International Summer School Riga - “Economic Modelling in Health Care” ISSR 2018 	Aug 20, 2018 
WORKSHOP GUIDANCE NOTES
BUILDING A SIMPLE MARKOV COST UTILITY MODEL IN MICROSOFT EXCEL 
In this exercise we will build a very simple state transition Markov model with three defined health states.  This will output a cost utility estimate for a new intervention relative to a baseline comparator. The diagram below gives the basic structure of the model. 
Asymptomatic 
Progression 
Death




Such a model could be used, for example, to model a new drug treatment for cancer. Here we use a cohort of 1000 people modelled over a time horizon of 20 years with a cycle length of 1 year.
DEVELOPMENT STEPS:
1: Create initial spreadsheet with three worksheets named: Parameters, Model, Graphs
2: In the Parameters worksheet create the input tables (as below):
3. Enter the parameter values within the input tables for both the comparator arm and the intervention arm of the model as shown. 
[image: ]
4. Assign names to the value cells (use naming box top left – copy name from the adjacent cell and remember to press enter for each). You need to do this for all 18 values in the table. The example below shows the name entered for cell B5.
[image: ]

5. In the Model worksheet create the following tables
[image: ]
6. Now for the Comparator Arm enter the formulae necessary to calculate the state populations for Cycle 1 of the model (cells B6, C6, D6). Take your time to carefully work out the required formulae for each of these three cells. To help you the example below shows the formula required for cell C6.
 [image: ]
7. Copy the formulae from cells B6:D6 down the table to row 25 (i.e cycle 20). You may want to check that the Sum across the three columns B-D for each cycle row now equals 1000 (i.e. the population remains at a 1000 throughout the model).
8. Enter the formula in cell E6 needed to calculate the Cost total for the cycle 1. This will be the sum of each state population multiplied by the cycle cost per patient in that state.
9. Enter the formula in cell F6 needed to calculate the QALY total for cycle 1. This will be the sum of each state population multiplied by the cycle quality of life weight of that state.
10. Copy the formulae from cells E6:F6 down the table to row 25.
11. Add the totals for the costs and QALY columns in cells E26 and F26. You may then want to format the Costs column using Currency option and adjust the decimal point formatting for other columns. Your table should now look as below
[image: ]
12. Save your model at this point.
13. Now copy the contents of the Comparator Arm (Range A6:F26) and paste across to the Intervention Arm of the model (Range H6:M26).
14. Select the Intervention Arm contents (Range H6:M26) and perform a find and replace function – Replacing  C_ with  I_  (make sure you include the underscore) this will then convert this arm of the model to representing the Intervention parameter values.
15. Now create the Model Output table in the Model worksheet as shown below copying across the cell references from the Totals in the model arms (Row 26).  The Incremental Cost Effectiveness Ratio is simply the differences in Costs Total (Intervention minus Comparator) divided by the differences in QALY Total.
[image: ]
16. It would useful now to copy the Outputs table across to the Parameters worksheet. To do this select and copy the whole table, select the Parameters worksheet, and then use Paste Special first using ‘paste format’ and then ‘paste links’. 
[image: ]



17. You may now want to create some simple graphs showing the population declines in the Asymptomatic and Progression state for each of the arms. These can be place in the Graphs worksheet if you wish as below. The respective areas under the lines for each arm are proportional to the populations surviving in the Asymptomatic and Progression states. The increased area between the two lines effectively represents the health gain in terms of added survival in the progression state which is delivered by the intervention treatment relative to the comparator.
[image: ]

18. Having created the simple model you can now do some basis sensitivity analysis looking at how changes to the input parameters affect the model outputs. Using your model see if you can find the intervention cost which would bring the ICER below 30,000 euros. What difference does changing the drug effectiveness parameter (I_P2D_tp) have on the outputs? What about changes to the utility parameters?
MODEL SIMPLIFICATIONS
[bookmark: _GoBack]Please note - there are many simplifications in this basic model example outlined in these guidance notes. Below are some examples of further elements that might generally be expected in a full cost effectiveness model. Many source references for these can be found on the internet:
· Discounting for QALYs and Costs – used to reflect the dis-benefit of delays in accrual of costs and benefits (typically values of around 3.5% annually are used)
· Half cycle correction – to account for inter-cycle average in population rather than initial value to improve accuracy  (important when large cycle times are used)
· Time dependent transition probabilities – to account for changes in transition probabilities during the time horizon of the model (e.g. probability of death becomes more likely as modelled population ages)
· Transition costs – one-off costs associated with events (transitions from one state to another – e.g. on death).
· Additional health states – to add greater detail to the model structure (e.g. different levels of severity for the modelled disease or the occurrence of adverse events/side effects).
· Probabilistic Sensitivity Analysis – used to account for the uncertainty associated with input parameters when values are sampled from probabilistic density functions rather than having assign fixed values.
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Markov Model
CCOMPARATOR INTERVENTION
Cycle Asymp Prog _ Death Costs _ QALYs Cycle Asymp Prog  Death Costs _ QALYs
0 1000.0 0 0 0 1000.0 0 0
1 850.0  100.0 50.0| 525000€  910.00 1
2 7225 1550  122.5| 516250€  815.50 2
3 6141  180.8 2051 487,813€ 72258 3
4 5220 1879  290.1| 448941€ 634.77 4
5 4437 1838  372.5| 405610€  553.96 5
6 3771 1730  449.9| 361575€  480.95 6
7 3206 1588 5206 319,104€ 41587 7
8 2725 1432  5843| 279474€ 35843 8
9 2316 1275 6409 243317€  308.12 9
10 1969 1124 690.7| 210855€  264.33 10
1 1673 98.4  7343| 182,052€ 22637 11
12 1422 856  7722| 156721€  193.60 12
13 1209 741 805.0| 134,597€ 16539 13
14 1028 64.0  833.2| 115376€ 14116 14
15 87.4 551 857.6| 98,748€  120.40 15
16 74.3 473 8785| 84411€ 10262 16
17 63.1 405 896.4| 72,081€  87.43 17
18 53.6 347 911.7| 61502€  74.45 18
19 456 296 924.8) 52439€  63.38 19
20 38.8. 253 935.9| 44688€  53.94 20
TOTAL 4,800,553 € 6693.25
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 Costs _ QALYs| |Total Costs 4,300,553 €| 27,785,885 €
Total QALYs 6693.25 545.55
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1 [PARAMETER VALUES FOR MARKOV MODEL
2
3 [ comparaTOR DESCRIPTION INTERVENTION OUTPUTS COMP. INT. DIFF.
4 |Name Value Name Value Total Costs | 4,800,553 €| 32,586,438 €| 27,785,885 €|
5 [C_Asymp_u 1[Quality of life weight for one cycle in the asymptomatic state |I_Asymp_u 1 Total QALYs 6693.25 7238.80)] 545.55]
6 |C_Progu 0.6|Quality of life weight for one cycle in the progression state |I_Prog_u 0.6} ICER (Incremental Cost Eff. Ratio) 50931.66|
7 |C_peath_u 0|Quality of life weight for Death state by definition always 0 |1_Death_u 0
8 |C_Asymp_c 500|Cost of one cycle in the asymptomatic disease state I_Asymp_c 500
9 |C_Prog_c 1000| Cost of one cycle in the progressive disease state 1_Prog_c 10000]
10 |C_Death_c 0|Cost of one cycle in the death state (assume 0) I_Death_c 0
11 |C_A2p_tp 0.1|Probability of progression from asymptomatic in one cycle |I_A2P_tp 0.1
12 |c_A20_tp 0.05|Probability of dying from asymptomatic state in one cycle  [I_A2D_tp 0.05|
13 |C_P2D_tp 0.3|Probability of dying from progression state in one cycle 1_P2D_tp 0.2]
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PARAMETER VALUES FOR MARKOV MODEL
COMPARATOR DESCRIPTION INTERVENTION

Name Value Name Value
C_Asymp_u 1{Quality of life weight for one cycle in the asymptomatic state |I_Asymp_u 1
C_Prog_u 0.6|Quality of life weight for one cycle in the progression state |I_Prog_u 0.6}
C_Death_u 0|Quality of life weight for Death state by definition always 0 |1_Death_u 0
C_Asymp_c 500|Cost of one cycle in the asymptomatic disease state I_Asymp_c 500]
C_Prog_c 1000|Cost of one cycle in the progressive disease state I_Prog_c 10000]
C_Death_c 0|Cost of one cycle in the death state (assume 0) I_Death_c 0
C_A2p_tp 0.1|Probability of progression from asymptomatic in one cycle |I_A2P_tp 0.1
C_A2D_tp 0.05|Probability of dying from asymptomatic state in one cycle  [I_A2D_tp 0.05|
C_P2D_tp 0.3|Probability of dying from progression state in one cycle 1_P2D_tp 0.2
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