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Abstract

Purpose: To report the long-term outcomes of the RTOG 0424 study of a high-risk, low-grade 

glioma population treated with concurrent and adjuvant temozolomide (TMZ) and radiation 

therapy (RT).

Methods and Materials: For this single-arm, phase 2 study, patients with low-grade gliomas 

with ≥3 risk factors (age ≥40 years, astrocytoma, bihemispheric tumor, size ≥6 cm, or preoperative 

neurologic function status >1) received RT (54 Gy in 30 fractions) with TMZ and up to 12 cycles 

of post-RT TMZ. The initial primary endpoint P was overall survival (OS) at 3 years after 

registration. Secondary endpoints included progression-free survival (PFS) and the association of 

survival outcomes with methylation status. The initial 3-year report of this study was published in 

2015.

Results: The study accrued 136 patients, of whom 129 were analyzable. The median follow-up 

for surviving patients was 9.0 years. The 3-year OS was 73.5% (95% confidence interval, 65.8%

−81.1%), numerically superior to the 3-year OS historical control of 54% (P < .001). The median 

survival time was 8.2 years (95% confidence interval, 5.6–9.1). Five- and 10-year OS rates were 

60.9% and 34.6%, respectively, and 5- and 10-year PFS rates were 46.8% and 25.5%, respectively.

Conclusions: The long-term results confirmed the findings from the initial report for efficacy, 

suggesting OS and PFS outcomes with the RT-TMZ regimen exceeded historical control groups 

treated with radiation alone. Toxicity was acceptable.

Introduction

Until the long-term results of RTOG 98021 became available, the role of chemotherapy (CT) 

in patients with low-grade gliomas (LGGs) was not clearly established. The RTOG 98021 

phase 3 trial1 for newly diagnosed subtotally resected LGGs or gross-totally resected 

patients aged >40 years randomized patients to radiation therapy (RT) versus RT plus 

adjuvant procarbazine, CCNU, and vincristine (PCV). With a median follow-up time 

approaching 12 years reported, an overall survival (OS) benefit for the PCV + RT arm over 

the RT-alone arm was observed. Median survival times (MSTs) were 13.3 years for PCV and 

radiation versus 7.8 years for radiation alone.

The analysis by Pignatti et al2 of the European Organization for Research and Treatment of 

Cancer (EORTC) 228443 trial identified 5 prognostic factors (age ≥40 years, largest 

preoperative tumor diameter ≥6 cm, tumor crossing the corpus callosum, astrocytoma 

histology, and preoperative neurologic function deficits) on a multivariable analysis at the 
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1% significance level. Patients with ≤2 of these 5 factors had an MST of 7.7 years (95% 

confidence interval [CI], 6.6–9.3), whereas patients with ≥3 risk factors (high risk) had a 

significantly shorter MST of 3.2 to 3.6 years (95% CI, 3.0–4.0). The prognostic index from 

Pignatti et al2 was independently confirmed by applying it to a set of patients with LGGs 

from the EORTC 228454,5 trial and using data from the Surveillance Epidemiology and End 

Results database.6 Their work provided a historical control group of patients with LGG 

treated with surgery and radiation alone for comparison to the results of RTOG 0424.

The original RTOG 0424 concept was designed and submitted as a randomized comparison 

of RT versus RT plus temozolomide (TMZ), but because this concept was not approved by 

the National Cancer Institute, an alternative design using a nonrandomized historical cohort 

from the Pignatti et al2 EORTC data set treated with surgery and radiation alone for 

comparison was prespecified, and a priori statistical analyses were used to determine a 

“positive signal.”

This article describes the long-term results of a group of patients with high-risk LGG with 

≥3 risk factors as defined by Pignatti et al2 treated with RT and concurrent and adjuvant 

TMZ. This trial will likely be the only trial to provide prespecified, prospective, albeit 

indirect, comparative long-term survival results to evaluate the contribution of concurrent 

and adjuvant TMZ over and above RT alone in this patient population.

As indicated, the trial was originally proposed as a randomized, phase 2 trial but was 

approved by the National Cancer Institute to move forward as a single-arm, phase 2 trial, 

with the expectation that the results could serve as the basis for a future phase 3 trial. Prior 

to the results becoming available, the Eastern Clinical Oncology Group initiated a 

randomized comparison of RT versus RT and concurrent/adjuvant TMZ in LGG, but this 

trial was suspended without meeting accrual objectives because of the publication of the 

RTOG 98021 trial, which rendered an RT-alone arm futile in this disease. By the time the 

RTOG 98021 trial results became available, RTOG 0424 had completed accrual.

Methods and Materials

Investigators initiated this trial after approval by local institutional review boards. Informed 

consent was obtained from each participant. Eligibility was confirmed by central pathology 

review. With respect to other neoplasms, patients were required to have been cancer free for 

5 years without prior CT or RT, to have been enrolled into the study within 12 weeks of 

craniotomy, and to have a pretreatment Zubrod score of 0 to 2 with adequate marrow, liver, 

and renal function and 3 to 5 of the following factors: age ≥40 years, preoperative tumor 

diameter ≥6 cm, bihemispheric tumor, astrocytoma histology, and/or preoperative neurologic 

function status >1 (ie, moderate to severe impairment).

Consenting patients were assigned to conformal RT of 54 Gy in 30 fractions plus concurrent 

and adjuvant TMZ. The RT target volume was based on the postoperative magnetic 

resonance imaging (MRI) T2/FLAIR image sequences, identifying the residual tumor and/or 

surgical cavity as the gross tumor volume, adding a 1.5-cm margin corrected for anatomic 

restrictions to define the clinical target volume, and adding 5 mm for the planning target 
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volume. The dose of concurrent oral TMZ was 75 mg/m2/ d during radiation therapy, and up 

to 12 cycles of post-radiation TMZ were delivered at 150 to 200 mg/m2/d on Days 1 to 5, 

repeated every 28 days with pneumocystis carinii prophylaxis. Dose modifications were 

permitted based on blood counts. TMZ was stopped at disease progression, for unacceptable 

toxicity, or upon patient refusal.

Patients were evaluated monthly after radiation during adjuvant TMZ, at 4 months post-

TMZ, and every 6 months thereafter. An MRI of the brain was repeated 4 weeks post-

radiation after completion of radiation therapy, every 3 months during CT, every 6 months 

for 2 years, and annually thereafter. Adverse events (AEs) were graded according to the 

Common Terminology Criteria for Adverse Events version 3.0.7

This trial was designed as a single-arm, phase 2 study to determine whether the regimen 

under investigation improved survival compared with the EORTC high-risk LGG population 

(Pignatti et al2 historical control), using prespecified statistical thresholds for survival 

improvement. Secondary endpoints were progression-free survival (PFS) and toxicity. 

Neurocognitive and quality-of-life testing was performed but will be reported separately.

OS was defined as the time from registration until death, regardless of cause. PFS is defined 

as the time from registration until progressive disease or death from any cause, where 

progressive disease is defined as a 25% or greater increase in the cross-sectional area of 

enhancing or nonenhancing tumor on consecutive MRI scans, or any new area(s) of tumor. 

Both OS and PFS were analyzed as time- to-event data, and patients who did not experience 

the event of interest were analyzed as censored observations at the time of last follow-up.

The Kaplan–Meier product limit method8 was used to estimate OS and PFS rates. A 1-sided 

Z-test was used to test the significance in OS between the logarithm of the estimated hazard 

rate (λEST) and the hypothesized hazard rate (λHYP = .0171, 3-year survival 54%), with a 

variance equal to the reciprocal of the number of deaths observed within 3 years. The null 

hypothesis would be rejected at a significance level of 0.1 when the test statistic Z had a 

value of less than −1.28. The log-rank test9 was used to compare OS between different 

patient characteristics, and the associated hazard ratio (HR) was estimated by Cox 

proportional hazard model.10 Cox models incorporating stepwise selection were used to 

adjust for sex, age, histology, surgery, neurologic function, Zubrod score, O6-methyl- 

guanine–DNA methyltransferase (MGMT) DNA-repair gene status, and tumor crossing the 

midline. As in the primary paper, because most patients had resection and the largest 

preoperative tumor diameter was ≥5 cm, the extent of resection (biopsy vs resection) and 

tumor size (<5 vs ≥5 cm) were not included as covariates.

The Pignatti et al2 data have been criticized as being inadequate owing to several limitations 

in terms of information available on tumor characteristics. Therefore, for the purpose of 

survival reporting in this updated report, a reclassification based on the pooled intergroup 

LGG analyses is provided. The EORTC, together with RTOG and the National Cancer 

Clinical Trials Group (NCCTG), reanalyzed outcomes in patients with LGG treated on 

several clinical trials, resulting in a definitive publication of the pooled analysis by Gorlia et 

al in 2013.11 Data from RTOG 0424 were entered into the online EORTC LGG survival 
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calculator based on the aforementioned 2013 Gorlia Intergroup LGG pooled, updated, and 

reanalyzed database (http://www.eortc.be/tools/lggcalculator/calculator.aspx). To enter the 

data into the EORTC survival calculator, tumor size had to be reclassified as <5 cm versus 

≥5 cm, and 5 histopathologic categories had to be reassigned into 2 categories: astrocytoma 

versus oligodendroglioma/oligoastrocytoma.

Results

This study opened on January 26, 2005, and closed on August 11, 2009, after reaching its 

accrual target. The study was amended in February 2006 to include MGMT determination 

and neurocognitive testing, and the sample size increased to 135 patients. This analysis 

includes all data received through October 2017. Seven patients were excluded owing to 

ineligibility, leaving a total of 129 eligible patients for this analysis. The median follow-up 

time for all patients was 6.8 years and 9.0 years for all living patients, 4 years longer than 

previously reported. Out of the 129 eligible patients in this study, 75 (58.1%) had centrally 

tested MGMT status available from the DNA methylation analysis. Fifty-seven of these 75 

patients (76.0%) had methylated MGMT status, and 18 (24.0%) were MGMT unmethylated.

The distribution of high-risk factors was 69%, 24.8%, and 6.2% for 3, 4, or 5 risk factors, 

respectively, which is similar to the Pignatti et al2 study (70%, 29%, and 1%). There was no 

difference in long-term survival for patients based upon the numbers of risk factors.

The MST was 8.2 years (95% CI, 5.6–9.1). The 3-year OS rate was 73.5% (95% CI, 65.8%

−81.1%), superior to the historical control2 3-year OS of 54% (P < .001). Five- and 10-year 

OS rates were 60.9% (95% CI, 52.4–69.4) and 34.6% (95% CI, 25.1–44.1), respectively 

(Fig. 1); 5- and 10-year PFS rates were 46.8% (95% CI, 38.2–55.5) and 25.5% (95% CI, 

17.0–34.0), respectively (Fig. 2). The 3-year PFS was 59.2% (95% CI, 50.7–67.8%), and 

median PFS was 4.5 years (95% CI, 3.5-n.a). Investigator-reported cause of death among a 

total of 76 deaths to date was as follows: 53 patients (69.7%) of brain tumor, 1 patient of 

complications of protocol treatment, and the remaining 22 patients for other, unknown, or 

missing reasons. OS and PFS data are summarized in Table 1 and Figure 3 (OS only) based 

on the intergroup EORTC/NCCTG/RTOG risk-stratified online calculator.

MGMT methylation and sex (in favor of females) were the only variables to remain 

statistically significant after stepwise selection for OS (HR = 3.06; 95% CI, 1.64–5.75; P 
< .001 and HR = 0.53; 95% CI, 0.28–0.98; P = .44, respectively) and PFS (HR = 2.41; 95% 

CI, 1.32–4.40; P = .015 and HR = 0.50; 95% CI, 0.28–0.87; P = .004, respectively). OS and 

PFS data are summarized in Table 1 and Figure 3 (OS only) based on the intergroup 

EORTC/NCCTG/RTOG risk-stratified online calculator.11

There were 57 patients (44.2%) with a reported grade 3 AE; 13 patients (10.1%) with a 

grade 4 AE; and 1 patient (0.8%) with a reported grade 5 infection (herpes encephalitis), 

possibly related to TMZ or steroids. There were no grade 5 hematological or neurologic 

toxicities. One patient experienced an episode of cerebral ischemia related to a clotting 

disorder but recovered. There has been 1 patient with a second malignancy (a 

nasopharyngeal tumor right at the edge of the radiation volume).
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Discussion

RTOG 0424 attempted to address the question of whether patients with high-risk LGG as 

defined by previously reported adverse risk factors2,12 would benefit from more aggressive 

treatment with combined CT and radiation. Unfortunately, a comparison with a high-risk 

group of patients with LGG entered into RTOG 98021 trial was not possible because 

insufficient information was collected during the RTOG 98021 trial concerning high-risk 

factors such as tumor size and bihemispheric involvement. In addition, imaging studies were 

not available for RTOG 98021 patients. The patients with high-risk LGG entered into the 

RTOG 0424 trial were not directly comparable to patients with LGG entered into the RTOG 

98021 trial because of the eligibility requirement of RTOG 0424 that patients had to have 3 

or more high-risk factors (age >40 years, astrocytoma histology, bihemispheric tumor, 

neurologic signs, and/or size >6 cm). No other trials in this patient population occurred at a 

time similar to RTOG 0424.

Daniels et al12 performed an independent validation of the Pignatti et al EORTC analysis2 

using patient data from the NCCTG86–27-5113 phase 3 trial and defined 2 risk groups using 

the EORTC2 risk factors: high-risk patients with ≥3 risk factors with a statistically 

significantly (P < .001) poorer MST (3.9 years) and low-risk patients with ≤2 factors with an 

MST of 10.8 years. Thus, it appears that the EORTC-defined risk factors2 on non–centrally 

reviewed LGGs identify a similar high-risk group of centrally reviewed LGGs with an MST 

of <4 years from the NCCTG trial. At 3.9 years, the OS of patients in RTOG 0424 was 

68.4% (95% CI, 60.1%−76.6%) versus 50% reported by

Daniels et al.12 The difference between the MST of the EORTC2 patients with high-risk 

LGG and those reported by Daniels et al12 is only 4 to 5 months, which would be 

compatible with an estimate in the delay in RT administration from first symptom in 

EORTC2 patients compared to that in the NCCTG86–27-5112/RTOG1 patients (ie, 12 vs 30 

weeks).

Gorlia et al11 performed a retrospective central pathology review of 390 patients with LGG 

from the EORTC 22844 and 228453-5 studies, confirming grade II LGG in 308 (79% 

agreement). A new prognostic model identified new independent prognostic factors: time 

since first symptom, Medical Research Council score (neurologic/cognitive functional 

deficit), astrocytoma histology, and tumor size ≥5 cm. This model was validated using 

patient data from the phase 3 NCCTG86–27-5113 and RTOG1 trials, resulting in the 

identification of the following independent prognostic factors: Medical Research Council 

score, astrocytoma, and tumor size. Although there were pathologic differences between the 

EORTC11,12,14 studies and NCCTG86–27-5113/RTOG,1 data from both groups yielded 3 

risk cohorts with comparable survival curves within each of the 3 risk groups for EORTC3–5 

versus NCCTG86–27-5113/RTOG.1

Low risk patients were effectively excluded from the RTOG 0424 trial. Table 1 summarizes 

the MSTs, projected 5-year OS, and 3-year PFS data from RTOG 0424 intermediate- and 

high-risk groups based on running patient characteristics through the EORTC calculator and 

comparing these results to those of the EORTC 22844/ 228453−5 and NCCTG86–27-5113/
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RTOG1 trials. Although RTOG 0424 was not designed for comparison using the EORTC 

survival calculator, these numbers seem to indicate better survival for the intermediate-risk 

patient group in RTOG 0424 and equivalent survival for the high-risk group. Figure 3 

illustrates the OS curves for the intermediate- and high-risk groups from RTOG 0424.

Using these various classification schemes, outcomes from the RTOG 0424 study are 

analogous to other validated large-scale data sets and better than RT alone. This report 

represents the only prospective cooperative group study in patients with high-risk LGG to 

systematically assess long-term survival and other outcomes yet to be reported (quality of 

life and neurocognitive function) in what has become the de facto standard of care therapy 

for this group of patients.

Additionally, the RTOG 98021 and RTOG 940215 trials reported that the addition of CT to 

radiation therapy alters the 10-year OS rate. RTOG 0424 opened in 2004 when the 

inflammatory response (pseudoprogression) associated with TMZ and RT was not well 

recognized, and this may have resulted in falsely low PFS because response assessment in 

neuro-oncology criteria were not used.13

Based on comparison with older historical controls,2,12 the preliminary survival rates of 

RTOG 0424 are high, and there could be several possible explanations. First, isocitrate 

dehydrogenase mutations are correlated with a higher rate of response to TMZ16 and 

MGMT promoter methylation has been reported to be an independent prognostic biomarker 

of high-risk LGG treated with temozolomide and radiation therapy17 A comprehensive 

analysis of these markers in RTOG 0424 tumors is currently underway. Second, there may 

be an element of radiosensitization associated with TMZ, suggesting that the effect could be 

real.18,19 Third, it is possible that early intervention with CT-RT may alter the natural 

evolution of some LGGs.

Conclusions

The long-term survival results of RTOG 0424 support the initial conclusions of this study 

with respect to historical controls treated with radiation alone.2,11 The expected median 

survival of high-risk LGG treated with RT alone, based on the EORTC/NCCTG/RTOG 

pooled data, can be estimated to be approximately 7.2 to 7.6 years for intermediate-risk 

patients and 4.8 to 5.5 years for high-risk patients. In this trial, for a similar group of patients 

treated with RT plus TMZ, we observed an MST of 8.2 years (95% CI, 5.6–9.1) years. 

Whether PCV is superior to TMZ remains an open question.
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Fig. 1. 
Overall survival of RTOG 0424 patients.
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Fig. 2. 
Progression-free survival of RTOG 0424 patients.
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Fig. 3. 
Overall survival of RTOG 0424 patients by European Organization for Research and 

Treatment of Cancer (EORTC) risk group analysis (intermediate- vs high-risk group as per 

EORTC low-grade glioma online calculator).
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