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A b s t r a c t .  Photodynamic therapy (PDT) with topical application of 5-aminolaevulinic acid (ALA, 
20% w/w) was used to t reat  superficial basal cell carcinoma (BCC, 16 patients), Morbus Bowen (one 
patient), basal cell naevus syndrome (BCNS, three patients), actinic keratosis (AK, two patients), 
chronic inflammation (CI, one patient), and metastasized BCC (one patient). The interval  between 
ALA application and i l lumination was 3-6 h. The incident light dose was 50-100 J cm 2, mostly 
75 J cm -2, at 633 nm wavelength. This was based on the fluorescence excitation spectrum, 
measured on the skin of human volunteers. In a few cases, 514.5 nm light was used. A complete 
response (CR) rate  of 79% (median follow-up 13 months) was obtained with 42 BCC lesions._The 
t reatment  of five areas with AK, two areas with CI and one area with M. Bowen yielded three CR 
for AK and five part ial  remissions (PR). Photodynamic therapy of metastasized BCC, after either 
topical or oral ALA, was not  successful. Treatment  of BCNS was satisfactory with 100% CR in one 
patient  (22 lesions), PR in a second patient  (20 lesions), and good pall iat ion in a third patient  (>250 
lesions). The t rea tment  was well tolerated, al though the i l lumination had to be interrupted 
occasionally due to pain. Healing usually occurred in 2 weeks. Cosmetic results were good to 
excellent. 5-Aminolaevulinic acid application over 16-19 h and repeated treatments made it 
possible to obtain CR of non-superficial lesions. The selective tumour fluorescence was then lost, 
however, due to fluorescence of normal skin, but the cosmetic outcome did not deteriorate.  
5-Aminolaevulinic acid PDT may be a good al ternat ive outpat ient  treatment,  especially in elderly 
patients and for large t rea tment  areas. The excellent cosmetic outcome warrants  fur ther  study in 
younger patients. More work is necessary to establish optimal ALA-treatment schemes. 

INTRODUCTION 

Primary skin cancer  is the most common 
malignancy in man, which can usually be 
t reated successfully by several modalities, 
such as surgical excision, cryotherapy or 
radiotherapy (1). All modalities have their  
specific advantages and disadvantages, still 
leaving room for improvement. Furthermore,  
when t reatment  modalities achieve a near- 
maximal result  (cure), side issues become more 

important,  such as overall t reatment  time, 
complications and cosmetic results. 

Photodynamic therapy (PDT) is a new 
cancer  t reatment  modality that  is part icular ly 
suited to the t rea tment  of superficial malignan- 
cies. The basis of PDT is the use of a non-toxic 
drug, a photosensitizer, which after accumula- 
tion in the target  tissue is photo-activated in 
situ. The resul tant  photochemical react ion 
releases highly reactive singlet oxygen which 
is cytotoxic (2). This process is non-selective 
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in principle, and tumour specificity depends on 
a relat ively high accumulat ion of the photo- 
sensitizer in tumour tissue after systemic 
adminis t ra t ion ,  combined with well-directed 
illumination. The most widely studied photo- 
sensitizer is Photofrin, a drug that  has been 
approved for a limited number of clinical indi- 
cations in Canada, The Netherlands, Japan 
and the USA. Photodynamic therapy using 
Photofrin and superficial i l lumination has 
resulted in complete response (CR) rates of 
88% (3) and 96% (4) for basal cell carcinomas 
(BCC), and near 100% CR for Bowen's disease 
(5, 6). Although Photofr in is a potent  photo- 
sensitizer, a major side-effect is prolonged cu- 
taneous photosensit ivity compelling patients 
to avoid exposure to direct sunlight or bright 
daylight for 4-6 weeks after t reatment  (7, 8). 
Therefore, PDT with a s tandard dose of 
Photofrin (2 mg kg-1)  is not an ideal treat- 
merit for primary skin cancer. Reduction of 
the Photofr in dose to i mg k g - 1  (3) improves 
the therapeut ic  ratio, but does not solve the 
problem of skin photosensit ivity completely. 

An al ternat ive form of PDT, avoiding gener- 
alized skin phototoxicity,  has been introduced 
by Kennedy et al (9), using endogenous 
photosensit ization by topically applied 5- 
aminolaevulinic acid (ALA). 5-Aminolaevulinic 
acid is a precursor of protoporphyrin IX (PpIX) 
in the biosynthetic pathway for haem. Several 
steps in this pathway are rate-limited and 
t ightly regulated. The feedback mechanisms 
can be bypassed by administering excess 
amounts of exogenous ALA, resulting in an 
accumulation in the cells of PpIX, an effective 
photosensitizer. Exposure to photo-activating 
light of appropriate wavelength and dose 
generates a characterist ic red fluorescence 
and phototoxic cell damage (10, 11). This form 
of PDT will be called ALA-PDT. Kennedy 
reported a CR rate of 79% for superficial BCC 
after one i l lumination (12), following topical 
application for 3-6 h of 20% ALA in an oil-in- 
water emulsion. 

The authors '  interest  in ALA-PDT started 
when a pat ient  with basal cell naevus syn- 
drome (BCNS), having extensive BCC lesions, 
was presented for PDT. This pat ient  had been 
t reated with all conventional  modalities which 
were ineffective. Photofrin-PDT would involve 
photosensit ization of this pat ient  for a long 
time, because of the many lesions requiring 
treatment.  The response of this patient to 
topical ALA-PDT was so encouraging that  a 
clinical study of ALA-PDT for superficial BCC 
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and actinic keratosis was started. The results 
of this study on 23 patients are reported in this 
paper. 

MATERIALS AND METHODS 

5-Aminolaevulinic acid and solvent 

The ALA was supplied by Janssen Pharma- 
ceuticals, Beerse, Belgium. Initially, a cream 
obtained from the hospital pharmacy 
( 'Lanette ')  was used as solvent. Instillagel | 
was later  used which has a lower viscosity and 
contains 2% ]idocaine. 

Protoporphyrin IX fluorescence excitation 
spectrum 

At the start  of this study, nothing was known 
about the action spectrum for PDT with endo- 
genously generated PpIX. Determining an in 
vivo action spectrum with an accuracy that  
yields a wavelength resolution bet ter  than 
5 nm involves a considerable amount  of work, 
as was shown by the authors '  study on the 
action spectrum for Photofrin-PDT (13). How- 
ever, for Photofrin-PDT it appeared that  the in 
vivo absorption spectrum, the fluorescence 
excitation spectrum and the PDT-action spec- 
trum all had a maximum at 625 nm (14). There- 
fore, since a similar coincidence of maxima 
might occur for PpIX, the in vivo fluorescence 
excitation spectrum of PpIX was measured. 
This measurement can be made accurately and 
relatively easily. 5-Aminolaevulinic (20%) was 
applied to two areas of i cm 2 on the skin (arm) 
of three volunteers. The application time 
before measurement  of one spot was 5-6 h, and 
of the other spot was 18 h. The fluorescence 
was excited with light from an argon pumped 
dye laser (620-650 nm, 1 nm linewidth) at inter- 
vals, between 620 and 650 nm, of 5 nm, and 
2.5 nm near the maximum using an irradiance 
of 0.1mW cm-2.  The wavelengths were 
selected with a monochromator  that  was cali- 
brated against a He-Ne laser. Fluorescence 
was also excited with the argon laser at wave- 
lengths of 488, 496.5, 501.7 and 514.5 nm. The 
fluorescence was measured with a digital 
intensified CCD camera, through a 700 �9 20 nm 
band pass filter. 

Photodynamic therapy 

Local Ethical Committee approval was 
obtained for this study, as was individual 
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in formed  consent .  P a t i en t s  were  r ec ru i t ed  
f rom the  D e p a r t m e n t  of  Dermato logy ,  
U n i v e r s i t y  Hosp i t a l  Ro t t e rdam,  Dijkzigt ,  The  
Ne the r l ands ,  and  f rom the  D e p a r t m e n t s  of  
P las t ic  Su rge ry  and  R a d i o t h e r a p y  of the  
Danie l  den Hoed  Cance r  Centre ,  Ro t t e rdam,  
The  Ne the r l ands .  P a t i en t s  wi th  c l in ica l ly  
superf ic ia l  lesions (_<3mm th ickness )  were  
cons idered  eligible. Mos t  les ions were  ve ry  
superf ic ia l  ( < l m m ) .  Biopsies  were  ob t a ined  
f rom single  les ions before  t r e a tmen t .  In  case  of  
mul t ip le  lesions,  on ly  two or th ree  represen-  
t a t i ve  les ions were  biopsied.  Pa t i en t s  wi th  
h i s to log ica l ly  conf i rmed BCC, M orbus  Bowen  
or ac t in ic  ke ra tos i s  were  inc luded  in th is  
study. Twen ty - th ree  pa t i en t s  were  t r e a t ed  wi th  
ALA-PDT,  10 males  and  13 females,  w i th  a 
m e a n  age of 65 yr  ( range  35 89 yr). 

Les ions  were  examined  and  m eas u red  care-  
fully, and  crus ts  were  removed.  A 20% ALA 
so lu t ion  (w/w) was  appl ied  to the  les ion plus a 
m a r g i n  of a p p r o x i m a t e l y  5 - 1 0 m m  of appar -  
ent ly  n o r m a l  skin. The  a r ea  was covered  wi th  a 
ve ry  th in  gauze s oaked  in ALA solut ion,  as a 
fo rm of ALA reservo i r ,  and  was  occ luded  wi th  
T e g a d e r m  | The  first  16 pa t i en t s  were  t r e a t e d  
a f te r  an  ALA app l i ca t i on  t ime  of 3-6 h, which  
was  ex tended  to 16 19 h for  some la te r  pa t i en t s  
and  for r e t r e a t m e n t s .  The  non-absorbed  c r eam 
was  wiped f rom the  sk in  jus t  before  i l lumina-  
t ion  wi th  633 nm l ight  (see Results)  f rom an  
a rgon  pumped  dye laser  (Spect ra  Phys ics  
2040E and 375B, respect ive ly) .  In  a few cases of 
very  superf ic ia l  lesions,  514.5 nm l ight  f rom the  
a rgon  laser  was used. The  l ight  was focused  
into  a 600 p m  d i am e t e r  op t i ca l  fibre, guided to 
the  t r e a t m e n t  r o o m  and  imaged  t h r o u g h  a lens 
sys tem to p roduce  a c i r cu la r  t r e a t m e n t  field 
wi th  a un i fo rm l ight  in tens i ty .  The  i r rad iance ,  
m e a s u r e d  wi th  a Spec t r a  Phys ics  SP407 power  
meter ,  was  50 -100mW cm -2.  Inc iden t  l ight  
doses of 50-100 J c m - 2  were  appl ied  (most ly  
7 5 J  cm 2). The  PpIX f luorescence  was  
e i ther  m e a s u r e d  du r ing  t r e a t m e n t  or v i sua l ly  
obse rved  t h r o u g h  a co loured  glass fi l ter 
(Schot t  RG665). At  the  end of the  i l lumina t ion ,  
the  f luorescence  was a lways  p h o t o b l e a c h e d  
complete ly .  T r e a t m e n t  fields were  typ ica l ly  
3-8 cm in d iameter ,  and  the  t r e a t m e n t  t imes 
were  10-30 min. 

Af te r  t r e a t m e n t ,  pa t i en t s  were  seen in the  
o u t p a t i e n t  cl inic a t  r e g u l a r  in t e rva l s  for evalu-  
a t ion.  T u m o u r  responses  and  cosmet ic  resu l t s  
were  scored  c l in ica l ly  and  by  eva lua t i on  of 
co lour  pho tog raphs ,  wh ich  were  t a k e n  before  
t r e a t m e n t  and  dur ing  the  fol low-up of every  
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Fig. 1. Fluorescence  excitation spec t rum from 620 nm to 
650 nm of 5-aminolaevul in ic-acid- induced protoporphyr in IX 
in normal human skin in vivo. Emission was measured in a 
band of 700_+20 nm. Mean of six spots, three subjects. The 
data from all spots were normal ized to 100 at 630 nm. If no 
error bar is visible, it is smal ler  than a solid square. 

pat ient .  A CR was defined as absence  of clini- 
ca l ly  ev ident  t u m o u r  a t  the  site of  t r e a t m e n t  
a f te r  2 3 months .  P a r t i a l  r e sponse  was defined 
as a t  leas t  50% reduc t ion  in t u m o u r  size. Pro- 
gress ive  disease  (PD) is a t  leas t  25% t u m o u r  
growth ,  and  o the rwise  the  response  was classi- 
fled as s tab le  disease  (SD). The  m e a n  follow- 
up for all  pa t i en t s  was 17 mon ths  ( range 
1-54 months) ;  for  the  BCC pa t i en t s  only, th is  
was  13 mon ths  ( range 1-39 months) .  

The  cosmet ic  ou t come  of the  CR lesions was  
ciassified as exce l len t  (absence  of any  vis ible  
s ign of les ion or s t i gma ta  of t r ea tment ) ,  good 
(s l ight ly visible),  fa i r  (modera te  d iscolora t ion)  
or poor  (s t rong h y p e r p i g m e n t a t i o n )  in the  
t r e a t m e n t  area .  

RESULTS 

Protoporphyrin fluorescence excitation 
spectrum 

The PpIX f luorescence  exc i t a t ion  spec t rum in 
the  red spec t r a l  r eg ion  in the  h e a l t h y  volun-  
teers  is shown  in Fig. 1. The  m a x i m u m  is a t  
633 + i nm. There  was  no m e a s u r a b l e  differ- 
ence  be tween  the  f luorescence  exc i t a t ion  spec- 
t r a  a f te r  5-6 h and  18 h ALA app l i ca t ion  t ime. 
Therefore ,  these  da ta  were  t a k e n  t oge the r  and  
the  a v e r a g e  was p lo t t ed  in Fig. 1. The  avail-  
able  a rgon  laser  l ines  could not  define the  
local  f luorescence  exc i t a t i on  max imum.  For  
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Photof r in ,  th is  m a x i m u m  is close to 500 nm 
(15). For  PpIX, the  f luorescence  inc reased  wi th  
i nc r ea s ing  w a v e l e n g t h  bu t  showed a t e n d e n c y  
to f la t ten  a t  514.5 nm (data  no t  shown).  For  
PpIX, the  m a x i m u m  m a y  the re fo re  be a t  or  
s l ight ly  above  514.5 nm. 

Photodynamic therapy 

The  t r e a t m e n t  was  genera l ly  well  to le ra ted .  
However ,  on severa l  occasions ,  the  i l lumina-  
t ion  had  to be i n t e r r u p t e d  or the  i r r a d i a n c e  
r educed  due to pain.  The  au t ho r s  now of ten 
s t a r t  the  t r e a t m e n t  wi th  50 mW cm 2 i r radi-  
ance,  which  is g r adua l ly  inc reased  to 100 mW 
cm 2 as the  t r e a t m e n t  p rogresses  and  the  
PpIX-f luorescence  is pho tob leached .  I t  ap- 
p e a r e d  to the  au t ho r s  t h a t  a f te r  16-19 h of ALA 
appl ica t ion ,  more  pa t i en t s  compla ined  a b o u t  
pa in  and  the  pa in  was  more  in tense .  Emla  | 
o in tment ,  ora l  pa in  re l ievers  (pa race tamol ,  
n a p r o x e n  or t r amado l )  or  l idocaine  in f i l t ra t ion  
were  appl ied  wi th  va ry i ng  success.  Af ter  illu- 
mina t ion ,  the  t r e a t e d  a r ea  was  usua l ly  reddish  
and  s l ight ly  swollen,  and  somet imes  some 
serous  e x u d a t i o n  was  seen  dur ing  and  a f te r  
i l lumina t ion .  A crus t  u sua l ly  developed,  which  
fell of[ w i th in  14 days. Hea l i ng  r a r e l y  t ook  
more  t h a n  3 weeks.  Redness  or  p i g m e n t a t i o n  
m a y  t ake  a few m o n t h s  to d isappear ,  usua l ly  
w i t h o u t  a vis ible  scar.  

Basal cell naevus syndrome (BCNS) 

Mul t ip l e  les ions in th ree  pa t i en t s  wi th  BCNS 
were  t r e a t e d  in n u m e r o u s  sessions.  In  one 
pa t i en t ,  al l  t r e a t e d  les ions (22 in 10 l ight  fields) 
showed  a CR. This  pa t i en t  was  i l l umina ted  
wi th  100 J cm -2  of g reen  l ight  (514.5 rim) a t  
150 mW c m - 2 .  The  pa t i en t  fel t  i t ch ing  r a t h e r  
t h a n  pain.  The  response  was  s t rong;  p igmenta -  
t ion  r e m a i n e d  for m o n t h s  bu t  all  les ions even- 
t ua l ly  hea led  scar-free.  In  the  second pa t ien t ,  
the  mos t  ac t ive  lesions were  t rea ted ,  r e su l t ing  
in a CR or PR. A l t h o u g h  mos t  lesions did not  
d i s appea r  comple te ly  cl inical ly,  they  r e m a i n e d  
qu iescen t  for  a t  leas t  15 months .  The  th i rd  
p a t i e n t  has  a l r eady  been  m e n t i o n e d  in the  
in t roduc t ion .  This  p a t i e n t  had  so m a n y  lesions 
t h a t  only  a few of the  mos t  ac t ive  ones  could be 
t r e a t e d  in one session. The  bes t  r e su l t  in this  
p a t i e n t  was pa l l i a t ion  us ing  ALA-PDT and, 
occas iona l ly ,  c r y o t h e r a p y  or p las t ic  surgery .  
Les ion  th i ckness  r a n g e d  f rom very  superf ic ia l  
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to th i ck  (severa l  mm). All types  of  r e sponse  
occu r r ed  a f t e r  one or more  t r e a t m e n t s  by ALA- 
PDT. N u m e r o u s  les ions  were  r e t r e a t e d  severa l  
t imes  over  more  t h a n  5 yr  (total>250).  In  th is  
pa t ien t ,  CR of a few non-superf ic ia l  les ions 
could  be ob t a ined  by  th ree  or more  ALA-PDT 
t r e a t m e n t s  over  severa l  weeks.  Occas iona l ly ,  
mi l ia  deve loped  in a reas  t h a t  were  t r e a t e d  
repea ted ly ,  wh ich  m a y  be r ega rded  as an  
adverse  cosmet ic  resul t .  

Basal cell carcinoma (BCC) 

For ty- two superf ic ia l  BCCs were  t r e a t e d  in 16 
pa t ien ts .  The  resu l t s  are  summar i zed  in Tab le  
1. An in i t ia l  CR r a t e  of  81% (34 of 42 lesions) 
was  seen wi th  on ly  one r e c u r r e n c e  a f te r  14 
months ,  so the  r ecur rence - f ree  CR r a t e  is 79% 
(33 of 42 lesions). In  19% (eight  of  42 lesions), 
only  a PR was ach ieved  (follow-up 1 39 
months ,  a v e r a g e  13 months) .  In  one pa t ien t ,  a 
les ion wi th  a poor ly-def ined b o u n d a r y  devel- 
oped a r e c u r r e n c e  a t  the  edge of the  t r e a t m e n t  
field. The  cosmet ic  r e su l t  was  usua l ly  good to 
excel lent ,  and  t iny  scars  deve loped  only  in 
sk in  a l r eady  d a m a g e d  by  the  tumour .  

Morbus Bowen 

One pa t i en t  wi th  M. Bowen  on the  b a c k  of 
the  left  fifth f inger  and  ad j acen t  h a n d  was 
accep ted  for  ALA-PDT,  a l t h o u g h  c l in ica l ly  
the re  was some doubt  w h e t h e r  ce r t a in  a reas  
showed a beg inn ing  of inf i l t ra t ive  growth .  The  
m a x i m a l  r e sponse  was  seen  a f te r  2 m o n t h s  
wi th  >90% r e d u c t i o n  in t u m o u r  area ,  which  
was a p p r o x i m a t e l y  5 cm 2 before  PDT. Only  a 
smal l  c rus t  of  a b o u t  5 m m  remained .  Subse- 
quent ly,  the  t u m o u r  s t a r t ed  growing  again ,  
and  ba re ly  r e sponded  to a second ALA-PDT 
t r ea tmen t .  Subsequen t  t r e a t m e n t  wi th  radio-  
t h e r a p y  (54 Gy) p roduced  a CR. 

Actinic keratosis 

Three  pa t ien ts ,  two wi th  ex tens ive ly  pre- 
t r e a t ed  lesions,  r ece ived  ALA-PDT.  One 
pa t i en t  had  lesions of  ac t in ic  ke ra tos i s  in an  
a rea  ad j acen t  to de l ica te  sk in  on the  skull ,  2 yr  
a f ter  r a d i o t h e r a p y  for  an  u l ce r a t i ng  BCC. The  
lesion showed a CR wi thou t  d a m a g e  to the  
i r r ad i a t ed  skin.  The  second pa t i en t  had  mult i-  
ple les ions on the  skull ,  t r e a t ed  ex tens ive ly  
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Table 1. Results of ALA-PDT in patients with superficial skin lesions 
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No. No. 
of of 

patients lesions 

Recurrence 
CR PR PD 

after CR 

BCNS 2 >250 a 

BCNS b 1 22 22 (100%) 
BCC 16 42 34 (81%) c 
Actinic keratosis 3 5 3 (60%) c 
Chronic 1 2 
Inflammation 
Morbus Bowen 1 1 
Metastasized BCC 1 8 

a a a 

8 (19%) 1 (3%) 
2 (40%) 1 (20%) 
2 (100%) 

1 (100%) 
8 (100%) 

ALA-PDT, 5-aminolaevulinic acid photodynamic therapy; CR, complete response; PR, partial 
response; PD, progressive disease; BCNS, basal cell naevus syndrome; BCC, basal cell 
carcinoma. 
CAll types of responses were seen; a few areas treated with green light (514.5 rim). 
bTreated only with green light (514.5 nm). 
CNot corrected for recurrence. 

wi th  conse rva t i ve  me thods  (ointments) ,  sur- 
gery  and  c ryo the rapy .  Two ulcers  a p p e a r e d  to 
be  due to ch ron ic  in f l ammat ion .  All ac t in ic  
k e r a t o t i c  les ions d i s appea red  af ter  ALA-PDT.  
The  chron ic  u lcers  showed  some reg ress ion  
wh ich  fu r the r  i m proved  a f te r  conse rva t i ve  
t r ea tmen t .  The  th i rd  p a t i e n t  had  r e s i s t an t  
ac t in ic  ke ra to s i s  jus t  c r an i a l  to his left  eye- 
brow,  r e spond ing  nea r l y  comple te ly  to one 
ALA-PDT session.  E igh t  m o n t h s  la ter ,  recur-  
r ence  was seen, wh ich  r e sponded  incomple te ly  
to a second  ALA-PDT t r ea tmen t .  The  les ion 
was  excised surgica l ly .  Hi s to logy  showed  
ex tens ive  ac t in ic  ke ra tos i s  bu t  also foci of  
in f i l t r a t ing  squamous  cell  ca rc inoma.  

Oral 5-aminolaevulinic acid 

One p a t i e n t  p re sen ted  for  ALA-PDT af te r  
ex tens ive  su rge ry  and  r a d i o t h e r a p y  for meta-  
s tas ized BCC. Af ter  mul t ip le  r ecu r r ences  in 
the  f ron ta l  skin, lymph node  me ta s t a se s  h a d  
developed.  La ter ,  i n t r a c u t a n e o u s  m e t a s t a s e s  
a p p e a r e d  in the  face and  in the  neck.  S u rge ry  
or r a d i o t h e r a p y  were  no longer  poss ible  for  
th is  disf igured pa t ien t .  5 -Aminolaevul in ic  acid 
was g iven  ora l ly  in o r a n g e  ju ice  (50 mg k g - 1  
body  weight)  a f te r  wh ich  PpIX f luorescence  
of the  sk in  which  was  p a r t i c u l a r l y  s t rong  in 
the  su rg ica l ly - t r ea t ed  pa r t s  of  the  face could  
be observed.  E igh t  a reas  were  i l lumina ted ,  
s t a r t ed  4 h af ter  i nges t ion  of ALA (16, 17) and  
comple ted  3 h later .  The  p a t i e n t  fel t  pa in  in the  
a reas  on the  face t h a t  showed s t rong  fluor- 

escence,  and  some i t ch ing  elsewhere.  The  
response  to PDT was ins ignif icant ,  however ,  
and  l a te r  t r e a t m e n t  wi th  top ica l  ALA-PDT was 
ineffective.  

DISCUSSION 

Fluorescence excitation spectrum and 
ALA-PDT action spectrum 

On the bas is  of  p rev ious  exper ience  wi th  
Pho to f r in  (14), the  w a v e l e n g t h  of the  m a x i m u m  
in the  in vivo PpIX f luorescence  exc i t a t ion  
spec t rum,  633 nm for PpIX, was chosen  as the  
o p t i m u m  w a v e l e n g t h  for  ALA-PDT.  Recent ly ,  
Szeimies et al (18) s tudied  the  ac t ion  spec t rum 
for ALA-PDT bo th  in v i t ro  and  in vivo. In  
vi tro,  the  o p t i m u m  w a v e l e n g t h  was found to be 
635 + 2 nm. In  this  regard ,  the  poss ib i l i ty  of  a 
smal l  blue-shif t  f rom in v i t ro  to in vivo should  
be cons idered  (13, 14). In  vivo, only  the  differ- 
ence  be tween  630 nm and  635 nm was detected,  
635 nm be ing  more  effective (18). Cons ider ing  
the  expe r imen ta l  errors ,  the  difference wi th  
the  resu l t s  of  the  p re sen t  p a p e r  is not  sig- 
nificant.  In  c l in ica l  p rac t ice ,  the  difference 
be tween  the  ALA-PDT effect a t  633 nm and  a t  
635 nm would  p r o b a b l y  not  be measu reab le .  

For  t ru ly  superf ic ia l  lesions,  g reen  l igh t  
(514.5 nm) f rom the a rgon  laser  m a y  be a good 
a l t e r n a t i v e  for  red  light,  i f  a laser  is avai lable .  
Because  of the  h igh  power  avai lable ,  this  could 
m a k e  it poss ib le  to t r e a t  la rge  a reas  in a 
r e l a t ive ly  shor t  t ime.  
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Clinical  resul ts  of A L A - P D T  

This study confirms that  ALA-PDT can have a 
role in the curative and palliative t reatment  
of superficial pre-malignant skin lesions, 
al though it must compete with highly success- 
ful standard treatments.  With cryotherapy or 
surgery, a 90-95% success rate is usually 
achieved for small lesions (19-23). Similar high 
cure rates can be achieved with fract ionated 
radiotherapy. For good cosmetic results, this 
requires an overall t reatment  time of 3M 
weeks (24). Radiotherapy is a highly successful 
therapy for larger superficial as well as deeply 
invasive lesions, for lesions in anatomical 
areas not easily accessible for surgery, and 
in patients with relative or absolute contra- 
indications to surgery. 

The present results are in the same range as 
reported by other authors, al though the 
number of patients is relatively small. For 
t reatment  of BCCs, a CR rate of 81% was 
achieved 3 months after treatment.  Kennedy 
et al (9) reported 90% CR for BCCs after 2--3 
months, and 79% in a more recent paper (12). 
Cairnduff (25) achieved a CR of 88%, which fell 
to 50% after 17 months follow-up. This result  
was influenced considerably by the negative 
selection of her patients. Most patients re- 
ferred for ALA-PDT were elderly people and 
had large lesions, considered less suitable for 
s tandard treatment.  Several other  studies have 
been published recently, report ing 80-100% 
CR for superficial BCCs (26 29). Nodular  
BCCs generally require multiple t reatments to 
achieve CR. 

One patient with M. Bowen was t reated with 
PR as best result, al though the response was 
quite significant (see Results). Clinically, there 
was some doubt whether  certain areas showed 
early infiltrative growth, but this was not 
confirmed in biopsies. Possibly, ALA-PDT 
failed in the thickest areas. Cairnduff (25) 
and Calzavara-Pinton (26) reported excellent 
results for patients with M. Bowen (89% CR 
after 18 months, and 100% CR, respectively), 
showing that  M. Bowen is a good indication 
for ALA-PDT. 

The patients with actinic keratosis all had 
a history of different therapies, not resulting 
in a CR. In one patient, ALA-PDT gave an 
excellent PR, resulting in only a tiny remain- 
ing spot of 2 mm diameter. Ten months later, 
however, a recurrence appeared which did not 
respond to a second ALA-PDT treatment.  After 
surgical excision, a squamous cell carcinoma 
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appeared in one spot, indicating again that  in 
the course of the disease, malignant degenera- 
tion can occur, a possibility which should 
always be borne in mind. 

The present results with three BCNS 
patients were satisfying. The 22 BCCs of one 
patient all responded completely. The second 
patient  had multiple lesions all over his body. 
Treatment  of the most active lesions resulted 
in a clinical PR, and the appearance of the 
treated lesions showed no sign of progression 
after 15 months of follow-up. The third patient  
had extensive disease with BCCs all over the 
head, t runk and arms, confluent in areas 
treated previously with :radiotherapy. For this 
patient, ALA-PDT has provided satisfactory 
palliation, with a CR of many superficial 
lesions. The main goal of t reatment  is pallia- 
tion, which can be achieved only with the help 
of cryotherapy and surgery for the larger 
lesions. In order to improve the response of 
non-superficial lesions, ALA was applied over- 
night (16-19 h). This appeared to improve ALA 
penetrat ion and thus the depth of treatment.  
By repeated t reatments  using overnight ALA 
application, complete responses of some non- 
superficial BCCs could be achieved. Selective 
turnout fluorescence, observed after ~ 6  h ALA 
application (Fig. 2), was absent in this 
patient  after 16-19 h application, because the 
ALA-exposed normal skin showed as much 
fluorescence as the tumour. Nevertheless, the 
cosmetic result  following PDT was not affected 
adversely. 

Encouraged by these results, seven patients 
with BCCs were t reated after 16h of ALA 
application (Table 2). This avoids waiting 
3 6h,  since the ALA is applied in the late 
afternoon and the i l lumination is clone the 
next day. Although the selective turnout flu- 
orescence was lost, the cosmetic result  did 
not deteriorate.  No telangiectasia, fibrosis 
or contractions were seen. However, the 
authors had the strong impression that  
the patients felt more pain during t reatment  
after 16h. This is likely to be the result 
of increased ALA penetra t ion (30, 31). Also, 
fluorescence was observed in normal adja- 
cent skin after 12 h ALA application (30). 
Kennedy (4) did not observe ALA passage 
through normal kerat in  after 6 h. The differ- 
ence might be explained by a delayed penetra- 
tion of the lipophilic stratum corneum by 
hydrophilic ALA. This would also explain the 
relative tumour selectivity after 4h  ALA 
application. 
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Fig. 2. (a) Photograph of two basal cell carcinoma (BCC) lesions on the chest wall of a basal celt naevus syndrome patient. 
(b) Fluorescence of the same lesion in (a) photographed through an RG665 coloured glass filter during illumination with green 
laser light (514.5 nm). The BCC lesions are demarcated clearly. The fluorescent dots are hair follicles. 5-aminolaevulinic acid 
(ALA) application time =4 h. When the ALA application time was 16-19 h, selective tumour fluorescence was lost in this 
patient: the whole area where ALA had been applied showed nearly the same fluorescence intensity. 

Table 2. Results  with different ALA applicat ion times for 16 pat ients  with BCC 

ALA appl icat ion time 
No. of No. of Recurrence 

CR PR 
patients  lesions after CR 

3-6 h 9 32 25 (78%) 6 (1.9%) t (3%) 
16-19 h 7 10 8 (80%) 2 (20%) 0 (0%) 
Second ALA appl icat ion ~ 4 4 1 (25%) 3 (75%) 0 (0%) 

ALA, 5-aminolaevulinic acid; BCC, basal cell carcinoma; CR, complete response; PR, partial 
response. 
"Two ALA applications of 4h, two applications of 16h; the CR was observed after 16h 
application. 
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Pain 

Accord ing  to severa l  r ecen t  au tho r s  (26, 28), 
only  mino r  d i scomfor t  occurs ,  bu t  o the r  
au tho r s  app ly  an  a n a e s t h e t i c  rou t ine ly  (25, 32). 
In  the  p re sen t  a u t h o r s '  exper ience ,  some form 
of pa in  m e d i c a t i o n  is p r ac t i ca l l y  a lways  
required.  Ora l  pa in  re l ievers  such  as pa race t a -  
mol,  n a p r o x e n  and  t r a m a d o l  are  of ten insuffi- 
cient .  Top ica l  app l i ca t ion  of  Emla  | c r eam and  
l idoca ine  in f i l t ra t ion  were  appl ied  wi th  vary-  
ing success.  5 -Aminolaevul in ic -ac id-PDT was 
p a r t i c u l a r l y  pa infu l  for two pa t i en t s  wi th  BCC 
on the  nose,  i l l umina ted  a f te r  16-19 h of  ALA 
appl ica t ion .  Only Emla  | was  applied,  wh ich  
was  no t  comple te ly  effective, and  the  pa in  
in one case las ted  for severa l  days  a f te r  the  
t r e a tmen t .  

Possible improvements 

A l t h o u g h  the  h igh  in i t ia l  CR ra t e s  of  top ica l  
ALA-PDT h a v e  been  r epo r t ed  before  (28, 29), 
r e c u r r e n c e s  occur  and  the  h i s to log ica l  
r e sponse  r a t e s  a re  lower  (25, 26, 33). Also, the  
CR ra t e s  of  n o d u l a r  BCC are  less favourab le .  
M e s s m a n n  et al (34) and  H u a  et al (35) showed  
expe r imen t a l l y  t h a t  the  effect of  PDT a f te r  
sys temic  ALA a d m i n i s t r a t i o n  can  be inc reased  
by  l ight  f r ac t iona t ion .  Van  der  Veen et al (36) 
showed  t h a t  wi th  one sys temic  ALA dose, 
the  PDT effect could be inc reased  w h e n  a 
second  i l l umina t ion  was  given,  fo l lowing 
r e - a p p e a r a n c e  of PpIX f luorescence  1-2 h a f te r  
the  f luorescence  had  been  p h o t o b l e a c h e d  by  
the  first i l lumina t ion .  These  effects m a y  also 
occur  a f te r  top ica l  ALA. Othe r  poss ibi l i t ies  for 
i m p r o v e m e n t  are  the  use  of  DMSO, EDTA 
(27, 29) or  des fe r r ioxamine  (32). 

CONCLUSIONS 

P h o t o d y n a m i c  t h e r a p y  us ing  top ica l  ALA 
app l i ca t i on  yields h igh  CR ra tes  in superf ic ia l  
BCC. Less f a v o u r a b l e  r esponse  r a t e s  h a v e  also 
been  r epo r t ed  in the  l i t e ra tu re ,  in p a r t i c u l a r  
for  n o d u l a r  lesions.  The  differences m a y  be the  
r e su l t  of  pa t i en t  se lec t ion  and  du ra t i on  of 
follow-up. Differences  in t r e a t m e n t  p ro toco l s  
m a y  also p lay  a role.  H i s to log ica l  CR ra t e s  a re  
lower  t h a n  cl inical  CR rates .  All au thors ,  
excep t  F i j an  (32), r epo r t ed  the  same h igh  
r e sponse  r a t e s  for  Bowen ' s  disease.  In  
addi t ion,  ac t in ic  kera tos i s ,  c u t a n e o u s  T-cell  

P.J.N. Meijnders, W.M. Star, R.S. de Bruijn et al 

l y m p h o m a  (37, 38) and  superf ic ia l  squamous  
cell c a r c i n o m a  (26) r e sponds  well  to top ica l  
ALA-PDT.  

Due to the  p h o t o b l e a c h i n g  of the  PPIX, the  
t r e a t m e n t  is self-l imiting. This  effect also 
reduces  the  r i sk  of  ove rdosage  in ove r l app ing  
l ight  fields w h e n  l a rge r  a reas  are  t rea ted .  This  
self- l imit ing p r o p e r t y  of  ALA-PDT also l imits  
the  t h e r a p e u t i c  effect. This  m a y  be ove rcome  
by a longer  ALA app l i ca t i on  combined  wi th  
va r ious  forms of  l ight  f r a c t i o n a t i o n  (35, 36). 

Cosmet ic  resu l t s  were  good to excel lent .  
In  two pa t ien ts ,  ke lo id  f o r m a t i o n  in the  
scar  occu r r ed  a f te r  p las t ic  surgery .  5- 
Amino laevu l in i c -ac id -PDT in these  pa t i en t s  
caused  no scar  t issue,  and  the  o r ig ina l  t u m o u r  
si te could on ly  be  loca ted  us ing  the  pre- 
t r e a t m e n t  co lour  slides. In  the  a u t h o r s '  experi-  
ence, pa in  dur ing  and  af ter  PDT is of ten a 
problem.  A non- invas ive  m e t h o d  to re l ieve  
pain,  t h a t  does not  requi re  in jec t ion  of a drug  
in or  unde r  the  lesion,  would  be desirable .  
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