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   Introduction 

 Diffuse low-grade glioma (DLGG) is a rare dis-
ease whose therapeutic concepts have profoundly 
been challenged these recent years  [  1  ] . 
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  Abstract 

 Diffuse low-grade gliomas are rare tumors. Therapeutic strategies have 
dramatically changed in recent years, thanks to observational data, insight 
of some authors, retrospective studies, and, incidentally, results of few 
phase III and II trials. Surgery has become the cornerstone of the treat-
ment. Radiotherapy, because of its potential delayed neurotoxicity and the 
equivalent results in terms of survival whatever the timing of the treatment 
(early or late), is increasingly offered to patients with unresectable tumors 
(or tumor that cannot be reoperated) and in case of progression after che-
motherapy. Chemotherapy, subject of this chapter, has shown clinical 
bene fi ts regarding tumor progression for nonsurgical patients, before or 
after radiotherapy: initial chemosensitivity almost constant, improvement 
of epilepsy and thus of cognition, and preservation of quality of life 
(despite a possible transient alteration). Its articulation with surgery has 
been more recently discussed by allowing, thanks to tumor shrinkage, sub-
total or total resection (whose impact on anaplastic transformation and 
survival has been demonstrated), in addition to potential effects on cere-
bral plasticity. It remains to show the direct or indirect impact on survival, 
to re fi ne its risk-bene fi t ratio, especially in the context of prolonged treat-
ment with temozolomide, and to develop further research from a neuro-
logical (impact on plasticity) and oncological (involved molecular 
pathways, identifying new therapeutic targets) points of view.  
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 Thus, surgery, marginally considered until the 
1990s, saw his place reinforced, thanks to the 
development of neuroscience researches through 
the cortical and subcortical stimulations, awake 
surgery, and functional imaging progress  [  2,   3  ] . 

 Potential neurotoxicity of long-term conven-
tional radiotherapy was stressed. Therefore, this 
treatment was little used in the initial stages of 
the disease. Recent technical advances allow nev-
ertheless considering a more focused therapeutic 
volume. It should so lead to new assessments 
with a clear evaluation of the ratio between 
expected bene fi ts/potential risks  [  4  ] . 

 Finally, chemotherapy, despite many theo-
retical limitations (intrinsic chemoresistance, 
dif fi cult access to the tumoral site, low number of 
available molecules), gradually developed,  fi rst 
in case of progression after conventional treat-
ments deliverance and then more precociously in 
the disease history and in close coordination with 
surgery. 

 We will develop    this point below by consider-
ing the conceptual and historical bases while 
highlighting the unresolved issues.  

   Current Practices 

   Conceptual Bases of Chemotherapy 

 The place of the chemotherapy for DLGG remains 
dif fi cult to encircle. Many theoretical arguments 
can be opposed to the principle of prescription: 
subnormal blood–brain or blood-tumor barrier 
(low penetration of drugs), spontaneous chemore-
sistance of gliomas, and very limited number of 
potentially active molecules. 

 Nevertheless, there are situations like tumor 
progression in case of patients with unresectable 
tumor previously treated by radiotherapy (RT) 
where chemotherapy (CT), in absence of thera-
peutic alternative, could be discussed or consid-
ered before anaplastic transformation. 

 The literature on the subject remains relatively 
poor. 

 For a long time, only the paper by Eyre et al. 
from the South Western Oncology Group 
(SWOG) served as a reference and discouraged 

all therapeutic inclinations. In fact, the SWOG 
conducted the  fi rst randomized trial concerning 
CT for DLGG. It has compared RT alone versus 
RT plus lomustine-based CT after subtotal/partial 
surgery or biopsy. No bene fi t was shown and the 
trial was prematurely terminated  [  5  ] . To date, it is 
dif fi cult to consider this relatively old trial 
because of the associated methodological bias 
regarding the selected population (more 
speci fi cally from a pathological and radiological 
point of view). 

 Cairncross and Macdonald have, the  fi rst, 
evoked the possibility of a real objective response 
for diffuse low-grade tumors within a series of 
aggressive oligodendrogliomas  [  6,   7  ] . Six years 
later, Mason was able to note 9/9 responders under 
procarbazine + cecenu + vincristine association 
(PCV)  [  8  ] , while Sof fi etti  [  9  ]  reported 13/13 sta-
bilized or responding patients also under PCV. 

 Since then, a little over 30 articles have been 
published. There are mostly retrospective series 
that included most often a small number of 
patients (see below). We will come back to some 
of these articles in the following chapters.  

   Available Data and Chronology 

 Table  25.1  adapted from Ducray  [  10  ]  summarizes 
the literature on the subject. As we can appreci-
ate, series are very heterogeneous in term of dis-
ease entities, time of illness, treatment modalities, 
and evaluation of the response.  

 We can nevertheless con fi rm that, in recent 
years, regardless the growing role of surgery, we 
have seen a real interest in chemotherapy (espe-
cially temozolomide) in the management of these 
tumors  [  11  ] . 

 This led to the creation of a dedicated European 
Task Force and to the establishment of recom-
mendations recently published (and being 
updated). These recommendations clearly pro-
pose chemotherapy in speci fi c situations to which 
we will return in the course of this chapter: 
“Chemotherapy can be useful both at recurrence 
after radiotherapy and as initial treatment after 
surgery to delay the risk of late neurotoxicity 
from large- fi eld radiotherapy”  [  12  ] . 
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 We should nonetheless note that all except 
eight published series have fewer than 50 patients. 
This low number of inclusions re fl ects the relative 
scarcity of the pathology but also the dif fi culties 
to include such patients in therapeutic trials prob-
ably because of the speci fi city of this particular 
tumoral entity (too heterogeneous for normative 
constraints of clinical trials) and the conceptual 
differences between major involved groups.  

   Types of Chemotherapy 

 Two main modalities of chemotherapy were used 
for DLGG: procarbazine + cecenu + vincristine 
(PCV) association and temozolomide (TMZ), 
according to different patterns. 

 There are little variations in the reported dos-
ages concerning the PCV combination used  fi rst 
by Gutin in 1975  [  13  ]  and Levin in 1980 and 
1985  [  14,   15  ] . Classically, cecenu is adminis-
tered on day (D) 1 (110 mg/m 2 ), procarbazine 
(60 mg/m 2 ) from D8 to D21 and vincristine 
(1.4 mg/m 2  – max 2 mg) at D8 and D29. A cycle 
is administered every 6–8 weeks. Intensi fi ed 
protocols have also been described but not used 
in DLGG  [  16  ] . 

 Temozolomide (TMZ) is, to date, the most 
widely used treatment. The conventional scheme 
proposes a daily dose of 150 mg/m 2  for 5 days 
during the  fi rst course. If it is well tolerated, the 
dose is increased to 200 mg/m 2  per day for 5 days 
from the second course. Cycles last for 28 days. 
Other plans, including intensi fi ed protocols, have 
been proposed. Lashkari et al. attempted to assess 
the impact of these different TMZ regimens on 
the treatment of DLGG. They performed a sys-
tematic review of the literature and identi fi ed all 
the studies published in PubMed, Embase, and 
Cochrane databases that met the inclusion crite-
ria. Eighteen studies and 736 patients were ana-
lyzed. Although there is possibly an indication 
that metronomic regimens of TMZ result in bet-
ter  progression-free survival  (PFS) and response 
rate when compared with the conventional stan-
dard 5 day regimen, insuf fi cient available data 
and study heterogeneity preclude any safe con-
clusions. Authors offer as conclusion that 
“ well-designed randomized controlled clinical 

trials are needed to establish the ef fi cacy of met-
ronomic regimens of TMZ in LGGs”  [  17  ] . 

 To date, we can consider, mainly because of 
the good immediate tolerance and the respect for 
the quality of life (cf. infra), that temozolomide 
used with conventional doses remains the refer-
ence treatment.   

   Results 

   Chemotherapy, Volumes, and Growth 
Rate 

 The response assessment after chemotherapy for 
DLGG remains a dif fi cult and nonconsensual 
issue. 

 For many years, MacDonald criteria, created 
to evaluate WHO grade III and IV gliomas  [  18  ]  
and based on 2D enhanced tumor measurements 
on computed tomography or magnetic resonance 
imaging (in conjunction with clinical and steroid 
dosage evaluations), were used for DLGG after 
adaptation (especially by considering the two 
largest diameters on T2-weighted or FLAIR slides 
and not on injected images and by abandoning the 
reference to steroids). This procedure does not 
allow to objectively monitor the evolution of a 
tumor under treatment and underestimates the 
number of responders. This was clearly the case 
for many initially reported  studies  [  19–  21  ] . 

 New recommendations were proposed  [  22  ] . 
These latter do not appear optimal by considering 
that  published studies that have compared calcu-
lations based on single, multidimensional, and 
true volumetric measurements and the strength of 
their correlations with the outcome (PFS, OS) are 
absent and thus that evidence-based data for the 
preferred measurement system are not available . 
We disagree with this opinion (see the dedicated 
chapter), because we consider that the volumetric 
evaluation is absolutely necessary for monitoring 
DLGG patients receiving chemotherapy. 
Otherwise, the risk is to dramatically underesti-
mate responses and thus to be in an absolute inabil-
ity to properly monitor the treatment duration. 

 The papers by Hoang-Xuan et al.  [  23  ]  and 
Ricard et al.  [  24  ]  were the  fi rsts most important 
considering the impact of chemotherapy on 
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DLGG. In the second one’s, authors were, indeed, 
among the  fi rst to report a longitudinal real volu-
metric assessment in a population of 107 patients 
treated exclusively with temozolomide. The 
method of the three diameters was used to obtain 
volumes and mean tumoral diameters (MTD) 
 [  25  ] . During the treatment, they found that more 
than 60 % of patients achieved a minor or partial 
response. At the onset of TMZ treatment, the 
MTD decreased in 92 % of patients, demonstrat-
ing an early initial chemosensitivity (38 of 39 
patients who had a pre-, per-, and postevaluation 
of the MTD slope experienced a breakdown of 
the MTD growth curves after chemotherapy 
onset). After the initial phase of MTD decrease 
and despite continuous administration of TMZ, 
the tumors of some patients started to resume 
growth again, whereas others continued to 
decrease. Tumor regrowth occurred in 16.6 % of 
   1p19q codeleted tumors and in 60.6 % in non-
codeleted tumors ( p  < 0.0004). Tumors overex-
pressing p53 had also a much greater rate of 
relapse (70.5 % vs. 25 %). The evolution of the 
MTD was also tested after discontinuation of 
TMZ. The greater part of the population remains 
stable or sometimes continues to decrease despite 
the interruption of treatment. Nevertheless, a 
majority of tumors starts to grow again: 59 % rate 
of MTD regrowth after a median follow-up of 
200 days after TMZ discontinuation (range 
60–630 days). 

 Our group has also published a retrospective 
study concerning chemotherapy followed by sur-
gical resection for DLGG. The impact of chemo-
therapy on the tumor volume was estimated using 
Volume Viewer® software (General Electric GE 
Healthcare, Milwaukee, WI, USA). For exams in 
which only printed images were accessible, a 
three-diameter technique was used. We also dem-
onstrated that chemotherapy induced a tumor 
shrinkage (median volume decrease 38.9 %) in 
10/10 cases (ipsilateral in six patients and in the 
contralateral hemisphere in four patients)  [  26  ] .  

   Chemotherapy and Epilepsy 

 Seizures are the most common initial symptom in 
patients with DLGG. Their occurrence strongly 

depends on the tumor location including insular 
and central topography  [  27  ] . Some authors have 
also suggested a link between IDH 1/2 mutation 
(frequent in DLGG) and the onset of metabolic 
changes capable of promoting seizures  [  28  ] . 

 For a long time, chemotherapy and irradiation 
were considered having just some minor bene fi cial 
effects on the patients’ seizure disorder using the 
argument that overall 60–70 % of patients may 
experience recurrent epilepsy during long-term 
follow-up  [  29  ] . 

 The progressive development of this therapeu-
tic modality, its conceptual changes (prolonga-
tion of treatment time), and more precise analysis 
of the impact of such therapy on seizures have 
radically changed the view of many authors. 
Thus, it is now considered (despite the usual 
dif fi culties with seizure quanti fi cation in retro-
spective studies) that (1) the negative course of 
seizure frequency was mostly correlated to tumor 
progression, (2) surgery had almost always a 
favorable effect on epilepsy, and (3) chemother-
apy had a mostly favorable effect with acceptable 
tolerance  [  2,   30,   31  ] . 

 The improvement in seizure frequency during 
treatment with temozolomide seems, moreover, 
independent of antiepileptic drug adjustment  [  32  ] . 

 An extensive experience with insular DLGG 
(topography considered as the most epilepto-
genic) was also reported by our group. We 
con fi rmed the interest of a surgical removal and 
supported the role of chemotherapy from an epi-
leptological point of view  [  33  ] . 

 We need to address in this chapter, regarding 
the relationship between chemotherapy and 
DLGG, the special place of antiepileptic treat-
ments. Recommendations in this area are identi-
cal to the recommendations for all brain tumors. 
Most authors recommend  fi rst-line noninducing 
drugs such as lamotrigine, levetiractam, or lacos-
amide  [  34,   35  ] . The place of valproate remains 
debated. A clear ef fi ciency is reported  [  35  ] . 
Combined antiproliferative activity through its 
inhibitory properties of histone deacetylase could 
improve survival as it was evoked for glioblasto-
mas  [  36  ] . Nevertheless there are potential side 
effects (weight gain, thrombocytopenia) and 
enzyme inhibition may increase the hematologic 
toxicity of chemotherapy.  
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   Chemotherapy and Cognition 

 Cognitive functioning is correlated with quality 
of life, itself linked with return to work  [  37  ] . This 
point is absolutely crucial in general neuro-on-
cology and, still more, in the management of 
patients with DLGG. Approximately one quarter 
of patients with DLGG reported serious neu-
rocognitive symptoms  [  38  ] . Neurocognitive 
de fi cits are far more frequent than previously 
thought and can be caused by the tumor itself, 
tumor-related epilepsy, treatments, and psycho-
logical distress  [  12  ] . For some authors, the role of 
radiotherapy and chemotherapy in the treatment 
of DLGG remains controversial regarding their 
effect on survival and the development of neuro-
toxicity. Forty DLGG patients participated in the 
study of Correa et al. 16 patients had RT +/− che-
motherapy and 24 patients had no treatment. In 
this series, RT +/− chemotherapy, disease dura-
tion, and antiepileptic treatment contributed to 
mild cognitive dif fi culties  [  39  ] . The same team 
published a new paper with 25 DLGG patients 
who underwent neuropsychological evaluations 
at study entry, 6 and 12 months subsequently. 
Nine patients had RT +/− chemotherapy prior to 
enrollment and 16 had no treatment  [  40  ] . 
Longitudinal follow-up showed that both disease 
duration and treatment with RT +/− chemother-
apy contributed to a mild decrement in nonverbal 
recall and in some aspects of executive functions 
and quality of life. In these two articles, the wide-
spread use of combined strategies (radiother-
apy + chemotherapy) makes dif fi cult to analyze 
the speci fi c contribution of chemotherapy in the 
cognition modulation. Our group  [  26  ]  reported a 
retrospective work with a neuropsychological 
assessment (NPA) of ten patients who underwent 
a strategy with a  fi rst chemotherapy followed 
by functional surgery. Nine patients were 
 right-handed and one left-handed. No one pre-
sented with premorbid intelligence deterioration. 
Three patients did not show any neuropsycho-
logical de fi cit. Seven patients failed at three or 
less out of the 18 cognitive tests that were applied. 
The three others failed at least four tests. The 
main cognitive domains where de fi cits were 
observed concern episodic memory, especially 
verbal modality ( fi ve patients), and executive 

functions ( fi ve patients). Interestingly, the patients 
who did not continue to work were not the same 
who presented the most severe cognitive impair-
ment. Our conclusion was that this combined 
strategy is highly likely to preserve cognitive 
function.  

   Chemotherapy and Quality of Life 

 As already mentioned, quality of life is correlated 
with cognitive functioning with itself linked with 
return to work  [  37  ] . Works on these three funda-
mental aspects of DLGG patient’s evaluation are 
very rare. We know, generally, that female sex, 
epilepsy burden, and number of objectively 
assessed neurocognitive de fi cits were associated 
signi fi cantly with both generic and condition-
speci fi c HRQOL  [  38  ] . The major impact of PCV 
on HRQOL is on nausea/vomiting, loss of appe-
tite, and drowsiness during and shortly after treat-
ment. There are no long-term effects of PCV 
chemotherapy, since patients recover a “normal” 
state when they move away from the treatment 
period  [  41  ] . 

 Liu et al. described the quality of life (QOL) 
of DLGG patients at baseline prior to chemo-
therapy and through 12 cycles of temozolomide. 
The Functional Assessment of Cancer Therapy-
Brain (FACT-Br) was obtained at baseline (prior 
to chemotherapy) and at 2-month intervals 
under chemotherapy. Patients at baseline had 
higher reported social well-being scores (mean 
difference = 5.0;  p  < 0.01) but had lower reported 
emotional well-being scores (mean differ-
ence = 2.2;  p  < 0.01) compared with a normal 
population. Patients with right hemisphere 
tumors reported higher physical well-being 
scores ( p  = 0.01): 44 % could not drive, 26 % 
did not feel  independent, and 26 % were afraid 
of having a seizure. Dif fi culty with work was 
noted in 24 %. Mean change scores at each che-
motherapy cycle compared with baseline for all 
QOL subscales showed either no signi fi cant 
change or were signi fi cantly positive ( p  < 0.01). 
Authors concluded that DLGG patients on ther-
apy were able to maintain their QOL in all 
realms. Patients’ QOL may be further improved 
by addressing their emotional well-being and 
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their loss of independence in terms of driving 
or working  [  42  ] . 

 In our work concerning patients treated with 
presurgical chemotherapy  [  26  ] , the Karnofsky 
Performance Scale (KPS) scores ranged from 
80 to 100 (median 90) and were globally sta-
ble during the whole follow-up period. The 
main domain that presented with signi fi cant 
impairment in the QOL assessment was role 
functioning (feeling of independence and socio-
professional life) with a median score of 66.7 % 
(range 50–100). The global QOL score was 
preserved after chemotherapy and surgery for 
most patients with a median value of 66.7 % 
(range 33.3–83.3). Cognitive, emotional, physi-
cal, and social well-being scores were also 
relatively preserved (medians 83.3, 79.2, 100, 
and 100 %, respectively). Among the general 
symptoms, the main complaints were fatigue 
(median score 33.3 %, range 11.1–100) and 
pain (median score = 16.6 %, range 0–66.7) due 
to different associated diseases like osteoarthri-
tis and arteriopathy. Sleeping troubles (mean 
score = 20 ± 30.6 %),  fi nancial impact (mean 
score = 23.3 ± 39.6 %), and digestive troubles 
(mean score = 20 ± 30.6 %) seemed to have a 
moderate in fl uence on the QOL. No patient 
reached the cut-off of 15 in the inventory for 
signs or symptoms of depression (BDI) with a 
mean score of 8.7 ± 3.6. However, seven sub-
jects showed a tendency for “mild depression,” 
characterized by a score between 8 and 14. 

 We can therefore consider that TMZ alone or 
combined with surgery is able to maintain or even 
to improve the quality of life and that PCV alters 
transiently the QOL, with a return to the “nor-
mal” situation when we once move away from 
the treatment period.  

   Chemotherapy and Survival 

 To date, there is no direct evidence for DLGG 
patients that con fi rms the impact of chemother-
apy on patients’ survival. We know, however, that 
presumed eloquent location of DLGGs is an 
important but modi fi able risk factor predicting 
disease progression and death  [  43  ]  and that the 

risk of malignant transformation and subsequent 
survival may be predicted by pretreatment and 
also by treatment-related factors  [  44  ] . 

 We are thus entitled to imagine that indirectly, 
this treatment modality may have an impact on 
patient survival. 

 In a retrospective selected series (personal 
unpublished data), 17 patients, considered at 
diagnosis or recurrence as “nonoperable” 
because of a functional area in fi ltration or a too 
large contralateral extension, underwent temo-
zolomide-based chemotherapy inducing tumor 
volume decrease immediately followed by a 
radical surgery. The median follow-up since ini-
tial radiological diagnosis was 5.9 years (range 
1.4–11). Median time to malignant transforma-
tion was 99.6 months. We demonstrated that 
age, volume at diagnosis, 1p19q, IDH, and 
MGMT promoter status had no impact on time 
to malignant transformation. Chemotherapy 
reduced tumor volume (median −33.43 %, range 
– 61.6 % to −5.1 %) and signi fi cantly decreased 
the imaging tumor growth whatever 1p19q, 
IDH, and MGMT status. We con fi rmed that a 
tumor volume decrease of more than 20 % was 
signi fi cantly correlated with a lower postopera-
tive residual tumor (median = 3.4 cc,  p  = 0.003), 
a greater extent of resection ( p  = 0.03), and a 
better prognosis ( p  = 0.05). Postoperative tumor 
volume less than 10 cc was signi fi cantly associ-
ated with better outcome ( p  = 0.042). We thus 
concluded that, regardless of the molecular sta-
tus, neoadjuvant chemotherapy could optimize 
surgical resection of DLGGs and could have an 
impact on their natural history (Blonski et al. 
submitted   ).  

   Tolerance 

   Hematological Toxicity 
 The “PCV” association possesses a cumulative 
acute hematologic toxicity making impossible 
the administration of more than six courses. 
Previous papers provide evidence that nitrosou-
reas are leukemogenic in human beings and 
con fi rm observations that adjuvant chemother-
apy with alkylating agents may increase the risk 
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of leukemia  [  45  ] . In the paper of Boice et al. 
concerning adjuvant treatment of gastrointesti-
nal cancer with semustine (methyl-CCNU), the 
6-year cumulative mean risk of acquiring a leu-
kemic disorder after treatment with semustine 
was 4.0 +/− 2.2 % for an incidence rate of 2.3 
cases per 1,000 persons per year  [  46  ] . In a meta-
analysis of  fi ve randomized clinical trials for 
adult patients with brain tumors, Greene et al. 
identi fi ed 2 of 1,628 individuals who experi-
enced acute nonlymphocytic leukemia after car-
mustine chemotherapy  [  47  ] . The risk of 
developing this complication was 24.6 times 
higher than expected  [  45  ] . Baehring et al. 
identi fi ed well-documented case reports and 
small case series of patients who developed ther-
apy-induced myelodysplasia (t-MDS) and ther-
apy-induced acute myeloid leukemia (t-AML) 
during or after treatment with alkylating chemo-
therapy for primary brain neoplasms. Moreover, 
they performed a comprehensive review of the 
literature on the subject and they noted that the 
overall incidence of primary MDS was estimated 
at 3–20 cases per 100,000 population with 
10–15 % of all MDS cases arising in patients 
exposed to chemo- or radiation therapy adminis-
tered for other tumors  [  48  ] . It seems that t-MDS/
t-AML risk among patients with brain tumors 
may be lower than in patients with other primary 
neoplasms  [  49  ] . Nevertheless, this observation 
may be linked to the often-reserved prognosis of 
the central nervous system tumors, not allowing 
the late hematological complications emergence. 
Perry et al. reported two cases of AML following 
therapy for malignant glioma and found 26 other 
examples of therapy related leukemia in adult 
and pediatric brain tumor patients (including 12 
patients with malignant glioma). The median 
interval from treatment to diagnosis of AML was 
31 months. Nine adult malignant glioma patients 
received all nitrosoureas and some of them as the 
sole chemotherapy. Authors concluded that “if 
regimens such as PCV continue to prove valu-
able in neurooncology the risk of leukemia will 
require integration into the clinical decision pro-
cess” and recommended a search for “more 
effective therapy with minimal mutagenicity 
remains critical”  [  50  ] . 

 The risk of late hematological complications 
with TMZ seems low compared with other alky-
lating agents like nitrosoureas mentioned above. 
An Australian team reported the cases of three 
patients treated with TMZ for a progressive 
glioma. These patients have continued the treat-
ment respectively for 5, 7, and 8 years! No seri-
ous side effects were reported. Thus, it was often 
considered that most individuals receiving excep-
tionally large doses of alkylating agents over an 
extended period did not develop T-MDS/AML. 
This is true for patients receiving TMZ  [  51  ] . In 
contrast, Natelson et al. published a case report 
concerning a patient who had received temozolo-
mide as a single agent for treatment of malignant 
glioma and who developed t-MDS. After a litera-
ture review, authors suggested that the cumula-
tive dose threshold (CDT) for temozolomide that 
could predispose to t-MDS and which may poten-
tially lead to acute myeloid leukemia would be 
around 18,000–20,000 mg/m 2   [  52  ] . The authors 
acknowledge, however, that the objective assess-
ment of the real risk appears much dif fi cult for 
tumors with a worse prognosis such as gliomas 
than for tumors associated with a long survival 
like Hodgkin’s lymphoma, testicular cancer, or 
breast cancer. They concluded that all alkylating 
agents, including TMZ, should be considered 
potentially leukemogenic when administered 
long term. Nevertheless, the risk of direct (pro-
gression or recurrence, malignant evolution) or 
indirect tumor complications (permanent de fi cit, 
seizures) or short latency adverse reactions to 
treatment (myelosuppression, opportunistic 
infection, encephalopathy due to radiation ther-
apy) remains, at this day, much higher than the 
t-MDS/t-AML risk  [  48  ] . 

 We nevertheless have to be careful with our 
prescription and to demonstrate in well-structured 
databases that prolonged use of alkylating che-
motherapy until tumor progression or unaccept-
able toxicity is superior to treatment with a 
de fi ned and limited number of cycles.  

   Chemotherapy and Gonadotoxicity 
 Data concerning chemotherapy, DLGG, and 
gonadotoxicity are almost nonexistent. Alkylating 
chemotherapy containing procarbazine (and/or 
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cyclophosphamide) causes prolonged azoo-
spermia in 90–100 % of men and premature ovar-
ian failure in 5–25 % of women under the age of 
30  [  53  ] . We are also entitled to fear a marked 
gonadal toxicity of vincristine  [  54  ] . Thus, we can 
assume, although with no speci fi c published data, 
that the PCV association is clearly gonadotoxic. 
We so recommend (1) to warn patients of this 
possibility, (2) to propose systematically a fertil-
ity preservation (easier in men than in women), 
and (3) to avoid this association in patients wish-
ing to preserve essentially their reproduction 
capabilities. 

 Concerning temozolomide, a retrospective 
study was recently published. It concerns 24 
female patients treated for a glioma. Fifteen 
patients had no fertility preservation and the 
remaining nine had a cryopreservation of embryos 
with or without an oocyte cryopreservation. Four 
patients are or have been pregnant (delivery, 
spontaneous miscarriage, pregnancy in the group 
of preserving fertility, and a current pregnancy in 
the group where no fertility preservation has been 
achieved). The conclusion of the authors is that 
temozolomide is not totally gonadotoxic  [  55  ] . 
Paternities have also been reported after temozo-
lomide  [  56  ] . We could apply the two previous 
recommendations (information, fertility preser-
vation) when a TMZ-based chemotherapy is 
needful in the course of a DLGG and when the 
patient wishes to preserve its reproduction capa-
bilities while integrating the concept of a likely 
lower toxicity compared with that seen with 
nitrosoureas.  

   Other Toxicities 
 The peripheral neurological risk of vincristine 
cannot be neglected. There is currently no way 
to prevent it  [  57  ] . The risk of lung  fi brosis with 
cecenu is also a parameter to be integrated dur-
ing the establishment of such a combined ther-
apy with cecenu  [  58  ] . Otherwise, patients 
under the PCV association complain frequently 
about an intense asthenia and/or about a loss of 
weight  [  41  ] . 

 Temozolomide-induced hepatitis can be 
particularly severe, especially the cholestatic 
form  [  59  ] .    

   Open Questions 

   How to Evaluate the Bene fi t of 
Chemotherapy 

 For more objective assessment of the impact 
of chemotherapy, it is conventional in neuro-
 oncology to use parameters such as overall sur-
vival and progression-free survival. 

 Overall survival is sensitive to all instituted 
treatments including “salvage” therapies. In this 
type of disease, treatments are often multiple and 
repeated. That makes dif fi cult to analyze the 
speci fi c impact of a given treatment (chemother-
apy in our case) on survival. Progression-free 
survival could be interesting parameters to use if 
and only if (1) there is longitudinal and rigorous 
volumetric assessment and (2) this morphologi-
cal parameters are associated with quality of life 
data  [  60  ] . The same remark can be made for the 
classical time to malignant transformation. 

 It was recently pointed out that clinical trials 
for DLGG “need to consider other measures of 
patient’s bene fi t such as cognition, symptom bur-
den, and seizure activity, to establish whether 
improved survival is re fl ected in prolonged well-
being”  [  22  ]  should move in this direction also 
emphasized by Klein and colleagues “the multi-
dimensional scales used to study changes in 
HRQOL studies in brain tumor patients provide a 
more comprehensive view of what is important to 
the patient concerning living with their disease 
and receiving treatment”  [  61  ] .  

   How to Monitor the Treatment 
(Response Assessment) 

 To date, most radiologists and physicians analyze 
the images and decide the direction of treatment 
for gliomas and especially DLGG via a side-by-
side comparison of images. This procedure can 
be considered as very imperfect and even danger-
ous. It was indeed clearly demonstrated that auto-
mated change detection and image subtraction 
are superior to side-by-side image comparison 
for brain tumors in general  [  62  ]  and more obvi-
ously for DLGG  [  63  ] . 
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 In the same manner, the majority of dedicated 
centers simply monitored patients with conven-
tional MRI without volumetric assessment and a 
fortiori without multiparametric examinations 
able to assess tumor cellularity, hypoxia, disrup-
tion of normal tissue architecture, changes in vas-
cular density, and vessel permeability  [  64  ] . 
However, today, these parameters seem abso-
lutely essential  [  65  ] .  

   Links Between Chemotherapy and 
Clinico-radiological Factors 

 There are several factors clearly related to the 
prognosis of DLGG. These factors formed the 
“EORTC scoring system”  [  66  ]  or the “UCSF 
LGG prognostic scoring system”  [  67  ]  by combin-
ing different parameters: (1) location of tumor in 
presumed eloquent cortex (UCSF), (2) tumor 
crossing the midline (EORTC), (3) presence of 
neurologic de fi cit (EORTC), (4) Karnofsky 
Performance Scale score   £  80 (UCSF), (5) age > 50 
years (UCSF)/  ³  40 years (EORTC), (6) maximum 
diameter (  ³  6 cm for EORTC/>4 cm for UCSF), 
and (7) histology (astrocytoma histology subtype 
for EORTC). Patients that combine two or more 
factors are classi fi ed in the high-risk group for the 
EORTC scoring system. For UCSF, the 
strati fi cation of patients is based on score-gener-
ated groups (0–4) with statistically different OS 
and PFS estimates ( p  < 0.0001, logrank test). It 
has more recently been shown by a multivariate 
analysis constructed on the basis of two European 
Organisation for Research and Treatment of 
Cancer radiation trials for low-grade gliomas that 
tumor size and MMSE score were signi fi cant pre-
dictors of OS whereas tumor size, astrocytoma 
histology, and MMSE score were signi fi cant pre-
dictors of “PFS”  [  68  ] . It is so far dif fi cult if not 
impossible to determine whether these factors are 
only prognostic factors or predictors of treatment 
response, including chemotherapy response. 

 Dynamic susceptibility-weighted contrast-
enhanced perfusion imaging can identify pro-
gression and can also predict treatment failure 
during follow-up of DLGG with, for some 
authors, the best diagnostic performance  [  69  ] . 

 Concerning spectroscopy, Murphy et al. 
reported in 2004 that there was interest to evalu-
ate the reduction in the tumor choline/water sig-
nal in parallel with tumor volume change and that 
this marker could re fl ect the therapeutic effect of 
temozolomide  [  70  ] . In addition and very interest-
ingly, Guillevin et al. demonstrated that the mean 
relative decrease of metabolic ratio  –   D  (Cho/Cr)
(n)/(Cho/Cr)(o)–  3 months after the start of a 
TMZ-based chemotherapy was predictive of 
tumor response over the 14 months of follow-up. 
The (1) H-MRS pro fi le changes more widely and 
rapidly than tumor volume and represents an 
early noninvasive predictive factor of outcome 
under temozolomide-based chemotherapy  [  65  ] .  

   Links Between Chemotherapy and 
Pathological Phenotype 

 The diagnostic criteria, in particular for oligoas-
trocytoma but also for “simple” astrocytomas or 
oligodendrogliomas, are highly subjective  [  71  ] . 
Most authors now propose to go beyond the path-
ological (morphological) classi fi cation by includ-
ing other criteria, notably molecular  [  72,   73  ] , to 
re fi ne the prognostic signi fi cance of the diagnosis 
according to the WHO classi fi cation. Due to 
these important limitations of the morphological 
analysis of DLGG, it seems dif fi cult to build clin-
ical trials for chemotherapy or to decide, in the 
daily practice, the indication of chemotherapy on 
the sole basis of histology despite the fact that 
oligodendroglioma differentiation seems to 
respond better to chemotherapy than astrocy-
tomas  [  10,   44  ] .  

   Links Between Chemotherapy and 
Molecular Biology 

 Before talking about chemotherapy, the prognos-
tic role of molecular markers after surgery alone 
could be discussed. Thus, even if the concept of 
“progression-free survival” (PFS) after partial 
surgery in the context of a DLGG is highly ques-
tionable, Hartmann et al. considered that no 
molecular marker was prognostic for this 
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 endpoint after surgery alone using multivariate 
adjustment for histology, age, and extent of resec-
tion  [  74  ]  and all, on their side, screened 360 
WHO grade II gliomas for mutations in the IDH1, 
IDH2, and TP53 genes and for 1p/19q loss and 
correlated these factors with clinical outcome. 
TP53 mutation was considered as a signi fi cant 
prognostic marker for shorter survival ( p  = 0.0005) 
and 1p/19q loss for longer survival ( p  = 0.0002), 
while IDH1/2 mutations had no prognostic value 
( p  = 0.8737). Their conclusion was that “molecu-
lar classi fi cation on the basis of IDH1/2 mutation, 
TP53 mutation, and 1p/19q loss has power simi-
lar to histological classi fi cation and avoids the 
ambiguity inherent to the diagnosis of oligoastro-
cytoma”  [  71  ] . 

 Data regarding chemotherapy are partly con-
tradictory. Iwadate et al. have treated 36 consecu-
tive low-grade oligodendroglioma patients 
(postoperative residual tumors or recurrence after 
total resection) by a modi fi ed PCV-based chemo-
therapy-preceding strategy and without radiother-
apy. In this study 1p and 19q status were analyzed 
by  fl uorescence in situ hybridization. 1p/19q 
codeletion was observed in 72 % of cases. There 
was no signi fi cant association between 1p/19q 
codeletion and chemotherapy response rate. No 
signi fi cant difference has been found as well in 
terms of survival: median PFS of 121 months for 
1p/19q-deleted tumors and 101 months for non-
deleted tumors (logrank test:  p  = 0.894). Recurrent 
tumors were also well controlled by chemother-
apy irrespective of 1p/19q status  [  75  ] . Following 
the work of the Hoang-Xuan et al.  [  23  ]  and in 
contrast, Kaloshi et al .  reported a retrospective 
single center observational study with 149 con-
secutive patients. The median number of TMZ 
cycles delivered was 14 (range 2–30). Seventy-
seven patients (53 %) experienced an objective 
response (15 % of partial response, 38 % of minor 
response, 37 % of stable disease, and 10 % of pro-
gression). The median time to maximum tumor 
response was 12 months (3–30 months). The 
median “PFS” was 28 months (95 % CI, 23.4–
32.6). Material for genotyping was available for 
86 patients. Combined 1p/19q LOH was present 
in 42 % of the cases. Codeletion was signi fi cantly 
 associated with (1) a higher response rate 

( p  < 0.02), (2) a longer objective response to che-
motherapy ( p  < 0.017), (3) a longer PFS ( p  < 4.10 5 ), 
and (4) a longer overall survival ( p  < 0.04)  [  76  ] . 
The same team, through Houiller et al., reported a 
series of 271 patients with a DLGG in which 84 
patients were treated up front. IDH (1 or 2) muta-
tions were found in 132/189 patients (70 %). IDH 
mutation and 1p19q codeletion were associated 
with a prolonged overall survival in multivariate 
analysis ( p  = 0.003 and  p  = 0.004). 1p19q codele-
tion, MGMT promoter methylation, and IDH 
mutation ( p  = 0.01) were also correlated with a 
higher rate of response to temozolomide. Inside 
the untreated subgroup, 1p19q codeletion was 
associated with prolonged “progression-free sur-
vival” (this concept is highly questionable in an 
untreated population) in univariate analysis, 
whereas IDH mutation was not  [  77  ] . Our under-
standing of the problem may also be informed by 
the work of Ochsenbein et al. Twenty-two patients 
with histologically veri fi ed DLGG (WHO grade 
II) were treated with temozolomide (TMZ) for 
tumor progression. LOH 1p and/or 19q correlated 
with longer time to progression but not with radio-
logical response to TMZ. The volumetric response 
to chemotherapy analyzed by MRI and time to 
progression correlated with the level of MGMT 
promoter methylation  [  78  ] . Data on tumors con-
sidered as pure astrocytomas are likewise dif fi cult 
to interpret. In the study of Taal et al. concerning 
temozolomide-based chemotherapy, MGMT pro-
moter methylation and IDH1 mutations were not 
correlated with “PFS,” but the interval between 
the  fi rst symptom and the start of the TMZ was 
signi fi cantly ( p  = 0.02) longer in the patients with 
a methylated MGMT promoter and with IDH 
mutations ( p  = 0.01)  [  79  ] . 

 The reported results appear thus contradictory. 
Although, at a population level, there is a quite 
pronounced correlation between 1p19q deletion 
(and a smaller correlation between MGMT pro-
moter methylation or IDH1 mutation) and 
response to chemotherapy, it appears today abso-
lutely impossible to consider the indication of 
chemotherapy on this sole argument at an indi-
vidual level. We have previously shown  [  24  ]  that 
1p19q codeletion was primarily a marker of the 
duration of response and not a marker of response. 
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In the case of a presurgical chemotherapy contin-
ued under a strict volumetric monitoring until 
obtaining a plateau, depriving patients of such a 
strategy (which can potentially change the natu-
ral history of the disease by allowing to move 
towards a possible subtotal resection not origi-
nally envisaged) seems to us a signi fi cant error.  

   When to Treat 

 To date only four large randomized trials in 
patients with low-grade glioma have been pub-
lished. They allow concluding that early radio-
therapy does not improve overall survival and 
supports alternative approaches like chemother-
apy without providing evidence on the timing of 
chemotherapy  [  12  ] . We have previously empha-
sized the heterogeneity of the various reported 
series concerning chemotherapy. Often, within 
the same study, patients could be included before 
or after the anaplastic transformation of the 
tumor. To be very convenient, prescriptions at the 
“low-grade” stage can theoretically be proposed 
(1) in case of progression after surgery (regard-
less the quality of debulking) and radiotherapy, 
(2) for nonoperable progressive tumor and before 
radiotherapy in order to delay radiation and so 
radiation induced cognitive impairment, (3) in 
case of progression after a  fi rst-line surgery if 
reoperation cannot be immediately considered 
and before either surgery if the volume reduction 
obtained with chemotherapy allows it, and (4) up 
front in order to allow, in case of volume reduc-
tion, a surgical procedure before radiotherapy. 

 Only one randomized trial has been achieved. 
It compared primary temozolomide versus radio-
therapy in progressive low-grade gliomas 
(EORTC/NCIC 22033/26033) regardless of the 
initial surgical status. The results are not yet pub-
lished except data concerning dummy run and 
conformity indices  [  80  ] . 

   Chemotherapy After Surgery and 
Radiation Therapy 
 Historically, the  fi rst prescriptions of chemother-
apy  [  8,   9  ]  were made after standard surgery and 
radiation therapy, which were unambiguously 

considered as the reference treatments while che-
motherapy was considered as less or not effec-
tive. Clinical and radiological responses were 
clearly observed  [  8,   9,   21,   81,   82  ] . Can we never-
theless draw from these publications that chemo-
therapy is able, at this time of prescription, to 
modify enough the natural history by delaying, 
for a given time, the evolution of the disease 
including the anaplastic evolution? Is the impact 
of post radiation chemotherapy, considering the 
duration of response more or less important than 
before the radiotherapy? More or less important 
before malignant transformation than after? Does 
it allow the patient to maintain longer a high 
quality of life in comparison with earlier (pre 
radiotherapy) or later (after anaplastic evolution) 
prescription of chemotherapy? 

 It is dif fi cult if not impossible to answer these 
questions. This point will, indeed, depend on 
many parameters: tumor volume, tumor hetero-
geneity, time of the disease where radiation ther-
apy was performed, time from the end of 
radiotherapy, type of chemotherapy or duration 
of this one…. It is also very dif fi cult to assess the 
type of response evaluation (both clinically and 
radiologically) in the various published papers. 
The majority of reported series does not relate 
real reproductible parameters. The limited retro-
spective data (which constitute the majority of 
available data) on all of these parameters does not 
help to get a clear vision of the real impact of 
chemotherapy at this time of the disease. 

 Nevertheless, a phase III prospective study 
was conducted by the RTOG group (9,802 trial). 
This is the only phase III trial that raised the ques-
tion of the role of adjuvant chemotherapy in 
DLGG. Inclusion criteria of this trial were related 
to high-risk patients with a residual tumor after 
surgery and an age over 40. Patients were strati fi ed 
by age, histology, Karnofsky performance status, 
and presence or absence of preoperative contrast 
enhancement (suggesting that an unspeci fi ed pro-
portion of patient had anaplastic transformation!). 
They were randomized to radiotherapy (RT) 
alone (54 Gy/30 fractions) versus RT followed by 
six cycles of standard dose PCV. Finally, results 
have so far not been published except through an 
abstract presented at the ASCO meeting in 2008 
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 [  83  ] . We often  fi nd in the literature statements 
such as “adjuvant use of PCV-chemotherapy in 
high-risk patients failed to improve progression-
free and overall survival in comparison with 
radiotherapy”  [  84  ] . Accurate analysis of data in 
the abstract contradicts signi fi cantly this asser-
tion. 251 cases were indeed included in the study 
between 1998 and 2002. The median follow-up 
was 5.9 years. The median “PFS” time were not 
reached for the RT + PCV group and at 7.5 years 
for the RT group. The 5 years OS were 72 % for 
the RT + PCV group and 63 % for the RT group 
( p  = 0.06, logrank  p  = 0.005). Beyond 2 years, the 
OS and PFS curves separated signi fi cantly favor-
ing PCV + RT patients. For 2 years survivors 
( n  = 211), the probability of OS for an additional 
3 years was 84 % with RT + PCV versus 72 % 
with RT ( p  = 0.03) with comparable data for 
“PFS” (74 % with RT + PCV versus 52 % with 
RT alone,  p  = 0.002). Finally, The hazard ratio for 
RT + PCV versus RT was 0.52 for death ( p  = 0.02) 
and 0.45 for progression ( p  = 0.0004). The con-
clusion is rather oddly worded. It is indeed ini-
tially speci fi ed that  PFS but not OS were improved 
for adult WHO grade II glioma patients receiving 
RT + PCV  versus  RT alone  and then that  beyond 2 
years, the addition of PCV to RT conferred both 
a signi fi cant OS and PFS advantage, and reduced 
the risk of death by 48 % and progression by 
55 %, suggesting a delayed bene fi t for chemo-
therapy.  Nonetheless, after analyzing the abstract, 
we would like to conclude to a positive impact of 
chemotherapy as for “PFS” and for OS. This 
point, clearly in favor of an early chemotherapy 
after radiotherapy, seems to have been 
insuf fi ciently reported. The absence of the  fi nal 
publication must be an explanation to consider. 

 We must specify that another phase III study 
was conducted by the ECOG group as “E3F05 
trial”  [  11  ] . In the reference arm, patients undergo 
3D conformal or intensity-modulated radiother-
apy once daily, 5 days a week for 5½ weeks (28 
fractions). In the experimental arm, patients 
undergo radiotherapy as in the previous arm and 
receive concurrent oral temozolomide once daily 
for 5½ weeks. Beginning 28 days after comple-
tion of chemoradiotherapy, patients receive also 
oral temozolomide alone once daily on days 1–5. 

Treatment with temozolomide repeats every 28 
days for 12 courses in the absence of disease pro-
gression or unacceptable toxicity. The primary 
objective is to determine whether the addition of 
temozolomide to fractionated radiotherapy 
improves the “progression-free survival” of 
patients with symptomatic or progressive DLGG 
and to determine whether the addition of temozo-
lomide to fractionated radiotherapy improves the 
median overall survival (OS) of these patients. 
The design of this trial may fear an excess of 
delayed neurotoxicity. 

 Finally, a randomized phase II tries to analyze 
the place of temozolomide as an adjuvant treat-
ment (RTOG 04-24). High-risk LGGs (at least 3 
risk factors: age   ³   40, tumor diameter   ³  6 cm, 
tumor crossing midline, astrocytoma subtype, 
preoperative neurologic de fi cit) are treated with 
RT + temozolomide. Comparison will be the his-
torical EORTC patient population. The study is 
closed, but the results are not yet reported  [  85  ] .  

   Chemotherapy Before Radiotherapy 
   Chemotherapy for Nonsurgical Tumor 
 Some locations (e.g., primary motor area), mul-
tifocal tumors, or “gliomatosis-like” aspects 
remain forever nonsurgical. These tumors are 
evolving as much as the other gliomas, clini-
cally and radiologically. A primary chemo-
therapy course has to be discussed because, 
especially in the case of multifocal tumors or 
gliomatosis, volumes to be theoretically irradi-
ated remain at risk of high cognitive toxicity. 
Data from the literature remain, again, rare and 
affect mainly the gliomatosis. We know that 
chemotherapy (temozolomide, “PCV”) can be 
effective in terms of symptoms and volumes 
 [  86  ] . The main question concerns the duration 
of temozolomide treatment for long responders. 
Can we continue the treatment for a very long 
time (even several years) when chemotherapy 
is (1) well tolerated and (2) able to produce a 
volume reduction and stability or do we fear the 
risk of late complications related to it (myelo-
dysplasia, induced leukemia)  [  87  ] ? There is to 
date no formal response. The question must be 
clearly asked by analyzing the risk/bene fi t ratio 
with on one side a tumor often with pejorative 
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prognostic factors and on the other side a low 
risk at a medium term of complications.  

   Articulation Between Chemotherapy 
as First-Line Treatment and Surgery 
 Our group reported the  fi rst case of a complete 
surgery made possible thanks to an initial chemo-
therapy. This patient was initially diagnosed 
because of seizures. He bene fi ted from a  fi rst par-
tial conventional resection. The tumor continued 
logically to grow with an invasion of the contral-
ateral hemisphere via the corpus callosum. 
A temozolomide-based chemotherapy was then 
prescribed and allowed a regression of the con-
tralateral extension. Post chemotherapy surgery 
was performed with intraoperative functional 
mapping and allowed a complete resection with-
out sequelae  [  88  ] . The patient now continues to 
enjoy a normal life with 10 years of follow-up 
since the  fi rst surgery (without radiotherapy). 
Spena et al. reported the same strategy for a 
patient and concluded that this new therapeutic 
approach of chemotherapy followed by surgery 
can offer safer and more radical surgical resec-
tion while improving the quality of life of the 
patient  [  89  ] . 

 We then published a series of ten patients who 
bene fi ted from a presurgical chemotherapy. In all 
cases we observed a tumor shrinkage that made 
possible the resection of these initially inoperable 
tumors. All the patients were secondarily evalu-
ated from a cognitive and quality of life points of 
view. We demonstrated that the combined treat-
ment was (1) feasible, (2) ef fi cient, and (3) well 
tolerated with few cognitive de fi cits (mostly 
related to the tumor location) and with a good 
quality of life  [  26  ] . Martino et al., also within our 
group, reported a series of 19 patients who 
bene fi ted from two operations separated by at 
least 1 year. Nine of these patients received che-
motherapy before the second operation that 
allowed a subtotal or total resection in 14/19 
cases. After the second operation, 16/19 patients 
improved or stabilized their clinical situation, 
while, in 14/17 cases, seizures were reduced or 
disappeared. Therefore, the authors concluded 
that chemotherapy did not prevent or even favored 
a second operation  [  90  ] . 

 We described in chapter II.E our submitted 
series of selected 17 initially nonoperable patients 
who underwent temozolomide-based chemother-
apy. Here, we just would like to point out that 
chemotherapy was able to reduce the growth 
slope in all 17 cases whatever the molecular sta-
tus and that the quality of surgery was directly 
related to the magnitude of response to chemo-
therapy. TMZ appears thus as a way to optimize 
surgery and an additional way to potentially 
modify the natural history of this disease.    

   How Long to Treat (Ef fi cacy Versus 
Potential Toxicity) 

   Temozolomide 
   Duration According to Volumic Evolution 
 The article that can argue, at best, this question 
about the duration of chemotherapy is that of 
Ricard and colleagues  [  24  ]  we talked about earlier. 
In this paper, the great majority (92 %) of patients 
experienced initial decrease of the mean tumoral 
diameter after initiation of temozolomide. Ricard 
et al. found a clear correlation between 1p19q 
codeletion or absence of p53 overexpression and 
the duration of the response. Under chemotherapy, 
the volume is better controlled in codeleted patients 
(while recognizing that the maximum duration of 
temozolomide was 24 months). Otherwise, a 
majority of the patients resumed their progressive 
growth within a year after discontinuation of the 
chemotherapy. This observation of Ricard et al. 
raises the question of the validity of an arbitrary 
interruption of treatment in patients whose mean 
tumoral diameter (MTD) is still decreasing when 
the a priori  fi xed number of chemotherapy courses 
has been reached. Should treatment be pursued as 
long as the MTD continues to decrease (or stabi-
lize), knowing that this option should be balanced 
with the potential long-term toxicity of prolonged 
treatment? Alternatively, should we abbreviate 
chemotherapy to four to six cycles to prevent for-
mation of drug resistance? In this case, can we be 
certain that the tumor will remain sensitive to the 
treatment resumed after several months of inter-
ruption? Outside volume aspects, must we 
 incorporate other parameters in the longitudinal 



416 L. Taillandier

follow-up of patients? We know that H-MRS 
imaging 3D volumetric maps of choline (Cho) 
over creatine (Cr) is more accurate in DLGG for 
the detection of glioma progression in comparison 
with conventional magnetic resonance imaging 
(MRI) and clinical symptoms  [  65,   91  ]  and that the 
(1)H-MRS pro fi le represents an early predictive 
factor of outcome over 14 months of follow-up 
under temozolomide  [  65  ] . It appears so obvious 
that, in the future, we will focus on a multimodal 
monitoring.  

   Duration According Tolerance 
 We know that prolonged administration of adju-
vant temozolomide is safe and can be favorable 
for patients with anaplastic gliomas  [  92  ] . Other 
authors have nevertheless a more pessimistic 
view highlighting the fact that 15–20 % of 
patients (in a high-grade glioma population) 
treated with TMZ develop clinically signi fi cant 
toxicity, which can leave further treatment unsafe 
 [  23  ] . This point was developed in chapter II.F.   

   PCV 
 Peyre et al.  [  93  ]  reported a series    of 21 patients 
with a DLGG. All the patients presented a decrease 
of the mean tumoral diameter (MTD) during the 
chemotherapy. After discontinuation of the PCV, 
all but one patient presented an ongoing decrease 
of the MTD. The mean duration of the MTD 
decrease after PCV onset was 3.4 years (0.8–7.7). 
The mean duration of the MTD decrease after the 
end of PCV was 2.7 years (0–7). According to 
adapted McDonald’s criteria, the rates of partial 
and minor responses were 43 % at the end of PCV 
but 80 % at the time of maximal mean tumoral 
diameter decrease, which occurred after a median 
period of 3.4 years after PCV onset  [  94  ] . This pro-
longed impact of treatment is to be balanced 
against the increased toxicity of the association 
mainly during its administration  [  41  ]  and also 
sometimes after, via lung and hematological long-
term complications (cf. supra).   

   Retreatment with Chemotherapy 

 Taking again temozolomide for a patient initially 
responder with this drug and after an interruption 

for a given period can possibly be discussed even 
if the data are very rare  [  95  ] . The alternative way 
may be based, in this con fi guration (TMZ pre-
treatment) and in the absence of other possible 
therapeutic modality, on the prescription of a 
nitrosourea. The results reported by Kaloshi et al. 
appear nevertheless disappointing. The authors 
have indeed described a series of 30 patients 
treated with a nitrosourea-based chemotherapy 
for low-grade gliomas failing initial treatment 
with temozolomide. Response rate was 10 % 
(three minor responses achieved in nonenhancing 
tumors). Tolerance was considered as acceptable. 
Median PFS was 6.5 months. Median OS from 
start of salvage treatment was 23.4 months. 
Chromosomes 1p/19q codeletion was not predic-
tive for objective response to salvage treatment 
but correlated with a better PFS ( p  = 0.02). The 
conclusion of the authors was that salvage NU 
chemotherapy provides disappointing results in 
TMZ-pretreated DLGG. They recommend in pri-
ority conventional radiotherapy, especially in 
DLGG that display contrast enhancement at pro-
gression  [  96  ] . 

 Platinum salts  [  97  ]  or CPT11  [  98  ]  seems also 
to have a modest effect. Therefore, the develop-
ment of new drugs is highly desirable.   

   Conclusions and New Horizons 

 A DLGG is a tumor that, in the absence of 
treatment, shows a continuous growth result-
ing, usually within a few years and through a 
 crescendo  evolution of tumor aggressivity, in 
life threatening. During the initial period, con-
trary to a classical belief, this tumor entity 
alters so much quality of life through, most 
often, the existence of cognitive disorders and 
 crescendo  socially debilitating epilepsy. The 
idea of an initial “simple” monitoring (“wait 
and see” attitude) should de fi nitely be aban-
doned in favor of an active therapeutic strat-
egy implying the preservation of the core 
neurological sensory-motor and visual func-
tions, but also the cognition and language, and 
thus the quality of life. In recent years, we 
have very clearly seen an improvement of the 
surgical component of care. It has been shown 
that the extent of surgery had a major impact 
on the delay before anaplastic transformation 
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and survival itself. Under the development of 
functional surgery (cortical and subcortical 
stimulations, intraoperative awakening), per-
centage of patients undergoing a subtotal or 
total excision has increased considerably. At 
the same time, morbidity was signi fi cantly 
reduced with a mortality tending to zero. 
Meanwhile, indications of early radiotherapy 
were reduced because of inducing late treat-
ment risks, mainly related to cognitive disor-
ders. In this chapter, we saw that chemotherapy 
could also take place in the armamentarium. 
Currently, two strategies remain advisable: 
monochemotherapy by temozolomide or PCV-
type association (vincristine + procarba-
zine + cecenu). The  fi rst (temozolomide) offers 
the advantage of a better tolerance to short and 
medium terms (hematologic, gonadal, and 
general parameters). Serious complications 
(myelodysplasia, leukemia) remain excep-
tional. The limit is clearly based on tumor 
regrowth in the months following discontinua-
tion of therapy, inciting to discuss an exten-
sion of the treatment duration. The second 
(PCV) is somewhat more toxic when adminis-
tered. Serious hematological complications 
also exist. Nevertheless, it provides tumor 
control over long periods up to several months 
or years after treatment discontinuation. 

 In all cases, we now know that chemother-
apy (1) allows a volume decrease in the vast 
majority of cases and (2) improves the neuro-
logical symptoms, in particular epilepsy and 
cognition. We have also shown that this treat-
ment could make “the bed of surgery” allow-
ing the realization of subtotal or total excision, 
of which we know the impact on survival and 
quality of life. We are thus entitled to imagine, 
although we have not formally demonstrated 
it, that chemotherapy could improve directly 
or indirectly the survival of patients, while 
preserving or even improving the quality of 
life. Much work remains, however, to perform. 
Two major prescription frames seem to be 
well considered: (1) tumors (at diagnosis or 
progression) for which surgery could be dis-
cussed in case of a more or less volume reduc-
tion eventually associated with a redistribution 
of functional areas able to afford a subtotal or 

total resection and (2) tumors that will remain, 
with regard to their topography and or exten-
sion (gliomatosis-like, multifocality), forever 
inoperable. In both cases, there are, to date, 
many unanswered questions regarding (1) 
timing of the prescription (after demonstrating 
a lesional scalability with two successive MRI 
at 3 or 4 months of interval? later in the dis-
ease, after a period of “wait and see” with the 
risk of being confronted with a bulkier tumor 
having accumulated a greater number of 
genetic abnormalities potentially promoting a 
chemoresistance?), (2) decision-making crite-
ria for prescription assistance (pathological, 
molecular, or radiological predictors of 
chemosensitivity or chemoresistance criteria? 
parameters to exclude patients who are at risk 
for serious side effects like myelodysplasia or 
induced leukemia?), (3) speci fi c strategies 
(conventional temozolomide? intensi fi ed 
temozolomide? PCV? alternative treatment in 
case of progression after PCV and temozolo-
mide for a tumor remaining a real WHO grade 
II glioma? If so which one?), and (4) duration 
(when to operate after a chemotherapy has 
been established? from the time when the 
tumor seems, based on probabilistic maps   , 
able to bene fi t from subtotal resection? when 
the tumor stabilizes from a volumic point of 
view, which implies the necessity of close 
volumetric monitoring? in the event of a 
de fi nitive inoperable tumor, how long will 
temozolomide be continued if the choice fells 
on this molecule? in case of well hematologi-
cal and general tolerance, until when will the 
tumor is at least stabilized? for de fi ned periods 
and if so, how long? after discontinuation, by 
repeating the treatment at a new documented 
growth, can we be certain of the chemosensi-
tivity persistence?). 

 Furthermore, it is obviously important to 
continue basic research, both from neurologi-
cal and oncological points of view. 
Neurologically, as well as for surgery, we 
must, again and again, better assess the impact 
of our treatment strategies, for each topogra-
phy and each patient on cognitive or language 
impairments and on the capabilities of the 
brain to redistribute itself, with chemotherapy 



418 L. Taillandier

alone or in combination with parallel strate-
gies of speech therapy and cognitive rehabili-
tation. Oncologically, a better understanding 
of energy processes or cellular and molecular 
mechanisms will allow the development of 
speci fi c therapeutic targets able to extend the 
rather limited armamentarium at our disposal. 
Despite the relatively low number of DLGGs, 
this adventure remains exciting by itself, but 
also in that it will be able to open up original 
concepts declinable for a number of other 
entities, starting with WHO grade III and IV 
gliomas.      
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