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BACKGROUND
Current methods for predicting infant risk to drugs in lactation:
• Use breastmilk drug concentrations to model infant drug pharmacokinetics. 
• Do not account for prenatal drug exposure in the early neonatal period.
• Tend to underpredict exposure in this vulnerable phase of life.1 

Proposed method for enhancing accuracy of breastfeeding models:
• Account for umbilical cord (UC) drug levels in model predictions.
• Holistically represents all sources of drug exposure to the breastfed infant.
• Case examples: Levetiracetam (LEV) and sodium benzoate (SB).
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Figure 4. 
CCM simulated infant 
breastfeeding exposure 
to SB during maternal SB 
therapy. A milk to plasma 
(M:P) ratio of 1:1 was 
used to define breastmilk 
levels to be conservative. 
However, machine- 
learning algorithmsa 
predicted the M:P to be 
0.49. Therapeutic plasma 
levels range from 98 to 
285 µg/mL. T1/2 =~0.3 h.5

Figure 3. 
CCM simulated infant 
LEV exposure (as area 
under the curve, AUC) 
from breastfeeding while 
maintaining therapeutic 
maternal plasma levels of 
drug. The median milk 
concentration after a 
2000 mg oral dose was 
used to define milk levels 
of drug.
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Upper AUC Ratio (UAR) 1 = 

RISK METRIC:

Age Group (days) 95th Percentile AUC0-24 (µg*h/mL) UAR (%)

0-7 156 27
8-14 73 13

15-30 86 15
Pediatric trials report no major adverse effects at AUCs of 233±64 µg·h/mL.4

Table 1. UAR calculated for infants breastfed by mothers administered LEV 
(2000 mg/day PO).6 Median therapeutic AUC: 575 µg*h/mL.

Age Group (days) 95th Percentile AUC0-24 (µg*h/mL) UAR (%)

0 217 0.751
1 13 0.046

2-31 49-80 0.17-0.28

Table 2. UAR calculated for infants breastfed by mothers administered SB 
(160 mg/kg/day PO, q6h).7,8 Median therapeutic AUC: 28,859 µg*h/mL.

Figure 2. Overlaid simulated (box plot) and observed infant plasma LEV levels 
before and after accounting for prenatal drug exposure. Kacirova et al. values3 
used for 2-4 (n=54, 30% BLQ) and 7-31 day (n=10, 30% BLQ) validation. Median 
prediction improved by 2.54x (2-4 day) and 1.08x (7-31 day). T1/2  = 5.3 ± 1.3 h.4

Figure 1. Cord-coupled Model (CCM) inputs for simulating total infant exposure.
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