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Background
— 3BNC117 and 10-1074 are potent broadly neutralizing antibodies (bNAbs) isolated and cloned from people with HIV that bind to different epitopes on the HIV 

envelope glycoprotein 
— Teropavimab (TAB; 3BNC117-LS) and zinlirvimab (ZAB; 10-1074-LS) are recombinant, fully human monoclonal antibodies derived from 3BNC117 and 

10-1074, respectively, with 2 amino acid substitutions in the Fc domain to prolong their half-lives
— 3BNC117 and 10-1074 have been shown to induce rapid decline in viremia in people with HIV, as well as delay the time to viral rebound in suppressed 

people with HIV during analytical treatment interruption (ATI)1-6

— The combination of 3BNC117/TAB and 10-1074/ZAB, together with immune-modulating agents, is being investigated for its potential to eliminate the HIV 
reservoir and induce long-term remission in people with HIV. However, due to their potent viral neutralization effects, insufficient washout duration before ATI 
can confound the efficacy assessment of time to virologic rebound in HIV cure studies

— The purpose of this study was to characterize the pharmacokinetics (PK) and pharmacokinetic-pharmacodynamic (PK-PD) relationships of these bNAbs 
through PK-PD viral dynamic modeling, and to predict the required length of washout for TAB/ZAB in HIV cure studies in order to assess post-treatment viral 
control during ATI

Methods
— Population PK and PK-PD models were developed using a nonlinear mixed-effect modeling approach based on serum bNAb concentration and/or viral 

dynamic data from 6 efficacy studies in people with HIV, and 3 PK studies of 3BNC117/TAB and/or 10-1074/ZAB (Table 1)
— bNAb concentrations were measured by ELISA assays, except for study NCT03526848.6 For this study, concentrations measured by TZM-bl assay11 were 

transformed to ELISA data using a log-linear correlation model calibrated based on data from study NCT02825797,4,5 where PK were measured using both methods
— The PK data of the bNAbs were modeled by 2-compartment linear PK models. Covariates (demographics, disease status, combination treatment) were 

tested using stepwise forward addition (α = 0.01) and backward elimination (α = 0.001) methods

— The PK-PD model describes viral replication using a logistic growth function and viral elimination using first-order kinetics, with a nonlinear saturable (Emax) 
model to describe the relationship between bNAb concentrations and viral elimination rates. Distinct viral populations sensitive or resistant to each bNAb 
were modeled to capture the mechanism of resistance selection in treated participants (Figure 1)

— PK and PK-PD models were fitted sequentially. Model evaluations were performed using standard diagnostic plots and visual predictive checks
— Simulations were performed to predict PK and dynamics of viral rebound during ATI after different lengths of washout periods after TAB/ZAB dosing
— Modeling was conducted using Phoenix® NLME. Simulations and plotting were performed using R software

Conclusions

The population PK and PK-PD models were able to describe the PK and 
viral dynamic data from previous clinical studies of 3BNC117, 10-1074,
TAB and ZAB

Based on the PK-PD model, a washout duration of 48 weeks after a 
single-dose administration of TAB 30 mg/kg and ZAB 10 mg/kg is 
recommended in order to minimize the direct antiviral effects of the bNAbs 
during ATI, thereby allowing a better assessment of efficacy of combination 
regimens in mediating treatment-free virologic control in HIV cure studies
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Results
PK modeling
— The PK data of 3BNC117, 10-1074, TAB, and ZAB were well described by linear 2-compartment PK 

models (Figure 2)
— For 3BNC117 and 10-1074, the estimated half-lives were the longest in people without HIV, followed 

by suppressed people with HIV, and shortest in viremic people with HIV (Figure 3) 
— For TAB and ZAB, the estimated half-lives were longer than those of 3BNC117 and 10-1074, similar 

between people without HIV and suppressed people with HIV (62 and 79 days for TAB and ZAB, 
respectively), and shorter in viremic people with HIV (46 and 55 days for TAB and ZAB, respectively) 
(Figure 3)

PK-PD modeling
— The PK-PD model adequately described the dynamics of viral suppression in viremic people with HIV 

after bNAb treatment with 3BNC117, 10-1074 alone at different doses and in combination, as well as 
combination treatment with TAB and ZAB (Figure 4)

— The model described the time to viral rebound during ATI after bNAb treatment with 3BNC117 alone 
or in combination with 10-1074 (Figure 5)

— The estimated mean serum concentrations corresponding to 50% maximum drug effect (EC50) of 
3BNC117/TAB and 10-1074/ZAB were 25.4 and 32.2 μg/mL, which correspond to EC20 of 6.35 and 
8.06 μg/mL, respectively (Table 2)

PK-PD simulations
— PK-PD simulations predicted that after a washout period of ≥ 48 weeks after single-dose TAB and 

ZAB intravenous administration, the viral neutralization effects of these bNAbs would have minimal 
impact on the time to viral rebound during ATI (Figure 6)

— After single-dose 30 mg/kg TAB and 10 mg/kg ZAB intravenous administration, both bNAb 
concentrations were predicted to drop below their in vivo EC50 around similar times and maintain 
similar levels relative to the EC50 afterward, thus minimizing the risk of resistance development from 
functional monotherapy of either bNAb. At week 48, both bNAb concentrations were predicted to be 
lower than EC50 in over 90% of participants (Figure 7)

Table 1. Studies included in the PK-PD modeling

ATI, analytical treatment interruption; IV, intravenous; PD, pharmacodynamic; PK, pharmacokinetic; PWH, people with HIV; SC, subcutaneous; TAB, teropavimab; ZAB, zinlirvimab.
aPK measured using TZM-bl assay was transformed to ELISA data and used for external model validation. bOnly data from part B of this study were included due to the incomplete glycosylation of drug product used 
in part A of the study.

Study Compound (dose) Participants Effi cacy evaluation N for PK N for PD

NCT020185101 3BNC117 (1, 3, 10, 30 mg/kg IV) HIV negative – 22 –

Suppressed PWH – 16 –

Viremic PWH Viral suppression 17 17

NCT025119902 10-1074 (3, 10, 30 mg/kg IV) HIV negative – 14 –

Suppressed PWH – 3 –

Viremic PWH Viral suppression 15 15

NCT024468473 3BNC117 (30 mg/kg IV) Suppressed PWH Viral rebound during ATI 15 14

NCT028245367 3BNC117 + 10-1074 (3+3, 10+10 mg/kg IV) HIV negative – 18 –

NCT028257974,5 3BNC117 + 10-1074 (30+30 mg/kg IV) Viremic PWH Viral suppression 7 –

Suppressed PWH Viral rebound during ATI 21 13

NCT035268486,a 3BNC117 + 10-1074 (30+30 mg/kg IV) Suppressed PWH Viral rebound during ATI 26 22

NCT03254277 
(part B)8,b

TAB (30 mg/kg IV, 150 or 300 mg SC) HIV negative – 15 –

Suppressed PWH – 3 –

NCT035544089 ZAB alone (3, 10, 30 mg/kg IV, 140 or 280 SC) 
TAB + ZAB (30+30 mg/kg IV, 150-300 + 60-280 mg SC)

HIV negative – 57 –

Suppressed PWH – 10 –

NCT0425063610 TAB + ZAB (30+30 mg/kg IV) Viremic PWH Viral suppression 6 6

Figure 1. Schema of the PK-PD viral dynamic model

C1 and C2, serum concentration of 3BNC117/TAB and 10-1074/ZAB, respectively; EC50,drug1 and EC50,drug2, concentration that leads to 50% maximum effect of 3BNC117/TAB and 10-1074/ZAB, respectively; 
fi, initial fraction of ith viral compartment; kg, maximal viral replication rate constant; kdel,drug1 and kdel,drug2, viral elimination rate constant for 3BNC117/TAB and 10-1074/ZAB, respectively; rd,i, viral elimination rate 
for ith viral compartment; rg,i, viral replication rate for ith viral compartment; TAB, teropavimab; VL1, copies of viruses sensitive to both 3BNC117/TAB and 10-1074/ZAB; VL2, copies of viruses sensitive to 3BNC117/TAB 
and resistant to 10-1074/ZAB; VL3, copies of viruses sensitive to 10-1074/ZAB and resistant to 3BNC117/TAB; VL4, copies of viruses resistant to both 3BNC117/TAB and 10-1074/ZAB (assumed to be 0); 
VLss, steady state viral load; VLtotal, total viral load; ZAB, zinlirvimab.
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Table 2. Key PK-PD model parameter estimates 

CI, confi dence interval; CV, coeffi cient of variation; EC20, concentration that leads to 20% maximum drug effect; EC50, concentration that 
leads to 50% maximum drug effect; PD, pharmacodynamic; PK, pharmacokinetic; TAB, teropavimab; ZAB, zinlirvimab.
aCorresponds to mean (95% CI) EC20 value of 6.35 (4.90-8.22) μg/mL. bCorresponds to mean (95% CI) EC20 value of 8.06 (2.53-25.7) μg/mL.

Parameter Mean 95% CI %CV

EC50, 3BNC117 or TAB, μg/mLa 25.4 19.6-32.9 162

EC50, 10-1074 or ZAB, μg/mLb 32.2 10.1-102.8 79.5

Viral replication rate constant, kg, day-1 0.441 0.414-0.468 24.5

Viral elimination rate constant, kdel, 3BNC117 or TAB, day-1 0.507 0.476-0.538 –

Viral elimination rate constant, kdel, 10-1074 or ZAB, day-1 0.799 0.609-0.990 –

Figure 2. Observed vs predicted bNAb serum concentrations from the
PK models

Figure 3. Model-predicted PK profiles after single-dose 30 mg/kg IV infusion

bNAb, broadly neutralizing antibody; PK, pharmacokinetic; TAB, teropavimab; ZAB, zinlirvimab.
Circles represent individual data. Solid lines represent LOESS (locally estimated scatterplot smoothing) fi t. Dashed lines represent the line
of identity.

IV, intravenous; PK, pharmacokinetic; PWH, people with HIV; TAB, teropavimab; ZAB, zinlirvimab.
1000 virtual subjects were simulated using the population PK models of 3BNC117, 10-1074, TAB, and ZAB. Solid and dashed lines 
represent model-predicted medians for mono and combination therapy, respectively, and shaded areas represent the 90% prediction 
intervals of the population.
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Figure 4. Model-predicted vs observed viral dynamics after bNAb 
treatment in viremic people with HIV

Figure 6. Model-predicted viral rebound dynamics after single-dose 
TAB/ZAB combination treatment with different ATI start times

Figure 7. Simulated bNAb serum concentrations and their ratios over 
in vivo EC50 over time after single-dose TAB 30 mg/kg and ZAB 10 mg/kg 
IV administration

bNAb, broadly neutralizing antibody; EC50, concentration that leads to 50% maximum drug effect; PD, pharmacodynamic; PK, pharmacokinetic;
TAB, teropavimab; ZAB, zinlirvimab.
1000 virtual subjects were simulated using the population PK models. Solid lines represent model-predicted medians, and shaded areas 
represent the 90% prediction intervals of the population. Ratios were calculated based on the estimated EC50 values from the PK-PD model 
(25.4 μg/mL for TAB, 32.2 μg/mL for ZAB). Black dashed lines indicate the proposed earliest start time of ATI.

ATI, analytical treatment interruption; bNAb, broadly neutralizing antibody; PD, pharmacodynamic; PK, pharmacokinetic; 
TAB, teropavimab; ZAB, zinlirvimab.
Dotted horizontal lines indicate the threshold for viral rebound (200 cp/mL). 1000 virtual subjects were simulated using the population 
PK-PD model. Solid lines represent model-predicted median, and shaded areas represent the 90% prediction intervals of the population. 
Arrows represent bNAb(s) dosing. Red dashed lines indicate start of ATI.

Figure 5. Model-predicted vs observed time to viral rebound during ATI 
after bNAb treatment

bNAb, broadly neutralizing antibody; Q5, 5th percentile; Q50, 50th percentile; Q95, 95th percentile; TAB, teropavimab; ZAB, zinlirvimab.
100 trial simulations were performed with the same number of subjects as the original dataset used for modeling fi tting. The predicted 
quantiles were calculated from the median of the quantiles across all trial replicates. Arrows represent bNAb(s) dosing.

ATI, analytical treatment interruption; bNAb, broadly neutralizing antibody; CI, confi dence interval.
Doses in the ATI studies: NCT02446847, 2 doses of 30 mg/kg 3BNC117 every 3 weeks or up to 4 doses of 30 mg/kg 3BNC117 every 
2 weeks; NCT02825797, up to 3 doses of 30 mg/kg 3BNC117 and 30 mg/kg 10-1074 every 3 weeks; NCT03526848, 30 mg/kg 3BNC117 
and 30 mg/kg 10-1074 every 2 weeks for 3 doses followed by every 4 weeks for up to 4 doses (group 1, ATI started on day 2; group 2, ATI 
started at week 26 [1 participant started at week 21]). 100 trial simulations were performed with the same number of subjects as the original 
dataset used for model fi tting. Solid blue lines (shaded region) represent the medians (2.5th to 97.5th percentiles) across all trial replicates. 
Arrows represent bNAb(s) dosing. Red dotted lines indicate start of ATI.
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