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Abstract

Purpose: To determine the rate of marginal relapse, progression-free survival (PFS), and overall 

survival (OS) in patients with pediatric low-grade glioma (PLGG) treated with conformal radiation 

therapy (CRT) with a clinical target volume (CTV) margin of 5 mm in the Children’s Oncology 

Group trial ACNS0221.

Methods and Materials: Children (age 3–21 years) with unresectable progressive, recurrent, or 

residual PLGG were eligible for this study. Patients younger than 10 years were required to have 

received at least 1 chemotherapy course. Patients with neurofibromatosis type I were not eligible. 

All patients underwent MRI-based planning and received CRT 54 Gy in 30 fractions with a 5-mm 

CTV margin.

Results: Of 85 eligible patients (median age 13.6 years) treated between March 2006 and 

December 2010, 14 were younger than 10 years and 36 received prior chemotherapy. Sixty-six had 

pilocytic astrocytoma (PA); 15 had other histologic subtypes, and 4 had unbiopsied chiasmatic 

lesions. Events included 23 relapses - 19 central 4 distant, and no marginal - and 7 deaths. At a 

median follow-up of 5.15 years, 5-year PFS was 71%±6% and OS was 93%±4%. Male gender 

(P=.068) and large tumor size (P=.050) trended toward significance for association with decreased 

PFS. Age, histology, tumor location, time between diagnosis and study entry, and MIB-1 status 

were not associated with PFS. OS was negatively associated with male gender (P=.064), non-PA 

histology (P=.010), and large tumor size (P=.0089).

Conclusions: For patients with PLGG, CRT with a CTV margin of 5 mm yields an acceptable 

PFS and does not lead to a high rate of marginal relapse.

SUMMARY

We studied the rates of marginal relapse, progression-free survival, and overall survival in 85 

children with pediatric low-grade glioma receiving conformal radiation therapy with a clinical 

target volume (CTV) margin of 0.5 cm in the Children’s Oncology Group trial ACNS0221. The 

progression-free and overall survival rates were acceptable and marginal relapse was not observed 

with this treatment strategy. Limiting the CTV may reduce the risk of treatment-related 

complications.

Introduction

Pediatric low-grade gliomas (PLGG) account for approximately 30% of brain tumors in 

children and adolescents [1,2] and can be classified as pilocytic astrocytoma, diffuse 

fibrillary astrocytoma, and other less common histologic subtypes [3]. Gross total resection 

(GTR) is often achievable and usually curative for PLGG in the cerebral or cerebellar 

hemisphere [4]. However, tumors arising in the hypothalamus, optic pathways, thalamus, 

basal ganglia, midbrain, and dorsally exophytic brain stem are not generally amenable to 

complete resection. Surgical intervention at these sites is usually limited to subtotal resection 

or biopsy. For such patients appropriate post-operative management can include observation, 

radiation therapy (RT), or chemotherapy [5]. Although the value of RT in improving 

progression-free survival (PFS) is well documented [6,7], RT is associated with numerous 

long-term complications including cognitive impairment, endocrinopathy, and vasculopathy, 
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especially in children under the age of 5 years [8,9]. Chemotherapy is therefore the standard 

post-surgical modality for young patients with PLGG and is aimed at improving PFS and 

delaying the use of RT [10].

Improved imaging, along with modern treatment planning and delivery techniques such as 

threedimensional conformal RT (3D-CRT) [11], stereotactic RT [12,13], intensity-modulated 

RT (IMRT) [14], and proton therapy [15,16] allow the delivery of more conformal 

treatments for patients with PLGG. The use of tighter treatment volumes is expected to be 

associated with fewer long-term adverse effects. Merchant et al. [11] reported excellent PFS 

and overall survival (OS) and a low rate of marginal relapse in 78 patients treated with CRT 

and IMRT with a clinical target volume (CTV) margin of 1.0 cm. Although younger age at 

radiation exposure was significantly associated with late effects, the study suggested that the 

smaller CTV might reduce late effects such as cognitive impairment, endocrinopathy, and 

hearing loss [17].

Here we report the rate of marginal relapse, PFS, and OS in patients with PLGG receiving 

CRT with a CTV margin of 0.5 cm enrolled in the Children’s Oncology Group (COG) study 

ACNS0221.

Methods and Materials

Trial

COG trial ACNS0221 was a single-arm group-wide phase II study of CRT in patients with 

PLGG. The study was approved by the Pediatric Central Institutional Review Board (IRB) 

and IRBs of participating institutions and was opened in November 2005. Informed consent 

was required. Study accrual continued until December 2010, and follow-up data were 

collected until December 2016.

The primary objective of ACNS0221 was to determine whether the rate of early marginal 

failure was unacceptable in children with unresectable residual, progressive, recurrent, 

(symptomatic or presymptomatic) PLGG receiving a dose of 54 Gy in 30 fractions and a 

reduced CTV margin of 0.5 cm beyond the gross target volume (GTV). Secondary 

objectives were to estimate PFS, event-free survival (EFS), and OS for patients treated with 

reduced-field CRT and to determine whether a high MIB-1 labeling index (LI) was 

correlated with shortened PFS and OS in these patients.

Inclusion and exclusion criteria

A histologic diagnosis of PLGG was required for study entry, except for patients with 

chiasmatic tumors. The study pathologist (LRM) performed a retrospective review of tumor 

tissues. Patients with neurofibromatosis type I (NF-1) were ineligible because of concerns 

for increased risk of radiation-induced toxicities.

Patients aged 3 – 21 years with progressive, unresectable PLGG, which included pilocytic 

astrocytoma (PA), diffuse astrocytoma (fibrillary, gemistocytic, giant cell or pleomorphic 

xanthrocytoma), low-grade oligoastrocytoma, low-grade oligodendroglioma, or low-grade 

glioma NOS, were eligible. Patients with less than GTR were eligible post-operatively if 
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symptomatic from their tumor or if the risk of neurologic impairment with disease 

progression was high enough to warrant immediate treatment. Presence of measurable 

disease was required and patients with leptomeningeal metastases were ineligible. Patients 

younger than 10 years of age were required to have received at least 1 course of 

chemotherapy before study entry.

Radiation therapy guidelines

MRI–based treatment planning was required. Before an institution was allowed to enroll 

patients on this study, it was required to demonstrate the ability to fuse diagnostic MRI and 

treatmentplanning CT imaging [18]. 3D-CRT, IMRT, stereotactic RT, and proton therapy 

were allowed. Treatment planning competence was confirmed by irradiation of the 

corresponding Quality Assurance Review Center (QARC) or Radiological Physics Center 

phantom.

All patients received a dose of 54Gy in 30 fractions of 1.8Gy each. For PA’s the GTV was 

taken as the entire tumor volume seen on gadolinium-enhanced T1-weighted MRI plus any 

additional abnormality seen on T2-weighted MRI or fluid-attenuated inversion recovery 

(FLAIR) imaging. For non-PA’s the GTV was based on T2 or FLAIR imaging. All tumor 

cysts were included in the GTV. For all tumor types, the CTV was the GTV plus a 5-mm 

anatomically limited margin (i.e., CTV did not extend into the calvarium). The planning 

target volume (PTV) was the CTV plus an institutionally determined 3- 5 mm margin. All 

points in the PTV were to receive at least 95% of the prescribed dose, and less than 10% of 

the PTV was to receive more than 107% of the prescribed dose. Mid-treatment imaging was 

required to monitor possible tumor enlargement during treatment. Replanning was 

performed if required.

All diagnostic images used for treatment planning and all treatment plans were centrally 

reviewed at Quality Assurance Review Center (QARC)/Imaging and Radiation Oncology 

Core (IROC), Rhode Island (Providence, RI) before starting treatment. Final review was 

performed by a pediatric neuro-radiologist (D.W.W.S.) and a radiation oncologist (J.M.C.). 

Also, if the treating institution suspected recurrence in a patient, all post-treatment MRIs 

were submitted for central review, including any imaging performed after relapse but before 

starting additional therapy. Relapses were classified as central, distant, or marginal [19]. A 

subset of relapsed patients that included all patients considered to have possible marginal 

relapses was independently reviewed by a second radiation oncologist (T.E.M.).

MIB-1 labeling index

Slides containing paraffin-embedded tissue from original tumor biopsy specimens of 

patients were retrospectively reviewed by the study pathologist (L.R.M.). 

Immunohistochemical analysis with the MIB-1 antibody was performed, and cells were 

counted using established methods [20,21]. Immunoreactive non-tumor (endothelial and 

hematopoietic) cells were not counted. The MIB-1 labeling index (LI) was calculated as the 

percentage of immunoreactive tumor cell nuclei in the most abundantly proliferative area 

(the so-called “hot spot”) in at least 1000 cells. Statistical analyses Efficacy measures used 

in this trial were PFS, EFS, and OS. PFS was defined as the time from study enrollment to 

Cherlow et al. Page 4

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the earliest of disease progression, death from any cause, or last contact for patients without 

events. EFS was defined the same as PFS, except that it also included second malignant 

neoplasms. Since no second malignant neoplasms were reported in this study, EFS was 

considered equivalent to PFS. OS was defined as the time from study enrollment to the 

earlier of death from any cause or last contact for surviving patients.

PFS and OS were estimated by the Kaplan–Meier method and standard errors were 

calculated by the Peto and Pike method [22]. Cox regression analysis was used to study 

associations between various demographic and clinical factors and survival outcomes. For 

PFS, no multivariable Cox regression models were identified. For OS, building a 

multivariable model was not feasible due to the few deaths observed (n=7).

Failure types (none, central, marginal, and distant) were also studied. For this ordinal 

variable, the Cochran–Armitage exact trend test, chi-squared exact test, and Spearman 

correlation were used as appropriate. The association of MIB-1 LI with PFS and OS was 

tested by univariate Cox regression analysis. A significance threshold of 0.05 was used 

throughout without adjusting for multiplicity. Two-sided P-values are reported.

Results

Patients

Of the 92 patients enrolled in the study, 7 were not eligible for participation: 1 patient had a 

GTR; in 1 patient radiation was not started within 30 days of registration due to worsening 

condition; in two patients the tumor extended to the cervical spine and one of these was 

treated at an institution whose group membership was revoked; 2 patients received radiation 

at non-COG institutions; and one patient younger than 10 years had not received prior 

chemotherapy,. Thus, 85 patients enrolled by 44 institutions were eligible for the study.

Table 1 lists patient demographics and tumor characteristics. Of the 85 eligible patients (44 

female and 41 male), 14 were younger than 10 years and 71 were 10 years or older. Median 

age at enrollment was 13.6 years. Median time between diagnosis and start of treatment was 

7.6 months (range 0.6–183 months). Thirty-six patients had previously received 

chemotherapy.

Tumor characteristics

Table 1 also lists the patients’ tumor characteristics. Central pathology review performed for 

72 patients revealed PA in 57 and other histologic subtypes in 15 patients. Nine patients 

were entered without central pathology review. All had PA per their institutional pathology 

report. Four patients had chiasmatic tumors and were enrolled without determining 

histologic diagnosis. After central review, the pathology was changed for 6 patients but all 

remained eligible. Almost all tumors were centrally located, with 5 tumors in the cerebral 

cortex and none in the cerebellar hemispheres. Infratentorial involvement was seen in 23 

patients. Tumor size ranged from 1.1 cm to 10.0 cm (median 3.0 cm). MIB-1 LI was <2.0 in 

30 patients, ≥2.0 in 34 patients, and unknown in 21 patients.
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Radiation treatment

Of the 85 patients, 25 were treated with 3D-CRT and 60 with IMRT. None were treated with 

protons or stereotactic RT. Radiation treatments were not evaluable for 4 patients: 

appropriate benchmarks had not been filed with QARC for 2 patients, and targets were 

inadequately defined for 2 patients. There were 3 minor volume deviations and 1 major 

volume deviation.

Outcomes and relapse events

In total, the 85 patients had 23 PFS events and 7 OS events. Of the PFS events, 19 were 

central relapses and 4 were distant relapses; there were no marginal relapses. In the central 

review, 2 patients who were initially categorized as having central failures by the treating 

institutions were considered to have pseudo-progression [23] and were not counted as events 

in our analyses. Figure 1A gives Kaplan–Meier plots for OS and PFS for the 85 patients. At 

a median follow-up of 5.15 years, the 3- and 5-year PFS were 77%±5% and 71%±6%, 

respectively, and 3- and 5-year OS were 94%±3% and 93%±4%, respectively. In the 

univariable Cox model, male gender (Fig. 1B) and large tumor size (Fig. 1C) trended with 

decreased PFS, with P values (P=.068 and P=.050, respectively). Age <10 years vs. ≥10 

years or more (P=.56), delivery of prior chemotherapy vs. none (P=.88), number of prior 

chemotherapy regimens (P=0.59), infratentorial involvement vs. none (P=.099), time from 

diagnosis to study entry (P=0.71), and PA vs. non-PA histology by central review (n=72) 

(P=.54) (Fig. 1D) were not significantly associated with PFS. OS had a significant negative 

association with large tumor size (HR=1.56, 95% CI 1.12–2.19, P=.0089) (Fig. 1C) and non-

PA histology (hazard ratio [HR]=7.3, 95% confidence interval [CI] 1.59–33.3, P=.010) (Fig. 

1D) and showed a negative trend with male gender (P=.064) (Fig. 1B). There was a 

significant association between failure type and gender: all 4 patients with distant failures 

were male (chi-squared exact test P=.042). Age, histology, time from diagnosis to study 

entry, and tumor size were not significantly associated with failure type. Information about 

first treatment after progression was collected and available for 19/23 patients. Among the 

19 subjects for whom information was available, 7 were treated with surgery, 8 were treated 

with chemotherapy, and 4 received combined radiation and chemotherapy.

Toxicity

During treatment, 2 patients developed grade IV toxicity and 2 developed grade III toxicity. 

One patient with a hypothalamic PA developed grade IV hypokalemia and other grade III 

laboratory abnormalities possibly related to therapy. A second patient with a fibrillary 

astrocytoma of the basal ganglia/thalamus developed grade II nausea and vomiting about 2 

weeks after completing treatment. Imaging showed slight increase in tumor size and grade 

IV hydrocephalus. Encephalopathy increased to grade III and returned to baseline after 

placement of a ventriculoperitoneal shunt.

A patient with a PA of the midbrain/pons had multiple grade III neurologic toxicities related 

to treatment, such as hydrocephalus, tremor, multiple cranial nerve neuropathies, motor and 

sensory neuropathies, and depression. Imaging showed increased lesion size, but brain 

biopsy revealed tumor necrosis with reactive gliosis. The other grade III toxicity was an 

episode of back pain not related to RT.
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Two patients had ocular events several months after ending RT. One with a PA of the 

thalamus/basal ganglia had an episode of acute visual loss arising from radiation-related 

edema, which was successfully treated with high-dose steroids. The other, who had a second 

recurrence of a midbrain PA, developed acute onset diplopia within 2 months of completing 

therapy. MRI revealed a new T2 abnormality, and enhancement suggesting recurrence or 

radiation injury. The patient was successfully treated with steroids. Biopsy after several 

months revealed that the new enhancement was due to radiation injury.

MIB labeling index

Tissue for MIB-1 LI analysis was available for 71 patients, but MIB-1 testing could not be 

performed in 7 due to insufficient/ poor quality of tissue for immunohistochemical testing. 

Thus, MIB-LI analysis was performed on tissue samples from 64 patients. The median 

MIB-1 LI was 2.2. Higher MIB-1 LI was significantly associated with shorter time from 

initial diagnosis to treatment (Spearman correlation −0.36, P=.003) but not associated with 

PFS [HR=1.04, 95% CI=0.90–1.22, P=.59] or OS [HR=1.14, 95% CI=0.91–1.43, P=.27] or 

failure type (Spearman correlation 0.05; P=.70). The analysis of 64 patients that had MIB-1 

labeling index data available showed that MIB-1 was not associated with larger tumor size 

by Fisher’s exact test (P=.4022), Kruskal-Wallis test (P=0.4250) and estimated Spearman 

correlation coefficient of 0.02 (P=.8743).

Discussion

The role of RT in the management of PLGG patients has been limited by its perceived 

toxicity, particularly in young children. RT is currently advocated for older children with 

progressive or symptomatic disease after less than a GTR, and for young children only if 

chemotherapy is unsuccessful. Routine adjuvant radiation is not recommended as it does not 

offer a survival benefit over treatment at the time of progression [24].

Although the use of small treatment volumes has the intuitive appeal of reducing the risk of 

RT-related complications, there is a corresponding concern regarding an increased rate of 

marginal relapse and decreased PFS. Table 2 compares the PFS and OS of LGG patients 

enrolled in previous studies (2001–2013) that used modern RT techniques [11–15] with 

those from our study. Also, our patients did not have lower OS and PFS than those treated 

with conventional techniques in previous studies [25–27].

Merchant et al [11] used 3D-CRT techniques similar to ours but with a CTV margin of 1.0 

cm. The 5-year PFS and OS were 87%±4% and 98%±2%, respectively, for 78 patients in 

their study, with 1 patient having marginal relapse, versus a 5-year PFS and OS of 71%±6% 

and 93%±4%, respectively, and no marginal relapses for 85 patients in our study. However, 

17% of their patients had NF-1, none of whom relapsed, while NF-1 patients were not 

included in our study. Although tumor grade was not a significant predictor of outcome in 

the earlier study, the PFS of our PA patients was similar to, but the OS was higher than, our 

non-PA patients.

Merchant et al. conducted prospective analyses of long-term toxicities in their patients 

[11,17,27–29]. Children irradiated at less than 5 years of age had significantly increased 
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risks of vasculopathy [11] and cognitive decline [17]. There was no overall decrease in 

learning ability after CRT [28], but those given pre-irradiation chemotherapy were less able 

to learn new material. Endocrinopathy, common before CRT, became significantly more 

prevalent after 10 years of follow up [17]. Deficits in emotional and behavioral functioning 

were present before patients received CRT, but remained stable through 5 years of follow up 

[29]. Adaptive functioning was also relatively spared.[30].

Paulino et al. investigated the use of IMRT in 39 PLGG patients using 3 methods of target 

delineation: CTV=GTV+1 cm, CTV=GTV+0.5 cm, and dose painting (a lower dose given to 

a margin around the GTV) [14]. None of the 6 patients treated with CTV=GTV+0.5 cm 

experienced relapse. However, the 12 patients who were younger than 5 years had 

significantly poorer outcomes than older patients. In our series, the outcomes of the 3 

patients younger than 5 years were not worse than those of older patients.

A study of neurocognitive functioning in LGG patients treated with proton irradiation found 

no decline in the full-scale intelligence quotient at a median of 4.5 years after treatment. 

However, young children and those receiving a high dose to the left temporal lobe/

hippocampus experienced a significant decline in neurocognitive outcomes [15].

Post-treatment MRI changes in the absence of disease progression have been reported in 

irradiated PLGG patients [31,32]. A recent study [22] reported pseudo-progression [33–35] 

in 13 of 24 patients. Pseudo-progression began at a median of 6 months after treatment and 

lasted for a median of 2.1 years, with maximum tumor enlargement at a median of 8 months 

(range 5 months to 4.2 years). The authors suggested that pseudo-progression rather than 

true progression should be considered for all patients whose post-treatment images show 

signs of progression, and that symptomatic patients may benefit from initial treatment with 

steroids and/or bevacizumab [36].

In an update of the St. Jude series including 221 patients [37], 62 developed 

pseudoprogression with a 10-year cumulative incidence of 29%. The median time to 

pseudoprogression was 6.1 months with 32% requiring some level of intervention. Patients 

with PA had 5.4-fold greater odds of developing pseudoprogression relative to other PLGG 

histologic subtypes. Pseudoprogression was associated with significantly better PFS and OS. 

In our cooperative group trial, all available imaging studies performed before and after an 

institutional call of recurrence were centrally reviewed. Two patients had pseudo-

progression and were not categorized as failures in the analysis but the numbers of patients 

and events in our trial were too few to compare to other series.

These findings suggest that the PFS reported for irradiated PLGG patients may be lower 

than the true value because of mislabeling of pseudo-progression as true progression. 

Pseudo-progression may also overstate the benefit of salvage chemotherapy, as resolution of 

pseudo-progression could be misinterpreted as response to chemotherapy.

In a study of 141 children with newly-diagnosed PA, most of whom were treated with 

aggressive surgical resection followed by observation, MIB-1 LI was of possible prognostic 

significance for PFS [21]. In our study, an elevated MIB-1 LI was associated with a shorter 

interval between initial diagnosis and enrollment, but did not correlate with PFS or OS.
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Two studies found higher risk of death in PLGG patients receiving RT than those not 

receiving RT [38,39]. A population-based analysis [39] showed that for patients who did not 

undergo GTR and survived more than 5 years after diagnosis, RT within 1 year of diagnosis 

was associated with increased risk of tumor-related and overall late deaths.

The association between male gender and progression-free survival was a trend and not 

statistically significant. The association between large tumor size and overall survival was 

statistically significant. There was no leading explanation for this finding. One might 

consider the potential for sampling error in the histologic assessment of large tumors, larger 

tumors at presentation may be a surrogate for more aggressive tumor subtypes, and larger 

tumors might harbor more radiation resistant features. That larger tumors were associated 

with a lower rate of overall survival could be a spurious finding. In pediatric low-grade 

glioma chemotherapy trials larger tumors have been consistently associated with worse 

progression-free survival [10].

To evaluate the possibility that larger tumors might be associated with more aggressive 

tumor subtypes, we assessed the association between MIB-1 and tumor size and found that 

MIB-1 was not associated with larger tumor size.

The results and conclusions drawn from this cooperative group trial are more likely to be 

generalizable than data from a single institution trial. However, we are aware of some 

limitations of the current study. Despite instructions in the protocol, institutions followed 

many different policies about starting salvage chemotherapy after apparent tumor 

progression. Thus, we may have misclassified instances of pseudoprogression as true 

radiation failures. Also, we do not have any neuro-cognitive data to support our assumption 

that the reduction in CTV margin from the 1.0 cm used by Merchant et al. [11] will lead to 

further reduction in deficits.

Conclusions

We show that treatment of PLGG patients with CRT using a CTV margin of 0.5 cm does not 

lead to high rates of marginal relapse and is associated with an acceptable 5-year EFS and 

OS. It is important to distinguish local failure from pseudo-progression. CRT is associated 

with lesser toxicity than is traditional wide-field radiation and has an important role in the 

multi-disciplinary management of progressive or recurrent PLGG. However, its use in young 

children should be limited due to considerable toxicity.
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Fig. 1. 
(A) Overall survival (OS) and progression-free survival (PFS) for the 85 eligible patients; 

(B) OS (P=.064) and PFS (P=.068) stratified by gender; (C) OS (P=.009) and PFS (P=.050) 

stratified by tumor size (<5 cm vs. ≥5 cm)(D) OS (P=.010) and PFS (P=.54) stratified by 

histology (PA vs. other) for the 72 centrally reviewed patients
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Table 1

Demographics and tumor characteristics for eligible ACNS0221 patients (n=85)

Characteristic N (%)

Gender Male 41 (48)

Female 44 (52)

Age (y) <5 3 (4)

5–9 11 (13)

10–14 44 (52)

15–19 26 (31)

≥20 1 (1)

Prior chemotherapy Yes 36 (42)

No 49 (58)

Time between diagnosis and start of treatment <6 41 (48)

6–11 5 (6)

12–35 13 (15)

36–59 13 (15)

≥60 13 (15)

Histology Pilocytic astrocytoma 66 (78)

Diffuse astrocytoma 12 (14)

Unbiopsied (optic chiasm) 4 (5)

LGG NOS 2 (2)

LGG oligodendroglioma 1 (1)

Tumor location Hypothalamic/suprasellar 37 (44)

Thalamic/basal ganglia 20 (24)

Cortical 5 (6)

Midbrain 14 (16)

Brain stem 9 (11)

Tumor size (cm) <2.5 25 (29)

2.5–4.9 44 (52)

≥5 16 (19)

MIB-1 LI Unknown 21 (25)

Low (<2) 30 (35)

High (≥2) 34 (40)

Abbreviations: LGG, low-grade glioma; LI, labeling index; NOS, not otherwise specified.
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