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blood-brain barrier: patient series

*Eric W. Prince, BS," Lindsey M. Hoffman, DO,® Trinka Vijmasi, MD," Kathleen Dorris, MD,® Jennifer A. McWilliams, PhD,?
Kimberly R. Jordan, PhD,® David M. Mirsky, MD,* and Todd C. Hankinson, MD"%¢

Departments of "Neurosurgery, 2Pediatrics, *lmmunology and Microbiology, and “Radiology, University of Colorado School of Medicine and Children’s Hospital Colorado,
Aurora, Colorado; °Division of Hematology/Oncology, Phoenix Children’s Hospital, Phoenix, Arizona; and ®Morgan Adams Foundation Pediatric Brain Tumor Research Program,
Denver, Colorado

BACKGROUND Adamantinomatous craniopharyngioma (ACP) is a highly morbid adult and pediatric brain tumor derived from epithelial remnants of
the craniopharyngeal canal (Rathke’s pouch), which gives rise to the anterior pituitary gland. Standard therapy includes maximal safe resection with or
without radiation therapy. Systemic antitumor therapy remains elusive. Immune-related paracrine signaling involving the interleukin-6 receptor (IL-6R)
may contribute to ACP pathogenesis. Tocilizumab, a recombinant humanized monoclonal antibody against IL-6R, is approved by the US Food and
Drug Administration but does not cross an intact blood-brain barrier.

OBSERVATIONS In a phase 0 trial design, a single dose of tocilizumab was delivered intravenously before clinically indicated surgical intervention in 3
children with ACP. The presence of tocilizumab was assayed in plasma, tumor tissue, tumor cyst fluid, and cerebrospinal fluid (n = 1) using a novel
enzyme-linked immunosorbent assay. Tocilizumab reached ACP tumor tissue and/or cyst fluid after one systemic dose in every patient.

LESSONS This finding helps explain extant data that indicate tocilizumab may contribute to ACP therapy. It further indicates that ACP does not reside

behind an intact blood-brain barrier, dramatically broadening the range of potential antitumor therapies against this tumor. This has substantial
implications for the design of future clinical trials for novel therapies against ACP in both children and adults.

https://thejns.org/doi/abs/10.3171/CASE2150
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Adamantinomatous craniopharyngioma (ACP) is a World Health
Organization grade | tumor derived from epithelial remnants of the
primordial craniopharyngeal canal (Rathke’s pouch), which gives
rise to the anterior pituitary gland. ACP exhibits a bimodal age dis-
tribution, with peak incidences at 5-15 and 45-60 years."? In con-
trast to its benign histological appearance, the manifestations of
ACP are often severe and debilitating, stemming from proximity to
and effect on the optic pathway, pituitary gland, and hypothalamus.
ACP has been associated with the lowest quality-of-life scores of
any pediatric brain tumor.?

As opposed to the situation for papillary craniopharyngioma*
and partially due to an incomplete understanding of the pathobi-

ology of ACP, no systemic chemotherapy has been established
as a viable option. Immune-related paracrine signaling may help
drive ACP pathogenesis. Among the potential contributors to this
process are interleukin (IL)-6 and IL-6 receptor (IL-6R), which
are found in high concentrations in ACP cyst fluid and tumor tis-
sue, respectively.5‘8 Tocilizumab, a recombinant humanized
monoclonal antibody against soluble and membrane-bound IL-
6R, is approved by the US Food and Drug Administration for ju-
venile idiopathic arthritis or chimeric antigen receptor T cell-in-
duced cytokine release syndrome in children older than 2 years
of age. We demonstrated therapeutic potential for tocilizumab
against ACP in a recent report describing 2 patients with refrac-

ABBREVIATIONS ACP = adamantinomatous craniopharyngioma; BBB = blood-brain barrier; C,,.x = maximum concentration; CNS = central nervous system;
CSF = cerebrospinal fluid; ELISA = enzyme-linked immunosorbent assay; IL-6 = interleukin-6; IL-6R = interleukin-6 receptor.

INCLUDE WHEN CITING Published May 10, 2021; DOI: 10.3171/CASE2150.
SUBMITTED January 23, 2021. ACCEPTED February 2, 2021.
*E.W.P. and L.M.H. contributed equally to this work.

© 2021 The authors, CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/).

J Neurosurg Case Lessons | Vol 1 | Issue 19 | May 10, 2021 | 1


https://doi.org/10.3171/CASE2150

Control

Treated

ACP-NoTx-1 ACP-1

1000

750

500

Tissue
ng/mL tociluzimab

250

ACP-2 ACP-3

ACP-NoTx-2

3931

3500

Cyst Fluid
ng/mL tociluzimab

42t ———

90007
80006
70005
60004
50003

40002

30001

20000

Plasma
ng/mL tociluzimab

=10

-

Pre Post

Pre Post Pre Post

FIG. 1. Mean tocilizumab concentration measured in ACP tumor tissue (op), tumor cyst fluid (middle), and plasma (bottom). ACP-1 and ACP-2 received toci-
lizumab 4-6 hours before tissue sampling. ACP-3 received tocilizumab 25 hours before tissue sampling. The boxes represent the 25th to 75th centiles (the
interquartile range [IQR]). The mean is shown as the horizontal line in the box. The vertical lines that extend are 1.5 IQR and 0.5 IQR. Tx = treatment.

tory ACP who exhibited response to tocilizumab with or without
bevacizumab.®

The microvasculature of the central nervous system (CNS), col-
lectively termed the “blood-brain barrier” (BBB), tightly controls the
passage of ions, molecules, and cells into the CNS to maintain
homeostasis within this evolutionarily protected space. Drug pene-
tration across the BBB is impacted by factors such as molecular
size, lipid solubility, and efflux transporters.'® Regarding molecular
size, most publications define an absolute cutoff of 400-600 Da,"
and the largest substance reported to cross the BBB to date is 7.8
kDa."? Though the BBB is believed to be disrupted in some CNS
tumors, many potential therapeutic agents are found at inadequate
concentrations in cerebrospinal fluid (CSF) and brain tumor tissue,
likely secondary to nonuniform BBB disruption and/or factors such
as drug efflux.

Though formal human BBB penetration studies for tocilizumab have
not been reported, its large molecular weight (148 kDa'™) implies that
it should not traverse the BBB. This supposition was supported by
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Nellan et al.," who evaluated the pharmacokinetics and CSF concen-
tration of tocilizumab after intravenous, intrathecal, and intranasal deliv-
ery in nonhuman primates. The authors found that only intraventricular
delivery achieved therapeutic CSF concentrations. After intravenous ad-
ministration, the maximum concentration (C.,s) in the CSF was 0.097
pg/mL at 24-72 hours after drug administration. After a single intraven-
ous dose of tocilizumab, plasma levels increased at 2-8 hours, but
CSF levels did not begin to rise until after 8 hours, peaking at 24—48
hour3s. The CSF/plasma ratio of the Cpa Of tocilizumab was 0.415 x
107",

We hypothesized that ACP is associated with impaired BBB pro-
tection. This may result from the tumor’s origin from precursors of
the anterior pituitary gland, which functionally resides outside the
BBB, presumably to facilitate secretion of hormones into the sys-
temic circulation. The clinical relevance of this hypothesis relates to
maximizing the pool of potential antitumor agents for investigation
against ACP. Evidence that ACP does not dwell behind an intact
BBB can facilitate the progress of agents that show promise in the
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FIG. 2. Tocilizumab concentration measured in CSF of patient ACP-3,
who received tocilizumab 25 hours before tissue sampling.

preclinical setting toward clinical trials. Large molecules, including
monoclonal antibodies such as tocilizumab, will not be unnecessar-
ily excluded from further investigation due to concerns for failure to
cross the BBB. Such evidence could significantly broaden the pool
of potential antitumor treatments for patients with ACP.

Study Description

Three children were enrolled in a phase 0 clinical trial
(NCT03970226). After parents/caregivers provided informed con-
sent, each patient received a single dose of intravenous tocilizumab
infused in normal saline through a dedicated intravenous line before
scheduled craniotomy for ACP resection. Two patients (ACP-1 and
ACP-2) received the infusion 4-6 hours before tissue sampling,
while the third (ACP-3) received the infusion 25 hours before tissue
sampling. Free and bound tocilizumab were measured using an en-
zyme-linked immunosorbent assay (ELISA).™ Peripheral blood was
drawn within 15 minutes before study drug administration and at
the time of tumor tissue biopsy.

Tocilizumab was detected in ACP tumor tissue, cyst fluid, or
CSF in each patient and in both tumor and cyst fluid in 2 of 3 pa-
tients (Fig. 1). CSF was sampled in only 1 patient (ACP-3), and to-
cilizumab was detected. The CSF Cpa/plasma Cyay ratio for
tocilizumab in this patient was 0.172 (Fig. 2).

Discussion

Observations

The identification of tocilizumab at detectable levels in CSF, cyst
fluid, and tumor tissue after a single dose supports the proposition
that systemically administered biologically promising therapeutic
agents, such as tocilizumab or other large molecules, merits careful
investigation in clinical trials for patients with ACP. While CSF was
sampled in only a single patient, the CSF C./plasma C,,.x ratio
for tocilizumab was approximately 400 times higher than that

identified by Nellan et al. in nonhuman primates with an intact
BBB.™ It is notable, however, that the tocilizumab levels detected
varied by both compartment and patient. Furthermore, tocilizumab
saturates the IL-6R at a concentration of 0.1 ug/mL, with complete
inhibition at 4 pg/mL."® These levels were variably achieved in the
specimens assayed in this study. These data, when combined with
the clinical responses to tocilizumab that we previously reported,®
bolster the supposition that repeat dosing may produce higher ef-
fective drug concentrations. In addition, recent gene expression
data indicate that therapeutic targets identified in pediatric ACP
may also have relevance in adult ACP."® Thus, further investiga-
tions with larger patient numbers and additional agents are merited.

Lessons

This small phase 0 study demonstrates compelling evidence that
the humanized monoclonal antibody tocilizumab effectively reaches
ACP tumor and cyst fluid after systemic delivery. This finding sup-
ports existing data that indicate tocilizumab may have a role in sys-
temic therapy against ACP. Furthermore, these findings imply that
the BBB associated with ACP is compromised relative to other re-
gions of the CNS. This has substantial implications for the design
of clinical trials for novel therapies against ACP in both children and
adults because agents that might have otherwise been discarded
due to poor BBB penetration may now merit consideration. Initial
clinical trials leveraging this information are underway.
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