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Abstract

Cancer in Jordan is a major public health problem and the sec-
ond leading cause of death after heart disease. This study aimed at
studying the spatial and temporal characteristics of cancer in
Jordan and its 12 governorates for the period 2004-2013 to estab-
lish a baseline for future research and identification of cancer risk
factors paving the way for developing a cancer control plan in the
country. Numerical and graphical summaries, time-series additive
seasonal decomposition, the method of least squares, and space-
time scan statistics were applied in a geographic information sys-
tems environment. Although the results indicate that the cancer
incidence in Jordan is comparatively low, it is increasing over
time. In the 10-year study period, a total of 44,741 cases was
reported with a mean annual crude incidence rate of 68.4
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cases/100,000, mean annual age-adjusted incidence rate of 111.9
cases/100,000, and a monthly rate increase of 1.2
(cases/100,000)/month. This study also revealed that the spatial
and temporal characteristics of cancer vary among the gover-
norates. Amman, which includes the capital city and hosts more
than one-third of the population of the country, reported 61.0% of
the total number of cases. Amman also reported the highest annual
crude incidence rate (105.3 cases/100,000), the highest annual
age-adjusted incidence rate (160.6 cases/100,000), and the highest
rate of increase (0.7 (cases/100,000)/month) forming a high-rate
cluster. Excluding the three governorates Amman, Balqa, and
Ma’daba, low-rate clusters were found with regard to the remain-
ing governorates. All governorates, except Irbid and Mafraq,
showed significant rates of increase of cancer incidence. However,
no clear seasonality pattern with respect to cancer incidence was
discerned.

Introduction

Cancer is continuously regarded as the second leading cause
of death after heart disease (John and Ross, 2010; King Hussein
Cancer Center, 2017; National Cancer Institute (NCI), 2017;
Roquette et al., 2017; World Health Organization, WHO, 2017).
Globally, every year, millions of people are diagnosed with cancer
and the number of new cases is expected to rise by 70% over the
next two decades (WHO, 2017). According to the International
Agency for Research on Cancer (IARC, 2018), the worldwide
overall cancer age-adjusted incidence rates in 2012 were 205
cases/100,000 for males and 165 cases/100,000 for females. The
agency also noticed large differences among the various countries
in the world according to their classifications as high-income,
middle-income, and low-income. Geographically for males, the
rates varied from 79 cases/100,000 in Western Africa to 365
cases/100,000 in Australia/New Zealand, while, for females, the
rates varied from 103 cases/100,000 in South-Central Asia to 295
cases/100,000 in North America. Cancer in Jordan is a major pub-
lic health problem with enormous social, economic, and environ-
mental impact, and it can worsen since the young population today
has a longer life expectancy associated with prolonged exposure
to risk factors (Abdel-Razeq et al., 2015). Although many coun-
tries have developed national action plans for controlling cancer
and ameliorating its burden, some of which have been translated
into fully operational interventions (WHO, 2015), Jordan has so
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far not developed national cancer control action plan of its own.
However, in order to develop and implement such a plan, there is
a need to study the spatial and temporal characteristics of cancer.
This should be done in a geographic information systems (GIS)
environment since this approach provides an ideal platform for
conducting such research. Indeed, the scientific literature points
out many studies conducted in various parts of the world in order
to address the spatial and temporal characteristics of several types
of cancer in a GIS environment. Examples include prostate cancer
in Pennsylvania, United States (Hayran, 2004), malignant neo-
plasm of the pancreas in Japan (Kinoshita et al., 2007), lung cancer
in Lecce Province, Italy (Bilancia and Fedespina, 2009),
oesophageal cancer and gastric cancer in Iran’s Caspian region
(Mohebbi et al., 2011), cervical cancer in San Luis Potosi State,
Mexico (Teran-Hernandez et al., 2016), and thyroid cancer in
Belgium’s Walloon and Flemish regions, including Brussels
(Demoury et al., 2017).

In Jordan, studying the spatial and temporal characteristics of
diseases using GIS is not an active area of research apart from a
few studies on cutaneous leishmaniasis (Jaber et al. 2013; 2014).
The two above-mentioned studies were the first to merge the two
disciplines of GIS and epidemiology in the country. The existing
literature in Jordan on various diseases including cancer concen-
trate only on epidemiology applying simple summary statistics
(Ajlouni et al., 1998; Khader, 2006; Abu-Baker et al., 2010; Al-
Tarawneh et al., 2010; Tarawneh et al., 2011; Basheti ef al., 2013;
Ismail et al., 2013; Abdel-Razeq et al., 2015; Tayyem et al., 2015;
Haddad et al., 2017). The present study aimed at filling this gap by
studying the spatial and temporal characteristics of cancer in
Jordan in a GIS environment, as such work would establish a base-
line for future research of this kind. In our opinion, this approach
should help in the identification of cancer risk factors in the coun-
try paving the way for decision-makers to develop and implement
a science-based cancer control action plan in Jordan.
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Materials and Methods

Study area

Jordan (Figure 1), a Middle Eastern Kingdom situated between
latitudes 29°N and 34°N and longitudes 34°E and 40°E, has an
area of about 88,780 km” and an estimated population (including
Jordanians and immigrants) at the end of 2016 of about 9,798,000.
Administratively, it is divided into three regions and 12 gover-
norates. The northern region comprises Irbid, Ajlun, Jarash, and
Mafraq governorates. The central region comprises Balqa,
Amman, Zarqa, and Ma’daba governorates. The southern region
comprises Karak, Taficla, Ma’an, and Aqaba governorates. With an
area of about 32,829 km?, Ma’an is the largest governorate, while
Jarash is the smallest (about 406 km?). About 42% of the popula-
tion is concentrated in Amman Governorate, which includes the
capital city Amman. With about 1% of the total population, Tafiela
Governorate is the most sparsely populated. The country has an
East Mediterranean climate type with hot dry summers and cold
humid winters. This information was obtained from the
Department of Statistics of Jordan (Department of Statistics of
Jordan, DOS, 2016).

Cancer data

Reported monthly data on cancer occurrence in the Jordanian
population in the 12 governorates for the period 2004-2013 were
obtained from the published annual governmental reports of the
Jordan Cancer Registry (JCR) ((Jordan Cancer Registry, JCR,
2016). Monthly cancer cases counts were aggregated to obtain
annual cancer cases counts and then were used to calculate crude
annual cancer incidence rates per 100,000 by applying Eq. 1
below:

IR; = <% x 100,000 Eq. 1

i
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Figure 1. Location map of Jordan showing its 12 governorates and Amman, the capital city.
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where /R, is the crude cancer incidence rate per 100,000 for Jordan
and its 12 governorates in year i, CC; the cancer cases counts
reported for Jordan and its 12 governorates in year 7, and P; the
population of Jordan and its 12 governorates in year i.

In order to eliminate the effect of differences in population age
structures, the annual cancer age-adjusted incidence rates per
100,000 were calculated. This is specifically important when com-
paring different periods of time, different geographic areas, and/or
different populations. The direct method was implemented as
shown in Eq. 2 below using the WHO world standard population
(Ahmad et al., 2001):

CPress

_ E(ASIRUXWSP}')

AAIR, = == Eq.2

where AAIR, is the cancer age-adjusted incidence rate per 100,000
for Jordan and its 12 governorates in year i, ASIR; the cancer age-
specific incidence rate per 100,000 for Jordan and its 12 gover-
norates for age group j in year 7, and WSP; the WHO world stan-
dard population for age group ;.

Numerical and graphical summaries

Numerical and graphical summaries for annual cancer cases
counts, annual cancer crude incidence rates, and annual cancer
age-adjusted incidence rates for Jordan and its 12 governorates for
the period 2004-2013 were generated. Numerical summaries were
represented by measures of central tendency (i.e., Mean) and mea-
sures of dispersion (i.e., minimum (Min) and maximum (Max)),
while the graphical summaries were represented by time-series
scatter plots and maps.

Time-series additive seasonal decomposition and
method of least squares

Additive  seasonal  decomposition (Hyndman and
Athanasopoulos, 2014) is a decomposition technique for time-
series data. It assumes that the original time series (Y) is expressed
as the sum of four components: trend (T), cycle (C), seasonal (S),
and irregular (I). It is expressed by Eq. 3 below:
Y=T+C+S +1 Eq. 3
where Y, is the observed data at time ¢ and 7, C, S, and /, the com-
ponents at time ¢ as described earlier.

The trend component represents the general long-term pattern
(i.e., increase or decrease) observed over the entire time of study.
The cycle component represents relatively long-term cyclical vari-
ations around the trend line that are not of fixed period. Usually,
these two components (i.e., trend and cycle) were combined into
one since they both represent relatively long-term effects. The sea-
sonal component represents relatively short-term cyclical varia-
tions around the trend line that are of fixed period influenced by
seasonal factors (e.g., season, month, day of the week). Usually,
the average cycle length is longer than that of seasons and the mag-
nitude of cycles tends to be more variable than that of the seasons,
which repeat on a regular and predictable basis. These three com-
ponents (i.e., trend, cycle, and seasonal) represent the systematic
component of the time series. The irregular component represents
the residual random noise, which is the non-systematic component
of the time series that cannot be modelled directly.

Based on a sampling interval of one month and a length of sea-
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sonality of 12 months and the total monthly cancer cases counts
data for the years 2004-2013, we applied the time-series additive
seasonal decomposition using Statgraphics Centurion XVI, v.

16.2.04  (Statgraphics  Technologies Inc., USA -
http://www.statgraphics.com/). The decomposition divided the
observed time series into its component parts, which were: 1) esti-
mate of the combined trend-cycle component; ii) seasonal indices
representing the effect of each season (i.e., month); and iii) the
residuals (i.e., irregular) component. In addition, simple linear
regression using the method of least squares (Hansen et al., 2013)
was applied on the trend-cycle components to explore their linear
rates of change for every unit-of-time increase.

Space-time scan statistics

The space-time scan statistics (Kulldorff, 1997) implemented in
SaTScan software, v. 9.4.4 (Information Management Services Inc.,
USA - https://www.satscan.org/) is widely used for detecting clustering
of disease data using a cylindrical scanning window with height corre-
sponding to time (Kulldorff, 2015). Under the null hypothesis of no sig-
nificant clustering and the assumption that the disease data are random,
independent and Poisson-distributed, the scanning window is moved in
space and time. Hence, a large number of overlapping windows of var-
ious sizes and shapes are formed covering the entire study area. For
each scanning window, the expected number of disease data is calcu-
lated according to the observed data and population data. The observed
and expected number of disease data within and outside the scanning
window are used to construct the test Log Likelihood Ratio (LLR). The
scanning window with the maximum LLRs is identified as the most
likely cluster; that is the cluster least likely to be due to chance. Using
the Monte Carlo hypothesis testing method, the statistical signifi-
cance (i.e., P-value) of that cluster is evaluated to whether reject or
not reject the null hypothesis for typical cut-off value such as 0.05.
Secondary clusters, in addition to the primary most likely cluster,
ordered according to their LLRs, are also identified.

Using the annual cancer cases counts during the total study
period for the 12 governorates of Jordan as the Case File, the annu-
al population data from 2004 to 2013 for the 12 governorates of
Jordan as the Population File, and the geographic coordinates of
the centroids of the 12 governorates as the Coordinates File,
SaTScan was implemented to scan for high-rate and low-rate clus-
ters of cancer in Jordan and its 12 governorates. Space-time retro-
spective analysis was applied. Poisson discrete scan statistics prob-
ability model, circular spatial scanning window shape, 50% of the
population at risk as the maximum spatial cluster size, 50% of the
study period as the maximum temporal cluster size, and 999 as the
maximum number of Monte Carlo replications were selected for
the analysis. Maps were produced to clearly represent the location
and size of the generated clusters.

Results

Over the 10-year study period, a total of 44,741 cancer cases
were reported in Jordan as a whole (Table 1; Figures 2-4). Almost
exactly 61.0% of the cases were seen in Amman, followed by Irbid
(13.6%), and Zarqa (9.8%), while the lowest number of cases was
reported from Tafiela (only 0.7% of the total number of cases). The
highest annual cancer crude incidence rate (105.3 cases/100,000)
was calculated for Amman followed by Ma’daba (72.0
cases/100,000) and Balqa (71.8 cases/100,000), while the lowest
rate was calculated for Mafraq (17.8 cases/100,000). Regarding the
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annual cancer age-adjusted incidence rates, nearly the same
sequence as the one obtained for the annual cancer crude incidence
rates was generated; ie., the highest value was calculated for
Amman (160.6 cases/100,000) followed by Ma’daba (124.4
cases/100,000) and Balqa (118.7 cases/100,000) with the lowest
rate calculated for Mafraq (33.4 cases/100,000). For Jordan as a
whole, the mean annual cancer crude incidence rate was 68.4
cases/100,000 with values varying from 62.4 cases/100,000 to 73.5
cases/100,000. The mean annual cancer age-adjusted incidence
rate was 111.9 cases/100,000 with values varying from 100.0
cases/100,000 to 120.9 cases/100,000.

The results of applying time-series additive seasonal decompo-
sition on the monthly cancer cases counts are shown in Figure 5.
Visual inspection of the trend-cycle components for all the gover-
norates, in addition to Jordan as a whole, show up and down move-
ments over the whole 10-year period (Figure 5A). Looking at the
scaled seasonal indices for each month (Figure 5B) it can be

noticed that for the governorates Irbid, Jarash, Mafraq, Balqa,
Amman, Zarqa, Tafiela, and Aqaba, in addition to Jordan as a
whole, the highest values were reported in either June or July,
while they were reported in April for the governorates Ajlun,
Ma’daba, and Ma’an, and in October for Karak. The lowest values,
on the other hand, were reported in either November or December
for the governorates Irbid, Jarash, Mafraq, Balga, Amman, Zarqa,
Karak, and Ma’an, in addition to Jordan as a whole, while they
were reported in September for Ajlun and Ma’daba and in March
and August for Tafiela and Aqaba, respectively.

Applying the method of least squares on the trend-cycle compo-
nents resulted in significant positive linear fits for all the governorates
except for Irbid and Mafraq (Table 2). This indicates increasing trends
in all the governorates except for these two northern governorates. The
highest significant rate of increase (0.7 (cases/100,000)/month) was
calculated for Amman followed by Zarga (0.2 (cases/100,000)/month)
and Balga (0.1 (cases/100,000)/ month).

CPress

Table 1. Numerical summary with respect to cancer in Jordan and its 12 governorates in the period 2004-2013.

Irbid 6,065 501 662 50.463 38.577 59.315 85.806 63.306 102.903
Ajlun 495 25 60 41.087 24.178 50.042 66.403 38.113 80.332
Jarash 695 49 84 42.833 35.200 52.241 76.806 58.463 95.185
Mafraq 866 60 123 23.137 17.844 33.874 46.127 33.445 68.127
Balqa 1,911 85 259 55.837 28.620 71.807 90.586 44.308 118.679
Amman 27311 2,246 3,350 99.265 92.775 105.284 149.462 136.421 160.595
Zarqa 4,365 237 533 46.494 29.569 59.150 79.333 SL112 100.531
Ma’daba 792 39 101 60.539 35.104 72.044 98.248 53.419 124.442
Karak 993 71 137 45356 38.162 55.104 72.185 57.989 86.311
Tafiela 307 16 42 45.954 28321 62.043 81.010 47.468 107.377
Ma’an 460 25 60 46.080 28.736 56.764 74.671 44.433 94.119
Aqaba 481 29 76 36.674 24.784 47.441 70.123 43.856 94.071
Total in the country 44,741 3,985 5,348 68.397 62.400 73.482 111.892 99.955 120.912

Table 2. Results of least squares applied on the trend-cycle components with respect to cancer in Jordan and its 12 governorates in the
period 2004-2013.

Irbid 50.0850 0.0073 0.0048 0.4769

Ajlun 3.9097 0.0055 0.0883 0.0018*

Jarash 5.0573 0.0140 0.3102 < 0.0000*
Mafraq 6.9732 0.0064 0.0223 0.1233

Balqa 9.4353 0.1202 0.6739 < 0.0000*
Amman 186.0440 0.7473 0.8556 < 0.0000*
Zarqa 28.7877 0.1520 04614 < 0.0000*
Ma’daba 47977 0.0351 0.7231 < 0.0000*
Karak 5.7904 0.0446 0.7834 < 0.0000*
Tafiela 1.7586 0.0152 0.6464 < 0.0000*
Ma’an 24288 0.0271 0.8023 < 0.0000*
Aqaba 22791 0.0300 (.8006 < 0.0000*
Total in the country 307.3470 1.2047 0.8348 < 0.0000*

“Intercept; "Slope or linear rate of change of Y associated with one-unit increase in X; *Fitting significant at the 0.05 level. The fitted linear equation had the form Y = a + bX.
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Figure 2. (A) Time-series scatter plots for annual cancer cases counts for Jordan and its 12 governorates in the period 2004-2013; (B)
time-series maps showing the spatial distribution of the annual cancer cases counts for the 12 governorates of Jordan in the period

2004-2013.
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Figure 3. (A) Time-series scatter plots for the annual cancer crude incidence rates (cases/100,000) in Jordan and its 12 governorates in
the period 2004-2013; (B) time-series maps showing the spatial distribution of the annual cancer crude incidence rates (cases/100,000)
for the 12 governorates of Jordan in the period 2004-2013.
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Figure 4. (A) Time-series scatter plots for the annual cancer age-adjusted incidence rates (cases/100,000) in Jordan and its 12 gover-
norates in the period 2004-2013; (B) time-series maps showing the spatial distribution of the annual cancer age-adjusted incidence
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Figure 5. Trend-cycle components (A), seasonal indexes (B), and irregular components (C) resulted from time-series additive seasonal decom-
position of the monthly cancer cases counts in Jordan and its 12 governorates in the period 2004-2013.
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The lowest significant rate of increase (0.006
(cases/100,000)/month was obtained for Ajlun. For Jordan as a
whole, applying the method of least squares resulted in a signifi-
cant linear fit with a positive rate of change of 1.2
(cases/100,000)/month) indicating an increasing trend. When the
retrospective space-time scan statistics analysis was applied on the
annual cancer cases counts for Jordan and its 12 governorates, the
presence of one significant high-rate cluster, one significant prima-
ry low-rate cluster, and two significant secondary low-rate clusters
were revealed (Figure 6). The high-rate cluster comprised Amman
and spanned the period from 2009 to 2013 with a mean annual can-
cer crude incidence rate of 100.7 cases/100,000 and a reported can-
cer case count of 15,113 cases, which was 47% higher than expect-
ed. Except Balga and Ma’daba, low-rate clusters were formed with
respect to the remaining nine governorates. The primary low-rate
cluster comprised Mafraq and Zarga and spanned the period from
2009 to 2013 with a mean annual cancer crude incidence rate of
39.8 cases/100,000 and a reported cancer case count of 2,855
cases, which was 42% lower than expected. The first secondary
low-rate cluster comprised the three governorates Irbid, Ajlun, and
Jarash. The cluster spanned the period from 2009 to 2013 with a
mean annual cancer crude incidence rate of 45.3 cases/100,000 and
a reported cancer case count of 3,703 cases, which was 34% lower

Summary of Data

2004 - 2013

than expected. The last secondary low-rate cluster comprised the
four governorates Karak, Tafiela, Ma’an, and Aqaba and spanned
the period from 2004 to 2008 with a mean annual cancer crude
incidence rate of 39.5 cases/100,000 and a reported cancer case
count of 917 cases, which was 42% lower than expected.

Discussion

Comparison of the worldwide numbers of cancer incidence
(IARC, 2018) with those obtained for Jordan in the present study
indicates that cancer incidence in Jordan might be described as
being relatively low. Nevertheless, the results presented here are
compelling evidence that the incidence of cancer in Jordan, regard-
less up and down movements and non-linearity, is increasing over
time, which is in accordance with that suggested by Torre et al.
(2016). These authors indicate that although the cancer risk in
high-income countries remains high, it may have reached a plateau
for most common cancers or even be decreasing, while these can-
cers are increasing in several low- and middle-income countries.
This might be explained by the fact that high-income countries
have shown significant improvements with regard to cancer

Study Period N
Number of Governorates 12 B Areas with High Rates 0 100 200 300 400 500 3 !
Total population 6,541,268 Bl Areas with Low Rates Kilometers ' ‘
Total Number of Cases 44,741 8
Annual Cases / 100,000  68.4

High-Rate Cluster Governorates Included Amman

Time Frame 2009 - 2013
Population 2,750,247
Number of Cases 15:113
Expected Cases 10,264.99
Annual Cases / 100,000 100.7
Observed / Expected  1.47
Relative Risk 1.71
Log Likelihood Ratio  1,356.012
p-value <0.0000
First Secondary  Governorates Included Irbid, Ajlun,
Low-Rate Cluster and Jarash
Time Frame 2009 - 2013
Population 1,498,319
Number of Cases 3,703
Expected Cases 5,592.29
Annual Cases / 100,000 45.3
Observed / Expected  0.66
Relative Risk 0.63
Log Likelihood Ratio  407.616
p-value <0.0000

Primary Governorates Included Mafraq and Zarqa
Low-Rate Cluster
Time Frame 2009 - 2013
Population 1,314,085
Number of Cases 2,855
Expected Cases 4,904.72
Annual Cases / 100,000 39.8
Observed / Expected  0.58
Relative Risk 0.55
Log Likelihood Ratio  556.654
p-value <0.0000

Governorates Included Karak, Tafiela,

Ma'an, and Agaba

Second Secondary
Low-Rate Cluster

Time Frame 2004 - 2008
Population 511,355
Number of Cases 917
Expected Cases 1,588.94
Annual Cases / 100,000 39.5
Observed / Expected  0.58
Relative Risk 0.57

Log Likelihood Ratio  173.056
p-value <0.0000

Figure 6. Retrospective space-time scan statistics analysis of the annual cancer cases counts for Jordan and its 12 governorates in the

period 2004-2013.
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screening, early detection, and treatment in recent years as well as
moved toward reduction of known cancer risk factors. However,
although Jordan is a middle-income country showing significant
improvements with respect to cancer service, still reveals increas-
ing trends in known cancer risk factors, such as smoking, con-
sumption of unhealthy food, excess body weight, and physical
inactivity. People in Jordan are also commonly exposed to environ-
mental, industrial, and agricultural carcinogens, as is the case in
many low- and middle-income countries (Al-Tarawneh et al.,
2010; Abdel-Razeq et al., 2015; Torre et al., 2016).

This study has revealed that the spatial and temporal character-
istics of cancer incidence has a remarkable variation among the 12
governorates of Jordan; an observation that needs further and thor-
ough investigation in order to be explained. One possible explana-
tion might be related to geographic variation in data completeness
and quality. However, according to the JCR (JCR, 2016), the com-
pleteness and quality of cancer data in Jordan is high and follows
international guidelines with minimal variation between gover-
norates. Accordingly, JCR data was accepted in Cancer Incidence
in Five Continents series of monographs and databases. The JCR
is a population-based cancer registry, which collects data about
cancer from all possible sources including public hospitals, teach-
ing hospitals, royal medical services, private clinical sectors as
well as laboratories. Data collection follows the same two strate-
gies in all 12 governorates of Jordan. The first is active, which
means that the data are collected and abstracted by a trained reg-
istry staft through regular visits to all possible facilities. The sec-
ond is passive according to which the data are sent to the central
registry on a regular base by focal-point staff, who represent their
own facilities. Some sources provide the data electronically.
Naturally, some cases are missed, but almost 95% of cancer cases
diagnosed in Jordan are registered. In addition, due to the fact that
most of the facilities for diagnosis and treatment are concentrated
in Amman, which hosts more than one-third of the population of
the country, most patients present there. Another possible explana-
tion might be related to differences among the 12 governorates
with respect to cancer trigger factors, which can be grouped into
four groups (Roquette ez al., 2017): i) demographics and socioeco-
nomics; ii) individual behaviour; iii) physiological and genetic fac-
tors; and iv) environmental issues. Hence, there is a need for fur-
ther studies aimed at finding differences among the 12 gover-
norates with regard to variations in these trigger factors that might
explain the differences noted in the discerned spatial and temporal
patterns of cancer incidence among the 12 governorates.

Finally, studying the seasonality of cancer in the present study
actually meant studying the seasonality of spotting each case (i.e.,
diagnosis) followed by its registration. A number of researchers
have demonstrated the importance of such studies, specifically
with regard to cancer prognosis and survival (Mason and
Holdaway, 1994; Lambe et al., 2003; Lim et al., 2006; Porojnicu
and Moan, 2008; Moan et al., 2010; Ho et al., 2014). However, no
clear patterns could be discerned that could describe the seasonal-
ity of cancer incidence in Jordan and its 12 governorates. This
might be attributed to the nature of the study which looked at all
cancer types together; a fact that might have masked any seasonal
influence on some cancer types. Therefore, there is a need to
implement well-organized studies aiming at studying the spatial
and temporal characteristics of the most common types of cancer
in Jordan adjusted for gender and age. Such studies might help in
understanding the seasonality of different types of cancer in Jordan
and the world.
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Conclusions

Studying the spatial and temporal characteristics of cancer in
Jordan and its 12 governorates in the period 2004-2013 lead to the
following main conclusions. i) Although cancer incidence in
Jordan has been found to be relatively low if compared to other
countries in the world, it has been found to be increasing over time,
as the case for several low- and middle-income countries. ii) The
spatial and temporal characteristics of cancer incidence have been
found to be remarkably different among the 12 governorates, with
Amman forming a high-rate cluster in which the highest number of
cases, highest annual crude incidence rate, highest annual age-
adjusted incidence rate, and highest monthly rate of increase val-
ues were found. iii) Finally, the seasonality of cancer incidence has
been found to be irregular and fluctuating with no clear patterns
that could describe its behaviour.

These findings need further in-depth and thorough investiga-
tion in order to be explained. Therefore, additional well-designed
studies in this specific topic are recommended. These studies
should take advantage of the power of GIS as a general framework
and platform. This, in turn, should be useful for understanding can-
cer risk factors and designing and implementing a science-based
national action plan for controlling cancer in the country.
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