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What is a patient level simulation (PLS) model?

 A type of model in which outcomes are estimated for modelled patients one at a time.

 Outcomes are based on a random selection of patients.

 Estimate the mean costs and benefits for a group of people by considering the costs and benefits 

for each individual patient in the cohort.

Average all the final 

outcomes from each 

individual patient 

journey

Individual pathway experience

Individual pathway experience



Why would you use a PLS model?

 Allows individual patient histories to be recorded and incorporated.

 Model non-linear relationship between patient characteristics and model outcomes.

 Often considered more intuitive or more flexible than cohort models.

 However they often require additional computational power.



How would you create a PLS model?

 There are three main approaches to PLS modelling:

 Decision tree – Each individual follows a unique path through the decision tree base on statistical distributions.

 State-transition models – Uses statistical distributions to determine whether a patient experiences a particular transition.

 Discrete Event Simulation (DES) – Uses time to event data to schedule patient events, outcomes are evaluated each time 

an event occurs.

 All approaches:

 Translate the patient pathway into a series of sequential events.

 Track the paths of individual patients.

 Discount costs and QALYs accrued over time.



Example model structure

 Today’s example model is completely fictional.

 Decision tree based PLS.

 Treating patients with chronic kidney disease with five possible therapies designed to delay dialysis.



Overview of the steps involved in creating a PLS

Step 1

Simulate patient 

characteristics

Step 2

Code functions to 

turn patient 

characteristics 

into outcomes.

Step 3

Loop the functions 

over each patient.

Step 4

Condense 

simulation results.

Step 5

Analyse 

outcomes.

Step 6

Model stability 

validation checks.



Patient numbers and characteristics

 Determining the number of patients to simulate can be tricky.

 It’s a balance of the impact of simulating the patient and the computational time required. 

 For example, the 10,000th patient is going to be more impactful than the 1,000,000th patient.

 One way to reduce the number of patients that need to be simulated is to use each set of patient 

characteristics in each treatment arm (i.e. generate them prior to the simulation).

 This means you’re not relying on the same patient characteristics to be generate randomly.

 Use clinical trial based summary data to simulate patient characteristics.

 This can be done independently or dependently.

 Loop the function to generate characteristics for the required number of patients.

 Store results in a list for future use.



Patient numbers and characteristics (Part 2)



Patient numbers and characteristics (Part 3)



Patient numbers and characteristics (Part 4)



Create a series of functions and wrap them in a parent 

function

 Create a series of functions which will translate patient characteristics into outcomes over time.

 These functions should follow an individual patient.

 Wrap them in a parent function that can be used to loop over all patients.

Cycle number

G
F

R



Parallel computing can increase speed of main simulation

 Once all the necessary functions are set up to model individual patients, it needs to be efficiently 

looped over all patients.

 Parallel computing can have a substantial impact on running times (especially when using large 

patient numbers).

 Packages “doSNOW” and “foreach” can be used to implement parallel computing.

Step 1 – Set up a parallel computing cluster 



Parallel computing can increase speed of main simulation (Part 2)

Step 2 – Run the main simulation function for every patient

Outputs are returned as a list.

Information we need to pass to each cluster to 

run the function.

This simple bit of code tells the foreach package 

to run the following function across all of the 

clusters.

The target functions which should be run in 

parallel.

Always remember to close your

clusters when finished.



Parallel computing can increase speed of main simulation (Part 3)



Condense results into a list for easy computing

 After the simulation results have been generated, condense each patient into a single value for 

each output – makes generating results much faster.

 Calculate a rolling mean for costs and QALYs (for stability checks).



Generating results

 After results have been condensed they can be used/plotted very quickly.

 “dampack” by Fernando Alarid-Escudero (gknowIt) can some helpful functions for assessing fully 

incremental cost-effectiveness.

CEAC

Full incremental cost-effectiveness analysis



Simulate enough patients to achieve model stability

 Vital step in any PLS is to check model stability.

 Plot the rolling average for total costs and QALYs.
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