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An Estimate of the Prevalence of Cancer in India*
SUBODH MITRA 1 & AJIT DAS GUPTA 2

Estimates of cancer prevalence may be based on necropsy findings, on clinical and
hospital records, on the data contained in cancer registers, or on death registration statistics.
All ofthese sources suffer from certain limitations and are more or less incomplete depending
on the locality. Assuming complete records -to be available, the authors examine the theore-
tical relationships between the four sources. On the basis of death registration statistics,
estimates are made of cancer prevalence in the Calcutta Corporation area by site, age,
and sex. Evidence is presented that the ratio ofcancer deaths to deathsfrom all causes in the
Calcutta area may be taken as representative of the country as a whole. By making other
assumptions regarding the national death rate and the duration oflife with cancer, the authors
are able to deduce a figure of approximately 600 000 for the prevalence of cancer in India.

Measurement of the prevalence of a disease is not
easy. Properly organized sample studies covering
the population as a whole may be necessary for
correct assessment. But sample studies, even with
a team of competent medical investigators, are not
enough for diseases requiring, for diagnosis, special
investigations of the type to which the individuals
composing the sample will not readily submit.
Cancer comes into this category.

In the present contribution, an attempt is made to
estimate the prevalence of cancer in India on the
basis of data obtained from the death registration
records of the Calcutta Corporation. This necessi-
tates making certain broad assumptions and working
out theoretical relationships between mortality,
prevalence and incidence rates.

RELATIONS BETWEEN DIFFERENT STATISTICAL SOURCES:

CALCULATION OF PREVALENCE RATES

Postmortem microscopic verification is usually
put forward as the most accurate approach to the
measurement of cancer morbidity. But necropsy
gives, at best, prevalence of cancer at death. This
basic limitation is not often realized. Moreover,
it is only possible to have a very small fraction of the
total deaths necropsied in any country, and the
material necropsied will ordinarily be highly selected.
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The necropsied deaths will not therefore be repre-
sentative of the total deaths. In India, in particular,
the sentimental prejudice against postmortem
examinations is very strong. Moreover, patients
with certain types of diseases are not, as a rule,
admitted to hospital.
Assuming that the necropsied deaths were

representative, Pn, the rate of cancer " prevalence "
deduced from necropsy, would be given under
stationary conditions 1 by the equation:

Pn = i - c = (ia±ii) - c

where i and c are the true rates of incidence and
cure, and ia and ii denote the components of i for
accessible tissues or sites and for inaccessible sites
respectively.2 The rationale of the equation rests
on the fact that each individual case of cancer will
either end in cure or in death and under stationary
conditions death with cancer will equal incidence

1 In this paper, the term " stationary conditions " is used
to indicate a situation in which no change occurs with time
in the age and sex composition of the population and in
age- and sex-specific rates of cancer incidence, prevalence,
cure and mortality.

2Apart from deaths with cancer where cancer is not the
cause of death, the " true " rate also includes a category of
unsuspected cases of cancer. For the sake of clarity, the
distinction that has been made here between the " true " rate
and the " effective " rate excludes such unsuspected cases.
But the two rates differ by a term of small magnitude (of the
order of the product of the general death rate and the cancer
incidence rate) and may be taken as identical for all practical
purposes.

Cancer rates from necropsy are worked out by applying
general death rates which have a year as the period of refer-
ence; incidence and cure rates used here also have the stand-
ard reference period of a year.
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minus cure. In reality, therefore, necropsy records
provide an estimate of incidence; and one has to
refer to the general death rate to get the cancer rate
from necropsy records. The necropsy records could
be supplemented by collecting information about
cures, but it will usually be better to adopt a cure
rate determined independently from clinical or
cancer registration records than to use the less com-
plete information available at the necropsy stage.
A second important source of information on

cancer prevalence has been clinical and hospital
records. As compared with necropsy, clinical and
hospital records suffer from the omission of un-
diagnosed, subclinical cancers in inaccessible sites;
the proportion of missed diagnoses depends on the
current quality of the clinical diagnosis, but is
substantial in any case. There is also the additional
difficulty of knowing precisely the base population
covered, information which is necessary for calcula-
ting prevalence rates. As against this, however,
clinical records may give directly the prevalence
rate (and not the condition at death as necropsy
records do). But clinical and hospital records are
also highly selective, and are particularly influenced
by the sphere of specialization of the clinics covered;
thus, the clinical records might also be unrepresen-
tative of the general population.
Assuming that material fully representative could

be developed or constructed, hospital records
would provide a prevalence rate Ph given by the
formula: 1

Ph - P- 8Pi = Pa + (I - S)Pi
where P is the effective prevalence rate for all cases
of cancer, Pa and Pi its components for the acces-
sible and inaccessible sites respectively, and 8 the
proportion of inaccessible canceis not diagnosed
on the average.
Data from cancer registers are similar in nature

to data from clinical records, but give more complete
information about prevalence. Fully developed
cancer registration statistics are, however, poten-
tially capable of providing directly the best approxi-
mation to the population prevalence rate.

1 In fact, the prevalence rate can be obtained directly
from the clinical hospital records only if there is a satisfactory
mechanism for complete follow-up. Clinical records will
otherwise comprise a mixture of old and new cases, that is,
they will reflect both incidence and prevalence. It will also
be possible, and indeed advisable, when follow-up is not
satisfactory, to obtain the incidence counterpart i-Sii, from
clinical records.

Clinical and registration records give the effective rate,
but the difference between true and effective rates has been
gnored in the rest of this paper.

Death registration statistics, again, can at best
give the prevalence at death, subject to the diagnostic
shortcomings of the clinical records. Death
registration data are, however, free from the selective
bias of necropsy and clinical records and are thus
more representative; at the same time under-registra-
tion may be a major adverse feature. The history of
cancers cured is not available from death registration
statistics, and intercurrent cancer which was not the
actual cause of death is also missed. Thus, ignoring
the small adjustment for unsuspected and inter-
current cancers, Pr, the " prevalence " rate from
death registration statistics, is actually given by:

Pr= ( -v)(i-c-8ii)
where v is the proportion of under-reporting.
Sample surveys designed in accordance with

probability theory are least liable to be affected by
bias. The prevalence rate Ps obtained from a sample
survey will usually give a more representative and
complete value than the rate Ph yielded by clinical
records or cancer registration. In particular, proper-
ly organized sample surveys should give very good
prevalence estimates if only certain types of cancer
in accessible sites are under investigation.

It is interesting to note that the values of the
unknown parameters 8 and v involved in the
formulae developed above can be deduced if the
cancer rates from the different sourpes considered
are available.' With known values of the parameters
it will in turn be possible to make improved estimates
of prevalence.

CANCER DEATH RATES IN CALCUTTA

In India, some work on the prevalence of cancer
has already been done on the basis of material
available from the different sources referred to
above. The works of Vishwa Nath & Grewal (1935)
on autopsy and hospital records, and of Khanolkar
(1945) on death registration data, deserve special
mention. In the National Sample Survey schedule
for morbidity and mortality studies,2 figures for
cancer as a reported cause of sickness and death

I It has been suggested earlier that the cure rate can be
worked out independently. Theoretical relations between
i and P are developed later (page 491), assuming knowledge
of the distribution of life with cancer over time.

2 The National Sample Survey (NSS) in India started
in 1950 and has been going on since on a continuing basis.
The emphasis in the NSS is on the economic sector, but
valuable social and health data have also been collected in
recent " rounds " from the all-India sample villages and urban
blocks.
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TABLE I

PROPORTION OF CANCER DEATHS IN 100 DEATHS FROM ALL CAUSES IN 1954 AND 1955
IN THE CALCUTTA CORPORATION AREA a

Proportion of cancer deaths in 100 deaths from all causesa at ages
Calendar Sex 0-19 20-29 30-39 40-49 50-59 60 yrs All

yrs yrs yrs yrs yrs and over ages

1954 Male 0.2 0.8 2.0 5.2 6.2 5.5 2.4
(12.7) (2.2) (2.1) (2.5) (2.8) (4.5) (26.8)

1955 Male 0.1 1.7 3.0 5.7 6.8 7.1 2.9
(13.4) (2.1) (2.1) (2.5) (2.8) (4.7) (27.6)

1954 Female 0.1 1.1 4.0 8.8 9.5 4.5 2.3
(12.2) (2.3) (1.5) (1.3) (1.5) (4.2) (23.0)

1955 Female 0.1 1.1 4.6 10.7 9.6 5.4 2.7
(12.4) (1.9) (1.4) (1.2) (1.5) (4.2) (22.6)

I --~~~~~~~~~~~~~~~~~~~~~~~~~

1954 and Both 0.1 1.1 3.2 6.9 7.6 5.7 2.6
1955 combined sexes (50.4) (8.6) (7.2) (7.6) (8.6) (17.6) (100.0)

a The figures in parenthesis indicate the percentage of total deaths (all causes) for the two years taken together which occurred
In each group.

and data on cancer prevalence are slowly being
accumulated.
We have made an investigation into the prevalence

of cancer using the death registration data of the
city of Calcutta; the results are presented below.
Death registration is generally defective and unsatis-
factory in India; but the position is comparatively
better in the cities. In the Calcutta Corporation
area, for example, no corpse can be disposed of
without a death certificate from a competent medical
officer,' though this often means a certificate based
merely on the reported history of the case after
death. A substantial volume of representative
material lay hidden in the registration records of
the Corporation, and it was incumbent on us to
extract as much information from that source as
possible. The most important point is that the
autopsy and hospital records are highly selective
and very incomplete; they cannot, therefore, be
taken as anywhere near representative under the
present conditions in India.
The total deaths registered in the Calcutta Cor-

poration area were examined in this investigation
by reference to the original records maintained at

1 In a negligible proportion of cases, where circumstances
are exceptional, dead bodies are also interred on competent
judicial or executive orders.

the Corporation Office, and at the burning ghats
and burial grounds. Under the supervision of a
junior statistician specializing in cancer, information
was copied from the Corporation records relating
to the detailed causes of death, sex and age for all
cases in which any form of cancer was reported as
the cause of death. This was done first for the
calendar year 1954, but later also for the year 1955,
the view being that separate compilation and
comparison of two years' data would facilitate
an assessment of their reliability.
A similar detailed record was also made of the

uncertified deaths. The proportion of uncertified
deaths was very low, less than 2% of the total
deaths in the Calcutta Corporation area.

Table 1 shows, by sex and age-group, the average
number of cancer deaths per hundred deaths from
all causes for each of the calendar years 1954 and
1955. The percentage distribution of the total
deaths from all causes during these two years
taken together is also shown in parenthesis.
The total number of certified deaths from all

causes was 32 113 in 1954 and 32 374 in 1955, and
the proportion of cancer deaths worked out at 2.4%
and 2.8% respectively. The variation between
the two years appeared to be high for a cause like
cancer, but improved diagnosis was probably
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TABLE 2
PROBABILITY OF DEATH FROM CANCER IN DIFFERENT AGE-GROUPS a

Probability of death from cancer at ages
Present age Sex -_____ _____-___________

(years) 0-19 20-29 30-39 40-49 50-59 60 yrs All
yrs yrs yrs yrs yrs and over ages

0 Male .001 .002 .001 .005 .006 .011 .026
Female .000 .001 .004 .010 .008 .008 .031

20 Male - .002 .004 .010 .012 .022 .050
Female - .001 .009 .019 .017 .015 .061

30 Male - _ .004 .011 .015 .025 .055
Female - - .010 .021 .019 .018 .068

40 Male - - - .014 .018 .030 .062
Female - - - .028 .024 .023 .075

50 Male - - - - .025 .040 .065
Female - - - - .034 .032 .066

60 Male - - - .063 .063
I Female -_- - J .050 .050

a Compiled from mortality statistics taken from the West Bengal Life Tables (1951 census) and cancer death proportions for
the Calcutta Corporation Area for the years 1954 and 1955.

responsible for the increased proportion in 1955.1
While the proportion of cancer deaths to all deaths
generally rose to a maximum in the 50-60 age-
group and declined after that, cancer mortality as
such was substantially higher in the over-60 age-
group.

It is interesting to examine the probability of
death from cancer at various ages. The probabilities
found by fusing mortalities taken from the West
Bengal Life Tables (1951 census) with Calcutta

I According to Corporation records there were 611, 652,
745 and 427 reported deaths from cancer in 1952, 1953,
1954 and the first half of 1955, respectively. The progressive
annual increase of 7%, 14% and 15 % in the proportion of
cancer deaths can be attributed to improved diagnosis and
reporting, as the age structure of the population is changing
much more slowly. The total number of deaths recorded
was a little higher in 1955 than in 1954, commensurate with
the slow growth of population; these years are considered
normal with regard to epidemics and mortality in general.

The gaps in diagnosis and in reporting are likely to be
substantial. Although it is not certain that vulnerability to
cancer is the same in India as, for example, in the United
Kingdom, if the age-specific cancer death rates reported in
Calcutta are applied to the U.K. age structure, they produce
an overall proportion of cancer deaths to total deaths of
7.6%, as against the U.K. (1953-54) reported proportion
of 17.9 %. On the other hand, age-specific cancer death
rates reported in the U.K. (1953-54) applied to the Calcutta
age structure produced an overall proportion of cancer
deaths to total deaths of 6.5%, as compared with 2.6% actually
registered in 1954-1955.

cancer death proportions by age-groups are given
in Table 2. While in the case of males the probability
of death from cancer rises continuously with age
into the final age-group of 60 and over, in the case
of females it rises to a maximum in the age-group
40-50 and then declines. The probability of death
from cancer is of the level of 2.8% at birth, rising
to a level of 6.8% by the time age 40 is attained.
The probability of death from cancer is higher in
the female than in the male up to age 40, but the
position is reversed by age 60.

Table 3 gives the distribution of reported cancer
deaths for some selected sites. For want of proper
certification by organs, a rather unconventional
grouping of sites had to be adopted in the present
investigation.
As mentioned earlier, there is a general tendency

for cancer at inaccessible sites to be inadequately
represented in death registration data. Moreover,
in any one district the reported site distribution is
liable to be prejudiced by the location of cancer
institutions or departments specializing in particular
branches, although this will have comparatively
little effect on the distribution for the city as a whole.
It is therefore not unexpected that the site distri-
bution determined in the present investigation
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TABLE 3
DISTRIBUTION OF CANCER DEATHS BY SITE AND AGE-GROUP FOR THE YEARS 1954

AND 1955 IN THE CALCUTTA CORPORATION AREA

No. of cancer deaths In 1954 and 1955 Cancer deaths for all ages
combined at ages (years) combined

Below 2-9 339 4-9 559 60 and all 1954 1955
20 20-29 303 40-49 50-59 over ages No. % No. %

Throat m - - 9 38 29 70 146 93 22.9 53 10.4
f _ 2 2 6 11 19 40 20 5.8 20 5.1

Liver m 1 7 14 38 40 59 159 64 15.8 95 18.6
|f I 3 12 24 36 41 117 57 16.5 60 15.3

Stomach m - 2 6 28 40 40 116 54 13.3 62 12.1
|f - 2 2 6 4 19 43 18 5.2 25 6.4

Breast m _ - I - - 2 3 1 0. 2 0.4
f 1 1 9 9 6 15 41 14 4.0 27 6.9

Lung, bronchus m 1 2 6 11 16 36 72 23 5.7 49 9.6
If - 2 1 5 4 10 22 11 3.2 11 2.8

Anus, rectum m 2 2 3 7 13 23 50 21 5.2 29 5.7
If 11 3 5 3 3 13 28 7 2.0 21 5.4

Tongue, cheek m - 1 2 5 11 13 32 16 3.9 16 3.1
f - - 1 2 4 7 14 9 2.6 5 1.3

Genital organs m - 3 4 4 5 8 24 10 2.5 14 2.7
|f - 8 36 62 58 82 246 124 35.8 122 31.2

Undefined m 21 17 23 48 83 123 315 124 30.5 191 37.4
f 11 8 14 43 49 61 186 86 24.9 100 25.6

All sites m 25 34 68 179 237 374 917 406 100.0 |511 100.0
f U14 29 82 1160 185 1 267 1 737 346 100.0 391 100.0

differed widely from that found by Vishwa Nath &
Grewal (1935). In the Calcutta Corporation records
analysed, the genital organs formed by far the most
frequent site of cancer in the female, and the throat
the most frequent site in the male, with the liver
second in order of frequency in both the sexes.
In the data of Vishwa Nath & Grewal the buccal
cavity and gastro-intestinal tract appeared as the
most frequent sites.

While little reliance can be placed on the site
distribution disclosed by the investigation, the
sex differential in site frequency may be of interest.
The maximum divergence in site frequencies between
the sexes occurred for the genital organs; at the
other end of the scale, liver cancer occurred with
nearly equal frequency in both sexes. The frequency

of throat cancer also differed greatly between males
and females, but the wide variation in frequency
between the two years made the validity of the
comparison somewhat doubtful.
The percentage distribution of cancer deaths by

age for the Calcutta Corporation area was com-
pared with similar distribution data for the USA
given by Steiner (1954). The comparison (males
only) is presented graphically in Fig. 1. The age
distribution patterns of cancer showed good agree-
ment between the two countries, except at very
advanced ages.' A similar comparison was also

1 The pattern itself is a function of the age distribution
of the population, however. The age distribution of Steiner's
data for the USA is not very different from the Indian data
except in the upper age-groups,
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FIG. I

PERCENTAGE DISTRIBUTION OF CANCER DEATHS
BY AGE: COMPARISON OF INDIAN AND AMERICAN

STATISTICS (MALES ONLY)

o-- -.o Indian males (Calcutta Corporation records, 1954 &1955)
*- *-. American males (Steiner, 1954)

made in respect of cancer of the female genital
organs: the patterns of age distribution for this
particular site disclosed strikingly close agreement,
as Fig. 2 demonstrates. Such close resemblance
was possible because the defects in diagnosis and
reporting, which made the totals smaller than they
should have been, were basically independent of
the age of the subject.

FIG. 2
CANCER OF THE FEMALE GENITAL ORGANS.
PERCENTAGE DISTRIBUTION OF DEATHS BY AGE:

COMPARISON OF INDIAN AND AMERICAN
STATISTICS

--o Indian data (Calcutta Corporation records, 1954 & 1955)

-* *American data (Steiner, 1954)

PREVALENCE OF CANCER IN INDIA

Since the prevalence of cancer in India was not
known, an estimate based on the Calcutta investiga-
tion is attempted below. A number of broad
assumptions had to be made and the estimate is
somewhat speculative. Yet it is clear that in view
of the grave deficiencies in diagnosis and reporting,
even a very rough and tentative estimate of the
level of prevalence will be useful as a starting point.
The first important assumption was that the ratio

of cancer deaths to deaths from all causes in the
Calcutta Corporation area could be taken as

representative of the country as a whole. Other
assumptions related to the current level of total
mortality in the country and the duration of life
with cancer.

In any region, community habits do not differ
basically between the rural areas and the majority
of the urban districts; nor are any other sharp
differences between rural and urban environmental
factors known which might be responsible for a

significant disparity in carcinogenic dosage, except
perhaps in relation to cancer of the lung. Lung
cancer is of very minor importance in India, even

in the Calcutta Corporation area. The Calcutta
experience could, therefore, be representative of the
country as a whole, particularly as it is a big cosmo-
politan city inhabited by people from many parts
of India, and the migrants usually carry their habit
patterns with them. On the other hand, many cancer

cases come into Calcutta from surrounding areas,
owing to the location there of specialized cancer

institutions and hospital departments and the avail-
ability of advanced surgical facilities generally; the
question therefore was whether this might result in
a higher proportion of cancer deaths in the Calcutta
Corporation area. Few cases die while on the oper-
ating table or while under active treatment and
unable to leave the hospital. If there is no hope of
recovery, people prefer to return to their own home
surroundings to spend their last days, especially in
the case of an affliction such as cancer when they
known that nothing more can be done. On general
grounds, therefore, it may be assumed that the pro-
portion of deaths from cancer in the Calcutta Corpor-
ation area will not be inflated by imported cases, an

assumption that is in accordance with informed
clinical opinion. We therefore consider it justified
to take the ratio of cancer deaths to deaths from all
causes in the Corporation area as applicable to the
country as a whole.
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Taking the current national death rate as roughly
20 per thousand, the total number of deaths from
all causes for the whole of India in 1955 will number
7.6 million in an estimated population of 380 million.
Applying the ratio found for the Corporation area,
the estimated number of cancer deaths will be
roughly 200 000. The next problem was to relate
the cancer death rate to the prevalence rate. Under
stationary conditions, the rate of incidence will be
equal to the death rate plus the cure rate. The cure
rate in the case of cancer being small for the country
as a whole, the cancer death rate may be taken as
the rate of cancer incidence for the purpose of this
rough approximation; the true incidence rate will
actually be slightly higher.1
The theoretical considerations governing the

relationship between the incidence rate and the
prevalence rate may be discussed with advantage
at this stage. If i be the annual rate of incidence and
f(t) the proportion of cases of cancer surviving for a
duration t since onset, so that f(0) = I and f(oc)=0,
then P, the rate of prevalence, is given under statio-
nary conditions by the area integral,

P = ifo f(t)dt.

While the mathematical relationship between in-
cidence and prevalence given above is quite straight-
forward, its implications are not necessarily so. For
example, if different cancer sites are considered
separately, it is not obvious that the organ preva-
lence rates will not be proportional to the corre-
sponding incidence rates, but will differ according
to the average duration of life with cancer for the
particular organ. In other words, the longer the
average duration of life with cancer for an organ or

FIG. 3
SURVIVORSHIP WITH CANCER a

b-d., '_.J

SW 200

01 _.J__.r
0 1 2 3 4 6

burst.. sine Dowi (yser)

a Estimated on the basis of the author's experience

site s, the higher will be the prevalence rate, given
by isJ7fs(t)dt, as compared with the incidence.
Consequently there will be a difference between
the organ distribution of cancer determined from
necropsy records and that determined from the-
cancer registration (prevalence) data.
The duration of life with cancer 2 varies according

to the site and type of cancer, but, in the present
attempt at a first approximation, it is not possible
to introduce a refinement to take account of this
variation. The average duration of life with cancer,
even for all cancers taken together, is not known
with certainty for any country, much less for India.
On the basis of our experience, it was assumed that
the shape of the survivorship curve for persons with
cancer was approximately as in Fig. 3. If such a
distribution holds, the average duration of life with
cancer is about 3 years, and the prevalence of cancer
in India amounts to 600 000 in round figures.

ACKNOWLEDGEMENTS

We are particularly grateful to the Health Officer
of the Corporation of Calcutta for the facilities extended
to us for inspecting and copying from Corporation death
registers, and for other information supplied. We are
also grateful to Messrs N. Das, R. P. Ghosh and

'When the cure rate is substantial, as is the case with
cancer of certain organs in many countries, the cancer death
rate will diverge widely from the incidence rate: and the
organ distribution determined from necropsy records will
convey an incorrect picture not only of the prevalence of
cancer at the various sites but also of the corresponding
incidence rates.

B. T. Pillai for the valuable assistance they have rendered
in scrutinizing and analyzing the data, and to Dr E. D.
Burdick of the University of Pennsylvania for his valu-
able comments on the draft of this paper.

'As Professor J. B. S. Haldane pointed out on reading
the draft of this paper, it would be exceedingly difficult to
ascertain the correct duration of life with cancer, as cancer
cells cannot usually be detected, even under careful micro-
scopic examination, until a late stage in their development.
Nor will such unsuspected " pre-diagnosis " cases figure in
the " true " incidence rate. The term " duration " has there-
fore to be interpreted in the effective sense.



492 S. MITRA & A. DAS GUPTA

RI-SUMt

Les statistiques relatives a la frequence du cancer
peuvent etre etablies d'apres diverses sources: examens
post mortem, registres d'h6pitaux, registres du cancer
et registres de declarations des deces. Pratiquement,
toutes ces sources sont imparfaites et sont plus ou moins
suires, selon les localites. La frequence globale du cancer
dans l'Inde a dejia et 6valuee par divers auteurs, selon
l'une ou l'autre de ces sources.

Les auteurs de cet article comparent les apports que
chacune de ces diverses sources d'informations pourrait

assurer, theoriquement. A I'aide de formules math6ma-
tiques, ils etablissent les marges d'approximation de
chacun de ces types de donnees.

Selon les donnees de 1'enregistrement des d6ces, a
Calcutta en 1954-55, les deces par cancer repr6sentaient
2,6% de 1'ensemble des deces declares. Les auteurs
analysent ces donnees par region, age et sexe. Ils estiment
que les chiffres de Calcutta sont repr6sentatifs pour
1'ensemble de l'Inde, et sur cette base, ils evaluent ai
600 000 cas la frequence globale du cancer dans l'Inde.
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