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We appreciate the comments of Romach et al. on our recent publi-
cation [1].

In response to the comments on our study design, our objective
when we designed our study was not to repeat pre-clinical studies
performed as part of the regulatory approval process for dolutegravir
(DTG), but to emulate the clinical scenario as closely as possible. Our
study design was motivated directly by the Tsepamo study findings
of higher incidence of neural tube defects (NTDs) in pregnant women
receiving a DTG-based regimen from conception [2]. We do not agree
that this is a sub-optimal study design for our research question.

Pregnant women living with HIV receiving a DTG-based regimen
take their medication as one or more pills orally. Fetal defects in these
women are compared to rates in the general population, i.e. women
not receiving DTG-based antiretroviral therapy (ART). In this real-
world scenario, the “treated” group would not be receiving DTG as a
single drug, but in combination with a dual nucleos(t)ide reverse
transcriptase inhibitor (NRTI), such as the one used in our study -
tenofovir (TDF)/emtricitabine (FTC). TDF/FTC is a very commonly
used NRTI combination that has not been associated with higher inci-
dence of NTDs in the many years of widespread use by pregnant
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women living with HIV. Further, the “control” group would not be
taking inactive excipients. To best replicate this clinically relevant
scenario we selected to crush the actual pills that pregnant women
receive, to administer DTG with TDF/FTC � the most commonly used
NRTI backbone in the Tsepamo study, and to administer all drugs
orally. We chose a dose that yielded DTG Cmax concentrations simi-
lar to those seen in pregnant women (3000 ng/ml). Further, as the
higher rates of NTDs were observed in women who received DTG-
based ART from conception, we selected to treat our animals for the
entire duration of pregnancy (unlike what was performed in the
studies by Stanislaus et al. [3]). Our control group was handled identi-
cally to the treated group (i.e. gavaged daily with equal amounts of
water) but did not receive any drug � to best model the clinical com-
parator group of pregnant women not taking DTG-based ART while
controlling for effects of gavage on the pregnancy.

For our dose-response experiments we chose to administer DTG
at a 5x dose which yielded a 4-fold increase in Cmax levels
(12,000ng/ml). We chose to not increase the dose of TDF/FTC � thus
only DTG was increased in our higher dose treatment arm. To our
surprise we observed a non-monotonic dose response, with higher
rates of defects observed at the 1x-dose of DTG-based ART vs. at the
5x-dose. While Romach et al. express concern that “the explanation
for the non-dose responsive developmental defects are contrary to
the established principles of teratology”, our findings speak to the
importance of testing under conditions that mimic the clinical condi-
tions and not extrapolating from foundational work. We were also
surprised by our findings but are not willing to alter the interpreta-
tion of our data to fit “established principles of teratology”. We per-
formed a highly powered study, including a much larger number of
animals than traditionally used in pre-clinical teratogenic studies,
and we observed higher rates of defects in our lower dose treatment
arm compared to our higher dose treatment arm. There are several
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examples in the literature of non-monotonic dose responses on fetal
defects, as noted in the Discussion of our paper [1], and our observa-
tions add to that literature. It is of interest that a non-monotonic dose
response was also observed for the effects of DTG on folate binding to
folate receptor 1 in the presence of human serum albumin and/or cal-
cium in the study by Cabrera and colleagues [4]. We think that it
would be unscientific to dismiss our findings of a relationship
between therapeutic levels of DTG-based ART and an increase in fetal
defects simply because it does not fit the expectation of a classic dose
response. We would also like to note that the one NTD observed in
the rabbit fetotoxicity study by Stanislaus et al. [3] was observed in
the lowest DTG dose treatment arm.

Unfortunately, we cannot comment on the study by Posobiec et al.
[5] as this was only presented as a conference abstract. We encourage
publication of these embryo culture experiments so these data can be
added to the available literature on DTG and fetal defects.

On the suggestion by Romach et al. that a minimal effect on folate
would somehow rule out a role for DTG-based ART in NTDs, we dis-
agree. Not all NTDs are sensitive to folate status, and NTDs that are
non-responsive to folic acid supplementation have been identified.
Further, even small effects on maternal folates � which are under
homeostatic control �may raise a concern.

We welcome discussion of our findings and challenge of our con-
clusions � this is the nature of science and peer review. However, we
stand by our study design and by our conclusion that our findings
provide support for DTG usage in pregnancy being associated with a
small increase risk of NTDs.
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