
Journal of Cancer Therapy, 2014, 5, 977-988 
Published Online September 2014 in SciRes. http://www.scirp.org/journal/jct 
http://dx.doi.org/10.4236/jct.2014.510102   

How to cite this paper: Burzynski, S.R., Janicki, T.J., Burzynski, G.S., Marszalek, A. and Brookman, S. (2014) A Phase II Study 
of Antineoplastons A10 and AS2-1 in Children with Recurrent, Refractory or Progressive Primary Brain Tumors—Final Re-
port (Protocol BT-22). Journal of Cancer Therapy, 5, 977-988. http://dx.doi.org/10.4236/jct.2014.510102 

 
 

A Phase II Study of Antineoplastons A10 and 
AS2-1 in Children with Recurrent,  
Refractory or Progressive Primary Brain 
Tumors—Final Report (Protocol BT-22) 
Stanislaw R. Burzynski, Tomasz J. Janicki, Gregory S. Burzynski, Ania Marszalek,  
Sheldon Brookman 
Burzynski Clinic, Houston, Texas, USA 
Email: gsb@burzynskiclinic.com  
 
Received 13 July 2014; revised 8 August 2014; accepted 3 September 2014 

 
Copyright © 2014 by authors and Scientific Research Publishing Inc. 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

    
 

 
 

Abstract 
Primary malignant brain tumors are a leading cause of cancer-related death in children. This 
Phase II study evaluated the efficacy and safety of Antineoplastons A10 and AS2-1 (ANP) in chil-
dren who developed progression during standard treatment. A total of 43 children were recruited 
to the study, but only 41 met eligibility criteria. There were twelve cases of glioblastoma multi-
forme (GBM), eight anaplastic astrocytomas (AA), twelve diffuse intrinsic pontine gliomas (DIPG), 
three supertentorial primitive neuroectodermal tumors (sPNET), three cases of medulloblastoma 
and one case each of anaplastic ependymoma (AE), atypical teratoid rhabdoid tumor (AT/RT), and 
disseminated pilocytic astrocytoma (PAD). ANP was administered intravenously daily every four 
hours (median dose of A10 8.74 g/kg/d and AS2-1 0.35 g/kg/d), until objective response (OR) was 
documented, and then a further eight months. All enrolled patients were included in safety, but 
only eligible patients in the efficacy evaluation. A total of 12.2% of patients obtained OR; 2.4% 
complete response (CR) and 9.8% partial response (PR). Stable disease (SD) was determined in 
17.1% and progressive disease (PD) in 43.9% of cases. There were 26.8% of nonevaluable (NE) 
cases due to premature discontinuation. Out of five OR cases, four patients were diagnosed with 
recurrent DIPG and one with recurrent AA. Median progression-free survival (PFS) was 2.5 
months. Median overall survival was 4.8 months. OS at 6 months was 46.3%, one year was 12.2%, 
and 4.8% at two, five, and ten years. The longest survivor is a patient diagnosed with DIPG and 
gliosarcoma who remains alive more than 15 years. A group of eleven patients reported grade 3 
and 4 toxicity including hypernatremia in eight cases, somnolence in two cases, and hypokalemia 
in one case. There were no chronic toxicities, and the quality of life was very good. The largest 
group of patients were represented by DIPG, GBM, and AA. The best results were obtained in the 
DIPG and AA groups. In the DIPG group, CR was in 8.3%, PR was 25%, median PFS was 4.8 months, 
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median OS was 6.1 months, and OS at 6 months was 58.3%, at one year 25%, and 8.3% at two, five, 
and ten years. In the AA group, PR was 12.5%, median PFS was 3.7 months, median OS was 4.7 
months, and OS at 6 months was 37.5%, and 12.5%, at one, two, five, and ten years. In conclusion, 
antineoplastons showed efficacy and acceptable toxicity in patients with recurrent, refractory or 
progressive primary brain tumors. 
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1. Introduction 
Pediatric primary malignant brain tumors are a leading cause of cancer-related deaths in children [1]. Pediatric 
high-grade gliomas (HGG) are relatively uncommon and represent approximately 17% of all pediatric brain tu-
mors [2]. Supratentorial HGG and diffuse intrinsic pontine glioma (DIPG) continue to be two main challenges 
for pediatric oncologists [3]. The standard of care for newly diagnosed HGG is surgical resection followed with 
daily temozolomide (TMZ) and radiation therapy (RT) with subsequent adjuvant TMZ [4] [5]. Standard RT 
continues to be the main treatment for newly diagnosed DIPG. Unfortunately, there are no standard therapy 
recommendations after recurrence [5]-[7].  

Antineoplastons A10 and AS2-1 (ANP) have been tested extensively in Phase II studies in primary brain tu-
mors. Initial clinical responses in the treatment of HGG and DIPG convinced us to design and conduct a sin-
gle-arm Phase II study of ANP therapy to assess the efficacy and safety in children diagnosed with primary ma-
lignant brain tumors, mostly gliomas, which failed to respond to standard therapy [8]-[12]. 

2. Patients and Methods 
2.1. Patient Population 
Recruited patients were between 6 months old and 18 years with radiologic evidence of recurrent, refractory, 
progressive or persistent primary brain tumors after receiving standard therapy, by gadolinium-enhanced mag-
netic resonance imaging (MRI) performed within 14 days prior to initiating the study. Patients were required to 
have a histologically confirmed, incurable primary malignant brain tumor or DIPG, and to have a complete re-
covery and at least four weeks from prior surgical procedure. At least eight weeks must have elapsed since the 
last dose of RT, and at least four weeks must have elapsed since the last dose of chemotherapy (six weeks for 
nitrosoureas) or immunotherapy. However, patients with clear evidence of disease progression during the initial 
therapy could be enrolled less than 8 weeks following the last dose of RT, less than 4 weeks after surgery or the 
last dose of chemotherapy, if the investigator determined that it was safe to administer ANP to such patients. 

Diagnosis made by MRI without the necessity of a biopsy is generally accepted for brainstem glioma (BSG). 
Based on MRI alone, DIPG could be diagnosed if the tumor has an epicenter in the pons and involved more than 
50% of the pons. Patients with tumors that involved the thalamus or upper cervical regions of the spinal cord 
were also classified as DIPG if the lesion primarily involved the brainstem. Patients with neurofibromatosis 
were not covered by this definition and were not included. Tumors involving less than 50% of the pons or exo-
phytic or exophytic involving from pons were classified as DIPG if they had anaplastic, glioblastoma (GBM) or 
gliosarcoma (GS) histology [6] [13]-[15]. The remaining types of BSG included focal, exophytic, cervicome-
dullary, and midbrain tumors [16] [17]. 

Patients were required to have a gadolinium-enhanced MRI performed within two weeks prior to study en-
rollment. There were no exclusion criteria based on tumor size, multifocality or leptomeningeal or the presence 
of systemic metastases. Eligibility criteria also included a Karnofsky Performance Status (KPS) of 60 - 100. A 
group of patients admitted, based on Special Exceptions permitted by the Food and Drug Administration (FDA), 
had a KPS below 60. The subjects were required to have relatively normal hematopoietic and hepatic function 
with white blood cell count (WBC) over 1500/mm3 and platelet count over 50,000/mm3, no evidence of hepatic 
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or renal insufficiency, and a total bilirubin and serum creatinine of no higher than 2.5 mg/dL and SGOT and 
SGPT no higher than 5× the upper limits. Use of corticosteroids was permitted to reduce symptoms and signs 
attributed to cerebral edema, but it was recommended that the smallest doses compatible with the preservation of 
optimal neurologic function be used. Confirmation of the pathologic diagnosis by an outside pathologist was 
also required.  

The exclusion criteria included serious active infection, fever or other serious concomitant disease that would 
interfere with the evaluation of the treatment (e.g., severe heart or lung disease). Criteria for the removal from 
the study were the same as in studies BT-06 and BT-11, and were described previously [10] [12]. 

All study subjects and/or guardians read, understood, and signed written informed consents prior to enroll-
ment. This study was conducted in accordance with the US Code of Federal Regulations, Title 21, Parts 11, 50, 
56, and 312; the Declaration of Helsinki (1964) including all amendments and revisions; the Good Clinical 
Practices: Consolidated Guideline (E6); International Conference on Harmonization; and the FDA Guidance for 
Industry. The study was sponsored by the Burzynski Research Institute, Inc., (BRI) and conducted by the 
Burzynski Clinic (BC) in Houston, Texas. 

2.2. Study Design 
The study was a single-arm, two-stage, interventional Phase II trial of ANP as the monotherapy in a high-risk, 
poor-prognosis study population. The study was listed by the National Cancer Institute (NCI) under the number 
of NCT00003476. The study was overseen by an independent Institutional Review Board. 

The study was performed according to Protocol BT-22 and conducted under the U.S. IND 43,742. The study 
commenced on March 6, 1996 and was closed to accrual on November 15, 2011. The protocol was amended by 
BRI several times; however, none of the amendments altered the aim or design of the original study objectives.  

3. Statistical Consideration 
The sample size and statistical methods were based upon the method described by Chang et al. and were de-
scribed before [18]. A response rate to ANP of ≥10% was considered ’of interest,’ and the primary endpoint was 
to determine the overall response rate (confirmed complete response (CR) or partial response (PR)) to ANP 
therapy. An interim analysis would be conducted after 20 subjects had enrolled in the study. If one or more pa-
tients achieved a confirmed radiographic response, an additional 20 subjects would be recruited. Overall sur-
vival (OS) was measured from the first day of ANP administration until death from any cause, and progres-
sion-free survival (PFS) was measured from the first day of the treatment until the date of first observation of 
progressive disease (PD), beginning of other treatment or death. OS and PFS were estimated by Kaplan-Meier 
analysis using the MedCalc Statistical Software version 13.3 (MedCalc Software bvba, Ostend, Belgium; 2014). 
The primary endpoint was the response to treatment which was determined in these different populations: 1) 
study eligible, 2) DIPG, and 3) anaplastic astrocytoma (AA). Time to best response, dosage, and duration of 
treatment were analyzed. The average maximum effective daily dose and the range were calculated. 

4. Treatment Plan 
ANPs A10 and AS2-1 were delivered via a dual-channel infusion pump and a single-lumen subclavian catheter 
(Broviac, Groshong or Hickman) every 4 hours as described before [10] [12]. Criteria for using additional 
medications including corticosteroids and for outpatient treatment and monitoring were previously described [10] 
[12]. 

5. Evaluation and Follow-Up 
Tumor measurements were based on contrast-enhanced lesions identified by MRI, T2 and FLAIR images were 
also evaluated [10] [15] [19]. Blood and urine tests and additional measurements were performed as previously 
described [10] [12]. MRIs were repeated at least every 8 weeks during the first 2 years unless the patient’s con-
dition or confirmation of response required an MRI within 4 weeks. Positron emission tomography (PET) scans 
were performed as necessary. The adverse events were evaluated in all patients and graded according to the 
Common Terminology Criteria for Adverse Events v. 3 (CTCAE v.3). 
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6. Results 
6.1. Patient Demographic 
Subject enrollment started March 6, 1996 and continued through November 15, 2011. As of May 15, 2013, all sub- 
jects were removed from the therapy due to a CR, PR, subject request, PD, or worsening clinical condition. The 
results were analyzed in a group of 43 patients from which only 41 were eligible for efficacy. Two patients with 
AA were found ineligible; none of them received prior treatment. The response of both patients was classified as 
stable disease (SD). The largest groups were patients with DIPG, GBM, and AA. The best results were obtained 
in the DIPG and AA groups. The characteristic of the eligible patients are summarized in Table 1. 
 
Table 1. Patient characteristics.                                                                                 

Characteristic Number 

Age (range years) 1.4 - 18.5 

Male 20 

Female 21 

Race  

White 36 

African-American 1 

Latin American 3 

Oriental 1 

Prior therapy  

Surgery and chemotherapy 3 

Surgery and radiation 3 

Chemotherapy only 1 

Radiation only 5 

Chemotherapy and radiation 5 

Surgery, chemotherapy, and radiation 16 

Surgery, chemotherapy, radiation and ABMT/SCR 4 

Surgery, radiation and targeted/biological therapy 2 

Surgery, radiation, chemotherapy and targeted/biological therapy 1 

Radiation and targeted/biological therapy 1 

Diagnosis  

DIPG 12 

GBM 12 

AA 8 

Medulloblastoma 3 

sPNET 3 

AE 1 

AT/RT 1 

PAD 1 

Karnofsky performance score  

Median 50 

Range 40-90 

Abbreviations: AA—anaplastic astrocytoma; AE—anaplastic ependymoma; AT/RT—atypical teratoid rhabdoid tumor; ABMT—autologous bone 
marrow transplant; DIPG—diffuse intrinsic brainstem glioma; GBM—glioblastoma multiforme; PAD—disseminated pilocytic astrocytoma; SCR— 
stem cell rescue; sPNET—supratentorial primitive neuroectodermal tumor. 



S. R. Burzynski et al. 
 

 
981 

Among 41 eligible patients, there were 12 cases of GBM, 8 anaplastic astrocytoma (AA), 12 DIPG, 3 medul-
loblastoma, 3 supratentorial primitive neuroectodermal tumor (sPNET), and 1 each of anaplastic ependymoma 
(AE), atypical teratorhabdoid tumor (AT/RT), and disseminated pilocytic astrocytoma (PAD). Recurrent tumors 
among patients with objective response (OR) and SD were diagnosed in 92%, and persistent tumors in 8%. 

6.2. Treatment 
The median daily doses of ANP A10 and AS2-1 are described in Table 2. 

The median time to first OR was 19 weeks (range 7 to 38 weeks). The duration of IV ANP therapy ranged 
from 0.4 to 77 weeks with a median of 13.7 weeks. One subject had a CR and therapy ended after 59 weeks of 
IV treatment. Six patients halted the treatment based on their decision. Eight subjects halted therapy due to PD 
confirmed by MRI. In 26 cases, ANP were stopped due to worsening of their clinical condition and 6 patients 
died while on treatment from the underlying disease. 

7. Responses and Survival 
The data on confirmation of diagnosis, recurrence and response among OR and SD patients are shown in Table 
3. 

Table 4 shows the response rate and survival for study eligible population as well as for subgroups. 
A total of five patients (12.2%) obtained OR to ANP—one case of CR (2.4%) and four cases of PR (9.8%). A 

patient diagnosed with DIPG and disseminated GS achieved a CR, and is now surviving over 15 years since 
treatment start (Figure 1) [11]. 

SD was determined in 7 cases (17.1%) and PD in 18 cases (43.9%). There were 11 NE cases (26.8%) due to 
premature discontinuation of treatment based on the patient’s decision in 3 cases, and deterioration of patients’ 
condition in 8 cases, 2 patients from this group died due to underlying malignancy while on treatment. In the 
eligible study group, OS was 46.3% at 6 months, 12.2% at one year and 4.8% at two, five and ten years. The 
PFS at six months was 22%. In the DIPG group, OS was 58.3% at 6 months, 25.0% at one year and 8.3% at two, 
five and ten years. The PFS at six months was 41.7%. In the AA group, OS was 37.5% at 6 months, 12.5% at 
one, two, five and ten years. The PFS at six months was 25.0%. The Kaplan-Meier overall survival and progres-
sion-free survival curves for all patient cases are presented in Figure 2 and Figure 3. Detailed descriptions of 
some successfully treated cases have been presented in interim reports [8] [11]. 

The comparison of the results of treatment with ANP versus temozolomide in recurrent or progressive brain 
tumors in children are shown in Table 5. 
 
Table 2. Median daily dose of ANP A10 and AS2-1.                                                               

  
Median daily dose g/kg/d 

(Range) 

  Entire treatment Dose until documented OR achieved Dose until documented SD achieved 

Treated 
patients N A10 AS2-1 A10 AS2-1 A10 AS2-1 

All 41 
8.74 

(0.48 - 24.58) 
0.35 

(0.13 - 0.51) 
10.58 

(9.46 - 16.89) 
0.35 

(0.32 - 0.44) 
9.23 

(6.75 - 24.58) 
0.39 

(0.27 - 0.47) 

DIPG 12 10.26 
(1.85 - 24.58) 

0.37 
(0.27 - 0.51) 

11.46 
(9.46 - 16.89) 

0.40 
(0.34 - 0.44) 

8.65 
(6.75 - 24.58) 

0.41 
(0.27 - 0.47) 

AA 8 6.29 
(1.93 - 13.09) 

0.30 
(0.22 - 0.44) 9.87* 0.32* 7.88* 0.29* 

GBM 12 8.47 
(1.61 - 13.38) 

0.33 
(0.13 - 0.46) _ _ 12.04 

(10.72 - 13.36) 
0.40 

(0.39 - 0.40) 

*Only one patient. Abbreviations: AA—anaplastic astrocytoma; DIPG—diffuse intrinsic pontine glioma; GBM—glioblastoma multiforme; OR—ob- 
jective response; SD—stable disease. 
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Table 3. Confirmation of diagnosis, recurrence and response.                                                            

Confirmation of diagnosis 

Prior 
treatment 

Confirmation of 
recurrence 

Confirmation of response 
to ANP 

Tumor measurements 
Pathology Radiology 
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N
on

-e
nh
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ng
 

1 

AMC, 
March 10, 1995 

February 26, 
1999 

A 
GS 

AMC, 
March 24, 1999 

DIPG 2S 3RT 2C 
HDC 

December 3, 
1999 

Recurrent 
tumor, DIPG 

and  
multicentric 

External  
radiology, CRR, 
April 12, 2000 

CR Decreased 
over 50% Decreased Resolved 

2   
AMC, 

August 9, 1999 
DIPG RT November 3, 

1999 
Recurrent 

tumor 

External  
radiology, CRR 

February 23, 
2000 

PR Decreased 
over 50% Decreased  

3   
AMC, 

January 4, 1999 
DIPG RT C April 27, 1999 Recurrent 

tumor 

External  
radiology, CRR 
June 18, 1999 

PR Decreased 
over 50% Decreased  

4   
AMC, 

April 11, 2011 
DIPG 

RT C 
Targeted  

(bevacizumab) 

October 20, 
2011 

Recurrent 
tumor 

External  
radiology, July 

30, 2012 
PR Decreased 

over 50% Decreased  

5   
RG, 

December 3, 
1995 

DIPG RT February 21, 
1996 

Recurrent 
tumor 

External  
radiology, May 

22, 1996 
SD Stable Stable  

6   
AMC, 

July 31, 1998 
DIPG RT October 26, 

1998 
Recurrent 

tumor 

External  
radiology, March 

18, 1999 
SD Stable Stable  

7 
AMC, 

March 30, 2005 
A2 

RG, 
March 10, 2005 

DIPG C May 24, 2005 Recurrent 
tumor 

External  
radiology,  

September 12, 
2005 

SD Stable Stable  

8   
RG, 

March 1, 2010 
DIPG RT C July 27, 2010 Persistent 

tumor 
RG, 

May 26, 2011 
SD Stable Stable  

9 
AMC, 

August 24, 
1999 

AA 
AMC, 

August 20, 1999 

Right 
thalamic 

tumor 
RT October 27, 

1999 
Recurrent 

tumor 

External 
 radiology, CRR, 

April 12, 2000 
PR Decreased 

over 50% Stable  

10 
AMC, 

December 24, 
1998 

AA 
AMC, 

December 19, 
1997 

Left 
 temporal 

tumor 
2S RT 4C September 23, 

1999 
Recurrent 

tumor 

External  
radiology, 

June 18, 2000 
SD Stable Stable  

11 
AMC, 

May 19, 2003 
GBM 

AMC, 
May 12, 2003 

Left  
temporal 

tumor 
S RT C August 20, 2003 Recurrent 

tumor 

External  
radiology,  

December 4, 2003 
SD Stable Decreased  

12 
AMC, 

May 8, 2009 
GBM 

AMC, 
June 2, 2009 

Right 
temporal 

tumor 
2S RT 2C October 14, 

2009 
Recurrent 

tumor 

External  
radiology,  

February 8, 2010 
SD Stable Stable  

*This table includes patients whose responses were determined as CR, PR and SD only, which are of main interest to the readers. Radiology diagnosis is differ-
ent than pathology diagnosis because the radiology diagnosis is based on the location of the tumor in the brain and the pathology diagnosis is based on the 
microscopic appearance. Abbreviations: A—astrocytoma; A2—astrocytoma, grade 2; AA—anaplastic astrocytoma; AMC—academic medical center; C— 
chemotherapy; CR—complete response; CRR—central radiology review; DIPG—diffuse intrinsic pontine glioma; GBM—glioblastoma multiforme; GS— 
gliosarcoma; HDC—high-dose chemotherapy; PR—partial response; RG—regional hospital; RT—radiation therapy; S—surgery; SD—stable disease. 

8. Safety and Adverse Events 
Study Population  
Safety assessments were analyzed based upon the total number of enrolled patients in the study (n = 43). Intense 
monitoring of patient safety was conducted during the first two months of therapy and involved daily direct  
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Figure 1. Patient 1. (A) Baseline MRI; (B) Follow-up MRI indicating PR. 
Coronal T-1 contrast-enhanced images. A CR was confirmed by PET scan.       

 

 
Figure 2. The Kaplan-Meier survival curve. Overall survival from the treatment start. 
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Figure 3. The Kaplan-Meier survival curve. Progression-free survival from 
the treatment start.                                                    

 
Table 4. Response rates and overall survival.                                                                 

Diagnosis N 
Response N (%) Survival 

CR PR SD PD NE Median (range) 
in months 

DIPG 12 1 3 4 2 2 6.1 (0.5 - 173.5+) 

GBM 12   2 8 2 4.4 (0.5 - 11.1) 

AA 8  1 1 3 3 4.7 (1.1 - 136.7) 

Medulloblastoma 3     3 0.9 (0.5 - 0.9) 

sPNET 3    3  3.4 (3.3 - 8.5) 

PAD 1    1  19.8 

AE 1     1 10.5 

AT/RT 1    1  3.2 

TOTAL 41 1 (2.4) 4 (9.8) 7 (17.1) 18 (43.9) 11 (26.8) 4.8 (0.5 - 173.5+) 

Abbreviations: AA—anaplastic astrocytoma; AE—anaplastic ependymoma; AT/RT—atypical teratoid rhabdoid tumor; CR—complete response; 
DIPG—diffuse intrinsic brainstem glioma; GBM—glioblastoma multiforme; NE—non-evaluable; PAD—disseminated pilocytic astrocytoma; 
PD—progressive disease; PR—partial response; SD—stable disease; sPNET—supratentorial primitive neuroectodermal tumor. +Patient alive. 
 
questioning concerning adverse events, initially at the clinic and then followed by daily phone calls during the 
home administration phase. After two months, telephone contact was conducted on at least a weekly basis. Ad-
verse events were coded and graded according to CTCAE v.3. No long-term adverse drug events (ADEs) to 
ANPs were reported.  

ADEs grades 3 and 4 identified and reported by study patients in comparison to other studies is shown in Ta-
ble 6. 

Brain tumor patients frequently receive corticosteroids as part of their therapeutic regimen to reduce cerebral 
edema around tumors. The use of corticosteroids, the infusion of large volumes of sodium-containing solutions 
during ANP therapy, and the brain tumor itself predispose a patient to an increased incidence of serum sodium 
concentration abnormalities. As a result, grade 3 reversible hypernatremia was reported in two cases and grade 4 
hypernatremia was reported in six cases (4.6% and 13.9% respectively). In the studies with temozolomide, there 
was substantial myelotoxicity, vomiting, and incidence of infection including sepsis and pneumonia reported in 
Table 6. 
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Table 5. Phase II clinical studies in recurrent or progressive brain tumors in children. The results of chemotherapy with temo-
zolomide vs. antineoplastons.                                                                                                  
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Lashford et al., 2002, 
Temozolomide [21] 43 All 63 0 9 14   4.8      

Nicholson et al., 
2007, 

Temozolomide [22] 
23 84 All 0 4 30         

Warren et al., 2012, 
06-benzylguanine and 

temozolomide [23] 
41 All 

1 median 
chemo 
therapy 
regimen 

0 2 12  
16* 
0** 

      

Burzynski et al., 2014, 
ANP(Study eligible) 41 90.2 80.5 2.4 9.8 17.1 2.5 22 4.8 46.3 12.2 4.8 4.8 4.8 

Burzynski et al., 2014, 
ANP (DIPG) 

12 91.6 75.0 8.3 25 33.3 4.8 41.7 6.1 58.3 25.0 8.3 8.3 8.5 

Burzynski et al., 2014, 
ANP (AA) 

8 87.5 75 0 12.5 12.5 3.7 25.0 4.7 37.5 12.5 12.5 12.5 12.5 

Abbreviations: AA—anaplastic astrocytoma; ANP—antineoplastons A10 and AS2-1; CR—complete response; DIPG—diffuse intrinsic pontine glioma; 
HGG—high grade glioma; OS—overall survival; PFS—progression-free survival; PR—partial response; SD—stable disease; *Stratum A, HGG; **Stratum B, 
DIPG. 

9. Discussion 
The breakthrough in molecular and genomic studies brought justified excitement into the research on primary 
malignant brain tumors [20]. Until these new data are translated into clinical results it is necessary to rely on 
currently available treatment modalities which do not prove the efficacy beyond standard RT, which remains the 
accepted treatment for newly-diagnosed HGG and DIPG. Clinical trials in pediatric HGG and DIPG were exten-
sively reviewed previously [6] [7] [9]. Recently, seven trials were conducted for a mixed population of pediatric 
patients, usually for HGG with a percentage of patients diagnosed with DIPG. These studies were reviewed by 
us in recent publications [10] [12]. Lashford et al., Nicholson et al. and Warren et al. reported on studies with 
temozolomide in the treatment of children diagnosed with HGG and DIPG [21]-[23]. In these studies, 23 to 43 
children who failed radiation therapy and chemotherapy were recruited. No CRs in their studies were accom-
plished, but they reported from 2% to 9% for PR and 14% to 30% for SD. Limited survival data were reported. 
There were no median PFSs determined and 6 months PFS in the Warren et al. study was 16% for HGG and 0% 
for DIPG [23]. OS was only reported by Lashford et al. as 4.8 months median survival (Table 5). 

The results of our clinical trials indicate a significant percentage of CR and PR in a small group of recurrent 
DIPG (4 out of 12 patients). In the recurrent AA group of eight patients, there were single cases of PR and SD. It 
should be emphasized that the study accrued a very difficult-to-treat population compared to other ANP studies 
provided rationale for future Phase III studies. 
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Table 6. Incidence of adverse drug experiences (ADEs), grades 3 and 4, in antineoplastons study (ITT) compared to selected 
studies with temozolomide for pediatric brain tumors.                                                             

ADE 
(Incidence %) 

A
ntineoplastons 

Lashford et al., 2002, 
Tem

ozolom
ide [21] 

W
arren et al., 2012, 

06-B
enzylguanine and 

Tem
ozolom

ide [23] 

Gr. 3 Gr. 4 Gr. 3/Gr. 4 Gr. 3 Gr. 4 

Hypokalemia  2.3    

Hypernatremia 4.6 13.9    

Fatigue   1   

Somnolence 2.3 2.3    

Thrombocytopenia   7 17 2 

Neutropenia    12 32 

Leukopenia   5 15 10 

Lymphopenia    24 2 

Anemia    7  

Vomiting   2 2  

Anorexia   <1   

Infection    5  

Sepsis   2   

Pneumonia   2   

Fever      

Neuropathy   <1   

Seizures   <1   

Headache    2  

Pain   <1   

10. Conclusion 
The treatment of recurrent primary malignant pediatric brain tumors creates great challenge for neuro-oncolo- 
gists. This Phase II study of Antineoplastons A10 and AS2-1 reported encouraging responses and survival data 
in the heavily pretreated and refractory patient population. Of special interest are the results in recurrent DIPG 
and AA. The study reached the goal of four or more cases of OR in the ITT population. The data acquired in pa-
tients with recurrent DIPG and AA present improved survival outcomes due to ANP therapy and tolerable toxic-
ity. The additional Phase II studies of ANP in pediatric tumors and currently organized Phase III studies in 
newly-diagnosed DIPG will provide additional data. 
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