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Abstract

Introduction We performed this study to identify the treatment patterns of patients with low-grade gliomas (LGG) in Korea.
Methods A total of 555 patients diagnosed as WHO grade II gliomas between 2000 and 2010 at 14 Korean institutions were
included. The patients were divided into four adjuvant treatment groups: adjuvant fractionated radiotherapy (RT, N =204),
adjuvant chemotherapy (N =20), adjuvant fractionated RT and chemotherapy (N = 65), and non-adjuvant treatment (N =266)
groups. We examined differences among the groups and validated patient/tumor characteristics associated with the adjuvant
treatments.

Results Astrocytoma was diagnosed in 210 patients (38%), oligoastrocytoma in 85 patients (15%), and oligodendroglioma
in 260 patients (47%). Gross total resection was performed in 200 patients (36%), subtotal resection in 153 (28%), partial
resection in 71 patients (13%), and biopsy in 131 patients (24%). RT was most commonly applied as an adjuvant treatment.
The use of chemotherapy with or without RT decreased after 2008 (from 38 to 4%). The major chemotherapeutic regimen
was procarbazine, lomustine, and vincristine (PCV); however, the proportion of temozolomide increased since 2005 (up to
69%). Patient/tumor characteristics related with RT were male gender, non-seizure, multiple lobes involvement, and non-
gross total resection. Chemotherapy was associated with non-gross total resection and non-astrocytoma.

Conclusions A preference for RT and increased use of temozolomide was evident in the treatment pattern of LGG. The
extent of resection was associated with a decision to perform RT and chemotherapy. To establish a robust guideline for LGG,
further studies including molecular information are needed.
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Introduction

Low-grade glioma (LGG) including astrocytoma, oligoden-
droglioma, and oligoastrocytoma are classified as World
Health Organization (WHO) grade II tumors [1]. LGG is
an uncommon disease, which accounts for about 20% of
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gliomas [2, 3]. It displays slow progression and a wide spec-
trum of clinical presentations ranging from no symptoms
to neurological dysfunction. Because of these disease char-
acteristics, only a limited number of clinical trials of LGG
have performed. Consequently, no clear clinical guideline
has been formulated. The European Association for Neuro-
Oncology (EANO) recently reported a guideline for adult
gliomas encompassing histological classification and molec-
ular diagnostics [4]. However, adjuvant treatment options for
WHO grade II gliomas are still ambiguous, and comprise
watch-and-wait or radiotherapy (RT) followed by chemo-
therapy. Clinicians should have made treatment decisions
based on well-known prognostic factors, such as surgical
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extent, age, astrocytoma histology, maximal diameter, or
neurologic symptoms [5, 6].

The mainstay treatment for LGG is maximal safe resec-
tion of tumor. There is some level I evidence concerning
adjuvant treatment for LGG. Adjuvant RT can improve pro-
gression-free survival compared with salvage RT, but with
no impact on overall survival [7]. The combination of RT
and chemotherapy has a survival benefit compared with RT
alone [6]. It is not clear, however, whether chemotherapy
can substitute for RT [8], or which chemotherapy regimen is
optimal, i.e. procarbazine, lomustine, and vincristine (PCV)
versus temozolomide (TMZ).

As LGG is entering a new era of molecular diagnosis,
a study investigating treatment patterns according to his-
tologic diagnosis could provide an opportunity to review
our practice and find better treatment options. No study has
reported treatment patterns of LGG in Korea. The purpose
of this study was to analyze the treatment of patients with
the WHO grade II gliomas and to clarify the patient/tumor
characteristics associated with the treatment patterns based
on a histological four-tiered tumor grading system [1].

Materials and methods

The Korean Neuro-Oncology Group and the Korean Radia-
tion Oncology Group performed a multi-institutional ret-
rospective study to assess the patterns of care of LGG.
Fourteen Korean institutes participated in this study. Each
institute obtained approval of the Institutional Review Board
and collected data. The eligibility criteria were pathologi-
cally confirmed WHO grade II LGG (astrocytoma, oligo-
dendroglioma, and oligoastrocytoma) between 2000 and
2010 and age > 20 years at diagnosis. Patients who were
diagnosed by imaging study alone or had imaging finding
of gliomatosis cerebri were excluded.

The medical records of 600 patients were centrally
reviewed. The collected data encompassed patient charac-
teristics, site of tumor, imaging information, initial surgical
extent, details of adjuvant treatment and salvage treatment.
The surgical extent was defined by postoperative magnetic
resonance imaging (MRI) or operation reports: gross total
resection (GTR) if >99% of the tumor was removed, subto-
tal resection (STR) if>90% of the tumor removed, partial
resection (PR) if >50% of the tumor removed, and biopsy
if <50% of the tumor removed [9]. Molecular characteristics
such as 1p/19q gene deletion status or isocitrate dehydroge-
nase (IDH) 1/2 mutation status were not demanded in this
study because the molecular data were not mandatory for
pathologic reports during the study period.

We excluded 34 patients who had insufficient initial or
adjuvant treatment data, and 26 patients diagnosed or under-
went adjuvant treatment at outside institutions. Finally, a
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total of 555 patients were analyzed in this study, because 15
patients were doubly counted.

The patients were divided into four groups according
to the adjuvant treatment type received: adjuvant fraction-
ated RT alone (RT group), adjuvant chemotherapy alone
(CT group), adjuvant fractionated RT and chemotherapy
(RTCT group), and non-adjuvant treatment (NAT group).
Six patients who underwent Gamma Knife surgery (GKS)
after surgical resection were assigned to the NAT group.

Pearson’s Chi square test or linear-by-linear association
test was used to find differences among these groups and
patient/adjuvant treatment characteristics. To validate that
which patient characteristics had influence on the choice of
adjuvant RT or chemotherapy, we performed binary logistic
regression tests. Age and the longest diameter were catego-
rized using the median values. The Kaplan—-Meier method
was performed to estimate progression-free survival (PES).
Recurrence or progression of disease on imaging studies was
defined by the Response Assessment in Neuro-Oncology
(RANO) criteria [10]. When imaging information was not
available, neurological status assessed by clinicians was also
used. The log-rank test and the Cox proportional hazard
regression model were used for univariate and multivari-
ate analyses, respectively. Variables with a p value <0.05
in the univariate analysis were included in the multivariate
analysis. Statistical tests were performed using Predictive
Analytics Software, version 18.0 (SAP America, Inc., New-
town Square, PA, USA).

Results

The median age of entire patients was 40 years, and 53%
were male. Most of the patients had good performance sta-
tus (92%) and 56% of patients presented with seizure. The
frontal lobe was the most commonly involved site (61%),
and 82% of patients had the tumor confined in one lobe.
The median diameter was 4.7 cm (range 0.5-10.8 cm) on T2
FLAIR image, except 18 patients whose imaging informa-
tion was not available. Pathologic diagnoses were astrocy-
toma in 38%, oligodendroglioma in 47%, and oligoastrocy-
toma in 15% of the patients. GTR was performed in 36%,
STR in 28%, PR in 13%, and biopsy only in 24% of the
patients (Supplemental Data).

The patient characteristics were compared according
to the adjuvant therapy groups (Table 1). Gender, seizure,
the number of involved lobes, the longest diameter, histol-
ogy, and the extent of resection showed significant differ-
ence among adjuvant treatment groups. The proportion of
patients with seizure was lower in the RT group than the
other groups. More patients had the tumor confined in one
lobe in the NAT group. Although there were several miss-
ing data, the NAT group had smaller tumor size. GTR was
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Table 1 Patient and treatment characteristics
Total RT? CT RTCT NAT
(N=555) (N=204) (N=20) (N=65) (N=266)

Age (years) Median (range) 40 (30-77) 41 (20-77) 43 (23-59) 40 (22-71) 38 (20-77) 0.121

Gender Male 292 (53%) 125 (61%) 9 (45%) 33 (51%) 125 (47%) 0.018
Female 263 (47%) 79 (39%) 11 (55%) 32 (49%) 141 (53%)

Performance ECOG<1 or KPS >80 508 (92%) 187 (92%) 20 (100%) 55 (85%) 246 (93%) 0.103
Others 47 (8%) 17 (8%) 0 (0%) 10 (15%) 20 (8%)

Seizure Yes 311 (56%) 94 (46%) 12 (60%) 40 (62%) 165 (62%) 0.005
No 244 (44%) 110 (54%) 8 (40%) 25 (39%) 101 (38%)

Site Frontal lobe 337 (61%) 113 (55%) 14 (70%) 40 (62%) 170 (64%) 0.231
Temporal lobe 189 (34%) 81 (40%) 6 (30%) 26 (40%) 76 (29%) 0.054
Parietal lobe 50 (9%) 24 (12%) 2 (10%) 8 (12%) 16 (6%) 0.128

Involved sites Single lobe 455 (82%) 150 (74%) 16 (80%) 48 (74%) 241 (91%) <0.001
Multiple lobes 100 (18%) 54 (27%) 4 (20%) 17 (26%) 25 (9%)

Diameter <47 cm 266 (48%) 83 (41%) 6 (30%) 16 (25%) 161 (61%) <0.001
>4.7cm 271 (49%) 114 (56%) 13 (65%) 46 (711%) 98 (37%)
Unknown 18 (3%) 7 (3%) 1(5%) 3 (5%) 7 (3%)

Enhancement Enhanced 98 (18%) 43 21%) 2 (10%) 14 (22%) 39 (15%) 0.359
Not enhanced 446 (80%) 157 (77%) 16 (80%) 51.(79%) 202 (84%)
Unknown 11 (2%) 402%) 2 (10%) 0 (0%) 502%)

Histology Astrocytoma 210 (38%) 97 (48%) 0 (0%) 15 (23%) 98 (37%) <0.001
Oligodendroglioma 260 (47%) 81 (40%) 14 (70%) 34 (52%) 131 (49%)
Oligoastrocytoma 85 (15%) 26 (13%) 6 (30%) 16 (25%) 37 (14%)

Resection Gross total resection 200 (36%) 43 (21%) 7 (35%) 13 (20%) 137 (52%) <0.001
Subtotal resection 153 (28%) 56 (28%) 7 (35%) 20 (31%) 70 (26%)
Partial resection 71 (13%) 29 (14%) 3 (15%) 12 (19%) 27 (10%)
Biopsy 131 (24%) 76 (37%) 3 (15%) 20 (31%) 32 (12%)

RT radiotherapy, CT chemotherapy, RTCT radiotherapy and chemotherapy, NAT non-adjuvant treatment, ECOG Eastern Cooperative Oncology

Group, KPS Karnofsky performance status
#Patients who received Gamma knife surgery were excluded

achieved more in the NAT group. Chemotherapy was admin-
istered more in patients with oligodendroglioma.

We plotted the proportion of adjuvant treatment groups
over time to explore a trend of adjuvant treatment (Fig. 1a).
The frequency of chemotherapy decreased during the last
3 years of the study period. This trend could also be found
when the plots were divided into GTR and non-GTR patients
(Fig. 1b, c). After histological classification, chemotherapy
was less commonly administered in astrocytoma patients
than oligoastrocytoma or oligodendroglioma patients
(Fig. 1d—f).The chemotherapy regimen changed over time.
PCV was used frequently in the first half of the study time,
while the use of TMZ increased in the latter half of the study
time (Fig. 2).

Binary logistic regression tests were performed to evalu-
ate patient or tumor factors with a relationship to decisions
concerning adjuvant treatments (Table 2). Patients with male
gender, multiple lobe involvement, or non-GTR received RT,
while patients with seizure were less likely to undergo RT.

Chemotherapy was also preferred for patients with non-
GTR, whereas chemotherapy was not preferred for patients
with astrocytoma.

Details of adjuvant treatments are as follows. In the RT
group, the median time interval between surgery and RT
was 4 weeks (range 0.6-130.4 weeks). The median total
dose and daily dose were 54 Gy (range 36—63 Gy) and 2 Gy
(range 1.8-2.2 Gy), respectively. For the RTCT group,
RT (median 3.6 weeks; range 0.1-165.9 weeks) was per-
formed earlier than chemotherapy (median 14.3 weeks;
range 1.6—-180.6 weeks) after surgery. The median RT dose
was 54 Gy (range 39-70 Gy) and median daily fraction size
was 2 Gy (1.8-3 Gy). The most common chemotherapy
regimen was PCV (60%) followed by TMZ (35%). The CT
group patients received adjuvant chemotherapy a median of
5.9 weeks after the surgery. The most common regimen was
PCV (55%) followed by TMZ (40%).

Characteristics of salvage treatments are listed in Table 3.
The RT group had recurrence or progression in 120 patients
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Fig. 1 Adjuvant treatment patterns for LGG patients over the study period: a all patients, b patients with gross total resection (GTR), ¢ patients
with non-GTR, d patients with astrocytoma, e patients with oligoastrocytoma, and f patients with oligodendroglioma

(57%). Of these patients, surgical resection was performed  (7%) with the median dose of 20 Gy, and chemotherapy was
in 64 patients (55%). RT was given in 15 patients (13%) with administered in 66 patients (56%). Malignant transformation
a median dose of 50 Gy. GKS was performed in 8 patients  was confirmed in 49 patients.
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Fig.2 Changes in chemotherapy regimen over the study period

In the RTCT group, progression or recurrence was noted
in 24 patients (37%). Surgical resection was administered
in 9 patients (38%), RT (median 45 Gy) in 4 patients (17%),
GKS (median 25 Gy) in 4 patients (17%), and chemotherapy
in 12 patients (50%). Malignant transformation was con-
firmed in 6 patients.

The CT group had progression in 12 patients (60%). For
salvage treatment, surgical resection was performed in 7
patients (58%). RT was done in 9 patients (75%), and the
median dose was 54 Gy. Chemotherapy was administered
again in 5 patients (42%). Malignant transformation was
found in 5 patients.

The NAT group included 6 patients who underwent
GKS (median 19.5 Gy) after surgery. Progression or recur-
rences occurred in 148 patients (56%). Of these patients, 94
(64%) underwent surgery, 101 (68%) was given RT (median
57.6 Gy), 3 (2%) received GKS (median 16 Gy), and 41

(28%) was administered chemotherapy. Malignant transfor-
mation was found in 54 patients.

The median follow-up time was 83.4 months (range
6.0—184.7 months). In the entire patients, PFS rates were
52.2% at 5 year and 36.9% at 10 year. The median PFS time
was 65.0 months. The results of univariate and multivariate
analyses were summarized in Table 4. According to the mul-
tivariate analysis, the patient/tumor factors associated with
worse PFS were poor performance, multiple lobes involve-
ment, and parietal lobe. Concerning treatment factors,
patients with GTR had better PFS than patients with non-
GTR (at 5 year, 68.3 vs. 43.1%, p<0.001; Fig. 3). Among
the adjuvant treatments groups, the RTCT group showed
statistically improved PFS comparing with the NAT group.

Discussion

We investigated the patterns of care for adult LGG patients
between 2000 and 2010 in Korea. This is the first study
about the patterns of care for LGG in Asia. At the time of
the study, clear guidelines for LGG treatment had not been
established. Consequently, we could find varied patterns of
treatment used in a large population of LGG. Also, discern-
ible changes of treatment could be observed during the study
time.

We examined the association between patient/tumor char-
acteristics and adjuvant treatment. Well-known predictors of
adjuvant RT are age >40 years, tumor crossing midline, and
partial surgical resection [11]. The extent of resection sig-
nificantly affected the decision on adjuvant treatment in our
study. Non-GTR patients received RT or chemotherapy more
than GTR patients. Another factor significantly associated
with adjuvant treatment was the number of involved lobes.
Multiple lobes involvement could be an obstacle to tumor

Table 2 Binary logistic

. . Adjuvant treatment Radiotherapy?® Chemotherapy
regression test for adjuvant (N=289) (N=269) (N=85)
treatment
p Odds ratio p Odds ratio P Odds ratio
Age>40 years 0.093 1.366 NS NS
Male 0.004 1.709 0.002 1.768 NS
No seizure 0.007 1.654 0.002 1.755 NS
Poor performance NS NS NS
Frontal lobe NS NS NS
Temporal lobe NS NS NS
Parietal lobe NS NS NS
Multiple lobes <0.001 2.621 <0.001 2478 NS
Non-astrocytoma NS NS <0.001 3.825
Non-GTR <0.001 3.380 <0.001 3512 0.001 2472

GTR gross total resection

*Patients who received Gamma knife surgery were excluded
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Table 3 Characteristics of salvage treatment

RT CT RTCT NAT p
(N=204) (N=20) (N=65) (N=266)
Progression 117 12 24 148
Resection 64 (55%) 7 (58%) 9 (38%) 94 (64%) 0.073
Radiotherapy 14 (12%) 9 (75%) 4 (17%) 101 (68%)* <0.001
Total dose Median 50 Gy Median 54 Gy Median 45 Gy Median 57.6 Gy
(range 35-75 Gy) (range 50-66 Gy) (range 3648 Gy) (range 45-70 Gy)
Daily dose Median 2 Gy Median 2 Gy Median 1.8 Gy Median 1.8 Gy
(range 1.8-3 Gy) (range 1.8-2.2 Gy) (range 1.8-2 Gy) (range 1.8-2.4 Gy)
Gamma Knife 8 (71%)° 4 (17%) 3 (2%)
Median 20 Gy Median 25 Gy Median 16 Gy
(range 15-26 Gy) (range 15-30 Gy) (range 12-20 Gy)
Chemotherapy 66 (56%)° 5 (42%) 12 (50%) 41 (28%) <0.001
PCV 234 2 3 20°
Temozolomide 424 2 5 21°
Others 4t 18 4h 2
None 0 (0%) 0 (0%) 3 (13%) 18 (12%)
Malignant transformation 49 5 6 54
WHO III 30 4 4 40
WHO IV 19 1 2 14

RT radiotherapy, CT chemotherapy, RTCT radiotherapy and chemotherapy, NAT non-adjuvant treatment, PCV procarbazine, lomustine, and vin-

cristine, WHO World Health Organization

*Five patients with missing data were included

®One patient with missing data was included

“One patient with missing data was included

4PCV and TMZ were administered in 3 patients

°PCV and TMZ were administered in 2 patients

TACNU based regimens, 2 patients; and methotrexate, 1 patient
£ACNU and cisplatin, 1 patient

"Bevacizumab, 2 patients; BCNU and cisplatin, 1 patient; and CCNU, 1 patient

'ACNU and cisplatin, 2 patients

removal. GTR was achieved in 41% of patients with single
lobe involvement, but in only 13% of patients with multiple
lobes involvement (p < 0.001, data not shown). Several stud-
ies reported age as an important prognostic factor of LGG,
but varied cut-off values have been suggested. We took
40 years, the median age in our study, as a cut-off value. We
could not confirm a significant association between age and
adjuvant treatment, but could find a trend that older patients
had a trend to receive adjuvant treatment (p=0.093).

An important change in the trend of chemotherapy was
the decreased use of PCV regimen over time. In contrast,
the proportion of TMZ increased. Although combined RT
and PCV regimen was reported to improve overall survival
in LGG patients [6], real-world clinicians might prefer to
use TMZ in terms of compliance and convenience [12,
13]. Haque et al. [12] analyzed the National Cancer Data
Base (NCDB) concerning LGG patients treated with RT
and chemotherapy between 2004 and 2012 in the United
States. The authors included high risk patients, such as
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age > 40 years or sub-total resection. Interestingly, 96% of
patients received TMZ instead of PCV (4%), and there was
no significant difference in overall survival.

PCV can be toxic, particularly in terms of myelosup-
pression. In the Radiation Therapy Oncology Group
(RTOG) 9802 study, considerable toxicities occurred in the
RT +PCV arm. Grade > 3 hematologic events were noted in
51% of the RT+PCV arm, but in < 1% of the RT arm [6].
The EORTC 22033-26033 trial compared RT and TMZ in
LGG patients with high risk features. Grade > 3 hematologic
toxicities were reported in 14% of the TMZ arm and < 1% of
the RT arm patients [8].

There are limited numbers of results comparing PCV and
TMZ in LGG patients. We found implications in anaplastic
glioma studies using different chemotherapy regimens. Wick
et al. [14] reported that anaplastic glioma patients had more
toxicity when they had PCV after surgery rather than TMZ
in the NOA-04 trial. Between PCV and TMZ arms, sur-
vival outcomes were similar, but significant differences were
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Tablg 4 Univariate and Variables N Univariate analysis Multivariate analysis
multivariate analyses of
progression-free survival 5 year PFS (%) P HR (95% CI) P
Sex
Male 292 48.2 0.090 -
Female 263 56.6
Age (years)
>40 262 48.4 0.022 1.201 (0.971-1.508) 0.090
<40 293 55.6
Performance
Poor performance 47 38.5 <0.001 1.733 (1.216-2.471) 0.002
ECOG<1 or KPS>80 508 534
Seizure
Yes 311 51.7 0.771 -
No 244 52.9
Involving lobes
Multiple 100 36.4 <0.001 1.562 (1.188-2.054) 0.001
Single 455 55.5
Frontal lobe
Yes 337 52.5 0.370 -
No 218 51.6
Parietal lobe
Yes 50 329 <0.001 1.559 (1.101-2.207) 0.012
No 505 54.0
Temporal lobe
Yes 189 50.5 0.728 -
No 366 53.0
Histology 0.084% -
Astrocytoma 210 45.3
Oligodendroglioma 260 57.1 (0.072)°
Oligoastrocytoma 85 53.7 (0.090)°
Resection
Non-GTR 355 43.1 <0.001 2.009 (1.553-2.598) <0.001
GTR 200 68.3
Adjuvant treatment 0.019% 0.001%
No 266 51.3
RT 204 48.5 (0.143)° 0.865 (0.676-1.108) 0.250°
Chemotherapy 20 65.0 0.727)° 0.209 (0.389-1.230) 0.209°
RT + chemotherapy 65 62.8 (0.047)° 0.450 (0.300-0.675) <0.001°

PFS progression-free survival, HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncol-
ogy Group, KPS Karnofsky Performance Score, NS not significant, RT radiotherapy

#Pooled analysis

Pair wise analysis (vs. no adjuvant treatment)

found in allergic reaction (19 vs. 1%), hematologic toxicities
(21 vs. 4%), and polyneuropathy (15 vs. 0%). The RTOG
9813 trial compared survival and toxicity of anaplastic astro-
cytoma patients who underwent RT and TMZ or carmustine/
lomustine (BCNU/CCNU). Comparable overall survival
times (median 3.9 years in the TMZ arm and 3.8 years in
the BCNU/CCNU arm) were reported. In terms of toxicity,
the BCNU/CCNU arm experienced more grade > 3 toxicities

(75.8 vs. 47.9%) and noted lower rate of chemotherapy com-
pletion (21.4 vs. 60.4%) than the TMZ arm [15].

In addition to the toxicity, PCV has a potential limitation
concerning efficacy. In an animal model, vincristine had a
lack of penetration across the blood—brain barrier. The levels
of vincristine in the intracranial tumor were up to 11-fold
lower than in the liver [16]. TMZ was reported to have better
drug exposure in cerebrospinal fluid. In malignant glioma
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Fig.3 Kaplan—Meier survival curves for PFS analysis: a entire patents and b according to the surgical extent

patients, the area under the concentration—time curve ratio
in cerebrospinal fluid was 20% of the area under the curve
in plasma [17].

Interestingly, the use of combined RT and chemotherapy
was not preferred and decreased particularly during the last
3 years of our study period. Even the patients with non-
GTR, 50-60% of patients received RT alone and 30-40%
of patients underwent surgery alone. Similar with our
results, the combined adjuvant treatment was not used fre-
quently in another study. A study conducted at the Mayo
Clinic reported their long-term experience about older
LGG patients between 1960 and 2011, most of the patients
(67%) received RT alone, despite their high-risk features,
age > 55 years and lower GTR rate (10%) [18].

Actually, these are paradoxical results because the RTCT
group had the most favorable PFS in our study. The RTOG
trial 9802 revealed the survival benefit of combining RT
and chemotherapy in high-risk LGG patients. Patients with
>40 years-old or non-GTR were enrolled in the RT arm
or the RT/PCV arm. The RT/PCV arm had improved OS
(median 13.3 vs. 7.8 years, p=0.003) and PFS (median 10.4
vs. 4.0 years, p<0.001) than the RT arm [6]. The socio-
economic characteristic of Korea could be a reason for the
recession of the combined adjuvant treatment in our study.
As mentioned above, the regimen of chemotherapy was
changed from PCV to TMZ in Korea. The National Health
Insurance in Korea, however, does not cover the use of TMZ
in the patients with LGG. Therefore, LGG patients should
pay all the cost of TMZ instead of 5% co-pay. A burden of
medical costs could be an obstacle to administer TMZ in the
adjuvant setting [19].

Concerns about cognitive dysfunction might also
influence adjuvant treatments. RT has been examined
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concerning deteriorated cognitive function of glioma
patients or not. Brown et al. [20] performed mini-mental
state examinations for patients with LGG before and after
RT. After 7 years of median follow up, cognitive func-
tion was preserved in most of patients without tumor pro-
gression. In contrast, Douw et al. [21] reported that LGG
patients who had RT showed a decline in cognitive assess-
ment comparing with who did not have RT. This result
must be interpreted cautiously. First, a small number of
patients were included (32 patients with RT vs. 33 patients
without RT). Second, these patients were not randomly
assigned, so patients with more advanced tumor could
be suspected to receive RT. Actually, most of patients
excluded during the study period because of death were
RT group (69%).

When LGG patients with adjuvant RT was compared
with “wait-and see” under randomly controlled condition
(EORTC 22845 trial), no differences were found for cogni-
tive deficit between two groups [7]. The RTOG 9802 trial
reported long-term results of the combined use of RT and
PCV chemotherapy comparing with RT alone in high risk
LGG patients (>40 years of age or non-GTR). The com-
bined treatment arm improved OS [6] without significant
deterioration in cognitive function measured by mini-mental
state examination [22].

Recently, high-precision RT technique has been explored
to preserve cognitive function. Whole-brain RT holds a
significant portion for brain metastases treatment, but the
RTOG 0933 trial confirmed memory preservation by spar-
ing neural stem cells in the hippocampus [23]. For LGG
patients, several dosimetric studies adopted this technique
and reported that contralateral or bilateral hippocampus
could be saved [24, 25].
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There are several limitations in this study resulting from
the retrospective design. The most important limitation is the
lack of molecular information. We classified LGG as the tra-
ditional criteria using tumor histology, such as astrocytoma,
oligoendroglioma, and oligoastrocytoma. This classification
depends on morphological presentation, so inter- or intra-
observer variability is inevitable. Heterogeneous clinical
outcomes could also be resulted from similar pathologic
diagnosis [26].

Recently, the Cancer Genome Atlas Research Network
analyzed genomic molecular data of tumor samples from
293 adult LGG patients. The authors classified LGG accord-
ing to the status of IDH mutations and 1p/19q codeletion,
and confirmed that genetic status reflects tumor subtypes
and clinical outcomes more than microscopic classifications.
Wild-type IDH tumors had worst prognosis and related with
glioblastoma. Tumors with /DH mutation and 1p/19q code-
letion having oligodendroglial characteristics showed bet-
ter survival than tumors with /DH mutation and no 1p/19q
codeletion having astrocytoma or oligoastrocytic character-
istics [27]. The WHO 2016 edition of glioma classification
adopts the new criteria of /DH mutations and 1p/19q codele-
tion [28]. A paradigm shift in the treatment for LGG patients
is expected, which will depend on molecular diagnosis.

Potential heterogeneity in the decision of adjuvant treat-
ments and insufficiency in the collected patient and treat-
ment data could not be neglected. Nevertheless, this study
is meaningful; we could review and discern how we had
practiced before the era of molecular biomarker-based diag-
nosis and treatment.

In conclusion, we reviewed multi-institutional data of
LGG patients diagnosed with the WHO grade II gliomas
between 2000 and 2010 in Korea. RT alone was most com-
monly performed after surgical resection for LGG. The
combination of RT and chemotherapy shared minor portion,
furthermore, it decreased during the last 3 year of the study
period. Also, PCV was the main regimen of chemotherapy,
however gradually substituted by TMZ. Lastly, the extent of
resection or involvement could be associated with the deci-
sion on adjuvant treatments. With the emerging of molecular
diagnosis, the treatment strategy should be refined according
to the biomolecular criteria for LGG patients.
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