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Pe3iome

AKTyanbHOCTb. Bo Bcem mMupe paK sIBISIETCS OAHUM M3 CaMbiX OMacHbIX AJ1s1 U3HM Jilo[ein 3aboeBaHuii, KOTOpoe pa3BUBaETCs
HEe3aBUCHUMO OT 1018, ITHUHECKOMN MPUHAANEKHOCTU MU HaLMOoHanbHOCTH. Lleab. peacTtaBUTh 3NMAEMHUOIOrMYECKYIO XapaKTepu-
CTUKY C/ly4aeB 3/10Ka4eCTBEHHbIX 3ab01eBaHUi B Myxagpa3e HalHaBa' (BK/I04as MPOLIEHTbI, MoKa3aTem 3a601eBaeMoCTh, CMEPT-
HOCTU 1 Ap.), 3aperncTpmupoBaHHbiXx B 2017-2021 rr. MaTtepuasbl U MEeTOAbI. B cciegoBaHNM MCM0/Ib30BasICS PETPOCMIEKTUBHbIN
aHa/IMTUYECKUIA ANMAEMUOIOrMYECKNI METOA. [N c6opa AaHHbIX 0 Pa3InYHbIX TUMax paka, PacnpocTpaHeHHbIX B HaliHaBe B 2017—
2021 rr., ucrionb3oBaam MHGOPMaLMOHHYI 6a3y MpakcKoro peectpa paka. Mbl cocpegoTounnmck Ha 10 cambix pacnpocTpaHeHHbIX
3/10Ka4eCcTBEeHHbIX 3a601eBaHUi cpean HaceneHus HaviHaBbl. Pe3ynbTatel. Halle ucciegoBaHue noKasaso, YTo KOIMYECTBO HOBbIX
c/ly4yaeB paKa U CMEPTHOCTb EXKErofHO YBeNYUBaIUCh B paccMaTpuBaeMbii nepuos. Cpeam eHLmnH Habatoganack 601ee BbiCoKast
3a60/1eBaeMOCTb PaKOM, YEM CPeAN MyK4uMH. Hanbonee pacrnpocTpaHeHHbIMU BuaamMu paka B HaiiHaBe Gbiin paK rpyam y KeHLMH
W paK Nerkux y My»K4uH. B CTPyKType 3/10Ka4yeCTBEHHbIX 3a60/1€BaHMUS y AE€TEN NelKeMUs 3aHUMana nepBoe Mecto. Kpome Toro, 3To
uccneso0BaHME MoKa3aso, YTo paK Ierkux MMes caMbiii BbICOKMI YpOBEHb CMEPTHOCTHM B HalHaBe, 3a HUM CIEAYEeT paK rpyau. 3akiio-
YyeHHe. Hale mccnegoBaHne no3BOSET OLEHUTb CUTYaLMI0 C OHKOJIOMMYECKOH 3a60/1IeBaeMOCTbi0 B Myxagase HaiiHaBa, M ero
pesynbTathbl 6yayT N0ae3Hbl BpayaM, rnpenojgaBaTtessiM MEAULMHCKUX 06pa30oBaTe/ibHbIX OpraH13alumi 1 crneymuanmctam B 061actm
MeAULMHBI.

KnioyeBble cnoBa: 3rnaeM1onorus, pakx, 3a6oieBaemocTs, HaliHaBa, CMePTHOCTb

KOHpAUKT MHTEpecoB He 3asiBJ/IEH.
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bnarogapHocTb

Mol xoTenun 6bl Bblpa3nTb Hally ry6o4anLyo 6aarogapHocTb MUHUCTEPCTBY 34paBOOXPaHEHMSA M OXpaHbl OKpYy)Kalolwen cpeabl
Pecny6aunku UpakK, MpakcKomy cOBETY N0 60pbbe C PaKOM, TaKKe KaxKAOMy COTPYAHUKY KaxKAoro ynpasieHUs 34paBo0oXpaHeHus 3a
nx nomolLyb B c6ope aaHHbIX. Mbl 6narogapHbl Opucy BO3 B Mipake 3a UX TEXHUHECKYIO MOAAEPHKKY.
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Abstract

Purpose. Cancer is characterized by abnormal cell growth resulting from uncontrolled cell division. These cells spread and form
metastatic lesions in normal tissues, leading to loss of tissue and organ function. Cancer is one of the most life-threatening
diseases worldwide that develops in humans. regardless of sex, ethnicity, or nationality. Material and methods. Here, we
conducted a retrospective study to collect data on the various types of cancers prevalent in Ninewa, Iraq, between 2017-2021,
using hospital records pooled in the Iraq Cancer Registry. We focused on the top 10 most notable cancers prevalent in humans.
Results. Our study revealed that number of novel cancer cases and mortality rates have been increasing annually between 2017—-
2021. Females had higher rates of cancer occurrence than males. The most prevalent cancers in Ninewa were breast cancer in
women and lung cancer in men. Leukemia was the most common pediatric cancer. Furthermore, this study reported that lung cancer
had the highest mortality rate in Ninewa, followed by breast cancer.

Conclusion Our study provides a statistical overview on cancer cases in the Ninewa governorate, and will be useful to clinicians,
faculty members and other professionals in the medical field.
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Introduction

Cancer is the first or second most prevalent cause
of mortality worldwide, accounting for approximately
10 million deaths in 2020, which is roughly every one
in six deaths (Ferlay et al.,2015; Sung et al.,2021).
In men, the most common types of cancer are lung,
prostate, colorectal, liver, stomach, and bladder can-
cers; whereas the most prevalent cancers in wom-
en are breast, lung, colorectal, cervical, thyroid, and
uterine corpus cancers (Sung et al.,2021). In terms
of mortality, lung, colorectal, and stomach cancers
most frequently causing deaths in males, whereas
breast, lung, and colorectal cancers were the most
common causes of deaths in females. About 70% of
cancer cases in developing countries result in mortal-
ity (Akinyemiju, 2018; Akinde et al.,2015). The global
incidence of different types of cancers is predicted
to increase from 14.1 million novel cases in 2012 to
20 million in 2025 (Ferlay et al.,2015).

The epidemiology of cancers is essential for knowl-
edge understanding and investigating the distribution
and frequency of different types of cancers and for pos-
sible disease control in specific regions. Cancer epide-
miology provides recent information on its incidence
rates, estimates the burden of cancer worldwide, and
provides insights into cancer mortality rates (Mattiuzzi &
Lippi,2019). These data are valuable resources for the
government to identify risk factors and develop effec-
tive therapeutic strategies to prevent increased cancer
incidence in certain areas (Akinyemiju, 2018; Oliver-
ia etal, 1997, M-Amen etal,2022). Epidemiological re-
search plays a vital role in identifying the risk factors that
contribute to the development of cancer. These factors
include tobacco use, unhealthy diet, alcohol consump-
tion, urban air pollution, obesity, physical inactivity, and
bacterial and viral infections (Ervik et al.,2016). Epide-
miological studies have evaluated that more than 75%
of cancer cases might be controlled through lifestyle
modifications (Oliveria et al,1997). Irag has suffered
continuously from wars and economic sanctions for the
last 40 years, which has led to notable deterioration of
health infrastructure and lifestyle of people in all Iraqi
cities, including Ninewa (WHO IARC,2018; Hussain &
Lafta,2021). The systematic collection of cancer data
in Iraq is conducted by the Iraqi Cancer Registry (ICR),
which provides reliable data on the incidence rate, pat-
tern, and mortality of cancer distributed by age and sex
in all governorates of Iraq (Iraqi Cancer Registery,2021).

Ninewa is the second-largest governorate in Iraq
after the capital Baghdad, in terms of area and popula-

tion. Mousl is the capital city of Ninewa. It lies in north-
western Iraq and has an area of 37,323 square kilo-
meters with a population of 3,729,99 million people in
2022, according to the Central Organization for Statis-
tics. Ninewa borders Syria to the west and Turkey to the
north (World Bank in Iraq., 2023). Ninewa Governorate
consists of nine districts: Mosul, Tel Kayf, Sheikhan,
Akre, Tal Afar, Sinjar, Ba’aj, Al-Hatra, and Hamdaniya
(International Organization for Migration,2019). Can-
cer is one of the leading causes of death in Ninewa
(Ala’din,2004). The Ninewa Health Department has re-
ported a dramatic increase in the number of cancer
cases and mortality rates in Ninewa, particularly during
the years following the war against ISIS (Al-Hashimi &
Wang,2013; Alkhayatt et al.,2021). Therefore, the pres-
ent study aimed to provide epidemiological estimates
of cancer incidence rates and patterns of different
types of cancers in Ninewa, Iraq, arranged by sex and
age for the years 2017_2021 using incidence and mor-
tality data. This study also aimed to provide an update
on cancer mortality and mortality rates in Ninewa dur-
ing the study period (2017_202).

Materials and Methods

This retrospective epidemiological study collected
data from different hospitals in Ninewa Governorate,
Iraq, between 2017_2021. These data are registered
in by the Iraqgi Cancer Registry (ICR) of the Ministry of
Health, Irag. The ICR was established in 1974 through
collaboration between the Health Ministry and the Iraqi
Society Center of the Iraqi Health Ministry. The ICR
provides an annual report to calculate and estimate
cancer cases in all Irag governorates yearly. These
reports include the number of novel cancer cases in
adults and children and provide information about the
cases of mortality resulting from cancer. Data in ICR
are collected from the medical records of all (private
and public) hospitals, laboratories, radiotherapy and
pathology departments, and cancer oncology centers
from all directorates of health in Ninewa. The registra-
tion includes personal information of patients who par-
ticipated in this study (name, sex, age, residence, and
nationality) and details of the tumor (diagnosis date,
primary site, grade, and histology). All data on cancer
cases from Ninewa governorate were analyzed using
the CanReg-3 program (International Association of
Cancer Registries, Lyon, France). The program removed
duplicate entries of the same cancer case and only the
verified cases were analyzed. The current study listed
the top ten most prevalent cancers in Ninewa, along
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with their total percentages and affected sex (male and
female) each year between 2017_2021. In addition,
data on the incidence of cancer (IR) per 100 individu-
als were calculated for both sexes (adult males and
females) for different types of cancer by dividing the
number of cancer cases by the total population. Fur-
thermore, this study elaborated the top ten cancers
and their percentages in children aged 0_14 years. In
this epidemiological study, we opted not to include the
stage, grade, survival rate, or molecular status of genes
involved in the initiation and development of cancer.

Statistical Analysis

GraphPad Prism version 6 (GraphPad Software Inc,
USA) was used for all statistical analyses and prepara-
tion of graphs in the study.

Results
1. Estimated total number of patients, percentages,
and incidence rates of cancer in Ninewa
A total of 11,053 cases of the top ten cancers were
reported in adults of both sexes (male and female) of
the Ninewa Governorate over five years (2017_2021)
(Table 1). The results show the distribution of the top

ten Cancers. Regardless of the sex of the patients, the
number of patients with malignant tumors increased with
time in Ninewa. According to the Iraqi Cancer Registry,
breast cancer was the most prevalent type of cancer in
the total population between 2017_2021, followed by
lung malignancy in both sexes in all years, except for
leukemia, which was the second most common cancer
in 2017. The third most common type of cancer was
colorectal cancer. The number of patients and percent-
age with breast cancer were higher in 2017 than in other
years, reaching 538 and a rate of 31.44%, whereas the
number of patients with breast cancer was the lowest
in 2020 (478) at 19.04%. Ovarian cancer was the least
common type of cancer recorded at 2.92 in 2017; data
were not available on ovarian cancer for any other period.

In contrast, the other top ten prevalent tumors in
Ninewa between 2017 and 2021 were non-Hodgkin
lymphoma, prostate, Hodgkin lymphoma, brain and cen-
tral nervous system, stomach, skin, thyroid gland, and
urinary bladder tumors. In the data showed that the
crude incidence rates of the top ten cancers increased
between 2017 and 2021(Figure. 1). In the stretched
time for these five years, breast cancer had the highest
incidence rate in the total population. Although breast

Table 1. Total number of patients and incidence percentages of the percent of top ten most prevalent cancers in Ninewa
during the 5-year study period (2017-2021). Breast cancer and lung cancer were predominant among all cancers in
Ninewa between (2018-2021), while breast cancer and leukemia were the most prevalent in Ninewa in 2017

Tabnunya 1. O6Lee KOMYECTBO NaLNEeHTOB n 3ab0s1eBaeMOCTb B NMPOLEeHTax AecsiT Hanbosiee pacrnpocTpaHeHHbIX
BuaoB paka B HarinaBe B TeyeHue 5-netHero nepuoaa nccnegosauus (2017-2021). Pak rpyan n pak nerkmx
npeob6nananu cpean Bcex BuAoOB paka B Haiinaese B nepuon (2018-2021), B TO BpeMs kak pak rpyav v nevikemusi 611

Haunbosnee pacnpocTpaHeHHbimu B HaiiHase B 2017 r.

Years
2017 2018 2019 2020 2021
Tumor ® Tumor ® Tumor ® Tumor ® Tumor ®
Site 2 0 site pe e site e 0 site o |50 Site o &
Breast 538 | 31.44 | Breast 502 | 22.77 | Breast 513 | 20.72 | Breast 478 | 19.0 | Breast 503 | 29.68
Leukemia 130| 7.6 |Lung 208 | 9.43 |Lung 228 | 9.21 |Lung 199 | 7.93 | Lung 217 | 12.80
Colorectal 103 | 6.02 |Colorectal | 164 | 7.44 |Colorectal | 170 | 6.87 |Colorectal | 177 | 7.05 | Colorectal | 182 | 10.74
. . Brain & Brain &
Lung 99 | 5.79 |Leukemia | 123 | 5.58 |Leukemia |152| 6.14 CNS 176 | 7.01 CNS 155 | 9.14
Non-Hodgkin Brain & Brain & . .
lymphoma 99 | 5.79 CNS 101 | 4.58 CNS 136 | 5.49 |Leukemia | 133 | 5.30 |[Leukemia | 148 | 8.73
el Thyroid Urina
Prostate 54 | 3.16 |Hodgkin 88 | 3.99 Iaynd 105| 4.24 |Stomach | 122 | 4.86 bladdrgr 109 | 6.43
lymphoma 9
Hodgkin Thyroid
lymphoma 53 | 3.10 | Stomach 86 | 3.90 |Prostate 94 | 3.80 gland 115 | 4.58 |Stomach | 107 | 6.31
Urina NI Thyroid
Brain & CNS | 51 | 2.98 bladdg’r 78 | 3.54 |Stomach | 91 | 3.68 |Hodgkin | 100 | 3.98 Ia{]d 94 | 5.55
lymphoma 9
Unknown Non-
Stomach 51 | 2.98 |Skin 71 | 3.22 [Kidney 89 | 3.59 |primary 99 | 3.94 | Hodgkin 91 5.37
site lymphoma
Non-
Ovary 50 | 2.92 | Prostate 69 | 3.13 [Hodgkin 86 | 3.47 |Skin 88 | 3.50 | Prostate 89 | 5.25
lymphoma
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Figure 1. Incidence rate per 100,000 people for the ten most prevalent types of cancer in Ninewa governorate, Iraq,
during the study period (2017-2021). Among the top ten cancers, breast and lung cancers had the highest incidence
rates of the total population of both genders (including both male and female) of Ninewa governorate

Pucynok 1. YpoBeHb 3ab6osieBaemoctu Ha 100 TbiC. Yes10BeK A1 AecATN Hanbosiee pacrnpoCcTPaHeHHbIX BUAOB pakKka

B HarvinaBe B TeyeHne nepunopga nccnegosarHus (2017 2021). Cpeaun AecsaT OCHOBHbIX BUAOB paka, pak rpyav n J1erkux
umMes cambie BbICOKUE noka3aresnn 3abosieBaeMoCTU cCpean BCero HaceseHuss o06omx rnosios
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Figure 2. Total number of cancer cases, pattern, and incidence rate in Ninewa during the study period (2017-2021)
PucyHok 2. Obuee KONMYeCcTBO C/ly4aeB paka, AMHaMuKa v ypoBeHb 3abosiesaemocTy B HaiiHaBe 3a nccnenyemoiii
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cancer has a higher incidence rate for all cancer types
in the entire population, the incidence rate of breast
cancer decreased slightly between (2017 and 2021).
The incidence rates of breast cancer as recorded at
14.81/100.000 in 2017, and 12.48/100.000 in 2021.
Lung cancer was the second most common cancer after
breast cancer, except in 2017, and leukemia was the
most common type of cancer after breast cancer.

The number of patients and the percentage of the
top ten cancers have increased recently in Ninewa. The
annual trend in the incidence of various types of cancers
from 2017 to 2021 in Ninewa was recorded, and the
incidence rate increased between 2017 and 2021. The
total of patients with cancer in 2021 was the highest
compared with last year, reaching 1695 with at a rate
of 100% (Figure 2). The incidence rate was 44.17, while
the total of patients and percentage were lower than in
other years, which reached 1325 and 100%, respec-
tively. The incidence rate was 36.64 in 2017.

2. Number percentage, and incident rate of the top
ten cancers in males, Ninewa.
The results estimated the number of cancer cases,
percentages, and incidence rates in males in Ninewa
from 2017 to 2021 (Table 2). The Data recorded the

most common cancers in males in Ninewa during
(2017_2021). The most prevalent type of cancer was
lung cancer, the incidence of which has drastically
increased in recent years. Overall, 3126 cancer
cases occurred in the period 2017 to 2021 in
males, with 654 cases of lung cancer accounting
for approximately 20% of all novel cancer cases.
The number of patients with lung cancer reached
171 in 2021, with a percentage (of 21.4 %), while
the number of cancer cases in males was 77, with
a rate of 12.03% in 2017. As the second lead-
ing cause of cancer, it has fluctuated over time.
In 2018, 2020, and 2021, colorectal cancer was
recorded as the second most common type of can-
cer. In 2017, Leukemia was the second most com-
mon type of cancer, whereas urinary bladder was
the second most common type of cancer in 2019.
The remaining top ten cancers most prevalent in
Ninewa were prostate, non-Hodgkin lymphoma, uri-
nary bladder, stomach, Brain CNS, Hodgkin lym-
phoma, larynx, liver, and kidney cancer.

In addition, lung cancer is associated with a high
crude incidence rate(Figure.3). The incidence rate of
lung cancer elevated over the years, with highest rate
of 8.59% in 2019, while it was 4.15% in 2017.

Table 2. The number of patients and incidence percentages of the top ten most prevalent cancers in males in Ninewa.
Lung cancer was the most common cancer in Ninewa during the study period (2017-2021)
Ta61mua 2. KonnyectBo nauyneHToB U rpoLyeHT 3ab6os1eBaeMocTu AecsTbio Haubonee pacnpocTpaHeHHbIMU Bugamum

paka y my>x4umH B HaiiHnaBe. Pak nerkux 6b11 HanboJsiee pacnpocTpaHeHHbIM BUAOM paka B HaliHaBe B TeyeHune nepuoga
uccneposBaHuns (2017-2021)

Years
2017 2018 2019 2020 2021
Tumor Tumor Tumor Tumor Tumor
Site | site e e site e site ] Site .
Breast 538 | 31.44 | Breast 502 | 22.77 | Breast 513 | 20.72 | Breast 478 | 19.0 | Breast 503 [ 29.68
Leukemia 130 | 7.6 |Lung 208 | 9.43 |Lung 228 | 9.21 |Lung 199 | 7.93 | Lung 217 112.80
Colorectal 103 | 6.02 |Colorectal | 164 | 7.44 |Colorectal | 170 | 6.87 |Colorectal | 177 | 7.05 | Colorectal | 182 | 10.74
Lun 99 | 5.79 |Leukemia | 123 | 5.58 |Leukemia | 152 | 6.14 |BrAN& 1475|701 |BrANE | 4551 g 14
g . . : CNS " |CNS '
Non-Hodgkin Brain & Brain & . .
lymphoma 99 | 5.79 CNS 101 | 4.58 CNS 136 | 5.49 |Leukemia | 133 |5.30 |Leukemia | 148 | 8.73
Non- Thyroid Urinal
Prostate 54 | 3.16 |Hodgkin 88 | 3.99 Iaynd 105 | 4.24 |Stomach |122|4.86 bladdrgr 109 | 6.43
lymphoma g
Hodgkin Thyroid
53 | 3.10 | Stomach 86 | 3.90 |Prostate 94 | 3.80 |gland 115 |4.58 | Stomach 107 | 6.31
lymphoma
Non-
. Urinary Hodgkin Thyroid
Brain & CNS 51 | 2.98 bladder 78 | 3.54 | Stomach 91 | 3.68 lymphoma 100 [ 3.98 gland 94 | 5.55
Unknown Non-
Stomach 51 | 2.98 |Skin 71 | 3.22 |Kidney 89 | 3.59 |primary 99 |3.94 | Hodgkin 91 | 5.37
site lymphoma
Non-
Ovary 50 | 2.92 |Prostate 69 | 3.13 |Hodgkin 86 | 3.47 |Skin 88 |3.50 | Prostate 89 | 5.25
lymphoma
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Figure 3. Incidence rate (males) of the top ten most prevalent cancers per 100,000 males in Ninewa governorate, Iraq
(2017-2021) shows that lung cancer was the most common type of cancer in males

PucyHok 3. YpoBeHb 3aboneBaemMocTu (Cpeam My>X4YUH) AeCATbIO HanboJsiee pacnpocTpaHeHHbIMYN BUAaMu paKka

Ha 100 TbIic. My>x4uH B Myxaga3e HaiiHaBa, (2017-2021 rr.) noka3siBaeT, YTO pak JIerkux aBJseTcs Hambosnee
pacnpocTpaHeHHbIM TUIMOM Paka y MY>X4uH
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Figure 4. Total number of cancer cases, pattern, and incidence rate in males in Ninewa during the study period
(2017-2021)

PucyHok 4. O6wee konn4ecTBo ciy4yaeB paka, AMHaMuKa n ypoBeHb 3a60sieBaeMoCTH cpean MyX4uH B Halinase
3a uccnegyemsivi nepmnos (2017-2021 rr.)
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The total number of patients and percentages in-
creased over the years(Figure.4). The higher cancer
cases, the percentage was 799 cases, with a percent-
age of 56.19% in 2021 compared with the year 2017,
which had witnessed the lowest number of patients
and percentage (456, 71.25), respectively. However,
the incidence rate also increased in 2021 compared
with that in 2017. This increased from 24.58 in 2017
t0 38.80 in 2021.

3. Number, percentage, and the crude incidence in

female rate, Ninewa

In females, various types of cancer have been
diagnosed in the population of the Ninewa Gover-
norate during the last five years (2017_2021) (Ta-
ble 3). The data recorded the most common cancers
in women during 2017_2021. The top ten cancers
were in females: breast cancer, leukemia, ovarian,
non-Hodgkin lymphoma, colorectal, thyroid gland,
Hodgkin lymphoma, uterine cancer, unknown pri-
mary site, and lung cancers. Breast cancer cas-
es in women are mostly diagnosed between 2017

and 2021. Of the 4983 cases of cancer in women
the number of breast cancer cases was 2,491. Al-
though breast cancer was the most common cancer
in women, data have shown a marked decreased in
the number of breast cancer patients during these
years. There were 529(49.39%) cases of breast can-
cer which decreased to 496 cases 45.59%. In ad-
dition, the results showed that the most common
secondary cancer in Ninewa varied according to the
year; leukemia was the second highest cancer case
and percentage in 2017; Colorectal Cancer occupied
the second grade in 2018 and 2021; and thyroid
gland cancer in 2019 and 2020.

Regarding the crude incidence in women, the data
showed that breast cancer had the highest incidence
rate among females in Ninewa. The highest incidence
rate in females in Ninewa was for breast cancer,
and the lowest was for lung, stomach, and Hodg-
Kin lymphoma (2017_2018). The incidence rate of
breast cancer was 29.67 women per 100,000 wom-
en in 2017 and it decreased to 25.16 women per
100,000 women in 2021 (Figure 5).

Table 3. Number of patients and incidence percentages of the top ten most prevalent cancers in females in Ninewa
during the 5-year-study period (2017-2021). Breast and lung cancers were the most common types of cancers in

Ninawa during 2017-2021

Tabnuya 3. Konn4ecTBo nayneHToB U NPOLEHT 3a60/1eBaeMOoCTH [eCsATbio Hanbosiee pacnpocTpaHeHHbIMY BUAaMun paka
y XeHLuH B HariHaBe B TeyeHne 5-netHero nepuoga nccnenosanms (2017—-2021). Pak rpyav n nerkux 6binn Hanbosee
pacnpocTpaHeHHbIMU Tunamu paka B Havinase B 2017-2021 rr.

Years
2017 2018 2019 2020 2021
Tumor Tumor Tumor Tumor Tumor
Site o E site o) Site )| site b Site 2z 5
Breast 529 | 49.39 | Breast 492 | 40.73 | Breast 503 | 35.42 | Breast 471 | 33.96 | Breast 496 | 45.59
. Thyroid Thyroid
Leukemia 64 | 5.98 |Colorectal | 74 | 6.13 Gland 86 | 6.06 Gland 97 | 6.99 |Colorectal | 86 | 7.90
Thyroid Brian & Brian & Brian &
Ovary 50 | 4.67 Gland 54 | 4.47 CNS 74 | 5.21 CNS 94 | 6.78 CNS 81 7.44
ol Brian & Thyroid
Hodgkin 48 | 4.48 50 | 4.14 |Leukemia 73 | 5.14 |Uterus 81 | 5.84 Y 77 | 7.08
CNS Gland
lymphoma
Colorectal 42 | 3.92 |Ovary 47 | 3.89 |Colorectal 68 | 4.79 |Colorectal | 77 | 5.55 | Uterus 77 | 7.08
v 38 | 3.55 |Leukemia | 47 | 3.89 |Bronchus& | 44 | 4 53 || cukemia | 53 | 3.82 |Leukemia | 65 | 5.97
gland lung
Hodgkin Non- Unknown
g 27 | 2.52 |lung 45 | 3.73 |Hodgkin 47 | 3.31 |primary 53 | 3.82 |Ovary 62 | 5.70
lymphoma .
lymphoma site
Uterus o
i 26 | 2.43 |Hodgkin 36 | 2.98 |Ovary 46 | 3.24 |Ovary 51 | 3.68 | Stomach 51 | 4.69
unspecified |
ymphoma
Unknown
Unknown . Uterus .
primary site 23 | 2.15 | Skin, other | 34 | 2.81 unspecified 44 | 3.10 [Stomach 51| 3.68 girtler:nary 47 | 4.32
Non-
Lung 22 | 2.05 | Stomach 31 | 2.57 | Stomach 42 | 2.96 |Hodgkin 45 | 3.24 | Lung 46 | 4.23
lymphoma
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Figure 5. Incidence rate (females) of the top ten most prevalent cancers per 100,000 females in Ninewa Governorate,
Iraq (2017-2021) shows that breast cancer was the most common type of cancer in females

PucyHok 5. YpoBeHb 3ab601eBaeMoCTu (Cpeau XeHLNH) AecsTbio Hanbosiee pacnpocTpaHeHHbIMU BugaMm paka

Ha 100 Tbic. XeHLwunH B Myxaga3se HaiinaBa (2017-2021 rr.) noka3ssiBaeT, YTO paK MOJIOYHOV )keJie3bl IB/ISIeTCS
Haunbosiee pacrnpocTpaHeHHbIM TUMIOM PaKa Y XeHLLNH
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Figure 6. Total number of cancer cases, pattern, and incidence rate in females in Ninewa during the study period
(2017-2021)

PucyHok 6. O6Lyee KO/IMYECTBO CJ/Iy4aeB paka, AMHaMuUKa y ypoBeHb 3ab60/1eBaeMOCTU cpeau xeHwWwuH B HaiiHaBe
3a uccnepyemsivi nepmnog (2017-2021 rr.)
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The results showed a dramatic increase in the
total number of patients and the percentage of fe-
males with the top ten cancers in Ninewa during
(2017_2018) (Figure 6). The total number of can-
cer cases and percentage in women elevated from
869 cases with a percentage of 81.14% in 2017 to
1088 cases and a percentage of 100% in 2021. The
crude incidence rate per 100,000 people increased
from 2017 to 2021. The highest crude incidence rate
of all cancers was 67.53 in females in 2018; and
the lowest crude incidence rate was 47.64 in 2017.
There was a slight decrease in the crude incident rate
compared with 2018, reaching 55.67,55.47,55.2 in
2019,2020,2021, respectively.

4. Number and percentage of the top ten cancers

in children in Ninewa

In children younger 15 years of age, the results
showed the distribution of the top ten Cancers in
Ninewa during 2017_2021 (Table 4). The number of
cancer cases and their rates elevated from 2017 to
2021. The most significant increase in the number of
cancer cases was 154, with a rate of 99.93 in 2019.
The data found that leukemia is the most common
childhood cancer in Ninewa, Iraqg. The total number of
children with leukemia reached 228 out of 663 over-
all cancers in childhood over five years (2017_2021).
The most significant number of patients was 49 in
2019 and 2021, with rates of 31.81 and 32.66, re-
spectively.

In comparison, the second most prominent type of
cancer in children is brain and Central nervous sys-
tem (CNS) tumors, which reached a rate of 19.67 and
17.33 in 2020 and 2021, respectively. The third most
common type of lymphoma was Non-Hodgkin Lym-
phoma. Less than 5% of the cancers was unspecified
sites where cancer cells have spread in the body, but
the place where the primary cancer began is unknown.

5. Number, percentage, and the crude mortality rate

in the population of the top ten cancers in Ninewa

The results showed the top ten most common can-
cers that led to death in Ninewa, Iraq, during 2017_2021
(Table 5). The data found that bronchial and lung cancer
were the most common types of cancer that caused
death in patients of both sex males and females; lung
cancer deaths accounted for approximately 18.44%
(503,700) out of 2505 for all cancer deaths. The death
and mortality rates of lung cancer in 2019 reached 141
(22.1%), with a mortality rate of 3.6 per 100,000.

The second leading death during 2017_2021 was
breast cancer, with a higher rate of 106% and mortali-
ty rate of 2.6 in 2021, while the lowest was non-Hodg-
kin’'s lymphoma, which has witnessed an increase
in cancer cases and mortality rate with time and
the most frequent number of deaths thirty-one with
rate 4.5% and mortality rate 0.8% in 2021. The total
mortality for the top ten cancers in Ninewa was 2505
cases across all ages and gender during 2017_2021.
The results showed that the number, percentage,

Table 4. Patient numbers and percentages of the top ten cancers in children (O—14 years) in Ninewa Governorate during
the 5-year study period (2017-2021). Leukemia was the most prevalent

Tabnuuya 4. KonnyecTeo nayneHToOB y NPOLEeHTHOE COOTHOLLIEeHUE AeCATU OCHOBHbIX BUAOB paka y aereri (0—14 ner)

B myxagpase HarvinaBa 3a 5-netHuii nepnos nccnegoBanus (2017-2021). Hanbonee pacnpoctpaHeHHOV 6bina nevikemns

l
N

S 2017 2018 2019 2020 2021
cancer R . . . .
Patients % Patients % Patients % Patients % Patients %
Number Number Number Number Number
Leukemia 43.0 43.4 46.0 38.65 49.0 31.81 41.0 33.60 49.0 32.66
gj“s" &other | 149 11.11 15.0 12.60 26.0 16.88 24.0 19.67 26.0 17.33
Non-Hodgkin
ey 11.0 11.11 15.0 12.60 17.0 11.03 14.0 11.47 17.0 11.33
AT 9.0 9.09 13.0 10.92 16.0 10.38 4.0 3.27 13.0 8.66
e . . . . . . . . . .
Kidney 6.0 6.06 5.0 4.20 18.0 11.68 7.0 5.73 8.0 5.33
BOneS,
Cartilage& 7.0 7.07 14.0 11.76 5.0 3.25 8.0 6.55 10.0 6.66
limbs
Eye & Adnexa | 1.0 1.01 3.0 2.52 5.0 3.25 2.0 1.63 6.0 4.00
Other
Connective \ 3.0 3.03 4.0 3.36 9.0 5.84 7.0 5.73 7.0 4.66
Soft tissues
AdrenalGland| 8.0 8.08 4.0 3.36 8.0 5.19 11.0 9.01 10.0 6.66
gi‘t‘zpecmed 0.0 0.0 0.0 0.0 1.0 0.65 4.0 3.27 4.0 2.66
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Table 5. The number and percentages of deaths, and mortality rates (in both genders) of the top ten cancers in Ninewa
Governorate during the 5-year-study period 2017-2021. Bronchial and lung cancers were the leading cancers
Ta6nuya 5. Konn4ecTBo 1 NpPoLEeHT cMepTeii, a TakXke nokasaresin CMepTHOCTH (cpeaun 060oux nosioB) fecsiTN OCHOBHbIX

BuAoOB paka B mMyxagase HarinaBa 3a 5-netTHuii nepuos nccnegosanus (2017 2021 rr.). Pak 6pOHXOB u sierkux 6s1im

BegyLwmMMu BuAgamMu paka

2017 2018 2019 2020 2021
Tumor site

Dﬁgfh % MR Dﬁgfh % MR Dﬁth % MR Dﬁ?:h % MR Dﬁgfh % MR
Bronchus & Lung 30 [11.5{04 | 101 (202|27| 141 |221|3.6| 131 |20.1|3.3| 127 |18.3| 3.2
Breast 4.0 |15.3]| 0.1 73 |14.6| 1.9 95 149 |24 99 ([15.2|25| 106 |15.3| 2.6
Leukemia 90 [346[02| 58 |[116( 15 67 105 | 1.7 72 [11.0|1.8| 69 |10.0| 1.7
Brain 4.0 |15.3]| 0.1 60 |12.0| 1.6 69 10.8 | 1.8 87 |[13.4(22| 90 (13.0|22
Colorectal 0.0 0.0 | 0.0 53 106 | 1.4 61 95 [ 15 46 98 |16 77 |11.0| 2.0
Liver 00 | 00 |00| 50 [10.0| 1.3 56 8.8 |14 56 8.6 [1.4| 47 6.8 | 1.2
Stomach 00 | 0.0 |0.0| 49 9.8 | 1.3 64 10.1 [ 1.6 44 6.7 11| 70 [10.1]| 15
Pancreas 30 |115|04 | 25 5.6 | 0.6 39 [6.13|1.0 53 8.1 13| 60 8.6 | 1.7
Urinary Bladder 10 | 38 (00| 23 46 | 0.6 15 23 |03 14 211083 17 24 (04
Non- Hodgkin Lymphoma 2.0 7.6 | 0.0 8 1.6 | 0.2 29 4.6 | 0.7 29 44 (0.7 31 45 | 0.8

Figure 7. Distribution of the total mortalities, percentage, and crude mortality rate of the top ten cancers in the Ninewa

Governate from 2017 to 2021. In addition, it illustrates that the highest number of deaths, percentage of deaths, and
mortality rate for the top ten cancers were occurred in 2021 compared with other years

PucyHok 7. PacnpepgeneHune obLero 4yncsaa cMepresi, NPoLeHTHOro COOTHOLLEHMNS u 00Lyero koagpuuneHTa
CMepTHOCTH OT AieCsITu OCHOBHbIX BUAOB paka B myxagase HaiiHaBa ¢ 2017 no 2021 roa. Kpome Toro, oH
WJTIOCTPUPYET, 4TO HanboJsibLLee YNCIJI0O CMePTe, MPOLEeHTHOEe COOTHOLLEHNEe CMepPTel N KO3PULMNEeHT CMepTHOCTHU OT
AeCcAaTy OCHOBHbIX BUAOB paka 6binn 3apernctpupoBaHbsl B 2021 rogy no cpaBsHeHuio ¢ APYrumMu rogamm

Death Number ,Percentage and MR

"B PP F P F PeF weF
oﬁf}ﬁ o{f@“ﬁ n*f;ﬁ o‘fﬁﬁ ;jﬁ@

Years

2017
2018
2019
2020
2021

and mortality rate of the major cancer types in both
sexes (male and female) in Ninewa, Iraq, gradually
increased during 2017_2021 (Figure 7). The data
showed that the highest number of patients, percent-
age, and crude mortality rate in 2021 were 694 and
a rate of 36.77 with a crude incidence of 17.22. In

contrast, the lowest cancer cases and mortality rate
were 26,1.72, respectively, in 2017.

6. Total number of populations, cancer number, and death
Table -6- demonstrates that the population in-
creased in Ninewa Governorate, Iraq, from 2017 to
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Table 6. Total population, number of cancer cases and mortality for the top ten cancers in Mosul during (2017 —-2021).
The number of cancer cases and cancer-related deaths has increased with progressing year

Tabnuya 6. O6Las YUCI€HHOCTb HaceJlIeHUsl, KOJINYeCTBO CJIy4aeB paka U CMePTHOCTb OT AeCATU OCHOBHbIX BUAOB paKa
B Mocyne B 2017-2021 rr.. Konn4ecTBo csy4aeB paka u cMepTeli, CBI3aHHbIX C PaKOM, YBEJINYNBAJIOCh C KaXkabIM

rogom
Total number

Years Population Case cancer Death
2017 3,633,648 1325 26.0
2018 3,729,998 2205 500
2019 3,828,197 2476 636
2020 3,926,931 2511 649
2021 4,030,006 2536 694

l
£

2021. This increase was significantly associated with
an increased number of cancer cases in Ninewa.
The highest population and number of cancer cases
were in 2021, reaching 4,030,006 and number 2536,
while the lowest population was 3,633,648 in 2017
with number of patients 1325. In addition, the to-
tal number of deaths was estimated, and there was
a significant increase in mortality with an increase in
population in Ninewa between 2017 and 2021 reach-
ing 694 deaths in 2021.

Discussion

Cancer is one of the most life-threatening diseas-
es affecting numerous people worldwide, including
those in Iraq (Fuliful et al.,2021). The mortality rate of
cancer has surpassed that of individuals infected with
tuberculosis, malaria, and HIV/AIDS together (Prager
et al., 2018). Cancer deaths in low- and middle-in-
come countries are nearly 75% higher compared to
those in high-income countries (Pramesh et al.,2022).
The main reason for the increasing incidence of can-
cer in these countries is the rapidly changing environ-
ment and increased exposure to diverse carcinogenic
factors (Farmer et al.,2010). Additionally, especially
in Iraq, other factors could be attributed to the spike
in cancer cases related mainly to wars and politi-
cal instability since 1980, which has destroyed the
healthcare infrastructure and the health sector (Fathi
et al.,2013). A critical component of cancer epide-
miology is the sex distribution of cancer incidence.
The incidence of cancer in men is higher in Western
and developed nations (Siegel et al.,2012; Wang et
al.,2014). In contrast, cancer cases are higher in
females in the Middle Eastern countries. This study
agrees with previous investigations that focused on
various regions of Iraq and the majority of the Arab
Gulf regions, including The United Arab Emirates and
Kuwait (Alwan and Kerr D, 2018). Sex hormones,
estrogen and androgen, may positively affect the ini-
tiation and development of different types of cancers.
These hormones are present in females and pro-
mote the expression of B-cell lymphoma-extra-large
(Bcl-XL), an oncogenic protein (Kim et al.,2018). Ad-
ditionally, estrogen and progesterone receptors in

breast cancer play vital roles in stimulating cancer cell
growth (Yue et al., 2019).

In this study, our results showed that breast can-
cer was the most frequent cancer type among can-
cers affecting both males and females, as well as
in adult females. Our findings are comparable with
those of Iraq’s population-based cancer registries
managed by the National Cancer Registry, which iden-
tified breast cancer as the most prevalent type of
cancer among the top 10 cancers. Iraqgi governorates
by a percentage of 20% in the period between 2017
and 2021 (Iragi Cancer Registry, 2017_2021). Other
similar reports from different parts of lraq have ob-
served that breast cancer has the highest prevalence
in Iraq (Al-Alwan,2022). Also, the incidence of breast
cancer is reported to be the highest among females
in Arab countries (Al-Shamsi et al., 2022). Growing
industrialization, changing lifestyles, and postpone-
ment and lowering of birth rates have all contributed
to the rapid rise in the incidence of breast cancer in
females ( Habib et al., 2016). Many other factors may
contribute to the increase in breast cancer in Arabic
countries, including, but not limited to, DM, obesity,
hormonal therapy, early menarche, late menopause,
socioeconomic status, and decreased breastfeeding
(Hamadeh et al.,2017; Safiri et al., 2022). Two stud-
ies conducted in 2018 by Mir et al. and Al Balawi et
al. found that mutations in BRCA1-3 and vascular
epithelial growth factor (VEGF) are strongly associated
with breast cancer. In the same year, Alhuquail and
colleagues reported that BRCAL1 and BRCA2 were sig-
nificantly associated with the development of breast
and ovarian cancers (Alhuquail et al., 2018). Oral con-
traceptives, familial history of breast cancer, and low
vitamin D levels are found in cases with breast cancer
(Abulkhair et al., 2015; Ifediora et al., 2019).

On the other hand, the current study found that the
top ten cancer were in the bronchi & lungs in males
during 2017 -2021. This finding consistent with an-
other study that found that lung cancer was the most
prevalent tumor in men in Ninewa, Iraq, but in differ-
ent periods between 2000_2010 (Al-Hashimi et al.,
2014). Another study was performed In 2021, Hus-
sain and Lafta who also observed that lung cancer is
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the most common cancer diagnosed worldwide. The
same study also reported that lung cancer incidence
rates increased significantly in Irag governorates from
4.08/ 100,000 in 2000 to 5.60/100,000 (p = 0.038)
in 2016, affecting males more than females (Hussain
& Lafta, 2013). Other studies reported that Cancer
of the lung is the most common cancer diagnosed
in males in India, wherein it accounts for 10% of all
cancers(Noronha et al., 2016). Tobacco smoking is
a maijor risk factor for the development of most lung
cancers, including squamous cell carcinoma, small-
cell carcinoma, adenocarcinoma, and large-cell car-
cinoma (Ignatius et al.,2012). Iraq is one of a country
that consumes large amounts of tobacco. Thus, the
incidence of lung cancer in Iraq is high (Ibrahim et al.,
2018). In addition, indoor pollution, dust, petroleum
exposure, alcohol consumption, hormone use, HIV
infection, religion, geography, race, and waste from
wars, such as uranium in Iraqg might be other essen-
tial risk factors implicated in the increasing incidence
of lung cancer among the Iraqi population (Fuliful
et al.,2018; Manjunath et al.,2022 ). However, non-
smokers can have lung cancer; there are several ge-
netic mutations in genes such as (EGFR, BRAF, MET,
and ERBB2 [HER2]) and four fusions or rearrange-
ments (ALK, ROS1, RET, and NTRK), which are associ-
ated with lung cancer patients (Singh et al., 2021).
Our results showed that the top ten childhood
cancers in Ninewa were leukemia, brain tumor, non-
Hodgkin leukemia, Hodgkin’s disease, kidney, bone
and cartilages, adrenal gland, eye and adnexa, other
connective and soft tissues. Leukemia was the most
frequent pediatric cancer and represented 47% of
pediatric cancers in Mosul. This percentage is al-
most the same as a study conducted in Basra City
in the south of Iraq by Abood and his colleagues in
2020, which reported that leukemia was 39%, while
Karbala City was 41%, a city in the southwest of Iraq
(Mjali et al.,2019). The leukemia incidence rate in
Baghdad, Iraqg’s capital city, was significantly elevated,
approximately 72.5% (Mohammed et al.,2009). The
Leukemia incidence rate in this study was higher than
that in developed countries, including though not lim-
ited to the USA, 20%, and France, 30% (Alkhayatt et
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al., 2021; Saeed,2009). The remarkable increase in
leukemia cases among children in Ninewa remains
unclear. However, this may be due to several envi-
ronmental risk factors, including radiation, chemical
exposure, air pollution, explosion sounds, and anxi-
ety during war. All these factors may have produced
acquired mutations in fetuses that may play a cru-
cial role in the increase in cancer cells (Alkhayatt
et al.,2021). Other studies have suggested that the
lifestyle of women, smoking tobacco, and consum-
ing large amounts of liquor during gestation, might
cause leukemia in their children. Some of these ac-
quired mutations may have occurred in early stages
before birth. Additionally, Hereditary mutations inher-
ited from the parents increase the offspring’s risk of
cancer (American Cancer Society,2020). In both low-
income and middle-income countries, lung cancer is
the leading cause of mortality in males. The major
reason for the higher mortality rate in lung cancer is
its intrinsic resistance to chemotherapy. The highest
rate of mortality in lung cancer in Ninewa was 141
people, with 22.1% in 2019 compared with that in
other years, as lung cancer patients had a higher
mortality rate during COVID-19 infection compared
with non-lung Cancer COVID-19 patients (Mojsak et
al.,2023). The COVID-19 pandemic had a negative im-
pact on lung cancer patients, according to the study,
which indicated that 38% fewer novel cases of lung
cancer were diagnosed during COVID-19 (Mojsak et
al.,2023; Reyes et al.,, 2021). COVID-19 may have
caused severe immunosuppression, changing the tu-
mor microenvironment, promoting cancer cell prolif-
eration, and awakening dormant cancer cells from
quiescence (Aramini et al.,2022).

Conclusion

Overall, the incidence of cancer continues to increase
in Ninewa, Iraq. Using reliable data sources, this study
demonstrated that breast cancer was the most common
type of cancer in females, while lung cancer had the high-
est number of male patients over five years (2017_2021).
These novel estimates will help in planning cancer pre-
vention and control activities through early detection, risk
reduction, and management interventions.
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