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Abstract

Introduction: Cancer Registry is one of the important components of health information systems in developing countries. Con-
tinuous monitoring of data quality can have a crucial role in controlling cancers. This study aimed to assess the quality of cancer
registry data in terms of completeness of coverage and validity.
Methods: Data were collected from three main sources, including Pathology registry, Hospital and national death registries in five
provinces in Iran during March 2008-March 2011. We used two source capture-recapture method for estimate of cancer registry cov-
erage and measures of validity were percentage of death certificate only (DCO%), histological verified cases (MV%); cancer incidence
in childhood based on sex and age group, percentage of cancer in the elderly (80 years or above) and mortality-to-incidence ratio
(M:I).We compared them to international standards.
Results: The overall completeness was estimated at 54.2% and 32.4% under reporting for stomach cancer in a period of three years
(2008 - 2010). MV% and percentage of unknown primary site of the tumor were 68.7%, and 5% respectively. The mortality-to-incidence
ratio for men and women was 37.6% and 28.2%, and percentage of cancer in the elderly was 10.9% in 2010 year. The age-specific rate
in girls and boys in age groups of 5 - 9 and 10 - 14 years was lower than minimum of the recommended international standards.
Conclusions: The results of this study showed data quality of cancer registry is relatively low in terms of the completeness and va-
lidity. Cancer registries should pay great attention to the quality of their data. In addition to technical measures in data processing,
continuous evaluation of their quality in order to achieve the set goals is essential.
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1. Introduction

Cancer is a non-communicable disease, which imposes
a significant burden on the society (1). Considering the
growth and population ageing, the global burden is ex-
pected to grow to 21.7 million cancer cases and 13 million
cancer death by 2030 (2).

According to estimations of IARC in 2012, in Iran about
53000 persons lost their lives due to all kinds of cancers
(3). Stomach cancer was the first cause of death of can-
cer in both sexes (4). With this background in mind, pre-
vention and control of cancer through implementing na-
tional cancer registry programs is a health priority in the
society. Cancer registry encompasses regular data collec-
tion and analysis of cancer patients and estimation of can-
cer incidence in different geographical regions (5). With
accurate and inclusive data, cancer registry could reduce
the burden of this disease (6). In the national registration
systems of Iran, the Center of disease control is responsi-
ble for the collection and analysis of cancer data. This cen-
ter receives the data on cancer patients from urban health

centers of different cities and provinces. Classification and
coding systems in this regard are based on the standards
of the International classification of diseases for oncology,
third edition (ICD-O-3) (7). Although cancer registry has be-
gun since 1999 by the Iranian ministry of health and med-
ical education at the center of disease control, it has failed
to cover all cancer data of pathology laboratories and other
departments. As such, results of initial reports in this re-
gard could not provide an actual estimation of cancer in-
cidence since this rate was reported to be 18% (8). Never-
theless, cancer registry based on pathology continued af-
terwards, and the coverage rate of 86% was reported for
pathology registry in 2009. Cancer pathology reports are
published based on the data collected from a wide range of
health centers. In order to improve the quantity and qual-
ity of cancer registry data, a population-based cancer reg-
istry program was administered in 20 universities as an ad-
junct to histopathology since 2008 (9).

Independent data of cancer patients are collected from
science departments, such as population-based research
centers (8, 10). Cancer registry data are interpreted us-
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ing qualitative or quantitative approaches. Qualitative or
semi-qualitative methods suggest a lack of completeness,
compared to other registries or over time, but not actually
quantify the number of missing cases. Despite the com-
pleteness of collected data, value of registry data lowers in
case information deficiency is confirmed. Therefore, veri-
fication of completeness is essential to predicting cancer
incidence and implementing related planning and policy-
making. Complete registry and accuracy of details are two
main factors for determining the quality of data in the can-
cer registry system. In other words, completeness of cov-
erage determines the proportion of cancer cases in a pop-
ulation that is submitted in a registry system (11, 12). Vali-
dation ensures the high quality of available data and accu-
racy is the adjustment of the measured value with the ac-
tual value, which is assessed quantitatively using various
methods. Some of these methods are reabstracting and re-
coding use of diagnostic criteria (e.g. histological verifica-
tion and Death Certificate Only (DCO), analysis of missing
information, and internal consistency (13).

The mentioned methods are essential to data report
and analysis, and failure to register any of these variables
increases error and reduces data accuracy. National can-
cer registry is inherent to the monitoring of cancer inci-
dence and mortality, and developing strategies to control
this disease. Since the Ministry of Health and Medical Ed-
ucation is the only center for the national registration of
cancer incidence data in Iran, and given the importance
of this issue, this study aimed to assess the quality of can-
cer registry data in Iran. Evidently, proper use of accurate
data by health managers results in efficient care services
and health promotion of the society.

2. Methods

2.1. Data Sources

In this cross-sectional study, reported data were col-
lected from three main sources, including the national
cancer registry (pathology registry), hospital registry,
and national death registry in five provinces of Isfahan,
Golestan, Semnan, Bushehr and Kermanshah in Iran dur-
ing March 2008 -March 2011. The number of studied pop-
ulations was based on the age group and sex of cancer pa-
tients, as proposed by the statistical center of Iran (SCI).

2.2. Statistical Analysis

We used the two-source capture-recapture method,
which is a quantitative approach to estimate the extent of
cancer registry coverage (14). Over the past few decades,
capture-recapture methods have been widely applied in

epidemiological health promotion programs. These meth-
ods are used in various medical fields to determine hidden
populations, completeness of registry coverage, and inci-
dence or prevalence of certain diseases. Capture-recapture
methods are based on four main assumptions: closed pop-
ulation, ability to determine the shared features of two (or
more) lists, independent sources, and the homogeneity of
the population (15).

In cancer registry, underestimation rate is determined
via Lincoln-Petersen and Chapman methods (5), sample
coverage method (16), and log-linear model. In this study,
we used the Petersen-Chapman model due to the limited
number of registered cancer cases in hospitals, which were
merged with the data of pathology registry.

In the Petersen-Chapman model, a sample from the tar-
get population is captured, labeled, freed, and recaptured
at different times, and number of cases in each sample
and common cases between the populations is estimated.
The larger number of shared cases of samples is associ-
ated with a smaller reference population, while the smaller
number of shared cases suggests the greater estimation of
the reference population. In this study, each data source
was determined as a sample, and patients’ names were
considered as the unique characteristic of each case. To-
tal population was estimated based on the proportional-
ity argument in the Petersen-Chapman model (17), where
n1 includes the reported cases in source one (pathology
and hospital registries), n2 represents the reported cases
in source two (cancer death registry), and m2 shows the
shared features of the two sources. To remove bias in the
Lincoln-Petersen model, the following formula was pro-
posed by Chapman in 1951 (18) (Equation 1):

(1)Ncp =
(n1 + 1) (n2 + 1)

(m2 + 1)
− 1

To calculate the completeness of coverage of cancer
registry, the number of the cases registered was divided by
the number of the cases estimated using the following for-
mula (Equation 2):

(2)
Percentage of coverage completeness

=
Number of cases registered

Number of cases estimated
× 100

Underestimation rate was obtained by subtracting the
percentage of coverage completeness from 100. Moreover,
coverage completeness was determined based on the sex
and age of cancer cases in three age groups of less than 40
years, 40 - 59 years, and 60 years or above.

Measures of validity were as follows: 1) percentage of
cases with death certificate only (DCO%) for which no in-
formation other than a death certificate mentioning can-
cer could be obtained; 2) percentage of cases with morpho-
logically verified (MV%); (accurate cancer diagnosis based
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on histological examinations and pathological analysis by
a pathologist); 3) percentage of cancer in the childhood
and the elderly (80 years or above) population; and 4)
mortality-to-incidence ratio (M:I). All these parameters are
numerical indices to confirm data validity (14).

Percentage of DCO is calculated in the following steps:

Step one: Linkage of cancer death records in a spe-
cific year to all the records available in the cancer registry
database in order identify the records that do not match.

Step two: Elimination of non-reportable cases (deaths
not caused by cancer but coded as cancer death, out-of-
jurisdiction residents, and cancers diagnosed before the
central cancer registry reference date).

Step three: Resolving potential DCOs, where the re-
maining unmatched cases must be cleared according to
the death clearance protocol of the central cancer registry,
and cases that are not resolved at the time the DCO rate is
calculated are considered as true DCO cases.

Step four: Calculation of the percentage of DCO using
the following formula (19-21) (Equation 3):

(3)
Number of true DCOs for the year

Total number of cancer cases for the year
× 100 = DCO rate

Another index of data quality assessment in this study
was the rate of cancer cases with incomplete data. To con-
trol the missing data, percentage of unknown primary site
of the tumor was determined and high percentage of tu-
mors with primary site unknown (PSU) was interpreted as
the deficiency of the cancer registry system. Childhood
cancers were defined within the age range of 0 - 14 years,
and the cases were categorized into three age groups of 0 -
4, 5 - 9 and 10 - 14 years. Incidence of new cases in the same
period was defined based on the age-specific rate and com-
pared with the international standards (20).

Cancer incidence and mortality rate were defined as
the number of new cancer cases and deaths within one
year in a high-risk population in the same year. To calcu-
late these variables, data on the age groups and sex of the
cancer cases during the same year were obtained from SCI
database.

To identify possible duplicates, we controlled all the
registered cancer cases using the available information, in-
cluding name and surname, father’s name, date of diag-
nosis, and ICD-O diagnostic codes in the Excel software. In
all calculations and analyses, duplicate patient records and
tumors were excluded from the study. In addition, each
tumor was examined only once, and data on patients and
tumors were integrated. Data confidentiality was ensured
during all the procedures of data extraction and analysis,
and the study protocol was approved by the ethics commit-
tee of Shahid Beheshti University of Medical Sciences.

3. Results

In this study, preliminary data were obtained from
three sources in the selected provinces, including 53,398
cases (24,941 pathology reports, 20,468 death certificates,
and 7,989 hospital registrations), after the exclusion of
duplicate records and data linkage,35,643 cases were ob-
served (44.7% females and 55.3% males).

According to our findings, the majority of cancer cases
were aged 60 years or above (62.4%), and the male-to-
female ratio was 1.2 (year 2010). It is noteworthy that 20
cases were excluded from further evaluation due to lack of
data on age. Final percentage of the shared data is depicted
in Figure 1.

Figure 1. Report Sources of Cancer Incidence Cases After Data Linkage (2008 - 2010)

n1
58%

n2
25%

m2
17%

n1: hospital and pathology; n2: death certificate; m2: shared cases in two sources.

According to the results of the two-source capture-
recapture method, 65,797 new cases (95% CI: 66153 - 65441)
have occurred in the selected provinces over three years,
with the underestimation rate of 30,154 cases. Collected
registry data indicated that mean age of patients with
stomach cancer in the selected regions was 65.8 ± 16 years
in men and 61.6 ± 18 years in women; as such, 60.4% and
39.6% of male and female patients were diagnosed with
stomach cancer. In this study, we determined the overall
completeness of cancer registry coverage based on the age
group, sex and year; findings in this regard are presented
in Table 1.

According to the results of this study, overall complete-
ness of cancer registries was 54.2%, which reached from
44.2% in 2008 to 59.7% in 2010. The highest complete-
ness of coverage in all-site and stomach cancer incidence
in patients aged 60 years or above was 55.7% and 72.3%, re-
spectively, while the lowest coverage completeness was ob-
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Table 1. Estimated Number and Completeness of All Cancers Combined and Stomach Cancer in Terms of Sex and Year Based on Two Data Sources in Five Provinces of Iran (2008
- 2010)

Year Sex Reported New Cases Xa Estimated New
Cases

95% CI for Estimated Completenessof
Registration, %

Lower Upper

2008

M

All cancer

5782 6506 12289 12024 12553 47.1

F 4487 6533 11021 10645 11396 40.7

Both 10269 12958 23227 22791 23663 44.2

M

Stomach

700 401 1101 1086 1116 63.6

F 422 447 869 806 932 48.6

Both 1122 817 1939 1893 1984 57.9

2009

M

All cancer

7445 4824 12269 12215 12323 60.7

F 5372 3765 9137 9070 9204 58.8

Both 12817 8579 21369 21312 21480 59.9

M

Stomach

697 227 924 - - 75.5

F 435 240 675 663 687 64.5

Both 1132 451 1583 1581 1585 71.5

2010

M

All cancer

6489 3945 10434 10401 10467 62.2

F 6068 4585 10654 10573 10735 57

Both 12558 8470 21028 20954 21102 59.7

M Stomach 650 171 821 818 824 79.2

F 481 262 743 733 753 64.7

Both 1131 402 1533 - - 73.8

2008 - 2010

M All cancer 19716 15518 35234 35009 35459 56

F 15927 14727 30654 30362 30945 52

Both 35643 30154 65797 65441 66153 54.2

M Stomach 2047 774 2821 2817 2825 72.6

F 1340 924 2264 2220 2309 59.2

Both 3387 1627 5014 4989 5040 67.6

Abbreviations: F, female; M, male.
aEstimated number of cancer cases not recorded in data sources during 2008 - 2010.

served in patients aged less than 40 years (53.1% and 53.5%
for all-site and stomach cancer, respectively). Overall, in a
period of three years (2008 - 2010), the underestimation
rate for stomach cancer was 32.4%. Validity of cancer reg-
istry data in five provinces of Iran is presented in Table 2.

One of the indices of cancer registry data quality is the
evaluation of childhood cancers in different age groups
based on sex and comparison with the international stan-
dards. According to the literature, childhood cancers (age
group 0 - 14) account for 1% of all the reported cases, while
in our study, this was 0.5% higher than the recommended
standards. Childhood cancers are presented in Table 3.

The age-specific rate in girls (5 - 9 years) and boys (10 -

14 years) was lower compared to the standard recommen-
dations according to the Surveillance, Epidemiology, and
End Results (SEER), while it was within the standard range
in other age groups.

Finally, study of the age-specific rates of all cancers in-
dicated that the risk of cancer incidence increases until the
age of 80 - 84 years, while it declines after this age.

4. Discussion

In the present study, estimation of the complete-
ness of cancer registry data using the two-source capture-
recapture method and Petersen-Chapman model indi-
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Table 2. Completeness and Validity of All Cancers Combined Registries in Five
Provinces of Iran (2010)a

Indicator Males Females Both Sexes

Completeness of coverage 62.2 57 59.7

Death certificate only (DCO)b 16 12 14

Morphological verification (MV)c 65.5 72 68.7

Mortality –to- incidence ratio (M:I)d 37.6 28.2 33

Unknown primary site (C80) UPS 4.6 5.4 5

Childhood Cancer 1.4 1.6 1.5

Patients aged more than 80 years 13.8 7.8 10.9

aValues are expressed as %.
bDCO%: proportion of incident cases with information based on death certifi-
cate only.
cMV%: proportion of incident cases with histological and/or cytological verifi-
cation of cancer diagnosis.
dMortality-to-incidence ratio (%): crude mortality rate divided by crude inci-
dence rate of invasive cancer during the same period.

cated the underestimation rate to be 45.8% during a three-
year period. According to the literature, stomach cancer
is the most life-threatening type of cancer in Iran, and un-
derestimation rate for this cancer was 32.4%. The sensitivity
of cancer registry systems was lower for women compared
to men in this regard which was consistent with other re-
search (21). Despite the low coverage, cancer registry in-
creased by 15.5% for all cancers from 2008 to 2010 year;
however, this rate might vary in previous studies depend-
ing on different regions of the country. For instance, in a
previous study, cancer registry coverage based on pathol-
ogy registry during 2000 - 2007, as well as population-
based and pathology registries during 2007-2009, varied
from 22.68% to 118.7% (6). In another study conducted in
northwestern Iran using the capture-recapture method,
under-ascertainment rate for all cancers during 2008 -
2010 was 16.1%, and coverage of the Iranian population-
based registry was 52%, while it was 93.1% according to
both data sources. In the mentioned study, the under-
estimation rate was 6.9% (22). Furthermore, overall esti-
mation of cancer registry coverage using the three-source
capture-recapture method during 2008 - 2010 was 51%, and
it ranged from 46.8% to 85.3% for stomach cancer (23).

In the current study, cancer registry coverage was ob-
served to increase with the age of patients, with the high-
est and lowest coverage reported within the age groups of
60 years or above and less than 40 years, respectively. This
finding is consistent with the results of the studies con-
ducted in Iran and Japan in this regard (23, 24).

During 1990 - 2009, cancer registry coverage based
on pathology registry, clinical records and cancer deaths
in Gambia was reported to be 50.4% using the capture-

recapture method (25). Although cancer registry coverage
may vary depending on the cancer type, coverage improve-
ment in some regions of Iran could be attributed to the ef-
fective communication with reporting centers, such as lab-
oratories and clinical or pathological centers.

In comparison with the indicators measuring the qual-
ity of cancer registry data in European countries, where
coverage completeness is 96% - 100% (26), cancer registry
coverage is relatively low in our country. One of the indi-
cators to evaluate the quality of cancer registry involves
the verification of the status of childhood cancers due to
the stable incidence in this patient population (19). In
2010, childhood cancers and cancers in persons more than
80 years of age were accounted for 1.5% and 11% of the
total number of cases, respectively, which almost corre-
sponded with the international standards. However, the
age-specific incidence rate of cancer in girls aged 5 - 9 years
and boys aged 10 - 14 years was lower than the minimum
of the recommended international standards, while these
values were above the standard range in developed coun-
tries, such as Norway (26). Low age-specific rate of cancer in
these patient groups could be due to factors such as under-
estimation and lack of registration, report from pediatric
hospitals and attention of healthcare authorities to this
issue. The incidence-to-mortality ratio of cancer was 67%,
while it is 80% based on the international standards (19).
As such, it could be concluded that cancer mortality rate
in our country is 13% higher than the international stan-
dards (mortality-to-incidence ratio of cancer in our study
was 33.7% for men and 28.2% for women).

Evaluation of cancer registry data in Golestan province
in 2007 indicated that the mortality-to-incidence ratio for
male and female patients was 47.6% and 35.8%, respectively
(20). In Japan, this ratio was 47% and 44% for men and
women, and was 48.4% and 55.9% for male and female in
northern Portugal, respectively (24). In China in 2010, over-
all mortality-to-incidence ratio of cancer was 61%, which is
consistent with the results of the present study (27). Dif-
ferences in this index in various countries could be due to
the difficultly in the collection of data on cancer mortal-
ity, high case fatality rate, high rate of death registration,
late diagnosis of cancer, and ineffective care of cancer pa-
tients. However, the exact causes of these differences are
not distinguishable. For instance, in countries such as Fin-
land, where the quality of data registry is relatively high,
differences in the aforementioned ratios are insignificant,
which could be attributed to factors such as the high rate
of survival among cancer patients, effective screening pro-
grams, and accurate diagnosis and treatment of cancer. It
is also noteworthy that these ratios may vary as much as
20% depending on the geographical region, age group of
patients, and type of cancer (19). Use of this index requires
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Table 3. Age-Specific Incidence Rates of Childhood Cancers with Corresponding Reference Intervals Based on Published Deciles in Terms of Sex in Five Provinces of Iran (2009)

Age Group Girls Reference Boys Reference

Lowest Highest Lowest Highest

00 - 04 13.8 < 11.3 > 23.2 15.9 < 13.7 > 25.6

05 - 09 6.5 < 7.0 > 12.7 9.8 < 8.9 > 16.5

10 - 14 9.1 < 7.9 > 14.9 7.6 < 9.2 > 16.3

high-quality death registration data and accurate registry
of the cause of death (28). In the current study, percentage
of cancer registry data through DCO was higher compared
to the international standards. In the population-based
cancer registry of the ministry of health and medical ed-
ucation in 2005, this index was reported to be 2% and 37.3%
in Isfahan and Lorestan provinces, respectively. In another
study, pathology registry during 1998 - 2001 indicated the
number of cancer registries in terms of DCO to be 24% (29),
while this value was 9.9% for men and 7.3% for women in
Golestan province (20).

Rate of cancer registries based on DCO was reported
to be respectively 2% and 1.7% for men and women in An-
talya, while it was 4.4% and 3.9% in Izmir, 1.5% and 1.3% in
Singapore, 2.9% and 3.2% in New Zealand, and 0.2% in Ice-
land, all of which were lower than the international stan-
dards. On the other hand, in countries such as Zimbabwe,
this rate was reported to be respectively 13.3% and 9.7% for
men and women, and 13.1% and 13.3% in Osaka (Japan) (27).
In a study performed in this regard in Norway in 2009, DCO
for all cancers was 0.9% (26). In addition, in a study of 25
population-based cancer registries in Japan in 2008, DCO
was estimated at 13.2% and 14.1% for men and women, re-
spectively (24).

High number of registries based on DCO is suggestive
of deficient coverage; as such, these cases should be inter-
preted in regional terms. In some developing countries,
quality of death certificates may be very low or death cer-
tificates might be issued erroneously for other cases as can-
cer. In such cases, tracking hospital records by registries
to prove or disprove death certificates in hospitals could
be problematic. Data linkage methods in cancer registries
should be applied to successfully detect the death certifi-
cates that already exist or are missing in the database. Ex-
cept for DCOs where cancer is listed inaccurately as the
cause of death, DCO represents the deficient identification
of incident cancer cases. High percentage of DCO in Iran
may be due to the underestimation by other sources, in-
complete follow-up of patients or both these factors.

In the current study, we investigated the cancer data
during 2008 - 2010, and found that the high percentage
of DCO could be due to the fact that the obtained death

files were not linked to cancer registry the period before
the study. Typical sites for DCO are lung, liver and pancreas
(19), which are mostly of the metastatic type, the major-
ity of DCO cases in both sexes were of lung and liver can-
cer (20.4% in women and 26.8% in men). To evaluate the
percentage of morphological verification, this index was
compared with the data of 17 countries from the Cancer
incidence in five continents VOL.X; in this comparison our
country was ranked 15, which is indicative of the low qual-
ity of morphological verification in Iran (Figure 2). How-
ever, according to the cancer registry in Golestan province,
the rate of morphologically verified cancer was estimated
at 69.5% in men and 71.2% in women (28). Moreover, the re-
ported rates in Japan were 76% and 74.9% among men and
women, respectively; these findings were consistent with
the results of the present study (24).

Low percentage of morphological verification in the
current study could be due to the underreporting of some
pathology laboratories and centers, as well as the fact that
a significant number of cancers are diagnosed at the time
of death.

Out of 11,873 cases reported in 2010, the primary site of
593 cases (5%) was unknown, this could be due to metas-
tases, or the fact that primary site was not determined or
the provided reports lacked adequate information as to
verify the primary site of tumors. As expected, incidence
of tumors of unknown primary site was higher in elder
patients, which corresponds with the international stan-
dards in this regard. According to international standards,
the percentage of morphologically diagnosed cases was es-
timated at 80%, while DOC% ranged between 1% and 5%.
Also, in 5% of cases, the site of tumor remained unspec-
ified; other reported cases were found to be clinical (19).
In the current study, the highest age-specific rate was ob-
served in cancer patients aged 80 - 84 years, and this rate
dropped in older age groups. This reduction could be due
to the lack of patient referral to cancer diagnosis centers,
lack of access to diagnostic facilities and failure to perform
diagnostic tests by physicians in this age group.
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Figure 2. Comparison of Percentage of Morphologically Verified (MV%) Cancer Diagnoses in Iran and Selected Countries (2003 - 2007) for all Cancer Sites Combined in Terms
of Sex (21)

4.1. Limitations

There was some kind of limitation regarding this
study: The cancer registry data was unavailable for the pe-
riod before 2008 in chosen provinces due to lack of Health
Information System in some of hospitals, so we could not
match DCOs of 2008 with prior years. Furthermore, in
some cases, cancer recorded as the cause of death while the
patient maybe died for another reason which there was no
possibility to track back follow the cause of death.

4.2. Conclusion

According to the results of this study, the quality of
cancer registry data is relatively low in terms of the com-
pleteness and validity in our country. To increase cover-
age, cancer registry programs should be implemented in
the national healthcare system, based on information ob-
tained from various sources, including the laboratories,
physicians’ offices, medical records, hospital information
systems and death registries and other simple places. In
this regard, quality of data should be assessed systemati-
cally in order to achieve the gold standards. Therefore, it is

recommended that healthcare authorities implement the
required interventions so as to prevent unnecessary costs
associated with the collection of low-quality cancer reg-
istry data.
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