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Abstract 

Background  The current era of molecular characterisation has contributed greatly to our understanding and man-
agement of low-grade gliomas (LGGs); however, this has also contributed to a paucity in level 1 evidence.

Review  Diagnostic breakthroughs in LGGs are moving quicker than our experimental capacity can react. The design, 
analysis, and clinical application of first-level evidence are struggling to compete with the considerable variability 
in the natural course of LGGs and the rapidly evolving utility of molecular characterisation of tumours. This poses 
several uncertainties to researchers, clinicians, and more importantly, patients.

Conclusion  Individualised case-by-case decisions based on best available evidence, albeit lacking level 1 evidence, 
must be made by considering the tumour behaviour, clinical course, and specific patient needs and goals.
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Introduction
Low-grade gliomas (LGGs) are a unique group of pri-
mary brain tumours encompassing astrocytomas and oli-
godendrogliomas; they are histologically defined as grade 
2 on the traditional World Health Organisation (WHO) 
classification system. However, this definition is lacking 
with the advent and rapid expansion of the molecular 
characterisation of this group of morphological tumours. 
LGGs have been shown to demonstrate a high risk of 
malignant transformation and a considerable variability 
in their natural course [1]. In the era of evidence-based 
medicine, these factors pose significant challenges to 

the design, analysis, and application of randomised 
controlled trials (RCTs). This paper aims to explore the 
reasons for this conundrum and the subsequent uncer-
tainties faced by researchers, clinicians, and more impor-
tantly, patients.

LGGs: a complex definition and a heterogeneous 
course
The natural history of LGGs is highly variable between 
patients. There is a latency period of apparent stabil-
ity, with some gliomas progressing very slowly, while 
others undergo rapid malignant transformation from 
the time of diagnosis, even when uniformly treated 
[2]. Several systems have been used to define a LGG 
as high risk. The most common definition is that 
employed in the Radiation Therapy Oncology Group 
9802 trial [3]. In this trial, a high-risk patient was 
defined as being ≥ 40  years of age, or, if younger than 
40, as having an incomplete resection. This defini-
tion however encompasses a wide range of the grade 2 
infiltrating gliomas, does not distinguish astrocytomas 
from oligodendrogliomas, or consider the molecular 
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characteristics, such as isocitrate dehydrogenase (IDH) 
mutations, 1p/19q co-deletion, or CDKN2A/B sta-
tus. These characteristics have been shown to play an 
important prognostic impact on survival outcomes and 
contribute to the heterogeneous course of patients with 
LGGs, see Fig. 1 for a summary of these risk factors [4, 
5].

The absence of this molecular information has 
been a major limitation of most landmark studies on 
LGGs over the past decade. Patients have been mostly 
recruited based on histopathology only, at a time when 
the utility of molecular biomarkers was not yet estab-
lished in clinical practice as knowledge of these bio-
markers has been rapidly evolving. Consequently, 
these studies provided limited evidence for molecularly 
stratified treatments and were found to have flawed 
recruitment when adjusting for biomarkers. A key 
example was demonstrated by the European Organisa-
tion for Research and Treatment of Cancer (EORTC) 
22,033-26033 trial [6]. The EORTC investigators aimed 
to compare radiotherapy versus temozolomide in LGG 
patients. Post hoc molecular analysis, inspired by the 
publication of the revised WHO classification in 2016 
at the time, revealed not only a variable mix of IDH-
mutant astrocytomas and oligodendrogliomas, but also 
15% of patients thought to be LGGs were found to be 
primary glioblastomas (IDH wild type). Similarly, Jakola 
et al. (2017) discovered a 26.8% glioblastoma (IDH wild 
type) inclusion rate upon retrospective molecular anal-
ysis of their LGG cohort. A much more recent exam-
ple is the CODEL trial [8]. The investigators in this 
trial found a marked disparity in progression-free sur-
vival rates between their experimental arms and had to 

redesign their aim and methodology half-way through 
the project after adjustment for IDH status.

RCTs: a slow train
The question is whether RCTs will ever align with the 
rapidly expanding knowledge of prognostic biomarkers. 
RCTs take several years to develop, making it incredibly 
challenging to adjust recruitment and assess new thera-
pies in a timely manner. For example, the trial by Buck-
ner et  al.  [9]  looking at radiation alone versus chemo/
radiotherapy combination took 12 years to follow-up 251 
patients, and a total of 18 years was spent from recruit-
ment to publication. Another very recent trial was the 
CATNON, published in June 2021 in The Lancet Oncol-
ogy, looking at concurrent versus adjuvant temozolomide 
to radiotherapy in adults with newly diagnosed 1p/19q 
non-co-deleted anaplastic gliomas. It took the investiga-
tors eight years to recruit patients and another six years 
for the results to be published, concluding that adjuvant 
temozolomide was associated with a survival benefit, 
while limited benefit was found with concurrent temozo-
lomide [10].

RCTs for surgery in LGGs
No RCT comparing surgical resection with biopsy has 
been conducted to date in LGG patients. The closest 
approach to patient randomisation between biopsy and 
surgery originates from a retrospective population-based 
study comparing two Norwegian hospitals with two dif-
ferent surgical philosophies—watchful waiting versus 
early gross total resection (GTR) [7]. A significant overall 
survival (OS) benefit was found in the surgical group—
14.4 years versus 5.8 years in the surveillance group 
(P < 0.01). While the optimal timing of surgery remains 

Fig. 1  Risk factors associated with more aggressive LGGs and rapid de-differentiation
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controversial [12], the benefits of surgery on OS and sei-
zure control are clear [13, 14] and have been shown to 
stand even when adjusted for molecular markers [11, 15].

While British guidelines have acknowledged this evi-
dence, the role of surgery is still not clearly recognised 
in most international guidelines under the argument that 
there are no RCTs [2]. This raises the ethical dilemma 
of whether it is acceptable to enrol a patient in an RCT 
comparing initial biopsy versus surgery when OS is about 
14–15 years with GTR vs 6–7 years with biopsy, only to 
claim that the benefit of surgery has finally been demon-
strated with level I evidence. Additionally, there are sev-
eral confounding factors that would limit the design of an 
RCT for surgery, as outcomes in LGGs tend to be highly 
dependent on tumour location and surgical expertise as 
these tumours are notoriously known for affecting elo-
quent brain regions. Another limitation would be keep-
ing the pace with rapid advances in surgical techniques 
and intraoperative imaging/mapping, as such a ran-
domised trial would last for at least five to ten years [16].

The struggle of LGG patients
The diagnosis of LGGs is often made in young or mid-
dle-aged patients who are at a productive time of their 
lives. This is a time where patients are ascending in their 
careers, child-bearing, and unrestricted in their everyday 
activities, such as driving. The challenge with the absence 
of level I evidence lies in balancing surveillance versus 
intervention (surgery, chemotherapy, and radiotherapy) 
and recognising the distinction between treating the 
tumour and treating the patient. The belief in the 1990s 
was in favour of surveillance [17]. This was based on the 
rationale that deferring treatment, such as radiation ther-
apy, might minimise long-term complications such as 
radiation necrosis and cognitive impairment. This hinges 
on the hope that intervention will occur before malignant 
transformation ensues. However, this cannot be guar-
anteed even with close follow-up, which places patients 

under substantial psychological distress, and the constant 
feeling of a “ticking time bomb”. This is particularly chal-
lenging in cases where seizures are well controlled and 
the lesion is static, as there may be no compelling argu-
ment for surgery. Hence, it is essential for clinicians to 
discuss uncertainties in management decision-making 
and explain why it is incredibly challenging to extrapo-
late evidence from current studies or recruit patients in 
a trial with such a variable disease course (see Fig. 2 for 
a summary of key challenges). Several patients may be 
understanding, while others may wander around seek-
ing several expert opinions in an attempt to answer a 
dilemma which cannot be solved [1].

Conclusions
Genetic findings and biomarker revolutions in LGGs 
are moving quicker than our experimental capacity can 
react. The design, analysis, and clinical application of 
RCTs must compete with the considerable variability 
in the natural course of LGGs and the rapidly evolving 
utility of molecular characterisation of tumours. Well-
designed, molecularly enriched RCTs are necessary 
to inform future treatment. Until then, individualised 
case-by-case decisions must be made by considering the 
tumour behaviour, and patient needs. Ultimately, there is 
a dire need for an intervention to keep LGGs low grade.
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