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Study objective

* To assess the rate of first line antiretroviral treatment modifications and
compare durability of available first line ARVs

* To assess reasons for first line antiretroviral treatment modifications

* 'To investigate the rate of toxicity related treatment modification and
identify robust treatments toward toxicity.



The Jimma HARRT Study

Description of the cohort

* Data for this study were obtained from a large outpatient HIV clinic in
Jimma, South west Ethiopia.

* The hospital gives free ART service for people living in Jimma town

and the neighbors

* HIV infected patients are started on ART when they manifest signs and
symptoms of WHO Stage III or their CD4 count falls below 200
(modified to 350 after 2010)

* Those who start ART have a regular follow-up which includes clinical
and immunological monitoring



The Jimma HARRT Study

Study population

* All patients initiating ART who were ART naive, aged 18 years or older
and had an ART treatment start date in between Junary 1, 2007 to end
of December, 2011 were eligible for this analysis

* The data was closed for analysis on the end of Augest, 2013

* 1453 patients were eligible but169 excluded because they were not
followed up for more than 1 month.

* This left 1284 subjects for analysis.



Easeline characteristics of study subjects.

The Jimma HARRT Study

Characteristics n(%)
Gender (n{%)) Male 439(34.19)
Female 845(68.81)
WHO Stage(n(%)) S| 372(28.97)
Sl 398(30.99)
Sl 419(32.63)
SIv 95(7.41)
Treatment at start(n(%)) ddT+3TC+NVP  526(40.96)
d4T+3TCHEFV  67(5.22)
AZT+3TC+NVP  185(14.41)
AZT+3TC+EFV 82 (6.39)
TDF+3TC+EFV  401(31.23)
TDF+3TC+NVP  23(1.79)
Age (Median (IQR)) 30 (26-35)
Baseline CD4 (Median (IQR)) 137(78-201)
Status at the end{n{%)) Dead 52(4.05)
Drop 197(15.34)
Transfer 127(9.89)

Under follow up Q08(70.72)




The Jimma HARRT Study

Study outcome

d Primary outcome: time-to-treatment change

> Treatment change: changing one or two drugs without initiating a second-line

W

W

ART therapy.
Sub 3 FLT1 FLT2 SLT1 ,
Sub 2 FLT 1 FLT2
Sub 1 FLT1

Start of treatment Time on treatment

*Death
*Dropout
*Transfer
*Alive at
study end

* Person-time of the study subject ended at the earliest of initiation on

second-line therapy, discontinuation of treatment, dropout, death,

transter or closure of the data set for analysis set( may 25, 2013).



The Jimma HARRT Study
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Basics of survival analysis

* Qur Interest: To model the time-to treatment modification and
describe the treatment course of patients under HAART

* Observations: time to event continuous random variableT > 0

Time

* Censoring: some observations cannot be observed, the only available
information being a lower bound.

Time

X > T>2.5

| | | | |
0 1 2 3 4

* Standard methods not valid.



Modeling Survival Data

* Because of this peculiarity, instead of modeling the density f (tpfT, the
hazard is considered

PE<T <t+At|T>t) f(t) d
At S(t)  dt

a(t) = lim,,_,, log(S (1))

With, S(t) :T f(Wdu=P(T =t) =1—F(t)

t

* The basic regression model for the hazard is the Proportional Hazards

(PH) Model (Cox, 1972)
a(t| X) =ay(t)exp(B'X)

* Survival analysis: methods for analyzing time to a single event

* Patient under HAART may experience recurrent treatment switching
episodes



Multi-state Models (MSM)

* Multi-state models describe random movements of individuals among
a finite number of states

> transition: change of state

> state structure species states and possible transitions
" absorbing state: further transitions cannot occur, e.g., death

® transient state: not absorbing

* Important targets
» Transition intensities
" Estimation of instantaneous risk of state i to j transition at time t
>Assessing covariate effect on the hazard of transition
» Transition probability

" Quantifying the probability of being in state j at time t when in state i at
time s < t
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Multi-state Models (MSM)

Inference: Markov models

* Important class of models which satisty Markov assumption: transition
probability only depends on current state not on history
* Non-parametric model: we ignore the influence of covariates
> Let X(t) denote the state occupied at time t

> The instantaneous risk of a transition from state g into state h at
time t is

P(X({t+At)=h| X(t) =Qg)
At

a ypy (©) = lim

and, cumulative hazard

Agh (© = _(‘;agh (u)du

A dN,, (t.) Nelson-Aalen estimator
A (D)= gh A
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Multi-state Models (MSM)

Inference: Markov models

* The transition probabilities p (s, t) matrix has elements,

P,(s,1) =P(X({t)=h|X(s)=0)
denoting the transition probability from state g tot state h in time
interval (s; t].

* The transition probability matrix is estimated as

P(s,t) = H(l +AA(U)) ,ue(S,t]  Aalen-Johanson estimator

ue(s,t]
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Application to HARRT study

Model formulation
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Proposed Six-state multi state model for treatment change: note 3TC is
present in all states
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Application to HARRT study

Important targets

. probability of staying in treatment g for a patient who start
therapy with treatment g

P,(s,t) = exp(—j > ag, (u)du)

S gih
can be used to compare treatments durability

Py (5.1)
* Probability of switching main treatment(NNRTI)

» Pufor state 1, Pa for state 3, Pse , for state 5
» P for state 2, Pa for state 4, Pes, for state 6



Application to HARRT study

Important targets

. Probability of changing backbone(NRTT)

» P13+ Pisfor state 1 Pss+ Pssfor state 3 Psa+ Ps:for state 5
> P+ Pas for state 2 Pa+ Pasfor state 4 Pes+ Psifor state 6

. Probability of changing both backbone and main treatment at the same
time.

> P+ Pisfor state 1 Ps+ Pssfor state 3 Pss+ Psi for state 5
> P.;+ Pufor state 2 Pu + Pusfor state 4 Poe + Pe for state 6



Observed transition (all cause)

Result
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Result

Estimated transition probabilities (All cause)
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Result

Reason for treatment change

I 2 ] : i i Total

Drug out of stock 0(0.00) 0(0.00)  3as6)  0(0.00)  0(0.00)  0(0.00) 3(0.48)
Hepatitis 0/0.00) 0(0.00)  1(L83)  0(0.00)  00.00)  0(0.00) 1(0.16)

New TB  68(16.33] 33000 15 (278 0(000)  1{3.88) 1(25.00)  88(14.31)

Phaseout ~ 106(25.48) 18 (18.00)  0(0.00)  0(0.00)  0(0.00)  0{0.00]  124(20.16)
Pregnancy L(240)  6(600)  0(0.00) 5(20.83) 11(64.70) 1{25.00) 24(3.9)
Toxicity fside effect ~ 108(47.50)  56(56.00) 20 (33.70) 13 (54.17)  3(17.65)  2(50.00]  301(48.04)
Treatment failure J41)  L(Looy - T(L&5)  0(0.00)  0(0.00)  0{0.00 4(0.65)
others 41 (0.86) 16 (16.00)  5(0.26)  6(25.00) 2({IL76)  0(0.00)  TO{11.38)

Total change 416 100 M 2 17 i 615

1: d4T+NVP  2:d4T+EFV 3:AZT+NVP 4:AZT+EFV 5:TDF+EFV 6: TDF+NVP



Result

Time-to-treatment change due to toxicity

Outcome

Time-to-treatment change due to toxicity

Treatment changes for other reasons were censored

Observed transition

| 2 3 4 5 b no event  total entering
l 15(2.77)  142(26.25) 2(0.36) 6(1.10)  33(6.09)  343(63.40) 541
2 2(1.27) - 5(3.18) 25(15.92) 22(14.01)  1(0.63) 102(64.96) 157
3 T(L.44)  0(0.00) - 6(1.24) 7(1.45)  9(1.85)  455(94.00) 484
4 0(0.00)  1(0.60) 5 (3.05) - 7(4.26)  0(0.00)  151(92.07) 164
5 0(0.00)  1(0.21) 0 (0.00) 0(0.00) 2(0.42) 47D(99.35) 473
6 0(0.00)  0(0.00) 1(1.12) 1(1.12) 0(0.00) - 87(97.75) 89

1: d4T+NVP  2:d4T+EFV 3:AZT+NVP 4:AZT+EFV 5:TDF+EFV 6: TDF+NVP



Result

Time-to-treatment change due to toxicity

Estimated transition probabilities

Probability
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Concluding remark

Public health point of view

* All cause treatment modification:

» Regimens containing d4T have the lowest probability of staying, higher

g g P y ying, nig
probability of changing NRTT alone and higher probability of changing
both the NRTI and NNRTT at the same time.

>Regimens that contain AZT have a relatively higher probability of
changing NNRTTI alone
* Treatment modification due to toxicity:

>Regimens containing d4T have the lowest probability of staying, higher
probability of changing NRTI alone, lowest probability of changing
NNRTI due to toxicity

» Relatively, treatment combinations that contain AZT had higher
Yy g
probability of switching the main treatment keeping their backbone



Concluding remark

Statistical point of view

* Multi-state models allow for a very flexible approach that can model
almost any kind of longitudinal failure time data

* Using the proposed Multi-state model we predict probabilities of for
important events which have public health implication

* The assumed Markov property simplifies our probability calculations,



Future work

. Relaxing Markov assumption

» Markov models ignore past history and may be inappropriate in
many application
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» Semi-Markov model accounts the “time spent in preceding state"
for transition probability from present state

u Disadvantage: computation



Future work

o Assessing covariate effect on transition intensities and transition

probability, such as CD4 rate of change

> Cox's proportional hazards model: covariate act multiplicatively on
the intensity

> Difficulties: covariates may have different effect for each transition

" If there are 3 possible transition and a covariate with only two levels, this
will lead to 6 transition-specific covariates

. Censoring: covariates may affect censoring mechanism and transition
process leading to dependent censoring

> Nelson-Aalen and Aalen-]Johansen estimators not valid

* Subject variation in transition intensities not fully explainable by
observed covariates



Selected references

Andersen, P. K., Borgan, ., Gill, R. D. & Keiding, N. (1993), Statistical Models Based on
Counting Processes, Springer-Verlag.

Calmy A, Pinogesb L, et al, (2006). On behalf of Medecins sans Frontires. Generic xed-dose
combination antiretroviral treatment in resource-poor settings: multicentric observational

cohort. AIDS 20:11639
de Wreede, L., Fiocco, M. & Putter, H. (2009), 'The mstate package for estimation and

prediction in non- and semi-parametric multi-state models®.

Monforte, A. D. A., Lepri, A. C., Rezza, G., Pezzotti, P, Antinori, A., Phillips, A. N., ... and
Moroni, M. (2000). Insights into the reasons for discontinuation of the rst highly active

antiretroviral therapy (HAART) regimen in a cohort of antiretroviral naive patients. Aids,
14(5), 499-507.

Putter, H., Fiocco, M. & Geskus, R. B. (2007), "Tutorial in biostatistics: Competing risks and
multi-state models', Statist Med 26, 2389 {2430.

Woldemedhin, B., and Wabe, N.T. (2012). The reason for regimen change among HIV/AIDS
patients initiated on rst line highly active antiretroviral therapy in Southern Ethiopia. North
American journal of medical sciences, 4(1), 19.



Thank you



