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Lorraine, Vandoeuvre-lès-Nancy, France, 2 Neurology Departement, Neurooncology Unit, CHRU, Nancy, France,
3 Department of Mathematics, Elie Cartan Institute, Nancy, France, 4 INRIA Biology, Genetics and Statistics, Nancy, France,
5 Department of Pathology, CHRU, Nancy, France, 6 Centre de Ressources Biologiques, BB-0033-00035, CHRU Nancy,
France, 7 Department of Nuclear Medicine and Nancyclotep Imaging Platform, CHRU Nancy, France, 8 IADI, INSERM U1254,
Lorraine University, Vandoeuvre-lès-Nancy, France, 9 UMR 7365 CNRS, IMoPA Biopole Lorraine University Faculty of
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Background: To report survival, spontaneous prognostic factors, and treatment efficacy
in a French monocentric cohort of diffuse low-grade glioma (DLGG) patients over 35 years
of follow-up.

Methods: A monocentric retrospective study of 339 patients diagnosed with a new
DLGG between 01/01/1982 and 01/01/2017 was created. Inclusion criteria were patient
age ≥18 years at diagnosis and histological diagnosis of WHO grade II glioma (according
to 1993, 2007, and 2016 WHO classifications). The survival parameters were estimated
using the Kaplan-Meier method with a 95% confidence interval. Differences in survival
were tested for statistical significance by the log-rank test. Factors were considered
significant when p ≤ 0.1 and p ≤ 0.05 in the univariate and multivariate analyses,
respectively.

Results: A total of 339 patients were included with a median follow-up of 8.7 years. The
Kaplan-Meier median overall survival was 15.7 years. At the time of radiological diagnosis,
Karnofsky Performance Status score and initial tumor volume were significant
independent prognostic factors. Oncological prognostic factors were the extent of
resection for patients who underwent surgery and the timing of radiotherapy for those
concerned. In this study, patients who had delayed radiotherapy (provided remaining low
grade) did not have worse survival compared with patients who had early radiotherapy.
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The functional capabilities of the patients were preserved enough so that they could
remain independent during at least three quarters of the follow-up.

Conclusion: This large monocentric series spread over a long time clarifies the effects of
different therapeutic strategies and their combination in the management of DLGG.
Keywords: diffuse low-grade glioma, prognosis, survival, quality of life, surgery, chemotherapy, radiation therapy
HIGHLIGHTS

This article relates a long period (35 years) French neurooncology
center experience concerning a cohort of DLGG patients. This is
the first article describing an overview. The number of patients
(339) is substantial for a monocentric approach. Our results
confirm the importance of awake surgery with cortico-
subcortical intraoperative stimulations, and identify prognostic
factors consistent with other series already published. The
analysis of overall survival was made by integrating patient's
quality of life.
INTRODUCTION

Diffuse low-grade gliomas are rare tumors (about 15% of
gliomas) in young and middle-age adults (median age at
diagnosis is around 40 years) at the interface of neuroscience
and oncology (1–3). The conventional therapeutic approach with
surgery, radiotherapy, alkylating agent–based chemotherapy has
drastically changed in the last 15 years and allowed—a unique
fact in oncology—doubling the median survival while preserving
quality of life (QoL) without new therapeutic tools but just by
progressing in the so-called onco-functional balance analysis (4).
These advances are primarily related to awake functional surgery
and its articulation with chemotherapy (5). Radiotherapy
remains a subject of discussions concerning timing, optimal
dose–volume distribution, and association or not with
chemotherapy and its potential toxicity (6). Many questions
continue to feed the debates, essentially related to the slow
evolution of the heterogeneous disease, the succession different
therapeutic steps adapted to each patient, and the limits of
evidence-based medicine for this pathological profile (7). As a
result, analysis of databases remain relevant (7). We report
results from a single French center over a period of more than
35 years. We analyze spontaneous and therapeutic prognostic
factors and survival for 339 patients with DLGG.
METHODS

Patients Selection
The patients selected were extracted from the neurooncology
unit of the Nancy France University Hospital database
containing more than 400 consecutive patients diagnosed with
DLGG according to various WHO classifications over time
between 01/01/1982 and 01/01/2017. To be included, patients
2

had to fulfill the following criteria: age ≥18 years at radiological
diagnosis and pathological diagnosis of WHO grade II gliomas.
Exclusion criteria were a medical follow-up not entirely carried
out in Nancy, gliomatosis defined as involvement of 3 or more
lobes except fronto-temporo-insular locations, and death not
related to the tumor. All living patients provided written
informed consent regarding the use of their data.

Definitions and Concepts
Here, we introduce concepts and definitions used in the
following parts and helpful for the reader’s understanding.
We have defined the “delayed treated” group as patients who
didn’t have any treatment within the 2 years following the
radiological diagnosis, and the “early treated” group received at
least a first-line treatment in this interval of time. Several types of
first-line treatment were considered, including surgery alone
(S), chemotherapy alone (CT), radiotherapy alone (RT),
surgery + adjuvant chemotherapy (S+CT), surgery + adjuvant
radiotherapy (S+RT), or chemotherapy + radiotherapy (CT+
RT). Adjuvant treatments were administrated within the 3
months following the surgery or chemotherapy. Concerning
surgery, gross total, subtotal, and partial resection are defined
by no residual tumor volume, residue ≤10 and ≥10 cm3 on flair-
weighted MRI, respectively. The choice of these three groups
resulted from a previous study evaluating the role of radical
resection in DLGG (8). Patients who underwent radiotherapy
were divided into three groups according to the timing of
irradiation; in the “early radiotherapy” group, patients had
irradiation at first- or second-line treatment; in the “delayed
radiotherapy” group, patients had irradiation at least after the
third line; the last group included patients with radiotherapy
after malignant transformation.

Treatment Practice
Two modalities of chemotherapy were used: temozolomide
(TMZ) or a combination of procarbazine + CCNU +
vincristine (PCV). TMZ was used conventionally (150 then
250 mg/m2 orally, 5/28 days). The duration was variable over
time. In general, treatment was prolonged as long as the patient
responded subject to acceptable tolerance. The majority received
from 12 to 24 cycles. We also used standard PCV with a majority
of patients who received 3 to 6 cycles. Procarbazine was
administered at the dose of 60 mg/m2 orally per day on days 8
through 21 of each cycle, CCNU at a dose of 110 mg/m2 on day 1
of each cycle, and vincristine at a dose of 1.4 mg/m2 with a
maximum dose of 2.0 mg administered intravenously on days 8
and 29 of each cycle. The cycle length was 6 to 8 weeks.
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The modalities of radiotherapy were conventional. Patients
received 54 to 59.4/60 Gy with standard 1.8 to 2 Gy each
(prescribed to the isocenter) over a period of 6 weeks.

Data Collection
The data used in this study were recovered from the 339 patients
having met inclusion criteria. Clinical data included patient age,
sex, date plus type of first symptoms (seizure, neurological
trouble, headache) and Karnofsky Performance Status (KPS)
score at diagnosis and during the follow up. Imaging data
included location, number of involved lobes, contrast
enhancement, and volume. The volumetric quantification was
performed using the three diameters technique (9) at the
beginning (films) and then using the manual segmentation
under OsiriX software (digital imaging) (10). All volume
evaluations were performed exclusively by two physicians (MB,
LT) using the data provided by the following MRI sequences: T1-
weighted before and after gadolinium injection, T2-weighted and
fluid attenuation inversion recovery (FLAIR) sequences for the
volumes. Concerning treatment, the following data were
collected: type of surgery (conventional or functional-guided
surgery), extent of resection, and the chemotherapeutic
regimen (drugs, number of cycles). About pathology, diagnoses
were made on the different WHO classifications (11–13). The
main biomolecular variables KI67 index, 1p19q codeletion, and
IDH mutation were also recovered if available. Malignant
transformation was considered when histologically proven or
when nodular and intense enhancement.

Statistical Analysis
All data analyses were performed using R version 1.1. For
descriptive statistics, we used numbers and percentages; for
qualitative ones, variables; and for quantitative ones, medians
and ranges. The starting point chosen for our analyses was the
radiological diagnosis. Survival was calculated as the time from
the radiological diagnosis until death. Survival curves were
estimated using the Kaplan-Meier method with a 95%
confidence interval and differences tested by the log-rank test.
To check the assumption of proportional hazards, we used
graphical evaluation. To assess prognostic factors, univariate
analysis was first performed using log-rank tests for qualitative
variables and univariate Cox models for quantitative ones.
Prognostic factors with p value ≤ 0.1 were considered as
candidates for the multivariate Cox regression analysis. In the
final analysis, only factors with p value ≤ 0.05 were considered
statistically significant.
RESULTS

Patient Characteristics
Summary patient characteristics for the data sets used in this
analysis are reported in Table 1. A total of 339 patients diagnosed
were included. At radiological diagnosis, the median age was 38
years with a large part of patients diagnosed between 34 and 60
years. Epilepsy was the most common symptom leading to let on
Frontiers in Oncology | www.frontiersin.org 3
the lesion (83.2%), and headache and neurological troubles
revealed the tumor in 8.6% and 4.1% of cases, respectively.
Incidental detection represented 4% of the cases. Concerning
the radiological characteristics, the frontal lobe was invaded in
67.4% of cases, and the temporal lobe was invaded in 25.3% of
the cases. Moreover, 33.1% of patients presented a tumor with
multiple lobes affected. We noted a contrast enhancement for
25.1% of the cases, usually patchy (16.8%) and less often nodular
(5.3%) or ring like (2.4%), and pathological examination
confirmed the WHO II grade in all of these cases. Median
volume on diagnosis MRI was 49 cm3. As regards the
histological type, the biomolecular data as IDH and 1p19q
status were unavailable for 48% and 46.4% of patients; 58.7%
TABLE 1 | Summary of epidemiological characteristics at radiological and
histological diagnosis.

Parameter No. %

Patient sex female
male

151
188

44.5
55.5

Age in years ]18;34]
]34-60]
]60-80]

181
130
28

53.4
38.3
8.3

Median age in years
(range)

38 (18-80)

Symptom epilepsy
neurological trouble
headache
incidental finding

282
14
29
14

83.2
4.1
8.6
4.1

KPS score median (range) 100% (50%-
100%)

Tumor location frontal
frontal + parietal
frontal + temporal
frontal + insular
temporal
temporal + insular
parietal
occipital
multifocal
basal ganglia

171
14
10
34
32
44
16
8
6
4

50.4
4.1
2.9
10.0
9.4
13.0
4.7
2.4
1.8
1.2

Number of lobes involved 1
2
≥ 3

227
102
10

66,9
30
3.1

Tumor side right
left
bilateral

156
174
9

46.0
51.3
2.6

Contrast enhancement no
patchy
nodular
ring
NA

254
57
18
8
2

74.9
16.8
5.3
2.4
0.6

Tumor volume (in cm3) < 49
≥ 49
NA

136
134
69

40.1
39.5
20.4

Biomolecular IDH mutated
IDH nonmutated
NA
codeletion 1p19q
noncodeletion 1p19q
NA

128
33
178
64
107
168

37.8
9.7
52.5
18.8
31.6
49.6

Histological type Oligodendroglioma
Astrocytoma
Oligoastrocytoma

199
86
54

58.7
25.4
15.9
October 2020 | Vo
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of tumors were identified as oligodendroglioma, 25.4% as
astrocytomas, and 15.9% were oligoastrocytoma.

Therapeutic Strategy
As summarized in Figure 1A, among the 339 patients with a
DLGG radiological diagnosis, the initial strategy consisted of
early treatment for 283 patients (83.5%), and close monitoring
was preferred for 56 patients (16.5%). The delayed treatment was
preferred for patients who had better prognosis regarding their
clinical and radiological data (low volume, no contrast, low
kinetic profile). In the early treated group, a median of 3
months separated the radiological diagnosis from the first-line
treatment (surgery, chemotherapy, rarely radiotherapy or
combined treatments), and it was 33 months in the monitoring
group. The time between the two therapeutic sequences did not
Frontiers in Oncology | www.frontiersin.org 4
differ between the groups (25 vs. 21 months). The first-line
treatment consisted of surgery alone for a large number of
patients (61%) in the “early treated” group, and chemotherapy
and surgery were indifferently performed in the “delayed treated”
group. As shown in Figure 1B, the first-line treatment has
constantly evolved over time, and surgery has become the
primary first-line treatment (from 33% in 1989–1996 to 62%
in the last period 2013–2016). Adding all the patients who had at
least a surgery in their first-line treatment (S alone, S+CT, S+RT),
the proportion of patients who were early operated reaches 70%.
For those not involved in the surgery group, chemotherapy alone
largely dominates. Table 2 summarizes the characteristics of
oncological parameters for the 338 patients treated at the grade II
stage (1 patient recently included had a biopsy without any
treatment). Regardless of the initial strategy, the first-line
A

B

FIGURE 1 | First-line therapeutic strategy and its evolution over time. (A) The median time delay is presented for both groups: patients who were early treated and
delayed treated. The width of the arrows is proportional to the percentage of patients that have received the different treatments. (B) Change of first-line therapeutic
strategy over time. S, surgery; CT, chemotherapy; RT, radiotherapy.
October 2020 | Volume 10 | Article 574679
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treatment mostly consisted of resection alone (58.3%) and, less
often, chemotherapy alone (25.4%), while radiotherapy alone
was marginal (3.3%). When surgery was decided, the resection
was performed according to functional awake surgery in 43.4%
of the cases. Gross total resection and subtotal resection were
achieved in 20% and 61.8% of cases, respectively. When patients
were treated by chemotherapy, the first regimens consisted
predominantly of TMZ (77.8%) and PCV (17.2%) protocol,
whereas Fotemustine (FTM) and Carmustine (BCNU) were
marginally administered. Regarding radiotherapy, the
proportion of patients in the “early radiotherapy,” “delayed
radiotherapy,” and “after maligant transformation” groups
were respectively 23.9%, 57.5%, and 18.6%.

Prognostic Factors and Survival Outcome
Overall Survival
Kaplan-Meier OS estimates are displayed in Figure 2. The
median OS time since radiological diagnosis was 15.7 years
(95% CI: 12.3-17.9), and the median time with a KPS score
above or equal to 80 was 12.2 years (95% CI: 10.2-15.2). Note
that we could not assess the initial KPS score for 7 patients
because they presented an altered QoL not related to their
cerebral tumor.

During the follow-up, 142 (41.9 %) patients died at a mean
delay of 9.6 years (median at 8.7) after radiological diagnosis. The
mean observed survival for the 197 patients alive at the last
follow-up since radiological diagnosis was 9.6 years (median at
8.2). Malignant transformation occurred in 158 (46.6%) cases at
TABLE 2 | Oncological treatment parameters.

Parameter Number (%)

Type of first-line treatment n=338
surgery
alone 197 (58.3)
+ CT 18 (5.3)
+ RT 22 (6.5)

CT
alone 84 (25.4)
+ RT 4 (1.2)

RT
alone 13 (3.3)

Type of first surgery n=237
conventional 134 (56.6)
functional 103 (43.4)

Postoperative tumor volume n=237
≥ 10 cm3 31 (18.2)
< 10 cm3 105 (61.8)
no residual tumor 34 (20)
NA 67

Type of first chemotherapy n=274
TMZ 213 (77.8)
PCV 47 (17.2)
FTM 9 (3.2)
BCNU 5 (1.8)

Moment of radiotherapy n=167
early 40 (23.9)
delayed 96 (57.5)
after anaplastic transformation 31 (18.6)
CT, chemotherapy; RT, radiotherapy; TMZ, Temozolomide; PCV, procarbazine-CCNU-
vincristine; FTM, fotemustine; BCNU, carmustine; NA, data non available at the time of the
study.
FIGURE 2 | Overall survival since radiological diagnosis. Kaplan-Meier estimate curves (with 95% CI) showing both the OS and the OS with a KPS score above or
equal to 80.. OS, Overall survival; KPS, Karnofsky Performance Status.
October 2020 | Volume 10 | Article 574679
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a mean delay of 7.6 years (median at 6.9) since radiological
diagnosis. The median delay between malignant transformation
and death was 1.4 years.

Finally, the OS rates at 5, 10, and 15 years were respectively
89.6%, 69.8%, and 56.8%.

Spontaneous Prognostic Factors
Univariate and multivariate analyses are summarized in Table 3.
The univariate analysis was performed for each pretreatment
factor presented in Table 1 and for oncological parameters
presented in Table 2. At the time of radiological diagnosis, a
priori independent prognostic factors were KPS score and initial
Frontiers in Oncology | www.frontiersin.org 6
volume (Figure 3). Other parameters, such as number of lobes
involved and tumor location (single frontal location vs. other
sites), were significant in univariate analysis only.

Subgroup Analysis
In the subgroup analysis, prognostic factors were postoperative
tumor volume for patients operated and moment of radiotherapy
for those who had radiotherapy. We also assessed if the type of
first chemotherapy could impact the survival.

Residual Volume
A total of 237 patients were resected with partial, subtotal, or
gross total resection. The patients who underwent a complete
resection had better survival than those who had partial or
subtotal resection (median not reached, log-rank test: p=0.01).
Kaplan Meier curves comparing OS of the residual volume are
displayed in Figure 3.

Timing of Radiotherapy
Among the 339 patients, 167 received radiotherapy at different
stages of their illness. The timing of irradiation was decided
according to the symptomatology, histological, and/or
radiological criteria. Considering the three groups (early,
delayed, or after malignant transformation), we did not find a
significant difference in survival between early and delayed
radiotherapy (15.6 vs. 17.9 years, Figure 3), but the median OS
survival was worse when patients were treated after malignant
transformation (8.3 years, p<0.0001). Furthermore, among the
172 patients who have not (or not yet) been treated with
radiotherapy at the end of the follow-up, 30 are dead (median
survival at 8.3 years), and 142 were still alive with an estimated
Kaplan-Meier OS of 22.4 years.

Type of First Chemotherapy
In this series, 274 patients were treated by chemotherapy
during the follow-up. Before their tumor had progressed, 213
patients received TMZ, and PCV was administrated in 47 of
them. Moreover, 5 received BCNU, and 9 received FTM. We
compared survival according to the type of the first chosen
chemotherapy (TMZ vs. PCV) and found better, but not
significant, survival for patients treated by PCV chemotherapy
especially for patients with an initial volume >49 cm3 (median at
17.2 vs. 10.2 years, p=0.065).

Biomolecular Data
The IDH status was obtained for 175 (51.6%) patients of which
139 had an IDH mutation. The 1p19q codeletion status was
obtained for 182 (53.6%) patients of which 64 had an 1p19q
codeleted glioma. The estimated Kaplan-Meier OS was 18.6 years
(95% CI: 13- not reached) for patients IDH mutated, 16.5 years
(95% CI: 15.7- not reached) for patients 1p19q codeleted, 9.3
years (95% CI: 8.3- not reached) for patients with IDH mutation
and without 1p19q codeletion and 15.9 years (95% CI: 11- not
reached) for patients without IDH mutation nor 1p19q
codeletion. Unfortunately, we were unable to interpret these
results or perform more statistical analyses because the number
of events in each subgroup was too small.
TABLE 3 | Baseline demographic and oncological predictors (univariate and
multivariate models).

Univariate
analysis

Multivariate
analysis

Factor p-value p-value HR(95% CI) Estimated
median OS

(years)

Sex 0.15
Age 0.3
Symptoms 0.6
KPS score 0.01 0.03
<90 1 8.75
≥90 0.48 (0.25-

0.91)
16.25

Main tumor
location

0.003 NS

Number of lobes
involved

<0.0001 NS

Tumor side 0.56
Contrast
enhancement

0.5

Initial tumor
volume

0.01 0.05

<49 cm3 1 16.9
≥49 cm3 1.72 (1.14-

2.59)
10.8

Histological
type

0.5

Type of first-line
treatment

0.2

Type of first-line
surgery

0.18

Postoperative
volume

0.015 0.015

≥10 cm3 1 11.7
<10 cm3 0.65 (0.36-

1.18)
17.9

no residual tumor 0.24 (0.08-
0.66)

Not reached

Type of first CT 0.077 NS
Moment of RT <0.0001 <0.0001
after anaplastic
transformation

1 9

early 0.27 (0.14-
0.50)

15.3

delayed 0.36 (0.23-
0.56)

13.7
HR, hazard ratio; CI, confidence interval; OS, overall survival; RT, radiotherapy; CT,
chemotherapy; NS, not significant.
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DISCUSSION

To our knowledge, this cohort of 339 patients included since
1982 is one of the largest and longest follow-up monocentric
retrospective studies of DLGG. All patients were indeed followed
from the diagnosis to the end of their illness in the same center
with a common ambition of personalized medicine. The results
are relevant because of the long median follow-up (close to the
mean delay observed deaths), the low rate of those lost to follow-
up (<5%), and the few missing data (except the biomolecular
component). The study finds an estimated Kaplan-Meier OS
close to 16 years. This OS estimation is better than an older
retrospective series reported in the early 2000s with an estimated
median OS at 6.4 years (14) or some more recent studies (15–21).
Considering other monocentric series equivalent in number of
patients, such as the Mayo Clinic (22), the results appear better in
terms of median OS with 15.7 years versus 6.9 years despite the
difficulty to compare populations because of the important
median follow-up difference (13.6 vs. 8.7 years) and the
disparity of initial populations in terms of histological types
and extent of surgery.

QoL assessment was implicit during patient follow-up. We
have formalized data (EORTC QLQC30 + BN 20) for a limited
number of patients and, unfortunately, not always longitudinally.
In the same way, neuropsychological data can indirectly reflect
the QoL. It was systematically collected around surgical
procedures and more randomly during the follow-up
Frontiers in Oncology | www.frontiersin.org 7
(especially for patients who were diagnosed more than 20 years
ago). In this article reporting the follow-up of a homogeneous
cohort over a long period, it nevertheless seemed essential to use
a marker that could indirectly reflect functional evolution of
patients and, therefore, their QoL even if, of course, this
parameter remains too reductive to reflect the overall concept
of QoL. So we decided to report the evolution of the KPS over
time and more precisely the time of survival with a KPS score
above or equal to 80. The estimated Kaplan-Meier was 12.2 years,
signifying that the patients can have a normal life for the most
part of their disease. With an overall survival of 15.7 years, we
nevertheless note a 3.5-year differential, i.e., a survival with less
than 80 KPS for a period of 3.5 years. Work in progress should
allow us to better analyze events occurring in the last years of life.

Concerning the prognostic factors, consistent with the
literature, our study confirms that, at the time of radiological
diagnosis, KPS and volume at diagnosis are independent strong
prognostic factors (23, 24). However, other factors such as age,
contrast enhancement and histological type, described as strong
prognostic factors in others studies, were not retrieved.

KPS. A significant difference was observed between the
patients with a KPS <90 compared with those who had a KPS
≥90. This result is coherent because KPS alteration is essentially
related to either comorbidities or a marked tumoral evolution
with functional connectivity infiltration (25).

Volume at Diagnosis. We confirmed the importance of the
volume in the prognosis with the choice of 2 classes (≤49 vs. >49
A B

DC

FIGURE 3 | Overall survival curves. (A) Kaplan-Meier estimate curves showing the overall survival according to KPS (≤90 vs >90, n=339 patients). (B) Kaplan-Meier
curves showing the overall survival according to the tumor volume at diagnosis (<49 cm3 vs. ≥49 cm3, n=339 patients). (C) Kaplan-Meier estimate curves according
to postoperative residual volume (n=191 patients). (D) Kaplan-Meier estimate curves according to the moment of radiotherapy (n=167 patients).
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cm3). This factor has been described in several other studies as a
poor factor prognosis (24). The number of involved lobes is a
significant factor on univariate analysis but not on multivariate
certainly due to the correlation with the tumor volume. We can
indeed imagine that large volumes are correlated with the
infiltration of the minimal common brain (26) with the
impossibility of radical surgery related to a poor prognosis.

Age. Although age is considered as a strong prognostic factor
in many studies (23, 27), we did not find significant difference in
OS between three age classes (<34, 35–60 and >60). Age can be
linked to a worse prognosis for various reasons: presence of
intrinsically more pejorative tumor factors (including molecular
factors) or an “under treatment” related to several more or less
relevant factors (comorbidities, less expected plasticity, or not
necessarily founded medical fears). We can evoke the hypothesis
of a major prognostic impact of "aggressive" and personalized
therapeutic strategies able to reverse the poor prognosis of
this factor.

Pathology. Our results indicate that histological oncotype did
not influence OS between patients with astrocytomas,
oligodendroglioma, or oligoastrocytoma. However, we present
initial results, which, for the most part, correspond to the two
previous WHO classifications. This heterogeneity probably
limits the importance of our conclusions (reevaluation with the
new WHO classification in progress).

Contrast Enhancement. Among the 339 patients, some
contrast enhancement (CI) was present on initial MRI in
25.1% of cases. In agreement with other series, the presence of
CI was not related to worse prognosis (17, 28). Even if the
presence of CI is quite surprising, it is as part of all DLGG series,
and it has been clearly shown that the presence of a patchy and
faint enhancement did not have a worse prognostic (28).
Accordingly, we decided to include these patients in the series.
The presence of a more intense or nodular CI conventionally
reflects the presence of malignant transformation. These cases
were included in our series when the pathological data obtained
just after the incriminated MRI were in favor of a real DLGG.

Therapeutic strategies are constantly discussed because of the
long duration of the disease, knowledge evolution about
effectiveness of therapies and better apprehension of patients'
QoL. As far as possible, the therapeutic sequence was adapted to
each patient. Therefore, a randomized control trial does not
appear to be the most appropriate study design for this chronic
pathology (29). In this part, we chose not to multiplicate log-rank
tests to compare survival according to treatment but rather to
highlight the main points that can help clinicians to treat
better the patients while keeping their QoL. Among the
remaining questions, we wonder about which chemotherapy
we should propose as the first line and the best timing to
introduce radiotherapy.

The impact of functional-based surgery in DLGG, first
mentioned in the mid-1990s, is now well established (10, 30).
Our updated results corroborate the main published data (31). A
complete surgery performed by specialized teams remains the
first treatment to offer the best prognosis while respecting
patient’s QoL (30–42). We did not find any difference in OS
Frontiers in Oncology | www.frontiersin.org 8
between subtotal and partial surgery. This may be related to the
fact that partial surgeries have residual postoperative volume
close to subtotal surgeries.

In our series, the concept of “early treatment” means
delivering at least one therapeutic modality within the 2 years
following the radiological diagnosis. We did not find any
significant difference between the two groups even if we note
better results in the group "delayed treatment." This point could
be explained by the selection of therapeutic strategies: the
concept of "delayed treatment" was more easily proposed to
young patients in excellent general condition with a small, not
contrast-enhanced volume and a slow kinetic profile.

Regarding the type offirst chemotherapy, we did not highlight
any difference between patients who received PCV versus TMZ.
In the subgroup analysis (initial volume <49 vs. >=49 cm3) even
if no significant difference was found, PCV seems associated with
a better survival especially when the initial volume is greater than
49 cm3. Clinicians preferred the use of TMZ because of less
hematological or gonadal toxicities and less general status
deterioration with the possibility of continuing a near-normal
life during therapeutic periods (43, 44). For patients with initial
volumes greater than 49 cm3 (related to poor prognosis), we
nevertheless wonder about a switch of strategy and a return to
PCV. The impact of PCV on OS was reported previously (15)
(median OS of 13.3 years for the RT+CT group vs. 7.8 years for
RT, p=0.003) even though a PCV arm is lacking in this trial.
Otherwise, two phase II studies reported that patients with 1p/
19q codeletion receiving adjuvant TMZ had a high rate of
radiographic stability and favorable OS allowing to delay
radiotherapy in a significant number of patients (45, 46).

In our series, the association PCV + RT is associated with long
survivals with a median OS close to 20 years. Nevertheless,
several studies show that the association PCV+RT has a
significant toxicity (47, 48). Moreover, we do not have precise
data concerning the long-term outcome of patients treated with
PCV+RT in regards on cognition and QoL (49, 50). As long as
these data remain inaccessible, it seems difficult to systematically
propose this strategy even for high-risk patients.

In our series, 167 patients received radiotherapy during their
illness. We did not find a difference in OS between patients who
received early radiotherapy from those who received delayed
radiotherapy. Our results are in agreement with the only
randomized control trial that compared the OS of early versus
delayed radiotherapy (20) and the only one to be included in the
meta-analysis (51), which has the same conclusions as ours. Our
analysis is also consistent with a recent retrospective study on the
U.S. National Cancer Database comparing the OS of patients
who received postoperative radiation and those who did not, in
which the multivariable analysis of the radiation group was
associated with worse OS (HR 2.06, p < 0.001) (52).
Nevertheless, in our series, the group of patients treated with
radiation after malignant transformation had clearly the worst
prognostic. It would seem, in fine, that the effect of radiotherapy
performed at the low-grade stage is the same regardless of the
time of completion (early or late), whereas early radiotherapy
could affect the QoL via the cognitive toxicity. To the contrary,
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delaying the timing of radiotherapy too much (after the
malignant transformation) is associated with worse survival.

The current study has some limitations and biases. First, the
data lacks pathology review, and some tumors might have been
misclassified. A pathological revision using the 2016 WHO
classification is in progress. Moreover, there was a lot of
unavailable biomolecular data. During the revision, according
to the available material, we supplement our data with molecular
parameters (primarily 1p19q and IDH status). Despite the
retained precautions to avoid confounding factors, this study is
not a trial. The choice of each treatment was made at an
individual level by integrating many parameters and always
after the medical and surgical team’s discussion with the
patient and his or her entourage. Therefore, the interpretation
of prognosis factors related to the oncological decision is a
delicate work. Their statistical significance is probably due to
the multiple adapted lines of therapy over time. Nevertheless,
despite these issues, the results of these personalized treatments
were revealed to be equal to the superior estimated OS than
previous reports while always keeping in mind the preservation
of QoL. Finally, one of the main shortcomings is probably the
lack of longitudinally QoL data. To complete the results of
the impact of radiotherapy, especially its timing, as well as the
importance of functional-based surgery, the patients’ QoL is
among the most relevant questions and should be studied with
more acuity in future work.
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CONCLUSION

We report a large single-center series of DLGG collected over 35
years. Our results confirm the major importance of the KPS score
and the volume of the tumor at time of diagnosis. We highlight
the favorable impact of surgery on survival, especially when
resection is complete, and an identical impact of radiotherapy
whatever the timing (early or late in the low-grade course) but
ideally before malignant transformation. Personalized treatment,
despite difficulties induced by the multiple possibilities, seems to
offer the best compromise between a long survival and the
preservation of the QoL.
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