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Overview

e Global TB burden and
epidemiology

* Impact on maternal-child
health outcomes

* Screening for active disease
and TB infection in
pregnancy/ postpartum

e Treatment for TB and TBI

* Ongoing research
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Patient Presentation

* HPI: 26 yo Indian female G2P1 @ 10 weeks gestational age
presenting with vaginal bleeding and abdominal pain

* Diagnosed with pulmonary TB at ~6 weeks gestational age
* Sputum AFB positive 2+
* Anti TB therapy started

 Ultrasound now shows signs of gestational failure

BJMC, Sassoon Hospital Pune Case, Dr. Shilpa Naik
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Case Report

Untreated Active Tuberculosis in Pregnancy with Intraocular
Dissemination: A Case Report and Review of the Literature

* 26 y.0. Ghanaian pregnant female with gestational diabetes and prior
PPD+

* 4 months of cough

* No chest radiograph done until after delivery due to fear of radiation
exposure

e DELAY in diagnosis
* Dissemination to eye causing optic atrophy, chorioretinitis, uveitis
* Neonate separated from mother, formula fed and provided INH/B6

Rezai Case reports in Pulmonology 2015
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Bedaquiline and Linezolid | i ot et
fl:ll"' EHtE“SiUEIy Drug_ Micolas Veziris, Eric Caumes

Resistant Tuberculosis in
Pregnant Woman

* 33 yo woman developed MDR TB in Republic of Georgia in 2008,
relapsed in 2012 then developed XDR TB in 2014.

* Incomplete treatment with PZA, cycloserine, PAS, amox/clav,
capreomycin, levofloxacin, prothanimide, clarithro, clofazamine.

* Became pregnant and not on treatment. At 31 weeks sought
care in France. She had chronic cough, cavitary lung lesion, no
weight loss. Fetus had no abnormalities.

* Resistance to INH, RIF, low level FQ, EMB, ethionamide, AG but
susceptible to cycloserine, PAS, bedaqualline, linezolid

* At 36 weeks gestation: bedaqualline, linezolid 600mg/d, PAS,
cycloserine, levofloxacin initiated

* At 39 weeks delivered FT healthy baby, placenta negative for MTB,
infant negative for TB by gastric washings, Xray, and was separated from
mom as still smear+

* Mom completed 24 month treatment. Baby well at 2 years with normal
growth
EID Vol 23, No 10, October 2017
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What is the burden of TB in
pregnancy?
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Global TB burden

Estimated TB incidence rates, 2018
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TB burden in pregnancy is high,
and likely underreported

- Not applicable

WHO 2019
Sugarman, Lancet Global Health
2014
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Peak TB incidence in women of
reproductive age irrespective of HIV
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US TB Epidemiology
TB Case Rates by Age Group and Sex,

United States, 2014
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US TB Epidemiology in Pregnancy
Prevalence of Pulmonary and Non-pulmonary TB,
2003-2011

® Non-Pulmonary
7,772,999 births, of which 2064 to women with TB

m Pulmonary

26.6 cases/100,000
pregnancies

J

Prevalence rate per 10,000 women

2003 2004 2005 2006 2007 2008 2009 2010 2011
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Prevalence of TB in pregnhancy

* No national reporting for high burden countries
* Data based on individual screening studies

Active TB

Study Site HIV-negative HIV-positive
Low burden countries 0.06-0.25% 1%
High-burden countries 0.07-0.53% 0.69-11%
Latent TB

Study Site HIV-negative HIV-positive
Low burden countries 10-23% 11-26%
High-burden countries 18-34% 21-49%

F + JOHNS HOPKINS
1) CENTER FOR CLINICAL Mathad & Gupta, CID 2012
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Prevalence of TB disease in HIV-infected
pregnant women in high burden settings

Study Year  Country N Prevalence (95% Cl)
Pillay 2001 S. Africa 14650 | © 0.8 (0.6, 0.9)
Kalli 2006 S.Africa 370 | —¢— 2.2 (0.9, 4.2)
TiPs* 2014  Kenya 288 ¢ 2.4 (0.1, 4.2)
Hoffman* 2013  S. Africa 1415 —— 2.5(1.7, 3.4)
Jonnalagadda 2010 Kenya 393 —— 2.8(1.4,4.9)
Gupta 2007 India 715 —— 3.4 (2.2,4.9)
Modi* (unpub)2014  Kenya 134 ¢ 6.0 (2.6, 11.4)
Gounder 2011  S.Africa 1427 [—¢— 0.6 (0.4, 0.7)
Leroy 1995 Rwanda 211 ¢ 7.9 (4.8, 12.6)
Sheriff 2010 Tanzania 396 ¢ 210.0 (1.2, 31.7)
Nachega 2003 S.Africa 120 ¢ 11.0 (5.9, 17.8)
0 : 10 15 20

*culture obtained independent of symptoms

JOHNS HOPKINS

Prevalence: 0.6-11%

Slide courtesy of Sylvia LaCourse, Univ of Washington



Global estimate of TB in pregnancy

Mean (95% uncertainty Rate per 1000 Percentage of
range) pregnant women global burden
(95% uncertainty
range)
All countries combined 216500 (192 100-247000) 2-1(1-8-2-4)
African Region 59 400 (74 200-110 500) 3-6(3:0-4-5) A1%
Region of the Americas 4800 (3900-6000) 0-4 (0-3-0-5) 2%
Eastern Mediterranean Region =~ 28500 (19700-41 500) 23(1-6-34) 13%
European Region 4900 (3800-6300) 0-6 (0-5-0-8) 2%
South-East Asia Region 67500 (52000-87100)  2-4(1.9-31) 31%
Western Pacific Region 21400 (19 400-23700) 11(10-1-2) 10%
Table 2: Total number of active tuberculosis cases in pregnant women, rate per 1000 pregnant women
and percentage of global burden by WHO region and combined

Based on total population, crude birth rate, age distribution, TB case notification by age/sex

/A
JOHNS HOPKINS
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Revisiting The Burden Of TB In Pregnant
And Post-partum Women

WHO Region Pregnancy Postpartum

Mean (95% uncertainty range)

Mean (95% uncertainty range)

All countries combined 150 600 (119 800, 181 300) 49 000(39 000, 59 000) ]
AFR 60 900 (48 300, 73 400) 19.000 (15 700, 23 900)
AMR 3000 (2 500, 3 500) 1000 (800, 1 100)
EMR 16 300 (9 000, 23 500) 5300 (2 900, 7 700)
EUR 2 800 (2 100, 3 500) 900 (700, 1 100)
SEA 54 300 (27 700, 81 000) 17 700 (9 000, 26 400)
WPR 13300 (8 500, 18 200) 4300 (2 800, 5 900)

- Data on TB in pregnancy and
postpartum not routinely
collected

+ Prevalence potentially lower
than previously estimated

HOW DO WE IMPROVE OUR ESTIMATES IF WE

DON’T ACTUALLY REPORT TB CASES IN
PREGNANCY?

Mafirakureva Union Conference 2019



Revisiting The Burden Of TB In
Pregnant And Post-partum Women

Estimated number of TB incident cases per 1000 pregnant women Estimated number of TB incident cases per 1000 pregnant women

0 1 2 3 0.0 0.5 1.0

PREGNANCY POSTPARTUM

HOW DO WE GET PREGNANCY ESTIMATES
IN FUTURE GLOBAL TB REPORTS?

Mafirakureva Union Conference 2019



Pregnancy Status In The U.S. National
Tuberculosis Surveillance System (NTSS)

* TBin pregnancy not currently captured under routine surveillance in US
* CDC 2020 Revision of the Report of Verified Case of Tuberculosis (RVCT)

*  Opportunity to improve our understanding of TB outcomes among
pregnant women using surveillance data

The “wish list”:

Pregnancy
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Pregnancy Status In The U.S. National
Tuberculosis Surveillance System (NTSS)

Comprehensive Pregnancy Variables Considered

Demographics

If female, pregnancy status of the patient at
time of diagnostic evaluation:

___delivered or miscarried within 12
weeks prior to TB diagnosis

___pregnant at the time of diagnostic
evaluation

no pregnancy
unknown

Additional Risk Factors

___delivered or miscarried within 12 weeks
prior to diagnosis

___undergoing IVF or other fertility trtmt

Final TB Disease Case Outcome

If pregnant at the time of diagnostic
evaluation or pregnant during treatment:

___maternal complications during delivery
___spontaneous or induced abortion
___live or still birth

___premature birth

___low birth weight

____congenital abnormality (specify)
___fetal death

___maternal death

___TB transmission to infant

Brostrom Union Conference 2019




Pregnancy Status In The U.S. National
Tuberculosis Surveillance System (NTSS)

-

2 Useful Useful

r: Not easy to collect Easy to Collect

=

K Not Useful Not Useful P re g n q n Cy
Not easy to collect Easy to Collect

fulness

Use

Degree of difficulty for collecting information
(Timely, Accurate, Complete)

Some of the New Questions
Added:

Is the Patient Pregnant? (Yes/No/Unknown)
CD4 results for patients with reported positive HIV status
Alc results for with diabetes mellitus

IS PREGNANCY STATUS OF TB CASES

ROUTINELY COLLECTED IN YOUR
SETTING?

Brostrom Union Conference 2019



Impact of Maternal TB on
maternal-infant outcomes?
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Risk of complications in pregnancy
TBvs.no TB

Maternal complications

* Pre-eclampsia & eclampsia
(2 fold)

* Vaginal bleeding (2 fold)
* Hospitalization (12 fold)
* Miscarriage (10 fold)

* |ncreased maternal
mortality

Jana Int J Gyn Obstet 1994  Bothalmley 2001
) Jana NEJM 1999 Pillay Lancet ID 2000;
AL A Chin HC BJOG 2010 Mathad CID 2012
17 cloga | Bjerkedal 1975 Gupta CID 2007



Risk of complications in pregnhancy
TBvs.no TB

Fetal and infant complications

* Fetal death (increased)

* Low birth weight (2 fold)
* Lower Apgar scores

* Prematurity (2 fold)

 Small for gestational age (2
fold)

* Perinatal death (increased)
* congenital TB (rare)

* |Increased HIV transmission
(2 fold) Jana Int J Gyn Obstet 1994  Khan AIDS 2001;
JOHNS HOPKINS Jana NEJM 1999 Pillay Lancet ID 2000;

D Chin HC BJOG 2010 Gupta JID 2011




Mother to child transmission of TB

* |n utero
— Hematogenous dissemination via the umbilical vein
— Aspiration/ingestion of infected amniotic fluid

* Intrapartum

— Aspiration/ingestion of infected amniotic fluid or
genital secretions

* Postpartum

— Inhalation/ingestion of respiratory droplets from the
mother

— Ingestion of infected breast milk
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Does pregnancy or the postpartum
period increase the risk of TB
acquisition? reactivation? severity?
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Pregnancy-related immunologic
and physiologic changes

Jalbumin
4 body fat, total body weight
First trimester Second trimester : Third trimester
+ Increased Decreased
Increased severity: . L .
Influenza cardiac output % / |ung capacity
Malaria =F
Hepatitis E 5
Herpes simplex virus e
infection %
Decreased
: - gastric
Improve'd: multfp‘le sclerosis, Monocytes an.d. phagocytosis Changes n emptylng
rheumatic arthritis Dendritic cells hepatic ; ;
) Polymorphonudlear cells 2 e ‘1‘ yor " {3
Aggravated: systemic lupus @-Defensins metabolism ~ b{} . \.| Decreased
erythematosus Regulatory T cells ——— ¥, o . hbH
; ‘W8 | stomac
4 Risk: malaria, listeriosis, HIV , fcvr3aa $cvpiaz, cypacio \ i
4 Severity: influenza, Hep E, HSV, D44 Teells - B i :
malaria, measles, smallpox, CD8+ T cells 42 10N L Increased GFR
varicella, coccidiomycosis B cells " 87
: Natural k}ller cells

Do pregnancy-related
immunologic changes
increase risk of TB?

Implications for

ne

~_- TB/LTBI treatment?

Kourtis NEJM 2014
Frederiksen Sem Perinatol 2001
Anderson Clin PK 2005



Immune control of TB needs Th1l cytokines

CD4* T cells release
IFN-y, TNF-a

IFN-y, TNF-a stimulate
macrophages

7S+

+  JOHNS HOPKINS
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Biological plausibility?
Immunology of pregnancy & TB
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Risk of TB in Pregnancy

Impact on TB reactivation and severity debated

Clinical data limited and were not consistent or convincing
(Good Am. J. Obstet. Gynecol 1981, Carter Chest 1994, Espinal 1996;Sterling 2007)

TB Events (n) Person-Years IR 95% CI (IR) IRR 95% CI (IRR) P Value
Outside of pregnancy* 133 1,459,203 9.11 7.63-10.8 1.00 Reference category
During pregnancy 22 171,765 12.81 8.03-19.39 1.29 0.82-2.03 0.3
6 mo postpregnancy 22 114,866 19.15 12-29 1,95 1.24-3.07 0.004

IRR

25 4

1.5 1

—

N

UK cohort: TB incidence 2x higher
postpartum vs non-pregnancy times

0.5 4 Pregnancy

\90 days post

180 days posl/

270 dé{(s post




India HIV-infected cohort of women

<10% on combination ART
Majority of cases occurred within
120 days postpartum

Postpartum Tuberculosts Incidence and Mortality
among HIV-Infected Women and Their Infants in
Pune, India, 2002-2005

Amita Gupta,' Uma Nayak.2 Malathi Ram,? Ramesh Bhosale,* Sandesh Patil? Anita Basavraj,’ Arjun Kakrani }
Sheeja Philip,' Dipali Desai,’ Jayagowri Sastry, and Robert C. Bollinger,"* for the Byramjee Jeejeehhoy Medical
College-Johns Hopkins University Study Group

'Infectious Diseases, Johns Hopking University School of Medicine, and “Jobng Hopkins Bloomberg School of Public Heslth, Baltimare, Maryland:

and “Byramjee Jeejeebhoy Medical College and *Byramjes Jeejeebhoy Medical College-Johns Hopking University Matemal Infant Transmission
Study, Pune, India

(See the editorial commentary by Mofenson and Laughon on pages 250-3)



Peripartum risk of MTB infection and disease
progression

* Cohort Kenyan pregnant HIV+ women pre-ART roll-out

Time 1o all-cause mortality by IGRA response in severely immuosuppressed women
- - 8 4
Combined interferon-gamma response il
3 & E
. b
::;o 12% HIV+ pregnant w/ - e :
£R 84 IGRA+ conversion !
ES - : -, IGRA-
Y- 0 § 1
g% 3 - 881 |GRA+ assoc w/
> e s IGRA+
5 —4 * 5X maternal TB/death
S of = ¢{ ° 3xinfant TB/death '
PéZ M12 ] ° y Time f:gm orwol'm:l?(momhs) = *
Negative 28 ©) 26 m 22 (1) 14 3) 10 ©)
Pregnancy Postpartum Posive 17 @ 11 © 10 M 4 m 2 ©

Peripartum increased
risk of TB progression?

Peripartum increased
Jonnalagadda JTLD 2015 risk Of Mtb infection?
Jonnalagadda JID 2010




Does pregnancy impact
performance of screening for
active disease or TB infection?
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TB diagnostic sensitivity of WHO 4-
symptom screen in pregnancy

283 } w WHO Sx screen 80% 79%
0 W Smear
70% - Xpert
60% - @ Urine LAM 54% 50%
50% - 43% 43%
20% - 34%
30% - 28%
20% -

(0] _
13; .1% 0 IO% 0 00

(0]

Hoffman LaCourse Gupta PLWHIV

At least one WHO 4-symptom in 9-19% of women

Compared to non-pregnant HIV-infected adults

* Lower sensitivity observed but not clear if that is due to pregnancy alone
* High negative predictive value (NPV) BUT

* In some settings, high prevalence of undiagnosed asymptomatic TB

Gupta CID 2011:Hoffmann. PLOS One 2013: LaCourse. JAIDS 2015: Getahun PLOS Med 2011



TB symptom screening in pregnant PLHIV

WHO recommends routine TB screening for PLHIV (including pregnant women)
— Four-symptom screen: cough, fever, night sweats, weight loss

@ N PLHIV (ART-naive) cetanun 2011

sensitivity 79%, specificity 50%

.6
1

PLHIV (ART) Hamada 2017

sensitivity 51%, specificity 71%

Sensitivity

4
|

1 8 6 4 2 0
Specificity LaCourse Cochrane (Protocol) 2018



TB symptom screening in pregnant PLHIV

WHO recommends routine TB screening for PLHIV (including pregnant women)
— Four-symptom screen: cough, fever, night sweats, weight loss

How to improve TB screening

@ N PLHIV (ART-naive) cetanun 2011

sensitivity 79%, specificity 50%

in pregnant PLHIV?

2
'S © |
:"g PLHIV (ART) Hamada 2017
qc, . sensitivity 51%, specificity 71% HOW ARE PERIPARTUM PLHIV
» O L;C:urs;aft PLHIV SCREENED FOR TB IN YOUR
G senisitivity 22%, specificity 84% SETTI NG?
o |l Hoffman 20J8" Modi 2016

@ calnan 2016

© Hoffman 2015
T T T T

1 .8 4 2 0

| Specifi'city

LaCourse Cochrane 2019



TB Infection (TBI) Screening

* Goal of TB Infection (TBI) screening
— ldentify those at highest risk for reactivation disease
— Target preventive therapy

* |Implementation challenges

* Little attention paid to performance of TB diagnostics in
pregnant/postpartum women

— Tuberculin skin test (TST) and Interferon Gamma Release Assay (IGRA)

e Mixed data

— Two US studies of IGRA (Quantiferon) test positivity was lower than

TST (older age, foreign birth associated with positivity) woronor et a opstet
Gynecol 2011; Chebab Kansas J Med 2010)

— India, more IGRA positive than TST and discordance QGIT+/TST- was

h 18 her (Mathad, PLOS One 2014, Mathad AJRCMM 2016)

* Positive IGRA predictive of active TB postpartum vonaiagadda o 2010, 1mo

7+
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Pregnancy impact on TBI test results?

Percent positivity

20% -

(n=125)

mTST+
m |GRA+

(n=143)

HIV+, India HIV-, India HIV+, Kenya

(n=96)

IFN-y (1U/mL)

104

0-

QFT identified 2x more pregnant

women with LTBI vs. TST

Mitogen (n=86)

p <0.001

IFN-y (1U/mL)

© o

QFT+ Mtb-Ag (n=22)

p=0.007

Mean Mitogen and Mtb antigen
lower in pregnancy vs. postpartum

Mathad AJRCCM 2016
Mathad PLOS One 2014
LaCourse JAIDS 2017



Pregnancy impact on TBI test results?

80
M Positive B Negative Indeterminate
60
L=
£
S 40
=
2
20
0 —
Entry elivery Week 44 PP
N/Total N (%)
Positive 284/944 (30.1) 216/862 (25.1) 246/764 (32.2)
Negative 599/944 (63.5) 531/862 (61.6) 511/764 (66.9)
Indeterminate 61/944 (6.5) 115/862 (13.3) 7/764 (0.9)

12 Nil —e— TB Alntiger? ’—;Mitogen
10 T i
8 . i E /_
c 6 i i
3 e
= 4 - - /
2- N A I
0 - o— ¢ i E
-2 - First dose olf INH La;t dose of INH
in deferred\arm in inmediate arm
T T ' ' T
Entry Delivery Week 44 PP
Mean (SD)
Nil 0.16 (0.65) 0.16 (0.46) 0.18 (0.26)
TB Antigen 3.85 (3.52) 2.92 (3.25) 4.92 (3.68)
Mitogen 6.19 (3.84) 5.03 (4.05) 9.21 (1.99)

QFT-positivity significantly lower at delivery vs pregnancy
(p<0.001) and higher postpartum (p=0.04)

IFNy production in response to TB antigens and
mitogen significantly increased postpartum vs
pregnancy and/or delivery (p<0.001)

Weinberg IDWeek 2019, CID 2020




Shielded Chest Xray in Pregnancy?

mGy

CT
Barium enema abdomen/
Lumbar spine AP pelvis
VU
Pelvis AP
Abdomen AP
CT chest
| CT head
| Extremities
| Chest I
‘ 0 5 I 10 15 20 25 30 35

Comparison of the estimated mean fetal absorbed
dose from various radiographic and

computed tomographic (CT) procedu

resl

ACOG?

Xray exposure <5 rad (50
mGy) has not been
associated with
pregnancy loss or fetal
anomalies

1patel, S. J. et al. Radiographics 2007;27:1705-1722; 2ACOG Committee Opinion No.299, Obstet Gynecol 2004
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Does pregnancy impact TB
treatment and prevention?
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Physiology Changes of Pregnancy Can Significantly
Impact Drug Metabolism, Safety and Efficacy

Increased Decreased
cardiac output‘ @ / lung capacity * |ncreased bOdy fat
o * Increased total
o Decreased .
/s gastric DOdy Welght
Changes in , emptying .
hepatic  ERXaoraCNIF  — * Decreased albumin
metabolism ‘*\& 4 .\ Decreased
g/ \'-,; ‘. \f ) . .
. \\| | stomach pH * Hepatic metabolism

Y Increased GFR

— Increased CYP3A4

— Decreased CYP1A2
o and CYP2C19
e Frederiksen, Sem Perinatol 2001;

Anderson, Clin Pharmacokinetics 2005



FDA Pharmaceutical Pregnancy Categories

Adequate and well-controlled human studies

Lategory A demonstrate no risk.

Animal studies demonstrate no risk, but no human
studies have been performed.

CategoryB OR
Animal studies demonstrate a risk, but human
studies have demonstrated no risk.

Animal studies demonstrate a risk, but no human

Category C studies have been performed. Potential benefits
may outweigh the risks.

Human studies demonstrate a risk. Potential

CategoryD o efits may outweigh the risks.

Animal or human studies demonstrate a risk. The
risks outweigh the potential benefits.

JOHNS HOPKINS *Historical categorization
A

Category X

CENTER FOR CLINICAL
’/ GLOBAL HEALTH EDUCATION



First line drugs for TB in pregnancy

Drug FDA Crosses Breast- Issues in pregnant women
placenta feeding
INH C Yes Yes Hepatotoxicity
Rifampin C Yes Yes Drug interactions with NVP,
Pls, INSTIs, OCPs; may
require Vit K
Rifabutin B Unknown Unknown Drug interactions with Pls,

limited experience

EMB B Yes Yes

PZA C Unknown Unknown Different guidance

GLOBAL HEALTH EDUCATION

Y i JOHNS HOPKINS Brost Obstet Gyn Clin 1997;Bothamley Drug Safety 2001,Shin
@ CENTER FOR CLINICAL CID 2003; Micromedex; Mathad & Gupta CID 2012



Treatment of Pulmonary TB in Pregnancy

HIV negative INH 5mg/kg/d x 9 mo INH 5 mg/kg/d x 6 mo
RIF 10mg/kg/d x 9mo RIF 10 mg/kg/d x 6 mo
EMB wt-based x 2 mo EMB 15mg/kg/d x 2 mo
B6 25mg/d x 9 mo PZA 25mg/kg/d x 2 mo
B6 10-25mg/d x 6 mo
HIV positive INH 300 mg/d x 6 mo INH 5 mg/kg/d x 6 mo
RIF 600 mg/d x 6 mo RIF 10 mg/kg/d x 6 mo
EMB wt-based x 2mo EMB 15mg/kg/d x 2 mo
PZA wt-based x 2 mo PZA 25mg/kg/d x 2 mo
B6 25mg/d x 6 mo B6 10-25mg/d x 6 mo

DIFFERENCE IN PZA guidance

LACTATION

CDC encourages breastfeeding if no longer infectious; WHO once smear negative

1 CDC, ATS, IDSA guidelines
2 WHO, British thoracic Society, RNTCP and IUATLD guidelines

7R
/7% JOHNS HOPKINS
4‘ CENTER FOR CLINICAL Treatment of EPTB involves same drugs but most experts
e ’ GLOBAL HEALTH EDUCATION recommend 9-12 mo for TBM (but include PZA plus steroids) or bone/joint



Rifampin concentrations in pregnancy

compared well to non-pregnant concentrations.

8
7 )
- 1 Referent C,,
=% B L T —
an oy
E, 5
£ —Trimester 2
Qi |
5.
E—E 3 ~Trimester 3
Z
f Postpartum
11 o
/
g

10 12

(=]
%]
=
o
=]

Time (hours)

INH exposure was below 25th percentile across
all stages of pregnancy.
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Intensive PK study in
IMPAACT P1026s
n=11 women

“More data are needed on
isoniazid and rifampin in
pregnancy to make dosing
recommendations”

MPAACT

\International Maternal Pediatric
Adolescent AIDS Clinical Trials Network

Schalkwyk IAS 2017



Other first line TB drugs

e Sparse PK at >36 weeks GA and 7 weeks postpartum
 N=21 prepartum/birth with 16 postpartum for INH
* N=15 prepartum/birth with 4 postpartum for EMB, PZA

TABLE 3 Model-estimated secondary pharmacokinetic parameters®

Conax (Mg/liter) for: AUC, ;4 (mg - h/liter) for:
Time perlod Isonlazid Pyrazinamide Ethambutol Isonlazid Pyrazinamide Ethambutol
Prepartum 1.39 (1.13-1.60) 35.9 (32.7-38.1) 182 (1.61-2.14) 6.88 (3.63-10.40) 419 (370-541) 16.5 (14.3-20.6)
Postpartum 1.43 {1.09-1.86) 34.5 (29.9-41.3) 2.11 (1.85-2.46) 5.01 (2.89-8.03) 407 (336-514) 19.0 (16.5-21.6)

aliata are given as medans (interquartile ranges). For INH, there ware 21 (3 at birth) prepartum and 16 postpartum womerg for PLA and EMB, there were 15 [ at
birth) prepartum and 4 postpartum women.

Very low INH levels in pregnancy and postpartum observed
PZA, EMB no relevant changes in pregnancy
SPARSE PK AND SMALL NUMBERS

S

JOHNS HOPKINS Abdelwahab AAC 2020
\ CENTER FOR CLINICAL
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MDR TB Drugs and Pregnancy

Drug Namse FIDA® W
Grouping”
Aminoghycosides
Capresmycin L Mot AL
Streplomycin [ C
Kanamycin D Not A-C
Amikacin (] .
Levofloxacin L A
Muoxifloxacin C A
Gatifloxacin [ Mot A-C
Ethionamide/ i C
prothionamide
P-aminosalicylic [ i
acid
Cyclosering C B
Terkzidome - B
Thicacctammne - Mot A-C
Clofazamins L B
Clarithromycin Not A—C
Amoxicillin- B Mot A-C

clavulanic acid

Linezalid [ A

Imipenemy L L

MATOEn I

High-dose C Mot A-C

isoniazid

Bedagquiline B A

Drelamanid Mot O
approved”

UD= Undetermined

Crosses
Flacenta
(Cord:
Maternal
Ratio)

e

LIy
LRIR]
LIy
(1] &)

Yes (0.15)
Yes (0.56)
[B]}]
Uy
Yes (0.73)

uD
uD

Fetal Toxicity

Oestoxicity, thrush,

diarrhea
Oatoxicity

Ototoxicity
Possible bone
Poszsable bome
Possibyle bome

Developmental
anomalics

Diarrhea

Reversible skin
pigmentation

Mecrotizing
enterncolitis,
transaminitis

CNE defects

Breastfeeding
Compatible®

L

Yes (minimal
passagc)

Yes (minimal
passage)

L

Yes

U

umn

L

Mo

Yes
Yis
U
U

U
U
U
U
1

i
U

Teratogenic in
Beproductive
Toxicity Studies

Yes

Mo

Mo

11 b]
n
o
Nao

Mo
Yes

Additional Concerns in
Pregnancy and Postpartum

Developmental abniormalities in
human case series

Congenital sideroblastic anemia

Case report of reduced PE in
pregnancy

Possible hepatotoxicity

Dirug aceumulation in lissies
Embryofetal toxicity at
maternally toxic doses in rabbits;
breast milk concentration 43
higher than blood in rats

GuptaAetal. PLOS Med 2019



MDR TB in pregnancy

Treatment guidelines similar to non-pregnant adults
— Individualized treatment vs public health approach
— At least 5 active agents
— Favor injectable after delivery
— Lactation little to no data so often not recommended

>60 published case reports (Gach 1999;shin 2003; Nitta 1999;Lessnau 2003;Tabarsi
2007; Khan 2007; Palacios 2009; Toro 2011, Rohilla 2016)

— 3 case series describes 4 cases HIV+ (khan 2007; Palacios 2009, Toro 2011)
— US, Italy, Peru, Iran, South Africa

— 1 case in France: bedaqualline and linezolid in XDR (aspard EID 2017)
Regimens: variable

Outcomes: case series suggest treatment success possible



Maternal and infant outcomes in
pregnant women with MDR/RR-TB in
South Africa (2013 — 2018)

Methods: Descriptive cohort analysis

* Arecord review to document treatment & pregnancy outcomes;

 An observational clinical assessment at 2, 6 and 12 months, to

document infant outcomes.

Pre-XDR/XDR

HIV+
CD4, median

MDR TB Rx initiation
pre-comception
1st trimester
2nd trimester
3" trimester

25 (23%)

88 (81%)
353

20 (18%)
19 (18%)
42 (39%)
28 (26%)

100

80

60

40

20

Loveday CID 2020



MDR/RR TB in Pregnancy Outcomes

N LT

Unfavorable maternal treatment 36 (33%)
outcome, n=108

Unfavorable pregnancy outcomes, n=109 52 (48%)

Fetal deaths 10 (9%)

Preterm 28 (28%)

Low Birth weight 33 (35%)
Unfavorable infant outcome, n=86 14 (16%)
Unfavorable treatment 17 (29%) 19 (38%)
outcome
Fetal death 4 (8%) 6 (10%)

Preterm birth 13 (29%) 15 (28%)
Low birth weight 20 (45%) 13 (26%), p=0/03
Unfavorable infant 5(12%) 9 (20%)

outcome at 12 months
Loveday CID 2020



Breastfeeding during TB treatment in
pregnancy

* Breastfeeding encouraged once non-infectious
on first-line agents

* Concentration of TB meds in breastmilk

typically found in small concentrations
— Non-toxic to infant
— Not effective treatment for infant

N

@ JOHNS HOPKINS ATS IDSA CDC CID 2016
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Treatment as Prevention:
The Case for TB Infection (TBI)
Treatment in Pregnancy

7S+

JOHNS HOPKINS
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PROPHYLACTIC ISONIAZID
PROTECTION OF INFANTS IN A TUBERCULOSIS

HOSPITAL
B. A. DORMER I. HARRISON
M.D. Durh., D.P.H., T.D.D. M.B. Cape Town
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The Mothers

53 of the mothers had been treated for six to nine months
before they were delivered. 22 of them had had less than
three months’ treatment; 36 of them had advanced disease at
the time of the confinement, and 49 of them had positive
sputum. 1 woman with very little functioning lung tissue died
of cor pulmonale four weeks after delivery. 1, who had

hazmoptysis before labour, died of ha&morrhage three weeks
later.

Apart from these 2 deaths, there was no evidence of
deterioration after pregnancy or during lactation. The
: disease appeared to behave as would have been expected
E in women who were not pregnant. Nearly all continued
M to improve. A few of the chronic cases remained
unchanged.

All but 6 of these women breast-fed their children.
5 o . 3 of those with chronic extensive disease had not enough
+s with their babies. milk, but begged to be allowed to feed with complements
of dried milk. 4 children were weaned because the
mothers did not wish to feed. 1 woman had had severe

Some of our mothe

Faced with this appalling mortality-rate and encouraged
by reports on isoniazid as a prophylactic against tubercu- toxazmia of pregnancy, and 1 had puerperal psychosis.
losis in guineapigs, we decided to keep all babies born in

] . . A . i Discussion
;:gg;:;ia"c":i? their mothers and to give them isoniazid as While it is always desirable, where possible, to keep a

mother and child together, in a backward community
Treatment this is life-saving. The mothers who have their children

The child is kept in a crib by the mother’s bedside, and with them are the most contented among our patients,
from birth to six months is given 25 mg. of isoniazid in and the babies are beautiful thriving children.

~ sz trsdos deilss . Afran cjmmerthothandas e Aid = e 0 A — e e e el o b s



TBI testing and treatment in pregnancy

* Pregnancy itself not indication for TBI testing

* A decision to test, is a decision to treat... but
timing of treatment depends on risk

— Women at risk for progression from TBI -> TB (HIV+,

recent converter, recent TB contact)
* Recommend to treat now even in first trimester

— Women with lower risk of TB
* Recommend to wait until after delivery or 3 months
postpartum due to concerns for hepatotoxicity

* TBI diagnostic cut-offs are same for
non-pregnant

AN
/r JOHNS HOPKINS
y ATS AJRCCM 2000



Hepatotoxicity and INH in preghancy

¢ 3681 women WhO |n|t|ated INH Franks Public Health Reports 1989
— 5 pregnant women developed hepatitis, 2 died

* 20 INH-associated deaths in California wmouding am rev resp pisease 1989

— 4 initiated INH in pregnanc e : :
Pres Y Concern initially based primarily on
US-based retrospective studies

* IPT implementation in HIV+ pregnant women in Lesotho riamsais 2014
— 124 women who initiated IPT, none reported side effects
— 3/99 mildly elev ALT--> 0/20 repeat LFT testing without significant elevation

In implementation studies in
pregnant PLHIV appeared safe



Guidelines for Preventive TB
Treatment in Pregnant Women

_ Low Burden (US CDC) High Burden (WHO)

Regimen INH 300mg/daily x 9 mo INH 300mg/d x 6 or 36 mo
Preferred OR B6 10-25mg/d x 6 or 36 mo
INH 900mg twice weekly x 9 mo
Administer INH w/ pyroxidine (vit
B6) 10-25mg to pregnant women
and their breastfeeding infants

Alternative Rifampin 600mg daily x 4 months Rifampin 600mg daily x 4 months
HIV-negative Defer for TST+ or IGRA+ until 2-3 mo No recommendations
postpartum unless known recent TB
contact
. . . ant for all HIV+ without
Momtor.mg. o
* Baseline LFTs
/# * Routine monitoring for signs/ o

symptoms of possible adverse effects



Selected Planned, On-going, and Recently Completed Randomized Clinical Trials for DS and DR TB
Propared for the CDC Tuberculosis Trals Consortivm revised 24 Apnl 2013
Drug(s) Trial Name NCT Number Arms Ph N Group Comments

High-dose Rifapentine - P - RPT
RIFAQLIN SRCTNM‘I&SOAM ZMRZE/ZM,P; 900 v. ZMRZE/MM Py 1200 v 2HRZEMRH L] 1095 MRC/UK, EDCTP Resulls CROI Mar 2013
FDA Cane al___NZTOO814 2P, (600 v. 460 ma) HZE v 2HRZE 153 JHU (Dorman} R“ s May 2013

>4O trials Ilsted here that are planned ongomg or
recently completed
At |least 8 are Phase Il trials
All exclude pregnant women

High

§ More than 13 trials of preventive therapy in HIV-

infected adults

INH for 6, 9, 12, 36 months
INH+ rifampin
INH+ rifapentine
INH+ ART

All excluded pregnant women

Akolo Cochrane metanalysis 2010; Sterling NEJM 2011,
Martinson NEJM 2011; Samandari Lancet 2011; Rangaka Lancet ID 2014

AZD-5847 (Astra Zeneca )
na ACTO1516203 2 wk EBA §00 qd, 500 bid, 0 qd, 800 bid v. RHZE EBA 7% NIAID/DMID (Diacon) Enrolling




Ethical and Scientific Foundation of Inclusion of
Pregnant Women Into Clinical Trials of TB
Therapeutics

* Women need effective treatment during pregnancy

* Most compelling reason: gather evidence under rigorous
scientific conditions

e Safety signals can be more readily interpreted when detected
in study setting

* Fetal safety
— need data on fetal safety
— inadequately treated mother compromises fetal well being

e Reticence to prescribe needed medications: the cost of
uncertainty

* |ssues of justice and access to the benefits of research
participation

Lyerly AD, Little MO, Faden R. The second wave: Towards responsible inclusion of pregnant women in research. Int J Fem
Approaches Bioeth, 2008. Slide adapted from Karen Feibus and Sara Goldkind, US FDA



NIH and WHO sponsored
workshops
Clinical Infectious Diseases

talDSA

Toward Earlier Inclusion of Pregnant and Postpartum
Women in Tuberculosis Drug Trials: Consensus
Statements From an International Expert Panel

Amita Gupta," Jyoti S. Mathad,?® Susan M. Abdel-Rahman,’ Jessica D. Albano," Radu Botgros,"® Vikki Brown," Renee S. Browning,® Liza Dawson,
Kelly E. Dooley,” Devasena Gnanashanmugam,® Beatriz Grinsztejn," Sonia Hernandez-Diaz,” Patrick Jean-Philippe,’ Peter Kim,* Anne D. Lyerly,”
Mark Mirochnick,” Lynne M. Mofenson,’ Grace Montepiedra,'* Jeanna Piper,’ Leyla Sahin,’ Radojka Savic,” Betsy Smith,® Hans Spiegel,’

Soumya Swaminathan,? D. Heather Watts,'”” and Amina White®

3

/ + JOHNS HOPKINS
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Summary of Expert Consensus
Statements

Pregnant/postpartum women should be eligible for Phase Ill MDR
TB trials unless there is a compelling reason for exclusion

Drug companies should be encouraged to complete reproductive
toxicity studies before beginning Phase Il

Trials of shortened treatment regimens for LTBI should be

designed to improve completion rates, reduce risk of progression
in pregnancy/postpartum

Targeted PK studies should be nested in all studies when evidence
is lacking

Pregnancy registry should be created to accumulate data on
maternal-infant outcomes

Gupta, Mathad et al Clinical Infectious Diseases, 2016



Pregnancy and Infant Outcomes in TBI Tx Trials

TB prevention in PLHIV (3HP vs. 3HR vs. 6H) wartinson nems 2011
— 235 pregnancies during treatment or f/u LTBI tx exposure in
— 26 women became pregnant on INH
— 10 chose to continue, no toxicities

pregnancy not assoc with
toxicity

196 pregnancid Long-term INH + ART not
103 exposed to INH during pregnancy assoc with adverse

IPT exposure during pregnancy not assoc with pregnancy outcomes
adverse pregnancy outcomes aOR 0.6 95%CI 0.3-1.1



Inclusion of Peripartum Women
i Clinical Trial

e e J& )H hivma ! Clinical Infectious Diseases
AIDSA (D O i s s IIDSA N
| zfect Neseases Socaety of Azmes

VIEWPOINTS = s emdoneasocane

rossMark

ol Fair inclusion of pregnant women in clinical &
oward Earlier Inclusic . _ L _

Women in Tuberculosi TAG ARE YOU INCLUDING trials: an integrated scientific and ethical
Statements From an In PERIPARTUM WOMEN IN YOUR approach van der Graaf et al. Trials (2018) 19:78

et s wa s it Treatment Action Group RESEARCH? DOI 10.1186/513063-017-2402-9

Kelly E Dooley.' Devasena Gaanashanmugam. Beatrz Grin
Mark Mirochnick ® Lynne M. Mofenson® Grace Moatepied
Soumya Swaminathan® . Heather Watks,"” and Amina Wh

HOME HWV CURE HCV~ TB~ ’ e American College of

Pharmacologic | \Viebinar: It's Time to Deliver - Including Pregnant and

COMMITTEE OPINION

— Time to Get : T it 7 . .
s s oo LacCtating Women in Clinical Research e Pregnant women in research trials should
Calsia e . be defined as “scientifically complex”
NENG  http://www.treatmentactiongroup.org rather than a “vulnerable” population.”
m} gfgﬁ“e szgglfg’; fg?jﬁ;:ﬁgﬁggj&ﬁt Ethical Considerations for Including Women as
Health research throughout the lifespan Research Participants
Task Force on Research Specific to Pregnant Increasing the Participation of Pregnant Women
Women and Lactating Women (PRGLAC) in Clinical Trials

The 21st Century Cures Act established JAMA  November 27,2018 Volume 320, Number 20

PRGLAC to advise the Secretary of Health and

Preventing pregnant women from participatinginclini-  evaluation demonstrated a 67.5% reduction in vertical

Katrina Heyrana, MD,

Human Services (HHS) regarding gaps in PhD
knowledge and research on safe and effective National Institutes of
) v Health, Bethesda,
Wl therapies for pregnant women and lactating Maryland: and now
~ women. PRGLAC was tasked with identifying gg?Depanm:ntof
+ . ' tetrics an g .
these gapand feporing s Tingings Backs: sresion sy mnll FDA approval 2003-2012, only 5% included

the Secretary. of Rochester,

https://www.nichd.nih.gov/About/Advisory/PRGLAC Tt waf any data from pregnant women.”




TBI/TB treatment in pregnancy trials

P1078: phase IV RCT to evaluate the safety of antepartum versus
postpartum 6H among HIV-infected women COMPLETED

P2001: Phase I/Il PK and tolerability of 3HP in HIV-infected and HIV-
uninfected pregnant and postpartum women COMPLETED

P2026: Phase IV prospective PK study of 1%t line ARVs and TB drugs in
HIV-infected pregnant and postpartum women ONGOING

1HP vs 3HP in pregnancy UNITAID protocol IN DEVELOPMENT

MPAACT

. International Maternal Pediatric
Adolescent AlDS Clinical Trials Network



TB APPRISE (P1078) o-ise L
Antenatal vs. Postpartum 6H in
PLHIV

1%t trial to evaluate safety of TB preventive therapy in pregnant PLHIV

HIV+ Pregnant women
14- 34 weeks gestation

TAL) Defe UM)
Pregnancy: INH 300mg daily x Pregnancy: Placebo

28 weeks 12 weeks postpartum: INH 300
Postpartum: Placebo mg daily x 28 weeks

: End of follow-up: 48 weeks postpartum

Primary Endpoints: Maternal Grade > 3 AE,
drug discontinuation 2° toxicity

Secondary Endpoints:

Maternal: hepatotoxicity, TB, death
Infant: Grade > 3 AE, TB, death
Pregnancy outcomes

Gupta NEJM 2019



No differences in Maternal or Live-born Infant
Safety, TB or Death Rates by Study Arm

MPAACT

International Maternal Pediatric
Adolescent AIDS Clinical Trials Network

Y
8

Incidence Rate per 100 P

Incidence Rate per 100 PY
o - N w - (%, (-] ~ (-]
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0

0

0

B Immediate IPT Deferred IPT 66
15 15
6 7
] =
Maternal Primary Maternal Any Maternal Infant Any Grade 3
Outcome Grade3or 4 Hepatotoxicity or 4 Adverse Event
Adverse Event
No comparison was
4 statistically different
3
0.4 08 0.6 0.6 I 0.5 0.5
[ [ I
Maternal Death  Maternal TB Infant Death Infant TB

Gupta et al NEJM 2019



But there were more Adverse Pregnancy
Outcomes in the Immediate IPT arm

P=0.01 mArm A: Immediate m Arm B: Deferred
23%

17% 1
P=0.07
14%
P=0.29
10% 11%
9%
P=0.09
4% =026
- 2% © 1%
n= n= n= E n= n= n= n= n= E

Any adverse pregnancy Fetal demise Low birth weight <2500 Preterm delivery<37  Congenital anomaly
outcome grams weeks

MPAACT

International Maternal Pediatric

Adolescent AIDS Clinical Trials Network Gupta et al NEJM 2019



Median ALT by INH
Arm and EFV Regimens

Higher LFTs after delivery in both arms

No difference by INH arm or ART
regimen

u/L

SGPT)

_ |Immediate vs.
: | Deferred INH T
) [~
EFV vs.
| NoEFV i |
/> _kﬁ M“ | %
““m_‘;;\\
Week 12
Delivery Postpartum

48P  2OAF  1BAP  124F BaP 44P  Dallvary 4FP 8PP 12PPF  1BFF  20PP  24PF IEPP Z2PP  36FF  40PP F  4FPP

Gupta NEJM 2019




Maternal Deaths, n=6

4 deaths due to hepatotoxicity, 2 deaths related to INH and 2 not (? Efavirenz or other culprit)

Location
Age (yrs)
CcD4

GA at entry
(weeks)

Postpartum
(PP) week at
death

Time on INH

ART regimen
initiated

Death cause

1

Zimbabwe

34

12 weeks

13 weeks
(4 AP & 9 PP)

TDF/3TC/EFV
Started 1 week
prior to entry

Immediate IPT

2
Botswana
38

469

21

40 weeks

28 weeks
(20 AP, 8 PP)

TDF/FTC/EFV
Started 2.5 years
prior to entry

Bacterial sepsis
Not related

3

Zimbabwe
27

402

31

5 weeks

Never started

TDF/3TC/EFV for
4 months prior to
entry

Deferred IPT

Tanzania

35

19 weeks

1 week PP

DF/3TC/EFV+
(DT 14 months

5

Tanzania
24

431

26

7.5 weeks

Never started

TDF/3TC/EFV
started 3 weeks
before entry

6

Tanzania
33

553

30

5.5 weeks

Never started

TDF/3TC/EFV
started 1 month
before entry

Pneumonia
Not related

Gupta NEJM 2019



PK: EFV AUC by CYP2B6 Genotype and
INH Exposure in HIV+ Pregnant Women

i =
. : _ [¥17 | Moredatato come: PK
3 j: 4 g’ ART +TB
P oo el T ol treatment/preventive
g | T ® i .
o e B R therapy in pregnancy
: S

eeeeeeeeeeeeee

CYP2B6 type  Extensive Intermediate  Slow Very Slow

INH exposure + - + - +

Among slow CYP2B6 metabolizers INH associated with higher EFV Cmin
values especially among those with slow NAT 2 genotypes

Gausi 2020



The safety of isoniazid tuberculosis
preventive treatment in pregnant and
postpartum women: systematic review
and meta-analysis

Hamada et al ERJ 2020

TABLE 3 Maternal deaths in pregnant women living with HIV Ind ivid ual pregnancy Outcomes

Study IPT Control Risk ratio (95% CI)

Gurta et al. [5] 1 out of 477 (0.2%) Placebo 0.33 (0.03-3.21) e o liss Risk ratio (95% Cll

9 T

3 out of 479 [06 /O] Spontaneous abortion/still birth/neonatal death H
Kawk et al. [15] 18 out of 10715 (0.2%) No treatment 0.67 (0.41-1.11) GuPIAeIaL[[S]] [ERCT] 21/459 [4[.5%1 1:;/455 [3[%] : i S 152 {n.?a-z%]
Kak et aL. [15] [NRS) 308/6922 (6.4%)  1568/26363 (5.9% - 0.75 (0.66-0.84)
103 out of 41227 (0.3%) SaLzar-AusTIN et al [13] [NRS] 2/69 (2.9%) 1/82 11.2%) : L » 238(0.22-25.66)

- 0, i iazi - Prematurity :
SaLazar-AusTin ef al. [13] 0 out of 71 (0%) No isoniazid exposure 0.24 (0.01-4.84) Temell i il iR e b
2 out of 84 (2%) KaLk et al. [15] [NRS) 929/6922 [13.4%)  3969/26363 (15.1%) . 0.89 (0.83-0.95)
SaLazar-AusTiN et al. [13] (NRS) 7/69 (10.1%) 18/82 (22%) ——— 0.46(0.21-1.04)

Tiam et al. [16] 2 out of 124 [1.6%] NA NA Low birthweight ;
0 : it Gueta et al. (5] [RCT) 62/430 (14.4%) 46/446 (10.3%) = 1.40 (0.98-2.00)
Tavior et al. [17] 0 out of 103 (0%] No isoniazid exposure N KaLk et aL. [15] [NRS) 1029/6922 (14.9%)  4410/26 363 (16.7%) u 0.89 (0.83-0.95)
0 out of 93 (0%) SaLAZAR-AUSTIN et al. (13] (NRS) 6/69 (8.7%) 10/82 (12.2%) —— 0.71(0.27-1.86)

Congenital anemaly i
GuTA et al. [5] (RCT 10/440 (2.3%) 61458 (1.3%) ——— 1.7310.64-4.73)
IPT: isoniazid preventive therapy; Cl: confidence interval; na: not available. SaLazar-AusTib et al. [13] NRSI 1769 11.4%] 282 2.4%) - 0.59 (0.06-6.41)

005 01 02 05 1 2 5 10 20
Risk ratio

Composite pregnancy outcomes

OR [95% Cl)

RCT

——" = o210 “We found inconsistent associations between

NRS (adjusted)

SaLszan-AusTI e a. (13 i peoross § DT and adverse pregnancy outcomes.

TavLor et al. [17] ————— 0.60(0.30-1.10)
e e — xR Considering the grave consequences of active
KALK et al. [15] - 0.87(0.81-0.93)

TB in pregnancy, current evidence does not
v “wl 7 support systematic deferral of IPT until
postpartum. Research on safety is needed”




New data on 1st trimester exposure:
Results from BRIEF TB trial INH arm

1614 Female Participants
INH-exposed Non-exposed
v N=39 N=89
) Medi 1QR), t 30.0(26.4,36.3 31.7 (27.2,36.0 0.538
812 randomized to INH bl i bl ; : ! )
arm CD4 count at entry, cells/mm3 527 538 0.541
CD4 closest to pregnancy, cells/mm3 522 555 0.608
Y ART at study entry 15 (38%) 30 (34%) 0.688
136 (17%) became ART at pregnancy outcome 31 (79%) 85 (96%) 0.007
EFV-based 25 (64%) 77 (87%)
pregna nt Non-EFV based 6 (15%) 8 (9%) 0.006
LTBI positive 10 (26%) 16 (18%) 0.346
‘_, 8 women had unknown INH exposure duration*
v pregnancy outcome Completed 36 weeks 19 (49%) NA
Partial treatment 9 (23%)
An alyzed 128 women Ongoing treatment 8 (20%)
. Possible early exposure 3 (8%)
with known pregnancy
outcome
i v
INH exposed INH non-exposed
N=39 N=89

36 definite
3 possible Gupta, CROI 2021




New data on 1st trimester exposure:
Results from BRIEF TB trial INH arm

Non-live Birth Outcome More Likely in INH-
exposed Pregnancies

Non-live birth Type of non-live birth outcome
i m INH exposed = Non-exposed 5 mINH exposed = Non-exposed
41% ‘ 319%
9 RR1.92(1.11,3.33)
35 p=0.019 s I

20

- 21% L | 15%
20 15 | W
15 10 | | 8%
10 {
5 ‘ 3% % 3% 2%
3 o Bl % mm
G < HalelE  Raiofs Stillbirth Spontaneous Induced Ectopic
= ACTG =16/ =19/ abortion Abortion pregnancy
e CLnCAL TRALS CREUD n=1/39 n=1/89  n=12/39 n=13/89 n=3/39 n=3/89  n=0/39 n=2/89

Proportion Exposed Unadjusted Adjusted
vs Unexposed RR (95% Cl) RR (95% Cl)

INH exposure, which was mainly during
the first trimester of pregnancy, was

associated with an increased proportion of
non-live births

2nd Adjusted
Model
RR (95% Cl)

Non-live birth 16 (41%) vs 19 (21%) 1.92(1.11,3.33) 0.02 1.98(1.15,3.41) 0.01 1.47(0.84,2.55) 0.18

Adverse Pregnancy 13 (36%) vs 16 (19%) 1.94 (1.04,3.61) 0.04 1.98(1.08,3.65) 0.03 1.52(0.83,2.81) 0.18

Outcome (induced
abortions excluded)

Adverse pregnancy outcome: spontaneous abortions, still birth, ectopic pregnancy

Primary model adjusted for maternal age, CD4, LTBI status, ART at entry

2" Adjusted model: proximate to pregnancy variables, maternal age, last CD4, LTBI status,
ART status at pregnancy outcome. Analysis sensitive to numbers of women on ART.



What about shorter regimens for
TPT in pregnancy?

3HP?
1HP?




Rifapentine Pharmacokinetics and Safety
of 3HP in Pregnant Women with and
without HIV (IMPAACT 2001)

Study design:
Cohort 1: 14 to <28 weeks
Cohort 2: 28 to <34 weeks
TBIl+ or recent contact
If HIV+ on EFV-based regimen

Enrolled 50 pregnant women, 20 HIV+

ﬂM F 4CT Mathad et al CROI LB 2020 Abst. #4428, CID 2021



3HP in pregnancy P2001 trial results
Effect of HIV on clearance of RPT in 2" and

Parameter HIV-positive HIV-negative % change vs. HIV-
Clearance, L/hr (RSE) 1.56 (7%) 1.20 (6%) AN30%
AUCg, mg/L*hr (IQR) 522 (359-803) 786 (549-1171) V34%

2nd trimester (Cohort 1)

3rd trimester (Cohorts 1 & 2)
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P2001: Effect of pregnancy on RPT
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Status Antepartu Postpartum % change vs.
m pregnancy
HIV-positive clearance, L/hr (RSE) 1.56 (7%) 1.60 (11%) 2%
MP ACT‘ HIV-negative clearance, L/hr (RSE) 1.20 (6%) 1.53 (8%) N28%
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P2001: Key finding for 3HP in pregnancy

There is no dose adjustment of RPT required in pregnancy.

In women with HIV on EFV, clearance of RPT was higher than expected
during pregnancy.

Exposures remained in the therapeutic range
Need studies of RPT and other ART options (e.g. DTG) in pregnancy to see if effect is from HIV or EFV, specifically

Safety and tolerability data for 3HP in pregnancy are encouraging
BUT NOT POWERED FOR SAFETY SO Need larger studies to definitively characterize safety

PK data from infants and breast milk coming soon



Filling the gaps for maternal TB

Implementation Science Epidemiology of latent and active TB

-PMTCT/TB screening &IPT

ARVs /ATT drug interactions Immunology and

pathogenesis of TB

PK, safety, and outcome studies of:
-short course TBI regimens
-1stand 2" line TB medications Cost-effectiveness studies for TB

screening/treatment




Summary

Peak incidence of TB during reproductive age

Maternal TB associated with adverse pregnancy outcomes, maternal
mortality and infant TB and mortality

Immune and physiological changes may be of importance to screening
diagnostic yield, TB drug disposition, toxicity

Difference in PZA guidance between CDC and WHO guidelines

Need to include pregnant women in trials of diagnostics and drugs
whenever feasible

Safety of INH in pregnancy a concern

Several studies now ongoing that will help to fill in the knowledge gap



“Each year, millions of women and children
die from preventable causes. These are not
mere statistics. They are people with names
and faces. Their suffering is unacceptable
in the 21* century”

Ban Ki-moon,

United Nations Secretary-General,
Global Strategy for Women’s and
Children’s Health, September 2010
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