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2. Background 
 
This review summarizes the basis for the FDA approval action of this application. 
 
On December 6, 2016 the Applicant (NX Development Corporation) submitted under section 
505(b)(2) of the Federal Food, Drug, and Cosmetic Act a new drug application (NDA) for 
Gleolan (aminolevulinic acid hydrochloride, ALA HCl) powder for oral solution (1,500 mg 
per vial).  
 
Gleolan received orphan drug designation on January 2013 (IND 110655) and fast track 
designation on December 2015 (NDA 208630).  The user fee goal date for the NDA is June 6, 
2017. 
 
Gleolan (ALA) is a pro-drug. The active moiety is the fluorescent metabolite protoporphyrin 
IX (PpIX). ALA is a physiologic hemoglobin precursor. Administration of ALA increases the 
production and preferential accumulation of PpIX in tumor cells. After excitation with blue 
light, PpIX can be visualized with a modified neurosurgical microscope. Fluorescence is 
observed as red or pink color in areas with viable tumor cells, while normal brain appears blue 
in color.   
 
The drug substance (ALA HCl) is a δ-amino acid that has been approved for other uses and is 
marketed under other NDAs. Consequently Gleolan is not a new molecular entity. Gleolan is 
classified as an optical imaging agent and is proposed for use intraoperatively in patient with 
suspected high grade (grades III or IV) gliomas as an aid for the visualization of viable tumor 
during surgery. High grade gliomas are histologically heterogeneous and invasive. Gleolan is 
approved for marketing outside the US for a similar indication. 
 
The application was granted a priority review status because Gleolan was judged to have the 
potential to improve the intraoperative delineation of high grade glioma, an infiltrative tumor 
for which enhancing the ability to perform maximal safe resection of tumor is critical for 
improving patient management. Maximal safe resection of brain tumors is the accepted 
standard of care for gliomas. 
 
There were no major scientific disagreements with the Applicant. The Applicant reached 
agreement with the FDA in pre-submission meetings on how to analyze the results of three 
studies focusing on a visualization claim and on providing supportive information for safety 
and efficacy. During the review cycle agreements were reached on the definition of the 
indicated patient population and on the requirements for training of neurosurgeons on the 
interpretation of the fluorescence. 
 
There was general agreement among all the primary and secondary reviewers regarding the 
overall adequacy of the pharmaceutical quality information and the sufficiency of data from 
preclinical and clinical pharmacology studies. 
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The efficacy considerations for the Gleolan studies are similar to those of medical imaging 
products seeking an indication for structure delineation. For this indication studies need to  
demonstrate the performance of the drug in distinguishing between normal and abnormal 
anatomy. The clinical usefulness of this information in certain settings can be self-evident. 
 
The evidence of clinical benefit of Gleolan is based upon the reproducible estimates of high 
predictive value of fluorescence for the visualization of glioma in three clinical studies. The 
negative predictive value for non-fluorescent biopsies was low reflecting the infiltrative nature 
of high grade gliomas and is an important limitation in the performance of ALA for 
distinguishing between normal and abnormal tissue. I reference the statistical and clinical 
reviews for a discussion of weaknesses in the design and analyses of the three studies. 
 
An important review challenge for the NDA was in defining the value of ALA fluorescence in 
the clinical context of use, namely non-curative surgery. In this context the assessment of 
optimal resection based on contrast enhancement on post-operative magnetic resonance 
imaging (MRI) lacks precision. Assessment of clinical outcomes postoperatively can be 
confounded by the use of different therapeutic regimens.  
 
Data and other information from the clinical studies and from literature reports provided 
important support for the utility of improved visualization for enhancing tumor resection. The 
notion that “maximal safe resection” is an important clinical objective was also supported by 
literature reports.  
  
Current imaging modalities to aid in the identification of tumor intraoperatively have technical 
limitations and certain modalities are not widely available. I reference the clinical and the 
cross discipline team leader reviews for a summary of the intra-operative and post-operative 
management options for patients with malignant glioma, and the prognostic and predictive 
factors.   
 
Gleolan can cause serious phototoxic or hypersensitivity reactions. No new clinical safety 
signals, novel or incompletely resolved safety concerns were identified from post-marketing 
use of Gleolan outside the US. The risk of the adverse reactions is outweighed by the benefits 
of improved intraoperative visualization of malignant tissue in this rapidly fatal disease.   
 
I concur with the unanimous recommendation for a regulatory action of approval of the NDA 
made by all the primary NDA review disciplines and the consultative reviewers. No 
postmarketing requirements and no risk evaluation and mitigation strategies are needed. 
 

3. Product Quality 
 
I concur with the overall recommendation by the product quality reviewers and the chemistry 
manufacturing and control lead reviewer (Dr. Christodoulou) to approve the application.  
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The quality assessment for Gleolan drug substance, drug product, and microbiological quality 
were satisfactory. The manufacturing facilities are cGMP compliant. There are no unresolved 
product quality issues.  
 
The drug product is 1,500 mg of lyophilized drug substance without excipients and is 
presented in a glass vial capped with a rubber stopper with an aluminum crimp seal. The 
lyophilized powder is reconstituted with 50 ml of tap water (equivalent to 1,170 mg ALA) or 
30 mg/ml ALA HCl (equivalent to 24.3 mg/ml ALA) and is dosed at 15.65 mg/kg body 
weight or 0.666 ml/kg. The formulation is  

. The dosing and administration section of the prescribing information describe the mass 
dose based on the salt moiety to maintain consistency with other ALA drug labeling. 
 
Dr. Amartey determined that the specifications for Gleolan and the analytical methods used 
are acceptable to assure the quality and safety of the product. The potential impurities and 
degradants are controlled. The stability data support the proposed shelf-life of 
36 months. The microbiology primary reviewer (Dr. Pfeiler) determined that microbial 
controls and testing methods USP<61> and <62> are suitable for this non-sterile product. 
 

4. Nonclinical Pharmacology/Toxicology 
 
I concur with the Pharmacology/Toxicology review discipline recommendation to approve the  
application. 
 
Dr. Honchel determined that safety pharmacology studies and single-dose toxicology studies 
do not raise safety concerns. A repeat-dose toxicology study in rodents (daily dosing x 14-
days) showed bile duct histopathological alterations; the NOAEL was 30 mg/kg/day.  In a 
repeat dose toxicology study in dogs (daily dosing x 28 days) vomiting, increased ALT and 
pigment deposition in the liver were observed; the NOAEL was 3 mg/kg/day. No 
carcinogenicity studies were performed and none are needed. 
 
The main metabolite of ALA, Pip, is phototoxic when activated using light between 
465 and 514 nm. Lethal phototoxicity was observed in mice intravenously administered 
a single dose of 250 mg/kg or 750 mg/kg ALA followed 4 h later with exposure to UV 
light. 
 
In animal reproduction studies, no adverse developmental effects were observed with oral 
ALA administration to pregnant rabbits during organogenesis at doses 3 times the maximum 
recommended human oral dose. A product impurity,  raised a structural alert for 
mutagenicity. This concern was addressed by comprehensive testing that showed no evidence 
of mutagenicity. The proposed specification in the drug substance of % was deemed 
acceptable.  
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5. Clinical Pharmacology  
 
I concur with the recommendation by the Clinical Pharmacology reviewer to approve the 
application. No outstanding review issues are identified. 

Dr. John determined that the recommended dose (20 mg/kg administered orally three hours 
before anesthesia) is reasonably supported. The dose is based on demonstration in study MC-
ALS.8-I/GLI of the dose-efficacy relationship between three dose levels (0.2, 2 and 20 mg/kg) 
and the extent and quality of fluorescence in the tumor core. The highest dose studied, 20 
mg/kg, was most effective. Literature reports indicate that higher doses of ALA increase the 
frequency of adverse reactions.  

ALA is completely bioavailable. Maximal plasma concentrations were reached at 0.8 hrs. for 
ALA and at 4 hrs. for the PpIX metabolite. Approximately one third of the ALA recommended 
dose is excreted renally. 

Deficiencies in the application include lack of a mass balance study and lack of PK data in 
patients with renal or hepatic impairment.  The prescribing information includes cautions 
about the use of ALA in these patient populations. 

 

6. Clinical Microbiology  
 
This section of the review template is not applicable to this application. 

 

7. Clinical/Statistical-Efficacy 
 
I concur with the recommendation by the primary clinical and statistical reviewers (Drs. 
Ballard and Mucci) and the CDTL (Dr. Todd) that the application be approved based on the 
finding that the presence of fluorescence is consistent and accurate in identifying tumor tissue.  
Secondary data analyses such as the extent of tumor resection achievable with the use of 
fluorescence support the usefulness of fluorescence.  
 
The Applicant provided data from 3 clinical studies, ALS-28, ALS-30, and ALS-3, and 
summarized information from 12 literature reports. The objective of the three studies 
conducted by the Applicant and the literature reports was to assess the visualization of 
additional tumor tissue under fluorescence. The Agency relied on the three studies by the 
Applicant for the assessment of efficacy.  
 
Study 28 (N=36) and study 30 (N=33) were prospective single arm, multicenter studies with a 
visualization endpoint. ALS-3 (N=415) was a randomized, open-label, controlled, two-arm,  
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multicenter, reader-blinded study with endpoints of extent of tumor resection assed on 
postoperative MRI and progression-free survival assessed at six month postoperatively. For 
the efficacy analyses, in the three studies the final histology had to be consistent with Grade III 
or IV tumor classifications.  
 
For the assessment of efficacy in the NDA a visualization endpoint of positive predictive value 
(PPV) was the primary outcome. PPV was assessed at the biopsy level and was defined as the 
percentage of histology positive biopsies among all fluorescent biopsies. The FDA reviewers also  
considered the negative predictive value (NPV) at the biopsy level as an important performance 
outcome for verification of disease absence in the non-fluorescent tissue. NPV is defined as the 
percentage of histology negative biopsies among all non-fluorescent biopsies. 
 
I reference the FDA primary and secondary clinical and statistical reviews for a discussion of 
the major limitations of study design and analysis. The reviewers note: 1) the lack of uniform 
procedure for biopsy acquisition and discuss alternative biopsy acquisition procedures that 
might have been more informative; 2)  the potential for ascertainment and for operator bias in 
the ALA arms, alternative study designs to mitigate bias are suggested; 3) the lack of formal 
hypothesis testing for the visualization endpoints; 4) the lack of formal comparison of 
performance of white light to blue light to assess the added value of fluorescence; 5) the 
challenges posed by the clinical context of use, namely patient with widely infiltrative tumors 
undergoing non-curative surgical resection; this setting  precludes the assessment of more 
reliable assessments of diagnostic performance (i.e. sensitivity and specificity) and of 
completeness of surgical resection.  
 
The results of the visualization endpoints were consistent across the three studies. The PPV ranged 
from 96% to 98% and the NPV ranged from 19% to 24%. The clinical and statistical reviewers 
agree that although uncontrolled and lacking a prespecified threshold for success, the estimates of 
PPV of ALA are acceptable. However the low NPV is a concern and represents an important 
limitation in the performance of ALA to distinguish   between normal and abnormal tissue. This 
limitation accounts for the designation of ALA as an adjunct for visualization in the indication 
statement of the prescribing information. 
 
Supportive evidence that the information provided by fluorescence is useful is based on 
demonstration of increased extend of resection in the ALA arm in study ALS-3. The 
percentage of patients who had “completeness” of resection was 64% in the ALA arm and 
38% in the control arm, with the difference of 26% (95% CI (16%, 36%)). 
 
There is no persuasive evidence that patient-based outcomes (i.e. survival or progression-free 
survival) favor the ALA arm of the randomized ALS-3 study.  The FDA oncology consultative 
report by Dr. Bradford notes that overall survival is the preferred endpoint to demonstrate a 
therapeutic favorable outcome in patients with high grade gliomas.  
 
Nevertheless the oncology consultant points out that despite the lack of support from 
randomized clinical trials, the consensus among neurosurgeons and neuro-oncologists is that  
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optimal treatment of glioma includes maximal safe surgical resection of tumor and that 
increasing the extent of resection is associated with improved patient outcomes. Prospective 
literature reports of patients with glioma comparing survival between craniotomy vs. biopsy 
arms and retrospective studies correlating increased extent of resection and increased survival 
are cited as supportive evidence.  The Medical Imaging Advisory Committee discussants 
supported the value of maximal resection in patients with high grade gliomas and found the 
more favorable extent of resection achieved in the ALA arm of study ALS-3 to be consistent 
with the outcomes of the visualization endpoints.  
 

8. Safety 
  
I concur with the recommendation by the clinical reviewer and the CTDL that the safety 
profile of ALA is well understood and acceptable for the indicated population. 
 
 A total of 284 deaths occurred in all the clinical studies. The deaths were not attributable to 
the study drug and were judged to be due to complications of anesthesia, nature of the surgical 
procedure and progression of disease.  
 
The most frequently reported reactions were attributable to the nervous system. In study ALS-
3 the numbers of serious neurologic adverse events in the post-operative period was higher in 
the ALA arm compared to the control arm. An imbalance was noted for the terms aphasia, 
ataxia, convulsion and hemianopsia, and is judged to be likely related to the higher amount of 
brain resection performed in the ALA arm. At longer follow up periods, the number of events 
between the two arms appeared similar. This information is cited in the adverse reaction 
section of the labeling 
 
 Transient elevation in bilirubin, alanine aminotransferase, and gamma-glutamyl transferase 
were observed in the studies. No liver failures have been reported. This information is cited in 
the labeling. Patients with renal insufficiency and hepatic dysfunction were not included in the 
studies. There is no information to assess risks; however no restriction for use of Gleolan is 
warranted in patients with renal or hepatic comorbidities.   
 
Pharmacovigilance reports from use outside the US  show that ALA can induce:  
photosensitivity reactions that generally manifested in the skin, this risk can be mitigated by 
minimizing a patient’s exposure to light for 24 hours postoperatively; and serious 
hypersensitivity reactions, including anaphylactic shock, swelling, and urticaria.  The labeling 
cites these reactions in the warning section. 
 

9. Advisory Committee Meeting   
 
An FDA Advisory Committee meeting was held on May 10, 2017 to discuss the safety and 
efficacy of Gleolan. I reference the publicly available meeting materials and transcripts for the  
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proceedings of the meeting. The Medical Imaging Drugs Advisory Committee (MIDAC) 
committee voted unanimously for approval of Gleolan for visualization of glioma 
intraoperatively.  
 

10.  Pediatrics 
 
A pediatric assessment is not provided in the application and is not required. Gleolan received 
orphan designation status by FDA on January 2013. For this reason the Pediatric Research 
Equity Act does not apply to this application. The safety and effectiveness of Gleolan in 
pediatric patients have not been established.  
 

11. Other Relevant Regulatory Issues 
 
I concur with the Division of Surgical Devices reviewer, Dr. Chen, that labeling the drug for 
use with a generic device is acceptable. The reviewer evaluated the information on the optical 
devices used in the clinical studies. The use of Gleolan requires adaptation of existing Class I 
operating microscopes with a blue-light emitting light source and filters of specific excitation 
and capture wavelengths.  
 
 I concur with the Division of Medication Error Prevention and Analysis (DMEPA) that the 
proprietary name Gleolan is acceptable. The proposed global proprietary name Gliolan is not 
acceptable for use in the US because it contains two United States Adopted Name (USAN) 
stems “Gli” and “io”.  
 

12. Labeling 
 

I concur with the assessment by the OPDP reviewer (Dr. Patel) that the final labeling does not 
raise concerns from the promotional perspective. 

I concur with the assessment by the Maternal Health reviewer Dr. Ceresa. With regard to 
pregnancy, there are no data on Gleolan use in pregnant women to assess risk of adverse 
developmental outcomes; preclinical reproduction studies show no safety signal.   

 With regard to lactation 
there are no human or animal data to assess risks. 
 
I reference the review by the Associate Director for labeling, Dr. Fedowitz, for a summary of 
the revisions in the product labeling. I concur with the final agreed-upon labeling as it meets 
the requirements for the PLR and PLLR regulations.   
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The indicated population was restricted to WHO grades III and IV because of evidence of 
unacceptable performance in patients with low grade gliomas. The dosing and administration  
section of the labeling was revised to make clearer the procedure for reconstitution and 
administration of the final dosage form of Gleolan. Imaging instructions include the 
specifications for light source and filter to visualize the fluorescence and cite the requirement 
to complete a training program provided by the manufacturer on the use of Gleolan 
fluorescence for glioma surgery.  
 
Risk mitigation steps include warnings on:  risks of phototoxicity; risks posed by false 
negative and false positive fluorescence in the surgical field; and risk of serious 
hypersensitivity reactions.  Risks of drug-drug interaction with other phototoxic drugs are also 
cited in the labeling.   
 

13. Postmarketing 
 
No postmarketing requirements or commitments are necessary. 
 
I concur with the review by the Division of Risk Management that a risk mitigation and 
evaluation strategy (REMS) is not needed to ensure that the benefits of Gleolan outweigh the 
risks. The applicant did not submit a REMS with this application but proposed a training 
program for neurosurgeons prior to use of the drug to provide information on techniques to 
optimize the use of ALA in fluorescence guided surgery.  
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