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1. Executive Summary

The applicant has submitted this NDA for BF-200 ALA 10% (Ameluz®), which is a non-
sterile topical formulation of 10% 5-aminolevulinic acid (5-ALA) hydrochloride 
(equaling 7.8% of free acid) in a gel-matrix with nanoemulsion. The BF-200 ALA 10% 
gel will be used in combination with red-light photodynamic therapy (PDT) performed 
with BF-RhodoLED® lamp for the  treatment of actinic keratosis (AKs) of mild to 
moderate severity on the face and scalp. 5-ALA is an endogenous substance and is a pro-
drug. It is metabolized into protoporphyrin IX (PpIX), a photoactive compound which 
accumulates in the skin. When exposed to red light of a suitable wavelength and energy, 
PpIX is activated resulting in an excited state of porphyrin molecules, which in presence 
of oxygen destroys the cells producing drug effect. This product is intended as a single 
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dose treatment to occur in the clinician’s office. Treatment could be repeated after 3 
months if treated lesions have not resolved completely.

This product is considered as a drug-device combination by the Agency. The applicant 
has proposed to use a 505(b)(1) regulatory pathway.

Reviewer comments: The terms 5-aminolevulinic acid (5-ALA) and aminolevulinic acid 
(ALA) have been used interchangeably by the applicant and also in this review. Both 
terms mean the same thing.

In order to support this NDA the applicant has conducted the following clinical trials:
• ALA-AK-CT-005: Skin sensitization potential of BF-200 ALA 10%
• ALA-AK-CT-006: Maximal use pharmacokinetics (PK) trial
• ALA-AK-CT-007: Phase III efficacy and safety trial
• ALA-AK-CT-003: Phase III efficacy and safety trial
• ALA-AK-CT-002: Phase III efficacy and safety trial including an active control 

arm (Metvixia®)
• ALA-AK-CT-001: Phase IIb dose finding study

1.1 Recommendation

From a Clinical Pharmacology standpoint, this application is acceptable provided the 
labeling comments are adequately addressed by the applicant.

1.2 Post-Marketing Requirements/Commitments

None.

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

Pharmacokinetics: 
The applicant assessed PK of 5-ALA and PpIX via serial sampling in the maximal use 
PK trial (ALA-AK-CT-006) and in Phase IIb dose finding study (ALA-AK-CT-001).  
The Phase IIb trial was not conducted with the to-be-marketed formulation and light 
source and was not reviewed in detail.

The maximal use PK trial enrolled 12 adult subjects with at least 10 mild or moderate AK 
lesions on the face and forehead. The clinical staff applied 2 g of vehicle gel or BF-200 
ALA 10% gel (1 tube) at a thickness of about 1 mm to the lesions and the surrounding 
areas covering approximately 20 cm² area. The application area was covered with an 
occlusive dressing for about 3 hours after which the excess gel from the treatment area 
was wiped off and the treatment area was illuminated with an LED narrow spectrum 
device (BF-RhodoLED®, emission at around 635 nm, light dose approximately 37 J/cm²). 
Each subject received first a vehicle gel treatment with PDT and after a wash-out period 
of 7 days, the subject received a second PDT treatment with BF-200 ALA 10% gel. The 
same AK lesions/areas were treated in both periods.  
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Systemic concentrations of 5-ALA were quantifiable in all subjects. The mean ± SD 
baseline concentrations of 5-ALA and PpIX were 20.16 ± 16.53 ng/mL and 3.27 ± 2.40 
ng/mL, respectively. After application of the vehicle gel, the mean plasma concentrations 
of 5-ALA were similar compared to baseline. After application of BF-200 ALA 10%  gel, 
the mean plasma concentrations of 5-ALA increased compared to baseline and the 
baseline corrected mean ± SD Cmax (maximum concentration), AUC0-t (area under the 
concentration time curve) and median tmax (time at which Cmax occurred) were 27.19 ± 
20.02 ng/mL, 142.83 ± 75.50 ng*h/mL, and 3.00 h, respectively. Baseline corrected 
systemic concentrations of PpIX was estimated only in one subject due to the values 
being negative in other subjects. The baseline corrected Cmax and AUC0-t in the single 
subject was 0.29 ng/mL and 0.07 ng*h/mL, respectively. 

Drug formulation and light source: The applicant made changes to the formulation 
during development and the Phase IIb dose finding study was conducted using old 
formulation. The maximal use PK trial and the 3 Phase III safety and efficacy trials were 
conducted with the to-be-marketed formulation of BF-200 ALA 10%, gel. The maximal 
use PK trial was also conducted with the to-be-marketed light source. Only one Phase III 
trial (ALA-AK-CT-007) was conducted with the to-be-marketed light source. 
Information about the changes in the formulation is provided in Section 2.6.2 in this 
review. See Clinical review for information on comparability of different light sources 
used in the different clinical trials.

Drug interaction assessment: The applicant has not conducted any drug-drug interaction 
(DDI) assessment and in this case. DDI assessment is not needed because this is a single 
dose treatment only to be repeated after 3 months if treated lesions have not resolved 
completely; hence drug interaction potential is expected to be limited. In addition, the 
drug substance ALA is an endogenous substance and exogenous application of BF-200 
ALA 10% gel resulted relatively small increase (~2.5 fold) in mean systemic 5-ALA 
concentration for a duration of up to approximately 6 hours. Therefore, drug interaction 
assessment is not warranted. 
 
Pediatric assessment: The applicant has requested a full waiver for pediatric assessment 
in subjects 0 to 16 years and 11 months of age due to low prevalence of AK in this age 
group. This application was reviewed by the Pediatric Review Committee (PeRC) on 
December 02, 2015 and the PeRC agreed to the waiver request (see meeting minutes in 
DARRTS dated December 15, 2015).

Clinical Pharmacology Briefing: An Optional Intra-Division Level Clinical 
Pharmacology briefing was held on March 02, 2016 with the following in attendance: 
CAPT. E. Dennis Bashaw, Doanh Tran, Yanhui Lu and Chinmay Shukla.
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2. Question Based Review

2.1 General Attributes

2.1.1 What regulatory pathway has the Applicant followed?

This product is considered as a drug-device combination by the Agency. The applicant 
has proposed to use a 505(b)(1) regulatory pathway. 

Reviewer Comments: In the United States, the following 2 photodynamic therapies are 
approved for the treatment of AK:

NDA No. Approval Date Brand Name Active Ingredient Light to be used
12/03/1999 Levulan® 20% 

Solution
Aminolevulinic 
acid HCl

Blue light (BLU-U) 

021415 07/27/2004 Metvixia® 

16.8% Cream
Methyl 
aminolevulinate

Red light (Aktilite 
CL 128)

Both aminolevulinic acid HCl and methyl aminolevulinate are prodrugs and are 
converted into their active form called Protoporphyrin IX (PpIX) in the body. 
Aminolevulinic acid is an endogenous substance produced as the 1st compound in the 
porphyrin synthesis pathway which produces heme (the pigment in red blood cells).

2.1.2 What are the highlights of the chemistry and physical-chemical properties of the 
drug substance and the formulation?

Drug substance and Formulation: BF-200 ALA 10% gel is a non-sterile  
 nanoemulsion gel formulation containing 10% of 5-aminolevulinic acid 

hydrochloride (ALA.HCl) (equal to 7.8% of the 5-aminolevulinic acid as free acid). The 
gel is packaged in a  aluminum tube and the nominal content of each tube is 2 g. 
The qualitative and quantitative composition of the formulation is given in the Table 1 
below and the structural formula of ALA.HCl (molecular weight = 167.59) is shown in 
Figure 1 below.

Figure 1: Structural formula of 5-aminolevulinic acid hydrochloride
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Proposed route of administration:  Topical

Proposed dosage:  Apply AMELUZ®gel approximately 1 mm thick to cover the single 
lesions or the entire cancerized field and approximately 5 mm of the surrounding skin. 
Application area should not exceed 20 cm2 and no more than 2 grams of AMELUZ® gel 
(one tube) should be used at one time.

2.2 General Clinical Pharmacology

2.2.1 What are the clinical trials conducted to support this application?

Summary of clinical trials conducted to support this application are shown in Table 2.

Table 2: Summary of clinical trials 
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2.2.2 What are the design features of the clinical pharmacology studies and what were 
the pharmacokinetic (PK) results?

The systemic exposure of ALA and PpIX was assessed in 2 studies as shown below. 
• Phase I maximal use PK trial (ALA-AK-CT006)
• Phase IIb dose finding study (ALA-AK-CT001)

Phase I maximal use PK trial (ALA-AK-CT006): This was a single center, non-
randomized, open-label, placebo-controlled, fixed-sequence Phase I study to evaluate the 
pharmacokinetics (PK) of ALA and PpIX in subjects with AK following topical 
application of a gel formulation containing 78 mg/g ALA (BF-200 ALA, brand name 
Ameluz®) under maximal use conditions when using photo dynamic therapy (PDT).

Study design and number of subjects: 12 adult subjects with at least 10 mild or moderate 
AK lesions on the face and forehead were studied. After preparation of lesional skin by 
removal of scales and crusts and gentle roughening and degreasing of the skin surface 
with an isopropanol soaked cotton pad, 2 g of vehicle gel or BF-200 ALA 10% gel (1 
tube) was applied at a thickness of about 1 mm to the lesions and the surrounding areas 
covering approximately 20 cm², and covered with an occlusive dressing for about 3 
hours. After 3 hours, the remaining gel was removed and the treatment area was 
subsequently illuminated with an LED narrow spectrum device (BF-RhodoLED®, 
emission at around 635 nm, light dose approximately 37 J/cm²). Each subject received 
first a vehicle gel treatment with PDT first, and after a wash-out period of 7 days, the 
subject received a second PDT treatment with BF-200 ALA 10% gel. The same 
lesions/areas were treated in both periods.  

The study was performed in 2 phases: a pilot phase with 3 subjects and additional 9 
subjects were treated in the main phase.  Plasma samples for PK assessment was obtained 
at -0.5 and - 0 h prior to application of the gel and at 0.5, 1, 1.5, 2, 2.5 and 3h after 
vehicle or Ameluz® gel application but before starting illumination and  at 3.5, 4, 5, 6, 8, 
10, 12 and 24 h after start (t = 0 h) of placebo or Ameluz® application.  Plasma 
concentrations of ALA and PpIX were used for obtaining baseline corrected plasma 
concentrations-time curves and calculation of the PK parameters.

Reviewer comments: The trial enrolled only subjects having at least 10 AK lesions on 
face or forehead with a total topical treatment area of approximately 20 cm2 (including 
at least 5 mm side margin of each lesion). As per the applicant, the size of the treatment 
area roughly corresponded to the maximal area that can be treated with a single package 
(2 g tube) of Ameluz® gel. 

The Phase 3 trials (ALA-AK-CT007, ALA-AK-CT003 and ALA-AK-CT002) applied one 2 
g tube of gel to an area of 20 cm2 in subjects with mild to moderate AKs with at least 4 to 
8 lesions. Hence the design of the maximal use trial compliments the Phase 3 trials in 
terms of number of AK lesions treated and the total amount of gel used.
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PK results:  All subjects showed 5-ALA concentrations above LLOQ at all sampling time 
points. The mean ± SD baseline concentration of ALA was 20.16 ± 16.53 ng/mL. After 
application of the vehicle gel, the mean plasma concentrations of ALA were similar 
compared to baseline. However, after application of BF-200 ALA gel, the mean plasma 
concentrations of 5-ALA increased compared to baseline. The summary of PK 
parameters is shown in Table 3 below.

Table 3: Summary of baseline corrected PK parameters of 5-ALAfollowing application 
of Ameluz® Gel (Total number of subjects = 12)
Statistical parameter AUC0-t (h*ng/mL) Cmax (ng/mL) tmax (ng/mL)

No. of subjects 11 11 11
Mean 142.83 27.19 2.96

SD 75.50 20.02 0.41
Median 171.58 22.89 3.00

Minimum 33.20 4.76 2.50
Maximum 269.44 77.53 3.50

Reviewer comments: In one subject (19004) the baseline concentrations of ALA was 3 
fold higher in the second period (Ameluz® gel treatment) compared to first period 
(Placebo gel treatment). The reason for this increase in baseline values could not be 
explained. The baseline corrected concentrations of 5-ALA for subject 19004 resulted in 
negative values and hence mean PK parameters could be estimated only in 11 subjects.   

Figures 2 and 3 show the baseline uncorrected and baseline corrected concentration 
versus time profiles of 5-ALA after application of Ameluz and placebo gel

Figure 2: Baseline uncorrected mean plasma concentration-time profile of 5-ALA after 
application of Ameluz® gel and placebo gel (LLOQ = 1 ng/mL)
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Figure 3: Baseline corrected mean plasma concentration-time profile of 5-ALA after 
application of Ameluz® gel and placebo gel (LLOQ = 1 ng/mL)

The concentrations of PpIX were generally low in all subjects. In none of the subjects, an 
increase of PpIX plasma concentrations was observed after application of BF-200 ALA 
compared to baseline. The mean ± SD baseline PpIX concentration was 3.27 ± 2.40 
ng/mL. Baseline corrected PK parameters could not be reliably estimated in most of the 
subjects due to negative PpIX concentration values. The baseline corrected Cmax and 
AUC0-t could be estimated only in one subject and the values were 0.29 ng/mL and 0.07 
ng*h/mL, respectively. Figure 4 shows baseline uncorrected concentration versus time 
profile for PpIX. Baseline corrected concentration versus time profile could not be 
produced due to negative values of baseline corrected concentrations. 

Figure 4: Baseline uncorrected mean plasma concentration-time profile of PpIX after 
application of Ameluz® gel and placebo gel (LLOQ = 1 ng/mL)
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Reviewer comments: Looking at the concentration versus time profiles of placebo, there 
appears to be no circadian rhythm in the baseline profiles of 5-ALA and PpIX. 

PK assessment following application to the scalp: The applicant has not assessed PK 
following application to the scalp. Application to the scalp might result in an increase in 
systemic exposure. However, because of several reasons, namely (1) The systemic 
exposure increase relative to endogenous concentration observed with application to the 
face was small and limited to about 6 hours duration, (2) Lack of systemic safety signals 
following drug application to the scalp and face in the Phase III trials, and (3) Lack of 
any systemic safety concerns based on animal toxicity data (see Pharmacology-
Toxicology review for further details), requiring the conduct of a maximal use PK 
assessment following application to the scalp as a Post Marketing Requirement (PMR) is 
not warranted. 

Phase IIb dose finding study (ALA-AK-CT001): This was a Phase II dose-ranging study 
in subjects with AK.

Study design: In this randomized, placebo-controlled, double-blind study, BF-200 ALA 
gel (old formulation) was administered at concentrations of 1, 3, or 10% and compared to 
vehicle. Incubation time was 3 h. A total of 105 adult subjects with AK were enrolled and 
PK evaluation was performed in a subset of 26 subjects (n= 5-7 subjects per gel 
concentration). Plasma PK samples were obtained at baseline and 3 h and 24 h after the 
start of the incubation. In addition, urine was collected for a period of 24 h before start of 
treatment and for 24 h following drug application. Concentrations of 5-ALA and its 
metabolite PpIX, were determined in plasma; urinary excretion was determined for 5-
ALA only.

PK results: 5-ALA and PpIX in human plasma were analyzed by a validated HPLC 
method. Due to low systemic concentrations, plasma samples had to be reassessed after 
spiking with 5-ALA and PpIX, respectively, to obtain quantifiable values (standard 
addition method). 

Reviewer comments: The bioanalytical method used to analyze PK samples from this 
trial was different as compared to maximal use PK trial. HPLC with fluorescence 
detection was used to quantify 5-ALA concentrations (LLOQ = 10 ng/mL) and HPLC 
with mass spectrometry was used to quantify PpIX plasma concentrations (LLOQ = 5 
ng/mL); while LC MS/MS was used to quantify 5-ALA (LLOQ = 1 ng/mL) and PpIX 
(LLOQ = 1 ng/mL) concentrations in the maximal use PK trial. Furthermore, the 
formulation used in this trial was not the to-be-marketed formulation (see Section 2.6.2 
for further details on formulation modifications). In addition to the above, because of 
spiking of samples with 5-ALA and PpIX, the PK results from this trial are not considered 
reliable and hence not discussed in this review. Due to the aforementioned reasons, the 
results of this trial will have little impact on regulatory decision and hence this trial is 
not reviewed in detail in this submission.

2.2.3 Did the applicant assess drug metabolism?
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The applicant has not conducted any new drug metabolism studies because the metabolic 
fate of endogenous ALA is well known. The applicant has provided the following 
information about the metabolic fate of ALA based on published literature. Enzyme 
aminolevulinic acid dehydratase (ALAD) condenses 2 molecules of ALA to form the 
monopyrrole porphobilinogen (PBG). Enzyme PBG deaminase catalyzes the 
polymerization of four molecules of PBG to hydroxymethylbilane.  Hydroxymethylbilane 
is further metabolized to uroporphyrinogen I and III (by enzyme uroporphyrinogen 
cosynthase). Uroporphyrinogen decarboxylase sequentially removes a carboxylic group 
from the acetic side chains of each of the pyrrole rings to yield coproporphyrinogen. 
Coproporphyrinogen oxidase removes a carboxyl group from the propionic groups on 2 
of the pyrrole rings to yield protoporphyrinogen IX. Enzyme protoporphyrinogen oxidase 
forms PpIX by removing 6 hydrogen atoms from protoporphyrinogen IX. 

Reviewer comments: The applicant has assessed PK of metabolite PpIX in the maximal 
use PK trial.

2.2.4 What is the summary of efficacy?

The summary of efficacy from the 3 Phase III trials is shown in Table 4. The primary 
endpoint was complete clearance by PDT. See Clinical review for further details.

Table 4: Complete patient clearance by PDT in the 3 Phase III trials

2.2.5 What is the summary of safety?

The clinical program for Ameluz® included 3 Phase III studies enrolled a total of 780 
subjects with mild to moderate AKs (with 4 to 8 lesions) on the face and scalp. Overall, 
87 placebo-treated subjects and 212 Ameluz® treated subjects were illuminated with BF-
RhodoLED® or similar narrow spectrum lamps in the 3 Phase III trials studies (ALA-
AKCT003, ALA-AK-CT007 and ALA-AK-CT002). The rest of the subjects were 
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illuminated with lamps having a broader light spectrum. The summary of safety provided 
below is for the 212 subjects treated with Ameluz® in the 3 Phase III trials who were 
illuminated with BF-RhodoLED® or similar narrow spectrum lamps.

Local skin reactions at the application site were observed in about 99.5% of subjects 
treated with Ameluz® and narrow spectrum lamps. The most frequent adverse reactions 
during and after PDT were application site erythema, pain, irritation, edema, pruritus, 
exfoliation, scab, induration and vesicles. Most adverse reactions occurred during 
illumination or shortly afterwards, and as per the applicant they were generally of mild or 
moderate intensity, and lasted for 1 to 4 days in most cases. In some cases, the local skin 
reactions persisted for 1 to 2 weeks or even longer. In rare cases, the adverse reactions 
required interruption or discontinuation of the illumination. There were no major 
systemic adverse events reported except for headache and chills. For further information, 
see Clinical review.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually) 
and/or response, and what is the impact of any differences in exposure on efficacy or 
safety responses?

2.3.1.1 Effect of age and gender on PK

The applicant has not evaluated the effect of age and gender on the PK of ALA and PpIX.

2.3.2 Pediatric subjects

The applicant has requested a full waiver for pediatric assessment in subjects 0 to 16 
years and 11 months of age due to low prevalence of AK in this age group. This 
application was reviewed by the Pediatric Review Committee (PeRC) on December 02, 
2015 and the PeRC agreed to the waiver request (see meeting minutes in DARRTS dated 
December 15, 2015).

2.3.3 Renal and hepatic impairment

The effect of renal and hepatic impairment on PK of ALA and PpIX was not evaluated by 
the applicant

2.3.4 What pregnancy and lactation use information is there in the application?

The applicant has not conducted any trials in pregnant and lactating women.

2.4 Extrinsic Factors
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Table 6: Summary of the formulations used during development

2.5.3 What data support or do not support a waiver of in vivo BE data?

The to-be-marketed formulation was used in the maximal use PK trial (ALA-AK-CT006) 
and the 3 Phase III trials (ALA-AK-CT002, ALA-AK-CT003 and ALA-AK-CT007). 

2.5.4 What is the effect of food on the bioavailability (BA) of the drug from the dosage 
form? What dosing recommendation should be made, if any, regarding administration 
of the product in relation to meals or meal types?

Effect of food on the BA is not evaluated for topical formulations.

2.6Analytical Section

2.6.1 How are the active moieties identified, and measured in the clinical trials? 

ALA and PpIX concentrations in the plasma samples of the maximal use PK trial (ALA-
AK-CT006) were analyzed using high performance liquid chromatography and tandem 
mass spectrometry (LC-MS/MS).

2.6.2 Which metabolites have been selected for analysis and why?
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PpIX was the metabolite selected for analysis because ALA is a pro-drug which is 
metabolized into PpIX. During photodynamic therapy PpIX is activated resulting in an 
excited state of porphyrin molecules which are responsible for drug activity. 

2.6.3 For all moieties measured, is free, bound, or total measured? 

Total concentration was measured.

2.6.4 What is the range of the standard curve? How does it relate to the requirements 
for clinical studies?

The range of standard curve was:
• For 5-ALA: 1 ng/mL to 100 ng/mL
• For PpIX: 1 ng/mL to 100 ng/mL

ALA plasma concentrations in the maximal use PK trial were within the range of the 
assay. Plasma PpIX concentration were measurable in approximately 45% of the plasma 
samples and in approximately 55% of the samples the PpIX concentrations were below 
the LLOQ of the assay.

2.6.5 What are the accuracy and precision at LLOQ?

Inter-Day Intra-DayAnalyte
Accuracy Precision Accuracy Precision

5-ALA -8.4% 9.9% -15.5% 9.9%
PpIX 4.1% 15.0% 5.6% 18.8%

Reviewer comments: The quality control (QC) concentrations for 5-ALA were 3, 10, 32.5 
and 77.5 ng/mL and for PpIX were 2, 23 and 80 ng/mL. The inter-day and intra-day 
precision and accuracy for the QC samples were all within ±15% acceptable limit.

2.6.6 What is the sample stability under the conditions used in the study (long-term, 
freeze-thaw, sample-handling, sample transport, autosampler, etc.)?

Parameter 5-ALA PpIX
Freeze/Thaw cycle 
stability

10 cycles at - 20ºC 3 cycles at - 20ºC

Room temperature 
stability

24 hours 6 hours

Auto-sampler stability 64 hours at 4 ºC 55 hours at 4 ºC
Long term stability 15 months  at - 20 ºC 3.5 months at - 20 ºC 

Reviewer comments: The duration of long term PK sample stability was adequate to 
cover the duration of PK sample storage for the maximal use PK trial. 

2.6.7 What are the results of incurred sample reanalysis (ISR)? 
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36 plasma samples of 5-ALA (10% of the total samples) were selected for incurred 
sample reanalysis. The results showed that 88.9% samples met the ISR requirements. ISR 
for PpIX was not performed.
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The majority (about 55%) of the PpIX concentrations were below the limit of 
quantification (LOQ = 1 ng/mL) and baseline corrected values were negative in all 
subjects except for one. The baseline corrected AUC0-t and Cmax in the single 
subject was 0.07 ng.h/mL and 0.29 ng/mL. PK of ALA and PpIX following 
treatment on the scalp was not evaluated.
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4. INDIVIDUAL STUDY REVIEW 

Trial: ALA-AK-CT006 – Maximal use PK trial

Title: A single center, non-randomized, open-label, placebo-controlled, fixed sequence
Phase I study to evaluate the PK of 5-aminolevulinic acid (ALA) in patients with actinic 
keratosis following topical application of a gel formulation containing 78 mg/g ALA
(Ameluz®) under maximal use conditions when using photodynamic therapy.

Primary Objective: The primary objective of the study was to obtain baseline-adjusted 
plasma concentrations-time curves for ALA and its metabolic product protoporphyrin IX 
(PpIX) after a single treatment with Ameluz® in patients with actinic keratosis under 
maximal use conditions.

Secondary Objectives: 
• Evaluation of PK parameters of ALA and PpIX  derived from baseline-adjusted 

plasma concentrations
• Assessment of safety and tolerability of Ameluz® under maximal use conditions

Study design: This was a single-center, non-randomized, open-label, placebo-controlled, 
fixed sequence, 2-treatment, intra-individual comparison Phase I study to evaluate the PK 
profiles of 5-ALA and its metabolite PpIX after a single treatment with Ameluz® in 
patients with AK under maximal use conditions using Photo Dynamic Therapy (PDT).

The study was performed in 2 phases: 
Pilot phase with frequent PK sampling (15 samples per patient per treatment) and a 
Main phase in which the frequency of PK sampling might be reduced provided the 
results of the analysis of the pilot phase fulfilled predefined criteria. The predefined 
criteria were not fulfilled and the PK sampling schedule for the Main Phase was not 
changed.   

Each phase of the study consisted of:
• A Screening period (within 21 days before the first treatment), in which eligibility 

of subjects for study participation was assessed.
• A 2-day in-patient period in which patients were treated with PDT after receiving 

topical application of placebo on Day 1 and discharged from the study site after 
completion of the last assessment on Day 2.

• A washout period of 7 days between treatments.
• A 2-day in-patient period in which patients were treated with PDT after receiving 

topical application of Ameluz® on Day 1 and discharged from the study site after 
completion of the last assessment on Day 2.

• A follow-up visit (7±1 days after the last treatment) at which safety and 
tolerability assessments were performed.

In each treatment period, patients arrived at the study center in the morning of Day 1 and 
remained at the study center until discharge on Day 2. No formal interim analysis was 
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performed. However, after 3 patients with evaluable PK profiles had completed the pilot 
phase, their data was displayed. An overview of the treatment procedure is shown in 
Figure 5.

Figure 5: An overview of treatment procedure

Study population: 12 adult subjects (18 to 85 years old) with mild to moderate AK as 
defined by Olsen Scale shown in Table 7 below were included as follows.
Pilot Phase: 3 subjects
Main Phase: 9 subjects

Table 7: Olsen scale for actinic keratosis lesion intensity

Subjects included had to have at least 10 AK lesions on the face or forehead in a total 
topical treatment area of approximately 20 cm2 with a maximum of 2 illumination areas 
with each lesion being not more than 2 mm thick and having a side margin of at least 5 
mm. All 12 subjects completed the trial and all subjects included in this trial had mild 
AK, except for one as shown in Table 8.
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Table 8: Intensity of AK lesions

Reviewer comments: The applicant did not consider the severity of the lesions to be 
critical with respect to drug penetration because hyperkeratoses were removed by gentle 
curettage prior to drug application. Subject 19009 with moderate AK was not the one 
with highest exposure of 5-ALA) and PpIX systemic concentrations were not quantifiable 
in this subject. Subject 19003 was considered as a screen failure and was not included in 
the PK analysis.

Demographic data: The demographic data are shown in Table 9.  

Table 9: Individual subject demographic data
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At screening, the external dermatologist localized most of the treatment areas on the 
forehead (illumination area A: face: 1 patient, forehead: 11 patients, illumination area B: 
face: 2 patients, forehead: 6 patients). The mean total size of the treatment area in both 
illumination areas (A and B) determined by the investigator on Day 1 of both periods was 
20.9 cm2. Summary of the demographic data is shown in Table 10 below.

Table 10: Summary of demographic data 

Method of treatment administration: 

Treatments administered: During the study, patients underwent 2 photodynamic therapy 
(PDT) sessions with 2 topical applications in a fixed sequence: 

• Period 1: Vehicle gel application 
• Period 2: Ameluz® gel application

Drug application was done by qualified study personnel who have been trained in PDT 
and there was no self-application in this study and following steps will be followed:

• Preparation of the application area: The application area was prepared within 1 
h before application of placebo or Ameluz® gel. Lesions were localized and 
documented. Scales and crusts were accurately removed, and all lesion surfaces 
were gently roughened. Care was taken to avoid bleeding. Immediately before 
application of placebo or Ameluz® gel, all lesions were carefully wiped off with a 
70% isopropanol-soaked cotton pad to ascertain degreasing of the skin. Start and 
stop time of the preparation procedure as well as any bleedings were documented.

• Application of the investigational medicinal product: On Day 1 of each 
treatment period, a complete tube of placebo or Ameluz® (2 g) was applied onto 
the lesions and the surrounding area, covering the skin with a film of 
approximately 1 mm thickness. The weight of the tube before and after drug 
application was recorded. This resulted in a total treatment area of approximately 
20 cm2. The same lesions/areas were treated in both periods. Application near the 
eyes, nostrils, mouth, ears, or mucosa was avoided. The gel was allowed to dry 
for approximately 10 min before an occlusive light tight dressing was placed over 
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the treatment site. Following incubation of 3 h, the dressing was removed and the 
remnant gel wiped off. 

• Illumination of the treatment area: Immediately after cleaning the lesions (i.e., 
removal of remaining gel), the entire treatment area was irradiated with BF-
RhodoLED®, a red light source (approximately 635 nm), until a total light dose 
of 37 J/cm2.  

• Treatments after illumination: Special treatment after illumination was 
generally not planned. Cooling of the treatment area with a refrigerant lotion had 
to be provided on demand. Patients experiencing disagreeable pain were given 
non-steroidal anti-inflammatory drugs as monotherapy. 

Identity of investigational products:

Test product

Reference product (placebo)
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Medical device (photodynamic therapy lamp)

PK sampling: Blood sampling for PK of ALA and PpIX were obtained before (-0.5-0 h, 
after treatment area was prepared) and 0.5, 1, 1.5, 2, 2.5, 3 (before starting illumination), 
3.5, 4, 5, 6, 8, 10, 12, and 24 h after start (t = 0 h) of placebo or Ameluz® application.

Reviewer comments: The applicant was considering a reduced sample scheme for the 
main phase based on some predefined criteria. Those pre-defined criteria were not met 
and hence the PK sampling schedule for the Main phase was identical to Pilot phase. The 
criteria will not be discussed in this review. 

PK analyses:

Baseline plasma concentrations and baseline correction: Baseline plasma 
concentrations of ALA and PpIX were determined as the mean plasma concentration 
value before application of placebo or Ameluz® (-0.5 – 0 h, after treatment area was 
prepared). The mean ± SD baseline plasma concentrations of 5-ALA and PpIX were 
20.16 ± 16.53 ng/mL and 3.27 ± 2.40 ng/mL. Baseline-adjusted plasma concentrations of 
ALA and PpIX were obtained by subtraction of the mean baseline plasma concentration 
from a post-dose concentrations. If any of the baseline-adjusted concentrations were 
negative, they were set to zero. Table 11 provides information on subjects excluded from 
PK analysis.

Table 11: Subjects excluded from PK analysis

PK evaluation of ALA: All 12 patients included into the treatment phase had evaluable 
pre-dose and post-dose PK samples for ALA in each period and were thus included into 
the PK evaluation of ALA. The mean concentration versus time profile and the summary 
of PK parameters is shown under Section 2.2.2 of this review. Individual subject baseline 
uncorrected concentration of ALA is shown in Figure 6 below.
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Individual subject baseline unadjusted PK profile of 5-ALA following Amulez® gel 
application is shown in Figure 6 and baseline adjusted concentration is shown in Figure 
7, respectively.  

Figure 6: Baseline unadjusted individual plasma concentration-time profiles of ALA 
after application of Ameluz® gel (LLOQ = 1 ng/mL)

Figure 7: Baseline adjusted individual plasma concentration-time profiles of ALA after 
application of Ameluz® gel (LLOQ = 1 ng/mL)

Reviewer comments: Subject 19002 (70 year old male with mild AK) had the highest 
drug exposure and the baseline corrected Cmax and AUC0-t were 77.53 ng/mL and 269.44 
h*ng/mL, respectively.
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PK evaluation of PpIX: 8 of the 12 subjects included into the treatment phase had 
evaluable pre-dose and post-dose PK samples for PpIX and were thus included into the 
PK analysis. The following subjects were excluded from the PK set of PpIX:
• Subject No. 19007 as no PpIX concentrations were ≥ Lower limit of quantification 
(LLOQ)
• Subject No. 19009 as no PpIX concentrations were ≥LLOQ
• Subject No. 19010 as no PpIX concentrations were ≥LLOQ
• Subject No. 19013 as only pre-dose PpIX concentrations were ≥LLOQ

The mean ± SD baseline PpIX concentration was 3.27 ± 2.40 ng/mL. Baseline corrected 
PK parameters could not be reliably estimated in all but one of the subjects due to 
negative PpIX concentration values. The baseline corrected Cmax and AUC0-t in the single 
subject and the values were 0.29 ng/mL and 0.07 ng*h/mL, respectively. The mean 
concentration versus time profile of baseline uncorrected PpIX is shown in Section 2.2.2 
of this review. The baseline unadjusted individual subject PpIX concentration is shown in 
Figure 8 and the baseline adjusted PK profile of PpIX in the single subject is shown in 
Figure 9.

Figure 8: Baseline unadjusted individual plasma concentration-time profiles of PpIX 
after application of Ameluz® gel (LLOQ = 1 ng/mL)
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Figure 9: Baseline adjusted individual plasma concentration-time profiles of PpIX 
after application of Ameluz® gel (LLOQ = 1 ng/mL)

Summary of safety: See Section 2.2.5 of this review.
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