
IF IT GLOWS, IT’S TUMOR: 
5-ALA FLUORESCENCE 
VISUALIZATION
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EXECUTIVE SUMMARY
•  Complete resection of gliomas is a challenge.
•  Neuronavigation consistently underestimates the extent of tumor boundaries.
•  Nonspecific fluorophores lack tumor selectivity and suffer from limitations in visualizing  
 gliomas accurately.
•  Uptake of 5-ALA is specific for malignant gliomas.
•  Use of 5-ALA has a successful track record backed by almost 20 years of published 
 research.
•  5-ALA’s positive predictive value is well over 90% in both primary and recurrent malignant  
 gliomas.
•  5-ALA enables more complete resections, which may prolong PFS and OS.
•  Use of 5-ALA may lessen the need for repeat surgical procedures.
•  5-ALA is equally effective to use when tumors recur.
•  Emerging data support 5-ALA’s diagnostic value with many kinds of gliomas and other 
 CNS tumors.
•  FDA approval of 5-ALA will make it the only fluorescent biomarker approved for 
 visualization of malignant brain tumors in the U.S.
•  The potential for incremental postoperative neurologic deficits can be minimized 
 through proper training on 5-ALA use.
•  Specialized training is available now on how to use 5-ALA.

INTRODUCTION
Neurosurgical intervention remains the first step in malignant glioma management 1 and is an 
important prognostic factor in this patient population.2 Completeness of resection is a 
significant, independent predictor of survival,3 but accurate discrimination between tumor and 
normal brain tissue is challenging.4,5 Although many studies confirm that near-complete 
resection of contrast-enhancing tumor is necessary to positively affect overall survival,3,6-10 
even “complete” resections routinely fail to fully remove the tumor’s infiltration zone.11-15 

Because of these and other challenges, 96% of all tumors recur within their former resection 
margin16,17—typically within 7 to 10 months of primary surgery.18

Limitations of neuronavigation
Despite neuronavigation’s increasingly sophisticated abilities, obstacles to complete resection 
of gliomas still exist. Pre-operative contrast-enhanced MRIs, performed days before surgery, 
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provide a static snapshot of information that may underestimate the boundaries of malignant 
tissue approximately half of the time.4,19-21 MRIs also cannot fully discriminate glioma mimics 
(brain abscesses, subacute strokes, multiple sclerosis, radionecrosis).18,22 More importantly, 
brain shift occurs when the skull is opened and as lesions are removed.23,24 Intraoperative MRI 
(iMRI) only partially addresses these challenges and is not readily available.25 Intraoperative 
ultrasound has relatively poor resolution, tends to overestimate tumor bulk during resection, 
and does not reliably detect tumor remnants in the cavity afterwards.14

Clearly, more accurate intraoperative visualization holds the key to more complete tumor 
resections—and, ideally, better patient outcomes. Several fluorophores have been used 
off-label to try to improve intraoperative visualization of malignant brain tumors. However, 
all those agents have significant limitations. Their uptake depends solely on their passage 
through a damaged blood-brain barrier—not on uptake and metabolism by tumor cells. Due 
to their nonspecific action, non-tumor areas can fluoresce, while invasive areas at the border 
zone of lesions may not;13 edema and surgical tissue injury cause the agents to leak out of the 
resection cavity.26 Finally, no largescale prospective studies have been conducted to prove their 
efficacy on malignant gliomas,27 and no effort has been undertaken to correlate the positive 
predictive value (PPV) of their fluorescence with histopathological findings.28

TARGETING THE TUMOR: THE BIOCHEMISTRY BEHIND GLIOLAN®

To effectively target a tumor, a fluorescent biomarker needs to capitalize on the tumor’s unique 
biochemistry. Gliomas have an increased demand for heme.29 In glioma cells, overexpressed 
proteins involved in intracellular trafficking of heme poorly regulate the influx of porphyrin 
precursors and are deficient in effluxing excess porphyrins.30-32 Exogenous administration of 
Gliolan®, a manufactured form of 5-aminolevulinic acid (5-ALA), bypasses the entry point of 
heme biosynthesis29 and overloads the mitochondria with 5-ALA—which gets “stuck” in the 
tumor cells after being metabolized to protoporphyrin IX (PpIX). This is due to ferrochelatase 
being in short supply for converting PpIX to heme. Notably, PpIX is the only photochemically 
active compound generated in heme biosynthesis.32

Intraoperatively, when exposed to a 405-nm blue light, intracellular PpIX emits an intense 
violet-red fluorescence in the tumor mass and pink at the tumor margins. Normal tissue 
appears dark blue.25 (See Figure 1.)
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Figure 1: (above) High-grade glioma under white light
surgical microscopy.
(below) Same glioma under blue light,showing PpIX 
fluorescence of tumor.



WHY GLIOLAN® IS A BETTER SOLUTION
High-yield fluorescence
Gliolan (hereafter called 5-ALA) is a unique pro-agent. Its active metabolite (PpIX) is a 
high-fluorescence-yield tumor biomarker that provides unparalleled visualization of brain 
tumor interfaces.29,32 When PpIX is excited at 405 nm, it emits a unique spectral fingerprint 
at 635 nm, enabling neurosurgeons to approximate tumor density and make fine tune tumor 
resections.28 The brilliant violet-red fluorescence lasts up to 12 hours after oral administration, 
providing real-time, direct visual guidance for neurosurgeons—independent 
of neuronavigation and brain shift.25

Widely studied; widely used
Since 1998, well over 200 journal articles describing 5-ALA’s use have been published. 
In 2007, the European Medicines Agency approved 5-ALA for human use in visualizing 
malignant gliomas. Now used in 32 countries on more than 50,000 patients (medac database; 
Wedel, Germany), 5-ALA is the gold standard for glioma resection.7,28,33,34

On target: if it glows, it’s tumor
Numerous studies show that the positive predictive value (PPV) for 5-ALA is well over 90% in 
both primary and recurrent high-grade gliomas.5,11-13,25,35-37 For example:
•  Marbacher (2014) accurately identified 96% of all glioblastomas (n = 99/103) using 5-ALA.5

•  Díez Valle (2011) reported 5-ALA having a 100% PPV for solid tumor mass and 97% 
 PPV for infiltration.36

•  Stummer’s (2014) comparison of 5-ALA (macroscopic fluorescence) with spectrometry 
 (microscopic fluorescence) and histology showed 100% PPV for strongly fluorescing 
 areas and 92% PPV for weakly fluorescing areas.12

More complete resections
In the hands of an experienced neurosurgeon, complete resection of contrast-enhancing tumor 
under white light is approximately 36%. However, as early as 2006, complete resection of 
enhancing tumor when 5-ALA was used was approximately 65%.38 That rate has increased 
steadily beyond 80%.2,36 When the latest intraoperative surgical and neurophysiological 
monitoring is employed with 5-ALA, resection rates > 90% can be achieved.19,39 
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Numerous studies have shown 5-ALA’s superiority in enabling maximal resection of malignant 
tissue that appeared normal under white light.11,13-15,38,40 (See Figure 2.) Notably, use of 
5-ALA permits radical resections of malignant gliomas without patients incurring additional 
neurological deficits.38

“A complete resection of the fluorescent tissue indicated by 5-ALA takes out more tumor than 
the complete resection of the enhancing tumor (CRET) alone.” — Ricardo Díez Valle, 
CNS Oncology, 2015

Reliable correlation with histopathology
In both primary and recurrent WHO grade III and IV gliomas, 5-ALA fluorescence correlates 
with histology findings 92% to 100% of the time—including peritumoral and weakly 
fluorescing areas.11-14 Use of 5-ALA also eliminates the wait time and potential artifacts that 
can occur with frozen sections.41 No other agent is able to differentiate malignant glioma 
tissue from normal tissue so reliably.

PARADIGM SHIFTS THAT CAN CHANGE THE COURSE OF TREATMENT
Tumor remnants, infiltration zones, and anaplastic foci often contribute to incomplete 
resections. The problem is finding them. Tumor remnants are difficult or impossible to detect 
with conventional white-light microsurgery. Infiltration zones are elusive on contrast-enhanced 
MRIs.13,28 WHO grade II and III gliomas often contain hidden heterogeneity.42,43

Accurately resecting tumor remnants and infiltration zones
A significant advantage of 5-ALA is its ability to provide real-time visualization of tumor 
remnants and infiltration zones better than standard (white light) microsurgery.44 White light 
(WL) visualization typically identifies only a fourth of the areas that 5-ALA identifies as tumor 
remnants and infiltration. Such areas appear as pink (weak) fluorescence. (See Figure 3.) 
When correlated with histopathology, the PPV for malignancy in those weakly fluorescing 
areas ranges from 92% to 100%.11-15

Accurately identifying non-significant contrast-enhancing (NCE) tumors
Approximately half of all seemingly low-grade NCE gliomas that are thought to be non-
malignant do contain anaplastic foci.43 Finding focal neoplasms that are NCE on MRI provide 
unique challenges regarding neuronavigation and accurate histological sampling.45 However, 
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Figure 2: (above) Pre-operative MRI.
(below) Post-operative MRI showing a complete 
resection of the contrast enhancing tumor.
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this represents a critical decision point for diagnosis and treatment.46 Non-representative 
sampling can miss those foci, causing histological undergrading and suboptimal disease man-
agement.42,47,48  5-ALA can detect anaplastic foci that might otherwise be overlooked/wrongly 
categorized,5,45 and this positive identification correlates well
•  histologically with WHO grade III pathology12,42,47,49

•  topographically with metabolic “hot spots” on PET scans.40,43,47,50

In all these challenging situations, surgeons can be confident that weakly fluorescing areas 
are malignant and often can be removed safely while avoiding functional regions.37,51  More 
importantly, these gains represent several paradigm shifts in glioma management—more 
accurate
•  Identification of infiltration zones, tumor remnants, and anaplastic foci
•  Differentiation of unclear contrast-enhancing cerebral lesions for patients with 
 known malignancy
•  Classification of gliomas
•  Treatment choices and expedited treatment plans

UTILITY WITH SPECIFIC TUMOR TYPES
A large number of studies have already verified 5-ALA’s diagnostic accuracy with 
glioblastomas.5,14,33,35-37,52,53 A growing body of evidence is also showing 5-ALA’s utility in 
identifying other glioma types and CNS tumors.

For example, Marbacher’s large-scale 2014 study5 revealed that 5-ALA positively identified 
96% of glioblastomas (n = 99/103) and 88% (n = 21/32) of anaplastic gliomas (WHO Grade 
III)—the latter which included anaplastic oligoastrocytomas, oligodendrogliomas, and 
astrocytomas.

Overall, sensitivity (true positives) is ≥ 90%. Specificity (true negatives) ranges from 75 
to 92%, depending on the type of tumor involved and whether the main tumor mass (high 
fluorescence) or its infiltrating edges (vague fluorescence) are analyzed. Even in areas of vague 
fluorescence, 5-ALA’s sensitivity and specificity are higher than neurosurgeons’ estimates 
using WL only (5-ALA: 76% and 85%, respectively; WL: 68% and 66%, respectively).53

Figure 3: Tumor fluorescence at the periphery of a 
tumor that is pink
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Non-glial CNS tumors
Marbacher also reported a 77% detection rate for meningiomas (n = 85/110).5 Other studies 
on smaller series of meningioma patients have reported higher rates.54-56 Fluorescence may not 
be visible until resection gets through the tumor capsule. Although the amount of fluorescence 
seen in meningiomas does not correlate well with WHO tumor grading, 5-ALA is able to 
identify both those tumors and tumor-infiltrated surrounding bone.5,57

Other tumors
Preliminary work in using 5-ALA to identify subependymomas, ependymomas, and 
intramedullary spinal cord tumors is underway.42,58-60  Also, preliminary work with 5-ALA on 
metastases has shown that slightly more than half of them5,61 fluoresce in an inhomogenous 
pattern. Fluorescing metastases are typically epithelial in rigin (lung cancers, melanomas, 
squamous cell cancers). Thus, 5-ALA’s usefulness in this arena is still being clarified.

EFFICACY: MAKING A DIFFERENCE IN PATIENT OUTCOMES
In this patient population, the ultimate test of efficacy is whether 5-ALA can lengthen overall 
survival and improve patient quality of life. It is well established that 5-ALA can facilitate 
more complete resections, but does that make a difference in patient outcomes? Yes, it 
does—especially with progression-free survival.
   
Zhao’s 2013 meta-analysis, which included only randomized, controlled trials (RCTs), showed 
a median PFS of 43.5 months when 5-ALA was used, versus 24.8 months when WL was used. 
Overall survival was 14.7 months when 5-ALA was used, versus 12.1 months when WL was 
used.33 Stummer’s pivotal Phase 3 trial showed the PFS six months after surgery was 35% 
in patients assigned to 5-ALA versus 22% in the WL group (p = 0.004). Notably, the longer 
survival was obtained without patients incurring any additional neurological deficits.38 A later 
Stummer study confirmed longer PFS—as well as a lower incidence of repeat surgery.34

Although data show the use of 5-ALA can lengthen both PFS and OS, the results for OS vary 
by age, previous adjunctive therapies, and other variables. While all studies show longer OS, 
the incremental gain is relatively small.9,51,62,63

    
Representative patient outcomes from several RCTs are summarized in Table 1.
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Incremental benefit with intraoperative MRI
When iMRI is used in tandem with 5-ALA, iMRI provides incremental benefits for more 
complete resections—especially when fluorescence is adjacent to eloquent areas. GTR rates 
up to 100% have been reported.13,40,64-66 As such, iMRI offers an extra quality control element 
to 5-ALA-guided microsurgery; however, iMRI is costly and lengthens the intraoperative time 
by almost an hour.25,28 To date, the use of 5-ALA + iMRI has not yielded a statistically 
significant effect on lengthening a patient’s overall survival (OS) or progression-free survival 
(PFS).67

SAFETY PROFILE
The side effects from using 5-ALA are mild and rare. Skin photosensitivity can occur 24 hours 
after administration of 5-ALA, so patients remain in a dark environment 48 hours after surgery 
to avoid skin reactions.68
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Most side effects appear to be related to the craniotomy itself—not to 5-ALA 
administration.34 Transient nausea and elevation of liver enzymes (ALT, LDH, GGT), bilirubin, 
and amylase may occur.68 Transient changes in blood chemistries appear to be 
multifactorial or associated with surgical time, not 5-ALA usage.69 Only a few cases of 
hypotension, or moderate thrombocytopenia have been noted. Any incremental post-operative 
neurological impairments usually appear within days after surgery and diminish or disappear 
within weeks to a few months, depending on the tumor’s location.38,70 Proper use of 5-ALA, 
combined with intraoperative mapping, further minimizes the risk of such impairments.

ADDITIONAL CLINICAL BENEFITS OF 5-ALA
To physicians: If unintentional incomplete tumor resection is detected on the first post-op 
MRI (at 72 hours), repeat use of 5-ALA may permit more complete resection with minimal risk 
of complications.71 This is particularly important because deciding when and what second-line 
therapies to initiate may be influenced by the initial resection status.3

When tumors recur, use of 5-ALA is equally as accurate and effective as it is in de novo 
surgeries.22,72 Prior treatment with radio- or chemotherapy does not diminish its ability to 
accurately visualize tumors15,63,70,73 or provide significant incremental benefits in longer PFS.3,9

To facilities (pharmaco-economics): The multisite VISIONA study,74 Price’s 2014 
meta-analysis,75 and other studies 6,28,76,77 on use of 5-ALA with high-grade gliomas have 
calculated 5-ALA’s cost savings in many ways:
•  Cost per case28

•  Lower total cost of care over a 5-year period 77

•  Amortized costs for equipment acquisition and adaptation 76

•  Cost-effectiveness ratios (per complete resection, per QALY and PF life-year gains 16,76

All analyses of benefits have shown that the avoidance of cancer burden, decreased burden 
of progression, and the facility’s return on investment for equipment modifications resulted 
in significant cost savings.

HOW TO GET STARTED
Gliolan’s New Drug Application is slated for submission the last quarter of 2015. Because 
patients with malignant gliomas have poor prognoses, fast-track approval is anticipated. 
But neurosurgeons don’t have to wait until 2016 to start using 5-ALA. They may apply now 
for an investigator-sponsored Investigational New Drug (IND) with the FDA. Alternately, they 
may obtain 5-ALA by participating in an ongoing clinical trial. Eleven U.S. centers are 
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participating in an ongoing study of 5-ALA use versus maximal white light resection of 
glioblastoma patients. To do either, two prerequisites apply.

Training
5-ALA is a visualization tool. Its benefit lies with the surgeon who is equipped to use that tool 
optimally for greater resections of malignant gliomas. To ensure its safe and effective use, all 
surgeons who wish to utilize 5-ALA must attend a one-day course to become certified on its 
use. Topics include
•  5-ALA metabolism
•  Dosing, pharmacokinetics, and safety profile of 5-ALA
•  How to use the fluorescence microscope, differentiate fluorescence intensity, 
 and understand the correlation of tissue fluorescence with tumor tissue (PPV)
•  How to use 5-ALA with neuromonitoring to minimize postoperative neurological deficits
•  Observation and/or participation in at least one case utilizing Gliolan-fluorescence-guided  
 surgery

Equipment
To utilize 5-ALA as a visualization tool, the following are required:
•  a surgical microscope equipped with a xenon light source (blue-light-emitting) 
 and longpass filter
•  a digital camera sensitive enough to visualize the fluorescence

Leica Microsystems offers the blue filter FL400 kit, which includes the necessary light source 
and filters. This may be added to Leica’s M525 OH4 and M720 OH5 microscopes as an 
upgrade. Leica’s M530 OH6 is the only microscope on the market equipped with three 
fluorescence filters. At the push of a button, the OH6’s filters can be changed to perform 
fluorescence-guided tumor resections or neurovascular surgical procedures. 

The recommended camera for the FL400 is Leica’s HD C100 or a Panasonic 932A camera. 
Other cameras do not have sufficient resolution to accurately discern weak fluorescence, 
have not been tested with 5-ALA, are incompatible or need software upgrades.

FOR MORE INFORMATION
For more details on:
•  Where to obtain the blue filter kit
•  Technical specifications for camera 
 requirements
•  The Gliolan certification program
•  How to enroll in training
•  Training locations
•  Training options for large practices
•  How to obtain Gliolan
•  How to be a part of the ongoing 
 clinical trial
•  How to sign up for the consortium 
 (for exclusive access to webinars, 
 technical tips, and more)
•  Leica M530 OH6 microscope with TriFluoro

VISIT
www.leica-microsystems.com/gliolan

EMAIL
surgical@leica-microsystems.com

CALL
800-526-0355

ACKNOWLEDGEMENTS
Leica Microsystems wishes to thank:

Costas Hadjipanayis, MD, PhD
Director of Neurosurgical Oncology and Chair, 

Department of Neurosurgery, 
Mt. Sinai Beth Israel

Alan Ezrin, PhD 
President and CEO of NX Development Corp

Lana Christian 
President, CreateWrite Inc.

for their expert contributions to this publication.



115-ala/gliolan application note

ABOUT LEICA MICROSYSTEMS
Leica Microsystems develops and manufac-
tures microscopes and scientific instruments 
for the analysis of microstructures and nano-
structures. Ever since the company started as 
a family business in the nineteenth century, its 
instruments have been widely recognized for 
their optical precision and innovative technol-
ogy. It is one of the market leaders in com-
pound and stereo microscopy, digital micros-
copy, confocal laser scanning microscopy with 
related imaging systems, electron microscopy 
sample preparation, and surgical microscopes. 

Leica Microsystems has seven major plants 
and product development sites around the 
world. The company is represented in over 100 
countries, has sales and service organizations 
in 20 countries, and an international network 
of distribution partners. Its headquarters are 
located in Wetzlar, Germany.
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