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Abstract: Rationale: Diffuse intrinsic pontine glioma (DIPG) is a lethal brain tumor and leading cause of brain tumor—
related death in children. Over the past few decades, clinical trials have shown no improvement in outcome. Most DIPGs occur
in the pediatric population. Adult brainstem gliomas are rare, constitute less than 2% of adult gliomas, and show a slight male
predominance. The case of this 25-year-old female is presented to detail and discuss the use of Antineoplastons A10
(Atengenal) and AS2-1 (Astugenal) in the treatment of DIPG that persisted despite radiation therapy (RT) and temozolomide.
Objectives: The patient described was treated at the Burzynski Clinic (BC), as a special exception, according to the phase 11
protocol, BT-09, which utilized Antineoplastons A10 and AS2-1 (ANP therapy) in the treatment of brain tumors. The delivery
of ANP therapy was via a subclavian catheter and infusion pump. Tumor response to therapy was measured by sequential
magnetic resonance imaging (MRI) of the brain. Overall Survival (OS) and Adverse Events (AES) were also documented.
Findings: At her presentation to the BC, the patient complained of diplopia, left-sided weakness, and difficulty walking. On
physical exam, she was alert and orientated. Her cranial nerves were intact. There was weakness of the left-sided extremities.
Deep tendon reflexes were equal bilaterally with down-going toes bilaterally. Reports of the original brain MRIs in Argentina
suggested a DIPG with extension to the medulla and cerebellum. In addition, tumor biopsy confirmed a grade 3 astrocytoma.
Following radiation therapy (RT) and temozolomide in Argentina, the patient was treated at BC for persistent disease with
ANP therapy. Sequential MRI imaging of the residual tumor, which was non-enhancing, showed no change in size during
therapy. However, the patient did achieve resolution of her neurologic signs and symptoms and has survived more than nine
years since first being seen at BC. Correspondence with the patient on September 9, 2021 indicated she was feeling fine, had a
healthy child, and was enjoying life. Conclusions: We have presented here the case of an adult female with a DIPG who had
resolution of signs and symptoms and survived more than nine years after ANP therapy. For patients with DIPG (or other high-
grade astrocytoma), who do not qualify for/refuse RT or show persistent or progressive disease following RT and/or
chemotherapy, ANP therapy is an effective therapeutic option. In collaboration with the FDA confirmatory Phase II and Phase
IITI studies have been developed.
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categories: focal, exophytic, cervicomedullary, midbrain, and
diffuse intrinsic pontine glioma (DIPG) [1]. DIPG is the most
common brainstem tumor in children, representing 75-80%
of pediatric brainstem tumors, and affecting an estimated 300

1. Introduction

Magnetic resonance imaging (MRI) of the brain has
permitted the classification of brainstem gliomas into five
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children in the United States each year.

When compared to other brainstem tumors, the prognosis
for children with DIPG is significantly worse. Because, the
pons contains cranial nerve nuclei and other important nuclei,
which are vitally important for life, damage to these nuclei
by treatment can have life-threatening consequences.
Therefore, surgical resection is not an option. Unfortunately,
over the past few decades, clinical trials involving a variety
of treatments for this tumor have shown no improvement in
its outcome.

DIPG is generally a disease of childhood, with the
majority of children being diagnosed between 5 and 10 years
of age. However, adults can also be affected. Brainstem
dysfunction can produce a variety of symptoms including
cranial neuropathies (abnormal eye movements, diplopia,
facial asymmetry, hearing loss), ataxia (clumsiness, difficulty
walking, loss of balance), and long tract signs (hyperreflexia,
clonus, increased muscle tone, presence of a Babinski reflex).
Obstructive hydrocephalus can produce irritability, nausea
and/or vomiting, headache, seizures, and
personality/cognitive changes.

Adult brainstem glioma (patient age more than 21 years)
constitutes only 2% of adult gliomas, with a slight male
predominance [2, 3]. Median age at diagnosis is in the mid-
30s, although brainstem gliomas can present in any decade of
life. We have previously reviewed this clinical entity [4]. The
radiographic appearance of adult brainstem glioma varies
widely, with only 40% showing enhancement [2, 5].
Pediatric DIPG has a prognosis of ~10 months and only 10%
of patients live more than two years after diagnosis. By
comparison, the median survival for adult patients with a
brainstem glioma is 30-40 months [6].

In adults, it is clinically important to distinguish between
gliomas that involve the midbrain tectum — which often
behave indolently — and DIPG, which often does not enhance,
as was the case for the patient presented here, and has a much
worse prognosis [7].

Due to its anatomical location, diagnostic biopsies of
brainstem gliomas are difficult to obtain. Diagnosis is
frequently based on brain MRI alone. However, routine
biopsy of patients with suspected DIPG has been performed
in Europe since 2003 [8]. In a report detailing their
experience in 24 children, morbidity was reported in 2
children (cranial nerve palsy, worsening hemiparesis) and
was reversible. There was no mortality. The investigators
concluded that the procedure was relatively safe in
experienced hands using modern neurosurgical techniques
[8]. Given this demonstration of relative safety, there is a
movement within the pediatric neuro-oncology community
toward routine biopsy of patients with suspected DIPG [9].

Genomic studies have identified chromosomal aberrations
in DIPG, such as PDGFRA, MDM4, MYCN, EGFR, MET,
KRAS, CDK4, and histone H3.3. These chromosomal
aberrations involve genes that regulate cell growth, cell death,
and cellular repair pathways [10-17].

Histone 3 (H3) K27-mutant (K27M) diffuse midline
glioma (DMG) was recognized in 2016 by the World Health

Organization (WHO) as a distinct category of high-grade
glioma [18]. DMGs most commonly form in the brainstem,
thalamus, spinal cord, and cerebellum. Most DIPGs belong to
the WHO classification of H3 K27M DMGs. Wild-type H3
K27 DIPGs, while not being separately designated within
this WHO classification, show a similar survival to that of
H3-K27M DIPGs [19, 20]. By comparison, ~20% of
pediatric glioblastomas are H3 K27M DMGs.

For children three years of age or older with newly
diagnosed DIPG, the standard of care is conventional
radiation therapy (RT) administered at a dosage of 54-60
Gray, treating the visible tumor and a 1 cm margin around
the visible tumor to cover non-visible disease. This total
dosage is given in daily 180-200 centi-gray fractions
(Monday-Friday), over six weeks. To reduce the edema
associated with a DIPG, which is exacerbated by RT,
glucocorticoids are administered. In response to RT and
steroids, ~75% of children with DIPG will show some
improvement in their symptoms. RT prolongs survival for
these children by ~3 months [21].

Within 3-8 months after completion of RT, most children
with DIPG will have clinical or radiographic evidence of
progressive disease (PD). The pattern of failure is generally
local. In one study, 25% of cases with PD involved the
irradiated tissues while 75% occurred outside the radiation
field [22]. Additional therapies for DIPG are not effective
and invariably, progressive neurologic deterioration occurs.
At some point, many children with DIPG receive adjuvant
chemotherapy in an attempt to prevent or treat PD. However,
for DIPG, no significant improvement in outcome has ever
resulted from the use of chemotherapy.

In adults with DIPG, increasing tumor grade is associated
with significantly reduced survival. An analysis of 17 adults
with DIPG demonstrated a median OS of 57 months for low-
grade vs. 16 months for high-grade gliomas [23]. An M. D.
Anderson Cancer Center retrospective analysis of adult
brainstem glioma patients demonstrated a median OS of
77.0months for WHO grade 2 diffuse astrocytoma,
21.1 months for WHO grade 3 anaplastic astrocytoma, and
14.8 months for glioblastoma [5].

The case presented here involves a 25-year-old female
who had received RT and chemotherapy prior to being seen
at the Burzynski clinic (BC) where she received
Antineoplastons A10 and AS2-1 (ANP therapy) and has
survived for more than nine years, having no signs or
symptoms of disease.

2. Methods

Antineoplaston research began in 1967, when significant
deficiencies were noticed in the peptide content of the serum
of patients with cancer compared with healthy persons.
Initially Antineoplastons were isolated from the blood and
later from urine [24]. Subsequent studies of the isolated
Antineoplastons demonstrated that Antineoplaston A10
(Atengenal) and Antineoplaston AS2-1 (Astugenal) were the
most active Antineoplastons. The chemical name of
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Antineoplaston Al0 is 3-phenylacetylamino-2,6-
piperidinedione. It consists of the cyclic form of L-glutamine
connected by a peptide bond to a phenylacetyl residue. The
mixture of synthetic PG and isoPG in a 4:1 ratio, dissolved in
sterile water constitutes Antineoplaston A10 IV injection.
Further metabolism of Antineoplaston A10 results in
phenylacetate (PN). Both metabolites PG and PN have
anticancer activity. The mixture of PN and PG in a 4:1 ratio,
dissolved in sterile water constitutes Antineoplaston AS2-1
IV injection [25].

Protocol BT-09, a “Phase II Study of Antineoplastons A10
and AS2-1 in Patients with Brain Tumors”, was designed for
different types of primary brain tumors in adults that were
not curable by standard treatment [26]. It was a single arm,
two-stage, phase II trial of ANP therapy as treatment in this
high-risk, poor-prognosis population. Recruited patients were
over 18 years of age with radiologic evidence of residual,
recurrent or progressive tumor by brain MRI.

In protocol BT-09, response to ANP therapy was measured
by serial brain MRIs. Tumor size was calculated as the
product of the two greatest perpendicular diameters as

determined by imaging. The response criteria were as follows:

a CR indicated complete disappearance of all enhancing
tumor while a partial response (PR) indicated a 50% or
greater reduction in enhancing tumor size. CR and PR
required a confirmatory brain MRI performed at least four
weeks after the initial finding. PD indicated a 25% or greater
increase in enhancing tumor size, or new enhancing disease,
while stable disease (SD) did not meet the criteria for PR or
PD. [27] All brain MRIs were reviewed by a prominent
outside radiologist.

The patient presented here was originally seen in February
2011, at an institution in Argentina, because of left leg and
arm discoordination and diplopia. MRI of the brain
performed in March 2011, showed a pontine tumor with
extension to the medulla and cerebellar vermis. On April 4,
2011, stereotactic biopsy of a non-enhancing mass in the
vermis was performed. Findings confirmed a diffuse
brainstem glioma. This biopsy, which was subsequently
interpreted as showing an infiltrating astrocytoma (see
below), and the rapid progression of disease confirmed a
grade 3 astrocytoma. The tumor was MGMT methylated. H3
K27M status was not obtained as that technology was not yet
available.

A glioblastoma treatment protocol was instituted in
Argentina with the patient receiving RT for six weeks, to a
total dose of 62 Gray, and daily temozolomide at 75 mg/m’
daily during the period of RT. This was to be followed by
two cycles of adjuvant temozolomide, but the patient could
not tolerate the side effects.

With persistence of the patient’s tumor on brain MRI, in
November 2011, the patient elected to be seen in consultation
at M. D. Anderson Cancer Center where the microscopic
slides from the April 4, 2011 biopsy were reviewed. They
were reported to show an infiltrating grade 3 astrocytoma.
The patient was offered additional temozolomide plus
Accutane but refused.

On January 19, 2012, this 25-year-old female was seen at
the BC for treatment of persistent left-sided discoordination,
diplopia, and a persistent tumor by brain MRI. On physical
exam the patient was alert and orientated. Her cranial nerves
were intact, but she complained of intermittent diplopia.
There was weakness of the left-sided extremities, with left
arm weakness being greater than left leg weakness. Deep
tendon reflexes were normal bilaterally, with down going
toes. There was end point hesitancy on finger-nose-finger
testing of the left hand. On January 20, 2012, baseline brain
MRI (see Figure 1) showed a persistent low-intensity signal
tumor, which was non-enhancing. It extended locally to
involve the middle cerebellar peduncle as well as the
cerebellar vermis. It measured 1.80 cm X 1.10 cm=1.98cm’.
The patient was felt to be a good candidate for treatment
according to protocol BT-09 even though the study had been
closed to accrual. Special exemption status was sought and
obtained.
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Figure 1. Baseline MRI at the Burzynski Clinic (January 20, 2012): Axial
FLAIR MRI image at the level of the cerebellar vermix showing residual
low-intensity signal tumor after treatment of DIPG with RT and
temozolomide. The corresponding TI-weighted image did not show
enhancement. FLAIR=fluid attenuated inversion recovery; MRI=Magnetic
Resonance  Imaging;  DIPG=Diffuse Intrinsic =~ Pontine  Glioma;
RT=Radiation Therapy.

The patient began ANP therapy on February 3, 2012. As
per protocol BT-09, it was delivered via a subclavian catheter
and a programmable infusion pump. The dose of ANP
therapy was increased until the maximum tolerated dose was
achieved. The maximum tolerated dosage of Antineoplaston
A10 was 10.07 g/kg/d while the maximum tolerated dosage
of Antineoplaston AS2-1 was 0.36 g/kg/d. The patient was
maintained on ANP therapy until June 22, 2013. During her
time of treatment, the cerebellar lesion did not change on
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sequential brain MRIs, but the patient’s signs and symptoms
cleared. The last follow-up with the patient was on
September 9, 2021. She was feeling fine, had no evidence of
persistent disease, had a healthy child, and was enjoying life
(see Figure 2). The patient gave written permission for use of
the figures shown.

Figure 2. Patient with DIPG: Asymptomatic for more than nine years after
resolution of clinical sign/symptoms and achievement of a PR following ANP
therapy at the BC. DIPG=Diffuse Intrinsic Pontine Glioma; PR=Partial
Response; ANP therapy=Antineoplastons A10 and AS2-1; BC=Burzynski
Clinic.

The patient tolerated ANP therapy well, experiencing three
Adverse Events (AEs), which may have been related to ANP
therapy.

3. Discussion

Growth of normal cells is controlled by cell cycle
progression genes (oncogenes) and by cell cycle arrest genes
(tumor suppressor genes). In cancer, alteration of these
control genes in malignant cells favors aggressive cell
proliferation. ANP therapy’s mechanism of action differs
from that of RT or cytotoxic chemotherapy. Evidence
suggests that ANP affects 112 genes in the tumor genome
and functions as “molecular switches” which “turn on”
tumor-suppressor genes and “turn off” oncogenes. [28, 29]
Hence, the antineoplastic action of ANP therapy in DIPG
involves restoration of cell cycle control, induction of
programmed cell death, and interference with cancer cell
metabolism and nuclear transport.

Dr. S. R. Burzynski developed the Phase II protocol BT-3,
“Therapy of Primary Brain Tumors with Antineoplaston A10
and Antineoplaston AS2-1” in 1988 following completion of
Phase I studies of A10 and AS2-1. The effectiveness and
toxicity of Antineoplastons in the treatment of patients with
primary brain tumors were the primary objectives of this
protocol. BT-3 led to additional Phase II clinical studies,
which involved continuous infusions of higher doses of A10
and AS2-1 utilizing ambulatory infusion pumps, as was the
case for protocol BT-09 [26].

Seven brain tumor cases from Phase I and II studies
(including BT-3) were reviewed on October 4, 1991 by three

members of the NIH Cancer Therapy Evaluation Program, an
invited neuropathologist, and an invited neuroradiologist.
Five definite or “possible” complete responses (CRs) were
identified [30].

The diagnosis of DIPG is based on characteristic MRI
findings combined with a clinical presentation consistent
with that which has been described above. On brain MRI, a
DIPG appears as an expansible mass intrinsic to the pons as
opposed to an extrinsic mass compressing the pons. The
epicenter of a DIPG lies within the pons and the lesion
typically involves 50% or more of the pons. However, there
may also be an exophytic component as the DIPG expands
along the path of least resistance. Tumors involving less than
50% of the pons, including exophytic tumors arising in the
pons, are classified as DIPG if biopsy of the enhancing lesion
reveals anaplastic glioma or glioblastoma histology. In the
case presented here, tissue from a stereotaxic biopsy obtained
on April 4, 2011 was later interpreted at M. D. Anderson
Cancer Center as an infiltrating astrocytoma, consistent with
the previous diagnosis of a diffuse brainstem glioma.

DIPGs are usually confined to the brainstem at the time of
initial diagnosis and subsequently spread in a contiguous
fashion. At the time of local disease relapse, metastasis via
the subarachnoid space can occur in up to 30% of cases. In
the case presented here, contiguous spread was to the
medulla and to the cerebellum.

DIPGs are hypo- or iso-intense on T1- weighted imaging,
hyperintense on T2-weighted imaging, and frequently appear
relatively homogeneous on fluid attenuated inversion
recovery (FLAIR) sequences. Gadolinium enhancement can
be seen in TIl-weighted images. However, contrast-
enhancement is quite variable. Other MRI features of a DIPG
include ventral involvement of the pons, and encasement of
the basilar artery.

The variable contrast enhancement seen in DIPG becomes
problematic when determining an OR in DIPG, since a
reduction in enhancement is the diagnostic criteria commonly
used for brain tumors [26]. In the case presented here, there
was no enhancement. Therefore, in the Phase II and Phase III
studies of DIPG developed in collaboration with the FDA
(see below), the use of Overall Survival (OS) as an endpoint
allows an alternate method for determining optimal therapy.

A review was conducted of 168 DIPG patients treated at
BC in six different Phase II protocols under IND # 43,742.
Based on the results of this review, we collaborated with the
FDA to develop BRI-BT-52, “A Randomized Phase 3 Study
of Combination Antineoplaston Therapy [Antineoplastons
A10 (Atengenal) and AS2-1 (Astugenal)] Plus Radiation
Therapy vs. Radiation Therapy Only in Subjects with Newly
Diagnosed Diffuse, Intrinsic Brainstem Glioma” and BRI-
BT-55, “A Phase 2 Study of Atengenal (A10) and Astugenal
(AS2-1) in Diffuse, Intrinsic, Brainstem Glioma (DIPG)”.
Both protocols have received IRB approval and will be
opened for patient accrual at multiple institutions. The Phase
2 protocol contains sub-group analyses for DIPGs occurring
in adults.
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4. Conclusion

Under the Burzynski Research Institute’s (BRI’s) IND #
43,742, multiple Phase II clinical studies of ANP therapy in low-
and high-grade brain tumors have been completed and
numerous articles have been published [31-64]. We have
presented here the case of a 25-year-old female who experienced
resolution of signs and symptoms of disease and more than nine
years’ survival following ANP therapy for persistent tumor after
RT plus temozolomide for DIPG. For patients with a DIPG (or
other high-grade astrocytoma), who do not qualify for/refuse RT
or show persistent or progressive disease following RT and/or
chemotherapy, ANP therapy is an effective therapeutic option.
In collaboration with the FDA confirmatory Phase Il and Phase
III studies have been developed.
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