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The r e l a t i v e l y  lipcited tolerance of overlying skin may ser ious ly  

r e s t r i c t  the  del ivery of optimal amaunts of x-ray i n to  deep tumors. 

Several devices have cone In to  accepted usage in order t o  spare t h e  SkFn 

frum 88 much radiant  energy as possible. 

multiple portals, grids, and ca re fu l  s e l ec t ion  and appl icat ion of f i l t e r s .  

T6pical preparations, too numerous to mention, have been of l i t t l e  value 

Among these a r e  the  use of 

i n  the attpmpb t o  incresse skin tolerance t o  x-ray. 

measures, it is s t i l l  the i n t e g r i t y  of the  patient 'B skin t h a t  remains a 

In spite of these 

matter ,of grave concern t o  the radiotherapis t  in h i s  e f f o r t s  t o  de l iver  

optimal treatment. 

Early in 1958, S . .  W. Becker, Jr. (1-2) reported t h a t  methoxsalen 

plus u l t r a v i o l e t  energy Induced khe following changes In skin: 

logical ly ,  there  appeared thickening, increased density, and increased 

adherence of the stratum corneum w i t h  the formation of a s t ruc ture  

resembling the stratum lucidum. Because of these changes, pigment was 

Morpho- 

I 

retained in the  epidermis, with "tanning ." 
finding was t h a t  a t  the end of h i s  two week experiment, and s i x  months 

l a t e r ,  twice as much radiant  energy was required t o  induce a minimal 

erythema i n  the skin area given methoxsalen plus u l t r a v i o l e t  as in the  

control  area given u l t r a v i o l e t  exposures withbut the drug. 

ance to  burning was h p r e s e i v e .  

Functionally, the remarkable 

This r e s i s t -  

M. C.  Zimmexman ( 3 )  confirmed these findings and extended the eource 

of radiant  energy used i n t o  the  Grenz or  soft x-ray band. 

t h a t  the administration of 100 r da i ly  f o r  14  days produced skin  pigmen- 

He reported 

t a t i o n  and low grade inflammation; the former pers is ted f o r  several  weeks. 

Microscopically changes w e r e  noted similar t o  those described by Becker, J r .  
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(The pert inent  fac tors  were: 

machine: 

Universal X-ray Corp. Grenz X-ray 

15 KV; 12  ma; mintmum wavelength 0.8 8; 3 cu cone; TSD, 

8 cm.; B.V.L. 0,034 mm. a.) 
In t he  electromagnetic spectrum t h e  u l t r a v i o l e t  and roentgen 

bands a r e  cont inuous , the  far u l t r a v i o l e t  havlng wavelengths approach- 

. . .  

ing  t h e  shorter ,  so f t ,  o r  Grenz ray  band. 

wonder whether s t i l l  higher energy fmm =her out -in--the roentgen 

band, plus o r a l  methoxsalen, could induce t h e  se l f -pro tec t ive  change6 

i n  skin described by Becker, Jr., and Iby Zimmerman following t h e  use 

O f  UltraviolEt energy and soft x-ray, plus t h e  drug. 

It seemed reasonable t o  

It is t h e  purpose 

of t h i s  paper t o  repor t  t h a t  sk in  tolerance t o  high voltage roentgen 

exposures may be s u b t a n t i a l l y  increased by giving methoxsalen t o  

pa t ien ts  undergoing radiotherapy. 

F i r s t ,  however, because t h e  psoralens have l a rge ly  been employed 

i n  the f i e l d  of dermatology, a few basic  considerations are i n  order 

concerning them. This is a group of chemicals ca l l ed  f'urocoumarins, 

severa l  of which have the  property of a u p e n t i n g  the  se l f -pro tec t ive  

mechanisms of normal sk in  aga ins t  u l t r a v i o l e t  energy. It is  noteworthy 

t h a t  the protection seems t o  be secondary; t h e  presence of t h e  drug may 

increase the  inflammatory response t o  t h e  f i rs t  several  exposures. 

Then, as pigmentation and the  epidermal changes described by Becker, Jr., 

graddally make t h e i r  appearance, tolerance t o  u l t r a v i o l e t  is increased 

(4 -6 ) .  

The psoralens are widely d i s t r ibu ted  i n  nature.  Methoxsalen is 

found i n  the  seeds of a plant,  majus Linn. which occurs on the 

N i l e  Delta and which grows w i l d  i n  par t s  of Cal i fornia  where it i s  known 

as "Bishop's weed." The crude powder has been used i n  Africa and the  

Far East for  many generations, mainly f o r  t h e  treatment of v i t i l i g o .  
I .  
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I n  recent years,  espec ia l ly  i n  Europe and i n  t h i s  country, t he  pure 

chemical has been employed i n  a v a r i e t y ' o f n t f i e r  dermatologic con- 

d i t i ons  such as l i g h t  a l le rgy ,  in fair  skinned-people who tend t o  

sunburn readi ly ,  and t o  -prevent cancers in -ptrtients with xeroderma 

. 

I 

PigmentosUm, and others  ;dneceptible" t o  excessive so l a r  exposure by 

reason of occupation (e .  g., ranchers) .  

Although some e a r l y  reports sugges ted the  drug might induce 

t r ans i to ry  l i v e r  damage, t h i s  has been discussed by Sulzberger and 

Lerner (7) who wrote '%is has mt been proven i n  a s ingle  C a 6 e . I '  

Two recent ly  -published 'studies on t h i s  prublem further documented 

lack of toxici%y (8-9). 

recent  reviews (7, 10-11) seemed remote i n  t h e  l i g h t  of -what we now 

This and o ther  - p s s i b i l i t i e s  r a i s e d  i n  

know about -the KidesRead d . i . M i o n  -oftZle p m r a l e n s  i n  na tura l  

foodstuffs .  Tfiey are preserrt, for example, inmembers -of t h e  lime, 

fig, parsley, parsnip and o ther  vegetable fkmilies,  and it has been 

estimated t h a t  an average stalk of G e l &  .Ihay contain one mg. or more 

of 'psoralens (12). That a t  least some .of . these  a re  .photodynamically 

ac t ive  f'urocoumarins is suggested by recent correspondence concerning 

"celery picker 's  dermati t is"  i n  t h e  Journal of t h e  AmeriEan Medical 

Association (13-14). 

Final ly ,  the f a c t  t h a t  methoxsalen seem6 t o  be e n t i r e l y  i n e r t  in 

t h e  absence of some form of rad ian t  energy would a t t e s t - t o  i t s  safe ty .  

By stopping x- i r rad ia t ion ,  drug e f f e c t  would cease.  S b i l a r l y ,  i n  case 

of accidental  overdosage, the  "antidote" would cons i s t  of placing the  

pa t i en t  i n  a darkened room f o r  12  t o  24 hours, away from a l l  source6 of 

u l t r a v i o l e t  rad ia t ion .  Thereafter,  normal skin r e a c t i v i t y  would have 

returned. 
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Materials and Methods 

secutive, &elected white pa t ien ts  were studied.  All weie 

ambulatdry and in good general  condition'. None had received 

previous radi8tion therapy and none had evidences of p r io r  dr 

present s k i n  dise&wes. 

7 were males. 

another 37 and the remainder f e l l  in the  age range of 50 t o  73 y e a s .  

As may be seen i n  Table 1, 21 were femd-es, 

The average age was 59 years; one pa t ien t  was 21, 1 

With respect  ta complexion types treated,  12 pat iente  were of 

l i gh t  complexion k t h  fair t o  very fair 'skin and blond hair, 10 

patients were of average clanplexion wikh b m  hair, and 6 patients 

were of 'moderately dark complexion Kith medium-dark skin and dark 

brawn to black hair. There were no heavily pigtnented o r  swarthy- 

s k m e d  pa t ien ts  i n  this s e r i e s .  

The types of les ians  f o r  which deep x-ray treatment was administered, 

,together w i t h  .the numbers of pat ients  w i t h  a given diagnosis, were 88 
I 

fo11ms : I O  

Lpphosarcama of a x i l l a  w i t h  local ized s p r e a  (1) 

Adenocarcinoma of uterus  (6) 

Squamous carcinoma of prepuce w i t h  metastasis t o  l e f t  pel\ris 
and groin (1) 

Adenocarc inoms of ovary (2 )  

Adenocarcinosla Qf breas t  (8) 

Carcinoma simplex of b reas t  (1) 

Adenocarcinm of urinary bladder (2 )  

Bronchogenic carcinoma (3  ) 

Carcinoma of uter ine  cervix (1) 

I t 1b885 . .  . 
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4 ,  

G i a n t  c e l l  lymphoblastO'm€% of p i n  Invading pelvis (1) 

Giant f o l l i c u l a r  lymphoma of omentum with abdominal 
dissemination (1) 

Hodgklns disease (1) 

The system of radiotherapy employed in a i s  

a i t h - t h e  employed -previously w i t h  -the exception 

receive& t w o  t a t  l e t s  (20 mg . af m e t b x s a i e n v  2 

s e r i e s  was i d e n t i c a l  

that each pa t ien t  

1/2 t o  3 -hours pr ior  

to each of - the  first 14 treatments.  

aga ins t  exposure of treatment a r e a s - t o  sunlight or  other forms of 

radiant  energy, and t o  be caref'ul abaut casual exposures uf exposed 

Al-l-patients were -cautioned 

skin areas t o  sunl ight .  

Techhical Ta.ctors adhered t o  were as  follows: 200 KV, composite 

f i l t e r ,  1.6-mm. Cu H.V.L.,  50 .cm. distsnce--prodming 25.4 rdentgens/min. 

i n  air .  

Dependent upon the  a n a t d c  s i t e  and charac te r  of t he  disease 

t r ea t ed  i n  each pat ient ,  pa r t a l s  varied i n  nmnber fram 3x0 to  six and 

i n  s i z e  from 100 t o  400 m2. Two por ta l s  were t r ea t ed  each v i s i t ,  

usually f ive  times weekly, fo r  from f ive  t o  seven weeks, a l t e rna t ing  por- 

tals where feas ib le  and des i rab le .  The air dose was 200 r t o  each of the  

tKo por ta l s .  Wherever possible, more treatments were administered t o  

portals  c loser  t o  the s i t e  of disease than t o  those flcrther removed. 

Total skin doses to a major port  ( f r equen t ly the  port r e c e i v i n g t h e  most 

x-ray) varied from a low of 1,820 t o  a hi'& of 7,000 r w i t h  an average of 

4,700. Total tumor doses varied from a low of 3,000 t o  a 

vThe methoxsalen t ab le t s  used i n  t h i s  study were furnished by 

The Upjohn Company, KBlamazoo, Michigan. The trade name i s  Meloxine 0 . 

. .  
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under the personal supervision of my associate,  Dr. Arnold J .  Bajek, 

o r  myself. 

It has- been-my custom t o  reserve t h e  use of 'topical drugs fo r  

t h e  r e l i e f  of d i s t ress ing  symptoms u n t i l  t h e  onset of motst  desquama- 

t i o n .  

who required such help.  

This has been adhered t o  i n . t h i s  s e r i e s  f o r . t h o s e  few pat ients  

A t  the  conclusion of t h i s  ser ies ,  i n  an e f f o r t  t o  c'larify the  

mode of ac t ion  of methoxsalen, a healthy adul t  volunteer was glven' a 

700 r s ingle  a i r  dose t o  a .f ive cm2 area on t h e  ri&t forearm a t  time 

zero.  (Factors: 200 KV; H.V.L.  = 1.1 cu; 1/2 cu + 1 Al f i l t . ;  50 cm. 

d i s t .  ; 13' 24" time a t  15 m a .  ) Twenty mg. of methoxsalen was taken 

140 minutes l a t e r .  A t  -+ 350 minutes . the same x-ray dose was actministered 

t o  a f i v e  cm2 area on t h e  l e f t  f o r e a m .  Periodic observations were 

recorded. 

I n  one pa t ien t  1. ) specimens of skin were t a k e n  h o n  i r r a d i a t e d  

and unirradiated areas a t  the conclusion of t h e  14-day 'course of methox- 

salen.  Sections were sent  t o  D r .  S. W .  Becker, J r , ,  f o r  s ta in ing  and 

i n t e r p r e t a t i o n .  

A cont ro l  group was not included f o r  two reasons. F i r s t ,  it would 

be d i f f i c u l t  t o  do t h i s  i n  a pr ivate  pract ice  and secondly, it was f e l t  
I 

the  n a t u r a l  course of skin changes following radiotherapy w a s  too well  

known t o  require it. 

Results 

As may be seen i n  Table 1, among these 28 pat ients ,  e igh t  had no 

desquamation or  unsignificant f laking, 13 had moderate dry desquamation, 

and seven had moist desquamation. The treatment areas shown i n  Figures 1 

and 2 represented the more extreme reactions encountered. Comparing the  
e .  

I I lb881 . , PRIVACY ACT MATERIAL REMOVED 
, .,+/ 

, . . . .. . . - .. . - _  .-- .. . .  . .l_ . . . _  . .  



-7- PRIVACY ACT MATERIAL REMOVED 

r e s u l t s  i n  t h i s  s e r i e s  with those obtained i n  similar pa t ien ts  

pr ior  t o  the  w e  of methoxsalen, it w a s  my conclusion t h a t  the drug 

had induced approxhate ly  a 25 per cent  increase in skin tolerance.  

This seemed a reasonable estimate s ince the  average of the t o t a l  

skin doses i n  t h i s  s e r i e s  i s  a c t u a l l y  15 t o  20 per cent higher than 

tha t  previously a t t a inab le .  And only 25 per cent of these pa t ien ts  
1 

developed any degree of moist desquamation i n  cont ras t  t o  over 75 

per cent of e a r l i e r  pa t i en t s .  

There were no untoward reactions,  l oca l  or  systemic, a t t r i bu tab le  

t o  methoxsalen. 

w i t h  large doses of i r r ad ia t ion  t o  the abdomen (see pat ient  

widespread giant  f o l l i c u l a r  lymphoma w a s  milder than  would have been 

In fac t ,  it w a s  my impression the  nausea associated 

for 

expected previously. 

The specimens taken f o r  biopsy from pa t ien t  were s ta ined 

with hematoxylin and eosin, and 'u i th  s i l v e r  n i t r a t e  s t a i n  plus hematoxylin 

counterstain.  Dr. Becker, Jr., compared these w i t h  h i s  O w n  (see Color 

p la te  opposite page 264, reference 2),  and w i t h  sections obtained from 

Zimmerman following 14 days of Grenz i r r ad ia t ion .  He reported both 

sets of sect ions removed af ter  x-radiat ion "had a thickened stratum 

corneum and some developnent of a stratum lucidum. 

not excessive and the stratum lucidum was not as th ick  and dense as t h a t  

seen a f t e r  methoxsalen and u l t r a v i o l e t  l ight.  

thicker  than the  cont ro l  specimens. 

These changes were 

The epidermis w a s  s l i g h t l y  

P i p e n t  formation w a s  ac t ive  i n  the 

i r rad ia ted  specimens; the  melanocytes and stratum corneum contained con- 

s iderable  amounts of melanin and macrophages containing melanin were seen 

i n  t he  upper c u t i s .  A few lymphocytes were present i n  the  upper cu t i s . "  

PRIVACY ACT MATERIAL REMOVED 
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Dr . Becker, Jr 4 I s in te rpre ta t ion  pointed out t h a t  the  ,exact 

effect-of t h e  $soralens i n  producing'these changes was uncertain 

because true cont ro l  sect ions would have been from skin  given the 

68me ,qba.ntity --of x-ray -without the  psoralen . 
howevkr, less than  a-f'ter u l t r , av io le t  plus -rnethoxsalen. 

not  unexpected s ince  most u l t r a v i o l e t  ener@y,@,&sor;bed I n t b e  

upper layers  of t h e  skin w h i l e  most'x-ray energy passe6 through,. 

The -changes were, 
I .  

This was 

I n  any case, he concluded, t h e r e  w a s  no anatomic change i n $ h e  

sect ions which would a c t  as a f i l t e r  to x-ray. 

Dr. Becker, Jr., suggested t h a t ,  i n  t h e  absence of such a 

f i l t e r ,  perhaps another mechanism m i g h t  explain the  increase i n  

skin tolerance t o  x-ray.  "he reac t ion  of t he  skin i n  radioderma- 

t i t i s  i s  due t o  secondary ionizat ion and not t o  the  primary beam. 

The metabolic'products i n  t h e  skin fol lowing oralmethoxsalen might 

a c t  as - ion absorbers, thus preventing t h e  secondary ions from pro- 

ducing damage. To t e s t  t h i s  hypothesis, t he  experiment described 

under "Materials and Methods" was ca r r i ed  out, with r e s u l t s  shown 

i n  Table 2. The differences i n  the  two s ides  were d i s t i n c t  i n  t h a t  

two-plus erythema and edema were present on the  cont ro l  s i d e .  With 

methoxsalen present,  there  was no edema and a t  no time w a s  erythema 

graded above one-plus. 

Discussion 

Average human sk in ,  exclusive of w a r m  moist are%, w i l l  t o l e r a t e  

a m a x i m u m  of approximately 4,000 r (sk in  dose) when administered over 

a s i x  week period, using 200 KV; H . V . L .  = 1.6 Cu. This w i l l  c r ea t e  a 

moist desquamation throughout most of t he  treatment area,  more intense 

toward the  center ,  l e s s  intense around the  periphery. There i s  a con- 

s iderable  range of var ia t ion  depending on a number of f ac to r s ,  which 

include complexion-type, e l a s t i c i t y ,  and nourishment of t he  underlying 
I .  

.I. 
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t i s s u e  bed. ?'his moist desqliamation i s  generally associated with 

edema, hypersensi t ivi ty  and pain f o r  t h r e e  t o  s ix ,  or even eight ,  

weeks and i s  only s l i g h t l y  a l t e r e d  i n  duration and degree of d i s -  

comfort by t h e  wide var ie ty  of t o p i c a l  pharmaceutical preparations 

avai lable .  

Fair ,  blond, l i g h t l y  pigmented skin w i l l  t o l e r a t e  considerably 

l e s s  than the  average maximum, i n  t h e  range of 3,200-3,600 r (skin 

dose) .  

much as 4,400 r .  

with N y s i c a l  factors :  

and p o r t a l  s izes  varying from 100 t o  400 cm . 

And dark, swarthy, deeply p i p e n t e d  skin w i l l  t o l e r a t e  as 

These f igures  a r e  approximate and a r e  applicable 

200 KV, H.V.L.  = 1.6 Cu, 50 cm. distance,  

2 

The radiat ion t h e r q i s t ,  t o r n  between the des i re  t o  administer 

tumor doses i n  the  cancerocidal range, and the  equally s t rong des i re  

t o  spare t h e  pat ient  from radiation-induced pain and suffer ing fre- 

quently chooses d iscre t ion  over valor and limits radiat ion t o  sub- 

desquamation l e v e l s .  Despite multi-port  technics,  'compression, gr id  

u t i l i z a t i o n ,  and other safeguards, the skin i s  s t i l l  t h e  grea tes t  

s ing le  deterrent  t o  the administration of the  "adequate" tumor dose. 

This i s  so  because 200 M rad ia t ion  produces i t s  maximum ionizat ion 

within the s k i n  (primary plus backscat ter) ,  i n  contrast  t o  supervoltage 

or  te lecobal t  radiat ion which produces i t s  maximum secondary ionization 

three or four mm. below the surface of the  skin.  

The exact mode of act ion of  methoxsalen plus m i d  and near u l t r a -  

v io le t  energy i n  producing morphologic and ?hmctional change8 i n  skin 

is unclear.  It seems def in i te ,  however, t h a t  t h e  drug produces no 

discernible  e f f e c t  i n  the absence of electromagnetic energy ( 3 ) .  

experiences reported i n  t h i s  paper suggest t h a t  some components of the 

energy spectrum I have used i n  high voltage radiotherapy were a l so  

The 

a .  

_ r  . 
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capable of inducing t h a t  e f f e c t  i n  the overlying sk in .  

The mode of ac t ion  seems to be d i f f e ren t  when u l t r a v i o l e t  and 

when x-radiation are delivered t o  psoralenized Gkin. 

caae, ac t ive  wavelengths penetrate only supe r f i c i a l ly ,  and because 

methoxsalen i s  photodynamically act ive,  sk in  response t o  a given 

I n  t h e  former 

dosage is enhanced. For example, a dose producing amlnFmal erythema 

without t h e  drug would, with'methoxsalen present, induce a more in tense  

erythema than  t h e  cont ro l .  In  'the case of x-radiation, however, lees 
inflammation occurs when t h e  -drug is present than when it i s  no t .  It 

seems possible thatmethoxsalen or  i t s  'breakdown products i n  t h e  sk in  

may indeed ae t  as i o n  absorbers, as Becker, Jr., has 6 U g g e B t e d .  

react ion i n  radiodermatit is  i s  due t o  secondary Ionizat ion and not t he  

primary x-ray beam. 

secondary ions from producing demage. 

protect ion following repeated methoxsalen-plus-ultraviolet exposures, 

t he  'psoralen apparently a c t s  as a primary protectant aga ins t  x-radiation 

In ju ry .  

The 

As ion absorbers, the  psoralen m i g h t  prevent t h e  

Thus, i n  con t r a s t  t o  t h e  secondary 

The question has been r a i sed  about possible in te r fe rence  by methox- 

sa len  with the  cancerocidal e f f e c t s  of the x-ray beam. This is  not 

possible t o  answer on the  bas i s  of my experience. 

where there  were palpable masses of radiosensit ive -tumor t issue,  t hese  

have regressed a t  what seems t o  be the usual r a t e .  

( 

dissemination, the  mass decreased in  s i z e  promptly. 

I can r epor t  t h a t  

In  one pa t i en t  

) having g ian t  f o l l i c u l a r  lymphoma of t h e  omentum with abdominal 

However the  drug-plus-energy-complex a c t s ,  i n  my opinion there 

is no uncertainty as t o  the ' i nc rease  i n  sk in  tolerance t o  high voltage 

x-ray, estimated t o  be approximately 25 per c e n t .  This occurred in a l l  

lllb891 
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pa t i en t s  and WES qidite enoil& To be oT pra.ctical  vslue i n  t e rns  02 

del iver ing  more x-ray energy i n t o  t h e - t u n o r  area v i t h  l e s s  discomfort 

t o  t he  pa t i en t .  My present concern is with t h e  other  heal thy t i s s u e s  

In t he  x-ray beam. 

It would be des i rab le  t o  confirm my f indings i n  an i n s t i t u t i o n a l  

s e t t i ng ,  using matching drug and placebo t a b l e t s .  In  t h e  meantime, 

I have s t a r t e d  a s e r i e s  who a r e  t o  receive 20 mg. o f  methoxsalen 

p r i o r  t o  each treatment,  regardless  of number o r  duration, r a t h e r  

than follow the  manufacturer's d i rec t ions  f o r  use i n  suntanning (14- 

day course) .  It i s  a l s o  important t o  study quan t i t a t ive ly  the  e f f e c t s  

of varying doses ofmethoxsalen; i f  it does function as an ion absorber, 

l a r g e r  o r a l  doses m i g h t  be expected t o  absorb proportionately more 

secondary ions .  It i s  e s s e n t i a l  t o  determine whether in te r fe rence  

w i t h  tumor-response may be noted. And it would als'o be of i n t e r e s t  

t o  invest igate  t h e  influence of t h e  psoralen on sk in  responses t o  gamma 

rad ia t ion .  These a re  not p ro jec t s  readi ly  ca r r i ed  out i n  a - p r i v a t e  

pract ice ,  bu t  it is  my hope t h a t  t h i s  repor t  w i l l  s t imulate  others  t o  

confirm and extend my c l i n i c a l  observations.  

Summary 

In 28 pa t ien ts  undergoing deep radiotherapy, adminis t ra t ion of 20 

mg. (two t a b l e t s )  of methoxsalen (Melox ineB,  Upjohn) two t o  three  hours 

pr ior  t o  each of t he  f irst  14 treatments induced an estimated 25 per cent  

increase i n  skin tolerance i n  a l l .  This w a s  accompanied by increased 

pigmentation and the other  se l f -pro tec t ive  skin changes previously described 

following the  use of methoxsalen plus u l t r a v i o l e t  energy. In  con t r a s t  t o  

skin response t o  u l t r a v i o l e t ,  methoxsalen (or  i t s  breakdown products) i n  

t h e  skin seemed t o  confer .pr imary protect ion aga ins t  x-radiat ion,  possibly 

by absorbing secondary ions ,  It i s  hoped ' this  observation w i l l  be confirmed 

and extended by  others. 

. --. , - _ . . _  . ,,- 
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TABLE 2 

Right Forearm 

7 

UT6 

0 

1 

5 

6 

- 

7 

9 

LO 

11 

14 

18 

22 

28 

- 

- 
llnutes 

0 

20 

5 

20 

20 

20 

20 

, 20 

5 

5 

5 

50 

700 r t o  f i v e  cm2 area  

Faint  pink t i n t  (k) 

Perceptible erythema 

Deeper erythema (+) with 
slight edema 

Erythema ++ with edema, 
s l i g h t  local warmth 

No change 

No change 

No change 

Edema, l o c a l  warmth sub- 
s iding.  Erythema now (+ )  

Pink blush s l i g h t l y  d e e p  
i n  color than l e f t  forear  
areas 

Erythema unchanged (+)  

Erythema (+) very s l i g h t  
edema 

I ' l  I b 8 9 1  

1 
Left Forearm 

Time 

Iours 
7 

0 

2 

5 

7 

9 

10 

11 

14 

18 

22 

28 

- 
lnutes 

0 

20 

50 

- 

20 

20 

20 

20 

5 

5 

5 

50 

20 mg. methoxsalen p . 0 ,  

700 r t o  f ive  cm2 area 

Faint  pink t i n t  (+) 

Pe r c  e p t  i b  l e  erythema 
(f to + I  
No change; no edema 

No change 

Erythema sub 6 iding . 
No edema 

No change 

No change (+) 

Erythema ( 5 )  no edema 
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FIG. 1 (Pt. T.P . )  shows cenr i ca l  and an te r io r  mediast inal  treatment 

areas two days following -compktion of t reatments  : 5400 roentgens 

skin  dose; dry, -painless desquamation, healing -completely i n  four 

weeks, skin t€tnned, no edema o r  induration. 

more marked dry desquamatory reactions seen In t h e  13 pa t ien ts  

who showed t h i s  ;t t o  +. 

This was one of the  
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