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Operational Modelling of TB diagnostics - Objectives

1. Develop a dynamic and visual model of health system
operations and patient pathways for diagnosis of TB and
MDR-TB (e.g. Tanzania, Ethiopia, South Africa, Brazil and
Philippines)

2. Use the models to analyse alternative strategies for roll-
out of new TB diagnostics.

3. Build national capacity to use the modelling approach in
future national policy decisions for new TB diagnostics
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Opportunities in TB diagnostic technology
- What are the opportunities in TB and MDR-TB diagnosis?

JThe scale-up of new rapid tools for the diagnosis of Tuberculosis has the
potential to make a huge difference e.g.

LED Fluorescence

e — GeneXpert MTB/RIF ULTRA & OMNI
Sensitivit 67-88% itivi -93%?
Sensitivity 51-60% g Y o Sens!t!v!ty 84-93%
e o Specificity 97-98% Specificity 94-95%?
Specificity 98-100%
Turnaround <12hrs Turnaround 2hrs?
Turnaround 1-3 days
N Cost per test ~$10 Cost per test ~$10
Cost per test S1-3
Extra Investment ~$1,000 Extra Investment $17k Extra Investment ~ $3k?
! RIF Resistance tested RIF resistance tested

BUT, it’s not only about the diagnostic tools, but also their place within health systems
and other aspects of clinical decision-making




Assessment of effects of Xpert and alternative diagnostics in
Tanzania (Langley, Lin et al, 2014)
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alternative diagnostics for tuberculosis in Tanzania: an integrated modelling approach. The Lancet Global Health, Volume 2, Issue 10, Pages €581 - €591, October 2014.

Langley |, Lin H-H, Egwaga S, Doulla B, Ku C-C, Murray M, Cohen T, Squire SB (2014). Assessment of the patient, health system, and population effects of Xpert MTB/RIF and
doi:10.1016/52214-109X(14)70291-8.




High rates of empirical treatment will influence the effect of new
diagnostic tests (Theron et al, 2014)

Clinical pretest
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poor outcome
or both
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Factors raising the empirical treatment threshold
(fewer patients treated empirically)
« Low prevalence of tuberculosis
» Few symptoms
« No HIV infection
« Olear chest radiograph
= Availability of alternative diagnostics
(eg, radiography, culture)

. Treated empirically if probability above the threshold for
empirical treatment initiation

Factors lowering the empirical treatment threshold
(more patients treated empirically):
« High prevalence of tuberculosis
« Many or severe symptoms
«» HV infection
« (hest radiograph suggestive of active tuberculosis
« Unstable vitals
« Lack of antibiotic response
« High likelihood of once-off patient encounter
« Inability to collect a high-quality specimen
(eg, sputum-scarce tuberculosis)

Xpert implementation
could change the threshold
for empirical treatment

Threshold raised (A)

e Xpert will reduce false-
positive treatment of
people without TB, and
increase true-positive
treatment

Threshold constant (B)

e Xpert will not change
the rates of false-
positive treatments, but
will increase true-
positive treatments

Threshold lowered (C)

e Xpert will increase false-
positive treatment of
people without TB and
increase true-positive
treatments

Theron G, Peter J, Dowdy D, Langley |, Squire SB, Dheda K. Do high rates of empirical treatment undermine the potential effect of new diagnostic tests for tuberculosis in high-
burden settings? Lancet Infect Dis 2014; 14: 527-32.




Diagnostic options modelled - Philippines

0. Base case — the current routine diagnostic algorithm
1. Roll-out of LED Fluorescence Microscopy.

2. Xpert MTB/RIF as a replacement for microscopy.
a. With standard Xpert cartridge, b. With Xpert Ultra cartridge

3. Xpert MTB/RIF targeted to smear negative presumptive cases and
high risk MDR-TB presumptive cases
a. With standard Xpert cartridge, b. With Xpert Ultra cartridge

4. Xpert MTB/RIF for smear negative presumptive cases based on X-
ray and high risk MDR presumptive cases.

a. With standard Xpert cartridge. b. With Xpert Ultra cartridge
5. X-ray as a triage test prior to Xpert as replacement for microscopy __—ny
a. With standard Xpert cartridge. b. With Xpert Ultra cartridge

6. Point of Care Test based on proposed Omni test using the Ultra . |
cartridge <




Impact on diagnosis of tuberculosis (Notifications)

No. of patients diagnosed (10Yrs)
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NOTE: Based on the 6 sites modelled in Cavite province over 10 years




A key observation from the data — base case

Currently a high % of TB cases are clinically diagnosed — 63%

High % of sm negative presumptive TB cases are diagnosed with active TB
- Average 43%, and varies by site between 25% and 76%

)

Smear microscopy has poor sensitivity (<40%)
and/or
High over diagnhosis amongst those clinically diagnosed with TB
and/or
High levels of microbiologically undetectable TB



The process of Clinical Diagnosis in the Philippines

| Treat
for TB

YES YES YES

B
X-Ray Diagnostic
compatible Committee
with TB? decide
TB?

Bacteriologically X-Ray
Confirmed TB? available?

R NoTreat
for TB

The accuracy of these decisions is critical to impact



Some key assumptions

TEST Sensitivity Specificity Notes
Microscopy 50 — 60% 98 —99% Depending on sputum
collection strategy, ZN or
LED. and HIV status
Xpert 67 — 88% 97 — 98% Depending on HIV and
smear status
Xpert or OMNI with ULTRA 84 —93% 94 - 95% Depending on HIV and
smear status
Chest X-ray compatible with TB 90 — 98% 1-70% Depending on site
(used to calibrate model)
Xpert for RIF resistance 94% 98%
Xpert or OMNI with ULTRA for 95% 98%

RIF resistance

These assumptions very difficult to validate — Human judgement




Diagnosis of active TB disease, starting effective treatment
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No. of patients starting effective
TB treatment (10Yrs)

NOTE: Based on the 6 sites modelled in Cavite province over 10 years



Patients with active TB disease who did not receive appropriate TB treatment

Patients with active TB disease not given appropriate treatment (10 Yrs)
3000

2500

[ ]
[ ]
2000 -
1500 l l [ ] . - l

1000

500

Patients with active TB disease not
given appropriate treatment (10yrs)

0 Base Case 1LEDRoll- 2a MTBRIF 2b Ultra all 3a MTBRIF 3b Ultra all 4a MTBRIF 4b Ultra Sm 5a MTBRIF, 5b Ultra, CX 6 POC test
out all all Sm -ve Sm -ve Sm-ve,CX -ve,CXscrn  CXscrn scrn Barangay
scrn

DSLTFU mDRLTFU m DS diagnosed as no tb DR given No Treatment ™ DR given DS Treatment




Impact on Health system and Patient costs
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NOTE: Based on the 6 sites modelled in Cavite province over 10 years




Summary thoughts

1. The clinical diagnostic process/algorithm is a key determinant of the (cost)
effectiveness of introducing new bacteriological/ molecular diagnostics.

2. The clinical diagnostic process is, in turn, dependent on the state of development of
the six WHO building blocks of the relevant health system:
a. Service delivery [private or public models of service with requirement for fee-paying or not]
b. Health workforce [different cadres involved in different stages of TB case detection]
c. Information (systems) [flow of information — test results]

d. Medical products, vaccines and technologies [interaction of results between lab/molecular test
outputs, radiology imaging services and clinical judgement]

e. Financing [overall resources available]
f. Leadership / Governance [effect of advocacy and political imperatives]

3. Operational Modelling offers an approach to capturing the health system elements
behind empirical/clinical diagnosis \)
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Diagnosis of active drug sensitive TB disease, starting effective treatment
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Diagnosis of active drug resistant TB leading to effective MDR-TB treatment

No. starting MDR-TB treatment (10 yrs)
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Impact assessment framework (Langley, Squire et al, 2015)

Ivor Langley, S. Bertel Squire, Russell Dacombe, et al. (2015). Developments in Impact Assessment of New
Diagnostic Algorithms for Tuberculosis Control. Clinical Infectious Diseases 2015;61(S3):5126—34



Impact of triage prior to seeking a tuberculosis diagnosis in the
context of Brazil (Langley et al, Pending)

B. Projected impact of implementing triage approaches with X-ray before Xpert for TB diagnosis compared to
using microscopy without triage (TB prevalence 15.8%)
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Langley I, Rahman A, Galliez R, Kritski A, Tomeny E, Squire SB. Modelling the use and impact of triage prior to seeking a
tuberculosis diagnosis in the context of Brazil (2017)




Diagnostic Patient Pathways in Philippines

Start

Sick w/ Cough/
Abn CXray

DOTS/ Heath
Faciltiy

Initial Consult

Outcome

Treatment
lCompleted/
Cured

Tx Failed

'w PRESUMPTIVE DRTB
D

DRTB

TB Microscopy
Lab (TML)

Conlact

TAT 2 Days
~1deal 1 wk

Case Holding

Submit 2 Sputum
Samples

/

Assessment of
OQutcome

Sater

+— DOTS |a—|

Cat 1/11 Tx

DOTS | ™ML | rﬁ"

TML or Dots Faciity
Receive the result]

e

—
Home
i NoTB /




Assessment of effects of Xpert and alternative diagnostics in
Tanzania (Langley, Lin et al, 2014)

Projected outcomes for patients with TB that start treatment
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Langley |, Lin H-H, Egwaga S, Doulla B, Ku C-C, Murray M, Cohen T, Squire SB (2014). Assessment of the patient, health system, and population effects of Xpert MTB/RIF and
alternative diagnostics for tuberculosis in Tanzania: an integrated modelling approach. The Lancet Global Health, Volume 2, Issue 10, Pages €581 - €591, October 2014.
doi:10.1016/52214-109X(14)70291-8.




Summary observations from modelling in Philippines

OPTION 2 - Xpert MTB/RIF as replacement for microscopy
1. DRUG SENSITIVE TB CASES correctly treated
= Bacteriologically Confirmed would rise by 35-45%
= Clinically diagnosed TB cases are likely to fall by

= QOverall minimum change

2. MDR-TB CASES correctly treated

= Would rise by 43-53%

3. Highly cost-effective

4. Overall numbers on drug sensitive TB treatment would fall due to reduced clinical
diagnosis

5. ULTRA cartridge provides a further improvement (MDR-TB +5%)



Observations from modelling in Philippines (cont.)

OPTIONS 3 and 4 — targeted use of Xpert MTB/RIF

= Cost effective alternatives to Option 2 with reduced benefits at reduced cost.

OPTION 5 — X-ray as triage prior to Xpert test replacing microscopy

= Requires ULTRA cartridge to provide a benefit — highly dependant on sensitivity of
Chest X-ray

OPTION 6 — OMNI with ULTRA cartridge

= When available as Point of Care test would be the best option as is likely to reduce lost
to follow up and will therefore increase case detection for DS-TB and MDR-TB.



Incremental cost-effectiveness analysis (Health System costs)
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NOTE: Based on the 6 sites modelled in Cavite province over 10 years




Incremental cost-effectiveness analysis (DALYs averted)
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NOTE: Based on the 6 sites modelled in Cavite province over 10 years



