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included the cingulate gyrus, insula, corpus callosum, and 
thalamus (Table 2).

Events Related to Biopsy or Catheter Placement/Removal
Prior to catheter placement, each patient underwent 

a standard-of-care biopsy to confirm viable tumor cells. 
As would be expected from a biopsy procedure, 18 of 19 
patients (94.7%) had varying degrees of pneumocepha-
lus, all of which were clinically silent. In the lerapolturev 
trial, 8 patients had a total of 8 catheters placed (Table 
3). In the G207 trials, 11 patients had 41 catheters placed 
within the tumors (Table 3). Seven of 49 catheters (14.2%) 
had minor hemorrhage noted on CT (Table 3); critically, 
none of these patients had clinical symptoms related to 
these radiographic findings, all symptoms resolved spon-
taneously, and no patients required additional evaluation 
and/or treatment. There was no significant difference in 
the preoperative platelet value of the 13 patients without 
a hemorrhage (median [range] 184,000 [range 110,000–
316,000] �+l) compared with that of the 6 patients with 
hemorrhage (median [range] 162,500 [128,000–433,000] 
�+l, p = 0.7654). Figure 1A demonstrates an example of 
a patient with small hemorrhage. One patient had a CSF 
leak from the initial biopsy/catheter placement site on day 
8 after treatment that necessitated oversewing of the sur-
gical site. Three of 49 (6.1%) catheters were misplaced: 2 
were pulled back after CT scans showed they were < 1 cm 
from a CSF space (Fig. 1B) and 1 was not used because it 
was too close to the ventricle and was deemed not feasible 
to pull back. Therefore, 48 of 49 catheters were functional. 
Importantly, no patient developed an infection or any neu-
rological sequelae related to catheter placement/removal.

Accuracy of Catheter Placement
Data from 7 of the 8 phase I lerapolturev patients was 

available. The mean ± SD distance of the PT to the cath-

eter tip was 1.57 ± 1.6 mm, the mean angle of the PT to 
the catheter was 2.43�$ ± 2.1�$, and the greatest distance of 
PT to the catheter in the parallel plane was 1.54 ± 1.5 mm 
(Table 4). Figure 2 demonstrates examples of the PT and 
catheter on postplacement CT scans for 2 patients.

Discussion
A litany of clinical trials have demonstrated that deliv-

ery of viral immunotherapy in adult and pediatric patients 
with malignant brain tumors is safe.1–6,9,10 Given the im-
portance of clinical endpoints, these early clinical studies 
have focused on the safety of virotherapies with secondary 
aims including assessment of initial response(s) and over-
all survival. In this study, we demonstrate that catheter 
placement is indeed safe and accurate in the supratentorial 
space. The infratentorial trial of G207 (NCT03911388) is 
ongoing and will provide additional insight into the accu-
racy of infratentorial catheter placement.

FIG. 1. A: Three-dimensional reconstruction (upper left) and coronal (lower left), axial (upper right), and sagittal (lower right) views 
of catheter location (blue line) on noncontrast CT, demonstrating a punctate area of hemorrhage in the catheter tract (yellow arrow) 
and pneumocephalus at the tip and within the tumor after biopsy and catheter removal. B:���(�[�D�P�S�O�H���R�I���D���³�P�L�V�S�O�D�F�H�G�´���F�D�W�K�H�W�H�U���W�K�D�W��
was too close to the ventricle, requiring it to be pulled back 1.5 cm prior to G207 infusion.

TABLE 4. Catheter placement accuracy

Patient  
ID

Distance from 
Tip of PT to 

Catheter (mm)

Angle of  
PT to  

Catheter (�$)

Greatest 
Distance from PT 
to Catheter (mm)

1001 0.4 1.3 0.7
1003 4.4 1.8 1.9
1004 1.6 7.1 4.2
1007 3.1 2.2 1.7
1008 1.2 1.2 0
1009 0 1.3 0
1010 0.3 2.1 2.3
1011 NA NA NA
Mean ± SD 1.57 ± 1.6 2.43 ± 2.1 1.54 ± 1.5
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FIG. 2. Screenshots of CT images comparing the stereotactic PT (red line) with an overlay of the catheter (blue line). A 4.2-mm dif-
ference between the PT and catheter (A) versus a 0-mm difference between the PT and catheter (B) are demonstrated. The green 
line indicates simulation of the infusate volume of distribution.
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The majority of the 49 catheters were placed in the 
four major lobes of the cerebrum (Table 2). However, this 
study is unique in that catheters were also safely placed 
in novel anatomical locations including the insula, thala-
mus, corpus callosum, and cingulate gyrus. Our data on 
nonhemispheric catheter location adds to a recent study of 
DNX-2401, which was safely delivered to the pons of chil-
dren with diffuse intrinsic pontine glioma. In that study, 
adverse events were attributed to delivery of the viral im-
munotherapy itself, with the most frequently cited events 
being headache, neurological deterioration, and vomiting.9 
Although not explicitly stated, the adverse events that may 
have been attributable to catheter placement included a 
motor deficit that improved over 12 weeks in a patient who 
underwent MRI tractography that demonstrated motor 
tracts within all viable biopsy trajectories.9 Additionally, 
work is ongoing to determine the safety and efficacy of 
viral immunotherapy delivered intraventricularly. These 
include a clinical trial (NCT02962167) of a modified mea-
sles virus delivered via lumbar puncture for the treatment 
of medulloblastoma and atypical teratoid rhabdoid tumor, 
as well as a recent study demonstrating the preclinical 
safety and efficacy of using intraventricular G207 to treat 
disseminated medulloblastoma and leptomeningeal dis-
ease.11

In line with previous studies, our results are consistent 
with available safety data on stereotactic biopsy and cath-
eter placement/removal for intratumoral administration of 
viral immunotherapy,1,3–5 showing that adverse events are 
quite rare. Only 1 patient had an actionable event related 
to biopsy or catheter placement/removal (CSF leak from 1 
catheter), while 2 additional catheters required adjustment 
at the bedside. It should be noted that pneumocephalus is 
expected after stereotactic needle biopsy (> 90% of pa-
tients in this work) and is generally not considered an ad-
verse event. While the hemorrhage rate was moderate, this 
was not unexpected for placement of catheters through 
brain tissue and the vast majority were punctate lesions of 
no clinical significance. Importantly, all resolved sponta-
neously, and none of these radiographic findings required 
surgical intervention. Furthermore, large series have ex-
cluded small asymptomatic hemorrhage in reporting ad-
verse events.12 Catheter placement was accurate when 
utilizing neuronavigation with a misplacement rate < 6%. 
Finally, no infections were demonstrated despite a delayed 
CSF leak after catheter removal, and no patient had a neu-
rological deficit associated with intratumoral placement of 
49 catheters.

In a relatively small dataset of 7 catheters, we found 
that using frameless stereotactic navigation to place intra-
tumoral catheters was acceptably accurate. The greatest 
distance of a planned catheter tip to the actual tip was only 
4.2 mm. Because data regarding the accuracy using the 
Vertek system were unavailable, a direct comparison be-
tween VarioGuide and Vertek systems was not possible. 
However, Verploegh et al. concluded that the diagnostic 
yield and complication rate were not different between 
the two systems in a series of 247 biopsies.13 Regarding 
the ease of use of the two systems, two authors (A.B. and 
E.M.T.) have used both systems and anecdotally have not 
found an appreciable difference between them.

Conclusions
Overall, there was only one complication that required 

intervention related to the placement/removal of 49 intra-
tumoral catheters in the two clinical trials. Minor hemor-
rhage was common but clinically silent. The stereotactic 
placement of catheters demonstrated minimal variation 
from the proposed plan. In conclusion, administration of 
viral immunotherapy through intratumoral catheters for 
the treatment of malignant brain tumors is safe and accu-
rate with minimal clinical adverse effects in the cerebrum 
including nonlobar locations.
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