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Diffuse intrinsic pontine glioma (DIPG) is a rare childhood malignancy
with poor prognosis. There are no effective treatment options other
than external beam therapy. We conducted a pilot, first-in-human
study using 124I-omburtamab imaging and theranostics as a therapeu-
tic approach using a localized convection-enhanced delivery (CED)
technique for administering radiolabeled antibody. We report the
detailed pharmacokinetics and dosimetry results of intratumoral deliv-
ery of 124I-omburtamab. Methods: Forty-five DIPG patients who
received 9.0–370.7 MBq of 124I-omburtamab intratumorally via CED
underwent serial brain and whole-body PET/CT imaging at 3–5 time
points after injection within 4, 24–48, 72–96, 120–144, and 168–240h
from the end of infusion. Serial blood samples were obtained for
kinetic analysis. Whole-body, blood, lesion, and normal-tissue activi-
ties were measured, kinetic parameters (uptake and clearance half-life
times) estimated, and radiation-absorbed doses calculated using the
OLINDA software program. Results: All patients showed prominent
activity within the lesion that was retained over several days and
was detectable up to the last time point of imaging, with a mean 124I
residence time in the lesion of 24.9h and dose equivalent of
3536 181mSv/MBq.Whole-body doses were low, with a dose equiv-
alent of 0.696 0.28 mSv/MBq. Systemic distribution and activities in
normal organs and blood were low. Radiation dose to blood was very
low, with a mean value of 0.2760.21 mGy/MBq. Whole-body clear-
ance was monoexponential with a mean biologic half-life of 62.7h and
an effective half-life of 37.9 h. Blood clearance was biexponential, with
a mean biologic half-life of 22.2 h for the rapid a phase and 155h for
the slower b phase. Conclusion: Intratumoral CED of 124I-omburta-
mab is a novel theranostics approach in DIPG. It allows for delivery of
high radiation doses to the DIPG lesions, with high lesion activities
and low systemic activities and high tumor–to–normal-tissue ratios
and achieving a wide safety margin. Imaging of the actual therapeutic
administration of 124I-omburtamab allows for direct estimation of the
therapeutic lesion and normal-tissue–absorbed doses.
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Diffuse intrinsic pontine glioma (DIPG) is a rare childhood
brain malignancy with poor prognosis and a median life expec-
tancy of only 8–10mo from the time of diagnosis (1,2). Primary
treatment includes radiotherapy followed by various clinical trials;
however, recurrence is common, and survival rates are poor
(1,3,4). Novel treatment strategies are needed to improve out-
comes. Our group has used compartmental delivery techniques for
administering radiolabeled antibodies in pediatric tumors and has
previously reported on the use of 131I- and 124I-omburtamab in
patients with leptomeningeal disease via intrathecal or intraven-
tricular delivery (5,6). For targeting DIPG, systemic administration
or intravenous injections may not be an effective strategy as anti-
bodies generally do not pass through the blood–brain barrier. Sim-
ilarly, compartmental delivery into the cerebrospinal fluid space is
unlikely to deliver adequate labeled antibody to and irradiation of
the brain tumor. Direct intratumoral infusion bypasses the blood–
brain barrier and is thus more suitable for therapeutic delivery of
radiolabeled antibody. A specialized method of intratumoral infu-
sion is convection-enhanced delivery (CED), in which the drug is
delivered at a slow rate via a pressure-dependent gradient to enable
uniform distribution in the tumor by bulk fluid flow (7). The tech-
nique involves infusion through a small-gauge microcannula placed
in the tumor under stereotactic guidance (8) and has been used in
early-phase clinical studies to deliver chemotherapeutic drugs for
treatment of DIPG (9–12).
As a theranostic approach, we administered 124I-omburtamab

intratumorally using CED in patients with DIPG who were previ-
ously irradiated without evidence of progression. Omburtamab is a
murine IgG1 antibody that binds to antigen B7-H3, a cell-surface gly-
coprotein expressed in several types of tumors and shown to be over-
expressed in DIPG (13,14). Although 124I is primarily used for PET
imaging to assess kinetics and dosimetry and for diagnostic imag-
ing generally, the positron emissions also allow for radiation deliv-
ery to tumor cells at therapeutic levels, making it a true theranostic.
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Murine studies showed the potential of theranostic administration
of 124I-omburtamab in DIPG using the CED technique (15). On the
basis of the preclinical experience, a first-in-human study (NCT-
01502917) was initiated at our institution to evaluate the safety and
feasibility of CED of 124I-omburtamab in DIPG. Initial results of
this activity-escalation study showed safety and tolerability of
activities up to 148 MBq of 124I-omburtamab (16). This article pre-
sents a detailed pharmacokinetic analysis as well as lesion and
organ dosimetry in DIPG patients who were treated with escalating
activities of 124I-omburtamab.

MATERIALS AND METHODS

A phase 1 theranostic study of CED intratumoral administration of 124I-
omburtamab and PET imaging in patients with progressive DIPG was
conducted under an institutionally approved protocol (NCT01502917).
124I-omburtamab was administered under an Investigational New Drug
application (IND# BB-IND 9351) approved by the U.S. Food and
Drug Administration. The protocol was approved by our institutional
review board and the U.S. Food and Drug Administration. All study
patients or their parents or legal guardians provided written informed
consent to participate.

Patients
Patients with confirmed DIPG who had prior radiation (completed

at least 4 wk before enrollment) were eligible. Additional eligibility
criteria included a performance status of 50 or higher on the Kar-
nofsky or Lansky scale and adequate normal-organ function. Those
with progression after radiation therapy, metastatic disease, or symp-
tomatic hydrocephalus were not eligible (16).

124I-Omburtamab Radiolabeling
124I-omburtamab was radiolabeled by the Radiochemistry and

Molecular Imaging Probes Core of our institution and in full compli-
ance with the requirements of U.S. Food and Drug Administration.
124I-omburtamab was prepared as previously described (5,16). The
supplemental material provides additional details (supplemental mate-
rials are available at http://jnm.snmjournals.org).

Administration
All patients received Cytomel (Pfizer) and supersaturated potassium

iodide before infusion of 124I-omburtamab to prevent free 124I uptake

in the thyroid. Patients were administered increasing activities of radi-
olabeled antibody in a standard 3 plus 3 cohort design. For the respec-
tive cohorts, the designated administered activity of 124I-omburtamab
ranged from 9.25 to 370 MBq (Table 1) and was delivered in a nearly
1:1 proportionality between volume and activity. The radiolabeled
antibody was delivered intratumorally via a slow CED technique, over
an hour or longer duration, as required based on calculation using initial
infusion rates of 0.05 mL/min for 10 min, 1.0 mL/min for 10 min, and
2.0 mL/min for 10 min for all infusions and with a final rate of 3.5,
5.0, 7.5, or 10.0 mL/min for the remainder of the volume of injection
(Table 1). The administration was done using an automated programma-
ble pump (Harvard Apparatus). The catheter or cannula was removed
within an hour after completion of infusion. For all administrations, an
extra volume of infusate was dispensed to fill the dead space in the infu-
sion apparatus, including the catheter and canula. After the infusion, the
residual activity in the syringe and extension catheter setup were measured
in a dose calibrator, and the net administered activity was determined by
subtracting the residual activity from the originally dispensed activity.

124I-Omburtamab Imaging
Patients underwent PET/CT imaging (GE Discovery STE or GE

Discovery 710; GE Healthcare) at multiple time points. Dedicated
imaging of the head was performed first, followed by whole-body
imaging (vertex to mid thigh) starting 1–4 h after infusion of the radi-
olabeled antibody and subsequently repeated at 24–48 h, 72–96 h, and
at least 1 scan at 96–176 h after infusion. The CT scans performed in
conjunction with PET for attenuation correction were low-dose scans
(1 scan at a weight-based scaled tube current (mA) for children,
80 mA for adults, and the rest with ultra–low-dose CT at 10 mA). All
scans for an individual patient were performed on the same scanner.
Emission scans were acquired in 3-dimensional mode at 5 min per bed
position for dedicated head imaging and 5–7 min per bed position for
the torso.

PET/CT Image Processing
Images were processed using the manufacturer-provided software.

PET images were reconstructed using an ordered-subset expectation
maximization algorithm (2 iterations, 16 subsets), time-of-flight infor-
mation, point-spread-function recovery, and corrections for scatter,
random events, and attenuation (CT-based). Scatter correction was
performed for processing 124I-omburtamab scans based on a distribu-
tion calculated using a single scatter model, the amplitude of which is

TABLE 1
Patient Demographics and Administered-Activity Cohorts

Cohort
Administered

activity level (MBq)*
Number of
patients Age range (y)

Administered activity
range (MBq)*

Maximum lesion
size (cm)

Volume infused
(mL)

1 9.25 (0.25) 3 3–8 8.88–9.99 (0.24–0.27) 3.1–3.3 0.24–0.27

2 18.5 (0.5) 3 5–6; 17 15.9–20.0 (0.43–0.54) 3.1–5.5 0.47–0.63

3 27.75 (0.75) 3 3–7 25.9–27.0 (0.70–0.73) 1.3–4.2 0.69–0.77

4 37 (1.0) 4 3–7; 16, 17 34.8–38.9 (0.94–1.05) 2.3–3.2 0.99–1.05

5 92.5 (2.5) 3 5–6; 17 96.9–98.4 (2.62–2.66) 4.1–4.2 2.56–2.61

6 120.25 (3.25) 3 4–7 117.7–122.1 (3.18–3.3) 3.0–4.1 3.42–3.57

7 148 (4.0) 14 3–11 142.5–158.4 (3.85–4.28) 2.1–5.0 3.84–4.54

8 222 (6) 6 3–8; 12, 16 217.9–243.46 (5.87–6.58) 2.1–4.6 4.18–8.56

9 296 (8) 3 3, 11, 18 281.2–288.6 (7.6–7.8) 2.2–3.6 6.17–8.11

10 370 (10) 2 5, 10 362.6–370.7 (9.83–10.02) 3.6,3.9 9.71–11.95

*Activity in mCi given in parentheses.
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determined via tail fit. Cascade coincidences were accounted for by
including an additional constant parameter when performing the tail fit
of the modeled scatter correction (17). The use of a constant during
this fit assumes that the cascade coincidence distribution is uniform
throughout the projection space (supplemental materials).

Blood Sampling for Kinetics
Multiple blood samples were obtained, including a baseline sample

before infusion of 124I-omburtamab, and at least 4 additional time points
including within 6 h of infusion and within 24–48, 60–96, 120–144, and
up to 196 h after infusion; nominal blood sampling time points were the
same as the imaging time points. Measured blood aliquots (in mL) were
counted in a scintillation well counter (Wallace 1480 Wizard g-counter;
Perkin-Elmer) calibrated for 124I and the blood counts converted to activ-
ity (MBq) and then activity concentration (MBq/L).

Time-dependent blood–activity concentrations were corrected for
radioactive decay to the time of infusion. Decay-corrected blood time–
activity concentration data were fit to a biexponential function (18).
Values of time-integrated activity coefficient concentrations for blood
(in h/L), t, were calculated according to the formula t 5 ~A=A0, where
~A, the time-integrated activity concentration, was estimated by integra-
tion of the non–decay-corrected time–activity curve and A0 was the
administered activity. Effective and biologic clearance rates and corre-
sponding half-life times were derived from the fitted curves.

The blood mean dose equivalent coefficient (mSv/MBq) was calcu-
lated as the product of the time-integrated blood–activity concentration
(MBq�s/L) and the mean positron energy per decay (3.09 3 10214 Gy
kg/Bq�s 5 0.413 g�rad/mCi�h (19,20)) emitted by 124I (with adjustment
for the units), assuming complete local absorption of the particulate
radiation and ignoring the dose contribution of all g-radiation.

RESULTS

Patients and Cohorts
Forty-five patients received intratumoral infusion of 124I-

omburtamab and underwent PET/CT imaging. The age of the
patients ranged from 3 to 18y; the median age was 7y. Twenty-three
patients were boys and 22 were girls. Of the 44 evaluable patients,
the dose levels of 124I-omburtamab were as follows: 9.25 (3
patients), 18.5 (3 patients), 27.25 MBq (3 patients), 37 MBq (4
patients), 92.5 (3 patients), 120.25 MBq (3 patients), 148 MBq
(14 patients), 222 MBq (6 patients), 296 MBq (3 patients), and
370 MBq (2 patients) (Table 1). The actual treatment activities,
which varied slightly within each dose level, are shown in Table 1.
Overall, the administered activity of 124I-omburtamab ranged from
9.0 to 369 MBq (mean, 1356 98.5 MBq). The volumes for the
administered doses ranged between 0.24 and 11.95mL, and the
range per cohort is defined in Table 1. The tumor sizes varied from
1.3 and 5.5 cm; cohort-based sizes are also defined in Table 1. The
duration of intratumoral administration using slow CED ranged from
1.04 to 21.5 h for all cohorts, with 10h or longer infusion times for
cohort 6 and higher. Initial infusion rates of 0.05mL/min for 10min,
1.0mL/min for 10min, and 2.0mL/min for 10min were used in all
patients, with maximal infusion rates of either 3.5mL/min (n 5 5),
5.0mL/min (n 5 14), 7.5mL/min (n 5 13), or 10mL/min (n 5 13)
for the remainder of the volume of injection.

Whole-Body and Blood Kinetics
Whole-body clearance followed a monoexponential pattern; the

whole-body biologic clearance had a mean biologic half-life of
62.76 17.8 h (range, 33.3–120h) (Figs. 1A and 1B). Blood time–
activity data followed biexponential functions with an initial increas-
ing uptake phase and later slow clearance phase with a mean biologic

half-life of blood clearance of 52.26 14.8 h (range, 28.8–92.6 h)
(Fig. 1A). The blood–activity concentrations were low for all activity
cohorts (Figs. 1A and 1B).

124I-Omburtamab Normal-Organ Uptake
Initial images showed activity predominantly in the region of

the lesion, and activity in the lesion persisted for several days, as
visualized on delayed imaging for up to 8 d (Fig. 2). Activity was
seen in some patients in the spinal canal in the initial images,
clearing with time. Mild tracer activity was visible in the liver and
the bladder in all patients 24 h after injection and decreased at later
time points. Mild activity was also noted in the thyroid and the
stomach in the 24–48 h scans in about half of the patients; the
activity decreased at later time points. 124I-omburtamab biodistri-
bution was characterized by a lack of cardiac or systemic blood-
pool activity in the initial images, with mild activity noted in the
24–48 h scans that decreased on later scans. Activity in the urinary
bladder was seen in later images, generally 24 h or later. Normal-
organ–absorbed doses were low (Table 2). Not surprisingly, normal
brain doses were highest among the normal organs, with a mean
dose of 4.1 mGy/MBq. Of the distant organs, the urinary bladder
received the highest dose, 2.01 mGy/MBq. The liver, thyroid, and
stomach wall received doses between 0.92 and 1.15 mGy/MBq.
All remaining organs received less than 0.5 mGy/MBq with a total-
body absorbed dose and an effective dose of 0.586 0.25 mGy/MBq
and 0.606 0.28 mSv/MBq, respectively. The red-marrow dose was
low, with a mean dose of 0.396 0.17 mGy/MBq. Cohort-based
organ-absorbed doses and normal brain-absorbed doses are pre-
sented in Supplemental Table 1.

Lesion Uptake and Radiation-Absorbed Doses
There was a high concentration of the activity in the lesion with

long retention times noted over multiple delayed imaging times
(Fig. 2). The mean residence time in the lesions was 316 17 h
across all cohorts. The average lesion SUV varied widely, from
364 to 4,756, across the 10 activity cohorts and generally increased

A B

C D

FIGURE 1. (A) Whole-body clearance curve for all cohorts. (B) Whole-
body clearance curves by cohort. (C) Blood clearance curve of 124I-ombur-
tamab displayed in aggregate decay-corrected mean values for all patients.
(D) Blood clearance curves for patients by cohort. %ID/L 5 percentage
injected dose per liter.
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with increasing administered activity but did not appear to be pro-
portionately related to the administered activity. The biologic clear-
ance in the lesion was either monoexponential with a half-life of
506 26 h or, in most cases, biexponential with an initial slightly
faster component and a later slow component with an average half-
life of 36.66 15h for the early component and 616 64h for the later
component; this was more apparent in higher-activity cohorts (level 7
and higher) (Fig. 3A). The mean lesion uptake was 496 18 percent
injected dose as measured from the initial imaging and ranging as
high as 99%. Uptake in the lesion comprised 65.6% 6 16% of the
measured uptake in the whole body at the initial scan.
Lesion-absorbed doses across all cohorts showed a mean absorbed

dose of 3536 181 mGy/MBq that was calculated using OLINDA’s
sphere model (Hermes Medical Solutions). The absorbed dose, as
expected, increased with higher administered activity. The mean
absorbed doses at different cohort levels are shown in Figure 3B. The
activity in the body outside of the lesion was very low. The lesion–
to–whole-body absorbed-dose ratios were very high, ranging between
172 and 5,051 for all cohorts with a mean ratio of 833 (Fig. 3C).
The 124I-omburtamab volume of distribution (Vd) was equated

with the largest volume of interest in and around the infused lesion
among the serial 124I-omburtamab PET scans, as determined by
3-dimensional autosegmentation using a threshold of 40% of the
maximum lesion activity concentration (i.e., SUV) with manual
adjustments needed in some patients to exclude the extralesional
volume. The administered activity within the lesion became more
widely dispersed from the injection site with time from the initial
imaging to the later imaging times up to day 7 imaging, which
was generally most apparent 72–144 h after injection in patients.
The volumes of infused activity (Vi) increased proportionately
with dose escalations among cohorts. The Vd thus determined was

linearly correlated with the administered activity and used as a sur-
rogate metric of the Vi (as the activity concentration in the infusate
was the same across all administered-activity cohorts) (Fig. 4).
The average and median Vd/Vi ratios were 3.4 and 3.2, respec-
tively. This linear regression was statistically highly significant
(P , 0.0005) as determined by ANOVA using the F statistic.

DISCUSSION

As novel therapeutic approaches are critically needed to treat
DIPG, we performed first-in-human theranostic CED infusions
with 124I-omburtamab in DIPG patients. This study is unique in
several aspects including the use of 124I-omburtamab as a novel
targeted delivery antibody agent, the use of intratumoral injection,
the use of the CED infusion technique, and the use of 124I alone
serving as both a diagnostic and a therapeutic isotope and posi-
trons as therapeutic radiation.

124I-omburtamab CED infusion was feasible, and the infusion
procedure was well tolerated. The highest administered activity
and Vi cohort was 370 MBq, with a Vi of 10mL and a maximal

TABLE 2
Normal-Organ Radiation-Absorbed Dose

Organ or tissue

Absorbed dose (mGy/MBq)

Mean SD Minimum Maximum

Adrenal glands 0.38 0.22 0.06 0.98

Brain 4.11 2.09 1.04 9.38

Breasts 0.25 0.14 0.03 0.66

Gallbladder wall 0.43 0.25 0.07 1.01

Lower large intestine
wall

0.37 0.23 0.03 0.97

Small intestine 0.38 0.23 0.04 0.97

Stomach wall 1.14 0.93 0.08 3.72

Upper large intestine
wall

0.38 0.23 0.04 0.96

Heart wall 0.45 0.24 0.10 1.02

Kidneys 0.37 0.22 0.06 1.11

Liver 0.92 0.77 0.09 3.17

Lungs 0.28 0.14 0.10 0.76

Muscle 0.34 0.18 0.06 0.84

Ovaries 0.39 0.24 0.03 0.98

Pancreas 0.45 0.25 0.06 1.09

Red marrow 0.39 0.17 0.11 0.90

Osteogenic cells 0.60 0.26 0.19 1.36

Skin 0.29 0.14 0.07 0.71

Spleen 0.37 0.24 0.04 1.28

Testes 0.32 0.20 0.02 0.89

Thymus 0.33 0.18 0.06 0.85

Thyroid 1.15 1.12 0.13 7.14

Urinary bladder wall 2.01 2.42 0.08 12.10

Uterus 0.47 0.30 0.04 1.49

Total body 0.58 0.25 0.20 1.22

Effective dose
(mSv/MBq)

0.69 0.28 0.26 1.59

A

B

FIGURE 2. 124I-omburtamab lesion and whole-body distribution in
8-y-old female patient. Baseline MRI showing 1.33 1.2 cm eccentric
mass centered within left lateral pons extending to left cerebral peduncle.
124I-omburtamab infusion activity was 25.9 MBq. Imaging was performed
on day of infusion (D0) and on days 2 (D2), 3 (D3), 6 (D6), and 8 (D8) with
whole-body (A) and head imaging (B). High activity is noted at tumor site
until last imaging time point (D8). Low activity systemic distribution is noted
on D2 as excreted activity in kidneys and bladder, thyroid and stomach,
and liver that decreased from D3 to D8.
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infusion rate of 10mL/min. Clinical follow-up, survival, and
adverse event data have been previously reported for multiple
cohorts (16). As previously reported, the treatment was generally
well tolerated and the most common treatment-related clinically

significant side effect was transient exacerbation of neurologic
signs and symptoms.

124I-omburtamab distribution showed high deposition and rea-
sonably long retention at the lesion site, enabling delivery of high
radiation doses to the lesion with high therapeutic ratios, with low
systemic distribution and no observable systemic toxicities. Visu-
ally, no cardiac or vascular blood-pool activity was noted, which
is important in terms of limiting radiation dose to the blood and
marrow. Low blood- and marrow-absorbed dose estimates were
thus noted, consistent with the lack of any high-grade hematologic
toxicity. This is very important in this population given the con-
cern for possible late effects from radiation in these radiosensitive
young patients. Systemic clearance of activity was through renal
excretion, visually seen as bladder activity and resulting in the
highest (but still low) absorbed dose to the bladder among all dis-
tant organs. Visually, systemic activity was otherwise seen in the
liver, which subsequently decreased with time (Fig. 5).
There was no distinct difference noted in whole-body or blood

kinetics among cohorts related to the increased Vi of the 124I-
omburtamab. Initial low-volume and low-activity cohorts showed
slightly higher blood activities, and the later higher-activity and
higher-volume cohorts tended to have somewhat lower blood
activities, but these differences were not significant (Fig. 1). For
whole-body clearance, there was a trend of increasing retention
time from the first cohort to the later cohorts, but again this trend
was not significant (Fig. 1). The delivery of higher administered
activities required longer infusion times over several hours or lon-
ger in cohorts receiving activities of 120 MBq or higher. This has
evolving implications relating to the logistics of treatment.
Given the localized infusion, high activities were predominantly

noted in the lesion and the long residence time allowed for delivery of
high absorbed doses to the lesion, with a mean of 43.26 33.2Gy and
ranging as high as 118.6Gy in cohort patients injected with higher
activities. There was no significant difference in lesion radiation dose
per unit administered activity (Gy/MBq) among the cohorts.
The long residence time noted with this technique is advantageous,

allowing for appropriate monitoring of distribution and dose optimi-
zation. Currently, longitudinal monitoring and hence drug scheduling

A

B

C

FIGURE 3. (A) Lesion uptake and radiation-absorbed dose of 124I-ombur-
tamab show high concentration within tumor. (B) Radiation-absorbed dose
in lesion increases with increased activity over cohorts. (C) Lesion–to–whole-
body ratio of radiation-absorbed dose is high, highlighting safe margin and
high therapeutic index with local administration.

FIGURE 4. Distribution volume of administered activity. Linear regres-
sion between Vd (in mL) and administered activity (in MBq) of 124I-ombur-
tamab, with slope of 0.046mL/MBq, ordinate intercept of 3.8mL, and
correlation coefficient of 0.83. Regression is highly statistically significant
(P, 0.0005), as determined by ANOVA using F statistic.
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are not possible with conventional methods of drug distribution
monitoring. Surrogate tracers, typically gadolinium contrast agents,
as used in functional MRI, are limited in that gadolinium has rapid
clearance from the interstitium and is dependent on several factors
including concentration, flow, and infusion rate and hence cannot
reliably provide an accurate time-dependent measurement of distri-
bution or dose delivery (21,22).
Although 124I-omburtamab imaging showed high lesion activities

and allowed for dose estimation, some limitations are recognized.
There are marked variations in lesion activity and radiation dose
across patients. Assessment of the lesion uptake and distribution
may be influenced by long infusion times. Imaging could only be
performed at the end of infusion and in many cases several hours
thereafter because of the infusion being completed late at night or
in the early morning. In most patients, initial imaging was at least
6–8h after injection, and in later cohorts, imaging was conducted
24h or more after the initiation of the infusion. This could have led
to some significant internal distribution and clearance from the
infusion site. Using the exponential functions fitted to the lesion
time–activity data, the activity at the start of the infusions could be
estimated, but the resulting estimates may be compromised by the
long infusion times and distribution and clearance of the activity
over the course of the infusion. The variation in distribution of the
administered activity was noted, with some patients showing early
clearance via activity tracking down the spinal canal and cerebrospi-
nal fluid flow pathway. The activity and dose equivalents to cerebro-
spinal fluid and the spinal cord were nonetheless low, with a mean
of 0.416 0.39 mSv/MBq (range, 0.01–1.68 mSv/MBq). This distri-
bution was likely related to the flow along the intracerebral path of
the canula after removal after infusion, especially in areas proximal
to cerebrospinal fluid flow such as the fourth ventricle.
One of the objectives of the initial assessment with activity

escalation was to assess the optimal volume of infusate that would
allow for complete coverage of the tumor volume. Because the
activity concentration in the infusate was constant across all
administered activity levels (nominally 37 MBq/mL), the adminis-
tered activity serves as a surrogate metric of the Vi. The Vi increased
as the administered activity and therefore volume of administered

activity increased. There was a highly significant linear correlation
of the Vd of activity in the lesion with the administered activity and
therefore the Vi. This linear relationship between Vd and Vi has been
described using CED in the brain in other settings (16,23). In princi-
ple, this may allow for optimization of the treatment delivery, in
which a suitable volume matched to the tumor volume may be
administered. In the brain stem, mean Vd/Vi ratios between 2 and 3
are noted (22,24,25). Previously, in an initial analysis, we reported
linear dependency of estimated Vd on Vi within individual patients
across serial time points as well as across patients with a mean Vd/Vi
ratio of 3.4 (61.2) (16). The data in this larger cohort are similar
with a mean Vd/Vi ratio of 3.4 (60.9).
The study shows the feasibility of 124I-omburtamab for thera-

nostics of DIPG using intratumoral administration by CED infu-
sion. Further analysis of Vd and voxel-based dosimetry is under
way to better understand the 3-dimensional distribution of dose
within the lesion and its impact on response.

CONCLUSION

Intratumoral CED of 124I-omburtamab is a theranostic technique
that allows for delivery of therapeutic radiation doses to brain lesions.
Imaging with 124I-omburtamab allowed for assessment of lesion radi-
ation doses with escalating administered activities. As a first-ever
assessment, to our knowledge, this study shows feasibility of using
124I as a truly simultaneous imaging and therapeutic isotope.
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FIGURE 5. Example of imaging in 8-y-old patient. Baseline MRI showing
3.53 2.8cm mass centered in pons extending to right cerebral peduncle
and brachium pontis. 124I-omburtamab infusion activity was 148 MBq.
Imaging was performed on day of infusion (D0), day 4 (D4), and day 6 (D6),
with whole-body and head imaging. High activity is noted at site of tumor
until last imaging time point (D6). Infusion time was 10h. First imaging
time point was 16h after initiation. D1 scan shows activity in spinal canal
and systemic activity in liver, stomach, and bladder. Further systemic dis-
tribution is noted on D2 as excreted activity in kidneys and bladder, thy-
roid and stomach, and liver that decreased from D4 to D6.
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KEY POINTS

QUESTION: Is imaging important in optimizing local delivery of
therapeutic agent?

PERTINENT FINDINGS: This study highlights the role of imaging
in the assessment and guidance of novel CED intratumoral delivery
of radiolabeled antibodies for therapy. To our knowledge, this is the
first-ever use and feasibility proof of 124I as a simultaneous imaging
and therapeutic radionuclide. Delivery of the radiolabeled antibody
via CED is feasible, and imaging allows for assessing distribution
and dosimetry. 124I can be used to deliver therapeutic radiation to
tumors.

IMPLICATIONS FOR PATIENT CARE: Intratumoral CED of
124I-omburtamab is a theranostic technique that allows for delivery
of therapeutic radiation doses for treatment of brain lesions.
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