
Phase II Trial of Pre-Irradiation and Concurrent Temozolomide in 
Patients with Newly Diagnosed Anaplastic Oligodendrogliomas 
and Mixed Anaplastic Oligoastrocytomas: Long Term Results of 
RTOG BR0131

Michael A. Vogelbaum, M.D., Ph.D.1, Chen Hu, Ph.D.2, David M. Peereboom, M.D.1, David R. 
Macdonald, M.D.3, Caterina Giannini, M.D., Ph.D.4, John H. Suh, M.D.1, Robert B. Jenkins, 
M.D., Ph.D.4, Nadia N. Laack, M.D.4, David G. Brachman, M.D.5, Dennis C. Shrieve, M.D., 
Ph.D.6, Luis Souhami, M.D.7, and Minesh P. Mehta, M.D.8

1Cleveland Clinic Foundation, 9500 Euclid Avenue, Cleveland, OH 44195

2RTOG Statistical Center, 1818 Market Street, Suite 1600, Philadelphia, PA 19103

3University of Western Ontario London Regional Cancer Centre, 790 Commissioners Road East, 
London, ON, Canada N6A 4L6

4Mayo Clinic, 200 First Street SW, Rochester, MN 55905

5Arizona Oncology Services Foundation, PO Box 41700, Phoenix, AZ 85080

6University of Utah Health Science Center, 1950 Circle of Hope, Salt Lake City, UT 84112

7McGill University, 1650 Cedar Avenue, Montreal, QC, Canada H3G 1A4

8University of Maryland, 655 West Baltimore Street, Baltimore, MD 21201-1559

Abstract

BACKGROUND—We report on the long-term results of a phase II study of pre-irradiation 

temozolomide followed by concurrent temozolomide and radiotherapy (RT) in patients with newly 

diagnosed anaplastic oligodendroglioma (AO) and mixed anaplastic oligoastrocytoma (MOA).

METHODS—Pre-RT temozolomide was given for up to 6 cycles. RT with concurrent 

temozolomide was administered to patients with less than a complete radiographic response.

RESULTS—Forty eligible patients were entered and 32 completed protocol treatment. With a 

median follow-up time of 8.7 years (range: 1.1 to 10.1), median progression-free survival (PFS) is 

5.8 years (95% C.I. 2.0, NR) and median overall survival (OS) has not been reached (5.9, NR). 
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1p/19q data are available in 37 cases; 23 tumors had codeletion while 14 tumors had no loss or 

loss of only 1p or 19q (non-codeleted). In codeleted patients, 9 patients have progressed and 4 

have died; neither median PFS nor OS have been reached and two patients who received only pre-

RT temozolomide and no RT have remained progression-free for over 7 years. 3-year PFS and 6-

year OS are 78% (95% CI: 61-95%) and 83% (95% CI: 67-98%), respectively. Codeleted patients 

show a trend towards improved 6-year survival when compared to the codeleted procarbazine/

CCNU/vincristrine (PCV) and RT cohort in RTOG 9402 (67%, 95% CI:55-79%). For non-

codeleted patients, median PFS and OS are 1.3 and 5.8 years, respectively.

CONCLUSIONS—These updated results suggest that the regimen of dose intense, pre-RT 

temozolomide followed by concurrent RT/temozolomide has significant activity, particularly in 

patients with 1p/19q codeleted AOs and MAOs.
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INTRODUCTION

While anaplastic oligodendroglioma (AO) and mixed anaplastic oligoastrocytoma (MOA) 

represent only about 5% of primary brain tumors, their management has been the subject of 

multiple prospective clinical trials [1]. Subsets of these tumors have genetic alterations 

which have been associated with an improved prognosis, and more significantly, an 

improved response to currently available adjuvant medical therapies [2-4]. One such 

alteration is loss of heterozygosity (LOH) of chromosomes 1p and 19q, referred to as 

“codeletion” [5,6] The presence of 1p/19q codeletion, which is likely the result of a 

chromosomal translocation [7], is associated with radiosensitivity, chemosensitivity, and 

prolonged survival [5,6,8-11]. Other alterations observed in these tumors include 

methylation of the MGMT promoter, and mutation of the IDH-1 gene [3,12]. These changes 

also are associated with an improved prognosis, although their role as predictors of response 

to treatment remains to be established.

Radiotherapy (RT) has been the most widely used adjuvant therapy; more recently 

chemotherapy has become a part of the standard treatment of these tumors. The addition of 

procarbazine, CCNU and vincristine (PCV) chemotherapy, either before or after RT, has 

been investigated in two large phase III randomized trials (RTOG 9402 and EORTC 26951) 

[13,14]. Both of these trials recently underwent updated analyses and for the first time it has 

been demonstrated in codeleted patients that the addition of chemotherapy to adjuvant 

radiotherapy is associated with an improved OS, thereby establishing the new standard of 

care for these patients [2,4]. A current conundrum in the neuro-oncology community is 

whether temozolomide (TMZ) can be substituted for the more toxic PCV regimen, and no 

prospective data are available to support this.

RTOG BR0131 examined the use of pre-radiotherapy chemotherapy with TMZ followed by 

RT with concurrent TMZ in patients with newly diagnosed AO and MOA. An initial report 

on this study showed that this regimen was safe and appeared to demonstrate activity against 
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these tumors [15]. In this report we update the toxicity observations, biomarker evaluations, 

and the long-term outcomes of patients treated under this protocol.

PATIENTS AND METHODS

Patients aged ≥18 years with a newly diagnosed, supratentorial AO or MOA were eligible. 

The detailed criteria for anaplasia, and patient eligibility and exclusion were described in a 

previous publication [15]. Pathology was confirmed by central pathology review. Patients 

with prior suspected or proven low grade glioma were eligible provided they had a currently 

biopsy-proven pure or mixed anaplastic oligodendroglioma and had not received either RT 

or chemotherapy. Women of childbearing potential and sexually active men were required to 

agree to use a reliable form of birth control. All study centers had institutional review board 

approval, and all patients signed a study-specific informed consent prior to study entry.

Study Design and Treatment

For the first phase of the study, all protocol-eligible patients were treated with pre-

irradiation temozolomide. Within six weeks following the completion of pre-irradiation 

chemotherapy and the evaluation of response, all patients were re-registered for the second 

phase of the study (RT plus temozolomide for those patients not achieving a complete 

response during the first phase of treatment). The treatment details were summarized in a 

previous publication [15] and the salient details regarding the RT and TMZ treatments are 

included in the current report.

Pre-irradiation TMZ chemotherapy was administered orally at 150 mg/m2/day on days 1-7 

and days 15-21 of a 28-day cycle (7-day on/7-day off). The planned duration of pre-

irradiation therapy was 6 cycles, and CT/MRI scans were obtained every 8 weeks. Non-

progressing patients (i.e. responders, stable disease or absence of evaluable disease) 

continued to receive treatment until 2 cycles after maximum response (up to 6 cycles). 

Temozolomide was discontinued (and RT started) for treatment delays in excess of 8 weeks 

between cycles, unacceptable toxicity, CT or MRI documented tumor progression, clinical 

deterioration, which in the judgment of the treating physician was due to disease 

progression, or patient withdrawal from the study. Dose reductions but not escalations were 

permitted for toxicity. Patients achieving a radiographic complete response did not proceed 

to the next phase of treatment, i.e. concomitant chemoradiotherapy and instead underwent 

observation.

The dose of TMZ during RT was 75 mg/m2/day for 42 days. RT was given in 1.8 Gy per 

fraction (to isocenter), 1 fraction per day, 5 days per week, to a total of 59.4 Gy in 33 

fractions. RT was required to begin no later than 6 weeks after completing the final cycle of 

TMZ, (i.e., within 6 weeks of day 28 of the final cycle of TMZ) blood counts permitting. 

During concurrent radiation-TMZ therapy, patients received prophylaxis against 

Pneumocystis jirovecii pneumonia with trimethoprim/sulfamethoxazole double strength 

tablets (DS) three times per week, or alternatively with either dapsone 50 mg bid or 

aerosolized pentamidine, 300 mg by nebulizer every 4 weeks (i.e., two doses during 

radiation).
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If there was no measurable disease on MRI (including FLAIR/T2 sequences) following the 

completion of 6 cycles of TMZ (complete response), then RT was not given and the patient 

was observed until the study endpoint (post-chemotherapy pre-irradiation therapy 

progression) was reached. Verification of complete response was performed by central 

review.

Surveillance and Follow-up

Tumor progression was determined from the modified Macdonald et al [16] criteria and 

included assessment of residual enhancing, non-enhancing, or minimally enhancing tumor; 

progression was defined as a > 25% increase in tumor area (two diameters) provided that the 

patient had not had his/her dose of steroids decreased since the last evaluation period. 

Complete response (CR), defined as resolution of enhancing disease, required a 

confirmatory imaging exam at a minimum of 4 weeks after the first determination of CR. 

The RANO criteria were not used as this study pre-dated their publication (17).

Fluorescence In Situ Hybridization (FISH) Analysis

Locus-specific FISH probes mapping to 1p36, 1q24, 19p13.1, and 19q13.3 used for these 

analyses were previously developed by the Mayo Clinic group [9,18], and the method for 

analysis, which was performed at Mayo Clinic, was described in a previous publication [15].

Methylation Specific PCR Analysis of MGMT

DNA methylation patterns in the CpG island of the MGMT gene were determined by 

chemical modification of unmethylated, but not the methylated, cytosines to uracil and 

subsequent PCR using primers specific for either methylated or the modified unmethylated 

DNA [19]. Primer sequences and methodology for analysis were described previously [15].

Statistical Analysis

This phase II study was designed to have 80% power to determine if pre-irradiation 

chemotherapy with TMZ achieves a six-month progression rate of 5% for patients with 

newly diagnosed pure and mixed anaplastic oligodendrogliomas. The null hypothesis was a 

rate of progression of 20%, based upon the results of RTOG 9402 which included a similar 

population of patients [13]. Based upon this design, it was concluded that if ≤ 4 of the first 

35 evaluable patients had progressed within six months, then the null hypothesis would be 

rejected in favor of the alternative, and we would conclude that pre-irradiation TMZ merits 

further investigation in a phase III trial.

Frequency tables with counts and percentages were used to describe pretreatment 

characteristics, adverse events, and compliance review results. Overall survival (OS) and 

progression-free survival (PFS) were estimated using the Kaplan-Meier method [20]. An OS 

event was defined as death due to any cause. A PFS event was defined as death due to any 

cause or radiographic progression (determined by the local investigator). OS and PFS were 

estimated from the date of registration. The log-rank test [21] was used to compare the 

survival curves of 1p/19q codeleted versus one or neither deleted. Two-sided Fisher's exact 

tests were used to compare the distributions of progression status (progression vs. no 

progression) by 1p/19q deletion status (1p/19q codeleted vs. one or neither deleted).
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RESULTS

Patients

An initial report from this study was published previously; [15] this report includes updated 

information regarding patient disposition, treatment, biomarker analysis and outcome. A 

total of 42 patients from 18 institutions were enrolled on this study between July 30, 2002 

and April 30, 2004. Two patients were deemed ineligible; one site that had enrolled one 

patient did not submit data and resigned from the study, and one patient refused protocol 

treatment prior to the start of therapy. For the remaining 40 patients, 22 (55%) were male; 

the median age was 45 years (range = 18 – 71); 20 (50%) had minor, 4 (10%) had moderate, 

and 16 (40%) had no neurological symptoms; 33 (82%) had a normal mental status; 36 

(90%) had at least a partial resection; and 26 (65%) had an oligodendroglioma or an oligo-

dominant mixed glioma (see Table 1). FISH analysis for 1p/19q deletion could be performed 

on 37 (92%) of 39 cases.

Patient Disposition and Treatment Delivery

Pre-irradiation chemotherapy was delivered per protocol to all 40 patients. Twenty-six 

(67%) patients received all 6 cycles of pre-RT TMZ, including one patient who received 8 

cycles of pre-irradiation chemotherapy. Ten patients (25%) received fewer than 6 cycles 

secondary to tumor progression (2 patients, 5%), withdrawal from the protocol (4 patients, 

10%), unacceptable toxicity or concurrent illness (3 patients, 7.5%), or other (1 patient, 

2.5%, hospitalized for pneumonia). An additional 4 patients (10%) were reported as having 

completed 6 cycles but documentation of the date or dose of the final cycle was incomplete. 

There were no grade 5 toxicities. A summary of the toxicities associated with pre-RT 

chemotherapy is shown in Table 2.

Twenty-four patients completed concurrent chemotherapy and RT per protocol. Of the 

original 40 patients, 3 withdrew due to patient refusal to continue therapy or toxicity, 3 due 

to physician preference, 2 due to progression of disease, 1 had stable disease (SD) and did 

not receive RT due to incarceration in prison, 2 had CR and 2 had absence of evaluable 

disease (AED) and therefore did not receive RT. Withholding of RT for the 4 patients (10%) 

with CR or AED after pre-RT temozolomide was specified by the protocol. Three additional 

patients did not receive concurrent chemoRT despite being eligible to do so after evaluation 

of their response to pre-RT chemotherapy. All 24 patients who started concurrent chemoRT 

completed the regimen as specified. This therapy was well tolerated; there were no grade 4 

or 5 toxicities. A summary of the toxicities observed during concurrent chemoRT is shown 

in Table 3.

Late toxicity from radiotherapy included only one grade 3, three grade 2 and ten grade 1 

toxicities.

Biomarker Analysis and Primary Endpoint Evaluation (6 month PFS)

FISH analysis for 1p/19q deletion could be performed on 37 (93%) of 40 cases; 3 cases had 

insufficient material for evaluation. Of the 37 evaluable cases, 14 tumors (38% of evaluable) 
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had LOH of either chromosome 1p or 19q or neither, and 23 tumors (62% of evaluable) had 

LOH of both 1p and 19q.

MGMT analysis revealed informative data for 26 cases (65%); 4 cases (15% of evaluable) 

had an unmethylated and 22 cases (85% of evaluable) had a methylated MGMT gene 

promoter. Of the 23 patients with 1p/19q codeletion, 17 were evaluable for MGMT 

promoter methylation; 16 (94.1%) were methylation positive.

Twenty-nine cases had informative 1p/19q data and were evaluable for progression at 6 

months. Of these 29 cases, 18 (62%) had codeletion of 1p/19q. In terms of the correlation of 

1p/19q status to response, one of the 2 patients with CR and 2 of the two patients with AED 

had codeletion of 1p/19q. 6 of 7 cases with PR (of 9 total) evaluated for 1p/19q had 

codeletion of 1p/19q. Nine of the 16 patients with SD also had codeletion of 1p/19q. Two 

patients who progressed within 6 months of starting treatment were intact at both loci; the 

third patient who progressed was not evaluable for 1p/19q deletion. Hence, all 18 of the 

patients found to have combined 1p/19q deletion were free from progression at 6 months 

(Table 4). However, the relationship between 1p/19q codeletion and 6-month progression 

was not statistically significant (p-value = 0.14, Two-sided Fisher's Exact test) possibly due 

to the small number of cases. When progression at any time was taken into consideration, 

there were a total of 37 cases with informative 1p/19q data. Progression occurred in 18 

patients, of whom 10 (56%) had noncodeleted tumors. Nineteen patients remain free from 

progression; 15 (79%) of whom had codeleted tumors.

Of the 26 cases with MGMT promoter methylation data, 21 also had evaluable scans at 6 

months; none of these 21 patients showed progression at 6 months. Seventeen (81% of 

evaluable) of these 21 patients had tumors with MGMT promoter methylation.

Long Term Outcome Evaluation

The median duration of follow-up for all patients is 8.7 years (range = 4.7 to 10). Evaluation 

of the entire patient cohort revealed that 17 of 40 patients (42%) had died, and hence the 

median survival time has not yet been reached at the time of this analysis. Twenty-three 

patients (58%) have died or had tumor progression and the median PFS is 5.8 years (95% 

CI; 2.0 – ND years). Figure 1 shows the Kaplan-Meier curves for overall survival and PFS 

for the entire cohort.

Evaluation of outcomes of the patients whose tumors demonstrated 1p/19q codeletion 

(N=23) reveals that only 4 (17%) patients have died, 17 (74%) remain alive after 7 years and 

2 (9%) were alive but lost to follow up between 4 and 7 years; the median survival time has 

not been reached. For the 14 patients whose tumors had deletion of either 1p or 19q, or 

neither, 9 (64%) have died, 5 (36%) remain alive after 7-year follow up with a median 

survival of 5.8 years (2.2 – 8.5 years). PFS for patients with 1p/19q codeletion has not been 

reached (9 of 23 patients). For those whose tumors were not codeleted, the PFS was 1.3 

years (0.4 – 8.3 years) (11 of 14 patients).

Vogelbaum et al. Page 6

J Neurooncol. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cox proportional hazard analysis reveals that the hazard ratio associated with 1p/19q 

codeletion was 0.16 (0.05 – 0.51, p<0.001, Figure 2A) for overall survival and 0.31 (0.13 – 

0.75, p=0.006, Figure 2B) for PFS.

DISCUSSION

Two phase III trials that evaluated the role and timing of PCV in the treatment of AO and 

MAO initially published results showing a favorable impact of the addition of PCV to RT on 

PFS, particularly in tumors with 1p/19q codeletion, but no statistically significant impact on 

survival compared to initial therapy with RT alone [13,14]. Updated analyses subsequently 

confirmed the survival benefit of PCV in addition to RT for patients with codeleted AO and 

MAO, and this regimen has been proposed as the new standard of care for these patients 

[2,4]. Significant concern has been raised, however, regarding the routine use of the PCV 

regimen for these patients due to the clinically meaningful, and often irreversible toxicity 

that may occur [22-24]. TMZ regimens appear to produce less toxicity than PCV in patients 

with high grade gliomas, and further can be combined with radiotherapy with relative ease; 

some investigators have suggested that TMZ could reasonably substitute for PCV as 

standard therapy for codeleted AO and MAO [10,25-28]. On the other hand, one study that 

compared PCV to TMZ in recurrent anaplastic glioma did not detect significant differences 

in toxicity [29]. To date, no prospective, randomized data have compared the efficacy, and 

relative toxicity, of PCV versus TMZ for codeleted AO and MAO.

RTOG BR0131 investigated the use of pre-RT dose intense TMZ, and the report of the 

primary analysis (6-month PFS) has been published previously [15]. The initial report 

indicated that pre-RT TMZ produced a 6-month PFS outcome in codeleted patients that was 

at least similar to, if not better, than that observed in the 9402 codeleted patient cohort, with 

a lower rate of severe toxicity. This updated analysis of RTOG BR0131 provides initial data 

regarding the long-term outcomes of patients treated with a dose intense regimen of TMZ 

prior to and concurrent with RT.

With a median follow-up time of nearly 9 years, the codeleted cohort of patients treated with 

the dose intense pre-RT TMZ regimen has reached neither median PFS nor OS. In 

comparison, the codeleted patients treated with pre-RT PCV in RTOG 9402 had a median 

PFS of 8.4 years and median OS of 14.7 years [2]. In the updated analysis of EORTC 26951 

trial, in which PCV was adjuvant to RT, median PFS for the codeleted cohort was 13.1 years 

and median OS was not reached after approximately 12 years follow-up time [4]. While this 

updated analysis of RTOG BR0131 is not a direct comparison to the prospectively evaluated 

regimens involving the use of PCV, our long-term outcome data need to be considered in the 

routine management of patients with codeleted AO and MAO, and could serve the basis for 

a future prospective evaluation of these two chemotherapy regimens. A multigroup, 

international clinical trial (NCT00887146) will directly compare the use of PCV or TMZ as 

adjuvants to radiation therapy for newly diagnosed WHO grade II and III 1p/19q codeleted 

gliomas.

There are a few notable limitations to this study. It was a relatively small, single arm study, 

which makes it difficult to perform direct comparisons to the 2 phase III trials [2,4,13,14]. 
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Also, while the primary analysis of response and 6-month PFS was centrally reviewed, 

overall progression was not centrally reviewed and hence those results may be impacted by 

the effects of pseudoprogression, which may be more frequent in cases with MGMT 

promoter methylation [30]. Finally, this study was performed prior to the discovery of 

IDH1/2 mutations and hence tumors were not tested for these mutations [31]. That said, the 

correlation between IDH1/2 mutation and 1p/19q codeletion is quite high and hence 

evaluation of these mutations may not provide meaningful additional information [32].

Particularly in the setting of the recently published long term analyses of phase III study 

results, which showed that combinations of PCV chemotherapy with RT produced 

prolonged survival of patients with codeleted AO and MAO, the newly defined role of 

chemotherapy for these patients has raised new questions regarding the use and timing of 

RT. RTOG BR0131 demonstrated that immediately following a 6-month course of 

neoadjuvant TMZ, all 18 patients with codeleted tumors were free from progression. With 

the exception of the 2 patients who had CRs, the other 16 codeleted patients subsequently 

underwent chemoRT and their excellent outcomes must be attributed to both the 

neoadjuvant and adjuvant therapies. Taken together with our finding of 100% 6-month PFS 

for codeleted patients, it would be of value to determine whether a more prolonged course of 

neoadjuvant chemotherapy would provide more durable tumor control.

CONCLUSION

These updated results suggest that the regimen of dose intense, pre-RT temozolomide 

followed by concurrent RT/temozolomide appears to have significant activity, indirectly 

comparable to that observed with PCV/RT in RTOG 9402 in patients with 1p/19q codeleted 

AOs and MAOs.
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Figure 1. 
Kaplan-Meier curves showing the overall survival (red) and progression-free survival (blue) 

of all patients.
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Figure 2. 
A. Kaplan-Meier curves showing the overall survival of patients based upon tumor 1p/19q 

status. B. Kaplan-Meier curves showing the progression-free survival of patients based upon 

tumor 1p/19q status.
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TABLE 1

Pretreatment Characteristics (n=40)

Age

    Median 45

    Range 18 – 71

n %

Gender

    Male 22 55

    Female 18 45

Zubrod performance status

    0 27 68

    1 13 32

Prior surgery of disease site

    Stereotactic biopsy 1 3

    Open (craniotomy) biopsy 3 8

    Partial resection 18 45

    Total Tumor Resection 18 45

Neurologic function

    No neurologic symptoms 16 40

    Minor neurologic symptoms 20 50

    Moderate neurologic symptoms 4 10

Mental status

    Normal Function 33 83

    Minor mental confusion 7 18

Histology

    Oligodendroglioma 13 33

    Mixed Glioma, Oligo dominant 13 33

    Mixed Glioma, Oligo = Astro 11 28

    Mixed Glioma, Astro dominant 1 3

    Mixed Glioma, Not specified 2 5

Note: Total of percentages may exceed 100 due to rounding.
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TABLE 2

Pre-RT Temozolomide Toxicity (n=40)

Grade

Category 1 2 3 4 5

Allergy/immunology 0 1 0 0 0

Blood/bone marrow 7 7 14 0 0

Cardiovascular (Arrhythmia) 0 1 0 0 0

Cardiovascular (General) 3 0 1 1 0

Constitutional symptoms 13 16 1 0 0

Dermatology/skin 8 3 2 0 0

Endocrine 2 0 0 0 0

Gastrointestinal 17 14 1 0 0

Hemorrhage 1 0 0 0 0

Hepatic 16 2 0 0 0

Infection Febrile Neutropenia 1 3 1 0 0

Metabolic/laboratory 8 2 0 0 0

Musculoskeletal 1 2 1 0 0

Neurology 4 9 0 0 0

Ocular/visual 2 1 1 0 0

Pain 6 5 2 0 0

Pulmonary 1 0 2 1 0

Renal/genitourinary 3 0 0 0 0

Second malignancy 0 0 0 1 0

Sexual/reproductive function 0 0 2 0 0

Syndromes 0 0 1 0 0

Pending clarification of term 0 0 1 0 0
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TABLE 3

Concurrent RT & Temozolomide Toxicity (n=24)

Grade

Category 1 2 3 4 5

Auditory/Hearing 1 1 0 0 0

Blood/bone marrow 5 4 4 0 0

Cardiovascular (General) 1 0 0 0 0

Constitutional symptoms 6 8 0 0 0

Dermatology/skin 4 8 0 0 0

Endocrine 0 1 0 0 0

Gastrointestinal 2 7 1 0 0

Hepatic 6 1 0 0 0

Metabolic/laboratory 2 0 0 0 0

Neurology 2 4 2 0 0

Ocular/visual 1 1 0 0 0

Pain 3 3 0 0 0

Pulmonary 0 1 0 0 0

Renal/genitourinary 3 0 0 0 0

Sexual/reproductive function 0 0 1 0 0

Pending clarification of term 0 1 0 0 0
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TABLE 4

1p/19q Deletion Status vs. 6-Month Scan

Progression N (%) No Progression N (%) Total (%)

Both 1p and 19q deleted (N) 0 18 (67%) 18 (62%)

One or neither deleted (N) 2 (100%) 9 (33%) 11 (38%)

Total (N, %) 2 ( 7%) 27 (93%) 29

Two-sided Fisher's Exact test, p-value = 0.14
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