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Abstract — Erythropoietic protoporphyria (EPP) is a rare irteer disease characterized by dermal photosertgitivie to
the accumulation of photosensitizer protoporphyKn We performed a systematic database search watiest related to
treatment of EPP. A total of 25 relevant studiesewetrieved, 16 of them dealing with the applizatof beta-carotene. Two
studies were found on each of the three substamzesetyl-cysteine (NAC), cysteine, and dihydroxyane/Lawson
(henna). In addition, single studies on vitamin @ntbaxanthin and UVB treatment respectively, wecatied. The total
number of patients in the 25 studies was 454, dioly 337 patients in the various beta-carotendstriost studies were
published in the 1970’s. Efficacy criteria were standardized. Only 5 of the 25 studies were rarzEsnand controlled
trials; the rest were either open-label, uncordblstudies or retrospective case reports. Fouheffive well-designed
studies suggested lack of efficacy of beta-carotéi®C and vitamin C. The results of the beta-carotehuglies were
strongly contradictory and efficacy was inversetyrelated with study quality. Our data confirm thgnion of experts in
the field who are much more skeptical as to itscaffy than were early proponents of treatment whils agent. We
conclude, that the available data are insuffictergirove efficacy of any treatments studied sarfdPP. We emphasize the
necessity of high quality efficacy studies in pomas and in other rare diseases.

Key words: Erythropoietic protoporphyria, evidence-basedtimemt, beta-carotene.

INTRODUCTION lesions or petechia. The back of hands, perioral
region, back of nose and upper edges of ears are

Erythropoietic protoporphyria (EPP), anthe most frequently affected areas. The EPP

inborn error of heme biosynthesis with an estfYMPtoms may last for several days causing
mated prevalence of 1: 150°000 in the EuropeatfVere incapability. .
populations, is due to a partial deficiency of the  APart from bone marrow transplantation,
enzyme ferrochelatase (FECH) (30). h&o0 .fgr', no treatments to either Increase FECH
symptoms are elicited by accumulation of thélctl\_ntles or to decrease PPIX accumulation are
FECH substrate protoporphyrin IX (PPIX) whichdvailable (36). Gene therapy or stem cell therapy

acts as a photosensitizer in light exposed skif replace defective enzyme was successfully
areas. tested in animal models only (12,35,38,39).

The initial clinical symptom of EPP is skin Instead, the current treatment modalities are

pain of tingling, stinging and burning characteE'med at .min.imizing_PPIX"s pathogenic effects
arising immediately or within a few minutes of?Y Way of:(1) increasing skin coloration to block

sun light exposure (41). After a prolongedsun light activation of PPIX an(R) increasing

sunlight irradiation, phototoxic reaction developdl® levels of antioxidants to scavenge radicals
which results in an intolerable pain withou@nd other secondarl!y formed reactlve_molecules.
visible skin changes in less severe attacks. The Although multiple treatment options were

pain can also be accompanied by various othBfoPosed, many of them have only been applied

symptoms including erythema, edema, wheals, " single patients. Nevertheless, an effective
' ' " treatment strategy for EPP has been a topic of
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discussion in the medical literature for many Data fromsingle patients were retrieved from the
years (9,13,31,43,45). original publications whenever possible. Data were

T . in-depth Vi thi converted to Sl units using a molecular weight 56
0 acquire an In-dep VIEW on ISPPIX. In order to combine guantitative and quadirat

subject, we performed a systematic review Omsults, a relative increase of light toleranceabfactor 3

different treatment modalities. was considered as moderate, and by a factor Srasgst
improvement in accordance with the literature (8%,2
METHODS Efficacy was calculated as the fraction of patiemésing

moderate or strong improvement. As variable dosagee
applied in single study, the mean of dosage rangeach
Search Strategies study was correlated to efficacy.
In order to select appropriate studies, we used the
MESH terms “porphyria/drugs treatment”, “porphydiat
treatment”, porphyrias / mortality” and “porphyrias/
prevention and control” in the PubMed-database. fEnm
“porphyria” rather than “protoporphyria” was uses, EPP
was subsumed in the term porphyria up to 2004. Bebes
given in the review articles on additional EPP timent RESULTS
studies were checked for further publications.

Funding of the studies
The role of funding was not considered, because of
the lack of information in most of the studies.

Eligibilty Criteria ' In October 2006, we selected a total. of 774
Articles with only summarized statements onamcIes from the database “PubMed” using the
treatment effects, case reports involving less igatients, above mentioned search terms. Among them, 133
treatment of EPP related liver disease and anituglies articles, of which the treatment of EPP could not
Gisease. and the Scarcity of the suudies, the setauy” wag. 2c, SXCluded as subject based on the e, were
applied broadly in ourycompilation with the int%mti to manually selected. SUbs.equently’ orlg!nal StUdIeS
include all data that are relevant to the subjeere was ON treatment of EPP skin symptoms in English,
taken to exclude studies on identical patients atiept German and French languages published
cohorts: Under such circqmstance, the most re@adymr between 1972 and 2006 were analyzed. The
i;i”s‘ﬁg’gg’a the study with the most detailecomiation,  gg|ection of publications was complemented by
' references cited in selected articles. An additiona
Assessment of Methodological Quality search in May 2008 did not obtain new data.
Retrospective data collections were categorized as From a total of 25 relevant clinical studies,
‘case series”; Proslﬁt’gcnﬁe\:jetﬂz}gl_cg'r']%"tifgs ‘;Vgtfzgnwtm 16 studies were on the subject of efficacy of
:Zgldn;(rer? ;Illsoc:?ig(r)]nto both activé and I?:ontrr)ol astoaled betacarotene (2, 3, 4, 8, 10, 16, 19’_21’ 22,26, 2
trials”. A purpose defined form for data extractioas 32,44,46,47,48), two on the efficacy of N-
developed. The following information concerningacetylcysteine (NAC)(5,33), cysteine (28,29) and
methodological quality was extracted. of topical application of dihydroxyacetone
(1) Patient selection andjor PPIX levels reported anghiay/| awson (henna) (14,15,37), respectively
compatible with diagnosig2) study protocol defined prior . . .
to study begin(3) drug dosage defined prior to study begin(t,able_ 1). Single StUdle_S on C_amh_ax_anthm (11),
including dosage adjustment according to a priard a vitamin C (6) and ultraviolet B irradiation (UVB)
explicity ~defined criteria, (4) quantitative efficacy were available (7). Totally, 454 patients were
assessment by criteria defined prior to study bef included in all trials. However, treatment efficacy

efficacy assessment by structured tool (e.g. diar . . <
guestionnaire, phototestingh) baseline assessment prior to)(Nas often not the main topic of the publications.

study begin,(7) control of seasonal effects/weath¢8)

duration of study defined prior to study begff) control Assessment of efficacy in EPP

group, (10) randomisation(11) blinding of investigators, .

(12) drop-out rates reported13) results on all apriori If efficacy was assessed by more than one
defined efficacy criteria published. The qualitpses were method, primary and secondary endpoints were
assigned independently by two investigators (XESLM.)  never defined (table 1). Efficacy assessments

with the exception of the French study (10) that waly ; PR g
judged by E.l.LM. Discrepancy among the scores wa\évere either patient's quantitatively reported

discussed and consensus was subsequently reached. §;un|igh'; tOIerance time (6 StUd_ieS (4,8,26, 8,2
number of fulfilled quality criteria of a trial diged by the ,29)), intensity of phototoxic symptoms (2
total number of criteria was used as quality scesailting studies (14,37)), time to provoke symptoms by
in a score between zero and one. artificial or natural light (6 studies (3, 6, 142,2
Therapeutic endpoints 27,37)) or improvement of symptoms (18 studies
Measurement of efficacy in EPP is difficult (24). A(2, 3,4,5,6,7, 10, 11, 16, 19, 21, 22, 32,4383,
generally accepted method does not exist. We lished ;
different efficacy endpoints used in the studies dhe 46'47'48.))' Data on sunlight tolerance or
phototoxic symptoms were collected from

methods for their assessment. ; >) .
Data extraction patients’ dairies (4 trials (2,8,28,29)), from
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retrospective questionnaires (5 studies (11, 26umeric data were available, the means of PPIX
27,28,33)) or from standardized or opemroncentrations in the trials ranged between 10
questions (15 studies (3, 4, 5, 6, 7, 10, 16, 19, 2and 23umol/L, and the values of single patients
22,32,44,46,47,48)). Two studies applied a visughnged between 2.1 and 7pFmol/L. The
analog scale (VAS) (6,33). All these differenidocumented PPIX concentrations although
methods were combined under the heading "ERfdfficient to establish the diagnosis of EPP
symptoms" in the tables 2b, 3 and 4. overlaps in the lower range with those found in
Phototesting was either performed byron deficiency or lead intoxication. Two studies
determination of the irradiation threshold foprovided no information on diagnostic criteria for
minimal erythemal dose (MED, 2 studies (5,48)patient selection.
or of the time required to provoke minimalThe dosage of beta-carotenvaried both within
erythema (TME, 2 studies (26,29)). As amnd among studies ranging from 25 mg to 300
artificial provocation, white light or lights with mg/day. Lower dosages were used in children,
specific wavelengths selected byand in adults in the early studies as well (19,22).
monochromators were applied. In two studie$oses between 100 and 300 mg/day were applied
symptoms were provoked by exposure to naturgd adults in the more recent studies.

sunlight. Study Duratiorwas variable and not pre-defined
in all but two studies.
Beta-carotene Allocation, performance and detectioAs 15 of

Sixteen studies on treatment efficacy of'€ 16 studies did not have a control group,
beta-carotene were published between 1972 afgither random allocation, nor prevention of the

1996. A total of 337 patients were treatedpias of performance, nor detection bias were
including 12 “case series’, three “uncontrolledPplicable. Detection bias was not specially cared
trials” and one “cross-over controlled tria/for in the only controlled trial because the effect

(Table 2a & b). of skin coloring under beta-carotene prevented

As efficacy endpoints, change of eitheP!inding of investigators. ,
subjective symptoms or sunlight tolerance wast!dy duality or dose versus efficatiy-order to
used in 15 studies, reactivity in phototesting itfSt Whether the study quality has any impact on
two studies. Eighteen percent of the patients h&ificacy reported, we plotted quality scores of the

no improvement in symptoms, 28 % hacptudies versus their efficacies (figure 1A) An

moderate and 54 % had strong improvemeﬂf.“’erse correlation resulted (r=-0.63, p=0.019,

Results of phototesting showed no effect in 28=16). Efficacy was not correlated to the dosage
%, moderate effect in 56 % and strong effect = 0-11, p=0.70, figure 1B)

15 % of the patients, respectively. The onl _ _

randomized, controlled study (8) showed no orYySteiné/N-acetyl cysteine (table 3):

negative effect on “exposure time to bright _ .
sunlight” in 9 of the 11 studied patients (82 %). Cysteine was reported to be effective in a
A moderate and a strong effect were observed fpuble blind, placebo controlled study (29), both
the two remaining patients (18%), respectivel;}’.‘”th regard to phgtotgstlng (protection factor 2.3
Among all patients of this study, the mearf 1.03) and_subjectlvg assessment of sunlight
exposure time increased from 27 to 40 min p&xPosure time until symptoms develop
day. However, this small but yet statistically(Protection factor all daylight data: 1.480.79,
significant improvement was viewed as clinicallyand 1.33+ 0.66 for exposure between 11.00 to
irrelevant by the authors since no effect wa$5.00h). Concurrently, the mean time of sunlight
found in the other two efficacy assessments i.dglerance increased from 58 min to 70 min of

"symptom score" and "hours out of doors". exposure during daytime and from 44 min to 52
min of exposure between 11.00 to 15.00h. A
Study qualities single blinded controlled follow-up study

. . . apparently confirmed the positive effect of
Patient selection (table 2a)n two studies, the cysteine (28). As all participants of this study

EPP_diagnosis was bas?d on typical SYMPOMEceived placebo during the first study period in
and increased erythrocytic PPIX concentrationg

| h di ) v d _beg];ne or July, no randomization and no control for
n two other studies patients were only describegy55ang) effects of sunlight intolerance were

as suffering from EPP with no additional clinical,;qucted Only the participants, but not the
criteria provided. In those 9 studies in which ' '
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Tablel. Efficacy endpoints and assessment methods

Baart 1972betacarotene maximum exposure time to sunlightiwtiie patients could endure without difficulties idBy": Regular recording maximum exposure timeunolight,
baseline retrospective
Lewis 1972betacarotene not explicitly formulated (graded iowement, sunlight exposure until development of retrospective open questions (method not mentiereadtely)
symptoms)
Krook 1974 petacarotene not explicitly formulated (skin synmpso(graded), patient satisfaction) retrospectjyenoquestions on sunlight tolerance
Mathews 1974betacarotene sunlight tolerance, TME (1) retrospective questionnaires (2) TME
Fusaro 197%dihydroxy-acetone | minimal amount of sunlight expesoetween 10.00h an14.00h that caused inflammatory |patients exposed to sunlight before and duringaiher
reaction
Beckert E 1976@betacarotene sunlight tolerance ("Sonnentoleranz") retrospective open questions on sunlight tolerance
Rice E 1976dihydroxy-acetone/lamount of time during midday sunlight exposure thatecessary to induce symptoms patients exposadahiight before and during therapy
Lawson
Corbett 1977betacarotene intensity of EPP symptoms, hours @arts@&hours in bright sunlight) diaries
Goerz G 1977betacarotene not explicitly formulated (graded iowement) retrospective open questions (subjective obsemsi
Mathews 1977betacarotene number of minutes of summer sunliétated without the development of symptoms (Brémce to sunlight by retrospective questionnaires
(2) calculated from these data: protection index
Zaynoun 1977betacarotene clinical assessment of alteratiopsiof discomfort and swelling and noting the lengfttime |(1) retrospective open questions (subjective olagiems)
for symptoms and/or signs to appear in bright disemlight or diffuse daylight, phototesting {2) phototesting
400, 415 and 430 nm (MED)
Eales 1978 [canthaxanthin patients' own evaluation of improtedrance to the midday summer sun questionngjre (?
Niebauet 1978|betacarotene not explicitly formulated (graded iowement) retrospective open questions on sunlight tolerance
Thomsen 197%betacarotene period of time possible to stay irstire retrospective open questions on sunlight tolerance
Wennersten | 198{Metacarotene degree of reduction of clinical lesiand ability to turn to a fairly normal life resipective questions: 4 point scale (1=less than Zsction

of symptoms, 2=25-50% reduction, 3=50-75% reductey5-
100% reduction
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Barth 1984petacarotene prolongation of time outdoor untilelepment of skin alterations retrospective operstioes on sunlight tolerance
Croshy 1988betacarotene improvement of phototoxic reactions retrospective open questions
De Sélys 198%etacarotene/ improvement of symptoms retrospective open questions
canthaxatin

Lehmann 1991betacarotene not explicitly formulated (sunlighetance, graded) retrospective open questions on sunlight tolerance
Bijimer-lest |1993NAC estimation of time patient could tolerate exposamd compare to photosetidity in normal life jquestions (standardized?), phototesting

duration of signs of photodermatosis, MED (405, &4@ "white" light).
Mathews 1994Cysteine TME, length of sunlight exposure to depedgmptoms of photosensitivity phototesting, diarie
Collins 1995UVB all patients were questioned in October to ssswerall effect. Especially they were asked tlretrospective standardized questions (?)

duration of benefit and the hours of direct surtlitjiey had been able to tolerate
Norris 1995|NAC \VAS for itching, pain, redness, swelling; over@ksessment standardized questionnaire duringieedplacebo
Boffa 1996 Vitamin C VAS for maximal improvement (+5), no clgan(0), maximal deterioration (-5) of sunlight |standardized questions (?), VAS

tolerance compared to baseline; choice of treatpendd with least photosensitivity.
Laar 1996petacarotene not explicitly formulated (graded iowement) retrospective open questions (method not mentiexedtly)
Mathews 2002Zcysteine sun light tolerance, length of sunlight@sure and phototoxic symptoms, TME questionndiegjes, phototesting
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Table 2.Betacarotene studies:
2a: study design and patient selection:

MINDER E. I. et al.

study design:

Dosage (in mg/d)

minimal b-carotene
serum concentratidh

duration of study

Patient selection

PPIX in red cells
Imean +SD pmol/L

range pumol/L

Lewis 1972

b-carotene only

50-75

204 pg/100ml

variable (1 year?)

not reported

20.2+12.5

2.4 -29.5

Baart 1972

b-carotene only

25-125 (2 preparations
hospital-phamacy made ar
Roche, hospital-pharmacy

rep was instable)

ILg/100ml hospital
pharmacy-made

160ug/100ml (Roche); % months

not reported

not reported

not reported

Copyright© 2009C.M.B. Edition

Mathews 1974 b-carotene only variable, mainly 130-up213-1234ug/100ml 5 months to 3 years Clinical signs, elevateti3.48+7.59 3.4-43.6
to 300 in adults, increase levels of PPIX in red
until effective blood cells and feces
Krook 1974 | b-carotene only variable 75-200 ; totade no exact concentrationg4-15.5 months not reported only in graphs onlyrepds
9-60 g given; from graphs >
400ug/dl during therapy
Beckert 1976 | b-carotene only variable, 25-100 dedérmined 19-48 months not reported 10.36.89 2.10 - 30.04
Goerz 1977 | b-carotene only not indicated (5390 )73202400ug/L [15-51 months not reported 19.7D69 11.48 - 41.69
Zaynoun 1977| b-carotene only 75-200 in adults >10umol/L(>5370pug/L) [Study period 5 years, ot reported 13.27 .27 4.9 -23.7
uncontrolled, time span of treatment
retrospective) not indicated
Corbett 1977 | beta carotene vs (100 500ug/100ml 4 months-6 weeks "firm diagnosis of EPP"| 14.716.21 6.81 - 28.6
placebo cross-over washout-4 months
Mathews 1977| b-carotene only 180-240 >400ug/L not indicated, Clinical signs, elevated ot reported not reported
accumulated experiencgevels of PPIX in red
for 7 years blood cells and feces
Niebauer 197 |b-carotene only 100-200 not determined 1-4 years ot reported 23.4 9.0 5.87-51.25
Thomsen 1979 b-carotene only 50-200 > 7umol/L (>375Qug/L) petween 1 and 5 seasons not reported not reported [12-75
Barth 1984 b-carotene only variable, 60-240 (inseea>7.45umol/L not mentioned not reported not reported not reylort
until effective) (>400Qug/L)
\Wennersten p-carotene plus 100 not determined 6 years porphyrin analysis innot reported not reported
1980 canthaxanthin blood, urine and feces
De Sélys 1988 b-carotene plus 40-75 (betacarotene and ot determined one summer "fluorocytes"”, elevatgueasured as zinc-protoporphyrine;
canthaxantin 60 -90 canthaxantin) PPIX level in red blood [conversion not possible
cells aml feces, decreas
ferrochelatase activity
89
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Patient selection PPIX in red cells

Imean +SD pmol/L
Lehmann 1991b-carotene only individually 75 — 150 not deterean not mentioned not reported 17.3.1
Laar 1996 different beta-carote(7®-150 1.1pmol/L(590ug/L) 150 days all patients suffered frgh3.31 +6.91 4.02 -45.8

prep. severe EPP

Y a factor 537 was used to convemol/L into pg/L.

2b: Efficacy of betacarotene studies:

Study (Author,

year)

Lewis 1972 case series 4 2 1 1

Baart 1972 uncontrolled trial 25 3 12 10

Mathews 1974 uncontrolled trial 53 3 9 41 21 1 16 4
Krook 1974 case series 7 0 0 7

Beckert 1976 case series 5 0 1 4

Mathews 1977 uncontrolled trial 80 18 15 47

Goerz 1977 case series 20 1 10 9

Zaynoun 1977 | case series 16 8 0 8 13 9l 2 3 |17
Corbett 1977 cross-over controlled1 9 1 1

Niebauer 197 case series 8 3 3 2

Thomsen 1979 case series 36 2 16 18

Wennersten 1980 case series 3 0 2 1

Barth 1984 case series 28 0 7 21

De Sélys 1988 case series 3 0 3 0

Lehmann 1991 case series 20 3 6 11

Laar 1996 case series 18 11 6 1

Sum 337 62 94 181 34 10 19 5
% 100 18 28 54 100 29 56 15

D Retrospective data collections were categorizédase series”; prospective data collections witroaontrol regimen as
“uncontrolled trials”; and prospective data witimdam allocation to both active and control as “colied trials”.
2 Change at least of one of several wavelengthsdteste
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A

Linear fit (0.9731 -0.5496x)

------- 95% Cl

95% Prediction interval

Efficacy

0.3 4

0.1 4

O T T T T 1
0 0.2 0.4 0.6 0.8 1
Quality score

B

Linear fit (0.7075 +0.0006556x)

0.9 4

------- 95% Cl
0.8
.

0.7 4 95% Prediction interval

0.6 4

0.5 °

efficacy

04"
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02 4

0.1

60 110 160 210
dosage

Figurel. The impact of study quality (A) and of dosage ig/dh(B) on efficacy: For study quality, each critgridescribed
in the section "Assessment of Methodological Quéalitas scored. The number of fulfilled quality erian of a trial divided
by the total number of criteria was used as qualdgre. Dosage was expressed as the mean of thesrgiven in the
publications. The efficacy was expressed as thetiéra of patients having moderate or strong improget of EPP
symptoms.
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investigators were blinded with respect tamprovement in 3 patients and strong
treatment. The study showed a high dropout rat@provements in  others). Canthaxanthin
i.e., of a total of 51 patients, 4 patients droppeubowever, can cause retinal pigmentation and has
out during the first, 18 during the second and therefore been withdrawn from the market.
during the third year of study. Vitamin Cwas tested in a double blind, placebo-
NAC a substance closely related taontrolled, randomized and cross-over study (6).
cysteine, was shown to be ineffective in twd@he study fulfilled the criteria with respect to
double blinded studies in which the efficacypatients’ allocation, performance and blinding.
assessments were based on phototoxiciBight of the 12 study participants preferred
symptoms in one study (33), and on patientsitamin C, 2 preferred placebo and 2 found no
reports on sunlight tolerance and phototesting ohfference between vitamin C and placebo. A
the other (5). Placebo induced improvement afon-significant tendency of improvement in
subjective symptoms was found in 70% of theunlight tolerance by vitamin C was concluded
patients in one study (33) but none in the secomy the authors. However, if a 2-tailed statistical
study (5). limit which is more appropriate than the one-
If the limits of a factor 3 for moderate andtailed limit is used, the p-value exceeds 0.1.

5 for strong effects were applied to those tWPJVB: Collins and Ferguson (7) applied a narrow-
studies in which numeric data were availabl

(5,29), only one of the 22 patients profitecﬁand UVB phototherapy on a number of

. hotosensitive patients including 6 EPP patients.
moderately and none of them profited Stronglf’they determined minimal erythemal doses at
from cysteine and none from NAC.

different wavelengths and daily tolerance of
direct sunlight, both showing an increase after
the treatment. A sunlight tolerance of maximal 2
Topical DHA/Lawson (henna) Two studies h was achieved in EPP patients. This clinically
(reported in 3 articles) informed on theopen study had however neither a control group
application of DHA either alone or combinednor a control of seasonal effects.

with Lawson on patients with a variety of

photosensitivity diseases including 3 EPP DISCUSSION

patients in each study (14,15,37). One study

reported protective factors between 2.4 and 13gficacy determination in EPP

in EPP patients. The other study did not group . .
patients according to the underlying disease | € Severity of EPP related skin symptoms

instead, only stated that 14 sun-sensitive patierifs Oftén understated in textbooks as itching,

experienced a 2 to 5-fold increase, 11 patientst291Ng or burning. In fact, a painful sensation i

6-10 fold and 5 patient a more than 11 fol(ﬁhe skin develops immediately or within a few
increase in their light tolerance under the therap{tinutes ofhsun !rra(;:hatlon. Af:]er a prolonged
Some inconsistencies are found in this study of posure, .t el palbnl ueh_toha P oltoto>;|c react|or|1
years duration e.g., the first sentence in thellresaecom_?_f] mtc;]era € w LC can last for Ess;qa
section reads "The protection achieved by th ays. € phototoxic skin reaction in EPP Is
patients during each year was similar:...” (37). ([pften accompanied by an increased sensitivity to
a follow-up publication referring to the samd°uch, heatand cold, and may progress to edema,

study however, a statement reads “During thg4rPura, wheal§ or Ie3|o_r_15 (40’41’42).' Some

first year the DHA/Lawson mixture, due toPatients  describe gddltlonal const!tutlonal

chemical inconsistency, provided minimal an&yn;ptomj suc'hdas ffapgue é’md prostration fcf)r a

inconsistent protection from sunlight.” (15). itProlonged period o time. Some p?‘“e”ts’ atgr

was also stated that the left upper extremiya‘:h'ng adulthood, manage to avoid phototoxic
g

served as their own control in one of the 3 grou actions; however oth(_ars suffer from several
: rﬁlttacks every year during the sunny and hot

upper extremities were not compared seasons. Despite the dramatic suffering of EPP
Canthaxanthin:Canthaxanthin. a carotinoid like P2tients, efficacy measurement is difficult and

beta-carotene, was applied in an open label trilaiis nc;} beer_1 sltanorl]ardized.' dooi

to porphyria patients, among them 7 suffered otent!a t erapeu'tlc en pomts" are
from EPP (11). The authors described griolerated time Of. sunlight exposure” and
improvement in 6 of the 7 patients (moderat'énumber and intensity of phototoxic reactions".

Miscellaneous agents (Table 4):
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Table 3.Cysteine and N-Acetyl-cysteine studies

MINDER E. I. et al.

Study

Patient EPP-Symptoms
%lgrt;or. study desigH dosage |study duration [selection PPIX in red cells Allocation Attrition bias Detection bias
mean_+SD [range 0 significanmoderate L
mg/d umol/L pumol/L hange effect gt iz
typical }

- . . 3 weeks treated . all patients -
Bijlmer- idouble blind, placeNAC: 13 weeks waslout symptoms, 37.1249.69 |25.2-49.0 6 6 0 0 fandomized, double-blind completed the no precautions
lest 1993 [controlled, cross-ovér800 raised EC- cross-over reported

13 weeks treated PPIX study
double-blind, cross- 8 weeks treated : . -
Mathews over, placebo CYS 10001 week washout |not reported| not reporte EIOt 16 15 1 0 fandomized, double-blind L panent_droppedno precautions
1994 reported crossover out last visit reported
controlled B8 weeks treated
. . 4 weeks treated . . . . . )
Norris double blind, pIacehNACz 60C |1 week washout ot reported| not reporte 510t 15 NAC: 2. NAC: 8. I NAC: 5. randomized, double-blind 1 patient droppedjno precautions
1995 controlled, cross-over reported Placebo: 3|Placebo: § Placebo: 5|cross-over out reported
4 weeks treated
25 patients reported significant
increase in time to symptom ) . i 4 p. first year, -
g/loa(;gews single blind CYS 100 ?nogtcr:i\%agﬁjbo, not reported| not reporte ?eOto rted | 47/52%3 /22 development...on bright days n(:z;at?:: sllanfg:gnlignodneld) 22 p. second yeaupe0 gfecgtutlons
9 P ...between 8am and 4pm....p<0.0 V) ba p. 3rd year P
CYS vs placebo

Y Retrospective data collections were categorizedase series”; prospective data collections witmaontrol regimen as “uncontrolled trials”; andgpective data with random allocation to
both active and control as “controlled trials”.
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Table 4.Miscellaneous agents

Treatment options in EPP

Study (Author duration of PPIX in red
. . . EPP-symptoms
year) study desigh | test-substancistudy Patient selectiofcells S ymp
mean +SD :
range pmol/L no change  |moderate effetstrong effect
Lmol/L
open label 5 pat. with
Fusaro 1975 (pretreatment'DHA/Iawson Several weekjphotocuta-neousot reported | not reported 3 @ 0 2
posttreatment vmotoms
comparison) ymp
uncontrolled 2 group of
trial (left arm patients with a 30 photo-sensitive
Rice 1976 . _DHA/lawson |7-8 months |variety of not reported | not reported P 2 10 18
as control in 7 Clinical patients (3 EPE)
probands) photosensitivity|
i - i D
Eales 1978 uncontrolled canthaxanthinvar'able‘ 7-16 not reported 15.7611.34 |1.8-31 5(+2 V.V'th VP and 2 1 3 3
trial months with SP)
5-7 months history, phystal
Collins 1995 | case series uvB (March/April Er&ﬂ'ggﬁm' 0ot reported | not reported 6 1 1 4
o October) fluorescence
If units are converted to
double-blind, umol/L EC the resulting . .
placebo- . (A WeeKS -y own to suffe| values are incredible (Re better during active 8
Boffa 1996 Vitamin C 4 weeks " 12 no change 2
controlled, from EPP value < 33umol/L, the :
crossover . better during placebo 2
crossover median at 240 and the range
from 125 - 46Qumol/L)
1) Retrospective data collections were categorizédase series”; prospective data collections witteabntrol regimen as “uncontrolled trials”; andgpective data

with random allocation to both active and contl‘@ontrolled trials”.

2)

not the case.

3)

Results only summarized for all different photostves diseases.
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As patients (at least adults) tend to adjust thdie admitted, however, that many patients are
tolerance, these two variables interact with eaalisappointed with the effects pfcarotene...”(9).
other. Thus, efficacy may be inter-individuallyMoreover, only about one third of the patients
variable either as a change in sunlight tolerano&ere long-term compliant to beta-carotene
in phototoxicity or in both. treatment in an large British EPP cohort (18).
All but one study used some form of “(sun-) lighDespite the conception that an increase in
tolerance”, however, the method of determinatiobetacarotene dose improves response rate (23),
varied. Interestingly, the intensity of spontaneousur data revealed no correlation between dose
phototoxic symptoms was used only in twand efficacy. In conclusion, our data compilation
studies (8,33). However, a combined evaluatioet us to the assumption that only a minority of
of phototoxic symptoms and sunlight tolerancell patients profited from beta-carotene. Since
was not applied in any of the studies. Such Iseta-carotene, used at a much lower dose than
combination likely would result in improved that in EPP, was suggested to increase the risk of
sensitivity of efficacy assessment because @lUimonary malignancy in smokers in some but
individual ~ adaptations to the diseasenot all studies (1,17,34), we recommend a careful
Appropriately designed diaries to record dailyisk/benefit assessment before long-term beta-
outdoor activities deliver higher reliability andcarotene therapy is instituted in EPP.
less biased information than any retrospective Three of the four more recent studies on
exploration. The term “outdoor activities” needsfficacy of cysteine and N-acetyl-cysteine
a careful definition to include all activities thatfulfilled the current quality requirements
may provoke symptoms. Daily measurements @fithough the results of these studies revealed
phototoxic symptoms by VAS can be easilgertain unexplainable discrepancies between
included in such a diary. these two closed related compounds. Cysteine
Symptom provocation by either artificialwith an apparently good efficacy, has never been
or natural light was claimed to be an “objectivénarketed as a drug, but is available as a
assessment” (29). As examiners subjectivelyutritional additive. Because of the high drop out
determine the results of phototesting, they mawte during the long-term studies, we assume that
be biased by their a priori knowledge or theia minority of the patients had profited from this
observations in either open-label studies or isubstance.
studies in which the active compound induce the last group of agents, DHA/Lawson will not
visible changes of the skin color. Nonethelesanly give the patients a cosmetically
photoprovocation may be useful in early studynacceptable appearance, but also will raise
phases of a new therapeutic principle because s¥rious concern over its potential carcinogenic
its independence of the variations in natural ligifeature, especially when it is used in long-term
intensities.  Finally, conclusiveness of anyherapeutic applications such as EPP. We assume
efficacy determination is only clarified if (1) anthat these might be some of the reasons why
effective treatment is available and (2) @HA/Lawson have so far not yet been marketed
randomized and blinded trial is performed. as skin cream. Based on the available data,
vitamin C cannot be recommended to treat EPP.
Interpretation and conclusion on results oUVB treatment looks promising. However, the
analyzed studies: lack of reliable data and the significant adverse

Not surprisingly, our search revealed tha‘?ﬁe?s Slljtt:h as grade Iflterytt_herré%thder its
the majority of the studies (16/25) involving Prac I(I:a ||yas|amean ottrea mg t.d d
majority of the overall number of patients . h conclusion, —no undispute an

: o significant efficacy was shown in any of the
ta- . . : .
(337/454), dealt with the application of beta erapeutic modalities applied in EPP so far.

carotene. All but one of these beta-caroter] . h Heri hich th tients have to
studies being open-labeled and uncontrolled a ven the sufterings whic € patients hav
ndure, there is a need for new and improved

encumbered with a considerable risk of"° .
overestimating the positive effects (20). Th@PUions in EPP treatment.
existence of such an effect is supported by the
inverse correlation between study quality and
efficacy. The long-term clinical experience ofgm is supported by the Velux-Foundation (Nr 483y

porphyria experts and studies on patientite Hartmann-Miller Foundation (Nr. 1187). We thdok

compliance may take part in decision makin%_!?e §upport by Ms Karin Meier, librarian of Triemli
One expert in this field Dr. T. Cox stated “It must'sPita!
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