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Diffuse intrinsic pontine glioma (DIPG) accounts 
for 75%–80% of childhood brainstem tumors.2 It 
typically arises in the pons, affects 3- to 10-year-

old children, infiltrates and diffusely expands the pons, 
and causes progressive symptoms prompting medical at-
tention within days to weeks. Patients may present with 

bilateral cranial nerve deficits, long tract signs, and gait 
difficulties. Characteristic MRI features include diffuse 
brainstem enlargement, hypointense or isointense signal 
on T1-weighted images, and hyperintense signal on T2-
weighted images.1 DIPG may not enhance at diagnosis, 
and enhancement patterns vary. Reduced H2K27me3 ex-
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OBJECTIVE In this clinical trial report, the authors analyze safety and infusion distribution of IL13-Pseudomonas exo-
toxin, an antitumor chimeric molecule, administered via intratumoral convection enhanced delivery (CED) in pediatric 
patients with diffuse intrinsic pontine glioma (DIPG).
METHODS This was a Phase I single-institution, open-label, dose-escalation, safety and tolerability study of IL13-
PE38QQR infused via single-catheter CED into 5 pediatric DIPG patients. IL13-PE38QQR was administered to regions 
of tumor selected by radiographic findings. Two escalating dose levels were evaluated: 0.125 µg/mL in cohort 1 and 0.25 
µg/mL in cohort 2. Real-time MRI was performed during intratumoral infusions, and MRI and MR spectroscopy were 
performed before and after the infusions. Clinical evaluations, including parent-reported quality of life (QOL), were as-
sessed at baseline and 4 weeks post-infusion.
RESULTS Direct infusion of brainstem tumor with IL13-PE using the CED technique in patients with DIPG produced 
temporary arrest of disease progression in 2 of 5 patients, both of whom subsequently received a second infusion. All 
5 patients showed signs of disease progression by 12 weeks after initial infusion. Two patients experienced transient 
cranial nerve deficits and lethargy after infusion, and these deficits resolved with corticosteroid treatment in both cases. 
No patient had radiographic evidence of acute or long-term treatment toxicity. Parent-reported QOL was consistent with 
medical outcomes.
CONCLUSIONS Even though IL13-PE delivered by CED did not reach the entire MRI-defined tumor volume in any 
patient, short-term radiographic antitumor effects were observed in 2 of the 5 patients treated. The patients’ performance 
status did not improve. Drug delivery using multiple catheters may produce improved outcomes.
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pression increases hypomethylation and promotes tumori-
genesis.26 DIPG may have ACVR1 mutation and amplifi-
cation of G1 checkpoint regulators.2,26

A 54- to 59-Gy radiotherapy dose is the only currently 
available treatment that improves clinical status and re-
duces DIPG size,2 but these effects are temporary and tu-
mors progress within 3–6 months.27 The central brainstem 
location and infiltrative nature of DIPG precludes safe 
resection.31 Tumor resistance and poor blood-brain bar-
rier drug permeability frustrate chemotherapy for DIPG.19 
The median survival for children with DIPG is less than 
1 year, and the 5-year survival rate is below 5%. DIPG 
causes most pediatric brain tumor–related deaths.5

Agents with better drug delivery to the tumor, greater 
antitumor activity, and less toxicity may improve DIPG 
treatment outcomes.8 The clinical trial described used 
convection-enhanced delivery (CED) to distribute the in-
vestigational agent intratumorally into DIPGs. In small 
and large animal models, CED delivered agents safely and 
homogeneously into DIPG-size volumes without systemic 
toxicity.4

IL13-PE38QQR is a recombinant cytotoxic chimera of 
human interleukin 13 (IL-13) and the enzymatically ac-
tive portion of Pseudomonas exotoxin A that effectively 
targeted glioma cell lines in preclinical studies. Most gli-
oma cell lines and malignant glioma explants overexpress 
tumor-specific IL-13 (interleukin-4 [IL-4]-independent) 
receptor (IL13R), making it a viable therapeutic target.4–6 
Tumor cells expressing the IL-13 receptor when exposed 
to IL13-PE38QQR bind the IL-13 component and inter-
nalize the Pseudomonas exotoxin component, which pre-
vents adenosine diphosphate (ADP) ribosylation of elon-
gation factor 2, inhibits protein synthesis, and leads to 
apoptotic cell death.15

Preclinical and early clinical studies of IL13-Pseudo-
monas exotoxin demonstrated antitumor activity and a 
favorable risk-benefit profile for high-grade gliomas.13,18 
However, IL13-PE had survival benefit similar to po-
lifeprosan-carmustine wafers (Gliadel, Arbor Pharmaceu-
ticals, LLC) in a Phase III randomized trial for recurrent 
glioblastoma.20 In this Phase I clinical trial report, we dis-
cuss the safety of IL13-PE38QQR administered intratu-
morally via CED in children with DIPG. 

Methods
Design

This was a Phase I single-institution, open-label, dose-
escalation, safety and tolerability, pediatric study of IL13-
PE38QQR infused into DIPG via CED. A surrogate 
marker of IL13-PE38QQR distribution, Gd-DTPA, was 
co-infused. The initial 0.125 μg/mL concentration of IL13-
PE38QQR was well below the maximum intraparenchy-
mal concentration of 0.5 μg/mL tolerated in supratento-
rial recurrent malignant glioma and 2 orders of magnitude 
above the IC50 of most glioma cell lines.6,21 Escalating dose 
levels were evaluated: 0.125 μg/mL in cohort 1 and 0.25 
μg/mL in cohort 2. Vehicle control was not used because, 
unlike IL13-PE infusion, it did not offer the prospect of 
direct benefit to participants.25 

The study was conducted under NIH protocol 09-N-

0117, registered at clinicaltrials.gov (NCT00880061), and 
approved by the Combined Neurosciences Institutional 
Review Board. Informed consent was obtained from both 
legal guardians and assent from patients.

Study Population and Treatment
All enrolled patients satisfied inclusion criteria, includ-

ing: 1) age < 18 years, 2) clinical and radiological evi-
dence of progressive DIPG, 3) > 2 weeks after their last 
chemotherapy dose or neurosurgical procedure, and 4) > 
4 weeks from last dose of radiation. With respect to this 
last criterion, the time since the last dose of radiation was 
27, 24, 37, 74, and 42 weeks, respectively, for patients 1, 2, 
3, 4, and 5. Baseline physical and neurological examina-
tions detected neurological deficits and assessed capacity 
to undergo the planned surgical procedure. Five consecu-
tive pediatric patients with progressive DIPG, defined as 
interval increase in tumor size on MRI and/or interval de-
velopment of additional neurological signs of brainstem 
involvement, after prior standard DIPG radiotherapy were 
enrolled. Two additional patients failed screening. The en-
rolled patients (2 girls, 3 boys; mean age at initial infusion 
13 ± 5 years, range 5–17 years) underwent 7 intratumoral 
infusions. Patients 1, 2, and 3 received the 0.125 μg/mL 
study drug concentration, and patient 3 received a second 
infusion of the same dose 4 weeks later. Patients 4 and 5 
received the 0.25 μg/mL drug concentration, with patient 
5 receiving a second infusion of that dose 4 weeks later.

Clinical Safety and Outcome Measures
Clinical functioning was evaluated at baseline (within 

72 hours of enrollment) and at 4-week intervals after in-
fusion, including 1) disease signs and symptoms, 2) cor-
ticosteroid dose, 3) Lansky Performance Status (LPS) 
or Karnofsky Performance Status (KPS) scores, and 4) 
health-related quality of life (QOL), using the 43-item 
Impact of Pediatric Illness (IPI) Parent Report Form.32,33 
The IPI questionnaire uses a 5-point Likert-type scale (1 
= “not at all,” 5 = “a lot”) to score 4 subscales (adaptive 
behavior, emotional functioning, medical/physical status, 
and cognitive problems) and provide a total score on a 
0–100 scale. Higher scores indicate better QOL. Adverse 
and serious adverse events were recorded after infusion.

Anatomical MRI and MR Spectroscopy
Patients underwent preoperative MRI including: T1 

(with and without contrast), T2, FLAIR, short- and long-
echo spectroscopy, and sometimes perfusion studies. Re-
search MRI and MR spectroscopy (MRS) were repeated 
1 week, 4 weeks, and then every 4 weeks after surgery. A 
neuroradiologist recorded tumor size, edema, hemorrhage, 
and contrast enhancement. Tumor margins were outlined 
on T2-weighted images, and tumor volume was calculated 
using Cavalieri’s estimator.7 A neuroradiologist compared 
pre-infusion to post-infusion MRI and recorded change 
in tumor size, edema, hemorrhage, contrast enhancement, 
and intratumoral spectroscopic pattern.

Preparation of IL13-PE38QQR and Gd-DTPA Infusate
IL13-PE38QQR solution (InSys Therapeutics, Inc.) was 
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thawed and diluted with 0.9% normal saline containing 
0.2% human serum albumin; then Gd-DTPA solution (469 
mg/mL) (Magnevist, Bayer Healthcare Pharmaceuticals, 
Inc.) was added to achieve a final Gd-DTPA concentration 
of 1 mM (patient 1 only) or 5 mM (patients 2–5) and a 
0.125 μg/mL concentration of IL13-PE in patients 1–3 (n = 
3) and 0.25 μg/mL in patients 4 and 5 (n = 2). Trial enroll-
ment concluded after the fifth patient because the manu-
facturer could not provide additional IL13-PE38QQR.

Anesthesia and Monitoring
General anesthesia and vital sign monitoring continued 

from initial intraoperative MRI scan until incision closure. 
Intravenous dexamethasone or methylprednisolone was 
given intra- and perioperatively.

Frameless Stereotactic Surgical Approach
Patients 1 and 2 underwent volumetric MRI scans the 

day before surgery that were uploaded to the surgical 
navigation system (StealthStation, Medtronic, Inc.). The 
navigation system registered surgical head position to the 
MRI. A right coronal burr hole was placed and the dura 
was opened. The Navigus catheter guide (Medtronic, Inc.) 
was aimed on a trajectory passing from the right coronal 
burr hole to a central DIPG target without breaching ven-
tricles or blood vessels. A cannula (for patient 1, Vygon; 
for patient 2, NexGen Medical Systems, Inc.) was inserted 
through the catheter guide until its tip rested centrally in 
the DIPG. Intraoperative MRI (Achieva 1.5-T, Philips) 
confirmed appropriate cannula position before the cannu-
la was connected to investigational agent in primed infu-
sion tubing and a syringe. The syringe was loaded into an 
infusion pump (Medfusion 3500, Smiths Medical).

Intraoperative MRI–Guided Stereotactic Approach
The ClearPoint navigation system and SmartFlow can-

nula (MRI Interventions, Inc.) were used in patients 3, 4, 
and 5. General anesthesia was induced, the patient’s head 
was fixed in an MRI-compatible head clamp (Integra Life-
Sciences Corp.), and surface coils were placed. An adher-
ent localizing grid (MRI Interventions, Inc.) was placed 
on the right frontal scalp, an MRI scan obtained, and a 
skull entry point and surgical trajectory were devised that 
avoided ventricles, subarachnoid space, and blood vessels 
and placed the catheter tip centrally in the DIPG. The 
scalp was incised, right coronal burr hole placed, and dura 
opened. The ClearPoint cannula guide was adjusted using 
intraoperative MRI to direct the cannula into the tumor 
target. The SmartFlow cannula was inserted to the target, 
which was confirmed by MRI before infusion was initi-
ated. The cannula was connected through primed tubing 
to a syringe in an infusion pump (Medfusion 3500, Me-
dex, Inc.).

Infusate Delivery
Convective co-infusion of Gd-DTPA and IL13-PE 

started at 0.5 μL/minute and increased at 0.5 μL/minute 
increments every 10 minutes until reaching a maximum 
rate of 5 μL/minute in patients 1 and 2, or 10 μL/minute 
in patients 3, 4, and 5. Infusion progress was monitored 

by serial T1-weighted intraoperative MRI until infusion 
completion. The infusion rate was reduced if significant 
backflow along the catheter was observed. The infusion 
continued until the study agent (GD-DTPA signal) was 
distributed throughout the entire tumor, but no longer than 
13 hours. The total volume of infusion (Vi) was recorded 
at infusion completion. The cannula was removed outside 
the MRI machine, and the incision was closed with su-
tures.

Optional Second Infusion
A second infusion was offered to those who tolerated 

the procedure well (no grade 3 dose-limiting toxicity re-
lated to the study agent or CED) and had improvement in 
neurological symptoms or performance score (KPS if ≥ 
16 years; LPS if < 16 years) or stable or decreased steroid 
doses. The second infusion followed at least 4 weeks after 
the first, using the same method.

Post-Infusion Clinical Monitoring
After the procedure, the patients stayed overnight in 

the ICU before being transferred to an inpatient pediatric 
nursing unit, where they remained until discharge.

Distribution of Infusate to Tumor Tissue
The volume of distribution (Vd) was calculated using a 

connected thresholding technique for growing a region of 
interest on T1-weighted MR images (OsiriX, Pixmeo).32 
A seed voxel was placed in the maximum intensity area 
around the catheter tip and grown using a specified thresh-
old to include the entire infused Vd.

Statistical Analysis
An unpaired Student t-test was used for comparisons, 

and p values < 0.05 were considered statistically signifi-
cant.

Results
Distribution of Infusate to Tumor Tissue

The Gd-DTPA surrogate tracer (1 mM and 5 mM) was 
clearly identified within the perfused region on T1-weight-
ed MRI during infusion. The 1-mM Gd-DTPA concen-
tration resulted in a lower Vd/Vi ratio (1.6) than 5-mM 
Gd-DTPA (2.8 ± 1.1; p = 0.04, 95% CI 0.046–2.351). The 
volumes infused and durations were, respectively, 2.8 mL 
and 10.1 hours (patient 1), 2.3 mL and 8.5 hours (patient 
2), 2.7 mL and 7.3 hours (patient 3, first infusion), 2.9 mL 
and 6.5 hours (patient 3, second infusion), 1.1 mL and 3.3 
hours (patient 4), 2.7 mL and 6.3 hours (patient 5, first in-
fusion), and 2.8 mL and 6.2 hours (patient 5, second infu-
sion).

Infusion contrast first appeared around the cannula tip 
on MRI. The cannula tip position was adjusted to improve 
infusate delivery to tumor tissue. For example, after 100 
minutes of patient 5’s first infusion, MRI detected infusate 
pooling around the catheter tip, prompting retraction of 
the infusion catheter 18 mm in 3- to 5-mm increments un-
til contrast-containing infusion solution entered surround-
ing tumor by CED. Real-time MRI documented increas-
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ing Vd thereafter. Patient 5 underwent a second infusion 
4 weeks later, and after 125 minutes of infusion MRI de-
tected retrograde filling in an old catheter tract (Fig. 1A 
and B). Inserting the infusion catheter 10 mm deeper into 
the tumor stopped infusate reflux.

Adverse Events
Five serious adverse events occurred: elevated serum 

creatine kinase (n = 2), renal calculi (n = 1), somnolence 
(n = 1), and suspected aspiration prompting hospitalization 
(n = 1). All serious adverse events resolved. There were 
54 nonserious adverse events. Increasing weakness, cra-
nial nerve dysfunction, dysarthria, and dysphagia occurred 
in the week after the procedure. Fifteen events remained 
unresolved 4 weeks after treatment (Table 1). No adverse 
event was a dose-limiting toxicity, defined as any grade 3 
or greater toxicity probably or definitely-related to study 
drug. All patients died from DIPG, surviving 4.7–35.6 
weeks after their first (or only) infusion of IL13-PE and 
36.3–88.9 weeks after initial DIPG diagnosis (Table 2).

Outcome Measures
Patient 1

Hospital Course. A 10-cm2 area of erythema was de-
tected on the left buttock the day after infusion. Associ-
ated rhabdomyolysis and elevated creatine kinase resolved 
with IV hydration. The patient developed decreased re-
sponsiveness, increased drooling, and unequal and poorly 
reactive pupils after discontinuing methylprednisolone the 
following day. Repeat head CT was stable. Symptoms re-

solved after a 4-mg dose of dexamethasone. A new right 
cranial nerve (CN) VI palsy, left CN VII palsy, left-sid-
ed weakness, and worsening dysarthria resolved by dis-
charge 8 days after surgery with continuing corticosteroid 
therapy.

Quality of Life. Scores on all 4 subscales decreased 
between baseline and 4-week post-infusion assessments, 
indicating reduced QOL post-infusion. The patient’s score 
on the Adaptive Behavior subscale dropped from 72.7 at 
baseline to 56.8 4 weeks later based on self-care skill and 
motor function declines. The score on the Psychological 
Functioning subscale dropped from 70.5 to 56.8 because 
of less enjoyment of activities and more irritability. The 
score on the Medical/Physical Status subscale dropped 
from 75 to 61.5 due to daytime fatigue and increased pain. 
The score on the CNS Problems subscale decreased from 
91.7 to 83.3 (Table 3) because of increased need for special 
educational services.

Anatomical MRI and MRS. Tumor volume and en-
hancement were unchanged on the 1-week post-infusion 
MRI. The left dorsolateral pons contained a microhemor-
rhage at the infusion catheter placement site. The tumor 
volume remained stable 4 weeks post-infusion, but the en-
hancing component enlarged slightly and had somewhat 
increased perfusion. At 8 weeks post-infusion, the tumor 
volume was still stable, but its enhancing component con-
tinued to enlarge and increase in perfusion. The 12-week 
postoperative MRI demonstrated subtle increase in tumor 
size, increased central enhancement, and fourth ventricle 
impingement. The blood volume increased within the 
enhancing mass on perfusion imaging. The patient with-
drew from the study, enrolled in another study, and died 
12 weeks later.

Pre-infusion MRS showed reduced concentration of n-
acetyl aspartate (NAA). MRS performed 2 days, 8 weeks, 
and 12 weeks post-infusion demonstrated marked eleva-
tion of choline and reduction of NAA.

Patient 2
Hospital Course. The day after surgery, the patient had 

a left CN V palsy, worsening right-sided weakness, and 
new left-sided weakness. These deficits resolved by dis-
charge 6 days after infusion.

Quality of Life. The patient did not have complete QOL 
data for either time point.

Anatomical MRI and MRS. The 1-week postoperative 
MRI demonstrated stable lesion size and new hemosid-

TABLE 1. Cumulative adverse events: severity and causality

Maximum  
Severity

Any Relationship  
(n = 54)

Attribution to Study Procedure  
(n = 21)

Attribution to Study Drug  
(n = 16)

Unrelated to Study  
(n = 17)

Resolved 
(n = 39)

Unresolved 
(n = 15)

Grade 1 29 (54%) 13 8 8 27 2
Grade 2 23 (43%) 8 8 7 11 12
Grade 3 2 (3%) 0 0 2 1 1
Grade 4 0 0 0 0 0 0
Grade 5* 0 0 0 0 0 0

* All patients ultimately died from progression of the underlying disease (documented MRI progression of disease process beyond its extent at the time of infusion). 

FIG. 1. Second infusion in patient 5. Intraoperative coronal (A) and 
sagittal-oblique (B) T1-weighted MR images demonstrating retrograde 
flow of infusate back into the old cannula tract from the infusion 4 weeks 
prior.
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erin deposition in the right pons at the site of the previous 
catheter tip. Increased perfusion in the left side of pons 
remained unchanged from before infusion. The 4-week 
postoperative scan showed tumor enlargement, more ex-
tensive enhancement, and increased perfusion in enhanc-
ing and nonenhancing tumor. The patient died 1 week 
later.

The 1-week postoperative MRS demonstrated large 
lactate peaks bilaterally in the pons, higher on the left. 
The relative amounts of NAA, choline, and creatine were 
normal on the right side, but NAA was reduced on the left. 
The 4-week follow-up MRS study continued to demon-
strate a very large pontine lactate peak and elevated pon-
tine and midbrain choline levels.

Patient 3
Hospital Course. The patient was neurologically stable 

on postoperative day 1. By the next day, he demonstrated 
improvement in the left-sided weakness that had been 
present preoperatively. He was discharged on postoper-
ative day 7 without complication. The day following his 
second CED treatment, the patient had increased left-sided 
weakness and difficulty with speech and swallowing. His 
weakness, dysphagia, and speech difficulty improved, but 
not to pre-infusion levels during his 5-day hospitalization.

Quality of Life. The Adaptive Behavior subscale score 
decreased from the baseline value of 63.6 to 54.5 at the 
4-week follow-up. The child engaged less often in fun 
activities and rested more during the day. The scores for 
Psychological Functioning and Medical/Physical Status 
changed slightly (respectively, from 79.5 at baseline to 
84.1 at 4 weeks post-infusion and from 73.1 at baseline to 
67.3 at 4 weeks post-infusion). The CNS Problems score 
dropped from 91.7 to 79.2 because of problems paying at-
tention and taking longer to complete tasks.

Anatomical MRI and MRS. One week after the first 
infusion, MRI demonstrated stable tumor size, enhance-
ment, and tumor blood volume relative to preoperative 
findings (Fig. 2A). The 4-week postoperative scan dem-
onstrated decreased heterogeneous enhancement and sta-
ble FLAIR signal (Fig. 2B). The MRI scan performed 5 
days after the second infusion demonstrated markedly re-
duced hyperperfusion in the DIPG, suggesting treatment 
response, and stable tumor size and enhancement. Eight 
weeks after the initial treatment (4 weeks after the second 

treatment), the tumor size was stable, but new foci of en-
hancement arose in the pons, midbrain, and thalamus (Fig. 
2C). The 12-week postoperative scan demonstrated inter-
val DIPG progression based on increased size and more 
enhancing foci, blood volume in enhancing areas, and va-
sogenic edema (Fig. 2D). The patient withdrew from the 
study and died 23 weeks later.

Patient 4
Hospital Course. The day after infusion the patient 

developed lethargy, increasing weakness, and mutism. 
A complex partial seizure occurred the next day and re-
solved with intravenous lorazepam. The weakness and 
alertness improved, but the mutism persisted and was still 
present at discharge 5 days after infusion.

Quality of Life. The patient did not have complete QOL 
data for either time point.

Anatomical MRI and MRS. The 1-week postoperative 
scan demonstrated stable tumor size and heterogeneous 
enhancement. The 4-week postoperative MRI showed de-
creased central enhancement but new tumor invasion into 
the left cerebral peduncle and increased tumor perfusion. 
MRI performed 2 weeks later for clinical purposes dem-
onstrated enlargement of the pontine and left cerebral pe-
duncle enhancement and elevated pontine perfusion. The 
patient died 3 weeks later.

The MRS study performed 1 week after infusion dem-
onstrated high lactate peaks and elevated choline to cre-
atine ratio. The 4-week post-infusion scan showed further 
increase in choline and decrease in lactate and NAA with-
in the mass. A postoperative examination done 2 weeks 
later for clinical reasons demonstrated low creatine and 
choline peaks and markedly elevated lactate peaks in ar-
eas of abnormal enhancement.

Patient 5
Hospital Course. Dysarthria developed on the day after 

the first infusion but improved to normal by the following 
day. The patient was discharged on post-infusion day 3. 
The day after the second infusion, increased movement 
on the left side was noted. Elevated creatine kinase was 
treated with IV hydration and normalized by discharge on 
post-infusion day 4.

Quality of Life. The patient’s Adaptive Functioning 
and Psychological Functioning scores decreased slightly 

TABLE 2. Treatments and their timing before IL13-PE infusion

Pt 
No.

Dx to End 
of RT (wks)

End of RT to End 
of Chemo (wks)

End of Chemo to 
IL13-PE Infusion (wks)

1st IL13-PE Infusion 
to Death (wks)

Dx to Death 
(wks) Chemo Regimens*

1 7.9 18.6 8.0 22.0 56.4 Vandetanib
2 8.0 0.9 22.9 4.7 36.3 Vorinostat
3 8.0 32.9 4.1 35.6† 80.9 a) Cetuximab & irinotecan; b) MK2206
4 5.4 69.1 5.0 9.3 88.9 a) PEG irinotecan; b) VOIT; c) avastin & etoposide
5 6.3 38.3 4.0 24.3† 72.9 a) Temozolomide, vorinostat, avastin; b) temsirolimus

Chemo = chemotherapy; Dx = diagnosis; PEG = polyethylene glycol; pt = patient; RT = radiation therapy; VOIT = vincristine, oral irinotecan, and temozolomide.
† Patients received second IL13-PE infusion 4 weeks after first IL13-PE infusion.
* Letters (a, b, c) indicate sequence of chemotherapeutic regimens.
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between baseline and 4-week follow-up assessment (from 
54.5 to 50 and from 61.4 to 54.5, respectively). His Medi-
cal/Physical Status score improved (from 48.1 to 55.8) due 
to fewer problems sleeping and headaches. His CNS Prob-
lems score improved (from 41.7 to 58.3), with fewer mem-
ory problems and difficulties with schoolwork, but the 
parents may have reported fewer schoolwork difficulties 
4 weeks post-infusion because the child attended school 
less frequently.

Anatomical MRI and MRS. The 1-week postoperative 
MRI study showed stable tumor size with microhemor-
rhage at the previous cannula tip location compared to 
preoperative MRI (Fig. 3A). The 4-week postoperative 
MRI study showed tumor necrosis, suggesting treatment 
response (Fig. 3B), with no signal enhancement in the 
tumor. Perfusion was absent in the necrotic part of the 
tumor and low or normal elsewhere in the tumor. MRI 
performed 3 days after the second infusion demonstrated 
increased pontine and medullary tumor enhancement and 
blood volume. An MRI study obtained 8 weeks after the 
initial infusion (4 weeks after the second infusion) dem-
onstrated stable tumor size, increased enhancement, and 

TABLE 3. Evaluations before and after IL13-PE infusion

Variable & Time from 1st Infusion Pt 1 Pt 2 Pt 3 Pt 4 Pt 5

KPS/LPS
 −1 wk 90 60 90 70 50
 1 wk 40 60 70 40 50
 4 wks 80 50 90 70 50
 8 wks x x 70 60 50
 12 x x 50 x 50
DXM requirement (mg)
 4 wks 3 12 24 3 1
 8 wks x x 4 x  0.75
 12 wks x x 18 x x
QOL total scores
 −1 wk 77.5 — 77.0 — 51.4
 4 wks 64.6 — 71.3 — 54.7
MRI
 1 wk
  Size Nrml Nrml Nrml Nrml Nrml
  Enhancement Nrml Nrml Nrml Nrml Nrml
  Perfusion Nrml Nrml ++ Nrml Nrml
 4 wks
  Size Nrml ++ Nrml ++ Nrml
  Enhancement ++ ++ Nrml ↓ Nrml
  Perfusion Nrml Nrml Nrml Nrml Nrml
 8 wks
  Size Nrml x Nrml Nrml Nrml
  Enhancement + x ++ ++ ++
  Perfusion Nrml x Nrml ++ +
 12 wks
  Size ++ x ++ x Nrml
  Enhancement ++ x ++ x Nrml
  Perfusion Nrml x Nrml x ++
MRS
 −1 wk
  NAA ↓ x ↓ x ↓
  Choline ↑ x ↑ x ↑
  Lactate Nrml x ↓ x Nrml
 1 wk
  NAA ↓ ↓ x ↓ ↓
  Choline ↑ ↑ x ↑ ↑ 
  Lactate Nrml ↑ x ↑ Nrml
 4 wks
  NAA x ↓ x ↓ ↓
  Choline x ↑ x ↑ ↑ 
  Lactate x ↑ x ↓ ↑ 
 8 wks
  NAA ↓ x ↓ ↓ ↓
  Choline ↑ x ↑ ↑ ↑ 
  Lactate Nrml x Nrml ↑ Nrml

CONTINUED IN NEXT COLUMN »

TABLE 3. Evaluations before and after IL13-PE infusion

Variable & Time from 1st Infusion Pt 1 Pt 2 Pt 3 Pt 4 Pt 5

MRS (continued)
 12 wks
  NAA ↓ x x x ↓
  Choline ↑ x x x ↑
  Lactate Nrml x x x Nrml
Survival (wks) after 1st infusion 22.0  4.7 35.6  9.3 24.3

DXM = dexamethasone; nrml = normal (stable); + = slightly greater than 
normal; ++ = moderate increase compared to normal; x = no data at timepoint; 
↑ = increase; ↓ = decrease.

» CONTINUED FROM PREVIOUS COLUMN

FIG. 2. Patient 3. Sagittal contrast-enhanced T1-weighted MR images 
obtained preoperatively (A) and 1 month (B) and 2 (C) and 3 (D) months 
postoperatively. The 1-month follow-up image (B) shows minimal en-
hancement, low perfusion, and necrosis at the infusion site consistent 
with treatment response.
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areas of hypo- and hyperperfusion (Fig. 3C). The 12-week 
postoperative scan showed stable tumor size and enhance-
ment, with slightly increased blood volume in enhancing 
tumor (Fig. 3D). The patient withdrew from the study, en-
tered a chemotherapeutic trial, and died 12 weeks later. 
The preoperative MRS findings were as follows: NAA/
creatine ratio of 0.60, choline/creatine ratio of 4.47, and 
choline/NAA ratio of 7.44 (Fig. 4A), compared to NAA/
creatine ratio of 10.4, choline/creatine ratio of 38.3, and 
choline/NAA ratio of 3.68 (Fig. 4B) 1 month postopera-
tively and NAA/creatine ratio of 0.31, choline/creatine 
ratio of 2.76, and choline/NAA ratio of 8.93 (Fig. 4C) 3 
months postoperatively.

Discussion
CED is a regional drug delivery method that uses small 

hydrostatic pressure gradients to drive bulk flow of drug 
through the CNS extracellular spaces. Drug distributes 
uniformly within the treatment volume and little drug en-
ters surrounding tissue.3,4 CED delivered IL13-PE38QQR 
widely throughout the brain and brainstem in rat and non-
human primate glioma models.3,18,31,32

IL13-PE38QQR, a recombinant chimeric cytotoxin, 
delivered by CED was selected for clinical trial testing 
for several reasons. IL13-PE38QQR has been shown to 
be cytotoxic to glioma cells and nontoxic to normal brain 
at clinical doses. CED provided higher IL13-PE38QQR 
levels in tumor tissue than normal brain, and little IL13-
PE38QQR passed from the brain to the systemic circula-
tion.5 In preclinical testing, intratumoral administration of 
IL13-PE had much greater antitumor efficacy than intra-
venous or intraperitoneal administration in U251 tumor–
bearing mice.13 Moreover, in clinical studies intratumoral 
and peritumoral infusion of IL13-PE38QQR was well tol-
erated.17,19,21 However, IL13-PE38QQR did not show sur-
vival benefit compared to carmustine wafers in a Phase III 
randomized trial of the 2 treatments in patients with recur-
rent glioblastoma.20

Brainstem infusion of IL13-PE38QQR by CED was re-
ported in a 4-year-old child with recurrent DIPG.24 MRI 
demonstrated tumor stability at 4 weeks post-treatment but 
recurrence at 2 months, and the child died 4 months post-
treatment. This initial experience prompted this dose-es-
calation study to further evaluate the safety and possible 
efficacy against DIPG of IL13-PE38QQR delivered by 
CED.3 In this larger study of 5 children, CED of IL13-PE 
into the DIPG was technically feasible and produced gen-
erally mild and temporary side effects.

Previous studies examining convection-enhanced in-
fusate distribution in naïve nonhuman primate brainstems 
showed Vd/Vi ratios ranging from 6:1 to 10:1 in this re-
gion of compacted fiber tracts.23,29 The Vd/Vi ratio in our 
patients was significantly lower (ranging from 1.6:1 to 
4.1:1) than in nonhuman primates,3,24 likely because tu-
mor-related vasogenic edema expanded the extracellular 
space.24,34

FIG. 3. Patient 5. Sagittal contrast-enhanced T1-weighted MR images 
obtained preoperatively (A) and 1 month (B) and 2 (C) and 3 (D) months 
postoperatively. The 1-month follow-up image (B) shows minimal en-
hancement, low perfusion, and necrosis at the infusion site consistent 
with treatment response.

FIG. 4. Patient 5. MRS findings. A: Before initial infusion: NAA/creatine (Cr) ratio of 0.60, choline (Cho)/Cr ratio of 4.47, and Cho/
NAA ratio of 7.44. B: One month postoperatively: NAA/Cr ratio of 10.4, Cho/Cr ratio of 38.3, and Cho/NAA ratio of 3.68. C: Three 
months postoperatively: NAA/Cr ratio of 0.31, Cho/Cr ratio of 2.76, and Cho/NAA ratio of 8.93.
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During patient 5’s first infusion, intraoperative MRI 
showed an air bubble preventing infusate from being dis-
tributed by convection throughout the pons (Fig. 5A–F). 
Imaging during CED procedures detects such drug-dis-
tribution problems, which can be corrected by reposition-
ing the infusion cannula. Cannula tracts from previous 
infusions can critically impact infusate distribution,3 as 
seen during patient 5’s second infusion, in which infusate 
flowed in a retrograde manner into a 4-week-old cannula 
tract. Advancing the infusion cannula deeper into the tu-
mor and away from the previous tract stopped passage of 
infusate into the tract.

No patient withdrew from the study because of adverse 
events or experienced a dose-limiting toxicity.33 One per-
sistent grade 3 toxicity occurred: patient 4 did not recover 
verbalization after the procedure (Table 1). IL13-PE CED 
otherwise had acceptable toxicity in DIPG patients. KPS/
LPS scores showed a decrease on evaluation 1 week after 
infusion but returned to baseline or near baseline in 4 of 5 
subjects within 4 weeks of infusion (Table 3). QOL scores 
in 3 of 5 patients generally aligned with functional or ra-
diological data. Decreased QOL in patients 1 and 3 cor-
responded with decreased KPS/LPS scores. Patient 5 had 
a treatment response based on MRI findings, clinical data, 
and improved QOL subscale scores. Parent perception of 
QOL was consistent with medical indicators.

Conventional MRI alone may inaccurately evaluate 
DIPG treatment response because imaging changes after 
treatment are nonspecific, arising from recurrent tumor, 
inflammatory response, or tumor necrosis,22 and poorly 
correlate with survival.11 Disease progression correlates 
better with H-MRS than perfusion-weighted MRI.31 MR 
spectroscopy can identify characteristic tumor-cell metab-
olism. Choline, creatine, and NAA are the most common 
metabolites analyzed. Choline is a tumor tissue biomarker 
because increased membrane turnover or cellular density 

elevates choline levels.9 Creatine is a biomarker of energy 
metabolism and levels are usually stable but are decreased 
in necrotic tissue.9,16 NAA is a biomarker of neuronal in-
tegrity.9 Increased choline/creatine and choline/NAA ra-
tios identify metabolic changes characteristic of tumor12,22 
because choline increases, creatine stays stable or decreas-
es, and NAA decreases in tumor tissue. In our study, MRS 
performed 4 weeks after IL13-PE infusion suggested anti-
tumor effects only in patients 3 and 5.

The mean survival after the first infusion was 20.3 
weeks (Table 2). The trial’s limited therapeutic efficacy has 
several possible explanations. 1) The single catheter could 
infuse local tumor but not the entire MRI-visible tumor; 
a multicatheter approach could have distributed infusate 
to more tumor tissue. 2) Although preclinical studies of 
IL13-PE38QQR showed antitumor effects against low-
grade and high-grade glioma cell lines, IL13-PE38QQR 
was not tested against only-recently-available DIPG-de-
rived cell lines.4,10,30 3) The expression of tumor-specific 
IL13R in the infused tumors was unknown. In other stud-
ies, 33% to 37% of DIPGs had normal IL-13 receptor im-
munohistochemical staining.14,26 Even when DIPG had 
IL13R reactivity, the reactivity was more often moderate 
(8 of 10 cases) than intense (2 of 10 cases).26 Tumors with 
intense IL13R expression would be more responsive to the 
antitumor effect of IL13-PE38QQR.

This study is important because few Phase I clinical 
trials have assessed the use of CED in treating DIPG.3,28 
DIPG carries the poorest prognosis of all pediatric brain 
tumors. Clinical safety, imaging, and outcome methods 
from this trial could be used in future DIPG clinical trials.

Conclusions
Direct brainstem infusion of IL13-PE using CED in pa-

tients with DIPG temporarily arrested disease progression 

FIG. 5. Patient 2. Intraparenchymal air effects on infusate distribution. A–F: Serial axial T1-weighted MR images obtained every 50 
minutes, demonstrating the impact of an intraparenchymal air bubble (hypointensity) introduced at the start of the infusion. While 
there was a small decrease in the volume of air over time, the serial images demonstrate the restriction of anteromedial spread of 
infusate (hyperintensity) by the air in the parenchyma.
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in 2 of 5 patients. However, DIPG had progressed in all 5 
patients by 12 weeks after initial infusion. Infusion side 
effects included exacerbation of preexisting deficits, tran-
sient cranial nerve deficits, and lethargy. These side effects 
reversed with corticosteroid treatment and were related to 
infusion-related brainstem edema rather than IL13-PE cy-
totoxicity. No patient had MRI evidence of acute or long-
term treatment toxicity.
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