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Background & Aim: Time series analysis is used to detect a model and predict the future amounts
of the series, which is based on previous data. One of the commonly used models in time series is
autoregressive integrated moving average (ARIMA) model. 30% of diseases in children are acute
leukemia, out of which acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML)
consist 97% of acute leukemia types. In this study which is a modeling study, the ARIMA time
series model is fitted on the acute leukemia cancer in children and the best model is selected.
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Methods & Materials: This study which is related to the children with cancer ALL and AML, and
includes age groups from 1 year old to 15 years old, the ARIMA time series model is fitted on these
data, and the best model is selected based on the Akaike information criteria. Trend analysis was
also conducted based on the criteria R2 and mean squared error, mean absolute deviation, and mean
absolute percentage error were considered as the best equations for the series.
Results: ARIMA models are investigated, and the best model is selected and also it was shown that the
procedure of catching blood cancer has been increasingly from 82 to 88 and then decreasingly but it
may get an increasing procedure in the future. Furthermore, the procedure was shown in two sexual
groups and it was observed that catching blood cancer had a decreasing procedure in men and had an
increasing procedure in women and appropriate ARIMA model was also determined for each group.
Conclusion: According to the forecasts for the next 10 years, the incidence of this cancer will be
increasing in the future. There was an increasing trend for female group and a downward trend for
male group.

Introduction1
Although, after heart attacks and accidents
and natural phenomena, cancer is the third
leading cause of death in Iran, it is considered a
deadly disease among children < 15 years.
Therefore, it is better to run the specific analysis
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for this age group separately (1).
The fifth most common cancer worldwide is
blood cancer which approximately accounts for
8% of all cancers and is known as children’s
cancer. Children’s cancer incidence rate
estimated by the WHO is about 100 in a million.
Blood cancer or leukemia is a group of
malignant disorders affecting blood and bloodforming tissues in the bone marrow, lymph
nodes, and spleen, which is the cause of about
33% of all cancers in children and adolescents
below 14 (2, 3). Leukemia is divided into two
acute categories: acute myeloid leukemia (AML)
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and acute lymphoblastic leukemia (ALL) as well
as into two chronic categories: chronic myeloid
leukemia and chronic lymphoblastic leukemia.
Around 30% of diseases in children are acute
leukemia, out of which ALL and AML consist
97% of acute leukemia types (4).
In Japan and Italy, the leukemia is strikingly
different for age groups. Mortality rates in age
groups below 50 years have dropped since 1970
in both males and females. And for the elderly,
mortality rates from cancer in men have
increased, especially during 1960-2000.
In France, Italy, Britain, the United States of
America and Great Britain, after 4 decades, the
mortality rate is uniform regardless of age and
gender. Mortality regarding the birth year, for all
these countries, shows a similar trend for men
and women. In Japan, the mortality for those
born between 1880 and 1920 has risen sharply;
however, in groups who were born after 1930, a
decreasing trend has been observed for both
males and females. In France, Italy and the
United Kingdom, the mortality trends have
increased until 1990 and then gradually
decreased. For men and women in the United
States of America, the process for people who
were born after 1900 is almost unchanged (5).
Approximately, 30,800 people with blood
cancer are annually diagnosed in the United
States and 21,700 of whom die. Although the
overall incidence of leukemia in the United
States has dropped, recent reports show that this
incidence may increase for a certain age and
ethnic groups so that the overall rate of leukemia
incidence for children below 20 years has
significantly increased. In both ALL and AML
groups while comparing two 10-year periods
1974-1983 and 1984-1993, there was a 15%
increase in 5-year residuals (6). Blood cancer
ranks first among death leading cancers of
children and adolescents in Latin America
during 1980-2004. Percentage of global changes
in both genders in Colombia, Ecuador, and
Mexico, in particular, has increased; however,
this increase was only observed among women
in Uruguay and a downward trend was also
observed in both genders in Argentina.
However, this increase is only for men in Costa
Rica, and no major changes have been observed

in other countries (7).
In a study conducted in Hungary over
1988-2000, the auto regressive integrated
moving average (ARIMA) model was used to
predict leukemia mortality rate and first-order
autoregressive (AR) was selected after
investigating autocorrelation and partial
autocorrelation functions (8).
In Korea during 1983-2000, time series were
used to predict mortality for all types of cancers
and an increasing trend was observed, and there
were 5-year predictions (9).
In another study conducted in Iran during 19952004, leukemia death rates have increased from
0.79 to 6.45 per 100,000 persons. In addition,
leukemia mortality was higher among men than
women. In male population, mortality rate has
increased from 0.9 (in 1995) to 0.74 (in 2004) per
100,000 persons. This rate increased from 0.67 to
5.38 for women over recent years. Increasing
mortality rate is shown among children below 15
years old. In general, this study shows increased
leukemia mortality rate in Iran (10).
Based on the literature, determining trends for
this disease would help us to better manage
leukemia cancer and to provide better health care
in the future. This process can represent the
importance of this disease and provide appropriate
information for people who are at risk of cancer.

Methods
A time series refers to a set of statistical data
collected at regular and equal intervals.
Statistical methods used for the analysis of such
data are called time series analysis. Time series
analysis is used to detect a model and predict the
future amounts of the series, which is based on
previous data. Time series has four components:
Long-run trend, cyclical changes, seasonal
fluctuations, and irregular changes (11, 12).
A time series can be composed of one or
more of these components. The behavior of
time-series is perceived as time series modeling
and it consists of three stages of primary
diagnosis, estimation of the detected model
parameters and the occasion investigation.
Classic models of time series are divided into
two stationary and non-stationary series.
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Stationary time series lacks shift or period
process. This is when the parameters such as the
model mean and variance remain constant over
time; otherwise, they are non-stationary.
Stationary series are divided into three types
of processes: AR, moving average (MA),
and ARMA.
In practice, most of the time series are nonstationary. If the time series of observations
compared to the mean is non-stationary, the
series can be made differential. A stationary
series necessarily is not stationary in variance.
One-way to identify non-stationary in variance
is to use statistical tests such as Bartlett’s test.
To stabilize the variance in the data over time,
Box-Cox transformation can be used.
In cases where there is a non-stationary
series, the combined MA and AR-MA are used.
Consider this series: Zt, Zt−1, Zt−2,…
For simplicity, it is assumed that the mean of
Zt is zero.
Consider at, at−1, at−2,… as a sequence of
uncorrelated random variables with the mean
zero and variance σ2. ARIMA (p, q) model can
be shown as follows:
Zt = φ1Zt−1 +⋯+ φp Zt−p + at + θ1 at−1 +⋯+ θq
at−q
Where, p is the order of AR and q is the order
of moving mean (11).
Time series models are diverse uses in
medical science such as anticipating the number
of patients in the future, predicting mortality rate
in the next few years and so on.
In this study which is a modeling study, the
ARIMA time series model is fitted, and the best
model is selected based on the Akaike
information criterion criteria. Trend analysis was
also conducted based on the criteria R2 and mean
squared error, mean absolute deviation (MAD),
and mean absolute percentage error (MAPE) were
considered as the best equations for the series.
Information required to conduct the study
was relevant to children with ALL and AML
leukemia. They belonged to age groups of
below one to 15 years old. All information
was obtained through investigating records
and recording required information of medical
files which were extracted from medical
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documents and archive of Afzalipour Hospital
in Kerman.
To analyze the data, Microsoft Excel 2013,
MINITAB 17 (Minitab 17 Statistical Software
(2010); Minitab Inc., State College, PA) and R
version 3.0.3 software (R Foundation for Statistical
Computing, Vienna, Austria) were used.

Results
There were 259 diagnosed patients with
blood cancers over 2003-2013, out of whom
there were 220 patients with ALL and
39 patients with AML, 162 males and
97 females. The age mean was 6 years with a
standard deviation 4.01. This age group was
subdivided into three groups: 21.2% of children
below 1-2 years, 53.7% in the age group of
3-9 years, and 25.1% between 10 and 15 years.
Among these participants, there was 27.4% with
blood group A and 32.4% with blood Type B,
6.6% with blood group O and 33.6% with blood
group AB. The number of affected patients was
determined for 132 months (from April 2003 to
2013). For better analysis and conclusion, these
2 months were mixed and a total of 66 times
were investigated for each series.
All data were considered with shift one to
have the exponential analysis. Furthermore, for
data adjustment in terms of population, the
number of patients in each year was divided by
the population in the same year and a time series
model is fitted for the new data.
According to census results obtained from
the Department of Statistics and Information in
Management and Planning Organization of
Kerman province, the population in 1996 was
equal to 2,004,328 with average annual growth
of 2.81%. In 2006, the population was equal to
2,652,413, with average annual growth of
2.07%. This was 2,938,988 in 2011.
After drawing the time series graph, the
Bartlett’s test was used to examine the stability of
the variance and the P value for this test is equal
to 0.129. Therefore, this series is stationary.
Using the MINITAB software, Grade 2,
linear and exponential trends were examined for
the data, and the criteria of the measurement
accuracy are reported in table 1.
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Table 1. Examination of the precision of the linear,
exponential, and quadratic trends with three criteria
Trend
MSD
MAD
MAPE
Linear
0.65
0.62
48.6
Quadratic
0.51
0.52
33.01
Exponential
0.72
0.65
44.77

the P value for the equality of variance was
0.001, and thus the series is non-stationary at
variance. The Box-Cox transformation was used
to remove non-stationary mode.
Table 2. Comparison of the prediction operation of
the fitted ARIMA models
Time series model
MSE
BIC
AIC
ARIMA (2,1,2)
0.6307
−0.14
0.69
ARIMA (0,1,0)
1.106
0.16
1.13
ARIMA (1,1,0)
0.7602
−0.14
0.79
ARIMA (0,1,1)
0.6406
−0.31
0.61
ARIMA (1,1,1)
0.6396
−0.25
0.64
ARIMA (0,1,2)
0.6395
−0.25
0.64
ARIMA (1,1,2)
0.6327
−0.2
0.66

MSD: Mean squared deviation; MAD: Mean absolute deviation;
MAPE: Mean absolute percentage error

As it can be seen, the Grade 2 is better than
the other because it has lower values of MAPE,
MAD, and mean standard deviation.
To examine trends with higher trends, the
Excel software was used and finally Grade 4
models with R2 = 0.35 a are of better fit than
other models (Figure 1) and its linear equation is
as follows:

ARIMA: Auto regressive integrated moving average; MSE: Mean
squared error; BIC: Bayesian information criterion; AIC: Akaike
information criterion

According to figures 2 and 3, children’s
blood cancer decreased in male group and
increased in female group. With regard to R2 for
different trends, the best linear equation fitted to
the series graph for these two genders was
determined as follows in table 3.

y = 0.0000002x4 − 0.00004x3 + 0.0008x2 +
0.0587x + 4.0573
According to figure 1, the process of
leukemia in this study was the first upside and
then downside. According to the forecasts for
the next 10 years, the incidence of this cancer
will be increasing in the future.
Using the R software of ARIMA models,
data can be fitted as shown in the table 2.
Finally, the best model determined was the
ARIMA (0, 1, 1) with the mathematical form
Zt = 0.014−0.826at−1.
Modeling and trend determination and
forecasts were also performed separately for
both genders. The stationary assumption of
variance was denied for males. In female group,

Table 3. The best trend observed for each gender
Sex group
Trend model
R2
3
2
Male
y=0.000009x − 0.0023x +
0.41
0.1415x + 3.4042
Female
y=1E−09x6 – 2E−07x5 +
0.149
2E−05x4 – 0.0007x3 + 0.0132x2
– 0.0902x + 2.3183

Moreover, based on criteria previously
mentioned, the best ARIMA model for each of
the genders was specified and shown in table 4.
frequency

9
8

Poly. (frequency)

Frequency
y = 2E-07x4 - 4E-05x3 + 0.0008x2 + 0.0587x + 4.0573
R² = 0.3545

7
6
5
4
3
2
1
0
82 83 84 85 86 87 88 89 90 91 92

Figure 1. Forecast of the frequency of blood cancer for the next 10 years
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Male

Male

Poly. (Male)

9
8
7
6
5
4
3

y = 9E-06x3 - 0.0023x2 + 0.1415x + 3.4042
R² = 0.4165

2
1
0
82

83

84

85

86

87

88

89

90

91

92

Figure 2. Fitness of the best time series trend for men
Table 4. The best ARIMA model for each gender
Sex
ARIMA
AIC
Male
ARIMA (0,1,1)
122.97
Female
ARIMA (1,1,1)
37.85

ALL has increased (6).
In Latin America, during 1980 and 2004, the
percentage of global changes in both genders in
Colombia, Ecuador and Mexico increased;
however, this increase was only observed among
females in Uruguay, and there was a declining
trend for both genders in Argentina (7).
In Iran during 1995-2004, leukemia mortality
was higher among men was than women. There
was also an increasing mortality among children
below 15 years (10).
In this study, according to the forecasts for
the next ten years, the incidence of this cancer
will be increasing in future and it is necessary to
control the risk factors that affect the incidence
of leukemia in children.

ARIMA: Auto regressive integrated moving average; AIC: Akaike
information criterion

Discussion
Modeling, trend analysis and forecasting time
series data related to medicine and especially
diseases can provide doctors and clinicians an
overview of past, present, and future of a patient’s
disease to make timely measures to control or
reduce the morbidity and mortality rates.
In the United States during 1974-1983 and
1984-1993, the incidence of leukemia for a
specific age group as well as for the diagnosis of

Female

Female

Poly. (Female)

9
y = 1E-09x6 - 2E-07x5 + 2E-05x4 - 0.0007x3 + 0.0132x2 - 0.0902x + 2.3183
R² = 0.1494

8
7
6
5
4
3
2
1
0
82

83

84

85

86

87

88

89

90

91

Figure 3. Fitness of the best time series trend for women
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Further Recommendations: Factors affecting
leukemia in children include pollution, diet, and
exposure to the drug and infancy length.
Therefore, it is suggested that the effect of these
factors on the incidence of leukemia and modeling
with the use of these factors are investigated in
future studies.

4.

5.

Conclusion
In this study, time series modeling was
performed for blood cancer data over 20032013. It was shown that the incidence of this
cancer had increased until 2009 and then
decreased. According to the forecasts for the
next 10 years, the incidence of this cancer will
be increasing in the future. There was an
increasing trend for female group and a
downward trend for female group.
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