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Decision guestion

* What is the most cost-effective combination of sensitivity and specificity for a risk
factor test above which all patients should be screened for coeliac disease?

* What is the most cost-effective testing strategy?
* Stratified by age group (adults and children <16 years old)

* Over a lifetime horizon and from the perspective of the England & Wales NHS.



Model

* Decision tree/cohort Markov model
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Inputting parameter estimates -
Excel

Name Live model value Probabilistic Mean| Standard error Alpha Beta Distribution
Utilities

Utility GFD adults 0.85 0.85 0.85 0.01 4162.48 734.56 Beta
Disutility subfertility 0.16 0.15 0.158 0.01 358.73 1911.70 Beta
Costs

Cost hip fracture $19,073 19136 19073.00 124.76 23372 1 Gamma
Cost IDA $18 17 17.89 52 100 0 Gamma
Cost GFP $100 a5 100 S10 100 1 Gamma

Pros Cons

Can see estimates produced, good to give Formulae are hidden
a sense check

Visually pleasing Errors easily produced




Inputting parameter estimates - R

1~ FRFFFRFFR AR AR AR R AR AR AR AR AR AR A AR AR TR AR PR AR AR AR AR AR AR 7R
2 - ## UTTTiTTes #RRRRRR AR AR R R R R R R R R R R R R R R R R R R R R R R R R R R R RS
R s

4
5 utility_eFD_adults <- 0.85

& utility_GFdse_adults <- ((0.86-0.84)/3.92)

7 utility_&Fpalpha_adults <- (utility_GFD_adults A 2 * (1 - utility_GFD_adults) /utility_GFdse_adults A 2) - utility_GFD_adults
8 wutility_cFDbeta_adults =- (utility_GFpalpha_adults / utility_GFD_adults) - utility_GFpalpha_adults

9 wutility_GFD_adults <- rbetaln = n_samples, shapel = utility_GFDalpha_adults, shape2 = utility_GFDbeta_adults)

11 disutility_subfertility =- 0.158

12 disutility_subfertility_se «- (0.173 - 0.143)/3.92

13 disutility_subfertility_alpha =- (disutility_subfertility ~ 2 * (1 - disutility_subfertility)/disutility_subfertility_se A 2) - disutility_subfertility
14 disutility_subfertility_beta =- (disutility_subfertility_alpha/disutility_subfertility) - disutility_subfertility_alpha

15 disutility_subfertility =- rbetain = n_samples, shapel = disutility_subfertility_alpha, shape2 = disutility_subfertility_beta)
16

17 ~ ##FHF# AR R P SRR AR AR AR AR A A R A e e i i dd i ####

18 ~ ## COSTS ####FFFFFHFFETEFEFEEEEEERARRARRAH AR T F T AR R AR AR AR R

19 ~ #H#FEFFERFHRF R T AR E AR AR AR R A R A i A A ##

20

21 cost_hipfracture <- 19073

22 cost_hipfracturese <- ((16515 * 1.17) - (16097 * 1.173}) / 3.92

23 cost_hipfracture_alpha =- (cost_hipfracture / cost_hipfracturesg) ~ 2

24  cost_hipfracture_beta <- (cost_hipfracturese » 2) / cost_hipfracture

25 cost_hipfracture <- rgamma(n = n_samples, shape = cost_hipfracture_alpha, scale = cost_hipfracture_beta)

26
27 cost_IDA «<- if(perspective == "WH5") 0 else 17.89
28 cost_gfp <- if(perspective == "NH5") 0 else 100

Can clearly see all formulae being used Can’t automatically see resulting estimates




Generating transition probabilities -

. ée?svogegeelt showing probabilities of developing subfertility, osteoporosis or Non-Hodgkin's Lymphoma
(NHL) for coeliac disease patients on a Gluten Free Diet (GFD) at different ages.

* Can explicitly see estimated probabilities alongside parameters.

* Stored in a worksheet in excel file so easily accessible.

Mame Live model value Probabilistic Mean| Standard error Alpha Beta| Distribution

Transition probabilities

Subfertility probability GFD 10-20 0.0009 0.00091  0.00083 0.000038 118.75 133364.46 Beta
Subfertility probability GFD 20-30 0.0015 0.00161 0.00149 0.00010 236.22 158421.91 Beta
Subfertility probability GFD 30-40 0.0010 0.00103 0.00104 0.00008 184.43 177246.93 Beta
Subfertility probability GFD 40-50 0.0001 0.00006  0.00003 0.00002 12,10 151203.54 Beta
Osteoporosis probability GFD 0-10 0.0000 0.00003  0.00003 1.02035E-06 752.95 26890793.35 Beta
Osteoporosis probability GFD 10-20 0.0000 0.00004  0.00004 1.53055E-06 752.95 17927033.73 Beta
Osteoporosis probability GFD 20-30 0.0001 0.00012  0.000132 4.59126E-06 752,95 3975437.12 Beta
Osteoporosis probability GFD 30-40 0.0004 0.00035 0.00036 1.32605E-05 752.95 2068171.05 Beta
Osteoporosis probability GFD 40-50 0.0010 0.00092  0.00097 3.51701E-05 752.95 J79077.66 Beta
Osteoporosis probability GFD 50-60 0.0032 0.00317 0.00321 0.00011657 752.95 233458.19 Beta
Osteoporosis probability GFD 60-70 0.0074 0.00724 0.00739 0.000268409 752.95 101099.81 Beta
Osteoporosis probability GFD 70-80 0.0138 0.01354 0.01376 0.00049815 752.95 53949.84 Beta
Osteoporosis probability GFD 80-90 0.0208 0.02076  0.02078 0.000743403 732.96 35480.03 Beta
Osteoporosis probability GFD 90-101 0.0180 0.01826 0.01304 0.000651303 752.96 40995.90 Beta

MHL probability GFD 0.0001 0.00016 0.0001 0.00009 1.14 11546.99 Beta



Generating transition probabilities -
R

* InR, transition matrices are actual matrices, rather than rows of individual probabilities

* transition_matrices <- array(dim = c(n_samples, n_cycles, n_states, n_states),
dimnames = list(NULL, NULL, state_names, state_names))

* One transition matrix for each sample and each cycle.

- Undiagnosed Undiagnosed Undiagnosed
CD GFD no CD GFD CD GFD CD GFD Undiagnosed
L. - . CD no CD CcD
complications subfertility osteoporosis MHL L o _ CD NHL
complications subfertility osteoporosis
CD GFD no complications 09956658  0.0009226411 4077212e-05  9.230958e-05 0.0000000 0,2000000000 0.000000e+00 0.000000e+00
CD GFD subfertility 0.0000000 09997914180 4077212e-05  9.23095%e-05 0.0000000 0,2000000000 0.000000e+00 0.000000e+00
CD GFD osteoporosis 0.0000000  0.0000000000 §.996797e-01  G6.23095%e-05 0.0000000 0,2000000000 0.000000e+00 0.000000e+00
CD GFD NHL 0.0000000  0.0000000000 0.000000e+00  8.586990e-01 0.0000000 0,2000000000 0.000000e+00 0.000000e+00
Undiagnosed CD no complications 02452858  0.0002605423 2.013381e-05 2.4776%5e-06 07334544 0,0008013298 6.183831e-05 7.611651e-06
Undiagnosed CD subfertility 0.0000000  0.243551799¢ 2.013561e-05 2.4776%5%e-06 0.0000000 075425808171 E.183831e-05 7.611651e-06
Undiagnosed CD osteoporosis 0.0000000  0.0000000000 245571%e-01  24776%5e-06 0.0000000 0,2000000000 7.341900e-01 7.611651e-06
Undiagnosed CD NHL 0.0000000  0.0000000000 0.000000e+00  2.455744e-M 0.0000000 0,2000000000 0.000000e+00 £.431245e-01
Death 0.0000000  0.0000000000 0.000000e+00  0.000000e+00 0.0000000 0,2000000000 0.000000e+00 0.000000e+00

Death

0.00007350
0.00007350

000022795

011130104
1,00000000



Generating transition probabilities
R

subfertility_probability <- read.csv("data/subfertility.csv’
subfertility_probability_GFD_0 =<- 0
subfertility_probability_GFD_10 <- rbeta(n=n_samples, shapel = subfertility_probabilityisubfertility_cFo_alpha[2], shape? = subfertility_probabilityisubfertility_cFD_beta[2])
subfertility_probability_GFD_20 <- rbeta(n=n_samples, shapel = subfertility_probabilityisubfertility_cFo_alpha[3], shape? = subfertility_probabilityisubfertility_cFD_beta[3])
subfertility_probability_GFD_30 <- rbeta(n=n_samples, shapel = subfertility_probabilityisubfertility_crD_alpha[4], shape2 = subfertility_probabilityisubfertility_crFD_beta[4])
subfertility_probability_GFD_40 <- rbeta(n=n_samples, shapel = subfertility_probabilityisubfertility_crp_alpha[53], shape2 = subfertility_probabilityisubfertility_GFD_beta[5])
subfertility_probability_GFD_50 <-
subfertility_probability_GFD_60 <-
subfertility_probability_GFD_70 <-
subfertility_probability_GFD_80 <-
subfertility_probability_GFD_90 <-
subfertility_probability_GFD_all <- data.frame(subfertility_probability_GFp_0, subfertility_probability_GFD_10, subfertility_probability_GFDp_20, subfertility_probability_cFD_30,
subfertility_probability_GFD_40, subfertility_probability_cFp_50, subfertility_probability_cFD_60,
subfertility_probability_erp_70, subfertility_probability_cFp_80, subfertility_probability_cFD_90)

[T e B e I e R e |

for(i ~age_category in c(0:n _agecategor ies)) |
transition_matrices[, (c(1:10) + i_age_category * 10), "CD GFD no complications”, "CD GFD subfertility”] <- subfertility_probability_cro_all[, starting_age_column + i_age_category!
transition_matrices, (c(1:10) + i_age_category * 10), "CD GFD no complications”, "CD GFD osteoporosis’] <- osteoporosis_probability_Gro_all[, starting_age_column + i_age_category!
transition_matrices[, (c(1:10) + i_age_category * 10), "CD GFD subfertility”, "CD GFD osteoporosis'] <- osteoporosis_probability_Gro_all[, starting_age_column + i_age_category]

* Subfertility data stored in separate CSV file, not as transparent as having all data in one excel file.
* Data often provided in excel files so this is a limitation of using R



Cohort simulation - Excel

‘ o ‘ ] ‘ - CD GFD Non-Hodgkins
Age Cycle CD GFD no complications CD GFD osteoporosis CD GFD subfertility
Lymphoma

30 1 1000 0 0 0
31 2 968.498207 0.363934 1.035459 0.0984
32 3 996.9986694 0.363387446 1.037897948 0.098252224
33 4 995.5013838 0.362841714 1.03633924 0.098104669
34 5 994.0063467 0.362296801 1.034782873 0.097957336
35 6 992.513555 0.361752706 1.033228843 0.097810225
36 7 991.0230051 0.361209428 1.031677147 0.097663334
37 8 989.5346937 0.360666966 1.030127782 0.097516664
38 9 988.0486174 0.360125319 1.028580743 0.097370214
39 10 986.5647729 0.359584486 1.027036028 0.097223984
40 11 985.0831568 0.359044464 1.025493632 0.097077974
41 12 983.9562867 0.951131281 0.078806653 0.096932183
42 13 982.8307056 0.950043249 0.078716503 0.096821299
43 14 981.7064122 0.948956463 0.078626456 0.096710541
44 15 980.5834048 0.947870919 0.078536513 0.096599911
45 16 979.4616821 0.946786617 0.078446672 0.096489407

In Excel, need to be careful with transition probabilities that differ by age.



Cohort Simulation - R

cohort_vectors <- array(dim=c(n_tests, n_samples, n_cycles, n_states),
dimnames=list(t_names, NULL, NULL, state_names))

# Main model cod
# Loop over the test options

for (i_test in 1l:n_tests)

op over the PSA samples
i_sample in 1l:n_samples)

P

:G,.

transition_matrices_sample <- transition_matrices[i_sample, , , ]
Loop over the cycles

Cycle 1 is already defined so only need to update cycles 2:n
for(i_cycle in 2:n_cycles)

cycles

Multiply previous cycle’s cohort vector by transition matrix
i.e. pi_j = pi_(j-1)*pP

cohort_vectors[i_test, i_sample, i_cycle, ] =-
cohort_vectors[i_test, i_sample, i_cycle-1, ] %*?
transition_matrices_sample[i_cycle, , ]

Few short lines of code compared to whole sheet of probabilities



Cohort Simulation - R

Although, not automatically visible, R’s View() function can be used directly to explore cohort simulation.
Not as easy to format tables to look nice, as in Excel.

L= - - I I -
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Generating transition probabilities
and cohort simulation - Comparison

* Transition matrices in R better to manage more complex tasks (such
as age-dependent transition probabilities) due to use of higher
dimensional arrays.

* Learning curve in understanding matrices and loops.

* However, theory of Markov models (taught as matrices multiplied by
vectors) translates more directly to R than to excel.



Conclusions

* Obvious challenges with switching to R:
* Learning code
* Understanding loops, matrices, functions etc.

* Negatives of R for cost-effectiveness modelling:

* Not as easy to visualize estimated transition probabilities and patient cohort to recognize
potential errors

* Data often stored separately
* Not as widely used as excel so difficult when working with different teams without R expertise

* Positives of R for cost-effectiveness modelling:
* Code always clearly visible, easier to spot errors in that way
* Core pieces of code easy to adapt for different models
* More flexible when requirements are more complex
* Handy packages for plots etc.
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