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Documentation of cancer incidence in a country as vast as
India is not a trivial undertaking. To date, the Indian National
Cancer Registry Programme (NCRP) comprises only 6 popu-
lation-based cancer registries (PBCR).

In an effort to collate cancer incidence from a broader sam-
ple, Nandakumar ezal. collected data directly from 501 pathol-
ogy laboratories serving the country’s 593 districts. Data on
217,174 microscopically diagnosed cancers over the period
2001-2002 were submitted largely via the internet.

In order to determine how complete the data from various
districts were, cancer incidence from the districts was com-
pared to the incidence recorded by a past PBCR study. In all,
82 districts exceeded the PBCR incidence levels and thus
were deemed to be representative.

The data generated confirmed some previous results but also
gave new insights into national cancer incidence. These include
a high rate of the following cancers: mouth cancer in southern
states, nasopharynx cancer in the northeast, and stomach cancer
in the Mizoram state.

The authors concede that districts with low incidence rates
may simply reflect insufficient data collection and, thus, their
cancer incidence is not interpretable. Additionally, it is
acknowledged that about 15% of cancers are not diagnosed
by pathology. However, collecting data directly from pathol-
ogy laboratories compliments population-based data. It is
also an efficient and cost-effective means of generating a
cancer atlas that can offer new clues to cancer etiology.
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Information on 217,174 microscopically diagnosed cancers diag-
nosed in 2001-2002 was collected from pathology laboratories in
68 districts across India. Data collection took place primarily via
the Internet. Average annual age-adjusted incidence rates for
microscopically diagnosed cases (MAAR) by gender and site were
calculated for each of the 593 districts in the country, The rates
were compared Lo those from established population based cancer
registries (PBCR). In 82 districts, the MAAR for ‘all cancer sites’
was above a “completeness™ threshold of 36.2/100,000 (based on
results of a rural PBCR). The results confirmed some known fea-
tures of the geography of cancer in India, and brought to light
new ones. Cancers of the mouth and tongue are particularly fre-
quent in both genders in the southern states. Very high rates of
nasopharynx cancer were found in the northeastern states (Naga-
land, Manipur). There was clear geographic correlation between
the rates of cervical and penile cancer, and a high rate of stomach
and lung cancer (in both genders) in many districts of Mizoram
State. The area of high risk for gallbladder cancer seems larger
than suspected previously, involving a wide band of northern
India. There is a belt of high incidence of thyroid cancer in
females in southwest coastal districts, Other than identifying pos-
sible existence of high-risk areas of specific cancers, our study has
recognized places where PBCR could be established, The study
was remarkably cost-effective and the electronic data-capture
methodology provides a model for health informatics in the setting
of a developing country,
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Geographic pathology, comparisons of disease rates or risk of
individuals living in different areas, has been one of the longest
established and productive types of descriptive study for more
than a century.' The information can be nicel y conveyed by the
use of maps that, as well as conveying the actual value associated
with a particular area, gives a sense of the overall geographic pat-
tern of the mapped variable, and allows comparison between the
patterns on different maps. This is especially valuable when used
to suggest possible causative hypotheses, Atlases of cancer may
draw attention to geographic variations within countries, or across
wider gengmghic arcas. The mortality atlases of China,™” the
United States™™ and the European Union’ are perhaps the best-
known examples. There are fewer atlases of cancer incidence,
because cancer registries generally cover more limited geographic
areas than monalit}y statistics. Examples are the cancer atlases of

Scotland,” Canada” and the Nordic countries.

India is a vast country, with a huge population of diverse cultures.
habits and dietary practices. The socioceconomic status shows varia-
tion, as does the way of living and environment of the urban and rural
populations. The study of geographic variations in cancer risk ought
1o be particularly fruitful in generating aetiological hypotheses, The
available sources of information that can be used for this purpose,
however, are limited. Systematic certification of death by qualified
practitioners, that includes adequate information on cause of death, is
confined to a few urban centres where in addition they are of variable
quality. A national cancer registry programme (NCRP) was devel-
oped in 1982, under the auspices of the Indian Council of Medical
Research (ICMR). Until 2003, this programme comprised only 6 pop-
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ulation-based cancer registries (PBCR), covering a total population
of 35.7 million (!3.5% of the Indian total), including one registry serv-
ing a rural area,' '™

The project to develop a cancer atlas of India was undertaken
against this background, to try to increase the knowledge of the geo-
graphic patterns of cancer in the country. The registries under the
NCRP have shown geographic differences in the patterns of cancer.
For example, cancer of the gall bladder has a comparatively much
higher incidence rate in the PBCR at Delhi and Bhopal, whereas
cancer of the stomach has been a consistent leading site of cancer in
males in the PBCR at Chennai and Bangalore,'""™ These observa-
tions have provided opportunities to hypothesize and look for vari-
ous aetiological clues. Under the circumstances, coverage of more
areas of the country through cancer mapping could open the doors
for investigation of one or more cancers. The most readily avail-
able, comprehensive source of information on cancer occurrence
nationwide is the network of pathology laboratories keeping
adequate records on cancer cases diagnosed by cylology or histopa-
thology. Although it is well known that many cancer cases are diag-
nosed without histology (15-20% of cases in the NCRP data-
base)''*'* and that these are by no means a random sample of the
total (by age and cancer site), these considerations were outweighed
by the practical one of availability of information.

Material and methods

All medical colleges (listed by the Medical Council of India) in
India and their respective departments of pathology, and several
major hospitals were contacted. Letters were sent 1o 264 institutions.
Those that agreed to participate were asked to begin collecting cer-
tain core items of patient information on all malignant neoplasms
diagnosed between 1 January 2001-31 December 2002, On-site vis-
its were made to these centres to examine the feasibility of obtaining
accurate and complete information on place of residence of the
patients reported, to check on computing and internet facilities and
10 assess the degree of technical support that would be required to
successfully carry out the work. Several regional workshops were
held for training purposes; they included principles of cancer regis-
tration, methodology of data collation, coding according to Interna-
tional Classification of Diseases (ICD) and an overview of weh-site
development and on-line transmission of data.

The methods for identifying cancer cases varied somewhat
hetween pathology labs and the hospitals (cancer centres, govern-
ment and private hospitals). The core information included the
name of the patient, name of the father, mother, spouse and that
of son and daughter (mainly 1o help in checking for duplicate
registrations), age, sex (“gender”), address (at least name of the
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Fisure 1 — Data entry screen from Cancer Atlas web-site.

district of permanent residence), the primary site and morphology
of the tumour and the date of diagnosis. Site and histology were
coded according to the 1ICD-Oncology (1CD-0-3),"* The Principal
Investigator in each centre (usually a pathologist or radiotherapist)
supervised and checked the diagnostic information and coding.
Whenever the exact primary site of tumour was unknown, efforts
were made 1o contact the reating clinician to obtain the details,
Data collection ok place primarily vig the Internet, with the
‘core form® for recording collected data hosted on the website
(www.canceratlasindia.org) (Fig. 1). Collaborating centres were
given an individual login-1D and password and detailed instruc-
tions for data entry and transmission. All data were encrypted for
transmission, to prevent unauthorized access. Centres withoul an
Internet server used public facilities (Internet cafes). Some hospi-
tals with computerized patient information systems transmitted
their data by file transfer, and a few rural centres without computer

facilities or Internet connection sent photocopies of completed
forms to the Coordinating Centre in batches.

A number of internal validity checks were carried out, including
range checks on codes, impossible or unlikely combinations of
age, gender, site and histology.'® Additional checks included
unlikely distriet distribution of cases from a given centre, and
unlikely centre distribution of cases in a given district. Coding of
district was checked against a list of addresses, and ICD coding
wits checked against a printed listing of pathology diagnosis by a
qualified pathologist (AN). When needed. clarification was sought
from individual centres. Cases where the identity of district (of the
place of permanent residence of the patient) was unknown, or
those where the date of diagnosis was outside the 2-year calendar
period (1 January 2001-31 December 2002) were excluded. A
variety of duplicate checks were also done and cases found to be
duplicate registrations were excluded, -
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TABLE 1 = PROPORTION OF MICROSCOPIC VERIFICATION (MV%) AND MICROSCOPIC AGE ADJIUSTED INCIDENCE RATE IN POPULATION
BASED CANCER REGISTRIES

Microscopic age adjusted incidence rate (per 100,000)

i Average MV .
Sites (Males and Femalesy  Barshi (Rural)

Bangalore

Chennai
(Midras)

Mumibal

Drelhi { Bombiy )

Bhopal

Males  Females  Males  Females Males  Females  Moles  Females  Males  Fomales  Males  Females

Tongue (1CD 10:C01-02) 90.1 1.4 0.7 3.1
Mouth (ICD 10:C03-06) 59.3 2.2 1.7 2.9
Nasopharynx (1CD 10:C11) 717 00 00 04
Oesophagus (1CD 1:C15) 784 3.1 15 62
Stomach (1ICD 10:C16) 73.9 1.4 07 63
Gall bladder (1CD 10:C23-24) 62.9 03 00 08
Lung (ICD 10:C33-34) 68.3 1.7 D9 55
Breast (1CD 10:C30) RR.9 62 —

Cervix Uteri (ICD 10:C53) 89.1 — 207 :

Penis (1CD 10:C60) 87.8 1.6 — 1.1
Thyroid (ICD 1(:C73) 85.7 0.5 0.9 0.7
All sites (ICD 10:C00-C96) 82.9 362 450 751

1.2 10,0 23 4.8 1.4 5.6 1.9 435 2.1
6.3 86 64 48 4.2 4.1 2.1 49 39
03 0.7 0.5 0.8 0.3 0.5 0.2 04 0.1
6.0 9.3 4.0 7.2 44 5.0 34 49 4.1
4.0 2.8 1.5 8.3 4.3 2.8 [.6 37 22
0.9 0.6 2.9 0.5 0.5 3.0 T2 10 1.9
1.4 9.1 1.2 6.9 L4 115 26 7.3 2.3
228 — 27 — 23.5 289 — 26.7
199 — 222 — 2712 — 194 — 15.4
_ 0.6 — 1.3 - 09 — 09 —
26 03 1.4 0.9 1.5 0.9 1.9 0.6 1.6
99.0 978 940 B35 1016 1029 1139 895 1024

r.
v

FiGure 2 - Distribution of collaborating centres () and centres contacted but not responded (o) with names of States.

The final database included only malignant wmours (behaviour
code =3) with a microscopic basis of diagnosis (histology or cyvtol-
ogy [including peripheral blood film]). The ICD-O 3 codes were con-
veried 10 1CD 107 categories for tabulation and display purposes,

Population data for district, and for the areas covered by 6
PBCR in the NCRP were available by gender and S-year age

group from the census of 1991, and by gender from the census of
2001.""” These data were used to estimate the mid-year popula-
tions by gender and age group for 2001-2002 for districts and
19971999 for the PBCR. Incidence (per 100,000 person-years)
was calculated for each of the districts, and age standardized/
adjusted rates calculated using the direct method and the world




CANCER ATLAS OF INDIA

743

>60
Bl 32.0-59.99
B 24.0-31.99 é‘;

Y

FiGure 3 — The 82 districts in which recorded incidence (MAAR) for all cancer sites was greater than the threshold minimum of 36.2 per

100,000 in males.

. 20 L 0
population standard.™ The rates so calculated relate only 1o micro-
scopically diagnosed cancers and, in addition, may be incomplete
for a given area, These incidence rates are referred as microscopic
crude (MCR) and microscopic age adjusted (MAAR) incidence
rates.

The MAAR of the most recent data (1997-1999) from the 6
PBCR of the NCRP provide a benchmark for analysis and a
baseline for comparison with that of the districts. Table |
shows the proportion of cases with microscopic verification
(MV9%) in the PBCR. and. for cach, the MAAR for all sites
combined and for selected sites of cancer in males and
females. For most sites, the lowest MAAR are in the rural
PBCR of Barshi, in Maharashtra state. As most of the 593 dis-
tricts in the country are predominantly rural, the MAAR for all
sites combined in males (36.2/100,000) for this registry was

taken to represent a reasonable minimum expected value, if

case finding in a district were fairly complete. Registration in
districts where the MAAR was less than this was assumed Lo
be incomplete,

Most of the centres contributed data of both the years 2001 and
2002, A few centres provided data for | year only. Accordingly,
where the variation in MAAR of districts between each of the
years was no >10% the average annual MAAR was taken. Where

the variation in MAAR was >10% between each of the years, the
higher MAAR was used.

Incidence rates (age-adjusted or age-standardized [AAR]) from
Cancer Incidence in Five Continents for the period around 1995
were used to compare with the MAAR observed in the Indian
districts.

Results

The full results of the project have been published in 2 volumes
as the development of an Atlas of Cancer in India***

One hundred and five centres, located in 68 different districts
took part in the project (Fig. 2), recording data on 217,174 micro-
scopically diagnosed cancers during the 2-year period (103,081
cases in 2001 and 114.093 cases in 2002). Age-adjusted incidence
rates were calculated for all the 593 districts in the country, and in
82 districts, the MAAR exceeded the minimum “completeness”
threshold of 36.2/100,000 in males (Fig. 3). For males, there were
10 districts in which the MAAR for “all cancer sites” exceeded
the highest value in the Indian PBCR (Delhi, where the MAAR
was 102.9 per 10%), and 4 districts with female “all sites™ rates
higher than that in Delhi (113.9 per 10°). The states with the




744

NANDAKUMAR LT AL.

o
I

I
oo ooo
-

AOO=NWAY

]

4 tSparse] : 4
L}

FiGuE 4 - Districtwise microscopic age adjusted incidence rates (MAAR) per 100,000. Tongue (ICD 10: CO1-C02) males. Year 2001-2002.

largest number of districts with rates exceeding the threshold were
in the northeast (Mizoram, Manipur, Sikkim and Assam), and the
south (Kerala, Karnataka, Tamil Nadu and Goa). There were also
5 or more districts from Maharashtra (including Goa) and Gujarat
in the west and Punjab in the north. This distribution reflects, in
part, that of the centres participating (Fig. 2), because these are
likely to obtain relatively complete coverage of their local popula-
tions. The overlap is not exact. There were only 7 participating
centres in the northeastern states, whereas some 20 districts of this
region had above-threshold rates in men (6 in the state of Mizoram
alone), and 17 districts in women.

The proportion of cases for which the district of residence was
not known was < 1% in the data from 94 centres, and <5% in 9 of
the remaining I1. It was 6.2 and 9.4% in 2 centres in Jaipur. The
cases analyzed (217,174) exclude those where the district of resi-
dence was unknown. The median percentage of cases from a given
centre that were residents of the same district was 51.7% (with
48.3% from other districts). The percentage varies according to
geographic factors (a centre may be at the periphery of the district
and so receive most cases from else where) or factors such as
accessibility, treatment facilities available, and the availability of
other cancer diagnostic or therapy centres in the same district.

Figures 4-12 show maps for selected cancers, to illustrate the
geographic patterns shown by the atlas with the names of the dis-
tricts in which the MAAR was higher than that recorded in any of
the 6 population based cancer registries. In the text, attention is
drawn to districts where such rates were based upon at least

10 cases. The rates recorded by the Indian PBCR are cited for
comparison, and, when appropriate, other international data also.

Tongue (ICD-10: COI-C02) males

The highest MAAR was in Aizawl in Mizoram State (10.2 per
10%), a rate rather higher than that in the PBCR of Bhopal (10.0
per 10%), which was the highest in India (Fig. 4). Several other dis-
tricts have similar high incidence rates, especially in the state of
Gujarat in the west. The age standardised/adjusted rate (AAR) in
Ahmedabad in this state was 9.3 per 10” in 1993-1997.%!

Mouth (ICD-10: CO3-C06) females

The highest MAAR in the Indian PBCR was 6.4 per 10° (Bho-
pal) (Fig. 5). Several districts had rates in excess of this. The Kolar
district (10.7 per 10°) in Karnataka State was the highest, also
Bangalore Rural and Kodagu districts of Karnataka State, Kollam
and Thiruvananthapuram districts in Kerala State, Villupuram dis-
trict in Tamil Nadu State and Pondicherry district (under the
Union Territory [UT] of Pondicherry).

Nasopharynx (ICD-10: C11) males

Cancer of the nasopharynx is generally considered to be uncom-
mon in India (Fig. 6). The highest rate (AAR) in Cancer Incidence
in Five Continents is 0.8 per 107 in Chennai (Madras). Kohima
district in Nagaland State recorded a MAAR of 19.4/100,000,
which is similar to the high rates found in southern Chinese
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FiGure 5 — Districtwise microscopic age adjusted incidence rates (MAAR) per 100,000. Mouth (ICD 10: C03-C06) females. Year 2001-2002,

populations, (e.¢., Hong Kong. 21.4 per 10°).7" Imphal West dis-
trict in Manipur State also recorded a MAAR of 7.4/100,000. Sev-
eral other districts in the states of Mizoram and Manipur recorded
high MAAR in males and females, but the numbers of cancers
were in single digits.

Qesophagus (ICD-10: C15) males

The incidence of oesophageal cancer in India is moderately
high (Fig. 7). Among the PBCR, the highest rates are observed in
Bhopal (MAAR 9.3 per 10°) and Chennai (7.2 per 10%). Several
districts recorded MAAR =6 per 107, especially in the northeast
and southwest.

Stomach (ICD-10: C16) males

Stomach cancer has appeared consistently as the most common
cancer of men in the Chennai and Bangalore PBCR since the com-
mencement of the NCRP in 1982,'"'* although the recorded rates
(AAR of 9-13 per 107), arc considerably lower than in known
high risk parts of the world risk arcas (AAR in males =30 per
107), such as East Asia (China, Japan, Korea, Mongolia), Central
Asia, Eastern Europe and parts of Central and South America
(Costa Rica, Colombia, Chile).24 The Atlas has shown that,
in addition to the raised incidence in districts in southern India

(Karnataka, Tamil Nadu and Kerala), there is a focus of high
MAAR in the northeast of the country, with the highest values in
the districts of Sercchip (70.2 per 10%), Kolasib (56.1 per 107)
Mamit (53.4 per 10°), Aizawl (47.0 per 10°) and Champhai (46.3
per 107} in Mizoram State (Fig. 8).

Gall bladder (ICD-10: C23-24) females

The incidence of gall bladder cancer in females in Delhi (AAR:
9.4 per 10°%: MAAR: T.Z_Per 107y is the highest in Cancer Inci-
dence in Five Continents.”" The districts of Imphal East (MAAR:
0.9 per 107} and West (MAAR: 5.7 per 107} in Mizoram State and
the Union Territory of Chandigarh (MAAR: 6.4 per 10%) had rates
similar 1o those in Delhi. Figure 9 suggests that the zone of high
incidence involves several northern states (Punjab. Uttar Pradesh,
Bihar, West Bengal), and this is all the more remarkable in that
the overall incidence (all sites combined) in these areas is low
(Fig. 3). presumably because registration was very incomplete.

Cervix uteri: (1CD-10: C53)

Incidence of cancer of the cervix in India is high, with the high-
est rates observed in the south (Chennai PBCR has the highest
incidence of cervical cancer among the Indian PBCR: AAR 30.6
per 10°; MAAR 27.2 per 10%) (Fig. 10). The map suggests that
there is a belt of high incidence in Tamil Nadu State (Villupuram,
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FIGURE 6 - Districtwise microscopic age adjusted incidence rates (MAAR) per 100,000, Nasopharynx (ICD 10: C11) males. Year 2001-2002,

31.1 per 10% Cuddalore, 29.9 per 10°; Thiruvallur, 28.6 per 107),
adjoining Pondicherry (39.2 per 107) and Karnataka.

Penis: (1CD-10: C60)

The incidence of cancer of the penis in the Indian PBCR is
maoderately high (Chennai and Barshi with AAR of 1.6 per 10°),
although this is lower than the highest rate in Cancer Incidence in
Five Continents of 4.0 per 10°/100,000 in Kyadondo in Uganda®
(Fig. T1). As for cervix cancer. there is a concentration of high
incidence in the northeast of Tamil Nadu state: Villupuram district
(MAAR 3.1 per 10°7), Cuddalore (2.2 per 107), Thiruvallur (2.1 per
10°), Erode (2.0 per 107) and Kancheepuram (1.9 per 10°).

The rank correlation coefficient of MAAR between cancer of
the cervix in females and cancer of the penis in males in the 82
districts was significant at the 1% level (Pearson’s coefficient =
0.473; Spearman’s coelficient = (0.644).

Thyroid: (ICD-10: C73)

There are several districts with relatively high incidence of thy-
roid cancer in the northeast (Fig. 12). There also seems to be an
area of clevated incidence along the coast in the southwest of the
country.

Primary site unknown

The proportion of cases with primary site unknown relative 1o
all sites was <10% in 75 of 82 districts. Of the remaining seven
districts Jaipur and Chandigarh districts had a high relative pro-
portion of I1.1 and 13.5% respectively.

Discussion

Cancer atlases have been particularly useful in highlighting
variations in the risk of different cancers according to place of
residence, between countries, and also within them. There are
examples from the United States.*** Scotland® and China.® An
atlas covering a wide area requires uniform data collection, and
quality, from the geographic units concerned. Generally, this is
in the form of mortality statistics deriving from death certifica-
tion or cancer incidence data, from national cancer registration
schemes. These options are generally not available in most
developing countries, where deaths’ certification is unreliable or
uncven in quality, and cancer registries are confined to selected
(usually urban) areas. The approach in our study was to use a
widely available resource, the pathology laboratory, to try
1o extend the coverage of incidence data. Although well aware
of the defects of pathology. based registration. both in
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Fiiuwe 7 - Districtwise microscopic age adjusted incidence rates (MAAR) per 100,000, Oesophagus (1CD 10: C15) males. Year 2001 -2002.

completeness (about 85% of all cancer cases in the areas cov-
ered by population-based registries in India), and in the selec-
tion-bias introduced.™ it was felt that the results would be inter-
pretable. if judged against the standards set by the population
based cancer registry network in India.

National pathology registers have operated in a number of
countries where, for one reason or another. it had proved impossi-
ble 1o develop population-based registries (Luxembourg.”
Greece.” South Africa™ and Brazil''). In Brazil, however, the
rapid expansion of the network of registries~ has made this exer-
cise of less interest than in India, where. at present, only some
3.5% of the population is covered by population-based statistics.

Collection of data vie the Internet greatly facilitated speed of
communication of data. as well as ensuring uniform procedures
for validation of collected information, The successful working of
this concept is reflected in 3 ways. The first way includes the data
that was downloaded on a regular basis for the past 2.5 years. The
core data of approximately 1.200-1.500 cancer cases was received
every week. The second way is in the feedback received from the
participating centres. Ninety-five percent of the respondents felt
that the web site was easy to use and 80% of them had a fairly sta-
ble Internet connection. Third, because most of the collaborating
centres were able 1o transmit the required information as soon as
the diagnosis was made, the results for 2001-2002 were already
availuble in early 2004, a very rapid schedule by cancer registry
standards.

Comparison with the rates for cancers diagnosed microscopi-
cally from the Indian population-based registries makes it clear
that for most districts in the country, registration (even of cases
diagnosed via pathology) must have been very incomplete. This is
not surprising. The estimates of new cancers in India (for the year
2000/2001) shows some varialion among investigators ranging
from 566,000, 814,000%* and 850,000.* Based on 217,174 cases
(for the 2-year period) included in our study this would constitute
between 13-21% of the total. These estimates, based mainly on
the NCRP data. are essentially from urban centres and only one
rural registry that covers part of a districl.

Even within the specific local area of the collaborating centres,
only some centres made an active effort to collect information on
microscopically diagnosed cancers from the other, non-participat-
ing, hospitals or laboratories. There were 82 districts in which the
incidence rates exceeded those in the rural cancer registry of Bar-
shi, suggesting that data collection was relatively complete in
these districts.

No special attempt was made to enroll centres located in the
districts served by population-based cancer registries (PBCR). so
as not to disturb their data collection procedures. [t would be inter-
esting to compare the validity of the data collected through the
cancer atlas project with that available via the PBCR, especially in
this developing country setting. It should be noted, however, that
the data collection methods in the districts served by PBCR were
not totally independent of those used by the latter.
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Ficure 8 — Districiwise microscopic age adjusted incidence rates (MAAR) per 100,000, Stomach (ICD 10: C16) males. Year 2001-2002.

The choice of the Barshi male rate of 36 as a standard is
entirely arbitrary. Although there are cancer registries in 2 other
rural areas of India (Karunagapally, Kerala State and Ambillikai.
Tamil Nadu State). these were sel up as part of specilic research
projects and the populations served are not at all | ypical of other
rural areas in population structure, education and in several
health parameters. The use of a rate other than 36, and concen-
tration on districts with rates superior 10 it would not make any
major difference 1o the conclusions to be drawn from the results
of the project.

Low incidence rates in our study are not interpretable, because
they may simply represent incomplete coverage of the area. In
some states such as Bihar, Uttar Pradesh, Jharkhand and Chartis-
garh, the few districts with “high™ rates is obviously due (o the
very few participating centers in these states (Fig. 1). Even in
areas where the overall coverage was high. low incidence of a
particular site could be partly due to a biased referral pattern and
therefore not interpretable as reflective of true incidence rate.

Presentation of the results tends 1o focus on these 82 districts,
or on those where the “Microscopic age-adjusted rate” (MAAR)
was relatively high (compared 1o the results from the PBCR),
knowing that no useful interpretation can be put on low estimated
rates. For some districts (especially in the northeastern states).
recorded incidence rates were high; indeed the MAAR exceeded

the rates based on all diagnosed methods in the Indian PBCR.
This must give rise to the suspicion of over-recording of new
cancer cases. possibly due to inclusion of non-residents, to dupli-
cate entrics, or Lo inclusion of “prevalent” cases, first diagnosed
hefore the study period, but rewurning for cytology or tissue
biopsy within it. As described in Material and Methods, consider-
able care was taken to ensure that the place of residence was
properly recorded. and the data file from each centre was care-
fully scrutinized for duplicate registrations, using printed lists (by
centre and district), sorted by name, address, hospital and labora-
tory number and other idemtifying information, All cancer regis-
tries record a relatively high number of cancers during the early
vears of operation, because cases diagnosed in the preceding
years return for follow-up. “Prevalent”™ registrations should be
less in this project. where the pathologists should have been
aware when a particular biopsy was a repeat, or carried out dur-
ing follow-up, or for a recurrence.

The Atlas has confirmed some suspected features of the geogra-
phy of cancer in India.''~'* as well as brought to light some new
or little known facts,

The relative proportions and incidence rates of cancers of sites
associated with the use of tobuacco show variations for specific
sites across different geographic areas. Cancers of the mouth and
longue seem to be particularly frequent in males and females in
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the southern states. Cancers of the oropharynx are CONSPICUOuS
along the West coast, cancers of the hypopharynx noticeable in
the northeast. cancers of the pharyns striking in the state of
Gujarat and the northeast states, This may be atributed to the
diverse types of wbacco products and the manner in which they
are consumed in different populations in India™® Smokeless
tohacco use in various forms, with or without other ingredients is
a common practice in India.™ Smoking of bidi is more common
than cigarette smoking. especially among the rural population.
Women tend to chew (smokeless tobacco) mther than smoke,
although this could be different in the norheast siale of
Mizoram, ™"

The high incidence of nasopharyngeal cancer (NPC) in the
northeastern states is quite clear. A high relative frequency has
been reported in previous study from the region.™ as well as
appearing in data from the hospital-based cancer registry (HBCR)
in Dibrugarh, Assam.'™'* It is clear from our results that the actual
rate of incidence may be comparable with the high-risk popula-
tions of southern Ching with much more than that reported in
Southeast Asia. NPC is generally linked 1o 3 actiological factors:
infection with EBV, dietary exposures to certain fermented foods
and o strong genetic component.” These have been studied in a
limited way in the populations of the northeast. Chelleng er ol *"

have reported 4 higher risk of NPC in those who consumed
smoked meat and also in those who used herbal nasal medicine,
and Komar et af ' found that positivity for anti-EBV LG anti-
body was higher in NPC subjects than “control™ patients. The
above factors notwithstanding, the probable genetic similarities
between the inhabitants of the northeastern states, and populations
in China and southeast Asia seems to offer a further clue to the
actiology of NPC.

Stomach cancer is relatively rare in India. This is certainly not
due to a low prevalence of infection with Helicabacror ,«r_\-."nrf'i
which has. in fact, found 10 be elevated in Indisn populations.*
Quite possibly, some aspects of the Indian diet are protective,
although the possible adverse effects of eating hot and spicy foods
have been studied by several authors.™™* The relatively high inci-
dence of gastric cancer in northeastern India is o new finding. This
may relate to distinet features of the dier such as smoked fish and
meat that is consumed in these areas, and is another finding that
would require specific study.

High incidence rates of gall bladder cancer have been reported
from Dethi' "> and Kolkata (Caleutta),* and there are rEpOTES
from centres in other northern states drawing altention to a rela-
tively high frequency of gall bladder among clinical and patholog-
ical cuses series™ Owr study suggests that there is a very wide
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FiGure 10 — Districtwise microscopic age adjusted incidence rates (MAAR) per 100,000, Cervix uteri (1CD 102 C53). Year 2001-2002.

geographical band of high-risk. exiending from the Punjab in the
west, through to West Bengal in the east and on into the northeast.
The aetiology of gall bladder cancer has heen closely linked 10
that of gallstones, and these are also frequent in populations living
in northern India.*’” Gallbladder cancer is a common cancer in
Indian migrants in the United Kingdom who originate predomi-
nantly from northern states.” Clearly, the reasons for this striking
geographic pattern, be they genetic or environmental (e.g.. diet),
require elucidation.

A particularly high incidence of both cervix cancer in women
and penile cancer in men was seen in the northeastern districts
in Tamil Nadu State and the adjoining Union Territory of
Pondicherry. In cancer registry data from India reported in the
Cancer Incidence in Five Continents series,”’ Chennai (Madras)
has reported consistently the highest rates in the country, and
some of the highest in the world. Furthermore. the rural cancer
registry of Ambillikai in the south of the state recorded a very
high incidence of 65.4 per 107 in 1996-1998" It is not really
known why this area seems to be at high risk for this cancer,
although a recent population-based survey found a high preva-
lence of infection with human papilloma virus (HPV) in Ambil-
likai.™" The geographic co-incidence of cervical and penile

cancer has been noted many times before,” ™ and relates pre-
sumably to a common aetiology involving HPV infection,
Tamil Nadu state also has a relatively high prevalence of HIV
infection.™ %7

Cancer of the thyroid in women showed relatively higher inci-
dence in the northeastern states, but a further noteworthy feature
of the geography is the belt of comparatively high incidence com-
mencing from the southern tip of the country and extending
upward along the southwest coast to Goa state. Thyroid cancer has
been noted 1o be common in other coastal areas of the world with
large populations of fishermen.™ but there is no evidence that thy-
roid cancer risk is elevated among people. male or female, with a
relatively high intake of iodine from fish and seafood ™ Follicular
carcinomas may be related 1o iodine deficiency: they are more
common in populations living in areas where endemic goitre is
common.” This is the case in the northeast of India, where,
despite a programme of salt iodization, the diet of local popula-
tions continues to be low in iodine™ and endemic goitre remains
frequent. The southwest coast of the country is known for its high
level of natural background radiation." Whether the occurrence
of a relatively higher incidence of thyroid cancer has any
relevance to such radiation needs to be investigated, although
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radiation from medical sources, and in atomic bomb survivors is
known to increase thyroid cancer risk.™

Conclusion

In conclusion. the Atlas project has, as we describe. pravided
clues as to the possible existence of areas of high risk for specific
cancers, and in this respect, provides a valuable springboard [or
future epidemiological studies. It identified places or centres
where population based cancer registries could be established with
minimal in-puts, and 6 new registries in the northeastern states,
covering 0.6% of the population of India, have been started within
the NCRP since January 2003, It was also remarkably cost-effec-
tive. The amount spent per cancer case under the population based
cancer registries of the NCRP is, on average, Rs. 350 (approxi-
mate equivalent $8.1 US) in urban areas and Rs. 4,500 (5104.70
US) in rural registry (unpublished data from NCRP). The cost per
case recorded in our study was Rs. 24 ($0.5 US). The low cost is
in part due 1o the use of data already recorded and stored in depart-
ments of pathology, and in part due to the use of electronic data
capture methods. We believe that the methodology could pave the
way for broad usage and opening the field of health informatics

and that this concept can easily be transferred 1o estimate burden
and assess cancer patterns in the setting of 1 developing country
and  possibly for certain other diseases of public health
importance.
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