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Abstract

Recurrent pediatric high-grade glioma is a leading cause of cancer-related death in children. We 

report results of a systematic review and meta-analysis investigating survival outcome in pediatric 

patients with recurrent high-grade glioma over the last 20 years.

Methods—MEDLINE/PubMed, EMBASE, Web of Science and Cochrane Review databases 

were searched for relevant studies reporting on survival outcomes for pediatric patients with 

recurrent high-grade glioma treated between 1996–2016. Progression-free survival (PFS) and 

overall survival (OS) were calculated cumulatively over all studies, by therapy subgroup, and by 

decade of treatment. Random effects models were used to control for heterogeneity as measured 

by the I2 statistic.

Results—A total of 17 studies across 4 treatment strategies were included. Eleven investigated 

traditional chemotherapy, 1 investigated targeted therapy, 3 investigated immunotherapy, and 2 

investigated radiotherapy. A total of 129 patients were included with a median age of 10.0 years. 

Cumulative PFS was 3.5 months (95% CI 2.1, 5.0). Cumulative OS was 5.6 months (95% CI 3.9, 

7.3). OS was 4.0 months (95% CI 1.9, 6.1) using traditional chemotherapy, 9.3 months using 

targeted therapies (95% CI 5.4, 13), 6.9 months using immunotherapy (95% CI 2.1, 12), and 14 
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months using reirradiation (95% CI 2.8, 25). OS between 1996 and 2006 was 4.2 months (95% CI 

2.1, 6.2) compared to 8.5 months (95% CI 5.6, 11) after 2006.

Conclusions—Pediatric patients with recurrent high-grade glioma suffer from poor PFS and 

OS, regardless of therapy. There may be a trend towards improved OS in the last decade.
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Introduction

Recurrent pediatric high-grade glioma has no known cure, despite years of clinical trials 

testing new therapeutic approaches. High-grade gliomas are comprised of mixed astrocytic 

tumors; anaplastic astrocytomas and oligodendrogliomas, WHO grade III; and 

glioblastomas, WHO grade IV.[1] Up-front therapy for these tumors typically includes 

surgery with the goal of gross total resection, radiation, and chemotherapy. Estimates on 

overall survival (OS) for newly diagnosed pediatric high-grade glioma vary according to 

anatomic location such as supratentorial versus the brainstem versus the spinal cord. For 

tumors located supratentorially, OS is less than 20% at 5-years, with most patients dying 

within two years of diagnosis.[2, 3] Treatment options are more limited in the recurrent 

setting and are frequently based on prior therapy exposure. For these patients, there is no 

standard of care therapy and enrollment on a clinical trial is frequently pursued. These trial 

options may offer intravenous chemotherapy, oral agents, immune-based therapy, or repeat 

irradiation.[4] Most trials in the recurrent high-grade glioma setting are single-arm and 

report progression-free survival (PFS) and/or OS; however, there remains limited aggregate 

data on survival outcomes for this group. This presents limitations when designing trials as 

statistical design, including effect size and power calculations, is frequently based on 

anecdotal evidence or on data from the most recently published clinical trial. This current 

systematic review and meta-analysis presents a comprehensive review on the outcomes of 

recurrent pediatric high-grade glioma, excluding gliomas of the brainstem and spinal cord, 

from a variety of treatment options spanning the last twenty years.

The aims of our study are to provide a resource of survival outcomes for this high-risk 

population. Such findings will provide insight into clinical trial design including 

development of appropriate effect sizes and power calculations. The results will also offer 

providers, patients, and families more accurate expectations of survival for this population.

Materials and Methods

Search Strategy

A systematic literature search was conducted using MEDLINE, Embase, Cochrane Library, 

and Web of Science. The search string was comprised of the following MESH terms and 

Booleans: ("Astrocytoma/anatomy and histology"[Mesh] OR "Astrocytoma/genetics"[Mesh] 

OR "Astrocytoma/mortality"[Mesh] OR "Astrocytoma/statistics and numerical data"[Mesh] 

OR "Astrocytoma/therapy"[Mesh] OR "Glioma/anatomy and histology"[Mesh] OR 

"Glioma/genetics"[Mesh] OR "Glioma/mortality"[Mesh] OR "Glioma/statistics and 
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numerical data"[Mesh] OR "Glioma/therapy"[Mesh] OR "Glioblastoma/anatomy and 

histology"[Mesh] OR "Glioblastoma/genetics"[Mesh] OR "Glioblastoma/mortality"[Mesh] 

OR "Glioblastoma/statistics and numerical data"[Mesh] OR "Glioblastoma/therapy"[Mesh]) 

AND ("recurrent disease"[All Fields] OR ("recurrence"[MeSH Terms] OR "recurrence"[All 

Fields]) OR recurrent[All Fields]) AND ((Case Reports[ptyp] OR Clinical Study[ptyp] OR 

Clinical Trial[ptyp] OR Comparative Study[ptyp] OR Controlled Clinical Trial[ptyp] OR 

Evaluation Studies[ptyp] OR Multicenter Study[ptyp] OR Observational Study[ptyp] OR 

Randomized Controlled Trial[ptyp]) AND ("1996/01/01"[PDAT] : "2016/12/31"[PDAT]) 

AND "humans"[MeSH Terms] AND English[lang] AND (("infant"[MeSH Terms] OR 

"child"[MeSH Terms] OR "adolescent"[MeSH Terms]) OR "young adult"[MeSH Terms])).

Non-MESH search terms and hand searching of the literature were also done for search 

completeness. The search period was from January 1, 1996 to December 31, 2016. Only 

studies published in the English language were included. The resultant studies were 

individually reviewed for inclusion in the final analysis and as based on information within 

the title, abstract, and/or main text (CK). Adjudication occurred by independent review if 

necessary (EF, SM). The study was registered on PROSPERO (CRD 42016050359) prior to 

initiation of data collection and investigators followed PRISMA guidelines for systematic 

reviews and meta-analyses.[5]

Selection criteria

Inclusion criteria for the studies was as follows: 1) Histologically confirmed high-grade 

glioma (biopsy at initial diagnosis sufficient, including any WHO grade III or IV tumors) 

excluding brainstem or spinal cord tumors as well as malignant gliomas arising from prior 

low-grade glioma or as secondary malignancy; 2) Patient age < 25 years old at time of 

recurrence; 3) Publication year between January 1, 1996 and December 31, 2016; 4) Study 

types including clinical trials, cohort studies, or case series with at least 5 patients; 5) 

Reported outcome including PFS and/or OS; and 6) Publication written or translated in the 

English language.

Data extraction

The data extracted from each study included authors, year of publication, study design, 

number of patients included, age of patients, disease pathology, study intervention, and 

reported PFS and/or OS. For studies including patients with age range of less than and 

greater than 25 years, data on individual patients less than 25 years were reviewed and 

extracted, as available. If individual patients within the targeted age range and meeting all 

other inclusion criteria were able to be extracted, these patients were individually identified 

and included in the final statistical analysis.

Statistical analysis

A random effects model (DerSimonian-Laird method) was used for all analyses. Because it 

was not possible to assume that all studies came from the same population and followed the 

same protocol, random effects models were used to control for heterogeneity between study 

as measured by the I2 statistic. PFS and OS with 95% confidence intervals were calculated 

cumulatively over all studies, by therapy subgroup, and by decade of treatment (i.e. January 
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1, 1996 to December 31, 2006 and January 1, 2007 to December 31, 2016). Therapy 

subgroups included traditional chemotherapy, targeted therapy, immunotherapy, and 

radiation therapy. All p-values were calculated using a two-sided test. A p-value < 0.05 was 

considered statistically significant. All statistical analyses were done using Stata14.0 

(StataCorp LP, College Station, TX). Study bias was assessed per individual study, looking 

for area of bias such as selection bias, performance bias, attrition bias, and reporting bias. 

Bias was further assessed using the Egger test and visually using funnel plots plotting 

sample size versus effect size.

Results

Study characteristics

The systematic literature search was completed on April 19, 2017. A total of 2062 articles 

were initially identified from MEDLINE (n=874), Embase (n=583), Cochrane Library 

(n=551) and Web of Science (n=54). A total of 569 articles were excluded due to 

duplication. A total of 1467 articles were excluded due to age of patients outside of 

inclusion range (n=45), diagnoses other than high-grade glioma (n=641), newly diagnosed 

disease (n=69), incorrect publication type (n=209), wrong outcome reported (n=386), year 

outside of inclusion ranges (n=4), publication language other than English (n=9), and 

inability to determine age or diagnoses of patient population (n=104). An additional 9 

studies were excluded based on final patient number being 1 and/or missing standard 

deviation (figure 1). A total of 17 articles were included for the final review[6–23] – 11 

using traditional chemotherapy, 1 using targeted therapy, 3 using immunotherapy, and 2 

using radiation therapy (supplemental table 1). There were two retrospective analyses, the 

remaining were all prospective, including phase 1 and 2 single or multi-center investigations. 

All studies investigated only single-arm therapy options and no study included 

randomization. Out of 17 studies included in the final analysis, only 1 offered aggregate data 

that met all inclusion/exclusion criteria. The remaining 16 studies required isolation of data 

per individual patient. A total of 129 patients were included across the final 17 studies with a 

median age of 10.0 years of all patients.

Heterogeneity and Bias

There was no heterogeneity across studies as indicated by I2 statistics of 0.0% for both PFS 

and OS meta-analyses (p-value = 1.00-PFS; p-value = 0.796-OS). Assessment of bias in 

individual studies was limited due to the lack of randomized control studies included in the 

final analyses. Funnel plots were visually inspected to assess for bias. The PFS funnel plot 

demonstrated some deviation away from the median towards shorter PFS. For OS, there was 

equal distribution across all sample sizes. We also evaluated publication bias using Egger’s 

test on OS and PFS and they were not significant. No additional studies were excluded for 

bias.

Survival analyses

Eleven studies included measurement of PFS (figure 2). Pooled PFS was 3.5 months (95% 

CI 2.1, 5.0; p-value < 0.001; I2 = 0.0%). Sixteen studies included measurement of OS (figure 

3). Pooled OS was 5.6 months (95% CI 3.9, 7.3; p-value < 0.001; I2 = 0.0%).
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Across therapy subgroups, PFS was 3.5 months (95% CI 1.9, 5.0; p-value < 0.001) for 

traditional chemotherapy, 4.4 months for targeted therapy (95% CI −15, 24; p-value = 

0.653), and 4.1 months for radiotherapy (95% CI 0.2, 8.0; p-value = 0.041; Supplemental 

figure 1). OS was 4.0 months (95% CI 1.9, 6.1; p-value < 0.001) for traditional 

chemotherapy, 9.3 months for targeted therapy (95% CI 5.4, 13; p-value < 0.001), 6.9 

months (95% CI 2.1, 12; p-value = 0.005) for immunotherapy, and 14 months for 

radiotherapy (95% CI 2.8, 25; p-value = 0.015; figure 4).

Across decade subgroups, PFS was 3.6 months (95% CI 2.1, 5.0; p-value < 0.001) for the 

first decade (1996–2006) and 3.3 months (95% CI −2.6, 9.2; p-value = 0.269) for the second 

decade (2007–2016; Supplemental figure 2). OS was 4.2 months (95% CI 2.1, 6.2; p-value < 

0.001) for the first decade and 8.5 months (95% CI 5.6, 11; p-value < 0.001) for the second 

decade (figure 5).

Discussion

The outcomes in pediatric high-grade glioma remain dismal especially at time of recurrence. 

Standard therapy for newly diagnosed pediatric high-grade glioma involves a multi-modal 

approach, while at time of recurrence, enrollment on clinical trials is frequently pursued. 

Design and outcome hypotheses of clinical trials for pediatric high-grade glioma frequently 

rely on historical controls, as based on the most recently published clinical trial and due to 

limited comprehensive survival data.[24–26] Additionally, given the lack of publications on 

cumulative data, it can be challenging for providers to offer estimated survival for this 

population. Aggregate outcome data over time can offer a resource for outcomes in recurrent 

pediatric high-grade glioma and lead to more accurate clinical trial design in regards to 

effect sizes as well as improve anticipatory guidance for patients and families. This study 

aims to offer insight into these issues and provide comprehensive outcome data for recurrent 

pediatric high-grade glioma from publications over the last two decades.

Our findings confirm the devastating prognoses recurrent high-grade glioma carries in 

children. In our investigation, the median PFS for recurrent high-grade glioma is only 3.5 

months and median OS is only 5.6 months. These results occur across a variety of 

therapeutic approaches, ranging from more traditional high-dose chemotherapy to targeted 

treatments to reirradiation. In subgroup analyses, the trend towards prolonged OS in the last 

ten years may be promising that advances are being made in treating this disease. This 

would be supported by evidence of longer PFS and OS with the use of more recently 

developed therapies such as immunotherapy and targeted agents. Ideally, both treatment 

strategies will prove to hold less systemic toxicity than traditional therapies. Reirradiation 

has previously been shown to be feasible and offer potential survival benefit in children with 

recurrent high-grade glioma and this was at least somewhat supported by our findings, 

where one study showed reirradiation offered an OS of 11.4 months.[13, 27]

We anticipated heterogeneity would be present in our review due to the large range of years 

included, variable study designs and interventions, and a broad patient age range. 

Heterogeneity was not indicated by the I2 statistic for each analysis; however, it should be 

noted that the I2 statistic in our review may be limited by the small number of studies in our 
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final analyses. Regardless, in depth review of all studies revealed that the patient populations 

appear consistently similar across studies. Studies showing both the longest and shortest 

survivals appear to span similar ages, equal distributions among sex, comparable inclusion 

of both grade 3 and grade 4 high-grade glioma, and equivalent prior therapy exposures. For 

example, the studies reporting the longest and shortest OS each included 50% males with 

respective median ages of 9.5 years and 10 years, a mix of AA and GBM, and a variety of 

patients previously treated with surgery, radiation, and chemotherapy, or combinations 

thereof. Such similar patient populations across the studies makes it more likely the spread 

across PFS and OS is due to therapeutic intervention as opposed to intrinsic differences in 

patient population and study heterogeneity. Additionally, the evidence of prolonged OS with 

more recently developed therapies such as targeted approaches and immunotherapy 

correlates with increased OS in the last ten years. Findings should still be interpreted with 

caution given the small number of studies and with attention being paid to the fact that only 

one study meeting our selection criteria applied targeted therapy and one applied external 

beam radiation.

There are potential limitations within our study. Assessment of bias within the individual 

studies included in this review is challenging as no study followed a randomized controlled 

design. All studies were single-arm investigations looking at objective survival outcomes. 

Given the objective nature of the outcome measures and the propensity for many of the 

studies to individually detail each patient outcome without censorship or exclusion of patient 

outcome data, there does appear to be some protection against intrinsic study bias. Another 

potential limitation of extrapolating progression outcomes and comparing across multiple 

studies may arise from differing definitions of progression across studies. For instance, some 

studies did not clearly outline what they defined as progression, some used progression by a 

certain percentile in any disease parameter, and other applied progression as based on the 

sum of tumor dimensions. Regardless, we still find the cumulative survival outcomes to be 

pertinent information for clinical trial development. Additionally, our review includes only 

one immunotherapy-based study reporting on PFS and only one targeted therapy study 

reporting on OS. Thus, the data reported for these subgroups are limited and subject to bias. 

Though, the patient population characteristics of these studies were similar to others and the 

PFS for the immunotherapy was within the range for the other investigated studies making 

bias within these studies seem less likely. Another shortcoming of our report is that all 

included immunotherapy-based protocols centered on the use of dendritic cell vaccines. 

Such few studies in each treatment category may limit the application of the outcomes in our 

subgroups to broader, all-inclusive targeted and immunotherapies. Four studies in our review 

had one to two long-term survivors that were censored at time of study completion.[8, 18, 

22, 28] However, by using median survival, our results should not be impacted by this 

censorship. Our PFS funnel plot was also skewed towards shorter PFS, potentially indicating 

publication bias; however, given the deviation occurred across multiple studies of all sample 

sizes and is skewed towards null findings, it is unlikely the funnel plot reflects publication 

bias. Lastly, the studies included in the final analyses had small sample sizes with an average 

of only 8 patients per study. We feel these small size studies though speak to the rarity of 

this disease as opposed to the quality of studies.
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Even with improved OS across recent therapies, our study confirms that regardless of the 

therapeutic intervention employed, PFS and OS for pediatric recurrent high-grade glioma is 

unlikely to span more than a few months. This calls for continued development of novel 

therapy approaches. We propose development of clinical trials to support investigational 

therapies should rely on aggregate outcome data such as that reported in our meta-analysis. 

By using more comprehensive data, power and effect size calculations will be more 

reflective of appropriate anticipated outcomes. This may prevent premature closure of trials 

as based on outcomes that are falsely assumed to be inferior. Additionally, providers, 

patients, and families can benefit from cumulative outcome data to provide appropriate 

expectations on patient survival.

Conclusion

Children with recurrent high-grade glioma exhibit extremely poor outcomes and thus 

deserve investigation of innovative treatments. Our findings can serve as the basis for 

accurate design of such trials and offer families and providers appropriate anticipatory 

guidance of survival for this patient population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Importance

This work highlights a comprehensive systematic review and meta-analysis looking at 

outcomes of recurrent pediatric high-grade glioma spanning the last twenty years. To the 

authors’ knowledge, this is the first meta-analysis reporting on outcomes of recurrent 

pediatric high-grade glioma. This work offers information on which future clinical trial 

design can be based and provides cumulative information on outcomes for providers, 

patients, and families.
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Fig 1. 
Study inclusion/exclusion flowchart
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Fig 2. 
Forest plot representing PFS across all studies
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Fig 3. 
Forest plot representing OS across all studies
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Fig 4. 
Forest plot representing OS by therapy

Kline et al. Page 14

J Neurooncol. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 5. 
Forest plot representing OS by decade
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