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Does psoriasis need more radiation dose to clear
recalcitrant plaques? A case series of lesions from a

single subject

Abstract

Psoriasis vulgaris is a chronic benign disease of the whole thickness of the epidermis
with symptomatic plaque formation impacting quality of life. Relatively low doses of
fractionated radiotherapy (RT) have been used in the past to a total dose of four to six Gray

(Gy).

We present the case of an older male with seven recalcitrant plaques each treated with the
same prescribed dose of RT. Superficial radiotherapy (SXRT) with a 100kV beam from
a Xstrahl 300 machine to a total dose of 20 Gy in 10 fractions (#s) at five #s per week
was used for six areas - four on the scalp and one on each elbow. At six months post
treatment, four scalp areas had a continuing complete response (CR) whilst the elbows had
a continuing partial response (PR).

A seventh area, measuring 21 x 16cm on the lower back, was treated with volumetric
modulated arc therapy (VMAT) using six megavoltage photons (MV) at the same prescribed
dose. At four weeks, an infield CR was observed, but at eight weeks there was some infield
recurrence. Pre- and post-RT biopsies from this field were compared. In the VMAT area
with clinical recurrence, RT caused a histological PR. In the VMAT area with clinical CR,
there was no histological evidence of disease.

These findings raise radiobiological questions. Was the difference in clearance due to
lower disease burden, kilovoltage backscatter from bone giving a higher relative dose, a
difference in oxygenation or chronic sun exposure of tissues, or a difference in the relative
biological effectiveness (RBE) between SXRT (1.2) relative to MV photons (1.0)?

We recommend that future studies of RT in psoriasis start with 20Gy in 10#s, preferably
with a modality that can penetrate the whole plaque epidermis, which can be quite thickened
in patients suffering from psoriasis.
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Introduction

Psoriasis vulgaris is a chronic benign skin disease affecting around
two percent of the adult world population.! It is caused and maintained
by an interplay between genetic risk foci, environmental factors,
and immunological abnormalities,” especially those involving T
lymphocytes and dendritic cells. These are present focally in skin and
are what leads to localised plaque formation.* Within these plagues,
the epidermis is thickened, and the keratinocyte turnover time is
shortened.* The keratinocytes move through the epidermis over four
to five days, which is a tenfold acceleration.® The psoriatic process
happens throughout the whole thickness of the epidermis which has
lost the usual maturation pattern found in normal skin.

Psoriasis usually presents clinically as often multiple and
symmetrically distributed, red, scaly plaques with well-defined edges.
Without treatment, the plaques persist.’ Plaques can be symptomatic
with itch and exfoliative desquamation and cosmetically undesirable,
thus significantly impacting a person’s quality of life.®

Radiotherapy (RT) has been used to treat psoriatic plaques.”!! We
present a single case involving seven areas of psoriatic plaques treated
with RT at the same dose. The administered dose was higher than in

the previously cited studies as the plaques were recalcitrant. Some
interesting radiobiological phenomena were seen.

Case study

A well 72-year old man presented with a long history of psoriasis
involving multiple skin plaques and occasional psoriatic arthritis. He
had never taken biologicals but had used multiple topical treatments
when the plaques were particularly symptomatic. After some time, the
lesions would recur in the same anatomical loci.

The patient had many plaques amenable to RT. Seven were chosen
for an initial course of RT. Those selected were the most obvious, and
all had a history of symptomatic relapse following local therapy and
could therefore be considered recalcitrant.

Six were treated with superficial radiotherapy (SXRT): the right
and left temple, right and left scalps above both pinnas, and both
elbows. These were treated with SXRT with a 100kV beam from a
Xstrahl 300 machine to a total dose of 20 Gy in 10 fractions (#s) at
five #s per week. At six months post treatment, the SXRT treated scalp
areas achieved a continuing complete response (CR; Figure 1). At six
months, the elbows had a continuing partial response (PR; Figure 2).
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A large area measuring 21 x 16 centimetres (cm) on the lower
back was treated with a VMAT technique'? using six megavoltage
photons (MV) to the same fractionated dose of 20 Gy on 10#s. An
infield biopsy was taken prior to RT to act as baseline. At four weeks,
a CR was observed infield. At eight weeks, however, there was some
recurrence infield (Figure 3). Two infield biopsies were taken of
what appeared to be normal skin and recurrent disease at eight weeks
(Figure 4).

The pre-RT baseline biopsy was compared with the biopsies taken
at eight weeks. The classic histological features of psoriasis are shown
in the pre-RT biopsy (Figure 4A-C). There is psoriasiform hyperplasia
and inflammation. The epidermis is thickened (a finding known as
acanthosis), there is a loss of the normal granular layer, there is a
thickened stratum corneum (a finding known as hyperkeratosis), and
retention of nuclei in the upper layers and stratum corneum (a finding
known as parakeratosis). There is suprapapillary thinning. There are
abundant neutrophils in the epidermis and stratum corneum. In the
dermis, there are abundant mononuclear cells, predominantly myeloid
cells and T cells. There are several dilated dermal blood vessels which
give the psoriasis plaques their characteristic erythema.’

The post-RT biopsy of the clinically recurrent psoriasis is seen in
Figure 4D. This shows the histopathology of the recurrent lesion at
eight weeks. The findings of psoriasis are present to a lesser degree
than in the pre-RT biopsy. The post-RT biopsy of the clinically normal
skin is seen in Figure 4E and shows essentially normal skin whereas,
prior to RT, there was florid psoriasis.

Figure | SXRT of scalp above left pinna.

Figure | A Photo at SXRT planning phase showing scalp above the left pinna.
Note the infield erythematous desquamating psoriatic skin.

Figure IB Scalp above the left pinna 8 weeks after treatment with 20 Gy in
10#s. Note the complete resolution of the infield psoriasis.
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Figure 2 SXRT of the left elbow.

Figure 2A Photo at SXRT planning phase of left the elbow. Note again the
infield erythematous desquamating psoriatic skin.

Figure 2C Left elbow at 8 weeks following 20 Gy in |0#s. Note the partial
resolution of infield psoriasis.
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Figure 3 A large area measuring 21 x 16cm on the lower back. This area was
treated with aVMAT technique.

Figure 3D Prior to the planning scan, bolus is placed over the entire field
with a margin to ensure 100% dose to skin.

Figure 3A A large psoriatic plaque measuring 21 x 16cm on the lower back.
Note again the erythematous desquamating psoriatic skin.

Figure 3B Treatment planning. The radiation oncologist has marked out the
clinical target volume (CTV) with a dotted line. This line is within another
dotted line which is the planning target volume (PTV)."?

Figure 3C Wires have been placed during planning on the marks so they can  Figure 3F Biopsies were taken of the recurrent disease from position A, and
be captured on the planning computed tomogram (CT) scan.The black arrow  a biopsy of “normal skin” was taken from position B. Position A was very close
marks a bandage that covers the the biopsy site prior to RT. to the pre-RT biopsy site (See Figure 3C).
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Figure 4 Comparison of the histopathology of the pre-RT biopsy of the
VMAT-treated field to the biopsy performed at 8 weeks post RT.The addition
of VMAT has decreased the severity of the psoriasis when comparing the first
and second biopsies. See text for descriptors.

Figure 4D Biopsy taken from the recurrent infield RT area (position A in
Figure 3F). Post RT x 100 showing that the psoriasiform hyperplasia and
inflammation are less marked in this recurrent plaque. The papillary dermal
vessels are not as plump, and no neutrophil aggregates are present in the
epidermis.

Figure 4A Pre-RT x 100 showing psoriasiform hyperplasia, loss of the
granular layer and inflammation.

Figure 4E Post-RT x 100. Biopsy taken from normal looking infield RT area
(position B in Figure 3F). Histopathologically it appears as normal skin.

Figure 5 Sagittal planning scan of the lower back area treated with VMAT
. . . . showing excellent conformality and homogeneity of the dose in dose colour
Figure 4B Pre-RT x 200 showing parakeratotic scale and suprapapillary  \yah mode to the affected epidermis. Note the bolus on the surface of the

thinning. epidermis.

Figure 4C Pre-RT x 200 showing intraepithelial neutrophils and dilated )‘
papillary dermal vessels. e Eirstiprone

X010 7)cm)
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Figure 6 Schematic only.This graph shows the depth doses of different RT modalities through the epidermis.The thin grey vertical line at zero represents the
skin surface. The thick black vertical line represents 5 millimetres (mm) into tissue, which is the deepest point that skin appendages penetrate.'* This can be
considered as the volume that contains the epidermis. Megavoltage modalities (purple line = volumetric modulated arc therapy [VMAT] and red line = electrons
[MeV]) need build up (BU) or “bolus” to ensure full dose to the skin surface.
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Table | Field size, treatment modality, dose, and results of the treated plaques at eight weeks
. Dose
FNI::':ber Location Field Size (cm;=cm?) Modality Prescribed ?GBE)Eose Infield control at 8 weeks
(Gy! #sid) Y
. _ SXRT
| Right scalp 5x3 =15 100KV 20/10 24 CR
- SXRT
2 Left scalp 6x3 =18 100KV 20/10 24 CR
. _ SXRT
3 Right Temple 5.5x3.5=19.3 100KV 20/10 24 CR
- SXRT
4 Left Temple 6x3 =18 100KV 20/10 24 CR
. _ SXRT
5 Right Elbow 10x6 = 60 100KV 20/10 24 PR
- SXRT
6 Left Elbow 10x7 =70 100KV 20/10 24 PR
7 Lower Back  2IxI6 = 336 pool 20/10 20 Recurrence
4/7CR
Ave/Total IL.G for scalp v 65 for 2/7 PR
elbows 1/7 Mixed recurrence and CR
Discussion For areas treated with SXRT, all four of the scalps achieved a CR,

We describe a case of an older male with multiple plaques of
symptomatic recalcitrant psoriasis. He underwent radiotherapy
to seven of the plaques at the same dose using different treatment
modalities. The observed outcomes of complete response, partial
response and biopsy-proven infield recurrence differed from plaque to
plaque (Table 1). A complete response was noted in four of the seven
fields. These results raise interesting questions about the radiobiology
of psoriasis and whether the administered dose was fortuitously close
to the minimum required to control recalcitrant psoriasis.

whereas the best response for elbows was a PR. Was this differential
effect between scalp and elbows due to:

A.

Low disease burden in the areas of scalp compared with

elbows?

Smaller field size? An average of 17.6 cm? for the scalp lesions
versus an average of 65 cm? for the elbows?

A difference in oxygenation? The scalp may be well
oxygenated compared with the elbow, and oxygen is a well-
described radiation sensitizer.'?
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D. An unknown cause, or causes?

When comparing areas treated with SXRT as opposed to those with
VMAT, SXRT gave a better result despite superior dose homogeneity
with VMAT. Was this due to:

A. Enhanced relative biological effectiveness (RBE) of SXRT!
compared with MV? SXRT is considered more efficacious per Gray
by a factor of 1.2 to 1 than VMAT using six MV.!7:18

B. More apparent dose due to kilovoltage backscatter from
bone?"

C. An unknown cause, or causes?

Treatment of psoriasis has traditionally been directed against the
immune system with systemic drugs such as cyclosporine, or to the
keratinocytes with drugs such as methotrexate. These oral systemic
therapies are important treatment options for patients with moderate
to severe psoriasis either as monotherapy or, in recalcitrant cases,
as combination therapy with phototherapy to localised plaques.
Local topical therapies, like steroid cream, can help with acutely
symptomatic plaques. Long-term treatment is needed to maintain
sufficient disease control in psoriasis, but continuous use of systemic
treatments is limited by adverse events and cumulative toxicity.?
The recent advent of biological therapies that target the responsible
cytokines have helped. They all induce remission, but not cure.”
These biologicals are administered through regular injections with a
course lasting from 6 - 40 weeks.?? Relapse can follow without further
on-going treatment.?

Some patients are unable to have, or decline, biological treatments
and simply want problematic plaques dealt with for functional and
cosmetic reasons. RT has been used for psoriatic plaques but has been
mainly limited to problematic anatomical areas including the nails,
palms and plantar surfaces, and scalp.”!!

Dose and volume are important considerations with radiotherapy.
RT has activity against lymphocytes.** Cutaneous lymphoma is
usually treated with radiotherapy doses in the 24 to 40 Gray (Gy)
range.” RT has activity against benign dividing keratinocytes. The
post-operative dose for keloids is 10 to 15 Gy.?® Rosacea has been
controlled at 45Gy.?” Doses used for psoriasis, however, have been
modest, usually four to six Gy, given as a fractionated course.”!!

In terms of volume, the whole thickened epidermis is the target. A
modality is needed that gives a homogeneous and conformal dose of
radiation through the epidermis. Most studies, even some randomised
trials (RCTs), have used Grenz rays, which have very short penetration
into tissue. Even though these studies reported some success, only a
small amount of the Grenz rays would have penetrated through the
whole thickened epidermis. The treatment modalities used in this case
study were superficial radiotherapy (SXRT) and volumetric modulated
arc therapy (VMAT; Figure 5). These modalities have a greater ability
to give a homogeneous, conformal, and therefore sufficient dose, to
the whole thickened epidermis than Grenz rays (Figure 6).

The finding of complete clearance using VMAT on the back at
four weeks followed by recurrence at eight weeks is surprising.
VMAT probably gives a more homogeneous and conformal dose
than SXRT, especially over larger fields, and therefore it would be
expected to be more efficacious. The observed difference in clearance
may be due to the relative biological effectiveness (RBE) of the two
modalities, which is thought to average around 1.2 for kilovoltage
x-rays compared to 1.0 for MV photons.?® This difference in efficacy
is because MV primarily deposits energy in tissue by the Compton
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effect, whereas kV does so by a photoelectric effect. The latter more
readily deposits energy in tissue, thus giving more cell kill per Gy.'¢

This effectiveness is also a function of linear energy transfer
(LET). According to Fowler'”in 1981, LET (and RBE) is higher for
250 kVp photons compared with megavoltage photons and electrons.
In 2010, Hansen et al'® reported that the RBE of orthovoltage X-rays
is 10—15% higher than the RBE of MV, and advised a dose increase of
10-15% when using MV compared to orthovoltage doses. The dose of
20 Gy with SXRT may have been just enough to clear the plaques, but
not so with VMAT. Unfortunately, no in-vivo dosimetry was carried
out to verify the prescribed dose for any of the treatments which was
a substantial oversight.

Another explanation for these findings is that skin may have
different radiation sensitivities depending upon its location on the
body. This may be related to the amount of chronic sun exposure. The
phenomenon of increased radiation sensitivity in skin with chronic sun
exposure has been noted when using VMAT for extensive skin field
cancerisation. Areas with more chronic sun exposure, for example the
scalp, appear to be more radiation sensitive.”

Whatever the cause, it seems that 20Gy in 10 fractions as
administered in this case report was very close to the minimum
dose required to induce a complete response in recalcitrant psoriatic
plaques. The main finding of this case report therefore is that the RT
dose needed for complete recalcitrant plaque clearance may be higher
than traditionally thought in previous studies, and perhaps even higher
than that used in this case report. We suggest that any study of RT for
local control of psoriasis should begin with a dose of at least at 20Gy.
The treatment modality used should also have adequate penetration to
cover all the epidermis, preferably with a homogenous and conformal
dose. This is particularly so in psoriasis where the epidermis can be
quite thickened.

Conclusion

In the treatment of seven areas of psoriasis in an older fit male,
we administered superficial radiation therapy (SXRT; 6 areas) or
volumetric modulated arc therapy (VMAT; 1 area) at the same
prescribed dose. At six months post treatment, four scalp areas had
a continuing complete response (CR) and both elbow areas had a
continuing partial response (PR). A seventh area treated with VMAT
achieved a CR at four weeks but at eight weeks there was some infield
recurrence. Although the reason for this difference in efficacy is
unknown, we propose that it may be due to a lower disease burden,
kilovoltage backscatter from bone giving a higher relative dose, a
difference in oxygenation or chronic sun exposure of tissues, or a
difference in the relative biological effectiveness between SXRT and
MYV photons. We recommend that future studies of radiotherapy as
a treatment for psoriasis start with 20 Gray in 10 fractions using a
modality that can penetrate the whole and quite thickened epidermis
in this setting.

Acknowledgments

The authors wish to thank the patient involved for consenting to
have his clinical details and photos used. The authors also thank Aileen
Eiszele of A&L Medical Communications for editing the manuscript
and for overseeing the journal submission process. Recognition and
thanks should also be extended to the ever-innovative GenesisCare
radiotherapy department at the Mater Hospital, Sydney, Australia.
Finally, the authors would like to thank Xstahl Ltd (UK) for funding
the medical writer and the cost of open access publication.

Citation: Fogarty GB, Moutrie Z, Cusi M, et al. Does psoriasis need more radiation dose to clear recalcitrant plaques? A case series of lesions from a single
subject. Int | Radiol Radiat Ther. 2021;8(3):114—120. DOI: 10.15406/ijrrt.2021.08.00302


https://doi.org/10.15406/ijrrt.2021.08.00302

Does psoriasis need more radiation dose to clear recalcitrant plaques? A case series of lesions from a

single subject

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1.

10.

11.

12.

13.

14.

15.

Parisi R, Symmons DPM, Griffiths CEM, et al. Global epidemiology
of psoriasis: A systematic review of incidence and prevalence. J Invest
Dermatol. 2013;133(2):377-385.

Yamanaka K, Yamamoto O, Honda H. Pathophysiology of psoriasis: A
review. J Dermatol. 2021;48:722-731.

Lowes Michelle A, Suarez-Farinas M, Krueger JG. Immunology of
psoriasis. Annu Rev Immunol. 2014;32:227-255.

Weinstein GD, Van Scott EJ. Autoradiographic analysis of turnover times
of normal and psoriatic epidermis. J Invest Dermatol. 1965:45(4):257—
262.

Oakley A. Psoriasis. DermNet NZ. Psoriasis. DermNet NZ. 2021.

de Korte J, Mombers FMC, Bos JD, et al. Quality of life in patients
with psoriasis: A systematic literature review. J Invest Dermatol.
2004;9(2):140-147.

Johannesson A, Lindelof B. Additional effect of Grenz rays on psoriasis
lesions of the scalp treated with topical corticosteroids. Dermatologica.
1987;175(6):290-292.

Lindelof B. Psoriasis of the nails treated with Grenz rays: a double-blind
bilateral trial. Acta Dermatol Venereol. 1989;69(1):80—82.

Brodersen, I, Reymann F. Effect of grenz rays on psoriasis treated with
local corticosteroids. Dermatologica. 1981;162:327-329.

Harber LC. Clinical evaluation of radiation therapy in psoriasis. AMA
Arch Derm. 1958.77(5):554-558.

Lindelof B, Beitner H. The effect of grenz ray therapy on pustulosis
palmoplantaris. A double-blind bilateral trial. Acta Derm Venereol .
1990;70:529-531

Potter A, Price M, Papworth D, et al. A technique for treating extended
skin field cancerisation using volumetric modulated arc therapy. Int J
Radiol Radiat Ther.2019;6(4):111-119.

Burnet NG, Thomas SJ, Burton KE, et al. Defining the tumour and target
volumes for radiotherapy. Cancer Imaging. 2004;4:153—161.

Fogarty GB, Hong A, Scolyer RA, et al. Radiotherapy for lentigo maligna:
a literature review and recommendations for treatment. Br J Dermatol.
2014;170(1):52-58.

Grimes DR, Partridge M. A mechanistic investigation of the oxygen
fixation hypothesis and oxygen enhancement ratio. Biomed Phys Eng
Express. 2015;1(4):045209.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

217.

28.

29.

Copyright:

©2021 Fogarty et al. 120

Sinclair DW. Relative biological effectiveness (RBE), quality factor
(Q) and radiation weighting factor (Wr). A report of the International
Commission on Radiological Protection. Ann ICRP. 2003;33(4):1-117.

Fowler JF. Nuclear particles in cancer treatment. Adam Hilger, Bristol.
1981;145(1).

Hansen EK, Roach M. Handbook of evidence-based radiation oncology.
2nd Edition. 2010. p. 711.

Ma CM, Seuntjens JP. Mass-energy absorption coefficient and
backscatter factor ratios for kilovoltage x-ray beams. Phys Med Bio.
1999;44(1):131-143.

Balak D, Gerdes S, Parodi A, et al. Long-term safety of oral systemic
therapies for psoriasis: A comprehensive review of the literature. Dermatol
Ther. 2020;10(4):589-613.

Papp KA. The long-term efficacy and safety of new biological therapies
for psoriasis. Arch Dermatol Res. 2006;298(1):7—-15.

Watson S. Psoriasis Treatment: When Should You Consider a Biologic?

Signorovitch JE, Betts KA, Yan YS, et al. Comparative efficacy of
biological treatments for moderate-to-severe psoriasis: a network meta-
analysis adjusting for cross-trial differences in reference arm response. Br
J Dermatol. 2015;172(2):504-512.

Borgmann K, Hoeller U, Nowack, et al. Individual radiosensitivity
measured with lymphocytes may predict the risk of acute reaction after
radiotherapy. Int J Radiat Oncol Biol Phys. 2008;71(1):256-264.

Specht L, Dabaja B, Illidge T, et al. Modern radiation therapy for primary
cutaneous lymphomas: Field and dose guidelines from the International
Lymphoma Radiation Oncology Group. /nt J Radiat Oncol Biol Phys.
2015;92(1):32-39.

Zainib M, Amin NP. Radiation therapy in the treatment of keloids. In:
StatPearls. Treasure Island (FL): StatPearls Publishing; 2021.

Fogarty GB, Holt N, Shearer T, et al. Incidental long term control of
recalcitrant rosacea following modern radiotherapy - A case series.
Journal of Dermatological Research.2021;6(1):214-221.

Amols HI, Lagueux B, Cagna D. Radiobiological effectiveness (RBE)
of megavoltage X-ray and electron beams in radiotherapy. J Radiat Res.
1986;105(1):58-67.

Fogarty GB, Christie D, Potter A. Volumetric modulated arc therapy
(VMAT) for extended skin field cancerisation (ESFC): Radiobiological
learnings from unique patient cases. Int J Radiol Radiat Ther.
2019;6(5):156-162.

Citation: Fogarty GB, Moutrie Z, Cusi M, et al. Does psoriasis need more radiation dose to clear recalcitrant plaques? A case series of lesions from a single

subject. Int | Radiol Radiat Ther. 2021;8(3):114—120. DOI: 10.15406/ijrrt.2021.08.00302


https://doi.org/10.15406/ijrrt.2021.08.00302
https://pubmed.ncbi.nlm.nih.gov/23014338/
https://pubmed.ncbi.nlm.nih.gov/23014338/
https://pubmed.ncbi.nlm.nih.gov/23014338/
https://onlinelibrary.wiley.com/doi/epdf/10.1111/1346-8138.15913
https://onlinelibrary.wiley.com/doi/epdf/10.1111/1346-8138.15913
https://pubmed.ncbi.nlm.nih.gov/24655295/
https://pubmed.ncbi.nlm.nih.gov/24655295/
https://pubmed.ncbi.nlm.nih.gov/5837896/
https://pubmed.ncbi.nlm.nih.gov/5837896/
https://pubmed.ncbi.nlm.nih.gov/5837896/
https://dermnetnz.org/topics/psoriasis/
https://pubmed.ncbi.nlm.nih.gov/15083781/
https://pubmed.ncbi.nlm.nih.gov/15083781/
https://pubmed.ncbi.nlm.nih.gov/15083781/
https://pubmed.ncbi.nlm.nih.gov/3319721/
https://pubmed.ncbi.nlm.nih.gov/3319721/
https://pubmed.ncbi.nlm.nih.gov/3319721/
https://pubmed.ncbi.nlm.nih.gov/2563616/
https://pubmed.ncbi.nlm.nih.gov/2563616/
https://www.karger.com/Article/Abstract/250295
https://www.karger.com/Article/Abstract/250295
https://pubmed.ncbi.nlm.nih.gov/13519864/
https://pubmed.ncbi.nlm.nih.gov/13519864/
https://pubmed.ncbi.nlm.nih.gov/1981434/
https://pubmed.ncbi.nlm.nih.gov/1981434/
https://pubmed.ncbi.nlm.nih.gov/1981434/
https://medcraveonline.com/IJRRT/IJRRT-06-00230.pdf
https://medcraveonline.com/IJRRT/IJRRT-06-00230.pdf
https://medcraveonline.com/IJRRT/IJRRT-06-00230.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1434601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1434601/
https://pubmed.ncbi.nlm.nih.gov/24032599/
https://pubmed.ncbi.nlm.nih.gov/24032599/
https://pubmed.ncbi.nlm.nih.gov/24032599/
https://pubmed.ncbi.nlm.nih.gov/26925254/
https://pubmed.ncbi.nlm.nih.gov/26925254/
https://pubmed.ncbi.nlm.nih.gov/26925254/
https://pubmed.ncbi.nlm.nih.gov/14614921/
https://pubmed.ncbi.nlm.nih.gov/14614921/
https://pubmed.ncbi.nlm.nih.gov/14614921/
https://pubs.rsna.org/doi/abs/10.1148/radiology.145.1.170?journalCode=radiology
https://pubs.rsna.org/doi/abs/10.1148/radiology.145.1.170?journalCode=radiology
https://www.springer.com/gp/book/9783319626413
https://www.springer.com/gp/book/9783319626413
https://pubmed.ncbi.nlm.nih.gov/10071880/
https://pubmed.ncbi.nlm.nih.gov/10071880/
https://pubmed.ncbi.nlm.nih.gov/10071880/
https://pubmed.ncbi.nlm.nih.gov/32529393/
https://pubmed.ncbi.nlm.nih.gov/32529393/
https://pubmed.ncbi.nlm.nih.gov/32529393/
https://pubmed.ncbi.nlm.nih.gov/16691429/
https://pubmed.ncbi.nlm.nih.gov/16691429/
https://www.webmd.com/skin-problems-and-treatments/psoriasis/psoriasis-biologics
https://pubmed.ncbi.nlm.nih.gov/25288183/
https://pubmed.ncbi.nlm.nih.gov/25288183/
https://pubmed.ncbi.nlm.nih.gov/25288183/
https://pubmed.ncbi.nlm.nih.gov/25288183/
https://pubmed.ncbi.nlm.nih.gov/18406889/
https://pubmed.ncbi.nlm.nih.gov/18406889/
https://pubmed.ncbi.nlm.nih.gov/18406889/
https://pubmed.ncbi.nlm.nih.gov/25863751/
https://pubmed.ncbi.nlm.nih.gov/25863751/
https://pubmed.ncbi.nlm.nih.gov/25863751/
https://pubmed.ncbi.nlm.nih.gov/25863751/
https://www.ncbi.nlm.nih.gov/books/NBK499973/
https://www.ncbi.nlm.nih.gov/books/NBK499973/
http://www.ghrnet.org/index.php/jdr/article/ view/3071
http://www.ghrnet.org/index.php/jdr/article/ view/3071
http://www.ghrnet.org/index.php/jdr/article/ view/3071
https://pubmed.ncbi.nlm.nih.gov/3080801/
https://pubmed.ncbi.nlm.nih.gov/3080801/
https://pubmed.ncbi.nlm.nih.gov/3080801/
https://medcraveonline.com/IJRRT/IJRRT-06-00239.pdf
https://medcraveonline.com/IJRRT/IJRRT-06-00239.pdf
https://medcraveonline.com/IJRRT/IJRRT-06-00239.pdf
https://medcraveonline.com/IJRRT/IJRRT-06-00239.pdf

	Title
	Abstract
	Keywords
	Introduction
	Case study  
	Patient outcomes 

	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 1A
	Figure 1B
	Figure 2
	Figure 2A
	Figure 2B
	Figure 2C
	Figure 3
	Figure 3A
	Figure 3B
	Figure 3C
	Figure 3D
	Figure 3E
	Figure 3F
	Figure 4
	Figure 4A
	Figure 4B
	Figure 4C
	Figure 4D
	Figure 4E
	Figure 5
	Figure 6
	Table 1

