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Accurate TB diagnostics are needed, and their benefit
may be maximised by point-of-care placement

Projected impact on incidence:

2000 - e 28% (4-38%) of patients who test positive in
1800 o . Africa do not start treatment
Optimised microscopy
1600 - Macpherson et al., WHO Bull., 2013
1400 - 6. Implementation considerations
c
g 1200 4 PCR—based testing in rEference |abS As with any new technology, a range of implementation issues was identified, without which Xpert
E 1000 - MTB/RIF use would not be optimal. These include:
E 800 4 . e Positioning: Xpert MTB/RIF is suitable for use at district and sub-district level. Although testing with
a
POInt_Of-Ca re test Xpert MTB/RIF does not require additional laboratory equipment, the sophisticated nature of the
600 4 device requires care of handling, i.e. stable and uninterrupted electrical supply to avoid interruption
400 - of the procedure and subsequent loss of results, security against theft, adequate storage space for
the cartridges, dedicated staff to perform testing, and biosafety procedures similar to microscopy;
2001 WHO, 2010
U L T L 1
2010 2020 2030 2040 2050 e Xpert will never substitute for an accurate bedside test,
Abu-Raddad et al., PNAS, 2009 but does its far-patient placement undermine the

potential of the most accurate and rapid test we
currently have?

e Can a case be made for the rational placement of Xpert
at the POC in well-resourced clinics within TB hotspots?
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Hypothesis, desigh, and endpoints

Hypothesis: One Xpert performed by a nurse at the point-of-care is feasible, and
will improve time-to-result, time-to-treatment and TB morbidity amongst patients
in primary care, compared to same-day microscopy.

Patients with suspected Study staff did not initiate treatment. Patients were
pulmonary TB referred to routine clinical staff after diagnostic testing.
|
y ¥ :
Same-day microscopy Point-of-care End points
and culture e * Feasibility of Xpert by a nurse in the clinic vs. that by
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3 technician in a research or reference lab
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Clinic and nurse information

* Teams of two nurses each were placed at :
* Gugulethu TB Clinic (Cape Town, South Africa), Mabvuku Polyclinc (Harare,
Zimbabwe), Kanyama TB Clinic (Lusaka, Zambia), St. Mary’s Day Clinic (Durban,
South Africa), and Ifisi Day Clinic (Mbeya, Tanzania).
* Each had an attached microscopy lab (with the exception of Cape Town), DOTS
treatment facility, and a dedicated space for Xpert
* Aside from security features and an IRB-required biosafety cabinet in Harare, no
other infrastructure (e.g., power upgrades) were installed
* Nurses received one day of technical training
* Unannounced inspections by technicians were conducted 21 per month, and user
appraisals were regularly performed
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Study profile

1502 eligible patients were randomly assigned

-

758 assigned to smear microscopy

v

h 4

.

!

744 assigned to Xpert MTB/RIF*

.

h 4

.

114 smear-positive
91 culture-positive
20 culture-negative
3 culture-
contaminated

643 smear-negative
91 culture-positive
540 culture-negative
12 culture-
contaminated

1 microscopy not done
1 culture-negative

184 MTB/| RIF-positive
154 culture-positive
27 culture-negative
3 culture-
contaminated

559 MTB/RIF-negative
31 culture-positive
517 culture-negative
11 culture-
contaminated

1 no result
1 culture-negative

111 given treatment

h 4

active TB

239 chest radiograph
compatible with

182 given treatment

191 given treatmentt
405 chest radiograph not
compatible with active
TB or uninterpretable
22 given treatment§

h 4

187 chest radiograph
compatible with
active TB

127 given treatmentf
373 chest radiograph not
compatible with active
TB or uninterpretable
12 given treatment9|

Figure 1: Study profile




Site characteristics

Gugulethu TB Mabvuku Kanyama TB St. Mary’s Day Ifisi Day Clinic Overall P-value for
Clinic (Cape Polyclinc Clinic (Lusaka, Clinic (Durban, (Mbeya, comparisons
Town, South (Harare, Zambia) South Africa) Tanzania) across sites
Africa) Zimbabwe)
Number of 419 400 400 200 83 1502
patients
Age (IQR) 39 (31-49) 38 (32-45) 35 (30-41) 37 (30-50) 37 (31-54) 37 (30-46) <0.0001
Women (%) 160 (38) 215 (54) 131 (33) 96 (48) 41 (49) 643 (43) <0.0001
Previous TB (%) 178 (43) 67 (17) 85 (21) 52 (26) 2 (1) 384 (26) <0.0001
HIV Infected 133 (32) 324 (81) 268 (67) 121 (61) 49 (59) 895 (60) <0.0001
On ART at 51/133 (38) 96/324 (30) 54/268 (20) 29/121 (24)

recruitment (%)

Number of TB
culture-positive
patients (%)

152 (38)

367 (24)

0.0001
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Feasibility of nurse-performed Xpert at the
point-of-care

At recruitment At study close
Smear microscopy Point-of-care Xpert Lab-based Xpert
Sensitivity Specificity Sensitivity Specificity Failure rate Sensitivity Specificity Failure rate
Before Before
repeat: 4.7% repeat: 5.9%
50% 96.5% 83.3% 95.1% 83.2% 91.9%
(34/730) (82/1411)
Overall (42.9,57.2) (94.6,97.7) (77.2, 88) (92.9, 96.6) (79, 86.8) (90, 93.4)

After repeat:
2% (27/1409)

After repeat:

91/182 540/560 154/185 517/544
/ / / / 0.2% (1/730)

292/351 952/1037

Kappa = 0.69 (“substantial agreement”)

Gugulethu TB Clinic Mabvuku Polycline  KanyamaTBClinic St Mary's Day Clinic Ifisi Day Clinic Overall
(CapeTown, South Africa) (Harare, Zimbabwe) (Lusaka, Zambia) (Durban, South Africa) (Mbeya, Tanzania)

Operating temperature, °C (95% Cl) 23-2°C(21-3-25-3) 21.0°C(18:0-23-0)  26-45°C(24-9-277)  23-2°C(19:2-24-3) 27-4°C(24-9-28:0)  23-4°C(21:1-25-2)
Humidity, % (95% CI)
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Does Xpert improve time-to-diagnosis?

Smear microscopy  Xpert MTB/RIF  pvalue

366/1502 patients culture-positive by day 56 ) ialiia
100% All patients with a positive result (by any means)™

v By day 1 94/758 (13%) 178744 (24%)  <0-0001
E By day 2 107758 (14%) 183/744 (25%)  <0.0001
G > | By day 3 1049/758 (14%) 185/744 (25%) 00001
8_ S 75% 154/185 TB cases detected by Xpert by day 56 By day 14 165/758 (22%) 196/744(B6%) 00380
cb 3 By day 28 199/758 (26%) 212744 (29%) 033
5 8 By day 56 204/758 (27%) 215/744(29%) 039
— Culture-positive patients with a positive result (by any means)*
é % 50% By day 1 79/182 (43%) 150/185 (B1%)  =D-0001
“— ﬂ 91/182 TB-cases detected b . b By day 2 86/182 (47%) 153/185 (83%) <0-0001
5 = Yy microscopy by By day 3 ' 35 %) =0-0001
c Q day 56 By day 14 142/182 (78%) 166/185 (90%) 00023
8 4;,0 o ] By day 28 176182 (97%) 182/185 (98%) 030
B o 25% . Microscopy By day 56 181/182 (99%) 185185 (100%) 031
o . Xpert Days to first positive result 0{0-6) 0 (0-0) 0-0055
e Drays to culture result 10 (6-14) g (6-15) 0.86
o

Culture
Data are nfM (%) or median (IQR). *Fositive results could be from smear microscopy or culture in the smear microscopy
group, or by Xpert MTB/RIF or culture in the Xpert MTERIF group.

0%

1 9 17 25 33 41 49 Table 4: Patients with a positive smear microscopy, Xpert MTB/RIF, or culture result, and days to result,
per allocation group

Days to result



Does Xpert improve time-to-treatment in
culture-positive patients?

100% 169/185 (91%) in the Xpert arm on treatment ° Xpe rt reduced cultu re-positive

p=0.0234 drop-out from 16% to 9%

* Median time-to-treatment was
2 days in the microscopy arm

75%
152/182 (84%) in the microscopy arm on treatment

50% versus 1 day in the Xpert arm
| (p=0.0004)
Microscopy
25% Bl Xpert e Culture had little utility :

Percentage of culture-positive patients

* 6% of culture-positive patients
where initiated based on their
culture-result (10/182 in smear
arm, and 9/185 in Xpert arm)

0%
1 9 17 25 33 41 49

Days to treatment initiation
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Proportion of patients on treatment

What is the role of empirical treatment?

100%

75%

in each arm
Ul
o
xX

25%

0%

I Microscopy
B Xpert
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Days to treatment initation
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Hatched colours:
treated empirically

Solid colours:
treated due to a
positive
bacteriological test

No overall
differences
after 9 days

(All patients irrespective of
culture status)

320/744 (43%) in the Xpert

arm on treatment
p=0.64

317/758 (42%) in microscopy
arm on treatment

1 9 17 25 33 41 49
Days to treatment initiation

e Proportion of patients treated empirically was less with Xpert (17% vs. 26%; p<0.0001)

e Empirical treatment was rapid (median time of 3 days in either arm)

e 70% of smear-negative TB cases were detected by Xpert at the study end, yet 93% of
these were treated rapidly on empirical grounds anyway




The “appropriateness” of empirical treatment
did not change

e Although there is overall less empirical treatment with Xpert (due to
more patients receiving a rapid bacteriological diagnosis) :

e Asimilar number of “false-negative” empirical treatment decisions occurred in
either arm: 26% of culture-negatives in smear arm vs. 22% in Xpert arm

versus a single Specificity (%)
culture (95 CI)
Empirical 74.15
treatment in the (70.05, 77.78)
microscopy arm 416/561
Empirical 78.35
treatment in the (74.89, 81.80)
Xpert arm 427/545

p=0.1013



Did Xpert improve TB-related morbidity?

TBscore Karnofsky performance score
Microscopy Xpert P-value Microscopy Xpert P-value

Baseline
(n=153 and
n=168 in each
arm)

5 (4-7) 5 (4-7) 0.56 70 (60-80) 70 (57.5-90) 0.89

Two month

follow-up
(87/153 and 2 (0.25-3) 0.85 80 (70-90) 90 (80-90) 0.23
108/168 in each
arm; p=0.17)

Six month follow-
up
(81/153 and
97/168 in each
arm; p=0.39)

0.35 100 (90-100) 100 (90-100) 0.85
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Drug-resistant TB in TB-NEAT

* In South Africa (and China), 80% of DR-TB is be caused by person-to-person transmission
Streicher et al., Infect. Gen. Evol., 2011; Zhao et al., NEJM, 2012

Gugulethu TB
Clinic (Cape
Town, South

Africa)

Rifampicin
monoresistant (%)

1/67 (1)

Isoniazid
monoresistant (%)
Multi-drug
resistant (%)

5/67 (7)

5/67 (7)

Mabvuku
Polyclinc

Zimbabwe)

1/73 (1)

1/73 (1)

Kanyama TB
(Harare, Clinic (Lusaka,

St. Mary’s Day
Clinic (Durban,
South Africa)

0/32 (0)

1/32 (3)

0/27 (0)

Ifisi Day Clinic
(Mbeya, Overall
Tanzania)
0/26 (0) 16/350 (5)

0/25 (0)

13/350 (4)

P-value for
comparisons
between sites

0.1550

0.0580

0.0090

e Accuracy of lab-based Xpert for Rif® TB in patients with complete data was sub-optimal:

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
MTBDRplus as a 23.6% 98.9% 57.2% 95.4%
reference standard (9.6, 47.3) (96.8, 99.7) (25.1, 84.2) (92.2,97.3)
4/17 264/267 4/7 264/277




Loss-to-follow-up and mortality

Loss-to-follow-up in patients placed on treatment

Microscopy

arm Xpert arm P-value
TB cases | 33/154 (21) | 36/170(21) p=0.9559
Non-TB 37/170(22) | 33/151(22) p=0.9845
cases

Six months

TB cases | 36/154 (23) | 36/170(21) p=0.6343
Non-TB 35/170 (21) | 38/151 (25) p=0.3288

cases

Mortality
Microscopy
arm Xpert arm P-value
Two months 26/324 (8) | 14/321 (4) 0.0538
TB cases 5/67 (7) 11/154 (7) 0.1452
Non-TB
15/170 (9) | 8/151 (6) 0.2216
cases
Six months 35/324 (11) | 28/321(9) 0.3737
TBcases | 14/154(9) | 14/170 (8) 0.7843
Non-TB
21/170 (12) | 14/151 (9) 0.3766
cases
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Limitations

e This was a short-term study in Southern Africa amongst TB suspects that needs to
be viewed in the context of high burden settings with high rates of empirical
treatment. Xpert in different populations will have a different effect.

 Programmatic monitoring, machine maintenance, and the task shifting
implications of POC Xpert placement are important, but were outside the scope
of this trial. Most sites in Africa have POC microscopy available, however.

 CXRs were available to clinicians, even though radiography is not standard-of-care
everywhere. XTEND has, however, also reported high rates of empirical treatment
(35% of patients starting treatment prior to Xpert were smear-negative).

e Xpert appeared to perform poorly for drug-resistance detection, however, this is
not definitive due to the small number of cases.

* The selective placement of Xpert at the POC will be very expensive, but will it be
worth it? This work will inform a cost-effectiveness study.



The way forward: taking new molecular tests
into the community?

3




Concluding thoughts

In our RCT, although Xpert did not impact morbidity, it
e is feasible in primary care and does not require technical personnel
* increased rates of same day treatment
e resulted in less patients with TB “dropping-out”

If POC placement has little clinical effect, how likely is it that centralised testing
will? Will the key benefit arise from preventing TB patient drop-out? Other
studies not using POC Xpert have been unable to demonstrate a reduction in pre-
treatment drop-out.

While Xpert reduces the volume of empirical treatment, it does not improve its
accuracy or “appropriateness”

Empirical TB treatment has many disadvantages, but have we underestimated it’s
role when projecting the impact of new diagnostics?

How will the clinical handling of test-negative patients change with the long-term
implementation of Xpert?

Does improving clinical decision making and training need to be given an as big a
priority as merely rolling out a new test?



Thanks and acknowledgements
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potential effect of new diagnostic tests for tuberculosis in
high-burden settings?
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Although several factors, including reduction of poverty
and improved access to eatment, are crucial 1o reduce
the global burden of tuberculesis, accurate and rapid
diagnostic tests are 3 major unmet need. Xpert
MTE/RIF—an sulomaled reaktime PCR platform for
diagnosis of tuberculosis and detection of rifampicin
resistance—is endotsed by WHO' and the USA Food

many of these newly detected patients would have been

placed on meatment in the shsence of Xpert, and when this  Scaoer

wonkd have ocourted, is unknown. A proposed benefit of
Xpert is improved outcomes (eg. lower morwlit) in the

sickest individuals; however. dociors are most likely (o reat  Comespons

the same patients empirically (and treal them rapidly),
such that the incremental benefit of Xpert might be

and Drug ion and is undergeing imple-
mentation in several highburden countries.! Xpert is
usable at the point-of-care™ and can detect about two-
thirds of smearnegative uberculosis cases in less than
2 h.* The widespread implementation of Xpert will need
substantial investment by internatienal demers and
ewernments of reSoUrce poor countries.

Modelling sudies have indicated that accurate and
potentially same-day tuberculosis diagnostics could
reduce mortality by 20-35% by enabling earlier initiation
of wberculosis treatment’ However, in HIV-endemic
setings with a high wberculosis-related mortality.
dinicians compensate for the shericomings of smear
microscopy (frequently the only routinely available
tuberculesis test) with the initiation of treatment on the
basis of clinical symptoms, less specific tests (such as
chest radiography). or absence of a response (o broad-
spectrum antibiotics.* The initiation of treatment in the
absence of a bacteriologically confirmed diagnosis is
often referted to 35 empirical mberculosis treatment.

In settings with high rates of empirical treatment, the
effect of Xpert and other new tuberculosis tests such as the
urine LAM (lipoarsbinomannan) lateral flow assay
on  individuablevel outcomes and  populationlevel
epidemiclogy might be lewer than prediced (ible).
Although the number of bacteriologically confiremed

diminished. Thus, certain key questions remain: will Xpert
armually decrease the fme to reatment initiation in high-
burden settings with high rates of empirical reatment to
an extent thal affecs oulcomes for patients and ongoing
transmission. or will it enly replace empirical tuberculosis
treatment that would otherwise eccur near the same time?
Will Xpert change empirical mberatlosis treatment
practice, reduce the preportion of false negative diagnoses,
and reduce the proportion of patients with false-positive
results who are placed on treatment inappropriately?
Might some patients with tuberculosis but a negative
Xpert resull nol receive treatment because of incdeased
confidence in Xpert

Empirical tuberculosis treatment initiation
Drivers of empirical treatment

The cliniczl basis for empirical tuberculosis treatment
varies acoss selfings in accordance with faclors that
contribute o a pretest probability of 3 patient having
tuberculosis or a poor ouwome or both, which is
weighteed against a variable and subjective threshold for
treatment initiation (figure). Such faclors include
baseline tuberculosis prevalence (eg. among patients
with HIV with advanced immunosuppression).  clinical
presentation suggestive of tuberculesis, results (if any) of
adjunctive but non-cenfirmatory diagnestic methods
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