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ABSTRACT 

Cervical cancer incidence and survival widely varies between and within 

countries. Low socioeconomic status is associated with higher risk of 

cervical cancer as well as with poor survival. A single visit approach of 

visual inspection with acetic acid (VIA) combined with cryotherapy is 

established as an effective screening method in reducing cervical cancer 

incidence and mortality in low-resource settings. This study evaluated 

the long-term risk of cervical cancer among visually screened women 

with different triage methods, histological findings and treatment 

options; and explored limitations of colposcopy triage in screen and treat 

programmes in low-resource settings. This study also evaluated the role 

of sociodemographic and reproductive factors in the risk of and survival 

from cervical cancer, and the bias in using screening data to study the 

sociodemographic and reproductive risk factors and prognostic factors of 

cervical cancer. 

This research was based on a large cervical cancer screening trial by 

visual inspection with acetic acid (VIA) conducted during 2000-2003 in 

a rural population of Dindigul district, Tamil Nadu state, India. All 

screen positive (n=3021) and negative (n=28255) women except 67 

screen-detected cervical cancer patients were followed until December 

2012 to assess long-term risk of cervical cancer among VIA screened 

women. Sociodemographic and reproductive risk factors were 

determined using data from control arm, and the survival and its 

socioeconomic determinants were studied among women diagnosed with 

cervical cancer during 2000 to 2006 in control arm. Bias in the use of 

screening data to study sociodemographic and reproductive risk factors 

was explained using data from both control (n=30958) and intervention 

arm (n=49311) followed until December 2006. Bias in the use of 

screening data to study sociodemographic prognostic factors was 

explained using 67 screen-detected women and 165 women diagnosed 

with cervical cancer from control arm during 2000-2006 and followed 

until December 2012. For the analysis, incidence rates per 100,000 



person years were calculated and hazard ratios were estimated using Cox 

proportional hazard regression analysis. Life-table method was used to 

estimate five-year survival, and Kaplan Meier survival curves were 

demonstrated to explain variation in survival by socioeconomic factors. 

The study showed a high negative predictive value for VIA even after 

12 years of screening. Compared to VIA negative women, women who 

were VIA positive but colposcopy negative and who had no histological 

confirmation showed a hazard ratio for mortality of 6.5 (95%CI: 1.6 to 

27.1). VIA positive women with no colposcopic evaluation or who had an 

inconclusive colposcopy and had no histological confirmation showed 

the highest risk for mortality (HR= 20.7, 95%CI: 5 to 85.3). 

Women with older age (50-59 years), no education and higher 

number of pregnancies (4+) showed a significant higher risk for cervical 

cancer compared to women with younger age, some education, and less 

than four pregnancies respectively in the control population. Hazard 

ratios of sociodemographic and reproductive risk factors varied 

accordingly with study group and screening status. The benefit in terms 

of achieving substantial incidence reduction as a result of screening was 

acquired by younger, uneducated, currently married and women living in 

tiled or concrete houses. 

The observed five-year survival was 32.5% among women diagnosed 

with cervical cancer from control arm. Stage of disease was the most 

important determinant of survival (adjusted HR for mortality for stage 2 

or worse cancers: 3.9; 95% CI: 1.7 to 9.1 when stage1 cancers were the 

reference). Observed five year survival was 47.6% among screen detected 

women. Variation in survival by age at diagnosis was substantial in 

screen-detected women. In addition, the variation in survival between 

uneducated and educated women was reduced in screen-detected 

women. 

The results from this study indicate that self-selection in attendance 

and screening itself will bias the effect estimates of risk factors, whereas 

selection bias and over diagnosis will bias effect estimates of prognostic 

factors while using screening data to study the sociodemographic and 

reproductive risk and prognostic factors. In a controlled screening trial, 

the data from control population would be ideal for studying the 

sociodemographic and reproductive risk and prognostic factors, and the 



results should be interpreted with caution if estimates are derived using 

screening data.  

The study demonstrated that a screen and treat policy without 

colposcopy triage will be a more effective strategy in low-resource 

settings. Level of education and age of women are both important factors 

to be considered while implementing screening, further diagnosis, 

treatment and follow-up in order to achieve better health outcome in 

low-resource settings. Creating awareness about cervical cancer through 

educational programmes, improvements in living standards and assuring 

accessibility to an efficient health care system can altogether play an 

important role in reducing the burden of cervical cancer in rural 

populations.  

 



 



TIIVISTELMÄ 

Kohdunkaulan syövän esiintyvyys ja elossaoloennuste vaihtelevat 

suuresti sekä maiden välillä että maakohtaisesti. Alhainen 

sosioekonominen asema kuitenkin sekä suurentaa riskiä sairastua 

kohdunkaulan syöpään että pienentää todennäköisyyttä parantua 

syövästä. Kun resurssit ovat rajalliset, tehokkaaksi 

seulontamenetelmäksi kohdunkaulan syövän esiintyvyyden ja 

kuolleisuuden vähentämisessä on osoittautunut niin sanottu seulo ja 

hoida -periaate, jossa kohdunkaula tutkitaan silmämääräisesti 

etikkahappopenslauksen jälkeen (VIA-tutkimus) ja annetaan samalla 

tarvittaessa jäädytyshoitoa. Tässä väitöstutkimuksessa arvioitiin VIA- 

tutkittujen naisten pitkän aikavälin riskiä sairastua kohdunkaulan 

syöpään. Seulontamenetelmät, histologiset löydökset ja hoitomuodot 

vaihtelivat. Tutkimuksessa selvitettiin myös kolposkopian käytön 

rajoituksia seulo ja hoida ohjelmissa silloin, kun resurssit ovat niukat. 

Lisäksi arvioitiin, miten sosiodemografiset ja lisääntymiseen liittyvät 

tekijät vaikuttavat riskiin sairastua kohdunkaulan syöpään ja 

todennäköisyyteen parantua siitä sekä sitä, miten näiden tekijöiden 

tutkiminen seulontalöydösten perusteella voi vääristää tutkimustuloksia.  

Tämä tutkimus perustuu laajaan kartoitukseen, jossa kohdunkaulan 

syöpää seulottiin VIA-tutkimuksella Dindigulin alueen maalaisväestön 

keskuudessa Tamil Nadun osavaltiossa Intiassa vuosina 2000–2003. 

Lukuun ottamatta 67 seulonnassa kohdunkaulan syövän diagnoosin 

saanutta naista, kaikkia seulonnassa positiivisen (n=3021) tai 

negatiivisen (n=28 255) tuloksen saaneita naisia seurattiin joulukuuhun 

2012 saakka, jotta voitiin arvioida riskiä sairastua kohdunkaulan 

syöpään pitkällä aikavälillä. Sosiodemografiset ja lisääntymiseen liittyvät 

riskitekijät selvitettiin verrokkiryhmässä, ja parantumisennustetta ja 

paranemiseen liittyviä sosioekonomisia tekijöitä puolestaan tutkittiin 

verrokkiryhmään kuuluvien kohdunkaulan syöpää sairastavien naisten 

avulla vuosina 2000–2006. Seulontatiedon käytöstä johtuvaa 

vääristymää sosiodemografisten ja lisääntymiseen liittyvien 



riskitekijöiden tutkimisessa selitettiin käyttämällä tietoja sekä 

verrokkiryhmästä (n=30 958) että interventioryhmästä (n=49 311), joita 

seurattiin vuoden 2006 joulukuuhun saakka. Seulontatiedon käytöstä 

johtuvaa vääristymää sosiodemografisten ennustavien tekijöiden 

tutkimisessa puolestaan selitettiin käyttämällä tietoja seulonnoissa 

kohdunkaulasyöpädiagnoosin saaneista naisista (n=67) ja 

verrokkiryhmän syöpää sairastavista naisista (n=165), joilla 

diagnosoitiin syöpä vuosina 2000–2006 ja joita seurattiin vuoden 2012 

joulukuuhun saakka. Analyysia varten laskettiin esiintyvyys 100 000 

henkilövuotta kohti ja arvioitiin riskiryhmään kuuluvien määrä Coxin 

suhteellisen riskin regressioanalyysilla. Viiden vuoden päästä elossa 

olevien määrää arvioitiin elinaikataulumenetelmällä ja sosioekonomisten 

tekijöiden osoitettiin selittävän elossaoloajan vaihtelua Kaplan-Meierin 

elossaolokäyrillä.  

Tämä tutkimus osoitti, että VIA-tutkimuksen negatiivinen 

ennustearvo on korkea jopa 12 vuotta seulonnan jälkeen. Jos VIA-tulos 

oli positiivinen, mutta kolposkopia negatiivinen eikä histologisia 

muutoksia ollut, riskisuhde oli 6,5 (95% luottamusväli: 1,6–27,1). 

Sairastumisriski oli korkein (riskisuhde=20,7; 95 % luottamusväli: 5–

85,3), jos VIA-tulos oli positiivinen, mutta kolposkopiaa ei ollut tehty tai 

sen tulokset olivat epäselvät eikä histologisia muutoksia ollut.  

Useita kertoja (4+) raskaana olleilla kouluttamattomilla vanhemmilla 

naisilla (50–59 vuotta) oli huomattavasti suurempi riski sairastua 

kohdunkaulan syöpään kuin alle neljä kertaa raskaana olleilla, jossain 

määrin koulutetuilla nuoremmilla naisilla. Sosiodemografisten ja 

lisääntymiseen liittyvien riskitekijöiden riskisuhteet vaihtelivat 

tutkimusryhmän ja seulontatuloksen mukaan. Seulonta vähensi 

kohdunkaulan syövän esiintyvyyttä merkittävästi naisilla, jotka olivat 

nuoria, kouluttamattomia, naimisissa ja asuivat tiili- tai 

betonirakennuksessa.  

Verrokkiryhmän kohdunkaulan syöpää sairastavista naisista 32,5 % 

oli elossa viiden vuoden jälkeen. Tärkein elossapysymiseen vaikuttava 

tekijä oli syövän levinneisyysaste (korjattu kuolleisuuden riskisuhde 

toisen tai sitä korkeamman asteen syövälle: 3,9; 95 % luottamusväli: 1,7–

9,1, kun vertailukohteena on ensimmäisen asteen syöpä). Seulonnoissa 

diagnosoiduista naisista 47,6 % oli elossa viiden vuoden jälkeen. 

Seulonnoissa diagnosoitujen, syövästä parantuneiden naisten ikä vaihteli 



suuresti, mutta kouluttamattomien ja koulutettujen naisten välinen ero 

paranemisessa pieneni tässä joukossa.  

Tutkimustulokset osoittavat, että omaehtoinen valikoituminen sekä 

tutkimukseen osallistumisessa että itse seulonnassa vääristää 

riskitekijöiden arvioituja vaikutuksia, kun taas valintaharha ja 

ylidiagnosoiminen vääristävät ennustavien tekijöiden arvioituja 

vaikutuksia silloin, kun seulontatietoa käytetään sosiodemografisten ja 

lisääntymiseen liittyvien riskitekijöiden ja ennustavien tekijöiden 

tutkimiseen. Vertailevassa seulontatutkimuksessa verrokkiryhmästä 

saatu tieto olisi ihanteellista sosiodemografisten ja lisääntymiseen 

liittyvien riskitekijöiden ja ennustavien tekijöiden tutkimiseen. Tuloksia 

tulisi tulkita harkiten, jos arviot johdetaan seulontatiedoista.  

Tutkimus osoitti, että ilman kolposkopiaa toteutettu seulo ja hoida -

menetelmä on tehokkain strategia, kun resurssit ovat niukat. 

Koulutusaste ja ikä on tärkeää ottaa huomioon, kun toteutetaan 

seulontoja, jatkotutkimuksia, hoitoa ja seurantaa, jotta niukoilla 

resursseilla saataisiin aikaan parhaat tulokset. Tiedon lisääminen 

kohdunkaulan syövästä koulutuksen kautta, elintason parantaminen ja 

toimivan terveydenhuollon takaaminen voivat olla merkittävässä roolissa 

kohdunkaulan syövän vähentämisessä maaseudulla. 
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GDP- Gross Domestic Product 

HBCR – Hospital Based Cancer Registry 

HC2- Hybrid Capture 2 

HSIL – High Grade Squamous Intraepithelial Lesion 

HPV- Human Papilloma Virus 

HR- Hazard Ratio 

IACR- International Association of Cancer Registries  

IARC-International Agency for Research on Cancer 

ICMR- Indian Council of Medical Research 

IR-Incidence Rate 

IRR- Incidence Rate Ratios 

LEEP –Loop Electrosurgical Excision Procedure 

LMICs-Low and Middle Income Countries 

LSIL-Low Grade Squamous Intraepithelial Lesion 

NCRP- National Cancer Registry Programme 

NFHS- National Family Health Survey 

NRHM- National Rural Health Mission 

OC- Oral Contraceptives 

PBCR- Population Based Cancer Registry  

PCR- Polymerase Chain Reaction 

PPH- Predictor of Poor Health 
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PYO/PYRS-Person Years of Observation/Person Years 

SC/ST- Scheduled Caste/Scheduled Tribe 

SCJ- Squamo Columnar Junction 

SCC- Squamous Cell Carcinoma 

SES- Socio Economic Status 

STI- Sexually Transmitted Infection 

UHC (UC) - Universal Health Coverage 

USA- United States of America 

VIA- Visual Inspection with Acetic acid 

VIAM- Magnified Visual Inspection with Acetic acid 

VILI- Visual Inspection with Lugol’s Iodine 

WIA- Cancer Institute, Chennai 

WHO- World Health Organization 
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1 INTRODUCTION 

Though the idea of screening emerged in the second half of 19th century, 

considerable development has occurred over the past 50 years (Harris 

2011). Screening is defined as “the presumptive identification of 

unrecognized disease or defect by the application of tests, examinations, 

or other procedures which can be applied rapidly” (Wilson, Jungner 

1968). Wilson and Jungner (1968) defined criteria for screening as 

follows:  1) “The condition sought should be an important health 

problem”; 2) “There should be an accepted treatment for patients with 

recognized disease”; 3) “Facilities for diagnosis and treatment should be 

available”; 4) “There should be a recognizable latent or early 

symptomatic stage”; 5) “There should be a suitable test or examination”; 

6) “The test should be acceptable to the population”; 7) “The natural 

history of the condition, including development from latent to declared 

disease, should be adequately understood”; 8) “There should be an 

agreed policy on whom to treat as patients”; 9) “The cost of case-finding 

(including diagnosis and treatment of patients diagnosed) should be 

economically balanced in relation to possible expenditure on medical 

care as a whole”; and 10) “Case-finding should be a continuing process 

and not a ‘once and for all’ project.”  

The goal of screening is to prevent an adverse health event by 

identifying asymptomatic (or with mild symptoms) persons for whom an 

intervention will help to reduce progression of early disease to advanced 

disease. The term pre-disease has its origin in cancer biology and it is an 

in-between state of disease and disease free conditions. The term pre-

disease makes sense when people with pre-disease have a higher chance 

of developing disease compared to those not designated with pre-disease 

(discriminating ability); there is a feasible intervention that can reduce 

the likelihood of developing disease when people with pre-disease are 

targeted (effective intervention); and when benefits of screening 

overweigh harms in the population (benefit exceed harms). The above 
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three conditions are satisfied in case of cervical cancer screening (Viera 

2011). 

The recognition of Human Papilloma Virus (HPV) as causative agent 

for cervical cancer is an important discovery in human cancer aetiology 

(Bosch et al. 2002, Bosch, Munoz 2002). Nearly 40 years back Harald 

zurHausen first postulated the causative role of HPV in human cancer 

(zurHausen 1997, zurHausen 2009) and he won the Nobel Prize in 2008 

for his enormous contribution to the discovery of human papilloma virus 

as the etiologic factor of cervical cancer. Most of HPV infections are 

transient in nature and cleared within one or two years of exposure 

(Schiffman et al. 2007). Cervical cancer is a rare outcome of long-term 

persistent infection with one of the common oncogenic types of HPV 

(high-risk types). The persistent HPV infection mediated by other 

cofactors produces abnormalities in the cervix called cervical squamous 

precancer or dysplasia, and a proportion of them progress to cervical 

carcinoma over a period of 10-20 years if not detected and treated (Bosch 

et al. 2002, WHO 2006, Boyle, Levin 2008, Wentzensen et al. 2009). 

Sociodemographic and reproductive factors are major cofactors for 

the development of cervical cancer, and cervical cancer mainly affects the 

socioeconomically disadvantaged women (Sankaranarayanan 2012). The 

huge disease burden in developing countries and the potential for 

effective prevention through screening makes of cervical cancer control 

an important area of action for any cancer control programme in 

developing countries (WHO 2002).  

Purpose of cervical cancer screening is to reduce the burden of 

cervical cancer in a population. Detection of pre-invasive disease, 

efficiency of screening test to detect cervical abnormalities without 

diagnostic error, trends in distribution of clinical stages of disease with 

continuation of the programme, prevalent cases of disease at screening, 

trends in cervical cancer incidence and mortality in target population are 

the indicators to measure efficacy of a cervical cancer screening 

programme (Hakama, Virtanen 1976). The reduction of cervical cancer 

incidence and mortality is considered as primary indicators of the effect 

of a cervical cancer screening programme (Sankila et al. 2000). 

Cytological testing involves microscopic examination of stained 

exfoliated cells from the cervix (IARC 2005). Papanicolaou originally 

classified cytological findings into five categories such as: 1) absence of 
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atypical or abnormal cells; 2) atypical cytology but no evidence of 

malignancy; 3) cytology suggestive of but not conclusive for malignancy; 

4) cytology strongly suggestive of malignancy; and 5) cytology conclusive 

for malignancy (IARC 2005). For final diagnosis, Papanicolaou 

suggested gynaecological examinations and biopsy to all cases which are 

reported positive (class 4&5) or suspicious (class 3) in cytology and/or if 

the result is differed due to scantiness, poor quality and dryness of the 

smears (Papanicolaou 1954). Subsequently in 1950s Papanicolaou 

demonstrated that the cytology testing can also be used for identifying 

precancerous lesions, and in 1960s many developed countries initiated 

Pap smear testing for cervical cancer screening (IARC 2005). It has been 

proven that well-organised cytology screening programmes in high-

resource environments are very effective in reducing cervical cancer 

incidence but due to challenges in quality assurance and inadequate 

health care infrastructure, cytology screening is less effective in low- and 

medium-resource countries (Cuzick et al. 2008). 

Colposcopy is used for magnified visual examination of cervix, which 

is an intermediary step between screening and diagnosis of cervical 

abnormalities. Most common reason for referral for colposcopy is a 

positive result in cytology testing, any visual screening method or 

infection with HPV. In colposcopy, features of cervical epithelium are 

carefully observed after application of normal saline, 3-5% acetic acid or 

Lugol’s iodine and diagnosis will be made on normal, inflammation or 

any other cervical abnormalities. Biopsy will be directed if colposcopy is 

suggestive of pre-invasive lesions or cervical cancer (Sellors, 

Sankaranarayanan 2003).  

Visual inspection with acetic acid (VIA) involves naked eye 

examination of cervix using a speculum and a bright halogen lamp, one 

to three minutes after application of 3-5% acetic acid using cotton swab 

or a spray (Saxena, Sauvaget & Sankaranarayanan 2012). It has been 

shown that a single visit approach of VIA combined with cryotherapy 

(screen and treat) is a safe, acceptable, feasible and cost-effective method 

for reducing cervical cancer burden in low- and middle-income countries 

(Gaffikin et al. 2003, Sankaranarayanan et al. 2007). In screen and treat 

studies ( in research settings), VIA positive women have an immediate 

colposcopy in the same sitting and the colposcopically-diagnosed lesions 

will be immediately treated with cryotherapy after taking a colposcopy-
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guided biopsy from the abnormal area of cervix. A major concern with 

screen and treat is over-treatment but available data suggest that 

benefits outweigh harms (Sankaranarayanan 2012). 

Even though HPV testing of cervical samples has been suggested as 

the most reproducible and sensitive primary screening method for 

cervical cancer screening, it is currently expensive and not affordable in 

low-resource settings due to lack of sophisticated instruments and well 

implemented laboratories. The introduction of a low cost, simpler and 

faster HPV test without laboratory requirements will be advantageous 

for low-resource settings (Cuzick et al. 2008, FIGO 2009) since there is 

no need of air condition or running water but need only electricity for 

three and half hours. Therefore, presently visual inspection with acetic 

acid (VIA) is the most feasible and  readily implementable screening 

method for low-resource settings, but scaling up and quality assurance in 

programmatic settings may be challenging (Sankaranarayanan et al. 

2005).  

Colposcopy triage is ideally useful to reduce unnecessary treatment of 

false positives identified by screening test (Sankaranarayanan 2012), but 

it is important to know advantages or disadvantages of colposcopy triage 

in low-resource settings. The present study evaluated long-term risk of 

cervical cancer among VIA screened women with different triage 

methods, histological findings and treatment options, where trained 

nurses provided VIA, colposcopy and cryotherapy. This study also 

evaluated sociodemographic and reproductive factors associated with 

risk of and survival from cervical cancer and the bias in using screening 

data to study sociodemographic and reproductive risk and prognostic 

factors. 
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2 BACKGROUND 

2.1 Sociodemographic profile of India and the state of Tamil Nadu 

According to census 2011, total population in India was 1,210,854,977 

with a sex ratio of 943 women per 1000 men. Almost 69% of the 

population is living in rural areas, and sex ratio is different for rural and 

urban populations (949 for rural and 929 for urban). There are 29 states 

and 7 union territories in India, and Tamil Nadu state consists of 6% of 

total population in India (72,147,030) with a sex ratio of 996. There is 

only slight difference in sex ratio between rural and urban populations 

(993 for rural and 999 for urban) in Tamil Nadu and 51% of the 

population in Tamil Nadu live in rural areas (Census 2011). 

In India, overall 80% of the population is Hindus, followed by Muslim 

(14%). Only 2.3% of the total population in India is Christian. The 

remaining 3.7% consists of Sikh, Buddhist, Jain and others. However in 

Tamil Nadu state, Christians and Muslims are nearly 6% each and the 

remaining 88% are Hindus. Proportion of Hindu population is high in 

rural areas compared to urban one (Table 1).  

Table 1.  The distribution of religious groups in rural and urban areas of Tamil Nadu state and India 

Population Tamil Nadu state India 

Rural Urban Total Rural Urban Total 

Hindu 92.8% 82.0% 87.6% 82.1% 74.8% 79.8% 

Muslim 2.7% 9.3% 5.9% 12.4% 18.2% 14.2% 

Christian 4.3% 8.1% 6.1% 2.0% 3.0% 2.3% 

Others 0.2% 0.6% 0.4% 3.6% 4.0% 3.7% 

Source: (Census 2011) 
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Tamil Nadu state shows a better literacy rate compared to national 

average (71.9% vs. 63.1%). Literacy rates of male and female populations 

in rural and urban areas of Tamil Nadu and India are given in Table 2. 

Table 2.   Literacy rate of rural and urban populations in Tamil Nadu state and India 

Population Tamil Nadu state India 

Rural Urban Total Rural Urban Total 

Male 73.2% 82.3% 77.6% 65.8% 78.5% 69.8% 

Female 58.4% 74.2% 66.1% 49.6% 70.2% 56.0% 

Total 65.8% 78.3% 71.9% 57.9% 74.5% 63.1% 

Source: (Census 2011) 

 

According to the socioeconomic and caste census 2011, 73.4% of 

households in India (n=179,515,446) were in rural areas and the 

remaining 26.6% were in urban areas (n=65,111,309). In the state of 

Tamil Nadu, proportion of rural households was 57.6% (n=10,088,119) 

and urban households was 42.4% (n=7,433,837) (Socio Economic and 

Caste Census 2011).  

Caste is a social ritual, which consists of groups of people having 

specific social ranks (Singh 2003). The word caste was originated from 

the Portuguese word Casta, which means breed or race. Different castes 

divide and arrange people into different social systems. In modern India, 

forward communities include people who were privileged in Indian 

societies and others are termed as backward communities. The backward 

communities again split into scheduled tribe (ST), scheduled caste (SC) 

and other backward communities (OBC), among which the ST and SC 

are the most underprivileged communities. Tribes have a distinctive 

culture representing primitive traits and they are geographically isolated 

and away from main population. Discriminating a person based on 

his/her caste is legally prohibited in India. After independence, central 

and state governments adopted many positive discrimination policies to 

improve social status of backward communities. However, still ST and 

SC are the most vulnerable population in India (Singh 2003). 
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A comparison of socioeconomic profile of rural areas in Tamil Nadu 

state with national profile is given in Table 3. 

Table 3.  Socioeconomic profile by household level factors in rural Tamil Nadu and India 

Household level factors Rural Tamil 
Nadu 

Rural India 

( n=10088119) (n=179515446) 

Households by caste   

Scheduled Caste(SC)  25.55% 18.45% 

Scheduled Tribe(ST)  1.81% 10.97% 

Others  72.52% 68.53% 

No caste/tribe 0.10% 2.04% 

Households with salaried job (Government/public/private) 11.05% 9.70% 

Households having monthly income of highest earning 
household member (INR) 

  

Less than5000 78.00% 74.51% 

5000-10000 16.01% 17.19% 

Greater than10000 5.98% 8.26% 

Main sources of household income   

Cultivation 18.22% 30.11% 

Manual casual labour 65.77% 51.16% 

Part time/full time domestic services 1.61% 2.50% 

Others 14.40% 16.23% 

Source: (Socio Economic and Caste Census 2011) 
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2.2 Family health Indicators - The National Family Health Surveys 
(NFHS) 

A series of National Family Health Surveys was conducted by the 

Ministry of health and family welfare, Government of India, during 1992-

93 (NFHS1), 1998-99 (NFHS2), and 2005-06 (NFHS3). Currently the 

fourth survey in this series is being implemented (NFHS4). The sample 

survey includes health and nutrition indicators and health-related issues 

in 29 states and 7 union territories in India (NFHS). A comparison of 

some of family health indicators of Tamil Nadu state with national 

averages in NFHS3 surveys is given in Table 4. Overall Tamil Nadu state 

has better family health indicators than India.  

Table 4.  Selected family health indicators for Tamil Nadu and India (NFHS3) 

Indicators Tamil Nadu state India 

Rural Urban Total Rural Urban Total 

Total fertility rate (children per women) 1.9 1.7 1.8 3.0 2.1 2.7 

Women age15-19 who were already 
mothers or pregnant at the time of the 
survey (%) 

9.6 5.3 7.7 19.1 8.7 16.0 

Total unmet need (for spacing and 
limiting) for family planning (%) 

8.7 8.4 8.7 14.1 9.7 12.8 

Institutional Births (%) 86.7 94.9 90.4 31.1 69.4 40.8 

Children 12-23 months fully immunized 
(%) 

83.7 77.8 80.9 38.6 57.6 43.5 

Ever married women age 15-49 who are 
anaemic (%) 

54.7 52.6 53.9 58.2 51.5 56.2 

Ever married men age 15-49 who are 
anaemic (%) 

19.2 14.5 16.9 27.7 17.2 24.3 

Women who know that consistent 
condom use can reduce the chances of 
getting HIV/AIDS (%) 

32.8 52.8 42.1 25.1 56.3 34.7 
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Men who know that consistent condom 
use can reduce the chances of getting 
HIV/AIDS (%) 

76.1 87.9 81.8 59.5 85.6 68.1 

Currently married women who usually 
participate in household decisions (%) 

45.0 53.2 48.8 33.0 45.0 36.7 

Ever married women who have ever 
experienced spousal violence (%)  

44.4 39.0 41.9 40.2 30.4 37.2 

Source: (NFHS, India) 

 

Biologically determined physiological and genetic differences in men 

and women determine sex differentials in health care needs and 

vulnerabilities; but gender affects the health of women and men also by 

differences in roles, access and power (Kishor, Gupta 2009). Kishor and 

Gupta (2009) analyzed gender equality and women’s empowerment in 

India using NFHS3 data. They reported that preference for son is 

continuing in India, and there is underrepresentation of girl births and 

overrepresentation of death of girl children. In case of education, females 

in the rural areas are more disadvantaged than females in urban areas. 

Median age at first marriage among 25-49 year old women was 16.8 

years. Spousal age difference was more than 10 years in 16% of ever-

married women in the age of 15 to 49. However, spousal age difference 

was decreasing with increasing age at first marriage. Women are 50% 

less likely to be employed than men. Most employed women work in 

agricultural sector; only 7% are having jobs in professional, technical or 

managerial positions (Kishor, Gupta 2009). 

The study also reported that women’s access to health care and money 

that they control was largely restricted, and only a minority of women 

was allowed to go alone to various places outside the home. Only one-

fifth of women who have their own earnings had a major say in utilizing 

their money. The per capita resource access for women is lower than 

men in poorer households as well as in wealthier households since 

women are overrepresented in poorer and underrepresented in wealthier 

households, and consequence is that girls are less likely than boys to be 

growing up with all related facilities in wealthier households. Education 

was strongly associated with joint decision-making as well as with lower 

risk of physical, sexual and emotional spousal violence. Spousal physical 
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or sexual violence and not having a main say in major purchases in the 

home were also associated with thinness (underweight) in women 

(Kishor, Gupta 2009). 

Another report based on NFHS3 by Gupta et al in 2009 provides 

insight in health and living conditions of people living in eight Indian 

cities. Overall, socioeconomic and health conditions were better in urban 

areas compared with rural areas. The extent of poverty in slums 

compared to non-slum areas, and urban poverty were discussed in detail 

in this report. A sizeable proportion of people in most Indian cities live in 

slum areas where the living conditions and health of the people are worse 

than people living in non-slum areas. Urban poverty also increases with 

increasing size of slum population. However the report suggests that not 

all people living in slums are poor and not all poor people live in slums. 

In general urban poor people are underprivileged by not achieving 

education, quality of housing and sanitation facilities, antenatal and 

delivery care. Urban poor women are more likely to be exposed to 

spousal violence also (Gupta, Arnold & Lhungdim 2009). 

2.3 Health system in India 

A health system consists of “all the activities whose primary purpose is to 

promote, restore or maintain health” (Balarajan, Selvaraj & 

Subramanian 2011). In India administrative responsibilities of the health 

system are shared between central and state governments (John et al. 

2011). Health workers in India include doctors (registered with the 

Indian Medical Council) and practitioners of AYUSH (Ayurveda, Yoga 

and naturopathy, Unani, Siddha and Homeopathy), nurses and auxiliary 

nurse midwives (ANM), dentists (registered with Dental Council of 

India), pharmacists, technicians and allied health professionals, 

community health workers, and Accredited Social Health Activists 

(ASHA) (Rao et al. 2011). Unlicensed health practitioners with no or little 

formal medical training are also treating people in rural areas (Rao et al. 

2011). 

Government runs the health system in rural areas with a three-stage 

system which consists of Sub Centres (SC’s), Primary Health Centres 

(PHC) and Community Health Centres (CHC). The allocation of health 
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centres per population, and the number of health centres in 2014 are 

described in Table 5. 

Table 5.  The three-stage health system in rural areas of India 

 Allocation per population Number of centres 
as on 2014 

Sub centres (SC) 1 per 5,000 population in plain areas and 1 per 
3000 population in hilly/tribal areas 

152,326 

Primary Health Centres 
(PHC) 

1 per 30,000 population in plain areas and 1 per 
20,000 in hilly/tribal areas 

25,020 

Community Health 
Centres (CHC) 

1 per 120,000 population in plain areas and 1 
per 80,000 population in hilly/tribal areas 

5,363 

Source: (Government of India 2015) 

 

In addition to the SC’s, PHC’s and CHC’s there are 1,024 Sub 

divisional hospitals and 755 district hospitals. The number of medical 

colleges in India is currently 387 of which 181 are in public and 206 are 

in private sectors (Government of India 2015).  

The health workforce is not sufficient to fulfil the needs of rural 

population. Due to the lack of availability of medical professionals in 

rural and remote areas, many states in India offer incentives to qualified 

health workers to attract them in rural health services. Tamil Nadu, 

Kerala and Meghalaya are few of the states with compulsory rural service 

bonds for doctors who completed the government-provided medical 

education. Educational incentives are offered to doctors in many states 

such as mandatory services for a doctor to be considered for admission 

to post-graduate or specialization programmes and reservation for post-

graduate seats for those who have completed a specific number of years 

in rural services (Rao et al. 2011). Physicians trained in AYUSH are being 

recruited in primary health centres in most states. Nurse practitioners 

are also being used for primary care in selected areas of Rajasthan. 

Public-private partnerships are being tried in rural health services in 

many states, mostly to fill vacancies of physicians and other staffs in the 
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government sector by temporary employment form private hospitals 

(Rao et al. 2011). 

State government introduced many initiatives to strengthen human 

resources in health system of Tamil Nadu. It expanded public sector 

education for physicians and nurses, and implemented three years of 

mandatory rural service for doctors and nurses who graduated from 

government institutions. Also post-graduate positions are reserved for 

doctors who worked in government services, particularly in remote 

areas. State government expanded the workforce in primary health 

centres by creating and filling new posts for health workers. Tamil Nadu 

state has a separate Directorate of Public health with its own budget to 

enhance the public health cadre (Rao et al. 2011). 

2.4 Socioeconomic disparity in accessing health care in India 

In India, access to health care is largely associated with geography, 

gender and socioeconomic inequalities (Balarajan, Selvaraj & 

Subramanian 2011). There is much variation in health expenditures 

between different states of India. The greater proportion of urban-based 

services makes disadvantages for rural population (Balarajan, Selvaraj & 

Subramanian 2011). In addition, there is severe shortage of qualified 

health professionals in rural and remote areas of India since most of the 

workforce is concentrated in urban areas (Rao et al. 2011). The coverage 

of primary and secondary prevention strategies for most chronic diseases 

is also very low in poor and rural populations (Patel et al. 2011). 

In 2005-06, the coverage of immunization programme was only 26% 

among children of mothers with no education while the coverage was 

64% if the mother had five or more years of education. The 

immunization coverage among scheduled tribes (ST) and scheduled 

castes (SC) were 31.3% and 39.7% respectively whereas the coverage was 

53.8% among other castes (Balarajan, Selvaraj & Subramanian 2011). 

Similarly, a rural urban difference in immunization coverage was also 

noted (39% vs. 58%) (Balarajan, Selvaraj & Subramanian 2011). 

Women in the richest quintile were 6 times more likely to deliver in an 

institution compared to women in the poorest quintile (Balarajan, 

Selvaraj & Subramanian 2011). There has been progress in antenatal care 
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coverage but still inequalities exist with wealth, education and rural-

urban residence. The infant mortality rate in 2005-06 was 82 and 34 per 

1000 births among the poorest and richest quintile respectively. The 

under-five mortality rate was 106 and 49 per 1,000 births among 

mothers with no education compared to mothers having education level 

of secondary or above (Balarajan, Selvaraj & Subramanian 2011). 

Hospitalization rates vary between gender, wealth and urban rural 

residence and there is under-reporting of illness among women 

(Balarajan, Selvaraj & Subramanian 2011). A cross-sectional study using 

data from 60th round National Sample Survey Organization (NSSO, 

2004) reported absolute inequalities between states in the proportion of 

inpatient care (1% to 10%) and in the proportion of population reporting 

a visit to an outpatient provider (4.4% to 21.7%) (Ghosh 2014). One 

study using NFHS2 data revealed relationship between socioeconomic 

status and utilization of maternal health care services. They observed 

that women who had better economic and educational status and living 

in urban areas utilized maternal health care services more, compared to 

their less privileged counterparts (Salam, Siddiqui 2006). 

A cross-sectional study on beneficiaries of Muthulakshmi Reddy 

Maternity Benefit Scheme reported that poorer women of lower caste 

groups were disadvantaged, whereas socially and economically well-

positioned women had higher chances of availing support from the 

scheme which is in fact a contradiction to the purpose of the scheme 

(Balasubramanian, Ravindran 2012). Balarajan et al (2011) suggested 

that inequalities in level and distribution of health within a population is 

a result of different social, economic and political conditions that 

influence the allocation of resources between different regions and levels 

of services (Balarajan, Selvaraj & Subramanian 2011). 

2.5 Health expenditure in India 

According to the World Bank, total health expenditure is “the sum of 

public and private health expenditure as a ratio of total population. It 

covers the provision of preventive and curative health services, family 

planning activities, nutrition activities, and emergency aid designated for 

health, but does not include the provision of water and sanitation” (WB 
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2015). Out-of-pocket expenditure is part of private health expenditure 

and is defined as “any direct outlay by households, including gratuities 

and in-kind payments, to health practitioners and suppliers of 

pharmaceuticals, therapeutic appliances, and other goods and services 

whose primary intent is to contribute to the restoration or enhancement 

of the health status of individuals or population groups”(WB 2015). The 

gross domestic product (GDP) represents the monetary value of all goods 

and services produced within a nation's geographic borders over a 

specified period. It is used to measure a nation's total economic activity 

(Open Government Data (OGD) platform India 2015). 

The government per capita health expenditure (current USD), health 

expenditure (% of GDP), and out-of-pocket health expenditure in 2013 in 

India and in selected countries are given in Table 6, where India shows a 

very low per capita health expenditure and a high out-of-pocket health 

expenditure compared to US. However this comparison doesn’t make 

much impact since the US system is non-comparable to most other 

countries due to its uniqueness. But compared to China which is the 

largest populated country in the world and a neighbouring country of 

India, the per capita health expenditure is very low and out of pocket 

health expenditure is increased by 10%. 

Table 6.  The government per capita health expenditure (current USD), health expenditure (% of 
GDP) and out-of-pocket health expenditure in 2013 by selected countries 

Countries 

Health expenditure 
per capita (Current 

USD) 
Health expenditure, 

total (% of GDP) 

Out-of-pocket health 
expenditure (% of 

private expenditure 
on health) 

China 367 5.6 76.7 

Finland 4449 9.4 75.0 

India 61 4.1 85.9 

UK 3598 9.1 56.4 

US 9146 17.1 22.3 

Source: (WB 2015) 
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The GDP of India is currently 2.067 trillion USD with an annual 

growth rate of 7.4% in 2014 (Open Government Data (OGD) platform 

India 2015). The annual growth of GDP in selected countries is shown in 

Figure 1. India shows an increasing trend in GDP annual growth rate in 

recent years and has reached up to the level of annual growth rate in 

China.  

 

Source: (WB 2015) 

Figure 1. The annual growth rate of GDP – A comparison between selected countries 

2.6 Universal Health Coverage in India 

According to WHO, Universal health coverage (UHC) or Universal 

coverage (UC) indicates equity in health services, quality of health 

services and financial risk protection and it foresees better health and 

protection for millions of vulnerable people in the world (WHO 2015). 

Since 1950s, India followed a mix of both tax-based regime and social 

health insurance mechanisms to achieve universal coverage. Though the 
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dissemination of health insurance remained low for the next six decades, 

there are remarkable changes observed in recent years (Reddy et al. 

2011b). 

Table 7.  Initiatives by the central government to promote universal health coverage 

Schemes ( year of start) Major goals 

National Rural Health Mission (NRHM) ( 2005) To strengthen the public health system, and to 

improve the availability of, and access to health 

care especially among women, children, poorer 

and those who are living in rural areas. Ensuring 

community involvement in health services, and to 

mainstream traditional medicine into the public 

health stream. 

Janani SurakhaYojna /Chiranjivi Yojna (2005) To promote women to deliver in government or 

recognized private health facilities (This scheme 

provides financial incentives to those women who 

utilize these facilities to deliver). 

Muthulakshmi Reddy Maternity Benefit Scheme 

(MRMBS) (1987) 

To provide financial support for women below 

poverty line (BPL) before and after the delivery.  

Jan Aushadhi programme  ( 2008 ) To provide quality generic drugs and surgical 

products to individuals through pharmacies in 

every district, at affordable prices. (A public 

private partnership). 

National cancer control programmes (1975), 

subsequently the national programme for 

prevention and control of cancer, diabetes, 

cardiovascular diseases, and stroke (2010) 

Primary prevention, early detection, treatment 

and rehabilitation.  

Sources: (Reddy et al. 2011a, Balasubramanian, Ravindran 2012,Balarajan, Selvaraj & 
Subramanian 2011) 

 

One of the major steps taken by central government to promote 

universal health coverage in India is the introduction of National Rural 

Health Mission (NRHM) in 2005 (Balarajan, Selvaraj& Subramanian 
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2011). It has coverage of entire country with special focus on 18 states 

with poor infrastructure and demographic indicators. The employment 

of ASHA in every village is an important initiative by NRHM to promote 

timely utilization of health and family welfare services (Reddy et al. 

2011b). Even though the national cancer control programme was 

launched in 1975, clinical stage at diagnosis, survival outcomes and 

cancer awareness were not consequently improved in India 

(Sankaranarayanan 2014 a). 
 

Health insurance schemes by central and state governments in India 

The inadequate health financing system and services to address health 

care needs are major causes of health inequity in India. A great majority 

of people in India have no financial protection in order to meet medical 

expenses (Kumar et al. 2011). Because of inequity in health care 

financing, the effect of huge out-of-pocket health expenditure is 

disproportionate among population groups (Balarajan, Selvaraj & 

Subramanian 2011). 

Current health insurance schemes are mainly focusing on inpatient 

care. There are three health insurance schemes run by the central 

government. They are the Central Government Health Scheme (CGHS) 

for civil servants by the Ministry of health and family welfare, the 

Employees’ State Insurance Scheme (ESIS) for formal/public sector 

workers and the Rashtriya Swasthya Bima Yojana (RSBY) for people 

below poverty line administered by the Ministry of Employment and 

labour (Reddy et al. 2011b). CGHS and ESIS were contributory but 

heavily subsidized health insurance programs but they are covering only 

a small segment of the population who are civil servants or formal/public 

sector workers. Only people below poverty line (BPL) according to the 

list of planning commission are getting benefits from RSBY (Reddy et al. 

2011b). 

Some other insurance schemes/programmes by the state governments 

are: 1) Rajiv Aarogyasri Health Insurance Scheme in Andhra Pradesh; 2) 

Tamil Nadu’s Chief Minister Kalaignar Insurance Scheme for life saving  

treatments; 3) Yeshasvini Co-operative Farmers Health care Scheme in 

Karnataka; 4) Vajapayee Arogyasri Scheme in Karnataka; 5) Apka 

Swasthya Bima Yojna in Delhi; and 6) Critical Life-Saving Health 
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Insurance Scheme (RSBY Plus) in Himachal Pradesh (Reddy et al. 

2011b). 

Coverage and benefit packages of each scheme are different. The 

state-based schemes are not covering primary and secondary care at all. 

RSBY implemented in 24 states in India is also covering only 

hospitalization related to secondary care (Reddy et al. 2011b). Most of 

schemes including RSBY were not primarily designed to address the cost 

for cancer treatments. The Vajpayee Arogyasree scheme in Karnataka, 

which covers almost 80% of the population in the state, supports all 

diseases including cancer, and this scheme has a good reach into rural 

and remote areas for cancer treatment as well. Chief Minister Kalaignar 

Insurance Scheme for life saving treatments in Tamil Nadu also covers a 

great deal of expenses for cancer treatment (Pramesh et al. 2014). 

In most states, BPL list defined by planning commission is not 

compatible with state’s BPL list. Hence, states like Kerala extended 

insurance coverage to people above poverty line (APL) as well. The 

Comprehensive Health Insurance Scheme (CHIS) is implemented for 

those families not covered by RSBY and belonging to BPL list of state 

government, and for APL families (CHIAK 2015). Similarly, the Rajiv 

Arogyasree in Andhra Pradesh covers people in both above and below 

poverty line with about 85% coverage of its population. The remaining 

higher middle-income and affluent people are covered by voluntary 

private health insurance schemes or benefitted by government’s scheme 

of reimbursement for government employees (Reddy et al. 2011b). 

In 1999, the government initiated private sector participation in 

health insurance sector that opened up financial risk protection for the 

higher income group to acquire quality health care from tertiary care 

facilities. According to PHFI report in 2009, only about 302 million 

people in India were covered under any health insurance schemes (247 

million were covered under government health insurance schemes and 

55 million were covered under private health insurance schemes) (Reddy 

et al. 2011b). 
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3  LITERATURE REVIEW  

3.1 Cancer registration 

The major purpose of cancer registration is to maintain a continuous and 

systematic register of all cancer cases with personal details and clinical 

and pathological characteristics of the cancers, occurring in a defined 

population (Jensen et al. 1991). Comprehensive cancer registration is 

essential for the evaluation of all aspects of cancer control. The 

information from cancer registries is the primary resource for 

epidemiological studies as well as for evaluating cancer control activities 

in the health system. Hence, keeping good coverage and quality of 

information are the important requirements of cancer registration 

(Jensen et al. 1991) 

3.1.1 Global efforts in cancer registration 

Globally efforts for cancer registration failed to establish reliable and 

comparable mortality statistics until the beginning of 20th century. There 

was a methodological progress in continuous recording of cancer data 

during 1930s and many countries in Europe and USA started attempts to 

collect cancer data about mortality, morbidity, and prevalence of 

different types of cancers. The first cancer registry covering a national 

population was the Danish cancer registry that was founded in 1942 

(Jensen et al. 1991). After the development of cancer registry in 

Denmark, other Nordic countries also started population-based cancer 

registries in 1950s: Norway (1952), Finland (1953), Iceland (1954) and 

Sweden (1958) (IACR 2015).  

Because of the developments of cancer registries in many countries in 

Europe and USA, the international association of cancer registries 

(IACR) was formed in 1966 in Tokyo (Jensen et al. 1991).With the efforts 

taken by the International Agency for Research on cancer (IARC), 
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incidence data from 290 cancer registries in 68 countries with cancers 

diagnosed from 2003 to 2007 is currently available in the world (Forman 

et al. 2014). 

Recently there are more than 700 population-based cancer registries 

worldwide (Bray et al. 2015). All Nordic countries have a nationwide 

cancer registration system. Other countries like England and Wales, 

Scotland, Canada, Australia, New Zeeland, Israel, Cuba, Puerto Rico, and 

Gambia also have a nationwide cancer registration system. The vast 

majority of cancer registries in other countries have coverage of only a 

fraction of the population (Santos Silva 1999). 

Recently IARC in collaboration with UICC and national institutions 

has developed regional hubs of cancer registration to improve and 

increase coverage of cancer registration in Africa, Latin America, Asia 

and Middle East (Bray et al. 2015). 

3.1.2  Cancer registration in India 

There is no national cancer registry in India to provide comprehensive 

cancer data (Mallath et al. 2014). In 1981, the Indian Council of Medical 

Research (ICMR) initiated the National Cancer Registry Programme 

(NCRP) to generate reliable data on cancer incidence and patterns of 

cancer in Indian populations. Subsequently in 1982 three population-

based cancer registries (PBCR) at Bangalore, Chennai and Mumbai and 

three hospital-based cancer registries (HBCR) at Chandigarh, Dibrugarh 

and Trivandrum were started (ncrpindia.org). Currently NCRP provides 

data from a network of 28 PBCRs located across the country (Mallath et 

al. 2014). A national map showing locations of PBCRs under NCRP is 

given in Figure 2. 
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Source: ( NCRP) 

Figure 2. A national map showing PBCRs in India 

According to the three-year report of PBCRs (2009-2011), only 7.45% 

of the total population is covered by 25 population-based cancer 

registries with a representation of 16 states and one union territory in 

India. The average population covered by registries varied from 0.4 
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million in Aizawl District, Mizoram to 17.9 million in Delhi Registry 

(NCDIR-NCRP 2013). 

Eleven registries are located in urban areas and only two registries are 

predominantly covering rural populations (Barshi and Ahmedabad rural 

registries). The rest of the registries are covering both rural and urban 

areas as part of being state or district registries. The Barshi registry in 

rural Maharashtra (towards south region) is covering an average of 0.5 

million population annually and Ahmedabad rural cancer registry 

(western region) is covering a population of 1.6 million annually 

(NCDIR-NCRP 2013). 

Another registry that predominantly covers a rural population of 2 

million people as on 2005 is the Dindigul-Ambillikai Cancer Registry 

(DACR) (Swaminathan et al. 2009). However, it is organized by the 

Cancer Institute (WIA), Chennai and Christian Fellowship Community 

Health Centre, Ambilikkai, in collaboration with IARC to study cancer 

incidence patterns in Dindigul and Coimbatore districts and to evaluate 

cervical cancer screening trial and breast cancer early detection 

initiatives. 

One of the major limitations of estimates from India is that data 

mainly represent urban populations whereas almost 70% of the 

population is living in rural areas (Mallath et al. 2014). The rural 

registries including DACR are covering only less than 5 million people 

altogether, which is only a very small fraction of rural population (less 

than 0.6%) while rural population of India is more than 835 million 

people (Census 2011 ). 

3.2  Burden of cervical cancer 

3.2.1  Global burden  

In 2008 cervical cancer was the third most common female cancer 

ranking after breast and colorectal cancer in the world with an estimated 

number of cervical cancer cases and deaths of 530,000 and 275,000 

respectively (Arbyn et al. 2011). In 2012 cervical cancer became the 

fourth most common cancer among females after breast, colorectum and 

lung cancer (Globocan 2012). The world’s estimated age standardized 
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cervical cancer incidence and mortality rates of 2012 were 14 and 6.8 per 

100,000 person-years respectively with wide differences between areas. 

Globally almost 84% of the estimated cervical cancer cases were coming 

from less developed regions. Though cervical cancer is the fourth most 

common cancer among females globally, it is in first or second position 

in most Low and Middle Income Countries (LMICs) due to inadequate 

cancer control activities (Globocan 2012). 

 

Source: (Globocan 2012) 

Figure 3. Cervical cancer incidence and mortality in different regions of the world 

The highest incidence was observed in Eastern Africa (42.7), 

Melanesia (33.3), Southern Africa (31.5) and Middle Africa (30.6) while 

the lowest was observed in Western Asia (4.4), Australia/New Zeeland 

(5.5) and North America (6.6). The mortality rates were highest in 

Eastern Africa (27.6), Middle Africa (22.2), and Melanesia (20.7), while 

the lowest was observed in Australia/New Zeeland (1.5), Western Europe 
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(1.8) and Western Asia (1.9). Northern Africa showed a very low 

incidence (6.6) and mortality (3.2) compared to other African regions 

(Globocan 2012). 

 

Source: (Globocan 2012) 

Figure 4. Cervical cancer incidence and mortality- Countries showing highest ASRs  

Malawi showed the highest burden of cervical cancer with age 

standardized incidence and mortality rates of 75.9 and 49.8 respectively 

per 100,000 person-years followed by Mozambique and Comoros 

(Globocan 2012).The following figure shows the age-specific incidence 

and mortality rates in less and more developed regions in the world. 
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Source: (Globocan 2012)  

Figure 5. Age-specific incidence and mortality rates in less and more developed regions 
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In less developed regions, the peak incidence of cervical cancer was 

observed among 50-54 year old women, but in more developed regions, 

peak incidence occurred earlier, and incidence was somewhat similar 

between 40-60 year old women and then a slight decline over 60 years 

old. Regarding mortality also a slight increase was observed among older 

women in more developed regions but in less developed regions 

mortality was clearly increasing with increasing age (Globocan 2012). 

Incidence and mortality estimates are typical measures used to assess 

cancer burden. Survival estimates are possibly biased by lead time, 

length, over diagnosis and selection biases and hence are not considered 

as a good measure to evaluate cancer burden (Section 3.6.1). However, 

the population-based survival estimates are valuable to measure the 

outcome of cancer control activities in a population (Sankaranarayanan 

2011). Moreover the population-based cancer survival estimates are 

unbiased by selection because they reflect a mix of different 

socioeconomic factors, health care seeking behaviours, natural histories 

and health care systems (Sankaranarayanan 2011). 

The scarcity of reliable data limited the comparison of survival 

estimates in low and middle income countries until mid 1990’s. With the 

effort of the International agency for Research on Cancer, reliable data 

from 27 population-based cancer registries in 14 developing countries in 

Asia, Africa, Central America and the Caribbean were obtained through a 

collaborative survival project. All registries followed central scrutiny and 

analysis based on an established protocol (Sankaranarayanan 2011). 

The study showed that cervical cancer survival widely varied between 

and within countries depending on the efficiency of health systems in 

cancer control activities. The lowest survival rates were observed in 

Uganda and Gambia with a five-year age standardized relative survival 

(ASRS) of 19% and 23% respectively for cases registered during a period 

of 1993 to 1997. But survival was higher in China, Singapore, South 

Korea, and Turkey, where the median ASRS were 63% to 79% for cervical 

cancer diagnosed during a period of 1990-2001 (Sankaranarayanan et al. 

2010).  

The five-year survival rates reported from developed countries varied 

between 50% in Poland (for cervical cancer diagnosed during 1995- 

1999) and 70% in US (for cervical cancer diagnosed during 1999 -2006) 

(Global Cancer Facts and Figures, 2nd Edition).  
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3.2.2 Cervical cancer burden in India 

The incidence reported by different rural and urban cancer registries in 

India varied according to population and region (Globocan 2008). In 

India, cervical cancer is currently the second most common female 

cancer after breast cancer with an age-adjusted incidence rate of 22 per 

100,000 and mortality rate of 12.4, respectively (Globocan 2012). 

Estimated numbers of cervical cancer cases and deaths were 123,000 

and 67,500 respectively in 2012 and represented one quarter of global 

burden (Globocan 2012). 

Age-specific data from Globocan 2012 showed peak incidence of 

cervical cancer in 55-59 year old women with an increasing trend from 

40 to 59 years and then a decline after 60 years. However mortality was 

increasing with increasing age. Also it is noted that the age-specific 

incidence and mortality estimates of India are much higher than the 

overall estimates in less developed region (Figure 6). 

 

Source: (Globocan 2012)  

Figure 6. Age-specific cervical cancer incidence and mortality rates in India 
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The peak incidence in 50-59 year old women can be connected with 

lack of screening and late-stage diagnosis of cervical cancer. The 

increasing mortality by age is again a reflection of late-stage diagnosis 

which shows health system inefficiency to detect and treat cervical 

cancer on time. 

Globocan 2012 estimated the age-specific incidence and mortality 

rates using the data from 12 regional registries such as Bangalore 

(IR=20.6 per 100,000 PYRS) in Kartanataka state; Mumbai (IR=13.5), 

Barshi (IR=18.7) and Poona (IR=13.4) in Maharashtra state; Bhopal 

(IR=19.5) in Madhya Pradesh state; Chennai (IR=21.4) and Dindigul-

Ambillikai (24.5) in Tamil Nadu state; Karunagapalli/Kollam (IR=8.9) 

and Trivandrum(IR=10.1) in Kerala state; Mizoram (IR=19.7) ; Sikkim 

(10.2) ; and New Delhi(17.7), in which Barshi and Dindigul-Ambillikai 

are covering predominantly rural areas (Forman et al. 2014). Total 

coverage of all these registries is only less than 10% of the whole 

population in India (Globocan 2012). 

Cervical cancer incidence was comparatively low in areas where 

women have better socioeconomic position, for example the lowest 

incidence reported in the country in 2009 was 7 per 100,000 in 

Trivandrum, one of the places having high proportion of educated 

women in South India (Mathew, George 2009). In 2002, highest age-

adjusted incidence rates for cervical cancer were reported from 

Pondichery (39.2) which is a union territory near Tamil Nadu state, and 

other north-eastern districts of Tamil Nadu state (Canceratlasindia.org). 

Even though Kerala and Tamil Nadu are geographically close to each 

other, civilization is entirely different. Socioeconomic position of women 

in rural areas of Tamil Nadu state is not as good as women from Kerala 

state. Also in rural areas of Tamil Nadu, living conditions and sanitation 

facilities are very poor. So cervical cancer burden is high among areas 

where socioeconomically disadvantaged women are predominant. It was 

reported that cervical cancer incidence is inversely associated with 

educational status of women in Tamil Nadu (Swaminathan et al. 2009). 

Socioeconomic inequality in accessing health care is one of the major 

factors associated with the huge burden of cervical cancer in India 

(Mallath et al. 2014). 

Well-organized screening programmes and changes in socioeconomic 

profile decreased incidence and mortality of cervical cancer in developed 
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countries (Mathew, George 2009). Many of developing countries also 

showed a declining trend even though the proportion of decline is lower 

compared to western countries (Mathew, George 2009). Reports from 

Indian cancer registries have also showed a declining trend of cervical 

cancer incidence in India (Yeole 2008, Nandakumar, Ramnath & 

Chaturvedi 2009, Asthana, Chauhan & Labani 2014). 

In a recent study by Badwe et al (2014), cancer incidence trends were 

analysed using published data since 1988 to 2005 from six population-

based cancer registries. Registries included in the study were Bangalore, 

Bhopal, Chennai, Delhi, Mumbai and Barshi (rural). Cervical cancer 

incidence was significantly decreasing in all registries during 1988 to 

2005 except for rural registry in Barshi. Time trends clearly illustrate 

that even though cervical cancer incidence is decreasing in urban 

settings, it remains the leading cancer in rural settings. The decrease of 

cervical cancer incidence in urban settings may partly be attributed to 

improved living conditions, awareness for genital hygiene and better 

healthcare facilities for early detection, which further emphasised the 

role of socioeconomic status in cervical cancer incidence (Badwe et al. 

2014). 

Cervical cancer survival largely varies between regions and 

populations within India. For the year 2010, the median five-year ASRS 

for cervical cancer was 46% with a range of survival from 34% to 60% 

(Sankaranarayanan et al. 2010). The ASRS for cases registered during 

1993- 2000 and followed up until 2003 in Barshi was 32.1%, and for 

cases registered during 1991 - 1995 and followed up until 2000 in Bhopal 

was 30.8%. In Mumbai (Bombay) the ASRS was 43.8% (for cases 

registered during 1992-1994 and followed until 1999; cases registered 

during 1995-1999 and followed until 2003), and in Karunagapalli 54.8% 

(for cases registered during 1991-97 and followed until 1999). The 

highest survival rate was observed in Chennai registry where the ASRS 

for cases registered during 1990-1999 and followed up until 2001 was 

60.2% (Sankaranarayanan 2011). 

The reported five-year observed survival of cervical cancer in 1995 for 

patients diagnosed during 1982-1989 was 34.4% with a relative survival 

of 38.3% in Bangalore, where the five-year observed survival for patients 

with stage 1 disease was 63.3% and for stage 4 disease 5.7% 

(Nandakumar, Anantha & Venugopal 1995). Survival rates were 
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decreasing with increasing age and stage of disease, and observed 

survival was 37.2% among literate and 33.8% among illiterate 

(Nandakumar, Anantha & Venugopal 1995). 

A hospital registry-based study among patients registered during 1984 

in Trivandrum showed an observed 5- year survival of 47.4%, where low 

socioeconomic status, poor performance status (not active or bedridden 

vs. active) and advanced stage of disease were predictors of survival 

(Sankaranarayanan et al. 1995).Women with poor socioeconomic status 

had an observed survival of 44.8%, whereas women with high 

socioeconomic status had an observed survival of 85.6%. Stage1 disease 

had a 69% survival whereas stage 4A had a survival of 29% 

(Sankaranarayanan et al. 1995). 

The five-year relative survival for cases registered during 1992-1994 in 

the population-based cancer registry in Mumbai was 47.7% with age and 

extent of disease being independent predictors of survival (Yeole et al. 

2004). The five-year observed survival reported by the Dindigul-

Ambillikai Cancer Registry (DACR) in rural Tamil Nadu was 35% for 

cervical cancer cases diagnosed in 2003 (Swaminathan et al. 2009). 

Whereas, the five-year observed survival for cervical cancer cases 

registered in Chennai urban PBCR during a period of 1990-99 was 54%, 

and the one of treated cases during 2000 to 2001 from hospital-based 

cancer registry (HBCR) was 62%. However, incidence rates in Chennai 

urban and Dindigul-Ambillikai rural registries were almost similar 

(Swaminathan et al. 2009). 

The above-mentioned studies show that there is not much variation in 

overall survival over a long period, and late stage diagnosis is the major 

determinant of poor survival. 

3.3 Natural history of cervical cancer 

3.3.1 The uterine cervix- anatomy 

Cervix is the lower one-third of uterus with about 3 cm in length and 2.5 

cm in diameter in cylindrical shape. Ectocervix (Portio or outer cervix) is 

the outer/distal part of cervix protruding to the vagina, and endocervix 

(Proximal or inner cervix) is the upper two-thirds of cervix lying 
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proximal to the vagina. Central opening of cervical canal to vagina is 

called external os and opening leading into uterus is called internal os. 

Cervical canal is the passage through the centre of the cervix from 

internal os to external os (Benedet 2000, WHO 2006). 

 

Source: (WHO 2006) 

Figure 7. The uterus and the cervix 

Squamous epithelium and columnar epithelium are both types of 

epithelium lining in the surface of the cervix. Ectocervix is normally 

covered by stratified squamous epithelium of increasingly flatter cells 

similar to those of the vagina, while endocervical canal is covered by 

columnar epithelium of tall mucus-secreting cells that extends outwards 

to a variable portion of the ectocervix. The squamocolumnar junction is 

the junction between squamous epithelium and columnar epithelium 

and it migrates from the periphery of the ectocervix inward towards the 

external os and finally to the distal cervical canal when age increases.  

The process by which the columnar epithelium is replaced by stratified 

squamous epithelium is termed as squamous metaplasia and the area 
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where this transformation takes place is referred to as the 

transformation zone (IARC 2005, WHO 2006). 

 

Source: (Sellors, Sankaranarayanan 2003) 

Figure 8. The Squamocolumnar junction and transformation zone of the cervix of a parous 
woman of reproductive age. 

3.3.2 The development of cervical cancer 

Stratified squamous cell epithelium protects cervix from toxic substances 

and infections. The transformation zone is the vulnerable spot in the 

cervix, targeted e.g by HPV. Induced by a persistent high-risk HPV 

infection and augmented by cofactors (like smoking, other infections, or 

trauma), the metaplastic squamous cells of the transformation zone 

become abnormal. They are called dysplastic cells and in a small 

proportion of women, these cells later undergo cancerous changes and 

may finally develop into squamous cell carcinoma (WHO 2006). 
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The four major steps in cervical cancer development are: high-risk 

HPV infection at cervical transformation zone, persistence of HPV 

infection, transformation of infected cells first to precancerous lesions 

and finally to invasive cancer (Schiffman et al. 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: (IARC 2005) 

Figure 9. Steps in the development of cervical cancer 

3.3.3 The HPV epidemiology 

3.3.3.1 HPV –The causal factor 

The recognition of cervical cancer as a rare outcome of long-term 

persistent infection with one of the common oncogenic type Human 

Papilloma Viruses (HPV) infection is an important discovery in human 
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cancer aetiology (Bosch et al. 2002).  In 1970’s, Harald zurHausen first 

postulated the role of human papilloma virus in cervical cancer 

(zurHausen 1997, zurHausen 2009). The continuous efforts of 

zurHausen and his colleagues resulted in identifying HPV subtypes 16 

and 18 in cervical specimens (Gissmannet al. 1984).  

At least fifteen out of more than hundred different types of HPV 

described so far are considered as carcinogenic or high-risk type, and 

persistent infection with one of such high-risk types of carcinogenic HPV 

causes virtually all cervical carcinomas (Shukla et al. 2009). Low-risk 

HPV types are usually associated with genital and skin warts which are 

benign in nature (Shukla et al. 2009). Luostarinen (2015) reported that 

joint effect of HPV16 and non-oncogenic HPV types were significantly 

smaller than anticipated excess risk, and suggest that low-risk types may 

even be protective (Luostarinen 2015). 

Table 8.  High- and low-risk HPV types 

 

Source: ( Munoz et al.2006) 

 

HPV16 is the major carcinogenic type observed in almost all parts of 

the world (Schiffman et al. 2007). HPV16 and HPV18 are responsible for 

about 70% of cervical cancers and about 50% of high-grade cervical 

precancers (Schiffman et al. 2007). Both HPV16 and HPV18 are 

associated with squamous cell carcinomas whereas HPV18 dominates in 

adenocarcinoma (Cuzick et al. 2008). About 90% of genital warts are due 

to low-risk type viruses HPV6 and HPV11 (Schiffman et al. 2007). 

Group  HPV types 

Established high-risk 16,18,31,33,35,39,45,51,52,56,58,59 

Probably high-risk 26,53,66,68,73,82 

Established low-risk 6,11,40,42,43,44,54,61,70,72,81, CP6108 
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3.3.3.2 Prevalence of HPV  

Prevalence of HPV in cervical specimens and in women with normal 

cytology has been reported from different populations in the world and 

there is considerable variation in the estimated prevalence of HPV in 

different populations (Bosch, de Sanjose 2007). A comparison of HPV 

prevalence in women with normal cytology, with cervical precursors and 

with cervical cancers in the world, in different continents and in India is 

given in Table 9 (WHO/ICO Information Centre on HPV and Cervical 

Cancer 2007). 

Table 9.  Prevalence of HPV in normal cytology, cervical precursors and cervical cancer in the 
world, in different continents and in India 

 

Region 

Prevalence of HPV (all type) in 
Prevalence of 
HPV 16/18 in 
cervical cancer 

Normal 
cytology 

Low-grade 
lesions 

High-grade 
lesions 

Cervical 
cancer 

World 10.0 71.6 84.9 87.2 70.1 

Africa 23.0 59.1 85.1 93.9 71.0 

Americas 15.6 75.8 83.9 89.0 70.7 

Asia 8.3 67.1 78 85.8 64.9 

Europe 6.6 69.2 88 85.8 73.7 

Oceania NA NA 95.8 88.4 77.5 

India 6.6 67.1 64 93.1 76.7  

Source: (WHO/ICO information on HPV and Cervical cancer 2007).  

 

HPV is present virtually in 100% of cervical cancers, and deviation in 

the prevalence is mainly explained by variations in the quality of the 
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specimens tested, and in the sensitivity of HPV detection assays (Bosch 

et al. 2008). When cancer tissue becomes necrotic it may be difficult to 

find any more HPV in the specimen. HPV negativity in low-grade 

cervical lesions may also be due to a spontaneous regression of HPV. It 

may be possible that CIN is not detected until productive HPV infection 

has already diminished and CIN has started to regress. In addition, cell 

changes that are not related to HPV can be misclassified as CIN. Another 

possibility is that viral load is too low to allow detection positivity 

(Gravitt et al. 2008). 

Prevalence of high-risk HPV infection in general population of India 

varied from 7% to 13% (Sankaranarayanan et al. 2008). Usually 

prevalence of HPV starts with a peak in younger ages and declines when 

age is increasing. But Indian data shows no clear peak in younger women 

and prevalence is almost constant across all age groups 

(Sankaranarayanan et al. 2008). Overall prevalence of high-risk HPV 

types in squamous cell carcinomas of the cervix in a study across India 

was 92.1% (Pillai et al. 2010). Overall prevalence of HPV16/18 was 79.6% 

but there was a regional difference in the prevalence of HPV 16/18 across 

India; 69% in Trivandrum to 87.1% in Kolkata (Pillai et al. 2010).  

3.3.3.3 Modes of transmission of HPV 

Transmission of genital HPV infections occurs mainly by skin-to-skin 

contact or mucosa-to-mucosa contact through sexual intercourse (Bosch, 

de Sanjose 2007). However a penetration is not a prerequisite for the 

transmission of the virus (Prendiville, Davies 2004). Risk factors for 

HPV infection among women are age at initiation of sexual intercourse, 

number of sexual partners and the likelihood that the sexual partner is 

an HPV carrier (Bosch, de Sanjose 2007). High-risk HPV infections have 

also been found in non-genital mucosa, such as in mouth, oropharynx 

and in conjunctiva (Bosch, de Sanjose 2007, Bosch, Qiao & Castellsagué 

2006). One study among 131 men, as part of the Finnish family HPV 

study, found that HPV16 was the most frequent genotype in persistent 

oral infection, and smoking was associated with increased risk for high-

risk HPV persistence in oral infections in men (Keroet al. 2014). 

Haukioja et al (2014) did a nested case-control study based on the 

Finnish Family HPV Study, in which women with persistent oral HPV 
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infection were cases and HPV DNA negative women were controls. The 

study also revealed that smoking is a risk factor for persistent oral HPV 

infections (Haukiojaet al. 2014). 

3.3.4 Classification of cervical cancer and precursors 

Most of HPV infections are transient in nature and cleared or suppressed 

by cell-mediated immunity within two years of exposure (Schiffman et al. 

2007). Persistent HPV infection along with cofactors produces abnormal 

appearance in metaplastic squamous cells of the transformation zone 

and cancer developed in this area is called squamous cell carcinomas, 

whereas adenocarcinomas develop from mucus-producing gland cells of 

the endocervix (WHO 2006).The histopathological classification of 

cervical squamous cell carcinomas, adenocarcinomas and precursors is 

given in Tables 10 and 11. 

Table 10.  Classification of squamous cell tumours and precursors 

Classification Definition ICD-O code  and synonyms 

Low-grade 
squamous 
intraepithelial 
lesion (LSIL) 

An intraepithelial lesion of 
squamous epithelium that 
represents the clinical and 
morphological manifestation of 
a productive HPV infection. 
Low grade refers to the 
associated low-risk of 
concurrent or future cancer 

8077/0 

Cervical intraepithelial neoplasia, 
grade1(CIN1);  

Mild squamous dysplasia; 

Flat condyloma;  

Koilocytotic atypia;  

Koilocytosis 

High-grade 
squamous 
intraepithelial 
lesion (HSIL) 

A squamous intraepithelial 
lesion that carries a significant 
risk of invasive cancer 
development if not treated 

8077/2 

Cervical intraepithelial neoplasia, grade2 
(CIN2); 

Cervical intraepithelial neoplasia grade 3 
(CIN3);  
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Moderate squamous dysplasia; Severe 
squamous dysplasia; Squamous cell 
carcinoma in situ (CIS) 

Squamous cell 
carcinoma (SCC) 

An invasive epithelial tumour 
composed of squamous cells 
of varying degrees of 
differentiation. 

 

Squamous cell carcinoma, 
NOS 

8070/3 

Keratinizing 8071/3 

Non-keratinizing 8072/3 

Papillary 8052/3 

Basaloid 8083/3 

Warty/condylomatous 8051/3 

Verrucous 8051/3 

Squamotransitional 8120/3 

Lymphoepithelioma-like 8082/3 

Source: (Kurman et al. 2014) 

 

Dysplasia, Cervical Intraepithelial Neoplasia (CIN) and Bethesda were 

the three classification systems used to classify pre-invasive 

abnormalities of cervical squamous epithelium (IARC 2005).  For 

example, Dysplasia system classifies histopathological pre-invasive 

abnormalities as mild, moderate and severe whereas cervical cytology 

uses a two-tiered Bethesda system such as low-grade squamous 

intraepithelial lesion (LSIL) and high-grade squamous intraepithelial 

lesion (HSIL). However, CIN uses a three-tiered classification system 

(CIN1, CIN2 and CIN3) for cervical histopathology.  Because these 

systems are quite confusing to clinicians, Waxman et al  (2012) (Lower 

Anogenital Squamous Terminology(LAST) Project) suggested to use a 

two-tiered system for histopathological lesions with classifications such 
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as low-or high-grade “squamous intraepithelial lesion”, which was quite 

similar to the one used for cervical cytology in Bethesda system 

(Waxman et al. 2012). The terminology recommended within the LAST 

project was parallel to cytology reporting, so it was recommended that 

health care providers should ensure whether the report they receive 

refers to a histopathologic specimen or to a cytologic specimen, for 

example histologic LSIL for CIN1 and histologic HSIL for CIN2-3 

(Waxman et al. 2012). 

CIN1 is in fact an intensive histopathological indicator of HPV 

infection and is not considered as a precancer. So, it is recommended to 

avoid the term CIN1-3 but to consider CIN1 and CIN2-3 separately. 

However, CIN2 is heterogenous and the likelihood of developing cancer 

is ambiguous. Sometimes non-carcinogenic types of HPV also produce 

CIN2. True precancers include histopathological diagnosis of CIN3, 

severe dysplasia or dyskaryosis, or carcinoma in situ (Schiffman et al. 

2007). Neoplastic, basaloid cells and mitotic figures occupy the lower 

third, the lower two-thirds, and the full thickness of the cervical 

squamous epithelium in CIN1, CIN2 and CIN3 lesions respectively (IARC 

2005). 

A study among women with six-month persistent HPV infection 

showed that the risk of developing CIN3+ is high among those with a 

persistent HPV16 and HPV33 with a hazard ratio (HR) of 26.8 and 25 

respectively as compared to non-oncogenic HPV infections. Conversely, 

persistent infections with HPV18, 31, 45 and other oncogenic infections 

showed a HR of 6, 9.8, 6.9 and 3.7 respectively when non-oncogenic 

HPV infections are the reference (Jaisamrarn et al. 2013). At the same 

time, chance of clearance was significantly lower among those women 

having persistent infection of HPV16 and 31 with a HR of 0.81 and 0.82 

respectively when compared to non-oncogenic HPV infections, whereas 

HPV18, 33, 45 and other oncogenic infections showed a 7%, 5%, 7% and 

4% less chance of clearance respectively (HRs are 0.93, 0.95, 0.93 and 

0.96 respectively) when non-oncogenic infections are the reference 

(Jaisamrarn et al. 2013). 

HPV infection is considered to be necessary for both squamous cell 

carcinoma and adenocarcinoma of cervix (IARC monograph 100-B 2007, 

Schiffman et al. 2007). About 94% of adenocarcinomas are associated 

with high-risk HPV types 18, 16 and 45, and many studies suggest that 
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type 18 is more common than type 16, which is in fact the opposite of 

squamous carcinoma (Kurman et al. 2014). 

It has been observed that squamous cell carcinomas constitute  

majority of cervical cancers in unscreened or poorly screened 

populations whereas compared to unscreened populations proportion of 

adenocarcinoma is increased (15-20%) in populations where efficient 

cervical cytology screening programmes are implemented (Schiffman et 

al. 2007). This may be due to the fact that cytology screening is more 

likely to identify squamous cell lesions than glandular lesions, since 

adenocarcinomas as a rule arise from the poorly sampled glands of the 

canal or from poorly recognised precursor lesions. HPV testing is likely 

to detect more adenocarcinomas and its precursors than cervical 

cytology screening (Schiffman et al. 2007).  

Pukkala et al (2010) reported a lack of association between 

adenocarcinoma and social class differences, and suggested that 

squamous cell carcinoma and adenocarcinoma may have at least partly 

different aetiologies (Pukkala, Malila & Hakama 2010). Bray et al (2005) 

reported that the age-adjusted incidence rate of adenocarcinoma has 

increased throughout Europe, and annual growth rate was ranging from 

0.5% in Denmark, Sweden and Switzerland to greater than 3% in 

Finland, Slovakia and Slovenia (Bray et al. 2005). 

Table 11.  Classification of glandular tumours and precursors 

Classification Definition ICD-O code and 
synonyms 

Adenocarcinoma in 
situ 

An intraepithelial lesion containing malignant-
appearing glandular epithelium that carries a 
significant risk of invasive adenocarcinoma if not 
treated 

8140/2 

High-grade cervical 
glandular 
intraepithelial 
neoplasia (HG-CGIN) 

Adenocarcinoma, 
NOS 

An invasive epithelial tumour showing glandular 
differentiation 

8140/3 

Endocervical 
adenocarcinoma, 
usual type 

The most common form of endocervical 
adenocarcinoma, with relative mucin depletion 

8140/3 
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Mucinous 
carcinoma, NOS 

A mucinous adenocarcinoma that cannot be 
classified as any of the specific types of cervical 
adenocarcinoma 

8480/3 

Mucinous 
carcinoma, gastric 
type 

A mucinous adenocarcinoma that shows gastric 
type differentiation 

8482/3 

Minimal deviation 
adenocarcinoma 

Mucinous 
carcinoma, intestinal 
type 

A mucinous adenocarcinoma that shows area of 
intestinal type differentiation 

8144/3 

Villoglandular 
carcinoma 

A variant of endocervical adenocarcinoma which 
shows a distinct exophytic villous-papillary growth 

8263/3 

Well differentiated 
villoglandular 
adenocarcinoma 

Mucinous 
carcinoma, signet-
ring cell type 

A rare adenocarcinoma that shows focal or diffuse 
signet-ring cell differentiation 

8490/3 

Serous carcinoma A rare adenocarcinoma of the cervix with an 
identical histological appearance to endometrial or 
adnexal serous carcinoma 

8441/3 

Mesonephric 
carcinoma 

An adenocarcinoma arising from mesonephric 
remnants 

9110/3 

Adenocarcinoma 
admixed with 
neuroendocrine 
carcinoma 

Tumours showing neuroendocrine differentiation 
in association with variants of cervical 
adenocarcinoma 

8574/3 

Source: (Kurman et al. 2014) 

 

Cervical cancers sometimes have features of both squamous cell 

carcinoma and adenocarcinoma. Such types of cervical cancers are rare 

and they are called adenosquamous carcinomas and behave like 

squamous carcinomas (American Cancer society 2013). It has its origin 

in columnar cells of the mucosa and is associated with the concurrent 

demarcation of reserved cells towards adenocytes and squamous cells, 

forming adenocarcinoma and squamous cell carcinoma together (Yan et 
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al. 2008). It was previously classified as a subtype of adenocarcinoma 

but it has lately been suggested to be considered as an independent 

pathological type since it is a clinicopathological factor that highly 

influences the prognosis (Yan et al. 2008). It was reported that 

adenosquamous carcinomas have a poor prognosis with advanced stage 

as compared to adenocarcinoma (Farley et al. 2003). 

3.3.5 HPV, host and environmental cofactors in the disease progression 

HPV infection is the necessary but not sufficient cause for developing 

cervical cancer. Most HPV infections are transient in nature and will get 

cleared within two years of exposure (Bosch et al. 2002). The duration 

between HPV infection and development of cervical precursors may be 

less than five years (Bosch et al. 2002). Disease progression is associated 

with factors related to HPV, host, and environmental or exogenous 

cofactors (WHO 2006, Munoz et al. 2006, Bosch, de Sanjose 2007) as 

well as with socioeconomic status (de Sanjose et al. 1997, Franceschi et al. 

2009). 

3.3.5.1 HPV and host-related cofactors  

HPV-related cofactors such as HPV type and viral load are important 

factors which determine viral persistence and progression (Munoz et al. 

2006). Immature cervix during adolescence and early pregnancy is more 

susceptible to persistent HPV infection because of augmented steroid hormonal 

influence on HPV infection and on host’s immune response to HPV (Louie et al. 

2009). Due to high parity the transformation zone remains on the ectocervix for 

many years contributing to the persistence of the HPV infection (Munoz et al. 

2006). In developing countries, early age at first sexual intercourse and early 

pregnancy are strong correlates and both show similar risk estimates (Louie et 

al. 2009). Though there is no convincing evidence for the role of diet and 

nutritional factors in the progression of cervical cancer, some evidence exists on 

the protective role of antioxidant nutrients in cervical carcinogenesis (Munoz et 

al. 2006). It is also reported that overweight women have a higher chance of 

developing adenocarcinoma (American Cancer society 2013). 
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3.3.5.2 Environmental or exogenous cofactors 

A linear dose-response relationship between oral hormonal 

contraceptives (OC) and progression of cervical cancer is suggested but 

risk of cervical cancer is reduced within 5-10 years after stopping the use 

of OC (Bosch, de Sanjose 2007). Through progesterone-receptor 

mediated mechanism, estrogens or progestagens advance HPV gene-

expression in the cervix and hormone-response elements in the viral 

genome lead to persistent HPV infection and progression of disease 

(Munoz et al. 2006). One recent study in Australia showed that 6.5% of 

cervical cancers occurred in Australia in 2010 was attributed to current 

use of combined oral contraceptives (Jordan et al. 2015). In a review by 

the International agency for Research on Cancer in 2008, it was reported 

that there is sufficient evidence to show that use of combined oral 

contraceptives causes cervical cancer (IARC working group on the 

evaluation of carcinogenic risks to humans 2012).   

Tobacco by-products absorbed by lungs will reach cervical mucus 

through blood stream and damage the DNA of cervical cells (American 

Cancer society 2013). Hence, smoking is an important cofactor in disease 

progression by reducing immunoresponse of cervical cells and helps to 

sustain HPV infection (Munoz et al. 2006). The joint effect of smoking 

and OC use on the risk of cervical cancer was analyzed in a study done 

among Korean women and found that the combined use of OC and 

smoking synergistically increased the risk of CIN2 or CIN3 (Young oh et 

al. 2016). 

HIV infection leads to an immunocompromised state, and cervical 

cancer in a HPV-infected woman is considered to represent Acquired 

Immune Deficiency Syndrome (AIDS). HIV significance highlights the 

importance of host’s immunological cofactors in disease progression 

(Munoz et al. 2006). Those women who are being treated for an 

autoimmune disease are also at risk (American Cancer society 2013). 

Joshi et al (2014) studied prevalence of HPV in 1109 HIV-infected 

women in India and reported that prevalence of any type of HPV was 

44.8% and high-risk type was found in 41% of HIV-infected women. 

High-risk HPV was detected in 73.5% of HIV-infected women with 

cervical neoplasia and 37.6% of women without cervical neoplasia (Joshi 

et al. 2014).  In an earlier study, Joshi et al (2005) also reported that the 

incidence of Pap smear abnormalities in HIV-infected women was 5.5 
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per 100 person-years (Joshi et al. 2005). Based on the available 

literature, Sahasrabuddhe and Makhija (2005) reported that HIV-

infected women are at two to five times’ higher risk for developing 

cervical precursors and cervical cancer as compared to uninfected 

women. They also cited that Highly Active Anti Retroviral Therapy 

(HAART) can increase the risk of prolonged exposure to HPV 

oncoproteins. Women who are at treatment are also at higher risk, and 

thus need to be screened at frequent intervals (Sahasrabuddhe, Makhija 

2005). 

Table 12.  HPV, host and environmental related cofactors in the disease progression 

Cofactors Description 

HPV-related cofactors Specific type of HPV infection 

Co-infection with other oncogenic HPV types 

HPV variants, viral load and viral integration 

Host related cofactors Genetic factors, 

Factors related to immune system 

Endogenous hormones 

Age at first sexual intercourse 

Early pregnancy 

Parity ( Five or more full term pregnancies) 

Diet and nutrition 

Number of sexual partners 

Number of spouse’s sexual partners 
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Environmental/Exogenous Long-term use of oral or other hormonal contraceptives( for five 
or more years),  

Tobacco smoking, 

Co-infection with HIV or other sexually transmitted diseases 
such as Chlamydia Trachomatis (CT) and Herpes Simplex 
Virus type 2 (HSV-2). 

Sources: (Munoz et al. 2006, WHO 2006, Bosch & de Sanjose.2007) 

 

3.4 Role of socioeconomic factors in the pathway of cervical cancer 

3.4.1 Acquisition of HPV infection 

Drolet et al (2013) illustrated a conceptual framework for different 

pathways linking socio-demographic characteristics with HPV-related 

conditions and cervical cancer. They explained that behavioural risk 

factors are connected to socioeconomic factors as well as HPV-related 

conditions or cancer (Drolet et al. 2013). A study done by Sanjose et al 

(1997) also showed that social differences are connected with HPV 

infection and the development of cervical cancer (de Sanjose et al. 1997). 

Varghese (2000) reported socioeconomic determinants of HPV 

infection in Trivandrum district, Kerala state of India, where HPV 

prevalence was found to be significantly lowered among Muslim women 

and those who had higher socioeconomic status (SES). Poor genital 

hygiene and promiscuous behaviour of husband were significantly 

associated with HPV infection in women. In fact living standards and 

hygienic practises were strong correlates of socioeconomic status 

(Varghese 2000).  

Rahman et al (2013) also identified behavioural as well as 

socioeconomic risk factors associated with HPV infection among 

gynaecologic outdoor patients. Early sexual activity, total duration of 

sexual activity in years, long-term use of oral contraceptive pills, 

multiparity, low level of education and poor socioeconomic condition 
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were identified as risk factors for HPV infection in this study (Rahman, 

Tabassum & Jahan 2013).  

Khan et al (2005) found that SES indicators such as low level of 

education, race/ethnicity, and source of medical care were not 

significantly related to HPV infection when analysis was adjusted for risk 

factors such as age, sexual behaviour, study centre and smoking status. 

The study suggested that the higher prevalence was associated with 

behaviour rather than SES (Khan et al. 2005). But this study was done in 

USA where the socioeconomic status of women is better than in low- and 

middle-income countries. In addition, women with low education, being 

black, and having no insurance were at a significant high risk for getting 

HPV infection while the three variables were adjusted for each other. 

Black women and women with no insurance retained the risk when age 

at enrolment was added to the model. But the risk of socioeconomic 

factors were diminished when results were adjusted for sexual behaviour 

(recent and life time number of sexual partners categorised into: 0 recent 

and 0-2 lifetime; 0 recent and >=3 lifetime; 1 recent and 1-2 lifetime; 1 

recent and >=3 life time; 2 recent and 2 lifetime; >=2 recent and >=3 life 

time) (Khan et al. 2005). It can be over-adjustment since variables age at 

enrolment and sexual behaviour are highly correlated and in fact, 

variables race and source of medical care were significantly related with 

HPV infection. 

A Tanzanian study revealed that women who did not have formal 

education were less aware about precautions to be taken for safe sex and 

this led to higher risk for acquiring high-risk HPV infection. The study 

also explained the protective behaviour of married women compared to 

single women in the acquisition of HPV infection since the married 

women were less likely to have multiple sexual partners. However, the 

behaviour of husbands with unprotected sex or multiple sexual partners 

will diminish this protection (Kahesa et al. 2012). 

A study among high socioeconomic status group of women in Seoul, 

Republic of Korea found prevalence of HPV infection to be associated 

with age, level of education and number of children, among which low 

age was the strongest determinant of HPV infection with an inverse 

relationship between age and high-risk HPV infections (Kim et al. 2012). 

In a US study on risk factors for HPV infection among American Indians 

and White women, young people and those who smoke had higher risk 
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for HPV infection in American Indians whereas women with high 

number of sexual partners showed high-risk in white women (Bell et al. 

2011). Authors suggested that risk factors for HPV infection differed 

between communities and that they could be attributed to the differences 

in the behavioural risk factors associated with socio-cultural differences 

in communities (Bell et al. 2011). These studies support the fact that 

socioeconomic status plays an important role in the acquisition of HPV 

infection by correlating with behavioural risk factors.  

3.4.2 Disease progression 

Franceschi et al (2009) suggested that the association between 

socioeconomic factors and cervical cancer risk is mediated by the higher 

prevalence of inadequate screening, high parity and possible high-risk 

sexual behaviour among women with low SES. The study also suggested 

that the high-risk for cervical cancer associated with low SES may not be 

connected with the excess of HPV prevalence, but rather with early events in a 

woman’s sexually active life (e.g. early initiation of sexual activity, early 

pregnancy) that may modify the chance of disease progression (Franceschi et al. 

2009). 

A meta-analysis done by Parikh, Brennan and Bofetta (2003) showed 

a 100% increased risk for cervical cancer among low social class 

categories compared to high social class categories. They identified that 

association between SES and cervical cancer risk was mainly due to the 

strong correlation between SES and the chance of a woman to get 

screened (Parikh, Brennan & Boffetta 2003). A Canadian study supports 

the hypotheses that some women may have greater risk for cervical 

cancer due to the behavioural risk factors such as factors related to 

sexual activity even though the participation in screening was similar 

among all groups of women (Drolet et al. 2013). A South-Indian study on 

the role of paan chewing (paan is a preparation of betel leaf, areca nut 

and tobacco, which is commonly used in rural communities) and dietary 

habits in the risk of cervical cancer identified that paan chewing, low 

level of education, occupation in farming, low intake of vegetables and 

fruits, and low weight were associated with the risk of cervical cancer. In 

fact, these factors are possible correlates of socioeconomic status also 

(Rajkumar et al. 2003).  
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A study in Tanzania, one of the countries where cervical cancer 

incidence is very high, showed a higher rate of VIA positivity among 

widowed/separated women and they were at a higher risk of developing 

cervical cancer (Kahesa et al. 2012). High parity, low level of education 

and marriage at younger age were other significant factors associated 

with VIA positivity. The study suggests that widowed/separated women 

have higher chance of having a large number of lifetime sexual partners 

compared to other groups of women in their community and that it will 

contribute to a higher risk of developing cervical cancer among them 

(Kahesa et al. 2012). 

In another study among women with high-risk HPV infection, level of 

education was inversely associated with the risk of developing CIN3 even 

after results were adjusted for screening and follow-up statuses and 

other risk factors for oncogenic HPV infection (de Sanjose et al. 1997, 

Khan et al. 2005). Also it was reported that women with no schooling 

had three to five fold higher risk of cervical cancer compared to women 

with higher educational level in Spain and Columbia (de Sanjose et al. 

1997).  

Hence, the low SES group had a high background risk for acquiring 

and persisting with HPV infection. In addition, absence of adequate 

screening practices put them at higher risk of developing cervical cancer. 

Figure 10 illustrates the role of socioeconomic factors in connection 

with behavioural and other cofactors in the development of cervical 

cancer. 
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Figure 10. Role of socioeconomic factors in the development of cervical cancer 

HPV-
related 
cofactors

Socioeconomic factors: Low 
level of education, occupation 
with low wages, no personal 
income and poor living standards 

Behavioural risk factors: 
Early age at first sexual 
intercourse, less skills to 
negotiate for sex/safer 
sex, more number of 
sexual partners, poor 
hygiene, and unhygienic 
sexual practices. 

Higher chance of 
acquiring HPV infection 

Higher chance to persist 
with HPV infection 

Other cofactors: Early 
pregnancy, High parity, Smoking, 
Low nutritional status 

Higher chance to 
develop cervical cancer 

Inadequate screening 
practices

Environmental 
cofactors 

Errata
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3.5 Components of cervical cancer control 

Components of cervical cancer prevention and control activities include 

health education in the community, social mobilization, vaccination, 

screening, diagnosis, treatment and palliative care (WHO 2006). 

3.5.1 Primary prevention 

HPV infection is the most common sexually transmitted viral infection in 

the reproductive tract and the peak time for infection is soon after the 

initiation of sexual activity. Almost all sexually active individuals can be 

infected with HPV at least once in their lifetime and someone may be 

infected repeatedly (WHO 2006). HPV infection alone is not a sufficient 

cause and cofactors play an important role in the development of cervical 

cancer (de Sanjose et al. 1997, WHO 2006, Munoz et al. 2006, Bosch, de 

Sanjose 2007, Franceschi et al. 2009). This helps to implement many 

preventive actions that can be taken against HPV infection and 

development of disease. Health education on genital hygiene, risk of 

tobacco use and male circumcision; sexuality education to boys and girls 

appropriate to their age and culture; improvements in living standards; 

and condom promotion are some of the preventive actions that can be 

taken against HPV infection (Varghese 2000, WHO 2006). Prophylactic 

HPV vaccines targeting adolescent girls (and boys) prior to initiation of 

sexual activity is a promising primary prevention initiative (FIGO 2009).  

3.5.1.1 Health education and Changes in the community 

Shefered et al (2000) did a systematic review for studying effectiveness 

of health education in reducing sexual risk behaviour among women. 

They identified 30 studies out of which 10 showed significant reduction 

of sexual risk behaviour among women for 3 months after the 

intervention. Interventions were mainly aimed to promote safer sexual 

behaviour by reducing number of partners and delaying first intercourse, 

given up or deterring from smoking and developing sexual negotiation 

skills (Shepherd et al. 2000). However, they noticed that none of the 

studies reviewed were specifically aimed at promoting reduction in 
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sexual risk behaviour within the context of cervical cancer but all were 

about sexually transmitted infections such as HIV. Hence, they 

recommend promoting information that sexual risk reduction has a 

protective influence on a variety of disease conditions including cervical 

cancer, which will be potentially useful in public health educational 

activities (Shepherd et al. 2000). 

Perkins et al (2007) showed how a community-based education 

programme using radio broadcasting changed the level of knowledge and 

the screening behaviour of Honduran women within the context of 

cervical cancer. The study showed that if educational programmes are 

organised by utilizing such existing resources, expenses will be very low 

but effect will be very high (Perkins et al. 2007). Reproductive and child 

health programmes are very good sources that can be utilised for 

educating public about cancer prevention (Das, Patro 2010). Television, 

radio, newspapers and magazines can also make positive change in 

prevention efforts with cancer (Das, Patro 2010). 

In his study Varghese (2000) noted that 40.6% of HPV infections 

were attributed to socioeconomic status of women, 14.2% to the genital 

hygiene of the couple, and only 2.3% to promiscuity of women (Varghese 

2000). Also it was reported that cervical cancer patients in India had 

very poor living conditions. Senapathy et al (2011) cited from Vallikad et 

al (1998) that about 25% of cervical cancer patients were taking bathes 

only once in a week, and 77% of women did not have latrine facilities in 

their households (Senapathy, Umadevi & Kannika 2011). These results 

reveal the importance of improving living conditions and hygienic 

practices through health education and progress of socioeconomic status 

in the community to reduce cervical cancer burden (Varghese 2000).   

Condoms cannot ensure full protection against the infection because 

HPV can be present throughout vaginal and anal areas, however condom 

promotion will protect women from other STI’s and to some extent from 

HPV infection (Alliance for Cervical Cancer Prevention (ACCP). 2004). 

Shefered et al (2000) pointed out the relevance of implementing 

interventions targeting women to make them enable to negotiate safer 

sex with their sexual partners because women most often have lack of 

power in sexual decision making, which forbids them from adopting 

preventive sexual behaviour (Shepherd et al. 2000). Agurto et al (2005) 

also pointed out that women should develop ability to make decisions 
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about their reproductive health and it can enhance their prevention 

behaviour (Agurto et al. 2005). Also the self-denial of women from 

taking early action on their health care needs should be changed 

(Senapathy, Umadevi & Kannika 2011). 

Gender inequalities diminish primary prevention efforts in developing 

countries by influencing availability and accessibility to women’s health 

services. Gender norms encourage men to have sex with many partners 

and older men to have sexual relationship with younger women. Also 

lack of knowledge, inability to negotiate for sex/safer sex and cultural 

demands for being married at younger ages lead young girls in 

developing countries to be at high-risk for acquiring HPV and other 

sexually-transmitted infections (Miller 2013). The educational 

programmes should focus on spreading messages to reduce the high-risk 

sexual behaviours, to limit the number of sexual partners, to encourage 

sexual hygienic practices and to delay age at first sexual intercourse. Also 

it should give information about the disease, its signs and symptoms, the 

need to be tested and treated if any disease/pre-disease is detected at 

testing because at community level most women and men are unaware 

about such things (Miller 2013).Recruiting specially trained experts to 

support prevention initiatives and the use of alternative providers in 

primary care facilities will be a promising solution to the challenge of 

prevention activities (Miller 2013). Hence in general, health education 

especially focusing on the need of reducing sexual risk behaviours and 

motivating hygienic practices of couples, empowerment of women, 

legislation and societal changes, can play a major role in primary 

prevention of cervical cancer in developing countries. 

3.5.1.2 HPV vaccination 

Currently available prophylactic HPV vaccines are targeting young 

adolescent girls (and boys e.g. in Australia) of age between 9 and 13 years 

prior to the initiation of sexual activity. HPV vaccination can also be used 

with girls or women to get type-specific protection from HPV in women 

who are not already infected with those specific types of HPV (FIGO 

2009). However, studies showed that protection is diminishing with 

increasing age of vaccination. Moreover, HPV vaccination is not 

recommended during pregnancy though adverse events have not been 
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reported (FIGO 2009). HPV vaccines are not therapeutic and infection 

cannot be treated with HPV vaccines. Currently quadrivalent and 

bivalent prophylactic HPV vaccines are available (FIGO 2009). In 2014, 

the US Food and Drug Administration approved a nonavalent vaccine 

containing HPV 6, 11, 16, 18, 31, 33, 45, 52 and 58 antigens (Herrero, 

Gonzalez & Markowitz 2015). 

Characteristics of the three vaccines are given below. 

Table 13.  Characteristics of HPV vaccines 

 Quadrivalent vaccine Bivalent vaccine Nonavalent vaccine 

Manufacturer Merck Glaxo Smith Kline Merck 

Trade name Gardasil® ( or Silgard ®) CervarixTM Gardasil 9 

Protection 

against 

HPV 16, 18, 6 and 11 HPV 16 and 18 HPV 6, 11, 16, 18, 

31, 33, 45, 52 and 58 

Dosage  3 doses 3 doses 3 doses 

Schedules Two months between 

doses 1&2 

Six months between 

doses 1&3      

(0,2,6) 

One month between 

doses 1&2 

Six months between 

doses 1&3 

(0,1,6) 

Two months 

between doses 1&2  

Six months between 

doses 1&3  

 (0,2,6) 

Vaccines should not be frozen, but stored and transported at 2-8 degree Celsius. 

Source: (FIGO 2009, Herrero, Gonzalez & Markowitz 2015) 

 

Herrero et al (2014) describe in their paper the current status of 

development and implementation of HPV vaccine in the world. They 

report that the three-dose vaccination provides 90-100% protection 

against HPV 16 and 18 in women aged 15-26 years who were not infected 

at the time of vaccination. Vaccines are also efficient to give protection 
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from HPV 16 and 18 in other anatomical sites in both males and females 

(Herrero, Gonzalez & Markowitz 2015). The WHO has two dose vaccine 

(given at 0 and 6 month or 0 and 12 month) for those starting vaccine 

before 15 years of age, based on evidence from many clinical trials that 

two doses of HPV vaccine in 9-14 years old younger adolescents 

produced similar or higher immune response than responses in 16-26 

years old adults who received three doses of HPV vaccine 

(Sankaranarayanan 2015).  

Currently HPV vaccination is established in national health 

programmes of more than 57 countries in the world. UK and Australia 

were the first two countries where HPV vaccination was licensed and 

achieved a good coverage. UK introduced bivalent vaccine for girls 

through school-based immunisation programme in 2008 and in 

Australia the programme was started in 2007 using quadrivalent vaccine 

through school-based vaccination for girls and extended for boys in 

2013. HPV vaccination was introduced in USA in 2006 for girls and in 

2011 for boys. Panama and Mexico were the first two middle-income 

countries to introduce HPV vaccination in their immunization 

programmes whereas Bhutan and Rwanda were the first two low income 

countries to introduce HPV vaccination nationwide. Since most countries 

started vaccination through school-based programmes, girls who do not 

attend schools in low- and middle-income countries need special 

attention (Herrero, Gonzalez & Markowitz 2015).  

A recent study on health system experience with HPV vaccine 

implementation in low- and middle-income countries suggested that 

challenges of HPV vaccination in low- and middle-income countries are 

sociocultural, related to health system and its logistics, and political 

(Wigle, Coast & Watson-Jones 2013). Sociocultural challenges include: 

lack of knowledge of HPV and its relation to cervical cancer; societal 

values and stigma; parental concerns of side effects and vaccine safety; 

target age and group; and community sensitisation and advocacy. 

Infrastructure and human resources; financing mechanism and cost of 

the vaccine; reaching out-of-school girls; and delivery strategies were few 

of health system and logistical challenges associated with 

implementation of vaccination in low- and middle-income countries. 

Lack of political will; involvement and coordination of diverse 

stakeholders; competing health priorities; and evidence-based decision 
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making were the major political challenges identified (Wigle, Coast & 

Watson-Jones 2013). 

The low-resource countries can introduce HPV vaccine only if the cost 

of the vaccine is significantly reduced. Garland et al (2008) suggested 

that the efficiency of the vaccine will be lower than assumed: if 

vaccinated girls were previously infected with HPV types 16 and/or 18; if 

vaccine-induced immunity is less robust among individuals with other 

diseases like HIV; and/or if there is warning of vaccine-induced 

immunity. The reproach or negative campaign will influence the 

adherence to vaccination and reduce the effectiveness in the population. 

On the contrary, benefits will be more than assumed: if vaccine provides 

cross-protection against HPV types other than 16/18; if unvaccinated 

girls benefitted by acquiring herd immunity; and/or if vaccine prevents 

other non-cervical HPV 16/18 related cancers and diseases (Garland et 

al. 2008). 

3.5.2 Secondary prevention 

The development of cervical cancer usually takes several years, for 

instance the peak incidence of infection, the incidence/detection of 

CIN3, and the incidence of cervical cancer occur at about the ages of 

twenties, thirties and forties of women respectively. This allows detecting 

and treating precursors very early and preventing disease (Cuzick et al. 

2008). Early diagnosis and screening are in fact two components of early 

detection. In early diagnosis early cancer will be identified and treated 

when having a better prognosis and will reduce mortality if the 

programme is effective. But in screening, pre-cancers will be identified 

before they progress to cervical cancer and effective screening can reduce 

both incidence and mortality (Miller 2013). 

Selecting a screening test is based on the effectiveness (sensitivity and 

specificity) of the test in the target population (Miller 2013). However 

performance of the test alone is not sufficient to determine the success of 

a screening programme. Screening is a process with many components 

that need attention if it has to be effective. Compliance with screening, 

rate of screen detection, referral system for individuals with a positive 

screening test, screen positive with treatment and ratio of prevalence and 

incidence are some of them (Miller 2013). 
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3.5.2.1 Cytology screening 

Well-established cytology screening programmes in high-resource 

environments have been proven to be effective but high-quality cytology 

is expensive and not affordable to low-resource settings with inadequate 

health care infrastructure (Cuzick et al. 2008). Initiation of cytology 

screening would be appropriate at ages between 21 and 25 where 

resources are available and at age of 35 in low- and medium-resource 

countries. The interval between two cytology screenings would be 

according to regional standards, better not longer than five-years in 

women under the age of 60. It is cost effective when infrastructure is 

available and when population at highest risk for the disease is the target 

(Cuzick et al. 2008, FIGO 2009). 

3.5.2.2 HPV testing 

HPV testing is suggested as the most sensitive screening test for high-

grade lesions and cancer (Cuzick et al. 2008). It is high throughput, 

objective, reproducible and robust. Sub-optimal specificity may lead to 

increased number of referrals for further evaluation. It is cost-effective 

for primary screening for women over 30 years old and for triage of 

abnormal cytology in younger women. It is currently expensive but the 

establishment of a low cost, simpler and faster HPV test without 

laboratory requirements will be beneficial for low-resource settings 

(Cuzick et al. 2008, FIGO 2009). 

3.5.2.3 Visual screening 

Visual inspection with acetic acid (VIA), magnified visual inspection with 

acetic acid (VIAM), and Visual inspection with Lugol’s iodine (VILI) are 

the visual screening methods among which VIA is the most studied, 

feasible and acceptable (Sankaranarayanan et al. 2005). VIA also is 

termed as direct visual inspection or acetic acid test or cervicoscopy that 

involves naked eye examination of cervix using a speculum and a bright 

halogen lamp, one to three minute after the application of 3-5% acetic 

acid using cotton swab or a spray (Saxena,Sauvaget & Sankaranarayanan 
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2012). A faint, dull or dense acetowhite lesion in cervix abetting the 

squamocolumnar junction (SCJ)  or the external os or a cervical growth 

turning acetowhite one minute after the application of acetic acid is 

considered as test positive (Sankaranarayanan et al. 2007). Digital 

cervicography is an adjunct to VIA, which involves digital photography of 

the cervix after application of acetic acid. It allows magnified 

visualization of surface morphology. In addition, it facilitates 

telemedicine support and quality assurance of screening by sending it to 

a specialist for interpretation (Bateman et al. 2014) 

VIA is a low-cost method using low technology and suitable for low-

resource settings. Another advantage is that the mid-level providers can 

also be trained for doing VIA and cryotherapy, and it can be integrated 

with existing health programmes. It has been demonstrated that once in 

a life time screening with VIA can reduce the risk of cervical cancer by 

one-third (FIGO 2009). However VIA screening serially at five-year 

intervals is suggested to be the best (Sherris et al. 2009). Like other 

screening programmes, effective training and quality assurance are 

essential components of success of VIA screening programme. Because 

of its subjectivity and low specificity, there is higher chance of over-

treatment if the inspection is not carefully and consistently supervised 

and monitored and the providers are frequently retrained by master 

trainers in competency based training programmes (Sherris et al. 2009). 

The optimum age for a single VIA screening to achieve maximum public 

health impact is 30-39 years, and VIA has limitations on 

postmenopausal women (Sherris et al. 2009). 
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Table 14.  Infrastructure and procedures - a comparison of the three screening methods 

 Conventional cytology HPV DNA testing Visual inspection 
with Acetic acid 
(VIA) 

Infrastructure Laboratory based Laboratory based Not laboratory 
based 

Availability of 
results 

Not immediately 
available 

Not immediately 
available 

Immediately 
available 

Procedure  Cytotechnicians examine 
the sample of cervical 
cells taken by the 
provider. 

Molecular testing for 
HPV-swab taken by 
the provider or the 
woman herself 

Trained provider 
examines the cervix 
after application of  
vinegar(acetic acid) 

Number of 
visits 
required 

Two or more Two or more Can be  used in 
single visit (Screen 
and treat) 

Sources: (WHO 2006, FIGO 2009) 

3.5.2.4 Colposcopy 

Colposcopy is an intermediate step between screening and diagnosis of 

cervical abnormalities. Colposcope is used for magnified visual 

examination of the cervix to help in the diagnosis of cervical 

abnormalities (Sellors, Sankaranarayanan 2003). Colposcopy is advised 

when suspicious looking of cervix, low- or high-grade CIN or invasive 

carcinoma on cytology, low-grade CIN persists for more than 12-18 

months, persistently unsatisfactory quality on cytology, infection with 

high-risk HPV and/or positive on VIA/VIAM/VILI (Sellors, 

Sankaranarayanan 2003). 

3.5.2.5 Diagnostic accuracy of Pap smear, HPV and VIA screening tests 

Sauvaget et al (2011) did a meta-analysis of 77 cross-sectional studies 

from 1990 to 2009, and  reported  a range of sensitivity of 14-95% and 

specificity of 14-98%  for VIA to detect CIN2 or worse lesions with a 
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pooled sensitivity and specificity of 80% and 92% respectively (Sauvaget 

et al. 2011).  Sankaranarayanan et al (2012) reported that in most 

settings sensitivity of VIA to detect CIN2-3 and invasive cancer varied 

from 31-95% and the specificity varied from 49-97% (Sankaranarayanan 

2012). 

Basu et al (2015) evaluated the diagnostic accuracy of VIA and HPV 

test in a demonstration project in India and reported a sensitivity of 61% 

(95% CI: 54.3-67.6) and specificity of 93.4% (95%CI: 93.1-93.6) for VIA 

to detect CIN2 or worse outcome. HPV test has a sensitivity of 64.4% 

(95% CI: 57.6-71.0) and specificity of 97% (95% CI: 96.8 -97.1) to detect 

CIN2 or worse outcome (Basu et al. 2015). Indian studies of HPV testing 

have consistently reported lower cross-sectional sensitivities for HPV 

testing than elsewhere which could be due to deficiencies in the accuracy 

of reference standard investigations like colposcopy and histopathology 

or inconsistencies in HPV testing methods. However to detect CIN3 or 

worse outcome HPV test has a significantly higher sensitivity than VIA 

(91.2 vs. 67.9) (Basu et al. 2015). 

Agorastos et al (2014) compared diagnostic accuracy of HPV test and 

cytology screening in a population of Greek women (Agorastos et al. 

2015). They reported a higher sensitivity for HPV test (100% vs. 53.7%) 

but a slightly lower specificity (90.3% vs. 96.8%) as compared to cytology 

for identifying CIN2 or worse lesions (Agorastos et al. 2015). Malila et al 

(2012) reported similar test sensitivity for HPV and Pap test as 87% and 

93% respectively for detecting cervical cancer, but HPV test has more 

over-diagnosis than Pap test (Malila et al. 2013). 

A meta-analysis by Kolipoulos et al (2007) compared the accuracy of 

HPV testing to cytology in the detection of high-grade intraepithelial 

neoplasia. The study showed that sensitivity of HC2 (Hybrid Capture 2) 

in detecting CIN2+ is clearly superior to PCR (Polymerase Chain 

Reaction), conventional and liquid cytology with a pooled sensitivity of 

90% (95% CI: 86.4-93.7), 80.9% (95%CI: 70-91.7), 72.7% (95% CI: 63.9-

81.5) and 73.8% (95% CI: 62.9-84.7) for HC2, PCR, conventional and 

liquid cytology respectively. But the specificity of HC2 was low compared 

to PCR, conventional and liquid cytology with a pooled specificity of 

86.5% (95%CI: 83.1 -89.8), 94.7% (95%CI: 92.5 – 96.9), 91.9 % (95%CI: 

90.2-93.6) and 96 %( 94.8-97.2) respectively. Also for detection of 

CIN3+, HC2 showed the highest sensitivity (85.1%) but specificity was 
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more or less similar with PCR, conventional and liquid cytology (90.4 %, 

88.8%, 89.8%, and 92.9% respectively) (Koliopoulos et al. 2007). 

HPV test detects infection with oncogenic type HPV but it is unsure 

whether the infection will persist or result in high-grade lesion. 

Therefore, there is a higher chance of over-treatment and the test is not 

preferred for women under the age of 30 since the vast majority of 

infections in younger women will regress spontaneously (Miller 2013). 

VIA will identify cervical lesion but we cannot determine only with test 

result whether it is CIN or something else. However, it provides the 

option of an immediate treatment. For both HPV and VIA, there is likely 

to be over-treatment, however it is not proven to be harmful (Miller 

2013). 

3.5.2.6 Screen and treat policy for low-resource settings 

Inaccessibility to health care facilities is one of the major issues of 

women of most developing countries. Women may not be able to leave 

their home to access health care facilities located far away from their 

homes, and they may not have money to meet expenses for their travel 

(Elit et al. 2011). Hence the requirement of multiple visits for health 

seeking leads to nonadherence to further investigations, treatment and 

follow-up. The screen and treat policy ensures maximum compliance 

with diagnosis and treatment in a single visit itself (Sankaranarayanan et 

al. 2007). A single visit approach of VIA combined with cryotherapy is 

well established as safe, acceptable, feasible and cost-effective method 

for the prevention of cervical cancer in low-resource settings 

(Sankaranarayanan et al. 2007, Wesley et al. 2013, Sauvaget, Muwonge 

& Sankaranarayanan 2013). 

There are in fact various approaches to the management of women 

positive for VIA (Sankaranarayanan 2012). The first one is to provide 

immediate treatment with cryotherapy in the same sitting. The criteria to 

provide cryotherapy is described in section 3.5.2.7.  Treatment is based 

on findings of VIA and lesions that cannot be treated with cryotherapy or 

invasive cancers will be referred for further investigations and treatment 

(single visit screen and treat). Second approach is VIA with colposcopy 

triage, there would be a colposcopic evaluation of VIA positives and 

treatment is based on colposcopic findings. In the third VIA approach, 
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colposcopic triage and histological sampling by direct biopsies from 

abnormal areas will be done. Treatment will be based on colposcopic 

findings and later confirms the histological diagnosis. Fourth option is 

magnified visual inspection (VIAM) using a 2-5 X hand-held lens and 

provides cryotherapy after histological sampling, and later confirms the 

histological diagnosis. The fifth option is colposcopy triage with 

histological sampling and treatment is based on histological 

confirmation (Sankaranarayanan 2012). 

In most research settings and in some programmatic settings (e.g. 

mostly in Asia in countries such as India, Bangladesh and Nepal) 

colposcopy is used for triaging VIA positives in screen and treat policy. 

Acetopositivity in VIA is one of the indications for colposcopy (Sellors, 

Sankaranarayanan 2003). Colposcopy suggestive of low-grade (CIN1) or 

high-grade (CIN 2-3) cervical intraepithelial neoplasia or invasive cancer 

is considered as positive. See and treat involves colposcopy directed 

biopsy followed by treatment with cryotherapy for women with 

colposcopic impression of low- or high-grade CIN lesions (Sellors, 

Sankaranarayanan 2003). 
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Figure 11.  Screen and treat strategy using VIA 

Not eligible for 

cryotherapy 

 

VIA 

Negative Positive 

Rescreen every 3-5 years Refer to appropriate diagnosis and 

treatment 

Treat with LEEP 

Post-treatment 

follow-up at 1 year 

Suspicious for cancer 

Treat with cryotherapy 

(In the same visit) 
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3.5.2.7 Criteria to provide cryotherapy 

Cryotherapy can be performed as a simple outpatient treatment for 

women with CIN lesions. It is performed by standard double freeze 

technique (3-min freeze, 5-min thaw, 3-min freeze) using nitrous oxide 

or carbon dioxide refrigerant with a 20-24 mm ectocervical cryoprobe tip 

with a shallow nipple. Also it does not require electricity (Sellors, 

Sankaranarayanan 2003). Cryotherapy has a cure rate of at least 85% 

(Sherris et al. 2009).  Wesley et al (2012) showed a 93% and 86.7% cure 

rate for CIN1 and 2 lesions in their study done in a routine health care 

setting in South India (Wesley et al. 2013). A single visit approach 

combined with cryotherapy minimizes loss to follow-up (FIGO 2009). 

Since screening and treatment are performed at the same visit, chances 

of abnormal results to be unmanaged also will be minimized (FIGO 

2009).  

The criteria to provide cryotherapy after a directed biopsy are given 

below (Sankaranarayanan et al. 2007). 

1. The lesion involves less than three quadrants of the Transformation Zone 

2. No extension of the lesion into the endocervical canal 

3. No extension of the lesion onto the vaginal walls 

4. Entire lesion could be covered by the cryoprobe 

5. SCJ is visible in its entirety 

6. No clinical or colposcopic suspicion of invasive cancer 

3.5.2.8 Other treatment methods for cervical precancers 

Women with lesions not eligible for cryotherapy are referred for Loop 

Electrosurgical Excision Procedure (LEEP) or cold knife conization. 

LEEP is a procedure to remove abnormal areas of the cervix using a thin 

wire heated with electricity. Cold knife conization is the surgical removal 

of a cone-shaped area of the cervix. Both are considered to be equally 

effective (WHO 2006). In general the choice of treatment modality 

depends on factors such as size and severity of the lesion, cost of the 

treatment, ease of procedure, patient preferences and availability of 

laboratory facilities to analyse tissue specimen (Elit et al. 2011). 



 

88 

3.5.2.9 Advancement in screen and treat policy 

The optimal screening will give the greatest benefit using the smallest 

amount of resources (Sherris et al. 2009). In low-resource  settings the 

greatest benefit can be achieved by targetting women in their 30’s 

(Sherris et al. 2009). The new rapid HPV DNA test is cheaper and 

simpler than the Hybrid Capture2, is portable and laboratory-free, does 

not require air condition or running water  but only needs electricity, 

provides results within 3.5 hours, and is an advantage for low-resource 

settings to implement screen and treat programmes (Sherris et al. 2009). 

Currently the most effective screen and treat strategies are to screen 

either using VIA or HPV testing  and then to treat using cryotherapy in 

the same visit (Sherris et al. 2009). Also it has been shown that unless 

cervical cancer is suspected, an intermediate diagnostic step such as 

colposcopy may be less efficient and increase the cost of screen and treat 

programmes. If treatment is dependent on colposcopic detection of 

disease, up to 30% of women with disease may not receive treatment 

(Sherris et al. 2009). The concern about over-treatment in screen and 

treat approaches have been weighed against the low morbidity associated 

with cryotherapy and overall programme benefit achieved by ensuring 

higher rates of treatment (Sherris et al. 2009). 

Because of high sensitivity of HPV test compared to VIA, screening with 

HPV test can reduce under-treatment as well as over-treatment to a lesser 

extent. However, until the low cost and rapid HPV test is widely available, 

visual screening methods, especially VIA, will be the best method for 

implementing screen and treat strategy in low-resource settings (Saxena, 

Sauvaget & Sankaranarayanan 2012). There are still many challenging 

issues with implementation of HPV testing in low resource settings, 

mainly the difficulty to maintain supply chain of kits. The cost is often 

doubled or tripled due to import duties in many countries. Another 

important thing is that HPV testing indicates an infection but VIA testing 

indicates a lesion. Above all, implementation of VIA screening will help 

to sustain a screening infrastructure, screening culture and trained 

personals which can be replaced for HPV screening when the low cost 

HPV test is widely available. 
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Source: (WHO, 2013) 

Figure 12.  Decision making flowchart for screen and treat strategies 

3.5.2.10 Factors associated with screening participation 

Many factors are influencing women’s decision to take part in screening. 

Restricted mobility, difficulties in accessing transport, child care and 

household work often restrict women from seeking health care. 

Stigmatisation of women’s bodies prevents many women from seeking 

care and forbid them to discuss about symptoms or conditions. Also 

gender norms discourage women to talk about sex and related topics 

with health providers and even with their partners (Miller 2013). Women 
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are usually hesitant to have a pelvic examination with a speculum 

especially when the provider is a male health professional (Elit et al. 

2011). Screen positivity can also make stigma associated with 

promiscuity of a women or her male partner because of knowing that the 

cause of cervical cancer is a sexually-transmitted infection (Elit et al. 

2011).  

Level of education and household income are consistently associated 

with screening participation (O'Malley, Forrest & Mandelblatt 2002, 

Drolet et al. 2013, Lee et al. 2013). A Korean study found an inverse 

association of screening participation with level of education and 

household income though the overall screening rate had been increased 

over years (Lee et al. 2013). A Canadian study also observed education 

level as the strongest SES determinant associated with screening 

adherence (Drolet et al. 2013). Level of income, knowing someone who 

already screened, already seeking care from a health facility and 

satisfaction with health services were identified as significant factors 

associated with screening intake in a study done in Peru. Support from 

husband and prior attendance with some awareness programmes were 

two additional factors associated with screening acceptance identified 

from screening participants of the same study (Winkler et al. 2008). 

A prior bad experience with health system negatively affects the 

decision of women to participate in screening (von Wagner et al. 2011). 

Expectations about life expectancy and quality of life also negatively 

affect the attitude of older adults to participate in screening (von Wagner 

et al. 2011, Maar et al. 2013). Nene et al (2007) reported that the 

participants of the screening trial conducted in Barshi, rural 

Maharashtra were younger ( 30-39 year old), better educated and had 

ever used contraception compared to non participants, and they suggest 

that the fewer contact of older and less educated women with 

reproductive services negatively influence their screening participation 

(Nene et al. 2007). The cervical cancer screening trial in Dindigul district 

also showed a higher participation of younger (30-39 years old), 

educated, married, multiparous, who have had tubal sterilization and 

women with low household income (Sankaranarayanan et al. 2003). 

Inadequate public health education, lack of patient-friendly health 

services, socio-cultural health beliefs and personal difficulties were 
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important barriers of screening reported by another Indian study (Singh, 

Badaya 2013). 

Wagner (2011) explains a conceptual framework for socioeconomic 

status differences in psychosocial predictors of cancer screening. The 

framework describes how stressful life events, educational opportunities 

and experience with previous illnesses influence screening participation 

(von Wagner et al. 2011). Formal education helps to understand health 

information and long-term benefits of screening and is associated with 

empowerment of women. Women with lower SES probably are less 

educated and they have less awareness about benefits of screening. The 

negative attitudes such as fear of pain, shame with screening 

participation and worry about a positive screening test and/ or diagnosis 

of cancer is also high among low SES group. Stressful life events that 

make the low SES group to cope up with limited resources further 

restrict them from screening participation (von Wagner et al. 2011). 

Cancer screening participation and socioeconomic status are strongly 

related not only in the area where insurance coverage is a barrier for 

poor people but also in the area where screening is provided free of cost 

(von Wagner et al. 2011). SES is related to health outcomes as well as 

health-related behaviours, and it is a complicated construction of many 

factors such as occupational status, material resources, educational level 

and neighbourhood characteristics, each of which having its own 

implications for perceptions and beliefs about health behaviours (von 

Wagner et al. 2011). 

3.5.3 Tertiary prevention 

Tertiary prevention involves diagnosis and management of cervical 

cancer. The early-stage cervical cancer shows one or more of the 

following symptoms such as: vaginal discharge, sometimes foul-smelling, 

irregular bleeding, post-coital spotting or bleeding, and post-menopausal 

spotting or bleeding. In later stages cervical cancer shows urinary 

frequency and urgency, backache, lower abdominal pain, kidney failure 

and even more severe symptoms (WHO 2006). The following Table 15 

describes the different stages of cervical cancer according to FIGO 

staging system and standard treatment methods for the management of 

cervical cancer according to the stage of disease.  
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Table 15.  Carcinoma of the cervix uteri- management according to FIGO staging system 

Stage Description Standard treatment 

Stage 0 Carcinoma in Situ, preinvasive carcinoma LEEP, Conisation 

Stage I Invasive carcinoma strictly confined to the 
cervix 

 

Stage IA Invasive carcinoma identified 
microscopically (all macroscopically visible 
lesions, even with superficial invasion , 
should be assigned to stage IB) 

 

Stage IA1 Measured invasion of stroma 3.0 mm or 
less in depth and 7.0 mm or less in 
horizontal spread 

Simple hysterectomy or trachelectomy, 
conisation in selected cases 

Stage IA2 Measured invasion of stroma more than 
3.0 mm but not greater than 5.0 mm in 
depth and 7.0 mm or less in horizontal 
spread 

Simple or radical hysterectomy and 
bilateral pelvic lymphadenectomy ( or  
trachelectomy and pelvic 
lymphadenectomy) depending on local 
or regional guidelines 

Stage IB Clinically visible lesion confined to cervix or 
microscopic lesion  greater than stage IA2 

 

Stage IB1 Clinical lesions of 4.0 cm or less in size Radical hysterectomy and bilateral 
pelvic lymphadenectomy or 
radiotherapy ( ortrachelectomy and 
pelvic lymphadenectomy) 

Stage IB2 Clinical lesions more than 4.0 cm in size Chemoradiation or radical hysterectomy 
and bilateral pelvic lymphadenectomy 
+/- adjuvant radiotherapy or 
chemoradiation 

Stage II Carcinoma extending beyond cervix but 
not to pelvic sidewall; carcinoma involves 
vagina but not its lower third 

 

Stage IIA No parametrial involvement Chemoradiation or radical hysterectomy 
and bilateral pelvic lymphadenectomy in 
selected patients +/- adjuvant 
radiotherapy or chemoradiation 
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Stage IIB Parametrial involvement Chemoradiation or radical hysterectomy 
and bilateral pelvic lymphadenectomy in 
selected patients +/- adjuvant 
radiotherapy or chemoradiation 

Stage III Carcinoma extending onto pelvic wall; the 
tumour involves lower third of the vagina. 
All patients with hydronephrosis or non- 
functioning kidney are included unless 
known to be result of other causes. 

 

Stage IIIA Involvement of lower third of the vagina; no 
extension of pelvic sidewall. 

Chemoradiation or radiotherapy 

Stage IIIB Extension to pelvic sidewall and/or 
hydronephrosis or non-functioning kidney. 

Chemoradiation or radiotherapy 

Stage IV Carcinoma extends beyond true pelvic or 
clinically involves mucosa of bladder or 
rectum. Bullous oedema does not allow a 
case to be designated as stage IV 

 

Stage IVA Spread of growth to adjacent organs Chemoradiation or radiotherapy 

Stage IVB Spread to distant organs Palliative chemotherapy or radiotherapy 

Sources: ( Benedet 2000,  FIGO 2009) 

3.6 Evaluation of cervical cancer screening programmes 

The purpose of cervical cancer screening is to reduce the burden of 

cervical cancer in a population by detecting and treating women with 

cervical precancerous lesions (Sankila et al. 2000). Screening can be 

organized, spontaneous (opportunistic) and selective. In an organized 

screening programme, screening is organized through active planning 

whereas in spontaneous screening, screening is implemented 

spontaneously. Screening applied to a selected high-risk group 

population is called selective screening. A detailed and reliable 

evaluation is possible only when there is an organized screening 

programme (Sankila et al. 2000). 
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3.6.1 Incidence and mortality-Effect indicators of screening 

Primary indicators to evaluate the effect of a screening programme are 

the reduction of cervical cancer incidence and mortality. A reduction in 

the incidence of advanced disease is an intermediate measure of the 

screening effect (Sankila et al. 2000). A comparison of mortality and 

incidence can be done with a control group of similar unscreened women 

or with the participants before screening or providing the expected 

incidence and mortality estimates assuming no screening. However, the 

effectiveness of cervical cancer screening was demonstrated mainly by 

the comparison of trends of incidence and mortality over years (Sankila 

et al. 2000).  

Hanley (2011) suggests that the magnitude of benefit from screening 

will not be in a steady state, it will vary over time (Hanley 2011). 

Adherence to screening is vital for achieving the population health effect 

of screening. However, Harris (2011) suggests that screening is not 

mandatory and it is subjected to the decision taken by the participant 

whether or not to undergo screening, hence some non-adherence is 

inevitable in all screening programmes. Not only the non- adherence but 

also the heterogeneity of the abnormalities found by screening affect the 

net health benefits of screening in a population (Harris 2011). 

In addition, the effectiveness of screening cannot be measured 

completely on the basis of screen-detected cancers. Interval cancers 

detected in the screening participants during the period between two 

consecutive screenings, cancer cases diagnosed among non participants 

and among controls should also be taken into account when evaluating 

the effect of an organised screening programme (Sankila et al. 2000). 

The effectiveness of screening is evaluated in the target population of 

invitees irrespective of their participation, which is called intention to 

treat approach (Sankila et al. 2000). Not only early detection but also 

effective treatment and efficient organisation are required to achieve 

benefit from screening (Miller 2010). 

3.6.2 Survival- An indicator of effect of screening 

Improvement in survival is a necessary but not sufficient indicator to 

measure the effect of screening. However, survival estimates are 
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extremely important in evaluating efficiency of a health system to 

implement cancer control activities (Sankaranarayanan 2011). There are 

four different types of biases associated with screening which preclude 

the use of survival estimates as an effect measure of screening. They are 

lead-time, length, selection and over-diagnosis bias (Miller 2010). 

3.6.2.1 Biases associated with survival estimates 

Lead time bias: If the survival time of an individual is increased by the 

length of time by which the diagnosis is advanced by screening (lead-

time), it is called lead-time bias (Sankila et al. 2000). That means a 

longer survival time will be observed due to earlier diagnosis even if no 

difference in mortality. 

Length bias: Screening at routine intervals is more likely to detect slow 

growing cancers with a better prognosis. The most aggressive cancers 

with poorer prognosis may be detected during intervals of screening. So 

the nature of cancers also affects comparisons of survival and is known 

as length bias (Sankila et al. 2000). 

Selection bias: The screening participants may be different from non-

participants in many ways. Background socioeconomic factors can affect 

the decision of whether or not to take part in screening. Participants may 

be more health conscious than non-participants and thus may have a 

better prognosis. Hence self-selection in screening can also influence 

survival estimates (Miller 2010). 

Over-diagnosis bias: One of the most important harms of screening is 

over-diagnosis (Viera 2011). Disease and normality are not dichotomous 

and people with pre-disease are a heterogeneous mixture of high- and 

low/no-risk people (Harris 2011). Harris (2011) suggested redefining the 

categorical thinking of disease/pre-disease as a predictor of poor health 

(PPH). Using this concept, over-diagnosis can be considered if a person 

with a weak PPH is treated the same way that a person with a strong 

PPH (Harris 2011). In their paper Welch & Black (2010) illustrated the 

heterogeneity of cancer progression in a simplified manner which is 

given below (Welch, Black 2010). 
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Source: (Welch, Black 2010) 

Figure 13.  Heterogeneity in cancer progression 

The arrows represent fast-growing, slow-growing, very slow-growing 

and non-progressive cancers respectively. The slow-growing cancers lead 

to symptoms and deaths after many years as compared to fast-growing 

cancers. The very slow-growing cancers never show symptoms because 

before developing symptoms the patient will die due to some other 

causes. The non-progressive type cancers meet the pathological 

definition of cancer but never grow to symptoms; they may grow and 

regress. Over-diagnosis occurs when very slow-growing cancers or non-

progressive cancers (also known as pseudo disease or false disease) are 

detected. Moreover over-diagnosis is different from a false positive result 

(Welch, Black 2010). 

Nevertheless at the time of diagnosis clinicians do not know who is 

over-diagnosed and hence all patients get treatment and it increases 

health care costs. Over-diagnosis is a major concern when money is a 

problem (Welch, Black 2010). Other harms of screening are potential 

psychological harm of predisease label, financial costs to patient and to 

health care system (Viera 2011). 
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3.6.2.2 Factors associated with cervical cancer survival 

Key factors determining the survival of women diagnosed with cervical 

cancer are extent of disease, tumour biology and age (Sankaranarayanan, 

Black & Parkin 1998). The health care-related factors such as availability 

of screening, diagnostic and treatment facilities, quality of treatment and 

follow-up care are also extremely important in determining survival. In 

addition behavioural factors such as awareness of cancer symptoms and 

compliance with screening and treatment are affecting survival 

(Sankaranarayanan, Black & Parkin 1998). 

Socioeconomic status influence chances of being early detected, 

completion of treatment and follow-up, hence correlate with survival 

(Kaku, Mathew & Rajan 2008). Socioeconomic status is also influencing 

a person’s general health, nutritional status, attitudes, beliefs and health 

behaviours and survival is  mediated by all such behavioural and health 

related factors associated with socioeconomic status (Sankaranarayanan 

et al. 1995, Sankaranarayanan, Black & Parkin 1998). 

Many studies have in fact failed to establish a significant relationship 

between socioeconomic status and cervical cancer survival mainly 

because most of such studies were done in a group of patients with 

similar socioeconomic characteristics and/or had similar accessibility or 

inaccessibility to cancer treatment facilities (Schrijvers, Mackenbach 

1994, Nandakumar, Anantha & Venugopal 1995, Coker et al. 2006, 

Munagala et al. 2010). A study done in Scheffield in 1987 showed no 

effect of SES in cervical cancer survival because cervical cancer patients 

had good access to effective treatment from national health services and 

the study supports the fact that good services can prevent socioeconomic 

inequalities in survival (Milner, Watts 1987). Hence efficiency or 

inefficiency of health services can hide socioeconomic inequality in 

survival of cancer patients. 

3.7 VIA screening trial in Dindigul district 

In 2000, Rajkumar et al., reported a very high incidence of cervical 

cancer (ASR=65.4) in the area covered by the cancer registry established 

in 1995, which consists of two Taluks of Dindigul district (Rajkumar et al. 

2000). Christian Fellowship Community Health Centre (CFCHC), 
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Ambillikai, Dindigul ,Tamil Nadu, and the International Agency for 

Research on Cancer (IARC/WHO), Lyon, France jointly conducted a 

cluster randomised controlled screening trial to evaluate the 

effectiveness of one-time screening by visual inspection with acetic acid 

(VIA) in reducing cervical cancer incidence and mortality in the rural 

population of Dindigul district (Sankaranarayanan et al. 2003, 

Sankaranarayanan et al. 2004,Sankaranarayanan et al. 2007a, 

Sankaranarayanan et al. 2007b). 

Among 31,343 screened women, 3088 (9.9%) were screened positive 

and among them 2539 (82.2%) were biopsied. Number and detection 

rates of CIN 1, CIN2-3 and cervical cancer among screened women were 

1656 (5.3%), 218 (0.7%) and 67 (0.2%) respectively (Sankaranarayanan 

et al. 2007). As a result of the health education on early detection, 951 

women from the control area sought VIA screening from the base 

hospital during 2000-2006. Among them 24 invasive cervical cancers, 

44 CIN1, and 10 CIN2-3 cases were detected and treated 

(Sankaranarayanan et al. 2007) 

A total of 325 women were identified with incident cervical cancer 

(167 out of 49,311 women from intervention group and 158 out of 30,958 

women from control group) during the seven-year follow-up period. 

Within the seven-year follow-up period, the study showed a 25% 

reduction in cervical cancer incidence (Hazard Ratio= 0.75; 95% CI: 

0.55-0.95) and a 35% reduction in cervical cancer mortality (Hazard 

Ratio =0.65; 95% CI: 0.47- 0.89) in intervention arm compared to 

control arm. The study demonstrated that with good training and quality 

assurance, VIA screening is an effective method to prevent cervical 

cancer in developing countries (Sankaranarayanan et al. 2007a, 

Sankaranarayanan et al. 2007b). 
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4 AIMS OF THE STUDY  

The aim of this study was to evaluate the long-term risk of cervical 

cancer among women who underwent visual inspection with acetic acid 

based screening; the effect of sociodemographic and reproductive factors 

on cervical cancer incidence and survival; and the potential bias when 

studying screening data in cervical cancer aetiology. 

The specific aims were: 

1) To evaluate the long-term risk of cervical cancer among visually (VIA) 
screened women with different triage methods, histological findings, and 
treatment options in a controlled screening trial 

2) To study sociodemographic and reproductive factors in connection with 
cervical cancer 

3) To study the effect of sociodemographic factors on cervical cancer survival 

4) To evaluate the bias in using screening data to study sociodemographic 
and reproductive risk factors and prognostic factors of cervical cancer.  
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5 MATERIALS AND METHODS 

This research is done using the cohort of intervention and control arms 

of the cluster-randomised controlled VIA screening trial conducted in 

Dindigul District, Tamil Nadu State, India. The institutional review 

committees of CFCHC and IARC reviewed and approved the original 

study protocol. Details of design, conduct and outcomes of the original 

study were described in earlier papers (Sankaranarayanan et al. 2003, 

Sankaranarayanan et al. 2004, Sankaranarayanan et al. 2007a, 

Sankaranarayanan et al. 2007b). 

5.1 Study site and population 

One hundred and fourteen local administrative units called panchayaths 

from seven Tehsils (Oddanchatram, Dindigul, Nilakottai, Vedasenthur, 

Natham, Palani and Kodaikanal) of Dindigul district were randomised to 

an intervention group (57 panchayaths) to receive a one-time VIA 

screening and to a control group (57 panchayaths) to receive routine 

care. Each panchayath consists of 4 to 23 villages. Due to the non-

cooperation of panchayath and village authorities, one cluster in the 

control area was not enumerated, and hence there were only 56 clusters 

in control arm. Out of these 113 panchayhaths, there were 504 villages in 

the intervention and 331villages in the routine care control arm.  

All households in the study villages were enumerated and 30 to 59 

year-old healthy women with an intact uterus and no history of cervical 

cancer were identified. Only ever-married women were included in the 

study. Generally, in the Indian socio-cultural context, speculum 

examination is not performed in never-married women unless there is 

a medical indication (performed after informed consent) or if the woman 

gives informed consent to participate in a screening program. Also, 30-

59 year-old never-married women were very rare in this population and 

in the Indian context being never married mostly indicates that women 
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did not have any prior sexual relationship.  The average number of 

eligible women from the 113 clusters was 710 with a range of 155 to 2,245 

women depending on the size of the village. 

5.2 Infrastructure 

At the time when screening trial started, there was one centre with 

cancer treatment facility in the district, which is the base hospital 

CFCHC, and four tertiary care centres available within a radius of 100 

Km of the periphery of the district.  

Project office and a central clinic with all required equipment for VIA 

screening, colposcopy, cryotherapy and LEEP (Loop Electrosurgical 

Excision Procedure) were organised in the base hospital (CFCHC) well 

before the commencement of the study. Vehicles and equipment for 

conducting field clinics and computers for data entry were also 

organised. Project staffs including a group of female health workers 

(nonmedical), qualified nurses and other supporting staff were recruited. 

Three doctors were trained to supervise nurses and to perform LEEP. 

Nurses received a three-week intensive training in VIA, colposcopy, 

cryotherapy and LEEP.  

5.3 Enumeration 

Before starting enumeration, administrative and health authorities, civic 

leaders and members of local bodies, women’s and other social welfare 

organizations were informed and sought their cooperation in the study. 

Enumeration process was same in both arms of the trial. The initial step 

for conducting enumeration was identification of each and every 

household in the village. The visited households were marked with a 

sequence of numbers to avoid duplication. The numbering of households 

will start from one side of the village covering all households one by one 

and ends at the starting point itself. Using household form health 

workers identified eligible women from each household and prepared a 

list of eligible women for each village. Each woman was given an eleven-

digit unique number that identifies study arm, cluster, village, household 

and individual number. 
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At the next step, female health worker explained the study and gave 

information on risk factors, early detection and prevention of cervical 

cancer to women in both arms. A written consent was obtained from 

women by putting signature or left thumb impression after having read 

out the informed consent in presence of a witness. After that, health 

workers interviewed women using a structured interview schedule to 

collect information on sociodemographic and reproductive variables. 

Women in intervention villages were informed and personally invited to 

screening camps organised in villages.  Women in the control group 

received health education and information on the availability of cervical 

cancer prevention services from CFCHC and other hospitals accessible to 

them, and were advised to utilise such facilities. The enumeration in the 

study villages was carried out during 2000-2003 in both arms.  

5.4 Organising screening camps 

A list of field clinics were prepared well in advance, and at the time of 

enumeration eligible women in the intervention area were informed 

about date, time and location of screening clinic at their village and were 

personally invited to attend screening clinics on that day. A team of field 

workers accompanied by village leaders and local volunteers revisited 

eligible women one week before field clinic and again motivated them to 

attend the screening.  Clinics were organised usually at early mornings 

and late evenings because the majority of villages’ women were outside 

of home during day time.  Village clinics were organised at primary 

health centres if such facility were available in the village, otherwise class 

rooms of local schools, or municipal offices, or women’s club buildings 

were arranged as field clinics with satisfactory conditions of privacy and 

hygiene.  Information and education meetings with eligible women, their 

partners and elders in the household were organised in all villages on 

evenings before the screening clinic. Loudspeaker announcements were 

repeated several times in villages to remind time and location of 

screening clinics.  
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5.5 Screening procedure 

Clinics were supervised by doctors and at least one medical officer 

accompanied nurses while conducting screening clinics. Trained nurses 

examined the cervix of women one minute after the application of 4% 

acetic acid using cotton swab with the aid of a speculum and bright 

halogen lamp. If a faint dull or dense acetowhite lesion in the 

transformation zone abetting the squamocolumnar junction (SCJ) of the 

external os, or a cervical growth turning acetowhite emerged, the test 

was considered to be positive. 

The VIA-positive women had an immediate colposcopy in the same 

sitting and diagnosis was made on normal inflammation, probable low-

grade lesion, probable high-grade lesion, probable invasive cancer and 

frank invasive cancer. A colposcopy guided punch biopsy was taken from 

abnormal areas of the cervix and all colposcopically diagnosed lesions 

were advised to be immediately treated with cryotherapy. Women with 

aggressive lesions that are not manageable with cryotherapy were given 

appointments to visit central clinic at CHCFC for LEEP or cold-knife 

conisation. If needed medicines were prescribed by medical officer. 

Women treated for CIN were advised to visit central clinic for follow-up 

after one year. Women with screen-detected cervical cancers were also 

treated at CFCHC.  Screening and all treatment were free of cost. Women 

from control arm who visited base hospital for screening and treatment 

of cancer/precancer and symptomatically detected invasive cancer also 

received free screening and treatment. VIA-negative women were 

reassured. 

5.6 Follow-up of population 

Enumeration and screening were completed in three years during May 

2000 and April 2003, and both screening and control villages were 

followed in three consecutive years (2004-2006) to identify cervical 

cancers, deaths and migration in the population. The study area was 

covered under the Dindigul-Ambillikai Cancer Registry (DACR). The 

information on all women diagnosed with cervical cancer in the study 

area was obtained from registry and each of those women was matched 
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with the study population in a case by case basis to obtain the incident 

cervical cancer cases in the study population. The information on all 

women with incident cervical cancer and deaths from eligible population 

was obtained from DACR, mortality registration systems as well as the 

active follow-up of the study population. The population was again 

followed in 2011-2012 to identify incident cervical cancers, deaths and 

migration in the study population. 

5.7 Screening of control area 

A multi-organ screening programme was implemented in the 56 clusters 

of control arm during 2007 to 2010. Villages in the control area were 

enumerated again and all women in age group of 30 to 59 years (not only 

women identified for the original study) were identified. Cervical, breast 

and oral cancer screening were provided to all eligible women in control 

villages. All processes of enumeration and field clinics were similar to the 

previous trial.  Under the supervision of doctors, trained nurses provided 

screening. Screening was free of cost and all women identified with 

cancer or precancerous lesions were offered free treatment. 

5.8 Study materials for the objectives 

The study population, outcome and follow-up time for each objective of 

this thesis are described in this section. 

Figure 14 describes the study population for objective 1 (To study 

sociodemographic and reproductive factors in connection with cervical 

cancer) and first part of objective 4 (To evaluate the bias in using 

screening data to study sociodemographic and reproductive risk factors 

of cervical cancer).  

 

 

 

 

 

 

 



 

105 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14.  Study material for objective 2 and first part of objective 4 

 

For objective 2, data from control arm is used and for the first part of 

objective 4, data from both control and screening arms were used. For 

this analysis the incident cervical cancer (n=167) in the screening arm 

includes 67 screen-detected cases also (Figure 14). 
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Figure 15.  Study material for objective 1 

 

Screen-detected cancers were excluded from the analysis for 

objective1 (To evaluate the long-term risk of cervical cancer among VIA 

screened women). Population was followed in 2011- 2012. During 2000 

to 2012, 69 cervical cancers were identified from screen-negative women 

and 19 cervical cancers were identified from screen-positive women 

(Figure 15). 
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Figure 16.  Study material for objective 3 and second part of objective 4 

Figure 16 describes the study population and outcome for objective 3 

(To study the effect of sociodemographic factors on cervical cancer 

survival) and second part of objective 4 (To study the bias in using 

screening data to study sociodemographic prognostic factors of cervical 

cancer) 
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Initially 158 women were identified from the control arm during 2000 

to 2006 and that number was reported in original study papers 

(Sankaranarayanan et al. 2007a, Sankaranarayanan et al. 2007b), and 

for the analysis of objective 2 and first part of objective 4 of this thesis.  

However, seven additional cases diagnosed during 2000-2006 were 

identified from the control area while matching with the registry data in 

subsequent years. Hence for objective 3, 165 women with cervical cancer 

from the control area were included.  In addition to that, the 67 screen-

detected women were analysed for the second part of objective4 (Figure 

16). 

5.9 The variables used 

The variables used for this study were mainly sociodemographic, 

reproductive, screening-related and disease-related. The description of 

variables with possible categories used for the analysis of different 

objectives is shown in Table 16. 

For the first objective, the long-term risk of invasive cervical cancer 

among VIA-negative and positive women, VIA-positive women with 

different combinations of colposcopic evaluation, women with 

histological confirmation and complying with or defaulting treatment, 

was studied. The baseline information on individual and household level 

sociodemographic factors was used in all objectives. Household income 

was measured in Indian rupees (INR) (One USD was equivalent to 50 

INR during 2000-2003). 
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Table 16.  The variables used for each objective 

Information Variables Categories used for the analysis Used for 

Screening-related 

VIA screening:  Positive or negative 

Objective 1 

Colposcopy 
diagnosis:  

Not done/inconclusive, 
normal/inflammation,  and abnormal       
( probable low or high-grade lesions) 

Histology diagnosis:  Not done, normal, CIN1, CIN2-3 

Treatment status :  
Treatment received or not received for 
all histologically verified cases. 

Sociodemographic  

(Individual level)                                                                    

Age in years 
Categorized in 30-39, 40-49 and 50-59 
years 

All objectives 

Formal education 
None, primary/middle and high 
school/college; further classified to no 
education and some education 

Occupation Housewife/others and manual labourer 

Marital status 
Currently married and 
widowed/separated 

(Household level) 

Type of house Thatched and tiled/concrete 

Household income 
categorized in <2000, 2000-5000 and 
>5000 INR ; further classified as <2000 
and 2000+ INR 

Reproductive 

Age at marriage <18 and 18+  years 
Objective 1, 
objective 2, first 
part of objective 4 Number of 

pregnancies 
0, 1-3 and 4+ ; further classified to <4 
and 4+ 

Disease-related 

Age at diagnosis 
categorized in 30-39, 40-49 and 50+ 
years 

Objective 3 and 
second part of 
objective 4 

Stage of disease 
stage 1A, 1B, 2A, 2B, 3A, 3B, 4A, 4B 
and unknown, further classified as stage 
1, stage 2 or worse, and unknown    
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5.10 Statistical methods 

Data were entered in the study database developed in Microsoft Access 

and analysed using Intercooled STATA 11.2 software package ( STATA 

corp, Texas, USA). The way how person-years and survival time were 

calculated for each objective is described in Table 17. 

Table 17.  Person-year and survival time calculation for each objective 

  
To    
Calculate Start date End date Outcome 

Objective 1 
Person-
years 

date of 
screening  

Diagnosis date for those who 
were diagnosed with cervical 
cancer; date of death for 
those who died without 
cervical cancer; date of last 
seen as alive if migrated; and 
date of last follow-up for those 
who still alive.  

Incident cervical 
cancer 

Objective 2 
and first part 
of objective 4 

Person-
years 

date of 
first 
interview  

Diagnosis date for those who 
were diagnosed with cervical 
cancer; death date for those 
who died without cervical 
cancer;  last seen as alive for 
those who migrated or lost to 
follow-up; 31 December 2006 
for others 

Incident cervical 
cancer 

Objective 3 
Survival time 
(years) 

date of 
diagnosis  

Death date for those who 
died; 31 December 2011 for 
those who were alive and had 
a complete follow-up status 
and date of last seen as alive 
for those who had an 
incomplete follow-up status. 

Death 

Second part 
of objective 4 

Survival time 
(years) 

date of 
diagnosis  

Same as objective 3 , but for 
screen-detected women  end 
date was 31 December 2010 
for those who were alive and 
had a complete follow-up  
status  

Death 
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Objective 1: 

Incidence rates per 100,000 PYO’s were calculated and hazard ratios 

were estimated using Cox proportional hazard’s regression analysis. 

Hazard ratios were adjusted for sociodemographic variables potentially 

correlating with having a colposcopy and histology, and the incidence of 

cervical cancer. 

Objective 2: 

Incidence rates per 100,000 PYO’s were calculated and hazard ratios 

were estimated using Cox proportional Hazard regression analysis in the 

control group, taking low-risk group as reference. All sociodemographic 

and reproductive variables were adjusted for each other in the multiple 

hazard regression model. 

Objective 3: 

The follow-up status was defined as complete if death occurred within 

the cut-off period or if the subject was alive at cut-off (31 December 

2011). Three deaths among women with cancer diagnosed from control 

arm were after the cut-off date and they were considered as alive at cut-

off with a complete follow-up. Follow-up status was defined as 

incomplete if vital status of women was not known at cut-off.  

Survival rates were estimated using life table method, and equality of 

survivor functions were tested using log rank test. Kaplan Meier survival 

curves were plotted to illustrate survival pattern. Hazard ratios (HR) of 

prognostic factors were estimated using Cox proportional hazard 

regression analysis by taking low-risk group as reference. Multiple 

hazard regression analysis was performed by including all factors used 

for the analysis in the model. 

Objective 4: 

Section 1: The analysis was stratified by study group (screening and 

control) and screening status (those who did and those who did not 

participate in screening). Incidence rates per 100,000 person-years were 

estimated for all categories of sociodemographic and reproductive 
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factors. The effectiveness of screening by sociodemographic and 

reproductive variables was estimated by taking the incidence rate ratio 

X(1) /X(0), where X(1) denote the incidence rate in the screening arm 

and X(0) denote the incidence rate in the control arm for all categories of 

individual and household level factors. Screening was considered to be 

more effective in strata with smaller incidence rate ratio compared to 

other strata of a particular sociodemographic or reproductive factor. 

To show how the effect estimates of sociodemographic and 

reproductive variables varied according to study group and screening 

status, incidence rate ratios (IRR) were estimated by taking low-risk 

category of all individual and household level factors as reference ( 

(X(1)/Y(1),  where Y(1) and X(1) denote incidence rates in the low- and 

high-risk groups for all factors in the intervention arm and X(0)/Y(0), 

where Y(0) and X(0) denote incidence rates in the low- and high-risk 

groups for all factors in the  control arm). 

Section 2: The definition of follow-up status and statistical methods were 

similar to objective 3. But for screen-detected women, the cut-off was 

taken as 31 December 2010. One screen-detected woman who died after 

the cut-off date was considered as alive at the cut-off with a complete 

follow-up. Kaplan Meier survival curves were plotted to illustrate the 

variation in the pattern of survival estimates of sociodemographic factors 

between screen-detected women and women diagnosed with cancer from 

control arm. 
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5.11 Background information of the population 

The following tables describe the necessary background information of 

the population from which results were obtained for each objective. 

Table 18.  Number of women according to study group and screening status 

 

Control arm Screening arm 

 

 
All Participants 

Non 
participants 

Participation 
Proportion (%) 

Total   30,958 49,311 31,343 17,968 63.6 

Individual characteristics 

    Age group  

    30-39 14,609 26,737 18,843 7,894 70.5 

40-49 9,453 13,433 7,928 5,505 59.0 

50-59 6,896 9,141 4,572 4,569 50.0 

Education  

    no education 22,690 31,378 19,452 11,926 62.0 

Primary/middle 5,798 12,521 8,404 4,117 67.1 

high school/college 1,675 4,662 3,075 1,587 66.0 

Occupation  

    Housewife 11,519 21,322 13,334 7,988 62.5 

Manual 17,632 24,638 16,014 8,624 65.0 

Others 1,783 3,279 1,943 1,336 59.3 

Marital status  

    Currently married 28,094 43,675 28,332 15,343 64.9 
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Widowed/separated 2,843 5,518 2,955 2,563 53.6 

Age at marriage  

    <18 8,864 17,722 11,559 6,163 65.2 

18+ 21,478 30,005 18,996 11,009 63.3 

Number of pregnancies  

    <4 22,668 34,693 21,947 12,746 63.3 

4+ 8,290 14,565 9,366 5,199 64.3 

Household characteristics 

    Type of house  

    Thatched 4,913 12,212 8,117 4,095 66.5 

Tiled 23,156 30,594 19,276 11,318 63.0 

Concrete 2,875 6,504 3,949 2,555 60.7 

Income (INR)  

    <2000 21,702 35,810 23,210 12,600 64.8 

2000-5000 7,543 11,062 6,850 4,212 61.9 

5000+ 1,699 2,415 1,276 1,139 52.8 

 

Table 18 describes the number of women in each stratum of 

sociodemographic and reproductive characteristics of women in 

screening and control arms of the original study. The person-year 

calculations and analysis for the first part of objective 4 were based on 

the number of women in each category of individual and household 

characteristics listed out in this table. The analysis for objective 2 is also 

based on the number of women from control arm described in this table. 

Overall, the proportion of women participation in screening was 63.6%. 
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The younger, currently married women and those with low household 

income had a higher participation in screening. A slightly higher 

participation rate was observed among women with some formal 

education, manual workers and those who lived in thatched houses. 

Table 19.  VIA positivity and the proportion of VIA-positive women who received treatment according 
to the characteristics of women. 

 

VIA-negative 
women 

VIA- positive 
women 

Proportion of VIA-
positive women who 

received treatment (%) 

  

n (%) 

 

All  28,255 3,021 (9.7) 72 

Individual characteristics 

    Age group 

    30-39 16,435 2,387 (12.7) 74 

40-49 7,363 543 (6.9) 68 

50-60 4,457 91 (2.0) 44 

Education 

    Some education 10,166 1,298 (11.3) 74 

No education 17,704 1,698 (8.8) 70 

Occupation 

    Housewife and others 13,732 1,519 (10.0) 72 

Manual 14,480 1,493 (9.4) 72 

Marital status 

    Married 25,431 2,848 (10.1) 72 

Widowed/separated 2,771 170 (5.8) 65 
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Age at marriage 

    18+ 17,075 1,889 (10.0) 73 

<18 10,432 1,095 (9.5) 70 

Number of pregnancies 

    <4 19,606 2,304 (10.5) 73 

4+ 8,619 717 (7.7) 69 

Household characteristics 

    Type of house 

    Tiled/concrete 20,934 2,250 (9.7) 72 

Thatched 7,320 771 (9.5) 72 

Income (INR) 

    2000+ 7,272 840 (10.4) 74 

<2000 20,977 2,180 (9.4) 71 

Percentage is taken from total number of women screened. Women with screen-detected 
cervical cancer were excluded from this table. 

 

Table 19 describes the number of VIA-positive and negative women, 

VIA positivity (%) and the proportion of VIA-positive women who 

received treatment with respect to the characteristics of women. The 

person-year calculations for analysing long-term risk of cervical cancer 

among VIA-screened women (Objective 1) were based on numbers given 

in this table.VIA positivity decreased with increasing age. Also VIA 

positivity was low among widowed or separated women and women with 

four or more children compared to their counterparts. VIA positivity 

among formally educated women was slightly higher compared to 

uneducated women. The proportion of VIA-positive women who received 

treatment was also inversely related to age, only 44% of older women 

received treatment compared to 74% of younger women. The proportion 

of screen-positive women who received treatment was more or less 
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similar between categories of other sociodemographic and reproductive 

factors. 

Table 20.  Characteristics of women diagnosed with cervical cancer from control arm and women 
with screen-detected cervical cancer. 

Characteristics Women with cervical cancer 
from control arm 

Women with screen-detected 
cervical cancer 

n (%) n (%) 

 All 165 

 

67 

 

In
di

vi
du

al
 

Age at diagnosis 

    30-39 37 (22.4) 18 (26.9) 

40-49 53 (32.1) 25 (37.3) 

50+ 75 (45.5) 24 (35.8) 

Stage of disease 

    Stage 1 18 (10.9) 21 (31.3) 

Stage2+ 105 (63.6) 45 (67.2) 

Unknown 41 (25.0) 1 (1.5) 

Education 

    No schooling 145 (87.9) 51 (76.1) 

Some schooling 17 (10.3) 15 (22.4) 

Occupation 

    Housewife/others 60 (36.4) 26 (38.8) 

Manual 105 (63.6) 41 (61.2) 
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Marital status 

Currently married 146 (88.5) 53 (79.1) 

Widowed/separated 19 (11.5) 14 (20.9) 

H
ou

se
ho

ld
 

Type of house 

    Thatched 27 (16.4) 26 (38.8) 

Tiled/concrete 138 (83.6) 41 (61.2) 

Income (INR) 

    <2000 117 (70.9) 53 (79.1) 

2000+ 48 (29.1) 14 (20.9) 

 

Table 20 describes background information of the base population for 

the survival analysis (objective 3 and second part of objective 4). Among 

women diagnosed with cervical cancer in control arm, about 46% were 

diagnosed with cervical cancer at their 50s and only 10% of women were 

diagnosed with stage1 cancers whereas the proportion of older women 

was 35% and the proportion of stage1 cancers was 31.3% among screen-

detected women. In both groups of women, majority were currently 

married, manual workers, with no formal education, living in 

tiled/concrete houses and having a household income below 2000 INR 

per month. But proportion of women with formal education, 

widowed/separated, those who lived in thatched houses and having a low 

household income was high among screen-detected women compared to 

women from control arm. 

Tables 19 and 20 are included in the methods section because they are 

not providing results of any of the four study objectives, but describe 

background details of study population of objective1, objective 3 and 

second part of objective 4. 
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6 STUDY RESULTS 

6.1 Part1- Long-term risk of cervical cancer among visually screened 
women (paper1) 

Results in this section show the long-term risk of cervical cancer among 

visually screened women with different triage methods, histological 

findings, and treatment options. They also explain how long-term risk 

was associated with sociodemographic and reproductive factors that 

were the potential confounding factors adjusted for the analysis of long-

term risk with different triage methods, histological findings and 

treatment options.  

Table 21.  The incident cervical cancer cases diagnosed during 2000-2012 among visually (VIA) 
screened women with different triage methods and histological findings 

 

 

Women 
screened 

N 

Person years of 
observation 

PYO 

Incident cases 
diagnosed during  

2000-2012                      
n 

VIA-negative women 28,255 264,338 69 

VIA-positive women (excluding  
67screen-detected cancer cases) 3,021 28,841 19 

Histology normal 1,002 9,487 3 

Histology CIN1 1,273 12,399 4 

Histology CIN2-3 198 1,795 3 

Colposcopy normal (no histology) 108 1,100 2 

Colposcopy abnormal (no histology) 403 3,700 5 

Colposcopy not done/inconclusive(no histology) 37 360 2 
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Table 21 describes the number of cervical cancer cases diagnosed 

during 2000-2012 among VIA-screened women with different triage 

methods and histological findings (84 out of 229VIA-positive women 

with either no colposcopy done or inconclusive colposcopy or no 

colposcopic abnormalities had histologic confirmation. Those cases were 

also included in the histology normal/CIN1/CIN2-3 categories according 

to the status of their histological diagnosis). Using numbers presented in 

this table, crude incidence rates per 100,000 person-years were 

estimated and presented in Figure 17. 

 

Figure 17.  Incidence rate of subsequent cervical cancer diagnosed during 2000-
2012 among screened women with different combinations of VIA, colposcopy and 
histological confirmation 
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Figure 17 show that crude incidence rate was extremely high among 

VIA-positive women who did not have a colposcopy evaluation or had an 

inconclusive colposcopy and had no histological confirmation. Hazard 

ratios and 95% confidence interval were further estimated and provided 

in Table 22. 

Table 22.  The hazard ratios and 95% confidence intervals for subsequent cervical cancer among 
VIA-screened women with different triage methods and histological confirmation 

 

Unadjusted Adjusted 

HR 95% CI   HR 95% CI 

VIA-negative women 1.0 

    

1.0 

   VIA-positive women (excluding  
67screen-detected cancer cases) 2.4 (1.5 - 4.0) 

 

3.0 (1.7 - 5.1) 

Histology normal 1.1 (0.3 - 3.5) 

 

1.0 (0.2 - 4.0) 

Histology CIN1 1.3 (0.5 - 3.5) 

 

1.9 (0.7 - 5.0) 

Histology CIN2-3 6.1 (1.9 - 19.4) 

 

8.2 (2.5 - 26.2) 

Colposcopy normal (no histology) 5.5 (1.3 - 22.8) 

 

6.5 (1.6 - 27.1) 

Colposcopy abnormal(no histology) 5.0 (2.0 - 12.4) 

 

5.2 (1.9 - 14.6) 

Colposcopy not done/inconclusive(no 
histology) 19.7 (4.8 - 80.5)   20.7 (5.0 - 85.3) 

The hazard ratios were adjusted for age group (30-39, 40-49 and 50-59 years); 
education (some education, no education); occupation (housewife and others, manual 
workers); marital status (married, widowed/separated);  age at marriage (<18, 18+); 
number of pregnancies (<4, 4+); type of house (tiled/concrete, thatched);  and income 
(<2000 (<50 USD), 2000+ INR (>50 USD)). 

 

Compared to VIA-negative women, VIA-positive women who had a 

negative colposcopy finding and did not have a histological confirmation 

showed a 6.5 times higher hazard of developing cervical cancer (adjusted 

HR= 6.5, 95%CI: 1.6 to 27.1). Incidence rate was very high if VIA-positive 

women did not have a colposcopic evaluation or had an inconclusive 

colposcopy and had no histological confirmation (adjusted HR= 20.7, 
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95%CI: 5 to 85.3). Women who were positive with VIA test and 

colposcopy but had no histological confirmation showed a five-time 

higher risk of developing subsequent cervical cancer (adjusted HR=5.2, 

95%CI: 1.9 to 14.6). Histologically confirmed CIN2-3 lesions had 8 times 

higher risk of developing cervical cancer as compared with VIA-negatives 

(HR= 8.2, 95% CI: 2.5 to 26.2). However, incidence rate among VIA-

positive women who had a histological confirmation of normal or CIN1 

was similar to incidence rate among VIA-negatives. 

The risk of developing subsequent cervical cancer among VIA-positive 

women who had a histological confirmation with status of receiving or 

defaulting treatment was estimated and presented in Table 23. 

Table 23.  Incidence and hazard ratios of subsequent cervical cancer diagnosed during 2000-2012 
among VIA-positive women who had histological confirmation and complying with or defaulting 
treatment 

Histology 
confirmation 

Treatment 
received 

Person 
years of 
observation 

PYRS 

Incident 
cases 

n 

Crude 
incidence 
rate 

R 

Hazard ratio and      
95% CI ( Unadjusted) 

Normal 
(N=1002) 

Yes   
(n=820) 7793 2 25.7 1.0       

No     
(n=182) 1694 1 59.0 2.6 (0.2 - 28.9) 

CIN1 (N=1273) 

Yes 
(n=1172) 11489 3 26.1 1.0       

No     
(n=101) 910 1 109.8 3.8 (0.4 - 36.9) 

CIN2-3   
(N=198) 

Yes   
(n=177) 1637 1 61.1 1.0 

   No       
(n=21) 158 2 1269.5 17.2 (1.6 - 189.2) 

 

Women with histology confirmed CIN2-3 but who did not receive 

treatment had a relative risk of 17.2 (95% CI: 1.6 to 189.2) compared to 
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women with histology confirmed CIN2-3 who received treatment. 

Though results were not statistically significant, women with histology 

confirmed CIN1 who did not receive treatment had a relative risk of 3.84 

(95% CI: 0.4 to 36.9) and women with histology confirmed normal 

lesions who did not receive treatment had a relative risk of 2.58 (95% CI: 

0.2 to 28.9) compared to women who received treatment with histology 

confirmed CIN1 or normal lesions respectively. 

6.2 Part2- Sociodemographic and reproductive factors in connection 
with cervical cancer (paper 2) 

Sociodemographic and reproductive risk factors for cervical cancer were 

analyzed using data from control arm since effect estimates are 

consistent only with control data. Results of multiple hazard regression 

analysis are presented hereafter. 

Table 24 shows factors significantly associated with cervical cancer 

risk in multiple hazard regression analysis. The risk of cervical cancer 

significantly increased with increasing age and number of children.  

Compared to women with no formal education, the risk of cervical cancer 

significantly decreased if women had some formal education.  

Occupation (housewife/others and manual labour), marital status 

(currently married and widowed/separated), age at marriage (<18 and 

18+), type of house (thatched and tiled/concrete) and household income 

(categorized in <2000, 2000-5000 and >5000 rupees) were also 

included in multiple hazard regression model but not found to be 

statistically significant. 
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Table 24.  Sociodemographic and reproductive risk factors for cervical cancer in the control arm- 
Results of multiple hazard regression analysis 

 

Characteristics   Control arm          

 

Person- 
years of 

observation 
(PYO) 

Cervical 
cancer 
cases 

Incidence 
rate per 
100,000 

PYO 

Hazard ratio 

 (95% CI) 

P-
value 

Individual characteristics 

Age group 

       

 

30-39 84,585 45 53.2 1.0 

   

 

40-49 54,900 50 91.1 1.6 (1.1 - 2.5)  

50-59 39,031 63 161.4 2.5 (1.6 - 3.8) <0.001 

Education 

       

 

None 13,0758 135 103.2 1.0 

   

 

Primary/Middle 33,829 12 35.5 0.4 (0.2 - 0.8)  

Highschool/College 9,367 4 42.7 0.6 (0.2 - 1.7) 0.017 

Number of  pregnancies 

0 7,306 3 41.1 1.0 

   

 

1-3 1,23,987 87 70.2 4.6 (0.6 - 33.4)  

4+ 47,224 68 144.0 7.1 (1.0 - 51.8) 0.002 
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6.3 Part3 - Effect of sociodemographic factors on cervical cancer 
survival (paper 3) 

In this section, major results of the analysis of cervical cancer survival 

and its socioeconomic determinates is presented. Control data was used 

for studying the survival and its socioeconomic determinants because of 

the inconsistency of screen-detected data to study prognostic factors. 

In total 120 out of 165 women died during the twelve-year follow-up 

period.  The observed one-year, three-year and five-year survival were 

67.3%, 40% and 32.5% respectively. Women diagnosed with cervical 

cancer at their 30s, formally educated, housewives, widowed/separated and 

those who lived in tiled/concrete houses tended to have a better survival than 

their counterparts though hazard ratios were not statistically significant.  

Conflictingly women with better household income had significantly a 

higher hazard of death compared to women with low household income 

(adjusted HR=1.7; 95% CI: 1.1 to 2.5). The combined effect of household 

income and occupation among married women was further analyzed and it 

was observed that housewives who reported having a higher household 

income were in fact the poor survival group compared to all other groups 

of married women with different levels of income and occupation (Table 

25). 
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Table 25.  Survival of married women with different levels of income and occupation (women 
diagnosed with cancer from control arm) 

Married women with 

  

Hazard ratio 
Adjusted Hazard 
ratio 

Income Occupation Number of 
women 

5-year 
Survival 
(%) HR 95% CI HR* 95% CI 

<2000  INR Housewives 39 43.6 1.0 

 

1.0 

 

<2000 INR Manual workers 61 34.1 1.3 (0.8-2.1) 1.2 (0.7-2.0) 

2000+ INR Housewives 16 6.3 2.2 (1.2-4.2) 2.5 (1.3-4.8) 

2000+ INR Manual workers 30 20.0 1.6 (0.9-2.8) 1.9 (1.1- 3.3) 

*The hazard ratios were adjusted for age, education and type of house 

 

Stage of disease was found to be the most important determinant of 

survival since stage 2 or worse cancers had nearly four times higher risk for 

death compared to stage1 cancers (adjusted HR= 3.9; 95% CI: 1.7 to 9.1). 

Five-year survival was ranging from 9% for stage 4 cancers to 78% for 

stage1 cancers. This is shown in Figure 18. 
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Figure 18.  Five-year survival of cervical cancer patients 

(diagnosed in control arm) by stage of disease 

6.4 Part4- Bias in using screening data to study risk factors and 
prognostic factors of cervical cancer. 

6.4.1  Section1 (paper 4) 

In this section, bias in the use of screening data to study 

sociodemographic and reproductive risk factors was illustrated. The 

analysis was done by stratifying study population into screening and 

control arm, and screening arm was further divided into screening arm 

participants and non-participants. Table 26 describes cervical cancer 

incidence during 2000-2006 by study arm and screening status.  
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Table 26.  Person-years and Incident cervical cancer cases diagnosed during 2000-2006 from study 
population 

  Screening arm Control arm 

  All Participants Non participants   

PYRS of observation 274,258 168,210 106,048 178,517 

Incident cancer cases 167 106 61 158 

Incidence rate                 
(per 100,000 PYRS) 60.9 63 57.5 88.5 

 

Incident cervical cancer cases from screening arm include screen-

detected cervical cancers also. Irrespective of screening status, screening 

arm had an incidence reduction of 27.6% compared to control arm over a 

period of seven years. 

Incidence rates by study group and screening status are shown in 

Table 27. Incidence rate ratio (screening/control) by sociodemographic 

and reproductive factors explains the screening effectiveness among 

women in different strata of sociodemographic and reproductive factors. 

This analysis explains who did and who did not benefit from screening in 

terms of reducing cervical cancer incidence in screening arm compared 

to control arm (Table 27).  
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Table 27.  Incidence rate per 100,000 person-years by study group and screening status 

 

  
Control 

arm Screening arm 

 

   

  Incidence Rate Ratio 

Characteristics 

 

    All 
women 

participants Non 
participants 

Screening arm(all 
women)/control arm 

Individual characteristics 

Age group 

  

  

 30-39 53.2 29.9 28.9 31.9 0.6 

40-49 91.1 77.3 89.5 61.1 0.9 

50-59 161.4 126.4 155.7 99.2 0.8 

Education 

  

  

 Some education 37.0 40.2 42.9 35.4 1.1 

No education 103.2 71.3 74.2 67.0 0.7 

Occupation 

  

  

 Housewife/others 73.2 50.6 47.8 54.7 0.7 

Manual 100.2 70.6 76.4 60.7 0.7 

Marital status 

  

  

 Currently married 86.2 54.3 55.1 52.8 0.6 

Widowed/separated 112.7 115.3 141.2 88.0 1.0 

Age at marriage 

  

  

 18+ 80.6 52.0 46.9 59.9 0.6 

<18 105.8 74.5 85.9 55.1 0.7 
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Number  of pregnancies 

<4 68.6 49.0 48.2 50.3 0.7 

4+ 144.0 90.0 98.6 75.8 0.6 

Household characteristics 

 

  

 Type of house 

  

  

 Tiled/Concrete 87.0 55.9 52.6 61.0 0.6 

Thatched 97.0 76.3 93.7 45.6 0.8 

Income (INR) 

  

  

 2000 + 89.8 58.9 67.2 47.1 0.7 

< 2000 89.7 61.7 61.5 62.1 0.7 

 

Screening effectiveness by sociodemographic and reproductive 

characteristics of women 

Screening was effective in all ages of women since there was an incidence 

reduction in all age groups of women in screening arm compared to 

control arm with an IRR of 0.6, 0.9 and 0.8 respectively for the 30-39, 

40-49 and 50-59 years old women. However the lowest IRR was 

observed among 30-39 year old women and hence they were the most 

benefitted among others. Compared to controls, incidence among non-

participants was low in all age groups of women, but incidence among 

participants was similar to controls in 40-49 year old and 50-59 year old 

women. Only the youngest age group had clearly lower incidence of 

cervical cancer in screening participants, may be due to treatment of 

precancerous lesions. The higher incidence of cervical cancer in 40-59 

year old women in screening participants was due to the effect of higher 

participation of younger women with screening and higher number of 

screen-detected cancers among 40 to 59 year old women. 



 

131 

Screening was not effective in formally educated women since there 

was no incidence reduction among formally educated women in 

screening arm compared to control arm (IRR= 1.1). But women with no 

formal education in screening arm showed a substantial incidence 

reduction compared to women with no formal education in control arm 

(IRR= 0.7). Hence women with no formal education benefitted the most 

and women with some formal education did not benefit at all. Screening 

was  equally effective in both manual workers and housewives since both 

groups showed an incidence reduction of nearly 25 per 100,000 PYRS 

compared to  control arm (IRR=   0.7). 

The incidence among women with no formal education and manual 

workers were high among participants as compared to non-participants. 

Manual workers in the non-participated women had an incidence 

reduction of 40 per 100,000 compared to control arm whereas 

housewives in the non-participated women had an incidence reduction 

of 20 per 100,000 compared to control arm.  In addition incidence in 

non-participants did not vary much between housewives and manual 

workers. 

Incidence in widowed/separated women was the highest among 

participants compared to non-participants and control arm but incidence 

in married women among participants was reduced by 30 per 100,000 

person-years compared to control arm. In terms of effectiveness 

widowed/separated women did not benefit at all (IRR= 1.0). In contrast 

married women benefitted from screening in terms of reducing cervical 

cancer incidence (IRR= 0.6).  

Compared to control arm, incidence reduction in participants was 20 

per 100,000 among women who married below the age of 18 years old 

but incidence reduction was 34 per 100,000 among women who got 

married at an age of 18 years old or above. Compared to participants, 

incidence did not vary much with respect to age at marriage in non-

participants, but had a substantial incidence reduction among women 

married below the age of 18 years old compared to control women. Both 

groups of women benefitted in terms of effectiveness but showed a 

slightly less benefit for the high-risk group (women married at an age 

below 18 years, IRR=0.7) than the low-risk group (women married at an 

age of 18 years and above, IRR=0.6) 
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In both women with <4 and>=4 pregnancies, incidence was reduced 

in screening arm compared to control arm, hence screening was effective 

in both women with <4 and >=4 pregnancies. Even so, incidence 

reduction in participants compared to control women was 20 per 

100,000 in women with <4 pregnancies while incidence reduction was 

45 per 100,000 in women with >=4 pregnancies. In terms of screening 

effectiveness women with 4+ pregnancies benefitted most, which means 

the high-risk group benefitted most (IRR= 0.6) and the low-risk group 

benefitted less (IRR= 0.7).   

Incidence reduction among women lived in thatched houses was less 

(IRR= 0.9) compared to reduction observed among women who lived in 

tiled/concrete houses (IRR= 0.6). Hence the women who lived in 

thatched houses had less benefit compared to women who lived in 

tiled/concrete houses. Screening was effective in both income groups of 

women since there was an incidence reduction of 20 per 100,000 

observed in both groups of participants (IRR= 0.7 among women 

reported with household income >=2000 INR and IRR= 0.7 among 

women reported with household income <2000 INR). But no substantial 

variation in incidence was seen between women with income <2000 and 

women with income 2000 and above in all groups except non-

participants. 

Variation in the effect estimates of sociodemographic and reproductive 

risk factors 

As a consequence of screening and the variation in the benefit achieved 

by women in different sociodemographic and reproductive strata, effect 

estimates of risk factors were variable between screening and control 

arm. Further analysis by participants and non participants in screening 

arm also showed difference in effect estimates of risk factors due to 

screening itself and self-selection in attendance. Differences in effect 

estimates are shown in Table 28. 
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Table 28.  Effect of screening on risk estimates of sociodemographic and reproductive risk factors. 

 

Incidence rate ratios (IRR) 

  Control arm   Screening arm 

Characteristics     All    Participants   Non participants 

Individual characteristics 

       Age group 

       30-39 1.0 

 

1.0 

 

1.0 

 

1.0 

40-49 1.7 

 

2.6 

 

3.1 

 

1.9 

50-59 3.0 

 

4.2 

 

5.4 

 

3.1 

Education 

       Some education 1.0 

 

1.0 

 

1.0 

 

1.0 

No education 2.8 

 

1.8 

 

1.7 

 

1.9 

Occupation 

       Housewife/others 1.0 

 

1.0 

 

1.0 

 

1.0 

Manual 1.4 

 

1.4 

 

1.6 

 

1.1 

Marital status 

       Currently married 1.0 

 

1.0 

 

1.0 

 

1.0 

Widowed/separated 1.3 

 

2.1 

 

2.6 

 

1.7 

Age at marriage 

       18+ 1.0 

 

1.0 

 

1.0 

 

1.0 

<18 1.3 

 

1.4 

 

1.8 

 

0.9 
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Number of pregnancies 

<4 1.0 

 

1.0 

 

1.0 

 

1.0 

4+ 2.1 

 

1.8 

 

2.1 

 

1.5 

Household characteristics 

      Type of house 

       Tiled/Concrete 1.0 

 

1.0 

 

1.0 

 

1.0 

Thatched 1.1 

 

1.4 

 

1.8 

 

0.8 

Income (INR) 

       2000 + 1.0 

 

1.0 

 

1.0 

 

1.0 

< 2000 1.0 

 

1.1 

 

0.9 

 

1.3 

 

Table 28 shows variations in effect estimates of sociodemographic and 

reproductive risk factors of cervical cancer.  Incidence rate ratios (IRR) 

were estimated in all groups of women by taking low-risk group as the 

reference 

In all groups of women, cervical cancer risk increased with increasing 

age. However, the relative risk of 50-59 year old women was 3.0 in 

control arm where as it was 4.2 among screening arm, and 5.4 among 

screening participants. Similarly, the relative risk of 40-49 year old 

women was 1.7 in control arm whereas it was 2.6 among screening arm 

and 3.1 among screening participants. Hence, age shows different effect 

estimates by study group and screening status with a highest relative risk 

for 40-49 and 50-59 old women among screening participants. 

The risk of uneducated women was the highest among control arm 

whereas the risk of uneducated women was 100%  less among women in 

screening arm (2.8 vs. 1.8), and this reflects in the low relative risk 

among participants and non participants also. In case of manual 

workers, incidence rate ratio did not highly vary between screening arm, 

participants, and control arm.  However, manual workers showed no risk 

compared to housewives in non-participants. The relative risk for 

cervical cancer among widowed/separated women was the highest in 
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screening participants. Since widowed women are older than still 

married ones and since cancer incidence increases by age, screening 

brings more cancers into attention in this group of women. The low 

incidence among widowed in non-participants also may be an under-

representation. 

Both variables age at marriage and number of pregnancies showed 

different effect estimates according to study group and screening status. 

To be married at young age increased the risk of cervical cancer in both 

screening and control arms but the relative risk of women who married 

below the age of 18 years old was exaggerated in participants but 

nullified in non-participants. 

Women who lived in thatched houses showed an elevated risk in 

screening arm, and the risk was exaggerated in participants but showed a 

lower risk in non-participants. In case of household income, the relative 

risk of lower income group was high among non-participated women. 

But in control arm, income and type of house did not show any effect.  

6.4.2 Section2 (paper 5) 

In this section the bias in using screen-detected data to study the 

sociodemographic prognostic factors is illustrated.  A comparison of 

cervical cancer survival estimates between screen-detected and women 

diagnosed with cervical cancer from control arm by sociodemographic 

factors are shown in Table 29. 
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Table 29.  Variation in survival by sociodemographic factors – comparison between women 
diagnosed with cervical cancer in the control arm and women with screen-detected cancers 

  Women from control arm   Screen-detected women 

  

Observed survival at 

 

Observed survival at 

1 year 3 year 5 year 

 

1 year 3 year 5 year 

(%) (%) (%)   (%) (%) (%) 

Total 67.3 40 32.5 

 

79.1 55.2 47.6 

Individual characteristics 

      Age at diagnosis 

       30-39 70.3 45.9 37.3 

 

94.4 77.8 60.4 

40-49 66.0 39.6 34.0 

 

84.0 68.0 60.0 

50+ 66.7 37.3 29.1 

 

62.5 29.2 20.8 

Stage of disease 

       Stage 1 88.9 83.3 77.6 

 

95.2 80.9 75.9 

Stage2+ 65.7 33.2 23.5 

 

71.0 42.2 33.3 

Unknown 61.9 38.1 35.7 

    Education 

       No schooling 66.9 37.9 30.9 

 

80.4 58.8 49.0 

Some schooling 82.4 64.5 51.6 

 

80.0 46.7 46.7 

Occupation 

       Housewife/others 73.3 48.3 36.4 

 

80.7 53.8 38.4 

Manual 63.8 35.2 30.3 

 

78.1 56.1 53.6 

 

       



 

137 

Marital status 

Currently married 66.4 39.7 31.3 

 

83.0 58.5 52.7 

Widowed/separated 73.7 42.1 42.1   62.3 42.9 28.6 

Household Characteristics   

     Type of house 

       Thatched 48.2 29.6 25.9 

 

69.2 46.1 38.1 

Tiled/concrete 71.0 42.0 33.8 

 

85.4 61.0 53.7 

Income (INR) 

       <2000 69.2 43.5 38.2 

 

77.4 49.1 41.5 

2000+ 62.5 31.3 18.8   85.7 78.6 71.1 

Screening effectiveness by sociodemographic prognostic factors 

Table 29 illustrates how variations in survival by sociodemographic 

factors differ between screen-detected and women diagnosed with cancer 

in control arm. Variation in survival by age at diagnosis was minimal if 

cancer was diagnosed in control arm but variation was substantial when 

cancer was detected by screening. That means there was only 8.2% 

difference in five-year survival between women diagnosed with cancer at 

their 30’s and above 50 years of age in control women, while the difference 

was 40% in screen-detected women, and hence the screen-detected younger 

women benefitted the most. 

The variation in survival with respect to stage of disease was more or less 

similar between screen-detected and control women with a slightly better 

five-year survival for screen-detected women with stage 2+ cancers.  

There was a 20% unit difference in the five year survival between women 

with or without formal education in control arm whereas the difference was 

very minimal in screen-detected women because the screen-detected women 

without formal education benefitted in terms of improving their survival.  
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The survival of manual workers was low compared to the one of 

housewives if cancer was diagnosed from control arm but manual workers 

had a 15% unit higher five-year survival compared to housewives if cancer 

was screen-detected (Figure 19).  

Married women in control group had a low survival (10.8% reduction) 

compared to widowed/separated women while married women had a 24% 

unit increased survival compared to widowed/separated women in screen-

detected group (Figure 20). 

Variation in survival by type of housing was slightly large in screen-

detected women compared to control women. Screen-detected women with 

higher level of household income had a 30% unit increased survival 

compared to women with lower level of household income. However reverse 

was seen among control women with a very low survival rate among women 

with higher level of income. 
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Figure 19. Variation in survival by occupation – A comparison between screen-
detected and women diagnosed with cancer in the control arm. 
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Figure 20. Variation in survival by marital status – A comparison between screen-
detected and women diagnosed with cancer in the control arm 

In general, variations in survival by age and type of house were 

increased; variation in survival by educational status of women was 

reduced; and variations in survival by occupation, marital status and 

household income were reversed in screen-detected women, compared 

to control women. 

Variation in effect estimates of sociodemographic prognostic factors 

As a consequence of the effectiveness of screening in terms of changing 

the pattern of survival estimates, hazard ratios of sociodemographic 
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prognostic factors also varied between screen-detected and women 

diagnosed with cancer in control arm (Table 30). 

Table 30.  Variations in crude Hazard Ratios between screen-detected and women diagnosed with 
cancer from control arm. 

 

Control women 

 

Screen-detected women 

 

Crude 
Hazard 

Ratio 95% CI 

Crude 
Hazard 

Ratio 95% CI 

Individual Characteristics 

Age at diagnosis 

        30-39 1.0 

   

1.0 

   40-49 1.1 (0.7 - 1.9) 0.9 (0.4 - 2.2) 

50+ 1.3 (0.8 - 2.1) 2.9 (1.4 - 6.4) 

Stage of disease 

        Stage 1 1.0 

   

1.0 

   Stage2+ 3.3 (1.5 - 7.2) 4.1 (1.7 - 9.9) 

Unknown 3.0 (1.3 - 6.8) 

    Education 

        No schooling 1.0 

   

1.0 

   Some schooling 0.6 (0.3 - 1.2) 1.1 (0.5 - 2.3) 

Occupation 

        Housewife/others 1.0 

   

1.0 

   Manual 1.2 (0.8 - 1.8) 0.8 (0.4 - 1.6) 
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Marital status 

Currently married 1.0 

   

1.0 

   Widowed/separated 0.8 (0.4 - 1.5) 2.2 (1.1 - 4.3) 

Household Characteristics 

Type of house 

        Thatched 1.0 

   

1.0 

   Tiled/concrete 0.8 (0.47 - 1.22) 0.7 (0.4 - 1.3) 

Income(INR) 

        <2000 1.0 

   

1.0 

   2000+ 1.6 (1.09 - 2.33) 0.6 (0.3 - 1.5) 

 

The hazard ratio of older women was exaggerated in screen-detected 

women (2.9 vs. 1.3) because age at diagnosis determines survival differently 

among screen-detected and women diagnosed with cancer in control arm. 

Similarly screen-detected women with stage 2+ cancers showed a higher 

hazard of death compared to women with stage 2+ cancers in control arm 

(4.1 vs. 3.3). 

The formally educated women in control arm showed a low hazard of 

death (HR=0.6), but in screen-detected women, both educated and 

uneducated women had an equal hazard of death (HR=1.1). The effect of 

occupational status was reversed in screen-detected women and hence 

manual workers had a low hazard of death in screen-detected women 

(HR=0.8) while hazard was high in control women (HR= 1.2). Hence the 

effect of marital status also is different between screen-detected and women 

diagnosed with cancer in control arm and subsequently hazard ratios of 

widowed/separated women largely varied between screen-detected (HR=2.2) 

and control women (HR= 0.8).  

Women lived in titled/concrete houses had a low hazard of death 

compared to women lived in thatched houses in both screen-detected (HR= 

0.6) and women in control arm (HR=0.8). Hence the effect of type of 
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housing did not vary much between screen-detected and women in control 

arm. Because of the conflicting effect of household income, the higher 

income group had a higher hazard of death in women in control arm (HR= 

1.6) and lower hazard of death in screen-detected women (HR= 0.6). 

In order to clearly explain the difference in survival variation by 

sociodemographic factors between control and screen-detected women, 

the characteristics of women with respect to age at diagnosis was also 

analysed and presented in Table 31. 

Table 31.  Women characteristics stratified by age at diagnosis- a comparison between screen- 
detected and women diagnosed with cervical cancer in control arm 

  Age at diagnosis 

 

30-39 years 40-49 years  50-62 years 

 

Control 
screen-

detected control 
screen-
detected control 

screen-
detected 

Women characteristics (n=37) (n=18) (n=53) (n=25) (n=75) (n=24) 

No education 83.3 66.7 86.5 72.0 94.6 91.3 

Manual workers 64.9 66.7 67.9 72.0 60.9 45.8 

Currently married 97.3 88.9 94.3 88.0 80.0 62.5 

Lived in thatched houses 18.9 44.4 11.3 36.0 18.7 37.5 

Income ≥2000INR 21.6 22.2 34.0 24.0 29.3 16.7 

Stage1 cancer 8.1 61.1 11.3 32.0 12.0 8.3 

Stage2 or worse cancer 64.9 33.3 62.3 68.0 64.0 91.7 

*proportions are given in the table.  

 

In control arm the proportion of women diagnosed with stage 2 or worse 

cancer did not vary with respect to age at diagnosis, but in screen-detected 

women the proportion of stage 2 or worse cancers was very high among 

older women compared to middle-aged and younger women. Conversely 

the proportion of stage 1 cancers in screen-detected was high among 
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younger compared to middle-aged and older women. The proportion of 

women reported with higher household income was slightly large among 

middle-aged compared to other age groups in both control and screen-

detected women. Also the proportion of middle-aged women who lived in 

thatched houses was slightly less compared to younger and older women in 

both screen-detected and control. 

In screen-detected, only 62.5% of the older women were married 

compared to 80% of older women in control arm. In control women, above 

60% of women in all age groups were manual workers but in screen-

detected, only 46% of older women were manual workers compared to 

nearly 70% in other age groups. Only 5% of older women had some formal 

education versus 15% of younger and middle-aged women in control. A 

higher proportion of younger (33%) and middle-aged women (28%) were 

formally educated compared to 9% of older women in screen-detected 

group. 
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7 DISCUSSION 

Social inequalities are major determinants of India’s cancer burden 

(Mallath et al. 2014). The demographic and epidemiological transition in 

India is slow compared to progress achieved by many other Asian 

countries, and public health improvements get less political priority in 

India compared to other developing countries (Mallath et al. 2014). 

Cancer health care services in India are neither sufficient nor uniform 

across the country to meet the increasing cancer burden 

(Sankaranarayanan 2014 a). Lack of uniformity in state governments’ 

responses to health care needs also creates unequal cancer burden across 

different states in India (Sankaranarayanan 2014 a). In addition, the 

overloaded cancer centres create long waiting time for diagnosis and 

subsequent treatment further affects the outcome of cancer control 

activities (Pramesh et al. 2014). 

Though cervical cancer is considered as a completely preventable 

cancer, the burden is still very high in India (ASR per 100,000 person 

years in India: 22, North Europe: 8.7, Africa: 27.6, Asia: 12.7 and US: 

6.6) (Globocan 2012). Cervical cancer mainly affects socioeconomically 

disadvantaged women, and it is crucial to provide opportunities to 

reduce distress caused by such an eminently preventable cancer 

(Sankaranarayanan 2012). It is well established that a low-resource 

technique like visual inspection with acetic acid is an effective method to 

reduce cervical cancer incidence and mortality in low-resource settings 

(Sankaranarayanan et al. 2007, Shastri et al. 2014). However cervical 

cancer screening and prevention activities are not widely implemented in 

India except by some provincial and local government’s efforts 

(Sankaranarayanan et al. 2008, Sankaranarayanan 2012). Hence, our 

study results on the role of sociodemographic, reproductive and 

screening related factors in the risk of developing and survival after 

diagnosing cervical cancer in rural India is of considerable  importance 

in a public health perspective. 
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7.1  The long-term risk of cervical cancer in screen and treat policy 
with colposcopy triage (paper 1) 

Five different steps in screening process are: to identify the target 

population, to invite people for screening test, to test, to ensure diagnosis 

to those identified as test-positive and to treat those who were confirmed 

as positive by diagnostic test (Miller 2010). Screen and treat policy 

ensures diagnosis and treatment in a single visit itself but it has its own 

advantages and disadvantages (Gaffikin et al. 2003, Nuranna et al. 2012, 

Sankaranarayanan et al. 2014 b)  

The major advantage with VIA and immediate cryotherapy in the 

same sitting is that it will ensure maximal compliance to treatment 

(Sankaranarayanan et al. 2007). The main disadvantage on the other 

hand is over-treatment in this approach (Fokom-Domgue et al. 

2014).When benefits and harms are evaluated, low morbidity associated 

with immediate cryotherapy treatment in screen and treat and overall 

benefit gained by reducing incidence of invasive cervical cancer in the 

screened population result in favour of this method (Sherris et al. 2009). 

The major advantage of VIA is its affordability and feasibility in low-

resource settings because of minimal infrastructural requirements, 

immediate test results, and the possibility to train screeners quite rapidly 

(Sankaranarayanan et al. 2012). Subjective nature of the test, its poor 

accuracy in postmenopausal women, low specificity and high false 

positivity rate are some of the major limitations of VIA screening 

(Sankaranarayanan et al. 2012). In “see and treat” programmes with an 

intermediate colposcopy, treatment is offered to colposcopically-

confirmed screen-positive women. Colposcopy triage is used to reduce 

false positive results in VIA screening (Pimple et al. 2010). It helps 

clinicians to identify the area of cervix with highest degree of disease and 

to take biopsies from the identified area for histological confirmation 

(Cuzick et al. 2008). Colposcopy-directed biopsies in visual screening 

methods help to avoid over-treatment of low-grade lesions (Boicea et al. 

2012). 

However, we need to question colposcopy triage in screen and treat 

policy with VIA in countries with poor resources. In our study (paper1) 

we observed a strong correlation between VIA and colposcopy findings. 

This was due to the fact that the nurses were anxious not to miss any 
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precancerous lesions and it is possible that they might have overcalled 

abnormal colposcopy findings by correlating with VIA test result. 

Sauvaget et al (2011) describe in their paper that it is possible to observe 

a high correlation between VIA and colposcopy findings since both tests 

visually identify cervical abnormalities after application of acetic acid 

(Sauvaget et al. 2011). This will affect negatively the objective of doing 

colposcopy in triaging VIA positive women:  it will neither reduce false 

positives nor the number of women recommended for further diagnosis 

and treatment. Thus, colposcopy triage will unnecessarily increase costs 

and dropouts in screening programmes in low-resource settings.  

In our study we observed that the cervical cancer risk was very high 

after a positive VIA test and negative colposcopy, which was similar to 

the risk after a positive VIA test with a positive colposcopy with no 

histology. It is reported that even among highly experienced 

practitioners, colposcopy shows a 20-40% false negative rate (Cuzick et 

al. 2008). This implies that colposcopy did not differentiate high- and 

low-risk groups in VIA positive women. In low-resource settings 

screening programmes based on VIA and colposcopy triage are not 

plausible. 

Because cryotherapy is an ablative process, no tissue sample will be 

available to confirm diagnosis or adequacy of treatment after 

performance of cryotherapy. However, it has been shown that single or 

multiple punch biopsies can safely be performed before cryotherapy 

which will facilitate a posterior histopathological nature of the lesion 

treated (Jacob et al 2005; Sankaranarayanan et al. 2007 b). In our study 

also a punch biopsy was followed by cryotherapy, and women were 

informed about their histology report and were invited for further 

treatment if the report showed a different diagnosis and/or further 

treatment was required. 

We found that the observed incidence of cancer among VIA positive 

women who received treatment but had a negative histological 

confirmation was only less than half of the incidence among VIA positive 

women who did not receive treatment and who had a negative 

confirmation in histology (25.66 Vs 59.04) (paper 1). Sherris et al (2009) 

suggested that cryotherapy might be protective against future 

development of cervical disease among women infected with HPV 

(Sherris et al. 2009). Sankaranarayanan et al (2012) also reported that 
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women treated with cryotherapy will get some marginal benefit by 

protecting them against future HPV infections (Sankaranarayanan et al. 

2012). 

The high incidence of cervical cancer among women with 

histologically confirmed high-grade CIN lesions in our study points out 

the failure to treat on time or failure of follow-up. It adds to the 

requirement of strengthen the counselling services to improve 

compliance with further treatment and follow-up among women with 

cervical abnormalities. 

In our study VIA showed a very high negative predictive value even 

after 10 years of follow-up (28,186/28,255, 99.8%). Another screening 

trial conducted in rural Maharashtra, India also showed a very high 

negative predictive value (99.9%) for VIA. In that study, cancer 

developed only among 25 out of 23,000 VIA negative women within 8 

years of follow-up (Sankaranarayanan et al. 2009). Both results ensure 

that women with a negative VIA test result will have assurance   of a very 

small chance of developing cancer in the near future. 

According to Miller (2010), true positives can be classified into four 

categories based on the ultimate prognosis of the disease identified by 

screening such as: cancer detectable by screening that are 1) curable after 

clinical diagnosis; 2) incurable after clinical diagnosis but curable after 

screen detection; 3) incurable after clinical diagnosis and screen 

detection; 4) never surface to cancer in the lifetime if screening is absent 

(Miller 2010). Miller (2010) also suggested that true positives get benefit 

if disease is detected in a treatable form and will lead to progressive 

disease and even death if left untreated. Though there is a chance of over 

diagnosis, women treated with CIN2-3 who did not develop cancer in the 

future were true benefiters of screening in our study. False positives do 

not cause any benefit and women are unnecessarily worried about their 

results (Miller 2010). 

In screening, false negatives are the actual disadvantaged group 

(Miller 2010). In our study VIA had a very high negative predictive value 

and false negatives were rare. However, women with negative colposcopy 

finding while triaging VIA positives are truly disadvantaged if colposcopy 

result was false negative. Here women were falsely reassured by 

confirmatory diagnostics to be free from disease. VIA screen and treat 

without colposcopy triage results in over-treating low risk women, but 
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VIA screen and treat with an intermediate colposcopy result in false 

reassurance if colposcopy is false negative. 

In VIA screen and treat policy, cryotherapy may under treat a sub-

clinical, early invasive cancer or deep lying high-grade lesion, especially 

when the assessment of lesions is not carefully carried out. This may 

increase the risk of cervical cancer in the future. Cervical cancer cases 

observed during post-cryotherapy follow-up in our study reflect under-

treatment of deep lying, large precursor lesions or occult cancer. 

In high resource setting the widespread availability of loop 

electrosurgical excision procedure (LEEP) has substantially reduced the 

use of cryotherapy (WHO 2011). However, cryotherapy is an important 

method of treatment of cervical lesions in low-resource countries, given 

the difficulties and resources required for LEEP in such settings. (The 

process involved in screen and treat and criteria to provide cryotherapy 

were discussed in section 3.5.2.6 and 3.5.2.7). 

Hence, in an extremely poor setting a screen and treat policy with no 

colposcopy would be more feasible and conducive for the effectiveness of 

the screening programme. This also means to treat all VIA positives. 

WHO guidelines for screening and treatment of precancerous lesions for 

cervical cancer prevention (Figure 3.11) also recommend this (WHO 

2013). In a low resource setting, colposcopy can be limited to women 

with suspected preclinical, asymptomatic cervical cancer as characterized 

by large lesions occupying the entire cervix (all the four quadrants) or 

large lesions distorting the os or extending into the endocervical canal. 

Also if resources allow it, biopsy can be taken from all VIA positive 

women followed by cryotherapy so that the histological nature of the 

lesions treated can be correctly identified and it will be possible to ensure 

whether the given treatment was sufficient. 

7.2 Sociodemographic and reproductive risk factors for cervical cancer 
in rural India (paper 2) 

We found women of increasing age and with a large number of 

pregnancies to be at a significantly higher cervical cancer risk in the rural 

population in India. Cervical cancer is rarely reported among women 

under the age of 30 years but the prevalence of HPV infection is at its 
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peak under 30 years old. It takes usually 10-20 years to develop cervical 

cancer from its pre-cursors (WHO 2006). As a result there is a peak in 

the incidence of cervical cancer in old women if there is no screening. 

Multi-parity and frequent pregnancies make the cervix exposed to HPV 

by maintaining the transformation zone in the ectocervical region for 

several years (Mukherjee et al. 1994, Hinkula et al. 2004). 

We found lack of formal education as the fundamental social risk 

factor associated with cervical cancer incidence in controls of this rural 

population. However, formal education does not reduce risk in the 

population if women do not have resources to improve their living 

conditions. In rural villages, the sanitation facilities are extremely poor 

and majority of people are practising very poor hygienic conditions 

irrespective of their social status. That is why factors such as occupation, 

type of house and family income did not show any significant 

relationship with cervical cancer incidence in this rural population. 

Increasing cervical cancer awareness through educational programmes 

and improvements in living standards can together reduce the risk of 

cervical cancer in rural women. Hence, public health efforts should focus 

on implementation of cervical cancer prevention programmes along with 

improved awareness and improvements in hygienic conditions.  

From a public health perspective it is also useful to identify cofactors 

for cervical cancer in different populations because the effect of each 

cofactor can be different in different populations and in different 

situations within each population. Exposure to some cofactors can be 

modified or avoided and some of them cannot be modified. For example, 

smoking can be avoided but age is a factor that cannot be changed 

(American Cancer Society 2013). Public health policies can be developed 

in view of the nature of these cofactors and hence should be able to make 

sure that women with high background risk attain the benefit from 

cervical cancer control activities. 

7.3 Cervical cancer survival in rural India (paper 3) 

The observed five-year survival of women diagnosed with cervical cancer 

in the control arm of the current study (paper 3) was very low (32.5%) 

compared to observed survival estimate from Chennai urban PBCR 
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(54%) for cases diagnosed during 1990-99 (Swaminathan et al. 2009). 

The better quality and accessibility of cancer health services in urban 

areas compared to rural areas explains large variations in survival 

(Sankaranarayanan et al. 2010).  

Although we did not find significant variation in observed survival 

with respect to socioeconomic factors, the observed variation in survival 

according to level of education is indicative of the socioeconomic 

disparity in survival. We observed that patients with formal education 

had a 30% reduction in mortality or 70% better survival compared to 

patients with no formal education. Even if the result was not significant 

due to small number of patients, it does not imply that there is no 

survival variation.  

We observed a smaller than expected variation in survival by 

socioeconomic factors. It reflects lack of efficient cancer health services 

in rural India. The accessibility to cancer health services may be similarly 

poor in women from all socioeconomic strata in this population. 

We found stage of disease to be the strongest determinant of survival in 

this rural population of India. It was observed that 78% of women 

diagnosed with stage I cancers survived for more than five years. This 

result strongly emphasises the importance of providing early detection 

and prevention opportunities to women in low-resource settings. Stage 

at diagnosis determines the survival because of high success for 

treatment if initiated before locoregional and distant spread of disease 

(Sankaranarayanan, Black & Parkin 1998).  

Kogevinas and Porta (1997) examined socioeconomic differences in 

cervical cancer survival using ten studies done in different populations, 

and eight out of those showed an association between poor survival and 

low socioeconomic status (Kogevinas, Porta 1997). Booth et al (2010) 

reported that the most commonly cited explanation for the relation 

between low socioeconomic status and cancer survival is the difference in 

stage of disease at the time of diagnosis (Booth et al. 2010). Brookfield et 

al (2009) also reported that late-stage diagnosis and lack of treatment 

were in fact the reasons for socioeconomic disparity in cervical cancer 

survival in their study (Brookfield et al. 2009).  

A study done by Movva et al (2008) suggested that factors associated 

with access to medical care are important determinants of long-term 

survival of cervical cancer patients (Movva et al. 2008). Kaku et al (2010) 
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also showed that time delay in treatment due to inefficient cancer health care 

facility, lack of financial resources and social support affect the survival of 

cervical cancer patients in low-resources settings (Kaku, Mathew & Rajan 

2008). Socioeconomic status was significantly associated with stage at 

diagnosis in a study done in Texas. The authors reported that lower 

socioeconomic group had a poor survival across all racial/ethnic groups, 

suggesting that socioeconomic status is more important than 

racial/ethnic disparities (Eggleston et al. 2006). 

7.4 Bias in using screening data to study sociodemographic and 
reproductive risk factors of cervical cancer (paper 4) 

It is important to identify sociodemographic risk factors for a particular 

disease in the population since there are different effects in different 

populations. Any high-risk populations can be given special 

consideration when implementing cancer control activities.  We 

compared the effect estimates of sociodemographic and reproductive 

factors in screening arm, participants, non-participants and controls. 

The comparison helps to understand effectiveness of screening in 

different groups of women and bias in the use of screening data in 

determining risk factors. 

Our study showed that screening data are not useful for etiological 

research on cervical cancer because self-selection in attendance and 

screening itself bias the estimates. Due to these biases, screening 

attendants, non-attendants and non-screened controls should be 

considered separately when doing etiological research. Estimates using 

the control data are most reliable for studying risk factors for cancer. 

The purpose of a screening programme is to reduce cancer burden 

and, incidence and mortality estimates are used to measure effectiveness 

(Sankila et al. 2000).  Incidence reduction over time (or compared to 

controls) in a population is a positive finding indicating potential benefit 

from screening. In our study, the comparison of incidence rates by study 

group (screening arm/ control arm) and screening status 

(screened/unscreened) was used to illustrate effectiveness in different 

groups of individuals. 
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In our analysis of the control population, the old, not formally 

educated and high-parous women were identified as the high-risk group 

for cervical cancer. On the other hand, in the screening group, cervical 

cancer incidence was reduced in old women but the reduction was 

smaller than that observed in young women. Moreover, young women 

had higher participation in screening compared to old women. Other 

reasons may be the large number of high-grade lesions and non 

compliance with treatment and follow-up in old women. Also, VIA has 

been found less effective in old women (Sankaranarayanan et al. 2007a).  

We found that women in the screening arm with no formal education 

had a substantial reduction in cervical cancer incidence while the 

formally educated women did not. Participation in screening in women 

with formal education and without formal education was 67% and 61% 

respectively; screen positivity was 11.3% and 8.8% respectively; and the 

proportion of women who received treatment was 74% and 70% 

respectively. These figures do not explain why screening was not effective 

in formally educated women. One explanation may be that incidence 

among educated women was lowest (37 per 100,000) among women in 

all strata (Table. 24) in the control arm. A significantly 68% lower risk of 

cervical cancer among educated women has already been demonstrated 

in the general population of Dindigul district (The standardized rate ratio 

of cervical cancer in women who had more than 12 years of education 

was 0.32 (95% CI: 0.19-0.52) (Swaminathan et al. 2009).  

It has been well documented that education is a protective factor 

against cervical cancer (Bermedo-Carrasco, Waldner 2016). Lack of 

adequate education is associated with limited access of individuals to 

preventive information and services, limited empowerment to seek 

services and increased frequency of risky behaviour. Since the control 

arm essentially represents the general population, it is not surprising 

that the incidence among formally educated women in the control arm 

was as low as in the screening arm. Thus the IRR of screening/control in 

formally educated women was equal to one. 

In our study (paper 4) women with four or more pregnancies achieved 

more benefit compared to women with less than four pregnancies. But 

there was not much difference in the risk estimate between screening 

and control arm (IRR: 1.8 vs. 2.1). We observed that the three high-risk 

groups of women (the old, not formally educated and high-parous 
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women) actually achieved benefit from screening (Table 27) but there 

was difference in the estimates of relative risk between screening and 

control arm (Table 28). For old, the relative risk was high in controls; for 

women with no formal education, relative risk was small in controls; and 

for high-parous women, relative risk remained similar between control 

and screening arm.  

Cervical cancer incidence was substantially increased among widowed 

or separated women in the screening participant group which could be 

due to screening and free treatment of symptomatic women in this 

vulnerable group. Women married at the age of 18 years or above gained 

more benefit than women married younger than 18 years of age. Women 

living in thatched houses had less benefit compared to women living in 

tiled or concrete houses, which again points out the association between 

cervical cancer and poor living standards and poor socio-economic 

conditions. 

We found that self selection in screening participation is a major 

factor associated with biased risk estimates. Many factors can influence 

screening participation. Age, education, marital status, income, number 

of children, use of contraception, lack of knowledge about screening of 

cervical cancer and its prevention, ease of access and lack of patient 

friendly health services, personal and life style factors,  and attitudes are 

some of them (Sankaranarayanan et al. 2003, Nene et al. 2007,Louie et 

al. 2009, Singh, Badaya 2012, Singh et al. 2012, Olesen et al. 2012, 

Lyimo, Beran 2012). It can be seen that most risk factors and 

determinants of screening participation are the same. Also in this 

population, benefiters had a higher proportion of attendance in 

screening. It was suggested that an exposure correlates with the 

acceptance of screening can influence its risk estimate (Weiss 2003). In 

addition, if there is a short follow-up period, screen-detected cancers will 

dominate effect estimates of screening arm participants. Thus because of 

all these reasons (and all earlier discussed) screening data is not fit for 

studying cervical cancer risk factors in general. 

Health equity implies an equal opportunity to be healthy for all 

populations without systematic disparities between more or less 

privileged social groups (Braveman, Gruskin 2003). So in terms of equity 

it is important to know who got benefit and who did not and what the 

reasons for such an inequity are in terms of achieving benefit from 
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screening. It is also encouraging that women in low socioeconomic strata 

benefitted from screening in terms of reducing cervical cancer incidence 

among them, while in many western countries screening effectiveness is 

associated with higher socioeconomic status. The major reason for this 

reverse association is the utilization of free screening and treatment 

offered to women in this rural population.  

7.5 Bias in using screening data to study prognostic factors on survival 
(paper 5) 

The objective was to explain how variation in cervical cancer survival by 

socioeconomic factors differs between women with screen-detected 

cancers and women diagnosed with cancer in the control arm, and hence 

to show how effect estimates get biased. 

Cancers detected among screening participants during the period 

between two consecutive intervals (interval cancers) usually have poor 

prognosis. It could be due to their aggressive natural history and may not 

indicate failure of screening. Screen detected cancers are probably slow 

growing and have good prognosis while cancers diagnosed after the 

negative screen may have a worse prognosis. This is because slow-

growing cancers can be detected at screen and at early stages. Longer 

survival time observed due to early diagnosis (lead time bias) and better 

prognosis of cancers detected at routine intervals (length bias) are both 

general sources of bias in reporting survival estimates using screen-

detected data (Sankila et al. 2000). Another type of bias that will affect 

survival estimates of screen-detected cancers is over-diagnosis (Viera 

2011). Over-diagnosis occurs when very slow growing cancers or non-

progressive cancers (false disease) are detected at screening (Welch, 

Black 2010). 

Length and lead-time biases affect all sociodemographic strata of the 

screen-detected cases. Hence, a comparison of variation in survival by 

socioeconomic status between screen-detected women and women 

diagnosed with cancer from control arm is credible. Furthermore the 

question was to know whether variation on survival by socioeconomic 

status in screen-detected women had increased, decreased, or reversed 

compared to women diagnosed with cervical cancer in control arm. 
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Contradictory results by socioeconomic status in screen-detected women 

compared to control women might be due to over-diagnosis and 

selection bias in screen-detected cases.  

For example, in our study (paper 5) younger, uneducated and manual 

workers showed an improved survival among screen-detected women 

compared to control women. The large variation in survival of younger 

and older women with screen-detected cancers raised many social and 

biological concerns. More than 90% of screen-detected cancers in older 

women were stage 2 or worse compared to 33% among younger women. 

Older women are also more likely to die due to other co-morbidities. In 

addition, 92% of older women were uneducated compared to 67% of 

younger women. The proportion of widowed/separated women was also 

high among older women. All these factors can influence older women’s 

health seeking behaviours and attitudes towards treatment and follow-

up. Wagner et al (2011) suggest that information gaps and stigma 

associated with diagnosis and treatment will be high among older 

women, and this will influence compliance with treatment and further 

follow-up (von Wagner et al. 2011). Elit (2014) also suggests that various 

patient, disease and treatment factors can confound the effect of age on 

survival (Elit 2014) . 

In our study educated and uneducated women had an equal hazard of 

death in screen detected, while educated women had a better survival than 

uneducated women in the control arm (Table 30). As discussed in section 

7.4, education is a protective factor against cervical cancer (Bermedo-

Carrasco, Waldner 2016). This probably explains the low hazard of death 

among educated women in controls. The better survival among 

uneducated women in screen detected may due to a possible over 

diagnosis bias. We observed that women with no formal education had 

reduced cervical cancer incidence in the screening group compared to 

the control group (paper 4). It may be possible that relatively very slow 

growing cancers were detected at screen among uneducated women, and 

thus showing a survival rate similar to educated women among screen 

detected. 

In our study (paper 3), housewives who reported higher income were 

in the poorer survival group in controls.  This result may probably due to 

the low empowerment of housewives in the society even though they had 

a better income. Housewives are usually dependents of their husbands or 
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family members, and this financial instability often leads to ignorance of 

their healthcare needs. Women diagnosed with stage1 cancers had very 

good survival both in the screening or control arm, and the variation in 

survival by stage of disease was more or less similar. 

From all above, the variation in cervical cancer risk by 

sociodemographic factors between screening and control arm women is 

explained by selection and possible over diagnosis biases. Our results 

indicate that using screening data to study the effect of 

sociodemographic factors on survival is inappropriate. If we compare 

survival estimates of our study to others (Swaminathan et al. 2009, 

Sankaranarayanan et al. 2010, Sankaranarayanan et al. 2010) 32% 

survival in cervical cancer cases (among controls) is at the low end of 

Indian data. We cannot compare the observed 48% survival in screen-

detected cases with others because of the biases described above. 

Cancers diagnosed in the control arm are a mixture of both slow-growing 

and fast-growing cancers, and they are free from lead time and possible 

over-diagnosis biases, hence correctly describing survival by 

socioeconomic status. 

7.6 Importance of social class difference in cervical cancer risk by 
population 

While implementing cervical cancer control activities, it is important to 

consider the association between social class difference and cervical 

cancer risk in each population. A meta-analysis of 57 case-control studies 

from different parts of the world found a 100% increased risk for 

developing cervical cancer in low social class categories compared to 

high social class categories (Parikh, Brennan & Boffetta 2003). The 

difference was consistent in all countries but stronger in low- and 

middle-income countries in Asia, Africa and in North America compared 

to Europe. The authors suggested that the trend actually reflects the 

association between social class and exposure to HPV as well as access to 

adequate screening programmes. Particularly inaccessibility to screening 

programmes was the primary cause of social class difference in low- and 

middle-income countries whereas lifestyle factors was the primary cause 
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of social class difference in Western Europe (Parikh, Brennan & Boffetta 

2003). 

Social class difference in the accessibility to health services in western 

European countries may not be as wide as in low- and middle-income 

countries. Living standards, sanitation facilities, and hygienic practices 

of women in high income countries are much better than those of women 

from rural areas of low- and middle-income countries. Hence, lifestyle 

factors such as smoking and other behavioural risk factors associated 

with socioeconomic status play a major role in the development of 

cervical cancer in Western Europe. In low- and middle-income countries 

poor living standards and inaccessibility to health services as such, make 

women at high-risk for acquiring and persisting with HPV infection and 

developing cervical cancer. Bell et al (2011) reported that younger 

women and those who smoked had a higher risk of HPV infection among 

American Indians whereas women with a large number of sexual 

partners had higher risk in white women (Bell et al. 2011).  

The role of socioeconomic status in the development of cervical cancer 

is multifaceted and it is linked with every step of disease progression. In 

all, cervical cancer prevention strategies for western European countries 

may not be applicable for low- and middle-income countries, but should 

be made according to socio-cultural differences in each population.  

Franceschi et al (2009) suggested that the association between 

cervical cancer and low socioeconomic status is due to the presence of 

cofactors that may modify the chance of disease progression (Franceschi 

et al. 2009). In their study, a consistent lack of excess of HPV positivity 

in women with low education was observed in those populations in 

which a consistent inverse association is observed between education 

and cervical cancer risk. The influence of socioeconomic level on cervical 

cancer risk was explained by factors such as early age at first intercourse 

and first pregnancy, and a higher number of pregnancies that can modify 

the carcinogenic potential of HPV infection. These factors explain the 

association of SES and cervical cancer risk at least in inadequately 

screened populations (Franceschi et al. 2009). Kahesa et al (2012) 

pointed out that women without formal education are less aware about 

precautions to be taken for safe sex than formally educated women 

(Kahesa et al. 2012).  
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Cervical cancer as a single gender disease and the stigma that it is 

being linked to a sexually-transmitted infection are two major concerns 

to be addressed carefully in developing countries (Miller 2013). The label 

of sexually-transmitted infection creates stigma and suspicion of 

promiscuous behaviour of a woman and/or her husband. The label of 

“sexually-transmitted infection related disease” will not help women in 

low- and middle-income countries to reduce the burden of cervical 

cancer, and it will even worsen the situation.  Varghese (2000) reported 

socioeconomic determinants of HPV infection in Trivandrum district, 

Kerala state of India, where HPV prevalence was found to be 

significantly low among Muslim women and those who had higher SES. 

To get HPV infection, the population-attributable risk percentage (PAR 

%) for sexual promiscuity of women was 2.3% whereas it was 14.2% for 

genital hygiene, and 40.6% for SES. The study suggested that 40.6% of 

HPV infections can be prevented by improving the SES of women 

whereas only 2.3% can be prevented by avoiding sexual promiscuity. As a 

conclusion, the study showed SES of women as the major determinant of 

HPV infection in women in Kerala (Varghese 2000). 

HPV is the most common reproductive tract viral infection in sexually 

active individuals, and almost all sexually active individuals are infected 

with HPV at least once in their life time (WHO 2006). A women’s sexual 

partner can also be a persistent carrier of HPV, especially if he is living in 

a community with the same low hygienic practices. HPV can inhabit 

anywhere in genital areas, and the chance of recurrent infection is 

increased in poor living standards and unhygienic practices. Cervical 

cancer prevention activities in low- and middle-income countries should 

give more emphasis on the need of improved living standards, sanitation 

facilities and hygienic practices rather than stigmatising cervical cancer 

patients suffering from a rare long-term outcome of a very common, 

ubiquitous infection of the genital tract. It will help women in low- and 

middle-income countries to take precautions against HPV infection, to 

accept vaccination, and to comply with screening, further treatment and 

follow-up. 



 

159 

7.7 Cervical cancer prevention efforts in India 

India contributes one out of every five cervical cancer patients in the 

world (Sankaranarayanan 2012). Despite the huge burden and important 

contributions in cancer research, especially in the area of early detection 

through a number of demonstration projects, little attention is given to 

develop public health policies to implement early detection initiatives or 

prevention through vaccination in India (Sankaranarayanan 2012, 

Sullivan et al. 2014). The competing health needs, limited human and 

financial resources, political instability, and sociocultural issues are some 

of the major challenges for developing countries like India to initiate 

cervical cancer screening programmes (Elit et al. 2011). 

Screening women for cervical cancer is practically absent in India 

(Sankaranarayanan et al. 2008). Opportunistic screening through 

research or pilot projects and some provincial efforts are available 

(Pramesh et al. 2014). Conventional cytology, VIA and HPV tests are all 

currently existing in India. Cytology based Pap smear testing is freely 

available only in district-level government hospitals in India, and in 

selected private hospitals, particularly in urban areas, on payment 

(Pramesh et al. 2014). Usually it is offered to women attending these 

hospitals for some other reasons. HPV testing is available through major 

private centres. Colposcopy and treatment facilities for cervical 

precursors (cryotherapy, LEEP) are not available in most parts of the 

country. Also the general practitioners, gynaecologists, midwives or 

health care providers in local health services are not used to provide 

cervical screening (Sankaranarayanan et al. 2008). 

Tamil Nadu and Sikkim are two states in India where VIA screening 

and physical examination of breast is implemented through primary care 

services (Krishnan et al. 2013, Sullivan et al. 2014, Krishnan et al. 2015). 

In fact cancer screening programme in Tamil Nadu state is the only 

large-scale screening programme in the country (Pramesh et al. 2014). 

Tamil Nadu state initiated VIA screening in a phased manner since 2007 

after reporting the reduction in cervical cancer incidence and in 

mortality by conducting the randomised trial in Dindigul district 

(Sankaranarayanan 2014). In 2010, Sikkim also introduced state-wide 

visual screening for cervical cancer (Sankaranarayanan 2014). 
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Currently both quadrivalent and bivalent prophylactic HPV vaccines 

are licensed in India and are available for personal use for those who can 

afford it (Nigam et al. 2014). HPV vaccination has not been implemented 

at population level due to the high cost compared to other vaccines used 

in immunisation programme as well as due to arguments such as: most 

of HPV infection regress spontaneously; vaccine will not protect against 

all HPV types; and investment is inappropriate without having proper 

evidence on its safety, efficacy, and long-term protection (Nigam et al. 

2014). 

Sankaranarayanan et al (2008) pointed out some unique sociocultural 

issues associated with implementation of HPV vaccine in India such as: 

it mainly focuses on a sexually-transmitted infection (STI), targets are 

female adolescents, and purpose is to prevent a disease generally 

considered as a disease of aged women (Sankaranarayanan et al. 2008). 

These are major factors influencing the decision of health policy makers 

not to introduce HPV vaccine in health system, and health care providers 

not to recommend HPV vaccination to their patients. In addition the 

willingness of parents to have their children vaccinated, and the 

readiness of young and adolescent girls to receive vaccination also is 

influenced by such sociocultural issues. Societal awareness and change in 

attitude towards HPV vaccination can be a major determinant of HPV 

vaccine implementation in India (Sankaranarayanan et al. 2008).  

The lack of implementation of screening programmes and the long 

waiting time to implement vaccination until there is proper evidence on 

the long-term protection may keep the burden of cervical cancer high in 

India. However, there is increasing recognition of the overarching 

importance of HPV vaccination to prevent the high burden of cervical 

cancer in India and recently the states of Delhi and Punjab have initiated 

routine vaccination of 12 year old girls with two doses of HPV 

vaccination spaced 6 months apart as part of their immunization 

program. It is expected that other states in India will follow the examples 

of Delhi and Punjab in due course. 

Awareness about cervical cancer is very poor in general population 

and even among health care providers in India (Dabash et al. 2005, 

Thippeveeranna et al. 2013, Shah et al. 2012, Donta et al. 2012, Dhamija 

et al. 1993, Aswathy et al. 2012). Rural villages in many states of India 

still have no basic sanitation facilities even though the Government 



 

161 

makes many efforts to improve them. There are public advertisements 

through television, radio and other media to promote the use of toilets 

and hygienic practices and to motivate people to make use of such 

facilities provided by government. Accredited Social Health Activist 

(ASHA) is a component of the National Rural Health Mission (NRHM) of 

Government of India. ASHA is acting as an interface between community 

and health care system. They are trained to provide information on the 

need for timely utilisation of health and family welfare services, existing 

health services, immunisation programs and determinants of health such 

as nutrition, basic sanitation and hygienic practices, and healthy living 

and working conditions (NRHM). ASHA and other health workers can be 

trained and effectively utilized for cervical cancer prevention initiatives 

through existing resources. 

Though estimates from cancer registries show a declining trend of 

cervical cancer incidence in India over the years (Yeole 2008, 

Nandakumar, Ramnath&Chaturvedi 2009), it is still the second most 

common female cancer and the incidence is very high in rural 

populations (Globocan 2012). This huge burden of cervical cancer in 

India is underappreciated (Asthana, Chauhan & Labani 2014). 

7.8 Strengths and limitations of the study 

Incidence and survival comparisons made in this study are unique.  The 

study illustrated bias in using screening data to study risk and prognostic 

factors for cervical cancer. The information on incident cervical cancer 

was accurate and the study had adequate and active follow-up of cancer 

cases. We could thus derive survival estimates without loss adjustments. 

We had a long-term follow-up of the population that helped to show the 

long-term risk of cervical cancer among those offered screening.  

We could, however, only study some of the possible correlates of 

cervical cancer. Women’s HPV status, their nutritional status and the use 

of tobacco were also not available in this study. Religion was excluded 

from the analysis because the vast majority of women were Hindus and 

there was only a very small fraction from other religious groups. A major 

limitation in survival studies was the lack of information on clinical 

extent of disease and treatment details of women on a routine basis. It is 
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possible to have information bias when information on household 

income was reported by participants. For the analysis, changes in 

socioeconomic factors over life years were not considered.  
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8 CONCLUSION 

Globally, the burden of cervical cancer is not equally distributed in 

populations. Most of disparities are due to socioeconomic and health 

care issues associated with poverty (Tsu, Levin 2008). The major 

challenge with effective prevention of cervical cancer is the existing gap 

between interventions and their delivery to communities (Miller 2013). 

Findings from this study support that screen and treat policy with no 

colposcopy would be the best option in extremely poor settings. Another 

important observation is that screening data cannot be used for studying 

sociodemographic and reproductive risk and prognostic factors. 

Screening and self-selection in attendance will influence effect estimates 

of risk factors. Similarly, over-diagnosis and selection bias will influence 

effect estimates of prognostic factors and survival.  

Age was identified as one of the most important variables associated 

with the risk of and survival after diagnosing cervical cancer, as well as 

with effectiveness of screening for a variety of reasons. It was observed 

that the risk of developing cervical cancer significantly increased with 

increasing age, and that was explained by natural history of the disease. 

Additionally, high age was linked with advanced stage at diagnosis 

because of this lack of early detection practices. Survival decreased with 

increasing age but difference in survival between younger and older 

women in the control population was not big, which draws attention to 

the inefficiency of health system. When participation of screening was 

considered, younger women were more likely to attend screening than 

older women. Better contacts with reproductive services and higher 

prevalence of formal education might help younger women to 

understand the importance of screening.  

On the other hand, VIA screening is less efficient among older women. 

Due to the higher participation of younger women in screening, a large 

number of cervical precursors were detected and treated among younger 

women. Hence, cancer risk was substantially reduced among younger 

women compared to older women, and younger women got more 
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benefit. VIA has limitation on postmenopausal women due to poor 

visibility of the transformation zone (due to the movement of the 

transformation zone into the endocervical canal as age advances) where 

cervical neoplasia occur (Sherriset al.2009).  Survival of older women 

did not improve even if the cancers were screen detected. The large 

proportion of stage 2 or worse cases, other co-morbidities, less 

compliance with treatment and follow-up, poor treatment results, and 

other socioeconomic factors negatively influence the survival of older 

women. 

Older women need emotional and informational support from family 

members as well as from providers of screening because information 

gaps and the stigma associated with screening and treatment is also 

contributing to the high refusal rate for further diagnosis, treatment and 

follow-up among them (von Wagner et al. 2011). Still in US, about half of 

the newly diagnosed cervical cancers are in women who never attended 

screening and another 10% is in women who did not have screening 

during the last five years, particularly among older women who did not 

have health insurance and who immigrated recently (American Cancer 

Society 2013). Hence, age simultaneously act as a social and biological 

factor correlating with the risk of and survival after diagnosing cervical 

cancer, and shows its effect throughout a woman’s life span. 

Formal education was identified as the most important social factor 

associated with cervical cancer risk and survival, and it is a salient factor 

to analyse the effect of screening in terms of equity. Formal education 

can influence reproductive factors, sexual behaviours, early-detection, 

demographic and biologic factors including smoking, nutrition and 

energy balance (Swaminathan et al. 2009). Therefore, it correlates with 

many other cofactors in the process of development of cervical cancer. In 

addition, formal education helps women to communicate with providers 

in a better way and understand the necessity of complying with 

treatment and follow-up if diagnosed with the disease, and they can 

achieve better survival compared to uneducated women. In terms of 

equity it was encouraging that uneducated women benefitted from 

screening in terms of reducing the risk of cervical cancer. The improved 

survival of uneducated women among the screen-detected women might 

be attributed to over-diagnosis. 
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In general, cervical cancer risk reduced by screening among women 

with low socioeconomic status. The finding that women with higher 

household income had a low survival actually revealed a real societal fact 

that higher household income may not always support woman to be 

empowered. The non-significant variation in survival between low and 

high socioeconomic groups was mainly associated with inefficiency of 

health system, which provided equal accessibility/inaccessibility to 

cancer health services irrespective of their socioeconomic status, which 

acted over the effect of social and biological correlates. 

In developing countries like India, public health efforts should focus 

on improving awareness about cervical cancer in the general population. 

However, awareness programmes should be carefully organised without 

creating the stigma associated with the label of a “disease associated with 

a sexually-transmitted infection of the genital tract”. Efforts should be 

taken to educate population on the need of improved living standards, 

using sanitation facilities and sexual hygiene and general hygienic 

practices rather than giving the stigma of a sexually-transmitted 

infection related disease. Symptoms of cervical cancer and advantage of 

screening and vaccination should also be communicated through public 

health efforts. The counselling services should be improved for 

motivating women to comply with further treatment and follow-up if 

cervical lesions/cancer detected at screen. 

In low- and middle-income countries, cervical cancer control activities 

should incorporate all these components that will help women to take 

precautions against HPV infection, accept vaccination, and comply with 

screening, further treatment and follow-up. In conclusion, observations 

of this study will be helpful for policy makers and public health 

professionals in low- and middle-income countries when implementing 

cervical cancer control activities. 
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9 IMPLICATIONS FOR FUTURE RESEARCH 

1. Studies should be done among special groups of women (example: 

housewives, widows, postmenopausal women, unmarried) in low- and 

middle-income countries in order to arrive at effective strategies to 

improve screening participation and compliance to treatment. That will 

help low- and middle-income countries to implement screening 

effectively. 

2. As HPV testing is considered as the most accurate and reproducible 

cervical screening test, the feasibility and effectiveness of HPV testing 

and the role of VIA in triaging HPV positive women as part of  “screen-

and- treat” cervical cancer screening should be addressed in 

appropriately designed studies in low- and middle-income countries.  

3. The stigma associated with cervical cancer in low- and middle-income 

countries is an important area to be explored, which may include attitude 

of health care providers towards women diagnosed with HPV infection, 

cervical cancer or its precursor. Understanding and avoidance of stigma 

associated with cervical cancer in low- and middle-income countries will 

help to implement cervical cancer prevention plans with due 

consideration of findings that can improve the effect of prevention 

activities in these countries. 

4. Another area which needs further exploration is the role of men in 

carrying HPV infection and to provide awareness in men regarding safety 

measures.  

5. Many low- and middle-income countries are still waiting for long-term 

evidence on the effect of HPV vaccine to implement vaccination without 

having any organised screening programmes in their health system. 

Research should also be done to evaluate long-term consequences of 

such idle actions in low- and middle-income countries.  
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6. In low- and middle-income countries socioeconomic factors related 

with poor living standards and poor access to health services are most 

often cofactors associated with cervical cancer. But socioeconomic 

factors related with lifestyle such as smoking and other behavioural risk 

factors are important cofactors in western countries. The incidence 

reduction in western countries is mainly due to the implementation of 

effective screening programmes. The slowly decreasing trend in cervical 

cancer incidence in most low- and middle-income countries is mainly 

due to socioeconomic transition which is likely to reach a plateau and 

further reductions are unlikely unless specific interventions such as 

screening and HPV vaccination are implemented. Nevertheless, in low- 

and middle-income countries, lifestyle modification also is happening 

along with socioeconomic improvements. Hence, further research is 

needed to explore consequences of these changes in relation with cervical 

cancer incidence in low- and middle-income countries.  

7. The effective communication with population on symptoms and risk 

factors of cervical cancer, primary prevention, vaccination, need of 

screening, availability of screening methods, curability of early disease or 

precancer, and importance of comply with treatment and follow-up after 

initial treatment will help to improve any cervical cancer prevention 

activity. Hence, research is also needed on effective implementation of 

educational programmes in low- and middle-income countries.  
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Objective: To estimate the long-term risk of cervical cancer among women screened by visual inspection with
acetic acid (VIA) and to evaluate the benefit of additional colposcopy triage in rural south India. Methods: A
retrospective analysis was conducted among 31 343 women who had undergone VIA at Dindigul district,
India between January 1, 2000, and August 5, 2003, as part of a randomized screening trial.Womenwith positive
VIA test resultswere offered colposcopy triage by trained nurses. Cervical cancer incidence data during follow-up
(January 1, 2000, to December 31, 2012) were obtained from a regional cancer registry. Results: Among 3021
screen-positive women free of cancer at baseline, 2974 women underwent colposcopy; colposcopic abnormali-
ties suggestive of precancerous lesions were detected among 2792 of these women (93.9%). Compared with the
womenwith negative VIA screening results, the hazard ratio (HR) of cervical cancer during follow-up among the
VIA-positivewomenwithout colposcopic abnormalities was 6.5 (95% confidence interval [CI], 1.6–27.1). The risk
was similar among VIA-positive women with colposcopic abnormalities but without histological confirmation

(HR 5.2; 95% CI, 1.9–14.6). Conclusion: The high risk of cancer among womenwithout colposcopic abnormalities
who tested positive by VIA suggested that screening without triage is potentially effective.

© 2015 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Since the 1960s,many high-income countries have initiated cytology-
based cervical cancer screening programs to identify precancerous lesions
[1]. Nonetheless, testing for the presence of HPV is suggested to be the
most reproducible and sensitive primary screening method for women
aged 30 years or older, and this approach can be used as an alternative
to cytology as the primary screening test for cervical neoplasia [2,3].

Several challenges existwhen introducing cytology orHPV testing to
cervical screening programs in low-resource settings, including the ab-
sence of highly trained personnel; inadequate laboratory infrastructure;
lack of rigorous quality assurance; and inadequate patient tracking sys-
tems [4]. In addition, poor patient compliance with further diagnosis or
treatment—owing to the need for multiple visits and delays between
the screening visit and subsequent availability of test results and treat-
ments—reduces the feasibility of such programs among low-income
countries [5]. Although vaccines are available that protect against
tional Agency for Research on
rance. Tel.: +33 4 72 73 84 97;

and Obstetrics. Published by Elsevier I
specific HPV subtypes, vaccination can be difficult to implement in
low-income countries. The target group for these vaccines is young
girls who have not yet initiated sexual activity and vaccination is not ef-
fective amongwomenwhoare already infectedwithHPV [6]. Therefore,
visual inspection with acetic acid (VIA) has emerged as an alternative
screening method for use in low-resource settings until other options,
such as low-cost HPV testing, become widely available [3].

Colposcopy can be used as a triage investigation for women with
positive screening test results if adequate resources are available [7]. Di-
rected biopsies can be taken from individuals with abnormalities de-
tected colposcopically that are suggestive of precancerous cervical
lesions or preclinical invasive cancer; women with histologically con-
firmed lesions will then receive treatment [8]. This type of diagnostic
and treatment algorithm requires multiple visits. The use of colposcopy
triage for womenwho test positive when screened by VIA is likely to be
limited by the high correlation between the two approaches and the
low specificity of VIA, which can lead to excessive referrals and loss of
women for follow-up owing to the need for multiple visits [4]. Further-
more, even though colposcopy is widely used for further diagnosis and
treatment, the accuracy of this test has been questioned [9]. Factors that
can substantially affect the performance and accuracy of colposcopic
evaluation include healthcare providers with inadequate training and
reland Ltd. All rights reserved.
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experience; failure to take an acceptable biopsy; failure to consult
experts in doubtful cases; lack of, or deviation from, an established
protocol; and lack of quality assurance [7].

The aim of the present study was to assess the long-term risk of
invasive cervical cancer among women screened by VIA in rural south
India and to evaluate the additional benefit of colposcopy triage
provided by trained nurses.

2. Materials and methods

A retrospective analysis was conducted using data from a previously
published randomized screening trial of VIA that was conducted in the
Dindigul district of Tamil Nadu state, India, between January 1, 2000,
and August 5, 2003 [10]. The institutional scientific and ethical review
committees of Christian Fellowship Community Health Centre,
Ambilikkai, India, and the International Agency for Research on Cancer
(IARC), Lyon, France, reviewed andapproved the study protocol. All par-
ticipants provided signed informed consent in the presence of awitness.

A single round of VIA screening was offered to 49 311 women aged
30–59 years with an intact uterus and no history of cervical cancer who
were resident in Dindigul, a rural district in south India. Full details of
the original trial have been described elsewhere [10–12]. In brief, nurses
working in the study underwent several training sessions using the IARC
manuals [7,13]. Theywere taught to communicatewithwomen; perform
VIA, colposcopy, and cryotherapy; direct biopsies; and refer womenwith
lesions not suitable for cryotherapy, as well as women with suspected
cancers, to referral centers for further management [7,13].

The trained nurses explained the screening, diagnosis, and treatment
procedures, including their benefits and possible adverse effects, to all
eligible women. A naked eye examination of the cervix was performed
using a speculum and a bright halogen lamp 1minute after a 4% solution
of acetic acid had been applied using a cotton swab. A positive VIA test
result was defined as either (1) a dull or dense acetowhite lesion on
the cervix adjacent to the squamocolumnar junction or the external or-
ifice of the uterus or (2) the presence of a cervical growth.Womenwho
tested positive by VIA were advised to undergo immediate colposcopy.

Colposcopy was carried out by the nurse and findings classified as
normal, probable cervical intraepithelial neoplasia (CIN) 1, probable
CIN 2 or CIN 3, and probable invasive cancer. If colposcopy revealed
any features of CIN, the nurses took biopsies and advised women to un-
dergo cryotherapy if the lesion was suitable for ablative treatment, as
described in the IARC manual [7]. Women with extensive lesions that
were not suitable for cryotherapy were referred to Christian Fellowship
Community Health Centre for the loop electrosurgical excision proce-
dure. Women with suspected cancer were referred for further investi-
gations and treatment. Screening, diagnosis, and treatment were all
offered free of cost in the original trial [10].

The population-based Dindigul Ambilikkai Cancer Registry
(DACR) [14] records all cases of cancer diagnosed in the district
using the active case-finding methods advocated by IARC [15]. Data
from the original trial [10] were linked to DACR to identify partici-
pants diagnosed with invasive cervical cancer during the follow-up
period (January 1, 2000, to December 31, 2012).

The original trial data were collated into a database using Access
(Microsoft, Redmond, WA, USA). For the present study, data were ana-
lyzed using Intercooled Stata version 11.2 (STATA, College Station, TX,
USA). To calculate the person-years of observation, date of screening
was taken as the start date for all participants. The end date was taken
as the date of diagnosis for women with cervical cancer; the date of
death for women without cervical cancer who died during follow-up;
the date of the last follow-up visit for women who migrated; and the
date of the last follow-up visit for womenwhowere still alive. The cervi-
cal cancer incidence rate was calculated for groups of women based on
their VIA, colposcopy, and histology findings. Hazard ratios (HRs) and
95% confidence intervals (CIs)were determined by Cox proportional haz-
ard regression analysis, adjusting for variables related to socioeconomic
status that were potentially correlated with undergoing colposcopy and
biopsy. Statistical significance was taken at the 0.05 level.

3. Results

Details of the VIA findings, colposcopy evaluation, histology diagno-
sis, and cancer outcomes are presented in Fig. 1. Of the 49 311 eligible
women, 31 343 (63.6%) underwent VIA screening [10]. A total of 3088
women (9.9%) had positive VIA test results [10], 67 of whom had inva-
sive cervical cancer and were excluded from further analysis. Conse-
quently, 3021 women with no evidence of invasive cervical cancer at
the time of screening were included in the present study.

As shown in Fig. 1, 2974 (98.4%) of these 3021 women had either a
positive or a negative colposcopy test result, whereas colposcopy was
either not done or yielded inconclusive results for the remaining 47
women. Although 2792 women were reported to have colposcopic ab-
normalities suggestive of precancerous lesions, directed biopsies were
performed among only 2389 of these individuals. Negative colposcopy
results were reported for 182 women.

Of the 2389 women with abnormal colposcopy findings who
underwent directed biopsies, 1250 had histologically confirmed low-
grade lesions (CIN 1) and 196 had high-grade lesions (CIN 2 or CIN 3).
The remaining943women testednegative by histology for thepresence
of CIN or cancer. In addition, 10 of the 47 women for whom colposcopy
was either not done or the results were inconclusive underwent direct-
ed biopsy and histological analysis, as did 74 of the 182 womenwith no
colposcopic abnormalities. Of these 84women, 23were diagnosedwith
CIN 1 and two were diagnosed with CIN 2 or CIN 3.

Table 1 outlines the frequency of incident cervical cancer among the
various subgroups of participants during the 12-year follow-up period.
In all, 69 of the 28 255 women with negative VIA test results and 19 of
the 3021womenwith positive VIA test results developed invasive cancer
(Fig. 1 and Table 1). Compared with the women who tested negative by
VIA, the HR for subsequent cervical cancer amongwomenwith a positive
VIA test result was 2.96 (95% CI, 1.7–5.1). The HR among VIA-positive
women who had no abnormalities by either colposcopy or histology
was 6.5 (95% CI, 1.6–27.1). Similarly, VIA-positive women with no histo-
logical confirmationof cervical cancer despite the presence of colposcopic
abnormalities had an HR of 5.2 (95% CI, 1.9–14.6). The HR of cervical
cancer amongVIA-positivewomenwith either inconclusive or no colpos-
copy results, and in the absence of histological confirmation, was 20.7
(95% CI, 5.0–85.3). The risk of cancer among VIA-positive women with
no histological abnormalities was similar to that recorded among
women with negative VIA test results. Women with histologically con-
firmed CIN 2 or CIN 3 had an increased risk of developing cancer when
compared with VIA-negative women; the HR was 8.2 (95% CI, 2.5–26.2).

Of the 2792 women with positive VIA and colposcopy results, 403
(14.4%; 383 had colposcopy abnormalities suggestive of low-grade
and 20 of high-grade CIN) had no biopsy or treatment. Of the five sub-
sequent cancer cases that occurred during follow-up among these
women, three were from women with colposcopic features of low-
grade CIN and two were from women with high-grade CIN. The
HRs compared with women with negative VIA test results were 3.2
(95% CI, 1.X–10.X) and 41.8 (95% CI, 10.2–170.8), respectively.

The risk of developing cervical cancer during follow-up among the
different subgroups stratified by treatment is shown in Table 2. The
risk of cervical cancer among women with normal histology or CIN 1
was equivalent to that of the VIA-negative group when they received
treatment. The risk of invasive cancer was higher among untreated
women with CIN 2 or CIN 3 lesions than among those who received
treatment (HR 17.2; 95% CI, 1.6–189.2).

4. Discussion

The present study revealed that the risk of cervical cancer was high
after a positive VIA test result with negative colposcopy, and that this



Eligible 
women
(n=49 311)

VIA 
screened
(n=31 343)
a

Positive
(n=3021)

VIA screening test 
result

Negative 
(n=28 255)

Colposcopy result

Positive
(n=2792)

Negative
(n=182)

Not done or inconclusive
(n=47)

Histology result Invasive cancer

Positive (n=1446)

Negative (n=943)

Not done (n=403)

n=69

n=7

n=2

n=5

Positive (n=20)

Negative (n=54)

Not done (n=108)

Positive (n=5)

Negative (n=5)

Not done (n=37)

n=0

n=1

n=2

n=0

n=0

n=2

Fig. 1. Frequency of subsequent cervical cancer during the 12-year follow-up period amongwomenwith either negative (n=28255) or positive (n=3021) screening results using visual
inspection with acetic acid (VIA). a Women with cervical cancer detected at the initial screen were excluded from the present study (n = 67).
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riskwas similar to that observed amongwomenwith a positive VIA test
result, positive colposcopy and no histology carried out. Consequently,
the findings of the present study illustrate the limitations of colposcopy
triage as part of a cervical cancer screening program in low-resource
settings. By contrast, the cervical cancer incidence rate among women
with a negative VIA test result even after 12 years of follow-up was
very low, which suggests that VIA has a high negative predictive value.

The false-negative rate of colposcopy is 20%–40%, even when per-
formed by highly experienced practitioners [16–18]. The inability of
colposcopists to visualize someCIN 2 or CIN 3 lesions has partly been at-
tributed to a thin epithelium [17]. In addition to observer variability and
subjectivity, the size of the lesion can also affect colposcopic accuracy
[16]. In a Thai study, 15 of 37 (40.5%) women diagnosed with either
healthy or inflamed cervical tissue by colposcopy were found to have
CIN 2 lesions or worse by histology [8]. Women with positive cervical
smear results but with negative colposcopy had an increased risk of
Table 1
Subsequent cervical cancer during the 12-year follow-up period (2000–2012) among women

Characteristic Women
screened

Person-years of
observation

I
d

VIA test result
Negative 28 255 264 338 6
Positiveb 3021 28 841 1

Histology result
Normal 1002 9487
CIN 1 1273 12 399
CIN 2–3 198 1795

Colposcopy resultc

Normal 108 1100
Abnormald 403 3700
Not done or inconclusive 37 360

Abbreviations: CI, confidence interval; CIN, cervical intraepithelial neoplasia; HR, hazard ratio;
a Values given as number, unless otherwise indicated.
b Women with cancer detected at screening (n = 67) were excluded from the analysis.
c This is among women who were VIA positive and had no histological confirmation.
d Suggestive of low-grade or high-grade precancerous lesions.
e TheHRs and their 95% CIswereobtainedusing Cox proportional hazard regressionmodels. T

(some vs none); occupation (housewife and others vsmanual workers);marital status (married
of house (tiled or concrete vs thatched); and income in Indian rupees (b2000 vs ≥2000; equiv
subsequent abnormal smear results and precancerous lesions, which
suggests the possibility that lesions might be missed by colposcopy
[19]. Random biopsies of the cervix have been suggested to detect le-
sions of at least CIN 2 among women with abnormal cytology but neg-
ative colposcopy results [20]. Testing for HPV among women with
positive cytology or VIA results, but with negative colposcopy, might
improve diagnostic accuracy [21], but will necessitate one extra visit.
However, such solutions are not affordable in low-resource settings,
and the routine use of colposcopy as an intermediate diagnostic step be-
tween screening and treatment can reduce the success of a screening
program while increasing the cost [5].

Colposcopy as a triage procedure can be highly correlated with VIA
because both methods identify cervical abnormalities visually after ap-
plication of acetic acid [22]. Moreover, healthcare providers have a ten-
dency to overestimate the severity of lesions to avoid missing women
with disease [23]. The providers in the present study were not
screened by VIA (n = 31 343).a

ncident cases diagnosed
uring follow-up

Crude Incidence rate
per 100 000 women

HR (95% CI)e

9 26.1 Reference
9 65.9 3.0 (1.7–5.1)

3 31.6 1.0 (0.2–4.0)
4 32.3 1.9 (0.7–5.0)
3 167.1 8.2 (2.5–26.2)

2 181.8 6.5 (1.6–27.1)
5 135.1 5.2 (1.9–14.6)
2 556.4 20.7 (5.0–85.3)

VIA, visual inspection with acetic acid.

heHRswere adjusted for age group in years (30–39, 40–49, and50–59); level of education
vswidowed or separated); age atmarriage in years (b18 vs≥18); parity (b4 vs≥4); type
alent to bUS $50 vs ≥$50).



Table 2
Subsequent cervical cancer during the 12-year follow-up period (2000–2012) among 2473 women with positive screening test results using VIA.a,b

Histology result Treatment
received

Distribution Person-years of
observation

Incident cases diagnosed
during follow-up

Crude incidence rate
per 100 000 women

Unadjusted HR
(95% CI)c

Normal (n = 1002) Yes 820 (81.8) 7793 2 25.66 Reference
No 182 (18.2) 1694 1 59.04 2.6 (0.2–28.9)

CIN 1 (n = 1273) Yes 1172 (92.1) 11489 3 26.11 Reference
No 101 (7.9) 910 1 109.84 3.8- (0.4–36.9)

CIN 2–3 (n = 198) Yes 177 (89.4) 1637 1 61.07 Reference
No 21 (10.6) 158 2 1269.53 17.2 (1.6–189.2)

Abbreviations: CI, confidence interval; CIN, cervical intraepithelial neoplasia; HR, hazard ratio; VIA, visual inspection with acetic acid.
a Values given as number (percentage), unless otherwise indicated.
b The women were found to display colposcopic abnormalities and underwent directed biopsy according to the treatment approach.
c The HRs and their 95% CIs were obtained using Cox proportional hazard regression models.
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experienced colposcopists but rather newly trained nurses, and the
same nurse administered both the VIA and colposcopy tests one after
the other. These nurseswere highly conscious about notmissing any le-
sions, and so had a high propensity to classify VIA-positive women as
having colposcopic abnormalities. Themajority of womenwith positive
VIA results were classified as having abnormalities on colposcopy
(98.4%) but only 60.5% of these women actually had positive confirma-
tion by histology. Therefore, the estimated HR for subsequent cervical
cancer of 6.5 is likely to be higher in other routine applications, which
increases the credibility and general applicability of the conclusions of
the present study.

The present study used a see-and-treat approach; however, not all of
the VIA-positivewomenwith abnormalities on colposcopy subsequent-
ly underwent biopsy and cryotherapy. The reason for this failure was
mostly owing to thewomen refusing to undergo these procedures. Rea-
sons for such refusal included thewish to get permission from their hus-
bands or family members; the wish to inform or consult with these
other parties before the procedure; and fear. In addition, some women
were offered treatment on another day because of physical unfitness
to be treated on the same day as screening orwhen the criteria for cryo-
therapy were not met. Nurses not immediately performing colposcopy
after a positive VIA result might also have reflected a lack of power sup-
ply or other technical issues related to the correct functioning of the col-
poscope. The nurses counselled the women and advised them to visit
the base hospital for further diagnosis and treatment; however, not all
of the women complied with this advice.

In the present study, women with positive VIA test results and
colposcopic abnormalities underwent punch biopsies and then immedi-
ate cryotherapy before obtaining the histological results of the biopsies.
The advantage of this approach was the confirmation of cervical abnor-
mality and reassurance of adherence to treatment. The similar risk of in-
vasive cancer among VIA-negative women and histologically confirmed
normal women in the present study indicates the high negative predic-
tive value of a negative VIA test result for invasive cancer. Information
on the long-term risk of subsequent invasive cancer among women pre-
viously treated for CIN in low-income andmiddle-income countries is ex-
tremely limited. The risk of invasive cancer during the 12-year follow-up
period varied in the present study among the womenwith histologically
confirmed CIN lesions depending on the severity (grade) of the disease
and their compliancewith treatment. A high incidence of invasive cancer
was observed among women treated for CIN 2 and CIN 3 lesions versus
those with treated CIN 1 and women with negative VIA test results. The
high incidence rate among women with histologically confirmed CIN 2
and CIN 3 lesions was due to the failure of treatment rather than the fail-
ure of diagnostic confirmation. The incidence rate among treatedwomen
with CIN 2 or CIN3 was higher than that recorded among women with
negative screening results. The high risk of invasive cancer among
women treated for high-grade lesions has beenwell-documented, partic-
ularly among those receiving cryotherapy [24,25]. Women with CIN 2 or
CIN 3whowere treated by cryotherapywere found to be at higher risk of
invasive cancer thanwomenwho received other treatments, such as loop
electrosurgical excision procedure, laser excision, and conization, in a
long-term follow-up study conducted in Canada [25].

A general concern about the screen-and-treat approach is over treat-
ment. However, this concern can be weighed against the lowmorbidity
associated with cryotherapy and the overall benefit gained by the in-
creased sensitivity and high rates of treatment that ultimately result in
improved efforts to reduce invasive cancer [5,11].

In conclusion, the present study emphasized the importance of im-
mediate treatment for all women with positive VIA test results. The
findings suggested that a screen-and-treat policywithout the use of col-
poscopy or biopsies would be an effective strategy for VIA screening
programs in low-resource settings with a limited capacity for quality
assured colposcopy and histopathology.
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Introduction

 India accounted for a quarter of both the world’s 
estimated cervical cancer burden of 529,000 cases and 
275,000 deaths in 2008 (Ferlay et al., 2010). Cervical 
cancer is the most frequent primary site of cancer among 
Indian women with the estimated age standardized cervical 
cancer incidence and mortality rates of 27 and 15 per 
100,000 women, respectively in 2008 (Ferlay et al., 2010). 
The age standardized cervical cancer incidence rates 
range from 9 to 40 per 100,000 women in various regions 
of India (Sankaranarayanan et al., 2008). Furthermore, 
India shows some of the highest rates of cervical cancer 
worldwide, especially among rural populations such as 
the south Indian Dindigul district in Tamilnadu state 
(Rajkumar et al., 2000; Swaminathan et al., 2009a). 
 It is currently believed that the persistent infection with 
one of the 15 oncogenic types of Human papilloma virus 
(HPV) is the central and necessary cause of almost all 
cervical cancers and its precursors, cervical intra epithelial 
neoplasia (CIN). A proportion of CIN, if not detected and 

1Achutha Menon Centre for Health Sciences Studies, Sree Chitra Tirunal Institute for Medical Sciences and Technology (SCTIMST),  
4Christian Fellowship Community Health Centre, Ambillikai, 5Cancer Institute (WIA), Chennai, India 2School of Health Sciences 
(HES), University of Tampere, Tampere, 3Finnish Cancer Registry, Helsinki, Finland, 6International Agency for Research on Cancer 
(IARC), France  *For correspondence: jissa@sctimst.ac.in, jissavinoda@yahoo.co.in

Abstract

 Background: India shows some of the highest rates of cervical cancer worldwide, and more than 70% of the 
population is living in rural villages. Prospective cohort studies to determine the risk factors for cervical cancer 
are very rare from low and medium resource countries. The aim of this study was to quantify the effect of risk 
factors related to cervical cancer in a rural setting in South India. Material and methods: Sociodemographic and 
reproductive potential risk factors for cervical cancer were studied using the data from a cohort of 30,958 women 
who constituted the unscreened control group in a randomised screening trial in Dindigul district, Tamilnadu, 
India. The analysis was accomplished with the Cox proportional hazard regression model. Results: Women of 
increasing age (HR=2.4; 95% CI: 1.6, 3.8 in 50-59 vs 30-39), having many pregnancies (HR=7.1; 1.0, 52 in 4+ vs 
0) and no education (HR=0.6; 0.2, 0.7 in high vs none) were found to be at significantly increased risk of cervical 
cancer. Conclusion: This cohort study gives very strong evidence to say that education is the fundamental factor 
among the sociodemographic and reproductive determinants of cervical cancer in low resource settings. Public 
awareness through education and improvements in living standards can play an important role in reducing the 
high incidence of cervical cancer in India. These findings further stress the importance of formulating public 
health policies aimed at increasing awareness and implementation of cervical cancer screening programmes. 
Keywords: Cervical cancer - risk factors - rural population - cohort - India
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treated, progress to invasive cervical carcinoma over a 
period of 10-20 years owing to the effect of other cofactors 
(Bosch et al., 2002; Boyle & Levin, 2008; Wentzensen et 
al., 2009). Cervical cancer is a multi-etiology disease and 
HPV infection alone is not a sufficient cause of cervical 
cancer. Most HPV infections regress rapidly without 
causing clinically significant disease (Sankaranarayanan 
et al., 2009). The cofactors such as low socio economic 
status, tobacco smoking, sexual and reproductive factors, 
HIV and other sexually transmitted diseases, long term 
oral contraceptive use, certain micronutrient deficiencies, 
and genetic susceptibility have been suggested (Ferrera 
et al., 2000; Sellors & Sankaranarayanan, 2003; Stewart 
& Kleihues, 2003). Therefore the socio demographic risk 
quantification is warranted to acquire a better picture of 
the determinants of cervical carcinoma in low resource 
settings. 
 In India, case control approach was mainly used to 
study the risk factors of cervical cancer and the study 
subjects were recruited from cancer hospitals or registries 
because cancer is a rare event and a population based 
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cohort study might not generate adequate numbers of 
cases in a defined time period (Juneja et al., 2003). This 
cohort study is based on the data from a cluster randomised 
controlled cervical cancer screening trial carried out 
between 2000-2006 in Dindigul district, Tamilnadu 
state, India (Sankaranarayanan et al., 2007). The present 
study was undertaken to identify the socio economic and 
reproductive potential risk factors of cervical cancer in a 
rural population of South India. Taking into account the 
socio demographic factors that affect the incidence of 
cervical cancer is of utmost importance in formulation 
of public health policies and cervical cancer control 
programmes.
 
Materials and Methods

 The current study of risk factors for cervical cancer 
is based on a cohort of 30,958 women coming from the 
control arm of a previous cluster randomized screening 
trial (Sankaranarayanan et al., 2007). The screening 
trial was conducted to evaluate the efficacy of a single 
round of visual inspection in reducing cervical cancer 
incidence and mortality. The study was conducted in 
113 local administrative units called panchayaths. The 
panchayaths were randomised into two groups such as 57 
in the intervention and 56 in the control group. Eligible 
participants were healthy women aged 30 to 59 years 
with an intact uterus and no past history of cancer. Health 

workers interviewed all eligible women from both arms 
using a structured questionnaire to collect information 
on socio demographic and reproductive variables after 
educating them about prevention, early detection and 
treatment of cervical cancer. 
 Enumeration and screening was executed from 2000 
to 2003 and both groups were followed up for the next 
three years in one year intervals to collect information 
on deaths, migration, and cervical cancer. Additionally, 
all cervical cancer cases and deaths among the eligible 
population intervention and control groups were obtained 
from the Dindigul Ambillikai Cancer registry (DACR) and 
mortality registration systems as well as by active follow 
up of the study cohorts by house visits. Altogether 158 
cervical cancer cases were identified from control group in 
2000 to 2006. The details of the study have been described 
earlier (Sankaranarayanan et al., 2003, 2004a, 2007) . 
 The effect of the following household and individual 
socio demographic factors on the incidence of invasive 
cervical cancer during the study period was assessed in 
this analysis: type of house (thatched and tiled/concrete);  
household income (categorized in <2000, 2000-5000 and 
>5000 rupees); age in years (categorized in 30-39, 40-49 
and 50-59); formal education (none, primary/middle and 
high school/college); occupation (house wife/others and 
manual labour ); marital status (currently married and 
widowed/separated); age at marriage in years (<18 and 
18+); and number of pregnancies (0, 1-3 and 4+).

0

25.0

50.0

75.0

100.0

N
ew

ly
 d

ia
gn

os
ed

 w
ith

ou
t 

tr
ea

tm
en

t 

N
ew

ly
 d

ia
gn

os
ed

 w
ith

 t
re

at
m

en
t 

Pe
rs

is
te

nc
e 

or
 r

ec
ur

re
nc

e

Re
m

is
si

on

N
on

e

Ch
em

ot
he

ra
py

Ra
di

ot
he

ra
py

Co
nc

ur
re

nt
 c

he
m

or
ad

ia
tio

n

10.3

0

12.8

30.025.0

20.310.16.3

51.7

75.0
51.1

30.031.3
54.2

46.856.3

27.625.0
33.130.031.3

23.7
38.0

31.3

Table 1. Effect of Socio Demographic Characteristics on Cervical Cancer Incidence using Cox Regression Analysis 
Characteristics                                                                                                     Control arm
                                                                     Cervical      Person years   Incidence    Hazard ratio (95% CI)*        Hazard ratio 
                                                                 cancer cases       of        rate per          (bivariate model)      (multivariate model)
                                                                 observation      100,000                                                     (95% CI)
                                                                                                  (PYO)            PYO

Individual charateristics  
Age group: P-value for trend                           <0.001                   <0.001
 30-39 45 84585 53.2 1.00 1.00
 40-49 50 54900 91.1 1.71 (1.14-2.56) 1.63 (1.06-2.49)
 50-59 63 39031 161.4 3.01 (2.05-4.41) 2.45 (1.59-3.77)
Education: P-value for trend                                                                     0.005                                                      0.017
 None 135 130758 103.2 1.00 1.00
 Primary/Middle 12 33829 35.5 0.42 (0.23-0.75) 0.44 (0.24-0.81)
 Highschool/College 4 9367 42.7 0.52 (0.19-1.42) 0.63 (0.23-1.74)
Occupation: House wife and others 56 76559 73.2 1.00 1.00
 Manual 102 101807 100.2 1.38 (0.99-1.90) 1.29 (0.91-1.81)
Marital status: Currently married 140 162422 86.2 1.00 1.00
 Widowed/separated 18 15976 112.7 0.94 (0.57-1.56) 0.87 (0.50-1.50)
Age at marriage: <18 54 51049 105.8 1.00 1.00
 18+ 100 124099 80.6 0.77 (0.56-1.08) 0.86 (0.61-1.22)
Number of pregnancies: P-value for trend                                                                     0.001                                                      0.002 
 0 3 7306 41.1 1.00 1.00
 1-3 87 123987 70.2 1.72 (0.55-5.45) 4.63 (0.64-33.4)
 4+ 68 47224 144.0 2.83 (0.89-9.04) 7.13 (0.98-51.8)
Household charateristics 
Type of house: Thatched 27 27825 97.0 1.00 1.00
 Tiled/concrete 131 150627 87.0 0.87 (0.57-1.32) 0.93 (0.60-1.44)
Income (in rupees)**: P-value for trend                                                                                                                                       0.83
 <2000 112 124793 89.7 1.00 1.00
 2000-5000 39 43825 89.0 0.97 (0.67-1.39) 1.06 (0.73-1.55)
 >5000 7 9835 71.2 0.78 (0.36-1.68) 0.78 (0.36-1.70)
 
* All characteristics except age are adjusted for age; CI, confidence interval; ** 1 US Dolar, 45 rupees
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Statistical analysis
 Data was entered in the study database using Access 
software and analyzed using Stata/IC 11.2 software 
package. Follow up time was calculated for each 
individual by taking their first date of interview during 
enumeration as starting date, and the end date as; diagnosis 
date for those who were diagnosed with cervical cancer; 
date of death for those who died without cervical cancer; 
date of migration or last seen for migrated or lost to follow 
up; or by 31st December 2006, i.e. the date of last follow 
up for those still alive. The incidence rates per 1000,000 
person years of observation (PYO) were calculated for 
all individual and household characteristics. Cervical 
cancer incidence risk estimates of the different individual 
and household characteristics were assessed using Cox 
proportional hazard regression analysis. The overall effect 
of socio demographic and reproductive characteristics on 
the incidence of cervical cancer was adjusted for age in the 
bivariate analysis. Also we estimated the adjusted hazard 
ratios including all variables in the multivariate model. We 
used the data from the control arm only because selective 
attendance to screening and screening itself causes bias in 
the estimated relative risks. Such bias cannot be removed 
by methods of adjustment or multivariate analyses.

Results 

 The mean follow up time of the control group was 5.76 
years (SD 1.18) with 178517 person years of observation 
(PYO) and the crude cervical cancer incidence rate was 
88.5 per 100 000 person years. The effect of socio-
demographic characteristics of the assessed women on 
cervical cancer incidence is showed in the Table1. The 
risk significantly increased with increasing age. There 
was a  2.5-fold (95%CI = 1.59-3.77) increase in risk 
among women aged 50-59 years compared to those 
aged 30-39, and a significant dose-response relationship 
(p-value<0.001) was also observed. It was further seen 
that the more the number of children a woman had, the 
higher the risk she had of getting cervical cancer (HR 
7.1; 95% CI 1.0, 52) in 4+ vs nulli parous, this factor also 
showing a significant dose-response relationship(p-value 
=0.002). Compared to those with no formal education, 
women with some formal education had a reduced risk 
of cervical cancer (HR=0.44; 95% CI 0.24, 0.81) and a 
significant dose-response relationship was observed with 
increasing education level (p-value=0.017). No significant 
association with incidence of cervical cancer was observed 
with respect of occupation (HR=1.3, manual vs house 
wife), current marital status (HR=0.9, widowed/separated 
vs married), age at marriage (HR=0.9, more than 18 vs 
less), type of house (HR=0.9, tiled/concrete vs thatched) 
and household income (HR=0.8, more than 5000 vs less 
than 2000 RS).  

Discussion

To the best of our knowledge this is the first population 
based prospective cohort study in India to determine the 
socio demographic risk factors for cervical cancer. The 
results are a by product from the randomised study on VIA 

screening (Sankaranarayanan et al., 2007).  We used data 
on controls only, because screening affects the risk ratio 
estimates. Also, attendance is selective as women with 
high socioeconomic status are less likely to attend than 
women of low socioeconomic status. Screening affects the 
risk of cancer; the incidence of invasive disease and that 
of pre-invasive disease is increased by once in a life time 
screening. Therefore the results from the screening arm 
would be biased as to risk factors on cancer. Adjusting or 
applying multivariate methods spreads this bias evenly by 
exposure categories but will not remove it. Thus we used 
only data from the control arm in this study.  

The observed peak incidence of cervical cancer in 
the older (50-59) age resemble with the other studies 
from developing countries. A recent study of education 
and cancer incidence in this rural population has shown 
that the risk of cervical cancer is inversely associated 
with increasing educational levels (Swaminathan et al., 
2009b). The study highlights the factors which influence 
the causal pathway between education and cancer risk 
as: the reproductive factors, sexual behaviour, cancer 
detection and, demographic and biologic factors including 
smoking, nutrition, and energy balance (Swaminathan et 
al., 2009b) . Also HPV positivity in the rural population 
of Dindigul district was found to be inversely associated 
with education level (Franceschi et al., 2005) .Therefore 
our result evidently support the role of education in the 
determinants of cervical cancer. 

Supporting the literature, having four or more 
children has been identified as a predominant factor 
for cervical cancer in our study. The results from a case 
control study in Chennai showed that high parity (>4 vs. 
≤ 2 births) was associated with invasive cervical cancer 
(OR=7.3) after restricting the analysis to HPV positive 
women (Franceschi et al., 2003). Birth interval or the 
rapidity of multiple pregnancies also has an independent 
influence on the risk for cervical cancer (Mukherjee et 
al., 1994). The pregnancy induced cervical changes may 
predispose to malignant transformation, and multiparity 
may increase the risk of cervical cancer  by maintaining 
the transformation zone on the ectocervical region for 
several years ,resulting direct exposure  to HPV and other 
cofactors (Hinkula et al., 2004). 

In this rural population, age at marriage is considered 
as a proxy measure of age at first sexual intercourse, but it 
did not come out as an independent risk factor for cervical 
cancer. Recently a pooled analysis of case control studies 
on cervical cancer from eight developing countries provide 
convincing evidence for the risk associated with early 
age at first sexual intercourse (Mukherjee et al., 1994). 
Moreover, age at first sexual intercourse, age at marriage 
and age at first pregnancy were highly interrelated in 
developing countries, where mostly there is a very short 
latency period between age at marriage and age at first 
pregnancy (Louie et al., 2009). A hospital based case 
control study among rural women of eastern India also 
confirmed the association of early age at first intercourse 
and it defines the role of the sexual risk factors in cervical 
carcinogenesis among rural Indian women (Biswas et 
al., 1997). Even though we did not observe a significant 
association between age at marriage and cervical cancer, 
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our estimated hazard ratio is consistent with those 
observed from these previous studies. Also it indicates that 
it may be suitable to consider age at marriage as a proxy 
measure of age at first sexual intercourse.  

Widowhood was reported to be associated with an 
increased risk (OR= 1.2) for cervical cancer compared 
to married women owing to the fact that widows are 
vulnerable in the society and there is a chance of sexual 
exploitation (Franceschi et al., 2003). A recent study 
from Rural west India also demonstrate that widows and 
separated women are at a higher risk of HPV infection 
(Sauvaget et al., 2011). An elevated risk for late stage 
diagnosis among widowed/divorced compared to married 
women was also reported from south India (Kaku et al., 
2008). This was because widowed or divorced women 
did not seek medical advice for medical problems or they 
did not get diagnostics in time due to lack of financial 
resources and/or absence of family or social support. All 
these factors point out that there may be a high chance of 
under reporting of cervical cancer cases from widowed/
separated women in our study and hence, we did not find 
widowhood/separation as a risk factor for cervical cancer. 

Occupation, type of house and family income were 
the measures to assess the economic status of the women 
who participated in this study and those are interrelated. 
Manual workers were mainly the labourers working in 
the agricultural sector and housewives/others included 
those women who were taking care of their family and 
doing house works or working in public or private sectors. 
Thatched houses having a roof made with straw or plant 
leaves were the shelter for very poor people and middle 
or above middle class lived in tiled/concrete houses. It is 
possible that under reporting the family income the women 
expected to have free service. But majority of the rural 
village people are practising very poor hygienic conditions 
and they have no better sanitation facilities even though 
they are living in tiled/concrete houses or earning higher 
income. Hence in our study we found that occupation, type 
of house or family income is not determining the risk of 
cervical cancer in rural settings. A study in Kerala, India 
confirmed the role of genital hygiene in the development 
of cervical dysplasia and cancer (Varghese et al., 1999).  

We have evaluated only some of the possible correlates 
of cervical cancer in our study. Persistent infection with 
high-risk HPV has been indicated as the necessary cause 
of progression to invasive cervical cancer. However, in 
our study, assessment of HPV infection was not done 
hence we could not take into consideration women HPV 
status in our analyses. Women smoke very rarely in 
this population under study, but the chances of passive 
smoking or women’s husband’s smoking history were not 
assessed because of lack of routinely collected information 
on this. Also, pan chewing with or without tobacco is 
common among manual workers and low educated women 
in the community. Poor nutritional status is a common 
problem among women with low socioeconomic status. 
The questions connected with sexual habits, number 
of sexual partners of women, and the sexual history of 
women’s male partner could not be asked due to the 
prevailing socio-cultural norms in this population. Also 
we excluded religion from our study because 95% of the 

population were Hindus and the Christians and Muslims 
together contribute only 5% of the population. 

It has clearly been shown that persistent infection 
with specific high-risk type of HPV plays a fundamental 
role in the development of cervical cancer. The long 
time frame between initial infection and evident disease 
indicates that other exogenous or endogenous cofactors, 
such as sexual reproductive factors, sexually transmitted 
diseases, nutritional deficiencies and fruits and genetic 
susceptibility, acting in conjunction with HPV may 
be necessary for the disease progression (Sellors & 
Sankaranarayanan, 2003; Stewart & Kleihues, 2003). 
Spontaneous regression of CIN may also signify that a 
lot of women may not be exposed to these cofactors. In 
cervical cancers among the slum dwellers of a major Indian 
city only 33% of the patients studied were positive for high 
grade HPV (Rughooputh et al., 2007). In another study 
from India only 67% of CIN2+ lesions (CIN2- 50.4% and 
CIN3 - 84.3%) were HPV positives (Sankaranarayanan 
et al., 2004b). The HPV prevalence among mild dysplasia 
reported by another study from Kerala was only 33.3% 
(Cherian Varghese, 2000).These results further pinpoint 
the importance of socio demographic factors and poverty 
in planning of cervical cancer control. 

The changing socio economic profile and initiation of 
different screening strategies results in decline the cervical 
cancer incidence and mortality worldwide (Mathew 
and George, 2009). The DACR report shows clearly a 
decline in cervical cancer incidence in Dindigul district, 
where the crude rate of 23.1 per 100,000 observed during 
2003-2006 was lesser compared to 47.7 during 1996-
1998 (Swaminathan et al., 2009a)  resembling the trend 
observed in other registries in India (Yeole, 2008) . But 
cervical cancer is still the leading cancer among Indian 
women (Ferlay et al., 2010) . Hence, like the circumstance 
in many other developing countries, cervical cancer 
continues to be an important public health problem in 
India.  Lack of awareness about important risk factors of 
cervical cancer is reported even among the educated young 
women of India point out that the larger population of less 
educated women is in greater lack of awareness (Saha et 
al., 2010; Teresa et al., 2011). The participation of male 
partner of women and the male elders from the family 
in the awareness programmes is also important (Giftson 
et al., 2011).  However, formal education only does not 
help if one does not have money for improve hygienic 
conditions. Public awareness through education and 
improvements in living standards can play an important 
role in reducing the high incidence of cervical cancer in 
India. The same factors can also ensure good participation 
in early detection programmes and acceptance of HPV 
vaccination. It is also important to consider the socio-
demographic factors associated with cervical cancer 
while making public health policies and implementation 
of cervical cancer control programmes.
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Survival of Patients With Cervical Cancer in Rural India
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Abstract

Background: Patients’ survival after diagnosis of cervical cancer is 
indirectly influenced by socio-economic factors. We evaluated this 
survival and its socio-economic determinants in a rural population in 
south India.

Methods: We assessed 165 women diagnosed with cervical cancer 
from the routine care control arm of a randomized screening trial 
conducted in rural south India. Kaplan-Meier curves were plotted 
to illustrate the observed survival of cancer patients. The effect of 
socio-economic factors was assessed using Cox proportional hazards 
regression analysis.

Results: The 5-year observed survival was 32.5%, ranging from 9% 
for stage IV to 78% for stage I cancers. Women with poor socio-
economic status (SES) had up to a 70% higher risk of death. Higher 
household income was significantly associated with poorer survival. 
However, most women in the higher income group were married 
women and housewives, hence with no personal income.

Conclusion: Cervical cancer survival was disappointingly low in 
these rural populations of India and stage of disease at diagnosis was 
the strongest determinant. A higher household income is not always 
associated with women being empowered in terms of seeking health-
care. The study findings further stress the importance of strengthen-
ing prevention and screening opportunities to women in rural popula-

tions.

Keywords: Cervical cancer; Survival; Rural India; Socio-economic 
determinants

Introduction

Incidence and mortality estimates are used to measure the 
burden of cancer in a population and survival estimates are 
ideal for evaluating the outcome of cancer control activities 
[1]. Survival studies evaluate the quality and quantity of life 
of a group of patients after diagnosing the disease [2]. Long-
term survival, usually for more than 5 years, reflects cure and 
is considered a positive measure to evaluate the efficiency of 
the health system [3].

Globally, cervical cancer survival varies widely between 
countries. The 5-year survival rates for women diagnosed with 
cervical cancer during 1995 - 1999 in developed countries var-
ied from 50% to 70% [4]. For Africa, Asia, and Central Ameri-
ca, the lowest survival rates during 1990 - 2001 were observed 
in Uganda and Gambia with a 5-year age standardized relative 
survival (ASRS) of 19% and 23%, respectively, and the high-
est survival rates were reported in China, Singapore, South 
Korea, and Turkey, where the ASRS varied from 63% to 79% 
[5]. The median 5-year ASRS for cervical cancer in India was 
46% ranging from 34% to 60% [5].

The remarkable inequality in cancer survival between and 
within countries is largely due to the differences in general 
awareness, availability of early detection practices, trained hu-
man resources, and accessibility to cancer services, diagnosis 
and treatment [3]. Age at diagnosis, aggressiveness and clini-
cal extent of cancer, willingness and determination of the pa-
tient to complete his/her treatment and socio-economic factors 
also influence survival from cancer [1]. Even though cervical 
cancer is considered an eminently preventable cancer, late 
stage diagnosis and delay in getting treatment lead to reduced 
cervical cancer survival in low resources settings [6]. Thus, the 
inequality in cervical cancer survival is related to the differ-
ences in medical, biological, cultural, genetic, geographic, and 
socio-economic factors [7-9].

To assess the socio-economic factors that affect cervical 
cancer survival in a rural population of south India, we used 
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the material consisting of 165 women diagnosed with cervical 
cancer during 2000 - 2006 from a cohort of 31,000 women in 
the control arm of a large VIA screening trial.

Materials and Methods

The details of the base population and the screening trial were 
described in earlier papers [10-12]. This trial aimed to evaluate 
the effect of a single round of VIA screening on cervical cancer 
incidence and mortality. The trial protocol was reviewed and 
approved by the institutional scientific and ethical committees 
of Christian Fellowship Community Health Centre (CFCHC) 
and the International Agency for Research on Cancer (IARC). 

Clusters of eligible women aged 30 - 59 years, with an intact 
uterus and no history of cancer, were randomized into inter-
vention and control arms during 2000 - 2003. Before enrol-
ment, the trial was explained to the participants in the local 
language and a signed informed consent was obtained. A struc-
tured questionnaire was used to obtain the participants’ demo-
graphic and socio-economic characteristics. Women in the 
intervention arm were offered screening with VIA, whereas 
those in the control arm were informed about screening, symp-
toms and risk factors of cervical cancer, where the screening, 
early diagnosis and treatment facilities are available, and ad-
vised to utilize such routine healthcare facilities.

The trial population was followed annually until Decem-
ber 2006 to collect information on death, migration and cervi-

Table 1.  Characteristics and Survival Experiences of Women Diagnosed With Cervical Cancer From the Control 
Arm During 2000 - 2006 and Followed Until December 31, 2011

Women’s characteristics Number of women 
with cancer n (%)

Observed survival (%) at
P-value

1-year 3-year 5-year
Total 165 67.3 40 32.5
Individual
  Age at diagnosis
    30 - 39 37 (22.4) 70.3 45.9 37.3
    40 - 49 53 (32.1) 66.0 39.6 34.0
    50+ 75 (45.5) 66.7 37.3 29.1 0.5458
  Stage of disease
    Stage I 18 (10.9) 88.9 83.3 77.6
    Stage II 32 (19.4) 68.8 37.5 21.4
    Stage III 62 (37.6) 69.4 35.4 25.3
    Stage IV 11 (6.7) 36.4 9.1 9.1
    Unknown 42 (25.5) 61.9 38.1 35.7 0.0023
  Education*
    No schooling 145 (87.9) 66.9 37.9 30.9

    Some schooling 17 (10.3) 82.4 64.5 51.6 0.1794
  Occupation
    House wife/others 60 (36.4) 73.3 48.3 36.4
    Manual 105 (63.6) 63.8 35.2 30.3 0.3117
  Marital status
    Currently married 146 (88.5) 66.4 39.7 31.3
    Widowed/separated 19 (11.5) 73.7 42.1 42.1 0.4668
Household
  Type of house
    Thatched 27 (16.4) 48.2 29.6 25.9
    Tiled/concrete 138 (83.6) 71.0 42.0 33.8 0.2588
  Income (INR)
    < 2,000 117 (70.9) 69.2 43.5 38.2
    2,000+ 48 (29.1) 62.5 31.3 18.8 0.0143

*The information on education is missing for three observations. INR: Indian Rupees. 50 INR was equivalent to 1 US dollar 
during 2000 - 2003.
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cal cancers. The Dindigul Ambillikai Cancer Registry (DACR) 
staff actively collected information on women diagnosed with 
cervical cancer from the entire Dindigul district [13] and sub-
sequently matched the information with the study database on 
a case-by-case basis to obtain all the incident cervical cancer 
cases diagnosed during 2000 - 2006 from the study population. 
In the final analysis, therefore, we used the updated informa-
tion of 165 women diagnosed with cervical cancer during 2000 
- 2006 from the control arm. The trial base population was 
again followed in 2011 - 2012 to collect information on death 
and migration.

The women’s characteristics studied were age at diagno-
sis (categorized in 30 - 39, 40 - 49 and 50+), stage of disease 
(stage I, II, III, IV and unknown) and the baseline informa-
tion on socio-economic factors such as formal education (no 
schooling and some schooling), occupation (housewife/other 
and manual workers), marital status (currently married and 
widowed/separated), type of house (thatched and tiled/con-
crete), and household income (categorized in < 2,000 and 
2,000+ Indian Rupees (INR)).

Data analysis was done using the Stata/IC 11.2 software 
package (Stata Corp LP, TX, USA). The primary endpoint was 
death from cervical cancer. To give each of the included pa-
tients a chance of having at least 5 years of survival, Decem-
ber 31, 2011 was used as the latest date of follow-up. For the 
definition of the study outcome, the vital status of all included 
patients by December 31, 2011 was established as dead, alive 
or lost to follow-up. Survival time was calculated from the date 
of diagnosis to date of death, for the patients who had died, or 
December 31, 2011 for those who were still alive or date of last 
seen for those lost to follow-up. Only two women were lost to 
follow-up. Kaplan-Meier curves were plotted to illustrate the 
observed survival of cancer patients and the log-rank test was 

used to test the equality of survivor functions. The effect of 
socio-economic factors was assessed using Cox proportional 
hazards regression analysis. Adjustment was made by includ-
ing all the factors studied in a single regression model.

Results

Characteristics and survival experience of 165 women diag-
nosed with cervical cancer are presented in Table 1. Overall, 
54.5% of the women were diagnosed with cervical cancer un-
der the age of 50 years. Most women (63.6%) were diagnosed 
in stage II or worse with a large number of women (37.6%) 
in stage III and one-quarter of them had unknown stage at di-
agnosis. Only 10.3% of the women had had some education 
and 70.9% of women had low household income (i.e., < 2,000 
INR).

Kaplan-Meier survival curve for the overall survival of the 
165 women with cervical cancer is shown in Figure 1. Over 
half of the patients did not survive for 2 years after diagnosis. 
The observed 1-, 3- and 5-year survival estimates were 67.3%, 
40% and 32.5%, respectively (Table1). Survival estimates by 
age at diagnosis were 37.3% for 30 - 39 years, 34% for 40 - 
49 years and 29.1% for women aged 50 years and above (P = 
0.5458). Women with formal education had a 20% higher dif-
ference in 5-year survival than women without formal educa-
tion (P = 0.1794; Table 1). The survival estimates differences 
within the different categories of occupation, type of house and 
marital status also varied from 6% to 11% (Table 1).

There was a significant reduction in 5-year survival with 
the increasing stage at diagnosis; the survival estimates for 
stages I, II, III and IV were 77.6, 21.4, 25.3 and 9.1, respec-
tively (P = 0.0023; Table 1). These estimates resulted in the 

Figure 1. Kaplan-Meier overall survival curve of 165 women diagnosed with cervix cancer from the control arm. 
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adjusted hazard ratios of stages II, III and IV cancers compared 
with stage I cancers of 3.81 (95% CI: 1.54 - 9.40), 3.67 (95% 
CI: 1.56 - 8.64) and 6.74 (95% CI: 2.34 - 19.02), respectively 
during the 12 years of follow-up (Table 2).

Survival after cervical cancer diagnosis was not signifi-
cantly associated with age at diagnosis, education, occupation, 
marital status and type of house. Contrary, the 5-year survival 
estimate of women with higher household income was signifi-
cantly lower compared to the survival of those with low house-
hold income (18.8% vs. 38.2%; Table 1) showing an adjusted 
hazard ratio of 1.59 (95% CI: 1.05 - 2.41; Table 2).

Discussion

Survival estimates of patients with cervix cancer obtained 

from population-based data are scarce in low- and middle-in-
come countries because cancer registration is not common and 
mainly due to problems in follow-up of patients. In a coun-
try with limited resources, the survival estimates are obtained 
from only a fraction of the cancer patients. This problem is 
aggravated further for rural populations. Here we reported the 
cervix cancer survival in a rural population covered by a can-
cer registry and with very few losses to follow-up.

Our observed survival experience of women diagnosed 
with cervical cancer was poor, with over a half of the women 
dying within the first 2 years and only about 30% still alive 
after 5 years of follow-up. Stage of disease was the strongest 
determinant of survival. The observed 5-year survival (32.5%) 
in this study is quite similar to that reported by DACR (35%) 
for the cervical cancer cases registered in 2003 from rural Ta-
mil Nadu [14]. The 5-year observed survival of women diag-

Table 2.  Crude and Adjusted Hazard Ratios to Assess the Effect of Women Characteristics on Survival After Cervical 
Cancer DiagnosiS

Women’s characteristics Crude hazard ratio (95% CI) Adjusted* hazard ratio (95% CI)
Individual
  Age at diagnosis
    30 - 39 1 1
    40 - 49 1.13 (0.68 - 1.90) 1.24 (0.73 - 2.14)
    50+ 1.29 (0.80 - 2.08) 1.38 (0.83 - 2.32)
  Stage of disease
    Stage I 1 1
    Stage II 3.15 (1.36 - 7.31) 3.81 (1.54 - 9.40)
    Stage III 3.12 (1.40 - 6.91) 3.67 (1.56 - 8.64)
    Stage IV 6.77 (2.56 - 17.91 6.74 (2.34 - 19.02)
    Unknown 3.00 (1.31 - 6.83) 3.51 (1.44 - 8.54)
  Education
    No schooling 1 1
    Some schooling 0.64 (0.33 - 1.23) 0.71 (0.35 - 1.40)
  Occupation
    House wife/others 1 1
    Manual 1.21 (0.83 - 1.77) 1.11 (0.74 - 1.68)
  Marital status
    Currently married 1 1
    Widowed/separated 0.80 (0.44 - 1.45) 0.68 (0.35 - 1.32)
Household
  Type of house
    Thatched 1 1
    Tiled/concrete 0.75 (0.47 - 1.22) 0.68 (0.39 - 1.18)
  Income (INR)
    < 2,000 1 1
    2,000+ 1.60 (1.09 - 2.33) 1.59 (1.05 - 2.41)

*All variables were included in the regression model. CI: confidence interval; INR: Indian Rupees. 50 INR was equivalent to 1 US 
dollar during 2000 - 2003.
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nosed with cervical cancer during 1990 - 1999 in the Chennai 
urban PBCR in Tamil Nadu was 54%, and 62% in the Chennai 
HBCR data of women who received treatment during 2000 - 
2001 [14]. Better cancer health services with more accessibil-
ity to diagnosis and treatment result in large variations in sur-
vival between different regions of India, particularly in urban 
vs. rural areas [5]. Delays in treatment due to lack of facilities, 
support technology, trained personal, financial resources and 
social or family support affect survival of cervical cancer pa-
tients in low-resource settings [6].

Studies from Europe [7, 15] and India [8, 9] showed no 
association between socio-economic status (SES) and cervi-
cal cancer survival, but presence of co-morbid conditions, sev-
eral clinical and/or pathological factors such as stage were of 
prognostic importance. These studies also suggest that it may 
not be possible to clearly establish the role of socio-economic 
factors in cervical cancer survival within a group of patients 
who had similar socio-economic characteristics and/or access 
to treatment and/or inaccessibility to cancer treatment facili-
ties. However, one hospital-based registry study from South 
India showed that socio-economic factors predict cervical can-
cer survival along with performance status and clinical stage 
of disease [1]. Socio-economic factors are in fact not directly 
linked to survival, but it is directly related to a person’s general 
state of health, nutritional status, attitudes, beliefs and health 
behavior. It can affect the chances of being early detected, ac-
cess to or completion of treatment and follow-up and perhaps 
survival is mediated by all these factors [1].

In addition, the survival analysis by socio-economic fac-
tors is problematic by many ways. In our study, we used the 
baseline information of socio-economic factors. A survival 
study requires long-term follow-up, and a person’s SES can 
vary over time and it may influence the survival estimates. In 

this survival analysis, education (formally educated or not) is 
the most reliable socio-economic indicator because it does not 
change over time. The available scales for assessing the SES 
of families in India usually derive from a single piece of in-
formation using many components of socio-economic factors 
[16-18]. The analysis of survival using such single information 
on SES can only give the variation according to SES in general 
and that may not be helpful to understand the mechanism of 
individual components of socio-economic factors which deter-
mine the estimates differently. Also, it is possible that the level 
of individual factors can have different directions of associa-
tion for different outcomes; for instance education is nega-
tively associated with cervical cancer incidence, but positively 
associated with breast cancer incidence [19]. Furthermore, the 
factors which determine the SES of one population may not 
be applicable to another. Consequently, the assessment of SES 
should be varied according to the population under study and 
purpose of the study.

Accordingly, in our study we focused on the variation in 
survival by different components of SES using several indi-
vidual and household characteristics. Old age, no schooling, 
manual occupation, living in thatched houses, and low house-
hold income indicated poor SES. When we consider the vari-
able “type of house”, we cannot say that the women who lived 
in tiled/concrete houses had a very high SES; however, we can 
say that very poor people lived in thatched houses and peo-
ple whose circumstances were a little better in tiled/concrete 
houses in rural areas. However, the fact that only 4% (1/27) of 
women lived in thatched houses were formally educated and 
had a higher household income, and 78% (21/27) of women 
who lived in thatched houses were manual workers further 
supports the efficiency of this variable to measure poor SES in 
this population. Today, however, it has become impractical to 

Figure 2. Kaplan-Meier survival curves showing survival of married women with different levels of income and occupation. 
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use such a variable to measure SES because thatched houses 
are gradually disappearing from rural areas through the initia-
tives of the state and central governments to provide concrete 
houses for the poor.

Married women and those with an income more than 2,000 
INR per month had poor survival. In fact, the difference in sur-
vival by income was the only statistical significant result by 
the SES variables. This seems to be in contradiction with the 
poor SES hypotheses. As participants provided information on 
their income group to the interviewer at the time of baseline 
interview, this opens the possibility of information bias. Only 
29% (48/165) of the women reported to have income greater 
than 2,000 INR and because of this small sample, chance ob-
servations (deaths) are also possible.

It was observed from the data that 31.5% (46/146) of mar-
ried women reported a household income 2,000+ INR versus 
10.5% (2/19) of single women. Conversely 96% (46/48) of the 
women reported having household income 2,000+ INR were 
currently married. Further, we found that 38% (55/146) of the 
married women were housewives compared to 26% (5/19) of 
the single women. The remaining married and single women 
were manual workers (62% vs. 74%) having their own earn-
ings. It is common in rural India that the married women are 
not free to spend money without the permission of their hus-
bands, even though they have their own earnings. The house-
wives reported the income generated by their family mem-
bers and depend on their husbands/family members to get the 
money necessary to access healthcare facilities. However, this 
financial instability often leads to ignorance of health needs. 
If this is true, the housewives are a poor survival group. To 
demonstrate this, we further made four categories of married 
women with different combinations of income and occupation 
and we could clearly illustrate that those housewives who re-
ported having a higher household income were the poorest sur-
vival group (Fig. 2). Hence these findings suggest that a higher 
household income may not always be a supporting factor for 
improved survival.

A major limitation of our study was that we did not have 
information on clinical extent of disease and treatment details 
of women on a routine basis. Also, the estimates do not take 
into account deaths due to other causes. However, we have 
complete and accurate information of all incident cancer cases 
diagnosed during 2000 - 2006 for the study population, and an 
adequate and active follow-up of the cancer cases by DACR 
and mortality registration system and the follow-up of the base 
population in 2011 - 2012. We had a very minimal number of 
women with incomplete follow-up status, so we did not have 
to adjust the estimates for losses. Also we took only those 
women diagnosed with cancer during 2000 - 2006 to avoid 
bias in our selection criteria since cervical cancer screening 
was provided to all 30 - 59 years old women from the control 
area during 2007 - 2010.

In our study, the variation in hazard with respect to socio-
economic characteristics was not statistically significant prob-
ably due to small number of patients. We found that the poor 
socio-economic characteristics had up to 70% higher risk of 
death. For example, there was a 30% reduction in mortality or 
a 70% better survival among those with some schooling com-
pared to no schooling. Even if the difference is not statistically 

significant, it should not be considered to be zero difference 
in mortality or survival among the two schooling categories. 
In addition, the non-significant survival variation by SES may 
seem less than expected. One explanation may be the general 
lack of health services in rural India. Specialized service might 
be too far away or not efficient for cancer diagnosis and treat-
ment.

In conclusion, the cervical cancer survival is likely to be 
poor also in rural populations of other areas in India and in 
low- and middle-income countries in general. The only strong 
determinant was the stage of tumor at diagnosis. Our results 
further stress the importance of providing prevention and 
screening opportunities to the women in low-resource settings, 
and the need to strengthen the quality of healthcare facilities 
in rural areas.

Acknowledgement

We acknowledge the Bill & Melinda Gates foundation for their 
financial support to our study through the Alliance for Cervical 
Cancer Prevention.

Conflict of Interest

None of the authors have any conflicting interest.

Financial Disclosures

All authors have no financial disclosures to make.

Grant Support

The original study was financially supported by the Bill & 
Melinda Gates foundation.

References

1. Sankaranarayanan R, Nair MK, Jayaprakash PG, Stan-
ley G, Varghese C, Ramadas V, Padmakumary G, et 
al. Cervical cancer in Kerala: a hospital registry-based 
study on survival and prognostic factors. Br J Cancer. 
1995;72(4):1039-1042.

2. Dhar M, Lahiri S, Takiar R, Ashok NC, Murthy NS. An 
indirect study of cancer survival in the context of devel-
oping countries. Asian Pac J Cancer Prev. 2008;9(3):479-
486.

3. Sankaranarayanan R, Swaminathan R. Cancer Survival in 
Africa, Asia, the Carribbean and Central America. IARC 
Scientific Publications No. 162. Lyon: International 
Agency for Research on Cancer; 2011.

4. American Cancer Society. Global Cancer Facts & Figures. 
2nd Edition. Atlanta: American Cancer Society; 2011. 
Avalabale at: www.cancer.org/research/cancerfactsfig-



Articles © The authors   |   Journal compilation © J Clin Gynecol Obstet and Elmer Press Inc™   |   www.jcgo.elmerpress.com296

Survival After Cervical Cancer Diagnosis J Clin Gynecol Obstet. 2015;4(4):290-296

ures/globalcancerfactsfigures/global-facts-figures-2nd-ed 
(accessed 20 May 2015).

5. Sankaranarayanan R, Swaminathan R, Brenner H, Chen 
K, Chia KS, Chen JG, Law SC, et al. Cancer survival in 
Africa, Asia, and Central America: a population-based 
study. Lancet Oncol. 2010;11(2):165-173.

6. Kaku M, Mathew A, Rajan B. Impact of socio-economic 
factors in delayed reporting and late-stage presenta-
tion among patients with cervix cancer in a major can-
cer hospital in South India. Asian Pac J Cancer Prev. 
2008;9(4):589-594.

7. Coker AL, Du XL, Fang S, Eggleston KS. Socioeconomic 
status and cervical cancer survival among older women: 
findings from the SEER-Medicare linked data cohorts. 
Gynecol Oncol. 2006;102(2):278-284.

8. Nandakumar A, Anantha N, Venugopal TC. Incidence, 
mortality and survival in cancer of the cervix in Banga-
lore, India. Br J Cancer. 1995;71(6):1348-1352.

9. Munagala R, Rai SN, Ganesharajah S, Bala N, Gupta RC. 
Clinicopathological, but not socio-demographic factors 
affect the prognosis in cervical carcinoma. Oncol Rep. 
2010;24(2):511-520.

10. Sankaranarayanan R, Rajkumar R, Arrossi S, Theresa 
R, Esmy PO, Mahe C, Muwonge R, et al. Determinants 
of participation of women in a cervical cancer visual 
screening trial in rural south India. Cancer Detect Prev. 
2003;27(6):457-465.

11. Sankaranarayanan R, Esmy PO, Rajkumar R, Muwonge 
R, Swaminathan R, Shanthakumari S, Fayette JM, et al. 
Effect of visual screening on cervical cancer incidence 
and mortality in Tamil Nadu, India: a cluster-randomised 
trial. Lancet. 2007;370(9585):398-406.

12. Thulaseedharan JV, Malila N, Hakama M, Esmy PO, 
Cherian M, Swaminathan R, Muwonge R, et al. Effect 
of screening on the risk estimates of socio demographic 
factors on cervical cancer - a large cohort study from rural 
India. Asian Pac J Cancer Prev. 2013;14(1):589-594.

13. Jensen OM, Parkin DM, Maclennan R, Muir CS, Skeet 
RG. Cancer registration principles and methods. IARC 
Scientific Publication No. 95. Lyon: IARC Press; 1991.

14. Swaminathan R, Selvakumaran R, Esmy PO, Sampath P, 
Ferlay J, Jissa V, Shanta V, et al. Cancer pattern and sur-
vival in a rural district in South India. Cancer Epidemiol. 
2009;33(5):325-331.

15. Schrijvers CT, Mackenbach JP. Cancer patient survival 
by socioeconomic status in seven countries: a review for 
six common cancer sites [corrected]. J Epidemiol Com-
munity Health. 1994;48(5):441-446.

16. Aggarwal OP, Bhasin SK, Sharma AK, Chhabra P, Aggar-
wal K, Rajoura OP. A New Instrument (Scale) for Meas-
uring the Socioeconomic Status of Family: Preliminary 
Study. Indian J Community Med. 2005;30:111-114.

17. Kusum LG. Socio-economic status measurement scale: 
thirst area with changing concept for socio-economic sta-
tus. Int Journal of Innovative Research & Development. 
2013;2:139-145.

18. Ramesh Masthi NR, Gangaboraiah, Kulkarni P. An ex-
ploratory study on socio economic status scales in a rural 
and urban setting. J Family Med Prim Care. 2013;2(1):69-
73.

19. Swaminathan R, Selvakumaran R, Vinodha J, Ferlay J, 
Sauvaget C, Esmy PO, Shanta V, et al. Education and can-
cer incidence in a rural population in south India. Cancer 
Epidemiol. 2009;33(2):89-93.



Asian Pacific Journal of Cancer Prevention, Vol 14, 2013 589

DOI:http://dx.doi.org/10.7314/APJCP.2013.14.1.589
Screening Effects on Risk Estimates of Socio-demographic Factors on Cervical Cancer in Rural India

Asian Pacific J Cancer Prev, 14 (1), 589-594

Introduction

 Cervical cancer is the leading cancer among Indian 
women with the estimated age standardized incidence 
and mortality rates around 2008 of 27 and 15 per 100,000 
woman years, respectively (Ferlay et al., 2012). The age 
standardized cervical cancer incidence rates range from 
9-40 per 100,000 woman years in various regions of 
India (Sankaranarayanan et al., 2008). Persistent infection 
with specific high-risk types of human papilloma virus 
(HPV) is the central and necessary cause of almost all 
cervical cancers and their precursors, cervical intra 
epithelial neoplasia (CIN). The long time frame between 
initial infection and evident disease indicates that other 
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Abstract

 Background: Prospective cohort studies to determine cofactors with oncogenic HPV- infections for cervical 
cancer are very rare from developing countries and such data are limited to the few screening trials. Large 
screening trials provide such data as a by product. Some of the cases are prevented by screening and do not 
surface as invasive cancers at all. Also, pre-invasive lesions are detected almost entirely by screening. Screening 
causes selection bias if attendance in or effectiveness of screening is correlated with the risk factors. The aim of 
this study was to quantify the influence of screening on risk factors for cervical cancer. Materials and Methods: 
Our material stems from a rural cohort of 80,000 women subjected to a randomised screening trial. The effect of 
screening on the incidence of cervix cancer was estimated with reference to socio-demographic and reproductive 
risk factors of cervical cancer. We compared these risks with the incidence of cancer in the randomised control 
population by the same determinants of risk. Results: The results in the screening arm compared to the control 
arm showed that the women of low SES and young age were benefitting more than those of high SES and old 
age. The relative risk by age (30-39 vs 50-59) was 0.33 in the control arm and 0.24 in the screening arm. The 
relative risk by education (not educated vs educated) was 2.8 in the control arm and 1.8 in the screening arm. 
The previously married women did not benefit (incidence 113 and 115 per 100,000 women years in control vs 
screening arms) whereas the effect was substantial in those married (86 vs 54). Conclusions: The results in 
controls were consistent with the general evidence, but results in attenders and nonattenders of the screening arm 
showed that screening itself and self-selection in attendance and effectiveness can influence the effect estimates of 
risk factors. The effect of cervical cancer screening programmes on the estimates of incidence of cervical cancer 
causes bias in the studies on etiology and, therefore, they should be interpreted with caution. 
Keywords: Cervical cancer - risk factors - screening - bias - rural population - cohort 
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exogenous or endogenous cofactors, such as sexual 
habits, reproductive factors, other sexually transmitted 
diseases, smoking, nutritional deficiencies and genetic 
susceptibility, acting in conjunction with HPV may be 
necessary for the disease progression (Ferrera et al., 
2000; Sellors and Sankaranarayanan, 2003; Stewart and 
Kleihues, 2003).
 It has been established that different socio demographic 
and reproductive factors can influence the participation 
in screening programmes. Some of them are age, 
education, marital status, income, number of children, 
use of contraception, region, lack of knowledge about 
screening of cervical cancer and its prevention, personal 
and life style factors, attitudes, ease of access and lack of 
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patient friendly health services (Sankaranarayanan et al., 
2003; Nene et al., 2007; Frida et al., 2012; Laurie et al., 
2012; Sarah et al., 2012; Singh et al., 2012). Because the 
risk factors of cervix cancer and determinants to attend 
the screening are much the same, it is important to know 
whether data from screening studies provide unbiased 
information in studies on etiology i.e. on the effects of 
risk factors on cervical cancer risk. 
 Our data stems from a cohort study based on a 
cluster randomised controlled cervical cancer screening 
trial carried out from 2000-2006 in a rural population 
in Dindigul district, Tamilnadu state, South India. The 
present study was undertaken to quantify the bias due 
to screening on the estimates of risk by socio economic 
and reproductive risk factors of cervical cancer. Also we 
wanted to see the effect of screening on risk of cancer, ie 
in which strata the effect of screening is large and where 
it is small. 
 
Materials and Methods

 The screening trial was conducted to evaluate the 
efficacy of a single round of visual inspection with 3-5% 
acetic acid (VIA) in reducing cervical cancer incidence 
and mortality. The details of the study have been described 
earlier (Sankaranarayanan et al., 2003; 2004; 2007). The 
study was conducted in 113 local administrative units 
called panchayaths .The panchayaths were randomised 
into two groups 57 in the intervention arm and 56 in the 
control arm. Eligible participants were healthy women 
aged 30-59 years with an intact uterus and no past history 
of cancer. Also, all eligible women in the study were 
ever married. Health workers interviewed the women 
using a structured questionnaire to collect information 
on socio demographic and reproductive variables after 
educating them about prevention, early detection and 
treatment of cervical cancer. The intervention group 
received screening over a three and half year period during 
2000-2003. Screening and treatment of pre cancerous 
lesions and invasive cancer were free of cost. Along with 
health education, the women in the control group were 
also advised how to avail themselves of cervical cancer 
prevention services from the base hospital and other 
sources and they received the usual care and treatment 
facilities from the hospitals. Both study groups were 
followed up for next three years in one year intervals to 
collect information on deaths, migration, and cervical 
cancer both by active follow up consisting of household 
visits and passive follow up linked with the mortality 
register system and the population based cancer registry.
 Data on risk factors of cervical cancer were based on 
the full cohort of 80,269 eligible women from both the 
screening and control groups of the cluster randomized 
trial. The effect of the following individual and household 
socio demographic factors on the incidence of invasive 
cervical cancer during the study period were assessed: age 
in years (categorized in 30-39, 40-49 and 50-59); formal 
education (some education, no education); occupation 
(house wife/others and manual labour); marital status 
(currently married and widowed/separated); age at 
marriage in years (18+ and <18); number of pregnancies 

(<4 and 4+); type of house (tiled/concrete, thatched); 
household income (categorized in ≥2000 and <2000 
rupees, 1 US Dollar is approximately equal to 50 rupees); 
The effect of these risk factors was assessed based on 
hazard ratios of invasive cervix cancer.
 Altogether 325 cervical cancer cases were identified 
during 2000-2006 (Figure 1). Of these cases, 158 cases 
were in the control arm and 167 in the intervention arm.  
The cancer cases from the intervention arm comprised 
of 67 screen detected cancers, 29 cancer cases which 
developed among screen negatives, 10 cases among screen 
positives who had been treated for precursors, and 61 cases 
diagnosed among unscreened women (Figure 1).
Statistical analysis
 The analyses were stratified by study group (screening 
and control) and by screening status (participated and not 
participated in screening). Follow up time was calculated 
for each individual by taking their first date of interview 
during enumeration as starting date, and the end date as; 
diagnosis date for those who were diagnosed with cervical 
cancer; date of death for those who died without cervical 
cancer; date of migration or last seen for migrated or lost to 
follow up; or date of last follow up of 31st December 2006 
for those still alive. The person years of observation (PYO) 
and the incidence rate per 100,000 PYO were calculated 
for all individual and household characteristics. The 
cervical cancer incidence risk estimates by the different 
socio demographic characteristics were assessed by 
relative risks with the low risk category as reference. Data 
was entered in the study database using Access software 
and analyzed using Stata/IC 11.2 software.

Cancer 
   n=61 

Cancer 
 n=158 

         Screened  
    n=31,343(63.6%) 

Control arm (56 clusters) 
                 n = 30,958 

    VIA arm (57 clusters) 
             n = 49,311 

         (113 clusters) 
Eligible Women = 80,269 

Cancer     
  n=29* 

Randomisation 

 Screen detected 
cancer, n= 67 

           Positives 
        n=3088(9.9%) 

      Negatives 
  n= 28255(90.1%) 

      Unscreened 
  n= 17,968 (36.4%) 

    Total cancer 
        N=325 

Cancer 
 n=10* 

Figure 1. Flow Chart Illustrating the Base Population 
and the Study Outcomes. *Later diagnosed with cancer
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Results 

 Overall, 452775 person-years of observation (PYO) 
were accrued during the study period with a mean follow-
up time of 5.64 years (SD: 1.09 years) as a sum of the 
person years contributed by screening group (274258 
PYO, mean follow up time: 5.56, SD: 1.02) and control 
group (178517 PYO, mean follow up time: 5.76, SD: 
1.18). A total of 168210 PYO were accumulated in the 
screening group participants and 106048 PYO in the 
nonparticipants.   
 As expected, the overall incidence in the screening 
group was lower than in the control group (screening 
arm: 61, control arm: 89 per 100,000 PYO). The cervical 
cancer incidences among educated, and previously 
married (widowed/separated) in the screening and control 
arm were found to be approximately equal (educated: 
40 vs 37; previously married: 115 vs 113 per 100,000 
PYO in screening vs control arm) but the incidences 
among uneducated and currently married in the screening 
and control arm were different (uneducated: 71 and 
103; currently married: 54 and 86 per 100,000 PYO in 
screening vs control arm) (Table.1). In all other exposure 
categories, incidence in the screening group was lower 
than in the control group. The estimated hazard ratios for 
occupation, age at marriage and household income were 
similar in screening and control arm. But we observed 
a difference in the estimates of hazard ratios for age, 
education, marital status, number of pregnancies and type 
of house. 
 Table 2 shows the comparison between participants 
and nonparticipants of screening arm. The observed 
cervical cancer incidence rates in the younger, currently 
married, having less than 4 children and low income were 
similar in both groups. But in contrast, the incidence 

rates among older, previously married, having 4 or more 
children and high income were more in the participants 
than in the non-participants. The cervical cancer incidence 
among manual workers, married at younger than 18 years, 
and lived in thatched houses were high in the participants 
while the incidence among housewives/others, married at 
18 years or above, and those who lived in tiled/concrete 
houses were high in the non-participants. In educated and 
uneducated the incidence was higher among participants 
compared to non-participants.
 Overall, the cervical cancer incidence was inversely 
associated with education. The estimate of risk among 
uneducated compared to educated women was low in the 
participants and non-participants compared to control 
(HRs: 1.73, 1.89 and 2.79).  The cervical cancer risk in 
the older age groups compared to younger age group was 
found to be the same in non-participants and control, but 
the risk was high in the participants. Among middle-aged 
similar incidence rate was observed in participants and in 
control but a low incidence observed in the nonparticipants 
(for 40-49 years: 90, 91 and 61 per 100,000 PYO). A 
similar pattern was observed among those who lived in 
thatched houses also (94, 97 and 46 per 100,000 PYO). 
We found a low incidence of cervical cancer among the 
manual workers in the participants and non participants 
compared with control (76, 61 and 100 per 100000 PYO 
respectively) but the estimated hazard ratios showed a 60% 
higher risk for manual workers among the participants, 
37% higher risk among the control and no increased risk 
in the non participants (HR=1.11) compared to the group 
of other occupations. 
 The incidence rate observed among widowed/
separated women in the participants was high compared 
to non-participants and control (141, 88 and 113per 
100,000 PYO), and the observed hazard ratio was 
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Table 1. Effect of Socio Demographic Characteristics on Cervical Cancer Incidence-comparison between 
Screening and Control Arm
Characteristics Screening arm Control arm
 Cervical  Person- Incidence Incidence Cervical  Person- Incidence Incidence
 cancer years of rate per Rate cancer years of rate per Rate
 cases observation 100000 Ratio cases observation 100000 Ratio
  (PYO) PYO (IRR)  (PYO)  PYO (IRR)
Individual characteristics
   Age group 30-39 44 147318 29.9 1.00 45 84585 53.2 1.00
 40-49 59 76320 77.3 2.59 50 54900 91.1 1.71
 50-59 64 50620 126.4 4.23 63 39031 161.4 3.03
   Education Some education 38 94521 40.2 1.00 16 43195 37.0 1.00
 No education 125 175307 71.3 1.77 135 130758 103.2 2.79
   Occupation House wife/others 69 136423 50.6 1.00 56 76559 73.2 1.00
 Manual 97 137413 70.6 1.40 102 101807 100.2 1.37
   Marital status Currently married 132 243231 54.3 1.00 140 162422 86.2 1.00
 Widowed/separated 35 30360 115.3 2.12 18 15976 112.7 1.31
   Age at marriage 18+ 87 167403 52.0 1.00 100 124099 80.6 1.00
 <18 73 98015 74.5 1.43 54 51049 105.8 1.31
   Number of pregnancies <4 95 193959 49.0 1.00 90 131293 68.6 1.00
 4+ 72 80012 90.0 1.84 68 47224 144.0 2.10
Household characteristics
   Type of house Tiled/Concrete 116 207428 55.9 1.00 131 150627 87.0 1.00
 Thatched 51 66831 76.3 1.36 27 27825 97.0 1.12
   Income (in rupees) 2000 + 45 76460 58.9 1.00 46 53659 89.8 1.00
 <2000 122 197666 61.7 1.05 112 124793 89.7 1.00
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2.56 in participants while the risk was 1.67 and 1.37 
in nonparticipants and control group. Women married 
younger than 18 years of age showed high risk of cervical 
cancer among the screening participants (HR= 1.83) and 
in the control group (HR=1.31), and no increased risk 
in the non participants (HR=0.92) compared to women 
married at an age 18 or above. The estimated hazard 
ratios for four or more pregnancies compared to less than 
four pregnancies in the participants and in the control 
women were similar (HR=2), but the risk was 1.5 in the 
nonparticipants. The risk of cervical cancer for those who 
lived in thatched houses was high in the participant group 
(HR=1.78) but a low risk observed in the nonparticipants 
(HR=0.75) and no effect (HR=1.12) was estimated in the 
control group compared to those living in tiled/concrete 
houses. No increased risk was observed among the low-
income group of control women and in the participants 
but a high risk was observed in the non-participants 
(HR=1.32).
 
Discussion

Screening for cervical cancer aims at the detection of 
preinvasive lesions, and hence preventing the diagnosis 
of invasive cancer. The screening history can affect the 
study on risk factors if the introduction of screening has 
an effect on the actual or reported incidence of cancer 
selectively, i.e. when the particular exposure correlates 
with the acceptance or efficacy of screening (Weiss, 
2003). Therefore we stratified the analysis by screening 
and control to verify if the estimates from the screening 
arm were different from those of the control arm and 
whether screening influenced the hazard ratio estimates. 
We observed some differences in the magnitudes of the 
estimates in the screening and control arm. This was due 

to the fact that women with low SES attended more than 
women with high SES and, furthermore, selectively within 
a socio-demographic stratum. With this in background, 
we were interested to see whether screening and self-
selection can influence the estimates of hazard ratios in the 
screening arm. Therefore we again stratified the analysis 
by participants and non-participants of the screening 
arm and we found that the estimates were different for 
participants and non-participants. Consequently, with the 
comparison between participants, non-participants and 
control arm, we propose that screening and self-selection 
can influence the hazard ratio estimates and, hence, will 
make the results on etiology biased. 

The effect of screening on the estimates of hazard 
ratios for risk factors depends on the length of follow-up 
in a cohort study. If there is a short follow-up, the prevalent 
preclinical invasive cancers detected at the first screen will 
dominate. With a longer follow-up the interval cancers that 
were not detected at screen at the detectable preinvasive 
phase will dominate. The former are slow growing and 
the latter fast growing ones. In fact our intervention trial 
was to assess the effect of one time screening by visual 
inspection with acetic acid, and the screening completed in 
three and half years followed by a follow-up of three years 
in one year intervals. Due to the relatively short follow-up 
period of the trial, the screen detected cancers dominated 
the effect estimates of the screening arm participants. 

In addition this selection by tumour characteristics 
there is selection by patient characteristics: attendance 
is related to awareness and empowerment and - as a 
consequence – to SES and many other risk factors of 
cancer. In our study there was a higher participation 
of young (age 30-39), currently married, educated and 
low income women with screening. Moreover there 
is a possibility that many of the women who attended 
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Table 2. Effect of Socio Demographic Characteristics on Cervical Cancer Incidence-comparison between 
Participants and Non Participants in the Screening Arm
Characteristics Participants Non participants
 Cervical  Person- Incidence Incidence Cervical  Person- Incidence Incidence
 cancer years of rate per Rate cancer years of rate per Rate
 cases observation 100000 Ratio cases observation 100000 Ratio
  (PYO)  PYO (IRR)  (PYO)  PYO (IRR)
Individual characteristics         
   Age group 30-39 29 100241 28.9 1.00 15 47077 31.9 1.00
 40-49 39 43560 89.5 3.09 20 32760 61.1 1.92
 50-59 38 24409 155.7 5.38 26 26211 99.2 3.11
   Education Some education 26 60662 42.9 1 12 33858 35.4 1
 No education 78 105153 74.2 1.73 47 70154 67.0 1.89
   Occupation House wife/Others 39 81541 47.8 1.00 30 54882 54.7 1.00
 Manual 66 86367 76.4 1.60 31 51046 60.7 1.11
   Marital status Currently married 84 152332 55.1 1.00 48 90899 52.8 1.00
 Widowed/separated 22 15579 141.2 2.56 13 14781 88.0 1.67
   Age at marriage 18+ 48 102253 46.9 1.00 39 65150 59.9 1.00
 <18 53 61693 85.9 1.83 20 36322 55.1 0.92
   No. of pregnancies <4 57 118388 48.2 1.00 38 75571 50.3 1.00
 4+ 49 49674 98.6 2.05 23 30338 75.8 1.51
Household characteristics 
   Type of house Tiled/Concrete 66 125503 52.6 1.00 50 81924 61.0 1.00
 Thatched 40 42707 93.7 1.78 11 24124 45.6 0.75
   Income (in rupees) 2000 + 30 44638 67.2 1.00 15 31822 47.1 1.00
 < 2000 76 123542 61.5 0.92 46 74124 62.1 1.32
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screening were already suspected /suffering from some 
cervical problems and they decided to acquire the 
advantage of free screening and treatment. Hence they 
were different from those who did not attend screening 
and from the control group. Therefore in the participants 
there was the effect due to screening and self selection 
and in the non participants there was the effect due to self 
selection only.  Hence we suggest considering participants, 
non participants and controls as three distinct groups. 

The purpose of our paper was to empirically quantify 
whether screening affects the estimated hazard ratios 
of cervical cancer due to risk factors. We were able to 
demonstrate this by utilization of a limited set of socio-
demographic variables. There were variations in the 
hazard ratios by screening status. It is irrelevant if the 
effects were formally significant. We were studying bias 
and relevant indicator is variation in the magnitude (point 
estimates) in the hazard ratios. Statistical significance 
is an indicator of random variation and a measure of 
it (confidence limits or tests) is not a measure of bias. 
The bias will not be removed by adjusting by applying 
multivariate or other methods, but it spreads evenly over 
the strata compared.

We observed from our study, for instance; had we a 
screened population, there was a 2 fold risk of cervical 
cancer among the previously married compared to married 
women; had we a population not subject to screening, the 
risk was only 30% increased and not 100%. If we study 
the etiology, then the first result is wrong, that is biased 
and the second result within random variation is correct. 
If we study where the screening effect on incidence 
stems from, then we compare the incidences: among 
previously married the incidence was about the same 
(115) but there was a difference between married (54 vs 
86) and from that we can make out that married were of 
low risk and benefitted by screening whereas previously 
married were of high risk and did not benefit at all. The 
observed high incidence among previously married in 
the participants compared to non participants (141 vs 
88) adds more evidence to the effect attributed by self 
selection on the screen detected cancers. It points out 
the helplessness and limitations of widowed/separated 
women in the society to afford and access health services 
due to the lack of financial resources and supporting 
system. The high incidence among previously married 
in the participants might be due to the participation of 
more number of women who were already suffering from 
some cervical problems and they utilised the advantage 
of seeking screening. Along with that the high attendance 
proportion of younger and married women exaggerated the 
risk of previously married. The distance of the screening 
facility is an important determinant of women accessing 
cervical cancer screening (Frida et al., 2012). This is the 
more important the more the women suffered from lack 
of financial resources and supporting systems, which, 
furthermore, supports our result by marital status. 

In the same way, we could observe that screening 
benefited the women in all age groups but due to the 
higher participation of younger women with screening, 
the risk of older age groups was exaggerated in screening 
participants. However, In the case of education, the risk of 

uneducated was reduced in the screening arm compared 
to control arm (1.8 vs 2.8) showing the advantage of 
uneducated women who received screening, while the 
incidence among educated were more or less similar in 
all comparing groups meaning they were not actually 
gained as with uneducated. Though manual workers and 
housewives benefited by screening, the elevated risk 
among manual workers in the participants (HR=1.60) 
compared to non participants (HR=1.11) might be due 
to self selection ie utilisation of free screening and 
treatment by economically backward people as in the 
case of previously married women. Similarly the risk 
among women who married early in the participants 
was exaggerated by the higher participation of younger 
women with screening in such a way that more number 
of older women was married when they were very young 
and more number of younger women was married after 
18 years of age. The women with <4 or ≥4 pregnancies 
were equally benefitted by screening so that the risk was 
around 2 in all groups.

The difference in the attitudes of women in different 
socio economic status is reflected in the estimates of 
thatched houses (HR: 1.78 Vs HR: 0.75) as well as low 
income (HR: 0.92 vs HR: 1.32) in participants and in non 
participants. Type of house and income were probably 
correlated with the screening effectiveness because the 
women who lived in thatched houses and participated 
were subjected to an increased participation of low income 
group with screening. Women with high socioeconomic 
status are less likely to attend screening than women of 
low socioeconomic status because the high income group 
rarely use free public health services and predominantly 
seek private care. Moreover the follow up of low income 
women with abnormal or inadequate test results is often 
very poor (Laurie et al., 2012). That could be the reason 
why the incidence among high income group was low 
in the nonparticipants (47.1) compared to participants 
(67.21) and control (90). In low resource settings, the 
common factor shared by widowed/separated or having 
many pregnancies or having no education is the financial 
constraint and it can influence their health seeking 
behaviour (Crispin et al., 2012).

There were a lot of studies in India to determine the 
socio demographic factors affecting the acceptance or 
practise of cervical cancer screening (Sankaranarayanan 
et al., 2003; Nene et al., 2007; Aswathy et al., 2012; Ekta 
et al., 2012; Singh et al., 2012). However to the best of our 
knowledge this is the first population based prospective 
cohort study in India to determine the effect of screening 
in study on socio demographic risk factors not only for 
cervical cancer but also in general, and it provides very 
strong evidence to prove that screening material is not fit 
for etiological research. So, for the purpose of evaluating 
risk factors only the control women provide a valid basis. 

Also our study showed the public health impact 
of screening. We found that young, currently married, 
uneducated and poor women benefitted most due to 
screening. And this was mainly because the benefiters had 
a high attendance proportion. Cervical cancer continues to 
be an important public health problem especially in low 
and medium resource countries. From the point of view of 
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equity it was encouraging that the benefiters were those at 
high background risk and with poor resources. Therefore, 
screening is important component when making public 
health policies and implementation of cervical cancer 
control programmes. 
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Introduction

The capability of health services to provide early 
diagnosis, treatment and clinical follow-up improves 
cancer survival (Sankaranarayanan et al., 2010). The goal 
of cervical cancer screening is to reduce the burden of 
cervical cancer in a population and the two valid indicators 
to measure the effectiveness of a screening programme are 
the reduction in incidence of and mortality from cervical 
cancer (Sankila et al., 2000). Improvement in survival is 
a necessary, but not sufficient indicator to measure the 
beneficial effect of screening because of lead-time, length 
and over-diagnosis biases (Sankila et al., 2000).

There is large variation in cancer survival between 
and within countries and it is generally due to the 
differences in medical, biological, cultural, genetic, 
geographic and socio-economic factors (Coker et al., 
2006; Sankaranarayanan et al., 2010; Global Cancer 
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Abstract

 Background: Socioeconomic factors are associated with screening in terms of reducing the risk of cervical 
cancer. This study aimed to clearly establish the effect of screening on variation in socio-economic factor-specific 
survival estimates. Materials and Methods: Survival estimates were calculated using the life table method for 
165 women from the routine care control arm and 67 from the visual inspection with acetic acid screening arm 
diagnosed with cervical cancer during 2000-2006 in rural south India. Kaplan-Meier survival curves were plotted 
to compare the variation in survival by socioeconomic factors. Results: Whereas there was a significant variation 
in survival estimates of the different categories of age at diagnosis among the screen-detected cancers with 
women aged<50 years having an improved survival, no significant variation was noted among women diagnosed 
with cervical cancer from the control arm. Compared to the variation among the cancer cases detected in the 
unscreened control group, screening widened the variation in survival estimates by age and type of house, and 
reduced the variation by education. The direction of the magnitude of the survival estimates was reversed within 
the different categories of occupation, marital status and household income in the screen-detected cancer cases 
compared to control group cancer cases. Also, women diagnosed with stage 1 disease had a very good survival.
Conclusions: Screening changed the pattern of survival by socio-economic factors. We found improved survival 
rates in screened women aged <50 years, with no formal education, manual workers and married women. 
Keywords: Uterine cervical neoplasms - survival rate - rural population - socio-economic determinants - India
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Facts and Figures, 2012). Socio-economic factors are 
associated with a person’s general health, nutritional 
status, attitudes, beliefs and health behavior, and it can 
influence the chances of being detected early, access to or 
completion of treatment and follow-up, hence determining 
survival (Sankaranarayanan et al., 1995). The role of 
socio-economic factors in cervical cancer survival has not 
been clearly established in many of the survival studies 
done in India and abroad mainly because the studies 
were done within a group of patients with similar socio-
economic characteristics and/or similar accessibility or 
inaccessibility to cervical cancer screening, diagnosis and 
treatment facilities (Schrijvers.,1994; Nandakumar et al., 
1995; Coker et al., 2006; Munagala et al ., 2010).

In our previous study it was shown that young, 
currently married, uneducated and poor women benefitted 
most from screening in terms of reducing the risk of 
developing cervical cancer (Thulaseedharan et al ., 2013). 
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As a result the authors found it interesting to study who 
benefitted most from cervical cancer screening in terms of 
improving survival. Little was found on such studies in the 
literature. In this paper we describe how screening affected 
cervical cancer survival according to socio-economic 
factors. For this study we used the data of 165women 
diagnosed with cervical cancer from a cohort of 31,000 
women in the routine care control arm and 67 women 
with screen-detected cervical cancer from a cohort of 
31,343 women from the intervention arm of a large visual 
inspection with acetic acid (VIA) screening trial conducted 
in south India during 2000-2006 (Sankaranarayanan et al., 
2007a), and followed until 2012 December.

Materials and Methods

The details of the screening trial were explained 
in earlier papers (Sankaranarayanan et al., 2003; 
Sankaranarayanan et al., 2007a; 2007b). Baseline survey 
and screening were performed in the intervention arm 
during 2000-2003. The women in the control arm were 
also surveyed during the same period and the health 
workers educated the women about screening, symptoms 
and risk factors of cervical cancer, informed them of the 
facilities available in the area and advised them to utilize 
those health care facilities. Health workers carefully 
explained the study to all participants in both arms and 
if they agreed to participate, obtained a signed informed 
consent form in the presence of a witness.

Eligible women aged between 30-59 years from 
both arms were followed-up in three consecutive years 
to collect information on death, migration and cervical 
cancers until December 2006. Also, the study population 
was matched with the Dindigul Ambillikai Cancer 
Registry (DACR) database to obtain all incident cervical 
cancer diagnosed from the study population during 2000-
2006 (Sankaranarayanan et al., 2007a). The current study 
included the data of 165 women diagnosed with cervical 
cancer during 2000-2006 from the control arm, excluding 
two women identified only with their death certificates, 
and another 67 women with screen-detected cervical 
cancer during 2000 to 2005 from the intervention arm. 
Overall, 73% (121/165) of the women identified with 
cervical cancer from control arm and 91% (61/67) of the 
screen-detected women were diagnosed during 2000-
2003, and the remaining women were diagnosed with 
cervical cancer during 2004-2006. A follow-up survey of 
the base population was again conducted during 2011-
2012 to collect information on death, migration and 
cervical cancer. For this survival analysis the follow-up 
information of the women diagnosed with cervical cancer 
both from the control arm and screen-detected women 
were obtained from the DACR records in addition to the 
follow up survey of the base population in 2011-2012.

Variables under study
The factors studied were age at diagnosis (categorized 

in 30-39, 40-49 and 50+), stage of disease (Stage 
I, stage II or worse and unknown) and the baseline 
information on individual and household level socio-
economic factors such as: formal education (no or some 

schooling); occupation (housewife/others and manual 
workers); marital status (currently married and widowed/
separated); Type of house (Thatched and tiled/concrete); 
and household monthly income (categorized in <INR2000 
and >INR2000). 

Statistical analysis
The statistical analysis was performed in Stata/IC 11.2 

software package (STATA corp, Texas). Follow-up time 
was calculated by taking date of diagnosis as starting 
date. The cutoff dates were 2011 December 31st for the 
women with cervical cancer from the control arm and 
2010 December 31st for the screen-detected women. 
The earlier cutoff date for the screen-detected women 
was taken because the screening arm had their follow-
up survey in 2011. The follow-up status was defined as 
complete if death had occurred within the cutoff period 
or the subject had a follow-up after the cutoff with the 
information that the subject was alive at cutoff date. 
Among women from control arm, three deaths occurred 
after cutoff who were considered as alive with a complete 
follow-up in 2011 December. Similarly, among screen-
detected women two deaths occurred after cutoff who were 
considered as alive with a complete follow-up in 2010 
December. Follow-up status was defined as incomplete 
if the vital status of the women was not known at cutoff. 
We identified only two subjects out of 165 and one subject 
out of 67 with incomplete follow-up status due to loss to 
follow-up. The follow-up time was calculated in years by 
taking the duration between date of diagnosis and date of 
death for those who died; 31st December 2011 for those 
who were alive and had a complete follow-up if cancer 
diagnosed from control arm; 31st December 2010 for 
those who were alive and had a complete follow-up if 
screen-detected cancer; and the date of last seen as alive 
for those who had an incomplete follow-up status. The 
survival rates were estimated by life table method and 
the log rank test was used to test the equality of survivor 
functions. Kaplan–Meier survival curves were plotted 
to study whether survival according to socio-economic 
factors was affected differently by screening.

Results 

Table 1 describes the characteristics of 165women 
identified with cervical cancer from the control arm and 
67 women with screen-detected cancer. Compared to 
screen-detected women the proportion of older women 
was high among women from control arm (45.5% vs 36%). 
Proportion of stage 1 cancers was 10.9% in women from 
control arm and 31% in the screen-detected. According 
to the baseline information 10.3% of women from control 
arm and 22.4% of screen-detected women were formally 
educated. The proportion of manual workers was more 
or less same (63.6% vs 61%) in both groups of women. 
Proportions of currently married women were 88.5% and 
79%, and proportions of women lived in tiled/concrete 
houses were 83.6% and 61% in women diagnosed with 
cancer from control arm and screen-detected women, 
respectively. About 71% of women from the control arm 
reported having a monthly household income less than 
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2000 INR versus 79% of screen-detected women.
Table 1 also describes the variation in five-year 

survival according to different characteristics of women 
in both groups. In order to clearly explain how screening 
affected the variation in survival by socio-economic 
factors we illustrated Kaplan Meier survival curves for 
factors such as: age, education and income. Figure 1 shows 
that the survival pattern of older women was not changed 
by screening. Furthermore the survival difference between 
younger and older women was minimal among women 
from control arm, but there was a 40% unit difference 
between the survival of younger and older women if 
cancer was detected by screening. Women without formal 
education had an improved survival and it reduced the 
variation in survival between the educated and uneducated 
women when cancer was detected by screening (Figure 
2). Between the invasive cancer case groups, the survival 

estimates were similar for women with household income 
below 2000 INR in the control and screen-detected groups. 
However, for women with higher incomes (2000+ INR), 
the survival estimates in the screen-detected group were 
much higher than their counterparts in the control group 
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Table 1. Five-year Observed Survival for Women Diagnosed with Cervical Cancer in the Control and Screened 
Arms
Socio-economic factors   Control arm    Screened arm 
 n (%) 5-year p-value n (%) 5-year p value
   survival (%)    survival (%) 

Cancer cases 165  32.5  67  47.6 
Individual        
Age at diagnosis        
 30-39 37 (22.4) 37.3  18 (26.9) 60.4 
 40-49 53 (32.1) 34.0  25 (37.3) 60.0 
 50+ 75 (45.5) 29.1 0.546 24 (35.8) 20.8 0.001*
Stage of disease        
 stage 1 18 (10.9) 77.6  21 (31.3) 75.9 
 stage2+ 105 (63.6) 23.5  45 (67.2) 33.3 0.002*
 unknown 42 (25.5) 35.7 0.006* 1 (1.5)  
Educationa        
 No schooling 145 (87.9) 30.9  51 (76.1) 49.0 
 Some schooling 17 (10.3) 51.6 0.179 15 (22.4) 46.7 0.821
Occupation        
 House wife/others 60 (36.4) 36.4  26 (38.8) 38.4 
 Manual 105 (63.6) 30.3 0.312 41 (61.2) 53.6 0.568
Marital status        
 Currently married 146 (88.5) 31.3  53 (79.1) 52.7 
 Widowed/separated 19 (11.5) 42.1 0.467 14 (20.9) 28.6 0.020*
Household        
Type of house        
 Thatched 27 (16.4) 25.9  26 (38.8) 38.1 
 Tiled/concrete 138 (83.6) 33.8 0.259 41 (61.2) 53.7 0.233
Income        
 <2000 117 (70.9) 38.2  53 (79.1) 41.5 
 2000+ 48 (29.1) 18.8 0.014* 14 (20.9) 71.1 0.278
aThe information on education is missing for 3 observations among women from control and one observation among screen-detected women; * 
Significant at 0.05 level of significance

Figure 1. Screening Increased the Variation in Survival 
by Age at Diagnosis
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Figure 2. Screening Reduced the Variation in Survival 
by Formal Education
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Figure 3. Screening Reversed the Variation in Survival 
by Household Income
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(71.1% vs 18.8%). Within the screen-detected group, a 
higher survival estimate was observed among those with 
higher income than those with lower household income 
while the contrary was found for the cancer cases detected 
in the control group (Figure3). Figure4 shows the variation 
in survival by stage of disease. Table 2 describes the 
characteristics of women with respect to age at diagnosis.

Discussion

The comparison of survival estimates between screen-
detected and control women showed that screening 
modified the survival of cervical cancer patients according 
to socio-economic factors. There was an increased 
variation in survival by different age groups and by 
type of houses if cancer was detected by screening. The 
variation in survival by education was reduced among 
screen-detected women while the survival pattern by 
occupation, marital status and household income were 
reversed if cancer was detected by screening. Variation 
in survival by stage of disease was more or less similar 
between screen-detected and control women.

The observed 5-year survival of women diagnosed 
with cervical cancer from the control arm was poor and 
the variation in survival according to socio-economic 
status was minimal, and was mainly due to the inadequate 
health care facilities in rural India and similar accessibility 
of health care facilities irrespective of socio-economic 
status. We were interested to see how survival was affected 
by the socio-economic factors if cancer was detected by 
screening and provided free treatment. We observed that 
the difference in survival between younger and older 
women increased substantially when cancer was detected 
by screening (20.8% vs 60% in screen-detected) while 

in control the survival difference was minimal (34% vs 
29.1%). These findings also lead to an interesting question 
as of why survival was not improved in older women if 
cancer was detected by screening. In the same way the 
survival of women without education was found to be 
similar to that of survival of educated women if cancer was 
detected by screening whereas the survival of uneducated 
women was worse than educated women when cancer 
was diagnosed in the control arm. Women doing manual 
work, currently married, and with higher income had 
better survival than their counterparts if screen-detected, 
contrary to the observed survival pattern for women 
diagnosed with cancer from control arm.

Survival comparison between women diagnosed with 
cervical cancer from the control arm and the screen-
detected women is not a good indicator to evaluate the 
screening effect because of over diagnosis, lead time 
and length bias ( Sankila et al., 2000). The women with 
screen-detected cancers are bound to have good survival 
because the cancers are slow growing (length bias), and 
the time of diagnosis was advanced due to screening (lead 
time). Some screen-detected invasive cancers would not 
have been diagnosed during the women’s lifetime without 
the screening activity. This over diagnosis is well known 
with screening e.g., for prostate and breast cancer (Gulati., 
2014; Welch and Black, 2010). In the case of cervix cancer 
we do not have good evidence on over-diagnosis, but it 
would be unusual for cervix to be the only exception.

In fact we were not evaluating the screening effect 
by comparing the survival between screen-detected and 
women from control arm, but were trying to establish 
how screening was related to the variation in survival by 
background factors. Hence the good survival of women 
with screen-detected cancer is not an issue as such. Instead 
we were trying to illustrate who benefitted from screening 
in terms of improving the survival. The comparison of 
how the variation in survival by each of the background 
factors differs between cancer detected by screening and 
cancer diagnosed from control arm is credible because 
the biases probably affect all background factors of 
the screen-detected women in a similar way. Our study 
findings thus have an importance in describing the link 
between the selected socio-economic factors and cervical 
cancer survival with and without screening in this rural 
population.

A recent review on cervical cancer survival and older 
age suggests that the effect of age can be confounded by 

Table 2. Characteristics of Women Diagnosed with Cervical Cancer Stratified by Age at Diagnosis
 Control Screen-detected
 Age at diagnosis Age at diagnosis

 30-39  40-49  50-62  30-39  40-49  50-60 
Proportion of women (n=37) (n=53) (n=75) (n=18) (n=25) (n=24)

no education 83.3 86.5 94.6 66.7 72.0 91.3
manual workers 64.9 67.9 60.9 66.7 72.0 45.8
currently married 97.3 94.3 80.0 88.9 88.0 62.5
lived in thatched houses 18.9 11.3 18.7 44.4 36.0 37.5
income ≥2000INR 21.6 34.0 29.3 22.2 24.0 16.7
stage1 cancer 8.1 11.3 12.0 61.1 32.0 8.3
stage2 or worse cancer 64.9 62.3 64.0 33.3 68.0 91.7

Figure 4. Screening Unaltered the Variation in Survival 
by Stage of Disease
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various patient, disease and treatment factors (Elit, 2014). 
In our study the proportion of women diagnosed with 
stage 1 cancers from the control arm did not vary much 
between women in different age groups but the younger 
and older women showed huge difference in the proportion 
of stage 1 cancers detected by screening (Table 2). That 
could be the major reason for such a big difference in the 
variation in survival by age at diagnosis between the two 
groups of women. Overall 19.4% of the screen-detected 
women (13/67) did not receive treatment. According to 
age at diagnosis, 19% from 30-39, 27% from 40-49 and 
25% from 50+ year-old women did not receive treatment. 
But the treatment details were not available for the control 
women. Women diagnosed with cancer at an older age 
may be at a greater risk of death, which could also be 
due to other comorbidities. In our study the proportions 
of widowhood as well as no education were higher among 
older women (Table 2). Among screen-detected women, 
younger women had a better household income than 
the older while among women diagnosed with cancer 
from the control arm the older had a better household 
income. All these factors can influence women’s decision 
making power, health seeking behaviors and attitude 
towards treatment. The older women need emotional and 
informational support from family members as well as 
the providers because information gaps and the stigma 
associated with diagnosis and treatment will affect the 
completion of their treatment and further follow-up (von 
Wagner et al., 2011).

In our previous study we found that women in all ages 
benefitted from screening in terms of reducing their risk 
for cervical cancer (Thulaseedharan et al., 2013). But 
in terms of survival women in all ages did not benefit 
from screening due to social and biological reasons. 
Manual workers and uneducated women benefitted most 
by utilizing free screening and treatment and reduced 
cervical cancer incidence among them (Thulaseedharan 
et al., 2013). In the case of survival also they benefitted 
because uneducated women attained the survival similar to 
that of educated women, and manual workers had a better 
survival than housewives. Widowed/separated women 
did not benefit from screening in terms of reducing the 
incidence of cervical cancer (Thulaseedharan et al., 2013). 
In the case of survival also they did not benefit because the 
widowed/separated women had significantly low survival 
compared to married women if cancer was detected by 
screening, and that could be again due to the effect of age 
and stage of disease.

Even if all screen-detected women were offered 
the same free treatment, there was a wide variation in 
survival by type of house in screen-detected compared 
to the control arm and this clearly indicates the role of 
socio-economic status in cervical cancer survival. We also 
found that women with lower household income had better 
survival rates than those with higher household income in 
the control arm, contrary to what was expected, while the 
reverse was observed if cancer was detected by screening. 
This contradictory finding in the control group might have 
been caused by misinformation from the self-reported 
participant income. Only 29% (48/165) of the women 
diagnosed with cervical cancer from control arm and 21% 

(14/67) of screen-detected women were reported to have 
a higher income and because of this small sample, chance 
observations (deaths) are also possible. However, such 
biases can happen in both groups of women in the same 
way and hence we cannot conclude that the contradiction 
is fully explained by misinformation or chance. One 
possible explanation is that married women reported the 
family income, which is higher than the income of single 
women. Among women from the control arm, survival 
of married women was worse than that for single women 
(31.3% vs 42.1). This supports the fact that the women 
with higher family income may not always have decision 
making power to seek health care. The better survival of 
married women among screen-detected could be due to 
the higher participation of married women in screening. 
They utilized the free screening and treatment and reduced 
the risk of developing cervical cancer (Thulaseedharan et 
al., 2013). We found that among the 67 screen-detected 
women about 34% of the married and 21% of widowed/
separated women were diagnosed with stage 1 cancers. We 
also found that women from both income groups did not 
equally benefit from screening, with poor women having 
a poor survival compared to those with higher income.

In conclusion, In our previous study we found that 
background factors were associated with screening 
in terms of reducing the risk for cervical cancer 
(Thulaseedharan et al., 2013), and now we observe that 
background factors are also associated with screening in 
terms of variation in survival. Hence from our study we 
could strongly emphasize that cervical cancer survival is 
definitely connected with socio-economic factors. But the 
role of socio-economic factors in cervical cancer survival 
would differ according to the efficiency of health system. 
A hypothetical situation of good survival with no variation 
between background factors reflects the efficiency of 
health system, but poor survival with no variation between 
background factors reflects the inefficiency of health 
system. By analyzing the survival experience of women 
diagnosed with cancer from the routine care control arm 
and screen-detected women we could clearly illustrate 
the mechanism of the selected socio-economic factors 
in determining cervical cancer survival in this rural 
population. It is encouraging that screening improved 
the survival of uneducated and manual workers. Also 
the women diagnosed with stage 1 disease had a very 
good survival either detected by screening or diagnosed 
from control arm further stresses the importance of early 
detection of cervical cancer, and it is very encouraging in 
a public health point of view to implement cervical cancer 
control activities.
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