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Executive Summary 

On 11 November 2021, Medicines for Malaria Venture (MMV) convened a virtual discussion on 

scientific approaches to improve and accelerate research and development (R&D) of new medicines 

for use during pregnancy and lactation.  

MMV’s Malaria in Mothers and Babies or MiMBa strategy sets out shifts in the development of 

antimalarial medicines to make them more expeditiously accessible to pregnant and lactating persons 

than current practice. MMV organized this consultation to gather feedback on the MiMBa strategy 

and share lessons learned and experiences in gender-inclusive R&D from other disease areas.  

During the three-hour meeting, MMV staff and partners made presentations and led discussions on 

the importance of gathering developmental and reproductive toxicity and in-vitro data early, 

leveraging translational models, including pregnant and lactating persons earlier in clinical 

development, and addressing data gaps with post-registration studies. These presentations illustrated 

the main changes put forward by the MiMBa strategy. Discussions drew from other diseases and 

interventions to gather guidance on including pregnant and lactating women in R&D.  

Participants were from a range of leading global health organizations involved in R&D, notably the 

Baylor College of Medicine, the Bill and Melinda Gates Foundation (BMGF), the Coalition for Epidemic 

Preparedness Innovations, Drugs for Neglected Disease initiative, MMV’s Expert Advisory Scientific 

Committee, the Liverpool School of Tropical Medicine (LSTM), MMV, PATH, TB Alliance, the US Centers 

for Disease Control and Prevention, the US National Institutes of Health (NIH), and the World Health 

Organization (WHO). During the discussions, they shared examples, described barriers, and identified 

opportunities to make R&D more inclusive for pregnant and lactating persons. 

As the meeting ended, participants expressed an interest in working together across disease areas and 

interventions to fill data gaps and develop targeted and timely interventions that better meet the 

health needs of this population. They noted the importance of continuing to hold an exchange forum 

such as this, to inform collaboration aimed at promoting a transformative, gender-inclusive approach 

to research and product development. 
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Meeting Summary 

1. Introduction  

Context and objectives for this consultation: Wiweka Kaszubska (MMV) 

Although pregnant and breastfeeding women are part of the population most at risk of malaria, they 

are underserved by existing antimalarial medicines. MMV’s MiMBa strategy aims to improve drug 

development approaches to better address the needs of this population.  

Drugs are typically tested for pregnant women only after they are already approved for the general 

population. This delays their availability to pregnant and lactating women by decade(s).  

To address the gaps and expedite the availability of antimalarial medicines for pregnant and 

breastfeeding women, the MiMBa strategy proposes the following changes:  

• Start developmental, reproductive toxicology studies earlier than are typically carried out in 
drug development.  

• Introduce translational science and Physiologically Based Pharmacokinetic (PBPK) modelling 
to inform drug dosing for pregnant and lactating women. 

• Integrate women of childbearing potential earlier in clinical studies.  

• Accelerate and expedite studies in post-approval settings to provide safe and appropriate 

options for pregnant women.  

This consultation aims to gather feedback on these shifts proposed by MMV, drawing on participants’ 

expertise across interventions and diseases. 

Regulatory and ethical framework for gender-inclusive research: Anna Thomas (MMV) 

No regulatory barriers have ever prevented the inclusion of pregnant and lactating women in R&D. 

This is a myth, which has been amplified by ambiguous regulation and the lack of regulatory incentives 

or requirements to include this population in R&D. For most stakeholders, the real barrier is the fear 

of liability. 

In recent years, health authorities have played an important role in supporting the required paradigm 

shift to protect pregnant women through, and not from, research. This includes the establishment in 

2016 of The Task Force on Research Specific to Pregnant Women and Lactating Women (PRGLAC), led 

by the US National Institutes of Health. The US Food and Drug Administration (FDA) recently published 

several guidances for industry on this topic including the first regulatory guidance on how and when 

to enrol pregnant and lactating women women in drug-development clinical trials in pre-market 

settings. 

Revisions to US Common Rule (Federal policy / rule of ethics) removed pregnant women from the 

classification as a vulnerable population in 2018.  

In 2020, the PRGLAC Task Force addressed an action plan to US Congress to address obstacles to 

inclusion of pregnant women and lactating women in clinical research studies. The European 

Medicines Agency (EMA) organized a workshop on the benefit-risk profile of medicines used in 

pregnancy and lactation that same year. New EMA guidelines on this are expected soon.  

Consensus is growing to include pregnant women in clinical research. Now is the time for action for 

all stakeholders.  
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Current momentum in maternal immunization: Ajoke Sobanjo-ter Meulen (BMGF) 

Maternal immunization is a promising solution to reduce maternal and infant mortality and morbidity 

globally. The Bill and Melinda Gates Foundation has been working on maternal immunization for more 

than a decade now, and the landscape has since been transformed. Ten years ago, avoidance of risk 

as well as liability were key barriers to developing vaccines for use in pregnancy, but now major 

pharmaceutical companies are carrying out late-stage clinical vaccine trials in pregnant women 

towards vaccine licensure with a maternal indication.  

Strong interdisciplinary partnerships as well as key opinion leaders and champions in key institutions 

are needed to effect change. Previous pandemics and outbreaks have also played a role in bringing 

across the benefits of maternal immunization. For example:  

• In the United Kingdom (UK), a resurgence in vaccine-preventable neonatal pertussis deaths 

resulted in a national emergency maternal pertussis immunization program with significant 

support from the public. Up to now it is in place, with an approximately 70% coverage rate.  

• Zika led to a big push for inclusive R&D with pregnant women advocating for their inclusion in 

clinical vaccine trials. The Pregnancy Research Ethics for Vaccines, Epidemics and Technologies 

(PREVENT) Working Group led by Johns Hopkins University subsequently developed ethics 

guidance on priorities, inclusion, and evidence generation for pregnant women and the ZIKA 

virus vaccine research agenda.  

• After Ebola, in 2018, the PREVENT Working Group developed guidance that led to changing 
the default of exclusion to inclusion of pregnant women and women of childbearing potential 
in clinical research.  

• For HIV medicines, the Pregnancy and HIV/AIDS: Seeking Equitable Study (PHASES) Working 
Group, an interdisciplinary, research-driven project funded through the U.S. National Institute 
of Allergy and Infectious Diseases of the National Institutes of Health, developed guidance 
with similar recommendations, prioritizing inclusion of pregnant and lactating women in 
clinical trials. 

• COVID-19 brought the biggest paradigm shift in thinking. The Randomised Evaluation of 

COVID-19 Therapy (RECOVERY) trial was one of the few trials that included pregnant women, 

as none of the clinical vaccine trials included pregnant women and no pregnancy data were 

available at the time of emergency use approval.  

The RECOVERY trial, carried out in the UK, included pregnant women in its design. It had a simplified 

new study design which allowed for the simultaneous evaluation of multiple interventions. The trial 

was linked to the UK obstetrics surveillance system. This allowed for the real-time generation of safety 

and effectiveness data as well as disease risk and pregnancy outcome data to inform vaccination 

strategies. It is essential to link pregnancy surveillance with pregnancy outcomes safety monitoring 

data for vaccines and drugs.  

There are many reasons for historically excluding pregnant women from clinical trials with novel 

vaccines and drugs. These include valid concerns of potential negative effects on the unborn, as well 

as risk-averseness based on liability issues. However, excluding pregnant women from clinical trials 

means ultimately denying them equal access to life-saving vaccines and medicines, which is ethically 

unacceptable. 

We now know that COVID-19 infection is associated with a 70% increased risk of death in pregnancy 

compared to non-pregnant women, and that 95% of pregnant women who are dying or hospitalized 

in high-income countries are unvaccinated. The COVID vaccine is safe for pregnant women and is the 
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single most effective intervention to protect against maternal and fetal complications of COVID-19. 

However, COVID-19 vaccine uptake among pregnant women in the US remains lower than among 

non-pregnant persons of the same age group, due to the perception that the vaccine may not be safe 

because pregnant women were not included in the clinical trials.  

To build maternal vaccine confidence, pregnant women need to be included in clinical trials in pre-

approval settings; pregnancy surveillance data should be available worldwide; and linked obstetric 

and vaccine data systems should be in place both for routine maternal immunization safety and 

effectiveness monitoring as well as in preparation for the next pandemic. These will help generate the 

data that are needed to enable informed decisions regarding vaccinating pregnant women and to 

thereby save the lives of mothers and babies. 

 

2.  Specific scientific approaches to include pregnant and lactating women in R&D  

Each section below includes a summary of the speaker’s presentation and of participants’ contributions 

during the subsequent discussion. 

Gathering data early with non-clinical models: Melissa Tassinari (Expert Advisory Scientific 

Committee, MMV) 

Non-clinical data, including Developmental and Reproductive Toxicity (DART) studies are gathered all 

along the R&D pathway. They provide initial safety data and augment those collected in clinical trials 

with healthy volunteers and patients. 

DART studies are typically carried out at the end of phase 2 or during phase 3. Consequently, there is 

often not enough information to enrol pregnant women in clinical trials prior to registration.  Starting 

DART studies earlier is one way to increase the ability to include individuals of childbearing potential 

to be included in later-stage studies, before drugs are registered.  

The strategy put forward envisions the possibility of enrolling pregnant women in phase 3 clinical trials 

prior to registration. The inclusion of information from in-vitro assays (whole embryo, zebra fish and 

stem cell assays) with earlier pre-clinical studies conducted before starting clinical trials would allow 

for embryofoetal development studies and other pre- and post-natal studies to occur earlier than they 

are currently conducted. 

Moving non-clinical studies earlier is not the only solution, however. The totality of the evidence, 

including information from prior clinical work, must be considered to best understand when it is 

appropriate to include pregnant and lactating women in clinical trials. Each assay, in and of itself, is 

incomplete. There also needs to be active work done in human pregnancy and lactation models 

specifically PBPK models to establish the benefit-risk profile. 

The International Conference of Harmonization provides well-established guidance on how all these 

studies are to be conducted and defines safety margins for human exposure.  

The cost range of each assay is listed below: 

• Zebra fish assays: USD 3,000-4,000 per compound  

• Stem cell assays: USD 10,000 to 15,000 per compound 
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• In-vivo DART work costs less than clinical trials with numbers ranging from USD 100,000 to 

700,000. These studies require planning as some can take up to a year to complete.  

PBPK modeling to support inclusion of pregnant and lactating women in clinical development: Nada 

Abla Geiser (MMV) 

MMV’s MiMBa strategy partly relies on physiologically based pharmacokinetic or PBPK modelling to 

support the inclusion of pregnant and lactating women in clinical trials. PBPK is a mathematical 

modelling tool used to describe and predict the pharmacokinetics (PK) of a drug. Its number one 

application is the prediction of drug-drug interactions. It can also be used to predict exposure and 

adjust the dosing of a drug in different populations.  

A PBPK model combines drug properties with physiological parameters such as body weight and 

height, metabolic enzymes, organ volume and blood flow. These parameters can differ across 

individuals and across populations. A human PBPK model can be built on pre-clinical data, even before 

human clinical data are available. Once new clinical data are obtained, they can be incorporated into 

the model to refine it. The model can then be validated using additional clinical data. This is key to 

having predictions that are as robust and reliable as possible. PBPK modelling is gaining acceptance by 

regulatory authorities in lieu of certain clinical studies. 

In the MiMBa initiative, PBPK models will be used to predict drug exposure in pregnant women to 

assess whether a dose adjustment is needed. If there is a decrease in exposure of a drug during 

pregnancy, the dose may need to be increased to ensure efficacy. On the other hand, when drug 

exposure in pregnant women increases and poses a safety risk, the dose may need to be reduced. The 

expression of hepatic drug metabolizing enzymes can increase or decrease in pregnant women, more 

particularly in the second and third trimesters, which can explain such variations in drug exposure in 

pregnant women. The model can also evaluate the passage to the foetus in a semi-quantitative way. 

Therefore, the prediction of foetal impact is only a secondary objective. 

PBPK models can also allow for the prediction of exposures in certain organs and will be used to predict 

the passage of antimalarials into breastmilk. 

The first step of this work is to validate the PBPK pregnancy and lactation models for antimalarials, 

using drugs for which clinical data are available. If deemed acceptable, these models will inform the 

potential dose adjustment in pregnant individuals and the need to perform clinical lactation studies.  

Including pregnant and lactating women in clinical trials: Myriam El Gaaloul (MMV) 

The MiMBa strategy proposes changes in line with recent recommendations from regulatory bodies 

to accelerate and optimize clinical approaches in the drug development pathway.  

Clinical pharmacology trials, efficacy and safety studies in the second and third trimester of pregnancy, 

and efficacy and safety studies in the first term of pregnancy were presented during this session.  

Proposed pre-requisites to support the inclusion of pregnant and lactating women in clinical trials in 

parallel to phase 3 studies and to maintain a woman on treatment if she becomes pregnant during a 

clinical trial include:  

• Non-clinical studies carried out earlier than current practice, and all along R&D pathway.  

• Use of PBPK pregnancy or lactation models to provide information on potential human foetal 
exposure or passage of the tested drug through the placenta and breastmilk. This can support 
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the justification for starting doses to be tested in clinical PK trials involving pregnant or 
lactating women. 

• The identification of a safe, well-tolerated and efficacious dose in the general population 
through phase 2b and phase 3 studies that allow for the derivation of an acceptable risk-
benefit profile for pregnant and lactating women. 

• The regular performance of a benefit-risk evaluation when new data are generated.  

• The establishment of a risk-minimization plan before the clinical study is initiated.  

The aim of this strategy is to provide appropriate dosage and preliminary safety data in pregnant and 

lactating populations in the first label and to expedite the start of further safety and efficacy studies. 

This will allow to fully characterize the profile of these drugs in pregnant populations and ultimately 

close the time and data gap in their access to therapeutic options. In general, the proposed approach 

was well-received for clinical pharmacology trials and efficacy and safety studies in the second and 

third trimesters of pregnancy.  

The sequence of data generation supporting clinical trials during the first trimester of pregnancy was 

discussed. The following key question was raised: how much non-clinical and clinical data is considered 

adequate to include first-term pregnant women in clinical studies, particularly in the case of a new 

chemical entity with no non-clinical teratogenic potential? It was noted that pregnant women in the 

first trimester are a fundamentally different population to pregnant women in the second and third 

trimesters, because it is in the first term that organogenesis occurs. 

In an ongoing vaccine trial in Rwanda, the intervention group (of 1000 women) receives the vaccine 

during pregnancy; the control group (of 1000 women) receives it after delivery. The approach, as 

endorsed by the Data Safety and Monitoring Board (DSMB), is to start providing the intervention in 

the second and third trimester and accumulate safety data in a couple of hundred pregnant women, 

before delivering the intervention to pregnant women in the first trimester (after a safety review and 

authorization by the DSMB). However, enrolling women in the first term is a challenge because they 

might not even be aware of their pregnancy.  

For HIV prevention trials, the process is similar: pregnant women are included in the study in the third 

trimester and then earlier on in the pregnancy as the study progresses. For drugs used for HIV 

treatment, most studies start only in the second and third trimester, drawing on observational and 

opportunistic trials.  

When risk-benefit is favorable, interventional clinical studies could be preferred over passive 

registries. 

Addressing data gaps with an antimalarial exposure pregnancy registry: Stéphanie Dellicour (LSTM) 

Malaria infection in the first trimester of pregnancy has severe consequences for the mother and 

unborn child, with increased risk of pregnancy loss, low birthweight, and placental malaria. However, 

women infected with malaria in the first trimester of pregnancy are a particularly underserved group 

when it comes to malaria prevention and treatment options. 

WHO currently recommends treating first-trimester pregnant women with quinine, due to preclinical 

safety concerns of artemisinin-based combination therapies (ACTs). The latest review of the evidence 

of artemisinin exposure during the first trimester of pregnancy was carried out by WHO in 2015. In 

this meta-analysis, artemisinin-based treatments (n= 671) did not appear to be associated with an 

increased risk pregnancy loss compared to quinine (n= 945). The prevalence of major congenital 
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malformations was similar between the groups, but the low numbers didn’t allow an appropriate 

comparison: 1.5% for ACTs vs 1.2% for quinine. Most documented exposures are of Artemether-

lumefantrine (AL) (>70%), so more information is needed on a range of ACTs. 

The MiMBa pregnancy registry initiative aims to generate additional data on the safety of antimalarials 

in pregnancy with a focus on the first trimester, to provide relevant evidence to policy makers, 

regulators, health-care providers, and pregnant patients. It is co-led by MMV and the Liverpool School 

of Tropical Medicine (LSTM), in collaboration with the Worldwide Antimalarial Resistance Network 

(WWARN) and the Kenya Medical Research Institute (KEMRI). This initiative will also collaborate and 

share data with the centralized pregnancy registry at WHO’s Special Programme for Research and 

Training in Tropical Diseases (TDR). 

The MiMBa pregnancy registry’s aim is to generate robust evidence on the safety of a range of 

available and registered antimalarials when used in pregnancy and provide a better estimate of their 

risk-benefit profile in the treatment of malaria in pregnancy. In this way, the data generated will 

inform regulators, policymakers, and treatment guidelines. The primary objective is to compare the 

incidence of spontaneous pregnancy loss (miscarriage or stillbirth) and major congenital anomalies 

between pregnancies exposed to quinine in the first trimester, and pregnancies exposed to specific 

ACTs (e.g. AL, DP, PA, ASAQ) in the first trimester. 

The study uses a composite endpoint—miscarriage or stillbirth or major congenital anomalies, as all 

are of equivalent clinical importance. This also gives the study greater statistical power and efficiency. 

The platform collects information on all illnesses and drug exposures that the woman is occurring 

during her pregnancy, as they can act as confounders. 

For data management, each site will have their own tools using standard data elements. All sources 

of data, including Ministry of Health registers and study-specific additional data collection tools, will 

be concatenated into a country database which will feed into a central database held at WWARN. 

These, in turn, will be reformatted so that data can be transmitted to the WHO TDR pregnancy registry.  

During the discussions, the issue of how much data is sufficient to make a recommendation in the first 

trimester of pregnancy was again addressed. It was noted that generally, there is no single answer on 

the target number of exposures required to get enough data to change the label of a drug in the first 

trimester. This depends on the data for each treatment and therapeutic area, as the risk-benefit 

balance will be different.  

Conversely, on the vaccine side, the number of required exposures are dictated by the FDA. For COVID-

19, despite the absence of safety data and preapproval, guidance allowed women to get vaccinated 

in the first trimester. This was based on the biological plausibility on what mRNA does in the body and 

was driven by obstetricians rather than vaccinologists. Engaging with the recommending bodies of 

obstetricians could be helpful to include pregnant women in pre-approval settings and provide 

guidance on the number of exposures needed. 

In addition, it is important to ensure that as the information is gathered and reviewed, it also gets 

communicated to physicians and women in a way that allows them to make informed decisions. The 

pregnancy and lactation labelling rule (or PLLR) in the US requires that labelling be updated as new 

information comes along. However, a more efficient way may be to rely not on labelling but on getting 

this information out to physician organizations through good practice guidelines.  
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To facilitate communication with patients and physicians, the IMIConcePTION workstream brings 

together disparate sources of information on pregnancy in one methodology to standardize 

terminology and consider a uniform expression of risk-assessment. There also was a WHO meeting a 

few years ago about standardizing these outcome measures across disease areas. 

There are some parallels with this and the HIV pregnancy registry. However, while this is an active 

registry, the HIV registry is a passive one meaning there is no reference group, and no information is 

available on the number of individuals taking the drug who did not have an adverse event.  

 

3. Final comments and next steps  

Now is a very good moment for vaccine and drug developers to collaborate on gender inclusive 

research. The COVID pandemic is a visible example of the need for such collaboration - despite the 

highly effective vaccine to prevent infections, treatment options are still needed.  

Similarly, in malaria we now have an approved vaccine with 40% efficacy and a need for treatment 

options. Going forward, the antimalarial drug developers will need a better understanding of how to 

design clinical trials in partially immunized populations.  

Further synergies might be gained from other pregnancy-related under-prioritized conditions. 

Congenital syphilis is the second infectious cause of stillbirth, but there have been global shortages in 

the only drug to prevent mother-to-child transmission of this condition.  

During this session, participants agreed on the need to: 

• Map networks working on coordination and outcome harmonization as well as studies across 

diseases, interventions and organizations. 

• Hold a regular exchange of information across different disease areas and medical 

interventions. 

• Collaborate across diseases and interventions, for example by identifying studies or platforms 

that are pathogen-specific or intervention-specific and putting in place a system with 

standardized outcome measures, allowing for use across diseases and interventions. 

Throughout the meeting, participants highlighted the need for communication and advocacy including 

building partnerships and engaging champions to move this agenda forward. It was confirmed that an 

advocacy consultation will be held to identify possible joint areas of action. 


