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Abstract 
Diffuse intrinsic pontine glioma (DIPG) is the most common type of brainstem glioma and one of 
the most deadly brain tumors. DIPG in young adult patients is a rare disease for which treatment 
options are limited. Radiation therapy remains the standard-of-care for newly-diagnosed DIPG, 
but no established therapies for recurrent disease are available. This paper describes the results 
of treatment of a young adult patient diagnosed with DIPG that progressed after radiation therapy. 
Therapy included sodium phenylbutyrate (PB) in combination with the targeted agents: pazopa-
nib, everolimus, erlotinib, and bevacizumab. The patient achieved a rapid partial response, which 
persisted over a year and five months. The patient opted to discontinue the therapy and thereafter 
elected chemotherapy, which resulted in a subsequent rapid progression and death within one 
month. The targeted treatment was associated with minor toxicity that included a Grade 2 skin 
rash and Grade 1 elevation of transaminases. In conclusion, a combination of PB and currently 
available targeted drugs may offer extended survival in patients with recurrent DIPG. 
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1. Introduction 
Diffuse intrinsic pontine gliomas (DIPG), the most common type of brainstem glioma, are uniformly deadly tu-
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mors and create arguably the greatest challenge in oncology [1]-[4]. These tumors may constitute up to 85% of 
gliomas found within the pediatric brainstem [1]-[4]. However, DIPG in young adult patients is rare, with the 
estimated number of cases a year in the United States to be below 20 [5] [6].  

The brainstem controls extremely important bodily functions, including control of heart rhythm and breathing. 
Due to the strategic location of brainstem gliomas, surgery and even biopsy may endanger a patient’s life. Since 
biopsy is difficult, dangerous and sometimes misleading, diagnosis based on magnetic resonance imaging (MRI) 
remains the diagnostic standard [3] [7] [8]. 

All recent clinical studies for brainstem gliomas in the United States define DIPGs as tumors involving more 
than 50% of the pons or tumors which have anaplastic or glioblastoma multiforme (GBM) histology occupying 
less than 50% of pons [8]. The medical literature does not offer a different classification for adult DIPG [5] [6]. 

Sodium phenylbutyrate (PB) is a drug approved by USA Food and Drug Administration (FDA) for the treat-
ment of episodic hyperammonemia in children with inborn errors of urea synthesis [9]. PB is a histone deacety-
lase inhibitor (HDAC) and has been studied in numerous other disorders, including brain tumors [10]. During its 
metabolism, the molecule is broken down in the body to phenylacetate (PN), which is then conjugated with a 
glutamine forming phenylacetylglutamine (PG) [9] [10]. The three compounds (i.e. PB, PG, and PN) all contri-
bute to biological activity in the body. PG and PN are also ingredients of antineoplastons (ANP) A10 and AS2-1, 
which is currently undergoing development for the treatment of various brain tumors by Burzynski Research In-
stitute (BRI) [11]-[13]. Preclinical data indicated that PG and PN affect over 100 genetic targets involved in the 
development of high-grade glioma [14]. Several recently completed clinical studies, revealed a number of com-
plete and partial responses in DIPG, including a long-term survival exceeding 26 years [15]-[22]. Since there is 
no established standard-of-care for recurrent DIPG (RDIPG), a treatment plan for such patients is proposed, 
which includes PB and a combination of targeted agents [20]. This article reports successful therapy for RDIPG 
according to such strategy. 

2. Clinical Presentation 
In October 2012, a 33-year-old Caucasian male developed numbness on the left side of his body. A compute-
rized tomography (CT) scan of the head revealed an ill-defined patchy area of decreased attenuation in the pons. 
An MRI of the head shortly thereafter had shown a complex cystic rim-enhancing tumor located centrally within 
the pons surrounded by vasogenic edema and exerting mass effect on the 4th ventricle consistent with DIPG. 
From October 22 to December 4, 2012, the patient received standard radiation therapy to the brainstem for a to-
tal of 30 treatments. It was felt that neither surgery nor chemotherapy was beneficial for this type of tumor. The 
follow-up MRI of the head of January 5, 2013 revealed an increase in the size of the lesion since October 13, 
2012. 

At the beginning of 2013, the patient presented to the BC, complaining of decreased superficial sensation on 
the left side of his body. He had a balance disturbance and his left ear was more sensitive to sound. Physical 
examination was significant for facial asymmetry with signs of left facial nerve paralysis, slurred speech, left 
flaccid hemiplegia, unsteady gate, and poor coordination. Deep tendon reflexes were reduced on the left side and 
Babinski was positive on the left. Karnofsky Performance Status (KPS) was 60. MRI of the head, with and 
without contrast, on January 23, 2013 revealed brainstem contrast-enhancing lesion located in the pons measur-
ing 2.8 × 2.4 cm. Laboratory tests were significant for hypercholesterolemia and the elevation of the extracellu-
lar domain of vascular endothelial growth factor (VEGF). 

On January 24, 2013, the patient initiated treatment with oral PB, receiving a dose of 3 g six times daily. On 
January 25, 2013, he began intravenous (IV) infusion of bevacizumab (BVZ) and was advised to increase the 
dose to 10 mg/kg (870 mg daily) every two weeks. Within a week, he initiated orally administered pazopanib 
200 mg daily, everolimus 10 mg every other day and erlotinib 150 mg daily. In total, he received approximately 
1.5 years of treatment with PB, pazopanib, erlotinib, and BVZ, though everolimus was discontinued after 5 
months. 

The patient accomplished reduction and finally, elimination of his neurological symptoms. He had temporary 
improvement of his left hemiplegia after 5 days and significant improvement after 5 weeks of treatment. He was 
symptom-free after 9 months. MRI of the head on March 11, 2013, revealed approximately 60% decrease of the 
contrast-enhancing tumor. The follow-up MRI of June 20, 2013 showed an 82% decrease of the tumor (Figure 
1). On May 28, 2014, the tumor began to increase, but was still 53% smaller than baseline. The patient decided  
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Figure 1. Pre-baseline (before radiation), baseline (after radi-
ation), and follow-up (on treatment at Burzynski Clinic) MRIs 
of the head, which illustrate a decrease in tumor size.                

 
to discontinue the medications on July 25, 2014. A month later, he opted to start treatment with temozolomide 
(TMZ) for one month. Unfortunately, his disease progressed and he passed away on September 28, 2014. 

Additional drugs included dexamethasone, which was taken pretreatment (4 mg daily). Initially, the dexame-
thasone dose was increased to 8 mg daily (15 days), then reduced to daily doses of 6 mg (83 days), to 5 mg (60 
days), then to 2 mg (2 days) and ultimately discontinued. He was also receiving doxycycline 100 mg b.i.d. (30 
days) and clindamycin gel b.i.d. (30 days) to reduce a skin rash and lansoprazole 20 mg daily (30 days). 

Toxicity was graded according to Common Terminology Criteria for Adverse Events v3.0 (CTCAE). 
The treatment was associated with minimal adverse events that included Grade 1 and Grade 2 skin rash and 

Grade 1 elevation of alanine aminotransferase (ALT) and aspartate aminotransferase (AST). The most unplea-
sant adverse event was a skin rash related to erlotinib. Elevation of transaminases was related to everolimus, 
which was discontinued at that time. Overall survival from diagnosis was one year and eleven months, from 
treatment start was one year and nine months, and progression-free survival was one year and five months. 

3. Discussion 
Standard-of-care for newly-diagnosed DIPG is radiation therapy, which was administered in the described case. 
Unfortunately, there is no established standard therapy for RDIPG [2]-[4]. Single or multiagent chemotherapy 
and targeted therapy regimens have not demonstrated efficacy in such cases and there were no phase II clinical 
trials in RDIPG conducted in adult patients [5] [6]. Based on our successful treatment of recurrent GBM 
(RGBM), we used a similar strategy for patients with RDIPG, despite reservations in using such a treatment plan, 
since the “genomic signature” of DIPG is different than GBM and is characterized by mutations in the histone 
H3.3 (H3F3A) [20] [23]. Medications proposed for treatment regulate VEGF, epidermal growth factor (EGFR), 
and mammalian target of rapamycin (mTOR) pathways as well as interrupt the signal transmission through AKT 
and RAS pathways and affect cyclin-dependent kinases (CDK), and cyclins. The rationale for the combination 
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of targeted agents including pazopanib, everolimus, erlotinib, BVZ, dasatinib (recommended, but not started), 
and PB was previously explained in detail [14] [20]. A dose reduction of 50% to 75% for PB, pazopanib, and 
everolimus was effected to diminish the possibility of additive toxicity of the regimen. The treatment resulted in 
a rapid decrease in the tumor size and the onset of a partial response after seven weeks. The maximum reduction 
in the tumor size was in excess of 80%. There were some noted deficiencies in the execution of the treatment 
plan. Everolimus was discontinued by the patient himself after five months due to elevation of transaminases 
and dasatinib was not added to the treatment (based on financial concerns). It is postulated that noncompliance 
may have resulted in progression of the disease after one year and five months. After the patient opted to discon-
tinue his targeted treatment regimen (for financial reasons) and take TMZ instead, the patient had a rapid pro-
gression of his disease and died within two months thereafter. Factors contributing to noncompliance were high 
cost of medications and a lack of insurance coverage. 

It should be noted that the baseline evaluation was performed after seven weeks from the completion of RT, 
raising the possibility of pseudoprogression. To eliminate this possibility, it is appropriate to wait an additional 
five weeks before starting treatment, however, the patient’s clinical deterioration prompted us to begin his ther-
apy sooner. 

4. Conclusions 
This case report suggests that it is possible to obtain objective response in the treatment of RDIPG in a young 
adult patient using a combination of gene targeted agents. The patient achieved close to a two-year survival, 
which appeared substantially longer than the median survival of eleven months for this age group [5] [6]. With 
appropriate dose reductions, a targeted treatment regimen can be safely administered. However, caution should 
be exercised since formal clinical trials were not conducted. 

Results of using PB in combination with targeted agents pazopanib, everolimus, erlotinib/dasatinib, and BVZ 
need to be confirmed in future clinical trials. 
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