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Abstract— It is important to model progression of a disease to 
understanding if the patient’s condition is improving or getting 
worse. In the case of HIV disease, the change in the patient's CD4+ 
T cell count is used to calculate the progression of HIV disease i.e. 
if the CD4 count goes down it represent the progression of the 
patient’s HIV disease. Due to the lack of an effective cure for HIV 
disease, it is crucial to monitor the disease progression to managing 
HIV disease effectively. Therefore, this study is aimed to model 
HIV disease progression by using phase type survival trees to 
cluster patients into homogenous groups based on their disease 
progression to understand the effect of different factors of 
prognostic significance and their interactions affecting the disease 
progression. The proposed methods are evaluated using an 
empirical data of 1,838 HIV-infected patients. The methods 
developed in this study can also be used for modelling the 
progression of other chronic conditions or diseases. 
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I. INTRODUCTION 

Human Immunodeficiency Virus (HIV) is a virus but unlike 
normal viruses it cannot be cleared out of the body by the 
immune system, hence once a person is infected with HIV 
disease he/she will remain with this particular virus for the rest 
of his/her life. HIV disease attacks the T-cells, also known as 
the Cluster of Differentiation 4 (CD4) cells, and the CD4+ T 
cell count is used as the main predictor of disease progression 
and survival. These cells are a fundamental part of the immune 
system and HIV disease uses them to make copies of the same 
virus before it destroys them. Since these cells are crucial to 
fight infections and diseases, a person infected with HIV 
disease ends up having a weak immune system and once the 
immune system becomes deficient, hence the name, it cannot 
protect the patient against other viruses. Furthermore, when a 
certain amount of CD4 cells are destroyed, HIV disease 
becomes Acquired Immunodeficiency Syndrome (AIDS), 
which is the final stage of HIV disease. However, it should be 
noted that not every person who has HIV disease ends up 
having AIDS since antiretroviral treatment (ART) increases the 
number of CD4 cells, the level of HIV virus in the body is kept 
low and as a result AIDS is prevented. Nowadays a person can 
have a normal life expectancy if he/she is diagnosed with HIV 
disease and treated before the disease is far advanced. 

However, poor monitoring of disease progression and HIV 
disease drug resistance, i.e. the inability of the antiretroviral 
drug to decrease the viral reproduction rate adequately, are the 
main causes of HIV infected patients’ fatalities. Therefore, 
although HIV disease can be managed using ART, monitoring 
closely the disease progression is crucial. 

In this research work, HIV infected patients are clustered 
into groups using phase type survival trees (PTSTs). This 
clustering is done with respect to the total duration that a 
patient survives after being diagnosed with HIV disease and 
also with respect to the length of stay (LOS) of a patient in a 
particular HIV state. Partitioning is based on covariates 
representing some of the patients’ characteristics such as age, 
gender, therapy, censoring, start state, end state, initial state 
and final state. This is done to obtain a covariate which is the 
best to group the patients, i.e. which covariate has the 
maximum effect on the survival duration or on the LOS in an 
HIV state. 

II. AIMS AND OBJECTIVE 

Since currently no effective cure for HIV disease exists, the 
aim behind this research work is to model the progression of 
HIV disease as to identify the factors or covariates which 
contribute to the progression of the disease using phase type 
distribution (PHD). This is done by using a real database of 
1,838 HIV infected patients which were enrolled in the Italian 
public structures from January 1996 to January 2008. The 
outcome should aid to manage HIV disease and its treatment in 
a more effective way and can help us to understand better the 
effects that different covariates have on HIV disease 
progression while the methods developed through this 
dissertation can be useful for modelling disease progression in 
patients who suffer from other diseases. 

III. BACKGROUND AND RELATED WORK 

A. HIV Disease Progression 

In a person who has a healthy immune system, i.e. a person 
who is HIV negative, the CD4 counts are between 500 and 
1,500 cells/mm3, i.e. cells per cubic millimeter of blood, and in 
the case of an HIV positive person the CD4 count decreases as 
the HIV disease continues to advance, hence, HIV disease is 



termed as progressing if the CD4 count goes down. In the case 
of an HIV positive person, ART is used to prevent the HIV 
virus from multiplying and from destroying the patient’s 
immune system which consequently slows HIV disease 
progression. This helps in keeping the patient’s body healthy to 
fight off life-threatening infections and prevents HIV disease 
from progressing to AIDS. 

The CD4+ T cell count is used as the major predictor of 
HIV disease progression and survival and in fact the US 
Department of Health and Human Services (DHHS) ART 
treatment guidelines suggest that initiation of treatment should 
be based on this count [1]. 

HIV disease has several stages, where each stage is 
determined solely by the patient’s absolute peripheral blood 
CD4 count, and these stages indicate and describe the disease 
severity and the disease progression. The World Health 
Organisation (WHO) published a general disease staging 
system for these HIV disease stages. The staging system is 
however different for children, adolescents and adults. The 
four prognostic stages are [2, 3]: 

1. Asymptomatic disease where CD4 levels >500/mm3.  

2. Mild/ minor disease where CD4 levels 350-499/mm3.  

3. Moderate/advanced disease where CD4 levels 200-
349/mm3.  

4. AIDS/severe disease where CD4 levels <200/mm3.  

It should be noted that a patient’s immunological status 
may in some cases progress sequentially through the stages, 
however, it might also jump from a particular stage to any 
other stage. This disease progression from one stage to another 
depends on many factors and hence people infected may 
progress through the stages of HIV disease at different rates [1, 
4]. 

It should also be noted that the total time from the 
beginning of the infection till the infection develops to AIDS is 
known as the incubation period while the time from when HIV 
is diagnosed till death is known as HIV survival time. To find 
tests that are useful for prognosis and treatment decisions in 
HIV disease, and to establish what factors and covariates 
increase or decrease the rate of HIV disease progression, the 
survival period and the distribution of possible lengths of the 
incubation period needs to be characterised [5]. 

B. Phase Type Distribution(PHD)  

In this research work, PHD will be used to model HIV 
disease progression and this can be done by modelling and 
fitting PHD to its data. “A phase type distribution(PHD) is 
defined as the distribution of the lifetime X, i.e. the time to 
enter an absorbing state from the set of transient states ST of 
an absorbing continuous time Markov process{X(t)}t∞≥0” [6]. 

PHDs are an extension of the exponential distributions, in 
fact they show many of their advantageous properties, for 
example PHD, like exponential distributions, have the 
memoryless property, i.e. they are defined only on the 
nonnegative real numbers. PHD is frequently used in a wide 
range of application areas to model Markov stochastic process 

and they can model realistically the process of a patient’s 
journey through several stages as a finite state continuous time 
Markov chain [7, 8]. 

The analysis of healthcare systems is an important 
application area where PHD can be applied since in this area 
PHD is used to describe the time that patients stay in hospitals 
or to describe infection models, where in the latter PHD 
models the duration of different phases of an infection [6, 9]. 

However, PHD models are very flexible and as a 
consequence huge effort to find the parameters is needed so 
that the resulting model approximates closely the required or 
observed behavior. 

C. Coxian Phase Type Distribution(C-PHD) 

The best fit is known to be provided by the general PHD 
[8], however, parameter estimation is di�cult in this type of 
distribution. The Coxian phase type distribution (C-PHD) is a 
type of PHD that provides a suitable fit and it does not present 
the problems of the general PHD. This is because C-PHD has 
the minimum number of estimable parameters and it also has 
the advantage that it provides a simple interpretation of fit. C-
PHD is a special type of PHD where entry can only occur to 
the first state, i.e. a patient can only enter the system in the first 
state and only sequential transitions can take place, as shown in 
Figure 1 which was obtained from [9], with a transition rate λk 
from any state k to the next state k+1. A transition from any 
state k to the absorbing state n+1 is also possible with a 
transition rate µk where the absorbing state represents the death 
of a person [10]. 

 

Fig. 1. Schematic representation of C-PHD 

The time that a patient survives after being diagnosed with 
HIV disease has probability density function  

 f (t) = p(exp(Qt))q; (1) 

where p, which represents the initial state probability 
distribution, is defined as 

 p = (1 0 0 . . . 0 0); (2) 

the transition matrix Q is defined as 

 
(3) 

and q, which represents absorption probabilities, is defined as 

 q = (µ1 µ2 ... µn-1 µn)Τ (4) 



 The likelihood function is used to choose the best fit for the 
distribution to the data and the log-likelihood function, which 
is more convenient to work with, is defined as 

   
                      (5)  

 
where N is the sample size [10]. 
 

D. Phase Type Survival Trees(PTSTs) 

 Survival trees are trees used in survival analysis and they 
are a type of classification and regression trees. Survival tree 
based analysis is a robust method of splitting the data into 
subgroups, based on covariates such as age, for prognostication 
i.e. for establishing the effects of different input covariates and 
their effects on output measures such as disease progression or 
a patient’s survival duration. 

 PTSTs are a special type of survival trees where each node 
in the tree is described separately by PHD. A PTST is 
constructed by recursively splitting nodes into subgroups by 
one of the covariates based on some splitting criteria [11]. 

 Various splitting criteria to construct a PTST exist, for 
example splitting criteria based on the maximum likelihood 
ratio or the Bayesian information criterion (BIC) or the 
weighted information criterion (WIC) based splitting criteria 
[10, 11, 12]. 

In [9], the authors use PTSTs to evaluate the effect that the 
HIV diagnosis (HD) stage has, using the akaike information 
criterion (AIC). From this study, it was analysed that after 
clustering the data with respect to the HD stage there was a 
significant improvement in AIC and hence the HD stage affects 
the LOS that a patient spends in an HIV infection (HI) stage. 
This approach is then extended by first clustering the data 
based on the HI stage and then each cluster is further sub-
clustered based on the HD stage. This approach also enhanced 
the analysis that the patient's HD stage affects the LOS in a 
particular HI stage and it was also observed that patients who 
were diagnosed in stage 4 stay in HI stage 4 for a longer period 
of time than any of the other stages, and similarly for the other 
HD stages. 

Furthermore, in another study [11], the authors proposed a 
method for clustering the patients into homogeneous groups 
using PTSTs with respect to their LOS. However, in this paper 
the splitting criteria used is based on improvement of log-
likelihood functions and not on the WIC splitting criteria as in 
the case of this dissertation. In their other paper [10], the 
authors illustrate how the approach used in [11] can be used to 
quantify the significance of different covariates and their 
interaction in forecasting the patient's LOS in the hospital. This 
paper then describes how the PTST method can be extended 
and used to examine the relationship between the LOS in 
hospital and destination on discharge. In this approach, the BIC 
is used and this paper illustrates that this extended PTST 
approach can be used effectively to analyse the relationship 
between destination at discharge and LOS. This helps for 

estimating bed requirements and the cost of care while our 
approach helps to examine the disease progression. 

IV. SPECIFICATION AND DESIGN 

In this research work, patients are clustered into groups 
using PTSTs. Firstly, the clustering is done with respect to the 
total duration that a patient survives after being diagnosed with 
HIV disease and secondly, the clustering is done with respect 
to a patient’s LOS in a particular HIV state. This was done 
using a real dataset consisting of 1,838 HIV infected patients 
with a total of 9824 examination visits which were enrolled in 
the Italian public structures from January 1996 to January 
2008. No information that identified individual patients was 
provided. 

Partitioning is based on covariates representing some of the 
patients’ characteristics such as age, gender, therapy, 
censoring, start state, end state, initial state and final state. This 
is done to obtain a covariate which is the best to group the 
patients, i.e. which covariate has the maximum effect on a 
patient’s survival duration and on a patient’s LOS in an HIV 
state. 

A. General Procedure for Clustering Patients  into  Groups 
Based on the WIC Splitting Criteria 

A In this research work, PTSTs were constructed using the 
WIC based splitting criteria to cluster and identify the effects 
of various covariates and their interaction in the prediction of 
HIV disease progression. WIC is defined as follows: 

 

 
      (6)  

where N is the number of patients and d = 2*(k-1) where k 
is the number of phases [13]. 

This particular splitting criteria is used throughout this 
research work since it was observed in [14] that it produces the 
best results. Also in another study [15], it was found that WIC 
performs at least as well as, and in some cases even 
outperforms, other splitting criteria both with small sample and 
large sample sizes. 

It should be noted that a variant of the freely available 
downloadable package EMpht [16] is used to estimate 
parameters for the C-PHD fit to the duration and LOS. This 
package uses the expectation-maximization (EM) algorithm to 
implement maximum likelihood parameter estimation. 

Since the age covariate is a continuous covariate it should 
be divided into groups as to make it a categorical covariate. A 
PTST is then constructed by recursively splitting nodes into 
subgroups by one of the covariates. This is done by fitting each 
group separately to C-PHD and then the WIC value is used as a 
splitting criteria for the PTST. Since C-PHD is used, the 
covariate which provides the minimum total WIC value is 
chosen for further partitioning where the total WIC value for a 
particular covariate a is the sum of the minimum WIC values, 
which is given by a particular phase, for each subgroup of a 
particular covariate. The minimum WIC value chosen must be 



≥−2∗loglikelihood for the WIC value to be correct and if 
otherwise that WIC value is not considered and the next 
smallest WIC value from another phase is taken. If no WIC 
value is correct, the WIC value for that group is considered as 
null for the addition. 

Once a covariate a which provides the minimum WIC 
value, hence the maximum improvement in WIC, is obtained, 
this covariate a splits the dataset into a number of subgroups 
and then each subgroup is separately fitted to the C-PHD. One 
covariate is applied at each node and the total WIC value for 
partitioning with that covariate is recorded. This is repeated 
with other covariates and then the WIC value is compared with 
the WIC value of the node before partitioning. Hence a 
covariate which provides maximum significant improvement, 
by minimizing the WIC, is selected by exploring all possible 
splits each time. If at a particular node there is no split which 
provides significant improvement in WIC, that node is 
considered a terminal node and hence the process above should 
be repeated until no node provided a split which provides a 
significant improvement in WIC. 

B. Modelling a Patient’s Survival Duration after HIV Disease 
Diagnoses Headings 

The survival duration of each patient, i.e. the total time 
from when the patient was diagnosed with HIV disease till 
death or till termination of data collection was modelled. 
Partitioning is based on the four covariates age, gender, initial 
state and therapy. For the continuous covariate age, cut-points 
were used to divide patients into groups as to change the 
continuous covariate age into a categorical one. 

The age covariate was divided into 3 almost equal 
subgroups using 3 cut-points as shown below: 

First Group: 15.75 to 25.99 years, 598 patients  

Second Group: 26 to 33.99 years, 755 patients  

Third Group: 34.03 to 75.36 years, 485 patients. 

A PTST, shown in Figure 2 Section IV, was created to 
model a patient’s survival duration using the procedure 
explained in Section IV.A to cluster the patients into 
meaningful groups. This was also repeated to model a patient’s 
LOS in an HIV state.  

V. RESULTS 

Figure 2 is the schematic diagram of the PTST that was 
constructed using the WIC based splitting criteria and it 
clusters the data into 8 clusters (i.e. terminal nodes). This PTST 
implies that the whole data was first divided by the therapy 
covariate since it was found to have a high prognostication 
significance on the patient’s survival duration, then it shows 
which other covariates have a prognostic significance on the 
survival duration when excluding therapy, and hence it further 
considers patients who did not use ART (node 2) and patients 
who did use ART (node 3). The other nodes have the same 
interpretation and illustrate what other covariates can affect the 
patient’s survival duration. This PTST can help us determine 
factors which can affect the survival duration of a newly 
diagnosed HIV infected patient. 

 
Fig. 2. PTST modelling a patient's survival duration  

Table 1 presents the nodes of the tree together with all the 
possible splits of these nodes. The splits selected to create child 
nodes are shown as bold faced. For instance nodes 8 and 9 are 
nodes created by splitting node 5 by the gender covariate. The 
gain in WIC is the difference between the WIC value of the 
parent node before clustering and the total WIC value of the 
leaf nodes. Table 1 also lists the number of patients in each 
group together with the mean duration. This table provides 8 
prognostic groups from the survival data used where each 
group follows a separate patient pathway and one can analyse 
the relationship between age, gender, initial state, therapy and 
total duration by analysing the results in this table. 

At level 1 it can be observed that the most significant split 
is given by the covariate therapy (total WIC 10511.97) which 
means that there was most significance difference among 
patients who did not use ART (Group 0) and those who did 
(Group 1). Patients who did not use ART have a shorter 
survival duration (mean duration 1640.57) while patients who 
used ART are less likely to have shorter duration (mean 
duration 1720.66) showing that the use of ART increases the 
patient’s survival duration. The second best splitter at level 1 is 
the covariate initial state (total WIC 10534.13). Patients who 
were diagnosed in state 4, i.e. initial state = 4, were most likely 
to have a short survival duration (mean duration 1104.25) 
while patients who were diagnosed in state 2, i.e. initial state = 
2, were less likely to have a short survival duration (mean 
duration 1978.97). The other two covariates age and gender did 
not provide any gain in WIC at this level. 

At level 2, the covariate initial state provided the most 
significant split for node 2 (total WIC 3945.44). In this case it 
can be observed again that patients who were diagnosed in 
state 4, i.e. initial state = 4, were most likely to have a short 
survival duration (mean duration 627.54) while patients who 
were diagnosed in state 2, i.e. initial state = 2, were less likely 
to have a short survival duration (mean duration 1946.68). No 
covariate provided an improvement in WIC for node 3 and 
hence node 3 is a leaf node in the PTST. 

At level 3, no covariate provided an improvement in WIC 
for nodes 4 and nodes 7 and hence these nodes are also 
terminal nodes. The covariate gender provided the most 
significant splits for node 5 (total WIC 681.76). In this case it 
can be observed that females were most likely to have a short 
survival duration (mean duration 1677.27) while males were 
less likely to have a short survival duration (mean duration 
2052.39). 



TABLE I.  TREE CONSTRUCTION TABLE MODELLING A PATIENT’S SURVIVAL DURATION 

 
Node 

 
Covariate 

Covariate 
Value 

No. of 
patients 

Mean 
Duration 

 
WIC 

Log 
likelihood 

Total 
WIC 

Gain 
in 

WIC 

All 
Complete 

dataset 
Root node 1838 1868.77 10536.12 -5264.88 10536.12 - 

 
 
 
 
 

1 

 
Age 

1 598 2031.60 3486.44 -1740.55  
10540.54 

 
-4.42 2 755 1926.39 3944.72 -1969.58

3 485 1619.33 3109.37 -1552.11

Gender 1 1288 1829.25 8041.04 -4017.50 10540.20 -4.08 
2 550 1997.41 2499.16 -1246.94

 
Initial State 

1 1030 1964.99 5842.44 -2918.30  
10534.13 

 
1.99 2 425 1978.97 1980.82 -987.89

3 274 1866.02 1762.16 -878.75
4 109 1104.25 948.70 -472.41

Therapy 
0 504 1640.57 3954.51 -1974.66

10511.97 24.15 
1 1334 1720.66 6557.46 -3269.63

 
 
 
 

2 

 
Age 

1 173 1877.23 1319.05 -657.39  
3956.29 

 
-1.78 2 212 1698.15 1641.28 -818.42

3 119 1250.26 995.95 -496.00

Gender 1 368 1631.61 2960.78 -1477.93 3958.28 -3.77 
2 136 1667.30 997.51 -496.72

 
Initial State 

1 322 1780.23 2414.40 -1204.80  
3945.43 

 
9.08 2 133 1946.68 682.09 -335.17

3 45 1502.87 518.74 -257.77
4 24 627.54 330.21 -163.72

 
 
 
 

3 

 
Age 

1 425 1745.23 2164.58 -1074.72  
6574.71 

 
-17.24 2 543 1690.63 2298.20 -1141.21

3 366 1800.89 2111.93 -1053.51

Gender 1 920 1733.21 5073.26 -2528.03 6568.60 -11.14 
2 414 1574.16 1495.34 -740.14

 
Initial State 

1 708 1793.76 3423.68 -1703.60  
6580.16 

 
-22.70 2 312 1760.67 1298.74 -642.21

3 229 2022.37 1244.64 -620.07
4 85 1387.70 613.11 -304.71

 
 

4 

 
Age 

1 129 1805.10 989.84 -492.91  
2421.06 

 
-6.66 2 134 1768.08 1021.38 -508.66

3 59 1750.50 409.85 -203.22

Gender 1 230 1788.37 1753.26 -874.37 2417.85 -3.45 
2 92 1758.74 664.59 -330.42

 
 

5 

 
Age 

1 30 2553.00 179.82 -88.45  
687.13 

 
-5.04 2 50 1643.00 289.02 -142.87

3 33 1452.69 218.29 -107.66

Gender 
1 83 2052.39 493.49 -241.24

681.76 0.33 
2 30 1677.27 188.26 -92.67

 
 

6 

 
Age 

1 11 1881.99 121.98 -59.78  
514.96 

 
3.78 2 19 2207.45 194.03 -95.70

3 15 702.54 198.95 -98.21

Gender 1 36 1424.69 432.65 -214.80 520.59 -1.86 
2 9 1909.39 87.94 -42.77

 
 

7 

 
Age 

1 3 573.50 34.65 -14.70  
337.24 

 
-7.03 2 9 713.66 138.67 -68.13

3 12 566.91 163.93 -80.74

Gender 1 19 667.94 272.79 -135.08 332.36 -2.15 
2 5 445.75 59.57 -28.40

 
8 

 
Age 

1 21 2411.12 143.30 -70.30  
500.26 

 
-6.77 2 37 2635.54 175.38 -83.06

3 25 -89.39 181.58 -89.39
 

9 
 

Age 
1 9 3120.50 38.58 -18.09  

189.64 
 

-1.38 2 13 1001.85 113.20 -55.37
3 8 2598.00 37.86 -17.72

10 Gender 1 8 1603.33 102.97 -50.28 126.56 -4.58 
2 3 3553.99 23.59 -9.18

11 Gender 1 15 2072.66 157.98 -77.73 197.08 -3.05 
2 4 2813.99 39.10 -17.88

12 Gender 1 13 797.09 171.45 -84.49 - - 
2 2 - - -

 

No covariates provided an improvement in the WIC value 
for nodes 8,9,10,11 and 12 and hence they are labelled as 
terminal nodes as well. It should be noted that a ’-’ in Table 1 
implies that no WIC value was ≥−2∗loglikelihood. 

This shows that the covariate therapy has a prognostic 
significance since splits based on this covariate provide 
significant improvement in WIC. Therapy is followed by initial 
state for those patients who did not use ART while no covariate 
provides any improvement in WIC for those who used ART 
and hence this cluster of patients is not further divided. Also no 
covariates provided an improvement for initial state groups 1 
and 4 while group 3 and group 4 are furthered partitioned by 
gender and age respectively, however, these two covariates 
provide a lower prognostic significance compared to the 
therapy covariate. 

The survival function was then plotted for each terminal 
node to show the quality of fit of each cluster of patients and 
the plots obtained verified that the model created represents the 

empirical data well (See Figure 3). The survival functions for 
node 3 and node 12 are shown in Figures 3(a) and 3(b) 
respectively where the x-axis represents the number of days 
that a patient survives after being diagnosed with HIV disease 
while the y-axis represents the probability of survival. 
Therefore, from such plots we can estimate the probability that 
a newly diagnosed HIV patient, which belongs to a specific 
clustered group, has of survival after a certain amount of days 
of being diagnosed with HIV. 

 
    (a) Node 3 (1334 patients)          (b) Node 12 (15 patients) 

Fig. 3. Survival Function for (a) Node 3, (b) Node 12 



TABLE II.  EMPIRICAL AND FITTED DATA RESULTS FOR NODE 3 - 
PATIENTS WHO USED ART 

No. of days after HIV 
diagnosis 

Empirical - Prob. Of 
survival (%) 

Fitted – Prob. Of 
survival (%) 

0 100 100 
988 57 60 

1853 30 34 
2877 22 17 
3895 10 9 
4580 4 6 

 

From Figures 3(a), it can be observed that on day 1 of 
diagnosis there is 100% chance of survival while as the number 
of days increase, the survival function decreases. This implies 
that the probability of survival decreases as the number of days 
increase. 

The values of the x-axis and the corresponding y-axis 
values for Figure 3(a) were recorded, i.e. for patients who used 
ART, for both the empirical data and for the fitted data. The 
results are shown in Table 2. 

The results obtained verify that the model obtained gives a 
good prediction for the cluster of patients who used ART since 
for instance after 988 days a patient has a probability of 
survival of 57% while the model created by fitting the data 
gives a probability of survival of 60%. It can also be noted that 
the model created predicts that after approximately 8000 days 
(approximately 22 to 23 years) a patient who uses ART 
(excluding any other covariate) has 0% of survival. On the 
other hand, from Figure 3(b) it can be observed that a 34 to 75 
years old patient who was diagnosed with HIV in state 3 and 
does not use ART (node 12) has 0% of survival after 3000 days 
(approximately 8 to 9 years). 

It should be noted that another PTST modelling the 
patient’s LOS in an HIV state was created and it was obtained 
that the factor end state, which represents the state in which the 
patient was during a particular examination visit, has a high 
prognostic significance when modelling the LOS in an HIV 
state. However, in this case the data is censored as the CD4 
count is measured at each examination visit and the HIV state 
is diagnosed based on this count but the patient might have 
been in this state even before the examination visit. As a result 
one cannot know the exact time that a patient entered or left a 
particular HIV state and therefore the data is censored, except 
when a patient dies 

VI. EVALUATION 

The aim of this research was to model HIV disease 
progression and to identify the factors or covariates which 
contribute to the progression of this disease and as shown in 
Section V, the covariate therapy has a high prognostic 
significance followed by initial state while age and gender 
provide a lower prognostic significance when modelling a 
patient’s survival duration. In this section, 3-fold cross-
validation is used for evaluating the model which models a 
patient’s survival duration. Therefore, the original dataset used 
in this research work was divided into three subsamples and a 
PTST was created from     of the data and then the remaining  

 of the data was used to test the fit of the model. This process 
was repeated three times and hence three PTSTs were 
obtained. 

A. PTSTs for the Subsamples 

The PTSTs created for subsamples 1 and 2 are identical and 
hence one PTST, Figure 4, is provided for both while the PTST 
for subsample 3 is illustrated in Figure 5. 

All three subsamples give a slightly different PTST from 
the original PTST , however, these three PTSTs still verify that 
the covariate therapy has the most prognostic significance on 
the patient’s survival duration, since splits based on this 
covariate provided significant improvement in WIC even for  
of the data, followed by the initial state covariate for those 
patients who did not use ART, as in the original PTST, while 
no other covariates has any other significance for those patients 
who used ART for these three PTSTs. Also, no covariate 
provided an improvement for initial state groups 1 and 4, as in 
the original PTST. 

 

Fig. 4. PTST for subsamples 1 and 2  

 

Fig. 5. PTST for subsample 3  



The only difference that these PTSTs have from the 
original PTST, Figure 2 Section V, is shown in the bottom 
levels of these PTSTs since for subsample 1 and subsample 2, 
initial state groups 3 and 4 are not further partitioned and hence 
age and gender provide no further partitioning for these two 
subsamples. However, for subsample 3, initial state group 3 is 
furthered partitioned by the age covariate and then age group 1 
and age group 3 are furthered partitioned by the gender 
covariate, however, this shows that these two covariates still 
provide a low prognostic significance when modelling a 
patient’s survival duration. 

B. Comparing Empirical to Fitted Data 

The distribution plots for the C-PHD fitting of the data, 
represented by the terminal nodes of the PTSTs, from  of the 

data compared with the corresponding   of the data for each 

node of each PTST were plotted.   

This was done to compare the empirical (from  of the 
data) and fitted data (from  of the data). the plots obtained 
illustrate that the model created, based on a patient’s survival 
after being diagnosed with HIV disease, provides a good fit 
and minimum overfit the data. A slight difference between the 
empirical and fitted data could be observed in some cases, 
however, it was due to the fact that the empirical data consists 
of a small number of patients for those nodes. Therefore, the 
model created in Section V can also represent data which was 
not used to estimate its parameters. As a result, it is shown that 
PTST based analysis can be used to identify predictors of a 
patient’s survival duration. 

VII. CONCLUSIONS AND FUTURE WORK 

The motivation behind this research work was to model the 
progression of HIV disease and this was done by creating and 
evaluating the PTSTs together with illustrating how these 
PTSTs can be constructed and used to cluster and quantify the 
significance of different covariates which contribute to the 
progression of HIV disease. The PTSTs created cluster the 
patients into prognostically significant groups and are 
effectively revealing the interrelationship between the 
covariates and the patient’s survival. As a result, when 
considering the total duration that a patient survives after being 
diagnosed with HIV disease, the covariate therapy was found 
to have prognostic significance followed by initial state 
showing their prognostic significance to the progression of 
HIV disease while the covariates age and gender did not show 
any prognostic significance, while when considering the 
patient’s LOS in an HIV state, the covariate end state provided 
a prognostic significance to the disease progression. This 
illustrates that PTST based analysis is a practical method for 
establishing the relationship between input covariates and 
outcome measures and for clustering available survival data 
into clinically meaningful patient groups. As a result it is 
shown that PTST based analysis can be used to identify 
predictors of a patient’s survival duration and to estimate the 
survival duration of a patient based on his/her characteristics 
that are available at the time of HIV disease diagnosis. 

The outcome of this research is practical since currently no 
effective cure for HIV disease exists and the results obtained 
can help us to understand better the effects that different 
covariates have on HIV disease progression. Consequently, this 
can help in better planning and care management of the HIV 
infected patients while it might also help in understanding the 
effect of ART on the disease progression. Such factors could 
also help in finding ways to slow disease progression and help 
in therapeutic monitoring decisions. 

As future work, the approach used in this research work can 
be repeated using different cut-points for the age covariate and 
an automated algorithm that can be used to decide the optimum 
cut-points can be developed. The PTST analysis can also be 
extended by considering other covariates, for instance 
coinfection with other diseases such as hepatitis B or hepatitis 
C. Additionally, a similar approach using PTST based analysis 
can be applied for modelling disease progression in patients 
who have other infectious diseases such as diabetes and cancer  

REFERENCES 
[1]  S. E. Langford, J. Ananworanich, and D. A. Cooper. Predictors of 

disease progression in hiv infection: a review. AIDS Research and 
Therapy, 4, 2007. 

[2] W. H. Organization. Interim who clinical staging of hiv/aids and 
hiv/aids case definitions for surveillance. AIDS Research and Therapy, 
2005. 

[3] AIDS.gov. Stages of hiv infection, December 2013.  

[4] G. Pantaleo, S. Menzo, M. Vaccarezza, C. Graziosi, O. J. Cohen, J. F. 
Demarest, D. Montefiori, J. M. Orenstein, C. Fox, L. K. Schrager, J. B. 
Margolick, S. Buchbinder, J. V. Giorgi, and A. S. Fauci. Studies in 
subjects with long-term non progressive human immunodeficiency virus 
infection. The New England Journal of Medicine, 332(4):209–216, Jan 
1995.  

[5] D. H. Osmond. Epidemiology of disease progression in hiv. May 1998. 

[6] P. Buchholz, J. Kriege, and I. Felko. Introduction and phase-type 
distributions. In Input Modeling with Phase-Type Distributions and 
Markov Models, chapter 2, pages 1–27. Springer International 
Publishing, 2014.  

[7] L. Garg, S. McClean, B. J. Meenan, and P. Millard. Phase-type survival 
trees and mixed distribution survival trees for clustering patients’ 
hospital length of stay. Informatica, 22(1):57–72, 2011. 

[8] M. Fackrell. Modelling healthcare systems with phase-type 
distributions. Health Care Management Science, 12(1):11–26, 2009. 

[9] L. Garg, G. Masala, S. I. McClean, M. Micocci, and G. Cannas. Using 
phase type distributions for modelling hiv disease progression. In 25th 
International Symposium on Computer-Based Medical Systems 
(CBMS). IEEE, 2012. 

[10] L. Garg, S. McClean, M. Barton, B. Meenan, and K. Fullerton. An 
extended phase type survival tree for patient pathway prognostication. In 
IEEE Workshop on Health Care Management (WHCM). IEEE, 2010. 

[11] L. Garg, S. McClean, B. Meenan, and P. Millard. A phase type survival 
tree model for clustering patients’ hospital length of stay. In The XIII 
International Conference, Applied Stochastic Models and Data Analysis 
(ASMDA), 2009. 

[12] L. Garg, S. McClean, M. Barton, B. Meenan, and K. Fullerton. 
Forecasting hospital bed requirements and cost of care using phase type 
survival trees. In Intelligent Systems (IS), 5th IEEE International 
Conference. IEEE, 2010. 

[13] L. Garg, S. I. McClean, M. Barton, B. J. Meenan, and K. Fullerton. 
Intelligent patient management and resource planning for complex, 
heterogeneous, and stochastic healthcare systems. IEEE Transactions on 
Systems, Man, and Cybernetics: Systems, 42(6), 2012. 

[14] L. Garg. Unified modelling for care of the elderly. PhD thesis, 
University of Ulster, UK, 2010. 



[15] P. Chen, T.-J. Wu, and J. Yang. A comparative study of model selection 
criteria for the number of signals. IET Radar Sonar Navigation, 
2(3):180–188, 2008. 

[16] S. Asmussen, O. Nerman, and M. Olsson. Fitting phase-type 
distributions via the em algorithm. Scandinavian Journal of Statistics, 
23(4):419–441, December 1996.  

 
  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


