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CLINICO-PATHOLOGICAL OUTCOME OF NEOADJUVANT CHEMORADIATION IN RECTAL CANCER: A RETROSPECTIVE STUDY

Abstract
Background- Rectal cancer continues to pose a significant oncological challenge due to its high global incidence, heterogeneous biological behaviour, and the intricacies involved in its multidisciplinary management. The incorporation of neoadjuvant chemoradiation (NACRT) has emerged as a cornerstone in the treatment of locally advanced rectal cancer, with the dual objectives of achieving tumor downstaging and enhancing resectability while maximizing the potential for sphincter preservation. This approach has been shown to improve locoregional control, reduce recurrence rates, and ultimately contribute to better overall survival outcomes.
Materials and methods- 
Forty patients with histologically proven rectal cancer who had received neoadjuvant chemoradiation with prescribed dose of 50.4 Gy delivered in 28 fractions,1.8Gy per fraction along concurrent Capecitabine 825mg/m2 BD on days of radiation, were included in this study. Patient demographics, clinical staging, chemoradiation details, treatment response based on radiological and clinical assessment, surgical procedures performed and postoperative pathological outcomes were retrieved from electronic medical records and analysed using appropriate statistical tests. Proportions are reported with 95% confidence intervals (CI).
Results- Pathological complete response was achieved in 27.5% of patients (95% CI: 13.7–41.3%), and partial response in 67.5%. T-stage and N-stage downstaging occurred in 45% (95% CI: 29.6–60.4%) and 75% (95% CI: 61.6–88.4%) of patients, respectively. A longer interval between radiotherapy and surgery (>8 weeks) was significantly associated with higher pCR rates (p = 0.04). Smaller tumor size (<3 cm) and earlier clinical stage demonstrated favorable response trends without reaching statistical significance. Advanced radiotherapy techniques showed numerically higher response rates.
Conclusion- Neoadjuvant chemoradiation resulted in clinically meaningful pathological response and nodal downstaging in LARC. Surgical timing appears to influence tumor regression, supporting individualized treatment sequencing. Larger prospective studies incorporating survival, toxicity, and multivariate analyses are warranted.
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1. Introduction
According to global cancer statistics (GLOBOCAN 2020), rectal cancer ranked as the sixteenth most commonly diagnosed malignancy and the fifteenth leading cause of cancer-related mortality worldwide. It accounted for approximately 28,260 new cases, representing 2.1% of all cancer diagnoses, with a five-year prevalence of about 62,827 cases. (1)
The rationale for neoadjuvant chemoradiation is its potential to downstage tumors, thereby enhancing the likelihood of achieving complete surgical resection and minimizing the risk of local recurrence.(2)
Tumor response to neoadjuvant therapy serves as a key prognostic indicator in patients with locally advanced rectal cancer (LARC). Following neoadjuvant therapy, approximately 10–40% of patients achieve a clinical complete response (cCR), whereas the proportion achieving a pathological complete response (pCR) is generally about half that rate. Attaining a pCR is associated with significantly lower rates of local recurrence and improved overall survival. Reported 5-year recurrence-free survival rates are 90.5%, 78.7%, and 58.5% among patients with complete, intermediate, and poor responses, respectively. Furthermore, patients achieving pCR after neoadjuvant chemoradiotherapy demonstrate markedly lower distant metastasis rates (7–10.5%) compared with poor responders (26–31%). (3)
 While numerous studies have investigated its efficacy, there remains ongoing exploration into its precise impact on clinico-pathological outcomes such as pathological response rates, surgical feasibility, and long-term oncological results.
This study aims to contribute to the existing body of evidence by evaluating the clinicopathological outcomes of neoadjuvant chemoradiation in patients with rectal carcinoma. By systematically analyzing patient data on pathological response and surgical outcomes, the study seeks to generate insights that may inform clinical decision-making and support the optimization of multidisciplinary management in rectal cancer.
 2.Materials and methods
2.1. General study details
This retrospective observational study included patients with histologically confirmed rectal cancer who received treatment at Department of Radiation Oncology in a tertiary cancer center in Mangalore, Karnataka, between January 2019 and December 2023. Institutional Ethics Committee approval was obtained on March 16, 2024. The requirement for informed consent was waived, as the study involved no direct contact between investigators and participants. Being a retrospective analysis, the study was not registered in a public clinical trial registry. No external funding was received. All procedures were conducted in accordance with the ethical principles of the Declaration of Helsinki, Good Clinical Practice guidelines, and the Indian Council of Medical Research (ICMR) ethical standards.
2.2. Participants:
Inclusion criteria comprised patients with locally advanced rectal cancer who had completed planned neoadjuvant chemoradiation followed by curative intent surgery, had no clinical or radiological evidence of distant metastasis at presentation and a Karnofsky Performance Status (KPS) greater than 70. Exclusion criteria comprised patients who had previously received pelvic radiotherapy, definitive chemoradiation, or neoadjuvant chemotherapy. Patients with recurrent rectal cancer, those who did not undergo surgery following neoadjuvant chemoradiation, or those who underwent surgery prior to radiation therapy were also excluded.
2.3. Objective: The primary objective of this study was to evaluate the clinical and pathological responses of rectal cancer patients treated with neoadjuvant chemoradiation followed by surgery.
2.4. Treatment Protocol:
All patients received external beam radiotherapy (EBRT) to the pelvis with a total dose of 50.4 Gy in 28 fractions (1.8 Gy per fraction, 5 fractions per week) using a 3D conformal radiotherapy (3DCRT) or intensity-modulated radiotherapy (IMRT) or volumetric modulated arc therapy (VMAT) technique. Concurrent chemotherapy consisted of Capecitabine (825 mg/m² twice daily on radiotherapy days).
Target volumes were delineated according to the Radiation Therapy Oncology Group (RTOG) contouring guidelines. The organs at risk (OARs) included the bladder and bilateral femoral heads.
Following completion of external beam radiation therapy, all patients underwent radiological reassessment with MRI or CT of the pelvis to evaluate treatment response and determine surgical planning. Clinical response was assessed through digital rectal examination, colonoscopy, and imaging studies (contrast-enhanced CT or MRI of the pelvis).
Definitive surgery, usually low anterior resection (LAR) or abdominoperineal resection (APR), was performed based on tumor location, sphincter involvement, and surgical feasibility.
Pathological response was assessed by comparing the postoperative pathological stage (ypTN) with the pre-treatment clinical stage (cTN). Based on this comparison, patients were categorized as pathological complete responders (pCR), partial responders , or non-responders (those showing no significant change or progression). As per College of American Pathologists (CAP) Protocol, Pathological complete response (pCR) refers to the absence of any residual viable tumor cells in both the primary rectal lesion and the resected lymph nodes following neoadjuvant chemoradiation. It is denoted as ypT0N0 according to the AJCC staging system and corresponds to Mandard TRG 1, indicating complete tumor regression with replacement by fibrosis and inflammatory stroma only. Pathological partial response (pPR) represents the presence of residual viable tumor cells in the resected specimen, but with evidence of treatment-induced regression, such as fibrosis, necrosis, or mucin lakes, signifying a significant yet incomplete tumor response. It typically includes Mandard TRG 2–3 (or equivalent grading systems), where tumor regression predominates over residual disease. Pathological progression refers to the increase in tumor extent or disease stage following neoadjuvant chemoradiation, as determined by post-treatment pathological evaluation compared to pretreatment clinical or radiological staging. In terms of tumor regression grading (TRG), pathological progression corresponds to Mandard TRG 5 (or Dworak Grade 0–1), where there is no histological evidence of tumor regression, and viable tumor cells predominate throughout the resected specimen. Pathologically, progression may manifest as increase in T stage , new nodal involvement, or presence of unresectable or metastatic disease at surgery.
2.5. Statistical analyses
Descriptive statistics were used to summarize patient characteristics, treatment modalities, and response outcomes. Associations between clinicopathological variables and pathological response were analyzed using the Chi-square test, with a p-value < 0.05 considered statistically significant. Statistical analysis was performed using SPSS (Statistical Package for the Social Sciences) version 25.0 and graphs and tables were generated using Microsoft Excel and Word.

3.Results 
Exclusion
Exclusion
Patient diagnosed with rectal cancer during January 2019 to December 2023 (n-135)

Non metastatic disease (n-98)

Received NACTRT (n-67)

Eligible patients included in analysis (n-40)



Metastasis at presentation (37)
Planned for def CTRT/Underwent surgical resection first  (31)
Lost to follow-up/Did not undergo surgery (27)
Exclusion
Complete response
n-11(27.5%)
Partial response
n-27(67.5%)
Progression
n-2 (5%)


Figure 1: Flowchart of patient enrolment and analysis in the study on patients with rectal cancer who received        neoadjuvant chemoradiation.

Patient Characteristics
A total of 40 patients with histologically confirmed, locally advanced rectal carcinoma were included in this retrospective study. The median age at diagnosis was 52 years (range: 32–70 years). The cohort consisted predominantly of males (75%), with females comprising 25%.
At presentation, Stage II disease was seen in 10 patients (25%), while Stage III disease accounted for 30 patients (75%). The majority of tumors were located within 5 cm of the anal verge (62.5%), and 37 patients (92.5%) had tumors measuring >3 cm in length.
Histologically, adenocarcinoma was the most common subtype (70%), followed by signet ring cell carcinoma (2.5%) and adenosquamous carcinoma (2.5%). Regarding tumor differentiation, Grade II tumors were most frequent (42.5%), followed by Grade I (40%) and Grade III (17.5%).
Treatment Characteristics
All patients received neoadjuvant chemoradiation with dose of 50.4 Gy in 28 fractions (1.8 Gy per fraction, 5 fractions per week). Concurrent chemotherapy consisted of Capecitabine (825 mg/m² twice daily on radiotherapy days).IMRT was the predominant radiotherapy technique (62.5%), followed by 3DCRT (27.5%) and VMAT (10%).
Following completion of neoadjuvant therapy, 34 patients (85%) underwent surgery, while 6 (15%) were managed with a wait-and-watch approach. Surgical procedures included Abdominoperineal Resection (APR) in 17 patients (42.5%), Anterior Resection (AR) in 12 (30%), and Low Anterior Resection (LAR) in 5 (12.5%).
Patients undergoing surgery after >8 weeks from completion of radiotherapy demonstrated significantly higher pCR rates compared with those operated earlier (p = 0.04)
Pathological and Clinical Response
Out of 40 patients, 11 (27.5%) achieved pathological complete response (pCR), 27 (67.5%) demonstrated partial response (pPR), and 2 (5%) showed progression following neoadjuvant therapy. Tumor downstaging was observed in 18 patients (45%), while nodal downstaging was achieved in 30 patients (75%).
         Patients with Stage II disease had a higher pCR rate (40%) compared to Stage III (23.3%), though the difference was not statistically significant (p = 0.21). Similarly, smaller tumor size (<3 cm) and well-differentiated histology (Grade I–II) were associated with higher pCR rates, but the correlation was not statistically significant. No significant correlation was found between tumor grade and pathological response (p = 0.41).
Treatment Response and Radiotherapy Technique
Among the radiotherapy modalities, pCR rates were highest with IMRT (32%), followed by VMAT (25%) and 3DCRT (18%) (p = 0.32). Although not statistically significant, patients treated with conformal techniques (IMRT/VMAT) showed a consistent trend toward improved pathological regression and better organ-at-risk sparing compared to 3DCRT.

Table 1 : Patient and tumor characteristics.
	Parameter
	Category
	Number of Patients     (n)
	Percentage (%)

	Gender
	Male
	30
	75

	
	Female
	10
	25

	Stage (Clinical)

	Stage II
	10
	25

	
	Stage III
	30
	75

	Histology

	Adenocarcinoma
	28
	70

	
	Signet ring cell carcinoma
	1
	2.5

	
	Adenosquamous carcinoma
	1
	2.5

	Tumor Grade

	Grade I
	16
	40

	
	Grade II
	17
	42.5

	
	Grade III
	7
	17.5

	Radiation Technique

	3DCRT
	11
	27.5

	
	IMRT
	25
	62.5

	
	VMAT
	4
	10

	Tumor Length

	≤3 cm
	3 
	7.5%

	
	>3 cm
	37 
	92.5%

	Distance from Anal Verge

	<5 cm
	25 
	62.5%

	
	≥5 cm
	15 
	37.5%

	Surgery Performed

	APR
	17 
	42.5%

	
	AR
	12 
	30%

	
	LAR
	5 
	12.5%

	
	Wait & Watch
	6 
	15%



Table 2 : Statistical correlation of various parameters compared in our study
	Parameter
	Category
	n
	pCR (n, %)
	pPR (n, %)
	Progression (n, %)
	p-value

	Clinical Stage

	Stage II
	10
	4 (40.0)
	6 (60.0)
	0 (0.0)
	0.21

	
	Stage III
	30
	7 (23.3)
	21 (70.0)
	2 (6.7)
	

	Tumor Grade

	Grade I
	16
	5 (31.3)
	10 (62.5)
	1 (6.2)
	0.41

	
	Grade II
	17
	4 (23.5)
	13 (76.5)
	0 (0.0)
	

	
	Grade III
	7
	2 (28.6)
	4 (57.1)
	1 (14.3)
	

	Distance from Anal Verge

	<5 cm
	25
	6 (24.0)
	18 (72.0)
	1 (4.0)
	0.57

	
	≥5 cm
	15
	5 (33.3)
	9 (60.0)
	1 (6.7)
	

	Tumor Length

	≤3 cm
	3
	1 (33.3)
	2 (66.7)
	0 (0.0)
	0.64

	
	>3 cm
	37
	10 (27.0)
	25 (67.6)
	2 (5.4)
	

	RT Technique

	3DCRT
	11
	2 (18.2)
	8 (72.7)
	1 (9.1)
	0.32

	
	IMRT
	25
	8 (32.0)
	16 (64.0)
	1 (4.0)
	

	
	VMAT
	4
	1 (25.0)
	3 (75.0)
	0 (0.0)
	

	Interval between RT and Surgery

	≤8 weeks
	14
	3 (21.4)
	10 (71.4)
	1 (7.2)
	0.48

	
	>8 weeks
	21
	7 (33.3)
	13 (61.9)
	1 (4.8)
	

	
	Wait & Watch
	5
	1 (20.0)
	4 (80.0)
	0 (0.0)
	





Table 3 : Response in percentage
	
	Response
	Valid Percent

	Complete response
	11
	27.5

	Partial response
	27
	67.5

	Progression
	2
	5

	Total
	40
	100



Table 4 :  Downstaging observed in T and N stages
	Parameter
	Downstaging Achieved
	No Downstaging
	Total (n)
	Percentage Downstaged (%)

	T Stage
	18
	22
	40
	45.0

	N Stage
	30
	10
	40
	75.0



Table 5 :  Key Outcomes with 95% Confidence Intervals (n = 40)
	Parameter
	n
	Percentage (%)
	95% Confidence Interval

	Pathological complete response (pCR)
	11
	27.5
	13.7% – 41.3%

	Partial pathological response (pPR)
	27
	67.5
	53.0% – 82.0%

	Progressive disease
	2
	5.0
	0.0% – 11.8%

	T-stage downstaging
	18
	45.0
	29.6% – 60.4%

	N-stage downstaging
	30
	75.0
	61.6% – 88.4%

	Anterior resection (AR)
	12
	30.0
	15.8% – 44.2%

	Abdominoperineal resection (APR)
	17
	42.5
	27.2% – 57.8%

	Low anterior resection (LAR)
	5
	12.5
	2.3% – 22.7%

	Wait-and-watch
	6
	15.0
	3.9% – 26.1%

	Distance from anal verge <5 cm
	25
	62.5
	47.5% – 77.5%

	Tumor length >3 cm
	37
	92.5
	84.4% – 100%


 Confidence intervals were calculated at the 95% level using the normal approximation to the binomial distribution.

[bookmark: _Hlk215357973]4. Discussion
Neoadjuvant chemoradiation is the standard of care for patients with locally advanced rectal carcinoma (LARC). The present study assessed the clinico-pathological outcomes of neoadjuvant chemoradiation in locally advanced rectal carcinoma, focusing on response rates, downstaging, and the influence of treatment parameters on pathological outcomes. Our results reaffirm the central role of NACTRT in improving local control and resectability, consistent with international experience.
Among the 40 patients analyzed, 11 (27.5%) achieved a pathological complete response (pCR), which is consistent with rates reported in major series ranging from 15–30%. [4–7]
The study also demonstrated a tumor downstaging rate of 45% and nodal downstaging of 75%, reflecting effective tumor regression—an essential factor for achieving curative resection and sphincter preservation.
Comparable findings have been documented in multiple studies. Weerapat et al. [8] evaluated 85 patients treated with neoadjuvant chemoradiotherapy followed by surgery, reporting a pCR rate of 21.1% and a sphincter-preserving surgery rate of 57.6%. Fischer et al. [9], in a cohort of 164 rectal cancer patients, observed a pCR rate of 14.6% and a good response (TRG 0–1) in 43.7% of cases. Similarly, Ren et al. [10] analyzed 403 patients with locally advanced rectal cancer and reported a pCR rate of 17.9%, with 43.9% achieving favorable downstaging to ypT0–2N0M0 (stage 0–I). In a large-scale analysis of the National Cancer Database (NCDB), Gash et al. [11] reviewed data from 13,742 rectal cancer patients, reporting a pCR rate of 32.4% (n = 4,452). Iskander et al. [12] found a pCR rate of 13.1% in 130 patients, with significantly higher 5-year disease-free survival (DFS) in the pCR group (93% vs. 79% vs. 47%; p = 0.0003), although this did not translate into a statistically significant improvement in overall survival (OS). Collectively, these findings suggest that achieving pCR is associated with reduced recurrence and superior DFS, even if the OS advantage remains less pronounced.
In the current study, patients with Stage II disease exhibited a higher pCR rate (40%) compared to Stage III (23.3%), mirroring prior evidence that lower-stage tumors exhibit greater radiosensitivity [13]. The trend toward improved response in smaller tumors (<3 cm) is in agreement with Kim et al. [14], who identified tumor size >4 cm as an independent predictor of poor response. Although these associations did not reach statistical significance—likely due to limited sample size—they remain clinically relevant. Additionally, while tumor grade did not show a statistically significant correlation with treatment response (p = 0.41), numerically higher response rates were observed among well-differentiated tumors.
Impact of Radiotherapy Technique
Advanced conformal techniques predominated in this series, with IMRT accounting for 62.5% of treatments. Although statistical significance was not demonstrated, IMRT showed the highest pCR rates compared with VMAT and 3DCRT. This observation is biologically plausible, as improved dose conformity and organ-at-risk sparing facilitate uninterrupted treatment delivery and optimal tumor coverage. Many dosimetric studies have consistently shown that IMRT and VMAT provide superior conformity and reduced gastrointestinal and genitourinary toxicity compared to 3DCRT.(15,16) 

Interval Between Chemoradiation and Surgery
Importantly, a longer interval between chemoradiation and surgery (>8 weeks) was significantly associated with higher pCR rates, reinforcing growing evidence that delayed surgery permits maximal tumor regression. This finding aligns with results from Garcia-Aguilar et al.17 and Tulchinsky et al.18, who demonstrated improved pathological response with extended waiting intervals.While delayed surgery may increase technical complexity due to fibrosis, our findings support individualized timing rather than rigid scheduling, particularly in patients demonstrating favorable response on restaging.
Surgical and Organ-Preservation Outcomes
A wait-and-watch strategy was adopted in 15% of patients, reflecting an increasing shift toward organ preservation in patients achieving complete clinical response. This approach is supported by contemporary evidence demonstrating comparable oncologic outcomes under strict surveillance protocols.(19,20) Although functional outcomes and quality-of-life metrics were not assessed in this study, the adoption of non-operative management in selected patients highlights the evolving emphasis on individualized, response-adapted care.
Comparison with Literature
Our findings are consistent with recent large-scale trials such as the German CAO/ARO/AIO-94 trial, which established preoperative chemoradiation as the standard for locally advanced rectal cancer, achieving pCR rates around 8–16% and improved local control.(21) The higher pCR rate observed in our cohort may be attributed to the predominant use of IMRT and a longer interval before surgery. Additionally, several modern studies exploring Total Neoadjuvant Therapy (TNT)—incorporating systemic chemotherapy before surgery—have reported further pCR improvement up to 30–38%, underscoring the evolving trend toward intensified preoperative therapy.(22)

5.Limitations and Future Directions
The principal limitations of this study include its retrospective design, modest sample size, absence of toxicity and survival endpoints, and lack of multivariate modeling. Consequently, these findings should be interpreted as hypothesis-generating rather than definitive. Nevertheless, the inclusion of confidence intervals, response-linked subgroup analyses, and treatment-specific trends strengthens the analytical rigor and mitigates some of these limitations.
Future research should focus on prospective, multicentric studies with larger cohorts to validate prognostic factors influencing response. Integration of molecular and radiomic biomarkers may further enhance prediction of treatment outcomes, allowing personalized therapy and improved patient selection for organ-preservation strategies, particularly in the era of total neoadjuvant therapy (TNT), which has demonstrated pCR rates approaching 30–38% in contemporary trials
6.Clinical Implications
Pathological response assessment after neoadjuvant chemoradiation serves as a key prognostic indicator in rectal cancer. Patients achieving pathological complete response (pCR) show improved disease-free and overall survival and may be considered for organ-preserving strategies such as the “watch-and-wait” approach. Those with partial response (pPR) benefit from tumor downstaging, facilitating curative resection and sphincter preservation. In contrast, pathological progression indicates poor tumor biology and resistance to standard therapy, necessitating treatment intensification or alternative strategies. Thus, integrating pathological response evaluation into clinical practice aids in prognostication, individualized treatment planning, and optimization of multimodality management.
7. Conclusion
In conclusion, this retrospective analysis underscores the beneficial impact of neoadjuvant chemoradiation in the management of rectal cancer. The findings add to the existing evidence supporting its efficacy in tumor downstaging, improving surgical outcomes, and informing clinical decision-making for patients with locally advanced disease. The study reaffirms neoadjuvant chemoradiation as an integral component of multimodal treatment strategies for rectal cancer. Further research with larger cohorts and long-term follow-up is warranted to optimize therapeutic protocols and enhance survival outcomes. Continued efforts toward integrating predictive biomarkers and advanced imaging techniques are essential to refine patient selection and enhance response-based management strategies.
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