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A B S T R A C T   

Background and purpose: Pralsetinib is an FDA-approved oral small-molecule inhibitor for treatment of rearranged 
during transfection (RET) proto-oncogene fusion-positive non-small cell lung cancer. We investigated how the 
efflux transporters ABCB1 and ABCG2, the SLCO1A/1B uptake transporters and the drug-metabolizing enzyme 
CYP3A influence pralsetinib pharmacokinetics. 
Experimental approach: In vitro, transepithelial pralsetinib transport was assessed. In vivo, pralsetinib (10 mg/kg) 
was administered orally to relevant genetically modified mouse models. Pralsetinib concentrations in cell me
dium, plasma samples and organ homogenates were measured using liquid chromatography-tandem mass 
spectrometry. 
Key results: Pralsetinib was efficiently transported by human (h)ABCB1 and mouse (m)Abcg2, but not hACBG2. In 
vivo, mAbcb1a/1b markedly and mAbcg2 slightly limited pralsetinib brain penetration (6.3-and 1.8-fold, 
respectively). Testis distribution showed similar results. Abcb1a/1b;Abcg2-/- mice showed 1.5-fold higher 
plasma exposure, 23-fold increased brain penetration, and 4-fold reduced recovery of pralsetinib in the small 
intestinal content. mSlco1a/1b deficiency did not affect pralsetinib oral availability or tissue exposure. Oral 
coadministration of the ABCB1/ABCG2 inhibitor elacridar boosted pralsetinib plasma exposure (1.3-fold) and 
brain penetration (19.6-fold) in wild-type mice. Additionally, pralsetinib was a modest substrate of mCYP3A, but 
not of hCYP3A4, which did not noticeably restrict the oral availability or tissue distribution of pralsetinib. 
Conclusions and implications: SLCO1A/1B and CYP3A4 are unlikely to affect the pharmacokinetics of pralsetinib, 
but ABCG2 and especially ABCB1 markedly limit its brain and testis penetration, as well as oral availability. 
These effects are mostly reversed by oral coadministration of the ABCB1/ABCG2 inhibitor elacridar. These in
sights may be useful in the further clinical development of pralsetinib.   

1. Introduction 

The rearranged during transfection (RET) proto-oncogene encodes a 
receptor tyrosine kinase for members of the glial cell line-derived neu
rotrophic factor (GDNF) family of extracellular signaling molecules [1, 
2]. RET is a single-pass transmembrane protein with a typical 

intracellular tyrosine kinase domain and is involved in many different 
physiological and developmental functions. When mutated, loss of RET 
causes the absence of enteric ganglia from the distal colon (Hirsch
sprung’s disease) and congenital megacolon, demonstrating an impor
tant role of RET in the development of the enteric nervous system [3]. 
RET mutations occur in most medullary thyroid cancers (MTCs) [4], 
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whereas RET fusions occur in various types of cancer, including 1–2% of 
lung cancers, up to 10–20% of papillary thyroid cancers, and albeit 
rarely, in many other solid tumors [5]. Besides, RET alterations have 
also been uncovered at low frequency by next generation sequencing 
(NGS) of large numbers of patient tumors in other tumor types, 
including ovarian epithelial carcinoma and salivary gland adenocarci
noma [6]. 

Although some multikinase inhibitors (MKIs) with nonselective RET 
inhibitory activity have been available to treat RET-altered cancers, 
patients have derived only modest benefit from these so far, with un
expected side-effects [7]. For example, cabozantinib was used for 
RET-mutant MTCs [8] and RET fusion-positive lung cancers [9] and 
vandetanib for advanced or metastatic medullary thyroid cancer [10] 
and advanced non-small-cell lung cancer [11]. However in 2020, the 
FDA approved two highly selective, ATP-competitive small-molecule 
RET inhibitors, selpercatinib (LOXO-292, RETEVMO, Eli Lilly) [12] and 
pralsetinib (Blu-667, GAVRETO, Roche) [13]. Both can be applied for 
the treatment of adults with metastatic RET-fusion positive non-small 
cell lung cancer (NSCLC), yielding higher objective response rates 
(ORRs) of 68% and 58%, respectively, compared to other multikinase 
inhibitors, such as cabozantinib therapy with an ORR of only 28% [14, 
15]. According to the guidelines, the recommended dose in adults is 160 
mg twice daily for selpercatinib [12] and 400 mg once daily for pral
setinib [13]. Besides, they were designed to have high bioavailability 
and significant central nervous system (CNS) penetration, which may 
induce more efficient therapy for brain metastasis occurring in NSCLC 
patients. However, compared to selpercatinib, the information on pral
setinib pharmacokinetic properties is still limited. 

Drug absorption, distribution, metabolism and excretion (ADME) 
can be influenced by certain efflux and influx transporters such as the 
ATP-binding cassette (ABC) transporters and the organic anion trans
porting polypeptides (OATPs). They can thus influence the pharmaco
kinetics, and hence the safety and efficacy profiles of specific drugs 
[16–18]. Considering the high expression of the ABC drug efflux trans
porters P-glycoprotein (P-gp; ABCB1) and breast cancer resistance pro
tein (BCRP; ABCG2) at the apical membrane of enterocytes, hepatocytes 
and renal tubular epithelial cells, they could potentially limit intestinal 
absorption of their substrates or mediate their direct intestinal, hep
atobiliary or renal excretion. Moreover, ABCB1 and ABCG2 are also 
highly expressed in brain capillary endothelial cells of the blood-brain 
barrier (BBB), where their efflux capacity can protect the central ner
vous system (CNS) from exogenous toxic compounds [19]. Conversely, 
limited exposure of the brain to anticancer drugs because of these 
transporters may reduce their therapeutic efficacy, especially against 
brain metastases [20–23]. In addition, ABC transporters are also 
expressed in many tumor types, potentially mediating multidrug resis
tance against anticancer drugs [19]. As pralsetinib targets different 
tumor types with RET fusions that may develop brain metastases 
(especially lung cancer), it is important to know whether pralsetinib is 
transported by ABCB1 and/or ABCG2 in vivo, potentially affecting its 
oral availability and brain accumulation. 

Organic anion-transporting polypeptides (OATPs), encoded by SLCO 
genes, are sodium-independent transmembrane uptake transporters for 
endogenous and exogenous compounds like hormones, toxins, and 
numerous drugs [24]. The SLCO1A/1B proteins are of particular interest 
because of their broad substrate specificities and their high expression in 
the liver where they may affect oral availability and liver disposition of 
certain drugs [25–29]. Thus, we wanted to know whether pralsetinib is a 
substrate of SLCO1A/1B and whether this can influence pralsetinib oral 
availability and organ distribution. 

Besides these transporters, the multidrug-metabolizing Cytochrome 
P450 3A (CYP3A) enzyme complex is responsible for most Phase I drug 
metabolism. CYP3A4 is the most abundant CYP enzyme in human liver, 
and involved in the metabolism of about 50% of the currently used 
drugs, resulting in drug inactivation or sometimes also activation 
[30–32]. CYP3A enzymes have high variation in activity between, but 

also within individuals due to drug–drug interactions and genetic 
polymorphisms. This can cause oral availability and plasma exposure 
differences among patients, which may dramatically influence their 
therapeutic efficacy and toxicity. 

The primary aim of this study was to clarify the in vivo roles of 
ABCB1, ABCG2 and SLCO1A/1B (OATP1A/1B) as well as CYP3A in 
modulating oral availability and/or brain accumulation of pralsetinib by 
transepithelial pralsetinib transport assay in vitro and using appropriate 
genetically modified mouse models. We also studied the effect of co- 
administration of the ABCB1 and ABCG2 inhibitor elacridar on pralse
tinib overall exposure and tissue distribution. 

2. Materials and methods 

2.1. Cell lines and transport assays 

Polarized dog kidney-derived Madin-Darby Canine Kidney (MDCK- 
II) cells and their stably transduced subclones expressing human (h) 
ABCB1, hABCG2, or mouse (m) Abcg2 cDNA were used and cultured as 
described [33,34]. Transepithelial transport assays were performed on 
microporous polycarbonate membrane filters (3.0 µm pore size, 12 mm 
diameter, Transwell 3414). Parental and variant subclones were seeded 
at a density of 2.5 × 105 cells per well and cultured for 3 days to form an 
intact monolayer. Membrane tightness was assessed by measurement of 
transepithelial electrical resistance (TEER) using an Epithelial Volt-Ohm 
Meter (Merck Millipore, Darmstadt, Germany) before and after the 
transport phase. 

For inhibition experiments, 5 μM zosuquidar (ABCB1 inhibitor) and/ 
or 5 μM Ko143 (ABCG2/Abcg2 inhibitor) were used during the transport 
experiments. Cells were pre-incubated with one or a combination of the 
inhibitors for 1 h in both apical and basolateral compartments. The 
transport phase was started (t = 0) by replacing the medium in either the 
apical or the basolateral compartment with fresh DMEM including 10% 
(v/v) fetal bovine serum (FBS) and pralsetinib at 5 μM, as well as the 
appropriate inhibitor(s). Plates then were kept at 37 ◦C in 5% (v/v) CO2 
during the experiment, and 50 μl aliquots were taken from the acceptor 
compartment at 1, 2, 4, and 8 h, and stored at − 30 ◦C until LC-MS/MS 
measurement of the pralsetinib concentrations. Experiments were per
formed in triplicate and the mean transport is shown in the figure. Active 
transport was expressed using the transport ratio r, i.e., the amount of 
apically directed drug transport divided by basolaterally directed drug 
translocation after 8 h (h). 

2.2. Animals 

Mice were housed and handled according to institutional guidelines 
complying with Dutch and EU legislation. All experimental animal 
protocols were evaluated and approved by the institutional animal care 
and use committee. Wild-type (both female and male), Abcb1a/1b-/- 

(male), Abcg2-/- (male), Abcb1a/1b;Abcg2-/- (male), Slco1a/1b-/- (male), 
Cyp3a-/- (female) and Cyp3aXAV (female) mice, all of a > 99% FVB 
genetic background, were used between 9 and 16 weeks of age. Animals 
were kept in a temperature-controlled environment with 12-h light and 
12-h dark cycle and they received a standard diet (Transbreed, SDS 
Diets, Technilab – BMI) and acidified water ad libitum. 

2.3. Drug solutions 

For oral administration, pralsetinib was dissolved in dimethyl sulf
oxide (DMSO) at a concentration of 50 mg/ml and further diluted with 
polysorbate 20, 100% ethanol and 5% glucose water, resulting in a final 
working solution of 1 mg/ml in [DMSO: Polysorbate 20: 100% ethanol: 
5% glucose water = 2: 15: 15: 68, (v/v/v/v)]. Elacridar hydrochloride 
was dissolved in DMSO (53 mg/ml) in order to get 50 mg elacridar base 
per ml DMSO. The stock solution was further diluted with a mixture of 
polysorbate 20, 100% ethanol and 5% glucose water to yield an 
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elacridar concentration of 5 mg/ml in [DMSO: Polysorbate 20: 100% 
ethanol: 5% glucose water = 10: 15: 15: 60, (v/v/v/v)]. All dosing so
lutions were prepared freshly on the day of the experiment. 

2.4. Plasma and organ pharmacokinetics of pralsetinib in mice 

In order to minimize variation in absorption because of oral 
administration, mice were first fasted for 3 h before pralsetinib (10 mg/ 
kg) was administered orally, using a blunt-ended needle. For the 4 h 
transporter pilot experiments, tail vein blood samples were collected at 
0.125, 0.25, 0.5, 1, and 2 h time points after oral administration, 
respectively. For the 2 h transporter main experiments and elacridar 
inhibition experiments, tail vein blood samples were collected at 0.125, 
0.25, 0.5, and 1 h time points after oral administration, respectively. For 
the 8 h CYP3A experiments, tail vein blood sampling was performed at 
0.25, 0.5, 1, 2, and 4 h, respectively. Blood sample (~50 μl) collection 
was performed using microvettes containing dipotassium-EDTA. At the 
last time point in each experiment (2, 4, or 8 h), mice were anesthetized 
with 5% isoflurane and blood was collected by cardiac puncture in 
Eppendorf tubes containing heparin as an anticoagulant. The mice were 
then sacrificed by cervical dislocation and brain, liver, kidney, lung, 
small intestine (SI), small intestine contents (SIC) and testis were rapidly 
removed. Plasma was isolated from the blood by centrifugation at 9000 
g for 6 min at 4 ◦C, and the plasma fraction was collected and stored at 
− 30 ◦C until analysis. Organs were homogenized with 4% (w/v) bovine 
serum albumin and stored at − 30 ◦C until analysis. The relative tissue- 
to-plasma ratio after oral administration was calculated by deter
mining the pralsetinib tissue concentration relative to the pralsetinib 
plasma concentration at the last time point. 

2.5. LC-MS/MS analysis 

Pralsetinib concentrations in DMEM/FBS (9/1, v/v) (Invitrogen, 
Waltham, MA, USA) cell culture medium, plasma samples, and organ 
homogenates were determined using a validated liquid 
chromatography-tandem mass spectrometry assay as described [35]. 

2.6. Materials 

Pralsetinib was purchased from MedChemExpress (Monmouth 
Junction, NJ, USA). Zosuquidar and elacridar HCl were obtained from 
Sequoia Research Products (Pangbourne, UK). Ko143 was from Tocris 
Bioscience (Bristol, UK). Bovine Serum Albumin (BSA) Fraction V was 
obtained from Roche Diagnostics GmbH (Mannheim, Germany). 
Glucose water 5% w/v was from B. Braun Medical Supplies (Melsungen, 
Germany). Isoflurane was purchased from Pharmachemie (Haarlem, 
The Netherlands), heparin (5000 IU ml− 1) was from Leo Pharma (Breda, 
The Netherlands). All other chemicals used in the pralsetinib detection 
assay were described before [35]. All other chemicals and reagents were 
obtained from Sigma-Aldrich (Steinheim, Germany). 

2.7. Data and statistical analysis 

Pharmacokinetic parameters were calculated by non-compartmental 
methods using the PK solver software [36]. The area under the plasma 
concentration-time curve (AUC) was calculated using the trapezoidal 
rule, without extrapolating to infinity. The peak plasma concentration 
(Cmax) and the time of maximum plasma concentration (Tmax) were 
estimated from the original (individual mouse) data. One-way analysis 
of variance (ANOVA) was used when multiple groups were compared 
and the Bonferroni post hoc correction was used to accommodate mul
tiple testing. The two-sided unpaired Student’s t-test was used when 
treatments or differences between two specific groups were compared 
using the software GraphPad Prism7 (GraphPad Software, La Jolla, CA, 
USA). All the data were log-transformed before statistical tests were 
applied. Differences were considered statistically significant when P <

0.05. All data are presented as mean ± SD. 

3. Results 

3.1. In vitro transport of pralsetinib 

Transepithelial drug transport was tested by using polarized mono
layers of Madin-Darby Canine Kidney (MDCK-II) parental cells and 
various ABC transporter-overexpressing derivative cell lines. No signif
icant transport of pralsetinib (5 µM) by the low-level endogenous canine 
Abcb1 present in the parental MDCK-II cells [37] was observed either 
without or with ABCB1 inhibitor zosuquidar (r = 1.2, Fig. 1A and r =
1.2, Fig. 1B). In cells overexpressing hABCB1, there was strong apically 
directed transport of pralsetinib (r = 19, Fig. 1C), which could be 
completely inhibited by zosuquidar (r = 1.0, Fig. 1D). 

Zosuquidar was added to inhibit any possible contribution of 
endogenous canine Abcb1 in subsequent experiments with MDCK-II 
cells overexpressing hABCG2 and mAbcg2. The ABCG2 inhibitor 
Ko143 was used to inhibit the transport activity of hABCG2 and 
mAbcg2. In hABCG2-overexpressing MDCK-II cells, there was no 
detectable apically directed transport of pralsetinib in the absence or 
presence of Ko143 (r = 1.0, Fig. 1E; r = 0.9, Fig. 1F). We also observed 
marked apically directed transport of pralsetinib in cells overexpressing 
mouse Abcg2 (r = 7.1) and this was virtually abrogated by Ko143 
(r = 1.0, Fig. 1G and H). 

Pralsetinib thus appears to be efficiently transported by hABCB1 and 
mAbcg2, but not by hABCG2 and canine ABCB1 in vitro. 

3.2. Impact of ABCB1, ABCG2 and SLCO1A/1B on pralsetinib plasma 
pharmacokinetics and tissue disposition 

Pralsetinib is orally administered in the clinic, so we performed a 4 h 
oral pharmacokinetic pilot study in male wild-type, Abcb1a/1b;Abcg2-/- 

and Slco1a/1b-/- mice using 10 mg/kg pralsetinib to study the possible 
impact of ABCB1A/1B, ABCG2 and OATP1A/1B on oral bioavailability 
and tissue disposition of pralsetinib. As shown in Supplemental Fig. 2 
and Supplemental Table 1, even though Abcb1a/1b;Abcg2-/- mice had 
slightly higher plasma exposure of pralsetinib compared to wild-type 
mice, there was no statistically significant difference in AUC or Cmax 
of pralsetinib between them. However, the last time point (4 h) in 
Abcb1a/1b;Abcg2-/- mice did show a significantly higher plasma con
centration, suggesting a somewhat delayed pralsetinib elimination in 
this strain. It took around two hours to reach the maximum plasma 
concentration of pralsetinib for these two mouse strains (average Cmax in 
wild-type and Abcb1a/1b;Abcg2-/- mice are 6202 ng/ml and 6962 ng/ 
ml, respectively), indicating that absorption of this compound is not 
very rapid as compared to many other TKI drugs in mice [38–41]. 
Notably, the Tmax and Cmax results obtained in our mouse models are of 
the same order of magnitude as those observed in patients (Tmax ranging 
from 2 to 4 h with average Cmax 2830 ng/ml). 

Brain, liver, kidney, small intestine (SI), small intestine contents 
(SIC), testis, lung and spleen concentrations of pralsetinib 4 h after oral 
administration were also assessed. The pralsetinib brain-to-plasma ratio 
(0.022) in wild-type mice was very low, suggesting poor brain pene
tration of pralsetinib (Supplemental Table 1). The brain concentration 
and brain-to-plasma ratio in Abcb1a/1b;Abcg2-/- mice were increased by 
44.9-fold and 32.3-fold, respectively, compared to those in wild-type 
mice (Supplemental Fig. 3 and Supplemental Table 1). Slco1a/1b-/- 

mice also showed somewhat enhanced brain concentrations and brain- 
to-plasma ratios by 1.7-fold and 1.5-fold, respectively. Likewise in 
testis, the testis-to-plasma ratio was low in wild-type mice (0.13), and 
combined Abcb1 and Abcg2 deficiency could increase the ratio to 0.71 
(5.5-fold increase). 

Tissue-to-plasma ratios in other organs were not meaningfully 
altered among the three strains (Supplemental Fig. 4 and Supplemental 
Fig. 5). However, for the small intestine content (SIC) matrix, we found 

Y. Wang et al.                                                                                                                                                                                                                                   



Pharmacological Research 172 (2021) 105850

4

Fig. 1. Transepithelial transport of pralsetinib (5 µM) assessed in MDCK-II cells either non-transduced (A, B), transduced with hABCB1 (C, D), hABCG2 (E, F) or 
mAbcg2 (G, H) cDNA. At t = 0 h, drug was applied in the donor compartment and the concentrations in the acceptor compartment at t = 1, 2, 4 and 8 h were 
measured and plotted as pralsetinib transport (pmol) in the graph (n = 3). B, D, F, H: Zosuquidar (Zos, 5 μM) was applied to inhibit human and/or endogenous canine 
ABCB1. F and H: the ABCG2 inhibitor Ko143 (5 μM) was applied to inhibit ABCG2/Abcg2–mediated transport. r, relative transport ratio. AB (•), translocation from 
the apical to the basolateral compartment; BA ( ),translocation from the basolateral to the apical compartment. Points, mean; bars, S.D. 
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that the percentage of dose recovered was markedly decreased in 
Abcb1a/1b/Abcg2-/- mice compared to wild-type mice (0.11, 9-fold 
Supplemental Fig. 5E and Supplemental Table 1). These results may 
indicate that pralsetinib was absorbed more rapidly across the gut wall 
or that there was reduced hepatobiliary excretion of the absorbed 
pralsetinib in the absence of both Abcb1a/1b and Abcg2. 

In wild-type mice most tissue-to-plasma ratios for liver, kidney, and 
small intestine (all > 1) were far higher than those observed for the 
brain (0.022) and even testis (0.13), suggesting the strong impact of the 
blood-brain-barrier (BBB) and blood-testis-barrier (BTB) on reducing 
tissue accumulation of pralsetinib. We did not observe any sign of acute 
spontaneous toxicity of pralsetinib in any of the three mouse strains, 
even though there was a dramatic increase in pralsetinib brain accu
mulation in Abcb1a/1b;Abcg2-/- mice. 

As shown in Supplemental Fig. 2 and Supplemental Table 1, the 
pralsetinib plasma AUC0–4 h, Cmax and Tmax were not significantly 
different between wild-type and Slco1a/1b− /− mice. With respect to 
tissues, even though the deficiency of mSlco1a/1b slightly increased 
brain-to-plasma ratio (from 0.022 to 0.034), lung-to-plasma ratio, and 
kidney-to-plasma ratio, and decreased liver-to-plasma ratio (from 3.4 to 
2.7), the changes were limited. We also did not find any significant 
differences in pralsetinib percentage of dose recovered in SIC between 
wild-type and Slco1a/1b-/- mice (Supplemental Figs. 3–5). Taken 
together, these results indicate that pralsetinib pharmacokinetics is not 
substantially influenced by SLCO1A/1B activity. 

3.3. ABCB1 and ABCG2 limit pralsetinib brain and testis exposure 

The separate and combined functions of Abcb1a/1b and Abcg2 in 
modulating oral bioavailability and tissue distribution of pralsetinib 
were subsequently studied by administering pralsetinib (10 mg/kg) 
orally to wild-type, Abcb1a/1b-/-, Abcg2-/-, and Abcb1a/1b/Abcg2-/- 

mice. The experiment was terminated at 2 h, when pralsetinib plasma 
levels were still close to the Cmax. As shown in Fig. 2 and Table 1, single 
deficiency of either mAbcb1 or mAbcg2 resulted in higher pralsetinib 
plasma exposure, with the plasma AUC0–2 h increased in both Abcb1a/ 
1b-/- (1.5-fold, P < 0.01) and Abcg2-/- (1.2-fold, albeit not statistically 
significant) mice (Table 1). Such increase also showed up in combina
tion Abcb1a/1b/Abcg2-/- mice, 1.6-fold compared to wild-type mice 
(P < 0.01). Abcb1a/1b activity appeared to be the main factor limiting 
plasma exposure. 

Pralsetinib brain concentrations in Abcb1a/1b-/- and Abcb1a/1b/ 
Abcg2-/- mice were profoundly increased by 9.5-fold and 30.4-fold 
respectively, and only slightly increased by 1.8-fold in Abcg2-/- mice 
compared to wild-type mice. The brain-to-plasma ratio of pralsetinib 
was again very low (0.040) in wild-type mice, but could be increased to 
0.25 (6.3-fold) due to single mAbcb1 deficiency and further up to 0.92 
(23-fold) by combined mAbcb1 and mAbcg2 deficiency (Fig. 3A and B; 
Table 1). Again, this increase was limited in mAbcg2-deficient mice 
(0.072, 1.8-fold). These results reveal that Abcb1a/1b and Abcg2 can 
both restrict pralsetinib brain penetration, although Abcb1a/1b is the 
dominant player. In the absence of Abcb1a/1b activity, Abcg2 notice
ably limits pralsetinib brain penetration (by about 3.7-fold), while when 
Abcg2 is absent, Abcb1a/1b could still take over almost the whole 
transport function. Qualitatively similar results were obtained for pral
setinib testis penetration, although the wild-type testis-to-plasma ratio 
was substantially higher (0.060), and the relative increases in ratios in 
Abcb1a/1b-/- (4.5-fold) and Abcb1a/1b/Abcg2-/- (7.8-fold) mice were 
more modest than observed for brain (Fig. 3C and D; Table 1). These 
data indicate that Abcb1a/1b and, to a lesser extent, Abcg2 can strongly 
reduce the brain accumulation of pralsetinib, while testis accumulation 
was more modestly affected. 

With respect to other organs, we observed lower SI-to-plasma ratios 
in Abcb1a/1b-/- and Abcb1a/1b/Abcg2-/- mice (Supplemental Fig. 7B), 
which did not show up in Abcg2-/- mice. As small intestine often mainly 
reflects the small intestine contents concentrations, we also analyzed 

related parameters of the SIC. Indeed, the SIC percentage of total dose 
values were markedly reduced from 12.0% to 3.2% in Abcb1a/1b-/- mice 
(0.27-fold) and to 2.9% in Abcb1a/1b;Abcg2-/- mice (0.24-fold) 
compared to wild-type mice, whereas this decrease was much less in 
Abcg2-/- mice (7.1%, 0.59-fold) (Supplemental Fig. 7 and Table 1). These 
findings were consistent with our pilot results. They may indicate a more 
rapid and extensive absorption of pralsetinib across the intestinal wall in 
the absence of intestinal Abcb1a/1b activity (essentially because of loss 
of an intestinal excretion process), or reduced hepatobiliary recircula
tion of absorbed pralsetinib through biliary excretion mediated by 
Abcb1a/1b in the bile canaliculi of the liver, or a combination of both 
processes. No meaningful differences were found in tissue-to-plasma 
ratios of other tissues (Supplemental Fig. 6). 

Fig. 2. Plasma concentration-time curves (A), semi-log plot of plasma 
concentration-time curves (B) and plasma AUC0–2 h (C) of pralsetinib in male 
wild-type, Abcb1a/1b-/-, Abcg2-/- and Abcb1a/1b;Abcg2-/- mice over 2 h after 
oral administration of 10 mg/kg pralsetinib. Data are given as mean ± S.D. 
(n = 6). * P < 0.05; ** P < 0.01; *** P < 0.001 compared to wild-type mice; # 
P < 0.05; ## P < 0.01; ### P < 0.001 compared to Abcb1a/1b;Abcg2-/- mice. 
Statistical analysis was applied after log-transformation of linear data. 
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3.4. Effect of the dual ABCB1 and ABCG2 inhibitor elacridar on 
pralsetinib brain accumulation 

As pralsetinib penetration into wild-type brain was markedly 
restricted by ABCB1 and ABCG2 activity, we investigated to what extent 
the dual ABCB1 and ABCG2 inhibitor elacridar could increase brain 
accumulation of pralsetinib, and whether it would influence pralsetinib 
disposition and distribution in other tissues. This approach may poten
tially be used for enhancing pralsetinib brain accumulation and thera
peutic efficacy. Considering that the elacridar plasma exposure peak 
occurs approximately 4 h after oral administration in mice, elacridar 
(50 mg/kg) or vehicle was administered orally 2 h prior to oral pralse
tinib administration (10 mg/kg) to wild-type and Abcb1a/1b;Abcg2-/- 

mice. Plasma and brain pralsetinib levels were assessed 2 h later, at 
which time point pralsetinib plasma concentrations were still high, 
making the impact of the BBB transporters especially relevant. When 
elacridar was absent, the pralsetinib plasma AUC0–2 h was significantly 
(1.5-fold) increased in Abcb1a/1b;Abcg2-/- mice compared to wild-type 
mice, consistent with preceding experiments. Pre-treatment with ela
cridar increased plasma pralsetinib AUC0–2 h by 1.3-fold in wild-type 
mice, and did not alter exposure in Abcb1a/1b;Abcg2-/- mice (Fig. 4 
and Table 2). 

With respect to tissues, in the absence of elacridar, the brain con
centration and brain-to-plasma ratio of pralsetinib was 45.9-fold and 
31.9-fold higher in Abcb1a/1b;Abcg2-/- than in wild-type mice, respec
tively (P < 0.001), (Fig. 5A and B and Table 2). Elacridar pre-treatment 
markedly increased these parameters in wild-type mice by 26.2- and 
19.6-fold, respectively (P < 0.001), yielding a level similar to that in 
elacridar pre-treated Abcb1a/1b;Abcg2-/- mice (35.5- and 20.0-fold, 
respectively). While the data indicate extensive inhibition of Abcb1a/ 
1b and Abcg2 activity in the BBB by elacridar, the brain penetration in 
both elacridar co-administration groups was somewhat (about 40%) 
lower than that in vehicle-treated Abcb1a/1b;Abcg2-/- mice. This sug
gested a modest additional effect of elacridar, somewhat lowering brain 
penetration of pralsetinib independent of the ABC transporters. Unlike 
for brain, for testis the enhanced pralsetinib penetration by elacridar 

only showed up in wild-type mice, suggesting full inhibition of ABC 
transporter functions in the BTB by elacridar (Fig. 5C and D and 
Table 2). Relative drug penetration in most other tissues (liver, kidney, 
lung and spleen) was not meaningfully altered by elacridar in wild-type 
or Abcb1a/1b;Abcg2-/- mice (Supplemental Fig. 8B, D, F and H). 

In accordance with our previous results, there was a large amount of 
pralsetinib in the intestinal lumen at 2 h in wild-type mice, with 20.2% 
of dose recovered in SI+SIC. This was markedly reduced to 8.4% upon 
elacridar co-administration (Supplemental Fig. 9). Even though there 
was a small difference in recovered pralsetinib between Abcb1a/1b; 
Abcg2-/- mice with elacridar (11.7%) compared with Abcb1a/1b;Abcg2-/- 

mice without elacridar (7.5%), the results became virtually identical 
after correction for the plasma concentrations (Supplemental Fig. 9D). 
Taken together, these results suggest that the mouse Abcb1a/1b and 
Abcg2 in the small intestine and/or the bile canaliculi of the liver were 
completely inhibited by the elacridar treatment, resulting in decreased 
recovery of pralsetinib in the small intestine contents. 

3.5. Impact of CYP3A on pralsetinib plasma pharmacokinetics and tissue 
disposition 

To investigate the possible in vivo impact of mouse Cyp3a and human 
CYP3A4 on pralsetinib pharmacokinetics, we performed an 8 h study in 
female wild-type, Cyp3a-/- and Cyp3aXAV mice (Cyp3a-/- mice with 
transgenic expression of human CYP3A4 in liver and intestine). Pralse
tinib (10 mg/kg) was administered orally after 2–3 h of fasting, blood 
samples were taken at several time points, and at 8 h organs were 
collected. The pralsetinib plasma AUC0–8 h in Cyp3a-/- mice was signif
icantly higher (1.4-fold, P < 0.01) than that in wild-type mice (Fig. 6 
and Table 3). Cyp3a-/- mice had a similar Tmax as wild-type mice (about 
2 h), but the difference between the two mouse strains occurred mainly 
during the first 4 h. After that, the relative elimination was similar be
tween the strains (Fig. 6B). These data suggest that mCyp3a modestly 
reduces pralsetinib exposure, presumably mainly by first-pass (intesti
nal?) metabolism. Intriguingly, for the Cyp3aXAV mice we observed a 
similar plasma profile as in Cyp3a-/- mice up till 2 h, but after that, 

Table 1  
Plasma and organ pharmacokinetic parameters of pralsetinib in male wild-type, Abcb1a/1b-/-, Abcg2-/- and Abcb1a/1b; Abcg2-/- mice over 2 h after oral administration 
of 10 mg/kg pralsetinib.  

Parameter Genotype 

Wild-type Abcb1a/1b-/- Abcg2-/- Abcb1a/1b;Abcg2-/- 

AUC0–2 h, ng/ml*h 7898 ± 1469 11,657 ± 643*** 9094 ± 747# 11,663 ± 1248*** 
Fold change AUC0–2 h 1.0 1.5 1.2 1.5 
Cmax, ng/ml 5181 ± 1117 7301 ± 520** 5890 ± 833# 7510 ± 631*** 
Tmax, h 1.5 ± 0.55 1.7 ± 0.52 1.3 ± 0.61 1.3 ± 0.52 
Cbrain, ng/g 186 ± 62 1774 ± 125***### 339 ± 107*### 5658 ± 2176*** 
Fold change Cbrain 1.0 9.5 1.8 30.4 
Brain-to-plasma ratio 0.040 ± 0.018 0.25 ± 0.017***### 0.072 ± 0.017### 0.92 ± 0.46*** 
Fold change ratio 1.0 6.3 1.8 23 
CLiver, ng/g 16,558 ± 1976 23,385 ± 3547** 18,702 ± 2187# 24,295 ± 3712*** 
Fold increase Cliver 1.0 1.4 1.1 1.5 
Liver-to-plasma ratio 3.4 ± 0.47 3.3 ± 0.50 4.1 ± 1.3 3.8 ± 0.75 
Fold change ratio 1.0 0.97 1.2 1.1 
CSI, ng/g 20,412 ± 2964 14,214 ± 2372 20,994 ± 5971 14,344 ± 4333 
Fold change CSI 1.0 0.70 1.0 0.70 
SI-to-plasma ratio 4.3 ± 1.2 2.0 ± 0.23** 4.8 ± 2.3## 2.2 ± 0.70** 
Fold change ratio 1.0 0.47 1.1 0.51 
SIC percentage of dose, % 12.0 ± 3.8 3.2 ± 1.5*** 7.1 ± 1.9## 2.9 ± 1.3*** 
Fold change ratio 1.0 0.27 0.59 0.24 
Ctestis, ng/g 287 ± 95 1910 ± 206***## 327 ± 23### 2997 ± 515*** 
Fold change Ctestis 1.0 6.7 1.1 10.4 
Testis-to-plasma ratio 0.060 ± 0.016 0.27 ± 0.044***## 0.071 ± 0.014### 0.47 ± 0.11*** 
Fold change ratio 1.0 4.5 1.2 7.8 

Data are given as mean ± S.D. (n = 6). AUC0–2 h, area under the plasma concentration-time curve; Cmax, maximum concentration in plasma; Tmax, time point (h) of 
maximum plasma concentration; Cbrain, brain concentration; Cliver, liver concentration; SI, small intestine (tissue); CSI, small intestine tissue concentration; SIC, small 
intestine contents; Ctestis, testis concentration; * P < 0.05; ** P < 0.01; *** P < 0.001 compared to wild-type mice; # P < 0.05; ## P < 0.01; ### P < 0.001 compared 
to Abcb1a/1b;Abcg2-/- mice. Statistical analysis was applied after log-transformation of linear data. 
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Cyp3aXAV mice showed a markedly slower relative elimination of 
pralsetinib than Cyp3a-/- mice (Fig. 6B). This unexpected result not only 
suggests that human CYP3A4 metabolized pralsetinib very little in vivo, 
but also that an alternative pralsetinib elimination mechanism was 
down-regulated in Cyp3aXAV mice. 

Interestingly, the average pralsetinib plasma AUC0–8 h in wild-type 
and Cyp3aXAV mice were 30,427 ng/ml * h and 48,865 ng/ml * h 
(Table 3), respectively, whereas 400 mg pralsetinib once daily in pa
tients yielded a plasma AUC0–24 h of 43,900 ng/ml * h. The overall 
pralsetinib plasma exposure in mice in our study and in human patients 
is therefore quite similar. With respect to the tissue distribution at 8 h, 
the observed differences in absolute tissue concentrations between the 
strains in brain, liver, testis, lung, and spleen mostly reflected the dif
ferences in plasma concentrations: the tissue-to-plasma ratios were not 
substantially altered between the strains, perhaps excepting the clearing 
organs kidney and small intestine (Supplemental Figs. 10 and 11). 
Collectively, these results suggest that pralsetinib is modestly metabo
lized by mouse Cyp3a, but not by human CYP3A4. In addition, the 
elimination of pralsetinib may be in part controlled by an (as yet un
identified) detoxification mechanism other than CYP3A, that is down- 
regulated in Cyp3aXAV mice. This unknown detoxification mecha
nisms is unlikely to be a hepatic OATP transporter, as the liver-to-plasma 
ratio was unchanged in the Cyp3aXAV mice (Supplemental Fig. 10), but 
it might be an apical ABC transporter, given the slightly reduced SI- and 
SIC-to plasma ratios in these mice (Supplemental Fig. 11). However, 
these shifts are so modest that downregulation of a pralsetinib- 

metabolizing enzyme is also a distinct possibility. 

4. Discussion and conclusions 

This study shows that the RET inhibitor pralsetinib is a transported 
substrate by ABCB1 and ABCG2 and these transporters affect the in vivo 
bioavailability and distribution of pralsetinib in mice. In vitro, pralseti
nib was transported very efficiently by human ABCB1 and mouse Abcg2, 
but not by human ABCG2 and this transport could be completely 
inhibited by specific small-molecule ABCB1 and ABCG2 inhibitors. The 
oral availability of pralsetinib was modestly restricted by ABCB1. 
Moreover, ABCB1 P-gp in the blood-brain-barrier (BBB) could strongly 
restrict the brain penetration of pralsetinib, while ABCG2 had a more 
modest effect. Similar functions of ABCB1 and ABCG2 also showed up in 
the blood-testis-barrier (BTB), albeit somewhat less pronounced. Despite 
the highly increased brain concentration (30.4-fold), no acute sponta
neous pralsetinib toxicity was observed in the Abcb1a/1b;Abcg2-/- mice. 
Of note, at the dose used in our study, the average Tmax (~2 h), Cmax 
(5000–6000 ng/ml) and AUC0–8 h (30,427 ng/ml * h) of pralsetinib in 
wild-type mice were of the same order of magnitude as those observed in 
patients (Tmax ranging from 2 to 4 h with average Cmax 2830 ng/ml and 
AUC0–24 h 43,900 ng/ml * h) [13]. 

We also observed a markedly decreased percentage of dose of pral
setinib remaining in the small intestine contents in the absence of 
Abcb1a/1b, and this decrease was not further enhanced when both 
Abcb1a/1b and Abcg2 were deficient. This suggests that Abcb1a/1b, but 

Fig. 3. Brain and testis concentrations (A and C) and tissue-to-plasma ratios (B and D) of pralsetinib in male wild-type, Abcb1a/1b-/-, Abcg2-/- and Abcb1a/1b;Abcg2-/- 

mice over 2 h after oral administration of 10 mg/kg pralsetinib. Data are given as mean ± S.D. (n = 6). * P < 0.05; ** P < 0.01; *** P < 0.001 compared to wild-type 
mice; # P < 0.05; ## P < 0.01; ### P < 0.001 compared to Abcb1a/1b;Abcg2-/- mice. Statistical analysis was applied after log-transformation of linear data. 
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not Abcg2, can mediate either the direct efflux of pralsetinib across the 
intestinal wall (also reducing net intestinal uptake) or the hepatobiliary 
excretion of pralsetinib or a combination of both processes. No sub
stantial changes in tissue distribution due to the ABC transporter de
ficiencies were found in other tissues including liver, kidney, lung and 
spleen. OATP1A/1B proteins also did not show a substantial influence 
on pralsetinib distribution in mice. Taking everything together, our re
sults appear to be generally in line with FDA documentation, in which 
pralsetinib is mentioned to be a substrate of P-gp and BCRP, but not a 
substrate of the organic anion transporting polypeptides OATP1B1 and 
OATP1B3 in vitro. 

It is striking that the impact of Abcb1a/1b and Abcg2 on the relative 
brain penetration of pralsetinib (~23-fold reduction) is far higher than 
on the oral availability of this drug (~1.5-fold reduction). The most 
likely explanations for this apparent discrepancy are that: 1), the drug 
concentration in the small intestinal lumen shortly after drug adminis
tration is far higher than in the blood that exposes the BBB, making 
initial saturation of the ABC transporters in the intestine more likely; 2), 
the overall xenobiotic permeability of the intestinal epithelium, con
taining countless uptake systems for various nutrients, will likely be 
much higher than that for the highly selective BBB, which makes it 
harder for the ABC efflux transporters to effectively counteract a sub
stantial influx of pralsetinib in the intestine; 3), there are likely more 

alternative drug detoxification systems (e.g., drug-metabolizing sys
tems) in the small intestine and liver for pralsetinib than in the BBB, 
which makes the relative contribution of the ABC transporters in 
restricting pralsetinib levels more limited in the small intestine than in 
the BBB. 4), we further cannot exclude that the membrane density of the 
ABC transporters in the BBB is higher than in the small intestine, but 
because of the intestinal microvilli it is hard to give exact numbers on 
such parameters. 

RET fusions occur in lung cancers with a frequency of 1–2%. In 2018, 
Drilon et al. [42] focused on the frequency, responsiveness, and overall 
outcomes in RET-rearranged advanced NSCLC patients with central 
nervous system (CNS) metastases. They showed that the frequency of 
CNS involvement in these patients is 25% at diagnosis, but lifetime 
prevalence can reach almost 50%. Furthermore, the cumulative inci
dence of CNS lesions in RET-positive NSCLC patients is higher than in 
ROS1-positive but lower than in ALK-positive patients. They also found 
a low intracranial response rate when these patients were treated with 
various multikinase inhibitors. However, these outcomes could be due to 
the limited efficacy of multikinase inhibitors in RET-rearranged NSCLC 
patients. Whereas for pralsetinib, according to the clinical phase 1/2 
trial results and the FDA document [13], responses in intracranial le
sions were observed in 4 out of 8 patients including 2 patients with a 
CNS complete response in metastatic RET fusion-positive NSCLC pre
viously treated with platinum chemotherapy patients. Based on our 
data, brain penetration of pralsetinib was actually quite low in wild-type 
mice and this low penetration could be enhanced by up to 32.3-fold due 
to both ABCB1 and ABCG2 deficiency or inhibition. This brain accu
mulation enhancement might perhaps further benefit treatment of the 
NSCLC brain metastasis patients. As also tumors that themselves express 
significant levels of ABCB1 and/or ABCG2 might become relatively drug 
resistant, there could be an added benefit to such an inhibitor approach 
[19,43]. 

Therefore, in order to further investigate the potential benefit of ABC 
efflux transporter inhibition, aiming to obtain higher drug efficacy, 
especially in brain, we tested a potentially clinically realistic schedule to 
largely or completely inhibit both ABCB1a/1b and ABCG2 in the BBB by 
co-administration of the pharmacological inhibitor elacridar. Pre- 
treatment with elacridar increased oral availability of pralsetinib in 
wild-type mice. Moreover, brain distribution of pralsetinib was pro
foundly improved in wild-type mice by elacridar (from 0.026 to 0.51, 
19.6-fold), albeit not to as high a level as seen in vehicle-treated Abcb1a/ 
1b;Abcg2-/- mice (0.83, 31.9-fold). Unexpectedly, brain distribution of 
pralsetinib in Abcb1a/1b;Abcg2-/- mice with elacridar was lower than 
that in Abcb1a/1b;Abcg2-/- mice without elacridar, suggesting that some 
other pralsetinib transport system (perhaps mediating pralsetinib brain 
uptake) might be affected by elacridar. Our findings on elacridar effi
cacy could provide a rationale for enhanced treatment of brain metas
tasis of NSCLC patients by boosting brain penetration of pralsetinib 
using co-administration of an efficacious ABCB1/ABCG2 inhibitor. Of 
note, we previously observed severe CNS toxicity in a brigatinib phar
macokinetic study in Abcb1a/1b;Abcg2-/- or elacridar-treated wild-type 
mice [44]. Although there was no acute toxicity observed in mice in the 
current study, any attempts to enhance pralsetinib overall exposure or 
brain accumulation in patients using ABCB1/ABCG2 inhibitors should 
first be carefully monitored for safety. 

We further found that pralsetinib oral availability in mice was 
somewhat restricted by mouse Cyp3a (1.4-fold), but this increased 
plasma exposure was not rescued by human CYP3A4 expressed in 
Cyp3a-deficient mice. We did not observe any meaningful changes in 
tissue-to-plasma ratios, suggesting that the differences in tissue con
centrations simply reflected the different plasma concentrations among 
the three mouse strains. These results suggest that CYP3A, and especially 
human CYP3A4, may not play a substantial role in the metabolic 
clearance of pralsetinib. It is worth noting that our results seem partly in 
contradiction with the FDA data, which indicate that pralsetinib is pri
marily metabolized by CYP3A4 and to a lesser extent by CYP2D6 and 

Fig. 4. Plasma concentration-time curves (A), semi-log plot of plasma 
concentration-time curves (B) and plasma AUC0–2 h (C) of pralsetinib in male 
wild-type and Abcb1a/1b;Abcg2-/- mice over 2 h after oral administration of 
10 mg/kg pralsetinib with or without co-administration of elacridar. Data are 
given as mean ± S.D. (n = 6). * P < 0.05; ** P < 0.01; *** P < 0.001 compared 
to wild-type mice. Statistical analysis was applied after log-transformation of 
linear data. 
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CYP1A2, in vitro. However, our results suggest that there may be one or 
more other, as yet unidentified, pralsetinib detoxification (elimination) 
systems downregulated when CYP3A4 is reintroduced, which is/are 

responsible for the modest pharmacokinetic changes that we observed 
among the strains. We have previously observed similar compensatory 
phenomena for the metabolism of midazolam by Cyp3a in Cyp3a 

Table 2  
Plasma and organ pharmacokinetic parameters of pralsetinib in male wild-type and Abcb1a/1b;Abcg2-/- mice over 2 h after oral administration of 10 mg/kg pralsetinib 
with or without inhibitor elacridar.  

Parameter Genotype/Groups 

Vehicle Elacridar 

Wild-type Abcb1a/1b;Abcg2-/- Wild-type Abcb1a/1b;Abcg2-/- 

AUC0–2 h, ng/ml*h 8067 ± 1605 11,860 ± 608** 10,119 ± 2299 12,416 ± 1074** 
Fold change AUC0–2 h 1.0 1.5 1.3 1.5 
Cmax, ng/ml 5297 ± 816 7360 ± 256** 6432 ± 1519 8845 ± 773***## 
Tmax, h 1.5 ± 0.55 1.3 ± 0.5 1.8 ± 0.41 1.8 ± 0.41 
Cbrain, ng/g 126 ± 20 5778 ± 722***### 3300 ± 1136*** 4474 ± 517***# 
Fold increase Cbrain 1.0 45.9 26.2 35.5 
Brain-to-plasma ratio 0.026 ± 0.0038 0.83 ± 0.086***### 0.51 ± 0.075*** 0.52 ± 0.063***^^^ 
Fold increase ratio 1.0 31.9 19.6 20.0 
CLiver, ng/g 19,030 ± 1412 23,756 ± 3170* 21,837 ± 4105 25,303 ± 1378** 
Fold increase Cliver 1.0 1.2 1.1 1.3 
Liver-to-plasma ratio 3.9 ± 0.13 3.4 ± 0.30 3.5 ± 0.29 3.0 ± 0.49*** 
Fold change ratio 1.0 0.87 0.90 0.77 
SI + SIC percentage of dose, % 20.2 ± 2.2 7.5 ± 2.7*** 8.4 ± 1.8*** 11.7 ± 1.3***^^ 
Fold change ratio 1.0 0.37 0.42 0.58 
Ctestis, ng/g 348 ± 245 3011 ± 590*** 2511 ± 553*** 3402 ± 559*** 
Fold increase Ctestis 1.0 8.7 7.2 9.8 
Testis-to-plasma ratio 0.069 ± 0.041 0.43 ± 0.083*** 0.39 ± 0.023*** 0.40 ± 0.059*** 
Fold change ratio 1.0 6.2 5.7 5.8 

Data are given as mean ± S.D. (n = 6). AUC0–2 h, area under the plasma concentration-time curve; Cmax, maximum concentration in plasma; Tmax, time point (h) of 
maximum plasma concentration; Cbrain, brain concentration; Cliver, liver concentration; SI, small intestine (tissue); SIC, small intestine contents; Ctestis, testis con
centration; * P < 0.05; ** P < 0.01; *** P < 0.001 compared to vehicle treated wild-type mice; # P < 0.05; ## P < 0.01; ### P < 0.001 compared to elacridar treated 
wild-type mice; ^ P < 0.05; ̂ ^ P < 0.01; ̂ ^^ P < 0.001 compared between vehicle-treated Abcb1a/1b;Abcg2-/- and elacridar-treated Abcb1a/1b;Abcg2-/- mice. Statistical 
analysis was applied after log-transformation of linear data. 

Fig. 5. Brain and testis concentrations (A and C) and tissue-to-plasma ratios (B and D) of pralsetinib in male wild-type and Abcb1a/1b;Abcg2-/- mice over 2 h after 
oral administration of 10 mg/kg pralsetinib with or without co-administration of elacridar. Data are given as mean ± S.D. (n = 6). * P < 0.05; ** P < 0.01; *** 
P < 0.001 compared to wild-type mice; # P < 0.05; ## P < 0.01; ### P < 0.001 compared to elacridar-treated wild-type mice; ̂  P < 0.05; ̂ ^ P < 0.01; ̂ ^^ P < 0.001 
compared between vehicle-treated Abcb1a/1b;Abcg2-/- and elacridar-treated Abcb1a/1b;Abcg2-/- mice. Statistical analysis was applied after log-transformation of 
linear data. 
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knockout mice [45,46]. Nonetheless, the most likely interpretation of 
our data is that CYP3A4 itself is not an important determinant of pral
setinib pharmacokinetics in mice. 

However, according to FDA guidelines, when pralsetinib (200 mg, 
QD) was co-administered with the strong CYP3A inhibitor itraconazole 
(200 mg, QD) in patients, this increased the pralsetinib Cmax by 84% and 
AUC0-INF by 251%. Conversely, co-administration of the CYP3A inducer 
rifampin (600 mg, QD) with pralsetinib (400 mg, QD) decreased the 
pralsetinib Cmax by 30% and the AUC0-INF by 68% in the clinic. Both 
findings would be consistent with a significant role for CYP3A in 
clearing pralsetinib in humans. However, we’d like to emphasize that 
itraconazole can not only inhibit CYP3A, but also ABCB1. Studies have 
shown that many of the clinical drug interactions that occur between 
itraconazole and other drugs are caused by the inhibition of ABCB1 P-gp 
activity, as well as by the inhibition of CYP3A-mediated metabolism 

[47–49]. Moreover, rifampin is also not a completely specific CYP3A 
inducer. It has been shown that rifampin could also induce many other 
CYP enzyme family members, as well as some drug transporter proteins, 
such as intestinal and hepatic P-gp [50,51]. As mentioned above, other 
pralsetinib detoxification systems may exist and considering that pral
setinib is a good substrate of ABCB1, there is a chance that the increased 
pralsetinib exposure by itraconazole is due to the inhibition of ABCB1. 
Furthermore, the decreased pralsetinib exposure by rifampin might be 
due to the induced function of other CYP enzymes and/or ABCB1 in the 
FDA drug-drug interaction studies. 

In summary, ABCG2 and especially ABCB1, but not OATP1A/1B, can 
limit the oral availability and brain penetration of pralsetinib. Further
more, elacridar co-administration could markedly enhance the brain 
accumulation of oral pralsetinib. Additionally, CYP3A may not be the 
primary factor responsible for pralsetinib metabolism and elimination in 
vivo, and some other detoxification systems may mediate the elimination 
of pralsetinib instead. The obtained insights and principles may poten
tially be used to further enhance the therapeutic application and efficacy 
of pralsetinib, especially for treatment of brain metastases in NSCLC 
patients. 
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Fig. 6. Plasma concentration-time curves (A), semi-log plot of plasma 
concentration-time curves (B) and plasma AUC0–8 h (C) of pralsetinib in female 
wild-type, Cyp3a-/- and Cyp3aXAV mice 8 h after oral administration of 10 mg/ 
kg pralsetinib. Data are given as mean ± S.D. (n = 6). * P < 0.05; ** P < 0.01; 
*** P < 0.001 compared to wild-type mice; # P < 0.05; ## P < 0.01; ### 
P < 0.001 compared between Cyp3a-/- and Cyp3aXAV mice. Statistical analysis 
was applied after log-transformation of linear data. 

Table 3 
Plasma and organ pharmacokinetic parameters of pralsetinib in female wild- 
type, Cyp3a-/- and Cyp3aXAV mice over 8 h after oral administration of 
10 mg/kg pralsetinib.  

Parameter Genotype 

Wild-type Cyp3a-/- Cyp3aXAV 

AUC0–8 h, ng/ 
ml*h 

30,427 ± 3975 41,904 ± 2860*** 48,865 ± 4339***# 

Fold change 
AUC0–8 h 

1.0 1.4 1.6 

Cmax, ng/ml 6067 ± 721 7525 ± 517** 8210 ± 816*** 
Tmax, h 1.8 ± 0.41 2.0 ± 1.10 3.7 ± 0.82*# 
Cbrain, ng/g 26.5 ± 10.0 41.5 ± 11.5* 95.6 ± 16.9***### 
Fold change 

Cbrain 

1.0 1.6 3.6 

Brain-to-plasma 
ratio 

0.030 ± 0.0058 0.032 ± 0.0054 0.030 ± 0.0055 

Fold change 
ratio 

1.0 1.1 1.0 

CLiver, ng/g 2796 ± 947 3889 ± 1152 9111 ± 1103***### 
Fold change 

Cliver 

1.0 1.4 3.3 

Liver-to-plasma 
ratio 

3.1 ± 0.28 3.0 ± 0.27 2.8 ± 0.48 

Fold change 
ratio 

1.0 0.97 0.90 

CSI, ng/g 4286 ± 686 6142 ± 1791* 10,244 ± 1798***## 
Fold change CSI 1.0 1.4 2.4 
SI-to-plasma 

ratio 
5.0 ± 0.91 4.8 ± 1.0 3.1 ± 0.22***## 

Fold change 
ratio 

1.0 0.96 0.62 

SIC percentage 
of dose 

3.1 ± 1.3 6.0 ± 1.3** 8.7 ± 2.6*** 

Fold change % 1.0 1.9 2.8 

Data are given as mean ± S.D. (n = 6). AUC0–8 h, area under plasma 
concentration-time curve; Cmax, maximum concentration in plasma; Tmax, time 
point (h) of maximum plasma concentration; Cbrain, brain concentration. Cliver, 
liver concentration; SI, small intestine (tissue); CSI, small intestine tissue con
centration; SIC, small intestine contents; CSIC, small intestine contents concen
tration; * P < 0.05; ** P < 0.01; *** P < 0.001 compared to wild-type mice; # 
P < 0.05; ## P < 0.01; ### P < 0.001 compared between Cyp3a-/- and 
Cyp3aXAV mice. Statistical analysis was applied after log-transformation of 
linear data. 
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