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Abstract

BACKGROUND—The prognosis of patients with recurrent World Health Organization (WHO) 

grade IV malignant glioma is dismal, and there is currently no effective therapy. We conducted a 

dose-finding and toxicity study in this population of patients, evaluating convection-enhanced, 

intratumoral delivery of the recombinant nonpathogenic polio–rhinovirus chimera (PVSRIPO). 

PVSRIPO recognizes the poliovirus receptor CD155, which is widely expressed in neoplastic cells 

of solid tumors and in major components of the tumor microenvironment.

METHODS—We enrolled consecutive adult patients who had recurrent supratentorial WHO 

grade IV malignant glioma, confirmed on histopathological testing, with measurable disease 

(contrast-enhancing tumor of ≥1 cm and ≤5.5 cm in the greatest dimension). The study evaluated 

seven doses, ranging between 107 and 1010 50% tissue-culture infectious doses (TCID50), first in a 

dose-escalation phase and then in a dose-expansion phase.

RESULTS—From May 2012 through May 2017, a total of 61 patients were enrolled and received 

a dose of PVSRIPO. Dose level −1 (5.0×107 TCID50) was identified as the phase 2 dose. One 

dose-limiting toxic effect was observed; a patient in whom dose level 5 (1010 TCID50) was 

administered had a grade 4 intracranial hemorrhage immediately after the catheter was removed. 

To mitigate locoregional inflammation of the infused tumor with prolonged glucocorticoid use, 

dose level 5 was deescalated to reach the phase 2 dose. In the dose-expansion phase, 19% of the 

patients had a PVSRIPO-related adverse event of grade 3 or higher. Overall survival among the 

patients who received PVSRIPO reached a plateau of 21% (95% confidence interval, 11 to 33) at 

24 months that was sustained at 36 months.
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CONCLUSIONS—Intratumoral infusion of PVSRIPO in patients with recurrent WHO grade IV 

malignant glioma confirmed the absence of neurovirulent potential. The survival rate among 

patients who received PVSRIPO immunotherapy was higher at 24 and 36 months than the rate 

among historical controls.

Despite aggressive therapy, survival after a diagnosis of World Health Organization (WHO) 

grade IV malignant glioma is usually less than 20 months,1–3 and patients with recurrence 

usually survive less than 12 months.4 For decades, research efforts have focused on 

advancing surgical and radiation therapies, chemotherapy, and targeted agents. These 

strategies are plagued by a lack of consistent improvement in survival, poor distribution in 

the central nervous system (CNS), acute systemic toxic effects, and long-term toxic effects 

in the CNS and bone marrow. Since malignant gliomas have bland mutagenomic profiles 

and lack substantial T-cell infiltration, immune-checkpoint blockade is not a viable 

approach.5 We examined the therapeutic potential of PVSRIPO, a live attenuated poliovirus 

type 1 (Sabin) vaccine with its cognate internal ribosome entry site replaced with that of 

human rhinovirus type 2.6

The foreign internal ribosome entry site of PVSRIPO causes neuronal incompetence — a 

failure to recruit host ribosomes, translate viral genomes, and propagate in neurons6–9 — 

and ablates neurovirulence.10 PVSRIPO tropism is determined by CD155,11 a high-affinity 

ligand for the T-cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-

based inhibition motif domains.12 In solid tumors, CD155 is broadly up-regulated on 

malignant cells13,14 and expressed in antigen-presenting cells. PVSRIPO infection of 

neoplastic cells in vitro results in lethal cytotoxic effects and activates innate antiviral 

interferon responses.15 Antigen-presenting cells are natural poliovirus targets after oral 

infection in vivo.16 PVSRIPO causes chronic, sublethal infection of antigen-presenting cells 

in vitro, eliciting sustained proinflammatory cytokine responses and activation of the 

function of antigen-presenting cells, which enables T-cell stimulation in pre-clinical in vitro 

assays.15 Tumor cytotoxic effects, interferon-dominant activation of antigen-presenting cells, 

and the profound inflammatory response to poliovirus may counter tumor-induced 

immunosuppression and instigate antitumor immunity.15

Here we report the results of a clinical trial of intratumoral infusion of PVSRIPO by 

convection-enhanced delivery to overcome limitations imposed by the blood–brain barrier.
17,18 PVSRIPO was granted breakthrough-therapy designation by the Center for Biologics 

Evaluation and Research of the Food and Drug Administration in May 2016.

METHODS

OBJECTIVES

The primary objective of the clinical trial was to determine the toxicity profile and phase 2 

dose for intratumoral convection-enhanced delivery (targeted delivery of therapeutic agents 

to the CNS with a pressure gradient through a catheter) of PVSRIPO in patients with 

recurrent WHO grade IV malignant glioma. The secondary objective was to estimate overall 

survival among these patients, as compared with a historical control group. Exploratory 
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objectives were to define PVSRIPO-induced imaging changes and explore tumor-associated 

biomarkers that may predict response.

POPULATION OF PATIENTS

We enrolled consecutive adult patients who had a recurrence of a single supratentorial WHO 

grade IV malignant glioma, confirmed on histopathogical testing, with contrast-enhancing 

tumor of at least 1 cm and no more than 5.5 cm in the greatest dimension. Patients had to 

have a Karnofsky performance score of at least 70 (on a scale from 0 to 100, with higher 

numbers indicating better functional status). Details of the inclusion and exclusion criteria 

are provided in Table S1 in the Supplementary Appendix, available with the full text of this 

article at NEJM.org. A historical control group of patients who had been treated at Duke 

University Medical Center and who would have met the eligibility criteria for PVSRIPO if 

the study had been available at the time of their disease progression was identified. A 

description of the historical control group is provided separately (see the Supplementary 

Methods Section in the Supplementary Appendix). Furthermore, we compared outcomes 

with an approved treatment approach, NovoTTF-100A (so-called tumor treatment fields; 

alternating electrical current applied to the head),19 while taking into account confounding 

factors.

STUDY DESIGN AND OVERSIGHT

The study was designed by the authors, seven of whom now own equity in the start-up 

company, Istari Oncology. Patents for PVSRIPO have been licensed from Duke University 

to Istari Oncology. Before these commercial arrangements were in place, the study had been 

approved by the institutional review board at Duke University. The study was conducted in 

accordance with the provisions of the Declaration of Helsinki and the Good Clinical Practice 

guidelines of the International Conference on Harmonisation. Because of conflict of interest 

and intellectual property considerations, an external data and safety monitoring board 

oversaw the conduct of the study. All the patients provided written informed consent. The 

authors vouch for the accuracy and completeness of the data and its analysis and confirm 

that the study was conducted as outlined in the protocol, available at NEJM.org. No one who 

is not an author contributed to the writing of the manuscript.

For confirmation of viable malignant glioma and for genomic analyses, a stereotactic biopsy 

was performed before the PVSRIPO infusion; no additional tumor resection was carried out. 

Immediately after biopsy, a catheter (Vygon PIC-030, Sophysa) was implanted into the 

tumor.

PVSRIPO was manufactured by the Biopharmaceutical Development Program and SAIC at 

the National Cancer Institute–Frederick. Patients received an infusion of PVSRIPO by 

means of convection-enhanced delivery over a period of 6.5 hours, at a rate of 500 μl per 

hour, with the use of a Medfusion 3500 or 3010 infusion pump (Smiths Medical ASD) and 

infusion catheter and infusion tubing (PIT 400, Sophysa). The volume of the delivered 

inoculum was 3.25 ml.

A dose-escalation trial of PVSRIPO was planned. One patient each was to be enrolled at 

dose level 1 (108 50% tissue-culture infectious doses [TCID50]), dose level 2 (3.3×108 
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TCID50), dose level 3 (109 TCID50), and dose level 4 (3.3×109 TCID50) and 21 patients at 

dose level 5 (1010 TCID50) in the dose-escalation phase. During the course of the trial, in the 

dose-expansion phase, the dose was gradually reduced to dose level 2 (3.3×108 TCID50), 

then to dose level −1 (5.0×107 TCID50), and finally to dose level −2 (107 TCID50).

TOXICITY EVALUATION

Patients were continuously monitored for toxic effects during the study. Adverse events were 

categorized and graded according to the Common Toxicity Criteria for Adverse Events, 

version 4.03, of the National Cancer Institute. Dose-limiting toxic effects were defined as 

any toxic effects of grade 3 or 4 that were not reversible within 2 weeks or any death that 

was considered by the investigators to be related to treatment. Any serious autoimmune toxic 

effects of grade 2 or higher, particularly those affecting vital systems (e.g., cardiac, renal, or 

CNS), were considered to be dose-limiting toxic effects if they occurred within 2 weeks 

after PVSRIPO infusion. Events that were not considered by the investigators to be dose-

limiting toxic effects are listed separately (see the Supplementary Methods Section in the 

Supplementary Appendix).

IMAGING ANALYSIS

Magnetic resonance imaging (MRI) scans were obtained at screening, within 4 hours after 

the completion of the infusion, at 4 and 8 weeks after the infusion and then every 8 weeks 

for 1 year, and afterward at an interval selected by the treating physician. Imaging 

techniques and the data obtained are described in the Supplementary Methods Section in the 

Supplementary Appendix.

STATISTICAL ANALYSIS

In describing the adverse events that occurred in patients who received PVSRIPO, the 

highest-grade event of each type of event was summarized. Overall survival was defined as 

the time from PVSRIPO infusion until death. For patients who were alive at the time of 

analysis, survival time was censored at the date of last follow-up. For the patients who 

received PVSRIPO and the historical controls, the Kaplan–Meier estimator was used to 

describe the distribution of survival time. SAS software, version 9.4 (SAS Institute), was 

used for all the analyses.

Additional descriptions of the statistical design of the study are provided in the 

Supplementary Methods in the Supplementary Appendix. It is too early to evaluate the 

statistical hypothesis of survival at 24 months; the analyses presented in this article are 

descriptive and do not include formal statistical tests.

RESULTS

CHARACTERISTICS OF THE PATIENTS AND CONTROLS

From May 2012 through May 2017, a total of 61 consecutive patients with recurrent WHO 

grade IV malignant glioma were treated during the study. The demographic and clinical 

characteristics of the patients who received PVSRIPO and the historical control group 

differed with respect to extent of resection at diagnosis and previous treatment failure with 
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bevacizumab (Table 1). A total of 41% of the patients who received PVSRIPO and 38% of 

the historical controls were women.

DOSE-LIMITING TOXIC EFFECTS AND ADVERSE EVENTS

In the dose-escalation phase of the study, one patient each received dose level 1, 2, and 3; 

two patients received dose level 4; and four received dose level 5. The adverse events 

according to dose level in the dose-escalation phase are reported in Table 2. In the dose-

expansion phase of the study, dose level 2 included 6 patients, dose level −1 included 31 

patients, and dose level −2 included 15 patients (Table 3).

One dose-limiting toxic effect, a grade 4 intracranial hemorrhage immediately after catheter 

removal, occurred in the last patient who was treated at dose level 5 (Table S3 in the 

Supplementary Appendix). After surgical evacuation of the hemorrhage, the patient had 

right hemiparesis and aphasia. Histopathological analysis of tissue that was obtained with 

debulking of the hemorrhage did not reveal evidence of vascular alterations, viral activity, or 

inflammatory events related to PVSRIPO infusion, which had been completed 5 hours 

earlier. The patient remained alive more than 57.5 months after PVSRIPO infusion (see 

below) with moderate residual right hemiparesis and aphasia. After this event, one additional 

patient was treated at dose level 4 before the study shifted to the dose-expansion phase.

Tissue from a resection (obtained at first diagnosis or at the time of previous disease 

progression) in all 43 patients who were enrolled in this study and for whom resection 

specimens were available stained positive on CD155 immunohistochemical testing (Fig. S1 

in the Supplementary Appendix). PVSRIPO infusion was not associated with evidence of 

encephalomyelitis, poliomyelitis, meningitis, or systemic autoimmune reactions in any 

patient at any dose level. Positive antipoliovirus (type 1)–neutralizing antibody titers (>1:8) 

increased after boost immunization with IPOL, an inactivated polio vaccine, in all the 

patients (Fig. S2 in the Supplementary Appendix). Tests of infectious PVSRIPO shedding in 

stool were negative in all the patients, in line with Investigational New Drug–directed 

shedding studies involving nonhuman primates.10 Two deaths occurred during the trial. One 

patient (who received dose level −2) had a seizure related to cerebral edema that was 

probably related to autopsy-confirmed tumor progression at 4.8 months after the PVSRIPO 

infusion. Since PVSRIPO causation could not be ruled out at the time of the events, the 

events were attributed to PVSRIPO as grade 4 cerebral edema and grade 5 seizure (Table 3). 

Another patient (who received dose level −1) died 10.5 months after the PVSRIPO infusion 

from complications of an intracranial hemorrhage while receiving anticoagulation and 

bevacizumab; this event was attributed to bevacizumab (Table S2 in the Supplementary 

Appendix).

Among all the patients who received PVSRIPO, 69% had a grade 1 or 2 event that was 

attributed to PVSRIPO as their most severe adverse event (Tables 2 and 3). Adverse events 

that affected more than 20% of the patients in the dose-expansion phase included headache 

(in 52% of the patients), the pyramidal tract syndrome (hemiparesis) (in 50%), seizure (in 

45%), dysphasia (in 28%), and cognitive disturbance (in 25%) (Table 3). Less common 

adverse events that were attributed to PVSRIPO (occurring in 10 to 20% of the patients in 

the dose-expansion phase) included hemianopia (in 19%), confusion (in 18%), paresthesia 
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(in 13%), fatigue (in 12%), nausea (in 10%), and gait disturbance (in 10%). In the dose-

expansion phase, 19% of the patients had a PVSRIPO-related adverse event of grade 3 or 

higher. Adverse events that were considered by the investigators to be related to PVSRIPO 

were dependent on the specific area of the cerebrum that was exposed to the localized 

inflammatory reaction associated with PVSRIPO. A summary of all the adverse events in 

the dose-escalation and the dose-expansion phases of the study, regardless of attribution, is 

provided in Table S3 in the Supplementary Appendix.

TREATMENT OUTCOMES

The median follow-up of the patients who received PVSRIPO was 27.6 months (95% 

confidence interval [CI], 20.5 to 41.1). All but 1 patient in the historical control group are 

known to have died (the remaining patient was lost to follow-up). The median overall 

survival among all 61 patients who received PVSRIPO was 12.5 months (95% CI, 9.9 to 

15.2), which was longer than the 11.3 months (95% CI, 9.8 to 12.5) in the historical control 

group and the 6.6 months in the Novo-TTF-100A treatment group.19

However, overall survival among the patients who received PVSRIPO reached a plateau 

beginning at 24 months, with the overall survival rate being 21% (95% CI, 11 to 33) at 24 

months and 36 months, whereas overall survival in the historical control group continued to 

decline, with overall survival rates of 14% (95% CI, 8 to 21) at 24 months and 4% (95% CI, 

1 to 9) at 36 months (Fig. 1). A sensitivity analysis evaluating the effect of including patients 

in the historical control group who only underwent biopsy revealed that their inclusion had 

no effect on survival estimates (Table 1, and Fig. S3 in the Supplementary Appendix). In 

comparison, the use of NovoTTF-100A in patients with recurrent glioblastoma led to an 

overall survival rate of 8% at 24 months and of 3% at 36 months. It is too early to evaluate 

our statistical hypothesis of survival at 24 months, because only 20 of the 31 patients at dose 

level −1 were treated with PVSRIPO more than 24 months before the data-cutoff date of 

March 20, 2018.

Because patients who have tumors with the IDH1 R132 mutation are thought to have a 

survival advantage, we examined whether long-term survivors who have tumors with the 

IDH1 R132 mutation disproportionately contributed to the overall survival in the entire 

group. Survival analyses involving only the patients who received PVSRIPO whose tumors 

were confirmed to have nonmutant IDH1 R132 (Table 1) revealed a median overall survival 

of 12.5 months among the 45 patients with nonmutant IDH1 R132 and 12.5 months among 

all 61 patients who received PVSRIPO. Moreover, the overall survival rate at 24 months and 

36 months was 21% among the 45 patients with nonmutant IDH1 R132 and among all 61 

patients who received PVSRIPO. These findings are consistent with reports that IDH1 R132 

status has no bearing on survival among patients with recurrent glioblastoma.20

A median cross-sectional area of tumor of 873 mm2, measured at the largest dimension, was 

observed among all the patients in the study. Figure S4 in the Supplementary Appendix 

shows the results regarding survival according to the cross-sectional area of tumor (<873 

mm2 vs. ≥873 mm2). Results regarding survival according to Karnofsky performance status 

are presented in Figure S5 in the Supplementary Appendix.
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IMAGING

As with other types of immunotherapy, complete and partial responses to PVSRIPO were 

easily recognizable, but assessment of tumor progression was difficult. Initially, most 

patients had increased fluid-attenuated inversion recovery (FLAIR; a method to prevent 

cerebrospinal-fluid suppression of lesion detection) signal abnormalities on MRI that 

receded over time. From the standpoint of disease shown on contrast enhancement, an initial 

increase in lesion size that was associated with polycystic degradation (“soap bubble” 

appearance) was observed in all the patients (Figs. S8 and S10 in the Supplementary 

Appendix). This finding frequently entailed enhancing-disease extension into previously 

nonenhancing infiltrative disease, followed by tumor contraction (Fig. S8 in the 

Supplementary Appendix). Depending on the size of the tumor, imaging changes that were 

suggestive of inflammatory tissue responses (an increase in the extent of FLAIR 

abnormalities and an increase in the size of enhancing disease with a soap-bubble 

appearance) were evident up to 12 months after the administration of PVSRIPO.

During the dose-escalation phase, imaging changes that were suggestive of localized 

inflammation were managed with glucocorticoids if they were associated with neurologic 

symptoms. Given the protracted course of such peritumoral inflammation before tumor 

contraction, symptomatic patients had to continue taking glucocorticoids for extended 

periods, which exposed them to substantial side effects. To mitigate peritumoral 

inflammation, the PVSRIPO dose was de-escalated gradually to dose level 2 and then to 

dose levels −1 and −2. For patients with neurologic symptoms, glucocorticoids were limited 

to a maximum of 4 mg of dexamethasone daily, and a short course of bevacizumab, at a dose 

of 7.5 mg per kilogram administered intravenously every 3 weeks, was empirically initiated 

and continued for as long as needed to control the symptoms from the localized 

inflammatory reaction.

As of March 20, 2018, eight patients had a durable radiographic response of the treated 

tumor. Of these eight patients, two patients had a complete response and remained alive at 

more than 70.4 months and more than 15.1 months after the PVSRIPO infusion (Fig. 2, and 

Fig. S7 in the Supplementary Appendix). Three patients had stable to partial radiographic 

responses for 60 months, 34 months, and 26 months each (Figs. S8 through S10 in the 

Supplementary Appendix). Three of the eight patients received a short course of 

bevacizumab at a dose of 7.5 mg per kilogram, administered intravenously every 3 weeks, 

and were without signs of active tumor and without use of additional treatment at more than 

34.1 months, more than 27.1 months, and more than 15.4 months after the PVSRIPO 

infusion. FLAIR images corresponding to all the MRIs shown in Figures 2 and 3 and in 

Figures S7 through S10 are provided in Figure S11 in the Supplementary Appendix.

TREATMENTS AFTER PVSRIPO

As of March 20, 2018, a total of 4 patients had undergone reoperation and 34 patients had 

received bevacizumab (7.5 mg per kilogram every 3 weeks) after the administration of 

PVSRIPO to mitigate peritumoral inflammation. This practice was initiated only in the dose-

expansion phase. Patients were considered to have discontinued the study when tumor 

progression was observed on histologic testing or when the treating physician thought that it 
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was in the patient’s best interest to escalate therapy beyond bevacizumab at a dose of 7.5 mg 

per kilogram every 3 weeks. For details regarding the interventions that were received by 

patients after the PVSRIPO infusion, see Table S4 in the Supplementary Appendix. 

Information regarding survival among patients who received bevacizumab during the study, 

as compared with those who did not, and on survival among patients who received any 

bevacizumab after PVSRIPO infusion, as compared with those who did not, is provided in 

Figure S6 in the Supplementary Appendix.

A relevant finding was first observed in the patient who had a dose-limiting toxic effect at 

dose level 5 (hemorrhage on catheter removal; see above) (Fig. 3A and 3B). At 7 months 

after the PVSRIPO infusion, the patient had radiographic and histopathological evidence of 

recurrence of a WHO grade IV malignant glioma (Fig. 3C). Lomustine therapy was then 

initiated. After the first cycle of lomustine, cystic degeneration of the lesion was observed 

(Fig. 3D). At the completion of more than 12 months of lomustine therapy, the patient had a 

complete response and remained disease-free for an additional 20 months and remained 

alive more than 57.5 months after the hemorrhage that occurred after the PVSRIPO infusion. 

After this observation, 37 patients with radiographic evidence of possible disease 

progression were treated with temozolomide, lomustine, or other agents. At least 11 patients 

had radiographic signs of cystic tumor degradation and a rapid decline in tumor volume. 

This phenomenon typically occurred after the first cycle of chemotherapy (Table S4 in the 

Supplementary Appendix).

DISCUSSION

We report the results of a phase 1 clinical trial with dose expansion of intratumoral delivery 

of PVSRIPO in patients with recurrent WHO grade IV malignant glioma. A total of 61 

patients underwent successful infusion of PVSRIPO, and there was no evidence of viral 

neuropathogenicity or virus shedding. At the time of this writing, the survival rate at 24 

months and 36 months was 21% (95% CI, 11 to 33), with patients remaining alive more than 

70 months, more than 69 months, and more than 57 months after the PVSRIPO infusion.

In the dose-expansion phase, the protocol was revised to limit the use of glucocorticoids at 

the time of eligibility and during the study. This decision was made in order to protect 

potential mechanisms of PVSRIPO immunotherapy15 and to avoid side effects of prolonged 

glucocorticoid use. PVSRIPO did not induce systemic autoimmune reactions; rather, 

patients had neurologic symptoms owing to what we think was peritumoral inflammation 

related to the location of the infused tumor. To mitigate this situation, we used bevacizumab 

to reverse edema rapidly and to treat symptoms.21,22 The role of bevacizumab in promoting 

immunotherapy23 mechanistically complements preclinical evidence of PVSRIPO-instigated 

antitumor immunity.15 We therefore amended the protocol to allow the use of bevacizumab 

at a dose of 7.5 mg per kilogram of body weight, administered intravenously every 3 weeks, 

in patients in whom intervention in excess of 4 mg daily of dexamethasone was considered 

to be useful. Typically, bevacizumab at a dose of 10 mg per kilogram, administered 

intravenously every 2 weeks, or a dose of 15 mg per kilogram, administered intravenously 

every 3 weeks, is used in the United States to treat patients with recurrent WHO grade IV 

malignant glioma. Because the goal of the administration of bevacizumab was to control 
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symptoms of locoregional inflammation and not to treat the tumor itself, we decided to use a 

lower dose that has been shown to be effective in managing symptoms of radiation 

necrosis24 and limiting the incidence of bevacizumab-related complications.

Clinical and radiographic responses were observed after the first cycle of chemotherapy 

administered for tumor progression that occurred after the PVSRIPO infusion (Fig. 3). Early 

preliminary tests of immune-cell frequencies in the periphery suggest that there is a 

reduction of immunosuppressive regulatory T cells with the onset of homeostatic 

reconstitution of effector T cells at the nadir (4 weeks after the administration of lomustine). 

Potential beneficial effects stemming from such events are probably lost with standard 

multicycle chemotherapy, because sustained lymphodepletion dampens immune capacity. 

These data were the rationale for the development of our ongoing phase 2, randomized trial 

of PVSRIPO alone or in combination with single-cycle lomustine in patients with recurrent 

WHO grade IV malignant glioma (ClinicalTrials.gov number, NCT02986178).

Tumor, autopsy, and immune-monitoring specimens were obtained from patients during the 

study. Preliminary results from 14 brain specimens obtained during autopsy of patients who 

received PVSRIPO showed the presence of WHO grade IV malignant glioma in all the 

patients.

In this clinical trial, we identified a safe dose of PVSRIPO when it was delivered directly 

into intracranial tumors. Of the 35 patients with recurrent WHO grade IV malignant glioma 

who were treated more than 24 months before March 20, 2018, a total of 8 patients remained 

alive as of that cutoff date. Two patients were alive more than 69 months after the PVSRIPO 

infusion. Further investigations are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overall Survival among Patients Who Received PVSRIPO and Historical Controls
Tick marks indicate censored data. PVSRIPO denotes recombinant nonpathogenic polio–

rhinovirus chimera.
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Figure 2. Axial T1-Weighted MRI, Obtained with the Use of Contrast Material, of the First 
Patient Treated in the Study, at Dose Level 1
Panel A shows the baseline MRI of this patient, who received dose level 1 (108 50% tissue-

culture infectious doses [TCID50]). Panel B shows the expansion of tumor 2 months after the 

PVSRIPO infusion. Panel C shows the initial tumor contraction 6 months after the infusion, 

and Panels D and E show the results at 12 months and 24 months, respectively. Panel F 

shows the contraction of the resection cavity and the treated tumor 58 months after the 

infusion.
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Figure 3. Axial T1-Weighted MRI, Obtained with the Use of Contrast Material, of the Eighth 
Patient Treated in the Study, at Dose Level 5
Panel A shows the baseline MRI of this patient, who received dose level 5 (1010 TCID50). 

Panel B shows the image obtained after surgery for evacuation of intracranial hemorrhage 

after the removal of the infusion catheter. Panel C shows the image obtained at the time of 

disease progression, 7 months after the PVSRIPO infusion. Panel D shows the image 

obtained after the first cycle of lomustine, and Panel E the image obtained at the completion 

of nine cycles of lomustine. Panel F shows the results 1 year after the discontinuation of 

lomustine and 32 months after the PVSRIPO infusion.
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Table 1

Demographic and Clinical Characteristics of the Patients and Historical Controls.*

Characteristic Patients Who Received PVSRIPO (N = 61) Historical Controls (N = 104)

Sex — no. (%)

 Female 25 (41) 39 (38)

 Male 36 (59) 65 (62)

Median age at PVSRIPO treatment or eligibility (range) — 
yr

55 (20–75) 55 (23–77)

Karnofsky performance status — no. (%)†

 100 2 (3) 8 (8)

 90 42 (69) 64 (62)

 80 16 (26) 30 (29)

 70 1 (2) 2 (2)

Extent of maximal resection at diagnosis — no. (%)‡

 Gross total resection 47 (77) 69 (66)

 Subtotal resection 14 (23) 25 (24)

 Biopsy 0 10 (10)

No. of previous progressions — no. (%)

 1 45 (74) 85 (82)

 2 12 (20) 11 (11)

 3 2 (3) 8 (8)

 4 2 (3) 0

Previous treatment failure with bevacizumab — no. (%)

 No 47 (77) 61 (59)

 Yes 14 (23) 43 (41)

IDH1 R132 status at diagnosis — no. (%)‡

 Nonmutant 45 (74) 23 (22)

 Mutant 7 (11) 4 (4)

 Unknown 9 (15) 77 (74)

TERT status at diagnosis — no. (%)‡

 Nonmutated 15 (25) 0

 Mutated 39 (64) 0

 Unknown 7 (11) 104 (100)

MGMT gene-promoter methylation status — no. (%)

 At diagnosis‡

  Methylated 17 (28) 18 (17)

  Unmethylated 24 (39) 17 (16)

  Unknown 20 (33) 69 (66)

 At PVSRIPO treatment
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Characteristic Patients Who Received PVSRIPO (N = 61) Historical Controls (N = 104)

  Methylated 14 (23) NA

  Unmethylated 36 (59) NA

  Unknown 11 (18) NA

*
The demographic and clinical characteristics of the group of patients who received the recombinant nonpathogenic polio–rhinovirus chimera 

(PVSRIPO) and the historical control group differed with respect to extent of resection at diagnosis (P = 0.02) and previous treatment failure with 

bevacizumab (P = 0.03). Percentages may not total 100 because of rounding. MGMT denotes methylated O6-methylguanine–DNA 
methyltransferase, NA not available, and TERT the gene encoding telomerase reverse transcriptase.

†
Karnofsky performance status is assessed on a scale of 0 to 100, with higher numbers indicating better functional status.

‡
This assessment was made at the diagnosis of malignant glioma of World Health Organization grade IV.
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