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INTRODUCTION

Cancer case ascertainment is commonly called case-finding and is the process of identifying
patients with malignant cancer who meet the inclusion criteria for a cancer registry. International
cancer registries vary according to population size, funding, and trained personnel available for
functioning. Most of these registries have strategic and logistical autonomy and follow their
own standard registration procedures. The usefulness of population-based cancer registries across
different geographic regions depends heavily on quality indices of registration and in particular, on
completeness (1–6). Completeness is among the most important quality indicators of any cancer
registry. It is defined as the extent, degree or proportion of all incident cancer cases in a defined
population that is included in the cancer registry database. In theory, all cases of cancers in a
defined population should be recorded in a population-based cancer registry or should be as close
to 100% as possible (7, 8). In this opinion piece, we debate the issue of gender disparities along
with rural-urban differences in the cancer registration process. Disparate methods of cancer case
ascertainment in the registration process in men and women and their comparisions are also briefly
discussed. We also suggest how the issue of gender disparities can be addressed through sex-ratio
analysis of smoking associated cancer types by incorporating United Nations’ Gender Inequality
Index (GII). Because of subtle (and sometimes more elaborate) nuances, we have deliberately kept
the terminology of “gender” and “sex” separate in our discussion such as gender disparity and
sex ratios. The purpose of this discussion is to explore the issue of gender disparity in cancer
registration and how this kind of potential bias can be recognized.

Differences in Completeness of Ascertainment by Gender
Global collation of data on new cases of cancers through cancer registries provides an opportunity
to explore gender differences in cancer incidence across diverse geographical regions (9). These
differences are quite often interpreted in light of genetic and environmental causes of cancers across
geographical regions (10, 11). Much has been written on gender disparities in specific types of
cancer in both developed and resource-constrained parts of the world (12–18), yet there is a paucity
of literature on differences in completeness of ascertainment (e.g., under-ascertainment) in cancer
registries according to gender. Since the 1990s, there had been an increasing call to systematically
quantify the completeness of cancer registries in the region(s) in which they operate (19–21). That
call was heeded in the following decade, when studies on completeness of registration started
appearing in literature from Africa and Eastern Europe (5, 22) and from developed parts of the
world (23, 24). There are few studies that discussed or attempted to quantify the degree of under-
reporting among women in a cancer registry (9, 25). Barlow et al. found overall under-reporting
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of 3.7% in a well-established Swedish Cancer Registry for the
year of 1998 (25). In their study, there seemed to be a pattern of
under-reporting that was worse in elderly women. Pearce et al.
(9) concluded that the underlying socio-economic patterns of
the community is important when interpreting incidence rates,
especially among children from low-resource registries, where
girls are more likely to be under-diagnosed.

Considering studies mentioned above, it is reasonable to
suspect that in some resource-poor countries and conservative
societies, due to socio-cultural dynamics, a female cancer patient
may be more likely to be omitted from a cancer register. This can
have important implications in the reporting and interpretation
of incidence statistics and prevention strategies developed based
on these data (11). It may be that women who are missed by
registries are somewhat different from those who are identified,
in terms of diagnostic or prognostic outcomes. It should also
be noted that while this underestimation would still be present
even if the women missed by registries are not different, there
are also other artifacts to be considered that could affect the
interpretation of incidence trends. These artifacts in interpreting
incidence trends over time from cancer registries have been
addressed by Saxem (26), Esteve (27), Muir (28), Swerdlow (29),
and relatively recently by Bray (30). The required conditions
that ensure truly valid comparisons of cancer incidence, as
described byMuir et al. (28) [and quoted by Bray (30)], are worth
repeating here unedited: (1) the definition and content of the
cancer site being studied have not changed; (2) The criteria of
malignancy have not changed; (3) the likelihood that a cancer
will be diagnosed has not changed; (4) the progress of cancer
from inception to diagnosis is not modified by early detection
or screening programmes; (5) ascertainment of incident cases
and deaths has been equally efficient throughout the period of
study; (6) indexing in the International Classification of Diseases
(ICD) has not changed; (7) accuracy and specificity of coding
is consistent over time; (8) statistics are available at the level of
detail required. These authors note, few, if any, databases would
meet all of the above criteria. Comparisons of incidence rates
of different cancer types between cancer registries under these
kinds of a scenarios can therefore be biased, especially if there is
also evidence of differences in the degree of under-ascertainment
by gender.

Gender Biases and Urban-Rural Gradient
Quantitative assessment of gender bias in registration was
inferred using data from the Kampala Cancer Registry in Uganda
by Templeton and Bianchi (31). Their publication in 1972
reported registration of women to be half as complete as those
of men. However, they also reported that this bias in registration
diminished as social patterns of literacy and health awareness
evolved and when hospitals became more accessible (31, 32).
Even if universal healthcare becomes a possibility in some low-
resource countries and with improvements in overall cancer
registration, coverage is not likely to be equal in both men and
women (33). In addition to problems of health-care accessibility
(more so reported in female patients), a cancer diagnosed in
a hospital can also be influenced by age, tribal and ethnic
affiliations, education, and social status in some countries (34).

Independent studies on cancer case-ascertainment from
Bulgaria, Canada, Spain, Italy, India and Gambia have reported
level of completeness by comparing commonly used indices of
completeness (MV%: percent morphologically verified; DCO%:
percent death certificate only; M:I Mortality-to-incidence ratio)
in men and women (Table 1) (35–40). From among these studies,
the Canadian registry (36) has shown better completeness indices
relative to others in both genders. With the exception of the
Gambian registry (40), these population-based registries are
included in Cancer Incidence in Five Continents (CI-5) database
of International Agency of Research on Cancer (IARC) (41). The
Gambian study revealed heterogeneity in quality indicators, in
particular, completeness, that suggested ascertainment issues in
both genders. The study also reported lower incidence rates for
several cancer types in both men and women in comparison with
otherWest African cancer registries such as inMali, Guinea, Cote
d’Ivoire, Niger, and Nigeria (40, 42). According to the authors,
the differences in cancer incidence rates between Gambians and
other Africans may either represent true geographic variation
in risk or there might be other factors at play. One factor was
the registry’s predominant coverage of the rural population of
Gambia, and the related fact that other comparable registries
in Africa were not rural. Just like gender disparities, this rural-
urban contrast highlights several possible issues such as under-
utilization of medical facilities in rural areas, under-diagnoses
of cancer in low-resource rural health care settings, and under-
reporting of cancer cases from rural populations by registry staff.
Conversely, it is possible that it represents a true difference in
the risk of cancer between rural and urban regions (in this case,
a truly lower incidence in rural Gambia). A similar urban–rural
difference in cancer incidence in both genders has been observed
elsewhere (43, 44), and much of the difference was attributed to
socio-economic deprivation.

Completeness of cancer case-ascertainment can therefore be
confounded by gender effects in terms of access to cancer care

TABLE 1 | Completeness of cancer case-ascertainment for all ages in males and

females using standard methods of ascertainment.

PBCR Authors,

reference

(year)

Male Female

MV (%) DCO (%) M:I (%) MV (%) DCO (%) M:I (%)

Bulgaria Dimitrova,

(35) 2015

73.3 9.8 65.9 82.8 6.9 50.5

Canada Zakaria, (36)

2013

90.0 0.9 48.8 90.0 1.2 48.5

Spain Navarro, (37)

2010

88.7 2.6 52.3 87.8 3.8 48.0

Italy Tumino, (38)

2004

83.0 2.0 54.0 85.0 3.0 48.0

India Mathew, (39)

2011

83.2 1.4 12.6 81.5 1.1 9.3

Gambia Shimakawa,

(40) 2013

18.1 6.6 NR 33.1 3.6 NR

MV%, percent morphologically verified; DCO%, percent death certificate only; M:I,

Mortality-to-incidence ratio; NR, not reported. PBCR, Population Based Cancer

Registries.
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services in urban-rural dynamics. Access to health care services
are basic human rights and these rights are not always distributed
equitably among men and women in many parts of the world
(45, 46). Some of the studies are small-scale (47, 48), but they
provide important insights into the experiences of women as they
navigate the healthcare system. While the study of cancer care
access by Sakellariou and Rotarou (46) focused on comparison
among disabled and non-disabled women, their conclusion can
be equally applied on the male-female differences in the access to
health services (e.g., poor socioeconomic conditions of women
and their lack of utilization of cancer care services). Gender
effects studies (49, 50) have suggested that men receive more
cancer detection tests than women in the same medical practices.
Lack of access to health care services in some parts of the
world give indication that there is indeed a possibility of a
gender gap in cancer registration, but few studies exists that
have actually embarked on exploring this issue in the field of
cancer surveillance, with emphasis on the registration process
itself (9, 51). Parker pointed out an exceptionally high cancer
registration ratio (boys relative to girls) for childhood cancers
in Afghanistan, Bangladesh, Morocco, Pakistan, and Papua New
Guinea. He concluded that the striking gender-bias gives more
information on socio-economic dynamics at play than on the
etiology of the cancer (51).

METHODS OF CASE ASCERTAINMENT

In the past, several methods were used to assess completeness of
case ascertainment in cancer registration (1, 2, 19, 49–54). Parkin
and Bray have separated these methods into two broad categories
(55): Qualitative methods give an indication of the degree of
completeness relative to other registries, over time. Examples
include historic data methods, percent of morphologically-
verified cases (MV %), and mortality-to-incidence (M:I) ratios.
Quantitative methods include “death certificate methods” and
more sophisticated methods such as “capture-recapture” and the
“Bullard-Flow” that provide a numerical evaluation of the extent
to which all eligible cases are registered. Brief overview of these
methods in terms of their uses and shortcomings are as follows:

Morphological Verification (MV) of
Diagnosis
Histological verification of cancer or “Percent of cases
morphologically verified (MV %),” is a measure of the validity of
the information and completeness in a registry (41). A very high
proportion of cases diagnosed microscopically by histology or
cytology/hematology (higher than reasonably expected) suggests
over-reliance on the pathological laboratories as a source of
information, and failure to find cancer cases diagnosed by other
means. The percentage of cancer cases likely to be histologically
verified for a given cancer type is dependent upon local regional
circumstances where the registries are situated (52). It might be
low if the means for taking biopsies, or examining the tissue, are
lacking or inadequate such as in low resource countries (e.g.,
Gambia in Table 1).

Mortality:Incidence (M:I) Ratios
The M:I ratio is a key indicator of completeness and involves
comparison of the number of deaths (obtained from a source
independent of the registry, e.g., the vital statistics system) and
the number of incident cancer cases, registered in the same period
(41). The M:I ratio may also reflect local conditions because
survival and the quality of mortality statistics are at many levels
related to the socioeconomic development of the region. Values
of M:I over time that are greater than expected signals under-
registration (i.e., incident cancers missed by the registry), and
becomes more noticeable if this under-registration involves more
than one type of cancer in a registry. However, under- or over-
reporting of tumors on death certificates distorts this ratio, as
will a lack of constancy in incidence and case fatality (the rate
of death amongst incident cases) over time. Application of this
indicator of ascertainment does require, however, mortality data
of good quality (53), something not always possible in low-
resource registries.

Death Certificate Methods (DC Methods)
Death certificates are one of the main sources of information
in a cancer registry in developed countries (54), and have
three main uses in cancer registration: (1) as a complementary
source of information on new cancer cases, (2) as a quality
control assessment of both completeness and validity, and (3)
for studies on survival of registered patients. DC methods
cannot be readily applied to cancer registries from low- and
medium-income countries (55). Methods used by Ajiki (56) [and
quoted by Parkin (57) and Kamo (58)] explains death certificates
as a means of capturing information on cases that were not
registered during life. Although the DC method is not an ideal
indicator of completeness of registration, an elevated proportion
of cases diagnosed through this method does suggest some level
of incompleteness.

Comparison of Ascertainment Methods
Commonly used indices (e.g., MV, DC, and M:I) as well as
complex sophisticated methods [e.g., Bullard’s Flow and capture-
recapture method (1, 59)] are used in estimating the degree
of completeness of ascertainment. This means that with the
availability of various methods, the degree of completeness in
cancer registries will vary with whatever methods are used.
Schmidtmann and Blettner carried out the first survey of its kind
to compare different methods that European cancer registries use
to assess completeness of ascertainment (Figure 1A) (60). The
study revealed that 86% of the 56 cancer registries that returned
the survey questionnaire (of total of 195 registries that were
contacted) had evaluated completeness of case ascertainment.
The methods used most frequently were comparing current with
historical incidence (73%) and comparisons with a presumably
complete reference registry (65%). The M:I ratio was used in
58% of registries. More complex procedures, such as the capture-
recapture method (25%) and Bullard’s flow method (21%), were
employed less often. The use of more than one method was also
somewhat infrequent (29%). Zanetti et al. repeated the survey
in 2015, with an improved response rate of 65% from cancer
registries in Europe (Figure 1B) (61). The methods used were
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FIGURE 1 | Surveys results on proportion of cancer registries within each region of Europe using different methods of estimating completeness. (A) Schmidtmann

and Blettner. (60) (B) Zanetti et al. (61) in 2015. Countries grouped according to the definition of the UN Population Division (East, South, North, & West). DCN method

is from where the no. of cases come from death certificates only (another term for DCO%). Reprinted with permission from authors and publishers (60, 61).

still largely based on simple indices with only slight improvement
in the use of quantitative methods. The impression gained
from these surveys is that there are different methods in use
by individual cancer registries, and there are few comparative
studies on their performance in relation to ascertainment in

males and females. The authors of these studies suggest that
in order to make valid comparisons across regions, modern
registries should work more on standardizing methods of
assessing completeness (60–62). These studies have underscored
the importance of unifying methods for estimating completeness
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that could improve validity of incidence comparisons between
cancer registries in both males and females.

IDENTIFICATION OF GENDER BIAS IN
CANCER REGISTRATION

In order to identify cancer registries with possible gender bias, we
suggest a solution i.e., Sex Ratio analysis of cancer incidence that
can circumvent some of the problems that exist in interpretations
of incidence trends and their comparisons across different
geographic areas. As a first step, one can compute sex ratios of
different/particular types cancer incidence that can be carried
out by identifying those cancer types from international cancer
registries where the sex ratio has remained relatively stable (e.g.,
over time and geography). Secondly, this cancer specific sex ratio
can be tallied to United Nations Gender Inequality Index (GII) to
rank cancer registries according to their respective countries with
low, moderate, and high gender inequalities over time. These
categories of index, will help envisage how the stability of sex
ratio compares with a geography where the registry is located
e.g., a country with a uniquely high sex ratio of a cancer that has
remained stably low over time in other regions can indicate bias
in registration.

Sex Ratio Analysis of Cancer Incidence
The proposed “Sex-Ratio Methodology” has opened new
perspectives in disease epidemiology, specifically where the
etiology remains undetermined or where new hypotheses are
warranted, and old hypotheses can be confirmed (63–65). In fact,
sex ratio is a robust epidemiological marker and its variability
can be used for comparing data collected from different countries
and regions, and where confounding effects exerted by different
factors can be supposedly minimized (64, 66, 67). The sex
ratio has also been recently used in cancer epidemiology using
country-specific or worldwide cancer registries to speculate on
causes of cancers (10, 68, 69).

Using Gender Inequality Index
A well-recognized multidimensional indicator such as GII can be
used in the context of exploring gender-bias in cancer registries
(70). Completeness of cancer case ascertainment whether it is
similar in males and females in international cancer registries
can be explored through GII on selected cancer types that
have remained stable over time. The measurement of gender
inequality has received increasing attention over the past
few years (71, 72) and has been explored in epidemiological
studies (73, 74). The GII has been designed to capture gender
inequality through relatively new functional form to summarize
multidimensional information into a real number that can
be used to compare countries’ performance in this domain
over time. The GII reflects gender-based disadvantage in three
dimensions namely: reproductive health, empowerment and the
labor market, for 160 countries. It shows the loss in potential
human development due to inequality between male and female
achievements in these three dimensions. It ranges from 0, where
women and men fare equally, to 1, where one gender fares
as poorly as possible in all measured dimensions (70). As of

2015 data, the lowest gender inequality country is Switzerland
(GII: 0.04) and the highest gender inequality of 0.77 is found in
Yemen (70). This type of analysis in conjunction with sex ratio
of cancer incidence can also provide clues on quality of cancer
registries and can inform the public health debate surrounding
the contextual problem of gender-bias in cancer registration.

Stable (and Variable) Sex Ratios of Cancer
Incidence
To explore the issue of potential gender bias due to the possibility
of differential disparities created by health seeking behaviors
such as access to health care facilities and therapeutic treatment
of cancers, we can select cancers that are somewhat known
to be stable across time and geography e.g., kidney, leukemia,
multiple myeloma, brain and possibly thyroid that varies to
some extent (75–77). Hypothetical mock table (Table 2) presents
cancer registries in countries that can be listed according to low
and high gender inequality index with cancer types where the sex
ratios of cancer incidence has been posited as relatively stable in
the literature.

Table 2 also shows hypothetical world rankings of countries
where the gender inequality is lowest (i.e., where females are
likely to have equal access to health care services) e.g., registries
1–8 as well as where gender inequality is highest (registries 11 to
14). In reality, there are 160 countries of world with available GII
values over time and rankings (70). Based on the index of gender
inequality, it can also be assumed that gender bias can either be
less or more of an issue in these cancer registries. For example,

TABLE 2 | Mock table for sex ratios of kidney, leukemia, multiple myeloma, brain,

and thyroid cancers with gender inequality index (GII) values over time and their

ranking.

Registry

(country)

GII values

(World

Rank)

Sex Ratios

Kidney Leukemia Multiple myeloma Brain Thyroid

1 0.023 (1) 2.2 1.5 1.5 1.3 0.4

2 0.026 (3) 2.3 1.2 1.6 1.7 0.3

3 0.035 (5) 2.1 1.4 1.7 1.5 0.4

4 0.078 (6) 2.4 1.8 1.2 1.6 0.2

5 0.105 (7) 2.3 1.1 1.8 1.7 0.5

6 0.118 (10) 4.5 1.4 1.3 1.6 0.3

7 0.118 (11) 2.1 1.6 1.4 1.5 0.4

8 0.126 (12) 2.6 1.1 1.3 1.5 0.4

9 0.143 (18) 2.2 1.5 1.6 1.8 0.5

10 0.178 (29) 2.5 1.3 1.7 1.8 0.3

11 0.619

(119)

2.3 1.5 1.5 1.6 0.5

12 0.672

(135)

2.2 1.3 1.2 1.5 1.5

13 0.151

(145)

8.1 7.6 6.5 3.5 2.0

14 0.579

(154)

4.7 4.0 4.6 1.7 1.1

Cancer registries in countries with lowest and highest gender inequality index (GII).
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relatively similar values of sex ratios for five selected cancer types
in Registry 1, 2, and 3 indicate that gender bias might be less of an
issue in these registries because of stable sex ratios. One notable
observation is Registry 6 where GII shows that it is a fairly gender
balanced country in terms of perceived economic advantages and
is ranked tenth. However, an extremely high sex ratios of 4.5
in Registry 6 (for kidney cancer) is indicative that the male and
female completeness of ascertainment (and other artifacts) might
not be similar (i.e., more males are registered than females).
Registry 6 is also showing that it is specific for cancer of kidney
whereas sex ratios of other cancer types are stable compared to
other registries. High GII countries with Registries 13 and 14 also
provide evidence of major quality issues in registration process.
Hence gender bias can be indicated if we find these kinds of
discrepancies in registries located in countries with either low,
moderate or high GII.

CONCLUSIONS

In summary, this opinion piece highlights contextual problems
that underlie disparities in completeness of ascertainment by
gender in cancer registries around the world. Implementing
protocols for assessing the completeness of ascertainment by
person, place, and time is invaluable in providing clues to
the relative quality of cancer registries. Cancer cases can only
be recorded once they have been diagnosed, after a patient
has sought medical attention. It is possible that in rural areas
of developing countries, people can die with their cancer
before ever having been seen by a medical doctor. This is less
likely to be common in the more urban populations of the
twenty-first century (58). In some countries, cancer registration

has a legal basis and is funded by governments, but some
registries, particularly in developing countries, have operated on
a voluntary basis, relying on good will and the tradition of sharing
of medical information among different medical specialties (59).
Notwithstanding the existence of contextual obstacles in cancer
registration, population-based cancer registries do provide a
good source of information to study the causes of cancers (37,
60, 61). When we can begin to quantify potential biases in
ascertainment across population subgroups (e.g., by gender), we
can improve the utility of these data.
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