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Abstract

Background Cancer incidence and mortality vary across the globe, with nearly two-thirds of cancer-related deaths
occurring in low- and middle-income countries. The rural-urban disparity in socio-demographic, behavioural, and
lifestyle-related factors, as well as in access to cancer care, is one of the contributing factors. Population-based cancer
registries serve as a measure for understanding the burden of cancer. We aimed to evaluate the rural-urban disparity
in cancer burden and care of patients registered by an Indian population-based cancer registry.

Methods This study collected data from Varanasi, Uttar Pradesh, India, between 2017 and 2019. Sex and site-specific
age-standardised rates for incidence and mortality per 100,000 population were calculated. Rural-urban disparities

in cancer incidence and mortality were estimated through rate differences and standardised rate ratios (with 95%
confidence intervals). Univariable and multivariable regressions were applied to determine any significant differences
in socio-demographic and cancer-related variables according to place of residence (rural/urban). Crude and adjusted
odds ratios with 95% confidence intervals were calculated.

Results 6721 cancer patients were registered during the study duration. Urban patients were older and had better
literacy and socioeconomic levels, while rural patients had higher odds of having unskilled or semi-skilled professions.
Diagnostic and clinical confirmation for cancer was significantly higher in urban patients, while verbal autopsy-based
confirmation was higher in rural patients. Rural patients were more likely to receive palliative or alternative systems

of medicine, and urban patients had higher chances of treatment completion. Significantly higher incidence and
mortality were observed for oral cancer among urban men and for cervical cancer among rural women. Despite the
higher incidence of breast cancer in urban women, significantly higher mortality was observed in rural women.

Conclusions Low- and middle-income countries are facing dual challenges for cancer control and prevention. Their
urban populations experience unhealthy lifestyles, while their rural populations lack healthcare accessibility. The
distinctness in cancer burden and pattern calls for a re-evaluation of cancer control strategies that are tailor-made
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with an understanding of urban-rural disparities. Context-specific interventional programmes targeting risk-factor
modifications, cancer awareness, early detection, and accessibility to diagnosis and care are essential.

Keywords Registries, Disparity, Incidence, Mortality, Cancer, Low-and middle-income countries

Background

Globally, cancer is one of the leading causes of mortal-
ity; two-thirds of these deaths occur in low- and mid-
dle-income countries [1]. Moreover, large variations are
reported in cancer incidence, patterns, and mortality
among different regions of a country [2]. The disparity
in the continuum of cancer care, especially among rural
populations, has significantly contributed to this dispro-
portion globally [3]. India is a culturally diverse country,
with two-thirds of its population (833 million) residing
in rural regions and displaying large regional and rural-
urban variations in lifestyles, mortality, and morbidity
rates [4, 5]. Moreover, rural areas continue to suffer from
challenges related to inadequate accessibility, affordabil-
ity of healthcare, and underutilization, compounded by
the absence of robust health information systems. In con-
trast, urban regions have witnessed significant improve-
ments in these aspects [3, 6]. A staggering majority (80%)
of the elderly with unmet healthcare needs are con-
centrated in the rural regions of India [5]. Lifestyle and
behavioural risk factors are also increasing, especially in
urban areas, leading to an epidemiological transition in
the country.

Due to the lack of organized health information sys-
tems and weak cause-of-death registration systems,
population-based cancer registries (PBCRs) serve as a
measure for understanding the state and national-level
burden of cancers in India and are recognised as vital
components of national cancer control programmes [7].
However, there is currently an urban predominance in
cancer coverage by cancer registries [8]. Hence, to under-
stand the rural-urban disparity in cancer burden and
care, registry-based studies from Indian settings that are
predominantly rural are needed.

The Government of India (GOI) is committed to uni-
versal health care coverage, which requires the identifi-
cation of disparities, their drivers, and the mitigation of
them through targeted policy interventions [9]. There-
fore, we aimed to study the rural-urban disparity in bur-
den and care of over 6,000 patients who were registered
by the PBCR in an Indian setting between the years 2017
and 2019 so that future cancer control planning in the
country will be more considerate of the existing urban-
rural differences.

Methods

Study settings and population

Varanasi district

The estimated population of Varanasi is 4 million
(40,05,176), with rural predominance (57%), in an area of
1535 square km. The rural-urban classification is based
on the Census of India. The district has eight rural blocks
with 1295 villages and 90 urban wards, which are not
adequately covered by conventional cancer screening
programmes. There is an established three-tier health-
care delivery and referral system as per the National
Health Mission of the GOL The district has three govern-
ment-supported tertiary cancer care centres (two TCCs
and one apex medical college) and a few private centres
equipped with cancer-related diagnostic and treatment
facilities, all of which are concentrated in the urban parts
of the district. The rural residents need to travel at least 6
to 24 miles to reach these TCCs, and have limited trans-
portation facilities. (Fig. 1) [7, 10].

Varanasi population-based cancer registry

The Varanasi PBCR was established in 2017, as a part of
PBCRs operated by the Tata Memorial Centres (TMC).
It provides representative statistics for cancer burden in
the Uttar Pradesh state of Northern India, which is the
most populous state of India and is predominantly rural
with poor health indicators. The TMC has an agreement
with the district health administration to conduct cancer
registration. Through an active registration process, data
on cancer cases are collected from various sources in
the district through a pre-defined proforma and entered
into the CanReg5 software of the International Agency
for Research on Cancer (IARC). Field investigators were
trained in data extraction and entry methods, and are
periodically monitored by the faculty of the Centre for
Cancer Epidemiology, TMC [7, 10]. Quality control was
ensured through systematic and random checks, duplica-
tion removal, re-abstraction of 5% of randomly selected
cases, retraining of the staff, and calculating data quality
indices for completeness. (Supplementary Table 1) [11,
12].

Urban-rural definition
As per the Census (2011), India’s classification for urban
regions includes:

(i) All places with a municipality, corporation,
cantonment board, or notified town area committee,
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Fig. 1 Distribution of cancer incidence (1), mortality (M) and tertiary cancer treatment centres in Varanasi district, Uttar Pradesh, India

(ii) All other places that satisfy the following criteria:
(a) minimum population of 5000; (b) at least 75%
of the working male population engaged in non-
agricultural pursuits; (c) a population density of at
least 400 persons per square kilometre [13].

Statistical analysis

Cancer incidence and mortality data from 2017 to 2019
were obtained from the PBCR, Varanasi district of Uttar
Pradesh state of India. The extracted data included
demographic information for the age, gender, place of
residence, religion, education, mother tongue, occupa-
tion, and monthly income. The tumour details included
topography and morphology of the primary site of can-
cer, basis of diagnosis, type of treatment taken, treat-
ment status, and the outcome in the form of death of the
patient. Malignancies were classified according to the
International Classification of Diseases for Oncology,
Version III (ICD-O) [7, 10].

We calculated the sex and site-specific cancer bur-
den through crude and age-adjusted rates (AAR) for
incidence (AAIR) and mortality (AAMRs) per 100,000
population and cumulative risk (probability that an indi-
vidual will be diagnosed with cancer for 0-74 years of
age group) for rural and urban regions. The AARs were
computed by using the direct standardisation method

with the World Standard Population 2000 as a refer-
ence. The rural-urban disparities in cancer incidence and
mortality were quantitatively assessed with two disparity
measures; Rate difference (RD; AAR of rural population
— AAR of urban population) [14] and Standardised Rate
Ratio (SRR; AAR of rural population /AAR of urban pop-
ulation, with 95% confidence intervals) [15]. Univariable
and multivariable regressions were used to assess any
significant difference in the socio-demographic and can-
cer-related variables according to the place of residence
(rural/urban). Variables found significant on univariable
analysis (p-value<0.2) [16] were entered into the multi-
variable regression model after excluding collinearity.
Crude and adjusted odds ratios (OR) with a 95% confi-
dence interval (CI) were calculated. The level of statistical
significance for the multivariable regression was set at a
p-value of less than 0.05. The data were entered into MS
Excel and analysed using the Statistical Package for Social
Sciences (SPSS, version 21).

Patient and public involvement

Patients or the public were not involved in the design,
conduct, reporting, or dissemination plans of our
research.
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Results

Socio-demographic profile of patients with cancer

Out of 6721 patients registered under the Varanasi PBCR
(2017-2019), 2.3% (156) were in the paediatric age group
(0-14 years) and were excluded from further analysis.
Among 6565 adult patients, 73.8% (4848) were 45 years
or older, more than half were males (3670, 55.9%), and
one-fifth were illiterate (1370, 20.9%). Most of the study
participants were Hindus (5774, 88.0%) by religion and
had Hindi as their mother tongue (6099, 92.9%) (Supple-
mentary Table 2).

Cancer burden

The leading cancer sites in men were the mouth, tongue,
trachea bronchus and lung, prostate, liver, and gallblad-
der, with AAIR as 19.1, 5.3, 3.6, 3.4, 3.4, 3.4 per 100,000
respectively. For women, the leading cancer sites were
the breast, cervix, gallbladder, ovary, mouth, and liver,
with AAIR as 13.7, 8.4, 7.3, 3.6, 2.5, 2.5 per 100,000
respectively. The overall leading primary sites are given in
Supplementary Table 3. The lifetime risk for developing
cancer (0—74 years) was the highest for mouth and breast
among men and women, respectively. Rural-urban com-
parisons for cumulative risk for some of the leading sites
are given in Supplementary Table 3.

Rural-urban disparities

On multivariable analysis, older cancer patients (45
years and older) had about 1.5 to 2 times higher odds
of belonging to an urban area compared to the rural
area. Similarly, the odds of literacy were higher in urban
patients than in rural patients. Patients using non-Hindi
dialect were higher in rural patients compared to their
urban counterparts. Also, the proportion of farmers,
unskilled, semi-skilled, and skilled workers was lower
among urban patients, but that of professional and semi-
professional workers was higher when compared to rural
patients. The odds of being in lower middle, and upper
and upper middle socio-economic class were 1.4 times
higher among urban patients than rural patients. Diag-
nostic and clinical record confirmation for cancer diag-
nosis was significantly higher in urban patients, while
verbal autopsy confirmation was higher in rural patients.
Furthermore, we observed that the odds of receiving
palliative or alternative systems of medicine were sig-
nificantly higher for rural patients compared to their
urban counterparts. Additionally, the odds of treatment
completion were significantly higher for urban patients.
A significantly higher proportion of patients were alive at
the time of follow-up among urban residents compared
to the rural ones. (Table 1)
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Rate differences for incidence and mortality of leading
cancer sites

The incidence rates of liver, other and unspecified sites
(O&U), gallbladder, penis, trachea, bronchus, and lung
cancers were higher in rural males, while incidence
rates of mouth, tongue, oesophagus, prostate, and colon
cancers were higher in urban males. Rural women had
higher incidence rates of cervix uteri, gallbladder, liver,
O&U, and mouth cancer and urban women had higher
incidence rates of breast, ovary, corpus uteri, colon, and
oesophageal cancer (Figures 2 and 3).

Similar trends were observed in mortality, with rural
males having higher mortality from O&U, liver, gallblad-
der, trachea, bronchus, and lung cancer and urban males
having higher mortality from mouth, tongue, oesopha-
gus, stomach, larynx, and colon cancer. Women living in
rural areas had higher mortality from cervix uteri, gall-
bladder, liver, breast, O&U, and mouth cancer and those
living in urban areas had greater mortality from corpus
uteri, ovary, colon, and oesophagus cancer (Figures 4 and
5).

Standardised risk ratios for incidence and mortality of
leading cancer sites
We observed a significantly lower all-site cancer inci-
dence (about 25%) and mortality (about 20%) among
rural men compared to urban men. No substantial differ-
ence in all-site cancer incidence was observed between
urban and rural women; however, mortality was about
20% higher among rural women. Rural men had 60-65%
lower incidence and 50—-60% lower mortality for oesoph-
agus and colon cancers. Also, rural men had 40-45%
lower incidence and 25-40% lower mortality for tongue
and mouth cancers. Despite about a 35% lower incidence
of prostate cancer in rural men, we observed a minimal
difference in mortality. Compared to urban men, rural
men had about a 50% higher incidence of liver cancer,
a 10% higher incidence of gallbladder cancer, and about
45-65% higher mortality for these cancers (Table 2).
Compared to urban women, rural women had about
50% or higher incidence of cervical, liver, and gallblad-
der cancer and 50% or lower incidence of corpus uteri,
oesophagus, and colon cancer. At least 50% or higher
mortality among rural women was observed for cervi-
cal, liver, gallbladder, and mouth cancer. About 70%
lower incidence and 90% lower mortality were reported
for ovarian cancer in rural women. Significantly higher
mortality for breast cancer was observed in rural women,
despite about 20% lower incidence. (Table 2)

Discussion

The growing burden of cancer and the required contin-
uum of care are facing inequalities and inequities around
the world, and one such example is the rural-urban
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Table 1 Rural-urban differences in the distribution of adult patients with cancer (N=6565)
Variable Rural Urban Crude Adjusted
(n=3220) (n=3345) OR(95%Cl) p-value OR(95%Cl)  p-value

Age groups (completed years)

15-29 206 (53.2) 181 (46.8) Reference Reference

30-44 649 (488) 681(51.2) 1.2(0.9-1.5) 0.125 1.3(1.01-1.7)  0.040*
45-59 1237 (50.9) 1195 (49.1) 1.1(09-14) 0387 1.5(1.2-19) 0.002*
>60 1128 (46.7) 1288 (53.3) 1.3(1.0-1.6) 0.017% 20(1.5-26) <0.01*
Sex

Female 1472 (50.8) 1423 (49.2) Reference Reference

Male 1748 (47.6) 1922 (524) 1.1(1.0-1.2) 0.010* 0.9(0.7-1.1) 0.284
Educational qualification

llliterate 852(62.2) 518(37.8) Reference Reference

Literate 811(55.1) 660 (44.9) 1.3(1.1-1.5) <0.01* 1.3(1.1-1.5) 0.003*
Up to secondary 1200 (45.7) 1426 (54.3) 1.9(1.7-2.2) <0.01* 1.7 (1.5-2.0) <0.01*
Senior secondary or higher 335(328) 686(67.2) 34(28-4.0) <0.01* 24(2.0-3.0) <0.01*
No information/unknown 22 (28.6) 55(71.4) 4.1 (2.5-6.8) <0.01* 2.8(1.5-5.0) 0.001*
Religion

Hindu 3054 (52.9) 2720 (47.1) Reference Reference

Others 166 (21.0) 625 (79.0) 4.2 (3.5-5.0) <0.01* 6.5(5.3-7.9) <0.01*
Mother tongue

Hindi 2874 (47.1) 3225 (52.9) Reference Reference

Others 346 (74.2) 120 (25.8) 0.3(0.2-04) <0.01* 0.3(0.2-04) <0.01*
Occupation

Unemployed, student, house-wife 1388(51.8) 1290 (48.2) Reference Reference

Farmer, skilled worker, semi-skilled worker, unskilled worker, 1507 (55.8) 1192 (44.2) 0.8 (0.8-0.9) 0.003* 0.7 (0.6-0.9) 0.004*
others

Profession, semi-professional, clerical, government employee, 319(279) 824 (72.1) 28(24-32) <0.01* 1.8(1.4-2.3) <0.01*
private employee

No information 6(13.3) 39 (86.7) 70(9-166) <0.01* 4.2(1.7-10.7) 0.002*
Monthly Income

Lower 1693 (584) 1208 (41.6) Reference Reference

Lower middle 964 (42.8) 1289 (57.2) 1.9 (1.7-2.1) <0.01* 14 (1.3-1.6) <0.01*
Upper and upper middle 320(349) 596 (65.1) 26(2.2-3.0) <0.01* 1401.2-1.7) <0.01*
No information/unknown 243 (49.1)  252(50.9) 14(0.2-17) <0.01* 1.1(09-14) 0.226
Basis of diagnosis

Clinical 207 (384) 332(616) Reference Reference

DCO 9(25.0) 27 (75.0) 1.9 (0.9-4.0) 0113 24 (1.03-5.6) 0.041*
Radiology 312(47.7)  342(523) 0.7 (0.5-0.9) <0.01* 0.8 (0.6-1.0) 0.052
Cytology 345(49.7)  349(503) 06(05-08) <0.01* 0.7(0.5-09)  0.005%
Verbal autopsy 835(75.8) 266 (24.2) 0.2 (0.1-0.2) <0.01* 0.3(0.2-0.3) <0.01*
Histology of primary 1512 (42.7) 2029 (57.3) 0.8(0.7-1.0) 0.060 0.8 (0.7-1.0) 0.065
Treatment

No treatment 168 (50.9) 162 (49.1) Reference Reference

Surgery 242 (45.7)  288(54.3) 12(09-16) 0134 09(0.7-13) 0817
RT 86 (46.2) 100 (53.8) 1.2 (0.8-1.7) 0.308 0.9 (0.6-14) 0.782
cT 499 (49.0)  520(51.0) 1.1(0.8-14) 0.540 0.9(0.7-1.2) 0.704
Multi-modality 1084 (43.4) 1414 (56.6) 13(1.1-1.7)  0.010% 1.0(08-14) 0614
Other alternative system 154 (64.2) 86(35.8) 0.6 (0.4-0.8) 0.002* 0.7 (04-0.9) 0.045*
Palliative 766 (60.9) 492 (39.1) 0.7(0.5-0.8)  0.001* 0.7(0.5-09)  0.020*
No information/unknown 221 (43.8) 283 (56.2) 13(1.0-1.7) 0.046* 1.0(0.7-14) 0.828

Treatment status
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Variable Rural Urban Crude Adjusted
(n=3220) (n=3345) OR(95%Cl) p-value OR(95%Cl)  p-value
Not completed 1522 (56.1) 1190 (43.9) Reference Omitted due to
Complete 627 (42.8)  838(57.2) 17(15-19)  <001* collinearity
Ongoing 611 (44.2) 770 (55.8) 1.6 (1.4-1.8) <0.01*
Not applicable 168 (50.9) 162 (49.1) 1.2(0.9-15) 0.072
No information/unknown 292 (43.1)  385(56.9) 1.7 (1.4-2.0) <0.01*
Status
Alive 946 (39.9) 1423 (60.1) Reference Reference
Dead 2274 (54.2) 1922 (45.8) 0.6 (0.5-0.6) <0.01* 0.7 (0.7-0.8) <0.01*
*Significant association
DCO- death certificate only, RT- Radiotherapy, CT- Chemotherapy
Urban predominance Rural predominance
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Fig. 2 Rate differences in cancer incidence among male patients with cancer residing in rural versus urban areas of Varanasi, 2017-2019. (N=3785)

disparity in cancer [17]. Rural residence, though a simple
variable, encapsulates a complex surrogate for several
potential explanatory factors like access to care, lifestyle,
environmental exposure, and various socioeconomic
factors [18]. Disparity in cancer outcomes due to rural-
ity is well documented [3, 14, 19, 20]. Moreover, rapid
advances in cancer care will further widen the disparity
in outcomes for rural patients without directed effort
to understand and address barriers to high-quality care
in these regions [6]. Understanding the context of this
disparity will reveal the specific needs of the population
[18], especially for resource-constrained countries like
India, which has the largest growing population with a
predominantly rural background. Through this paper, we
analysed the urban-rural disparity in cancer burden and
care for over 6,000 patients in Northern India who were
registered under the PBCR of the Varanasi district from
the Uttar Pradesh state of India.

Disparities in the age distribution

We observed that the adult cancer patients aged 45 years
and above significantly belonged to urban regions of the
district, while the younger patients (aged 15-29 years)
were from rural backgrounds. The significantly higher
proportion of cancer among younger rural patients can
be partly explained by tobacco use, which accounts for
approximately 30% of cancers in India [20]. Furthermore,
Global Adult and Youth Tobacco Surveys (GATS and
GYTS) have reported an early age of tobacco initiation
and a higher prevalence of tobacco use, especially in rural
populations [21, 22]. Inadequate services for tobacco and
alcohol cessation counselling in rural areas exacerbate
this problem [23]. Fully-functional adolescent health clin-
ics are the need of the hour and should offer habit cessa-
tion counselling as well as screening for common cancers
in young adults.

On the other hand, increasing age itself is an indepen-
dent risk factor for cancer and better access to health
care in urban regions is contributing to increased life
expectancy, and thereby an increased elderly population
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Fig. 3 Rate differences in cancer incidence among female patients with cancer residing in rural versus urban areas of Varanasi, 2017-2019. (N=2936)
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Fig. 4 Rate differences in cancer mortality among male patients with cancer residing in rural versus urban areas of Varanasi, 2017-2019. (N=3785)

in the urban regions [24]. This can somewhat explain the
significantly higher proportion of cancer in elderly urban
patients. Also, poor access to diagnostic facilities, espe-
cially for the rural elderly population, can be another
explanation for this distribution. We observed a signifi-
cantly higher proportion of cancers from O&U among
the rural patients, which further highlights this diag-
nostic disparity. It is therefore imperative to expand the

existing facilities in urban areas given the high burden of
cancer and simultaneously establish and strengthen facil-
ities for cessation counselling, diagnosis, and treatment
in underserved rural areas. Measures such as telemedi-
cine, mobile screening units, mobile health applications,
etc. should also be taken to address the barriers to access-
ing the facilities by the elderly population in both urban
and rural areas.
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Fig.5 Rate differences in cancer mortality among female patients with cancer residing in rural versus urban areas of Varanasi, 2017-2019. (N=2936)

Table 2 Standardised rate ratio for incidence and mortality of the leading cancer sites among the rural vs. urban population, Varanasi,

India, 2017-2019. (N=6721)

Cancer sites Incidence rate Standardised Rate Ratio
(AAR per 100,000) (95% Confidence Interval)
Rural Urban Male Female
Male Female Male Female Incidence Mortality Incidence Mortality
All sites 60.8 59.0 817 63.2 0.74 0.79 093 1.18
(0.73-0.75) * (0.77-0.80) * (0.92-0.95) * (1.16-1.21)*
Mouth 15.0 29 243 23 0.62 0.74 1.25 1.53
(C03-006) (0.60-0.63) * (0.72-0.77) * (1.16-1.35) % (1.40-1.67)*
Tongue 39 14 7.1 15 0.56 0.60 0.97 1.02
(C01-02) (0.53-0.59) * (0.56-0.64) * (0.88-1.06) (091-1.15)
Breast 0.1 12.7 - 159 - - 0.80 113
(C50) (0.77-0.83) * (1.08-1.19) *
Cervical - 10.3 - 6.9 - - 149 174
(C53) (143-1.55)*% (1.65-1.83)*
Ovary - 32 - 45 - - 0.70 0.83
(C56) (0.66-0.75) * (0.76-0.91) *
Corpus uteri (C54) - 0.6 - 1.9 - - 0.32 0.09
(0.28-0.36) * (0.07-0.12) *
Prostate 2.8 - 4.1 - 0.67 0.96 - -
(Co61) (0.63-0.71) * (0.90-1.03)
Colon 0.6 03 1.7 0.9 0.35 0.46 0.28 042
(C18) (0.31-0.39) * (0.39-0.53) * (0.23-0.33) * (0.34-0.52) *
Oesophagus (C15) 13 0.7 3.1 13 041 0.41 0.51 0.66
(0.38-045) * (0.37-044) * (0.45-0.58) * (0.57-0.77) %
Liver 4.1 3.0 27 19 1.53 1.64 1.55 1.82
(C22) (1.44-1.63) * (1.53-1.75)* (143-167)* (1.68-1.97)*
Gallbladder (C23-24) 35 8.7 32 6.2 1.10 145 142 152
(1.04-1.17) * (135-1.55)* (1.35-1.48) * (1.45-1.60) *

*Significant difference
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Disparities in the socio-cultural distribution

We observed a significant difference in the religion of
patients; where compared to the rural patients, who were
predominantly Hindu, the urban patients belonged to
other religions. Our finding is supported by the Indian
Census, which reported that religious minorities tend
to migrate and live in urban areas for social security [25,
26]. On the other hand, the rural patients predominantly
spoke the local vernacular language compared to urban
patients, who could communicate in the common Hindi
language. Language and cultural barriers to cancer treat-
ment and symptom management have been reported
among rural patients with cancer [27]. Patient navigation
systems can help overcome this linguistic and cultural
barrier [28].

There was a significant difference in the type of profes-
sion among the patients, where the proportion of profes-
sionals and semi-professionals was significantly higher
in urban patients while farming, un-skilled, semi-, and
skilled professions were predominant in rural patients.
Previous studies have reported the success of workplace
screening in urban populations and community screen-
ing in rural populations and future cancer control poli-
cies should implement screening strategies accordingly
[29, 30].

The educational and socio-economic status were sig-
nificantly higher in the urban patients, confirming the
prevalent socio-economic disparity in the urban-rural
population. Educational and socio-economic status are
important factors associated with better health literacy,
health-seeking behaviour, screening participation and
adherence, early stage at diagnosis, compliance with
treatment, and follow-up thereby resulting in an overall
better survival of the cancer patients. This disparity in
accessing cancer care is further worsened in rural popu-
lations because of the large proportion of the uninsured
population, high out-of-pocket expenditure, and avoid-
ance of seeking care, as many are daily wagers and face
illness-related unemployment and increased travel time
to access healthcare facilities [31].

These socio-demographic factors also influence life-
style, dietary, behavioural, and environmental factors,
as well as healthcare-seeking behaviour and treatment
compliance, all of which are decisive entities for cancer
survival. It is important to acknowledge urban-rural vari-
ability in these factors while designing cancer control
programmes. Additionally, realising the spirit of univer-
sal health coverage for cancer care is vital to bridge the
divide and prevent the resulting impoverishment among
already poor and marginalised rural patients with cancer.

Disparities in cancer burden
The overall incidence of cancer in rural areas was lower
compared to urban areas, but mortality was higher in
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rural areas, especially among women. Our findings align
with previous national studies. In rural cancer registries
(Barshi), the AAIR is nearly one-third of urban PBCRs
[32]. Another study noted that the AAIR in urban Punjab
PBCRs (Chandigarh and SAS Nagar) is almost twice that
in rural PBCRs (Mansa and Sangrur) [19]. Similar trends
are observed in Nepal, where the urban (Kathmandu)
registry showed 1.6 times higher AAR among males and
1.9 times higher AAR among females in comparison to
the rural (Rukum) registry [33]. Conversely, a study in
China revealed significantly higher AAIR in rural men,
primarily attributed to oesophageal cancer [14]. Devel-
oped countries, like those in North America, consistently
reported higher all-site incidence rates in urban popula-
tions compared to rural ones [34].

A complex interplay of rurality with sociodemographic,
lifestyle, dietary, behavioural, and environmental fac-
tors that affect the screening participation, incidence,
and prognosis of the disease is seldom recognised and
addressed. Additionally, rural women face several cul-
tural and social barriers, which further aggravate the
misery [3, 35]. This was evident from our findings, where
out of the three preventable cancers among women for
which screening is recommended in the National pro-
gramme, two (oral and cervical) had a higher incidence
and all three (oral, breast, and cervical) had a higher mor-
tality among rural women. Previous Indian studies have
highlighted the inequalities in socioeconomic factors
and healthcare utilisation concerning cancer screening in
urban and rural populations [5, 36, 37]. Given the above
findings, cancer awareness generation and screening
activities must acknowledge the dissimilar socio-demo-
graphic background characteristics of urban and rural
populations and design strategies accordingly.

Furthermore, various healthcare-related factors such as
(i) poor access to cancer treatment facilities, (ii) greater
likelihood to receive treatment at smaller hospitals, (iii)
lower probability of guideline-concordant treatment
practices, (iv) lack of genomic testing and staging, (v)
disparity in cancer treatment modalities and quality, (vi)
treatment attrition, (vii) significant shortage of special-
ists, (viii) limited supportive and rehabilitative resources,
and (ix) inadequate cancer care navigation are more
pronounced in rural regions and contribute to higher
mortality [39, 39]. Healthcare services in urban areas of
India generally receive a larger share of public resources,
resulting in lower rural health infrastructure investment
coupled with issues of ill management, staff absenteeism,
and poor capacity-building efforts [3, 38, 39].

Disparities in the leading cancer sites

We observed a significant difference in the standardised
rate ratios for the site-specific cancers for rural and urban
patients. Similar observations have been reported from
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previous cancer registries of India, Nepal, China, and
the United States (US) [14, 19, 33, 40]. The significantly
higher AAR for liver cancer in rural patients can be par-
tially attributed to a greater prevalence of alcohol use in
the rural Indian population. This is compounded by an
earlier age at the onset of alcohol consumption, frequent
episodes of heavy drinking, and the consumption of non-
brewed alcoholic beverages [23]. Also, a greater preva-
lence of hepatitis B infection and a similar prevalence
of non-alcoholic fatty liver disease, which are known
risk factors for liver cancer, have been reported among
rural Indian residents compared to the urban population
[41]. The National Cancer Registry Programme has also
reported that liver cancer was highest in the northeastern
cancer registries (Papumpasre, West Arunachal, Aizwal,
Mizoram) [11] which have a predominantly rural popula-
tion (81.64%) [42] Similarly, China [14] and US [43] have
also reported higher AAR for liver cancer in their rural
populations.

Significantly higher AAR of gallbladder cancer in both
male and female rural patients can be partly explained by
higher mustard oil consumption, the prevalence of cho-
lelithiasis, chronic typhoid infection, and the consump-
tion of snails, which are often contaminated with liver
flukes [44, 45]. Arsenic in groundwater has recently been
linked to gallbladder cancer, and untreated groundwater
consumption is more prevalent in rural areas than urban
areas, which might further explain the rural predomi-
nance of gallbladder cancer [46]. Several studies from
India (cancer registries and case-control studies) have
reported rural background as a risk factor for gallbladder
cancer [44, 47]. However, studies from countries such as
Nepal [33] and Chile [48] have reported urban predomi-
nance for gallbladder cancer, which has been explained
by the higher prevalence of gallstones, obesity, and hor-
mone use in their urban regions [33, 48].

We observed significantly higher incidence rates for
colon and oesophageal cancer in both men and women
with urban backgrounds compared to their rural coun-
terparts. Higher prevalence of obesity, inadequate physi-
cal activity, salt and red meat consumption, diabetes,
and low consumption of fibre among urban residents
could partly decipher the higher incidence rates in the
urban population [49]. Our findings are in line with stud-
ies from India that have reported a rising trend in regis-
tries established in metropolitan regions (predominantly
urban population) such as Delhi, Chennai, Mumbai, and
Banglore [50], and studies from China [14, 51]. In con-
trast, studies from the US show a rural preponderance
for colon cancer, which has been attributed to higher red
meat consumption, obesity, a lack of physical activity, and
lower cancer screening adherence in their rural popula-
tions [34, 52]. The urban preponderance of oesophageal
cancer observed in our study can be attributed to the
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increased prevalence of gastroesophageal reflux disease,
low fruit and vegetable intake, and obesity, coupled with
prevalent tobacco and alcohol use in urban areas [49, 53].
However, Indian registries from another northern state
(Punjab) reported a higher AAR of oesophageal cancer in
rural registries (Mansa, Sangrur) in comparison to urban
registries (SAS Nagar, Chandigarh) [19]. In addition,
studies from China also reported a higher preponderance
of oesophageal cancer in the rural population [14]. This
distinction underscores the heterogeneity in the preva-
lence of key risk factors, namely tobacco smoking, alco-
hol consumption, and dietary factors, across intra- and
inter-country regions.

We observed that trachea, bronchus, and lung can-
cer incidence rates were higher in rural patients, which
could be explained by indoor air pollution due to biomass
burning, exposure to second-hand smoke at home, and
tobacco and beedi smoking, which are more prevalent in
rural regions of Uttar Pradesh than urban areas [54, 55].
However, our findings are in contrast with rural registries
from other states such as Maharashtra (Barshi) and Pun-
jab (Mansa and Sangrur), which reported lower AAR for
lung cancer, and urban registries (Chandigarh, SS Nagar,
Trivandrum, Chennai, and Delhi), which reported higher
incident rates [18, 54]. In addition, several urban regis-
tries from eastern African countries (Malawi, Zimbabwe,
Uganda, and Kenya) have also reported a high burden
of lung cancer [56]. Our finding is in line with registries
from Korea [57], China [14], and the US [34], which
reported rural predispositions for lung cancer incidence.
These diverse observations underscore how various fac-
tors, including smoking, indoor and outdoor air pollu-
tion, and the utilization of lung cancer screening, interact
in different contexts, leading to the urban-rural disparity
in lung cancer incidence.

Both penile cancer in men and cervical cancer in
women share some of the risk factors, including infection
with the Human Papilloma Virus, increasing age, poor
hygiene, tobacco use, multiple sexual partners, low edu-
cation, and socio-economic status. Most of these factors
are predominant in rural areas, thereby explaining the
high rates of these cancers in rural patients in our study
[58, 59]. Cervical cancer predominance in rural women
has been unanimously reported in several registry studies
from India [19, 60], Nepal [33], Sub-Saharan Africa [61],
China [51] and the US [62]. Despite a lower incidence
of prostate cancer, rural men had almost similar cancer-
related mortality as urban patients, which is worrisome
and could be due to a wide urban-rural gap in screening
as well as treatment facilities and modalities. Previous
Indian research has shown lower screening rates among
rural patients, and rural patients with prostate cancer are
less likely to receive definitive treatment than their urban
counterparts [63—65]. Systematic reviews, which mostly
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used data from high-income countries, showed that
rural-urban differences in prostate cancer incidence and
mortality were confirmed. It was found that while inci-
dence was higher in urban men, mortality was higher in
rural men. This was partly because of the systemic barri-
ers that made it take longer for men to get diagnosed and
treated for prostate cancer [66, 67].

A negative rural-urban risk difference in the incidence
of endometrial, breast, and ovarian cancer can be attrib-
uted to a relatively greater prevalence of risk factors
like obesity, metabolic syndrome, nulli-and-low parity,
late pregnancy, infertility, use of hormones, early age at
menarche, and poor lifestyles like inadequate physical
activity, a high-fat diet, and alcohol and tobacco use in
urban areas than in rural regions [68]. Our findings are
in line with the observations from other Indian PBCRs
where breast cancer was the leading cancer in registries
of urban agglomerations [19] and cervix cancer was the
leading cancer in rural registries like Barshi, Mizoram,
Tripura, Pasigat, Nagaland, Cachar, Osmanabad, and
Beed [68]. The urban preponderance of these women’s
cancers associated with a hormonal etiology has been
reported in several studies from Nepal [33], Egypt [69],
China [70], and the US [34].

We observed that, despite significantly lower breast
cancer incidence in rural women, higher mortality was
observed in them compared to their urban counterparts.
This signifies the rural-urban disparities in the early
detection of breast cancer, delayed care seeking, and
treatment initiation. Previous Indian studies reported
that rural women are less likely to get screened and more
likely to present at late stages of breast cancer compared
to their urban counterparts [35, 71]. Furthermore, the
significantly higher incidence of breast, endometrial,
ovarian, and colon cancers in urban female patients hints
towards further research for understanding the genetic
predisposition and genetic screening and counselling.

We observed that mouth cancer was the predominant
cancer in our study population. Surprisingly, despite
well-documented higher tobacco use in rural parts of
India and Uttar Pradesh [21, 22], we observed a statisti-
cally significant higher incidence and mortality of mouth
cancer in urban men. Previous studies comparing the
incidence rates of oral cancer have also shown signifi-
cantly higher incidence in urban PBCRs compared to
rural PBCRs [72]. Additionally, analysis of a national rep-
resentative survey also reported higher rates of tobacco-
related cancer deaths in urban than rural men [35]. This
can be explained to a certain extent by several factors.
Firstly, poor cancer screening coverage was reported in
the national survey [63] where the oral cancer screening
rates were lower in the rural population, thus reflecting
the impact of poor screening coverage on the cancer inci-
dence distribution. The second explanation can be the
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significantly higher proportion of the elderly in our urban
study population, and as discussed previously, age itself
is an important independent risk factor for carcinogen-
esis. Thirdly, studies from India have reported that most
of the oral cancers detected in rural populations are in
advanced stages with poor 5-year survival [38, 73]. Previ-
ously, a review on oral cancer burden in India reported
variations in the AAR of oral cancer in rural men across
many registries. One explanation cited was the lack of
transportation, which hinders seeking diagnosis and care
in rural populations [73]. Therefore, this contradicting
finding from our study underscores the rural-urban dis-
parity in the early detection of oral cancer in this region.
Registry from China [14] reported higher AAR in urban
men while the North American Registries [34] reported
higher incidence in rural men, and both attributed this
difference to the higher tobacco consumption in their
urban and rural populations, respectively.

Disparities in the cancer care continuum

We observed a smaller number of cancer confirmations
through only death certificates (DCO), where no other
clinical records of the patients were available, and these
DCO cases were mostly seen in urban patients. Cancer
confirmation by verbal autopsy constituted a relatively
larger portion of cancer registrations and was seen mostly
in rural patients. These findings reflect poor record main-
tenance, weak medical certification of the cause of death,
and various challenges associated with cancer registra-
tion in the study region, especially in the rural population
compared to the urban population [7]. Furthermore, the
proportion of urban patients who had microscopic veri-
fication for cancer confirmation (71.1%) was higher than
that of rural patients (57.7%). In addition, we observed a
higher proportion of incomplete treatment among rural
patients with cancer. This can be partly attributed to the
reliance on alternative systems of medicine, cancer fatal-
ism, and poor health and cancer literacy, which are the
pragmatic challenges present predominantly in the rural
parts of our study settings. We observed that definitive
treatment, including multi-modality treatment, was sig-
nificantly higher in urban patients. A recent Indian sur-
vey reported that the average number of patients with
cancer attending public outpatient service management
was higher in urban areas. Moreover, the survey reported
a lower proportion of facilities for cancer screening and
inpatient and outpatient cancer management services in
rural areas compared to their urban counterparts [23].
Hence, it is imperative to engage multi-sectoral stake-
holders to develop patient advocacy networks, especially
for rural resource-deprived regions, to improve health-
care seeking and compliance as well as prevent treatment
attrition.
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A significantly higher proportion of rural patients were
receiving palliative care than their urban counterparts.
The lack of organized screening, diagnostic, and referral
facilities in rural areas, resulting in delayed diagnosis, can
explain this difference. Strategies to improve their acces-
sibility and affordability will aid in the early detection and
downstaging of cancers. Furthermore, 138 Indian organi-
zations providing hospice and palliative care services are
concentrated in large cities and regional cancer centres,
except for Kerala. Therefore, it necessitates long-dis-
tance journeys for rural patients to access palliative care
in urban settings [74]. Thus, there is a pressing need to
introduce palliative care at the primary health care level.

Limitations

This was a newly established PBCR; hence, we had limited
follow-up information to analyse and describe 5-year sur-
vivals for leading cancer sites. In addition, the case ascer-
tainment completeness indices such as the proportion of
microscopic verification, DCO, and AAIR of childhood
cancers reflected under-registration by 10-20% within
the different blocks of the district, especially among the
rural, elderly, and paediatric (especially girl child) popu-
lations, partly due to the disparity in accessibility of the
services [75]. Since we could utilise only the incidence-
based data, information related to some important vari-
ables such as staging of cancer, health insurance status,
co-morbidities, and risk factors such as lifestyle, dietary
behaviour, and environmental factors could not be evalu-
ated to explain the observed disparities. Lastly, we cannot
generalise these observations to reflect the extent of the
nationwide rural-urban disparity in cancer incidence and
patterns.

Strengths

To the best of our knowledge, this is the first of its kind
study from India that has analysed the risk of site-specific
cancers and the disparities in the social-demographic
characteristics of patients with cancer, cancer burden,
and patterns among the rural and urban populations.
Owing to the longitudinal data, we could analyse the
urban-rural disparity in terms of overall and site-specific
cancer mortality.

Conclusion

Low- and middle-income countries face two distinct chal-
lenges when it comes to cancer prevention and control:
in their urban areas, unhealthy lifestyle changes that are
linked to an increased risk of cancer are being observed,
and in their rural areas, a lack of access to healthcare
leads to delayed diagnosis and poor survival. Based on
these findings, we recommend context-specific inter-
ventional programmes targeting risk-factor modifica-
tions, cancer awareness, early detection, and accessibility
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to diagnosis and care. These observed geographical and
social variations for the specific cancer sites warrant fur-
ther research to understand the causation of cancer. Our
study reflects this distinctness in cancer burden and pat-
tern, especially for the female population, and calls for a
re-evaluation of cancer control strategies that are tailor-
made with an understanding of urban-rural disparities.
We are further planning to study the completeness of the
cancer registry in the coming years.
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