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Abstract 
 
The volume and technical complexity of both academic and commercial research 
using decision analytic modeling has increased rapidly over the last 2 decades. The 
range of software used for their implementation has also increased, but it remains 
true that a small number of programs account for the vast majority of cost 
effectiveness modeling work. In this paper we report a head-to-head comparison of 
four programs to support researchers in identifying the most appropriate software 
for a given type of analysis.   We find that whilst Excel and Treeage Pro are good 
programs for producing the types of analyses typically required by HTA agencies, 
and for educational purposes, the efficiency and transparency advantages of the 
programming languages MATLAB and R, become increasingly valuable when more 
complex analyses such as value of information, are required.  
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Section 1: Introduction 
 
The volume and technical complexity of both academic and commercial research 
using decision analytic modeling has increased rapidly over the last 2 decades.  
Table 1 shows the number of hits identified by an OVID MEDLINE search for studies 
using decision analytic cost effectiveness models published since the year 2000; 
[For search strategy see Appendix 1]. The range of software used to implement such 
models has also increased, although a relatively small number of programs account 
for the vast majority of implementations.  
 
Parsimony, transparency and reproducibility are well established principles in 
decision analytic modeling; and they are relevant considerations for choosing which 
software for model implementation.  However, these are not the only 
considerations. The software must be capable of implementing the type of model 
being developed and it must match the experience and technical skills of the analyst.  
The complexity of the proposed analyses can mean that processing times are 
important; the technical demands of health technology assessment bodies such as 
NICE in the UK effectively define a minimum capacity set for software.  
 

Table 1: Growth in volume of published decision models between 2000 and 
2015 – results from a Medline Search  
  

Time Frame Markov Model Decision Tree Individual Level Model 

2000-2009 3,344 896 252 

2010-2014 2,969 932 385 

2015 443 214 116 

    

 
  
There is scant literature around the software programs used for implementing cost 
effectiveness models. Tosh & Wailoo [1]                                                    consider Excel, R 
and TREEAGE and more from a broader perspective. Menn and Holle  [2]                                                   
conducted a review of cost effectiveness modeling software in 2009 which included 
ARENA 12.0, Microsoft EXCEL2007, and TREEAGE Pro 2009. In this paper we 
consider TREEAGE Pro (2016 R1), and Microsoft EXCEL  2016, as well as two 
programming languages, R (3.2.4 Revised x64)  and MATLAB 2016a (x64). We 
exclude ARENA as its primary focus discrete events simulation (DES). The included 
programs have been extensively used in both academia and industry. With the 
exception of TREEAGE, the programs are either open source or have open source 
alternatives.  
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The remainder of this paper is structured as follows:  Section 2 provides an 
overview for each of the 4 programs, including tips for optimizing their processing 
speed and how much each costs to purchase.  Section 3 briefly describes the criteria 
used to compare them and Section 4 describes the methods used for the 
benchmarking analysis.  Section 5 presents the results of the benchmarking analyses 
and our assessment of each piece of software’s performance against each evaluation 
criteria. Section 6 provides our summative assessment including recommendations 
for programs’ utilization in different settings such as education, Health Technology 
Assessment (HTA) agency submissions and academic research.  

Section 2: Overview of the Software 

EXCEL 
Microsoft EXCEL, (Microsoft Corporation, Redmond, WA, USA), is the ubiquitous 
workhorse of HTA.  All 28 respondents to the NICE DSU survey reported using 
EXCEL in the construction of a model submitted for technology appraisal. Along with 
TreeAge, it is the only other software for which all 6 responding HTA  groups stated 
they had expertise. [1]                                                  

 
Menn and Holle [2]  found EXCEL to be efficient for constructing simple models but 
that more complex models were better suited to other packages. EXCEL is highly 
extensible through the use of macros programmed in Visual Basic for Applications 
(VBA) and numerous third-party packages to enhance functionality.  Further, 
Microsoft continues to develop the JavaScript API across the Office product line 
allowing for a choice in more advanced modeling. [3]  

 
EXCEL is often used in introductory courses and text books on CEM [4]  , and it is 
available on both the MS Windows and Mac OS X operating systems. 

 
LIBREOFFICE  [5]  and OPENOFFICE [6]  are open source spreadsheet programs that 
are largely compatible with Excel. However, some EXCEL macros may require 
translation.  The benchmark model discussed below, which uses simple macros, ran 
in LIBREOFFICE with the sole modification of splitting one worksheet in EXCEL into 
two in LIBREOFFICE due to the column constraints;1024 in LIBREOFFICE [7]                                     
as opposed to 16,384 in Excel. [8]                                           
 
EXCEL has a number of valuable features including support for a variety of 
statistical and econometric functions, and the ability to extend its in-built 
capabilities through the recording or direct programming of macros.  For more 
advanced users who program macros to extend Excel’s capacities, the VBA 
development environment is fully featured including syntax highlighting and 
completion as well as debugging and project management tools. EXCEL has 
extensive aesthetic options allowing for a rich presentation of models and their 
results, as well as explicit documentation of the structure of the model. The links 
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between EXCEL and other components of the MS Office Suite such as Word and 
Powerpoint, support the efficient production of reports and presentations for 
dissemination.  
 
Botchkarev provides an overview of why Microsoft came under criticism for the 
quality of the algorithms used in Excel’s statistical functions and random number 
generators. [9] Problems were identified by numerous authors regarding the quality 
of the random number generator (RNG) and the accuracy of statistical functions.  He 
documents and elaborates on the state of the software and provides a table of 
known issues with functions as of Office 2013. He concludes that persisting 
problems with the default random number generator (RNG) necessitates the use of 
an external (to the software) RNG. Specifically, the RNG is undocumented and the 
seed, which is used to initialize a random number generator cannot be set. That the 
seed cannot be set is problematic for reproducibility and consequently validation.  
In spite of these problems he concludes “Microsoft EXCEL (versions 2010 and 2013) 
is a strong Monte Carlo simulation application” given the demonstrated 
improvements in many functions. As of EXCEL2016, the RNG remains largely 
undocumented though a Microsoft support document applicable to versions 2003 to 
2010 suggests the RNG is of the Wichman-Hill type. [10] The “Randomize” VBA 
function can be used to seed the RNG within VBA macros but not within EXCEL 
proper. 

 
As of EXCEL 2007, the software has a feature known as “multithreaded recalculation 
(MTR)” which will automatically try to parallelize any re-calculations provided they 
use only thread safe functions. [11]  MTR is turned on by default requiring no 
additional settings from the user.  Disabling unnecessary display outputs such as 
progress bars, screen updating and Application. EnableEvents can also substantially 
reduce processing times. [12]                                       
 
The prices of two versions of EXCEL are presented. Both versions include EXCEL 
and consequently either is sufficient for modeling. Academic users not covered by a 
license agreement receive a discount of 10% or more off commercial pricing at time 
of writing.  A trial version is available at no cost.  
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Table 2: Prices (US $) for Microsoft Excel – March 2016[15,16,17] 
 

Version Commercial Student Academic 

Home & 
Business $229.99 $149.99 $206.99 

Professional $309.99 - $278.99 

 
 

TREEAGE Pro 
 
TREEAGE Pro is a common visual development tool used in HTA. [13]                                      
The Wailoo et al survey (2008) indicated that 57% (n = 28) of respondents had used 
TREEAGE Pro to submit a model for technology appraisal. [1]   Along with Microsoft 
Excel, it is the only other software for which all 6 responding assessment groups 
stated they had expertise. 
 
TREEAGE Pro’s strengths lie in the ease of model implementation.  Within TREEAGE 
it is possible to define a model visually using influence or state transition diagrams, 
and then covert these diagrams to decision trees or markov models. In turn markov 
models can be converted to DCE models. The visual interface supports copy and 
paste operations for all or parts of models as well as cloning sub-trees. TREEAGE 
support interfaces with a variety of software packages, including EXCEL, and 
automates the production of a diverse array of outputs.  Table 4 provides an 
overview of the software’s capabilities.  [14]                                    
 

It is worth noting that TREEAGE supports two forms of markov models – the 
standard markov chain and the markov tree. The markov tree was initially specified 
by Hollenberg, allowing a more aesthetic presentation of Markov models. [15]                                   
These two forms are not completely equivalent and though the differences are 
subtle, then can sometimes have a substantial impact upon the results. Appendix 2 
provides a more detailed exposition of the differences between markov chain and 
markov tree models, and why the differences can be important. 
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Table 4: Summary of TREEAGE Pro software capabilities 
 

Models Explicitly Supported Analysis & Outputs Interoperability 

Budget Impact Analysis (Dynamic 
Cohorts) Bayesian Revision Excel 

Decision Trees CE plane/scatter plots Java & ActiveX API 

DES (Time to event) CEAC 
ODBC database 
connections 

Markov Models 
Deterministic & probabilistic 
sensitivity analysis Python 

Micro-simulation (Individual State 
Transition Models) EVPI 

 

 
EVPPI 

 

 
ICERs & Dominance Scalability 

 
Markov Trace 

Distributed 
computing 

 
Survival curves Multi-threaded 

 
Threshold analysis 

 

 
Tornado diagrams 

 

 

Various charts  
(NMB v. WTP, EVPI v. WTP &c.) 

 

Various distributions  
(ICERs, stochastic parameters, 
&c.) 

  

 
With anything more than simple models, it is important to allow TREEAGE to use as 
many threads as possible, given the specification of the computer it is running on. It 
is also advisable to allow the TREEAGE to use a significant quantity of the available 
RAM (heap memory).  TREEAGE supports distributed processing, with only one 
computer (the ‘Master’) having an active license.  
 
TREEAGE offers several licenses depending upon industry and use. Use of Markov 
and micro-simulation models requires the Healthcare version as does using the 
cost-effectiveness, Markov cohort, and healthcare reporting features. State-
transition diagrams, DES, distributed processing, and creation of player models all 
require both the Healthcare module as well as an active maintenance license. A 
restricted trial version is available. [13]                                  
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Table 5: Prices (US $) for TREEAGE Pro Licenses – March 2016[21] 
 
 Core Health Care 

 Commercial Non-Profit & 
Gov’t 

Acade
mic 

Commer
cial  

Non-Profit & 
Gov’t 

Acade
mic 

Standard 1280 1130 800 1760 1500 1060 

Maintenance 199 199 199 199 199 199 

Annual License 450 385 265 590 525 395 

Annual Renewal 450 385 265 590 525 395 

Student Course 
License 

- - - - - 45 

Student 
Research 
License 

- - - - - 250 

 

Programming Languages: MATLAB & R 
 
Both MATLAB & OCTAVE and R are general purpose programming languages with 
an emphasis on math and statistics. They share common strengths and weaknesses 
and the development cycle is similar across both packages. A general analysis of 
both is first offered here, followed by application specific details relevant to the 
analyst. No review of programming languages was offered by Menn and Holle. [2]                              
Results of the NICE DSU survey report that of the 6 responding assessment groups, 2 
had expertise in R and the rest would either require training or be unable to review 
a model in R. [1]                                 
 
As general purpose high-level programming languages, MATLAB and R support all 
model types. There is little limit on complexity, structure, or scope and scale of 
models. Nor are there limits on the analyses performed. Value of Information (VOI), 
[16]  and Expected Value of Perfect Parameter Information (EVPPI) [17,18]                               
etc. can all be implemented.  Both languages feature rich plotting features, with 
highly customizable options for an extensive variety of plots. Both languages are 
also highly extensible through community and/or vendor developed packages, 
which augment basic functionality. 
  
MATLAB and R have built-in functions for routine statistics permitting in-model 
specification of econometrics and other statistical analyses that drive model 
parameters. Both either include, or can be used with, an integrated development 
environment (IDE). An IDE can greatly enhance productivity during model 
development as it (usually) provides visual identification of syntax errors and code 
management and debugging tools as primary features.  
 
 



PACEOMICS Working Paper 
 

 

Both MATLAB and R use the Mersenne Twister as the default for random number 
generation. It has many desirable properties such as a long period length and 
efficiency in implementation. [19]       In common with all programming languages it 
is advisable to pre-allocate any matrices, arrays or vectors that will be used in 
computation. Further, as both MATLAB and R make extensive use of vectorization, 
which enables the simultaneous processing of multiple data elements, using ‘loops’ 
should be avoided. For probabilistic models, it is more efficient to draw the random 
variables outside of the simulation loop. Thus, if the analysis requires 10,000 
simulations, first take 10,000 draws from your distributions and then index them 
using the simulation number. Profiling tools are available that identify which 
sections of code are generating the majority of the processing time and hence where 
there is the greatest potential for improving the efficiency of the code. As with 
EXCEL it is advisable to eliminate progress bars as these slow down analyses 

MATLAB with OCTAVE  
 
MATLAB, a concatenation of “matrix laboratory”, is a popular high-level 
development environment boasting use at over 5000 colleges and universities and 
over 1 million users worldwide. GNU OCTAVE (OCTAVE) is an open source solution 
that is “mostly compatible” with the MATLAB language. [20]  Neither was 
considered in Menn and Holle, nor did any respondents to the NICE DSU survey 
indicate the use of any of these two tools in submitting a Technology Assessment 
Report, though they are well suited to all forms of HTA.  [1]  [2]                           
 
Being a high-level language combined with an integrated development environment 
(IDE), MATLAB is a general purpose computing platform providing for rapid 
development of numerical programs. An extensive standard library of functions 
provides a strong foundation for a variety of problems, and both MATLAB  [21]                        
and OCTAVE  [22] are extensible through user submitted packages. MATLAB 
provides domain specific extensions through “Toolboxes” covering domains as 
diverse as bioinformatics and aerospace. [23] For example, MathWorks Simulink 
and SimEvents products provide graphical DES,  [24] however there is sufficient 
infrastructure in MATLAB and the Statistics & Machine Learning Toolbox to 
implement DES without them.  
 
 
MATLAB has a built-in profiler to analyze the performance of programs and identify 
potential areas of improvement. In addition, the extensive error messages provide 
an indication of the location of errors in the programming and their reason. The 
MATLAB editor also provides real-time visual identification of syntax and 
programming errors and inefficiencies; although this is not available in OCTAVE. 
The built-in debugging tools allow the programmer to step-through a program, or 
example line by line, to inspect problems.  Its accelerator feature further optimizes 
programs producing, which can result in quite substantial reductions in run time. It 
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also makes extensive use of parallel processing across many of its standard 
functions. 
  

Whilst not strictly an issue for speed of processing, it is worth noting that programs 
written in MATLAB are largely compatible with OCTAVE, however, OCTAVE seeds 
random number generators using a different syntax to MATLAB.  Speed of 
processing in MATLAB is completely dependent upon user optimization of the code. 
Code optimization is particularly important for Value of Information and other 
multi-level Monte Carlo analyses.  By default MATLAB uses double precision floating 
point arithmetic,  [25]  this level of precision may be superfluous for some models 
and results in additional computational burden. Consider using single precision 
floats if the level of accuracy is sufficient. 

 
MATLAB offers different prices to different categories of users. OCTAVE is free.  The 
base version of MATLAB only includes facilities to generate uniform and standard 
normal random numbers. While there is sufficient basic functionality to implement 
distributions manually, the Statistics and Machine Learning Toolbox is 
recommended for decision analytic modelling. 
 

Table 6: Price (US $s) for  MATLAB licenses – March 2016 [26]                    
 
 Academic Student Student Suite Commercial & Gov't Home 

MATLAB Base $500  $49  $99  $2,150  $149  

Toolboxes $200 to 

$500 

$10  $10  $1000 to $3,250 $45  

Statistics &  

Machine Learning Toolbox 
$200 $10 Incl. $1,000 $45 

Total Incl. Stats. $700  $59  $99  $3,150  $194  

R 
 
 R is an open source language and environment for statistical computing. [27]                   
Developed “as a different implementation of S [a language and environment 
developed at Bell Laboratories]”, its popularity has grown substantially since its 
first official release in 2000.  [28]  The NICE DSU survey reports that of the 6 
responding assessment groups, 2 had expertise in R and the rest would either 
require training or be unable to review a model in R. And 18% (n = 28) of 
respondents indicated they had used R for development of a model submitted as 
part of a NICE technology appraisal. [1]                
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R is a high-level language and environment designed for development of statistical 
programs. It is now supplemented by more than 8000 community developed open-
source packages available for download from The Comprehensive R Archive 
Network (CRAN).  [28]  These include packages designed specifically for cost 
effectiveness analysis, such as BCEA, a Bayesian Cost Effectiveness Analysis package. 
Authors often supplement the package submission with a publication in the Journal 
of Statistical Software, usually offering more rigorous documentation, sometimes 
including the relevant theoretical material. [29]              
 
In addition to the “standard” version available from the R Project, other versions are 
developed which extend and enhance R. Microsoft’s R Open (MRO) is a popular 
example which includes more efficient math routines amongst other benefits.  [30]            
 
For programmers, the profiling tools that examine program performance, alongside 
the debugging tools are particularly valuable. From the analytical perspective the 
extensive range of free packages for statistical and econometrics analyses, 
supported by extensive help system and documentation, make R an attractive 
implementation option. 
 
Standard R is not inherently multi-threaded but requires additional packages to add 
this functionality.  Eddelbuettel provides a broad overview of packages that increase 
R’s computational capabilities.  [31] It should be noted that the use of such packages 
can necessitate additional technical knowledge. Unlike MATLAB, R does not have an 
“accelerator”. Consequently users have more direct responsibility for ensuring that 
there is code optimized. Compiling functions and files may result in decreased 
running times, particularly with just-in-time compilation that is supported by the 
compiler package.  Further significant gains in processing speeds can be achieved by 
a distribution of R which has had its math routines optimized and multi-threaded.  
 
 

Section 3: Methods 
 
Our comparison of the 4 programs uses 3 essentially qualitative criteria described 
by Eddy et al: ‘Transparency and validation’; ‘Learning Curve’, and ‘Capability’; plus 
the quantitative criteria of processing speed. [32] We rank the 4 programs on each 
of the criteria, allowing for joint ranks, where we could not identify a clear 
difference in performance between program. We use the definitions of each criteria 
proposed by Eddy et al and reproduced below. We also consider the cost of each 
program to (a) academic users; and (b) commercial users. 
 
Eddy et al. state that  “transparency refers to the extent to which interested parties 
can review a model's structure, equations, parameter values, and assumptions.”. 
They identify two levels at which this is important; the first is to allow a general 
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understanding of the model and the second a more technical understanding of the 
model.  Validation complements transparency as a “… set of methods for judging a 
model's accuracy in making relevant predictions.”. They list five main types of 
validation: face validity, verification (“internal validity”), external validity and 
predictive validity. In this work validation refers primarily to verification which “… 
addresses whether the model's parts behave as intended and the model has been 
implemented correctly.”. [32]          
 
Learning Curve is concerned with the ease with which a neophyte could acquire the 
skill necessary to implement cost-effectiveness model in the software. In forming 
our opinions we consider not only the resources offered by the software to support 
the necessary skill acquisition, including worked examples, manuals, training videos 
and courses, but also whether any additional background knowledge such as basic 
programming concepts, are necessary.  
 
Capability refers simply to scope of what is technically possible in the software. For 
example, while TREEAGE is competent across a diverse array of models they are not 
extensible; i.e. adding new types of analyses can only be done by the company. The 
growing literature on and interest in methods for approximating computationally 
burdensome VOI is a prime example, of an capability that users might wish to have 
access to, but which they must wait for the company to implement. 
 
Computational speed is a critical component of cost-effectiveness modelling 
software because it is one of the key determinants of (a) how long it will take to 
produce a given analysis; and (b) the scope of analyses that are feasible within the 
time available for a project.  Complex models increase the computational burden 
and when performing multi-stage Monte-Carlo simulations, any inefficiency in 
model implementation is exacerbated. Marked differences in the time it takes to run 
simulations has implications for the costs of undertaking research and for the ability 
to use decision analytic modeling as part of research and design processes  [18]         
and iterative evaluation processes.   [33]  Processing speed is examined using a 
benchmarking exercise that is described in more detail below.   
 

Section 4: Benchmarking 
 

The Model 
 For our benchmarking assessment we implement the decision model 
previously published by Paulden et. al,  [34] which is a cost-effectiveness analysis of 
the use of a 21-gene assay in conjunction with Adjuvant Online scores for 
categorizing risk, and consequently the provision of chemotherapy regimen, in the 
management of early stage breast cancer. The model was chosen for its 
computational complexity. It features 24 distinct Markov chains culminating in 8 
strategies, time dependent transition probabilities, tunnel states, reliance upon 
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explicit statistical modelling of parameters, and tracks non-standard metrics by 
strategy such as costs incurred before and after a distant recurrence.  
 
The structure of the model is presented in Figures 1 and 2, taken from Paulden et al. 
 
 
 

Figure 1: Breast Cancer Recurrence Risk stratification  
 
 
 

 
 
 
Individuals are first categorized by their Adjuvant! Online risk group, and then by 
their 21-gene assay risk group. Dependent upon their categorization across both 
tests (including not providing the 21-gene assay), they are then assigned a 
probability of receiving chemotherapy with the regimen dependent upon the risk of 
recurrence categorization. 
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Figure 2: Clinical pathway model  
 
 

 

 
 
Each risk group - for example Low Adjuvant! Online & Low 21-gene assay - has its 
own Markov chain,  modelling the probability of a distant recurrence. The strategies 
considered are which groups to provide the 21-gene assay to. The original study 
found that providing the 21-gene assay “appears cost-effective regardless of 
Adjuvant! Online risk.” 
 
The model was originally implemented in TREEAGE 2009[35] and running the model 
in the 2016 version required only one change due to a reference to GlobalN. The 
model was recreated in MATLAB, R and EXCEL and implemented to track the same 
metrics as in TREEAGE.  The computer used for the Benchmarking had an Intel i7-
4770 @ 3.4 GHz CPU, with 4 physical and 8 logical cores. It had 16GB of Ram (15.9 
usable) and using the Windows 10 64 Bit Operating System. 
 
TREEAGE was allocated the full amount of memory available on the computer, and 
was allowed to use all available CPU cores. The EXCEL model makes only basic use 
of VBA; namely to loop through the simulation number. In TreeAge, MATLAB, and R 
the same seed was used on each run. It is not possible to set the seed in EXCEL. The 
R model makes use of multi-threading through the “doParallel” package. No explicit 
multithreading was used for the MATLAB model.  We considered the simulation to 
be complete when Table 2a from Paulden et. al  [34]  was identically reproduced. 
This is reproduced as Table 6 below.  
 
TREEAGE reports the simulation time required and this is the number recorded.  In 
Excel, R and MATLAB, a script was created which ran the model 10 times and 
recorded the length of time taken. Ten runs were chosen out of consideration for the 
length of time TREEAGE takes. The simulation is run using 10,000 draws in each 
case.  
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Section 5: Results 
 
The outputs for Costs and QALYs for each strategy, for each software 
implementation are reported in Table 6. It can be seen that the results are identical 
across all strategies for all software, and are nearly identical to the published results 
from Paulden and colleagues.  
 
 

Table 6: Total costs (Can $ millions) and QALYs by strategy by Program. 
 

  
Published 
Costs   

EXCEL 
Costs   

TREEAGE 
Costs   

MATLAB 
Costs   

R          
Costs 

Strategy                   

No patients 13.86   13.85   13.85   13.85   13.85 

High risk only 14.09   14.09   14.09   14.09   14.09 

Int. risk only 14.19   14.18   14.18   14.18   14.18 

Int./high risk 
only 

14.42 
  

14.42 
  

14.42 
  

14.42 
  

14.41 

Low risk only 15.75   15.75   15.75   15.75   15.75 

Low/high risk 
only 

15.99 
  

15.99 
  

15.99 
  

15.99 
  

15.99 

Low/int. risk only 16.08   16.08   16.08   16.08   16.08 

All patients 16.32   16.32   16.32   16.31   16.31 

                    

  Published 
QALYS   

EXCEL 
QALYS   

TREEAGE 
QALYS   

MATLAB 
QALYs   

R       
QALYS 

No patients 11063   11062   11061   11061   11061 

High risk only 11276   11276   11275   11275   11275 

Int risk only 11193   11193   11193   11193   11193 

Int/high risk only 11407   11408   11406   11407   11406 

Low risk only 11147   11146   11145   11146   11145 

Low/high risk 
only 

11361 
  

11360 
  

11359 
  

11360 
  

11359 

Low/int risk only 11278   11277   11277   11278   11277 

All patients 11492   11492   11490   11492   11491 
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Transparency and Validation 
 
The models built in EXCEL are implicitly transparent when no restrictions on 
visibility of model structure or code are enforced (such as hiding a worksheet).  
Parameters should be obvious as should be model structure. The use of cell names is 
required for efficient updating of parameter values in any but the most simple 
models.The models can however become opaque through what Tosh & Wailoo call 
“cell chasing” where references and names lead to a tangled web of variables. [1]     
The ability of EXCEL to highlight these relationships, using the trace precedent and 
dependent facility, offers some reprieve.  They also note that complex models will 
likely also require macros, the validation of which requires additional technical skill.  
 
That the seed cannot be set in EXCEL is a significant problem. Any model should be 
reproducible upon demand and as of EXCEL 2016, a model implemented without 
complex VBA could not be re-run without storing the entire draw for the entire 
simulation. This is also problematic when doing comparative analyses of a model 
where one ought to use as much as the same draw as possible. For example, if one 
changes one parameter of one distribution, all the other draws should be identical 
for the sake of consistency.  
 
 
Transparency of the model structure in TREEAGE is explicit in visual form, and 
parameterization can be made transparent by outputting the model to a 
spreadsheet wherein the variables, distributions (and their parameters), tables and 
trackers can be reported easily. It offers model validation tools to check common 
development mistakes.   These are particularly useful when working with large 
models. The ability to provide the model to unlicensed users in the form of the 
TREEAGE Pro Player - including stored analyses - and extensive debugging options 
such as console output and Markov cohort analysis permit rigorous validation and 
exposition. Complementing this is the ability to incorporate user defined – model 
specific- help files, which allow an analyst to document the model for reference and 
validation.   
 
Though TREEAGE’s implementation is proprietary and code validation is not 
possible, the software allows for sufficient output to confirm the calculations. In 
many ways TREEAGE standardizes the CEM models it supports which is not the case 
with any of the other packages. However, the distinction between a Markov chain 
and a Markov cycle tree receives no comment in the manual with the “Markov 
Technical Details” section reporting “This chapter has not yet been written” [[14]    
p597], the same was reported in the 2015 manual [[35]  p567]. Validation and 
transparency of TREEAGE models is rendered fatuous without this knowledge and 
may even be misleading.  
 
 
Models constructed in languages such as R and MATLAB provide for a very high 
degree of transparency as the code implicitly documents the structure. When 
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combined with thoughtful comments, programs can be easily followed and 
assumptions regarding parameters, model structure, and analyses are readily 
identifiable.  
 
Changing parameters is simple and straightforward allowing for easy updates and 
multiple scenarios by an assessment authority. Mathematical formulas are also 
explicit and their understanding informed by relevant comments and references. As 
statistics can be computed within the model program itself, such analyses are 
equally transparent.  Though the languages offer the highest degree of transparency, 
they can be difficult to rigorously validate as a model may be composed of many 
thousands of lines code.  
 

Processing Time 
Statistics relating to the running time by software are presented in Table 7.  In Table 
8 we extrapolate these statistics to estimate the run time for a VOI analysis 
requiring an outer-loop of 1000 simulations.  

Table 7: Model run times for 10,000 simulations by software 
 

 
MATLAB 2016a R 3.2.4  EXCEL2016 TREEAGE Pro 2016 R1 

 
Seconds Seconds Seconds Minutes Seconds Minutes Hours 

Average 11.22 31.83 872.65 14.54 15798.72 263.31 4.39 

Std. Dev 0.06 0.68 0.89 0.01 144.10 2.40 0.04 

Min 11.10 31.03 871.55 14.53 15560.81 259.35 4.32 

Max 11.31 33.20 874.38 14.57 16018.08 266.97 4.45 

Median 11.23 31.75 872.53 14.54 15808.27 263.47 4.39 

 

Table 8: Extrapolated time for a VOI requiring 1000 runs of 10,000 simulations 
each by software 

 
 

 
MATLAB 

2016a 
R 3.2.4  EXCEL2016 

TREEAGE 
Pro 2016 

Hours 3.12 8.84 242.40 4388.53 

Days 0.13 0.37 10.10 182.86 

 
 
  

Processing Speed 
There is no ambiguity in the results of the benchmarking exercise. It is clear that 
complex models and their analyses benefit immensely from code tailored to the task 
at hand. When analyzing training options one must bear this in mind. It may be 
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easier to learn TREEAGE or EXCEL. For one-off modeling tasks, this is attractive, 
however as most analysts will be involved in constructing multiple models over 
time, consideration should be give to whether the additional investment required to 
learn a programming language, will be more than offset in the longer term by 
substantial reductions in model run times.  

Learning Curve 
It is self-evident that it is easier to construct a model in TREEAGE given the 
graphical nature of the program and the various utilities provided to convert 
diagrams into models. Time spent with the TREEAGE manual, and extensive 
examples included in the program, will be sufficient to learn the nuances of the 
software. In addition, TREEAGE offers a variety of training options. 
 
It is our judgment that EXCEL without complex VBA is the second simplest software. 
This follows from most individuals engaged with CEM having, anecdotally, at least 
basic knowledge of EXCEL and spreadsheets, is minimal. With an understanding of 
spreadsheets and the linkages between cells, it is relatively straightforward to 
implement a CEM in Excel. However, stochastic models require some command of 
VBA, and more complex simulations require an increasingly sophisticated command 
of VBA. For analysts requiring this level of coding expertise, it is likely that the time 
is better spent learning MATLAB/OCTAVE or R, given the step-change 
improvements in speed of processing, as well as the transparency and validation 
advantages that they offer.  
  
R and MATLAB have equivalent learning curves. Implementing a model in a 
programming language requires, at the very least, an understanding of control flow, 
data structures, random number generators, file operations, and syntax. 
Parallelizing a model to run on multiple processing elements requires additional 
skill as one must ensure the implementation is thread safe. MATLAB offers training 
courses and certification, and one can find equivalent courses (online or otherwise) 
for R.  

Capability 
TREEAGE provides the ability to run specific model types with varying structure. In 
every other software package, limitations on model type and variation are restricted 
only by imagination and computational power.  Further, the ability to perform 
statistical analyses in model in Excel, R, and MATLAB enhances transparency, 
validation, and productivity. With TREEAGE, one would have to produce any 
statistics – for example a complex model of a parameter in a CEM – and then import 
or link it into TREEAGE. If these statistical analyses are not well documented 
elsewhere, ambiguity can confound validation and transparency. EXCEL ranks 
below the programming languages as its statistical facilities are not as sophisticated. 
 
 
Table 9 provides our summary ranking of the programs over four domains and the 
cost of the programs for (a) academic and (b) commercial users.  Unsurprisingly, 
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from a financial cost perspective, R is the preferred option for both academic and 
commercial sectors; and EXCEL is the second ranked option. For academic users, 
MATLAB is cheaper than TREEAGE, whilst it is more expensive than TREEAGE for 
commercial users.  
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Table 9: Ranking of software on four domains of performance 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Rank

Transparency & 

Validation Rank Speed Rank Learning Curve Rank Capability Rank Cost academic

Cost 

Commerical

1 MATLAB 1 MATLAB 1 Treeage 1 MATLAB 1 R R

1 R 2 R 2
Excel without 

complex VBA
1 R

2 Excel Excel

3 Excel 3 Excel 3 MATLAB 3 Excel 3 MATLAB TreeAge

4 Treeage 4 Treeage 3 R 4 Treeage 4 TreeAge MATLAB

3
Excel with  complex 

VBA



PACEOMICS Working Paper 
 

 

Section 6: Discussion 
 
It is clear that each of the programs have distinct advantages and disadvantages, and 
which is the ‘best’ program will depend upon a number of factors, including the 
purpose in building the model, the pre-existing level of expertise of the analyst, the 
sophistication of analysis required, the time available for the completion of the 
analysis and the financial resources available to support the work. 
 
For educational users the following observations may prove useful. TREEAGE 
provides an environment in which it is possible to quickly and easily implement 
concepts discussed in a classroom. It does not require any meaningful degree of 
math skills, only an understanding of the concepts of CEM. Implementing concepts 
such as the half-cycle correction is trivial in TREEAGE, as is specifying distributions 
and model structures. Consequently students can go from concept to application 
with ease.  
 
For more courses with more emphasis on mathematical content, EXCEL provides a 
rapid development environment where students are forced to engage not only with 
the concepts but the math as well. For example: students must explicitly form a 
Markov chain, parameterize distributions, draw from those distributions, debug any 
problems encountered and combine the results in meaningful ways. It is relatively 
easy to do these things in EXCEL without complex VBA than it is in a programming 
language.  
  
Advanced courses would benefit from the use of a programming language. The 
students are forced to engage with the math as with Excel, but they are also gaining 
the additional skill of basic programming. Statistical methods often used in HTA, 
such as survival analysis, can easily be incorporated and enhance the learning 
outcomes. If a student’s program includes a rigorous training in econometrics, 
economies of scope will be experienced if there is a common package used such as R 
or MATLAB.  
 
For commercial users, the scope of analyses that are likely to be undertaken across 
projects, rather than for any one project is an important consideration. The 
acquisition cost of MATLAB is not insignificant. It would likely need to be defrayed 
over a number of projects. Given that its speed of processing advantages come into 
their own when undertaking the simulation intensive analyses, such as the more 
sophisticated methods from the Value of Information tool kit. If such analyses are 
not a consistent characteristic of the portfolio of work R may well represent a more 
efficient investment proposition.  
 
Companies whose work programme is made up entirely of submissions to HTA 
organization such as NICE in the UK, or CADTH in Canada, can certainly meet their 
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needs using Microsoft Excel. This said, as HTA agencies engage with earlier stage 
evidence for technologies approved under conditional licensing processes, the 
nature of the evidence required by HTA agencies may change. For example, in the 
UK the newly implemented Cancer Drugs Fund process creates funding 
arrangements that are conditional upon the generation of additional evidence. What 
new evidence will be required is to be defined by NICE. Relatively sophisticated 
Value of Information analyses are required to identify the appropriate sample size 
for these on-market studies, and these are not feasible within Microsoft Excel. 
Therefore, if risk sharing/patient access arrangements become more popular with 
HTA agencies, even companies whose sole focus is HTA submissions may need to 
develop the programming language skills required to implement their models in R, 
without having to make the substantial investment of acquiring a MATLAB license. 
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Appendix 1: Decision Analytic Cost Effectiveness Modelling Search Strategy 
 
 

/* Markov Models */  
(exp decision support techniques/   
or exp models, economic/   
or exp device approval/   
or exp drug approval/   
or exp "costs and cost analysis"/   
or exp health planning/   
or exp policy/   
or exp technology assessment, biomedical/ )   
or (  
       ("cost effectiveness" adj2 (model* or analy* or simulat*)).ti,ab   
    or (econom* adj2 model*).ti,ab   
    or (decision adj8 (model* or analy*) ).ti,ab   
    or (econ*model*).ti,ab   
    or (cost*effect* adj4 (model* or analy* or simulat*)).ti,ab  
    )   
and (  
   exp markov chains/   
or (*markov* adj5 (model* or simulat* or chain* or cohort* or analy*) ).ti,ab   
or (*markov cycle tree).ti,ab   
or (*markov*simulation*).ti,ab   
or (*markov*cohort adj2 analy*).ti,ab  
or (*markov* cohort* adj2 analy*).ti,ab  
or (*markov*model*).ti,ab  
or (*markov*chain*).ti,ab  
or (*markov*cycle*tree*).ti,ab  
not (  
    (hidden markov model*).ti,ab  
    or (hidden*markov*model*).ti,ab  
    or (budget*impact*analy*).ti,ab   
    or (budget adj2 impact adj2 analy*).ti,ab   
    or (dynamic*cohort* adj5 model).ti,ab   
    or (dynamic adj2 cohort adj5 model).ti,ab  
    or (       microsimulat*.ti,ab   
            or micro*simulat*.ti,ab   
            or (patient level adj8 (simlu* or model* or analy*) ).ti,ab   
            or (patient*level adj8 (simlu* or model* or analy*) ).ti,ab   
            or (( (patient level) or (patient*level) or (individual based) or 
(individual*based) or (individual level) or (individual*level) ) adj4 (*markov*) 
).ti,ab  
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            or (individual*based adj4 markov adj4 (model* or analy* or 
simulat*)).ti,ab  
        )  
    or ((markov chain monte carlo).ti,ab or (markov*chain* adj 
monte*carlo).ti,ab)  
    )  
)  
  
/* Discrete events */  
(  exp decision support techniques/   
or exp models, economic/   
or exp device approval/   
or exp drug approval/   
or exp "costs and cost analysis"/   
or exp health planning/   
or exp policy/   
or exp technology assessment, biomedical/   
)   
or (  
       ("cost effectiveness" adj2 model*).ti,ab   
    or (econom* adj2 model*).ti,ab   
    or (decision adj8 (model* or analysis*) ).ti,ab   
    or (econ*model*).ti,ab   
    or (cost*effect* adj4 model).ti,ab  
    )   
and (  
       (discrete adj2 event* adj8 (model* or simulat* or analy*)).ti,ab   
    or (time*to*event* adj2(model* or simulat* or analy*)).ti,ab   
    or (discrete*event* adj8 (model* or simulat* or analy*)).ti,ab    
    or (discrete*individual*simulation*).ti,ab   
    or (discrete*individual*model*).ti,ab   
or (   
        (  
        microsimulat*.ti,ab or micro*simulat*.ti,ab   
        or (patient level adj8 (simlu* or model* or analy*) ).ti,ab   
        or (patient*level adj8 (simlu* or model* or analy*) ).ti,ab   
        or (individual based).ti,ab  
        or (individual*based).ti,ab  
        )  
    not (  
    (individual* state transition adj2 (model* or simulation* or analy*)).ti,ab   
    or (individual*sampling adj2 (model* or simulation* or analy*)).ti,ab   
    or (individual sampling adj2 (model* or simulation* or analy*)).ti,ab   
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    or (simulated patient adj2 level decision tree*).ti,ab   
    or (individual*sampling*model).ti,ab   
    or (individual*state*transition).ti,ab  
    or (individual*based adj4 markov adj4 (model* or analy* or 
simulat*)).ti,ab  
    or (( (patient level) or (patient*level) or (individual based) or 
(individual*based) or (individual level) or (individual*level) ) adj4 (*markov*) 
).ti,ab  
)  
)  
)  
  
/* Decision Tree */  
(exp decision support techniques/   
or  exp models, economic/   
or exp device approval/   
or exp drug approval/   
or exp "costs and cost analysis"/   
or exp health planning/   
or exp policy/   
or exp technology assessment, biomedical/ )   
or (  
       ("cost effectiveness" adj2 (model* or analy* or simulat*)).ti,ab   
    or (econom* adj2 model*).ti,ab   
    or (decision adj8 (model* or analy*) ).ti,ab   
    or (econ*model*).ti,ab   
    or (cost*effect* adj4 (model* or analy* or simulat*)).ti,ab  
    )   
and (  
    (rollback analysis).ti,ab   
or (decision adj2 tree*).ti,ab   
or (decision*tree*).ti,ab   
or (rollback*analysis*).ti,ab  
or exp Decision Trees/  
) 
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Appendix 2: Markov and Markov Tree Models in TREEAGE Pro 
 
There are two ways of implementing a Markov model in TreeAge. The first is the 

standard Markov chain method, which in TreeAge is represented in the visual form: 

 
While the second is in the form of a Markov cycle tree, initially specified by 

Hollenberg (1984)1 for aesthetic presentation of a Markov model: 

 
The difference between the two is subtle yet can have significant impact on model 

specification.  

Assume that states “Dead” and “Diseased” are absorbing states. Then the Markov 

chain is fully described by the recurrence relations: 

                                                        
1 Sonnenberg & Beck (1993) provide a fuller description 

Markov Node 
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Diseased 

Dead 

Markov Node 

(Healthy) 

Alive 
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Where a,b, and c are the initial transition probabilities corresponding to healthy, 

diseased, and dead, X is the transition matrix, and k is the cycle number.  The 

Markov cycle tree is equivalently defined by: 
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It is obvious that the two methods produce different state distributions for the same 
initial probabilities a,b, and c. Consequently if one parameterizes a Markov model as 
a Markov cycle tree without accounting for this fact, the model will be incorrectly 
specified.  Note that the second state has the correct probability applied in the first 
cycle, but that in all future cycles all states distributions deviate from their true 
values.  
 
To preserve the correct probabilities in this example would require defining  

 

           
     

(   )
 . 

 
If the model has more hierarchal states, they too must be entered with care. Finally, 
time-dependent transition probabilities also must be corrected in every cycle. 
Consequently, we recommend using the Markov chain form to avoid ambiguity. 
 


