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Abstract
Psoriasis is a non-contagious, chronic, relapsing inflammatory skin disease with cutaneous manifestations such as red, raised 
scaly plaques. Current treatment approaches for psoriasis comprise topical therapy, systemic therapy, phototherapy, psoralen 
with UVA(PUVA) and biologics. Regardless of the progression in therapeutic approaches (novel therapies like biologics) 
in psoriasis, phototherapy is also an economical, compelling and safe treatment option that lacks the immunosuppressive 
properties as well as the toxicities of traditional modalities. It can be combined safely with other therapeutic options such as 
topical therapies and novel biologics and provide effective therapy. The aim of the current review is to analyze the literature 
on the safety as well as the efficacy of phototherapy with various treatment modalities in the management of psoriasis. This 
review summarizes randomized controlled clinical trials addressing combinations of phototherapy with other treatment 
modalities for the management of psoriasis. The findings of these clinical studies are elaborated.
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Introduction

Psoriasis is a non-contagious, chronic, relapsing inflamma-
tory skin disease with cutaneous manifestations such as red, 
raised scaly plaques caused by aberrant terminal differentia-
tion and proliferation of keratinocytes that may be limited 
or widespread in extent (Dainichi et al. 2018). It is a com-
plex illness with an unknown cause. Its prevalence is 11.8%. 
Psoriasis affects > 125 million individuals worldwide. Men 
and women are equally prone to this disease (Gudjonsson 
and Elder 2007). It has a bimodal age frequency distribu-
tion with two distinct onset spikes, one at 16 years and the 
other at 60 years in females and one at 22 years and the 
other at 57 years in males. It has a complicated etiology 
that involves an interaction between environmental factors 
and genetic factors (Neimann et al. 2006a). The disease can 
be classified into plaque, guttate, pustular, erythrodermic, 
palmoplantar, flexural, nail, scalp, genital and inverse pso-
riasis (Dubois Declercq and Pouliot 2013). However, the 
common form of psoriasis prevalent amongst most patients 
is plaque psoriasis (Kim et al. 2017). Psoriasis is said to have 
a notable influence on the patient’s well-being which is also 
linked with depression, diminished productivity, anxiety as 
well as frequent encounter with social stigmatization and 
denial (Jankowiak Beata Kowalewska El and Krajewska-
Kułak Dzmitry Khvorik 2020; Kwan et al. 2018; Salman 
et al. 2018). Psoriasis is associated with psoriatic arthritis, 
a debilitating illness and also has a prevalence of comor-
bidities like cardiovascular disease and metabolic syndrome 
(Neimann et al. 2006b; Naldi and Gambini 2007; Gottlieb 
et al. 2008).

In healthy skin, the proportion of keratinocytes i.e., pro-
liferating to non-proliferating is 60% whereas it is 100% in 
psoriatic skin. The average mitotic cycle time is lowered 
from 311 to 36 h in psoriatic lesions. It is a T-cell-arbi-
trated disease. In 1983, the first postulation that T-cells 
have a prominent part in the etiology of psoriasis emerged 
(Valdimarsson et al. 2004). Skin is made up epidermis, 
dermis as well as a subcutaneous layer (Woo 2019). The 
epidermis is majorly composed of keratinocytes which 
undergo maturation every 30–40 days and are shed off in 
non-psoriatic patients. But in psoriatic skin, despite shed-
ding off after its multiplication which occurs within a week 
it is present as lesions on the surface of the skin (Jyothi 
et al. 2021). The distinctive feature of psoriasis is unrelent-
ing inflammation which leads to unrestrained proliferation 
of keratinocytes which is mainly due to dysregulation of 
the adaptive as well as innate immune systems in addition 

to keratinocytes associated with vascular changes (Rendon 
and Schäkel 2019). The hallmarks of psoriasis vulgaris are 
acanthosis (epidermal thickening), parakeratosis (retention 
of the nucleus in stratum corneum) and cutaneous inflam-
matory infiltrates (Lowes et al. 2007).

The disease process starts in the epidermis. Due to some 
unknown trigger, stressed keratinocytes release their DNA 
which binds with antimicrobial peptides (LL37/β-defensins/
S100 proteins) (ORTONNE 1999). These antimicrobial 
peptide-DNA complexes activate plasmacytoid dendritic 
cells(pDCs) which are very nasty and release Interferon-α 
(INF- α) which acts on dermal dendritic cells (DDCs) which 
further releases interleukin-23 (IL-23) and IL-12 (Lowes 
et al. 2014). DDCs are very plastic and change into inflam-
matory dendritic cells in psoriatic skin which further release 
IL-23 TNF-α, NO. These DDCs migrate to lymphoid and 
thus cause naive T-cell differentiation into Th1 as well 
as Th17 in the presence of IL-23 and IL-12, respectively. 
These interleukins act via Tyk2-Jak2 and STAT3 receptors 
and release important inflammatory mediators (Ogawa et al. 
2018). Th17 and Th1 are major culprits in psoriasis (Schön 
2019; Fletcher et al. 2020). These cells migrate from the 
lymphoid to the bloodstream through lymphatics and get 
back to the skin. Th1 cells release INFγ, IL-1, tumor necro-
sis factor- α (TNF-α). These cytokines act on keratinocytes 
as well as dendritic cells to produce more inflammatory 
cytokines so that an inflammatory cascade goes on. Th17 
releases IL-17A, IL-17F, INFγ as well as IL-22 which act on 
keratinocytes and increase keratinocyte proliferation. These 
interleukins released by Th1 and Th17 are key underpin-
nings (Baliwag et al. 2015). These interleukins also recruit 
leukocytes to the epidermis. Psoriatic skin resides a sub-
stantial amount of CD8 + and CD4 + T cells which release 
cytokines responsible for inflammation (Ho and Kupper 
2019; Chen and Shen 2020; Vu et al. 2021). Keratinocytes 
also release angiopoietin, vascular endothelial growth factor 
(VEGF) as well as basic fibroblast growth factor (BFGF) 
which causes angiogenesis of keratinocytes thereby caus-
ing increased vascularization and inflammation. NO causes 
vasodilation leading to erythema (Lee et al. 2021).

Current treatment and unmet clinical needs 
of psoriasis

Psoriasis is incurable and has only suppressive therapy. Cur-
rent treatment approaches for psoriasis include systemic 
therapy, topical therapy and phototherapy in addition to 
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psoralen with ultraviolet-A radiation (PUVA). The selec-
tion of appropriate treatment is determined by the subject’s 
overall wellness, comorbidities, age, severity and form of the 
disease along with the affected body parts (Smith and Barker 
2006). Psoriatic patients are often categorized into two 
groups based on the percentage of body surface area (BSA) 
involved as well as the severity of lesions: mild (psoriasis 
involving less than 10% of BSA (or PASI ≤ 10), moderate 
to severe (skin involvement greater than 10% of the BSA) 
(Nast et al. 2012). Mild psoriasis is managed with topical 
therapy whereas systemic or phototherapy is chosen to cure 
moderate to severe disease (Jain et al. 2021).

Topical therapy

Topical treatments approved currently for psoriasis therapy 
include corticosteroids, dithranol, calcineurin inhibitors (like 
tacrolimus, pimecrolimus), vitamin D analogs (calcipotriol), 
retinoids (tazarotene), coal tar (Reich and Bewley 2011; Ver-
allo-Rowell et al. 2018). They also act as adjuvants for mod-
erate to severe diseases that are contemporarily alleviated 
either using systemic medications or UV light (Reich and 
Bewley 2011; Buechler et al. 2021). Despite being effective 
and convenient, they are associated with several drawbacks 
(Arndt et al. 2016). The major issue with topical treatment 
includes adherence which is very poor in the majority of 
patients (Torsekar and Gautam 2017). Topical corticoster-
oids have been linked to a variety of adverse effects compris-
ing hypothalamic–pituitary–adrenal (HPA) axis suppression, 
cutaneous atrophy, telangiectasia formation, striae forma-
tion, steroid rosacea, tachyphylaxis, perioral dermatitis, skin 
infections (Afifi et al. 2005; Laws and Young 2010; Horn 
et al. 2010).

Systemic therapy

Systemic therapy is preferred to alleviate moderate to severe 
forms of psoriasis (Sandoval et al. 2014). This comprises 
methotrexate, acitretin, mycophenolic acid, cyclosporine, 
esters of fumaric acid, hydroxyurea, etc (van Winden et al. 
2020). To synergize the efficacy of these drugs, combination 
therapy is frequently used. These drugs often impose many 
adverse effects and cumulative toxicity risks upon long-term 
use which limit their applicability (Kaushik and Lebwohl 
2019). For instance, skeletal toxicity, fetal abnormalities or 
fetal deaths, hyperlipidemia and hepatotoxicity are the reper-
cussions of long-term administration of acitretin and so as 
gastrointestinal adverse effects, flushing, lymphocytopenia, 
proteinuria, elevated liver enzymes are the repercussions 
with esters of fumaric acid (Sascha et al. 2020). Cyclo-
sporine causes nephrotoxicity upon chronic use (Lebwohl 
and Ali 2001). Methotrexate is the primary treatment for 
the systemic therapy of psoriasis (Peter Kozub 2011). It is 

used to treat osteosarcoma, Hodgkin’s disease, breast cancer, 
lung cancer, choriocarcinoma, breast cancer, non-Hodgkin’s 
disease, acute lymphocytic leukemia and head and neck can-
cers. It has an immunosuppressive, anti-inflammatory effect 
which enables it to be used in the management of psoriasis 
(Mrowietz 2001). It has long-term safety concerns such as 
myelosuppression, pulmonary fibrosis, liver toxicity, gastro-
intestinal irritation, and several skin irritabilities. Photother-
apy is an exceptional substitute if systemic treatment fails.

Regardless of the progression in therapeutic approaches 
(novel therapies like biologics) in psoriasis, phototherapy yet 
has a role as an economical, safe as well as well-established 
treatment option that lacks the immunosuppressive prop-
erties and toxicities of traditional modalities. It is a very 
effective, safe and available treatment without sustaining 
any adverse effects of systemic therapy. It can be combined 
safely with other therapeutic options such as topical thera-
pies and novel biologics and provide effective treatment. 
Phototherapy confers therapeutic benefits in psoriasis via 
a variety of pathways. Lately, new progressions have been 
made in this field in developing effective as well as safe 
targeted therapy to treat regions that are challenging to treat 
such as scalp psoriasis. Targeted phototherapy involves the 
use of handheld ultraviolet-B(UVB) devices which enables 
the targeting of light to psoriatic lesions that provide high 
patient satisfaction (Zhang and Wu 2018).

Phototherapy as an alternative therapeutic 
option in psoriasis

Phototherapy involves nonionizing electromagnetic radiation 
for therapeutic use. Phototherapy of dermatological diseases 
is primarily limited to the use of ultraviolet (UV) radiation. 
It entails exposing the patient to ultraviolet radiation, which 
is typically delivered via a special type of fluorescent light 
bulb (Matz 2010).

For centuries, Heliotherapy which involves the applica-
tion of sunlight for the management of several skin ailments. 
Primordial Chinese, Hindu, and Egyptian medicine all used 
sun therapies. The use of artificial sources of ultraviolet radi-
ation has evolved throughout these centuries. The transfor-
mation of heliotherapy to artificial light phototherapy inter-
vened latterly in the nineteenth century. Boiled plant extract 
(derived from Ammi majus L., a weed growing in the Nile 
delta) in combination with sun exposure was employed in 
the treatment of vitiligo in ancient Egypt 3500 years ago. 
The founder of modern phototherapy is Nils Ryberg Finsen 
(1860–1904) who devised a carbon-arc lamp for the man-
agement of skin disorders such as lupus vulgaris (Campbell 
2020). In 1923, William Henry Goeckerman prescribed 
the administration of artificial broadband UVB (BB-UVB) 
plus topical coal tar for the management of psoriasis which 
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became very popular predominantly in the USA and was 
used for decades for the management of psoriasis (Hönigs-
mann 2013). With the advent of UVA radiation-emitting 
high-intensity lamps, effective psoriasis treatment is made 
possible. Photochemotherapy combines UVA radiation with 
psoralen (8-MOP) oral intake (Grzybowski et al. 2016). BB-
UVB was discovered in the 1970s and when given in doses 
is effective in clearing mild forms of psoriasis subsequently 
a narrowband UVB (NB-UVB), a more defined wavelength 
was discovered which was effective in treating psoriasis 
(Wong et al. 2013a).

Action spectra of UV phototherapy

UV radiation is classified into:

•	 UVA: 315–400 nm
•	 UVB: 280–315 nm (narrowband UVB: 311-313 nm)
•	 UVC: 100–280 nm.

Psoriatic lesions are unaffected by shorter wavelengths 
(254 nm, 280 nm, 290 nm). Longer wavelengths (296 nm, 
300 nm, 304 nm) are required to clear psoriatic lesions. 
Complete clearance of psoriatic lesions was observed in 
all subjects after suberythemogenic exposure to 313 nm. 
NB-UVB phototherapy is a commonly used type of UV 
phototherapy. The use of broadband UV-B is very limited 
these days after the advent of NB- UVB (Torres et al. 2021). 
NB-UVB is safer than psoralen-plus-UVA phototherapy and 
more effective than BB-UVB phototherapy (Ontario Health 
2020).

Principles and mechanisms of phototherapy

UV radiation is absorbed by chromophores (molecules that 
can absorb specific wavelengths), which include DNA, 
lipids, amino acids, nucleotides, melanin and trans-urocanic 
acid. UV radiation alters the structure as well as the function 
of chromophores. Photoproducts are molecules that have 
been modified in this way and are involved in apoptosis, 
photocarcinogenesis, immunosuppression and inflammation 
(Hönigsmann 2001).

There are four mechanisms proposed to understand the 
repercussions of phototherapy on psoriasis: (1) cytokine 
profile modification, (2) apoptosis induction, (3) immuno-
suppression and (4) other potential mechanisms (Wong et al. 
2013b).

Cytokine profile modification

Host immune response is mediated by T-helper cells by 
converting into discrete effector cells namely Th1, Th2 and 
Th17, respectively, with Th1 and Th17 being the major 

ones in humans. Psoriasis is predominantly mediated by 
Th1/Th17 cytokines. A characteristic upregulation of Th1, 
as well as Th2 cytokines, occurs in psoriatic skin leading 
to keratinocyte hyperproliferation as well as inflammation. 
Psoriatic lesions show a rise in Th1, Th17 cytokine levels 
as well as a relative decline in Th2 cytokine level in contrast 
to healthy skin. Phototherapy has been shown to reverse the 
psoriasis cytokine profile by altering the immune response 
from the inflammatory Th1/Th17 axis towards the counter-
regulatory Th2 axis. Several studies have reported upregu-
lation of Th2 cytokines with increased expression of IL-10 
levels and other cytokines like IL-4 and IL-5 in both der-
mis and epidermis of psoriatic patients. In psoriatic lesions, 
phototherapy reduces the expression of Th1/Th17 cytokine 
levels like IL-23, IL-22, IL-17, IL-12 and IL-20 (Batycka-
Baran et al. 2016; Bajaj et al. 2017). A decreased IFN-γ acti-
vators such as IL-23, IL-18 and IL-12 were observed upon 
exposure to NB-UVB radiation. An investigation performed 
with 34 psoriasis patients found lower plasma concentrations 
of TNF-α as well as IL-23 plus lower levels of IL-17, IL-22 
after treatment with PUVA as well as NB-UVB photothera-
pies (Wong et al. 2013b).

Apoptosis induction

Apoptosis, also known as programmed cell death is induced 
by multiple external stimuli like infection, hypoxia, radia-
tion and heat exposure (D’Arcy 2019). It has been impli-
cated in several studies that phototherapy acts effectively via 
apoptosis as a major mechanism. Several studies describe 
mechanisms that cause apoptosis. The best-known target of 
UVB is DNA. Photoproducts involved in two key photo-
chemical reactions caused by UVB in DNA include (6–4) 
pyrimidine-pyrimidone as well as cyclobutane pyrimidine 
dimers (CPDs). UV radiation causes damage to DNA which 
is followed by activation of p53 as well as cytochrome c 
leakage from mitochondria. Several plasma membrane death 
receptors (extrinsic pathway) are stimulated upon exposure 
to UV which results in caspase cascade activation in addition 
to apoptosis. Furthermore, UV radiation induces activation 
of death receptors followed by translocation of Bax to mito-
chondria that results in the release of cytochrome c. It brings 
about an elevation in reactive oxygen species (ROS) produc-
tion which damages several important structural proteins, 
functional proteins, DNA and causes cytochrome c release 
from damaged mitochondria (Lee et al. 2013). A study with 
30 psoriasis patients who received PUVA therapy showed 
increased keratinocyte apoptosis after 6 weeks of treatment. 
Likewise, the skin of five recovered psoriasis patients who 
received NB-UVB irradiation has shown enhanced apoptosis 
of keratinocytes and considerable expression of the tumor 
suppressor protein epidermal tp53 was observed (Wong et al. 
2013) (Fig. 1).
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Immunosuppression

Since UV rays penetrate poorly into the skin, “photorecep-
tors”, the chromophores present at the body surface initi-
ate the complex pathway leading to immunosuppression. 
Primary events are membrane changes, DNA impairment 
and isomerization to cis-urocanic acid from trans-urocanic 
acid (UCA). The major chromophore for UVR is DNA. As 
previously stated, the most common products generated as 
a result of phototherapy found in keratinocytes, Langerhans 
cells in the epidermis, as well as dendritic cells in lymph 
nodes draining irradiated sites, are cyclobutane pyrimidine 
dimers (CPDs) and (6–4)-photoproducts. Damage of DNA 
in the skin occurs followed by contact hypersensitivity 
response suppression (CHS). Immunosuppression occurs as 
a result of the liberation of IL-10, a cytokine that promotes 
Th2 proliferation. In the superior layers of the epidermis, 
histidase converts histidine to trans-isomer of UCA which 
accumulates in this site. It is a major absorber of UV radia-
tion in the skin which isomerizes to cis-UCA. Some stud-
ies hypothesize that immunosuppression upon exposure to 
UVR is initiated by cis-UCA. UVR has been shown to tar-
get the cell membrane because the following multi-faceted 
sequence of actions can occur in cells that are devoid of 
nuclei. When exposed to UV radiation, alteration in cellular 

redox equilibrium occurs leading to peroxidation of mem-
brane lipids as a result of the formation of free radicals. As a 
result, various enzymes were activated at the cell membrane 
which led to the production of numerous mediators followed 
by the activation as well as phosphorylation of several tran-
scription factors. Upon exposure to UV radiation, phosphati-
dylcholine in the membrane gets oxidized which stimulates 
keratinocytes to release a molecule called platelet-activating 
factor (PAF). When PAF binds to its receptors present on 
mast cells, monocytes, and keratinocytes, it stimulates the 
liberation of cytokines (IL-10, IL-4) and prostaglandins 
that cause immunosuppression (Norval 2006). Regulatory 
T-cells (Treg) like CD4+ CD25+ Foxp3+ T cells are acti-
vated as well as responsible for immunosuppression upon 
irradiation with UV. These cells possess immune regulatory 
functions. These Treg cells release IL-10 upon activation 
thus causing immunosuppression (Morita 2018) (Fig. 2).

Other potential mechanisms

Many other hypotheses have been raised in the literature. 
One such hypothesis is cell cycle arrest which attributes 
to the effectiveness of phototherapy. Cell-cycle suppressor 
protein, tp53 levels and cell-cycle promoter protein, cyclin 
D1 levels were normalized after exposure to NB-UVB or 

Fig. 1   Schematic representation of the mechanism of UV-induced 
apoptosis in psoriatic skin. (i) UV-induced DNA damage: UV 
induces DNA damage followed by cytochrome c release from mito-
chondria. (ii) UV-induced death receptor activation: death receptors 
are activated upon UV exposure followed by caspase-3 activation 
and apoptosis. (iii) UV-induced reactive oxygen species (ROS): UV 
induces an increase in the production of ROS which damages DNA as 

well as several important structural and functional proteins and also 
causes cytochrome c release from damaged mitochondria. (iv) UV-
induced Bax translocation: translocation of Bax which causes activa-
tion of caspase thus leading to apoptosis. The Figure was partly gen-
erated using Servier Medical Art, provided by Servier, licensed under 
a Creative Commons Attribution 3.0 unported license
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PUVA therapy. Insulin-like growth factor binding protein 7 
(IGFBP7) gene is an anti-tumor gene present in the epider-
mis whose expression is presumed to be altered in the pso-
riatic epidermis. Some investigations have proclaimed that 
this gene is under-expressed in the psoriatic epidermis, but 
its levels were restored by NB-UVB phototherapy (Morita 
2018).

PUVA (photochemotherapy) (psoralen + UVA 
radiation)

Photochemotherapy which is also called PUVA is a treat-
ment method that employs psoralen with ultraviolet A 
radiation (320–400 nm) (Morita 2018). Psoralens are tri-
cyclic compounds that contain a furan ring connected to a 
coumarin moiety. The absorption bands of most psoralens 
are strong in the 250–300 nm range and gradually fade into 
the visible region of the spectrum. PUVA is a commonly 
used systemic antipsoriatic therapy and its efficacy has been 
extensively studied. When exposed to UVA, psoralens are 
flanked between DNA base pairs and form DNA cross-link-
ages which effectively prevent the replication of DNA. It 
promotes the formation of ROS which causes damage to 

the plasma membrane thus leading to cell death as well as 
the diminution of lymphoid cells in the skin (Doppalapudi 
et al. 2017; Elmets et al. 2019). It primarily suppresses 
keratinocyte proliferation, induces apoptosis in them, regu-
lates lymphocyte as well as antigen-presenting cell function 
suppresses cytokines production such as TNF-α (Shaker 
et al. 2013). Psoralens can be employed systemically, as 
bath therapy, or as a topical preparation. 8-methoxy pso-
ralen (8-MOP) (brand name-methoxsalen) is the most com-
monly prescribed medication at present, though 5-methoxy 
psoralen (5-MOP) under brand name bergapten is also used 
in cases where it is available. Oral preparations containing 
crystals or micronized crystals, and solubilized psoralens in 
a gel matrix are existing for 8-MOP and 5-MOP. The liquid 
preparation produces peak plasma levels earlier, higher and 
more reproducibly than the crystalline preparations. Bath 
PUVA entails dissolving a psoralen in bathwater followed 
by soaking the affected areas prior to UVA light treatment 
(Elmets et al. 2019). PUVA has only a few advantages, such 
as faster clearance with fewer exposures, resulting in fewer 
hospital visits. Various studies found that PUVA treatment 
increased the jeopardy of long-term carcinogenic side effects 
(Gnaneshwar Rao and Jagadevapuram 2021).

Fig. 2   Schematic representation of UV-induced immunosuppression and cytokine profile modification. The Figure was partly generated using 
Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license
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Combination treatments with phototherapy

There are myriad psoriasis therapies available such as photo-
therapy, oral systemic agents, steroid and non-steroid topical 
agents as well as biologics with the ability to merge differ-
ent therapies. It is difficult to attain and maintain remission 
in subjects with moderate to severe psoriasis particularly 
with monotherapy. Combination therapy is a safer and more 
effective option in contrast to monotherapy. It is desirable 
to merge agents with complementary adverse effects. Com-
bination therapy provides certain advantages over mono-
therapies such as a decline in dose, a decline in dosing 
frequency, synergistic effects, improved safety and efficacy 
profiles, targeting multiple signaling pathways involved in 
the disease pathogenesis along with improved clinical out-
comes. When phototherapy is combined with other conven-
tional treatments, such as retinoids, Vitamin-D analogues, 
corticosteroids, and biologics, the following benefits are 
achieved such as prolonged disease-free intervals, greater 
rates of clearance, and reduced risk of carcinogenesis. Here 
we have stipulated ongoing preclinical as well as clinical 
studies involving combination therapies with phototherapy. 
Figure 3 provides the classification of conventional therapies 
used in combination with phototherapy (Fig. 4).

Retinoids and phototherapy

Retinoids, namely vitamin A analogs have been used for the 
management of psoriasis since the early 1980s. Retinoids, 
in general bind to retinoid X receptors or nuclear retinoic 
acid receptors. This is followed by further binding to their 

respective response elements to regulate gene transcription 
as shown in Fig. 5. Topical as well as systemic retinoids 
are employed in the management of psoriasis. Nonethe-
less, they have many adverse effects despite being effective. 
Their combination with phototherapy has shown a marked 
decrease in unwanted effects and improved effectiveness in 
treating psoriasis (Koo et al. 2000).

Xi et.al have investigated the expression of matrix metal-
loproteinase 13 (MMP13) in psoriatic patients and further 
scrutinized the therapeutic potential of acitretin/tazarotene 
and NB-UVB combination in psoriasis management. They 
have concluded that MMP13 is highly expressed in patients 
with psoriasis. Their findings in HaCaT keratinocytes (cul-
tured Human keratinocytes) and psoriasis mouse models 
suggest that the combination of NB-UVB and acitretin 
inhibits MMP13 expression. MMP13 is released by keratino-
cytes and fibroblasts which is said to be involved in pso-
riasis pathogenesis. Greater levels of serum MMP13 were 
observed in imiquimod (IMQ)-induced mice than in control 
mice (p < 0.001). Likewise, NB-UVB radiation and tazaro-
tene hindered the expression of MMP13 synergistically in 
this disease-induced mouse model. Serum levels of MMP13 
in mice that were treated with combination therapy have 
shown a 1.17-fold decrease when compared to IMQ-induced 
mice. After acitretin or NB-UVB radiation therapy, HaCaT 
cell proliferation was reduced. The epidermal dynamics and 
microenvironment of keratinocytes change with augmented 
MMP13 expression in psoriatic skin subsequently influenc-
ing the proliferation of keratinocytes. When compared to 
IMQ-induced mice, mice treated with NB-UVB and acitretin 
have shown a 3.7-fold decrease in epidermal thickness (Xi 
et al. 2021).

Fig. 3   Schematic representation of the classification of conventional therapies used in combination with phototherapy
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Gahalaut and team have appraised the efficacy of PUVA 
in combination with oral isotretinoin by comparing it with 
PUVA (alone) in subjects with psoriasis. In this study, 
40 human volunteers with psoriasis were allocated into 2 
groups namely: Group A and B. Group A received only 
PUVA. Group B is given both PUVA as well as oral isotreti-
noin (0.5 mg/kg per day). In contrast to subjects in group A, 
the average percent decrease in Psoriasis Area and Severity 
Index (PASI) scores were reliably more for subjects in group 
B at 4,8,12 weeks. Group B subjects attained PASI 75 in an 
average of just 8 weeks, which is significantly faster than 
subjects in group A, who attained PASI 75 in an average 
of 10 weeks. This demonstrates the effectiveness as well 
as a quicker action of combination therapy of isotretinoin 
and PUVA. The Dermatology Life Quality Index (DLQI) 
scores of both study groups were improved (Gahalaut et al. 
2014). Koo et.al have assessed the effectiveness of topical 
tazarotene with NB-UVB phototherapy in psoriasis. They 
randomly assigned each patient's bilateral target plaques to 
one of three treatments such as vehicle gel, 0.1% tazarotene 
gel or no treatment for 14 days. Following that, similar treat-
ments were resumed three times a week for an additional 

67 days. The findings demonstrated that the addition of 0.1% 
tazarotene gel improved the overall efficacy and rate of UVB 
phototherapy. With the incorporation of tazarotene together 
with UVB phototherapy, 50–75% improvement in psoriatic 
lesions was achieved and the median UVB exposure required 
was significantly declined. There were no reports of unusual 
photosensitivity amid target plaques treated with tazarotene 
and UVB phototherapy. As a result, combining tazarotene 
with UVB phototherapy was considered to be one of the 
least risky and most convenient options for treating recalci-
trant psoriatic plaques while maintaining acceptable safety 
and tolerability (Koo et al. 2000). A similar study was per-
formed by Dayal and his co-workers in an unblinded trial in 
30 patients for 12 weeks to assess the safety as well as the 
effectiveness of NB-UVB plus tazarotene 0.05% gel. Two 
target plaques of psoriasis with identical dimensions were 
chosen from the same areas on the left as well as right sec-
tions of the body. Groups A & B represent the target plaques 
on either section of the body administered with tazarotene 
gel along with NB-UVB and NB-UVB alone, respectively. 
Group A has shown a significant decline in target plaque 
scaling and target plaque thickness by 98.7% and 99.9%, 

Fig. 4   Outcomes of NBUVB radiation and drug treatment on patho-
physiological alterations in mice induced with psoriasis. Outcomes of 
NBUVB radiation and drug treatment on pathophysiological altera-
tions in mice induced with psoriasis. A Photographs representing skin 
lesions of mice post-indicated treatments. B Histopathological modi-
fications in skin tissues from mice as treated in A. HE staining images 

are shown (×200). C Histochemical analysis of MMP13 expression in 
skin tissues from mice with indicated therapies. Pictures of MMP13 
staining are presented (×200). Reprinted from Xi et al. (2021) under 
the license CC BY 4.0 (https://​creat​iveco​mmons.​org/​licen​ses/​by-​nc/4.​
0/). Copyright © 2021 Xi et.al published by Nature Portfolio

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
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respectively, when compared to group B which has shown a 
78.54% and 79% reduction, respectively. 83.33% and 3.33% 
of plaques in group A and Group B accomplished ≥ 50% 
reduction within 4 weeks whereas 100% and 86.67% of tar-
get plaques of the respective groups attained ≥ 50% reduc-
tion in 8 weeks. Thus, these findings have proven that a com-
bination of tazarotene gel and NB-UVB has demonstrated a 
greater effect than either treatment alone (Dayal et al. 2018).

Vitamin D analogues and phototherapy

Vitamin d analogues have been proposed to be used in pso-
riasis since the early 1990s after oral vitamin D analogues 
have shown effectiveness in psoriasis treatment (Reichrath 
and Holick 2018). They bind to vitamin D receptors present 
in keratinocytes and T-lymphocytes followed by transport-
ing this complex into the nucleus and binding to the genes 
which regulate the proliferation of keratinocytes and synthe-
sis of pro-inflammatory cytokines as represented in Fig. 5 
and reduce inflammation (Reich and Bewley 2011). Vitamin 

D analogues may be beneficial as phototherapy adjuncts in 
psoriasis patients. This combination not only improves the 
effectiveness of phototherapy but also reduces the irritation 
caused by vitamin D analogs.

Elsherif and his colleagues performed a study in psoriatic 
patients to assess the efficacy of NBUVB alone as well as 
NBUVB with calcipotriol ointment (combination therapy). 
55 subjects were randomized into two treatment groups. 
Group I received NBUVB phototherapy a couple of times a 
week as monotherapy. Subjects in Group II received calcipo-
triol ointment twice a day together with NBUVB twice per 
week. After 8 weeks of therapy, a significant decline in PASI 
scores was witnessed in Group II in contrast to Group I. In 
Group II, PASI 75 was accomplished in 50% of patients after 
6 weeks of treatment whereas in group I, it was achieved in 
10 weeks. The average total NBUVB dose for attaining PASI 
75 was found to be 42 ± 21 J/cm2 in group I in contrast to 
19 ± 6.4 J/cm2 in group II (P < 0.05). The average NBUVB 
sittings required for the subjects was 17.5 ± 4.0 in group II 
(P < 0.05) and 34.7 ± 11.2 in group I. Both the treatment 

Fig. 5   Schematic representation of the mechanism of action of photo-
therapy in combination with conventional therapies (corticosteroids, 
Retinoids, vitamin D analogues, biologics). The Figure was partly 

generated using Servier Medical Art, provided by Servier, licensed 
under a Creative Commons Attribution 3.0 unported license
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strategies decreased PASI score, nevertheless the combi-
nation of NBUVB and calcipotriol have shown synergistic 
effects and enhanced response of psoriasis to phototherapy 
(Nadia Elsherif 2015). A similar study was performed by 
Ali and his co-workers in 100 subjects with psoriasis who 
were allocated randomly to either group B group A. Subjects 
in group A received only NB-UVB. Subjects in group B 
received NB-UVB radiation together with Calcipotriol oint-
ment. PASI scores were reduced in the calcipotriol combina-
tion group in contrast to NBUVB (Table 1).

The mean total dose of calcipotriol ointment in patients 
of group A was 34.3 J/cm2 whereas it was 21.5 J/cm2 in 
group B patients. This implies the achievement of faster 
clearance rates in the calcipotriol combination group with a 
lower cumulative dose. These findings explain the therapeu-
tic effectiveness of calcipotriol when administered together 
with NB-UVB phototherapy in contrast to NB-UVB mono-
therapy (Hassan et al. 2020). Nejad et al. have investigated 
the efficacy of Daivonex cream (calcipotriol 5 mg) adminis-
tered together with NBUVB phototherapy in comparison to 
Daivonex cream (5 mg) alone in psoriasis treatment. They 
have established that the group treated with Daivonex cream 
alone has shown 30.2% of complete recovery whereas the 
group treated with Daivonex and NB-UVB phototherapy 
combination has shown 73.8% complete recovery implying 
that combining calcipotriol ointment with NB-UVB photo-
therapy twice weekly improves thickness, erythema, scal-
ing, and investment of psoriatic lesions (Nejad et al. 2015). 
Ozkan et al. randomly allocated 30 individuals with plaque 
psoriasis to one of the following groups group 1—received 
only targeted NB-UVB phototherapy, group 2—received 
NB-UVB with psoralen gel (0.1% gel), and group 3- 
received NB-UVB with calcipotriol ointment thrice a week. 
There were improved PASI and Psoriasis Severity Index 
(PSI) scores in group 3 with 67.2% and 59%, respectively. 
This implies the enhancement of the therapeutic outcomes 
of targeted phototherapy in combination with calcipotriol 
(Özkan et al. 2012). Tacalcitol, vitamin D analogue is less 
irritating than calcipotriol (Aggarwal et al. 2016). Aggarwal 
et al. defended this finding by establishing the effectiveness 
and safety of tacalcitol ointment with NBUVB radiation in 

plaque psoriasis. They have demonstrated that combination 
therapy of topical tacalcitol and NBUVB has shown positive 
clinical outcomes in an intra-individual, open-label study 
in 30 subjects with plaque psoriasis. Two psoriasis target 
plaques of roughly equal size and from similar sites were 
selected from the right and left portions of the body of each 
patient. Groups were divided into two namely, group 1—
which represents target plaques on the right portion were 
treated with topical tacalcitol once a day and group 2 which 
represent target plaques on the left portion without any topi-
cal treatment. Subsequently, NBUVB phototherapy was 
given three times a week. Group 1 has lower mean plaque 
scores than group 2, with a significant difference from 2 to 
8 weeks (p < 0.05). Target plaque scores, erythema scores, 
scaling scores and thickness scores were markedly reduced 
with combination treatment in contrast to NBUVB therapy 
alone. Total NBUVB exposures were significantly lesser in 
the tacalcitol-treated group which decreases the jeopardy 
of photocarcinogenesis and long-term treatment costs (87).

Corticosteroids and phototherapy

Topical corticosteroids stand as the main treatment modality 
for psoriasis in the United States due to their short-term effi-
cacy, high patient acceptability and low cost. They bind to 
glucocorticoid receptor and forms a complex. This complex 
transports into the nucleus and further binds to glucocorti-
coid response elements and blocks the transcription of genes 
responsible for inflammation and synthesis of inflammatory 
cytokines (Fig. 5) (Uva et al. 2012). However, they are asso-
ciated with unwanted effects comprising cutaneous atrophy, 
telangiectasia formation, striae formation, Acne rosacea, 
perioral folliculitis as well as HPA axis suppression, etc. 
Thus, it has been combined with phototherapy which pro-
vides a synergistic effect with significantly lower cumulative 
doses of steroids and UV phototherapy which decrease the 
extent of adverse reactions (Gagan Jot Kaur 2013).

Kaur and his co-workers carried out a randomized, 
placebo-controlled study with 20 subjects allocated into 
two groups. Subjects in one group received bath PUVA as 
well as betamethasone propionate cream (30/70) dilution 
cream and the other received PUVA and placebo cream. 
In the placebo group, eight patients achieved complete 
remission, while all patients in the steroid group achieved 
complete remission. The mean baseline PASITUL (Pso-
riasis Area Severity Index- Trunk, upper and lower limb 
score) for the steroid group declined to 0.4 from 19.7 
whereas it declined to 1.5 from 23.9 in the placebo group. 
In the steroid group, the median number of UVA sittings 
required for > 90% clearance was 11 whereas 14 UVA 
sittings were required for the placebo group (p = 0.35). 
The average cumulative UVA doses utilized were 40.60 
J/cm2 and 32.85 J/cm2 for placebo and steroid groups 

Table 1   Percentage reduction in PASI scores during 4,8,12  weeks, 
respectively

Treatment groups % Reduction of PASI score in 4, 8, 
12 weeks

4 weeks (%) 8 weeks (%) 12 weeks (%)

Group A (NB-UVB) 48.5 63.8 79
Group B (NB-

UVB + Calcipotriol 
ointment)

33.7 82.7 94.6
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respectively. Seven in ten volunteers in the group sub-
jected to steroids, whereas one in eight volunteers in the 
placebo group relapsed in 6 months (p = 0.23). A statisti-
cally significant difference was not observed in overall 
clearance as well as the mean cumulative UVA dose used. 
Early relapses were observed in the group treated with 
steroids which were statistically significant (Gagan Jot 
Kaur 2013). Levin et al. have performed an open-label 
pilot study to investigate the efficacy of clobetasol propi-
onate with excimer laser and topical calcitriol in the man-
agement of plaque psoriasis. Patients were given excimer 
laser treatments two times a week. On a monthly basis, 
topical therapy was rotated. For the first month, 0.05% 
clobetasol spray was used two times a day and during the 
second month, they received calcitriol ointment (3 µg/g) 
twice a day. Patients used clobetasol spray as well as 
calcitriol ointment during the third month. By week 12, 
76% of patients had a PASI-75 (75% decline in PASI) 
and 52% had a physician global assessment (PGA) score 
of ≤ 1 demonstrating the synergistic effect of the excimer 
laser in conjunction with calcitriol as well as clobetasol 
propionate ointment (Levin et al. 2015).

Biologics

The advancement of biological therapies has changed 
the paradigm of psoriasis over the past couple of decades 
(Kamata and Tada 2018). These treatment options, which 
primarily target IL-17, IL-12, IL-23 and TNF-α is found to 
be efficacious and safe in the psoriasis treatment. The main 
side effect of biologics is systemic immunosuppression. 
Many clinicians are concerned about this immunosuppres-
sive effect of biologics which might increase patient’s risk 
of cancer or infection. Phototherapy shows up to have no 
systemic immunosuppressive effects and thus can be utilized 
in combination with biologics to treat recalcitrant lesions. 
Clinical trials involving the combination of biologics with 
phototherapy are discussed in Table 2.

Other potential drug molecules

Methotrexate

Methotrexate is a folic acid antagonist used in the treatment 
of psoriasis (Coates et al. 2020). It inhibits dihydrofolate 
reductase (DHFR) and inhibits the synthesis of DNA. Inhi-
bition of DNA synthesis reduces epidermal hyperprolifera-
tion, recruitment of neutrophils and causes programmed 
cell death of activated T cells. It also inhibits the produc-
tion of several pro-inflammatory cytokines such as IL-1, 
TNF-α (Czarnecka-Operacz and Sadowska-Przytocka 
2014) (Fig. 7). It remains a cost-effective option in develop-
ing countries among other treatment modalities like biolog-
ics, cyclosporine, and retinoids (Yélamos and Puig 2015). 
Despite being effective, it produces adverse effects. Meth-
otrexate monotherapy often requires quite a lot of weeks 
to achieve adequate clearance of lesions. Thus, it can be 
combined with NB-UVB phototherapy to achieve greater 
clearance of lesions in a lesser period of time with signifi-
cantly minimal cumulative doses of both methotrexate and 
NB-UVB (Soliman et al. 2015).

A. Soliman et al. have investigated the effectiveness of 
methotrexate together with NBUVB phototherapy in com-
parison to methotrexate alone in chronic plaque psoriasis 
therapy. This study included 40 psoriasis subjects who had 
psoriasis that covered more than 20% of their BSA. They 
were assigned to two groups with 20 subjects each- Group 
A is treated with oral methotrexate (2.5 mg/tablet). The 
treatment regimen is initiated with 7.5 mg once a week as 
a test dose in 3 divided doses. The dose was then gradually 
increased by 5 mg over the next few weeks until it reached 
the individual effective dose of 30  mg/week. Group B 
patients were administered methotrexate orally in a simi-
lar regimen as given to patients in group A together with 
NB-UVB phototherapy (2 times a week). Every two weeks, 
all subjects were assessed. PASI score reduction by 30% 
reflects the onset of improvement of which a significant dif-
ference has been reported between the two groups with more 

Table 2   Ongoing clinical trials involving a combination of biologics along with phototherapy

S. no. Study Dose Clinicaltrials.gov identifier Sponsor

1 Alefacept (Amevive) with or without 
narrowband UVB treatment in patients 
with psoriasis

Alefacept-IV. bolus 7.5 mg NCT00407342 Medical University of Graz

2 Etanercept plus UVB-311 nm photo-
therapy in psoriasis

Etanercept-50 mg or 25 mg s.c. NCT00550030 Medical University of Graz

3 Ustekinumab plus UVB-311 nm in 
psoriasis

Ustekiumab-45 mg NCT00870285 Medical University of Graz

4 Primary UVB-311 nm and Adalimumab 
in psoriasis patients

Adalimumab-loading dose of 
80 mg and thereafter 40 mg s.c. 
biweekly

NCT00638261 Medical University of Graz
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improvement in group B (p < 0.001). PASI score decline 
by ≥ 90% represents end point clearance. Subjects in group 
B have shown a higher clearance rate of 100% as compared 
to group A which has shown 83% clearance. The mean total 
methotrexate dose was higher in group A than in group B 
(p < 0.05) with 165.5 ± 61.3 mg in group A and 89.8 ± 65.6 
in Group B. No significant difference was reported con-
cerning side effects and relapse. Thus, this study illus-
trated the effect of combining methotrexate with NBUVB 
in psoriasis treatment (Soliman et al. 2015). Another study 
on 120 patients with plaque psoriasis was performed by 
Al-Hamamy and his team to investigate the efficacy of 
methotrexate in combination with NB-UVB radiation when 
compared to NBVB alone and methotrexate alone. Patients 
were randomly allocated to three groups. Group-MN was 
treated with the combination of NBUVB and methotrexate 
at a dose of 0.2 mg per kg once a week. The groups received 
a maximum of 20 mg of methotrexate per week. Group N 
was treated with only NBUVB phototherapy. Group M- was 
administered with similar doses of methotrexate as Group 
MN. NBUVB phototherapy was given three times a week 
on alternate days via UV therapy cabin (311; TL-01 100 
W lamps; Philips). The authors concluded that the average 
dose of NBUVB required to achieve clearance is statistically 
significant among the studied groups. Group MN required 
an NB-UVB dose of 12.13 ± 4.02 J/cm2 in contrast to group 
N (p < 0.0001) which required 34.48 ± 13.13 J/cm2. Like-
wise, the average dose of methotrexate in group MN is 2.5-
folds lesser than in group N. The average weeks needed to 
attain clearance in the group treated with both NBUVB and 
methotrexate is twofold lesser than that required for group 
N and group M. When compared to group MN, the average 
number of phototherapy sessions required has significantly 
increased for group N. These outcomes have exemplified 
the synergistic effects of methotrexate with NB-UVB with 
fewer cumulative doses of both treatment modalities (Al-
Hamamy et al. 2014). A randomized patient-blinded clini-
cal trial has been performed by Mahajan et al. with forty 
patients diagnosed with chronic psoriasis vulgaris split 
into two groups comprising 20 patients each- with group 
A-treated with methotrexate tablet at a dose of 0.5 mg/kg 
once a week (30 mg/week) and NB-UVB while group-B 
received placebo together with NB-UVB. On the succeeding 
day of oral medication, NB-UVB phototherapy was initiated 
and was given three times a week on alternate days. PASI 
scores among the groups are statistically significant. Group 
A patients attained PASI 75 to a greater extent than those in 
the B group (p < 0.04). Similarly, average weeks (p = 0.001), 
average NB-UVB dose (p = 0.001), as well as average ses-
sions of phototherapy (p = 0.0001) needed to attain PASI 
75 in group B, are more than in group A. Assessment for 
relapse was also made after a follow-up for 12 weeks and 
concluded that none of the patients relapsed during the 

course (Mahajan et al. 2010). In a similar randomized con-
trolled trial performed by DK and his co-workers substantial 
progress in the psoriatic area was observed. Seventy-nine 
patients diagnosed with plaque psoriasis were randomized 
(double-blind study) into two groups. Patients in group A 
received methotrexate followed by NB-UVB irradiation. 
Patients in group B received methotrexate alone (0.4 mg/
kg/week with a maximum of 25 mg/week for 12 weeks). 
89% of subjects in group A and 85% of subjects in group B 
(p = 0.052) attained PASI 75 in the 3rd week and 8th week, 
respectively (p = 0.031). A significant decline in the average 
cumulative dose of NB-UVB as well as average photother-
apy sittings needed to attain PASI 75 was observed in group 
A in contrast with group B. DLQI assessment was also done 
and a substantial reduction of DLQI was detected in group 
A at 12 weeks (p = 0.022). At the completion of the study, 
neither treatment group experienced a significant number 
of relapses, and no serious adverse events occurred. Thus, 
methotrexate and NB-UVB is a potential combination in the 
management of psoriasis (Khadka et al. 2016).

Fumaric acid esters

European guidelines recommended fumaric acid esters 
(FAEs) for prolonged systemic therapy of adults suffering 
from moderate to severe psoriasis when topical treatment 
is inadequate. This treatment modality is approved in Ger-
many and is an initial course of treatment in the management 
of moderate to severe psoriasis (Hamm et al. 2021). The 
mechanism of FAEs in psoriasis is still unclear. It is found to 
induce cytoprotective and antioxidative agents (Balak 2014). 
It is also hypothesized to inhibit the production of proin-
flammatory mediators thus causing immunosuppression. 
Furthermore, it is said to increase IL-10, IL-4 production 
which causes immunosuppression (Fig. 6). FAEs manifest a 
major drawback- which is slow onset of action(Tzaneva et al. 
2018). This limitation can be addressed by combining this 
short-acting drug with NB-UVB which bestows itself as an 
affordable approach to upsurge patient adherence (Tzaneva 
et al. 2018).

To scrutinize the synergistic efficacy of FAEs with NB-
UVB radiation in moderate to severe psoriasis patients, 
Tzaneva et al. have performed a randomized controlled trial 
(assessor-blinded) in thirty psoriatic patients for 6-weeks 
and were analyzed for DLQI, PASI as well as Psoriasis Long 
Based Area and Severity Index (PLASI) scores. Patients 
were randomly allocated to two treatment groups- one that 
was administered with only FAE and the other that was 
administered with both FAE and NB-UVB phototherapy. 
68.9% of patients in the combination category and 36.5% of 
patients in the FAE category achieved a significant reduction 
of PASI (p = 0.016) after 6 weeks. On the other hand, 71.4% 
of patients in the combination group achieved PLASI75 
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whereas none in the group treated with FAE alone attained 
PLASI75. A significant reduction of DLQI was observed 
with the combination group when compared to FAE alone 
after 8 weeks. The outcomes of this prospective randomized 
trial indicate that a 6-week treatment of NB-UVB and FAE 
combined therapy resulted in a significant improvement in 
clinical short-term outcomes (Tzaneva et al. 2018). A similar 
study was performed by Weisenseel et al. in a larger patient 
cohort with plaque psoriasis using phototherapy (UV) con-
currently with Fumaderm®. Safety, dosage, as well as effi-
cacy (in terms of PASI score, DLQI, PGA score, EQ-5D) 
were evaluated for the combination in due course of twelve 
months. These scores are successively assessed in compari-
son to the data acquired from a historic cohort study car-
ried out using FAE alone. 363 subjects participated in the 
study. FAEs were used as the primary systemic treatment 
in 79.1% of patients, with the remaining receiving FAEs 
as a follow-up after cessation of their prior systemic ther-
apy. Phototherapy was administered to 96.1% of subjects 
as monotherapy and 3.9% received a combination of two 
different phototherapies. A continuous improvement in the 
PGA score was observed with 55% of subjects achieving 
a PGA score of at least 1 after 3 months. 72% and 78% 
of subjects attained a PGA score of at least 1 after 6 and 
12 months, respectively. DLQI scores improved by 5 points 
in 73.3% of patients. By 12 months, 87.5% of patients with 
FAE/UVA combination achieved PASI50 response whereas 
54.7% and 23.4% of patients attained PASI 75 and PASI 90 
responses. These data were then compared with retrospec-
tive FAE monotherapy. A significant improvement in PASI, 
DLQI and PGA scores was observed in FAE/UVA treatment 
arm when compared with FAE monotherapy. After a year, 
the overall EQ-5D score dropped from 6.7 (n = 362) to 5.6 
(n = 236). Individual well-being was estimated by means of 

a visual analogue scale (VAS), and it got upgraded from 
53.0 (n = 359) to 80.1 (n = 234) by 12 months. Only 7% of 
patients have experienced AEs. Thus, FAEs administered 
alongside phototherapy were proven to be safe and well-
tolerated (Weisenseel et al. 2017).

Sitagliptin

Psoriasis is linked with debilitating comorbidities related 
to metabolic and cardiovascular health. Keratinocytes show 
higher expression of dipeptidyl peptidase-4 (DPP-4) (Lynch 
et al. 2014b). The prospective of DPP-4 inhibition therapy 
in the management of psoriasis comes from its ability to 
suppress DPP-4 expression in keratinocytes in vitro and par-
tial restoration of differentiation of keratinocytes in vivo. 
Sitagliptin is a dipeptidyl peptidase-4 (DPP-4) blocker that 
has been shown to ameliorate psoriasis and is approved at 
present for type 2 diabetes (T2DM) treatment. T-cells show 
expression of DPP-4 whose inhibition improves skin lesions 
by suppressing T-cell activation. It is also hypothesized to 
inhibit the production of various pro-inflammatory cytokines 
(Fig. 6). Combined with NB-UVB phototherapy, it has been 
demonstrated to improve psoriasis therapy rather than NB-
UVB monotherapy (Lynch et al. 2014a).

Lynch and his co-workers designed a prospective, open-
label clinical trial of oral sitagliptin plus NB-UVB radia-
tion in psoriasis patients. Around 120 patients are randomly 
allocated to either sitagliptin 100 mg per day in combina-
tion with NB-UVB phototherapy or only NB-UVB photo-
therapy. The study was carried out for 24 weeks. A signifi-
cant improvement in PASI scores was observed in the group 
administered with sitagliptin and NB-UVB phototherapy in 
contrast to the group administered with sitagliptin alone 
(p = 0.044). A significant difference in the EuroQol 5-item 

Fig. 6   Schematic representation of mechanisms of action of some 
potential drugs in the management of psoriasis (Sitagliptin, Fumaric 
acid esters). The Figure was partly generated using Servier Medical 

Art, provided by Servier, licensed under a Creative Commons Attri-
bution 3.0 unported license
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questionnaire (0.1 [95% CI 0.0–0.1]; p = 0.036) and Hospital 
Anxiety and Depression Scale (−2.5 [95% CI −4.0 to −1.0]; 
p = 0.002) values has been observed between group admin-
istered with sitagliptin and NB-UVB in contrast to group 
administered with sitagliptin alone (Lynch et al. 2016).

Apremilast

Bagel and his team have evaluated the efficacy of the combi-
nation of apremilast—a PDE-4 inhibitor and NB-UVB pho-
totherapy in psoriasis. An open-label investigation has been 
performed with 29 Subjects for 12 weeks. Subjects were 
given 30 mg Apremilast two times a day and a total dose of 
NB-UVB thrice a week for a duration of 12 weeks. By week 
12, 73% of subjects attained PASI75. At week 12, DLQI, 
VAS pain, PGA, VAS itch and PASI scores were improved 
by 70%,77%,67%, 69% and 77%, respectively (Bagel et al. 
2017).

Pioglitazone

Pioglitazone is an antidiabetic drug that has been shown to 
be effective in psoriasis treatment. It has been proposed that 
a relationship exists between peroxisome proliferator-acti-
vated receptor γ (PPARγ) and psoriasis. There is a decline of 
PPARγ in psoriasis. PPARγ may influence numerous facets 
of psoriasis pathogenesis, such as keratinocytes, altered lipid 
metabolism, oxidative stress, angiogenesis, insulin sensitiv-
ity, lymphocytes and pro-inflammatory cytokines (Fig. 7). 
Pioglitazone is a PPARγ agonist shown to be effective in 
psoriasis management (Lin et al. 2022).

Ghiasi and his co-workers performed an investigation to 
evaluate the efficacy of pioglitazone with phototherapy in 
psoriasis treatment. Sixty subjects with psoriasis were ran-
domly allocated to two batches: patients in one batch were 
administered pioglitazone and the other with placebo with 

subsequent administration of NB-UVB phototherapy ses-
sions for both groups for 10 weeks. A significant decrease 
in PASI scores was reported among the two batches with 
an 83.5% reduction in the pioglitazone group and a 56.7% 
reduction in the placebo group (p < 0.05), respectively. Thus, 
pioglitazone in combination with phototherapy provides a 
synergistic effect in psoriatic patients when compared to 
NB-UVB phototherapy alone (Ghiasi et al. 2019).

Conclusion and future perspectives

Psoriasis is a chronic, non-contagious inflammatory skin 
disease that necessitates excruciating flare-ups as well as 
long-term disease management. There are myriad psoria-
sis therapies available, such as phototherapy, oral systemic 
agents, biologics as well as steroid and non-steroid topical 
agents with the ability to combine different therapies. Com-
bination therapy entails combining two or more treatment 
modalities acting via numerous pathways as well as safety 
profiles to attain and sustain adequate disease control while 
limiting treatment toxicity. When a single therapy is inad-
equate to treat recalcitrant disease, combination therapy can 
be employed. Selecting a combination regimen that provides 
maximum effectiveness as well as safety while also con-
sidering patient usefulness and adherence can be difficult. 
The use of visible light with regard to inflammatory skin 
disease treatment has gained massive interest in recent times. 
Blue light, in particular (wavelength range 400 to 480 nm) 
has lesser detrimental outcomes on mammalian cells than 
ultraviolet light. The major advantage of phototherapy which 
enables it to be a backbone in psoriasis treatment is the lack 
of systemic immunosuppressive effects. Thus, it can be com-
bined with various other treatment strategies and provide 
synergistic effects and thus reduce adverse effects associated 
with them by lowering their cumulative doses.

Fig. 7   Schematic representation of mechanisms of action of some 
potential drugs in the management of psoriasis (Methotrexate, piogl-
itazone, methotrexate, fumaric acid esters). The Figure was partly 

generated using Servier Medical Art, provided by Servier, licensed 
under a Creative Commons Attribution 3.0 unported license
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Phototherapy is safe as well as effective in clearing pso-
riatic lesions entirely. Still, they are often linked with side 
effects like pruritus, stinging, xerosis, burning, erythema 
and blistering in the short term. Long-term UV therapy side 
effects include photoaging as well as carcinogenesis. Com-
bining nanoformulation with phototherapy could be an effec-
tive and safer option compared to the conventional formula-
tion when combined with phototherapy. Nanoparticles act 
as vehicles to deliver phototherapeutic agents and can also 
act as adjuvants to augment the immune response. Nanopar-
ticles have an important role in photodynamic therapy. It is 
a type of phototherapy involving a photosensitizer, oxygen 
as well as 3 components of visible light. This photodynamic 
therapy (PDT) system has been corroborated to be advanta-
geous in psoriasis therapy and is rapidly evolving.

For instance, a study has been carried out to demonstrate 
the effectiveness of chitosan/alginate nanoparticles with 
curcumin incorporation (Cur-CS/Alg NPs) with blue light 
radiation in the suppression of hyperproliferation of TNF-α 
induced HaCaT cells (Gomez et al. 2019). They prepared 
Cur-CS/Alg nanoparticles by emulsifying curcumin in the 
solution of sodium alginate followed by crosslinking with 
chitosan and calcium chloride. MTT assay has been car-
ried out which has shown that these CS/Alg nanoparticles 
at 0.5%(v/v) were not toxic to HaCat cells. The substantial 
overproliferation of keratinocytes in HaCat cells is induced 
by TNF-α which increased viable cells to 135.5%. Viable 
cell count in the free curcumin-treated group declined by 
8% and 24.4% at 0.05 μg/ml and 0.1 μg/ml concentrations, 
respectively. Cells treated with curcumin followed by UV 
irradiation have shown a decline in viable cells by 30.8% 
and 42.7% at 0.05 μg/ml and 0.1 μg/ml concentrations, 
respectively. Upon exposure to blue light, the cells treated 
with Cur-CS/Alg nanoparticles showed a decline in viable 
cell numbers by 42.6% as well as 57.7%, respectively, at 
concentrations of curcumin of 0.05 μg/ml and 0.1 μg/ml, 
respectively. Cur-CS/Alg NPs alone have shown a decline 
of 26% and 41% in viable cell numbers at concentrations of 
curcumin of 0.05 μg/ml and 0.1 μg/ml, respectively. These 
results have proven the safety as well as the effectiveness of 
curcumin-based nanoparticles together with phototherapy. 
Thus, there is a need to explore nano-carrier-based systems 
in conjugation with phototherapy for greater patient compli-
ance, and safety as well as an effective treatment strategy 
for psoriasis.
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