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Abstract 
Background.   Patients with grade 2 glioma exhibit highly variable survival. Re-irradiation for recurrent disease has 
limited mature clinical data. We report treatment results of pulsed reduced-dose rate (PRDR) radiation for patients 
with recurrent grade 2 glioma.
Methods.   A retrospective analysis of 58 patients treated with PRDR from 2000 to 2021 was performed. Radiation 
was delivered in 0.2 Gy pulses every 3 minutes encompassing tumor plus margin. Survival outcomes and prog-
nostic factors on outcome were Kaplan–Meier and Cox regression analyses.
Results.   The median survival from the date of initial surgery was 8.6 years (95% CI: 5.5–11.8 years). 69% of patients 
showed malignant transformation to grade 3 (38%) or grade 4 (31%) glioma. Overall survival following PRDR was 
12.6 months (95% CI: 8.3–17.0 months) and progression-free survival was 6.2 months (95% CI: 3.8–8.6 months). 
Overall response rate based on post-PRDR MRI was 36%. In patients who maintained grade 2 histology at recur-
rence, overall survival from PRDR was 22.0 months with 5 patients remaining disease-free, the longest at 8.2 and 
11.4 years. PRDR was generally well tolerated.
Conclusions.   To the best of our knowledge, this is the largest reported series of patients with recurrent grade 2 
gliomas treated with PRDR radiation for disease recurrence. We demonstrate promising survival and acceptable 
toxicity profiles following re-irradiation. In the cohort of patients who maintain grade 2 disease, prolonged survival 
(>5 years) is observed in selected patients. For the entire cohort, 1p19q codeletion, KPS, and longer time from ini-
tial diagnosis to PRDR were associated with improved survival.

Key Points

•	 Pulsed reduced-dose rate (PRDR) re-irradiation is safe and generally well tolerated.

•	 Prognosticators: KPS, 1p19q codeletion, grade change, and time from diagnosis to PRDR.

•	 Prolonged survival can be seen with PRDR in those remaining grade 2 at recurrence.

Approximately 93 500 new cases of primary brain and other 
Central Nervous System (CNS) tumors are diagnosed annu-
ally in the United States according to the Central Brain Tumor 
Registry of the United States.1 Low-grade gliomas account for 
roughly 15% of malignant CNS tumors and it is estimated that 
there are approximately 4000 new cases annually.2 Prior to 
2016, World Health Organization (WHO) grading was based on 
the presence of specific histologic features: Mitoses, endothe-
lial proliferation, nuclear atypia, and necrosis. In 2016, WHO 
CNS classification was updated to include molecular markers 

to better define CNS tumors.3 Again in 2021, the WHO further 
refined its classification of brain tumors by advancing the role 
of molecular diagnostics while maintaining integration of es-
tablished histologic features and molecular markers.4

While grade 2 gliomas are considered to be low-grade, un-
fortunately, the vast majority eventually progress.5–7 These re-
sultant grade 3 or 4 gliomas are then defined as high-grade 
gliomas. Despite a multimodal treatment paradigm including 
maximal safe surgical resection and either observation, ra-
diotherapy (RT), chemotherapy, or combined chemoRT, the 
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vast majority of patients recur at the original site.5,6 The 
time course for recurrence can span nearly a decade; how-
ever, at recurrence, up to 70% of LGGs have undergone 
malignant transformation to high-grade gliomas.8 When 
medically operable, initial management at recurrence 
typically involves re-resection. Treatment modalities for 
unresectable recurrent gliomas are more limited, espe-
cially since the majority recur locally in an area of previ-
ously irradiated tissue. Chemotherapy efficacy has been 
limited due to drug resistance, poor drug distribution in 
the tumor, and systemic toxicity.9,10 Re-irradiation with con-
ventional techniques has shown promise regarding palli-
ative outcomes; however, concerns regarding toxicity to 
normal tissue remain significant.

Pulsed reduced-dose-rate (PRDR) radiotherapy (RT) is 
a technique for altering the radiation delivery dose rate by 
employing intrafraction temporal dose modulation to arrive 
at an effective low-dose rate for the entire treatment frac-
tion.11–18 As compared to conventional RT, in which a dose 
of ~2 Gy is delivered at a dose rate of 4–6 Gy/min, when 
employing intrafraction temporal dose modulation the dose 
per fraction is broken up into multiple 0.2 Gy pulses de-
livered at the start of a given 3-minute interval resulting in 
an effective dose rate of 0.067 Gy/min18. The reduced-dose 
rate technique exploits a fundamental difference between 
normal and malignant cells, limiting toxicity to normal tissue 
via improved sublethal damage repair at low-dose rates and 
decreased TGF-B release.11,12,19 PRDR RT may also have ther-
apeutic advantages in terms of tumor control owing to the 
phenomenon of low-dose hyper-radiosensitivity (LDHRS), 
in which cells display higher radiosensitivity to lower doses 
of radiation (0.3–0.5 Gy).18 LDHRS has been demonstrated 
in several model systems.13,14,20–23 Another potential ad-
vantage is that it can be delivered at virtually any radiation 
therapy center without the need for specialized techniques 
such as hyperthermia or brachytherapy, and can readily 
treat deep-seated recurrent tumors.

Materials and Methods

Patient Selection and Characteristics

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of 

the institutional or national research committee and with 
the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. Informed consent was 
obtained from all individual participants included in the 
study. Fifty-eight consecutive patients from 2001 to 2022 
were identified from an institutional database who were in-
itially diagnosed with grade 2 glioma and ultimately under-
went re-irradiation with pulse reduced-dose rate radiation 
therapy. An attempt was made to reclassify the patient co-
hort to the WHO 2021 system; however, due to a majority 
of the pathology dating over 10 years old, molecular data 
required for reclassification was unavailable.

PRDR Characteristics and Technique

Median re-irradiation dose with PRDR was 54 Gy (range, 
2–60 Gy) using 0.2 Gy pulses every 3 minutes creating an 
apparent dose rate of 0.0667 Gy/min. Most commonly, a 
3D conformal, 3-field technique was used, encompassing 
gross disease with a 1–2 cm margin. While intensity-
modulated radiation therapy has been used more fre-
quently in the past decade, this still represents a minority 
of the total patient cohort. Treatment was delivered with 
6-MV photons. Customized aquaplast head and neck masks 
were used to provide optimal immobilization and repro-
ducibility. Planning target volumes were determined with 
MRI findings, including the contrast-enhancing lesion and 
surrounding T2-weighted or fluid-attenuated inversion re-
covery abnormality if present. A 2.0 cm margin was added 
to establish the CTV.

The dose constraints were determined from the PRDR 
plan only, irrespective of the isodose distributions of the 
initial RT plan. The lens and cervical spine were always 
shielded from the direct beam. Attempts were made to 
limit the retreatment dose to the optic chiasm to 54 Gy, the 
retina of at least one eye to 50 Gy, and the brainstem to 54 
Gy. No limitations were placed on the cumulative dose, in-
cluding the initial treatment dose.

Follow-up and Statistical Analysis

After completion of therapy, the response rate was de-
fined by MRI imaging, improvement in KPS, reduction of 
pretreatment dexamethasone, and improvement of any 

Importance of the Study

To the best of our knowledge, this is the largest reported 
series of patients with recurrent grade 2 gliomas treated 
with pulsed reduced-dose-rate (PRDR) radiation for dis-
ease recurrence. The potential benefit from PRDR is 
highlighted in the demonstrated median survival of 
12.6 months along with the acceptable toxicity profiles. 
Specific prognostic factors identified in multivariate 
analyses can be used in personalized patient manage-
ment. Moreover, the study’s insights into the safety and 

tolerability of PRDR offer a promising palliative option 
for patients, potentially improving their quality of life.

Future implications include the potential for inte-
grating PRDR with novel therapies, like IDH inhibitors, 
for enhanced patient outcomes. Such synergistic ap-
proaches could pave the way for innovative treatments 
in managing low-grade gliomas. The study also hints at 
the need for further genetic analysis to refine patient 
selection for PRDR, which could lead to more tailored 
and effective treatment protocols.
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pretreatment symptoms. Recurrence was defined namely 
via progression on follow-up MRI imaging. MRI scans 
were obtained according to routine follow-up parameters 
or when clinical worsening developed. Patients were rou-
tinely seen for short interval follow-up 3–6 weeks following 
completion of PRDR, then in 2.5–3 month intervals with 
MRI or as clinically indicated. Follow-up visits included MRI 
with contrast and a thorough neurologic examination.

Data collection and analysis were conducted in accord-
ance with an institutional review board-approved ret-
rospective review process. The analysis was aimed to 
ascertain survival estimates over time and to identify fac-
tors independently influencing survival outcomes. The 
timeframe for overall survival (OS) was computed from the 
initial diagnoses from initial diagnosis until the date of last 
follow-up or recorded date of mortality. In the event no date 
of mortality was found in the chart, OS was augmented 

using social security death searches for patients lost to 
follow-up. Similarly, PRDR survival was calculated from 
the PRDR initiation date. Survival functions were estimated 
using the Kaplan–Meier method, and survival disparities 
among categorical variables were assessed through log-
rank testing. Influence of prognostic factors on outcome 
was evaluated using univariate and multivariate Cox pro-
portional regression models. Statistical assessment and 
graphical analysis were done using IBM SPSS Statistics, 
Version 28, Armonk, NY.

Results

Overall, re-irradiation using PRDR was well tolerated. 
Intended treatment was completed in all patients except 
for those who experienced symptomatic disease progres-
sion (n = 5) during treatment, had medical issues limiting 
continuation (n = 1), or elected to discontinue their treat-
ment course (n = 3).

Patient Demographics and Tumor Characteristics

Patient characteristics including age, initial histology, 
tumor location based on MRI, tumor grade at recurrence, 
and tumor marker findings are outlined in Table 1. Median 
age at PRDR was 42.9 years (range, 25–75) with 66% of 
patients receiving PRDR before they were 50 years old. 
Recurrence sites varied with regard to location and se-
verity; 29 patients with bilateral recurrence or corpus cal-
losum invasion, 10 patients with brainstem or thalamus 
invasion, and 5 patients with midline deviation or her-
niation. Initial histology revealed 29 Astrocytomas, 23 
Oligodendrogliomas, and 6 Oligoastrocytomas. MGMT 
methylation was positively identified in 13 patients, IDH 
mutation in 15 patients, and 1p/19q codeletion in 16 pa-
tients. Many patients underwent their initial brain tumor 
surgery in the 1990s-early 2000s at outside facilities, there-
fore initial MGMT methylation, IDH mutation, and 1p19q 
codeletion status were only available in 60%, 46%, and 
64% of patients, respectively (Table 1).

Characteristics at Time of Recurrence and 
Treatments Rendered

Treatment summaries are provided in Table 2, describing 
the number of surgeries, median initial radiation dose, 
and dose with re-irradiation, and use and timing of 
chemotherapy.

On initial presentation, 19 patients underwent a gross 
total resection (GTR), 24 subtotal resections (STR), 12 bi-
opsy only, and 3 with poorly defined histologies regarding 
initial surgery. All patients re-treated with PRDR had been 
previously treated with RT using a standard dose rate 
to a median dose of 54 Gy (range, 50.4–70 Gy). Median 
re-irradiation dose of 54 Gy was delivered ranging from 2 
to 60 Gy. Thirty-six patients received planned 54 Gy, 8 pa-
tients received whole brain PRDR at lower median total 
dose (dose ranging from 36 to 54 Gy), and 14 patients were 
treated to doses other than 54 ranging from 2 to 60 Gy. 

Table 1.  Patient and Tumor Characteristics

Age at initial diagnosis (y)

Median 43

Range 25–75

KPS prior to PRDR (n)

100 16 (28%)

90 22 (38%)

80 12 (21%)

70 2 (3%)

60 2 (3%)

50 4 (7%)

Bilateral hemisphere 
or corpus callosum 
involvement (n)

29 (50%)

Brainstem or thalamus 
involvement (n)

10 (17%)

Herniation or midline  
shift (n)

5 (9%)

Histology (n) Astrocytoma 29 (50%)

Oligodendroglioma 23 (40%)

Oligoastrocytoma 6 (10%)

Tumor markers at the time of diagnosis (n)

MGMT methylation Yes 13 (22%)

No 22 (38%)

Unknown 23 (40%)

IDH mutated Yes 15 (26%)

No 12 (21%)

Unknown 31 (53%)

1p/19q co-deleted Yes 16 (28%)

No 21 (36%)

Unknown 21 (36%)

Grade at time of recurrence (n)

No change (grade 2) 18 (31%)

Grade 3 22 (38%)

Grade 4 18 (31%)
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Sixteen patients received concurrent chemotherapy with 
initial RT, 17 received adjuvant chemotherapy, and 36 re-
ceived chemotherapy during a prior tumor progression. 
Ten patients received concurrent chemotherapy with PRDR 
RT (Temodar [5] or Avastin [5]). 83% (48/58) underwent at 
least a second sub- or GTR and 93% of patients received 
chemotherapy at some point during their overall treatment 
course (54/58).

At recurrence, 18 patients remained in grade 2, 
whereas 40 progressed to grade 3 (22/58) or grade 4 
(18/58) as outlined in Table 1. On recurrence, patients 
were promptly evaluated in a multidisciplinary neuro-
oncology clinic. Patients were treated according to in-
stitutional practice involving re-operation when feasible 
and considered for systemic therapy options including 
temozolomide, procarbazine, cyclophosphamide, vin-
cristine, carmustine, lomustine, dalteparin, carboplatin, 
irinotecan, hydroxyurea, high-dose tamoxifen, signal 
transduction inhibitors, histone deacetylase inhibitors, 
antiangiogenic agents, and clinical trial options avail-
able at that given time. Patients were heavily pretreated 
prior to PRDR with all patients undergoing at least some 
form of salvage surgical and/or systemic therapy prior to 
re-irradiation. When all therapy options were exhausted 
or declined by the patient, patients were considered for 
PRDR. Ten patients underwent a single surgical resec-
tion, 31 had 2 resections, and 17 had 3 or more resec-
tions (Table 2). Twenty-eight patients underwent surgery 

within 4 months of PRDR, 15 of whom had GTR prior to 
re-irradiation with PRDR.

Survival Analyses

The overall survival (OS) for the entire cohort from the 
time of initial diagnosis is depicted in Figure 1A, showing 
a median OS of 8.6 years (95% CI: 5.5–11.8 years). Figure 
1B illustrates the OS from the time of re-irradiation 
with PRDR showing median OS of 12.6 months (95% CI: 
8.3–17.0 months). Figure 1C depicts the overall survival 
from first documented progression with median overall 
survival of 27.0 months (95% CI: 8.3–45.9). Progression-
free survival (PFS) from PRDR is demonstrated in Figure 
1D, with a median PFS of 6.2 months (95% CI: 3.8–8.6 
months).

When stratified by recurrent tumor grade (Figure 2) me-
dian overall survival was 22.0 months (95% CI: 0.0–45.44 
months) for patients maintaining grade 2 tumors, 12.6 
months (95% CI: 7.3–17.9 months) for grade 3 tumors, and 
7.3 months (95% CI: 3.7–10.8 months) for grade IV tu-
mors. The 1-, 2- and 5-year actuarial survival rate was 
67%, 50%, and 22% for those with grade 2 tumors, 59%, 
23%, and 9% for those with grade 3 tumors, and 33%, 
6%, and 0% for those with grade 4 tumors respectively. 
Six patients in the 58-patient cohort remain alive, the 2 
longest term survivors at 8.2 and 11.4 years from their 
PRDR treatment.

Table 3 and Table 4 outline the results from multivar-
iate analysis for the patient cohort identifying several 
features of significance with respect to OS and PFS from 
PRDR. The features that maintain significance in multi-
variate analysis for OS include: KPS < 80 (P < .001), 1p19q 
codeletion (P = .004), grade transformation (.002), and 
interval > 5 years from initial surgery to time of first pro-
gression (P = .008). There were additional factors found to 
be significant in univariate analysis that did not maintain 
significance in multivariate analysis such as patients < 40 
years old at time of diagnosis had worse OS (P = .031), pa-
tients on Dexamethasone at the start of PRDR had worse 
OS (P = .003), and patients who underwent surgery within 
4 months of PRDR had better OS (P = .041).

With regards to PFS following PRDR, age less than 40 
years old, Dexamethasone at time of PRDR, time to first 
progression of less than 5 years, surgery within 4 months 
of PRDR, and a decrease in KPS during course of PRDR 
were all significant on univariate analysis. The features 
that maintain significance in multivariate analysis for PFS 
include: Surgery within 4 months of PRDR (P = .018), KPS 
decrease during course of PRDR (P = .006) and interval > 5 
years prior to PRDR (P = .008).

Overall, treatment was well tolerated by the patient co-
hort. Fatigue (n = 21), alopecia (n = 11) and headaches 
(n = 10) were found to be the most common acute toxicities 
whereas short-term memory changes (n = 6) were the 
most common late toxicity. Five patients had documented 
seizures during treatment and one patient stopped after a 
single fraction due to cerebral edema. Conversely, 2 pa-
tients had documented decreased frequency of seizure-
like activity during PRDR and 4 patients had improved KPS 
during the PRDR course.

Table 2.  Treatment Details

Initial surgery (n)

Gross total resection 
(GTR)

19 (33%)

Subtotal resection 
(STR)

24 (41%)

Biopsy only 12 (21%)

Unknown 3 (5%)

Number of resections (n)

1 10 (17%)

2 31 (54%)

3+ 17 (29%)

Initial RT dose (Gy) Median 54

Range 50–70

PRDR re-irradiation  
dose (Gy)

Median 54

Range 2–60

Average cumulative  
dose (Gy)

98.3

Systemic therapy  
timing (n)

Initial concurrent CRT 16 (28%)

Adjuvant 17 (29%)

At the time of 
progression

36 (62%)

Concurrent with PRDR 10 (17%)

Following PRDR 10 (17%)
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Discussion

Despite the potential for long-term survival for patients 
with grade 2 glioma following initial diagnosis and treat-
ment, ultimate tumor recurrence remains a significant 
challenge. GTR inevitably becomes difficult due to ana-
tomic location, the infiltrative nature of gliomas, and pa-
tient performance status and comorbidities. Seventy 
percent of recurrent grade 2 tumors will show progression 
in grade thus signifying a more aggressive clinical picture 
and worse prognosis.8 Systemic chemotherapy options 
have often already been employed and modest evidence 
exists indicating additional efficacy for ongoing systemic 
therapy with regard to tumor control, OS, and PFS. Due to 
gliomas predominantly recurring in areas close to the pri-
mary site, radiation must be applied cautiously to reduce 
the risk of significant normal tissue damage in previously 
irradiated locations. For many patients, PRDR affords a vi-
able option to consider in an effort to prolong survival and 
maintain quality of life.

The present data supports the concept that re-irradiation 
using PRDR is a safe and effective means to provide a palli-
ative option for select patients with recurrent gliomas. For 

the 58 patients in this study initially diagnosed with low-
grade glioma, PRDR re-irradiation led to a median overall 
survival of 12.6 months and was well tolerated with regard 
to toxicity profile.

For LGGs, prognostic factors are not clearly defined 
and various cooperative groups have described potential 
risk factors differently. Age, histology, tumor size, pre-
operative neurologic deficits, and resection status are 
among the poor prognostic factors identified.24–26 Using 
a multivariate analysis outlined in Table 3, we found 4 
factors to be significant prognosticators for OS following 
PRDR: KPS, 1p19q codeletion status, grade transforma-
tion, and an interval of more than 5 years from initial 
surgery to first progression. While univariate analysis 
showed younger patients (age < 40) at time of diagnosis 
fared worse, this was not borne out in the multivariate 
analysis. Similarly, univariate significance was noted 
in patients undergoing surgery within 4 months prior 
to PRDR, but this did not hold multivariate significance 
for OS post-PRDR. This factor was significant in multi-
variate analysis for PFS; however, indicating a possible 
sustainability in quality of life but not prolongation of life 
with PRDR. Multivariate significance was found for PFS 
in patients undergoing surgery within 4 months prior to 
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Figure 1.  (A) Overall survival (OS) for the entire cohort taken from the time of initial diagnosis. (B) Overall survival (OS) for all 58 patients fol-
lowing re-irradiation with pulsed reduced-dose rate (PRDR). (C) Overall survival (OS) for all 58 patients from the time of first documented progres-
sion following initial intervention. (D) Progression-free survival (PFS) for all 58 patients from time of PRDR.
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PRDR, an interval of more than 5 years from initial sur-
gery to first progression, and patients with decreased 
KPS during PRDR.

The analysis by Combs et al. provided a useful com-
parator for re-irradiation of low-grade gliomas.27 This 
investigation analyzed the effectiveness of stereotacti-
cally guided fractionated re-irradiation for patients with 
recurrent gliomas at primary diagnosis. Results were 
stratified by glioblastoma, grade 3 glioma, and grade 
2 glioma based on WHO classification at that time. For 
71 patients with grade 2 gliomas, median overall sur-
vival from initial diagnosis and time from initial radia-
tion to re-irradiation was found to be 111 months and 
50 months respectively. Comparatively, this investi-
gation showed median overall survival from the initial 
diagnosis to be 103 months and time from initial radia-
tion to re-irradiation to be 60 months. The Combs study 
showed a longer median survival from re-irradiation as 
well as longer median PFS from re-irradiation (23 vs. 
12.6 months and 12 vs. 6.3 months, respectively). No in-
vestigation into grade transformation was noted in this 
publication but OS curves comparing Combs grades 2, 
3, and 4 glioma versus the current patient cohort who 
remained grade 2, transformed to grade 3, and trans-
formed to grade 4 appear nearly identical (median OS 
of 22, 12, and 8 months vs. median OS of 22, 12, and 7 
months, respectively). Patient characteristics were sim-
ilar between cohorts with the main differences being a 
lesser percentage of patients with oligodendroglioma 
histology in the Combs study (9.5% vs. 40%) and age at 
diagnosis of patients older than 50 y/o (12.7% vs. 32%). 
Although a smaller patient cohort than Combs, Lee et 
al. retrospectively reviewed 36 patients with recurrent 
gliomas who received re-irradiation. In this cohort, 17 
patients had grade 2 glioma at initial diagnosis, of which 
7 remained grade 2 at the time of re-irradiation. Overall 
PFS and OS were found to be 8 and 11 months respec-
tively. On multivariate analysis, grade 2 histology at 
the time of recurrence was not prognostic for improved 
survival.28 While small numbers in this review limit the 

findings, it does emphasize the variability in survival in 
this patient population.

Clinical reports of PRDR and similar semi-continuous 
low-dose-rate irradiation in the treatment of recurrent 
gliomas across grades underscore the efficacy and toler-
ability observed in this analysis. Schultz and Geard’s pi-
oneering work elucidated the radioresponse of human 
gliomas to both acute and chronic irradiation, laying the 
groundwork for treatment strategies based on tumor 
grade.29 Building on this foundation, Siker et al conducted 
a phase I/II study emphasizing the potential of the approach 
in improving prognosis, particularly in cases resistant to 
conventional treatments.30 Overall, these findings under-
score the promise of exploring innovative radiation tech-
niques such as PRDR in the management of recurrent 
gliomas.

Limitations of the current study include those commonly 
associated with a retrospective analysis. Patients were 
not randomly selected for PRDR and the patient popula-
tion may have had a different performance status than the 
general population of patients with recurrence. Patients 
with very poor performance status may have been referred 
directly to hospice rather than radiation oncology for con-
sideration of retreatment. Additionally, tumor genetics 
may play a valuable role in prognostication, however, a 
large portion of our patient cohort had unknown MGMT 
and IDH information. Gene sequencing from frozen brain 
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Figure 2.  Overall survival (OS) for all 58 patients from time of 
pulsed reduced-dose rate, stratifying for grade at time of progres-
sion; those that remained grade 2, transformed to grade 3, or trans-
formed to grade 4.

Table 3.  Multivariate Model for Overall Survival From Initiation of 
Pulsed Reduced-Dose Rate

Variable HR 95% 
CI

P-value

KPS (< 80, n = 9; vs. ≥ 80, n = 49) 16 3.9–
65.6

<.001

1p191 codeletion status 
(Co-deleted, n = 16; vs. non-co-
deleted, n = 20)

0.3 0.1–0.7 .004

Histologic grade transformation 
(remain grade 2, n = 18; vs. trans-
formed to grade 3 or 4, n = 40)

4.2 1.7–
10.4

.002

Time from diagnosis to first 
progression (< 5 years, n = 28; 
vs. ≥ 5 years, n = 30)

3.1 1.3–7.1 .008

Table 4.  Multivariate Model for Progression-Free Survival from 
Pulsed Reduced-Dose Rate

Variable HR 95% 
CI

P-value

KPS decrease during PRDR 
(decrease, n = 22; vs. same or 
increase, n = 36)

2.4 1.3–4.3 .006

Time from diagnosis to first pro-
gression (< 5 years, n = 28; vs. ≥ 5 
years, n = 30)

2.2 1.2–3.8 .008

Surgery within 4 months of PRDR 
(within 4 months, n = 28; vs. ≥ 4 
months or no surgery, n = 30)

0.5 1.7–10.4 .018
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pathology specimens taken pre- and post-PRDR may pro-
vide additional insight into patients who may benefit from 
additional radiation. Finally, retrospective cohorts can un-
derestimate toxicity when data are compiled from hos-
pital charts rather than from standardized adverse event 
surveys.

Lastly, recent findings provide growing support for IDH 
inhibitors in grade 2 IDH-mutant glioma with regards to 
PFS advantage and postponement of subsequent treat-
ment interventions.31 An area warranting further explora-
tion includes the investigation of the combined use of IDH 
inhibitors and PRDR in this patient population.

Conclusion

Pulsed reduced-dose-rate re-irradiation is a strategy that 
is generally well tolerated in patients with recurrent grade 
2 gliomas, thereby affording a viable palliative option to 
prolong survival and maintain quality of life. KPS, 1p/19q 
codeletion, grade transformation, and an interval of >5 
years between radiation treatments were significant pro-
gnosticators for survival following PRDR re-irradiation on 
multivariate analysis.

Keywords 

brain tumor | glioma | outcomes | pulsed reduced-dose rate 
| radiation
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