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CLINICO-PATHOLOGICAL OUTCOME OF NEOADJUVANT CHEMORADIATION IN CARCINOMA RECTUM: A RETROSPECTIVE STUDY

Abstract
Background- Rectal carcinoma constitutes a major oncologic challenge owing to its high incidence and complex management. Neoadjuvant chemoradiation has become an integral component of treatment, aiming to achieve tumor downstaging, facilitate sphincter preservation, and improve both local control and overall survival.
Objective- This retrospective study evaluates the clinical and pathological outcomes of neoadjuvant chemoradiation in patients with rectal carcinoma, thereby contributing to the growing evidence base regarding its efficacy and optimal role in multimodality treatment protocols. 
Materials and methods- 
A retrospective analysis was conducted on patients diagnosed with rectal carcinoma who received neoadjuvant chemoradiation therapy at the Department of Radiation Oncology, a tertiary care center, between January 2019 and December 2023. Data were retrieved from electronic medical records and included patient demographics, clinical staging, chemoradiation details, treatment response based on radiological and clinical assessment, surgical procedures performed, and postoperative pathological outcomes.
Results- The study cohort comprised 40 patients with rectal carcinoma who underwent neoadjuvant chemoradiation therapy. Among them, 12 patients (30%) achieved a complete response, 26 patients (65%) had a partial response, and 2 patients (5%) demonstrated disease progression following NACRT; however, these differences were not statistically significant. Of the 26 patients with partial response, 14 (53%) exhibited more than a 50% reduction in tumor size. Male patients demonstrated a higher rate of complete response compared with females. Patients with T2-stage disease showed better response rates than those with more advanced stages, indicating improved outcomes in early-stage tumors.
Conclusion- The findings of this study demonstrate an inverse correlation between tumor size and treatment response. Neoadjuvant chemoradiation effectively downstaged tumors, thereby enhancing the likelihood of organ-preserving surgical procedures. The use of intensity-modulated radiotherapy (IMRT) resulted in a higher pathological complete response rate (30% in the present study) compared with previously reported rates of 13–21% achieved with three-dimensional conformal radiotherapy (3D-CRT).
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1.Introduction
According to global cancer statistics (GLOBOCAN 2020), rectal carcinoma 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 (NAT) serves as a key prognostic indicator in patients with locally advanced rectal cancer (LARC). Following NAT, 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 (nCRT) 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 study included patients with histologically confirmed rectal carcinoma who received treatment at the 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 (Supplementary Appendix 1). 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:
Patients with histologically confirmed rectal carcinoma who received neoadjuvant chemoradiation therapy between January 2019 and December 2023 were included in the study. Eligible patients 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.

A total of 40 patients were included in this study. All patients received neoadjuvant chemoradiation therapy, consisting of a total radiation dose of 50.4 Gy delivered in 28 fractions (1.8 Gy per fraction, five fractions per week), administered concurrently with oral capecitabine at a dose of 825 mg/m² twice daily on radiation 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 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).
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 (those demonstrating a reduction in tumor and/or nodal stage), or non-responders (those showing no significant change or progression).

2.3. Statistical analyses
Data were analyzed to determine frequencies, percentages, means, and standard deviations. Categorical variables were compared using the Chi-square test, while continuous variables were analyzed using one-way analysis of variance (ANOVA) followed by post hoc Tukey testing. Statistical analyses were performed using SPSS software (Statistical Package for the Social Sciences), and graphs and tables were generated using Microsoft Excel and Word.














3.Results & Discussion
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)
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Planned for def CTRT/Underwent surgical resection first  (31)
Lost to follow-up/Did not undergo surgery (27)
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Complete response
n-12  (30%)
Partial response
n-26 (65%)
Progression
n-2 (5%)


Figure 1: Flowchart of patient enrollment and analysis in the study on patients with rectal cancer who received        neoadjuvant chemoradiation.
We enrolled 40 patients in this study, ranged from 18 to 75 years, minimum age of 28 years and maximum age of 73 years. Majority of the patients belonged to the age group between 61 and 70 years of age. Male population dominated the study with 75% (30/40).Most of the patients had T3(30/40) and N2(19/40) disease,majority tumor was in mid and lower 1/3rd of rectum, most patients were treated with IMRT  as described in Table 1.

12 patients (30%) out of 40 had complete response, 26 patients (65%) out of 40 had partial response and 2 patients(5%) progressed post NACTRT- all were statistically insignificant as described in Table 2.
14 patients (53%) out of 26 who had partial response had more than 50% reduction in tumor size. Male patients had better complete response than females. T2 stage had better response compared to other stages (early stage has better response) as described in Table 1.

Table 1 : The Patient and tumor characteristics included in this study are listed below. Chi square test to comapre the three categories with categorical variables 
	 
	Categories
	N
	Response
	Chi square
	P value

	
	
	
	Complete response (N (%))
	Partial response (N (%))
	Progression (N (%))
	
	

	AGE Categories
	<40
	3
	1 (9.1)
	2 (7.4)
	0 (0)
	7.35
	0.499

	 
	41-50
	3
	0 (0)
	3 (11.1)
	0 (0)
	 
	 

	 
	51-60
	14
	2 (18.2)
	10 (37)
	2 (100)
	 
	 

	 
	61-70
	17
	7 (63.6)
	10 (37)
	0 (0)
	 
	 

	 
	>70
	3
	1 (9.1)
	2 (7.4)
	0 (0)
	 
	 

	GENDER
	F
	10
	2 (18.2)
	8 (29.6)
	0 (0)
	1.248
	0.536

	 
	M
	30
	9 (81.8)
	19 (70.4)
	2 (100)
	 
	 

	T
	T2
	7
	4 (36.4)
	3 (11.1)
	0 (0)
	5.045
	0.538

	 
	T3
	30
	7 (63.6)
	21 (77.8)
	2 (100)
	 
	 

	 
	T4a
	2
	0 (0)
	2 (7.4)
	0 (0)
	 
	 

	 
	T4b
	1
	0 (0)
	1 (3.7)
	0 (0)
	 
	 

	N
	N0
	10
	4 (36.4)
	6 (22.2)
	0 (0)
	7.668
	0.661

	 
	N1
	1
	0 (0)
	1 (3.7)
	0 (0)
	 
	 

	 
	N1a
	4
	2 (18.2)
	2 (7.4)
	0 (0)
	 
	 

	 
	N1b
	6
	1 (9.1)
	5 (18.5)
	0 (0)
	 
	 

	 
	N2a
	15
	4 (36.4)
	9 (33.3)
	2 (100)
	 
	 

	 
	N2b
	4
	0 (0)
	4 (14.8)
	0 (0)
	 
	 

	CLINICALSTAGE
	I
	4
	3 (27.3)
	1 (3.7)
	0 (0)
	12.823
	0.234

	 
	II
	4
	0 (0)
	4 (14.8)
	0 (0)
	 
	 

	 
	IIA
	2
	1 (9.1)
	1 (3.7)
	0 (0)
	 
	 

	 
	IIIA
	2
	0 (0)
	2 (7.4)
	0 (0)
	 
	 

	 
	IIIB
	21
	7 (63.6)
	12 (44.4)
	2 (100)
	 
	 

	 
	IIIC
	7
	0 (0)
	7 (25.9)
	0 (0)
	 
	 

	Histology
	ADENOSQUAMOUS
	1
	0 (0)
	1 (3.7)
	0 (0)
	6.118
	0.634

	 
	MD-ADENO
	16
	3 (27.3)
	12 (44.4)
	1 (50)
	 
	 

	 
	PD-ADENO
	6
	1 (9.1)
	4 (14.8)
	1 (50)
	 
	 

	 
	SIGNET RING CELL
	1
	0 (0)
	1 (3.7)
	0 (0)
	 
	 

	 
	WD-ADENO
	16
	7 (63.6)
	9 (33.3)
	0 (0)
	 
	 

	GRADE
	I
	16
	7 (63.6)
	9 (34.6)
	0 (0)
	5.228
	0.265

	 
	II
	17
	3 (27.3)
	13 (50)
	1 (50)
	 
	 

	 
	III
	6
	1 (9.1)
	4 (15.4)
	1 (50)
	 
	 

	SURGERY
	APR
	17
	2 (18.2)
	14 (51.9)
	1 (50)
	19.96
	0.03

	 
	AR
	12
	2 (18.2)
	9 (33.3)
	1 (50)
	 
	 

	 
	CR
	6
	6 (54.5)
	0 (0)
	0 (0)
	 
	 

	 
	LAP AR
	1
	0 (0)
	1 (3.7)
	0 (0)
	 
	 

	 
	LAR
	3
	1 (9.1)
	2 (7.4)
	0 (0)
	 
	 

	 
	ULAR
	1
	0 (0)
	1 (3.7)
	0 (0)
	 
	 

	POSTOP T STAGE
	ypT0
	12
	11 (100)
	1 (3.7)
	0 (0)
	53.827
	<0.001

	 
	ypT1
	2
	0 (0)
	2 (7.4)
	0 (0)
	 
	 

	 
	ypT2
	5
	0 (0)
	5 (18.5)
	0 (0)
	 
	 

	 
	ypT3
	17
	0 (0)
	17 (63)
	0 (0)
	 
	 

	 
	ypT4a
	4
	0 (0)
	2 (7.4)
	2 (100)
	 
	 

	 POST-OP N STAGE
	N0
	28
	11 (100)
	17 (63)
	0 (0)
	18.968
	0.041

	 
	N1
	2
	0 (0)
	2 (7.4)
	0 (0)
	 
	 

	 
	N1a
	4
	0 (0)
	3 (11.1)
	1 (50)
	 
	 

	 
	N1b
	2
	0 (0)
	2 (7.4)
	0 (0)
	 
	 

	 
	N2a
	2
	0 (0)
	1 (3.7)
	1 (50)
	 
	 

	 
	N2b
	2
	0 (0)
	2 (7.4)
	0 (0)
	 
	 

	TUMOR LOCATION
	LOWER 1/3RD
	11
	1 (9.1)
	10 (37)
	0 (0)
	15.931
	0.102

	 
	MID 1/3RD
	10
	4 (36.4)
	6 (22.2)
	0 (0)
	 
	 

	 
	MID AND LOWER 1/3RD
	7
	2 (18.2)
	4 (14.8)
	1 (50)
	 
	 

	 
	MID AND UPPER 1/3RD
	2
	0 (0)
	1 (3.7)
	1 (50)
	 
	 

	 
	UPPER 1/3RD
	4
	1 (9.1)
	3 (11.1)
	0 (0)
	 
	 

	 
	UPPER AND MID 1/3RD
	6
	3 (27.3)
	3 (11.1)
	0 (0)
	 
	 

	RT TECHNIQUE
	3DCRT
	11
	2 (18.2)
	9 (33.3)
	0 (0)
	2.316
	0.678

	 
	IMRT
	25
	8 (72.7)
	15 (55.6)
	2 (100)
	 
	 

	 
	VMAT
	4
	1 (9.1)
	3 (11.1)
	0 (0)
	 
	 




Table 2 : Response in percentage
	
	Response
	Valid Percent

	Complete response
	12
	30

	Partial response
	26
	65

	Progression
	2
	5

	Total
	40
	100



Table 3 :  Comparison between various parameters and response by one way anova and post hoc tukey test 
	 
	Complete response (N=11) Mean ± SD
	Partial response (N=27) Mean ± SD
	Progression (N=2) Mean ± SD
	F / Welch Statistics (* represents welch test)
	P value 
	Complete response vs Partial response Difference (p value)
	Complete response vs  Progression Difference (p value)
	Partial response vs Progression Difference (p value)

	AGE
	61.27 ± 11.79
	57.67 ± 10.32
	52.5 ± 0.71
	0.778  
	0.467
	3.61(0.612)
	8.77(0.535)
	5.17(0.785)

	 FROM ANAL VERGE
	4.55 ± 2.46
	4.48 ± 3.27
	1.5 ± 0.71
	0.932  
	0.403
	0.06(0.998)
	3.05(0.4)
	2.98(0.381)

	TUMOR LENGTH
	5.76 ± 1.46
	6.61 ± 2.66
	8 ± 0
	0.961  
	0.392
	-0.84(0.58)
	-2.24(0.44)
	-1.39(0.701)

	INTERVAL B/W RT AND SX
	7 ± 2.53
	10.78 ± 3.24
	9.5 ± 2.12
	3.66  
	0.037
	-3.78(0.029)
	-2.5(0.591)
	1.28(0.842)




Neoadjuvant chemoradiation is the standard of care for patients with locally advanced rectal carcinoma (LARC), offering the potential to downstage tumors, increase resectability, and improve local control. In this retrospective study, we evaluated the clinico-pathological response to NACTRT among 40 patients with histologically proven rectal carcinoma treated at our institution. The findings demonstrate a pathological complete response (pCR) rate of 30%, which is higher than the 13–21% reported in studies using three-dimensional conformal radiotherapy (3D-CRT), suggesting that intensity-modulated radiotherapy (IMRT) may contribute to improved tumor response and organ preservation.
The correlation between tumor size and treatment response observed in this study supports the hypothesis that smaller or earlier-stage tumors (T2) respond more favorably to chemoradiation compared to advanced stages. This aligns with existing literature indicating that lower T-stage, smaller tumor volume, and absence of nodal involvement are significant predictors of pCR. Our results also indicate that male patients demonstrated a higher rate of complete response than females, a finding that warrants further investigation to determine whether hormonal, anatomical, or biological factors may influence radiosensitivity and chemotherapy tolerance.
Downstaging after NACTRT plays a crucial role in enabling sphincter-preserving surgeries, thereby improving postoperative quality of life without compromising oncological outcomes. In our cohort, 53% of partial responders demonstrated more than 50% reduction in tumor size, emphasizing the clinical utility of preoperative chemoradiation in optimizing surgical feasibility. Similar outcomes have been reported by the German Rectal Cancer Study Group and subsequent trials, which established the superiority of preoperative over postoperative chemoradiation in terms of local control, toxicity profile, and sphincter preservation rates.
The pCR rate observed in this study is comparable to results from modern IMRT-based series, reinforcing the dosimetric advantages of IMRT in achieving better tumor coverage while minimizing dose to organs at risk (OARs) such as the bladder and femoral heads. This precision may translate into enhanced tumor response and reduced treatment-related morbidity. Furthermore, the use of oral capecitabine as a radiosensitizer has shown similar efficacy to infusional 5-fluorouracil (5-FU) with greater patient convenience and compliance.

Weerapat et al. conducted a study involving 85 patients who received neoadjuvant chemoradiotherapy followed by surgery. The study reported a pathological complete response (pCR) rate of 21.1% and a sphincter-preserving surgery rate of 57.6%. On univariate analysis, tumor length greater than 4 cm (P = 0.007) and positive lymph node status (P = 0.040) were significantly associated with a lower likelihood of achieving pCR.(4)
Iskander et al. conducted a study involving 130 patients with rectal carcinoma and reported a pathological complete response (pCR) rate of 13.1%. Patients who achieved pCR had a lower incidence of symptomatic fistulas compared with those showing partial or no response (5.8% vs. 13.5% vs. 18.7%; p = 0.607). At five years, the disease-free survival (DFS) was significantly higher in the pCR group (93% vs. 79% vs. 47%; p = 0.0003), although there was no corresponding improvement in overall survival (OS). These findings suggest that achieving pCR contributes to reduced recurrence and improved DFS but does not necessarily translate into prolonged overall survival. (5)
Fischer et al. conducted a retrospective study involving 164 patients with rectal carcinoma, reporting a pathological complete response (pCR) rate of 14.6% and a good response rate (Tumor Regression Grade 0–1; TRG 0–1) of 43.7%. On univariate analysis, lower T stage, older age, node-negative status, anterior tumor location, and shorter tumor length on MRI were significantly associated with a favorable response (TRG 0–1). Predictors of pCR included lower clinical nodal stage (cN stage), carcinoembryonic antigen (CEA) levels <5 ng/mL, and shorter tumor length on MRI. In binary logistic regression analysis, shorter tumor length on MRI and lower clinical nodal stage remained independent predictors of achieving pCR, while a lower body mass index, anterior tumor location, and higher hemoglobin levels predicted a good response (TRG 0–1).(6)
Ren et al. analyzed 403 patients with locally advanced rectal cancer and reported a pathological complete response (pCR) rate of 17.9% (72 patients), while 43.9% (177 patients) achieved favorable downstaging to ypT0–2N0M0 (ypTNM stage 0–I). Using a predictive nomogram, the study identified mesorectal fascia (MRF) status, tumor differentiation, neoadjuvant therapy (NT) regimen, and tumor length as key determinants influencing the probability of achieving pCR. Additionally, tumor differentiation, MRF status, and clinical T stage were the principal factors associated with successful tumor downstaging.(7)
Gash et al. analyzed data from the National Cancer Database (NCDB) between 2009 and 2013, including 13,742 patients with rectal carcinoma. Among them, 32.4% (n = 4,452) achieved a pathological complete response (pCR; Tumor Regression Grade 0, TRG 0). Factors associated with pCR, compared with poor response (TRG 3), included adenocarcinoma histology (vs. mucinous adenocarcinoma), well or moderately differentiated tumors, lower clinical T stage (cT1–cT3), lower nodal stage (N0–N1), and the use of neoadjuvant chemotherapy. Conversely, elevated carcinoembryonic antigen (CEA) levels were significantly associated with TRG 3. Patients achieving pCR demonstrated higher rates of local excision, shorter hospital stays, and lower unplanned readmission rates compared with those with TRG 3. Additionally, R0 resection rates and overall survival were significantly higher across all regression grades compared with TRG 3 (p < 0.0001). (8)
Bonetti et al. studied 238 patients treated with NACTRT followed by TME and found that node-positive status, mucinous histology, and poor differentiation were significantly associated with poor pathological response (low Dworak grade or unchanged/upstaged TNM).(9)
5. Limitations and Future Directions: It is essential to acknowledge the limitations of this retrospective study, such as potential selection bias and variability in treatment protocols. Future prospective studies with larger sample sizes and longer follow-up periods are warranted to validate these findings and further refine treatment algorithms. Additionally, exploring biomarkers or molecular profiling to predict treatment response could enhance personalized therapeutic strategies in rectal cancer management.
6.Conclusion
In conclusion, this retrospective analysis underscores the beneficial impact of neoadjuvant chemoradiation in the management of rectal carcinoma. 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.
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