within the mesorectal fascia. 
The TME approach minimises local recurrence rates and 
enhances overall surgical outcomes.

Treatment evaluation
Four weeks following the conclusion of chemoradiation, 
a comprehensive evaluation was carried out, incorporat-
ing a thorough physical examination, digital rectal exami-
nation, assessment of serum levels of carcinoembryonic 
antigen (CEA) and carbohydrate antigen 19–9 (CA19-9), 
computed tomography (CT) scanning of the chest, abdo-
men, and pelvis, endoscopic ultrasonography, and pel-
vic magnetic resonance imaging (MRI). Assessments of 
adverse events were conducted weekly in the clinical set-
ting. The patient’s laboratory findings and unfavourable 
occurrences were monitored throughout treatment. The 
entailed monitoring had been achieved before and after 
each cycle of neoadjuvant chemotherapy, every week 
during chemoradiotherapy, before and after the surgical 
procedure, and preceding all rounds of adjuvant chemo-
therapy. The laboratory examinations encompassed eval-
uating serum levels of aspartate transaminase, alanine 
transaminase, total and direct bilirubin, and serum cre-
atinine before administering neoadjuvant and adjuvant 
chemotherapy. Any untoward events linked to preopera-
tive and adjuvant therapies were evaluated and graded 
using the Common Terminology Criteria for Adverse 
Events (CTCAE), version 4. A severe adverse event was 
defined as an event leading to death, sustained or con-
siderable temporary disability or incapacity, a congenital 
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anomaly, congenital disability, or abortion; posing a 
life-threatening risk; necessitating hospital admission 
or prolongation of existing hospitalisation; or any clini-
cally significant incidence affecting the safety of the 
participants.

Pathologic examination
Specimens, comprising initial biopsies and subsequent 
surgical samples, underwent evaluation by proficient 
pathologists. Only adenocarcinomas validated by the 
pathology, encompassing well, moderately, and poorly 
differentiated types, were considered for inclusion in the 
study. Suspicious findings were subjected to reassessment 
utilising the immunohistochemistry (IHC) methodology. 
Confirmed items with IHC entered the study.

Endpoints
The primary endpoints of this study were to assess the 
rate of pathologic complete response (pCR), which 
was defined as the absence of any remaining tumour in 
the original location or dissected lymph nodes, and the 
three-year disease-free survival (3y-DFS), which was 
defined as the absence of tumour in clinical examinations 
and Para clinical modalities from the completion of treat-
ment (adjuvant chemotherapy) until three years later. 
Additional critical endpoints included tumour down-
staging (T), lymph node down-staging (N), and local and 
distant recurrence incidence.

Follow‑up
After the treatment, patients underwent stringent moni-
toring involving regular physical examination, com-
plete blood count (CBC) assessments, renal and hepatic 
function tests, and determination of serum levels of 

carcinoembryonic antigen (CEA) and carbohydrate anti-
gen 19–9 (CA19-9) every three months. Additionally, 
chest and abdominopelvic CT scanning was conducted 
every 6–12  months, and colonoscopy was performed 
annually for three years.

Statistical analysis
The appropriate sample size for this study based on our 
population was determined using the Cochran formula 
with a precision level of ± 5%, a confidence level of 95%, 
and an estimated proportion of 0.5. The study’s findings 
were delineated by representing mean values and their 
corresponding standard deviations (SD). The data was 
analysed using GraphPad Prism version 9.3.1 for Win-
dows, a software developed by GraphPad Software in 
San Diego, California, USA, lauded for its precision and 
dependability in data analysis. Fisher’s exact test, a sta-
tistical test renowned for its applicability in small sample 
sizes, was employed to ascertain the statistical signifi-
cance of disparities between groups. A p-value less than 
0.05 was deemed to indicate statistical significance.

Results
From January 2015 to November 2019, 284 patients 
who participated in the study completed their treat-
ment and follow-up. The appropriate sample size was 
at least 171 patients, given the population size of 307 
patients, precision level of ± 5%, confidence level of 95%, 
and estimated proportion of 0.5. Their clinicopatho-
logical features are listed in Table  1. A detailed analy-
sis of the clinicopathological characteristics of Group A 
(Neoadjuvant chemotherapy) and Group B (Standard-
of-care) revealed multiple differences. Firstly, the age 

Table 1  Baseline demographic and clinical characteristics in the intention-to-treat population

Variable Group A (Neoadjuvant 
chemotherapy) (n = 146)

Group B (Standard-of-care) 
(n = 138)

P Value

Age at randomisation (years) Mean ± SD 58.29 ± 8.496 59.72 ± 9.137 NA

Range 41–74 30–72 NA

Sex Female 65 (44.52%) 43 (31.16%) NS

Male 81 (55.48%) 95 (68.84%) NS

EUS / MRI T3N0 84 (57.53%) 56 (40.58%) NS

T3N1 37 (25.34%) 40 (28.99%) NS

T3N2 4 (2.74%) 17 (12.32%)  < 0.05

T4N0 4 (2.74%) 13 (9.42%)  < 0.05

T4N1 5 (3.42%) 12 (8.70%) NS

T4N2 12 (8.22%) 0 (0.00%)  < 0.05

Distance to anal verge (cm)
EUS / MRI

 ≤ 5 73 (50.00%) 58 (42.03%) NS

5.1–10 42 (28.77%) 57 (41.30%) NS

10.1–15 31 (21.23%) 23 (16.67%) NS
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distribution in Group A was 58.29 ± 8.496 years, and in 
Group B was 59.72 ± 9.137 years.

Furthermore, the EUS and MRI staging revealed that 
Group A had a higher prevalence of advanced disease 
at baseline than Group B, with a more significant pro-
portion of patients with T4N2 stage indicating more 
extensive tumour involvement and depth of invasion 
and nodal metastasis. Finally, the distance distribution 
to the anal verge varied between the two groups. While 
both groups had a predominance of patients with a 
distance of less than or equal to 5 cm, Group A had a 
higher proportion of such patients, accounting for 50% 
of the group (Table 1).

We observed notable differences in their respective 
outcomes after comparing the pathological results of 
two distinct treatment groups (Table 2).

Patients in group A experienced a marked, statisti-
cally significant downstaging of tumour size (T) and 
lymph node (N) involvement, with a risk reduction of 
2.040 times (95% CI 1.388 to 3.031) compared to group 
B. Specifically, 80.82% of patients in group A under-
went downstaging of T and N, whereas only 60.87% 
of group B patients exhibited the same response. Fur-
thermore, 72.60% of Group A patients displayed down-
staging of T, in contrast to 57.25% of Group B patients 
(p = 0.009), and 54.79% of Group A patients achieved 
downstaging of N, compared to 41.30% of those in 
Group B (p = 0.025). These findings elucidate that 
those patients in group A exhibited a more favourable 
treatment response, with the treatment demonstrat-
ing greater efficacy in reducing tumour size and lymph 
node involvement compared to group B patients. Also, 
a noteworthy proportion of patients in group A, con-
stituting 26.03%, attained a pathological complete 
response (pCR) in contrast to 15.22% in group B. The 
relative risk of achieving pCR was calculated as 1.136 
(95% CI, 1.018 to 1.299), signifying those patients in 
Group A exhibited a higher likelihood of achieving 

pCR, with this contrast being statistically significant 
(p = 0.030).

Notably, it was found that patients in group A had a 
significantly lower local cancer recurrence rate compared 
to those in group B (P = 0.025, 11.64% versus 21.74%, 
respectively). Within group A, 17 patients experienced 
local recurrence, with six at the primary site and 11 at 
non-primary sites. Similarly, in group B, 13 patients 
experienced local recurrence at the primary site and 17 
at non-primary sites. Furthermore, the incidence of dis-
tant cancer metastasis exhibited a reduction, although it 
did not reach statistical significance (p = 0.143) in group 
A (8.90%) in comparison to group B patients (20.29%). 
These results indicate that patients in group A were less 
susceptible to cancer recurrence, with a risk reduction 
of 1.867 times (95% CI 1.091 to 3.220) for local recur-
rence and 1.709 (95% CI 0.9032 to 3.252) times for dis-
tance metastasis. Within group A, 82.19% of individuals 
remained free from the disease, while 17.81% experi-
enced recurrence, encompassing local and distant mani-
festations. In contrast, group B exhibited a disease-free 
survival rate of 71.01%, with 28.99% encountering disease 
recurrence. The calculation of relative risk yielded a value 
of 0.8640, accompanied by a 95% CI ranging from 0.7530 
to 0.9824 (p = 0.035). These findings strongly indicate 
that Group A participants exhibited a significantly lower 
risk of disease recurrence than Group B. On the other 
hand, group B has a higher risk of the recurrence of can-
cer (Hazard ratio 1.755, 95% CI 1.060 to 2.904 (p = 0.307) 
(Fig. 2).

We analysed adverse events in two groups of patients, 
focusing on grade 1–2 and severe (grades 3 and 4) 
adverse events across haematological, non-haematologi-
cal, and biochemical categories. In the grade 1–2 adverse 
events category, both groups exhibited anaemia as the 
most prevalent adverse event in the haematological cat-
egory, followed by thrombocytopenia and leukopenia. 
Febrile neutropenia was infrequently reported, with only 

Table 2  Pathology Results. The outcomes are measured regarding local recurrence, distant metastasis, downstaging of the tumour (T 
& N, T, N), pathological complete response (pCR), and three-year disease-free survival

Variable Group A (Neoadjuvant 
chemotherapy) (n = 146)

Group B (Standard-of-
care) (n = 138)

Relative Risk (95% CI) P value

Down Stage (T & N) Yes 118 (80.82%) 84 (60.87%) 2.040 (1.388 to 3.031)  < 0.001

No 28 (19.18%) 54 (39.13%)

Down Stage (T) Yes 106 (72.60%) 79 (57.24%) 1.561 (1.130 to 2.171) 0.009

No 40 (27.40%) 59 (42.75%)

Down Stage (N) Yes 80 (54.79%) 57 (41.3%) 1.298 (1.037 to 1.653) 0.025

No 66 (45.21%) 81 (58.70%)

Pathological Complete 
Response (pCR)

Yes 38 (26.03%) 21 (15.22%) 1.136 (1.018 to 1.299) 0.030

No 108 (73.97%) 117 (84.78%)
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one case documented in Group B. Notably, nausea/vom-
iting and peripheral sensory neuropathy emerged as the 
commonly reported non-haematological adverse events 
in both groups, while palmar-plantar erythrodysesthesia 
was the least frequently reported. In the biochemical cat-
egory, both groups demonstrated mildly elevated levels 
of SGOT and SGPT compared to bilirubin and creatinine 
levels.

In the severe adverse events category, both groups 
reported cases of leukopenia and neutropenia, with 
Group B exhibiting slightly more incidents of leukope-
nia. At the same time, Group A had more cases of neu-
tropenia. Notably, neither group reported occurrences 
of febrile neutropenia, thrombocytopenia, or anaemia in 
the severe adverse events category, nor did they report 
instances of nausea/vomiting, peripheral sensory neu-
ropathy, palmar-plantar erythrodysesthesia, or consti-
pation in the non-haematological sever complication 
category. In the biochemical category, one case of ele-
vated SGPT was reported in both groups, with elevated 
bilirubin slightly more prevalent in Group B than Group 
A, although the variance was not statistically significant. 
Additionally, both groups reported two cases of elevated 
creatinine (Table  3). These results indicate that both 
treatment strategies possess a similar safety profile, with 
a comparable number of adverse events reported in each 
category. However, it is essential to note that the absence 
of severe adverse events does not necessarily imply that 
the treatments were well-tolerated, as patients may have 
experienced less severe but still impactful side effects.

Discussion
Recent years have seen the emergence of numerous alter-
native approaches to the treatment of rectal cancer. Pilot 
studies and phase 2 randomised trials have shown that 
neoadjuvant chemotherapy, compared with adjuvant 
chemotherapy, not only does not compromise the effi-
cacy of preoperative chemoradiotherapy but also offers 
a more tolerable toxicity profile. This increases drug 

concentration, enhances compliance with the treatment 
regimen, significantly improves disease-free survival 
and reduces local recurrence. While no significant dif-
ferences in disease-free survival or overall survival have 
been observed, the promise of neoadjuvant chemother-
apy is a beacon of hope in the fight against rectal cancer 
[17]. In this study, neoadjuvant chemotherapy (group 
A) significantly improves outcomes compared to sur-
gery alone (group B) in treating locally advanced rectal 
cancer. Group A exhibits higher pathologic complete 
response (pCR) rates, overall down-staging, and tumour 
regression. Additionally, group A has fewer metastatic 
regional lymph nodes and lower local cancer recurrence 
rates. Although distant metastasis differences are not sta-
tistically significant, group A shows higher disease-free 
survival. These findings underscore neoadjuvant chemo-
therapy’s potential in managing locally advanced rectal 
cancer.

Recent randomised trials, particularly the RAPIDO, 
PROSPECT, and PRODIGE 23 trials, have yielded signifi-
cant findings in the use of neoadjuvant chemotherapy in 
the treatment of rectal cancer RAPIDO [18], PROSPECT 
[19], and PRODIGE 23 [17]. Our research has shown 
that incorporating neoadjuvant chemotherapy alongside 
chemoradiation can significantly reduce local recurrence 
and potentially limit distant metastasis. This potential to 
improve disease-free survival could be a game-changer in 
developing effective treatment plans for cancer patients.

The RAPIDO trial showed that preoperative short-
course radiation with CAPOX chemotherapy had lower 
disease-related treatment failure than preoperative 
chemoradiotherapy. However, these findings have been 
attributed to the lower rates of chemotherapy use in the 
chemoradiotherapy group in that trial. Additionally, the 
5-year risk of local recurrence was high with short-course 
radiation, which may explain the limited adoption of this 
treatment strategy in North America [20]. However, our 
trial determined that adding the correct number and the 
proper neoadjuvant chemotherapy regimen improved 

Fig. 2  Kaplan–Meier estimates of 3-year disease-free survival
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therapeutic outcomes and specifically decreased local 
recurrence in three years.

The PROSPECT trial was aimed to compare the effec-
tiveness of neoadjuvant FOLFOX, with selective use of 
pelvic chemoradiotherapy, to the current standard of 
neoadjuvant pelvic chemoradiotherapy alone. The trial 
was conducted for patients with clinically staged T2 
node-positive, T3 node-negative, or T3 node-positive 
rectal cancer who were eligible for sphincter-sparing 
surgery. The trial results indicated that both treatment 
approaches demonstrated similar disease-free and over-
all survival rates. This suggests that neoadjuvant chemo-
therapy could be as effective as standard chemoradiation 
in selective patients. The results of our study confirmed 
this hypothesis. Our study observed that neoadjuvant 
FOLFOX combined with chemoradiation was not only 
non-inferior to the chemoradiation alone but also signifi-
cantly improved disease-free survival in locally advanced 
rectal cancer compared to standard chemoradiation 
alone. This evidence could be observed in group A, where 
17 patients experienced local recurrence, compared with 
30 patients in group B, who experienced local recurrence. 
This positive outcome can be attributed to the addition 
of a potent neoadjuvant chemotherapy regimen to the 
standard chemoradiation in these high-risk patients. 

Notably, the incidence of local recurrence in the PROS-
PECT trial was less than 2% after five years, which is 
lower than in our previous trials. This disparity may be 
attributed to excluding T4 disease (T4 N0, T4 N +) and 
locally advanced tumours unsuitable for sphincter-spar-
ing surgery in the PROSPECT trial.

In the PRODIGE 23 trial, which is similar to our study, 
patients with locally advanced rectal cancer who under-
went neoadjuvant FOLFIRINOX treatment had nota-
bly extended periods of disease-free and metastasis-free 
survival than those who underwent standard chemora-
diotherapy and adjuvant chemotherapy. However, the 
FOLFIRINOX approach is complex and may lead to 
heightened complications and intolerance in patients. 
To address this, we utilised a modified MFOLFOX6 as 
neoadjuvant chemotherapy for patients with stage T3 
or T4 and N + rectal cancer before chemoradiation. The 
intervention group received six cycles of MFOLFOX6 
before chemoradiotherapy surgery and six more courses 
of MFOLFOX6 after surgery. The standard-of-care group 
was given chemoradiotherapy followed by surgery and 
12 courses of MFOLFOX6 chemotherapy. Our study 
demonstrated a notable increase in pathologic complete 
response, tumour and lymph node downstaging, and a 
significant reduction in 3-year local recurrence for the 

Table 3  Adverse events. The adverse events were categorised into haematological, non-haematological, and biochemical. Each 
category was further divided into two severity grades: Grades 1 & 2 and Grades 3 & 4. NS, not significant; SGOT, Aspartate transaminase; 
SGPT, Alanine transaminase

Group A 
(Neoadjuvant 
chemotherapy) 
(n = 146)

Group B 
(Standard-of-
care) (n = 138)

P value Group A 
(Neoadjuvant 
chemotherapy) 
(n = 146)

Group B 
(Standard-of-
care) (n = 138)

P value

Adverse events Grades 1 & 2 Grades 3 & 4

Haematological Leukopenia 58 (40%) 66 (48%) NS 3 (2%) 5 (4%) NS

Neutropenia 38 (26%) 43 (31%) NS 9 (6%) 15 (11%) NS

Febrile neutro‑
penia

0 (0%) 1 (1%) NS 0 (0%) 0 (0%) NS

Thrombocyto‑
penia

41 (28%) 52 (37%) NS 0 (0%) 0 (0%) NS

Anaemia 85 (58%) 94 (68%) NS 0 (0%) 0 (0%) NS

Non-haemato‑
logical

Nausea 41 (28%) 42 (30%) NS 2 (1%) 3 (2%) NS

Vomiting 8 (5%) 11 (8%) NS 0 (0%) 0 (0%) NS

Peripheral sensory 
neuropathy

92 (63%) 88 (64%) NS 17 (12%) 28 (20%) NS

Palmar-plantar 
erythrodysesthesia

11 (8%) 17 (12%) NS 2 (1%) 5 (4%) NS

Constipation 15 (10%) 17 (12%) NS 0 (0%) 0 (0%) NS

Biochemical Elevated SGOT 43 (29%) 46 (33%) NS 2 (1%) 1 (1%) NS

Elevated SGPT 47 (32%) 45 (32%) NS 1 (1%) 1 (1%) NS

Elevated Bilirubin 3 (2%) 4 (3%) NS 0 (0%) 0 (0%) NS

Elevated Creati‑
nine

14 (10%) 15 (11%) NS 2 (1%) 2 (1%) NS
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intervention group, compared to the standard-of-care 
group. Although insignificant, 3-year distant metastasis 
was also reduced in the intervention group. The use of 
MFOLFOX6 as induction chemotherapy did not com-
promise radiotherapy compliance or surgical quality and 
did not necessitate additional medical action.

Today, the treatment options for locally advanced rec-
tal cancer have expanded, allowing for tailored treat-
ment based on the tumour’s unique characteristics. This 
progress, such as successfully treating high microsatel-
lite instability tumours with immunotherapy alone, is 
a significant step forward in cancer treatment [21]. On 
the other hand, until now, the addition of a monoclonal 
antibody to six cycles of a neoadjuvant fluoropyrimi-
dine–oxaliplatin combination has not shown superior 
efficacy (e.g., the addition of bevacizumab or aflibercept 
substantially increased surgical complications in two tri-
als [22, 23]. Adding cetuximab to neoadjuvant CAPOX 
followed by chemoradiotherapy did not increase patho-
logical complete response or 5-year progression-free 
survival [24]. Hence, it can be inferred that investigating 
the utilisation of cost-effective chemotherapy drugs with 
high efficacy and minimal side effects presents a more 
favourable approach to enhancing therapeutic outcomes 
in patients with high-risk rectal cancer. However, it is 
crucial to exercise caution when considering additional 
treatments. Specifically, a careful assessment should be 
conducted for each tumour, considering its progres-
sion and each patient’s overall health status. The optimal 
approach should be selected based on these factors.

Consequently, a comprehensive evaluation was con-
ducted to examine the effects of incorporating neo-
adjuvant FOLFOX chemotherapy alongside standard 
chemoradiation in treating high-risk rectal cancers in 
patients with suitable general conditions, including per-
formance status and medical conditions. The rationale 
behind adopting FOLFOX was to mitigate complications, 
as it is associated with a well-defined and limited profile 
of adverse effects while concurrently delivering substan-
tial therapeutic benefits. One notable strength of our 
study was the implementation of well-defined guidelines 
for administering neoadjuvant and adjuvant chemother-
apy. These guidelines were instrumental in ensuring that 
the duration of chemotherapy, spanning six months, was 
consistent across both study groups.

In contrast to the PRODIGE23 trial, we did not 
encounter the need to modify the treatment regimen 
during the adjuvant phase or introduce a different regi-
men at this stage. This approach effectively minimised 
the potential for significant methodological bias in our 
study. A pivotal aspect of treatment in our study involved 
altering chemotherapy administration timing. Specifi-
cally, half of the chemotherapy courses were shifted from 

the adjuvant to the perioperative setting. This modifica-
tion yielded remarkable results in our study, including 
definite outcome improvement and relative reduction of 
complications. The observed substantial progress can be 
attributed exclusively to the therapeutic effectiveness of 
the drugs administered during the neoadjuvant phase. 
This favourable outcome can be ascribed to the absence 
of any structural alterations or vascular damage during 
this specific stage of the treatment process.

The toleration of MFOLFOX6 chemotherapy in this 
study was good, and only two patients from one hundred 
forty-eight group A patients could not complete their 
chemotherapy, which was better than adjuvant chemo-
therapy in 4 patients who could not complete their whole 
chemotherapy courses. Also, upfront use of MFOL-
FOX6 did not increase surgical morbidity or adversely 
affect compliance with subsequent adjuvant chemother-
apy. Because of the high rate of pathological complete 
response in this study by adding neoadjuvant chemo-
therapy, future studies should also evaluate more patients 
and probably more effective chemotherapy regimens to 
achieve more pathologic complete response and elimi-
nate high-risk and unnecessary treatment modalities like 
surgery in this situation. These data logically indicate the 
possibility of risk-adapted therapy and decreasing sig-
nificant and permanent side effects by modifying treat-
ment modalities. Further evaluation of non-operative 
management and organ-preserving strategies in selected 
patients, even in locally advanced situations following 
neoadjuvant chemotherapy (such as the GRECCAR12 
trial [25]), could be possible.

Study limitations
An identified limitation of this investigation is the 
absence of a centralised review of study results, including 
physical exams, lab, pathology, and imaging at the par-
ticipating centres. The decentralised approach may have 
introduced data collection, interpretation, and reporting 
variability, potentially impacting our findings’ robustness 
and coherence. It is essential to note that these results 
should be interpreted in the context of the study design 
and patient population. For example, the study popula-
tion consisted of patients with locally advanced rectal 
cancer treated at a single institution, which may limit 
the generalizability of the findings. Other factors such 
as age, EUS staging, and distance distribution to the anal 
verge can also affect surgical outcomes and postoperative 
complications. More research is needed to confirm these 
findings and determine the most appropriate treatment 
approach for individuals with rectal cancer. Further-
more, the initial difference between groups A and B at 
the start of the trial was another limitation in this study. 
While this difference falls within acceptable bounds for 
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a randomised controlled trial, it is still noticeable. We 
cautiously interpreted our conclusions, recognising the 
potential impact of these initial disparities on observed 
effects. We conducted sensitivity analyses and adjusted 
for baseline variables to address this limitation, reaf-
firming our findings’ strength. Looking ahead, we rec-
ommend further exploration of the impact of baseline 
differences on treatment outcomes. This presents excit-
ing possibilities for future studies to consider alternative 
randomisation techniques or covariate adjustment meth-
ods to enhance the validity of future randomised con-
trolled trials.

Conclusion
In conclusion, our study findings indicate that neoadju-
vant chemotherapy with MFOLFOX6 followed by chem-
oradiotherapy, surgery, and adjuvant chemotherapy is a 
promising treatment for patients with locally advanced 
rectal cancer. This treatment approach enhances patho-
logically complete response and reduces the T & N 
staging, resulting in better patient outcomes. Further-
more, the neoadjuvant chemotherapy group showed 
significantly improved disease-free survival without sub-
stantially increasing toxicity compared to the adjuvant 
chemotherapy group. This evidence indicates that the 
perioperative chemotherapy approach is more effective 
and better tolerated than adjuvant chemotherapy. These 
results are significant and robust enough to change clini-
cal practice guidelines.
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