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Executive Summary

Background
Malignant gliomas are histologically heterogeneous and invasive. They are infiltrative in nature. 
They have been classified by the WHO into four prognostic categories based on histologic 
appearance. Grades 3 and 4 are considered high-grade and are the most rapidly growing tumors. 

The drug, 5-ALA (5-aminolevulinic acid hydrochloride) is taken up by malignant glioma cells; it is 
metabolized into the fluorescent metabolite and it emits fluorescence in the red wavelength. The 
recommended dose is 20 mg 5-ALA per kilogram body weight. The safety and efficacy have not 
been tested in children less than 18 years of age.

The Applicant provided data from 3 studies, ALS-28, ALS-30, and ALS-3, to support the efficacy of 
the study drug. Only study ALS-3 is a phase 3, randomized controlled study. For the efficacy 
analysis, the final histology had to be consistent with Grade 3 or 4 classifications in all three studies. 
Study ALS-30 specifically addressed the use of the drug in the setting of surgical resection for 
recurrent disease, while ALS-28 included only primary resections. ALS-3 included mostly primary 
resections, but also included some patients with prior surgery who were considered protocol 
deviations. 

Study Designs and Statistical Analysis Plans
The study designs and biopsy plans of these 3 studies are given in the primary statistical review. The 
applicant did not discuss their designs, biopsy plans and analyses plans of their phase 2 studies and 
one phase 3 study with FDA (all their studies were conducted outside of the IND paradigm). As a 
result, in phase 2 studies, the applicant didn’t have proper randomization scheme, and any hypothesis 
testing. The applicant, on a post hoc basis, selected the biopsy-level Positive Predictive Value 
(PPV), originally a secondary endpoint, to demonstrate efficacy in all three studies. 

We have considered this in the following. To gain additional insight into the performance of the 
study drug since there were a considerable number of biopsied non-FL sites, the histology outcomes 
for the tissue taken from such sites provide for a statistic complementary to PPV. That statistic is 
called Negative Predictive Value (NPV) and that also is defined in the following: 

PPV at the biopsy level: the percentage of histology positive biopsies among all fluorescent biopsies. 
NPV at the biopsy level: the percentage of histology negative biopsies among all non-fluorescent 
biopsies. 

The table below shows the PPV and NPV (which is, according to primary review, 1-(False Negative 
Rate for Fluorescence)) for each study at the biopsy level:

Study ALS-28  Study ALS-30  Study ALS-3 (5-ALA arm)
PPV 176/183 (96%)  342/354 (97%)  312/319 (98%)
NPV 27/112 (24%)  3/16 (19%)  30/160 (19%)

Post-hoc nature of these calculations shows that there could be ascertainment bias in reporting the 
results on biopsy-level PPV as “stand-alone” endpoint, especially because PPV for a particular 
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condition is dependent on the prevalence of the condition in the study population. In these three 
studies, the prevalence for malignant tissue is greater than 90%. Therefore along with PPV, there 
needs to be assessment of at least one additional “visualization” endpoint, such as NPV. Although 
un-controlled, the PPV of 5-ALA are acceptable, but the low NPV are concerning. If there is 
fluorescence there will be tumor but the converse is not necessarily true.

FDA statistics review team was given the following data regarding biopsies for studies ALS-30 
and ALS-3 after using standard white light and after using fluorescent light for each patient in 
the two studies. Surgeons were allowed to switch from white light to fluorescence and vise-a-
versa in Study ALS-30. For white light, positive means abnormal biopsy-sample and negative 
means normal biopsy-sample in both these studies. 

Study ALS-3 (5-ALA arm): Biopsy-level data 

    POSITIVE HISTOLOGY     NEGATIVE HISTOLOGY
Fluorescent light Fluorescent light
Positive Negative Positive Negative

Positive 310   21 Positive 7   0White 
light Negative    2 109

White 
light Negative 0 30

Study ALS-30: Biopsy-level data 

    POSITIVE HISTOLOGY     NEGATIVE HISTOLOGY
Fluorescent light Fluorescent light
Positive Negative Positive Negative

Positive 196  0 Positive  1  0White 
light Negative 146 13

White 
light Negative 11  3

From these tables, the following performance characteristics are calculated.

        Study ALS-3 (5-ALA arm)        Study ALS-30 
PPV NPV PPV NPV

Fluorescence light 98% 19% 97% 19%
White light 98% 21% 99%   8%
 
Added value of 5-ALA fluorescence is not evident from these calculations compared to standard 
white light (despite the assumption of statistical independence between biopsy-samples). 

That evidence is offered by clinical outcome of completeness of resection in randomized, 
controlled study ALS-3.The rate of MRI-based completeness of resection (proportion of patients 
who achieved MRI-based complete resection) in fluorescence arm was 64% and in control 
(white light) arm was 38% giving the difference of 26% (95% CI: (16%, 36%)). But these results 
are subject to (unintentional) operator bias because the blinding of surgeons (and their teams) 
could not be implemented at study design stage.  
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The Recommendations from Statistical Review Team 
The study in medical imaging should be designed to control biases and to measure the “added 
value” of the new imaging agent (like 5-ALA). An appropriate study design and its statistical 
analysis plan for optical drugs recommended by FDA statistics review team are given below:
   
The patients with glioma would be randomized to either receive the drug 5-ALA or not, let us 
say, in 10:1 ratio. The surgical team (including the main surgeon) would be blinded so they don’t 
know if the patient got the drug. Surgical team would also be blinded to the randomization ratio. 
This controls the operator bias. The surgery would be done as completely as possible under 
standard white light conditions. Once deemed complete, the surgical team would open the 
randomization code and see whether they can shine the fluorescence or not. If there is 
fluorescence they could biopsy or resect. 

Primary Data collected would be # of patients and for each biopsy/resection sample: truth 
standard of histology, FL status, WL status. The data on other variables (discussed later) could 
be also collected. Primary endpoint would be P1 = Proportion of patients who have at least one 
additional biopsy/resection under FL as true positive. Secondary endpoint would be P2 = 
Proportion of patients who have all additional biopsies/resections under FL as false positives.

The primary hypotheses would be Ho: P1 = XX  vs Ha: P1 > XX. This measures the added 
value of FL. The study could be statistically powered for this hypothesis-testing; and if the 
research hypothesis is met, the study will result in a “win”. The secondary hypotheses would be 
Ho: P2 = YY  vs Ha: P2 < YY. This can control the ascertainment bias. The study does not 
have to be powered for this hypothesis-testing, but if the research hypothesis is NOT met, that 
could be a review issue. From Risk-benefit point of view, minimum requirement could be: point 
estimates . Additional analyses could be done using biopsy-level data (using cluster 21 ˆˆ pp >
modelling) and using data on other variables like # of extra FL biopsies, their histology status, 
changes in the future therapy etc. These exploratory analyses could be used for enhancing our 
knowledge about this drug and disease (like connection between “completeness” of resection and 
biopsy-level data, if any; additional therapy-based advantages like fewer FL biopsies and 
planning of future therapy).

Advisory Committee Meeting
All these points (and those raised by the primary statistical review) were discussed at the 
Medical Imaging Drugs Advisory Committee (MIDAC) meeting at length. The link to that 
public information is given below: 
https://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/MedicalImagingDrugsAdvisoryCo
mmittee/ucm553470 htm
After insightful discussions MIDAC advised FDA to modify the indication from proposed 
statement to the following statement, and then gave MIDAC’s approval to imaging drug 5-ALA 
unanimously. The new indication statement is that Gleolan [5-aminolevulinic acid hydrochloride 
(5-ALA HCl) for oral solution] is indicated in patients with grade 3-4 gliomas as an adjunct to 
facilitate the intraoperative visualization of malignant tissue during glioma surgery.
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1 EXECUTIVE SUMMARY 

NDA 208630 provided results from two Phase 2 studies and one Phase 3 study in support of an 
Efficacy and Safety claim for the drug component, Gleolan, of a Drug/Device combination for 
visualization of cancerous tissue during brain surgery for patients validated for malignant glioma 
of Grade III/IV. Gleolan collects in cancerous tissue and this tissue fluoresces as blue light when 
the device component is engaged. Standard brain surgery for glioma uses operating room white 
light (WL) for detection and removal (resection) of brain tumor; Gleolan fluorescence (FL) is 
intended to detect cancerous tissue additional to the primary tumor found under WL, typically 
tissue at the tumor margins whose disease status under WL appears normal or is uncertain. The 
detection of such fluorescent tissue can issue in a more complete resection of the tumor. 
Conversely, the absence of FL at various locations at the margin could issue in a more 
conservative resection.  However, the possible correlations between FL detections and the levels 
of resection, although pertinent as indicators of therapeutic efficacy associated with Gleolan FL, 
are not of primary concern in the evaluations proper to this NDA whose principal Efficacy 
endpoint addresses visualization alone.  

The patients in all three studies underwent brain surgery for the primary therapeutic purpose of 
tumor resection and for the primary diagnostic purpose of detection of additional cancerous 
tissue under FL. The additional tissue consisted of biopsied tissue detected under FL, along with 
biopsied tissue not detected under FL. The disease status of such tissue samples was determined 
by subsequent histology.

The three studies under review were conducted between 1999 and 2005:
  
Study 28: MC-ALS.28/GLI: Phase II, prospective, single arm, uncontrolled multicenter study
Of patients with first occurrence of glioma ( 10/2002 – 6/2004 ;  36 patients ) 

Study 30: MC-ALS.30/GLI: Phase II, prospective, single arm, uncontrolled multicenter study of 
patients with recurrent glioma ( 6/2003 – 9/2005) ; 33 patients) 

Study 03: MC-ALS.3/GLI: Phase III, randomized, group sequential, MRI rater-blinded, 
balanced parallel-group, controlled, multicenter study ( Conducted 10/1999 to 7/2004; 176 
glioma patients in FL Arm, 170 glioma patients in WL Arm).

The original primary endpoint for the Phase 2 studies was a visualization endpoint; the Phase 3 
Study originally focused on two primary endpoints: Completeness of tumor Resection and PFS 
status at 6 months post-surgery. The NDA submission replaced all primary endpoints with a 
previous secondary endpoint which now serves as the single primary endpoint:

PPV = % of  histology positive biopsies among FL biopsies 
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This NDA proposes no hypothesis testing: PPV is estimated in each of the three studies and is 
presumably to be evaluated for Efficacy on its own merits due to its near perfect scores:

PPV > 96% in all three studies. Effectively, FL tissue is virtually always histology positive. But 
PPV level is affected by high tissue malignancy prevalence and not completely reliable as a 
“stand alone” endpoint in characterizing performance. 

However, the analyses provided in this statistical review will supplement PPV with evaluations 
of False Negative Rates:

FNR-FL = % of histology positives among non-FL biopsies.

These rates are also high – about 4 in 5 non-FL biopsies are histology positive - indicating that a 
discrimination of the form: FL implies disease presence, non-FL implies disease absence, is not 
achieved by Gleolan.

However, exploratory secondary analyses of the results achieved in the Phase 3 Study provide 
some evidence that Gleolan FL correlates with more complete tumor resection, but these results 
are subject to (unintentional) operator bias because the blinding of surgeon could not be 
implemented. Moreover, the connection between Gleolan FL and resection levels has proven 
difficult to uncover.

In conclusion, the high levels for PPV and several additional results of an exploratory nature, 
such as higher Completeness of Resection levels for FL Arm patients compared to WL Arm 
patients contribute to a totality of evidence favorable to approval of Gleolan as an intra-operative 
adjunct to standard surgery procedures for patients with malignant glioma.  
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2 INTRODUCTION

2.1 Overview

Studies under Review;

Three prospective studies are under review: Two Phase II studies and one Phase III study. The 
designs will be presented directly below. Analyses /details will be provided in Section 3.

PHASE II STUDIES

Study 28: MC-ALS.28/GLI: Phase II, prospective, single arm, uncontrolled multicenter 
study ( 10/2002 – 6/2004) 

Objectives/Inclusion Criteria:
Patients whose pre-surgery MRI revealed likelihood of a unilocular malignant glioma ( Grade 
III/IV) for whom surgery was indicated (and whose KPS  60%) were to be assessed for the ≥
efficacy of fluorescence driven biopsies  in detection of malignant tissue. FL Efficacy for this 
Study was originally defined as patient-level PPV:

PPV = Proportion of subjects all of whose FL biopsies were histology Positive

This endpoint was redefined for the NDA submission as:

PPV = Proportion of FL biopsies which were histology Positive

Analyses will be complemented with evaluations of  

FNR-FL= Proportion of Non-FL biopsies which were histology Positive

An important secondary endpoint was Completeness of Resection:

CR =Proportion of subjects with completeness of tumor resection

Completeness of resection was determined by an early-post–surgery MRI
read by a central radiologist. 
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Study-28 Design

FAS: Patients with surgery for removal of glioma whose subsequent histopathology confirmed 
Grade III/IV glioma (36 patients) as determined by central histopathology. 

Biopsies of both flourescent tissue and non-fluorescent tissue were taken so as to cover the 
categories: Non-Fluorescent, Weakly Fluorescent, Strongly Fluorescent. These biopsies were the 
source of the data for the study’s original patient-based PPV and modified biopsy-based PPV, 
but could also be employed for calculation of FNR-FL. 

Hypothesis Testing: None

Study 30: MC-ALS.30/GLI: Phase II, prospective, single arm, uncontrolled multicenter 
study ( 6/2003 – 9/2005) 

Objectives/Inclusion Criteria:
Patients whose pre-surgery MRI revealed a recurrent unilocular malignant glioma ( Grade 
III/IV) for whom surgery was indicated (and whose KPS  60%) were to be assessed for the ≥
efficacy of fluorescence driven biopsies  in detection of malignant tissue. As with Study28, 
determination of the completeness of tumor resection, carried out independently of the biopsies, 
was a secondary objective.  FL Efficacy was denoted as PPV, and was calculated in the two 
forms defined above for Study28: Patient level and ( subsequently for NDA) biopsy level.

Study 30 Design

FAS: Patients with surgery for removal of glioma whose subsequent central neuropathological 
assessment confirmed Grade III/IV glioma. ( 33 patients.)

Biopsy Acquisition Protocol: There was a pre-specified surgery protocol for the collection of 
biopsies: after tumor resection, and under WL, the surgeon isolated two areas for acquisition of 
biopsies; one of these areas was classified as Normal by the surgeon, the other as Abnormal. FL 
was then engaged on these areas, and the surgeon had to biopsy Strong FL and Weak FL tissue 
from each area. Additionally, non-FL biopsies were an option, but very few of these were 
acquired, and therefore FNR-FL for this Study would have been as based on only a handful of 
biopsies. 
. 
Hypothesis Testing: None
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Study 03: MC-ALS.3/GLI: Phase III, randomized, group sequential, rater-blinded, 
balanced parallel-group, controlled, multicenter study ( 10/1999 to 7/2004).

Original Objectives/Inclusion Criteria:
Patients whose pre-surgery MRI suggested a unilocular malignant glioma ( Grade III/IV) for 
whom surgery was indicated (and whose KPS  70%) were to be assessed for completeness of ≥
tumor resection and the clinical outcome of PFS, as assessed at six  months post-surgery. 

Study 03 Design
Patients were randomized (1-1) to a Glioma (FL) Arm or to a standard (WL) Surgery Arm. In the 
FL Arm, WL alternated with FL to direct tumor resection. Prior to resection, three areas were 
chosen for acquisition of biopsies: a location in the tumor core, a location in the tumor margin, 
and a third site distant from the tumor. FL was then employed for classification of the tissue to 
be biopsied.
Soon after surgery, completeness of resection was assessed through a centralized read of an early 
post-surgery MRI. As expected, it was overwhelmingly the case that there was Strong FL at the 
core, Weak FL at the margin, and non-FL at the distant site. These biopsies, though currently 
critical for the current PPV endpoint were not related to the original primary endpoints of the 
study ( elaborated below). 

Median FL biopsies = 2 ; Median Non-FL biopsies = 1.

FAS: Patients with surgery for removal of glioma whose subsequent central histopathology 
confirmed Grade III/IV glioma. ( 176 patients in FL Arm; 170 in WL Arm)

Original Primary Endpoints:

(1): Percentage of patients evaluated as tumor-free on post-surgery MRI
       ( Complete surgical resection.)

(2):Percentage of patients with PFS at six months

Original Hypothesis Testing of Endpoints: 

First Stage Testing
Confirm that the Glioma Arm had more patients with complete resection than Standard Arm , as 
determined by early post-surgery MRI. The hypothesis to be rejected here was:

H0: PT = PC   where PX = Proportion of Complete Resections in Arm X,
                                          where X = T = Test or X = C = Control 
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Second Stage Testing ( Conditional on First Stage success):
Confirm that PFS was higher in Glioma Arm. The Hypothesis to reject was:

H0: PT = PC   where PX = Proportion of PFS patients in Arm X,
                                         where X = T = Test or X = C = Control 

2.2 Data Sources 

DARRTS  NDA 208630 eCTD Sequence Number 0002  12/14/16 

3 STATISTICAL EVALUATION

3.1 Data and Analysis Quality

Data was adequate for the analyses.

3.2 Evaluation of Efficacy

FOCUS OF REVIEW

This NDA submission provides results from one Phase III study, two Phase II studies, and 
several publications in support of the Sponsor’s proposed indication:

For use as an Imaging Agent to facilitate the real time detection and visualization of 
malignant tissue during glioma surgery. 

The three prospective studies (two Phase II, one Phase III ) will be the exclusive focus of this 
statistical review. 

Preliminary Comments

Comment#1: Malignant gliomas in the brain are currently incurable,
therefore the best outcome that is currently available for malignant glioma patients (through 
surgery and other therapies) is an extension of survival time and/or an improved quality of life 
during the short period of survival time post-surgery. 

Gleolan is a drug that collects in cancerous tissue, and which fluoresces as blue-violet light in 
response to the employment of an appropriate illuminating device. Standard surgery is performed 
under operating room White Light (WL). The  switch from WL to fluorescence (FL) during 
surgery is intended to capture areas of cancerous tissue missed by, or ambiguous under, WL; that 
is, areas which fluoresce due to their concentrations of Gleolan.
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The best case scenario would occur when FL found all cancerous tissue safe to resect that was 
missed under WL, and nothing more than such tissue, that is, FL detected cancerous tissue 
“undercalled” by WL, and simultaneously did not “overcall” (fluoresce on normal tissue.) 

Comment#2:It is emphasized here, prior to presentation of the details of this review, that the 
Efficacy of Gleolan will be evaluated as an Imaging Agent, not as a therapeutic. This means that 
the principal focus of the review will be on endpoints that attempt to address:

(A1): The success of Gleolan in detection of cancerous tissue that is missed under 
          WL. 

(A2): The success of Gleolan in ruling out as cancerous all tissue which doesn’t 
          fluoresce.

However, a reasonable assumption with respect to brain surgery for removal of gliomas is that 
extended survival, or extended progression free survival, is correlated with the degree of 
completeness of surgical tumor resection, and that improved visualization, as possibly captured 
in (A1) and (A2), increases the probability of complete resection. This potential for a therapeutic 
consequence of improved visualization will be informally addressed in this Review, but the 
formal emphasis of the Review rests on visualization rather than on its possible therapeutic 
consequences. 

The Submitted studies focus on (A1). This Review provides for a limited evaluation of (A2). The 
analyses proper to both (A1) and (A2), as carried out in the three studies under review, are based 
on evaluations of biopsied tissue, so that the Sponsor’s proposed criterion for success of Gleolan 
as defined in (A1) and (A2) takes the limited form: 

(B1): The success of Gleolan in detection of cancerous tissue through the histological 
confirmation that fluorescent biopsies are histology positive (PPV).

This positive feature for Gleolan should be balanced by a potentially negative feature of 
fluorescence that is correlated with (A2):

(B2): The failure of Gleolan to fluoresce on biopsied tissue that is confirmed as histology 
positive. This is a False Negative Rate which will be denoted as 
FNR-FL, and  that requires sufficient numbers of non-fluorescent biopsies to be performed. Note 
that: FNR-FL = 1 – NPV where NPV is the biopsy-level False Negative Rate.

The previous description of the designs of the three studies will be repeated and extended here 
for ease of presentation. 
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Studies Under Review

Two Phase II Studies ( Proof of Concept Studies):

Study 28: MC-ALS.28/GLI: Phase II, prospective, single arm, uncontrolled multicenter study ( 
Conducted 10/2002 – 6/2004) 

Study 30: MC-ALS.30/GLI: Phase II, prospective, single arm, uncontrolled multicenter study ( 
Conducted 6/2003 – 9/2005) 

 A Phase III Study

Study 03: MC-ALS.3/GLI: Phase III, randomized, group sequential, rater-blinded, balanced 
parallel-group, controlled, multicenter study ( Conducted 10/1999 to 7/2004).

All three studies are dedicated to evaluations of endpoints relevant to the efficacy of Gleolan as 
an aid in detection of malignant brain tissue in patients with Grade III or Grade IV malignant 
glioma in the brain. 
The principal elements of this review are presented under the heading REVIEW OF DESIGN 
AND RESULTS. The material immediately below, under BACKGROUND, which precedes 
that section is intended to provide context.  

BACKGROUND
All three studies under review were dedicated to evaluation of the Efficacy of Gleolan 
Fluorescence in detection of cancerous tissue over and above the detection of such tissue 
obtained under WL. Standard surgery in patients with malignant glioma of Grades III or IV is 
performed under White Light (WL), which is the normal operating room light the surgeon 
employs for tumor visualization. The surgeon’s objective in this setting is to resect as much 
tumor as is safe on the basis of WL. It is known that WL is limited in its ability to determine the 
cancer status of tissue around the tumor margins, so that there is the possibility that cancerous 
tissue at these margins, which it would be safe to resect, is left behind. Gleolan is the drug 
component of a Drug/Device entity which, when employed during surgery, is intended, at the 
least, to detect cancerous tissue additional to that found by WL, and, at best, to completely 
distinguish malignant from non-malignant tissue. This objective is to be achieved through tissue 
fluorescence; that is, the drug component, Gleolan, collects in cancerous tissue, and the Device 
component, when switched on, detects the presence of Gleolan as fluorescence. Thus, this 
fluorescence (FL) would improve efficacy considerably if: 

Biopsied FL tissue was always confirmed as Positive by histology
Biopsied Non-FL tissue was always confirmed as Negative by histology
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Phase II Primary Endpoint
The two Phase II studies are currently dedicated to a limited investigation of this version of 
Efficacy through statistical evaluation of a single primary endpoint that the Sponsor denoted as 
Positive Predictive Value (PPV), and which is defined on a biopsy level as follows:

PPV  = Proportion of Histology Positive biopsies among FL biopsies

Note that this statistic addresses only the ability of FL to detect malignant tissue, and not its 
ability to correctly distinguish malignant from normal tissue, a distinction that could be partially 
captured though evaluation of non-FL biopsies, and which we’ll denote here as NPV:

NPV  = Proportion of Histology Negative biopsies among non-FL biopsies

The value of this complementary endpoint is better understood when captured as:

FNR-FL = Proportion of Histology Positive biopsies among non-FL biopsies

Note that FNR-FL = 1 – NPV.  This endpoint (FNR-FL) assesses the level of “Undercalling” of 
Gleolan, that is, the extent to which it misses diseased tissue.

Note: The Sponsor’s original PPV was “Patient-Based”. The statistics as defined above are 
biopsy based. These distinctions will be elaborated upon in the REVIEW below. The original 
PPV was defined as follows:

PPV(Patient)= % of patients all of whose FL biopsies were histology Positive  

To highlight the difference between PPV and PPV(Patient), the results for the these two versions 
are:

Study28:  PPV = 96% ; PPV(Patient) = 85%
Study30:  PPV = 97% ; PPV(Patient) = 78% 

The falling-off of PPV in the transition from biopsy to patient level makes sense: Patient level 
failure for the endpoint will occur if at least one FL biopsy is Histology Negative. If there are 
many FL biopsies this likelihood increases.

Phase III Study ( Original Version Per Efficacy Evaluations):
The design and the principal endpoints of  the Phase III Study originally addressed objectives 
other than those of the Phases II studies. The principal elements of the original version of the 
Phase III Study are presented directly below:
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Patients undergoing brain surgery for resection of Grade III or Grade IV gliomas were 
randomized to a Test Arm ( Gleolan Fluorescence (FL) employed in addition to White Light 
(WL)) or to a Control Arm ( WL surgery only). The surgeons performed as complete a tumor 
resection as was possible in each arm, and the efficacy of the resection was evaluated through 
two primary statistical endpoints:
Endpoint(1): Completeness of Resection as determined by a centralized read of an MRI early 
post-surgery. This endpoint was treated as binary: Complete Resection; Incomplete Resection.

Endpoint(2):Progression Free Survival (PFS) evaluated at six months post-surgery. This 
endpoint is also binary.

Unlike the Phase II studies, this Phase III Study involved hypothesis testing for these endpoints 
in the following form:

For Endpoint(1): The objective was to show that the proportion of complete resections in the 
Test Arm was greater than the corresponding proportion in the Control Arm. Then, conditional 
on success for this objective:

For Endpoint(2): This endpoint was tested for rejection of the hypothesis that the two Arms had 
an equivalent PFS level at six months. The Sponsor tested both endpoints via a simple Chi-
Squared approach, although several Survival approaches were also implemented. 

The results for these two statistical tests were favorable for Gleolan:

Complete Resection Endpoint:
 Proportion of FL Complete Resections = .64
Proportion of WL Complete Resections = .38
P-Value under Null of Equality = p < .0001
PFS Endpoint
PFS Proportion for FL Arm =  .38
PFS Proportion for WL Arm = .22
P-Value under Null of Equality = p < .015

However ( Critical Change):
The current NDA submission relegates these two previous primary comparisons to secondary 
status and substitutes the aforementioned biopsy-level PPV as the single primary endpoint meant 
to cover all three studies. Note that this change not only removes Resection levels and PFS from 
primary consideration; it also substitutes a biopsy-level PPV for the original patient level PPV 
that was primary for the two Phase II studies. Moreover, since this endpoint involves FL only, the 
Control Arm of the Phase III Study plays no role in efficacy evaluations, and as with the Phase II 
studies, there is no hypothesis regarding study success in terms of achieved PPV levels.   
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Comments per this major change in Primary Endpoints

(1): The original Phase III endpoints of Completeness of resection and PFS rates at six months 
post-surgery can be thought of as indicators of clinical benefit for Gleolan. The Phase II studies, 
instead, both under their original patient based  endpoint and as under their current biopsy based 
endpoint were dedicated to a “Proof of Concept” endpoint: Gleolan FL correctly identified 
malignant tissue at the tumor margins whose status under WL was uncertain, where the success 
in identification was identified with the Sponsor’s  PPV. But this “Proof of Concept” endpoint 
has no clearly established correlation with patient–level clinically meaningful endpoints, such as 
complete resection of tumor along with a time period without tumor progression. Thus, the 
original primary endpoints for the Phase III Study would appear to be more appropriate for 
determination of Efficacy that directly relates to patient benefit, but they have now been 
relegated to secondary status. 

(2): In order to evaluate the new claim of Gleolan Efficacy through biopsy-level 
Endpoints the Sponsor had to conduct a post-hoc analysis of PPV for the Phase III Study. The 
manner in which biopsies were acquired in this Study differed from how they were acquired in 
the two Phase II studies, and, in fact, biopsy acquisition from each of these Phase II studies 
differed from the biopsy acquisition in the other ( acquisition protocols will be described 
later.)Thus:

(1): There is no common protocol in place for biopsy acquisition that unites the three studies; in 
the end what one has is simply a population of biopsies of FL and non-FL tissue with histology 
outcomes. And, as already indicated, there is no pre-specified level of PPV that would constitute 
success; further, the Sponsor included no pre-specified complementary measure, such as FNR-
FL, to serve as a complementary measure for evaluation of the extent of undetected malignancy. 

(2): Moreover, there is no evidence provided for a correlation between PPV/FNR-FL and 
clinical benefit. ( This does not rule out the possibility of the existence of endpoints suggestive of 
clinical benefit; the superiority of the Test Arm over the Control Arm with respect to the original 
primary endpoints for the Phase III Study might represent such a benefit, but this NDA as 
currently directed does not emphasize these endpoints.) 

REVIEW OF DESIGN AND RESULTS
        
Section(1):
Description of the Protocol and SAP for each of the three studies

Section(2)
Presentation of the Sponsor’s new Primary Endpoint Results

Section(3)
Principal  Imaging Issues 
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Section(1) Description of Protocol and SAP for the three studies

PHASE II STUDIES

Study 28: MC-ALS.28/GLI: Phase II, prospective, single arm, uncontrolled multicenter 
study ( 10/2002 – 6/2004) 

Objectives/Inclusion Criteria:
Patients whose pre-surgery MRI revealed likelihood of a unilocular malignant glioma ( Grade 
III/IV) for whom surgery was indicated (and whose KPS  60%) were to be assessed for the ≥
efficacy of fluorescence driven biopsies  in detection of malignant tissue. FL Efficacy for this 
Study was originally defined as patient-level PPV:

PPV = Proportion of subjects all of whose FL biopsies were histology Positive

This endpoint was redefined for the NDA submission as:

PPV = Proportion of FL biopsies which were histology Positive

Note that this endpoint, in either form, captures only the ability of FL to detect diseased tissue 
and not its ability to correctly classify non-diseased tissue. 
Therefore, the analyses will be complemented with evaluations of  

FNR-FL= Proportion of Non-FL biopsies which were histology Positive

An important secondary endpoint was Completeness of Resection:

CR =Proportion of subjects with completeness of tumor resection

Completeness of resection was determined by an early-post–surgery MRI
read by a central radiologist. 
 
Study-28 Design

FAS: Patients with surgery for removal of glioma whose subsequent histopathology confirmed 
Grade III/IV glioma (36 patients) as determined by central histopathology. 

Biopsies of both flourescent tissue and non-fluorescent tissue were taken so as to cover the 
categories: Non-Fluorescent, Weakly Fluorescent, Strongly Fluorescent. These biopsies were the 
source of the data for the study’s original patient-based PPV and modified biopsy-based PPV, 
but could also be employed for calculation of FNR-FL. 

Note:These biopsies were obtained after removal of the tumor core and the intention was to 
obtain 2 non-FL, 3 Weak FL and 3 Strong FL biopsies. 
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The median values for the numbers of biopsies were: Median FL = 6 ; Median Non-FL = 4.

Note#1: The principal objective of the surgery itself, from the patient’s, and from the surgeon’s 
point of view, was completeness of tumor resection, not the study objective of collection and 
characterization of biopsies. 

Note#2: It is not clear to the Reviewer if any further resectioning was done after removal of the 
tumor core ( as prompted, for example, by fluorescence.)

Note#3:The histology status of each biopsy was determined by a “central neuropathological 
institute.”

Hypothesis Testing: None

Study 30: MC-ALS.30/GLI: Phase II, prospective, single arm, uncontrolled multicenter 
study ( 6/2003 – 9/2005) 

Objectives/Inclusion Criteria:
Patients whose pre-surgery MRI revealed a recurrent unilocular malignant glioma ( Grade 
III/IV) for whom surgery was indicated (and whose KPS  60%) were to be assessed for the ≥
efficacy of fluorescence driven biopsies  in detection of malignant tissue. As with Study28, 
determination of the completeness of tumor resection, carried out independently of the biopsies, 
was a secondary objective.  FL Efficacy was denoted as PPV, and was calculated in the two 
forms defined above for Study28: Patient level and ( subsequently for NDA) biopsy level.

Design

FAS: Patients with surgery for removal of glioma whose subsequent central neuropathological 
assessment confirmed Grade III/IV glioma. ( 33 patients.)

Biopsy Acquisition Protocol: There was a pre-specified surgery protocol for the collection of 
biopsies: after tumor resection, and under WL, the surgeon isolated two areas for acquisition of 
biopsies; one of these areas was classified as Normal by the surgeon, the other as Abnormal. FL 
was then engaged on these areas, and the surgeon had to biopsy Strong FL and Weak FL tissue 
from each area. Additionally, non-FL biopsies were an option, but very few of these were 
acquired, and therefore FNR-FL for this Study would have been as based on only a handful of 
biopsies. 
. 
The median value for FL biopsies = 11 . ( Negligible non-FL biopsies.)

As in Study 28,  the determination of the completeness of tumor resection, which was carried out 
through early Post-Surgery MRI evaluations, was a secondary objective whose connection with 
PPV was not intended to be addressed.
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Hypothesis Testing: None

Study 03: MC-ALS.3/GLI: Phase III, randomized, group sequential, rater-blinded, 
balanced parallel-group, controlled, multicenter study ( 10/1999 to 7/2004).

Original Objectives/Inclusion Criteria:
Patients whose pre-surgery MRI suggested a unilocular malignant glioma ( Grade III/IV) for 
whom surgery was indicated (and whose KPS  70%) were to be assessed for completeness of ≥
tumor resection and the clinical outcome of PFS, as assessed at six  months post-surgery. 

Design
Patients were randomized (1-1) to a Glioma (FL) Arm or to a standard (WL) Surgery Arm. In the 
FL Arm, WL alternated with FL to direct tumor resection. Prior to resection, three areas were 
chosen for acquisition of biopsies: a location in the tumor core, a location in the tumor margin, 
and a third site distant from the tumor. FL was then employed for classification of the tissue to 
be biopsied.
Soon after surgery, completeness of resection was assessed through a centralized read of an early 
post-surgery MRI. As expected, it was overwhelmingly the case that there was Strong FL at the 
core, Weak FL at the margin, and non-FL at the distant site. These biopsies, though currently 
critical for the current PPV endpoint were not related to the original primary endpoints of the 
study ( elaborated below). 

Median FL biopsies = 2 ; Median Non-FL biopsies = 1.

FAS: Patients with surgery for removal of glioma whose subsequent central histopathology 
confirmed Grade III/IV glioma. ( 176 patients in FL Arm; 170 in WL Arm)

Original Primary Endpoints:

(1): Percentage of patients evaluated as tumor-free on post-surgery MRI
       ( Complete surgical resection.)

(2):Percentage of patients with PFS at six months

Original Hypothesis Testing of Endpoints: 

First Stage Testing
Confirm that the Glioma Arm had more patients with complete resection than Standard Arm , as 
determined by early post-surgery MRI. The hypothesis to be rejected here was:

H0: PT = PC   where PX = Proportion of Complete Resections in Arm X,
                                          where X = T = Test or X = C = Control 
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Second Stage Testing ( Conditional on First Stage success):
Confirm that PFS was higher in Glioma Arm. The Hypothesis to reject was:

H0: PT = PC   where PX = Proportion of PFS patients in Arm X,
                                         where X = T = Test or X = C = Control 

Note#1: The principal statistic used for testing at both stages was  a simple Chi-Squared Test, 
although PFS was also evaluated using a log-rank test. The overall Type1 error level was set at 
.05. 

Note#2: These Primary Endpoints were relegated to secondary status for the purposes of the 
currently submitted NDA. However, for completeness, the results for these endpoints are 
presented here:

Both Null Hypotheses were rejected. The Point Estimates were:

For Complete Resection
ResectionTest Complete Resection Proportion = .64 
Control Complete Resection Proportion = .38

For 6 Month Proportion of patients with PFS 
Test PFS Proportion = .36   ; Control PFS Proportion = .22

Section(2): Presentation of the Sponsor’s new Primary Endpoint Results

All three studies, for the purposes of the currently submitted NDA, concentrate the Efficacy 
claim on what the Sponsor calls Biopsy- level PPV, whose definition is presented again below: 

PPV = Percentage among FL biopsies with Positive Histology

Concerning this Endpoint:

(1): No hypothesis was provided per the level of PPV considered to be
       Efficacious for this NDA

(2): The primary calculation was performed across all biopsied sites across all 
       patients That is, it does not provide evaluations per patient.

(3): There were a considerable number of biopsied non-FL sites. The manner
       in which the biopsy sites for FL and non-FL tissue was determined differed  
       from study to study. ( described Study by Study above.) 

Reference ID: 4098437



18

As stated previously, the histology outcomes for the tissue taken from non-FL sites provide for 
a statistic complementary to PPV:

FNR-FL= Percentage among Non-FL biopsies with Positive Histology     

TABLES OF RESULTS

Three Definitions for PPV/FNR-FL are presented in the tables:

Form(1)
BIOPSY PPV
The percentage of fluorescent biopsies that are Histology Positive
This (PPV Case) is the Sponsor’s currently proposed Primary Endpoint

BIOPSY FNR-FL
The percentage of non-fluorescent biopsies that are Histology Positive

Form(2)
WSUB PPV (Within-Subject PPV) 
Each subject provides his/her proportion of FL biopsies that are Histology Positive, and WSUB 
PPV is the average across these “Within-Subject” proportions. 
This (PPV case) is the Reviewer’s preferred  Primary Endpoint

WSUB FNR-FL (Within-Subject FNR-FL) 
Each subject provides his/her proportion of non-fluorescent biopsies that are Histology Positive, 
and WSUB FNR-FL is the average across these “Within-Subject” proportions 

Form(3)

SUB PPV
A subject has a score = 1 if all fluorescent biopsies are Histology Positive 
SUB PPV is the average across these scores
This (PPV case) was the Sponsor’s originally proposed Primary Endpoint
PPV 

SUB FNR-FL
A subject has a score = 1 if at least one non-fluorescent biopsy is Histology Positive
SUB PPV is the average across these scores
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TABLES

The first 3 tables of results to be presented below are based on the various versions of PPV/FNR-
FL.  The overall inference that these tables allow is:

Although PPV  100% , FNR-FL 80%≈ ≈

That is, although FL biopsies are almost always Histology Positive, non-FL biopsies are also 
typically Histology Positive: in about 4 of every 5 cases. 

TABLE#1 (PPV/FNR-FL by evaluation methods – all three studies.)
STUDY 03

PHASE III (170 Subjects)
(Median #Biopsies = 3 ; Median # Fluorescent Biopsies = 2 )

PPV FNR-FL
BIOPSY
(N=319)

WSUB
(N=165)

SUB
(N=165)

BIOPSY
(N=160)

WSUB
(N=143)

SUB
(N=143)

98% 98% 96% 81% 79% 80%

STUDY 28
PHASE II  ( 33 Subjects) 

(Median #Biopsies = 9 ; Median # Fluorescent Biopsies = 6 )
PPV FNR-FL

BIOPSY
(N=183)

WSUB
(N=33)

SUB
(N=33)

BIOPSY
(N=112)

WSUB
(N=33)

SUB
(N=33)

96% 96% 85% 76% 76% 94%

STUDY 30
PHASE II  (36 Subjects)

(Median #Biopsies = 11; Median # Fluorescent Biopsies = 11 )
PPV FNR-FL

BIOPSY
(N=345)

WSUB
(N=33)

SUB
(N=33)

97% 97% 78% N/A N/A N/A
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Comments per Table(1)
(1): The Sponsor’s original PPV was overly strict. For instance, if a subject had 6 fluorescent 
biopsies, and 5 of these were Histology Positive, then the Test was a failure for this subject since 
one of the fluorescent biopsies was Histology Negative. Under the Reviewer’s WSUB PPV, this 
subject’s PPV =  5/6 = .83.
However, overall, in the current studies there is not much difference between BIOPSY PPV and 
WSUB PPV. An advantage of WSUB PPV is that is simplifies statistical calculations.
(3): FNR-FL is problematic. Consider, for instance BIOPSY FNR-FL for Study 03 which has 
value = .81. This means that about 4 out of every 5 non-fluorescent biopsies are actually 
Histology Positive ( 81%). 

A complementary look at FL in terms of Histology Cellularity
(1): Surgeons rated FL by levels: 
NONE / WEAK / STRONG
(2): Histology provides a level of malignancy in terms of cellularity, which is partitioned below 
into:
0 = NORMAL = No Cancer ;   1%-50% = LOW ;  51% - 100% = HIGH  
The Table below details the correlations between the Surgeon FL estimate and the 
Histopathology Level

TABLE#2 ( Fluorescence Level versus Histology Cellularity Level)
STUDY 03

HISTO = NEG HISTO = LOW HISTO = HIGH TOTAL
FL = NONE 30   (19%) 102  ( 64%) 28     (17%) 160
FL = WEAK 5     (3%) 55    (33%) 106   (64%) 166
FL = STRONG 2     (1%) 7      (5%) 144    (94%) 153

STUDY 28
HISTO = NEG HISTO = LOW HISTO = HIGH

FL = NONE 27   (24%) 77    (69%) 8    (7%) 112
FL = WEAK 7     (8%) 60    (67%) 23   (25%) 90
FL = STRONG 0 10   (11%) 83   (89%) 93

STUDY 30
HISTO = NEG HISTO = LOW HISTO = HIGH

FL = NONE N/A N/A N/A N/A
FL = WEAK 8   (4%) 39   (22%) 137   (74%) 184
FL = STRONG 3   (2%) 29   (18%) 129   (80%) 161

ALL STUDIES COMBINED
HISTO = NEG HISTO = LOW HISTO = HIGH

FL = NONE 57  (21%) 179    (66%) 36     (13%) 272
FL = WEAK 20  (5%) 154    (35%) 266   (60%) 440
FL = STRONG 5    (1%) 46      (11%) 356   (87%) 407
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Comment on ALL STUDIES COMBINED part of the table:
4 of 5 non-FL biopsies are Histology Positive, and 84% among these Positives have Low 
Cellularity
95% of Weak FL-biopsies are Histology Positive, and 63%  among these Positives have High 
Cellularity 
99% of Strong FL-biopsies are Histology Positive, and 88% among these Positives have High 
Cellularity 

The Table below takes a separate look at Study03 ( Phase III) in terms of
Correlations between  the regions where biopsies were acquired and the corresponding FL and 
histology results. The data is restricted to patients from  whom exactly three biopsies were 
acquired ( Core/Margin/Distant): 139 patients. 

Terms used in Table:
SF: Strong Fluorescence  ;  WF: Weak Fluorescence ; NF = No Fluorescence
POS: Positive Histology ; NEG: Negative Histology 

Table(3): Study03 Biopsy Region versus Fluorescence & Histology 
SF & POS SF & NEG WF & POS WF & NEG NF & POS NF & NEG

CORE 114
(82%)

1 14
(10%)

0 10
(7%)

0

MARGIN 12
(9%)

0 116
(83%)

4 7
(5%)

0

DISTANT 0 0 2 0 108
(78%)

29
(21%)

Comments
Each row presents results for 139 biopsies.
For Core Biopsy: 82% ( about 4 in 5) biopsies are both SF & Histology Positive
For Margin Biopsies: 83% ( about 4 in 5) biopsies are both WF & Positive
For Distant Biopsies 78% ( about 4 in 5) biopsies are Both NFL & Positive  
Thus the fluorescence profile correlates with expectations:
Core = Strong FL ; Margin = Weak FL ; Distant = Non-FL. 

But these results raise a problem regarding the added value of fluorescence: If  FL levels can be 
predicted per biopsy site, what diagnostic differential does tFL provide? The added value of a 
new diagnostic can be thought of as its ability to decide correctly per Positive/Negative disease 
status in cases where the standard diagnostics are ambiguous. Gleolan might possess this added 
value, but the sites where biopsies were obtained in the Phase III Study ( Core/Margin/Distant) 
merely allows Gleolan to confirm the obvious. 
Thus, if we defaulted to Core/Margin = FL; Distant = Non-FL, we’d achieve diagnostic success 
effectively equivalent to Gleolan. This equivalence is, of course, a consequence of the manner in 
which biopsies were obtained; a more discriminating protocol for biopsy acquisition might have 
been more informative. However, the Study, as originally designed, provided biopsies only for 
secondary analyses; their incorporation into current primary analyses was post-hoc.
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Additional Tables
The next two tables concentrate on Study03 and address its original primary endpoints of 
Completeness of Resection and 6 month PFS. These tables are included here for completeness of 
presentation of this study; their content is not directly tied to the Sponsor’s current imaging 
claim, which concentrates on PPV, but is intended to examine, primarily, the possibility of 
correlations between  PPV, Completeness of Resection and PFS at 6 months. The values in these 
tables were provided by the Sponsor per Reviewer request (Request3/31/17; Response 4/7/17).

Table#4: Six Month Status versus Early Post-Surgery MRI Resection Status
TEST

Resection 
Status

N
Total

N
Progression, Alive

N
Progression Free

Complete 112/176

(64%)

45/112

(40%)

48/112

(43%)
Incomplete 64/176

(36%)

32/64

(50%)

16/64

(25%)
All Patients 176 77/176

(44%)

64/176

(36%)

CONTROL
Resection 

Status
N

Total
N

Progression, Alive
N

Progression Free
Complete 65/173

(38%)

39/65

(60%)

23/65

(35%)
Incomplete 108/173

(62%)

67/108

(62%)

15/108

(14%)
All Patients 173 106/173

(61%)

38/173

(22%)

Note#1: % under “N Total” are calculated vertically; other % values horizontally
Note#2: Row sums for Progression exclude deaths/missing data.
Comments per Table:
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Calculation of 2-Sided 95% CIs for various Differences using Table(5)

For Resections:
Let DR = Test Complete Rate minus Control Complete Rate = .64 - .38 = .26
Then the 2-Sided 95% CIs is:   DRT CI = .26 +/- .10 = ( .16 , .36 )

For PFS Conditioned on Resection Status
For Test:
Let PFS( Test, Complete)   =PFS Rate given Complete Resection,  Test Arm =  .43
Let PFS(Test, Incomplete) =PFS Rate given Incomplete Resection, Test Arm = .25
Let DPFS(Test) = PFS(Test, Complete ) – PFS( Test, Incomplete) = .18
Then the 2-Sided 95% CI is: DPFS(Test) = .18 +/-.14 = ( .04, .32)

For Control:
Let PFS(Control, Complete) =PFS Rate  given Complete Resection, Control = .35
Let PFS(Control, Incomplete)=PFS Rate given Incomplete Resection,Control = .14
Let DPFS(Control) = PFS(Control, Complete ) – PFS( Control, Incomplete) = .21
Then the 2-Sided 95% CI is: DPFS(Control) = .21 +/-.07 = ( .14, .28)

Thus, using a CI approach, there is evidence that:

(a): Test Complete Resection Rate > Control Complete Resection Rate

And, conditioned on Resection Status:

(b): Test PFS Rate on Complete > Test PFS Rate on Incomplete 

(c): Control PFS Rate on Complete > Control PFS Rate on Incomplete

Six month PFS rates are better on Complete Resection patients, regardless of Arm, and 
Complete Resection rates are better on Test Arm versus Control Arm.
Thus, if PPV/FNR-FL could be directly related to Complete Resection Rates, in the sense that 
high PPV and low FNR-FL determined high Complete Resection rates, then we’d have evidence 
that FL biopsy efficacy correlated with improved PFS levels. However, PPV is already near 
100%, therefore uninformative; the possibility of correlations between Complete Resection rates 
and FNR-FL. The data available for investigating this possibility is restricted to Study 03; a table 
addressing this possibility is presented below.  
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Table(5): Study03: Relationship of FNR-FL to Complete Resections
 

Resection Status
Complete Incomplete

Histology Negative
( N = 29 )

12/29
(41%)

17
(59%)

Histology Positive
( N = 108 )

38/108
(35%)

68
(65%)

There were 137 patients with Complete Resection data
There were 135 patients with Distant Biopsy Non-FL data
29 were histology Negative ; 108 were histology Positive

Informal Hypothesis: If tissue corresponding to Non-FL biopsies is not resected, then patients for 
whom such tissue was histology positive could be expected to have malignant residue on the 
Post-MRI than patients for whom such tissue was histology negative. The table above presents 
the values:
% Complete Resection patients among Histology Negatives =  41% 
% Complete Resection patients among Histology Positives  =  35% 
Difference = 6% ( Not statistically significant )
Thus, this approach does not provide a link between biopsy level outcomes and Complete 
Resection rates.  
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Section(3): Principal Imaging Issues 

For the purposes of the NDA, the three studies under review concentrated on the single Primary 
Endpoint of  biopsy-level PPV for evaluation of Gleolan Efficacy. Several observations are in 
order relative to this concentration and its potential consequences:

Comment (1): 
PPV at the overall biopsy-level has the potential to mask PPV at a patient level. The approach 
taken in this statistical evaluation of the three studies is to supplement this version of PPV with 
“Within-Subject” PPV. The results obtained in this alternative approach are consistent with the 
biopsy-level results:

Study03: Biopsy PPV =  Within-Subject PPV =   98% 
Study28: Biopsy PPV =  Within-Subject PPV =   96% 
Study30: Biopsy PPV =  Within-Subject PPV =   97% 

Comment (2) 
The conclusion per results for the primary endpoint of PPV is:
(A): If tissue fluoresces, it is cancerous ( almost every case)

This leaves unexamined the level (FNR-FL) at which the following holds:
(B):If tissue doesn’t fluoresce, it is also cancerous ( about 4 in 5 cases)

Thus, there is no doubt that FL tissue detected additional to WL represents the possibility for a 
more complete resection than does WL alone, provided such tissue is safe to resect. However, the 
histology positive status of most of the biopsied Non-FL tissue, along with the assumption that 
such tissue would not be resected,  indicates that the increased level of resection attributable to 
FL does not necessarily rise to the level of the most complete resection possible.    

Comment(3)
The results for original endpoints in the Phase III Study (Study 03) , namely percentages of 
Complete Resection and percentages of patients with PFS at 6 months, suggest that FL has
advantages over WL from the perspective of the patient. However, the NDA focuses on 
“Visualization”, in particular, on PPV, and although PPV achieves near perfect values in all three 
studies, a direct connection between this endpoint and Complete Resection/PFS was not 
provided by the Sponsor or discovered by the Reviewer.   

In conclusion:
Although the results of these studies regarding the primary endpoint of PPV are supportive of a 
Visualization claim, and the results, for instance, for secondary endpoints more closely allied 
with patient benefit, such as Complete Resection levels and PFS, are suggestive of such benefit, 
no link has been established between these endpoints and PPV. 
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3.2.1 Statistical Methodologies

The statistics employed for the primary endpoint and its analyses under review were elementary 
and there was no hypothesis testing. For the principal secondary endpoints of Complete 
Resection and 6 month PFS, the Sponsor used simple chi-squared tests (and, additionally, for 
overall PFS and OS, survival statistics.)

3.2.2 Patient Disposition, Demographic and Baseline Characteristics

Patient Disposition
STUDY03

Gleolan Arm
Study 28 Study 30

Allocated 207 39 40
Histology Criterion not Met 21 2 2
Other 10 4 2
FAS 176 33 36

Demographics
STUDY 03

Gleolan Arm
Study 28 Study 30

Gender:
Male 104 18 25
Female 72 15 11

Age Group
 55 yrs≤ 55 13 17

> 55 yrs 121 20 19

3.2.3 Results and Conclusions

In conclusion, the high levels for PPV and several additional results of an exploratory nature, 
such as higher Completeness of Resection levels for FL Arm patients compared to WL Arm 
patients contribute to a totality of evidence favorable to approval of Gleolan as an intra-operative 
adjunct to standard surgery procedures for patients with malignant glioma.  

3.3 Evaluation of Safety 

No significant safety issues ( See Clinical Review.)
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4 FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

4.1 Gender, Race, Age, and Geographic Region

All three studies were carried out in Germany; race subpopulations were therefore not 
represented. The biopsy-level results for Gender and Age Group are presented below only for the 
Gleolan Arm of the Phase 3 Study since the Control Arm played no role in assessment of PPV 
and FNR-FL and the Phase 2 studies were too small to provide evidence of trends. 

Gender:

PPV( Male)        = 97%  based on 189 biopsies ; PPV( Female)       = 98% based on 130 biopsies

FNR-FL( Male) = 81%  based on   94 biopsies ;  FNR-FL( Female) = 82% based on 66 biopsies

Age Group

PPV(>55)          = 97%  based on 233 biopsies ; PPV( <=55 )    = 99% based on 86 biopsies

FNR-FL( >55) =  81%  based on 116 biopsies ;  FNR-FL(>55 ) = 81% based on 44 biopsies

4.2 Other Special/Subgroup Populations

N/A

5 SUMMARY AND CONCLUSIONS

5.1 Statistical Issues 

Several statistical issues attach to this NDA:

(1): Hypothesis Testing was missing: The analyses were therefore limited to exploratory 
exercises based on estimation. 

(2): The primary endpoint was imposed post-hoc on the Phase 3 Study and raised from 
secondary to primary status in the Phase 2 studies. The analyses relevant to this secondary 
endpoint had been provided for the Phase 2 studies; the Sponsor claims the data relevant to this 
endpoint were locked and not analyzed prior to its  elevation to primary status in the Phase 3 
Study.
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(3): The reduction of Efficacy evaluations to the performance provided for a single primary 
endpoint is unusual in Medical Imaging where there is always a concern that a diagnostic might, 
for instance, “overcall” disease, and therefore a complementary statistic that sheds light on this 
possibility should be in place.

5.2 Collective Evidence

The high levels for PPV and several additional results of an exploratory nature, such as higher 
Completeness of Resection levels for FL Arm patients compared to WL Arm patients contribute 
to a totality of evidence favorable to approval of Gleolan as an intra-operative adjunct to 
standard surgery procedures for patients with malignant glioma.  

5.3 Conclusions and Recommendations

This NDA proposed no hypothesis testing: PPV was estimated in each of the three studies and 
was presumably to be evaluated for Efficacy on its own merits due to its near perfect scores:

PPV > 96% in all three studies. Effectively, FL tissue is virtually always histology positive. But 
PPV levels are affected by high tissue malignancy prevalence and not completely reliable as a 
“stand alone” endpoint in characterizing performance.  

However, the analyses provided in this statistical review supplemented PPV with evaluations of 
False Negative Rates:

FNR-FL = % of histology positives among non-FL biopsies.

These rates were also high – about 4 in 5 non-FL biopsies were histology positive - indicating 
that a discrimination of the form: FL implies disease presence, non-FL implies disease absence, 
was not achieved by Gleolan.

However, exploratory secondary analyses of the results achieved in the Phase 3 Study provided 
some evidence that Gleolan FL correlates with more complete tumor resection, but these results 
are subject to (unintentional) operator bias because the blinding of surgeon could not be 
implemented. Moreover, the connection between Gleolan FL and resection levels has proven 
difficult to uncover.

In conclusion, the high levels for PPV and several additional results of an exploratory nature, 
such as higher Completeness of Resection levels for FL Arm patients compared to WL Arm 
patients contribute to a totality of evidence favorable to approval of Gleolan as an intra-operative 
adjunct to standard surgery procedures for patients with malignant glioma.  
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