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High grade gliomas encompass a group of 
intrinsic and highly malignant primary 
brain tumours. Their inevitable local 

progression despite surgery and radiotherapy 
with concomitant and adjuvant chemotherapy 
contributes to their appalling prognosis. For an 
individual patient, brain tumours account for 
more average years of life lost than commoner 
cancers. The considered or perceived lack of 
new therapeutic options, and failure of trials 
of targeted therapies make it more important 
to optimise our existing treatments to develop 
marginal gains in outcome.

Surgery for glioblastomas
Surgery plays a key role in the management 
of high grade gliomas. The main aim is to 
provide representative tumour samples to allow 
histological and molecular characterisation of the 
tumour, but it also leads to the largest tumour cell 
kill of all available treatments that is independent 
on tumour genomics. But surgery alone cannot 
cure glioblastomas. Walter Dandy showed in 
the 1920s that even following hemispherectomy, 
patients lived longer but still died of progressive 
disease in the contralateral hemisphere.

Delaying progression is important in 
glioblastomas. As all current treatments fail to 
cure these tumours, our aim should be to provide 
good palliation – to keep the patient well with 
a good quality of life for as long as possible. 
Progression is usually marked by a deterioration 
in quality of life that never fully recovers with 
treatment. 

It is now becoming clear that the extent of 
tumour resection is critical to survival. Although 
survival advantage has been reported after 78% 
of the contrast enhancing tumour is resected [1], 
complete resection of the enhancing tumour is 
associated with significantly improved survival 
[2]. A multi-centre observational study showed 
little differences in survival with either >0 to 
≤1.5cm or >1.5cm enhancing residual tumour. 
Significantly prolonged survival was only seen 
where no contrast enhancing tumour is was left – 
the median survival of this cohort exceeded two 
years [3].

The real difficulty is achieving this maximal 
resection of contrast enhancing tumour. 
Identifying the tumour limits intra-operatively is 
difficult. When surgeons are were asked if they 
have had completely resected a glioblastoma, 
70% felt they had, while early postoperative MRI 

showed that the actual complete resection rate 
was only 18%[4]. This is typical of other studies 
that suggest complete resection is only achieved 
in less than 30% of cases. There is therefore a 
great need to develop tools to allow maximal 
resection.

Principles of 5-Aminolevulinic Acid 
Fluorescence
Aminolevulinic acid hydrochloride (5-ALA) is 
an endogenous intermediate of the porphyrin 
biosynthesis pathway. It acts as a prodrug 
that is metabolised intracellularly to form the 
protoporphyrin IX (PPIX). In normal metabolic 
conditions the enzyme ferrochelatase 
catalyses the insertion of ferrous iron into 
PPIX to form protoheme. In many tumours, 
including glioblastomas, there is a deficiency of 
ferrochelatase and a reduction of ferrous iron 
leading to PPIX accumulation.

The exogenous application of 5-ALA leads 
to a highly selective accumulation of PPIX in 
tumour cells. PPIX is a fluorophore and absorption 
of light excites the PPIX molecules from their 
ground state. This effect is most efficient at 
wavelengths of approximately 400 nm (blue light). 
Decay from the excited state is accompanied by 
emission of red light (λmax = 635 nm) that can be 
visualised intraoperatively as pink fluorescence 
using specially modified operative microscopes. 
Bleaching of fluorescence does eventually occur 
as repeated excitation will lead to molecular 
breaks that prevent further fluorescence. Unlike 
other tumours, bleaching is not a major problem 
in glioma surgery as with every part of tumour 
resected, new tumour that has not been exposed 
to light [5]. 

Pre-clinical studies
Initial in vitro studies incubating C6 glioma cells 
with 5-ALA showed that PPIX accumulation and 
the associated fluorescence occurred. After 85 
minutes of incubation no further increase in 
fluorescence occurred suggesting saturation of 
uptake with higher doses [6]. Injecting these cells 
into rats showed fluorescence only in regions of 
high density tumour, and was not seen in normal 
brain [6]. The peak fluorescence was seen 6 hours 
after dosing with 5-ALA [6]. Autoradiography 
studies show that disruption of the blood brain 
barrier is required to get sufficient 5-ALA into the 
brain to demonstrate fluorescence [7].
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Diagnostic accuracy of 5-ALA 
identifying high grade glioma
The selective production of PPIX in tumour 
cells but not normal brain cells provides 
an excellent way of identifying tumour 
intra-operatively (Figure 1). Studies looking 
at the diagnostic accuracy of 5-ALA show 

that it has a high positive predictive value 
(PPV) between 95%-100% [5,8-11] (see Table 
1). The negative predictive value (i.e. no 
residual tumour in non-fluorescent tumour) 
is, however, relatively low with values 
between 40%-75% [5, 8-11]. This suggests 
5-ALA can identify tumour with a high 
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degree of accuracy, but can’t detect all 
the tumour.

Initial studies in patients revealed there 
were different fluorescence intensities 
(Figure 1). Solid fluorescence was 
associated with high tumour cell density, 
vague fluorescence revealed infiltrating 
tumour cells [5,8]. The positive predictive 
value of these weakly fluorescent areas 
is 95% [11]. Histology of these vague 
fluorescent regions revealed features 
diagnostic of a GBM in only 8.2%, most 
specimens had features of hypercellularity 
and atypia (88.5%) [12].

In recurrent high grade gliomas, 
the diagnostic accuracy is lower. The 
positive predictive value is 96.6% [13]. 
Again, the intensity of fluorescence is 
important – the PPV of highly fluorescent 
tumour is 98.2% vs. vague fluorescent 
regions of 95.3%. This lower PPV is due 
to fluorescence in reactive astrocytes 
and macrophages and blood brain barrier 
leakage into normal brain [13].

The ability of 5-ALA at detecting high 
grade tumours has led to suggestions 
of other, unlicensed uses. One involves 
detecting anaplastic foci within lower 
grade tumours. One study found 
fluorescent regions in most anaplastic 
gliomas but failed to identify any in low 
grade tumours [14]. The second describes 
a method of using 5-ALA to ensure a 
positive diagnosis in stereotactic biopsy 
specimens. The sensitivity of 5-ALA for 
detecting high grade tumours is used to 
reduce the incidence of non-diagnostic 
biopsies and avoid complications from 
taking multiple biopsies [15].

Improving Outcome with 
5-ALA Guided-Resection
A common misconception is that 5-ALA 
will directly lead to an improvement 
in survival. 5-ALA’s role is purely as a 
diagnostic aid – it has no anti-tumoural 
activity on its own. 5-ALA aims to identify 
tumour cells to improve the extent of 
resection, which in turn can improve 
progression free and overall survival. 

The rate of complete resection of 
enhancing tumour was 63-89% using 
5-ALA [8,10,16-20] (Table 2). This is far 
higher than the rate of less than 30% of 
patients previous studies have reported. 
The absence of fluorescence at the end 
of surgery provides an objective end-
point to surgery (Figure 2), and predicts 
complete resection with a sensitivity of 
76-100% [8,19,21].

A couple of studies have directly 

Figure 1: Intra-operative images during resection of a glioblastoma. (a) Shows the appearance under white light, and (b) under 
blue light. Under blue light areas of fluorescence can be clearly seen. Some areas (arrow) are strongly fluorescent. Other areas 
(*) are vaguely fluorescent.

Figure 2: Images at the end of surgery under (a) white light and (b) blue light. There is no obvious residual fluorescence. This 
provides an objective end-point for surgery and is associated with high rates of complete resection of enhancing tumour.

Table 1: Summary of diagnostic accuracy from previous studies

Study No. 
subjects

Positive 
predictive value

Negative predictive 
value

Stummer et al (1998)5 10 100% 75%

Stummer et al (2000)8 52 100% 50%

Diez Valle et al (2011)10 36 97% 66%

Roberts et al (2011)9 11 95% 40%

Stummer et al (2014)11 33 100% 40%

Table 2: Summary of rate of complete resection of tumours from literature

Study No. of patients % with complete resection of 
enhancing tumour

Stummer et al (2000)8 52 63%

Stummer et al (2006)16 270 65%

Feigl et al (2010)17 18 64%

Diez Valle et al (2011)10 36 83%

Schucht et al (2012)18 53 89%

Tykocki et al (2012)19 6 80%

Diez Valle et al (2014)20 131 67%
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compared the effect of 5-ALA vs. standard 
surgery under white light. The ALA study 
was a multi-centre Phase III study that 
randomised patients to either standard 
‘white light’ resection or ‘blue light’ 
5-ALA guided resection [16]. The rate of 
complete resection improved from 36% of 
cases using ‘white light’ to 65% of cases 
using 5-ALA. This improvement in extent 
of resection was reflected with a 19.9% 
improvement in progression free survival 
at 6 months for the 5-ALA group. There 
were no differences in the frequency of 
severe adverse events. 

The VISIONA study was a multi-centre, 
retrospective observational cohort study 
that took data from 18 units in Spain and 
compared a cohort that had resection 
under 5-ALA and a cohort that did not 
[20]. They found 5-ALA improved the 
rate of complete resection from 45% 
in the ‘white light’ group to 67% in the 
5-ALA group. This was associated with 
a 21% improvement in progression free 
survival at 6 months using 5-ALA. This 
study showed similar results could be 
obtained from standard care as reported 
in a clinical trial. 

It must be stressed that 5-ALA is a tool, 
like other surgical adjuncts, that improves 
the extent of resection. Combining 
5-ALA with other tools, for example 
intra-operative MRI, improves the rate 
of complete resection from 61.7% with 
5-ALA alone up to 100% [21]. Similarly, 
it can increase the rate of complete 
resection using intra-operative MRI alone 
from 82% up to 100% with the addition 
of 5-ALA guidance [22]. Combining 5-ALA 
guided resections with intra-operative 
neurophysiology for brain mapping 
reported complete resection rates of 89% 
[18].

 

Safety of 5-ALA guided 
resections
The major concern of undertaking 
more extensive resections is the risk 
of damaging normal brain. It is now 
understood that resections of the 
fluorescent tumour extends beyond 
the contrast-enhanced tumour [23]. 
Studies suggest the rate of neurological 
deficit is low, but higher in patients 
with pre-existing deficits [18,20,20,24]. 
One study found that although 8.2% 
had deteriorated, 36% of patients had 
improved within a month of surgery [10].

The ALA study compared rates of 
complications between ‘white light’ 

surgery and 5-ALA fluorescence guided 
surgery [24]. They found similar adverse 
events (58.7% 5-ALA vs. 57.8% white light), 
neurological adverse events (42.8% vs. 
44.5%), adverse events greater than Grade 
3/4 (7% vs. 5.2%) and serious adverse 
events (29.9% in 5-ALA vs. 23.1% white 
light). The only difference in individual 
SAEs was for raised intracranial pressure 
in the white light group (2.3% in white 
light vs. 0% in 5-ALA group; p=0.04) - 
this reflects earlier tumour progression. 
Using the NIH-SS score, a measure of 
neurological deficits, showed more 
neurological deterioration in the 5-ALA 
patients at 48 hours post-op (26.2% vs. 
14.5%; p=0.02). This difference was only 
seen in the cohort of patients with 
pre-existing neurological deficits that 
persisted after steroid therapy. This 
was no longer significant by one week. 
There was no difference in the Karnofsky 
performance status at 6 weeks and 3 
months. At 6 months the 5-ALA arm 
tended to have less frequent deterioration 
in KPS – again this is related to the 
delayed progression in the 5-ALA group.

Surgery in eloquent areas is where you 
would expect more extensive resection 
would cause higher rates of neurological 
deterioration. Although there is a high 
rate of neurological deterioration by day 
7 (64% of patients had deteriorated), this 
was temporary, and only 3% of patients 
had on going deficits by 90 days [25]. 
The group with permanent deficits were 
patients with pre-existing deficits or 
were undergoing surgery for recurrent 
disease. In this group of patients the rate 
of deficits does appear greater - Nabavi 
et al reported 39% of patients undergoing 
5-ALA resection of recurrent tumours 
developed new deficits, suggesting 
fluorescent tumour infiltrating normal, 
functioning brain [13].

Cost effectiveness of 5-ALA 
fluorescence guided surgery
In current health care treatments need 
to be cost effective. A survey of UK 
neurosurgical units has shown that over 
a third do not use 5-ALA due to costs 
(unpublished data presented at the 
British Neuro-oncology Society Meeting, 
2016, Leeds). Esteves et al published 
cost effectiveness data based on the 
ALA study, costed for the Portuguese 
Health Service [26]. They found the 
additional costs for the 5-ALA group of 
€1,487.97 - much of this is accounted 

for by additional chemotherapy cycles 
as the 5-ALA group remains progression-
free for longer. They calculated the cost 
per quality adjusted life year (QALY) 
was €9,100 (range €8,282 - €21,314). 
These figures were remarkably similar to 
an analysis of the VISIONA study that 
reported an excess cost of €1,010 in the 
5-ALA group and the cost per QALY of 
€9,021[27]. These figures are well below 
the £20,000 threshold that is commonly 
attributed to the National Institute of 
Health and Clinical Excellence.

Conclusion
There is now good evidence that 5-ALA 
can accurately detect tumour based on 
abnormalities of porphyrin metabolism. 
The use of 5-ALA guided resection 
improves the extent of resection of high 
grade gliomas and is safe, especially in 
patients who have no neurological deficit 
following steroid therapy. As extent of 
resection is the only prognostic factor 
of high grade gliomas that we can alter, 
and as it is cost-effective, 5-ALA should 
be the standard of care for all patients 
undergoing radical resection of high grade 
gliomas.
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