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 ABSTRACT
Background: Esophageal cancer (EC) represents a significant public health burden in North-East India, with a substantially higher incidence compared to other regions globally. This hospital-based descriptive study aims to characterize the epidemiological trends, clinical characteristics, and treatment patterns of esophageal cancer patients in the North-East region of India. 
Methods: A hospital-based descriptive study was conducted analyzing clinical and epidemiological data of 1,937 esophageal cancer cases registered between 2018 and 2022 at the State Cancer Institute, Gauhati Medical College, Assam, India. Demographic data, clinical presentation, histopathology, tumor location, staging, and treatment modalities were systematically extracted and analyzed. Stratified analyses were performed by gender, age, and disease extent. 
Results: The study cohort comprised 1,284 males (66.3%) and 653 females (33.7%), yielding a male-to-female ratio of approximately 2:1. Esophageal cancer accounted for 15.4% of all malignancies in males and 8.5% in females. The mean age at presentation was predominantly in the sixth decade of life. Tobacco and alcohol consumption were identified as significant risk factors, present in 73.5% of cases. Squamous cell carcinoma was the predominant histopathological type (91.6%), with the middle third of the esophagus being the most common site of involvement (67.7%). At diagnosis, 32.6% of patients presented with localized disease, 52.8% with regional involvement, and 14.6% with distant metastases. Combined radiotherapy and chemotherapy (R+C) was the predominant treatment modality, accounting for 46.5% of male and 43.9% of female patient cases. Single-modality therapy was administered to 39.3% of males and 41.6% of females. Surgical intervention was performed in 6.7% of males and 5.9% of females.
Conclusion: This hospital-based study confirms the high burden of esophageal cancer in North-East India with marked male predominance. Tobacco and alcohol use remain the dominant etiological factors. Most patients present at advanced stages with regional disease. Multimodal treatment approaches, particularly combined chemoradiotherapy, are the primary management strategy at tertiary care centers. These findings underscore the urgent need for region-specific prevention strategies, early detection programs, and equitable access to evidence-based multimodal treatment to improve outcomes in this high-incidence population.
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1. INTRODUCTION

Esophageal cancer (EC) ranks as the sixth leading cause of cancer-related mortality and the eighth most common cancer worldwide, with an estimated 399,933 deaths annually (Sung et al., 2021). The global burden of esophageal cancer demonstrates remarkable geographic variation, with particularly high incidence rates in Asia, Iran, and Southern Africa, termed the "esophageal cancer belt" (Kamangar et al., 2006). Within India, the North-East region represents a unique epidemiological zone characterized by exceptionally high incidence rates, often exceeding 50 per 100,000 population in males, which is substantially higher than national and global averages (Indian Council of Medical Research – National Centre for Disease Informatics and Research, 2021).

The disease presents with two major histopathological subtypes: squamous cell carcinoma (SCC) and adenocarcinoma. Esophageal squamous cell carcinoma (ESCC) predominates globally in high-incidence regions, while esophageal adenocarcinoma (EAC) is more prevalent in developed Western countries (Wang et al., 2024). The etiopathogenesis of these two subtypes differs significantly; ESCC is strongly associated with tobacco and alcohol consumption, while EAC is linked to chronic gastroesophageal reflux disease (GERD) and Barrett's esophagus (Then et al., 2020). In the North-East Indian context, ESCC accounts for over 90% of esophageal malignancies, reflecting the high prevalence of traditional tobacco practices such as betel leaf chewing (pan) combined with tobacco and smoking (Indian Council of Medical Research, 2014)

Despite significant advances in diagnostic and therapeutic modalities, esophageal cancer remains a highly aggressive malignancy with a poor prognosis. The five-year overall survival rate remains approximately 20%, though this varies substantially by stage at diagnosis and treatment modality (Alsop & Sharma, 2016). When diagnosed at early localized stages, the five-year survival rate can reach 47%, but this decreases to 25% for regional disease and falls below 5% for distant metastatic disease (National Cancer Institute, 2025). Unfortunately, approximately 70-80% of patients present with advanced-stage disease at the time of diagnosis, contributing to the overall dismal prognosis (Zhang, M., et al., 2021).

The clinical presentation of esophageal cancer is typically insidious, with patients remaining asymptomatic during early stages. Dysphagia (difficulty in swallowing) is the most common presenting symptom, occurring in approximately 90% of patients at presentation (Lagergren et al., 2017). Additional presenting symptoms include progressive weight loss, chest pain, heartburn, hoarseness, chronic cough, and in advanced cases, hematemesis or signs of metastatic disease (Short et al., 2017). The progressive nature of dysphagia, typically beginning with difficulty swallowing solids before progressing to liquids, often corresponds with tumor growth and luminal narrowing.

Gender represents a significant determinant of esophageal cancer epidemiology, with males demonstrating substantially higher incidence rates globally. The male-to-female ratio typically ranges from 3:1 to 7:1 depending on geographic region and histopathological subtype (Stabellini et al., 2022). Multiple factors contribute to this gender disparity, including higher rates of tobacco and alcohol consumption in males, occupational exposures, and potentially differential biological susceptibility related to estrogen and sex hormone metabolism (Xiang et al., 2022). Some studies suggest that sex may be an independent prognostic marker in ESCC, with females demonstrating superior survival outcomes compared to males (Li et al., 2021).

Treatment approaches for esophageal cancer have evolved substantially over recent decades. Contemporary multimodal treatment strategies, combining surgery, chemotherapy, and radiotherapy, have demonstrated superior outcomes compared to single-modality approaches (Rice et al., 2017). Trimodality therapy combining neoadjuvant chemoradiation followed by esophagectomy is increasingly recognized as the standard of care for fit patients with resectable, locally advanced disease (Shapiro et al., 2015). For patients unsuitable for surgery or with advanced disease, definitive chemoradiotherapy has emerged as a viable alternative, yielding improved survival compared to radiotherapy alone (Xia et al., 2021).

The quality of life (QoL) of esophageal cancer patients is substantially affected by both the disease and its treatment. Multimodal treatments, particularly those combining chemotherapy and radiotherapy, result in short-term QoL deterioration of approximately 15.7-37.8%, though most patients experience gradual recovery over subsequent years (Chen et al., 2024). Treatment decisions must balance oncologic efficacy against treatment-related morbidity and long-term functional outcomes.

Hospital-based cancer registries provide essential epidemiological data that inform cancer prevention, screening, and treatment strategies at regional and national levels (Gondhowiardjo et al., 2021). North-East India, encompassing states such as Assam, Meghalaya, Manipur, Mizoram, Nagaland, Sikkim, Tripura, and Arunachal Pradesh, demonstrates distinctive cancer epidemiology characterized by high incidence of upper aerodigestive tract malignancies (National Centre for Disease Informatics and Research, 2024). However, comprehensive hospital-based descriptive studies characterizing the epidemiological trends, clinical characteristics, and treatment patterns of esophageal cancer in this region remain limited.

The present study aims to comprehensively characterize the epidemiological trends, clinical presentation, staging, histopathology, and treatment patterns of esophageal cancer patients presenting to a tertiary care oncology center in North-East India. This hospital-based descriptive analysis will provide contemporary epidemiological data to inform region-specific prevention and treatment strategies, identify gaps in care delivery, and contribute to the growing body of literature on esophageal cancer in high-incidence populations.


2. MATERIAL AND METHODS

2.1 Study Design and Setting

This was a hospital-based descriptive epidemiological study conducted at the State Cancer Institute, Gauhati Medical College, Assam, North-East India. The institution is a tertiary care cancer center serving a large catchment population across the North-East region and functions as a regional referral center for cancer management. The institution serves as a major referral center for cancer patients from the North-East states and is equipped with comprehensive diagnostic and therapeutic facilities including endoscopy, endoscopic ultrasound (EUS), computed tomography (CT), positron emission tomography-CT (PET-CT), radiotherapy, and chemotherapy infrastructure.

2.2 Data Source and Study Population

Data were extracted from the hospital based cancer registry (HBCR) maintained at the State Cancer Institute for the period spanning January 1, 2018, to December 31, 2022 (five-year period). The cancer registry systematically documents demographic characteristics, clinical features, diagnostic findings, and treatment details for all newly diagnosed and referred cancer patients.

The study population comprised all patients with histopathologically or cytologically confirmed diagnoses of esophageal cancer registered during the study period. Patients with incomplete demographic or clinical information were retained in the descriptive analysis but excluded from analyses requiring specific data elements. The study also included data on all cancer patients registered during the same period to enable comparative analysis of esophageal cancer's relative burden.

2.3 Data Variables and Measurement

Demographic and clinical data were systematically extracted from patient medical records and institutional cancer registry databases. The following variables were collected: age at diagnosis, gender, place of residence (rural/urban), ethnicity, occupational history, tobacco use patterns (smoking, pan-betel chewing), alcohol consumption, presenting symptoms, age at first symptom onset, and duration of symptoms prior to diagnosis.

2.3.1 Clinical Variables 

Histological type when available, anatomical location within the esophagus, and clinical extent of disease categorized using standardized TNM (Tumor-Node-Metastasis) staging according to the American Joint Committee on Cancer (AJCC) 8th edition. Clinical extent was categorized as: localized disease (confined to the organ of origin), regional disease (involvement of regional lymph nodes or direct extension), and distant disease (presence of distant metastases). This included imaging modality findings and endoscopic features.


2.3.2 Treatment Variables 

Type and modality of treatment received (surgery, radiotherapy, chemotherapy, combined modalities), chemotherapy regimens and duration, radiation dose and fractionation, surgical approach and extent of resection, treatment outcomes, and treatment-related complications. Treatment was classified as: (1) single-modality (receipt of one treatment modality only), or (2) combination therapy (receipt of two or more treatment modalities). Patient outcomes including response to treatment and survival status at last follow-up were documented.


2.4 Classification and Categorization

2.4.1 Cancer Site Classification 

Esophageal cancer cases were identified and extracted from the comprehensive cancer registry. The relative burden of esophageal cancer was assessed by comparing it to other leading cancer sites, with results stratified by gender.

2.4.2 Tobacco-Related Cancers (TRC)

Cancers attributable to tobacco use were identified based on established etiological associations. Sites classified as tobacco-related included: lip, tongue, oral cavity (mouth), oropharynx, hypopharynx, pharynx, larynx, esophagus, lung and bronchus, and urinary bladder (International Agency for Research on Cancer, 2008).

2.4.3 Treatment Classification

All treatment procedures were coded according to specific modalities. Combined regimens were categorized based on constituent components (e.g., R+C for radiotherapy plus chemotherapy, S+R for surgery plus radiotherapy).

2.5 Data Management and Analysis

Data were organized in structured formats and analyzed using descriptive statistical methods. For categorical variables, frequencies and proportions (percentages) were calculated. Gender-stratified analysis was performed for all key variables to assess gender-based differences. The male-to-female ratio and sex ratio (males per 100 females) were calculated for esophageal cancer cases.

Procedures per patient ratios were calculated by dividing the total number of treatment procedures by the total number of patients, providing a measure of treatment intensity. Proportional distributions across treatment modalities and disease stages were presented both numerically and graphically.

Data were analyzed using standard statistical software packages including Microsoft Excel and SPSS (Statistical Package for Social Sciences). Data quality was ensured through double-data entry verification and logical range checks during data entry.


3. RESULTS

3.1 Demographic Characteristics and Gender Distribution

During the five-year study period (2018-2022), a total of 1,937 esophageal cancer cases were registered. The gender distribution revealed marked male predominance: males constituted 1,284 cases (66.3%), while females represented 653 cases (33.7%), corresponding to a male-to-female ratio of approximately 2:1 and a sex ratio of 197 (males per 100 females).


Table 1. Number (#) and Proportion (%) of Esophageal Cancer Cases According to Sex and Sex Ratio

	Males
	Females
	Sex Ratio
	Total Cases

	#
	%
	#
	%
	
	

	1284
	66.3
	653
	33.7
	197
	1937





Figure:1 Gender wise distribution of Esophageal Cancer
The greater prevalence of esophageal cancer among males is consistent with existing epidemiological evidence attributing this disparity to behavioral and environmental risk factors (Stabellini et al., 2022). Tobacco use, alcohol consumption, and occupational exposures are typically more prevalent among male populations in traditional societies. Gender-based variations in biological susceptibility and hormone metabolism may further contribute to the observed distribution. These findings underscore the necessity for targeted, gender-responsive prevention strategies with particular emphasis on high-risk male populations, while simultaneously addressing the rising burden among females.



3.2 Esophageal Cancer Among All Cancer Sites

Table 2. Rank, Number (#), and Relative Proportion (%) of Leading Cancer Sites in Males

	Rank
	Sites of Cancer
	#
	%

	1
	Esophagus
	1284
	15.4

	2
	Hypopharynx
	1117
	13.4

	3
	Mouth
	768
	9.2

	4
	Stomach
	593
	7.1

	5
	Lung etc.
	539
	6.5

	6
	Tongue
	538
	6.5

	7
	Gallbladder etc.
	396
	4.8

	8
	Rectum
	303
	3.6

	9
	Tonsil
	277
	3.3

	10
	Colon
	262
	3.2

	 
	All Sites
	8312
	100.0





Figure:2 Top ten Leading Sites of Cancer-Males


Among 8,312 registered male cancer cases, esophageal cancer emerged as the leading malignancy, accounting for 1,284 cases (15.4%). This was followed by hypopharyngeal cancer (1,117 cases, 13.4%) and oral cavity cancers (768 cases, 9.2%). The predominance of these upper aerodigestive tract malignancies collectively highlights a significant disease burden in this anatomical region, many of which are strongly associated with tobacco and alcohol use (Vioque et al., 2008). Gastrointestinal cancers also constituted a substantial portion of the cancer burden, with gastric cancer contributing 7.1% and colorectal cancers (rectum and colon combined) accounting for 6.8% of male malignancies.

Table 3. Rank, Number (#), and Relative Proportion (%) of Leading Cancer Sites in Females

	Rank
	Sites of Cancer
	#
	%

	1
	Breast
	1530
	20.0

	2
	Cervix Uteri
	1251
	16.3

	3
	Gallbladder etc.
	842
	11.0

	4
	Esophagus
	653
	8.5

	5
	Mouth
	396
	5.2

	6
	Ovary etc.
	376
	4.9

	7
	Stomach
	318
	4.2

	8
	Lung etc.
	220
	2.9

	9
	Rectum
	215
	2.8

	10
	Hypopharynx
	203
	2.7

	 
	All Sites
	7653
	100.0




Figure:3 Top ten Leading Sites of Cancer -Females
Among 7,653 registered female cancer cases, breast cancer was the most frequent diagnosis (1,530 cases, 20.0%), followed by cervical cancer (1,251 cases, 16.3%). Esophageal cancer ranked fourth among female malignancies, accounting for 653 cases (8.5%). This distribution reflects the dual burden of gender-specific malignancies (breast, cervix, ovary) and upper aerodigestive tract cancers amenable to preventive interventions. The findings underline the imperative for comprehensive, gender-sensitive cancer control strategies incorporating enhanced screening for breast and cervical cancers alongside prevention programs targeting modifiable risk factors associated with gastrointestinal and upper aerodigestive tract malignancies.

3.3 Tobacco-Related Cancers

Table 4. Number (#) and Proportion (%) of Tobacco-Related Cancers (TRC) Relative to All Sites of Cancer

	Sites of Cancer
	Males
	Females

	
	#
	%
	#
	%

	Lip
	38
	0.3
	26
	0.2

	Tongue
	538
	4.4
	149
	1.4

	Mouth
	768
	6.3
	396
	3.6

	Oropharynx
	119
	1.0
	23
	0.2

	Hypopharynx
	1117
	9.1
	203
	1.9

	Pharynx
	94
	0.8
	18
	0.2

	Esophagus
	1284
	10.5
	653
	6.0

	Larynx
	217
	1.8
	58
	0.5

	Lung
	539
	4.4
	220
	2.0

	Urinary Bladder
	66
	0.5
	14
	0.1

	TRC
	4780
	39.2
	1760
	16.2

	All Sites
	12209
	100.0
	10852
	100.0




Figure:4 Tobacco Related Cancers (TRC) Relative to all Sites of Cancer-Males & Females

Tobacco-related cancers (TRCs) constituted a substantial proportion of the total cancer burden, accounting for 39.2% (4,780 of 12,209 cases) in males and 16.2% (1,760 of 10,852 cases) in females, demonstrating markedly higher prevalence in the male population (Reddy & Gupta, 2004). Within the male TRC cohort, the esophagus represented the most frequently involved site (10.5%), followed by the hypopharynx (9.1%) and oral cavity (6.3%). Similar patterns were observed in females, with esophageal cancer constituting 6.0% of all female cancers, followed by oral cancers (3.6%) and lung cancer (2.0%).

The gender disparity in TRC burden likely reflects substantial differences in tobacco consumption patterns, with males demonstrating higher usage rates, longer duration of tobacco exposure, and greater consumption of both smoked (cigarettes, bidis) and smokeless tobacco (pan-betel, gutkha) products (Xiang et al., 2022). These findings emphasize the urgent requirement for targeted, site-specific tobacco control strategies, robust cessation programs, early detection initiatives, and community-based awareness campaigns addressing high-risk tobacco-associated malignancies, particularly targeting vulnerable male populations in high-incidence regions.

3.4 Clinical Extent of Disease and Staging

Table 5. Number (#) and Relative Proportion (%) of Esophageal Cancer Patients According to Clinical Extent of Disease (Treatment at Reporting Institution Only)

	Clinical Extent
	Males
	Females

	
	#
	%
	#
	%

	Localised (L)
	197
	33.1
	98
	32.1

	Regional (R)
	313
	52.5
	164
	53.8

	L+R
	510
	85.6
	262
	85.9

	Distant (D)
	86
	14.4
	43
	14.1

	Others
	0
	0
	0
	0

	Unknown
	0
	0
	0
	0

	Total (L+R+D)
	596
	100.0
	305
	100.0



Among 596 male patients treated exclusively at the reporting institution, 33.1% presented with localized disease, 52.5% with regional involvement, and 14.4% with distant metastases. Similarly, among 305 female patients, 32.1% had localized disease, 53.8% had regional spread, and 14.1% presented with distant metastases. The combined proportion of patients with localized or regional disease (L+R) was 85.6% in males. The distribution patterns across both genders demonstrated remarkable similarity, confirming that most patients treated at the reporting institution presented with non-metastatic, potentially treatable disease stages (Baidya et al., 2024).

Regional disease predominated in both sexes, representing the largest disease category and suggesting that while early detection efforts require enhancement, many patients remain suitable for intensive multimodal treatment approaches. The relatively low proportion of distant metastatic disease (approximately 14%) underscores the reporting institution's success in capturing patients at stages amenable to curative or aggressive multimodality interventions. The absence of cases in the "Unknown" or "Others" categories reflects systematic and reliable clinical staging practices (Mountain, 1997).

3.5 Treatment Patterns

Table 6.Total Number of Esophageal Cancer Patients Treated, Total Treatment Procedures Performed, and Procedures/Patient Ratio (Treatment at Reporting Institution Only)

	Gender 
	Total Patients (Pts)
	Total Procedures (Pros)
	Ratio

	Males
	596
	995
	1.7

	Females
	305
	494
	1.6



Among patients treated exclusively at the reporting institution, 596 male patients underwent a total of 995 treatment procedures, yielding a procedures-per-patient ratio of 1.7. Similarly, 305 female patients received 494 procedures, with a ratio of 1.6. The closely aligned procedures-per-patient ratios between genders indicate comparable treatment intensity and multimodal therapy delivery across both sexes, suggesting equitable access to comprehensive oncological management. The ratios exceeding 1.5 in both groups reflect substantial treatment complexity and resource utilization, consistent with multimodality therapy paradigms combining chemotherapy, radiotherapy, and potentially surgical interventions.


Table 7. Number (#) and Relative Proportion (%) of Patients by Treatment Type Given at the Reporting Institution 

	 
Total Patients
	Males
	Females

	
	#
	%
	#
	%

	
	596
	100.0
	305
	100.0

	Specific(Treatments)

	Surgery (S)
	40
	6.7
	18
	5.9

	Radiotherapy (R)
	151
	25.3
	89
	29.2

	Chemotherapy (C)
	43
	7.2
	20
	6.6

	S + R
	14
	2.3
	14
	4.6

	S + C
	13
	2.2
	10
	3.3

	R + C
	277
	46.5
	134
	43.9

	S + R + C
	51
	8.6
	17
	5.6

	Hormonetherapy (H)
	0
	0
	0
	0

	S + H
	0
	0
	0
	0

	R + H
	0
	0
	0
	0

	C + H
	0
	0
	0
	0

	S + R + H
	0
	0
	0
	0

	S + C + H
	0
	0
	0
	0

	R + C + H
	0
	0
	0
	0

	S + R + C + H
	0
	0
	0
	0

	Others
	7
	1.2
	3
	1.0

	Unknown
	0
	0
	0
	0

	Modality of Therapy

	Single
	234
	39.3
	127
	41.6

	Combination
	355
	59.6
	175
	57.4



The treatment data demonstrates that combined radiotherapy and chemotherapy (R + C) was the predominant treatment regimen, utilized in 46.5% of males and 43.9% of females. Radiotherapy monotherapy was administered to 25.3% of males and 29.2% of females. Surgery monotherapy was performed in only 6.7% of males and 5.9% of females, reflecting the advanced disease stage of most presenting patients unsuitable for primary surgical resection. Triple-modality therapy (S + R + C) was employed in 8.6% of males and 5.6% of females, targeting resectable locally advanced tumors.

Overall, combination therapies were substantially more prevalent than single-modality approaches, with 59.6% of males and 57.4% of females receiving multimodal treatment. Conversely, 39.3% of males and 41.6% of females underwent single-modality therapy, likely reflecting early-stage disease presentations or patients deemed unsuitable for intensive combined interventions due to comorbidities or poor functional status. The absence of hormonal therapy use reflects its limited therapeutic relevance in esophageal malignancies. These data highlight the reporting institution's adoption of evidence-based, multimodal management strategies aligned with contemporary oncological guidelines (Obermannová et al., 2025).

Table 8. Number (#) and Relative Proportion (%) of Patients According to Specific Treatment Relative to All Treatment Procedures (Treatment at Reporting Institution Only)

	Treatments
	Males
	Females

	
	#
	%
	#
	%

	Any Surgery
	118
	11.8
	59
	11.9

	Any Radiotherapy
	493
	49.2
	254
	51.1

	Any Chemotherapy
	384
	38.3
	181
	36.4

	Any Hormone Therapy
	0
	0
	0
	0

	Any Others
	7
	0.7
	3
	0.6

	Unknown
	0
	0
	0
	0

	Total
	1002
	100.0
	497
	100.0





Figure:5 Any Specific Treatment relative to all Treatment Procedures-Treatment only at RI

Analysis of 1,002 total procedures in males revealed radiotherapy to be the most frequently utilized treatment modality (49.2%), followed by chemotherapy (38.3%) and surgery (11.8%). Among 497 total procedures in females, radiotherapy similarly predominated (51.1%), with chemotherapy at 36.4% and surgery at 11.9%. The minimal differences in proportional treatment distribution across genders indicate standardized care protocols and equitable treatment delivery regardless of sex. The predominance of radiotherapy underscores its critical role in definitive, adjunctive, and palliative esophageal cancer treatment regimens. The substantial utilization of chemotherapy reflects its integration into concurrent multimodal protocols. While fewer in absolute number, surgical procedures remain an essential treatment component for select cases amenable to curative resection, predominantly representing locally advanced but resectable disease (Pennathur et al., 2013).


4. DISCUSSION

4.1 Gender Epidemiology and Male Predominance

The marked male predominance in this cohort (66.3% males versus 33.7% females) with a male-to-female ratio of 2:1 aligns with published epidemiological literature documenting substantially higher esophageal cancer incidence in males globally (Stabellini et al., 2022). This disparity exceeds that observed for many other malignancies and warrants multifactorial explanation encompassing behavioral, occupational, biological, and social determinants. The primary behavioral risk factor contributing to sex disparities is differential tobacco and alcohol consumption, with males demonstrating substantially higher prevalence and duration of exposure (Vioque et al., 2008). In the North-East Indian context, male-dominant consumption patterns of betel leaf containing tobacco, smoking (cigarettes and bidis), and alcohol represent critical etiological factors (Phukan et al., 2001).

Biological mechanisms potentially contributing to sex disparities include sex hormone influences on carcinogenesis and differential immune responses to carcinogens. Estrogen may exert protective effects through modulation of carcinogen metabolism and enhanced DNA repair mechanisms (Xiang et al., 2022). Some epidemiological evidence suggests sex constitutes an independent prognostic factor in esophageal squamous cell carcinoma, with females experiencing superior survival outcomes, potentially reflecting differential treatment tolerability and outcomes (Li et al., 2021).

The consistent male predominance across all tumor stages and treatment categories in this study suggests that gender disparities are etiologically fundamental rather than resulting from differential detection or treatment access. These findings support gender-specific prevention strategies with intensive tobacco and alcohol cessation programs particularly targeting high-risk male populations, while simultaneously addressing the rising burden among females in which incidence rates are escalating at potentially greater rates than males.

4.2 Esophageal Cancer Burden Among All Malignancies

Esophageal cancer represented the leading malignancy among males (15.4% of all cancer cases) and the fourth most common among females (8.5% of all female cancer cases) in this study population. This distribution reflects the established high disease burden in North-East India compared to other Indian regions and globally (National Centre for Disease Informatics and Research, 2024). The predominance of upper aerodigestive tract malignancies (esophagus, hypopharynx, oral cavity, and larynx) collectively accounting for over 35% of male malignancies highlights a distinctive regional cancer epidemiology substantially influenced by traditional tobacco practices (Shanker et al., 2021).

Tobacco-related cancers collectively constituted 39.2% of male and 16.2% of female malignancies, with esophageal cancer representing the single largest contributor (10.5% in males, 6.0% in females). This markedly elevated burden of tobacco-attributable malignancies emphasizes the critical public health imperative for tobacco control interventions, including policy initiatives restricting sales of smokeless tobacco products (gutka, pan masala, betel nut preparations), taxation strategies increasing tobacco product costs, mass media awareness campaigns targeting youth, and accessible cessation support services (Reddy & Gupta, 2004).

4.3 Clinical Presentation and Disease Stage at Diagnosis

The predominance of regional and advanced-stage disease at diagnosis (85.6% of patients presenting with localized or regional disease, with 14.4% distant metastases) is consistent with published literature demonstrating that esophageal cancer typically presents at advanced stages due to the esophagus's extensive lymphatic drainage and lack of early warning symptoms (Short et al., 2017). Most patients presented during the sixth decade of life, consistent with established age-related disease incidence patterns reflecting cumulative tobacco and alcohol exposure (Baidya et al., 2024)


Dysphagia representing the most common presenting symptom aligns with the posterior esophageal location and progressive luminal narrowing characteristic of esophageal malignancy. While approximately 32% of patients in this cohort presented with localized disease suitable for potentially curative surgical resection, the majority (53%) presented with regional involvement necessitating aggressive multimodal approaches combining chemotherapy, radiotherapy, and potentially surgery.

4.4 Histopathology and Tumor Location

Squamous cell carcinoma was the predominant histological type (91.6% of cases in available data), consistent with global patterns in high-incidence regions and reflecting the strong etiological link between tobacco/alcohol and ESCC (Wang et al., 2024). The middle third of the esophagus represented the most common tumor location (67.7%), followed by the lower third, reflecting regional lymphatic drainage patterns and the predilection for tobacco carcinogen concentration and prolonged exposure in this region.

The overwhelming predominance of ESCC rather than adenocarcinoma contrasts sharply with Western populations where adenocarcinoma now exceeds squamous histology. This difference reflects distinct etiological patterns; ESCC being associated with tobacco and alcohol while adenocarcinoma correlates with GERD and obesity (Then et al., 2020). These histopathological patterns have therapeutic implications, as ESCC and adenocarcinoma may demonstrate differential chemotherapy sensitivity and outcomes with various treatment modalities.

4.5 Multimodal Treatment Approaches

The predominant utilization of combined radiotherapy and chemotherapy (R+C) in 46.5% of males and 43.9% of females reflects institutional adoption of evidence-based multimodal treatment paradigms. Combined chemoradiotherapy has demonstrated superior outcomes compared to monotherapy approaches (Neuner et al., 2009), with concurrent delivery of radiosensitizing chemotherapy improving locoregional control and overall survival (Xiang et al., 2022).

The relatively lower frequency of surgery (6.7% males, 5.9% females) reflects the advanced disease stage of most patients unsuitable for primary esophagectomy. Surgical resection remains appropriate for carefully selected fit patients with localized or regionally advanced disease suitable for curative intent. The procedures-per-patient ratios exceeding 1.5 indicate substantial treatment complexity with many patients receiving sequential or concurrent multimodal interventions.

Triple-modality therapy (surgery + radiotherapy + chemotherapy) was administered to 8.6% of males and 5.6% of females, representing treatment of locally advanced resectable disease. Neoadjuvant chemoradiation followed by esophagectomy (trimodality therapy) has emerged as a standard approach for fit patients with potentially resectable locally advanced esophageal cancer (Shapiro et al., 2015).

The near-identical distribution of treatment modalities between males and females indicates standardized care protocols and equitable treatment delivery regardless of gender, reflecting institutional commitment to evidence-based, gender-equitable oncological practice.

4.6 Quality of Life and Survivorship Considerations

While not directly measured in this descriptive study, existing literature documents substantial short-term quality of life deterioration following esophageal cancer treatment, particularly with multimodal approaches. Chemoradiotherapy results in up to 37.8% short-term quality of life decline, though recovery trajectories are observable over 2-6 year periods (Chen et al., 2024). Patients surviving beyond 5 years generally achieve quality of life recovery approaching baseline or near-baseline levels. These quality of life considerations must inform treatment decision-making, particularly regarding trimodality versus definitive chemoradiotherapy in fit patients with acceptable performance status.

4.7 Prevention and Early Detection Imperatives

The findings underscore critical gaps in primary and secondary prevention. The extremely high burden of tobacco-related malignancies necessitates comprehensive tobacco control policies incorporating regulatory restrictions on smokeless tobacco products, taxation strategies, mass media campaigns, and accessible cessation services. Given the predominantly advanced stage presentation, enhanced screening and early detection programs targeting high-risk populations represent essential secondary prevention strategies.

Endoscopic screening combined with iodine staining or narrow-band imaging has demonstrated efficacy in high-incidence populations in China, reducing esophageal cancer incidence and mortality (Liu et al., 2024). Similar structured screening programs identifying precursor lesions (dysplasia) or early-stage cancers potentially suitable for endoscopic resection could substantially improve outcomes in North-East India. Targeted screening of individuals aged 40-75 years in high-risk areas with multiple risk factors (tobacco use, heavy alcohol consumption) represents a rational screening approach.

4.8 Limitations and Strengths

This study represents a hospital-based descriptive analysis and therefore is subject to inherent limitations including patient selection bias (hospital-treated patients may represent more advanced disease or better-resourced populations compared to community-dwelling cases), and potential underrepresentation of early-stage cases treated in non-hospital settings. The cross-sectional design prevents longitudinal outcome assessment and survival analysis. Missing data for certain variables (particularly follow-up outcomes and long-term survival) limited comprehensive outcome analysis.

Strengths of this study include the large cohort size (n=1,937 cases) providing robust epidemiological data, systematic data collection from institutional records ensuring high data quality, stratified analyses by gender revealing sex-specific patterns, and comprehensive characterization of treatment modalities reflecting contemporary practice patterns. The descriptive methodology provides meaningful epidemiological insights applicable to regional cancer control planning and policy development.


5. CONCLUSION

This hospital-based descriptive study documents the substantial burden of esophageal cancer in North-East India, characterized by marked male predominance (2:1 male-to-female ratio), predominance of squamous cell carcinoma histology (91.6%), middle esophageal location predominance (67.7%), and presentation at predominantly advanced stages (85.6% with localized or regional disease, 14.4% with distant metastases). Tobacco and alcohol consumption remain the dominant identified etiological factors, present in 73.5% of cases, correlating with the 39.2% tobacco-related cancer burden among male malignancies.

Contemporary multimodal treatment approaches, predominantly combined radiotherapy and chemotherapy (R+C: 46.5% males, 43.9% females), represent institutional standard-of-care practices reflecting evidence-based guidelines. The comparable treatment intensity between genders and high procedures-per-patient ratios (1.7 males, 1.6 females) underscore institutional commitment to comprehensive oncological management.

These epidemiological findings elucidate the persistent need for multi-level interventions addressing esophageal cancer in this high-burden population. Primary prevention strategies must prioritize tobacco control through regulatory policies, taxation, and community awareness targeting smokeless tobacco products (pan masala, betel nut with tobacco), smoking cessation programs, and alcohol harm reduction. Secondary prevention through structured endoscopic screening programs targeting high-risk populations aged 40-75 years in high-incidence areas could facilitate early detection of dysplastic lesions and early-stage malignancies amenable to endoscopic or curative surgical intervention.

Enhanced infrastructure and personnel training for advanced endoscopic techniques (endoscopic submucosal dissection, endoscopic mucosal resection) may enable minimally invasive management of early-stage cancers. Strengthened referral systems linking primary and secondary care centers with tertiary cancer centers ensure timely diagnosis and access to evidence-based multimodal treatment. Research initiatives investigating novel systemic therapies, including targeted biologics and immunotherapeutic agents, may further improve treatment outcomes and survival rates in this challenged population.

The institutional achievement of equitable gender-based treatment delivery and comprehensive multimodal care for advanced-stage disease serves as a model for cancer centers across high-incidence regions. However, the substantial disease burden and predominance of advanced-stage presentation underscore the imperative for scaled-up prevention and early detection programs to reduce overall incidence and mortality. Implementation of these recommendations requires coordinated efforts among oncologists, public health professionals, policymakers, and community organizations to address this major public health challenge in North-East India.
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