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Abs t rac t .  The efficacy of a prototype non-laser light source for photodynamic therapy was 
assessed in clinical practice in the treatment of Bowen's disease and actinic keratoses. The light 
source, incorporating a 300 W short arc plasma discharge, was adjusted by appropriate filters to 
produce a bandwidth of 630 4-15 nm. Topical 5-aminolaevulinic acid was applied 4 h before 
irradiation to permit production within the lesion of the active photosensitizer, protoporphyrin IX. 
Individual lesions received 94-156 J cm-2. Twenty lesions of Bowen's disease and four actinic 
keratoses were treated in 12 patients. Patients were reviewed at monthly intervals and treatment 
repeated if residual disease was present. Clearance was achieved with a single treatment in 15 
lesions and in all of the remaining nine lesions after a second treatment. 
The treatment was well tolerated, with pain absent or mild during treatment in 22 lesions, with 
only 'one lesion requiring local anaesthesia. Over the 10 days following treatment, no pain was 
associated with 21 treated lesions. During a 12 month follow-up period, two Bowen's disease lesions 
recurred. The overall complete response rate was 92%. Scarring was evident following PDT in only 
three lesions. Photodynamic therapy using this portable non-laser light 
source appears to be an effective and well-tolerated treatment for Bowen's disease and actinic 
keratoses. 

INTRODUCTION 

Photodynamic therapy (PDT) is an effective 
treatment for various cutaneous and non- 
cutaneous malignancies (1, 2). Certain pre- 
malignant and inflammatory cutaneous lesions 
appear also to respond to PDT, resulting in 
many potential clinical applications for this 
modality in dermatology (3, 4). Therapeutic 
response is achieved primarily via the acti- 
vati0n of a photosensitizing drug by visible 
light to produce activated oxygen species, 
especially singlet oxygen, within the 
neop!astic/dysplastic tissue (5). Lasers have 
beenithe usual source of irradiation in PDT as 
they; provide light of sufficient intensity at 
appropriate wavelengths for drug activation, 
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with the opportunity of delivery to internal 
body surfaces via fibre optics. However, their 
cost, complexity and size, and the limited 
availability of lasers that  can be used for PDT, 
has led to a search for alternative cheaper, yet 
effective, portable, light sources that  can be 
used easily in clinical practice. 

A recent development in light technology is 
a portable source incorporating a 300 W short 
arc plasma discharge. Initial in vitro assess- 
ment of this lamp demonstrated an efficiency of 
cellular photoinactivation close to that  of the 
argon/dye laser and superior, at higher power 
densities, to the copper/dye laser (6). In an in 
vivo study using tumour regrowth delay to 
quantify the relative efficacy of the proto- 
type with an argon/dye laser, there was no 
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Fig. 1. Prototype lamp with timer unit and 5 mm flexible fibre bundle. The two attachments used on the end of the fibre are 
shown, the 1 t mm perspex rod used to treat small lesions and the 25 mm collimating lens used for larger lesions (seen 
attached to fibre). 

s ignif icant  difference in the  ex ten t  of t u m o u r  
response  be tween  the  two l ight  sources  (7). 

The  a im of the  p re sen t  s tudy  was to assess  
the efficacy of th is  p r o t o t y p e  lamp in cl inical  
p rac t i ce  in the  t r e a t m e n t  of  p r e -m a l i gnan t  
n o n - m e l a n o m a  skin  cancer .  

MATERIAL AND METHODS 

Patients 

Eth ica l  commi t t ee  a p p r o v a l  was  ob t a ined  
for the  t r e a t m e n t  of  pa t i en t s  wi th  po ten t i a l  
p recu r so r s  to n o n - m e l a n o m a  skin  cancer ,  by 
p h o t o d y n a m i c  the rapy .  Pa t i en t s  p re sen t ing  to 
the  D e r m a t o l o g y  D e p a r t m e n t  of  the  Wes t e rn  
Inf i rmary ,  Glasgow,  wi th  lesions of  Bowen ' s  
disease (in s i tu squamous  cell ca rc inoma)  or 
ac t in ic  ke ra toses ,  2 1 m m  in d i ame te r  or less, 
were  invi ted  to pa r t i c i pa t e  in the  study. No 
lesion had  been  p rev ious ly  t rea ted .  Histologi-  
cal  conf i rmat ion  of the  d iagnosis  was acqu i red  
by pe r fo rming  a 4 m m  p u n c h  b iopsy  on all 
lesions.  

PDT light source 

ent i re  vis ible  spec t rum.  The  componen t s  of  the  
l ight  source  are  as descr ibed  p rev ious ly  (6). 
The lamp used  in this  s tudy  can  del iver  1 W 
di rec t ly  or  0.5 W via  a flexible l ight  guide 
wi th in  a b a n d w i d t h  of 30 nm which  can  be 
tuned  to any  w a v e l e n g t h  f rom 3O0nm to 
1.1ffm. In f ra - red  emiss ion  f rom the source  was  
to ta l ly  b locked  us ing  a w ideband  die lec t r ic  
hea t  fi l ter and  a non- inf ra - red  t r a n s m i t t i n g  
l ight  guide. Zero inf ra- red  emiss ion  up to 3 5 / m  
w a v e l e n g t h  was  verif ied wi th  a ca lor imeter .  
Us ing  a p p r o p r i a t e  filters, the  spec t ra l  ou tpu t  
of  the  l amp was ad jus ted  to a 30 nm b a n d w i d t h  
a r o u n d  630 nm. To b r o a d e n  the  t r e a t m e n t  field 
and  p roduce  un i fo rm  i r r ad i a t i on  of lesions,  an  
11 m m  per spex  rod  or 25 m m  co l l imat ing  lens 
was a t t a c h e d  to the  5 m m  fibre bundle  (Fig. 1). 
The au tho r s  inc luded  a t  leas t  a 10% m a r g i n  
a r o u n d  lesions in the  field of  i r r a d i a t i o n  per- 
mi t t ing  t r e a t m e n t  of  les ions up to 9 mm in 
d i ame te r  us ing  the  rod, and  21 m m  in d i ame te r  
us ing  the  lens. At  f luence r a t e s  of 158mW 
c m -  2 for the  rod  and  55 mW cm - 2 for the  lens, 
lesions rece ived  94-156 J cm 2, the  t r e a t m e n t  
dose cen t red  on 125 J cm 2 as this  dose has  
been  shown  p rev ious ly  to be effective in amino-  
l aevul in ic  acid (ALA)-PDT us ing  laser  (8). 

The  p ro to type  lamp (pa ten t  pending)  incor- 
po ra te s  a 300W xenon  shor t  arc  p l a s ma  
discharge ,  p roduc ing  a con t inuous  wave  
b r o a d b a n d  fiat  spec t ra l  ou tpu t  across  the  

Photosensitizer 

Topica l  5 -aminolaevul in ic  acid  in an oil in 
wa t e r  emuls ion,  20% (w/w) 5-ALA (Sigma 
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"]'ahle l. Clearance. of lesions after a smgh.' treatment depending on light dose. Tream~e.nt times, depending 
on wlnich end attachment to the fibre bundle was use.d, are also shown 

Dose Tol,al no. of No. of les{ons treated Treatment time (rain) (?lear 
_ --- after one 

(J (:m e) lesions treated Rod Lens Rod Lens treatment 

9.1 7 5 2 10 29 5 
125 15 8 7 13 39 9 
156 2 2 0 16 .19 1 

Chemica l  Co) in U n g u e n t u m  Merck  (E. Merck  
Ltd), was  appl ied  to lesions 4 h 1)efi~re illumi- 
na t ion  with  the lamp. Sur face  (:rusts were  
removed fl"om the les ions and  the sur face  
gem;ly ab raded  p r io r  to 5-ALA appl ica t ion .  
Approx ima te ly  50 nag of  c ream was appl ied per  
cm" to (:over the, en t i re  i r rad ia t ion  field, thus  
inc luding  the c l in ica l ly  disease-free margin .  
The, c r eam was then  kept  in place  under  an 
occlus ive  dress ing  (Tegaderm,  aM) for 4h ,  
a f te r  which the 5-AI~A c ream rema in ing  on the 
skin sur face  was carefu l ly  removed.  The  
pa t i en t  was offered local anaes the t i c  (1% pla in  
lignocaine, by i n t r ade rma l  inject ion)  dur ing  
t r ea tmen t .  

Adverse effects, clearance and recurrence 

Pat ien t s  used v isua l  a n a l o g u e  scales  to record  
pain  dur ing  and over  the 10 days  follow- 
ing PDT (with subsequen t  i n t e r p r e t a t i o n  of 
0 < x < 3  as mild, 3<x<.7  as m ode ra t e  and 
7<x < 10 as severe).  Les ions  were  examined  on 
comple t ion  of t he r apy  and 24-48 h later ,  then  
a t  inc reas ing  in te rva l s  dur ing  the fo l lowing 
2 months .  Cl inical  r e sponse  to the first appli-  
ca t ion  of PI )T  was de te rmined  at  2 mon ths  and  
a second t r e a t m e n t  admin i s t e red  if' les ions 
persisted.  M o n t h l y  rev iew of all pa t i en t s  was 
u n d e r t a k e n  for 12 m on t hs  fol lowing c l ea rance  
to observe  for r e c u r r e n c e  and  assess sca r r ing  
po ten t i a l  of  the therapy .  Pos t - the rapy  punch  
biopsies  were  pe r fo rmed  in lesions where  
doub t  ove r  cl inical  c l e a r a n c e / r e c u r r e n c e  
existed.  

Statistics 

Compar i son  of the size of  le, sions c lea r ing  
and of those not c lea r ing  a f te r  a s ingle PDT 
t r ea tmen t ,  was pe r fo rmed  by a M a n n - W h i t n e y  
U-test. Compar i sons  of c l ea rance  ra tes  depend- 

ing on dosage  and the  a p p a r a t u s  
del iver  the i r rad ia t ion ,  were  done 
(?hi-squared test.  

used to 
using a 

RESULTS 

Clearance rates 

Twen ty  lesions of Bowen ' s  disease and four 
ac t in ic  ke ra toses  (AK), in 12 pa t i en t s  ( three  
male,  nine female,  median  age 65 years ,  r ange  
4;I.-95 years) ,  rece ived p h o t o d y n a n d e  therapy .  
Sixteen lesions were  sited on the  leg, six on the  
fo rea rm or hand.  and  two on the  scalp.  The  
median  sur face  a rea  of all t r ea t ed  lesions was 
60 mm ~ ( range 9-400 ram2). 

Fif teen lesions (12 Bowen 's  and 3 AK) 
c leared  a f te r  a s ingle t r e a t m e n t  wi th  PIYI' 
us ing this non- laser  sourc, e. All n ine  r e m a i n i n g  
lesions cleared f(fllowing a second t r ea tmen t .  
2 months  later .  The  median  size of  lesion,q 
c lea r ing  a f te r  one t r e a t m e n t  was 56ram ~ 
( range 9 400 mm~), not  s ignif icant ly  difl 'erent 
from the size of those  lesions requ i r ing  a 
second t r e a t m e n t  (median 60 mm z, r ange  
9-380 mm'~). The cl inical  response  of one a rea  
of  Bowen ' s  d isease  and  one ac t in ic  keratosi.~ is 
shown in Figs 2 and 3, respect ive ly .  

The eft'Get of  l ight dose on c l ea rance  a f te r  a 
s ingle  t r e a t m e n t  is shown in Tab le  1. The  first 
five lesions en tered  into l:he tr ial  received 94 J 
em ~, 75"/0 of  the in tended  t r e a t m e n t  dose in 
order  to obse rve  for side-effects. Subsequen t  
lesions received 125,J cm '-' except ,  as one 
pa t i en t  had seven  lesions,  two lesions rece ived  
94 ,I ('m '-', th ree  125 J em " 2, and  the remain-  
ing two, 156J  cm -z .  Three  lesions in this 
pa t i en t  did not  ('leas" wi th  a s ingle  t r e a tmen t ,  
one from each of the three  dose reg imens  
used. A l though  overa l l  a h igher  p e r c e n t a g e  of 
lesions t r ea t ed  with 9.4 J e m -  2 c leared  a f te r  
one t r ea tmen t ,  compared  wi th  those  which 
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(a) 
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(b) 
Fig. 2. Plaques of Bowen's disease on leg (a) before and (b) 2 months following a single treatment with ALA-PDT using the 
prototype lamp. 

rece ived  125 J e m - S ,  this  difference was not  
s t a t i s t i ca l ly  s ignif icant .  

The  pe rspex  rod, wi th  the  h ighe r  f luence r a t e  
of  158mW cm - s ,  was  a t t a c h e d  to the  fibre 
bund le  for the  t r e a t m e n t  of  15 lesions,  of which  
10 c leared  (67%) on a single t r e a tmen t .  The  
co l l imat ing  lens (fluence r a t e  55 mW cm - s )  
was  a t t a c h e d  to the  bund le  for the  t r e a t m e n t  
of  the  n ine  l a rge r  lesions,  wi th  five les ions 
c lea r ing  (56%) in th is  g roup  a f te r  a s ingle  
t r e a t m e n t .  This  difference in c l ea r ance  ra te ,  
however ,  was  not  s ignif icant .  

Adverse effects 

As t r e a t m e n t  of  the  in i t ia l  les ions (with 94 J 
cm s) was  well  to le ra ted ,  the  s tudy  p roceeded  
wi th  the  inc rease  in dose as described.  Side- 
effects were  s imi l a r  in f r equency  and  sever i ty  
be tween  the  different  dosage  groups  and  are  
the re fo re  l is ted toge ther .  

No pa in  was  expe r i enced  by  pa t i en t s  dur ing  
the  t r e a t m e n t  of  12 lesions.  P a i n  dur ing  PDT 
was descr ibed  as mild  in a fu r the r  10, m o d e r a t e  
m one, and  severe  in one les ion which  was an 
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(a) 

(b) 
Fig. 3. Area of actinic keratosis on scalp (a) before and (b) 2 months following a single treatment with ALA-PDT using the 
prototype lamp. 

area of Bowen's disease that  had ulcerated 
prior to therapy. Only in this lat ter  case was 
local anaesthesia administered. Over the 10 
days following treatment,  no pain was associ- 
ated with 21 treated lesions, with mild discom- 
fort lasting around 7 days described in the 
remaining three lesions. Whilst erythema and 
oedematous swelling of the t reatment  sites 
were evident on completion of irradiation, 
only three lesions proceeded to blister (by 
2 days) with one area of Bowen's disease sub- 
sequently ulcerating. No photosensit ivity 
reactions were evident following PDT. 

A visible scar in the t reatment  field, outside 
diagnostic biopsy sites, was observed in only 
three t reatment  sites, all three areas of 
Bowen's disease t reated on the ankle and 
overlying the Achilles tendon. 

R e c u r r e n c e  rate 

During the 12 months following clinical clear- 
ance of the 24 lesions, two areas of Bowen's 
disease recurred, both at 8 months in lesions 
t reated with 125 J cm-2.  Clearance of these 
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two lesions was achieved with a fur ther  treat- 
ment session of PDT using the prototype lamp. 
This gives an overall complete response rate 
after 1 year of 92%. 

D I S C U S S I O N  

This prototype non-laser source appears to be 
effective in facili tating ALA-PDT in clinical 
practice in the t reatment  of pre-malignant 
non-melanoma skin cancer. This paper reports 
a 100% initial clinical clearance, al though two 
treatments with PDT were required to achieve 
clearance in 37% of lesions. The overall clear- 
ance rate at 1 year of 92% compares favour- 
ably with results from similar trials using laser 
light sources (8, 9). Cairnduff et al (8) reported 
an overall response rate  of 89% at 18 months 
following a single t reatment  of 36 areas of 
Bowen's disease with ALA-PDT using a copper 
vapour/dye laser, i rradiat ing lesions with 
630nm light at doses of 125-250J cm 2. 
Svanberg et al (9) t reated 10 areas of Bowen's 
using ALA-PDT and 630 nm light from a pulsed 
frequency-doubled Nd-YAG laser. A complete 
response of 90% was obtained after a single 
t reatment  at a light dose of 60 J cm - 2, with the 
remaining lesion clearing after a second treat- 
ment, and no recurrence during a follow-up 
period of 6-14 months. 

Whilst it is recognized that  coherence of 
light is not required for effective photo- 
dynamic therapy, the development of effective 
incoherent  light sources has been limited 
by difficulties in achieving an intensity of 
long wavelength light comparable to laser 
(10). Polychromatic light from modified slide 
projectors have been used by Kennedy and 
Wolf as the light source for ALA-PDT in the 
t reatment  of non-melanoma skin cancer 
(11, 12). However, such lamps, with relatively 
broad emission bandwidths, are inefficient 
sources of red light, which is considered to 
be optimal for PDT. Although other peaks of 
protoporphyrin IX exist (13) at shorter  wave- 
lengths (410, 510, 545 and 580nm), light 
penetrat ion in such spectral regions is signifi- 
cantly less, and light absorption by haemo- 
globin is greater. Karrer  et al (14) recently 
described the successful t reatment  of basal 
cell carcinomas by PDT using a new inco- 
herent  light source, incorporat ing a 1200W 
metal halogen light. This is a high intensity 
source designed to match that  of lasers, 
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although it has a bandwidth when filtered of 
160 nm (580-740 nm). 

The prototype lamp used in the present 
study was developed to provide many of the 
benefits of a laser, but at lower cost (approxi- 
mately 10% the expense of a laser system) and 
in a portable, desktop package. The lamp 
showed negligible al terat ion in performance 
during the 6 months recrui tment  and treat- 
ment period. The ability to provide high inten- 
sity light within a narrow (and adjustable) 
30 nm bandwidth, permitt ing the act ivat ion of 
photosensitizer at a given absorption peak, 
makes the prototype lamp a useful source with 
which to assess the efficacy of incoherent  light 
in PDT. Unlike the non-laser sources described 
above, the prototype lamp can also deliver 
light down a fibre bundle, not only facili tating 
its potential  use in endoscopic PDT, but per- 
mitting the easy and accurate alignment of the 
source over surface lesions. The lamp used in 
this clinical study was the first prototype con- 
structed, a second more powerful version has 
now been evaluated in pre-clinical in vivo 
studies (7) and delivers twice the output  of the 
original lamp (i.e. 1 W via the light guide), 
permitting shorter  t reatment  times. 

Acceptance of a new treatment,  however, 
depends not only on efficacy and ease of oper- 
ation, but on pat ient  acceptance. ALA-PDT 
using the prototype lamp was well tolerated 
both during i r radiat ion and in the follow-up 
period. The authors  found a requirement  for 
local anaesthesia only where the epidermis was 
not  intact  prior to irradiation. As expected, the 
majority of patients in this study were elderly, 
with lesions often on the lower leg, a poor site 
for healing. Therefore, the avoidance of ulcer- 
ation following t rea tment  in all but one lesion 
was encouraging. Avoidance of the prolonged 
photosensit ivity reactions associated with pre- 
vious systemic administrat ion of photosensitiz- 
ers (15, 16), permitted these patients to be 
managed easily on an out-patient basis. 

The absence of clinically obvious scar for- 
mation, except in the three apparent ly site- 
dependent ankle lesions, is consistent with 
the good cosmetic results reported following 
laser-induced PDT for Bowen's disease (8, 9). 

The wide var ia t ion in the dosimetry of 
light used in the t reatment  of Bowen's dis- 
ease and actinic keratoses by ALA-PDT 
(8, 9, 11, 12), requires fur ther  study. Whilst the 
authors did not perform a dose ranging study, 
the present results would suggest 94 J cm 2 to 
be at least as effective as 125J cm -2. The 
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a u t h o r s  a t t e m p t e d  to keep  i r r a d i a n c e  be l ow  
t h e r m a l  l eve l s  a n d  n o t e d  no  d i f fe rence  i n  out -  
come b e t w e e n  t hose  l e s i o n s  t r e a t e d  a t  55 m W  
c m -  2 c o m p a r e d  to  158 m W  c m -  2 

B o w e n ' s  d i s ease  a n d  a c t i n i c  k e r a t o s e s  a re  
i n t r a - e p i d e r m a l  l e s ions ,  i n  c o n t r a s t  to t he  
o t h e r  n o n - m e l a n o m a  s k i n  cance r s .  C l e a r a n c e  
r a t e s  r e p o r t e d  for  b a s a l  cel l  c a r c i n o m a s  t r e a t e d  
by  A L A - P D T  (8, 9, 11, 12, 17) r a n g e  f rom 34 to 
91%, m o r e  v a r i a b l e  t h a n  for B o w e n ' s  d isease .  
D e p t h  of p e n e t r a t i o n  of a c t i v a t i n g  l i g h t  is 
l i ke ly  to be  i m p o r t a n t  i n  i n f l u e n c i n g  o u t c o m e ,  
i n  a d d i t i o n  to a d e q u a t e  a b s o r p t i o n  of pho to-  
s e n s i t i z e r  (18, 19). Eff icacy of A L A - P D T  u s i n g  
th i s  p r o t o t y p e  l a m p  wi l l  t h e r e f o r e  be i m p o r t a n t  
to e s t a b l i s h  i n  s u c h  l es ions .  

F o l l o w i n g  in  v i t r o  a n d  i n  v ivo  a s s e s s m e n t ,  
th i s  p r o t o t y p e  l a m p  has  n o w  b e e n  s h o w n  to  be 
a n  effect ive  a n d  p r a c t i c a l  d e s k t o p  l i g h t  s o u r c e  
for use  i n  A L A - P D T  i n  B o w e n ' s  d i sease  a n d  
a c t i n i c  k e r a t o s e s ,  a l t h o u g h  f u r t h e r  r e s e a r c h  to  
op t imize  efficacy a n d  def ine  i t s  c l i n i c a l  po t en -  
t i a l  is r e q u i r e d .  A r a n d o m i z e d  c o m p a r i s o n  t r i a l  
of  A L A - P D T  u s i n g  t h i s  l amp,  or c r y o t h e r a p y  i n  
t he  t r e a t m e n t  of B o w e n ' s  d isease ,  is p r e s e n t l y  
u n d e r w a y  a n d  t he  a u t h o r s  h a v e  a l s o  com- 
m e n c e d  a t r i a l  of  t he  t r e a t m e n t  of  b a s a l  ce l l  
c a r c i n o m a s  u s i n g  th i s  l i g h t  source .  
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