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Abstract
Introduction: Pralsetinib is used to treat metastatic RET fusion-positive non-small cell lung cancer.
Preclinical studies of pralsetinib have shown blood-brain barrier (BBB) penetration and intracranial
activity. The intracranial efficacy of pralsetinib in patients with brain metastasis is considered to be
greater compared to older multikinase tyrosine kinase inhibitors. However, CSF concentrations of
pralsetinib in patients are not well described in the literature. Case Presentation:We report a case of
a patient with RET fusion-positive NSCLC treated with pralsetinib. Despite extracranial clinical and
radiological remission, the patient developed progressive brain metastasis during treatment with
pralsetinib. We measured the pralsetinib concentration in plasma and in CSF to determine the CSF-
to-unboundplasma ratio. Themeasuredpralsetinib concentrations in plasmaandCSFwere 1,951ng/
mL (~57 unbound) and 14 ng/mL, respectively, reflecting a CSF-to-unbound plasma concentration
ratio of 0.25. Our findings were compared with data from the literature. Conclusion:We showed that
pralsetinib penetrates theCSFwell and is expected tobe an effective treatment for brainmetastasis of
RET fusion-positive NSCLC. Lack of intracranial efficacy is more likely to be caused by intrinsic or
acquired tumor resistance instead of suboptimal exposure of pralsetinib in the brain.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Over the past decade, many drugs have been developed for non-small cell lung cancer
(NSCLC) that specifically target oncogenic drivers including EGFR, ALK, ROS1, KRAS, BRAF,
MET, HER2, NTRK, and RET [1]. Rearranged during transfection (RET) fusion-positive lung
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adenocarcinoma occurs in 1–2% of lung cancer patients [2]. Besides lung adenocarcinoma,
RET fusions are observed most commonly in patients with thyroid papillary carcinoma and
salivary gland carcinoma and with a lower prevalence in other solid tumors [3, 4]. Based on
the phase 1/2 ARROW trial, the RET inhibitor pralsetinib (Graveto®) has been granted
approval by the FDA and EMA to treat RET-fusion positive non-small cell lung cancer (NSCLC)
[5]. Brain metastases are highly prevalent in patients with advanced NSCLC with an increased
incidence in patients with targetable mutations [6, 7]. In patients with RET-rearranged lung
cancer, 25% of patients have CNS involvement at diagnosis, with a lifetime prevalence of 46%
[8]. Brain metastasis can cause a variety of symptoms, including headache, cognitive dys-
function, focal neurological deficits, strokes, and seizures. In the past local radiotherapy of
brain metastasis was the cornerstone of treatment. According to the guidelines from
American Society of Clinical Oncology, systemic treatment with targeted therapies may be
favored over local therapies in patients with asymptomatic brain metastasis from oncogene-
driven NSCLC [9]. For patients with RET-positive advanced NSCLC and brain metastasis,
pralsetinib is considered an effective therapy based on a small group of patients that were
treated with this drug. In order to yield intracranial activity, pralsetinib must cross the blood-
brain barrier (BBB). Data regarding brain exposure of pralsetinib in patients are lacking. We
herein report a case of a patient with advanced RET-positive NSCLC who experienced in-
tracranial progression despite treatment with pralsetinib. Pralsetinib concentrations in both
plasma and cerebrospinal fluid (CSF) were measured to assess the penetration in CSF. Finally,
we compared our results with earlier findings of pralsetinib exposure in CSF and with sparse
data regarding another RET inhibitor, selpercatinib (Retevmo®). The CARE Checklist has been
completed by the authors and attached as online supplementarymaterial (for all online suppl.
material, see https://doi.org/10.1159/000535172).

Case Report

A 55-year-old woman presented with NSCLC adenocarcinoma with malignant pleural
effusion. Next-generation sequencing of circulating tumor DNA revealed an EGFR exon 19
deletion and EGFR-targeted treatment was initiated. The patient was treatedwith gefitinib for
a period of 7 months until progression (maximal response: stable disease). At that point,
disease had advanced with multiple bone metastases and diagnostic suspicion of lym-
phangitic carcinomatosis. The patient suffered from severe invalidating dyspnea and in-
creasing pain. The patient started treatment with pembrolizumab, pemetrexed and carbo-
platin, which resulted in partial remission. One year after the start of immunochemotherapy,
the patient suffered from minor headaches. Magnetic resonance imaging (MRI) of the brain
revealed a solitary brain metastasis and a second enhancing lesion, located in the left frontal
lobe. Both lesions were treated with stereotactic radiosurgery under continuation of im-
munochemotherapy. Twenty-two months after the start of immunochemotherapy, new
metastases were detected in the left adrenal gland together with two para-uterine lesions and
chemoimmunotherapy was discontinued. Needle biopsy of the adnex confirmed a metastasis
of NCSLC. Molecular screening revealed a KIF5B-RET gene rearrangement. The patient was
treated with pralsetinib as part of a preapproval access program. Ten days after the initiation
of treatment with pralsetinib (400 mg QD), the patient developed facial edema, muscle
weakness, thrombocytopenia, neutropenia, and epistaxis requiring temporary cessation of
the drug. These adverse events disappeared after a drug holiday of 10 days whereafter
pralsetinib was restarted at a reduced dose of 300 mg QD. One week after restart, the patient
underwent a neurological examination since she suffered from numbness in left arm and right
leg and left-sided trochlear nerve palsy resulting in diplopia, which was suspicious for
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leptomeningeal metastases. A brain MRI, 7 weeks after initial start of pralsetinib, showed
favorable radiological response with a partial remission according to RECIST. Four months
later, pralsetinib was again temporarily discontinued, now because of a polyneuropathy grade
2. Although the neuropathy was asymmetric, suggesting that a relationship with pralsetinib
was less likely, the dose was reduced to 200 mg QD.

A follow-up showed ongoing extracerebral remission, but the tumor markers CEA and CA-
125 increased over time and the patient suffered from increasing neurological complaints,
including progressive muscle weakness in the left arm, C7-8, L4-5, and S1 radiculopathy and
left-sided peripheral facial nerve palsy. Brain MRI revealed leptomeningeal metastases and the
patient was treated with whole-brain radiotherapy and the pralsetinib dose was increased to
300 mg QD. Since the patient showed active leptomeningeal progression in the presence of full
extracranial disease control, a lumbar puncture and venipuncturewere performed to determine
pralsetinib concentrations in CSF and plasma. Due to low quantity and quality of tumor DNA in
the CSF sample, molecular analysis to detect potential acquired resistance mechanisms was
deemed futile. Pralsetinib trough (predose) concentrations in plasma and CSF under steady-
state conditions with a dose of 300 mg QD were 1,951 ng/mL and 14 ng/mL, respectively. Our
findings were compared with data from the literature (Table 1) and exposure in CSF was
deemed sufficient. Unfortunately, the patient died 11 months after initiation of treatment with
pralsetinib. A timeline summarizing the main events of this case report is shown in Figure 1.

Discussion

In this case report, we present a patient with RET fusion-positive lung adenocarcinoma
who showed active leptomeningeal progression in the presence of full extracranial disease
control during treatment with pralsetinib. Pralsetinib concentrations were determined in
both CSF and plasma using a validated LC-MS/MS assay [11]. The CSF-to-unbound plasma
concentration ratio was 0.25. Pralsetinib target concentrations in plasma and CSF are un-
known. According to the manufacturer, a plasma concentration of 1,514 ng/mL is required to
achieve brain IC90 of pralsetinib for RET inhibition [12, 13].

The plasma concentration (1,951 ng/mL) at the dose of 300 mg QD in our patient exceeded
the population geometric mean [range] steady-state trough plasma concentration at 400 mg QD
of 1,150 [179–4,280] ng/mL, indicating adequate systemic exposure [12, 13]. Plasma protein
binding of pralsetinib is 97.1% and is concentration independent. The trough plasma con-
centration of 1,951 ng/mL in our patient corresponds with an unbound pralsetinib concen-
tration of 57 ng/mL. The degree of protein binding varies between plasma and CSF [14]. CSF is
often regarded as a body fluidwith a very low amount of drug-binding proteins and therefore the
vast majority of drug in CSF is considered to be present as unbound drug. If this is the case for
pralsetinib, the unbound CSF-to-unbound plasma concentration ratio in our patient is ~0.25. The
half-maximal inhibitory concentration (IC50) values for wild-type RET, kinase-activated RET
mutations and fusions are reported to be <0.27 ng/mL. Unbound pralsetinib concentrations in
both plasma and CSF outweigh this concentration. However, CSF drug concentration does not
necessarily represent the unbound drug concentration at the target site in tumor tissue [15].

The CSF/plasma unbound ratio of 0.25 is comparable to other TKIs that are considered
brain-penetrable drugs and show high intracranial response rates, like alectinib, lorlatinib, and
osimertinib with CSF/plasma unbound ratios of 0.86, 0.75, and 0.21, respectively [10, 16, 17].
However, TKIs with low efficacy in brain metastasis, as is the case for gefitinib, erlotinib and
crizotinib, show lower CSF/plasma ratios of <0.01 [18–20]. Brain capillary endothelial cells of
the BBB express large amounts of P-glycoprotein and breast cancer resistance protein. These
efflux transporters limit CNS exposure of drugs that are substrates for these transporters,
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causing reduced therapeutic efficacy against brain metastasis. In animal research it has been
demonstrated that pralsetinib is a substrate of breast cancer resistance protein and especially
P-glycoprotein, which can potentially limit penetration in the brain. It has been demonstrated
that inhibition of these transporters with elacridar causes a 20-fold increase in brain pene-
tration [21]. Comparable data has been published for the RET-inhibitor selpercatinib [22].

Both pralsetinib and selpercatinib are considered highly active in the treatment of brain
metastasis based on reported intracranial objective response rates of 70% (95% CI: 35–93)
and 82% (95% CI: 60–95), respectively. These objective response rates are based on 10
patients treated with pralsetinib and 22 patients treated with selpercatinib who had mea-
surable intracranial metastases at baseline [23, 24]. Clinical data regarding selpercatinib
concentrations in CSF are lacking. Preclinical data in mice demonstrate a brain-to-plasma
ratio ranging from 0.03 to 0.07 [25]. For pralsetinib, the unbound brain-to-plasma ratio was
~0.14 in rats [12, 13]. Although a direct comparison of these ratios between different studies
and species might be unreliable, the ratios seem more or less comparable. With an equal
plasma protein binding in humans of 97.1% for pralsetinib and 96.1% for selpercatinib, it is

Table 1. Pralsetinib concentrations in CSF and plasma in humans

Zhao et al. [10] EMA public assessment report/FDA
multidiscipline review [8, 9]

Our case

Dose, mg QD 400 400 300

Plasma, ng/mL

Ctrough 48,7231 1,150 1,951

Cmax 2,830

Unbound plasma,2 ng/mL

Ctrough 1,4131 33 57

Cmax 82

CSF, ng/mL 376 N/A 14

CSF/plasma ratio 0.008 N/A 0.007

CSF/unbound plasma ratio 0.266 N/A 0.246

1Sampling time not specified.
2Calculated using a plasma protein binding of 97.1% [8].

Fig. 1. Horizontal timeline representing main events from initial diagnosis. Pembrolizumab plus PC was
administered every 21 days for up to 4 cycles in combination with carboplatin and then followed by
maintenance therapy of pembrolizumab and pemetrexed every 21 days. CSF, cerebrospinal fluid; PC, pe-
metrexed and carboplatin; SRS, stereotactic radiosurgery; WBRT, whole-brain radiotherapy.
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speculated that the CSF-to-(unbound) plasma ratio would be comparable for both drugs
[13, 25]. However, future efforts to study CSF pharmacokinetics of both drugs would be of
importance to provide more insight in CNS penetration.

In a previously published case report, a patient demonstrated clinical and radiological
response with subsequent use of selpercatinib after CNS progression under pralsetinib [26].
In our case, the patient was not treated with subsequent selpercatinib. Zhao et al. [10] re-
ported pralsetinib concentrations in plasma and CSF of 48,723 ng/mL (91 μM) and 376 ng/mL
(704 nM), respectively. These concentrations are ~25 fold higher compared to our findings
and registration data [12, 13]. Although the sampling timepoint was not specified by Zhao
et al. [10], this huge difference cannot be explained by the higher dose of 400 mg QD and a
possible difference between trough and peak sampling. However, the CSF-to-unbound plasma
concentration ratio was comparable in both patients (0.27 vs. 0.25).

Treatment of metastatic brain lesions in NSCLC remains challenging. Due to CNS ex-
clusion criteria in the majority of NSCLC clinical trials, the actual CNS activity of new agents is
often not fully established upon marketing approval [27]. Nevertheless, much effort is being
undertaken to develop new agents with optimal CNS activity. Intentional structure-delivery
efforts are being made in drug development, designing new agents with low affinity for drug
transporters, and enhanced intrinsic BBB permeability. In addition to brain drug delivery,
another key issue in the treatment of brain metastases is the difference in tumor micro-
environment and gene expression profiles between brain and peripheral lesions [28]. This
further complicates the treatment of brain metastases. However, with increasing knowledge
of optimal brain delivery and the oncogenic footprints of brain metastases, it can be expected
that the number of agents with CNS activity will rapidly increase in the upcoming years,
hopefully resulting in better treatment options for cancer patients with CNS involvement.

Conclusion

Our findings demonstrate that pralsetinib crosses the BBB resulting in sufficient pen-
etration in CSF to effectively treat brain metastasis of RET fusion-positive NSCLC. The lack of
intracranial efficacy in our patient is therefore more likely to be caused by intrinsic or ac-
quired tumor resistance instead of suboptimal exposure of pralsetinib in the brain.
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