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ABSTRACT

Melasma is a common chronic refractory disorder of pigmentation affecting people with darker skin
types. Overall prevalence varies between 8.8% and 40%, depending on the ethnicity of the population
and the geographical area. Therapeutic management of melasma is challenging, with high recurrence
rates which significant impacts on the quality of life. No single treatment is universally efficacious.
Systemic treatments with tranexamic acid and polypodium leucotmatous had promising results,
although the former was related to systemic side effects. Microneedling and peeling were also effica-
cious, although their superiority to topical hydroquinone, the gold standard in melasma treatment,
remains to be established. Similarly, laser and light devices have been beneficial. However, recurrence
rates remain high in all treatment groups. Combination therapies, either in double or triple combina-
tions yielded the best results when compared to single terapies. Treatment choice should be made
after Wood's lamp examination, as well as dermatoscopic evaluation, in order to select the best treat-

ment option, targeted at each melasma subtype.

Introduction

Melasma, previously referred to as chloasma, is a common
chronic refractory disorder of pigmentation affecting people
with darker skin types, most commonly Fitzpatrick phototypes
llI-IV. Based on the ethnic makeup of the population, reported
prevalence varies between 8.8% and 40% (1,2). Clinically, it man-
ifests as symmetric reticulated hypermelanosis and it can appear
in three predominant facial patterns: centrofacial, malar, and
mandibular (3).

Wood’s lamp examination has been used to classify melasma
based on the the depth of melanin in the skin: epidermal, typi-
fied by a light brown coloration, dermal, exhibiting a bluish
gray color or mixed, seen in a dark brown shade (4). However,
in vivo reflectance confocal microscopy showed a heterogenous
distribution of melanophages, thus indicating that all melasma
is ‘mixed’ (5). It is now thought that melasma is the result of a
complex interaction between epidermal melanocytes, keratino-
cytes, dermal fibroblasts, mast cells, vascular endothelial cells,
and hormonal, geneticc as well as UV influence (6).
Histopathologically, melasma is characterized by solar elastosis,
basement membrane disruption, increased vascularization and
increased mast cell count, which strongly indicate that melasma
should also be regarded as a photoaging skin disorder (7).

In a study by Rodriguez-Arambula et al, conducted on 20
female patients with malar melasma, histopathological examin-
ation revealed significantly higher inflammatory infiltration of
CD4+ T cells, CD68+ macrophages and mast cells, as compared

to unaffected skin. Additionally, genetic and immunohistochemi-
cal analyses showed significant elevations in the expression of
IL-17 and COX-2. This indicates that malar melasma contains
chronic inflammatory cells and mediators which can be exacer-
bated by environmental stimuli, of which cumulative sun expos-
ure is the most important. This might explain the recurrence of
melasma as well as the favorable responses to topical anti-
inflammatory treatments (8).

DNA hypermethylation in melasma lesions were described by
Campuzano-Garcia et al. They showed significantly increased
levels of DNA methyltransferases (DNMT1 and DNMT3) in mel-
asma lesions as compared to perilesional skin. Additionally,
DNMT levels decreased after the use of sunscreen in combin-
ation with either 0.05% retinoic acid, 4% niacinamide, or pla-
cebo, which correlated with clinical improvement. Therefore,
DNA methylation might also be involved in melasma etiopa-
thogeny, which impacts on the future treatment measures (9).

Therapeutic management of melasma is challenging, given
its chronicity and recurrence rates, which highly impacts on the
patients’ quality of life (10,11). No single treatment is universally
efficacious. Thus, combination treatment should be applied,
along with avoidance of exacerbating factors such as use of hor-
monal contraception and UV light exposure (12).

Novel therapeutic agents act at various levels: the melano-
genesis pathway, catalyzed by tyrosinase and thyrosinase
related proteins (TYRP1 and TYRP2), all of which controlled
by  micropthalmia-associated transcription factor  (MITF)



Table 1. Melasma treatment and mechanism of action.

Melanogenesis and melanosomal
transfer to keratinocytes

Excess reactive oxygen species
and inflammation

Aloesin

Alpha lipoic acid
Antisense oligonucleotides
Arbutin

Ascorbic acid

Azelaic acid

Cinnamic acid

Dimethyl hydroxy furanone
Ellagic acid
Epigallocatechin gallate
Flavinoids

Gentisic acid

Ginseng

Glucosamine

Glutathione

Green tea

Hydroquinone
Hydroxycoumarins

Kojic acid

Licorice

Linoleic acid

Liquirtin

Licorice derivatives
Magnolignan

Mequinol
N-acetyl-4-S-cysteaminylphenol
Niacinamide

Retinoids
Rucinol
Soymilk

Acidified amino acid peels
Alpha tocopherol
Carotenoid

Coffeeberry extract
Curcumin
Epigallocatechin-3-gallate
Glutathione

Hesperidin

Korean red ginseng powder
Mulberry extract

Niacin

N-nicotinoyl dopamine
Orchid extract
Petroselinum crispum
Phytic acid

Polyphenol

Polypodium leucomatous
Proanthocyanidine (oral)
Pycnogenol

Silymarin

Umbelliferone

Vitamin A

Vitamin C

Vitamin E

Increased dermal vasculature
Tranexamic acid

Increased number of mast cells and

histamine synthesis
Tranexamic acid
Zinc
Estrogen receptors
Flutamide (topical)
Eumelanin destruction
Lignin peroxidase

inflammation; hyperactive melanocytes; excess reactive oxygen
species (ROS) and inflammation; melanosomal transfer to kerati-
nocytes, via the keratinocyte protease-activated receptor 2 (PAR-
2); impaired stratum corneum, caused by a low production of
free fatty acids; increased dermal vasculature; increased number
of mast cells; estrogen receptors (6) (Table 1).

The aim of this review was to summarize the available treat-
ments for melasma, as well as their efficacy, tolerability and
recurrence rates. Moreover, we aimed to determine which com-
bination therapies rendered the most promising results while
maintaining an acceptable safety profile.

Materials and methods

A systematic review of the literature was conducted following
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. A search of PubMed and
Science.gov databases was performed for the period 2015-2021
using the terms: melasma and chloasma combined with the
term treatment. Only articles in English were selected. The last
search was run on January 17, 2021. Studies were limited to
prospective, randomized, controlled clinical trials evaluating mel-
asma treatments. Only statistically significant results were
included and summarized in categorized tables. Relevant
reviews and meta-analyses covering melasma treatments were
selected. Other potentially relevant articles were identified by
manually checking the references of the included literature.
Independent extraction of articles was performed by two

investigators using predefined criteria for each category.
Disagreement was resolved by discussion between the two
review authors.

Due to treatment and outcome scoring system heterogen-
eity, we focused on the objective assessment of the therapies
involved, categorized according to the procedure employed:
topical creams and peelings, systemic, as well as physical treat-
ments such as microneedling, lasers, intense pulsated light, high
intensity focused ultrasound. We further analyzed treatments in
categories of single, as well as double and triple combination
treatments in search for the best associations. We summarized
the results of the RCTs in Tables 2-6. In the treatment columns
(A, B, ) we did not include any mention of priming before
peeling procedures or SPF daily application considering that all
patients used SPF as part of their routine melasma treatment.

Results

A total of 492 articles were initially identified in the literature
search, of which 162 were duplicates and 224 did not meet the
inclusion criteria and were therefore removed. We selected 87
randomized controlled trials (RCTs), 9 reviews and 1 meta-ana-
lysis (Figure 1). A total of 4681 patients with melasma were
included, for which different treatment measures were
employed: systemic treatments (n=20), microneedling (n=16),
peelings (n=10), topical creams and solutions (n=>56), lasers
(n=24), intense pulsated light (n=7), high intensity focused
ultrasound (n = 1), dermabrasion (n=1).

Study heterogenity consisted in the inclusion of patients
with: mild, moderate or severe melasma, epidermal, dermal or
mixed melasma, different photoptypes, the presence or absence
of previous melasma treatments, short term or long term fol-
low-up, the mention of recurrence rates, interpretation of thera-
peutic outcomes according to phototype, melasma subtype or
the usage of previous melasma treatments. Furthermore, out-
come measures included different scoring systems: Melasma
Area and Severity Index (MASI), modified Melasma Area and
Severity Index (mMASI), Patient Global Assessment (PGA), mel-
anin index (MI) and erythema index (El). The lower the score,
the higher the improvement rates.

Systemic treatment

For our search period, there were 20 RCTs studying the effects
of systemic therapy on different types of melasma: 1 for polypo-
dium leucomatous (PLE), 1 for dietary carotenoids (DC) and 10
for tranexamic acid (TXA). Since the purpose of this review is to
summarize the effects of melasma treatments in their multitude
and variability, in the case of systemic treatments, which have
been used since as early as 2009, we decided to expand our
search period and 6 additional RCTs were included: 2 for TXA, 1
for PLE, 1 for melatonin and 1 for procyanidin + vitamins A, C,
E (13-30).

For PLE studies, in the comparison with placebo by Martin
et al, the results were superior in the PLE group than in the pla-
cebo group (24). However, according to Ahmed et al, significant
decrease in Ml and MASI scores were noticed in both groups
(14). This might be explained by the fact that all the patients
also applied daily sunscreen. Furthermore, Chuah et al com-
pared the effectiveness of PLE in addition to hydroquinone (HQ)
4% cream (15). They showed the superiority of PLE-+HQ 4%
cream, as compared to HQ 4% cream alone at weeks 8 and 12



(panupuod)

‘sdnoib

ou yum ‘sdnoib
y1oq ui 81038

wean
Buuaiyby + bw

yoq ur smunid ISYIWW ueipaw ul sAep ¥8 wean Buiuayby 008 sploualoled
/N ‘Buruing 'buibung aseanap juedyubis W/N 1o} “Alep axug + ogade|d [e1Q Aejalp |eiQ  3jgnop x ajbuig uBlSY ‘¥  §10T (81) |e 1@ ueg
‘9 yow
'y dnoib up uoisia 1e g dnoib uj
Auniq ‘seibjeiyue uonINPal %61 “SA
‘@auajouwlos v
‘sdnoib dnoib up |Syw
‘auleseq e yioq uj seibjefw Ul UOII2NpPal %97
UBY] J3MO| S3N|eA ‘ayoepeay ‘€ yow
jeuy yum ‘sdnoib ‘MOJ} [enJISUIW 1e g dnoib ui
yloq ul 7 01 71 u sbueyd 0,81 'sA y dnoib syjuow
399M WOIY $2105 ‘swordwis ul 31035 [SYWW € 10J ‘Ajiep adim1
ISYIAW Ul 35ealdu) |BUIS31UI011SED ul uondINPal %6k Bw 05z vX1 |B10 ogadeld |eiQ Bw psz wx1 B0 3|gnop x ajbuis  suesuswy ‘6€  8LOZ  (ZL) | 19 ouesoY [3Q
TL Heam
1e g dnoib uj
"y dnosb 31035 JODSY 1IN
u| aydepeay uy pue y dnoib uy
MO} [eniisuaW 531005 Al1aWII0j0d
ul abueyd pue 10DSYTIW S)aam
‘sloydwiAs ‘ISYW Ul ZL 10§ ‘Ajiep a3im1
W/N |euisajujonsen aseanap juedyiubis Y/N Bw 057 WXL [e10 ogade|d |eiQ Bw 05z vX1 (210 3|gnop x 3jbuls uelizesg /€ 8107 (91) 12 32 tesayj0)
‘sdnoib
oM] 3y} udamiaq
EERIEIENTY)
uedylubis
ou 31am 319yl
‘v Aep Je Inq
'g dnosb uy ueyy
1amo| Apuedyiubis
sem zl s
¥aam 1e y dnoib
u] 31035 [SYW
7L '8 Y Sfsem
'sdnoib yioq ui 1e sdnoib yloq ui
uopesuas buibuns $3J0JS [SYW Ul wean J7d [elo + wean
VN pue BuydL N aseanap uedyubis VN syaam z1 Joy ‘e auouInboipAH 94t auouinboipAy % 3|gnop x 3)bulg ueisy ‘o 8L0Z (s1) 12 19 yenyd
‘sdnoib
Y1oq Ul 531035
SUBND ISV PUe |\ ul SyPIM 7L
W/N 3SIIAPE SNOLIIS ON asealnap juedyubis V/N 10} ‘Ajiep sawil a1y ogade|d bw otz 314 abuis x 3|buig suedsiy ‘e €102 (¥1) [ 19 pawyy
RUCTINETWES]
121Je eLAPOYNI|
srepund ¥ ueyl
pue Lojwods|p asuodsal 1a11q
/BuIyon ‘ewayifiz Apueayubis e
Buipueis-buo Buimoys g dnoib
'sdnoib yloq ui yum ‘sdnosb syjuow
spouad [eniisuaw y1oq ul syuow g paxiw 9t € 10J ‘Apaamiq (wu 901)
'g dnoub ur abuey> “1asdn 1B 2I0DS [SYWW Ul lewsap ¢ J1ase| ‘Ajiep 135e] OYA PN-SO
up 'y dnoub uy ¢ [eUBS3IUI0.ISED) 3503.33p JuedIubIS [ewsapid3 oL Bw 057 WXL [£I0  + Bw 057 XL [e0 B sz vX1 (&40 3|gnop x 3jbuis  uendAB3 ‘09 0Z0T (€1) |2 30 elweby
$3181 IIUILINIAY SUETE] sawonnQ/Aed3 adA) ewsejay uoneinp ‘1eal] g uawieal) V Juawileal] uosuedwo) Aiuyla “au 163 ERVCIEIEN
aslanpy/Al|Igesao] :s]ualed

"sJuawieal) JlwaisAs "z a|qeL



(panunuod)

W/N

‘syjuow 9 1@
‘g pue y sdnoib
ul ‘%97 pue

0€ Jo el asdejay

syuow 9 1e
g dnoub uj z pue
y dnoib ui siuaneq ¢

‘SJUIAD

ASIAAPE SNOLIAS ON

'y dnoib

ul aydepeay pue
‘Bunjwon ‘easneu
193} pue spuey
3yl Jo ewapa
‘uled yueyy ‘ured

[PUILUOPQR 219ADS

“eayliouswobijo
‘sipyseb :g dnoup
‘BWaYIAIL pue

uted pjiw :y dnoig

*SISOUO0IYI0
snouaboxa

:g dnoig
‘ewapaolbue yim
ysels [euediun

'g 01 pasedwod
se y dnoib uj
531025 TODSYT1IW
pue |SYW jo
aseanap uedyubis
g ueyl y dnoib
ul Uodeysies
uaned Jaybiy
Apuesyubis
‘g 01 pasedwod
v dnoub ur 31008
ISYW ueaw ul
asealnap wesyubis
“y 01 pasedwod
se g dnoib
ul 1035 |SYW Ul
aseanap uediubis

W/N

Y/N

paxiW bt

|ewsap ¢ feusapidl /|

S)aam
Z1L 104 ‘Ajiep M|

syuow
€ J10j ‘Aybiu

weal ‘Ajiep sawiy

2y bw 05z WXL

syuow
€ 10} “Ajtep

1M1 1 ‘Ajlyiuow 1y

ogade|d

wean %y DH

Bw 05z vX1 [e10

31d

wean %y DH
+ B 0§z ¥XL [0

%¥'0 YXL
yum buijpasuocniy

abuis x a|bulg

a|gnop x 3|buig

9lbuis x 3)bulg

[epemnw ‘1z - z102 (FT) 12 32 unep

uejues| ‘g8 /10T

(£2) [0 39 1prenale

uelpul ‘v9 6102 (22) |e 12 eueinyy

‘uoneyded ‘g }9IM Je g
‘sdwes dnoib uj pue z|
|eulwopge pue g s)}3am 1e
‘buiydag v dnoub uy sa10ds paxiw g5
‘eayiouswobijo ISYW 2yl Jo |ewuap gz S}aam wean
¥/N 'y dnoig aseanap wedylubis [ewiapidl ££1 zL oy ‘Ajiep adxm]  wean DH + ogadelg OH + Bw 05z yXL  a(qnop x abuis  asajedeN ‘09 Z10Z (12) |e 32 wiey
ajelade
|o1aydod0y
-e-Q 4o n| SL'ple
Jiglodse bw
09 ‘auajoled-q
v dnoib bw g
Ul UOKENUIIUOISIP ‘sdnoib yloq J+2+
uo 3|qIsIanal ul S31035 |SYIN Ul SHoem W suiuea + bw
W/N ‘a1se1 Jl|elen 25ea.03p JuedyubIS Jewuapidy 9g 8 10) ‘Ajiep a2m| ogade|d rz wpefooud eag  9jbuis x 3jbuig 6007 (0Z) e 19 Bopuey
Wean %t uaausuns
'sdnoub |je OH ‘@ uuolejsw -+ ujuojelaw
*SSRUISMOIP ul S21035 |SYIN Ul |eaidoy + Bw |eaidoy :g
W/N uaisuer) ‘plIy aseanap uedpubis V/N skep 06 104 ‘Ajieq € ‘uuolepw |ei0 ) ‘uuojelsw exdol ty  9gnop s 9jbuig suejuel] ‘op  QL0Z (61) |2 19 Ipewey
v dnoib
ul 531035 49119
Apuedyiubis yum
‘sdnoub yioq ui
531005 ewaylhia
u) Juswaosdw
wuedyubig
‘sdnosb
ay1 usamiaq
ERITETETI ]
uedIubis
Solel 22U3LIndoy SluaAo meOuPDO._iumu_tu m.Q.a mEmm_m_._z Co_umh:b ‘leal] g luawilest| Y luswiieal] COm_LmQEOU .AtuE:um ‘I leop 2dUalajay

sjuaney

‘panupuo) 'z 3|qer



‘uopensusW
paseanap pue

‘afiesop pue
awin Juawieas
YUMm pale|auiod

fedya ayy pue
‘ewsejaw bunean
Ul JAIDDYD oM

w st ‘Bw
0001 ‘Bw 05/

/N 13sdn ydewois piIw V1 JO sasop inoj ||y sieak 7 - ‘B 005 X1 B0 3lbuis x 3jbuis asaueder ‘z/ 6107 (0€) |e 18 Nyz
g 01 pasedwod
se y dnoib
ul S)yNsal 1911aq
Apuedyubis yum SUOISSIS
'sdnoub yioq ui 7 ‘lensu
‘SJUIND $3I0D5 [SYIAW Ul $H3M 1€ 13se| 1358 ANSD-11
W/N 9SIIAPE SNOLIIS ON asealdap uesyubis ‘sjzam gloj A|lep yx 1 1358 ANSD-41 + Bw ps/ yx1 |10 Ignop x 3buls uealoy ‘8F  E10T (£2) |e 19 ulys
'y dnoib up 3K
“auljaseq |enuisua 3yl ul
ueyl Jamo| sabuey) 'sdnoib
ybnoyje ‘au0ds y10q ul wean 1 YFam
|SYWW paseanul auouinboipAy 1e ‘g 01 pasedwod
ue pey spalgns 2y} buif|dde v dnoib syyuow
IIe Jo %89 ‘Brup 13ye skep may U] 531035 |SYINW € Joy ‘Apybiu
Apmis buipuadsns 1544 Yy snnid Ul Juawanosdwy wealn ‘Ajiep admy wealn ot wealn %t DH
Jaye syluow g pue ewayifi3 weyubis V/N Bw 0z WXL 810 OH + ogazerd eiQ B 0Sz vX1 (240 B|gnop x 3jbuis  ueduwy ‘05 0Z0T (62) Ie 18 geyiys
& y2am ybnoayy
Uojwodsip
suysebida
‘eayuouawodAy
:g dnoig
QUG ERUETRI ‘anday Ajjenba SPam Z|
FT oM e pue ujed ays 2I3M SpoyIaW paxiw 9| 10} ‘sypam  Kioas %0 VXL
v dnoib up syusned 7 uoaful 1y dnoig juawiean ylog  [ewuap o7 |ewuapidy 9 :g ‘Ajep aamy 1y bw 067 X1 210 yum Buijpaauonipy albuis x ajbuig uelpu| ‘00L /10T (87) [e 1@ ewueys
'y dnaib ui
eaoylouawobijo
pue
uopiejuswhidodAy ‘g 03} pasedwod [EETNS
‘sdnoub yioq ui y dnaub ui 21038 71 d04 ‘Ajiep
uonesuas buiung ISYW uesaw ui wean ] ‘Ajep weai J|
W/N pue ewayfig asealdap uedyubis aa1m) Bw sz yxl  weau )] + ogade|d + Bw psz yx1 |10 I|gnop x 3buls uelpul ‘oF  §L0Z (97) | 19 1yped
‘8 't oM
b7 Ya9m 1e 1e g 01 pasedwod
g dnoib ui 94pH9 y dnoib ui 31008 syoam g oy “Ajlep
pue y dnoib ul ISYW ueaw uj weasd J] ‘Ajep weasn |
%E0'8L Ul duLNIY ¥/N aseanap wedylubis V/N M1 Bul 05z ¥xL  wean DL + ogadeld + Bw 0§z ¥XL |10 3|gnop x ajbuig uelpul ‘0zL  0Z02 (S2) [e 12 uuy
S3JeJ 3IUBLINIBY SIUAND sawonQ/Axeay3 adf1 ewsepy uoleInp el g uauwneal] ¥ JUaLeal ] uosuedwo?y Apiuyia u 1eaj 2dUIAJRY
BINIETH =N

‘panupuo) 'z 3|qer



(panupjuod)

V/N

7 ¥2am 1e sasdejas ou

alam Bujuing
pue ‘Buyjjams ‘ewayifig

SOWALD
pue ewapa ‘ewayikig
‘uadewsap yum
uey) sajpasuosaW
UM SUWIUMOP 553
panIasqo
swuaned ayy
Il "uadewsap yum
uey) S3|pasuosIW
yum uted aiow
pasusuadxa sjuaied
ay jo Awolew ayp

WIN
"159Je5 Ayl
sem g dnoib asaym
D pue g dnoib
U33M13( OS[e “153jes
ayy bueq H pue
g sdnosb ) pue g
sdnob pue y dnoib
uaamiaq saoualayip
ueayubis
uonejuswbidiadAy
Aioreuwsweyuy
150d ) dnoig
"S1Jajje apls ou
:g dnoig “ewayifis
‘uonaful jo ays
ay) 1. |eaym pue
uted Buiuing :y dnoin

WIN

*suoafuy

Buunp g dnoig

ur uopesuas Bujwing
2jeI2pOW 03 plIW

weayiubis pamoys
21025 [SYWW-H Jo ueay
‘d ueyl y [1epod
10} Jaybiy Apuedyiubis
SEM UOIDRYSIIES
aned 7L Haam
1e g ueyl y [ieppod
YaIm 31005 [SYNW JO
uonanpai alow Apued
'sapis yioq bBupedwod
uo auzsayip uedyubis
ou sem 213y} Ing
aunean dyd buimojjoy
20e) 24} JO apIs yIed
U0 21035 [SYW-W2y 2yl
Ul pajou sem asealdap
ueayubis A|jeansiers
y “Apuesyubis paseanap
531035 |SYWW pue |SYW

g uey y dnosb uy
foediye Jaybiy Apued

) pue g ueyr asuodsai

13eam Bumoys y dnob

>y ’g > v usamiag

IRyl wedyubis

Ajjeonsnels sem asay|

'y< g < D dnoib ul

31025 [SYWW Ul S)|nsal

1594 Y3 Yum dUIHP
uesyubis Ajleonsnels

‘Pl3Y |ev1Bojolsiy

J1ad abewep aueigaw

Juawaseq pue

sa14ooueaw snojnpuad

‘ANsuap uluepw

ul uoldNpal Juedyiubls

‘Juawssasse J160j0IsIH Y

dnoib uy Ajuo pasoidui

siawesed 3y Jo Ayenb
pue ‘A11awiojod ISy

g dnoigy

01 paiedwod y dnoigy

ul 53105 J0DSeB

ul a5ea139p wedyiubig

‘way) usamiag

du1RYIP edyubis

ou yum Ing ‘sdnoib

yioq Ui paseanap
Apuediyubis s210s |SYW

paxiw 6l
|ewuap

S |euuapidy 9

paxiw

§ [ewiapid3 g1

paxiw /|
|ewiap

€1 ewsapid3 og

paxiw Ly

syoaMm
71 10j ypam 7 Kiang

SUOISSas
9 'syaam 7 A1an3

suolssas ¢ ‘Ajyiuop

V/N

Syam

71 1o} ‘syeam
7 Mana ) Y
21

piaam 1y

skep /£ 10}

Syjuow g 1oy
syaamz K1ana 1g'y

buypad y9 %05

/N

a01) 3y1 Jo
JIBY 3| 3Y) UO %€ )
UIWIBYIA + 9640 WXL
Yum [sa|paauosauw)

Y/N Buypaauoiy

aoey ayy
40 3pIs 13| ay) Lo
did -+ S3|paauosaw
YIN yum Buypaauoniy

wean
/N auouinboipAy |exdog

jw /Bw p1
wea. upewAs [eado)

W/N U3AIISUNS 05 4dS

J ujweyA
yum (sajpaauosauw)
Buypasuoniw

W/N +13ad ys 9%0¢

ade} ay) Jo
J1ey by ay) uo %z
suopen|b + ag
UjLwenA + %t'0 WXL
Ym (s3|pasuosaw)

Buypasuoniy

23e) 3Y) JO IpIs
by ayy uo dyd
+ uadewsap yum
ww 7 bujpaauoniy
auoiyieIn|b pasnpas
+ pi3e djwexaues
Yam Buipaauonipy

VXL %0
yum buipaauoniy

u33135UNS S 4dS +
(Ww §'| JajjorewIaq)
Bujpasuoniy

193d V5 %0€E

ajgnop x ajbuig

ajgnop x a|gnog

ajgnop x a|gnog

s|gnop x a|bulg

ajbuis x ajbuig

ajgnop x ajbuig

a|gnop x ajbuis

(9g) 1e 32
asauelsied ‘09 0207 wagjen
uejues; g 6102 (S€) 12 32 feny

uendAb3 ‘67 6107 (¥€) |2 13 AujoH

asauly) ‘08l 8L0T (7¥) |e 12 Buay

uendA63 ‘09 5107 (€€) 12 12 4ey3

(ze) e
610C ouelsse)

ysppnL ‘Lb - £10Z  (LE) |2 12 1naeg

¥/N
¥IN
¥/N
¥/N
YIN
sajel
ULNIY

SIETE]
asianpy /Aujiqesajo]

sawoennQ /Aedy3

adA| ewsejapy

neinq eai)

) Juawieal]

g juawieal)

W Jualuyeal]

uospedwo)

Aduyis uu JLETY
EITENTN]

AdUalajay

‘buiipaauonIy "€ 3|qeL



‘7 Yauow e juaned |

V/N

g dnoib vy £ pue
vy dnoub uy sjuaned g

V/N

V/N

bT e
1e g dnoig ul 7 pue
y dnosb ui syuaned g

‘uonsabuod
pazijexo| ‘ewayifia py

'suoIeal
2SI9APE SNOIAGQO ON

'sdnoub yioq u
uonejuawbidiadAiy
Wbis

‘BLUBYIAID JUSISURI|

'sdnoib yloq
ur smund pue ewayikig

V/N

‘dnoib

OH ay1 ui usas

SEM D3y asiaape

ON “eueaun pauodal

juaned auo ‘ured

Buiuing aus uondalul
pasuanadxa syuaned ||y

‘sapIs

Y1oq uo 51233

apis Aesodway

Se paluawniop

'sdnob yroq ul 21035
ISYW Ul aseainap jued
y dnoib
ul s)nsal Janaq yum
‘Apuediyubls paseanul
Sapis Yloq uo 521035
uondesies analgng
'y dnoub uj synsas Janag
pamoys sydesGoloyd
Jo suonen|eas
uepRIsAyd ‘7L }em
10 g uey y dnosb uy
Jamo| Apuediyubis alom
IW ‘e1siA Aq painseaw
s31035 sjods umo.g
v dnoib up 531035
Y1-10Dse[3| ueaw
uj aseaap wedyiubis
-1 syluow 1e g
ueyl y dnoib ur uepuyp
ayl Ag palenjena se
asuodsal [eaup Janaq
Apuesyiubis ‘sa103s Sy
ueaw Jamo| Apuesyl
g uey) y dnoub u saies
uoleysies juaned pue
sawono Jnnadesay)
1am9q Apueayiubis
‘sdnoib yiog ul
9| }39M 1B §21025 |SYIN
ueaw ul aseaidap Jued|
¥ ueyl g dnoib ul
s21e1 uojpeyspies uaned
1amaq Apueaubis
0T Hoam
18 10U ING 'F }I9M 1B
¥ ueyl g dnoib uj synsas
1msq Apuedylubis
yum ‘sdnoib yloq
up uopdnpal Juedsylubis
13N|eA UlUe[BW 10}
Sjuawainseaw _a._uw_-: 0]0D
queayubls Aleansners
100N Y < DH
uj pue g < v dnosb uy
sales uoleysnes juaned
13YBIH 7L pue g syFam
18 dnoib wx] 9%t0 ueyl
dnoib pH ays ul synsai
Janaq Apuediyubis g
pue y sdnoib uaamiag
aouIAYIP JuedubIS
ou yIm 7| yaam
18 wean DH pue ‘g
dnoib 'y dnoib Joj 21035
ISYW Ul 3seanap jued

*g dnoub 01 pasedwiod
v dnoub uy uopdnpas

paxiw 9 ‘jewssp
9 ‘leunapids §

V/N

|ewap ¢
paxii 7L

JPwspId3 g5

PXIN L
|ewuap

9 |ewsapid3 €1

paxiw |
|ewap
| [euLapid3 97

paxiw £
|ewiap
££ leunapid3 oz

suoIssas g “ApjRapm

syoam
71 10) Apjaam aouQ

SyIuow
 10J SY2IM § KIaA3

|E10] Ul t ‘Sy2am
t A1aAa suoissas
Buipaauo.niw
‘sy9am

71 1oy Apybiu wean)

|e101

Ul £ ‘suolssas

Buypaauoiw

Ajyauow ‘sypuow
€ 104 Apybiu weann

BEETAY
10} ‘Ajiep admy

Wean ‘SYaam 7

Aiana :Buijpaauoniy

960t D UILLeYA
VIN yum Buipasuoniy

uopnjos
Y/N WXL %50 |e2ido]

Jase|
¥/N OYAIPN-SO Wu-490°L

auouinboipAy
V/IN %t |ed1doL

% ¥'0
Y/N WXL yum Buipaauoi

a7} 3y} Jo 3pis Ya|
3y} uo wesn DH %t
|eaidoy ‘adey ayy jo
apis b ay uo g5|

W/N VXL yum Buipasuoniy

adey 3y} Jo 3pis 16
a3y uo 960 auljes
yum Bujpaauoiy

%01 VXL

yam Bupasuoniy albuis x ajbuig

uonnjos ¥x1 %s0

|eaidoy + Buijpaauoniy 3jgnop x 3jbulg

J ulweyA
yum Buypasuoniw
+ Jase|

OYAPN-SD WU-p90'L a|gnop x ajbuis

auounboipfy
9%F |eaidol + %01

VXL yum Buipasuoniy aignop ¢ ajbuig

wean g%z auouinboipkH ajbuis x ajbuis

aey ayl
0 3pIs 3| 3y uo
wean PH %t [eadoy
-+ @2e) ay3 Jo apIs
b 2yl uo %o
VXL Yum Buijpaauoniy ajgnop % 3|qnoq
a%e 3yl Jo
3PIs Y3| A U0 %0
VXL yum Bujjpaauomniy

|sauyD /L 0707 (€¥) |e 13 oryz

|sauly) ‘BT L10T (1) |2 33 nx

(op) e 32

yspung ‘oL £10Z Jaunisn

(6€) 2 32
8107 BuIyIURIYR ]

ueluel| ‘s

el ‘L€ 8LOT (8€) 2 12 1S

ueluel ‘ly 6107 (£€) B 12 Jehzeg

sa1el
3UBUN2BY

S1U3A3
5I3APY /AN|IqRIS|0 )L

sawionIng /A2ed13

adA] ewseppy

D uawIeal] g uauneal]

Y lusuneal] uospedwo)

fpuya au
s1uaNed

lea) ERIEIETEN]

‘panupuo) ‘€ 3|qer



'y dnoib
0} pasedwod g
dnoib ui uopanpas

*sdnoib yioq ui
uonewswbidisdAy

jo 3105 [SYW 11

punoibydeq ay uo aAle1 uedubls
uopieyuawbidodAy id?
a1ennb y3am pue g yIam
‘uonejuawbidiadiy e paseanul Ing

‘sdnosb Juawnean
yiog ut  aam
1e Ajpuediyiubis

g dnoib ui buipad
upys [epysadng
*9384 AY} JO SIpIs

apls [eIa1R[RIIU0D

7L jeam 410 U0 UOLIeSUBS paanpal ay1 uo 238} 3y
pue g yaam 1y Buibuns pue Bujuing  xapul [ aAneR1 ueapy paxiy ¢l SU0ISSas § ‘ApiPam V/N 193d y9 9%0¢ + SD41  Jo =apis auo uo §D47  3jgnop x Ijbuig eyl ‘7L S10z  (1S) [e 18 uowenydep
g dnoib
g dnosb ur smnig 0} pasedwod
*sdnoub yloq ul y dnoub ui
uonewswbidisdAy ‘ISYW Ul 3sea1nap
Aiorewwepu) -1sod abejuadiad
‘uonesuss buibuns “10DSeIRN ISYIN SYaIm 1L
pue bujuing HUBIEEVY I NT]] a0y "Apybiu wean Wweas> pe dIgqiodse
W/N “ewayifia bujaad 1504 uedyiubis Ajjednsiels |ewapldl 09 syaam om) A1ans ig 'y /N |9ad ¥OL %07 %S + 23d W)L %07  3lgnop x ajbulg suelpu| ‘09 /102 (05) [e 1@ 4 nyes
wean
‘sdnoib a1eydsoyd |Aquodse
10q uopaNpal 9 10} winisaubew
¥/N Y/N 21035 [SYN Jueaiublg |eunapidy gyl weal ‘Apjeam g 'y Y/N |9ad ¥IL %07 %S + /23d W)L %07  3|qnop x s|buls asauelsped '8yl 9102 (6%) |e 19 ezeunpy
sdnolb
yioq uj Juawiealy
*sdnoib ioq J0 Syaam 7|
u Ayansussojoyd PUB g 13)e 531035 paxiw 7
‘ssaukip SYA PUB |SYW Jeusp €1 wean
¥/N Paseanul ‘uonell| Ul uondnpas Juesylubis lewapidy oz syow g 104 V/N ¥¥ %07 + [2ad yo wean 31 albuis x a|6uig ul ‘0% S10T (8%) |2 33 ueleyeyy
‘uopepuawbidiadAiy
uaisuely 'sdnolb e 1aad jods v |aad jods y)|
‘uopesuas Buiuing ul $31035 [SYW JO SUOISS3S %0z Aq pamojjoy %01 Aq pamoj|oy 3a|gnop
W/N 'smunid ‘ewayili]  uondnpal juedyiubis paxiw ‘lewuapida 7 ‘syeam ¢ M19a3  [9ad adep|Iny ¥D opsE  [9ad adey-|ny ¥O 966E  [9ad Adey-|Iny YO %GE % Ijgnop x 3|Buls suelpu| ‘0€ 6107 (£¥) e 19 Bieg
-q 0}
pasedwod y dnoib
ul ainpacoud saye
‘uonejuawbidsip Uojwodsip uaned 3%e) 3
puE uolIesuU3S 1amo| Apuesyiubis Jo apis 1ybu sy
Buiuing :g dnoin sdnoib yioq uo 2ad pie dnyd
*suonedljdwod Ul $31005 |SYIA Ul SUOISSaS ade} 3y} Jo Ipis Ya| 99 -+ JouldIosal
W/N oN ¢ dnoig  uswaacidwi paxIep  PaxIW gz [ewuspldl 61 g ‘syaam g A1aag Y/N Y1 uo [3ad yo %05 %01 + ¥V %07 3lbuis x 3BuIs ueuel| ‘Ly £10T
'y dnoib
BILECTENEN]
‘sdnoib Apueaiubls yum
ylog ul buijeas pue ngq ‘sdnoib yjoq
uoneuawbidiadAy ur ZL yoam laye B EEN
Aojewwepjunsod 531025 JODselRW g 10} ‘Ajlep aiml
‘uonesuas buiuing pue |SYW :q ‘suolssas Buijead wean
¥/N ‘snunid ‘ewaylkig  ul aseasnsp juedyubls |ewuspld3 09 g ‘syaam € Aol iy Y/N weals vy %07 VY %07 + [33d ¥y 3|qnop x 36uls suelpul ‘09 /10T (St) e 19 |edeq
'sdnolb
410q Ul uopelsnd
‘uonejuawbidiadAy 'y dnoub ui synsau
‘snyunid 1anag Apuedyiubis
“Uojwodsip yum ‘sdnosb
‘uoIIesUSS 410q Ul 31035 |SYW uolIN|os S J3Ussar [ NLRE]
W/N Buiuing ‘ewayiig i aseanap Juedyubis paxiw o ‘euuapidl L suolssas g ‘Apamig VIN %ST-%0T ¥OL + 9%Sz-%0Z YOL  3|qnop x ajbuig uendA63 ‘vz £107 pinbaj-apay
$3181 3IUANIAY BUETE] SawodNQ Aoe13 adk) ewsepp uoneinq el O uawieal] g uawieal v uawieal) uosuedwor Apuga ‘iu aeap ESIEIEIEN]

asianpy /Al|iqeIa|o]

s1Uaed

‘Buizad "t 3jqeL



(panunuod)

Y/N Y/N

V/N Y/N

g dnoib
ul SuoIs3|
wlojlsude

PIW 'y dnoib
ul UoIIeSUdS
¥/N Bujuing piw

¥/N V/N $0 3seainul wuedyubis

g dnoib
Y/N Ul UoREILUI UBS

'q dnoib
ul uoleyi
Y/N upjs ‘ewayiAig

sdnoub
¥/N  U40q Ul ewayikiz

yum ‘sdnoib yloq
Ul paAIasqo sem

ISYW Ul 35ea.109p v

'g uospedwod

uj ey

9y} JO s=pls yloq
uo Juswanoldwi
edubig

"y uosiedwod

ul 531035

|SYW pue azis
jods ‘aaueieadde
EELG]
‘ssauybnod ‘ainixal
upjs pasosdwi

Apuesyiubis

*sdnosb yloq ui
Ja1swoyoydosidads
Aq palejnoje>
J1pweled Ly jo
asealdu) Juedyiubig
*sdnosb ylog

ul 521035 |SYNW
3yl u| aseasdap

wesyiubls £|jesnspels

'y 0} paedwiod
se ‘g dnoib
Ul $24005 |SYIW

sdnoib yloq
ul $31035 [SYIN Ul

asea.1D9p JULdLIUBIS

‘g uey} y dnoib ui
Solel uolloejsiles
Jaybiy Apuesyiubis
sdnoib yloq

ul $2J025 |SYIN Ul

aseanap wedyiubls

501
patedwod y dnolb
ul anjea-,7 Janaq
Apueayubis -y pue
g uey) y dnoib

ul s)nsaJ Janaq
Ajpueaipbis yum

‘q pue y sdnoib

Ul $21025 |SYINW
40 1wawaosdwi

Juedyiubig

‘g 03} pasedwod

se y dnoib up
uoneysies uaned
13ybly Apuesyiubis
¢ dnolb

ul synsaJ 1anaq
yum ‘sdnoib yloq

V/N S)soM 8 104

B EEI
V/N Zl o) Ajiep aom|

Hjeam g1 o}
V/N “Apybiu =g ‘Ajiep iy

syuow
¥/N 9 1o} ‘Ajleq

BHEEI
¥/N ZL 1o ‘Ajiep adim]

BEEN
Y/N TL 10} ‘Ajiep aoim|

IEET
V/N L 10j ‘Ajiep adim]

ulounlal} ‘%S
3uouinboipAy)
V/N Eejnuuoy s,uewbipy

weau o
# auouinboipAy
SA
V/N asepixosad uubny

V/N 2uouinbolpAH %
g ejnwoy
V/N u3135UNg

wean
V/N 2uouinbolpAH %t

V/N auouinboipAH oz

weain

ogadeld 2uouinboipAy 9%t

suonaful 69) [ 12
suojoupwey)  IBuis x 3BuIs  sueluel| ‘zy 9L0Z 1y6ys3
ogaded sa (85) |e 12

asepixosad uubiy ajgnop x ajbuIs [eIRININW ‘65 S107 sopseiq
uojeUIqWIod (£S) 12 12

wnpoid d1IPWso)

¥ e|nwiuoy
u33.105uUng

V1 [ewosodr] 665

%S VXL

%C°0 [oplwely L

9buis x 3|BuIS |epeRIRINW ‘SH 0ZOT euizuolg

(99) |2 10
3|buis x s|buig /N SL0T ueynog
(sS) e 12

albuis x 31buls  ueluel| ‘sz SLOZ IWAYseyiueg

(¥s) 18312

9buis x 3|buig ueluel| ‘09 £10Z 22y

(€9) |2 12

91buis x 31buIs |ePeINW ‘65 6107 ZUMoLy

uj $31035 |SYW Ul syluow weas weas (zs) e 19
/N Y/N  8seansp juedylubig V/N 1 0} “ApyBIN ¥/N duouinboipAH %t apiwein|4 %1 3|buis x 3buis  ysipams ‘bz SLOZ Yeuyiejepy
Sa1e) DUALNAY SJUDAD ASIBAPY sawonng /Axedy3 uopeinp “jeal| g uawyeal) PRETHESTY uosuedwo) fApuye qu eap ESEYETEN
Aupqesajo) sjualley

‘sjuauneal) |exdo] °g 3jqeL



(panujiuod)

sdnoJb y10q
ur $24025 |SYIN

Ul Juawaosdwy paxiw €9 IS EETN uonnjos ((ZAN-BE]
Y/N Y/N eoyiubis jeuusp §1 [ewsapidy zz Z1 10j ‘Ajte@ Y/N wean DH %€ YXL %S (exdol  3jbuis x obuis  ueipu] ‘ool 610T Kauuer
pide djuoinjeiy
%1070 +
A W< < Al ogadeld g9 auouinboupAy
sdnoib uj 1aya :1apio Bujpuadsap /p12e duoinjedy %l
Bujjaad "sdnolb uj synsai 1saq 3y} %L0°0 + pe €D jweald pe
J1e u Bujjeds yum ‘Al-| sdnoib 21103416 9501 + 21103416 9501 + wean  3buis x 3diy
‘Il dnoab i pue ‘ewayifi ul |Syww ui [ EET auouinboipAy auouinboipAy 3uouinboipAy X 3qnop x #9) |e 12
¥ ' dnoib u) g ‘snyunud piN- @seaidap juedyiubig V/N L 104 AWbIN %t 7O %t 179 %t 11D 3qnop x jbuis uendAB3 ‘00L sL0Z wiyeiq|
g dnoib
ur snyanud
pue ‘bujuaine}
‘Buiuing
'y dnoib
ul uoneyuswbid
Iaylep pue
‘Buiydn ‘unjs (apiuolade
Aap ‘buljjams auojoupon|}
pas ‘buiuing % 100
‘pise1dalbuejal pue ‘uiounain
‘buyjsad ‘g 0] pasedwod % 500
‘uied buiqgels vy dnoib ur foediye B EEI ‘auouinboipAy (£9) e 19
/N ‘ewayifig 1aybiy Apueoyubis V/N g 10y ApybiN V/N ogadeld % t) wean JHy4 91buis x 3jbuig  asauy) ‘9zz $10T buon
‘y dnoib
ul paysnes
aJow Ajpuedyubis
2Jom siuaned
pue suepisAyd
'y dnoib
sdnoJb ul s)nsai Janaq
yjoq uj ssaukip yum ‘sdnosb yioq
'uojiesuas uj $21025 [SYW Ul IS EEI weasn weasn (z9) 2 12
v/N Buiwing ‘ewayifi]  aseasnap wedyiubis |ewuapidy oF g Joj AybIN V/N  9|0ZeWIYIdW %S auouinboipAy opy  9lbuis x 3jbuis  ueluel| ‘OF 0207 esiayo
'y 0} paledwod g
Weasd Yum synsai
12119q Apuediyubis
pey ewsepw
fiojewweyu
‘1e|nasealadAy
) dnoib
‘g pue 0} pasedwod
v sdnoib g pue y sdnoib
ul ewayllia uj $31035 |SYW Ul B EEI 3|burs x (19) |12
v/N pue smunid Jybys  aseannap edyubig Jeuwnapidy 09 oL ‘Ajiep adm| ogadeld XL + g wean v weal) 3jgqnop x 3|buig [eREINW ‘09 0Z0Z [IERLIIE
"y dnoub ul
¥/N  uonewawbidiadAy
'g 01 pasedwiod
se y dnoib
‘uonesuas ul syujodmain
Buiuing juaned pue
‘snyunid $24025 Y9 'ISYW syjuow weasn (09) e 12
'ssauiap ‘ewayifig Jamo| Apuesyiubig lewuapidy or ¥ 40} ‘ApybiN V/N ogadse|d %G aulwesky  9|buis x 3jbuls SSIMS ‘Ot 8107 1ysie4
‘g dnoib
ueyl S}nsai (%10
19112q Apuesiubis ENS=IEINEIET)
Buiaey y dnoib pue ‘910
Salel a3usiinday S1UsAS 3sIaApY sswoxnng .iumuc._.m adfy uoneinp “1ealj D lusuneal| g usuneal] Y luswieal] :oﬂhch._ou _ﬁ_u_::uw ‘u Jea) 2oUaJ3)3Yy
JAunqesajor eUISEBN 1s1u3l1eqd

‘panupuo) s 3|qey

10



(panujiuod)

SYNsal Janag yum

g dnoib ‘q pue y sdnoib
ui snyunid pue U] $21025 [SYW Ul IS EEIN 9buls x (€2) 1219
Y/N ewsaylis py - aseannap juedyiubig V/N Tl 10§ K|iep adim| oqade|d wean unngiy weamn [eqlay  9jbuis x sbuis  ssauIYD ‘06 6L0T bueyz
sdnoib
ay) usamiaq
SaIUIAYIP
juedubis ou
yum ng ‘sdnoib IS EET
'sdnoib yioq Yioq ul |SYW pue 0z 104 "Apybiu
syuow ul ewsyifee Xapul ssauly weals ‘|e10}
€ 1aye ‘buljeds dAIlRJ2) JO ul SUO0ISsas wieaud (AN -BE
$3JU3LINJ3AI ou ‘uollesusas buiuing  uonanpal uedyiubig paxiy Lz € ‘Alyuow n4IH V/N auouinboiphH %7 NdIH  9lbuis x 3buig Y] ‘L7 0Z07 UOwedydep
-sdnoib yloq %l %
U] $21025 [SYW Ul syjuow auouinboipAy auouinboipAy (LZ) |2 19
Y/N ¥/N  uonsnpal juesylubig V/N € 1o} “Ajle@ V/N [euonuaauo)  [ewosodi| |eddo]  3jbuls x 3bulg  ueluel ‘0 610T ineybe)
sdnosb yloq
Ul 531035 |SYW Ul weasn (0£) 1230
Y/N ¥/N  uondnpai juesylubis V/N ${I9m | o4 V/N 0gade|d 13eAIX8 L0 %t 3|Buls x 3lbuis  ueluel by 910T Isweys
'sdnoJb |je
pue ssaufip ul $3102S ||
*sdnoJb |je ul ‘UOIIBI|OJXS UDYS pue |SyW ul
Y¥/N  uoneuswbidiadAy ‘snyunid ‘ewayifig  yuswanoidw
paxiw 3|buis x (69) & 12
weyiubls sz [ewuspidy g s)aaM 7| 104 wean %z DH wean %y DH wnIas %ty gya 3|buis x a|buig 1ey] ‘ge 910z wndedydieiq
‘g 10
v sdnoib u
3uoN ) dnoib
ul Buijess *sdnoib
'uojlesuas J|e Ul 524025 [SYIN paxiw § syjuow weasn weasn weasn 9buls x (89) | 19
V/N Bujwing ‘ewayifi] padnpas Apuesyiubls |ewsap € [ewlapidl £ ¢ 1o} APYBIN 9%¢¥ auouinboipAy %' ULIRLIA|IS 05/°0 ulewA|S  9buis x 9jbuis  uendAb3 ‘z¥ 6107 |eJoN
% PR
) pue JNniy +
g 0} pajedwod %9 :|ouUIDI0SDl
v dnoib uj synsai JAang-N + +
191399 Appuedyjubis 95 :p1re Jnkyd
yum ‘sdnoib e + 001 :ppe 96 pie 9401 ‘ouaylued
ul [2A3] wawbid uy BEET JllPpuew + J1anuAd -p+ 3ydmuinb x (£9) |e 12
Y/N ¥/N  uondnpal uedyiubis V/N T 104 Ajlep 2IML %0Z PR JIB[3ZY + %S IPIDR JIBRZY %01 PIdE JIe[dzZY 3|gnop X 3jqnog ysliod ‘09 9102 Aounzepy
'y dnoub ui
v¥/N  uonewswbidiadAy
'g 01 paledwod
se v dnoib uy
$2100S JUILUSSISSY
[eqo| Jolebrsanu
pue |SYW ul syuow (99) |e 12
‘ewayhiz  aseanap juesyiubis |eunapidy 0§ t 104 ‘ApybIN ¥/N ogadeld weasn aupweask) 9jbuis x s|buis  ueluel ‘g 5l0z  Hnosuey
SHI9M g 10}
sdnoJb y1oq ‘Aybiu wean uonn|os
‘snyunid | S31025 [SYN Ul "9aMm e skep wean wndspd (59) | 12
v/N pue ewaylAi3 uonanpal uesyiubis |ewl2pid] ¥ 9 1o} uonnjos V/N 2uouinboipiH 9%t wnipsonsd  9|buis x 9buis  ueluel| ‘bS £107  ueABISOUY
g dnoib
Ul 51932 IsIaApe
Jo dudpHRUI
Jaybiy Apuesyiubis
v dnoib up
19119q Apuediubis
SEM 2105
uoldesies juaied
Salel a3usiinday S1UsAS 3sIaApY sswoxnng .iumuc._.m adA1 uoneinp “1ealj D lusuneal| g usuneal] Y luswieal] :oM:mQEOU _ﬁ_u_::uw ‘i Jea) 2oUaJ3)3Yy
JAunqesajor eUISEBN 1s1u3l1eqd

‘panupuo) s 3|qey

11



Recurrence rates

Tolerability/
Adverse events

Efficacy/ Outcomes

in group A.
inflammatory cells

reduced El and
in group A.

Significantly
density of

Melasma
type

Treatment A Treatment B Treatment C Treat. duration

Comparison

Patients:
nr, ethnicity

Year

Table 5. Continued.

Reference

of treatment, although at day 84 the difference was no longer
statistically significant, even though the combination group had
a 33% higher improvement of melasma. This might be
explained by the high recurrence rates of melasma, irrespective
of the treatment measure applied. Nevertheless, no adverse
events were reported by the patients who were treated
with PLE.

Dietary carotenoids haven't been extensively studied. Gan
et al included them in a case-control study, in addition to a top-
ical lightening cream and found no difference in melasma
improvement between the two groups (18). Similarly, the effects
of melatonin, either topical or systemic or both, as well as pro-
cyanidin + vitamins A, C E have been scarcely studied. A signifi-
cant decrease in MASI scores was obtained for the treatment
and for the placebo groups, which can be explained by the
beneficial effect of sunscreen application, as well as the low
effectiveness of the systemic treatment. Mild, reversible adverse
events have been reported in the melatonin, as well as procya-
nidin treatment groups.

TXA was the most studied agent, in different concentrations
and dosages, as well as different delivery methods: oral tablets,
topical creams, as well as cocktails for microneedling proce-
dures. For its systemic effects, 12 RCTs have been conducted:
either TXA versus placebo, or in addition to laser treatment, top-
ical treatment, or part of microneedling sessions. In the placebo
comparison, the TXA group had better results than the placebo
group, although not statistically significant (16,17). Furthermore,
recurrence rates were high in both groups. Oral TXA was used
as an adjuvant tool to topical treatments and compared to the
effect of topical treatments alone. In the HQ 4% cream combin-
ation (21,23,29), as well as in the TC cream combination(25,26),
the superiority of the combined treatment as compared to the
topical treatment alone has been demonstrated. Similarly, oral
TXA in combination with QSNY laser have demonstrated better
results, as compared to oral TXA alone(13,27). However, relapses
still occurred in either combination comparisons. TXA delivery
systems were also compared: in the microneedling versus oral
delivery method, the latter had significantly superior results in
one study (22) and comparable results in the other (28). With
regard to TXA dosage, one study compared the effects of either
500, 750, 1000, or 1500 mg daily (30). There were no significant
differences between the 4 groups in terms of efficacy or safety
profile. However, the rates of improvement positively correlated
with treatment time and dosage. Important adverse events have
been reported, especially after the oral delivery method of TXA:
gastrointestinal upset, changes in menstrual periods, headache
(Table 2).

Microneedling

16 RCTs evaluating the effects of microneedling on melasma
have been included in our review (31-43). All studies showed a
significant decrease in melasma scores as compared to baseline.
Further comparisons between microneedling cocktails, combina-
tions with topical treatment, lasers and peeling have been
assessed.

Cassiano et al. conducted an interesting study on a group of
20 females: they performed two 3mm punch biopsies, one
before and one 7days after the microneedling session.
Histologically, they discovered significant melanin reduction,
while clinically a significant decrease in mMASI score was
noted (32).
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Records identified through
database searching

Duplicates removed

N=492 N=162

Records excluded
not meeting the
inclusion criteria

N=223

Records screened on basis
of Title and Abstract
N=330

Total articles included
N=107

Figure 1. Literature search and article selection.

Regarding the types of needles used, in a study by Hofny
et al. comparing PRP delivery systems with either dermapen on
mesoneedles, no difference in efficacy was observed. However,
tolerability was lower in patients treated with dermapen than
those treated with mesoneedles (34).

In a comparison between microneedling with TXA, topical
silymarin cream and GA peeling, the best results were obtained
with GA peeling, while topical silymarin was the safest (33).
Additionally, microneedling with 0.4% TXA and 1% TXA was
inferior to HQ 4% cream (37) in one RCT and superior to HQ 2%
cream at week 4, but not at week 20, in another (38).
Furthermore, microneedling with TXA 10% had comparable
results with microneedling with vitamin C 40% (43). In the com-
parison between oral TXA and transdermal delivery of TXA, the
former rendered superior results in a population with a majority
of mixed type melisma (22) and the latter showed similar results
in a population with a predominant epidermal type of
melisma (28).

Regarding the cocktails used for microneedling sessions, Iraji
et al. demonstrated the superiority of a glutathione combination
solution with 0.4% TXA and 3% vitamin C and the absence of
melasma relapse in either group at week 24 (35). Additionally,
Feng et al. compared the efficacy of microneedling with a com-
bination of TXA and reduced glutathione to topical application
of HQ cream, with significantly better results in the glutathione-
TXA microneedling group (42).

Microneedling therapy, combined with either topical TXA
solution, HQ 4% cream or QSNYL demonstrated superiority to
the topical and laser therapy alone (39-41). However, it did not
significantly improve the effects of peeling (31).

Peeling

Different peeling combination solutions have been tested for
the treatment of melasma, including the following acids: salicylic
acid (SA), glycolic acid (GA), azelaic acid (AzA), ascorbic acid
(AsA), phytic acid (PA), mandelic acid (MA), trichloracetic acid
(TCA) and Jessner's solution. All studies showed a significant
decrease in melasma scores as compared to baseline (44-51).
GA 20% peel in combination with topical AA 20% cream was
superior to the topical treatment alone (45). Additionally, the
combination of topical ascorbic acid cream 5% and LFQSL with
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peeling agents were superior to the topical and laser treatments
alone (50,51).

In the single versus multiple acid peeling solutions, there
was no difference between GA peel and a combination of AzA,
PA and resorcinol peel; neither between GA peel and combin-
ation of GA and TCA peel (46,47). However, the combination of
TCA 20-25% and Jessner's solution peeling rendered superior
results to TCA alone (44).

Topical treatment

Topical treatments have been extensively studied in the treat-
ment of melisma (52-73). Either as single active ingredients or
in different combinations, they have all been proved efficacious
in decreasing melasma scores and have maintained a relatively
high safety profile.

Hydroquinone cream was compared to several other topical
treatments: TXA 5%, both conventional (54,74) and liposomal
(55), lignin peroxidase (58), petroselium crispum solution (65),
0.7% and 1.4% silymarin cream (68), 4% diacetyl boldine serum
(69) and cosmetic product combination cream (57), all of which
rendered comparable results to HQ cream formulas (2, 3, 4%).
Conversely, in RCTs comparing HQ topical treatment to 1% flu-
tamide cream (52) and 0.2% thiamidol cream (53), HQ was infer-
ior in efficacy. However, in the HQ versus 5% methimazol cream
comparison, the former maintained superior results. Erythema,
dryness, burning sensation, pruritus were the most frequently
reported adverse events in the HQ groups.

Cysteamine 5%, as well as licorice extract 4% were also effi-
cacious in melasma treatment, however their effects were only
compared to placebo (60,66,70), thus their superiority to other
topical treatments has not been demonstrated as of yet.
Triamcinolone injections, however, seem to yield better results
than the Kligman formula containing HQ 5%, tretinoin 0.1%,
dexamethasone 0.1%(59).

TXA combinations appeared to have a significant impact on
hypervascular, inflammatory melisma (61). Azelaic acid 10%
combined with d-panthenol 10% was superior to other azelaic
acid formulas (67).

Lasers and light therapy

Different light devices have been used in the treatment of
melisma (75-80), either fractionated intense pulsed light (IPL) or
conventional IPL, both with comparable MASI score decrease
(80). Also, different fluences have been utilized, 10 and 13 J/cm?,
both with significant improvement from baseline (75).
Combination therapies rendered superior results as compared to
IPL alone: in association with microdermabrasion (76), topical
TXA 2% (77) or triple combination cream (79).

Laser therapy has been extensively studied in melasma treat-
ment (47,51,81-97). Various devices have been employed: frac-
tional ablative CO2 laser, fractional thulium laser, fractional
picosecond laser, picosecond alexandrite laser, copper bromide
laser, ablative pixel Erbium YAG laser (APEYL), pulsed dye laser
(PDL), low-fluence Q-switched Nd: YAG laser (LFQS), long-pulse
Nd: YAG laser (LPNY), Q-switched Nd: YAG laser (QSNY), frac-
tional erbium YAG laser (FEYL), pixel Q-switched Nd: YAG laser
(PQSNY), quick pulse-to-pulse laser (Q-PTP), super skin rejuven-
ation device (SSR). These can be included into four main catego-
ries: pigment-specific (Q-switched and long-pulsed lasers, IPL),
vascular (pulsed dye and Copper bromide lasers), fractional and



ablative lasers (98). Among these, the non-ablative types are
preferred in melasma treatment for their lower incidence of
post-inflammatory hyperpigmentation due to direct damage to
the skin. Q-switched lasers selectively target melanin chromo-
phores, while IPL is believed to determine the upward shedding
of melanosomes destroyed by QS laser. Vascular lasers might
prove to be useful in inflammatory, hypervascular melasma (3).

The majority of the studies compared laser therapy alone to
combination therapy, the latter rendering significantly better
results (81,91,95). Similarly, combination therapy had signifi-
cantly better results than topical therapy alone (83-85) or it ren-
dered similar improvement rates (93,96). In a RCT by Hammami
et al., Kligman formula for triple combination cream (TCC) was
superior to copper bromide laser (88).

In the laser versus laser comparisons, different technology
devices have been evaluated. FEYL combined with QSNYL and
TCC cream was superior to QSNYL and TCC (82). Dual toning
performed with LFQSNYL and LPNYL 1064 nm had significantly
better results than QS toning with LFQSNYL (86). In a triple
comparison between SSR, PQSNYL and APEYL, the latter had
superior results, although not statistically significant as com-
pared to the other two. Additionally, the effects on different
types of melasma were studied: SSR and PQSNDY were signifi-
cantly efficacious against all types of melasma, with slightly bet-
ter results against epidermal measma. In contrast, APEYL was
significantly efficacious in dermal and mixed melasma, while in
epidermal melasma the results were not statistically signifi-
cant (99).

Discussion
Systemic treatment

Nowadays there are many systemic therapies that can be used
as an adjuvant in melasma treatment. However, their efficacy in
melasma has not been clearly demonstrated.

Oral PLE is one of the a valid options and it can be used as
an adjuvant to topical treatment of melasma, especially in asso-
ciation with HQ cream. Further studies are necessary in order to
assess the recurrence rates and the possibility of maintaining
the systemic treatment with PLE after topical treatment cessa-
tion, in order to avoid relapses. Dietary carotenoids, melatonin,
either topical or systemic or both, as well as procyani-
din + vitamins A, C E seem the least effective of the systemic
treatments (18-20). However, additional studies following
patients for longer periods might be useful. Oral TXA had better
results than placebo, although not statistically significant (16,17).
Oral TXA in combination with HQ 4% cream, as well as TC
cream, rendered superior results than the topical treatment
alone (23,25,29). In terms of delivery methods, oral TXA seems
to have better results than microneedling (22). Additionally, in
terms of TXA dosage, no significant differences were found
between the use of either 500, 750, 1000, or 1500 mg daily (30).

Microneedling

Microneedling is a minimally invasive, collagen induction ther-
apy that consists in delivery of fine needles into the skin, either
through needle rollers, stamping or electric-powered pens. It
enhances transdermal drug delivery and has been used in
dermatology for scar, striae and rhytides therapy (100).
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Microneedling has been repeatedly proven to be an effective
measure in melasma treatment, showing results even after as
early as 7 days, from a histological viewpoint (32). Microneedling
with TXA 0.4% rendered inferior results to GA peeling, silymarin
cream (33), HQ 4% cream (37) and similar results to micronee-
dling with vitamin C 40% (43). In the oral versus intradermal
delivery of TXA, the former yielded superior results in an Indian
cohort with majority mixed type of melisma (22), while the lat-
ter showed similar results between the two treatment groups,
also in an Indian cohort, but this time with a predominant epi-
dermal type of melisma (28) which might indicate that oral TXA
is more efficacious against dermal and mixed melasma. The
addition of glutathione to TXA cocktails used for microneedling
procedures rendered superior results and zero recurrence rates
(35). In a study by Feng et al., microneedling with glutathione
in combination with TXA was superior to HQ topical application
(42). However, the full article was not accessible, therefore these
results need further confirmation. Microneedling has also been
used as combination therapy with HQ 4% cream, QSNYL and
the results were superior to both topical and laser therapy alone
(39-41).

Tolerability is quite low, especially when dermapen is used,
with adverse events varying from transient erythema, burning
sensation, to pain, edema and ecchymosis (34). These local reac-
tions are however, operator dependent.

Peeling

Chemical peelings have been used for their ability to generate
epidermal remodeling and can be classified as superficial, affect-
ing the epidermis through the papillary dermis, medium, involv-
ing the papillary to the upper reticular dermis and deep,
penetrating through the mid-reticular dermis (101). However, in
the treatment of melasma, the use of deep or medium-depth
peelings is not encouraged in dark-skinned patients, because of
the risk of hyperpigmentation.epidermis-papillary dermis),
medium-depth (papillary to upper reticular dermis) and deep
subtypes based on the depth of their penetration (mid-reticular
dermis).

In a meta-analysis by Dorgham et al., TCA and Jessner’s solu-
tion were more efficacious than topical HQ in reducing the
severity of melasma, while GA was better than TCA.
Additionally, GA was similar to tretinoin, vitamin C iontophor-
esis, and amino fruit acid. Also, SA and LA were comparable to
Jessner’s solution in efficacy (102).

Most frequently used as combination therapy, chemical peel-
ings had superior results in association with topical creams
(45,50) rather than with microneedling (31) or laser (51).

Topical treatment

Topical treatments have been the mainstay of melasma treat-
ment. Photoprotection is the most important and it has been
used as an adjuvant to other melasma treatments, since both
UV and visible light can cause sustained hyperpigmentation in
all skin types. Hydroquinone has been considered a first-line
treatment for melasma and triple combination creams contain-
ing hydroquinone have become increasingly popular, as they
yielded superior results. Kligman formula was the first TCC, con-
taining HQ 5%, tretinoin 0.1% and dexamethasone 0.1%. The
most recent TCC is Tri-Luma, which contains HQ 4%, tretinoin
0.05%, 0.1% fluocinolone acetonide and is FDA-approved in USA



for the treatment of melisma (103). Mild erythema, burning sen-
sation, dryness, pruritus and scaling have been most frequently
reported after topical HQ treatment (53,54,62,64,65).

Many other active ingredients have been studied, of which
1% flutamide (52) and thiamidol 0.2% (53) seem to have super-
ior results to HQ, with no adverse events reported. TXA 5%
(54,55,74), lignin peroxidase (58), petroselium crispum solution
(65), silymarin cream (68), 4% diacetyl boldine serum (69) and
cosmetic product combination cream (57) had comparable
results to HQ cream formulas, which make them a valid alterna-
tive to HQ. Furthermore, TXA combinations seem to be more
efficacious against hypervascular, inflammatory melisma (61).
Also, azelaic acid 10% combined with d-panthenol 10% had bet-
ter results than other azelaic acid formulas (67).

Lasers and light therapy

IPL therapy uses a flash lamp light source with wavelengths
between 515 and 1200nm and it selectively targets melano-
somes, with the added advantage that it can simultaneously
treat epidermal and dermal melisma (104). However, IPL effect-
iveness has not been convincingly demonstrated (77,80).

Among laser devices, QSNYL is the preferred choice for der-
mal and mixed types of melasma. Its two wavelengths, of 532
and 1064 nm, as well as a spot size of up to 10mm allows for a
deeper penetration of the laser beam and selective photother-
molysis of melanosomes. This results in cell death, hyperinflam-
matory state and damage to the basement membrane, which
determines exacerbation of melasma and relapse. This is why
QSNYL is not recommended as first or second line treatment for
melasma. It is, however, suggested that it can be used in recalci-
trant cases, as a last resort, after other treatments have failed
(105,106). On the other hand, LFQSNYL, also known as laser ton-
ing, uses a low-fluence, multi-pass technique, by which the cell
membrane and nucleus remain intact, which results in melano-
cyte downregulation and hyperactive melanocyte cutoff (106).
In a RCT by Kong et al, none of the patients in the LFQSNYL
treatment group relapsed at week 16(89). Conversely,
Vachiramon et al. had 8 patients who relapsed after LFQSNYL
treatment; they only included patients with mixed melisma (51).

A new class of lasers that generate picosecond- domain
pulses, available in different wavelengths, of 532, 755, and
1064 nm, determine melanin fragmentation by photoacoustic,
rather than phototermal effect, thus determining even less
inflammation than the LFQSNYL (104). Lee et al. demonstrated
picosecond 755 laser superiority to QSNYL (92).

Fractional resurfacing lasers, either ablative or non-ablative,
creates different columns of microthermal damage in the skin,
which determines lower inflammation and risk of dyspigmenta-
tin (104). Vanaman et al. and Wanitphakdee et al. demonstrate
their efficacy in melisma (95,97).

As an antivascular treatment in melasma, PDL, QSNYL and
IPL, either as monotherapy or combined with systemic or topical
TXA, seems to be efficacious in cases of melasma with increased
vascularity (107).

Conclusion

PLE and TXA have been demonstrated to be an efficacious
treatment, especially in association with topical HQ and TCC.
Regarding tolerability, PLE is the safer option, while TXA has
been linked to mild-to-moderate side effects.
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Microneedling with a combination of TXA and glutathione
has new and encouraging results that might prove superior to
the gold standard so far, HQ cream and might also lower the
recurrence rates. Additionally, oral TXA seems to have superior
results to intradermal TXA in patients with dermal and mixed
types of melasma. Further studies are needed to determine their
effects, especially on the long term. Adverse events vary from
mild to moderate and are operator dependent.

Chemical peelings have demonstrated high efficacy when
combined with either topical or laser therapy. Used as mono-
therapy, TCA 20-25% with Jessner's solution peeling had promis-
ing results. Transient adverse events are expected during and
immediately after the peeling session. The use of deep and
medium-depth peelings is highly discouraged in dark-skinned
patients because the risk of hyperpigmentation.

Hydroquinone and triple combination creams containing HQ,
like Kligman formula and Tri-Luma remain one of the best treat-
ment options for melasma. Mild adverse events have been asso-
ciated with HQ application. TXA 5%, lignin peroxidase,
petroselium crispum solution, silymarin cream, and 4% diacetyl
boldine serum seem to be an efficacious alternative to HQ prod-
ucts, with comparable results. Newer products, containing 1%
flutamide or 0.2% thiamidol had encouraging results, with no
adverse events reported and apparently superior to HQ.

A plethora of laser and light devices have become available
in the last few years and many of them have been used in mel-
asma treatment. Post-treatment hyperpigmentation and high
recurrence rates associated with QSNYL led to the appearance
of LFQSNYL and picosecond lasers, which determined less and
less inflammation of the skin. Fractional and antivascular lasers
have also proved their efficacy, the latter especially in cases of
melasma with increased vascularity.

There is a lack of studies following melasma patients on the
long term. Of course, as presented in the studies we have
reviewed, the immediate results are impressive and statistically
significant. However, in a few of the studies following patients
for at least 2 months after the cessation of treatments applied,
recurrence rates are as high as 100%, which is of great concern
and requires immediate search for alternative therapeutic meas-
ures. Combination treatments have been proved time and again
to be the best solution, either in double or triple combinations.
Treatment choice should be made after Wood's lamp examin-
ation, as well as dermatoscopic evaluation, in order to determin-
ate the epidermal, dermal or mixed type of melasma, as well as
the degree of vascularity.
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