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High Burden of TB/HIV in Women - 2016
TB

§ 10.4 million new cases
§ Women

– 3.2 million new cases (35%)
– Deaths 493,000
– Pregnant: est. 216,500 (2011)

HIV

§ 1.8 million new cases
§ Women

– 900,000 new cases (50%)
– Deaths 850,000
– Pregnant: est. 1.1 million 

TB HIV

WHO Global TB Report 2017, UNAIDS Global AIDS Report 2016
Sugarman J et al. Lancet Glob Health 2014

Highest burden in reproductive age from 15-45 years



Considerations About Drug Use in Pregnancy

§ HIV and TB
– We know both HIV and TB associated with significant 

morbidity and mortality for the pregnant woman and 
her fetus/infant.

– There are approved drugs, most have animal 
reproductive toxicity data but limited data in humans.

– Data for some drugs on placenta/breast milk passage  
in humans, but only in animals for others.  

– OTHER BIG UNKNOWNS:
• Pharmacokinetics and safety in pregnancy.

• Optimal time to start (can it be used in 1st trimester?).

• Benefits and risks in pregnancy.



§ The lack of data on drugs 
needed to treat important 
illnesses such as HIV and TB 
in pregnant and breastfeeding 
women – and when studied, 
the long period it takes to 
obtain such data after a drug 
is first approved – was and 
remains unacceptable. 

Take-Away Message



HIV and Drugs in Pregnancy

Historically, initial focus was on prevention of 
mother-to-child HIV transmission 

and not so much on maternal health



HIV Treatment Era Begins in 1987

§ AZT approved by FDA March          
1987 for treatment of adults          
based on efficacy in persons           
with AIDS/ARC.

§ Significant hematologic toxicity; 
severe anemia/neutropenia  
(24%/16%); 21% required blood 
transfusion.

§ Only 4.8% those enrolled in trial were female; 
pregnancy contraindication to enrollment, so there 
were no data in pregnancy.



§ Carcinogenic in rodents at but only at high doses 
(mice 3x, rats 24x human levels).

§ No teratogenicity rats/rabbits.

§ Transplacental carcinogenicity in mice – AZT given in 
high doses to pregnant mice associated with tumors 
in offspring:

– Study 1: AZT ~3x human exposure to pregnant mice and
offspring X 24 mo: ↑ vaginal tumors offspring

– Study 2: AZT high dose (450 or 1000 mg/kg) to pregnant 
mice only: ↑ tumors in lung, liver, & female reproductive tracts 
in the offspring at highest AZT dose

We Did Have Some Preclinical & Reproductive 
Toxicity Data - with Some Potential Concerns



1990: Potential Use of AZT to Prevent
HIV Mother-to-Child Transmission?

§ Given availability of AZT, association of MTCT with 
viral load, and the high mortality of pediatric AIDS, 
pediatric & obstetric researchers proposed giving 
AZT to infected pregnant women to reduce MTCT.

§ However, giving a potentially toxic drug                  
to pregnant women and exposing their                
fetuses was highly controversial.

§ FDA held public meeting on ethics of giving AZT to 
pregnant women and whether the 076 clinical trial  
should be allowed to proceed.



DSMB halted trial 
Feb 1994

PACTG 076: AZT Regimen             
Targeted Multiple Potential Time 

Points of Transmission

Pregnancy Labor/Delivery Infant

AZT 100 mg 
5 times daily

AZT IV 2 mg/kg 
1 mg/kg/hr 

AZT 2 mg/kg 
q 6 hr x 6 weeks

TARGET: 
In Utero

TARGET: 
Intrapartum 

TARGET:
Postpartum

(after 1st trimester)

Pre-Exposure 
Prophylaxis

(PrEP)

Post-Exposure 
Prophylaxis

(PEP)

CD4 >200

Placebo     25.5%

Zidovudine 8.3%

→Led to paradigm shift in use of ARV drugs in pregnancy



Given Recommendations for Antiretroviral 
Treatment in Pregnancy, Need for 

Systematic Data Collection 
on Short- & Long-Term Effects of Exposure

Fetal exposure raises issues related to potential 
short-term (pregnancy outcome, birth defects) and

long-term (e.g., transplacental carcinogenicity) 
outcomes



Birth Defect Surveillance: 
Antiretroviral Pregnancy Registry

§ 1990: Glaxo starts Zidovudine in Pregnancy Registry, 
building on Acyclovir in Pregnancy Registry.
– Independent advisory committee, semi-annual public 

report
– Early warning signal of major teratogenicity; estimates 

risk of major birth defects compared to general population

§ 1993, other pharmaceutical manufacturers of ARV 
joined, became Antiretroviral Pregnancy Registry.

§ Currently international registry 
including 120 antiretroviral drugs –
48 brand, 72 generic drugs



Drug-Specific Birth Defect Rates*
Prevalence of Birth Defects (95% CI): 1 January 1989 – 31 January 2017

First Trimester Exposure 

*For drugs meeting threshold of ≥ 200 1st trimester exposed pregnancies

MACDP
TBDR 

Texas Birth 
Defects Registry

(4.2%)

Metropolitan Atlanta 
Congenital Defects 

Program 
(2.7%)

MACDP: Metropolitan Atlanta Congenital Defects Program
TBDR: Texas Birth Defects Registry

2.7% (CI 2.4-3.1%)



Long-Term Adverse Effects Will Require         

Special Epidemiologic Studies

§ Pediatric HIV/AIDS Cohort Study:  

– NIH-funded study following HIV-exposed and 

antiretroviral-exposed but uninfected (HEU) 

children into adolescence and beyond.  

– Screens multiple organ system domains, with 

trigger-based evaluation if abnormality is 

identified.

Surveillance Monitoring for Antiretroviral Treatment ToxicityPediatric HIV/AIDS Cohort Study





§ Of the 30 ARVs approved in adults, only one
(AZT) has indication in pregnancy (for PMTCT).

§ Generally, drug label language is “use only if 
potential benefit exceeds potential risk” and 
prohibits use during breastfeeding.



Year FDA approved    
in adults

1st publication of data             
in pregnancy

NRTI/NtRTI (9 counting TDF and TAF separately)

ABC 1998 2004 (abstract) + 8 Years

AZT 1987 1991 + 4 Years

ddI 1991 1999 + 8 Years

FTC 2003 2009 + 6 Years

3TC 1995 1998 + 3 Years

ddC 1992 NO DATA

d4T 1995 2003 (abstract) + 8 Years

TAF 2015 NO DATA

TDF 2001 2009 + 8 Years

Year FDA approved          
in adults

1st publication of data                           
in pregnancy

Protease inhibitors (9)

ATV 2003 2007 + 4 Years

DRV 2006 2010 + 4 Years

F-APV 2003 2013 + 10 Years

IDV 2004 2003 (pre-approval)

LPV/r 2000 2004 (abstract) + 4 Years

NFV 1997 2000 (abstract) + 3 Years

RTV 1996 2002 (abstract) + 6 Years

SQV 1995 2001 + 7 Years

TPV 2005 2008 + 3 Years

Antiretroviral Drug Approvals Adults/Data in Pregnancy

NNRTI (5)  

EFV 1998 2008 + 10 Years

DLV 1997 NO DATA

ETV 2008 2011 + 3 Years

NVP 1996 1998 (dose labor) + 2 Years

RPV 2011 2014 + 3 Years

Pharmacologic Boosters (2 counting RTV)

COBI 2015 2016 + 1 Year

Integrase Inhibitors (4)

BIC Feb 7 2018 NO DATA

DTG 2013 2016 + 3 Years

EVG 2012 2016 + 4 Years

RAL 2007 2012 + 5 Years

Entry & Fusion Inhibitors (2)

T20 2003 2008 + 5 Years

MVC 2007 2015 + 6 Years

→Mean delay between FDA 
approval and pregnancy 
data was 5 years

§ Search PubMed “x drug and pregnancy”



TB and Drugs in Pregnancy



§ Systematic review of papers on “tuberculosis and 
pregnancy” to evaluate studies focusing on TB 
care for pregnant women up through 2012.

Only 35 papers 
identified

For TB treatment: 
there were 375 

pregnant women 
with TB in 14 

studies, including 
4 studies in 55 

women with MDR 
TB

Paucity of Studies on 
TB Drugs in Pregnancy



TB in Pregnancy
§ Data on safety, tolerability, and pharmacokinetics of TB 

drugs during pregnancy have not been reported 
systematically, leading to inconsistencies in national and 
international treatment guidelines. 

§ For example, WHO recommends use of pyrazinamide 
during pregnancy in 1st line TB therapy but CDC does not, 
owing to inadequate data on potential adverse fetal effects. 

CDC

WHO



First-Line TB Drugs and Pregnancy

§ Because of the lack of studies in pregnancy, first-line 
tuberculosis drugs were all listed as former US FDA 
“Pregnancy Category C” (i.e., no adequate well-
controlled human studies have been performed, but 
benefits may be acceptable despite potential risks).

Gupta A et al.  Clin Infect Dis 2016;62:761-9

UD= Undetermined (despite many years of use of these drugs)

= teratogenicity in animal repro studies (but no way to systematically collect data on 
TB drugs in human pregnancy)



Multi-Drug Resistant (MDR) TB in Pregnancy
§ MDR TB presents special challenge, because treatment 

options remain extremely limited as pregnant women are 
excluded from most new TB drug trials. 

Eight Ongoing or Planned Phase 3 and 4 TB Treatment-Shortening Trials

McKenna L et al.  Clin Infect Dis. 2017;65:1383-7



Multi-Drug Resistant (MDR) TB in Pregnancy

§ Most aminoglycosides – which have been key for 
MDR treatment - are potentially ototoxic and 
nephrotoxic for the fetus; reproductive toxicity studies 
suggest other 2nd line drugs, such as  ethionamide-
prothionamide, may have teratogenic potential.

§ There are new compounds in development and new 
oral drugs approved for MDR TB treatment in the US 
(bedaquiline) and Europe (bedaquiline and 
delamanid), but lack of safety or PK data during 
pregnancy severely limits use in this population.





UD= Undetermined

MDR TB Drugs and Pregnancy

Gupta A et al.  Clin Infect Dis 2016;62:761-9





The More Things Change, 
the More They Stay the Same?



Historic Perspective on Drug Use in Pregnancy
§ One picture to sum it up:

§ Update:

→Lessons learned:  As new drugs are 
developed for treatment & prevention 
of HIV/TB (and other significant 
diseases occurring in pregnancy), 
studies in pregnant & breastfeeding 
women are critical and need to be 
conducted early for promising drugs.



Thank You For
Your Attention!


