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The prognosis of children with diffuse intrinsic pontine 
glioma (DIPG) is very poor. Radiotherapy remains the 
standard treatment for these patients, but the median 
survival time is only 9 months. Currently, the use of 
concurrent radiotherapy with temozolomide (TMZ) has 
become the standard care for adult patients with malig-
nant gliomas. We therefore investigated this approach in 
12 children diagnosed with DIPG. The treatment pro-
tocol consisted of concurrent radiotherapy at a dose of 
55.8–59.4 Gy at the tumor site with TMZ (75 mg/m2/
day) for 6 weeks followed by TMZ (200 mg/m2/day) for 
5 days with cis-retinoic acid (100 mg/m2/day) for 21 days 
with a 28-day cycle after concurrent radiotherapy. Ten of 
the 12 patients had a clinical response after the comple-
tion of concurrent radiotherapy. Seven patients had a 
partial response, four had stable disease, and one had 
progressive disease. At the time of the report, 9 of the 12 
patients had died of tumor progression, one patient was 
alive with tumor progression, and two patients were alive 
with continuous partial response and clinical improve-
ment. The median time to progression was 10.2 6 3.0 
months (95% confidence interval [CI], 4.2–16.1 months). 
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Diffuse intrinsic pontine glioma (DIPG) accounts 
for 80% of pediatric brainstem tumors and 
approximately 10% of all pediatric brain 

tumors,1 with peak incidence between 5 and 8 years of 
age. Owing to the tumor location, the diagnosis of DIPG 
depends on clinical signs and symptoms and characteris-
tic MRI findings.1 The prognosis of children with newly 
diagnosed DIPG is very poor. Conventionally fraction-
ated local radiotherapy remains the standard care, lead-
ing to transient clinical improvement in a substantial 
percentage of patients. To date, the role of chemother-
apy in the treatment of children with DIPG is not well 
defined.
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Various treatment modalities have been studied, such 
as preradiation chemotherapy followed by conventional 
radiotherapy,2,3 preradiation chemotherapy followed by 
hyperfractionated radiotherapy,4,5 hyperfractionated 
radiotherapy alone,6,7 concurrent chemotherapy with 
radiotherapy,2,8–12 conventional radiotherapy followed 
by chemotherapy,13,14 and conventional high-dose che-
motherapy with stem cell rescue.15 However, survival 
remains poor.

Temozolomide (TMZ), an oral alkylating agent, can 
efficiently cross the blood-brain barrier16 and has been 
shown to lengthen progression-free survival (PFS) in 
patients with high-grade glioma. Several reports have 
found that TMZ given concurrently with radiotherapy 
resulted in better survival for patients with high-grade 
gliomas.17–19 cis-Retinoic acid (cis-RA), a synthetic 
analogue of vitamin A, can also inhibit the growth of 
glioma cells by decreasing affinity for binding between 
the epidermal growth factor and the epidermal growth 
factor receptor, inhibiting the expression of tenacin-C, 
and increasing p55 tumor necrotic factor alpha recep-
tors.20–23 The combination of TMZ and cis-RA was 
shown to be effective in recurrent or progressive malig-
nant gliomas24 and in newly diagnosed supratentorial 
glioblastomas.25 However, this approach has never 
been evaluated in the treatment of DIPG. In an effort 
to improve the dismal DIPG outcomes, we initiated the 
current series.

Patients and Methods

Eligibility

Previously untreated patients <18 years of age with 
DIPG newly diagnosed by clinical presentation and 
MRI were studied. No pathological confirmation was 
performed. This study was approved by the institutional 
review board of the Faculty of Medicine, Ramathibodi 
Hospital, Mahidol University.

Treatment

After informed consent, patients received local field 
conventional radiotherapy at a dose of 55.8–59.4 Gy in 
31–33 fractions within 6–6.5 weeks. During radiother-
apy, all patients received TMZ (75 mg/m2/day) orally 
for 6 weeks. Two weeks after the completion of concur-
rent radiotherapy with TMZ, patients received TMZ 
(200 mg/m2/day for 5 days) and cis-RA (100 mg/m2/
day for 21 days) orally in 28-day cycles. The combina-
tion of TMZ and cis-RA after concurrent radiotherapy 
was continued until tumor progression was observed 
on MRI. The MRI studies were reevaluated at 2 weeks 
after the completion of concurrent radiotherapy with 
TMZ and at 3-month intervals or as indicated by clini-
cal neurological examination. Complete blood counts 
and blood chemistry series were performed before and 
during each cycle of chemotherapy.

Radiological Evaluation

The outline of tumor demonstrated by hyperintensity 
in T2-weighted and fluid-attenuated inversion recovery 
images was manually traced by a trackball-driven cursor 
on consecutive axial images, and the tumor volume was 
calculated by software in a standard 1.5-T MR scanner 
equipped with a superconductive magnet (model NVi/
CVi, software version 9.1; General Electric, Milwaukee, 
WI, USA) and a 3-T MR scanner (Achieva, software ver-
sion 11; Philips, Best, Netherlands). The tumor volume 
was evaluated by MRI prior to concurrent radiotherapy, 
after the completion of concurrent radiotherapy, and at 
3-month intervals or as indicated by clinical neurologi-
cal examination. A complete response (CR) was defined 
as a disappearance of the lesion. A partial response (PR) 
was defined as a >50% reduction of tumor volume. 
Progressive disease (PD) was defined as an increase of 
tumor volume by .25%. Other responses were classified 
as stable disease (SD).

Proton spectroscopy was performed as an additional 
diagnostic and response evaluation tool. The analyzed 
metabolites were N-acetylaspartate (NAA), choline-
containing compounds (Cho), and creatine and phos-
phocreatine (Cr). NAA is found in normal neurons and 
is reduced in brain tumor cells. Cho reflects membrane 
synthesis and degradation. Cr, which is relatively con-
stant and reflects energy metabolism, was used as a ref-
erence to normalize signal intensity of other metabolites. 
Magnetic resonance spectroscopy (MRS) was used to 
identify tumor grading. High-grade gliomas tend to have 
a high Cho/Cr ratio and low NAA/Cr ratio. MRS was 
also used to evaluate the response to treatment.

Toxicity

The toxicities from chemotherapy were monitored and 
graded based on the National Cancer Institute’s Com-
mon Terminology Criteria for Adverse Events, version 
3.0.26

Statistical Analysis

Overall survival (OS) and progression-free survival 
(PFS) were estimated using the method of Kaplan and 
Meier.27 Standard error estimates were calculated using 
the method described by Peto et al.28 PFS reflected the 
interval between diagnosis and clinical and/or radiologi-
cal tumor progression or death. OS was defined as the 
interval between diagnosis and death.

Results

Twelve patients (three males, nine females) were enrolled. 
The median age (interquartile range) at presentation was 
4.2 (2.2) years (Table 1). The median duration (inter-
quartile range) of the initial symptoms until the first visit 
was 1.5 (4.2) months.

A clinical response after the completion of concurrent 
radiotherapy, confirmed by neurological examination 
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with 7.9 6 0.9 months, p 5 0.036). The 1-year OS in the 
subgroup of patients whose age at diagnosis was younger 
than 5 years was 85.7% 6 13.2% compared with 20% 
6 17.9% for those older than 5 years (Fig. 2). We also 
found that patients who had PR (>50% reduction of 
tumor volume) (n 5 7) after the completion of concur-
rent radiotherapy had a significant longer median time to 
progression than did the others (SD plus PD) (12.4 6 2.4 
months compared with 6.0 6 1.1 months, p 5 0.036). 
The 1-year PFS rate in the subgroup of patients who had 
a PR after the completion of concurrent radiotherapy 
was 57.1% 6 18.7% compared with 20% 6 17.9% for 
the other patients (SD plus PD) (Fig. 3).

with a pediatric neurologist, was observed in 10 of the 
12 patients. The imaging response after the completion 
of concurrent radiotherapy was evaluated in all patients: 
seven patients had PR, four had SD, and one had PD. 
The median (interquartile range) reduction of tumor vol-
ume was 65.5% (56.7%) for all patients.

We used MRS to determine the Cho/Cr and NAA/
Cr ratios at the center of the tumors before and after 
the completion of concurrent radiotherapy in only six 
patients. The results showed that the Cho/Cr ratio was 
high (.2:1 in five of the six patients), indicating a malig-
nant tumor spectrum before concurrent radiotherapy 
and then markedly reduced, corresponding to severe 
neuronal loss after the completion of concurrent radio-
therapy in all six patients except patient 11. The signifi-
cantly decreased Cho/Cr ratio after the completion of 
concurrent radiotherapy indicated a favorable response. 
The NAA/Cr ratio did not change in most of these evalu-
ated patients, however, due to permanent neuronal dam-
age prior to concurrent therapy.

At the time of the report, nine patients had died of 
disease progression, one patient had disease progres-
sion, and two patients had a continuous PR with clini-
cal improvement. The median follow-up time was 14.5 
months. The median time to progression was 10.2 6 
3.0 months (95% confidence interval [CI], 4.2–16.1 
months). The 1-year PFS was 41.7% 6 14.2% (Fig. 1). 
The median survival time was 13.5 6 3.6 months (95% 
CI, 6.4–20.5 months). The 1-year OS was 58% 6 14.2% 
(Fig. 1). Interestingly, one patient (patient 1) was still 
alive at 42 months, with a continuous PR and clinical 
improvement.

Prognostic markers including age at diagnosis, sex, 
and imaging response after concurrent radiotherapy 
were studied. The subgroup of patients whose age at 
diagnosis was younger than 5 years (n 5 7) had a sig-
nificant longer median OS time than did those patients 
older than 5 years (n 5 5) (16.2 6 0.7 months compared 

Table 1. Characteristics and findings for the 12 pediatric patients with diffuse intrinsic pontine glioma

		
Age at	 Imaging Response 	 MRS		  MRS		

Time to	 Follow-up 
		

Diagnosis	 after RT
	 Cho/Cr Ratio		 NAA/Cr Ratio	

Progression	 Time	 Current
Patient	 Sex	 (Years)	 (% Reduction)	 Before RT	 After RT	 Before RT	 After RT	 (Months)	 (Months)	 Status

  1	 M	 3.5	 79.0 (PR)	 N/A	 N/A	 N/A	 N/A	 —	 42.33	 A/W

  2	 F	 5.1	 76.0 (PR)	 N/A	 N/A	 N/A	 N/A	 10.6	 11.5	 DOD

  3	 F	 5.5	   9.0 (SD)	 3:1	 2.2:1	 0.5:1	 0.5:1	   6.0	 7.9	 DOD

  4	 M	 3.2	 PD	 N/A	 N/A	 N/A	 N/A	   3.7	 13.5	 DOD

  5	 F	 4.0	 63.0 (PR)	 N/A	 N/A	 N/A	 N/A	 10.2	 15.7	 DOD

  6	 F	 4.3	 88.0 (PR)	 N/A	 N/A	 N/A	 N/A	 17.3	 27.5	 A/P

  7	 F	 3.6	 68.0 (PR)	 3:1	 1.6:1	 1.7:1	 0.9:1	 12.4	 16.2	 DOD

  8	 F	 5.8	 49.0 (SD)	 2.25:1	 2:1	 0.7:1	 0.7:1	   7.1	 7.1	 DOD

  9	 F	 4.0	 82.0 (PR)	 3:1	 1.6:1	 1:1	 1:1	   6.9	 11.1	 DOD

10	 M	 2.8	 69.4 (PR)	 N/A	 N/A	 N/A	 N/A	 —	 18.7	 A/W

11	 F	 9.1	 46.2 (SD)	 1.7:1	 1.7:1	 0.8:1	 0.8:1	 11.2	 16.7	 DOD

12	 F	 8.0	 13.4 (SD)	 2.8:1	 2.5:1	 0.5:1	 0.5:1	   5.0	 6.9	 DOD

Abbreviations: RT, radiotherapy; MRS, magnetic resonance spectroscopy; Cho, choline; Cr, creatine; NAA, N-acetylaspartate; M, male; PR, partial response; N/A, not applicable; 

A/W, alive and well; F, female; DOD, died of disease; SD, stable disease; PD, progressive disease; A/P, alive with progression.

Fig. 1. Cumulative progression-free survival (solid line) and over-
all survival (dashed line) for the 12 pediatric patients with diffuse 
intrinsic pontine glioma.
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Two patients developed grade 3 and 4 myelotoxic-
ity. Patient 2 had two episodes of thrombocytopenia and 
required platelet transfusions. Patient 5 had five episodes 
of neutropenia; however, this patient required antibi-
otic treatment for only one episode of fever associated 
with neutropenia. Nausea and vomiting developed in all 
patients and resolved over the treatment course. Macu-
lopapular rash developed in one patient and resolved 
spontaneously without treatment.

Discussion

Radiation remains the standard treatment of choice for 
DIPG, and, to date, chemotherapy has not shown any 
increased benefit.6,29 However, only a few studies have 
assessed the role of chemotherapy, whereas most pro-
spective studies have investigated alternative radiation 
options such as hyperfractionation,1,4,6,7,9,11,29,30 rather 
than combinations with chemotherapy.1–3,5,8,10,12–15,31,32 
Studies have concluded that standard conventional 
radiotherapy is as efficient as alternative radiation tech-
niques. Overall, the outlook remains poor, and nearly all 
children eventually die of their disease, with most stud-
ies showing median survival times of less than 1 year.1

Various chemotherapeutic agents investigated as sin-
gle neoadjuvant agents (carboplatin2 or irinotecan14) or 
as a combination of several neoadjuvant agents (carbo-
platin, etoposide, and vincristine or cisplatinum, cyclo-
phosphamide, etoposide, and vincristine3) offered no 
significant improvements compared with previous find-
ings.1 Similarly, other approaches, using chemotherapeu-
tic agents such as etanidazole,9 topotecan,10 and carbo-
platin as radiosensitizers,5 or high-dose chemotherapy 
administration with a preparative regimen consisting of 
bulsulfan and thiotepa15 followed by stem cell support, 
have also been investigated, again without any improve-
ments in progression or survival time.

TMZ generated great excitement as the first drug 
commercially released in the last two decades to show 
significant activity against a subset of high-grade gliomas 

in adults. Despite the initial positive responses observed 
among children with high-grade gliomas treated in phase 
I trials, Broniscer et al.14 showed that administration of 
TMZ after radiotherapy, as an adjuvant therapy, does 
not change the poor outcome of children with newly 
diagnosed DIPG. Their results corroborate the findings 
of a recent phase II multi-institutional trial that reported 
a disappointing response to TMZ in children with recur-
rent gliomas.33 Stupp et al.17 reported promising survival 
rates in adult patients with newly diagnosed glioblas-
toma multiforme treated with concomitant radiation 
plus TMZ followed by adjuvant TMZ, while Jaeckle 
et al.24 have reported TMZ and cis-RA being active in 
recurrent and progressive malignant gliomas. Conse-
quently, we decided to evaluate the efficacy of concurrent 
radiotherapy with TMZ, followed by adjuvant TMZ  
combined with cis-RA, in our patients with DIPG.

In studies of the outcomes of DIPG treatment with 
chemotherapy and/or radiotherapy, the median times 
to progression ranged from 5 to 8.8 months, while the 
OS values ranged from 7 to 16 months, suggesting that 
survival rates differed with different treatment strate-
gies.2–15 If we include only studies for which clinical 
and radiological eligibility criteria were specified, the 
median OS ranged from 8 to 11 months.1 Our current 
study found a 1-year PFS of 41.7% 6 14.2% with a 
median time to progression of 10.2 6 3.0 months (95% 
CI, 4.2–16.1 months); the 1-year OS was 58% 6 14.2% 
with a median survival time of 13.5 6 3.6 months (95% 
CI, 6.4–20.5 months). Our study seemed to achieve lon-
ger median times of progression and survival rates com-
pared with previous studies.1

Interestingly, the seven of 12 patients who had PR 
after the completion of concurrent radiotherapy with 
TMZ had longer progression time and survival time 
compared with the patients with a lesser response. 
Moreover, only patients 1 and 10, who are still alive 
and well without evidence of progression of their dis-

Fig. 2. Cumulative overall survival: patients ,5 years of age (dashed 
line) and >5 years of age (solid line), in months (M).

Fig. 3. Cumulative progression-free survival: patients with a partial 
response (>50% reduction of tumor volume by MRI) after the 
completion of concurrent radiotherapy and temozolomide (dashed 
line) and patients with response less than partial response (,50%) 
(solid line), in months (M).
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ease, were younger than 5 years and had a reduction in 
tumor volume of .50% after concurrent radiotherapy 
with TMZ. We suggest that concurrent radiotherapy 
with TMZ may play a role in improving outcomes in 
this group of patients.

Six of the 12 patients in our study had MRS studies 
performed before and after the completion of concur-
rent radiotherapy with TMZ, and we observed a decline 
in Cho/Cr ratios in most of the evaluated patients after 
completion of concurrent radiotherapy. Moreover, 
patients 7 and 9, with the most dramatic reduction in the 
Cho/Cr ratio, had PR after the completion of concurrent 
radiotherapy, whereas the other four patients, who had 
a lesser reduction (or no reduction) in the Cho/Cr ratio, 
had SD. We suggest that both MRI and MRS studies 
may predict the response and outcome of treatment in 
this patient group.

In conclusion, our patients seemed to achieve more 
favorable response rates after the completion of concur-
rent radiotherapy with TMZ compared with previous 
published reports,1 in which radiotherapy alone or con-
current radiotherapy with other various chemotherapeu-
tic agents was given. In our study of 12 patients, seven 
(58%) had PR, four had SD, and one had PD. Because of 
the favorable response rates after the completion of con-
current radiotherapy with TMZ along with the tendency 
toward longer OS and minimal toxicities and the small 
number of recruited patients in our study, we suggest 
that this concurrent radiotherapy regimen and TMZ 

should be considered for further investigation in a larger 
series of patients rather than as a novel treatment strat-
egy that should be adopted by all. Furthermore, because 
long-term outcomes were still not too favorable in the 
study by Broniscer et al.14 or in our current study, both 
of which used the same TMZ dose after radiotherapy 
(200 mg/m2/day for 5 days per cycle), we suggest that a 
combination of a protracted course of TMZ and other 
biological agents after concurrent radiotherapy be evalu-
ated as the next research step in improving survival.

Targeted therapy for brain tumors is currently being 
widely studied. To improve the outcome for this group of 
patients, novel strategies for the treatment of this tumor, 
including the use of small molecule inhibitors and novel 
drug delivery methods, continue to be investigated.1 
To identify additional molecules and cellular pathways 
that can be targeted by these novel strategies, it will be 
important to better understand the mechanisms associ-
ated with the genesis of this neoplasm. The acquisition 
of tumor tissue specimens for molecular analysis dur-
ing treatment (when a biopsy is clinically indicated), and 
particularly at autopsy, will make it possible for investi-
gators to better address these issues.
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