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ABSTRACT

Aim: This study aims to correct undercounts in cancer data before initiating a population-based cancer registry program, employing
an innovative Bayesian methodology.

Background: Underestimation is a widespread issue in cancer registries within developing countries.

Methods: This secondary study utilized cancer registry data. We employed the Bayesian approach to correct undercounting in cancer
data from 2005 to 2010, using the ratio of pathology to population-based data in the Golestan province as the initial value.

Results: The results of this study showed that the lowest percentage of undercounting belonged to Khorasan Razavi province with an
average of 21% and the highest percentage belonged to Sistan and Baluchestan province with an average of 38%.

The average age-standardized incidence rate (ASR) for all provinces of the country except Golestan province was equal to 105.72
(Confidence interval (Cl) 95% 105.35-106.09) per 100,000 and after Bayesian correction was 137.17 (Cl 95% 136.74-137.60) per
100,000. In 2010 the amount of ASR before Bayesian correction was 100.28 (Cl 95% 124.39-127.09) per 100,000 for women and
136.49 (Cl 95% 171.20-174.38) per 100,000 for men. Also, after implementing the Bayesian correction, ASR increased to 125.74 per
100,000 for women and 172.79 per 100,000 for men.

Conclusion: The study demonstrates the effectiveness of the Bayesian approach in correcting undercounting in cancer registries. By
utilizing the Bayesian method, the average ASR after Bayesian correction with a 29.74 percent change was 137.17 per 100,000. These
corrected estimates provide more accurate information on cancer burden and can contribute to improved public health programs and
policy evaluation. Furthermore, this research emphasizes the suitability of the Bayesian method for addressing underestimation in
cancer registries. It also underscores its pivotal role in shaping the trajectory of future investigations in this field.
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Introduction

From rural villages to busy cities, the widespread
impact of cancer, a multifaceted and extensive illness,

highlights the pressing requirement for precise
information and creative strategies to tackle its effects.
(1, 2). In the field of cancer research, accurate and
reliable data play a crucial role in understanding the
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disease, evaluating treatment options, and developing
effective interventions (3, 4). Undercounting, which
refers to the failure to capture all instances of cancer
within a population, has the potential to introduce bias
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and hinder advancements in cancer research.
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Underestimate can occur due to reasons such as
misclassification, incomplete data collection, or a lack
of awareness among healthcare  providers.
Consequently, the actual number of cancer cases may
exceed the reported figures, leading to an inaccurate
depiction of the disease burden (5). Addressing
underestimate in cancer data is vital for precise
epidemiological analyses, effective public health
planning, and appropriate resource allocation. Failing
to correct undercounting may cause researchers and
policymakers to underestimate the true prevalence of
cancer, resulting in inadequate support and
interventions (6). Additionally, undercounting can
compromise the accuracy of cancer registries, which
are indispensable for tracking trends, evaluating
interventions, and monitoring long-term outcomes (7).

Various methods are commonly used to correct
Underestimate in cancer data. These methods include the
capture-recapture method (8), machine learning (9), and
data linkage and integration (10). Despite their
effectiveness, these methods have certain weaknesses
that warrant consideration. Machine learning approaches
heavily rely on data quality and completeness, making
inaccurate or incomplete data liable to produce biased or
unreliable results (9). The capture-recapture method
assumes a closed population, which may not hold true in
real-world scenarios. Errors or incomplete data during
the capture or recapture stages significantly impact the
validity of the method and introduce bias. Moreover, the
method requires a sufficiently large sample size to ensure
reliable outcomes, which can be challenging when
dealing with rare populations or small sample sizes (11,
12). Similarly, the probabilistic linkage method, another
commonly used approach, possesses its own limitations.
The effectiveness of probabilistic linkage heavily
depends on the selection of matching variables, and
utilizing inappropriate variables can lead to incorrect
matches or missed links (13).

On the other hand, the Bayesian approach provides a
powerful statistical framework by incorporating prior
knowledge and beliefs, enabling more accurate
estimation of the true number of cancer cases (14). This
approach combines observed data with prior information,
offering a flexible and robust method to correct
undercounting bias. The Bayesian undercount correction
method offers a range of valuable attributes, such as
flexibility, the ability to quantify uncertainty, adaptive
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modeling, and the capacity to address intricate scenarios
(15-18). This article delves into the undercount
correction method in cancer, with a specific focus on the
Bayesian approach and its advantages. Given the
highlighted benefits of the Bayesian method, the
research team opted to employ this approach to correct
the cancer registration data in Iran. The objective of our
study is to apply the Bayesian approach to correct
undercounts in pathology-based cancer registry data
(PaCR) in Iran from 2005 to 2010.

Methods

Statistical analysis

In this study, we corrected the undercounting
percentage of pathology-based data from 2005-2010 in
Iranian provinces using a Bayesian method and data
from Golestan population based cancer registry (GPCR).

Two vectors Y1 and Y2 were used to enter the data
into the Bayesian model. The vector
Y1= Y. ¥y 1 17 demonstrate the registered values
of PaCR in the provinces of Iran (except Golestan) and
Yo=[Y;z. Yz o T ] 'demonstrate the registered values of
GPCR. The subscript r is the number of covariate patterns
for age and sex group combinations.

For two vectors of Y1 and Y2, the Poisson distribution
was considered as follows: Y;i~Poisson(Bw;;) and

Y~Poisson(E wj=) in which L; is the observed rate of
cancer incidence for the covariate pattern. Let 6 be equal
to: 1 minus the ratio of pathology-based to population-
based data in Golestan province; assuming the non-
informative prior distribution of beta, ic 6~Beta(a,b). If the
actual rate of cancer incidence for each vector is supposed
to be as ;, the relation between actual rate and observed
rate can be written in the following form;
wip = A (1 — &) and wiz = Aiz + 45,8,

Since 0 is an unknown parameter, we applied the
latent variable approach proposed by Paulino et al.
(19, 20), Liu et al. (21) and Stamey et al. (22);
defining Uj | A, 4-, 8,7, Y, ~Binomial (¥j., B}, where,
p o _®

b AiB+ks
provinces is re-estimated and the posterior distribution
is obtained as follows.

8 | A ho, Up Y, Yo ~Beta(T3U; +a 3%, +b)

the number of cancer cases in all

To achieve the appropriate prior, we used the ratio of
pathology to the population base in the cancer registry



data of Golestan province for each age group and each
year. So, Bayesian correction was performed for every
age category for achieving 8’s posterior (according to the
ASR definition; 0-14, 15-49, 50-69, and +70 years age
groups) and for each province, separately. Afterward, by
estimating the posteriors of the undercounting
percentage and using appropriate proportions, the
corrected "cancer cases" and "ASR" were reported from
2005 to 2010. All analyses of the present research were
carried out using R software, version 4.1.2.

Data sources

The Bayesian method is highly suitable for dealing
with intricate situations characterized by numerous
factors contributing to undercounting, diverse
populations, and varying levels of data quality. Taking
into account these characteristics and the data obtained
in this study, we employed the Bayesian method to
correct undercounts.

The current study is a secondary study (secondary
data analysis) conducted using data from the cancer
registry system in Iran. To correct the undercounts of
cancer data using the Bayesian method, we used PaCR
data in Iran from 2005 to 2010. It is important to note
that this data predates the establishment of the
population-based cancer registration program (PBCR).
To use the Bayesian method, a prior is required.
Fortunately, cancer registration in the Golestan
province of Iran has been population-based since 2005
(23), providing the ratio of pathology-based to
population-based data. Therefore, we use the cancer
registry data in Golestan province as a prior (ratio of
pathology-based to population-based) to correct for the
underestimation of the cancer registry in Iran.

The study was approved by the Medical Ethics
Committee of Shahid Beheshti University of Medical
Sciences (IR.SBMU.PHNS.REC.1399.132).

A cancer registration program based on pathology
(reports collected from pathology centers, both
governmental and non-governmental) has been
implemented in the country since 1986 and its report
has been published (24, 25).

Cancer incidence data from 2005 to 2010 were
extracted for this study. Variables such as year of
diagnosis, patient age, and sex were also collected.
Annual population information is also provided by the
Iranian Statistics Office.
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Since the comparison of Simple Crude rates, which
are the sum of cancers in the whole population,
regardless of age groups, creates erroneous images, the
age-standardized rates (ASRs) using the direct
standardization method were calculated by gender for
all provinces. ASR was calculated for 4 age groups 0-
14, 15-49, 50-69, and above 70 per, 100000
(ASR = E;(W: % a;)) (26). The basis of this method is
to select a standard population and calculate the desired
outcome of this population by using age-specific rates
of the community. The most common standard
population used is World Standard Population. In this
study, the WHO standard population in 2000 was used
to calculate ASR in Iran.

Cancer registration program based on

population of Golestan province

The GPCR was designed and launched in 2005 as a
joint research project between the Gastroenterology and
Liver Research Center of Golestan University of
Medical Sciences and the Gastroenterology and Liver
Diseases Research Institute of Tehran (23, 27).

The data of GPCR as the only source of cancer from
Iran has been published in the book "Cancer Statistics
in Five Continents" and is currently operating as a
high-quality and active population-based cancer
registration center (28).

The main sources of data in the GPCR were
pathology centers, hospitals, and death cancer
registration data. Other data sources such as cancer
clinics, radiotherapy centers, and addiction drug control
units. Were also considered as potential sources for
collecting data from cancer patients (23).

In the GPCR, while performing the usual quality
control criteria of the data, the following quality criteria
were also controlled: Percentage of cases with
morphological verified diagnosis (MV%), Percentage of
cases for which the only information came from a death
certificate (DCO%), percentage of cases with unknown
age and also other quality control criteria, such as
temporal variations and differences between different
populations, were also periodically monitored (29).

In Golestan province, cancer registry data include
cases based on pathology and population. The ratio of
these two is also known from 2005 to 2010. We don't
have this ratio for other provinces of the country (28
provinces) and only have data based on pathology.

Gastroenterol Hepatol Bed Bench 2023;16(4):421-431
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Table 1. Bayesian estimation of underreporting percentage in Iranian provinces, 2005-2010.

Provinces Estimated underreporting rate

2005 2006 2007 2008 2009 2010
Tehran 0.35 0.37 0.24 0.17 0.18 0.18
Qom 0.32 0.32 0.24 0.21 0.30 0.27
Qazvin 0.29 0.28 0.22 0.25 0.23 0.23
Mazandaran 0.34 0.29 0.24 0.20 0.21 0.22
Isfahan 0.28 0.27 0.20 0.22 0.18 0.18
Azerbaijan, East 0.44 0.48 0.19 0.19 0.20 0.24
Khorasan, Razavi 0.27 0.24 0.20 0.19 0.19 0.17
Khorasan, South 0.35 0.33 0.28 0.29 0.28 0.28
Khuzestan 0.30 0.29 0.21 0.16 0.16 0.18
Fars 0.29 0.29 0.19 0.20 0.19 0.17
Kerman 0.36 0.30 0.25 0.24 0.18 0.19
Markazi 0.35 0.34 0.26 0.28 0.18 0.19
Gilan 0.32 0.34 0.23 0.24 0.24 0.17
Azerbaijan, West 0.26 0.28 0.21 0.25 0.22 0.21
Sistan and Baluchestan 0.47 0.47 0.34 0.37 0.33 0.29
Hormozgan 0.40 0.38 0.30 0.31 0.33 0.29
Zanjan 0.32 0.34 0.24 0.27 0.27 0.26
Kermanshah 0.29 0.32 0.21 0.23 0.22 0.23
Kurdistan 0.29 0.31 0.22 0.19 0.20 0.20
Hamedan 0.29 0.31 0.23 0.22 0.22 0.21
Chahar Mahaal and Bakhtiari 0.28 0.29 0.21 0.23 0.24 0.23
Lorestan 0.32 0.34 0.16 0.21 0.21 0.19
llam 0.41 0.33 0.22 0.26 0.26 0.25
Kohgiluyeh and Boyer-Ahmad 0.32 0.29 0.21 0.25 0.20 0.21
Semnan 0.40 0.37 0.22 0.17 0.21 0.20
Avrdabil 0.34 0.28 0.26 0.22 0.22 0.22
Yazd 0.32 0.36 0.21 0.18 0.17 0.16
Bushehr 0.32 0.29 0.23 0.25 0.25 0.25
Khorasan, North 0.40 0.39 0.23 0.27 0.25 0.25

Therefore, we used the ratio of Golestan province
(based on year and age subgroups) as the initial value
in the Bayesian model.

One minus the ratio of pathology-based to
population-based data (for each year and age category)

in Golestan province
(E . the morphological diagnosis cases )

"~ the total number of diagnosed caszes from all sources
(i.e. a prior) was used for the correction of cancer
estimates in each province for different years and age
categories (refer to the statistical analysis).

The International Classification of Diseases, 10th
edition (ICD10) is used to classify cancer cases. The
criteria for the inclusion of cancer cases in this study
was only malignant tumors (cases with behavior code
3). In other words, cases with behavior codes zero, one,
and two are not included in the analysis.

Results

During 6 years, the total number of cancers was
361,203, which was 11,311 for the GPCR and 349,892
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in other provinces (PaCR). The average ASR for all
provinces of the country except Golestan province was
equal to 105.72 (Confidence interval (Cl) 95% 105.35-
106.09) per 100,000 persons. The average ASR for
Golestan province in the population-based cancer
registry and pathology-based cancer registry was equal
to 174.42 (C1 95% 171.05-177.79) and 126.78 (Cl 95%
123.92-129.64) per 100,000 persons, respectively.

The ratio of pathology-based to the population-
based cancer registry in Golestan province was 0.77.
One minus this ratio was 0.23. In the age groups of 0-
14 years, 15-49 years, 50-69 years, and +70 years, this
ratio was 0.93, 0.76, 0.75, and 0.67 respectively. We
didn't have these ratios in other provinces. After
Bayesian estimation, the underestimation ratio in these
provinces was 0.26 on average.

The lowest percentage of undercounting belonged to
Khorasan Razavi province with an average of 21% and the
highest percentage belonged to Sistan and Baluchestan
province with an average of 38% (Table 1). Furthermore,
with increasing the age of people, the percentage of
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Figure 1. Bayesian estimation of underreporting percentage in any age categories, 2005-2010. The graph displays
the percentage of undercounts in different age groups, with the blue, red, grey, and orange lines indicating the
undercount percentages for age groups under 14 years, 15 to 49 years, 50 to 69 years, and 70 years and older,
respectively. The lowest percentage of underreporting was observed in the age group from 0 to 14 years and, in
contrast, the highest percentage of underreporting was observed in the age group 70 years and older.

undercounting increased. Undercounting percentages in
each age category are shown in the Figure 1.

The average ASR after Bayesian correction was
137.17 (CI 95% 136.74-137.60) per 100,000. During 6
years, the highest ASR was observed in Khorasan
Razavi (174.23, Cl 95% 172.51-175.95), Khuzestan
(171.45, CI 95% 169.24-173.66), Yazd (163.26, Cl
95% 159.40-167.12), and Isfahan (162.03, Cl 95%
160.31-163.75) respectively. Sistan and Baluchistan
(73.08, Cl 95% 70.94-75.22) and Hormozgan (86.64,
Cl 95% 83.92-89.36) had the lowest ASR (Table 2).

Before Bayesian correction, the ASR value for all
cancers in 2005 was 69.24 per 100,000 (CI 95% 68.16-
70.32) for women (16193 cases) and 89.52 per 100,000
(C1 95% 88.03-90.47) for men (20838 cases). However,
after Bayesian correction, the ASR increased to 95.70
per 100,000 (Cl 95% 94.45-96.95) for women (21,936
cases) and 125.18 per 100,000 (CI 95% 123.77-126.59)
for men (28,826 cases). In 2010, the ASR before
Bayesian correction was 100.28 per 100,000 (Cl 95%
99.06-101.50) for women (32592 cases) and 136.49 per

100,000 (Cl 95% 135.06-137.92) for men (40,868
cases). After implementing the Bayesian correction, the
ASR increased to 125.74 per 100,000 (Cl 95% 124.39-
127.09) for women (40156 cases) and 172.79 per
100,000 (Cl 95% 171.20-174.38) for men (50,866
cases). (See Tables 3 and 4 for details). After Bayesian
correction, the total number of cancer cases was
446,158 (27.5% increase) (Table 5).

Discussion

The results of this study, utilizing the Bayesian method
to correct the cancer registry data, demonstrated that the
province with the highest percentage of underreporting
was Sistan and Baluchestan. Notably, the underreporting
rate in this province decreased from 47% in 2005 to 29%
in 2010. Similarly, Khorasan Razavi province had the
lowest percentage, which decreased from 27% in 2005 to
17% in 2010. This positive trend of reduction in
underreporting was observed across all provinces of Iran,
possibly indicating an improvement in the cancer registry
reporting system, particularly from 2007 onwards. It is

Gastroenterol Hepatol Bed Bench 2023;16(4):421-431
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Table 2. Age standardized rate of cancer incidence before and after Bayesian correction in Iranian provinces, 2005-2010.

Provinces Before Bayesian correction After Bayesian correction

2005 2006 2007 2008 2009 2010 2005 2006 2007 2008 2009 2010
Tehran 6847 6746 9925 17573 15818 15260 97.77  96.77  129.75 210.87 19428 186.46
Qom 8425 9174 10145 13034 6783 8335 11665 12586 13258 163.00 94.12  110.97
Qazvin 97.09 9951 11097 11641 11263 106,52 130.88 13419 14310 14774 14510 137.04
Mazandaran 77.88 97.06 9535 13254 11994 106.93 10897 131.87 12536 16474 15217 137.07
Isfahan 10354 11388 126.94 12858 14872 14396 138.61 15091 160.47 160.84 184.05 177.32
Azerbaijan, 4342 3743 13835 15149 13942 9924 6593 5823 17286 18537 17421 128.56
East
Khorasan, 10555 13784 131.79 15551 14568 15629 140.69 177.88 16573 189.76 180.82 190.49
Razavi
Khorasan, 69.82 7613 7574 7612 7786 7857 9899  106.69 10285 102.18 10516 105.30
South
Khuzestan 8725 9840 11743 19433 17659 148,02 11953 13311 149.76 23041 21397 181.93
Fars 9480 9451 14006 13643 13847 158.04 12821 12845 17457 169.14 17299 192.43
Kerman 6581 9329 9160 11265 15481 136.76 94.13 12717 12098 14337 190.60 169.72
Markazi 68.28 7708 8220 8689 151.02 13641 9720 10817 11031 11489 18641 168.93
Gilan 8583 7572 10212 10833 10001 15649 117.83 106.61 133.09 138.63 130.82 190.82
Azerbaijan,  117.17 109.89 12282 10210 121.61 12448 15390 146.87 15593 131.95 15526 156.70
West
Sistan and 3592 3491 5289 5203 5922 7317 5505 5366 7499 7394 8209 9873
Baluchestan
Hormozgan 4954  56.72 66.67 6869 5881 7093 7354 8232 9204 9336 8269  95.86
Zanjan 8162 8041 9641 8351 8025 8112 11342 11239 12647 11048 108.35 107.89
Kermanshah 101.76 87.92 12249 12957 116.94 109.84 136.74 12133 15580 162.11 150.01 140.68
Kurdistan 103.08 10253 11144 15845 13711 130.37 13853 138.63 14347 19288 17219 163.04
Hamedan 86.54 8918 10023 127.33 11727 11633 11826 12222 130.79 159.82 150.15 147.24
Chahar 9296 15314 14096 110.02 101.82 10143 12574 206.15 180.08 140.58 13261 130.48
Mahaal and
Bakhtiari
Lorestan 8321 8647 17444 14480 12121 13725 11538 11956 21184 178.02 154.02 170.40
llam 4998 8334  113.08 10334 8722 8632 7494 11539 14507 13252 116.26 113.75
Kohgiluyeh 8211 9711 12337 109.08 13157 12414 11477 132.02 156.63 139.66 16524 156.43
and Boyer-
Ahmad
Semnan 5426  59.14 10729 180.80 12251 136.83 8029 86.14 13855 21534 15578 169.37
Ardabil 7437 11185 84.09 12848 11886 11568 104.80 149.08 112.04 160.51 15222 147.15
Yazd 7788 6754 12227 163.27 169.88 180.39 10858 96.06 15522 19755 206.61 215.57
Bushehr 7959 9341 10533 9929 9788 87.09 11006 126.82 136.44 12842 129.06 114.84
Khorasan, 4990 59.10 109.17 9658 9498 9466 7385 8597 14106 12574 12524 12361
North

worth noting that the underestimation percentages in
recent years show a general convergence among the
majority of provinces, with closely aligned values.
According to the results of this study, the highest
percentage of underreporting was observed in the age
category of 70 years and above, and the lowest
percentage was observed in the age category under 14
years. Over a period of six years, the ASR for all
cancers was 105.72 per 100,000 people, and after
Bayesian correction, it was 137.17 per 100,000 people.
In the study conducted in 2014 on the incidence of
cancer in Iran, the results showed that the number of
pathology-based cancers was 76,568 cases (68.32%).
Additionally, the cases of recorded death certificate
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(DCO) and clinical were 35569 cases (31.73%) (30).
Also, our finding in 2005 and 2010 (DCO and clinical)
were 33% and 22%, respectively.

The study conducted by Roshandel et al. on the
PBCR in 2014 demonstrated the ASRs of all cancers
were 177.44 and 141.18 per 100,000 in males and
females, respectively. Also, this finding in our study
was 172.79 and 125.74 per 100000 in males and
females, respectively. The ASR of the current study is
consistent with those of Roshandel et al (30).

The study conducted to estimate Cancer incidence
in the East Azerbaijan province of Iran (20th March
2015 and 19th March 2016) results of a PBCR show
The ASR for all cancers was 167.1 per 100,000 males
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Table 3. Age standardized rate of cancer incidence before and after Bayesian correction in female group in Iranian
provinces, 2005-2010.

Province / Before Bayesian correction After Bayesian correction

Female 2005 2006 2007 2008 2009 2010 2005 2006 2007 2008 2009 2010
Tehran 62.25 6238 89.24 151.96 13518 131.99 88.06 88.74 116.40 182.65 165.12 160.59
Qom 7479 76.71 86.36 11743 5730 75.04 10232 10417 11222 14656 78.78  99.33
Qazvin 90.37 83.96 9129 100.03 99.42 86.25 120.87 11210 117.47 127.16 127.06 110.58
Mazandaran 6440 86.10 84.89 11547 10474 89.35 89.08 11595 11092 143.74 13142 113.76
Isfahan 9291 100.10 113.26 114.26 131.68 130.78 12290 131.21 14240 142.64 161.82 160.15

Azerbaijan, 37.09 2846  113.78 13157 11564 8510 5546 4382 14145 160.94 14310 109.00
Eiscfratsan, 9422 116.86 115.69 134.91 123.80 13519 12452 149.77 14517 164.78 152.70 164.22
E?\ii\;;an, 67.16 7135 6826 7244 70.07 6722 9422 9827 91.92 9691 9370 89.02

i%tt?estan 79.69 9234 10514 17643 15751 136.53 107.99 12399 13343 209.59 190.11 167.13

Fars 80.85 8271 120.39 11949 12231 138.99 108.05 111.18 149.65 148.31 15149 168.34
Kerman 5712 8748 8382 99.31 138.07 113.05 8044 118.64 110.27 126.41 169.36 139.45
Markazi 56.27 6831 73.86 67.66 12991 11583 79.08 9495 9821 89.33 159.26 143.03
Gilan 7232 6239 8514 87.92 8244 12627 9792 8711 110.60 112.46 106.62 153.33

Azerbaijan, 88.12 8519 9898 8221 9319 100.59 114.82 113.08 12556 106.22 118.21 126.03
West

Sistan and 3243 3273 4880 4842 5353 69.21 48.79 4964 6849 6850 7325 93.13
Baluchestan

Hormozgan 4435 5750 65.75 67.04 60.07 64.00 6503 8256 8999 9043 83.80 8564
Zanjan 6144 6241 6957 6393 5619 5840 8470 86.80 9129 8455 7478 77.03
Kermanshah 86.40 77.27 110.18 11358 102.86 98.13 115.38 106.09 139.88 142.13 130.89 124.69
Kurdistan 80.74 8242 88.68 13249 116.16 10443 10798 111.09 113.84 161.24 14510 130.15
Hamedan 7335 7490 80.20 9753 9690 90.84 98.97 101.82 104.31 12245 123.45 11445

Chahar 7750 75.43 86.53 88.45 83.99 81.17 102.84 100.38 109.71 112,74 108.26 103.64
Mahaal and

Bakhtiari

Lorestan 7459 7316 15284 12327 9750 109.45 102.65 100.25 185.37 151.84 12329 135.35
llam 4656 7561 8364 8410 7419 79.89 69.08 104.69 107.10 108.09 98.28  104.88
Kohgiluyeh  57.42 75.39 89.72 90.77 95.33 93.99 80.09 101.18 114.10 116.40 119.11 117.48
and Boyer-

Ahmad

Semnan 52.92 52.83 88.62 155.87 110.65 119.14 78.04 76.70 11450 186.00 140.17 146.91
Ardabil 58.27 88.77 72.88 100.88 94.48 94.13 81.62 117.92 96.87 126.18 120.45 119.48
Yazd 76.13 67.90 116.37 15423 152.60 163.15 105.21 9551 147.47 187.06 185.25 194.43
Bushehr 70.30 83.89 101.01 91.01 9162 7584 9543 11292 130.65 117.86 119.44 98.50

Khorasan, 98.10 4393 80.18 82.07 7469 7427 153.88 63.42 103.71 106.87 97.45 96.83
North

and 125.7 per 100,000 females. Also, this finding in our
study was 148.11 per 100,000 males and 109.00 per
100000 females in 2010. The results of this study will
now be compared to the findings of previous work (31).

In a study conducted by Jianguang et al. in Sweden,
comparing cancer registration, and hospital discharge
registration, and death registration from 1999 to 2008,
the results showed that the Swedish Cancer Registry
(CR) had no records of 10.6% of cancer cases are
recorded in the Death Registry (DR). Similarly, the
identification rate in the Hospital Discharge Registry
(HDR) was 84.5% for concordant cancer cases, with
9.6% of cases missing. Neither source reported cancers

for 3.4% of cancer cases recorded in DR. In conclusion,
approximately 10% of cancer deaths had no cancer
records in either CR or in HDR, and 3.4% were missing
in both sources (32). The underestimation percentage
was affected by tumor site and age at death. In our
study, we figure out that underreporting percentage
were affected by age category in patients.

Numerous studies have been conducted on the
subject of correction of misclassification in the
provinces of Iran. However, our study, which focuses
on estimating the undercount percentage, is the first of
its kind in Iran. Strengths of our study include the
utilization of Bayesian analysis to estimate the
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Table 4. Age standardized rate of cancer incidence before and after Bayesian correction in Male group in Iranian

provinces, 2005—2010.

Province / Before Bayesian correction After Bayesian correction
Male 2005 2006 2007 2008 2009 2010 2005 2006 2007 2008 2009 2010
Tehran 74.69 72.53 109.25 199.50 181.19 173.20 107.48 104.80 143.10 239.09 22343 212.34
Qom 93.70 106.77 116.54 143.26 78.37 91.65 130.98 14756 152.95 179.44 109.45 122.61
Qazvin 103.81 115.06 130.64 132.79 125.83 126.78 140.89 156.29 168.73 168.33 163.14 163.50
Mazandaran 91.36  108.03 105.81 149.62 13514 12451 128.87 147.78 139.80 18573 172.92 160.37
Isfahan 11418 127.65 140.61 14290 165.76 157.14 15433 170.61 17855 179.04 206.27 194.48
Azerbaijan, 49.74 4639 16292 17141 163.20 11338 76.40 72.65 20427 209.80 205.31 148.11
East
Khorasan, 116.87 158.82 14790 176.10 167.56 177.39 156.87 205.98 186.30 214.74 208.95 216.77
Razavi
Khorasan, 72.47 80.91 83.22 79.80 85.65 89.93 103.75 115.12 11379 10744 116.62 121.59
South
Khuzestan 9481 10447 129.72 21222 19566 159.51 131.08 14223 166.08 251.23 237.82 196.73
Fars 108.76 106.31 159.73 153.38 154.62 177.09 14836 14572 199.48 189.98 194.48 216.53
Kerman 74.51 99.11 99.39 12599 17155 16046 107.83 13570 131.69 160.32 211.85 199.99
Markazi 80.29 85.85 90.55 106.12 17213 156.99 11531 12141 12241 14045 21356 194.83
Gilan 99.35 89.05 119.10 128.74 117.57 186.71 137.73 126.11 15558 164.80 155.02 228.31
Azerbaijan, 146.22 13459 146.66 12199 150.03 148.38 19297 180.67 186.31 157.68 192.32 187.37
West
Sistan and 3941 3710 5698 5565 6491 7713 6131 57.69 8150 79.37 90.92 104.33
Baluchestan
Hormozgan  54.73 55.94 67.59 70.34 57.55 77.87 82.04 82.09 94.08 96.30 81.57 106.09
Zanjan 101.80 98.41 123.25 103.08 104.31 103.84 14214 137.97 161.65 136.40 141.92 138.75
Kermanshah 117.13 98.57 134.80 14555 131.02 12155 158.10 136.57 171.73 18210 169.12 156.66
Kurdistan 12543 122.64 134.21 184.40 158.07 156.31 169.08 166.17 173.10 22452 199.28 195.94
Hamedan 99.73 103.46 120.26 157.13 137.65 14182 13754 142.63 157.28 197.20 176.85 180.04
Chahar 108.42 130.84 149.70 131.60 119.66 121.68 148.64 177.69 190.63 168.42 156.95 157.32
Mahaal and
Bakhtiari
Lorestan 9182 99.78 196.05 166.33 14492 165.06 128.11 138.87 238.31 204.21 184.75 205.45
llam 53.39 91.06 14253 12258 100.25 92.76 80.80 126.10 183.04 156.95 13425 122.61
Kohgiluyeh  106.80 118.83 157.01 127.39 167.81 15429 14946 162.85 199.16 16291 211.37 195.38
and Boyer-
Ahmad
Semnan 55.61 65.45 12595 205.72 13437 15452 8254 9559 162.60 244.69 171.38 191.83
Ardabil 90.48 134.92 95.30 156.09 143.24 137.23 127.99 180.25 127.21 194.84 18399 174.82
Yazd 79.62 67.19 128.18 172.31 187.16 197.62 111.95 96.61 162.97 208.04 227.96 236.70
Bushehr 88.88 102,92 109.64 107.57 104.14 98.34 124,70 140.71 14224 138.97 138.69 131.17
Khorasan, 62.17 74.28 138.15 111.09 11528 115.06 92.88 108.52 178.41 14462 153.04 150.39
North

undercount percentage of cancer. The Bayesian undercounting. This empowers researchers to

approach as a statistical method and a flexible manner
in solving the problems of misclassification adjustment
(33-35) and estimation of underreporting percentage,
has always been remarkable due to its cost-
effectiveness and high execution speed (36).

The Bayesian approach is well-suited to address
complex scenarios characterized by multiple sources of
undercounting, heterogeneous populations, and varying
data quality. The flexibility of Bayesian models allows
for the seamless integration of diverse data sources and
the incorporation of covariates or auxiliary information
to account for potential biases stemming from
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effectively navigate intricate situations and derive more
accurate estimates of the true disease burden (37, 38).

According to the characteristics of the cancer data
in this study, we believe that selecting the Bayesian
method to correct undercounts is highly suitable. The
outcomes of this study can serve as a foundation for
future research in the field of cancer.

To draw an overarching conclusion regarding the
cancer burden over the past two decades, it is crucial to
apply the Bayesian method to correct the pathology-
based cancer data. By combining this corrected


https://en.wikipedia.org/wiki/Khuzestan_Province

Table 5. Total number of cancer cases before and after Bayesian correction in Iranian provinces, 2005—2010.
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Provinces Before Bayesian correction After Bayesian correction

2005 2006 2007 2008 2009 2010 2005 2006 2007 2008 2009 2010
Tehran 6163 6401 9923 18441 17312 17620 8714 9119 12957 22170 21177 21452
Qom 517 601 691 945 511 636 710 821 904 1180 702 844
Qazvin 728 774 891 960 954 935 974 1036 1149 1221 1224 1202
Mazandaran 1746 2211 2292 3296 3054 2857 2423 2990 3006 4102 3865 3657
Isfahan 3440 3945 4560 4817 5752 5819 4568 5194 5758 6025 7102 7156
Azerbaijan, East 1194 1061 4009 4509 4291 3141 1801 1645 5006 5520 5351 4064
Khorasan, Razavi 3889 5235 5165 6269 6089 6770 5140 6726 6480 7654 7536 8234
Khorasan, South 330 378 388 384 403 420 469 530 526 516 546 565
Khuzestan 2083 2482 3039 5067 4801 4197 2797 3302 3841 6009 5767 5116
Fars 2706 2911 4373 4388 4671 5526 3624 3916 5438 5442 5810 6708
Kerman 1069 1576 1603 2022 2915 2676 1512 2129 2103 2572 3569 3303
Markazi 706 814 926 983 1780 1657 1003 1142 1242 1303 2202 2056
Gilan 1734 1589 2212 2429 2311 3733 2367 2232 2884 3112 3020 4554
Azerbaijan, West 2169 2085 2410 2094 2565 2716 2832 2780 3056 2708 3265 3411
Sistan and Baluchestan 405 426 678 660 798 977 607 637 931 921 1071 1289
Hormozgan 366 482 574 609 541 678 537 688 782 821 749 903
Zanjan 552 542 672 623 611 643 765 758 882 824 823 853
Kermanshah 1287 1172 1686 1841 1719 1674 1724 1612 2143 2305 2197 2138
Kurdistan 983 1003 1146 1665 1473 1456 1320 1356 1474 2030 1846 1818
Hamedan 1089 1144 1321 1738 1640 1680 1478 1563 1724 2184 2100 2128
Chahar Mahaal 505 587 679 666 628 649 675 785 862 849 815 831
and Bakhtiari
Lorestan 870 943 1952 1698 1468 1775 1200 1301 2371 2091 1861 2197
llam 162 280 397 360 325 329 242 386 509 462 431 431
Kohgiluyeh and 293 383 463 430 531 534 406 514 586 552 663 669
Boyer-Ahmad
Semnan 225 266 492 853 601 694 332 386 635 1019 763 860
Ardabil 615 939 715 1142 1088 1075 865 1251 951 1429 1391 1367
Yazd 531 467 892 1239 1337 1471 736 663 1133 1500 1625 1757
Bushehr 411 493 579 570 592 559 558 660 743 736 770 726
Khorasan, North 263 317 597 548 562 563 383 457 769 713 735 732

information with population-based cancer registration
data, we can find a real trend in cancer.

As previously mentioned, one minus the ratio of
pathology-based to population-based data in Golestan
province was used for the correction of cancer
estimates in each province. In our study, age and
gender were used as covariates. It seems that this ratio
might be affected by other covariates (such as
rural/urban, education level, access to healthcare,
pathology center, etc.) as well. The current study was
unable to access these variables, and taking them into
account might improve the results.

Conclusion

The highest percentage of underreporting was
observed in Sistan and Baluchestan provinces, which
decreased from 47% in 2005 to 29% in 2010. The
lowest percentage was found in Khorasan Razavi
province, which decreased from 27% in 2005 to 17% in
2010. These corrected estimates can be utilized to

update cancer burden studies and to evaluate and
improve public health programs. Underestimate in
cancer data presents significant challenges in accurately
comprehending the disease burden and developing
effective interventions. Our study demonstrated that the
Bayesian undercount correction method offers a
promising approach to address this issue by
incorporating prior knowledge, providing flexibility,
and quantifying uncertainty. By employing Bayesian
statistics, researchers can enhance the accuracy of
cancer data, enabling more informed decision-making
and efficient resource allocation.

Conflict of interests
There are no conflict of interest.

Supporting information

Supplementary File. Bayesian estimation of the
underreporting percentage in Iranian provinces, from
2005 to 2010. Also, Age-standardized rate of cancer

Gastroenterol Hepatol Bed Bench 2023;16(4):421-431



430 A Bayesian approach to correct the under-count of cancer registry statistics

incidence before and after Bayesian correction in
Iranian provinces from 2005 to 2010 (RAR).
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