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Abstract

BACKGROUND—Photodynamic therapy (PDT) is a non-scarring alternative for treating basal 

cell carcinoma (BCC) in patients with Basal Cell Nevus Syndrome (BCNS), also known as Gorlin 

syndrome. In Europe, red light (635 nm) is the predominant source for PDT, whereas in the United 

States blue light (400 nm) is more widely available. The objective of this study was to conduct a 

head-to-head comparison of blue light and red light PDT in the same BCNS patients.

METHODS—In a pilot study of three patients with 141 BCC lesions, 5-aminolevulinate (20% 

solution) was applied to all tumors. After 4 hours, half of the tumors were illuminated with blue 

light and the remainder with red light. To ensure safety while treating this many tumors 

simultaneously, light doses were escalated gradually. Six treatments were administered in three 

biweekly sessions over 4 months, with a final evaluation at 6 months. Tumor status was 

documented with high-resolution photographs. Persistent lesions were biopsied at 6 months.

RESULTS—Clearance rates after blue light (98%) were slightly better than after red light (93%), 

with blue light shown to be statistically non-inferior to red light. Eight suspicious lesions were 
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biopsied, 5 after red light (5/5 were BCC) and 3 after blue light (1 was BCC). Blue light PDT was 

reportedly less painful.

CONCLUSION—Blue light and red light PDT appear to be equally safe and perhaps equally 

effective for treating BCC tumors in BCNS patients. Further studies to evaluate long-term 

clearance after blue light PDT are needed.
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INTRODUCTION

Basal cell nevus syndrome (BCNS; Gorlin; Gorlin-Goltz) is a chronic genetic condition 

characterized by basal cell carcinoma (BCC) skin tumors and odontogenic jaw cysts before 

the age of 20 years, palmar/plantar pitting, brain calcifications, various skeletal and soft 

tissue abnormalities, and a high risk for developing medulloblastoma 1-4. Surgical treatment 

of multiple BCC tumors, starting in childhood and often numbering into the hundreds over a 

lifetime, causes extensive scarring that can be highly debilitating both functionally and 

psychologically 5. New hedgehog pathway inhibitory drugs (e.g. vismodegib) can offer 

temporary relief, but are not curative because side effects typically limit the time that 

patients can remain on these medications 6. Therefore, a non-scarring therapeutic alternative 

for BCC in BCNS patients is greatly needed.

Photodynamic therapy (PDT) is a tumor-selective treatment for cancer 7, 8 that can shrink 

tumors without leaving a scar 9, 10. A pro-drug, either 5-aminolevulinic acid (ALA) or its 

methyl ester (MAL) is topically applied, and then protoporphyrin IX that is synthesized 

from ALA within tumor cell mitochondria is photoactivated by exposure to either blue (400 

nm) or red (635 nm) wavelengths of light, thereby killing the cells. Many studies from 

Europe and Canada have shown that PDT using red light in combination with ALA or MAL 

can be very effective for superficial BCC or thin nodular BCC that arise either sporadically 
11-15 or in BCNS patients 16, 17. Other supportive data were provided by a study from 

Oseroff’s group in Buffalo, NY, further documenting the utility of red light PDT in BCNS 

patients 18. Unfortunately for American patients, this evidence has had relatively little 

impact upon clinical treatment of BCC in the U.S., where PDT is currently only approved 

for actinic keratoses. The principal reason that PDT is not approved in the U.S. for BCC is 

because clinical studies with sufficient rigor to convince the U.S. Food and Drug 

Administration that PDT is safe and efficacious, have not yet been conducted.

Another impediment to the development of PDT as a BCC treatment in America is the fact 

that blue light sources are much more commonly used than red light in the U.S. at the 

current time. Only a few studies have examined blue light PDT for the treatment for BCC, 

most notably a case series by Gilchrest et al. in 2004 which demonstrated that topical 5-

ALA and blue light can be effective for treating BCC 19, 20. The goal of our pilot trial was to 

expand upon those early data of Gilchrest et al. by performing a head-to-head comparison of 

blue light PDT versus red light PDT. In our comparative design, a red light regimen used in 
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many published studies was employed as a control as we explored less well-characterized 

responses after blue light PDT. To facilitate the blue/red comparison, our study also 

incorporated cyclic (biweekly) treatment sessions because these were used in the Gilchrest 

study and are also routine in European protocols 19, 21. Due to the very large number of 

tumors to be treated simultaneously at each visit, the initial PDT session in our study was 

delivered at suboptimal (low) light doses, and then gradually escalated at subsequent visits. 

This was necessary to avoid potential serious inflammatory side effects and to ensure the 

safety of our patients.

METHODS

Clinical trial design

The trial was conducted in the outpatient dermatology clinics of the Cleveland Clinic 

between January and September, 2016. The study scheme is shown in Figure 1. A total of 6 

PDT treatments were administered in three biweekly sessions (cycles), spaced one week 

apart and repeated at two-month intervals. We used the cyclic design as a safety feature, 

allowing us to observe the inflammatory response after PDT at each light dose before 

deciding to escalate to a higher dose. For measuring treatment efficacy, it was not practical 

to confirm tumor clearances histologically by biopsy of every lesion, due to the dozens of 

BCC tumors per patient. In support of this approach, the vast majority of the BCC 

encountered in our 3 patients were likely superficial BCC or thin nodular BCC and non-

aggressive. Therefore, only tumors that were still clinically detectable at the final study visit 

were biopsied. Tumor clearance was assessed from high-resolution photographs using a 

scoring system based upon lesion diameter, surface changes, and erythema (see below).

Light sources and light dose escalation

The blue light source used was the Blu-U (fluorescent lamps, 417 nm, DUSA/Sun 

Pharmaceuticals, power density 10 mW/cm2; 1000 sec to deliver a fluence of 10 J/cm2). The 

red light source was Aktilite CL128 (LED diode source, Photocure Ltd., 630 nm, power 

density ~75 mW/cm2, ~8 min to deliver a fluence of 37 J/cm2). Due to safety concerns, i.e. 

the possibility of an adverse inflammatory reaction when treating >15 tumors per patient, we 

chose to start with fluences standardly used to treat actinic keratoses (10 J/cm2 for blue 

light, 37 J/cm2 for red light). This was then escalated by increasing the illumination time by 

50% in the second and third cycles. The maximum fluences thus achieved at Visits 5 and 6 

were 20 J/cm2 and 75 J/cm2 for blue and red light, respectively.

Study endpoints

The primary endpoint was treatment efficacy, defined as complete tumor clearance (CR). 

Tolerability of treatments, and overall patient satisfaction, were secondary endpoints.

Patient enrollment

Patients were recruited with assistance from the BCCNS Life Support Network in Burton, 

Ohio (http://www.gorlinsyndrome.org). Inclusion Criteria: To be eligible, patients had to 

meet the diagnostic criteria for BCNS; see reference 1 and Table I. Exclusion Criteria: 
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Patients were required to stop BCNS-related medications (e.g., vismodegib) for at least 1 

month before the trial.

Randomization

All tumors observed at Visit 1 were treated with PDT. These tumors were separated into 

contralaterally-matched blue or red treatment zones, assigning ~50% of lesions to blue light, 

~50% to red light. Sides were chosen by a coin toss, and initial light source assignments 

were maintained throughout the study.

PDT treatment visits

At each visit, BCC tumors were identified by clinical exam, numbered, and photographed by 

our professional photographer using studio lighting and a high-resolution digital camera. A 

millimeter ruler was placed alongside the lesions in every photograph. Each tumor was 

painted with 20% ALA (Levulan Kerastick™, DUSA/Sun Pharmaceuticals), spotwise, with 

a margin of 1 cm around the tumor. After 4 h, illumination was administered first to those 

tumors assigned to receive red light, and then to those assigned to get blue light, using the 

settings described under “Light sources”. Note that it is not possible to administer two 

different wavelengths simultaneously because the protective eyewear required for each 

wavelength are not cross-compatible. During any given illumination session, up to three Blu-

U units or three Aktilite units were used simultaneously to cover different body parts (e.g., 

scalp/face, one arm, and one leg). Pain was controlled with a fan, application of ice-cold wet 

cloths, and ice-cold ultrasound gel. Standard aftercare included a soothing ointment (equal 

parts of lidocaine 4%, triamcinolone 0.1%, and aquaphor), sunscreen, and sun avoidance for 

48 h 22. Use of antihistamines for itching was allowed. During the week after each PDT 

treatment, patients recorded their symptoms in a daily questionnaire (log sheet).

Efficacy Assessment

Digital photographic images were assembled in Adobe Photoshop by a medical student 

(M.I.) and evaluated by an experienced dermatologist (U.K.) on a high-resolution digital 

monitor (Apple i-Mac with retina display). Each tumor’s location was confirmed by 

comparison to nearby landmarks such as pigmented nevi or scars. At every visit, tumors 

were evaluated by measurements of lesion diameter, surface changes, and erythema in the 

photographs. The three parameters were then multiplied together to create a semiquantitative 

metric (DSE Composite Score) that was more useful than any individual parameter for 

describing lesional changes post-PDT. Fig 2 illustrates how the DSE composite score was 

calculated. More details are provided in Supplementary Methods online.

In the second step of analysis, two dermatologists (U.K. and E.M.) re-examined every 

photograph and reached a consensus about each lesion, including whether the BCC was 

present or absent. DSE scores from all lesions judged to be clinically absent were averaged, 

and this value (meanca) was used to determine a DSE detection threshold for each patient. 

This threshold was defined as meanca + 2(SD), a value that appeared to agree very well with 

lesion clearance as determined by overall clinical impression. For a BCC tumor to be scored 

as a Complete Response (CR), its DSE score had to fall below the detection threshold, and 
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also had to remain below that threshold at all subsequent study visits. At the last visit, all 

treated BCC lesions that were still clinically visible were biopsied.

Tolerability Assessment

During PDT treatment, pain was recorded on a 0-to-10 visual-analog scale. In the week 

following each PDT treatment, patients filled out a score sheet that captured symptoms and 

signs of inflammation and the healing response.

Patient satisfaction

At the conclusion of the study, patients completed a short questionnaire to rate their opinion 

of the treatment.

Statistical Analyses

Descriptive statistics were used to summarize the data. A generalized linear mixed-effects 

model was used to compare the tumor clearance rate between blue and red light PDT (non-

inferiority test with a 5% non-inferiority margin).

RESULTS

Demographic and diagnostic features of the subjects are given in Table 1. At Visit 1, a total 

of 141 BCC tumors were identified. The initial size and DSE composite score for each of 

these tumors are recorded for each of the patients in Supplementary Tables A-C.

The overall response pattern for BCC tumors after photodynamic treatment was similar 

following blue or red light PDT. Some examples before and after red light is illustrated in 

Fig. 3. Compared to baseline (Visit 1), a large increase in erythema and swelling of lesions 

14 and 15 was noted at Visit 2, due to inflammation from the PDT treatment given one week 

prior. At subsequent visits, these tumors shrank and disappeared, whereas lesion 16 persisted 

and continued to grow (circles in Fig. 3). Biopsy of lesion 16 revealed a nodular BCC.

The response of two BCC lesions on the dorsal hand during treatment with blue light is 

illustrated in Fig. 4. Again, a marked inflammatory response was seen at Visit 2. By Visit 4 

the lesions were very faint, and by Visit 5 they were completely gone (Visit 7). By contrast, 

several pigmented moles, lentigines, and a hemangioma in the vicinity did not change after 

PDT (Fig. 4).

Using our semiquantitative method of DSE scoring (see Methods), the number of treatments 

needed to clear each BCC tumor was determined (see Supplementary Tables A-C). These 

clearance data are summarized in Table 2. Very few tumors cleared after the first treatment 

cycle (lowest light fluence). After the second cycle (intermediate fluence), between one-third 

to one-half of the tumors cleared However, nearly all of the tumors cleared after the third 

cycle at the highest fluence. Interestingly, as seen in Table 2, tumor clearances were very 

similar for both the blue and red wavelengths of light. A CR rate of >95% was obtained in 

all patients except one (Patient A after red light, CR = 71%, due to two persistent BCC on 

the scalp and forehead). Statistical analysis of the data in Table 2 showed that the overall CR 
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for blue light (98%) was non-inferior to red light (93%) at a confidence level of p<0.001, 

with a 5% non-inferiority margin.

Table 3 lists the histological results of skin biopsies performed on all treated lesions still 

visible at Visit 7. Amongst eight lesions biopsied at the final visit, six were positive for 

BCC. Interestingly, five of these occurred after red light and only one after blue light.

Side effects of the treatments are summarized in Fig. 5. During illumination, patients 

experienced greater pain with red light than with blue light. In the week following PDT, 

symptoms due to local skin inflammation (modest pain and itching during the first 2-3 days, 

occasional blistering at days 1-4, and crusting/peeling at days 3-6) were quite reproducible, 

and did not differ between blue or red light. At the conclusion of the study, all patients rated 

both types of treatment (blue and red) very favorably.

DISCUSSION

In this pilot study have shown that PDT with 5-aminolevulinate can be equally effective 

when blue light (400 nm) or red light (635 nm) are used to treat multiple BCC tumors in 

BCNS patients. The large number of tumors (141) evaluated, and the bilateral intra-patient 

study design, suggest some important conclusions. First, PDT with either blue or red light 

achieved very similar tumor clearance rates (98% CR for blue, 93% CR for red) that were 

statistically indistinguishable by a test of non-inferiority. Second, the frequency of PDT-

resistant tumors was higher in the red light group (5 BCC for red light versus 1 BCC for blue 

light), supporting the notion that blue light is no less effective than red light. Third, side 

effect profiles were nearly the same in terms of inflammatory symptoms in the week after 

treatment. However, patients in the study reported less pain during exposure to blue light as 

compared to red light (Fig. 5A). One possible reason for this may be that blue light, with a 

relatively lower fluence rate (energy delivery over a longer duration), may cause less 

stimulation of PpIX-loaded nerve fibers as compared to red light 23. Results of a recent 

explorative study showed that daylight PDT (i.e., application of topical MAL followed by 

2.5 h of sunlight with an effective mean light dose of 10.8 J/cm2) was completely pain-free 

during illumination, and >90% of 30 BCC tumors were cleared at 3 months, supporting the 

notion that low-intensity PDT is less painful while still very effective 24.

During light dose escalation in our study, a blue light dose of 20 J/cm2 appeared to be the 

most effective since relatively fewer CRs were seen at 10 or 15 J/cm2. Similarly with red 

light, the majority of CRs occurred after exposure to 75 J/cm2, corresponding to the fluence 

typically used for non-fractionated illumination in previous studies 15, 25, 26. Fractionated red 

light delivery has been reported to sometimes provide BCC outcomes exceeding 90% CR 

after a single PDT session 15, 26, but it was not possible here to add fractionated light as 

another variable in our study. Instead, blue light and red light were each delivered in a single 

dose, after the same 4 hr ALA incubation time, as a way to compare the relative efficacy of 

the two wavelengths.

Relatively few PDT studies have been performed in BCNS patients up to now. In two of 

those, MAL and 37 J/cm2 of red light were used to treat 12 adults and children with BCNS 
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(103 tumors total) in 3 to 4 treatment sessions 16, 17. Response rates of 79% CR at 1 year 16 

and 78% CR at 3 months 17 were reported. Oseroff et al. employed red light and a 20% ALA 

cream formulation to treat 3 children with BCNS, and achieved 85% to 98% overall 

clearance after 4 to 7 sessions 18. For those patients, high fluences (150 J/cm2 ) were 

delivered under general anesthesia 18. In one of the few studies to date using blue light, 

Gilchrest et al. treated 2 BCNS patients (52 BCC total) with 4 PDT sessions (two biweekly 

cycles, spaced 2 months apart; 20% ALA Levulan™, 10 J/cm2) to achieve clearance rates of 

89% of superficial BCC (sBCC) on the face, 69% of sBCC on the lower extremities, and 

31% of nodular BCC (nBCC) on the face at 8 months 19, 20. The 98% CR reported in our 

study with blue light PDT is almost surely due to our shorter follow-up time (2 months), and 

would be expected to decline at 8 months. For red light, our results of 93% CR are in general 

agreement with other published studies in which BCC was treated using 20% ALA and red 

light, and CRs reported at 2-3 months of follow-up. Examples of such CRs are: (i) 100% 

(sBCC) and 70% (nBCC) 27; (ii) 92% (nBCC) 28; (iii) 92% (sBCC and nBCC) 29; (iv) 94% 

(nBCC) 30.

Another important conclusion from our study is that treating large numbers of BCC with 

PDT is safe. The number of BCC tumors we treated simultaneously per session (e.g., 86 

lesions in Patient C) is the highest reported in the literature. When PDT was performed as 

described here, side effects were well tolerated and patients expressed high satisfaction with 

the outcome.

Our study has several limitations. First, the final lesion clearance observation was performed 

2 months after the last PDT treatment. While many other studies have reported clearance in 

a 2-3 month time frame (see above), much longer follow-up will be needed for a definitive 

assessment of treatment durability. Second, our DSE scoring system was based upon clinical 

and photographic parameters, so that histological proof of the absence of residual tumor 

nests at each site was lacking. A future study will be needed, requiring much greater time 

and resources, to establish long-term tumor clearance. Third, light fluences at the beginning 

of the study were suboptimal (for safety reasons, as described earlier), which meant that 

many treatments were needed before high clearance rates were observed. Future studies to 

optimize blue light PDT for BCNS should start with a fluence of 20 J/cm2, shown here to be 

safe. Using that higher light dose, and considering the results from the earlier Gilchrest 

study, it seems entirely possible that BCC tumors might clear after only one or two PDT 

cycles.

Finally, it seems likely that tumor clearance after PDT may involve activation of local and 

systemic immunological mechanisms 31. If true, then immune activation after PDT with one 

wavelength may influence tumor responses to the other wavelength, complicating the 

interpretation of results in our bilateral study. However, despite these caveats, we believe that 

our data establish the fact that PDT with either blue light or red light is highly effective for 

treating multiple tumors in BCNS patients. Because it is largely unexplored, blue light PDT 

should be studied and optimized further to evaluate its potential as an effective nonscarring 

treatment option for patients with multiple BCC.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Photodynamic therapy (PDT) is a nonscarring approach for basal cell 

carcinoma (BCC).

• Basal cell nevus syndrome (BCNS) patients need a nonscarring alternative to 

surgery.

• In 3 BCNS patients with 141 BCC tumors, blue light PDT was compared to 

red light PDT.

• Tumor clearance rates after blue or red light were >90%, and statistically 

similar.

• Aminolevulinate-PDT with blue or red light represents a promising option for 

BCNS.
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Fig 1. 
Clinical trial design.
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Fig 2. Determination of DSE composite scores for one illustrative BCC tumor
Three parameters were measured from photographs at every visit: Diameter (D), from a 

millimeter ruler placed on the skin during photography; Erythema (E), matched to a standard 

color scale; and Surface change (S), set at either 1 (flat) or 2 (scaly/raised). The three 

parameters were multiplied together to generate the DSE composite score. In this example: 

(a), At visit 1 the composite score was 121. (b), At visit 4 the composite score was 27. (c), 
At visit 7 the composite score was 5. For this patient, the DSE threshold for complete 

clearance was 6.1 (see Supplem Table C), so this particular tumor was rated as completely 

cleared at visit 7.
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Fig 3. BCC tumors (on scalp of patient A) after red light PDT sessions
Boxed black numbers indicate the Study Visit. White arrows, lesions that ultimately 

resolved. White circle, a lesion that did not respond to PDT and was biopsied at visit 7. Gray 
circles: Numbers drawn on the patient’s skin with a pen, to mark each lesion prior to 

photography, are masked to reduce clutter and enhance clarity.
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Fig 4. BCC tumors (on dorsal hand of patient C) after blue light PDT sessions
Black boxed numbers indicate the Study Visit. White arrows, BCC lesions that ultimately 

resolved. For reference, note the hemangioma (black arrow) and pigmented nevus (lower 
right corner) that did not respond to PDT.
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Fig 5. Side effects of PDT treatments as reported by the patients
(a), Pain experienced during illumination, on a 0-10 scale. (b), Symptoms recorded daily 

during the six days following each PDT treatment. The graphs show the relative frequency 

of occurrence of each symptom, obtained by recording the simple binary incidence (yes/no) 

of a given symptom on any given day, averaged over all patients and all treatment visits. (c), 

Overall satisfaction with the treatment, as reported by each patient (A-C) on a questionnaire 

depicted in the figure.
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Table I

Patient Demographics

Patient A Patient B Patient C

Age (yr) / Sex 33 / M 39 / M 54 / F

BCC tumors, age of onset (yr) 14 15 21

Jaw cysts, age of onset (yr) 12 >30 6

Palmar cysts Yes Yes Yes

First degree relative with BCNS No Two sons Father, son

Locations of BCC tumors at time of enrollment: Scalp, face Scalp, face, neck Arms, legs, back, face

Total BCC tumors at time of enrollment: 15 42 86
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Table 2

Tumor responses to blue light PDT or red light PDT

Patient A Patient B Patient C

BLUE

LIGHT RESPONSES

Number of tumors before start of treatment: 8 22 35

Number (percentage) of original tumors still visible after receiving:

 2 treatments @ 10 J/cm2 (16 min 30 s) * 7 (88%) 22 (100%) 34

 4 treatments @ 15 J/cm2 (22 min) * 6 (75%) 13 (59%) 24

 6 treatments @ 20 J/cm2 (33 min) * 0 (0%) 0 ( 0%) 1 (3%)

Clearance rate after blue light: 100% 100% 97%

RED

LIGHT RESPONSES

Number of tumors before start of treatment: 7 20 49

Number (percentage) of original tumors still visible after receiving:

 2 treatments @ 37 J/cm2 (~8 min) * 7 (100%) 17 (85%) 44 (90%)

 4 treatments @ 50 J/cm2 (~11 min) * 6 (86%) 8 (40%) 39 (80%)

 6 treatments @ 75 J/cm2 (~16 min)* 2 (29%) 1 ( 5%) 2 (4%)

Clearance rate after red light: 71% 95% 96%

Comments:

*
PDT therapy was administered in 3 biweekly treatment cycles, for a total of 6 treatments. Each cycle consisted of two treatments spaced one week 

apart. Each cycle was spaced 2 months apart. After the first cycle, the light dose for the second cycle was increased by 50%; it was increased 
another 50% for the third cycle. At each treatment visit, half of the tumors were illuminated at 4 hr after ALA application with blue light; the other 
half received red light. A final observation was made 2 months after the last PDT treatment. Tumor status was evaluated by photography at every 
visit (using the DSE scoring method). Because photographic estimation of tumor clearance is most reliable when post-treatment inflammation has 
subsided, the clearance status of tumors observed at Visit 3, Visit 5, and Visit 7 is recorded here.
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Table 3

Histologic diagnoses of PDT-resistant lesions

Patient-Tumor ID Location Histological diagnosis Comment

BLUE LIGHT TREATED LESIONS:

C-46 Leg (posterior calf) BCC, superficial and nodular (1)

C-11 Arm Telangiectasia and hyperkeratosis (2)

C-13 Forearm Capillary hemangioma (2)

RED LIGHT TREATED LESIONS:

A-11 Scalp BCC, nodular and micronodular (1)

A-14 Forehead BCC, nodular and micronodular (1)

B-26 Scalp BCC, nodular (1)

C-25 Arm (axillary fold) BCC, micronodular (1)

C-75 Back BCC, nodular (1)

Comments:

(1)
These lesions were raised and clinically suspicious for BCC

(2)
These lesions were flat macules with pink erythema

Photodiagnosis Photodyn Ther. Author manuscript; available in PMC 2019 June 01.


	Abstract
	INTRODUCTION
	METHODS
	Clinical trial design
	Light sources and light dose escalation
	Study endpoints
	Patient enrollment
	Randomization
	PDT treatment visits
	Efficacy Assessment
	Tolerability Assessment
	Patient satisfaction
	Statistical Analyses

	RESULTS
	DISCUSSION
	References
	Fig 1
	Fig 2
	Fig 3
	Fig 4
	Fig 5
	Table I
	Table 2
	Table 3

