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Disclaimer

Multicentre randomized controlled studies now demonstrate high efficacy of top-
ical photodynamic therapy (PDT) for actinic keratoses, Bowen’s disease (BD) and
superficial basal cell carcinoma (BCC), and efficacy in thin nodular BCC, while
confirming the superiority of cosmetic outcome over standard therapies. Long-
term follow-up studies are also now available, indicating that PDT has recurrence
rates equivalent to other standard therapies in BD and superficial BCC, but with
lower sustained efficacy than surgery in nodular BCC. In contrast, current evi-
dence does not support the use of topical PDT for squamous cell carcinoma. PDT
can reduce the number of new lesions developing in patients at high risk of skin
cancer and may have a role as a preventive therapy. Case reports and small series
attest to the potential of PDT in a wide range of inflammatory/infective dermato-
ses, although recent studies indicate insufficient evidence to support its use in
psoriasis. There is an accumulating evidence base for the use of PDT in acne,
while detailed study of an optimized protocol is still required. In addition to
high-quality treatment site cosmesis, several studies observe improvements in
aspects of photoageing. Management of treatment-related pain/discomfort is a
challenge in a minority of patients, and the modality is otherwise well tolerated.
Long-term studies provide reassurance over the safety of repeated use of PDT.

may not constitute defence against a claim of negligence,
so deviation from them should not necessarily be deemed

These guidelines have been prepared for dermatologists on
behalf of the British Photodermatology Group and the Brit-
ish Association of Dermatologists and are based on the best
data available at the time the report was prepared. Caution
should be exercised when interpreting data where there is a
limited evidence base; the results of future studies may
require alteration of the conclusions or recommendations in
this report. It may be necessary or even desirable to depart
from the guidelines in the interests of specific patients
and special circumstances. Just as adherence to guidelines
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negligent.

Introduction

This article represents a planned regular updating of the origi-
nal guidelines for the use of topical photodynamic therapy
(PDT)." Detailed discussion of studies evaluated in the previ-
ous paper will not be repeated except where comparison with
new evidence is necessary. This may entail a disproportionate
weight being given to more recent techniques and studies,
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but strength of evidence recommendations (see Appendix 1)
take into account all available information.

Topical PDT has, to date, been approved by regulatory
authorities in 18 countries worldwide, for use in at least one
nonmelanoma skin cancer (NMSC) indication. Two photosen-
sitizing agents are licensed, a formulation of 5-aminolaevulinic
acid (ALA), Levulan (DUSA Pharmaceuticals, Wilmington,
MA, U.S.A.) for actinic keratosis (AK), and an esterified for-
mulation, methyl aminolaevulinate (MAL), Metvix® (Photo-
Cure ASA, Oslo, Norway and Galderma, Paris, France) for AK,
Bowen’s disease (BD), and superficial and nodular basal cell
carcinoma (BCC). Although only one formulation of ALA cur-
rently has a licence, other preparations have been used in clin-
ical studies reviewed here. Hence, ‘Levulan ALA’ will be used
in this update to denote when the licensed product has been
used, and ‘ALA’ for all other formulations.

Interventional procedure guidance from The National Insti-
tute for Health and Clinical Excellence recently concluded that
there was evidence of efficacy for topical PDT in AK, BD and
BCC, but limited evidence for invasive squamous cell carci-
noma (SCC). No major safety concerns were observed for the
use of PDT in NMSC.?

The past 5 years has seen publication of studies of long-
term response rates of topical PDT in NMSC as well as evalu-
ation of its potential as a preventive therapy for cutaneous
malignancy. Several noncancer indications have been the focus
of intense study, in particular, acne and photorejuvenation. In
this update, we review the evidence for the use of topical PDT
in all reported dermatological indications and interpret how
this modality might best be used in clinical practice, using the
same validated scoring system as in the previous guidelines.'

Photosensitizing agents

ALA and its methylated ester MAL are prodrugs that are
endogenously converted by the haem biosynthetic pathway to
protoporphyrin IX (PpIX) and potentially other intermediate
photosensitizing porphyrins. These agents are relatively selec-
tively concentrated in the target tissue, possibly related to
alterations in surface permeability and tumour porphyrin
metabolism.' Initial clinical experience of topical PDT was
gained through the use of ALA, largely through case series
studies. However, following publication of our initial guide-
line report, intensive study of MAL has led to better character-
ization of this prodrug and publication of its use in several
randomized studies.

As ALA is hydrophilic and the esterified form MAL is more
lipophilic, it was anticipated that MAL may penetrate more
deeply into lesions. Peng et al.® reported that MAL penetrated
to a 2-mm depth in BCC, contrasting with more limited pene-
tration with ALA.* Other investigators also found highly vari-
able ALA uptake into nodular and infiltrating BCC.® However,
Ahmadi et al.® showed in an in vitro study of human skin biop-
sies that ALA applied for 4 h penetrated to a depth of at least
2 mm from the lesion surface. Interestingly, using similar pro-
tocols, ALA is reported to result in higher PpIX levels than

MAL, but with less selectivity for the diseased compared with
healthy tissue, in both AK’ and inflammatory acne lesions.®
Two recently reported small studies have attempted to com-
pare the efficacy of MAL-PDT and ALA-PDT in diseased tissue,
with application of each prodrug for 3 h.>® Patients with
nodular BCC were randomly assigned to either ALA-PDT
(n = 22) or MAL-PDT (n = 21) (ALA/MAL 3 h, 600-730 nm,
75J em™*
were debulked prior to PDT.” On histological analysis after

, 100 mW cm™?); in each group half the tumours

8 weeks, no difference was found in lesional response. In a
split-face comparison of 15 patients with inflammatory acne,
no difference was found between ALA-PDT and MAL-PDT
(ALA/MAL 3 h, 632 nm, 37 J cm” 2, 34 mW cm_z) regarding
treatment efficacy, whereas ALA-PDT resulted in more severe
adverse effects after treatment.® A further randomized double-
blind study compared ALA and MAL for the treatment of
extensive scalp AK.'© MAL was applied for 3 h, but ALA for
5h (580-740 nm, 50 J cm™, 50 mW cm™’). No significant
difference in mean lesion count reduction was observed
1 month after treatment, although pain was more intense on
the ALA side.

Recommendation: Topical application of the prodrugs ALA
and MAL is effective in cutaneous PDT (Strength of recommendation
A, Quality of evidence ).

Light sources and dosimetry

A range of light sources, reviewed in the 2002 guideline
report, remains in use for topical PDT including lasers, filtered
xenon arc and metal halide lamps, fluorescent lamps and
light-emitting diodes (LEDs). Nonlaser light sources are popu-
lar in topical PDT, possessing the advantages over lasers of
being inexpensive, stable, easy to operate, requiring little
maintenance, and providing wide area illumination fields.
Retrospective comparison of laser and filtered broadband
sources suggests equivalent efficacy in topical PDT.'" In the
last few years, LED sources have shown considerable develop-
ment, with improvements in design making these relatively
inexpensive sources convenient for wide area irradiation
and popular for patient use, e.g. the Aktilite 16 and 128
(Galderma) and the Omnilux (Photo Therapeutics Ltd, Altrin-
cham, UXK.). These LED sources match the 630/635-nm
activation peak of PpIX while excluding the extraneous wave-
lengths present in broadband sources, thus permitting shorter
irradiation times. Biophysical calculations indicate that an LED
source with peak emission of 631 * 2 nm may have a deeper
PDT action in tissue than a filtered halogen lamp of
560—740 nm emission, and hence LED may be more effective
in treating the deeper parts of tumours.'*

PpIX has its largest absorption peak in the blue region at
410 nm (Soret band), with smaller absorption peaks at 505,
540, 580 and 630 nm. Most light sources for PDT seek to uti-
lize the 630-nm absorption peak in the red region, in order
to improve tissue penetration. However, a blue fluorescent
lamp (peak emission 417 nm) is routinely used in Levulan
ALA-PDT of AK in the U.S.A. There are now several reports
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that blue, green and red light can each be effective in topical
PDT of AK, but the more deeply penetrating red light is supe-
rior when treating BD and BCC."

A report has recently described the concept of ambulatory
PDT to reduce hospital attendance for PDT."* In a pilot study
of five patients with BD, PDT was performed with ALA and a
portable LED device, where low irradiance light exposure
took place over 100 min (ALA 4 h, 637 nm, 75] cm” 2,
12 mW cm_z). Pain was minimal in most, and four of five
patients were in clinical remission after a median of 9 months.
In contrast, Britton et al.'* used a pulsed dye laser (PDL) for
ALA-PDT in BD, with the aim of reducing irradiation time.
Overlapping 7-mm spots were applied to cover the lesions
(ALA 4 h, 585 nm, 10 ] cm”?, 22 mW cm_z), achieving high
response rates and shorter average exposure time (~450 ms),
but the procedure required considerable time and skill on the
part of the operator for larger lesions. There was also signifi-
cant post-treatment morbidity including slow healing and
scarring.

Recent studies have suggested that pulsed light therapy may
be useful for treatment/adjunctive treatment in topical PDT of
acne, AK and photorejuvenation (see later sections). However,
a recent controlled investigative study, performed in healthy
human skin in vivo following microdermabrasion and acetone
scrub, showed that two pulsed light sources previously
reported in PDT, the PDL and a broadband flashlamp filtered
intense pulsed light (IPL), produced evidence of minimal acti-
vation of photosensitizer, with a dramatically smaller photo-
dynamic reaction than seen with a conventional continuous
wave broadband source.'® The IPL and PDL sources deliver
intense light in periods < 20 ms, which might suppress oxy-
gen consurnption.16 Inadvertent ambient light exposure may
have significantly contributed to the clinical effect. On the
other hand, three studies have recently addressed the possibil-
ity of using ambient light for ALA-PDT of AK, with two
reports of therapeutic benefit, but with a randomized ambient
light-controlled study using Levulan ALA demonstrating no
significant effect on lesion ablation.">'”"'® A randomized
right/left intrapatient comparison of conventional MAL-PDT
delivered with an LED device vs. daylight (for 25 h) for the
treatment of AK of face and scalp showed an equivalent reduc-
tion in AK and significantly less pain with daylight.19
Although ambient light exposure might achieve a therapeuti-
cally effective dose in certain circumstances, it is unlikely to
offer a consistent, practical and safe approach to the delivery
of PDT.

Total effective light dose or fluence is proposed as a concept
for optimizing the accuracy of light dosimetry in PDT, taking
into account incident spectral irradiance, optical transmission
through tissue and absorption by photosensitizer.”® In prac-
tice, light dosimetry is described as the irradiance or fluence
rate (mW cm™?) at the skin surface and the total dose or flu-
ence (J cm™?) delivered to the surface, the latter being a prod-
uct of irradiance and time of exposure.

Experimental evidence has suggested that lower fluence
rates and fractionation of light exposure could improve lesional
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response by promotion of the photodynamic reaction.”'
A study of superficial BCC, illuminated with 45 J cm™> at 4 h
and repeated at 6 h with 633-nm laser light at 50 mW cm ™7,
observed a complete response of 84% after a mean of
59 months.”” More recent studies are presented in the individ-
ual indication sections later in this report. In brief, current
data support superiority of the fractionation approach in BCC,
although not in BD.”***

Currently, a range of light sources, doses and irradiances
continues to be used in ALA-PDT, whereas in MAL-PDT the
standard procedure now typically involves an LED source. A
range of continuous wave light sources is effective in topical
PDT (Strength of recommendation A, Quality of evidence II-iii).

Protocols for delivery of photodynamic therapy

Optimization of PDT outcome requires consideration of mech-
anism of action and application of the most appropriate drug
and light parameters. The photodynamic reaction is dependent
on the presence of sufficient quantities of photosensitizer, acti-
vating light and oxygen. For utilization of this reaction, the
prodrug/photosensitizer requires a high selectivity for the tar-
get vs. healthy tissue. Topically applied prodrugs are converted
intracellularly to the active photosensitizer and exert direct
effects on the target cells, while intravenous photosensitizers
may exert a major effect on tumour vasculature, with conse-
quent ischaemia of tumour tissue. Reactive oxygen species
(ROS), principally singlet oxygen, released by the photo-
dynamic reaction result in apoptosis of target cells, and necro-
sis is also reported. A vigorous inflammatory reaction usually
occurs, followed by an immune response which may help
eradicate residual tumour cells.”®

In topical PDT, the first consideration is that the prodrug
should be able to penetrate the skin and be delivered to the
target tissue in sufficient quantities and at the required depth.
As reported in the original guidelines,' co-application of the
penetration enhancer dimethylsulphoxide and the iron chelator
ethylenediamine tetraacetic acid sodium appeared to enhance
the efficacy of ALA-PDT in nodular BCC, although no random-
ized comparison data are available. In a within-subject com-
parison of both healthy skin and matched skin malignancies
treated with ALA-PDT alone or combined with the iron chela-
tor desferrioxamine, significantly higher PpIX levels were seen
after application of the combined agents to healthy tissue, but
the lesional levels were very variable.”® Glycolic acid may
increase the tissue penetration of ALA.” Several papers now
report the use of lesional surface preparation prior to applica-
tion of prodrug;*® this is generally a mild procedure involving
the removal of surface crust or scale, producing little if any
bleeding and not requiring local anaesthesia. Other investiga-
tors report perforation or even removal of the intact epithe-
lium overlying nodular BCC; however, the impact of these
procedures is unknown.”’ In a recent comparison study, each
half of 16 lesions (superficial BCC or BD) was randomly
assigned to surface preparation (gentle curettage or abrasion
with a scalpel) or none, then treated with ALA-PDT. There
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was no significant difference in the response of lesions in this
small study.*®

Topical ALA-PDT has been used with a variety of protocols,
apart from its defined use in solution form with blue light in
AK (Levulan ALA with blue-U), whereas PDT utilizing MAL is
practised according to its licensed use, based on the findings
of optimization studies.® In nodular BCC of up to 2 mm thick-
ness, a 3-h application of 160 mg g~' MAL showed the
highest selectivity for tumour, and this time interval was con-

firmed in a recent study;®’

this procedure is licensed in the
form of two treatments 1 week apart for BCC, with the aim
of reaching deeper parts of the tumour at the second treat-
ment. It is also licensed as a double treatment for BD, but in
AK only one initial treatment is recommended, with non-
responders receiving a second treatment at 3 months (see AK
section). In contrast to MAL, the drug-light interval applied in
ALA-PDT varies widely.' Interestingly, whereas ALA has typi-
cally been applied for longer periods, there are now publica-
tions reporting its efficacy when applied for 3 h, as with
MAL.** Also, while the Levulan ALA and blue-U system is
licensed for a drug-light interval of 18-24 h, efficacy of this
formulation when applied for 1-3 h in ALA-PDT is reported
in AK and photodamage.’® Further studies are required to
optimize the drug-light interval in ALA-PDT.

The use of fluorescence spectroscopy and microscopy, to
assess the time course and depth of tissue photosensitizer fluo-
rescence, respectively, has previously been described' and
these are applied primarily in research centres to explore
methods for optimizing protocols. Hlumination of a porphy-
rin-enriched tumour by a Wood'’s lamp [long wave ultraviolet
(UV) A] leads to a typical brick-red fluorescence which can be
utilized in detecting and delineating poorly defined tumours,
and this principle can also be applied quantitatively with CCD
camera systems coupled to digital imaging.**

The use of pulsed ultrasound to assess the depth of BCC
prior to and following treatment has helped to predict treat-
ment outcome, and could potentially be used in the future to
assist decisions regarding treatment protocols.*®

Topical photodynamic therapy in
nonmelanoma skin cancer

Actinic keratoses

Previously reviewed open studies described clearance rates of
71-100% facial and scalp AKs, but a lower response of 44—
73% AKs on acral sites, following a single treatment with PDT
using nonlicensed ALA preparations.l During the past 5 years,
nine randomized multicentre control/comparison studies
(n = 4 ALA-PDT and n = 5 MAL-PDT), using licensed formu-
lations, have been published for the treatment of facial and
scalp AK.

The combined report of two such studies in 243 patients
with multiple AKs stated that 75% or more lesions resolved in
77% of patients after one treatment with Levulan ALA-PDT
(ALA 14-18 h, 417 £ 5nm, 10 J ecm™, 10 mW cm™ *).>¢ A

second treatment at 8 weeks increased this rate to 89% (vs.
13% in placebo) with a lesion response rate, at 12 weeks, of
91% (placebo 31%). Moderate-to-severe stinging or discom-
fort was reported by at least 90% of patients.

A randomized two-centre study compared broad-area topi-
cal Levulan ALA-PDT (ALA 1 h, blue light 417 * 5 nm,
10 J cm™%, 10 mW cm™”) with topical 5-fluorouracil (5-FU)
0-5% cream applied for 4 weeks in 36 patients with multiple
face/scalp AKs. No difference in efficacy was evident 4 weeks
with 80% and 79%
respectively, although PDT delivered to a third group using a
595-nm PDL cleared only 50% of lesions.’” Additional open

studies of ‘short-contact’ (0-5-3 h application) Levulan ALA-
32,33,39-41

post-treatment, lesion clearance,

PDT, with prior topical 5-FU*® or without, achieved
lesion clearance rates of 69-98% after single sessions using
blue, IPL or PDL sources. Comparison of 3 h with 14-18 h
Levulan ALA application demonstrated equivalent efficacy of
90% at 8 months.>”> Nonfacial AKs were included in this study
with overall lower response rates of 70% for the extremities
and 65% for the trunk at 4 months.

Sustainability of the response of AKs to Levulan ALA-PDT
was reported in a study of 110 patients each with multiple
thin or moderate thickness AKs on their face or scalp.*” Up to
two treatments (20% ALA 14-18 h, 417 £ 5 nm, 10] cm”?,
10 mW cm™”) achieved a peak target lesion clearance of 86%
reducing to 78% at 12 months. The histologically confirmed
recurrence rate at 12 months was 19%.

Three randomized comparison/control studies of MAL-PDT
using the same protocol (MAL 3 h, 570-670 nm, 75 ] cm”?,
50-250 mW cm™”) cleared 69% of predominantly thin and
moderate thickness AKs of the face or scalp after a single treat-
rnent,43 increasing to 89-91% where two treatments were
performed 7 days apart.**** In comparison, clearance rates of
68% and 75% were recorded for cryotherapy in two of these

43,45 44,45

studies, with placebo responses of 30-38%. Signifi-

cant superiority of cosmetic response was observed in both
studies that compared PDT with cryotherapy.*****

Using a narrowband red LED light source (634 * 3 nm,
37 Jem ™%, 50 mW cm™ %), a randomized study compared sin-
gle MAL-PDT (3-h application), repeated at 3 months if
required, with routine initial double therapy 7 days apart.*®
The protocols were equally effective, clearing 92% and 87%
of lesions, respectively, with a single treatment clearing 93%
of thin lesions and 70% of moderate thickness AKs. This study
led to the European licence for MAL-PDT in AK being revised
in 2006 in most countries to recommend an initial single
treatment, with repeat at 3 months if required.

A large randomized intra-individual study of 1501 face/
scalp AKs in 119 patients compared MAL-PDT using the same
LED and MAL dosing parameters as above, with double freeze-
thaw cryotherapy, repeating treatments at 3 months if
required.*” After the initial cycle of treatments, PDT resulted
in a significantly higher cure rate than cryotherapy (87% vs.
76%), but with equivalent outcome after all nonresponders
were re-treated (89% vs. 86%). Overall subject preference

(cosmesis, efficacy and skin discomfort) significantly favoured

© 2008 The Authors
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PDT. A recent study comparing MAL-PDT with cryotherapy
for AK on the extremities demonstrated inferior efficacy with
PDT, with clearance of 78% of lesions at 6 months compared
with 88% for cryotherapy.*®

Topical PDT is an effective therapy for thin and moderate
thickness AK, with superiority to cryotherapy depending on
protocol. Efficacy is relatively poorer for acral lesions, but PDT
may still offer therapeutic benefit. Cosmetic outcome follow-
ing PDT for AK is superior to cryotherapy (Strength of recommen-
dation A, Quality of evidence ).

Bowen’s disease

Topical ALA-PDT clears, on average, 86—93% of lesions of BD
following one or two treatments.' Three small randomized tri-
als using nonlicensed ALA formulations and identical protocols
demonstrated PDT to be equivalent to cryotherapy,*® superior
to topical 5-FU*° and significantly more effective when deliv-
ered using narrowband red rather than green light.”'

Several alternative protocols have been reported since the
original guidelines. A small study observed a response of BD
to ALA and violet light (8 h, 400450 nm, 10-20 J cm™ 7,
5:4-10-8 mW cm ™) in all five evaluable patients, although
with recurrence in one of five by 6 months.*> The use of
low-irradiance LED light sources applied to lesions to permit
ambulatory PDT has been discussed above.® Fractionation of
light during ALA-PDT for BD (20 J cm™” then 80 J cm™” at 4
and 6 h) has been compared with standard single illumination
(75J em™*

88% and 80%, respectively, at 12 months, suggesting no cur-
24

at 4 h) and achieved equivalent response rates of

rent advantage to split illumination.

Topical MAL-PDT has recently been compared with clini-
cian’s choice of cryotherapy or 5-FU in a multicentre random-
ized controlled trial of 225 patients with 275 lesions (MAL
3 h, 570670 nm, 75] cm *, 70-200 mW cm *).>* Three
months after last treatment, clearance rates were similar
following MAL-PDT (86%), cryotherapy (82%) and 5-FU
(83%). PDT gave superior cosmetic results compared with
cryotherapy and 5-FU (good or excellent in 94%, 66% and
76%, respectively). After 24 months of follow up, 68% of
lesions remained clear following PDT, 60% after cryotherapy
and 59% after 5-FU.**

Topical PDT has been reported in case reports to clear BD

55-57 I
=57 and where it arises

in unusual sites (nipple, subungual)
in a setting of poor healing (lower leg, epidermolysis bullosa
and radiation dermatitis).*®* **Topical PDT can be effective in
digital lesions, with four patients treated in one study clearing
to give good cosmetic and functional results (one recurrence
at 8 months).®' Complete resolution of localized bowenoid
papulosis in two patients followed ALA-PDT using 6—12 h
application and a same-day fractionated illumination schedule.®’

Topical ALA-PDT has been observed to offer therapeutic
benefit in erythroplasia of Queyrat.®*** MAL-PDT cleared
residual erythroplasia following Mohs surgery for penile
SCC.®® Paoli et al.°® observed that PDT (ALA/MAL) to 10

patients with penile intraepithelial neoplasia resulted in clear-

© 2008 The Authors

ance in seven patients, but later recurrence in four. There was
sustained clearance in the remaining patients over 46 months,
including clearance of human papillomavirus (HPV) DNA.

Topical PDT is an effective therapy for BD, with equivalence
to cryotherapy and equivalence or superiority to topical 5-FU.
Cosmetic outcome is superior to standard therapy. Topical
PDT offers particular advantages for large/multiple patch
disease and for lesions at poor healing sites (Strength of recom-
mendation A, Quality of evidence I).

Squamous cell carcinoma

There remain limited data on the efficacy of topical PDT for
primary cutaneous invasive SCC. Clearance rates for superficial
lesions of 54—100% have been observed following ALA-PDT
in series of five to 35 lesions, but with recurrence rates rang-
ing from 0% to 69% (weighted average 30%) and reduced
efficacy for the few nodular lesions treated.'*’

Topical ALA-PDT cleared an SCC in a hospitalized patient
with xeroderma pigmentosum, but produced an enhanced
phototoxic reaction lasting over 2 weeks despite the absence
of UV radiation.®® Caution is advised in this indication follow-
ing the report of a 5-year-old patient with DeSanctis—Cacchi-
one syndrome, a variant of xeroderma pigmentosum, where
PDT using a systemic photosensitizer to multiple eyelid SCCs
was followed by a rapid extension of tumours within the
treatment field.®’

The high efficacy of topical PDT for in situ SCC, and the effi-
cacy figures reported particularly for superficial invasive
lesions limited to papillary dermis, suggest that depth of
therapeutic effect is the limiting factor for PDT in invasive
SCC, with further study required. Current evidence supports
the potential of topical PDT for superficial, microinvasive SCC,
but in view of its metastatic potential, topical PDT cannot cur-
rently be recommended for the treatment of invasive SCC
(Strength of recommendation D, Quality of evidence II-iii).

Basal cell carcinoma

Superficial BCCs were reported to respond well to ALA-PDT
with a weighted clearance rate of 87% in one review of 12
studies, compared with 53% for nodular lesions.”® Prior de-
bulking curettage achieved a clearance rate for nodular BCC in
one study of 92% compared with 0% in the control groups
(curettage or PDT alone).”' One randomized comparison of
PDT (ALA 6 h, 635 nm, 60 ] cm™?%, 80 mW CHI_Z) VS. Cryo-
therapy for mixed BCC showed no difference in efficacy over
1 year but superior cosmesis with PDT.”> The original guide-
lines concluded PDT to be effective in superficial BCC, but that
adjunctive therapy might be required to enhance efficacy for
nodular BCC." However, a recent study failed to show a sig-
nificant advantage of curettage followed by PDT (ALA 6 h,
630 nm, 1257 cm™%, 120 mW cm™?, repeated at 3 months)
compared with conventional surgery for nodular BCC up to
2 cm in diameter, with clearance rates of 72% and 100%,

respectively, of treatment sites reviewed at 1 year.73
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Further approaches taken in an attempt to increase the
response of BCC, particularly nodular lesions, have been to
use the more lipophilic methyl ester of ALA, MAL, and to use
routine double PDT treatments. In a large retrospective report
of MAL-PDT for BCC, where most lesions received a single
treatment (MAL 3 or 24 h, 570-670 nm, 50-200 ] cm” 2,
100-180 mW cm™?) with nodular lesions receiving prior
debulking curettage, an initial complete response was observed
in 310 lesions, and 277 remained clear after 35 months, with
a good or excellent cosmetic response in 98%.”* The overall
cure rate for the 350 superficial and nodular BCCs was 79%,
an encouraging result particularly as the population included
lesions failing previous treatments. To date there has been
only one small randomized study directly comparing ALA-PDT
with MAL-PDT in BCC (ALA and MAL 3 h, 600-730 nm,
757 cm™*
response on histological analysis after 8 weeks, and residual

, 100 mW Cmfz), with no difference in lesional

tumour in six treatment sites in each study group.9
Fractionation of light may enhance the efficacy of topical
PDT in BCC. In an open study of ALA-PDT, 86 superficial
BCCs were illuminated with red light (ALA, 633 nm,
457 cm™2, 50 mW cmfz) at 4 and 6 h, with initial clearing
of 76 (88%) lesions and sustained clearance of 56 of 67
(84%) evaluable lesions at 59 months.”” The same group sub-
sequently undertook a randomized comparison trial of 505
superficial BCCs (ALA, 630-nm diode laser or 633-nm LED or
broadband light 590-650 nm, 50 mW cm?), treated with
either a single illumination of 75 J em™” or twofold illumina-
2 and 80 J cm™* at 4 and 6 h.*® Twelve

months after treatment, ALA-PDT with single illumination

tion with 20 J cm™

cleared 89% of tumours, while fractionated PDT produced a
significantly higher response rate of 97%.

Two prospective uncontrolled multicentre studies have sub-
sequently reported on routine double MAL-PDT treatment of
‘difficult to treat” BCC (superficial and nodular) including
lesions occurring on the mid-face or ear locations, of large
size, and recurring after other treatments. Lesion surface prep-
aration involved gentle scraping of superficial lesions, while
nodular lesions were prepared by removing any intact over-
lying epidermis * some debulking. The protocol also allowed
for a second cycle of MAL-PDT (two treatment sessions) in
lesions showing partial response at 3 months. In the first study
[MAL 3 h, 570-670 nm (n = 106) or 580-740 nm (n = 2),
75J cm™?, 50-200 mW cm™’], 87% of 108 difficult to treat
lesions showed complete lesion response at 3 months when
assessed clinically, falling to 77% after histological review.”
After 2 years, the lesion recurrence rate was 22%, with recur-
rence rate apparently increasing with lesion diameter, while
94% of patients showed a good or excellent cosmetic out-
come. Similarly, a study of 95 patients with 148 BCC lesions
showed that PDT (MAL 3 h, 570-670 nm, 75]cm_2, 50—
200 mW cm™?) achieved a histologically confirmed lesion
complete response rate of 89% at 3 months while the esti-
mated sustained lesion complete response rate at 2 years was
78%, at which time 84% of patients were judged to have a
good or excellent cosmetic response.”® Lesions in the H-zone

and large lesions were noted to have lower sustained complete
response rates.

Multicentre randomized studies have now been reported for
MAL-PDT vs. standard treatment for BCC, with long-term
(5 year) follow-up data becoming available. A randomized
study compared double MAL-PDT with treatments 7 days apart
(MAL 3 h, 570-670 nm, 75 J cm™?, 50-200 mW cm™”) with
standard surgical excision, in 101 patients with small nodular
BCC amenable to simple excision.”® Lesions (24%) with a
noncomplete response to PDT at 3 months were re-treated.
Clinical complete response rates at 3 months did not differ
significantly between groups, with 98% in those treated with
surgery vs. 91% of lesions treated with MAL-PDT, and with
total disease-free response rates at 12 months of 96% vs. 83%,
respectively. A recent S-year follow up of this study has
revealed a significantly higher estimated sustained lesion
response rate for surgery at 96% compared with 76% for
MAL-PDT.”® Over 5 years, 14% of lesions recurred after MAL-
PDT vs. 4% for surgery, although no further recurrences with
MAL-PDT were seen after the first 3 years. Cosmetic evaluation
showed significantly better results for MAL-PDT, with 87%
showing a good or excellent outcome at 5 years after PDT
compared with 54% in the surgical group. These results imply
that while surgery remains the gold standard for the treatment
of nodular BCC, MAL-PDT is effective for treatment of these
lesions and exhibits a more favourable cosmetic outcome.

A similar 5-year follow-up study has compared cryotherapy
with PDT (MAL 3 h, 570-670 nm, 757 cm™?, 50—
200 mW cm™?) for the treatment of superficial BCC. The
3-month complete clinical response rates were similar for PDT
(97% of 102 BCCs) and cryotherapy (95% of 98 lesions).
Cosmetic outcome was superior following PDT, with an excel-
lent or good outcome reported in 87% (PDT group) and 49%
(cryotherapy). The estimated complete lesion response rate at
5 years was 75% in the MAL-PDT group vs. 74% in the cryo-
therapy group, with recurrence of 22% of lesions which had
initially cleared following MAL-PDT, compared with 20% after
cryotherapy.”’

Topical MAL-PDT and ALA-PDT are effective treatments for
superficial BCC (Strength of recommendation A, Quality of evidence I).
Topical MAL-PDT is effective in nodular BCC, although with a
lower efficacy than excision surgery, and may be considered
in situations where surgery may be suboptimal (Strength of
recommendation B, Quality of evidence I).

Cutaneous T-cell lymphoma

78,79 . -
Several case reports and case series successfully utilizing

topical ALA-PDT and MAL-PDT for early stage localized cuta-
neous T-cell lymphoma (CTCL) have been published since
the original guidelines, with multiple treatments usually
required for clearance. One report of ALA-PDT used an inco-
herent red light source (ALA 5-6 h, 600-730 nm, 88—
180 J em™?, 20-265 mW cm™?) in 10 patients with mycosis
fungoides (MF) (10 plaque lesions and two tumours) with a
median number of two treatments (range 2—11 treatments).*°
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There was complete clinical clearance in seven of nine evalu-
able plaque lesions, but neither tumour responded. Complete
remission is reported of four patients with CTCL IA-IIB trea-
ted with one to seven topical ALA-PDT treatments using an
incoherent light (ALA 6 h, 600-730 nm, 72—
144 J em™?, 60—-120 mW cm?).®' These patients had varied
histological types including two patients with MF, one
CD30+ anaplastic large cell lymphoma and one CD8+ CTCL.
Another report observed remission in four patients with uni-

source

lesional MF and partial response in another following one to
nine PDT treatments (MAL 3 h, 635 £ 18 nm, 37'5] cm™?,
86 mW cm).*

Topical PDT using ALA (n = 2) and MAL (n = 1) has also
achieved clinical and histological remission after one or two
treatments in three patients with localized thin plaque cutane-
ous B-cell lymphoma, with clearance maintained over 8-
24 months.*’

The selective uptake of photosensitizers into lymphocytes,
discussed in the original guidelines, offers an explanation for
the potential of PDT in CTCL. Malignant T lymphocytes may
be more susceptible than keratinocytes to PDT-induced lysis,
as illustrated in a study using the novel photosensitizer silicon
phthalocyanine.®*

Topical PDT can elicit a response and has a potential role in
the treatment of localized CTCL. Further studies of PDT for
CTCL are required to define optimal treatment parameters
(Strength of recommendation C, Quality of evidence II-iii).

Intraepithelial neoplasia of the vulva and anus

Limited data reviewed in the original guidelines suggested that
topical ALA-PDT could be effective in the treatment of vulval
intraepithelial neoplasia (VIN). Complete histological clearance
of VIN grade Il in 11 of 15 (73%) patients was achieved fol-
lowing PDT (ALA 2-3 h, 635 nm, 125] cm_z), with no dif-
ference in disease-free survival at 1 year compared with
patients treated with laser ablation or surgery.®® Multifocal
disease was found to be a predictor of poor response to PDT.
The same group also reported the histologically confirmed
clearance of 57% of 22 patients with VIN II/III again follow-
ing a single ALA-PDT treatment.*® PDT was viewed as being
as effective as conventional therapies, but with shorter healing
times and absence of scarring. A significant post-treatment
increase of cytotoxic T-cell infiltration in VIN lesions respond-
ing to ALA-PDT has been observed compared with non-
responding VIN; and the presence of high-grade dysplasia
and/or high-risk HPV is associated with a poor response to
PDT.®” A retrospective review of different modalities for VIN
observed a 48% relapse rate following PDT, comparable with
42% following local excision and 40% treated by laser vapori-
zation over 54 months.*® Topical PDT has been used to treat
intraepithelial neoplasia of the anus.®” High recurrence rates,
typical of tissue-preserving therapies for these indications,
necessitate close follow up of patients and more detailed com-
parison studies are required. Drug application remains chal-
lenging for these intraepithelial neoplasias and facilitated

© 2008 The Authors

delivery using bioadhesive patches or systemic photosensitizers
is being explored.”®"?

Topical PDT offers therapeutic benefit in VIN, but refine-
ment of practical aspects of delivery and optimization of pro-
tocol are required (Strength of recommendation C, Quality of evidence

1-iii).

Extramammary Paget’s disease

In the original guidelines, evidence for the use of topical PDT
as monotherapy for extramammary Paget’s disease (EMPD)
was lacking. A retrospective review identified five men with 16
EMPD lesions, 11 recurrent from standard therapies, who had
received Levulan ALA-PDT and red light.93 Six months after
one treatment, eight lesions were clear, but three recurred after
a further 3—4 months. Although recurrence is common with
conventional therapies, the authors speculate that PDT using
systemic photosensitizers might be more suitable for bulky dis-
ease. A further two cases of EMPD are reported of response to
ALA-PDT, and seven patients with recurrent EMPD of the vulva
were treated using MAL-PDT and red light, with clearance in
four.”**® PDT with the ALA applied via a bioadhesive patch,
followed by red light illumination, cleared vulval EMPD after
four treatments, with histological confirmation.”®

Topical PDT, although potentially effective in EMPD, is cur-
rently associated with high recurrence rates in the limited
cases reported (Strength of recommendation C, Quality of evidence IIT).

Photodynamic therapy for skin cancer prophylaxis

Repeated ALA-PDT treatments can delay the appearance of
UV-induced skin cancer in mice.”” Although an increased
mortality and a greater incidence of large tumours in the PDT-
treated mice were observed in the initial study, more recent
studies have not concurred with this finding, with both sys-
temic (intraperitoneal) and topical ALA-PDT in mice showing
delayed appearance of UV-induced tumours in mice but no

98,99

increased mortality or incidence of large tumours, and

similar findings reported for topical MAL-PDT in UV-treated

. 100
mice.

In the study by Liu et d.,”” a delay in large tumour
appearance was observed in mice whether ALA-PDT was
started concurrent with or at the end of UV exposure.
Recently, a study of topical MAL-PDT in PTCH heterozygous
mice exposed to UV radiation has shown significant preven-
1O At 28 weeks, 19

BCCs were found in nine of 20 mice exposed to UV only

tion of development of microscopic BCC.

whereas there were no BCCs in 15 mice additionally exposed
to PDT.

The mechanism by which PDT delays the onset of UV-
induced skin cancer is unknown. It is known that PpIX prefer-
entially accumulates in neoplastic cells, and light activation
may induce both necrosis and apoptosis of these cells.'®* Top-
ical PDT may cause selective destruction of keratinocytes bear-
ing mutated p53 induced by UV exposure.'® Alternatively or
additionally PDT may be inducing an immune response
against neoplastic cells and acting as a biological response

Journal Compilation © 2008 British Association of Dermatologists e British Journal of Dermatology 2008 159, pp1245-1266




1252 Guidelines for topical photodynamic therapy: update, C.A. Morton et al.

. 103,104
modifier.!231¢

Observed reduction in expected AK in clinical
trials in organ transplant recipients (OTRs) (see section below)
may in large part be due to the treatment of subclinical
lesions, and evidence of a primary preventive effect of topical
PDT in humans is lacking. Hence, current evidence indicates
that topical PDT has the potential to provide a preventive role
although further evidence is required to clarify its mechanism

of action (Strength of recommendation C, Quality of evidence IV).

Photodynamic therapy in organ transplant recipients

OTRs are at a significantly increased risk of skin can-

105,106
cer.

The risk relates to the duration and degree of
immunosuppression, HPV infection, and exposure to UV
radiation. These tumours tend to be multiple, occurring
within areas of dysplastic ‘field change’, and often behave in
a more aggressive manner. PDT offers the potential of treat-
ing large target sites which may include multiple tumours,
AK and preclinical skin cancers. In addition, it can provide a
more satisfactory cosmetic outcome and, more importantly,
may provide a means of preventing the development of skin
cancer.

Clinical response rates for OTRs (n = 20) and immunocom-
petent (n = 20) individuals were compared in an open pro-
spective trial of PDT (ALA 5h, 600-730 nm, 75 cm 2,
80 mW cm ™ ?) for AK and BD.'” Clinical response in both
groups was similar at 4 weeks, with 86% and 94%, respec-
tively. However, by 48 weeks the response rate in the OTRs
had reduced to 48% compared with 72% in the immuno-
competent patients. The reduced effectiveness of topical PDT
in OTRs compared with immunocompetent individuals lends
support to the importance of the role of immune response
factors in its mechanism of action. The same group reported,
in a randomized controlled trial, an observed clearance of AK
in 13 of 17 OTRs at 16 weeks in areas treated by MAL-PDT
(3h, 600-730 nm, 75 cm %, 80 mW cm™?).'°® Another
group reported complete remission of 24 tumours (75%) in
five OTRs with 32 facial tumours (21 BCC, eight AK, one ker-
atoacanthoma and two SCC), following PDT (ALA 3-5 h,
635 nm, 120 ] cm™2, 100 mW Cm_z).109 Two tumours, both
SCC, were refractory to PDT.

A recent open intrapatient randomized study of 27 renal
OTRs reported a significant delay in development of new
lesions at sites treated with PDT (MAL 3 h, 570-670 nm,
75J cm™) compared with control sites (96 vs. 68

months)."'°

By 12 months 62% of treated areas were free
from new lesions compared with 35% in control areas. How-
ever, no significant difference in the occurrence of SCC was
observed in another study of PDT (ALA 4 h, 400—450 nm,
5:5-6 ] cm”) vs. no treatment after 2 years follow up in 40
OTRs.'"" A less pronounced increase in keratotic skin lesions
in the PDT-treated sites was apparent but was not significant.
Of note, in this latter study violet was used rather than red
light and keratotic lesions were not pretreated by curettage.

A small

compared PDT

randomized intrapatient comparison

(MAL 3 h, 633 % 15nm,

study

757 cm 2,

80 mW cm ™) with topical 5-FU for treatment of epidermal

dysplasia in OTRs.'"”

PDT (two treatments 7 days apart) was
shown to be more effective and cosmetically acceptable than
5-FU (applied twice daily for 3 weeks) at 6-month follow up,
PDT clearing eight of nine lesion areas, compared with only
one of nine areas treated by 5-FU (lesional area reduction:
PDT 100%, 5-FU 79%).

Current evidence suggests that topical PDT, although show-
ing lower efficacy than in immunocompetent individuals, may
provide a useful therapy for epidermal dysplasias in OTRs
(Strength of recommendation B, Quality of evidence I).

Topical photodynamic therapy for infectious
and inflammatory dermatoses

Acne and related conditions

PDT may promote improvement in acne via antibacterial activ-
ity against Propionibacterium acnes, selective damage to sebaceous
glands, reduction in follicular obstruction by keratinocyte

. ) 113,114
shedding and via secondary host responses.

Propionibac-
terium acnes naturally produces small amounts of certain por-
phyrins, especially coproporphyrin III, with topical ALA
application promoting its accumulation.''®

A randomized controlled trial of PDT (Levulan ALA 3 h,
550—700 nm, 150 J cmfz) for acne on the back of 22 sub-
jects demonstrated a significant reduction in inflammatory
acne for 10 weeks after a single treatment and for at least
20 weeks after four treatments."'> Sebum excretion and bac-
terial porphyrin fluorescence were both decreased, and seba-
ceous gland size was still reduced at 20 weeks after PDT, but
treatment induced skin exfoliation and hyperpigmentation. A
further randomized intraindividual controlled study of ALA-
PDT (3 h, 635 nm, 15] cm™ 2, 25 mW cm_z) for acne on the
back demonstrated a significant reduction in inflammatory
lesion counts after three weekly treatments, but without
reductions in P. acnes numbers or sebum excretion. Despite the
less intense regimen, postinflammatory pigmentation was
observed in all patients for 1-3 months.''*

Several open studies report a clinical benefit of topical ALA-
PDT (both ALA and Levulan ALA) in facial acne using a range
of application times from 0-25 to 4 h and a variety of light

116 .
Protocol variations,

sources including blue light and IPL.
some including preparatory peels, with small patient numbers
and short follow-up periods, limit interpretation of these stud-
ies, with the extent of accumulation of photoactive porphyrins
after very short applications yet to be determined. One intra-
patient controlled study observed a 42% reduction in the
inflamed lesion count 6 months following a single session of
PDT (ALA 4 h, 630 £ 3 nm, 18] cm™, 30 mW cm™’) in
mild-to-moderate facial acne, compared with 15% reduction
in the untreated side."'” In an open controlled study of 15
patients with a wide range of severity of facial acne, PDT
(Levulan ALA 45 min, 595 nm, 7 J cmfz) achieved a lesional
clearance rate of 77% at 6 months (32% for the light-only
controls) after a mean of 2-9 treatments (range 1-6)."'® A
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small study of Levulan ALA applied to half the face of 13
patients with acne followed by illumination using an IPL
source to both sides resulted in improved response on the
PDT treatment side, sustained at 8 weeks.''” In a further pilot
study of IPL-delivered ALA-PDT in 14 patients, lesion counts
decreased by 88% after three treatments, compared with 67%
following IPL alone.'”® A recent split-face comparison of
ALA-PDT using blue light with blue light alone in 20 Asian
patients with moderate-to-severe acne showed a greater reduc-
tion in inflamed lesions on the PDT side (71% vs. 57% at
16 weeks after four weekly sessions), but the difference was
not significant."”'

Three randomized studies have recently been reported of
MAL-PDT in acne. In a randomized, controlled, investigator-
blinded study of 36 patients with moderate-to-severe disease,
PDT was performed with gentle lesion curettage prior to ini-
tial treatment (MAL 3 h, 635 nm, 37 J cm™2, 34 mW cmfz),
and repeated 2 weeks later. At 3 months, a significant 69%
reduction in inflammatory lesions was observed, with no
change in the control group, and no reduction in noninflam-
matory counts.'*” All patients experienced moderate to severe
pain during treatment and developed severe erythema, pustu-
lar eruptions and epithelial exfoliation. A randomized split-
face comparison study of 15 patients, by the same group, of
ALA- and MAL-PDT (3 h, single treatment, dosimetry as
above) achieved a 59% reduction in inflammatory lesions after
3 months in both groups, but with moderate-to-severe pain
and pustular reactions, more severe in the ALA-PDT-treated
areas.® A further randomized, placebo-controlled, split-face
study of PDT (MAL 3 h, 635nm, 37 Jcm™?) treated 30
patients with moderate-to-severe facial acne, with PDT

repeated after 2 weeks.'*®

Nodular and cystic lesions were
prepared using a small cannula to facilitate cream penetration.
A greater reduction in inflammatory lesions was observed at
12 weeks following PDT (54% vs. 20%). A recent blinded
randomized study of PDT using IPL in Asian skin, where MAL
was applied for only 45 min, failed to show significant
improvement of moderate inflammatory acne compared with
control.'** A small randomized split-face trial compared long-
pulsed dye laser alone with the use of the laser in MAL-PDT
in 15 patients. There was greater reduction in inflammatory
lesions on sites receiving PDT-enhanced laser therapy (80% vs.
67% at week 12).'”® A reduction in inflammatory lesion
counts (on average by 58%) has also been observed in a case
series of seven patients with chronic recalcitrant folliculitis
arising in areas of acne-prone skin following a single treat-
ment of MAL-PDT.'?®

Several case reports and case series report a therapeutic ben-
efit of topical PDT using ALA, Levulan ALA and MAL in seba-

1277130 35 well as for the treatment of a

ceous hyperplasia
sebaceous naevus although treatment of the latter was com-
bined with curettage.'®' Further studies are required to deter-
mine longevity of effect. ALA-PDT to four patients with
Fordyce spots, heterotopic sebaceous glands, produced only

132

mild improvement after two to nine treatments. One case

series observed improvement in hidradenitis suppurativa,

© 2008 The Authors

although another series failed to confirm this, with deteriora-
tion in two patients following PDT."'**'3*

Although topical PDT can improve inflammatory acne on
the face and back, optimization of protocols, to sustain
response while minimizing adverse effects, is awaited (Strength

of recommendation B, Quality of evidence I).

Viral warts

Clearance rates of 56—100% were noted in the case series and
comparison trials of refractory warts and verrucas reported in
the original guidelines.' In a subsequent controlled trial, PDT
(ALA 5h, 400-700 nm, 50 J cm™*, 50 mW cm™’) in 67
patients with plantar warts cleared 75% of warts (48 of 64)
compared with a 22% reduction in untreated warts. >
study, PDT (ALA 4-8h, 580-720 nm,

100 mW cm™?) in 31 patients with 48 plantar warts cleared

In another

42 warts (88%), with better clearance seen in younger
patients, larger warts and with longer treatment times.'*®

A study compared the treatment of verrucae by PDT using
either a PDL or LED source, with the use of PDL alone (ALA
3 h, PDL at 595 nm and 20]cm72, LED at 635 nm and
50 J em™?%), with clearance rates of 100% (mean 1-96 treat-
ments), 96% (mean 2-54 treatments) and 81% (mean 3:34

treatments), respectively.'®’

Pretreatment of patients with
plantar warts with 3% azone prior to ALA-PDT resulted in
clearance in 67% and 100% of mosaic and myrmeci (single
deep painful warts) subtypes, respectively, while clearance
after ALA-PDT alone was 37-5% and 70%, respectively.'*® Suc-
cess of topical ALA-PDT in a patient with multiple facial plane
warts has been reported, following two treatments with ALA
applied for 6 h and illumination with a metal halide lamp
(peaks at 630 and 700 nm)."** Complete clearance of periun-
gual hand warts in 18 of 20 patients (36 of 40 warts) was
achieved in a pilot study of ALA-PDT after a mean of 45 fort-
nightly treatments.'*

Recent studies continue to support the potential of topical
PDT in viral warts, particularly plantar warts, but it appears a
relatively painful therapy option, with outcomes dependent on
adequate paring and the use of a keratolytic agent pre-PDT
(Strength of recommendation B, Quality of evidence I).

Genital warts

A clearance rate of 66% in 16 patients with vulval and vaginal
condylomata was achieved following PDT (ALA 2—4h,
635 nm, 80—125J cm %, 88 + 17 mW cm_z).86 In a further
case series of 12 male patients with condylomata acuminata
treated with PDT (ALA 6-11 h, 400—800 nm, 70—-100 J cm” 2,
70 mW cm™?) an overall cure rate of 73% was achieved.'*!
In addition, this study showed, using in vivo fluorescence
kinetics, that the optimal time for illumination varied from 6
to 11 h. However, in a large open study of 164 patients,
between one and four treatments with PDT (ALA 3 h,
630 nm, 100 ] cm™ 2, 100 mW cm_z) cleared 95% of lesions,

with only 5% recurring after 6-24 months.'*” Disappointing
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results of PDT (ALA 5 h, 630 nm, 37 J cm™*, 68 mW cm )
were seen in nine men with genital condylomata unresponsive
to conventional therapies, with clearance only in three, after
four treatments.'** A recent randomized study compared ALA-
PDT (ALA 3 h, 633 nm, 100 J cm >, 100 mW cm™?) with
conventional CO, laser in 65 patients with condylomata
'** One treatment cleared 95% and 100% of

lesions, respectively, with persisting lesions clearing following

acuminata.

repeat PDT. A lower recurrence rate followed PDT (6% vs.
19%) and the authors concluded that PDT was a simpler,
more effective therapy. Topical PDT may be considered as a
treatment option for patients with genital warts (Strength of rec-
ommendation B, Quality of evidence I).

Cutaneous leishmaniasis

Recently, topical PDT has been reported to be effective in the
treatment of cutaneous leishmaniasis, caused by Leishmania
major. The challenge in treating this condition is to reduce
lesion size in order to promote healing with minimal scarring,
while also seeking to eradicate the amastigotes.

In a series of 11 patients (32 lesions), one or two weekly
treatments with topical ALA-PDT, using broadband red light,
rendered smears amastigote negative. Re-examination after
3—6 months revealed 31 of 32 lesions to remain amastigote
negative with no relapses over 6 months and an average

14 .
® In a further series of five

reduction in lesion size of 67%.
patients with ALA-PDT repeated weekly for 4 weeks, clearance
of all lesions occurred, with eradication of amastigotes (by
smear and culture), good cosmetic outcome, and no relapse
over 4 months.'*®

A comparison of topical MAL-PDT, using red light, with a
conventional therapy, daily topical paromomycin, in 10
lesions in the same patient, revealed that after a total of 28
PDT treatments, all five PDT-treated lesions and two of five
paromomycin-treated lesions had healed and were leishmania
free by histology, although cultures were not performed.'*’
A recent case report found clearance of unilesional disease
with MAL-PDT using red light after only three treatments.'*®

In a randomized investigator-blinded trial of 57 patients
(95 lesions) receiving weekly ALA-PDT with red light, twice-
daily topical paromomycin or placebo, each over 4 weeks,
lesion clearance at 8 weeks was seen in 94%, 41% and 13%,
respectively.'*® Parasitological cure, by smear, was demon-
strated in 100%, 65% and 20%, respectively.

A recent in vitro and in vivo mechanistic study concluded that
response of cutaneous leishmaniasis to PDT is likely to be due
to nonspecific tissue destruction accompanied by a depopula-
tion of macrophages rather than direct killing of parasites,
although a previous study did show in vitro selective destruc-
tion of amastigotes in macrophages following exposure to
porphyrins.'*%1*!

Current evidence suggests that topical PDT is effective in
clearing lesions of cutaneous leishmaniasis although further
studies with culture confirmation of amastigote clearance are
required (Strength of recommendation B, Quality of evidence I).

Psoriasis

A small study of four patients with psoriasis comparing topical
PDT (ALA 4 h, 630 nm, 10] cm™%, 120 mW cm_z) and nar-
rowband UVB therapy showed the superiority of the latter."**
Treatment with PDT was poorly tolerated by patients because
of pain and resulted in early termination of the trial. A report
of eight patients with psoriasis treated with ALA-PDT (ALA
4-5h, 630 nm, 10-30J cm™?, 35-315 mW cm™*) showed
significant improvement of plaques but treatment was again
limited by a high frequency of discomfort and pain.'** This
study also showed that PDT induced dermal neovascularization
in the treated psoriatic plaques — the mechanism of this is
unknown. A randomized, observer-blinded study of PDT (ALA
4-6h, 600-740 nm, 5-20J cm %, 60 mW cm™?) for 21

154
Com-

patients with psoriasis showed disappointing results.
plete clearance was found in only eight and substantial
improvement in four of 63 plaques.

Recently, a prospective randomized, double-blind phase 1/1I
intrapatient comparison study of 12 patients with psoriasis
treated by topical PDT (ALA 46 h, 600-740 nm, 20 J cm™?,
60 mW cm ) has also shown limited mean improvement of
37:5%, 456% and 51:2% in the 0:1%, 1% and 5% ALA-trea-
ted groups, respectively.'*® Part of this improvement was
related to the effects of prior use of salicylic acid. In addition,
treatment was frequently interrupted by severe pain.

A single case of recalcitrant palmoplantar pustular psoriasis
refractory to both acitretin and methotrexate has been
reported showing significant benefit from topical ALA-PDT
using a diode laser.'*® The same group reported marked
improvement in two patients with intractable palmoplantar
pustulosis and mild change in a third, following ALA-PDT
with the diode laser, but seven to 10 weekly treatments were
required."”’

Overall, current evidence, combined with studies reviewed
in our previous guidelines, does not support the use of topical
ALA-PDT as a practical therapy for psoriasis (Strength of recom-
mendation D, Quality of evidence I).

Photodynamic photorejuvenation

Chronic actinic damage, or photoageing, clinically comprises
wrinkling, rough elastotic skin, dyschromia, lentigines, and
telangiectases.'*® IPL (500~1200 nm) has been applied with
the aim of reversing the features of photoageing. As AKs fre-
quently coexist with other features of photoageing, there has
been recent interest in exploring the potential merits of firstly
combining the ALA with IPL (ALA-IPL) and secondly of using
standard PDT, for treatment of both chronic photodamage
and AK.

In a case series of 17 subjects, 33 of 38 (87%) AKs resolved
after two sessions of ALA-IPL, but the ALA was applied only
to the sites of the AK and therefore the effects of ALA-IPL on
photodamage were not explored.'** In a further case series of
17 subjects it was reported that ALA-IPL was effective in both
AK and photodamage.*' Levulan ALA was applied to the entire

© 2008 The Authors

Journal Compilation © 2008 British Association of Dermatologists e British Journal of Dermatology 2008 159, pp1245-1266



Guidelines for topical photodynamic therapy: update, C.A. Morton et al. 1255

face for 1 h, with subsequent illumination from an IPL source
(560-nm filter), clearing 68% of AKs and achieving improve-
ment in telangiectasia, pigmentary irregularities and skin tex-
ture. The treatment was reported to be well tolerated. PDT
using blue light has also been studied (ALA 1, 2 or 3 h, 400—
410 nm, 10 J cm %, 10 mW crnfz), in a case series of 18
patients with a combination of nonhypertrophic facial AKs
and mild to moderate diffuse facial photodamage.>® A clear-
ance rate for AKs of 85-96% was observed after 1 month,
with no difference between ALA incubation times. Regarding
photodamage, modest but significant improvements were seen
in the Griffiths score,'®® fine wrinkling and degree of sallow-
ness, with borderline improvement of mottled pigmentation.
All patients reported discomfort during the procedure, with
moderately severe phototoxic reactions observed on day 1 in
all patients.

In a split-face study, all 20 subjects with a moderate or
higher degree of photoageing received a course of five full-
face treatments with IPL (515-1200 nm, 23-26] cm_z), but
with ALA applied as adjunctive treatment for 0-:5-1 h to a ran-
domly assigned hemiface before the first three IPL treat-
ments.'®' A significantly greater improvement was reported
for the ALA-treated side 1 month after the final (IPL) treat-
ment, with respect to global score for photoageing, mottled
pigmentation, and fine lines. The authors stressed the impor-
tance of good photoprotective measures, including physical
sun blocks, in the 48 h following treatment, and felt that this
may have contributed significantly to the high tolerability of
the procedure.

A further split-face study compared ALA-IPL with IPL alone,
given three times at 1-monthly intervals in 13 subjects.'®* The
ALA-pretreated side reportedly showed enhanced improvement
of fine lines, skin roughness, mottled hyperpigmentation and
telangiectases, compared with the side treated with IPL alone,
although it is not clear whether randomization was performed
and no statistical analysis is presented.

In a small randomized split-face study of PDT (MAL 1 and
3 h, 630 nm, 37 J cm™?) in 10 patients with moderate photo-
damage, the authors noted an improvement in skin quality
and fine wrinkling, although details on methodology and
again, statistical analysis, are not p1rovided.163

Interest is clearly gathering in this area, although at present
there is a need for well-designed randomized, controlled, ade-
quately powered studies with a longer follow up and ideally
histological confirmation of clinical findings. The relative roles
of PDT and IPL as treatment/adjunctive treatment are antici-
pated to undergo further exploration. Standard topical PDT
(continuous wave light source) and ALA-IPL appear effective
in photorejuvenation (Strength of recommendation B, Quality of
evidence II-iii).

Other indications

Topical ALA-PDT has been reported to be effective in the
treatment of localized scleroderma in five patients, with the
same group demonstrating induction of the collagen-degrad-

© 2008 The Authors

ing matrix metalloproteinase (MMP)-1 and MMP-3 by fibro-
blasts following PDT.!®*1%% 1n addition, interleukin-1 released
by keratinocytes following PDT triggers MMP production in
dermal fibroblasts in a paracrine manner.'®® Other photosensi-
tizers used for PDT may be more effective in modifying colla-
gen metabolism. '’

Case series and individual reports describe the potential of
topical PDT in a variety of other indications'®*™'**(Table 1).
In addition to the limited evidence, several reports detail pain
and inflammatory responses that potentially limit the practical-
ity of using this modality outwith the setting of disease unre-
sponsive to conventional therapies. However, it is possible
that optimization of protocols could broaden the indication
for topical PDT in inflammatory and infectious dermatoses.

Adverse effects

Acute

The most common and troublesome acute adverse event of
topical PDT is the burning or stinging pain that occurs during
light exposure, and may continue postexposure in a minority.
Pain is restricted to the illuminated area and may reflect nerve
stimulation and/or tissue damage by ROS, possibly aggravated
by hyperthermia.! Treatment of psoriasis and viral warts in
particular is frequently limited by pain.'"'*® Pain appears more
intense in large area lesions, with AK, BD and BCC covering
an area of > 130 mm” significantly more painful to treat.'”®
The latter study also found a positive association of pain inten-
sity with AK, lesions located on the head, and in the male
sex, although these factors could not be dissociated. A further
study of 94 patients, all with AK, found a clear dose—response
relationship for lesion size and intensity of pain, but no signi-
ficant difference between genders.'”® A large interindividual
variation in pain experienced was noted in both studies, with
approximately 20% of patients experiencing severe pain.lg5 196

The above studies were performed with the prodrug ALA.
As ALA but not MAL is transported by y-aminobutyric acid
carriers, it has been speculated that MAL might provoke less

"7 In a double-

nerve fibre stimulation and subsequent pain.
blind randomized study in tape-stripped healthy skin of the
forearm, pain was found to be significantly higher in the
ALA- than the MAL-treated sites, both during and immediately
after PDT (ALA and MAL 3 h, 570-670 nm, 70] cm” 2,
90 mW cm™?).'”® The ALA-treated skin showed a higher PpIX
fluorescence peak than MAL-treated skin, and a greater
decrease in peak PpIX fluorescence was seen during illumina-
tion in ALA-PDT. No correlation was found between pain and
peak PpIX fluorescence, nor absolute decrease in peak PpIX
fluorescence; however, the high intersubject variability could
potentially obscure any relationship in this small subject
group. In a recent comparison study of pain during MAL-PDT
for acne and AK, pain was shown to be greater with more
intense PpIX fluorescence and also with higher fluence rate.'””
Two comparison studies have observed that MAL-PDT was less

painful than ALA-PDT for the treatment of scalp AK, although
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ALA was applied for 6 and 5 h, respectively, compared with

10,200

the shorter application time of 3 h for MAL. Two recently
reported small studies comparing MAL- and ALA-PDT in the
indications of nodular BCC and acne, with application of each
prodrug for 3 h, found no significant difference between the
agents in pain experienced during treatment, although in the
acne study the ALA-PDT side was significantly more painful
24 h after treatment.®’ Degree of pain also appears related to
intensity of light delivery; fractionated light doses increase tol-
erance of the procedure, and may at the same time increase
cure rates.”®' A recent split-face randomized study compared
variable pulse light (VPL) with LED for MAL-PDT of face and
scalp AK (MAL 3 h; VPL 610-950 nm, 80jcm_2 vs. LED
635 * 3 nm, 37 J cm %, 50 mW cm_z). Pain score was sig-
nificantly lower on the VPL side (visual analogue score 4-3 vs.
6-4), with similar, although relatively low, remission rates at
3 months (47% for VPL vs. 57% for LED) for both light
sources.”??

A range of techniques has been used in an attempt to
reduce PDT-related pain, including local anaesthesia and cool-
ing the skin with fans or sprayed water.' No significant differ-
ence was seen between patients receiving topical anaesthesia
with amethocaine or control in a randomized double-blind
study in 42 patients with superficial NMSC (ALA 3-5 h,
630 nm, 125] cm %, 20-125 mW cm ?).”°> Due to high
intersubject variability in pain experienced, and the differing
diagnoses and sites, it is conceivable that a significant effect
could have been obscured. However, the effect of a topical
mixture of lignocaine and prilocaine (EMLA®; AstraZeneca,
Luton, UX.) vs. control was also studied in 14 men with
extensive scalp AK and again no significant alleviation of pain
with the use of topical anaesthesia was observed.”**

Cold air analgesia may be effective in topical PDT.**® Two
matched superficial skin cancers were treated either with or
without cold air analgesia (=35 °C) at the time of irradiation.
While no significant difference was seen in pain score at the
first session, the score was significantly lower during the sec-
ond treatment session of the cold air-treated lesion. The inves-
tigators also found that level of skin erythema was reduced
after treatment. It is conceivable that the profound cooling
induced by this device could result in a significant vasocon-
striction, theoretically making less oxygen available for the
photodynamic reaction.

Other than pain, topical PDT has a low morbidity, and few
significant acute adverse effects occur. An acute inflammatory
response is observed, sometimes followed by erosion and
crust formation. Complete healing usually occurs within
2 weeks but is reported occasionally to take up to 6 weeks.! A
small minority of patients shows a heightened acute inflam-
matory response, during or immediately after PDT, typically
when wide areas of the face/scalp are treated. Recent investi-
gations have shown that the erythema and oedema seen
immediately postirradiation are attributable to a dose-related
urticarial response mediated by histamine, and that this occurs
to some degree in all subjects.”’® Caution has been advised in
treating large skin fields by PDT in case of pronounced photo-

© 2008 The Authors

toxic reaction, with the option to consider initial small-area

207 L .
The skin inflammation

PDT prior to large-field exposure.
induced by PDT might contribute to its therapeutic effect, act-
ing as an optimizing event for the development of specific
antitumour immunity and long-term suppression of tumour
growth after PDT.”' Interestingly, it was found in a study of
ALA-PDT for AK that pretreatment lesional erythema was sig-
nificantly related to both PDT-induced pain and the cure
rate.'”® The pretreatment erythema is likely to reflect degree
of vasodilatation and inflammation in the lesions, and may
indicate the amount of oxygen locally available. Further
clinical studies are clearly required, to determine whether
interventions that reduce pretreatment erythema or the PDT-
induced inflammatory response may impact adversely on
therapeutic effect.

Pain is a common feature during light exposure in PDT, but
topical PDT is overall a well-tolerated treatment modality with
a low rate of serious acute adverse events (Strength of recommenda-
tion A, Quality of evidence I).

Application of topical anaesthetics is of limited use for pain
relief during light exposure of AK (Strength of recommendation D,
Quality of evidence II-i).

Chronic

The incidence of scarring associated with topical PDT is very
low and is reflected in the good or excellent cosmetic out-
come widely reported, including in the randomized compari-
son trials of PDT in NMSC indications reported above and in
the original guidelines.' In vivo studies of the effect of haem-
atoporphyrin-mediated PDT compared with hyperthermia on
mouse skin compliance have found the former not to pro-
duce a fibrotic response.”®® The levels of collagen measured
in vitro are elevated in modalities associated with scarring
in vivo (e.g. ionizing radiation, hyperthermia and bleomycin)
but not after exposure to haematoporphyrin ester-mediated
PDT.2%°

Postinflammatory hypopigmentation or hyperpigmentation
can occur following PDT.' Studies on healthy skin showed
that hyperpigmentation following PDT is dependent on ALA
dose, occurs after 48—72 h and increases during the 2 weeks

following treatment.*®*'°

Hyperpigmentation of psoriatic
lesions following PDT appears to be common. Mild to moder-
ate pigmentation was seen in all PDT-treated lesions in a study
of 21 patients with psoriasis and in seven of eight patients in

a further study.'®®'**

However, pigmentary disturbance
appears only occasionally to be more than a minor complica-
tion of skin tumour PDT. Pigmentary change was observed in
only 1% of lesions (mild/moderate scarring: 0-8%) from a
! Hair

loss is a potential side-effect of PDT as concomitant sensitiza-

centre reporting on PDT for 762 patients with NMSC.

tion of the pilosebaceous unit takes place.”'* Permanent local-
ized hair loss following PDT is uncommon but has occurred
more frequently after treatment of BCC rather than BD, pre-
sumably determined by the extent of involvement of piloseba-

. ) . 213
ceous units by the primary disease.
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Carcinogenicity

As PDT does not induce covalent modifications of DNA, treat-
ment-related carcinogenesis is expected to be low or absent

compared with UV therapy.*'*

In addition, porphyrin-like
molecules also possess antioxidant and antimutagenic proper-
ties.”"® PDT has the potential of promoting genotoxic effects
from the generation of ROS, but with effects limited to the
vicinity of their site of generation, and ROS liberated by ALA-
and MAL-PDT mediate their effects in the mitochondria as

¢ Recent research has shown that

opposed to the nucleus.”
PDT induces low levels of p53 and generated ROS do not
induce DNA damage via p53 phosphorylation pathways as
seen with PUVA.”"7
dine dimers or (6—4) photoproducts, as induced by UV radia-

DNA lesions that are

PDT does not induce cyclobutane pyrimi-

associated with
218

tion: these are
characteristic p53 mutations at dipyrimidine sites in NMSC.
Two cases of skin cancer possibly related to PDT have previ-

64,219
One was

ously been reported in the original guidelines.
a melanoma arising in the scalp of a patient receiving PDT for
AK, the other an SCC arising in an area of erythroplasia of
Queyrat treated by PDT. In the past 5 years, only one further
lesion possibly induced by topical PDT has been reported, in a
patient who developed a keratoacanthoma after ALA-PDT for
treatment of AK.”*°

Topical PDT has a low risk of carcinogenicity and reported
cases of skin cancer occurring in relation to this therapy are

rare (Strength of recommendation A, Quality of evidence II-iii).

Safety aspects of topical photodynamic therapy

Contraindications to PDT include a history of porphyria and
allergy/photoallergy to active ingredients of the applied

ce o 221-223
photosensitizer.

Blue light can pose a hazard to the ret-
ina, potentially causing irreversible damage to the photosensi-
tive neurotransmitters in the macula.' However, most PDT is
carried out using red light which is not phototoxic to the ret-
ina. Nevertheless, the wearing of goggles for both patient and
staff' is recommended to limit the transmission of high-inten-
sity light and to avoid discomfort and disturbance of colour
perception.

Following topical PDT, localized photosensitivity can remain
for up to 48 h, ALA degrading with a half-life of about 24 h,
and MAL-induced PpIX clearing from normal skin within 24—
48 224225

Photodynamic therapy: cost assessment

The original guidelines provided a detailed cost-comparison of
ALA-PDT with standard therapy derived from two studies of
BD.' Estimated costs for ALA-PDT were comparable with cryo-
therapy and topical 5-FU when morbidity costs were
included, but reflected the use of a nonlicensed ALA prepara-
tion and light sources no longer in routine use. A cost-
minimization study of six treatments commonly used for BD
in the UK. National Health Service concluded that ALA-PDT

was the most expensive option for treating a single lesion, but
considered average costs for three light sources now rarely
used, including laser, making extrapolation difficult to current
practice of PDT.**® The cost of topical PDT will be influenced
by clinic set-up, opportunities for safe multiple use of the
same package for more than one lesion/patient, nurse/techni-
cian- vs. doctor-led therapy, use of relatively low-cost LED
sources, etc. A discrete choice survey of members of the
general public in Australia demonstrated that preference for
avoidance of scarring was considered to be more important
even than lesion response, with a willingness to pay more for
MAL-PDT over simple excision for BCC.**’

A recent detailed economic evaluation of topical MAL-PDT,
based on multicentre comparison trials for AK,** superficial
and nodular BCC,*®”” calculated the cost per full responder,
defined as clearance of all lesions in a patient and an excellent
cosmetic outcome. The authors concluded that PDT is a cost-
effective intervention in AK when compared with cryotherapy
over 1 year, and better value for money than excision in BCC
when compared over 5 years (to allow time for recur-
rences).”*® This industry-sponsored study took into account
response rates, possible recurrence and cosmesis as well as
estimating the costs of managing nonresponse, recurrence and
nonexcellent cosmetic outcome, and represents the most
detailed consideration, to date, of the relative cost of PDT
when a value on cosmetic outcome benefit is included.

Novel methods of delivering topical PDT could improve its
cost-effectiveness. The cost-effectiveness of delivering topical
PDT in a community setting was demonstrated in a small ran-
domized study using a portable PDT light source, with therapy
delivered by a nurse, permitting a more convenient service for
typically elderly patients presenting with BD and BCC.**’
Ambulatory PDT could minimize hospital resources as well
as offer treatment at/closer to home using portable LED
devices."? Further studies are required to update cost-effective-
ness analysis for topical PDT as currently used in the UK.
National Health Service, with particular consideration to its
use in multiple and/or large lesions/field treatments.

Overview

These updated guidelines provide strong evidence confirming
the high efficacy of topical PDT in AK, BD and superficial
BCC. Randomized comparison studies also support the effi-
cacy of topical PDT, following lesion preparation, in thin
nodular BCC, with recurrence rates over 5 years recently
published. Licensed products and convenient light sources
with short irradiation times are now available for topical
PDT in NMSC.

The response of OTRs to PDT appears reduced compared
with immunocompetent controls, but this modality may still
be useful for the treatment and possible prevention of NMSC
in this challenging situation. Current evidence demonstrates
reductions in anticipated lesion numbers following PDT; the
relative contribution of primary prevention of de-novo lesions
and treatment of preclinical lesions requires study. The lack of
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additional studies of PDT in SCC cautions practitioners not to
use topical PDT where invasive malignancy is suspected. Small
patient numbers of individual reports continue to limit the
evidence for PDT in localized CTCL, although available data
are encouraging.

Since the original guidelines a large number of additional
applications for topical PDT has been described in the litera-
ture (Table 1). It appears that efficacy as well as greater
patient tolerance of PDT can be achieved in infective and
inflammatory indications through lower dose, less intense
treatment regimens, although multiple treatments are usually
required. A variety of protocols, including several randomized
studies, results in clinical response of acne to PDT, but a
narrow therapeutic window may exist between clinical and
phototoxic responses, potentially limiting patient tolerance.
Further study data indicate disappointing outcomes of PDT for
psoriasis. In contrast, several reports now describe the clear-
ance of cutaneous leishmaniasis lesions by topical PDT, an
interesting novel indication.

During the past 5 years, considerable interest has been
shown in the potential of PDT to promote photorejuvenation
with observed improvements of fine lines, skin roughness and
mottled hyperpigmentation. Further well-designed studies are
required.

Topical PDT is well tolerated, while treatment-associated
pain remains problematic for certain indications. To date, the
use of topical anaesthesia appears ineffective, and alternative
therapies, including cold air analgesia, offer scope for pain
reduction when required. Reports of possible secondary skin
malignancy remain very low, and high-quality cosmesis fol-
lowing PDT is consistently observed.

Tools for guideline users

Presented in this update:

1 Summary of the evidence for PDT in its principal approved
and emerging indications.

2 A tabular summary of possible applications of topical PDT
where evidence is currently restricted to case reports and ser-
ies (Table 1).

3 A summary of the main recommendations from this com-
prehensive update (Table 2).

4 Suggestions for audit.

Possible audit points

1 Initial clearance rates of AK, BD and superficial BCC
at 3 months after last treatment of at least 75% lesions.

2 Sustained clearance rates of AK, BD and superficial BCC
at 12 months after last treatment of at least 75% lesions.

3 Recurrence rates at 24 months post-treatment in BD and
at 24-36 months in superficial BCC of no more than 20%
lesions.

4 Demonstration of an effective protocol for pain manage-
ment with severe pain in < 10% of patients treated for indi-
vidual BD/BCC lesions by standard technique.

© 2008 The Authors

Table 2 Clinical indications for topical photodynamic therapy in
dermatology: recommendations and evidence assessment

Strength of
recommendation

Quality of

evidence Indication

A I Thin and moderate thickness
actinic keratoses

Bowen’s disease

Superficial basal cell carcinoma

Thin nodular basal cell
carcinoma

Epidermal dysplasias in organ
transplant recipients

Inflammatory acne on the
face and back

Viral warts, particularly
plantar warts

Genital warts

Cutaneous leishmaniasis

B II-iii

C II-iii

Photorejuvenation

Localized cutaneous T-cell
lymphoma

Vaginal intraepithelial
neoplasia

Extramammary Paget’s
disease

Skin cancer prevention

o

Psoriasis
D 11-iii Invasive squamous cell

carcinoma

5 Cosmetic outcome at 1| year — demonstrate satisfaction
(good-excellent) with cosmesis in a minimum of 80% of
patients.
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Appendix 1

Strength of recommendations and quality of evidence.

Strength of recommendations

A There is good evidence to support the use of the procedure

B There is fair evidence to support the use of the procedure

C There is poor evidence to support the use of the procedure

D There is fair evidence to support the rejection of the use of the procedure

E There is good evidence to support the rejection of the use of the procedure

Quality of evidence

I Evidence obtained from at least one properly designed, randomized controlled trial

II-i Evidence obtained from well-designed controlled trials without randomization

TI-ii Evidence obtained from well-designed cohort or case—control analytical studies, preferably from more
than one centre or research group

11-iii Evidence obtained from multiple time series with or without the intervention. Dramatic results in
uncontrolled experiments could also be regarded as this type of evidence

111 Opinions of respected authorities based on clinical experience, descriptive studies or reports of expert
committees

v Evidence inadequate owing to problems of methodology (e.g. sample size, or length of comprehensiveness

of follow-up or conflicts in evidence)
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