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ORIGINAL ARTICLE
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Abstract
Introduction: Polymorphous light eruption (PMLE) and chronic actinic dermatitis

2Department of Internal Medicine, Case (CAD) have been classically described in White individuals, although recent studies
Western Reserve University, Cleveland,

Ohio, USA

have reported higher prevalence in patients with dark skin types, particularly African
Americans.
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Objective: To evaluate for differences in demographic, and clinical features between
persons with light and dark skin types who have PMLE and CAD.

Methods: Retrospective review of patients with PMLE and CAD who were diagnosed
from January 1, 1998, through November 31, 2021, at a single academic dermatology
center.

Results/Discussion: A total of 844 patients (725 [85.9%] female; mean [SD] age of
onset: 41.7 [16.9] years) were diagnosed with PMLE, and 60 patients (22 [36.6%] fe-
male; mean age, [SD]: 60.6 [10.6] years) of age at presentation, disease duration of 8.2
[7.3] years were diagnosed with CAD. Although just over 50% of the general clinic
population was White, the prevalence of PMLE and CAD was significantly higher in
dark-skinned individuals compared to light-skinned individuals (PMLE: 625 [74.0%] vs.
219 [25.9%], p value <.001; CAD: 43 [71.6%] vs. 17 [28.3%], p value = .003) respec-
tively. The pinpoint papular variant of PMLE (PP-PMLE) was predominantly seen in
dark-skinned individuals.

Conclusion: A substantial proportion of PMLE and CAD cases are present in dark-
skinned individuals. PP-PMLE can be mistaken for lichen nitidus. As such, recognition
of this entity is important for adequate evaluation and management of patients with
PMLE.

1 | INTRODUCTION

PMLE is characterized by recurrent, delayed reactions to sunlight,

ranging from erythematous papules, papulovesicles, and plaques

Photodermatoses represent a heterogeneous group of skin disorders
that are provoked by ultraviolet radiation (UVR) or visible light expo-
sure.! Polymorphous light eruption (PMLE) is the most common pho-
tosensitivity disorder, and previously was more commonly reported

in women with light skin phototypes aged 20—3Oyears.2 Clinically,

© 2023 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

to erythema multiforme-like lesions on sun-exposed surfaces. The
same morphology tends to occur in the same individual. Although
the estimated worldwide prevalence ranges from 10% to 20%, with
higher rates reported at higher altitudes and in western countries,

the occurrence of PMLE in dark-skinned individuals has now been

Photodermatol Photoimmunol Photomed. 2023;00:1-7.
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commonly reported.>® Patients with PMLE are less susceptible to
UVR-induced immunosuppression, resulting in the development of
lesions following UV exposure.4

Following PMLE, chronic actinic dermatitis (CAD) is the sec-
ond most common immunologically-mediated photosensitivity
disorder classically described in older white men.®> Chronic actinic
dermatitis is a delayed-type hypersensitivity reaction to endoge-
nous photoallergens and exogenous allergens.> The condition is
characterized by a persistent dermatitis and/or lesions mimicking
cutaneous T-cell lymphoma affecting predominantly sun-exposed
sites. Diagnosis can be confirmed with phototesting, which reveals
reduced minimal erythemal doses (MEDs), especially in the ultra-
violet B (UVB) and shorter ultraviolet-A (UVA) wavelengths.6 In
some cases, phototesting can demonstrate an abnormal response
to visible light (VL).” While the exact prevalence is unknown, newly
emerged studies have reported an increase in the frequency of
CAD in the skin of color population, particularly among African
Americans (AAs).8

The aim of this study was to evaluate patients diagnosed with
PMLE and CAD during a 23-year period in our photomedicine
center, and investigate differences in demographic, clinical, and
photobiological features between patients with light and dark skin
types.

2 | METHODS

A retrospective record review of patients with PMLE and CAD diag-
nosed in the Photodermatology Unit, Department of Dermatology
at Henry Ford Health (Detroit, MI, USA), from January 1, 1998,
through November 31, 2021 was performed. All cases were diag-
nosed by clinical assessment, and in some, confirmed by histology.
Diagnosis of CAD was confirmed through phototesting in some pa-
tients. The latter consisted of phototesting to broadband UVB, UVA,
and visible light. The phototesting methods have been described
previously.

2.1 | Clinical Assessment

A detailed history was obtained, including age of onset; disease
duration; gender; ethnicity; skin phototype (SPT); distribution and
natural history of skin condition; seasonal variation; and whether
lesions improved or worsened with topical and/or systemic treat-
ment. Morphologic features and distribution of skin lesions were

also recorded.
2.2 | Other Relevant Investigations
Routine assessment, in some but not in all patients, included plasma

porphyrin assessments, serum levels of antinuclear antibody (ANA),
and 25-hydroxyvitamin D levels.

2.3 | Statistical Methods

The data were analyzed using analysis of variance (SAS version 9.4).
Data are presented as mean (SD). A ;{2 test was performed when
making comparisons among light-skinned and dark-skinned groups.
The prevalence of ANA among patients with PMLE was compared to
the prevalence of ANA among healthy individuals as published in the
study conducted by Satoh and colleagues.” Statistical significance

was defined at the p <.05 level.

3 | RESULTS
3.1 | Polymorphous light eruption
3.1.1 | Demographic characteristics

A total of 844 patients (725 [85.9%] female; 119 [14.1%] male) were di-
agnosed with PMLE. Patients were aged 9-88years at diagnosis, with a
mean (SD) age of onset of 41.7 (16.9) years and a mean (SD) duration of
disease of 11.5 (4.78) years (Table 1). Six hundred twenty-five patients
had dark skin types (SPT: IV-VI), and 219 patients had light skin types
(SPT: I-1l). The population consisted of 533 African Americans, 188
Whites, 42 South Asians, 42 Middle Eastern patients, 18 non-White

Hispanics, 10 East Asians, and six patients of mixed ethnicity.

3.1.2 | Clinical assessment

Polymorphous light eruption occurred more frequently in dark-
skinned individuals than light-skinned individuals (625 [74%)] vs. 219
[25.9%], p value <.001).

Dark-skinned individuals were more likely to develop PMLE on
the neck (147 [23.5%] vs. 32 [14.6%], p value = .0096) and were more
likely to present with pinpoint erythematous papules (346 [41%)]
vs. 46 [21%], p value<.0001), and hyperpigmented lichenified co-
alesced papules (50 [8%] vs. 4 [1.82%], p value = .0013), compared
to light-skinned individuals.

Compared to dark-skinned individuals, light-skinned individuals
were more likely to develop PMLE on the lower limbs (thighs and
legs) (32 [14.6%] vs. 39 [6.24%], p value = .00012), and were more
likely to present with erythematous papules and papulovesicles (66
[30.2%] vs. 22 [3.52%], p<.0001), Table 1.

With regards to treatment, a combination of topical cortico-
steroids and sunscreen was the most frequently prescribed reg-
imen to patients with PMLE (686 [81.3%)]), with higher reported
use among dark-skinned individuals (524 [83.9%] vs. 162 [73.9%], p
value = .0013), compared to light-skinned individuals.

Light-skinned individuals were more likely to be prescribed sys-
temic agents (e.g., oral corticosteroids, methotrexate, 20 [9.2%)] vs. 23
[3.4%], p value = .0016), and narrow-band UVB hardening therapy (10
[4.5%] vs. 12 [1.9%)], p value = .034), and were more likely to experience
lesion resolution (61/67 [91%] vs. 149/209 [71.2%], p value = .022),
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TABLE 1 Demographic and clinical

characteristics of patients with

polymorphous light eruption
differences

Age of onset, mean (SD), year

Disease duration, mean (SD), year

Female N (%)
Treatment type

Topical corticosteroids and

sunscreen

Topical corticosteroids only

Sunscreen only

Treatment success

Systemic therapy (e.g.,

corticosteroids,
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Patient group by Fitzpatrick skin type

Clinical and photobiologic (1-111)

hydroxychloroquine)

NB-UVB hardening therapy

Lesion resolution following one

All(n=844) (n=219) (IV-VI) (n = 625) p-Value
41.7 (16.9) 40.1(18.8) 42.45 (16.1) .10
11.5(4.78) 11.7 (4.83) 11.4 (4.2) 45

725 (85.9) 181 (82.6) 544 (87.0) .60
686 (81.3) 162 (73.9) 524 (83.8) .0013*
78 (9.3) 24 (10.9) 54 (8.64) 31
61(7.22) 22 (10.0) 39 (6.24) 79
43(5.1) 20(9.2) 23(3.7) .0016*
22(2.6) 10 (4.5) 12 (1.9) .034*
210/276 (76)  61/67(91) 149/209 (71.3) .022*

course of treatment, N (%)

Recurrence following one course 93/165 (56.3) 22/44 (50)
of treatment, N (%)

Positive ANA, N (%)
Systemic symptoms
Systemic pruritus

Arthralgia

71/121(58.6) 43

112/400(28) 25/95(26.3) 87/305(28.5) .67

94 (11.2) 35(16.0)
23(2.72) 4(0.9)

59 (9.44) .33
19 (4.0) A1

Abbreviations: ANA, antinuclear antibody; NB-UVB, Narrow band- ultraviolet B; SD, standard

deviation.

*Denotes statistical significance.

compared to dark-skinned individuals. However, there was no signif-

icant difference in the recurrence rate between the two groups.

3.1.3 | Laboratory tests

Of 844 patients, 400 (47.35%) had an ANA test, of which 112 had a
positive ANA (titers ranging from 1:80 to 1:640). The point prevalence
of ANA positivity was 28% (95% Cl: 23.6-32.4), significantly higher
than the percentage described in healthy US population (13.4%, p
value <.001). While the prevalence of positive ANA was higher in dark-
skinned individuals compared to light-skinned individuals, this differ-
ence was not significant (28.5% vs. 26.3%, p value = .93). Although
none of the ANA-positive patients were diagnosed with an autoim-

mune disorder, 23 (2.72%) patients reported experiencing arthralgias.

3.2 | Chronic actinic dermatitis

3.2.1 | Demographic characteristics

A total of 60 patients (22 [36.6%] female; mean age, SD: 60.6 [10.6]
years of age at presentation; disease duration 8.2 [7.3] years) were

diagnosed with CAD. Patients ranged in age from 49 to 83years at
diagnosis, with a mean (SD) age at onset of 55.54 (16.2) years, and du-
ration of disease of 6.3 (3.7) years. Forty-three patients had dark skin
types and 17 patients had light skin types. This cohort of CAD con-
sisted of 40 African Americans, 16 Whites, two American Indians, one
East Asian, and one South Asian. There was no significant difference
in the onset (mean [SD] age, 61.7 [13.4] vs. 59.5 [11.4] years, p>.05)
and duration (8.6 [6.2] vs. 7.9 [3.4] years, p>.05) of photosensitivity
between dark-skinned and light-skinned individuals respectively.

Atopic dermatitis was the most common comorbidity identified
in patients with CAD (22 [36.6%]). Although AD prevalence was
found to be higher in light-skinned individuals compared to dark-
skinned individuals, this difference was not significant (7 [41%)] vs.
15 [34.8%], p value = .46).

3.2.2 | Clinical assessment

Chronic actinic dermatitis is typically manifested as photodistrib-
uted eczematous patches and sometimes erythematous and licheni-
fied lesions involving sun-exposed areas (Table 2). Chronic actinic
dermatitis was more prevalent in dark-skinned individuals than light-
skinned individuals (43 [71.6%] vs. 17 [28.3%], p value = 0.003).
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Dark-skinned individuals were more likely to present with CAD
on the neck (33 [76.4%] vs. 3 [14.3%], p value = 0.0008) and were
more likely to develop lichenified plaques (25 [58.1%] vs. 1 [5.9%], p
value = 0.003), compared to light-skinned individuals.

Light-skinned individuals were more likely to present with re-
ticulated erythematous patches (11 [64.7%] vs. 2 [4.65%], p value
<0.001), compared to dark-skinned individuals.

Similar to PMLE, combination therapy (sunscreens and topical cor-
ticosteroids) was the most commonly prescribed regimen to patients
with CAD. No significant difference was observed in the improve-
ment and recurrence rates between light-skinned and dark-skinned
individuals (Table 2). Although light-skinned individuals were more

likely to be prescribed systemic agents (e.g., mycophenolate mofetil,

methotrexate, dupilumab), compared to dark-skinned individuals,
this difference was not significant (7/17 [41.2%)] vs. 15/43 [34.8%], p
value = 0.64).

More than half of patients (40 [66.6%]) reported experiencing
moderate to severe pruritus, followed by leg edema (7 [11.6%]), ar-
thralgia and fatigue (4 [1.84%]). No significant difference was noted

between the two groups.

3.2.3 | Phototesting

Of the 60 patients with CAD, 22 (36.6%) underwent phototest-
ing with UVA, broadband UVB, and VL. Twenty-two patients had

Patient group by Fitzpatrick skin type

TABLE 2 Demographic and clinical
characteristics of patients with chronic

Clinical and photobiologic

differences All (n = 60) (I1-111) (n = 17)
Age at presentation, mean (SD), 60.6 (10.6) 59.5(11.4)
year
Onset of photosensitivity, mean 55.5(17.3) 55.5(17.2)
(SD), year
Disease duration, mean (SD), 8.2(7.3) 7.9 (3.4)
year
Duration of onset of 6.3(3.7) 6.4(3.9)
photosensitivity, mean (SD),
year
Female N (%) 22(36.6) 3(17.6)
Treatment type
Use of corticosteroids and 37 (61.6) 15(88.2)
sunscreen
Use of corticosteroids only 1(2.3) 1(5.9)
Use of sunscreen only 1(1.66) 0(0)
Systemic agents (oral 22 (36.6) 7 (41.2)
corticosteroids, MTX)
Treatment success
Lesion resolution following 49/55 (89) 17/18 (94.4)
one course of treatment,
N (%)
Recurrence following one 23/50 (46) 9/18 (50)
course of treatment, N (%)
Positive phototesting 22 (36.6) 7 (41.2)
Positive for UVA 12 (60) 4(23.5)
Positive for UVB 10 (16.6) 3(17.6)
Positive ANA N (%) 9/22 (36.6) 3/22(13.6)
Systemic symptoms, N (%)
Pruritus 40 (66.6) 14 (82.3)
Leg edema 7 (11.6) 3(17.6)
Arthralgia 4 (6.66) 1(5.9)
History of Atopic eczema 22 (36.6) 7(41.2)

(IV-V1) actinic dermatitis
(n=43) p Value
61.7 (13.4) 14
55.6(15.4) 91
8.6(6.2) .83
6.12 (4.2) 94
19 (44.1) .054
22(51.2) .008*
0(0) A1
1(2.3) .89
15(34.8) .64
32/37(86.4) .37
14/32(43.7) .66
15(34.8) .64
8(18.6) 15

7 (16.3) 17
6/22(27.2) .64
26 (60.4) .62
4(9.3) .36
3(6.97) .33
15(34.8) .64

Abbreviations: ANA, antinuclear antibody; MTX, methotrexate; SD, standard deviation; UVA,

ultraviolet-A; UVB, ultraviolet-B.
*Denotes statistical significance.
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a reduced MED value for either UVB (MED-B,n =3, SPT: I-lll;n =7,
SPT: IV-VI) and/or UVA (MED-A) (nh = 4, SPT: I-lll; n = 8, SPT: IV-
V1), (Figures 1 and 2). The range of MED-B was between 6 mJ/cm?
and 110mJ/cm? (Figure 1), while the range of MED-A was 3 J/cm? to
18J/cm? (Figure 2). The mean MED-A was similar for dark and light
skin types (Figure 1). Visible light phototesting was negative in all
patients.

Although dark-skinned individuals were more likely to have a re-
duced MED-B compared to light-skinned individuals, this difference
was not significant (p value = .43).

3.2.4 | Laboratory findings

Plasma and urine porphyrin levels were evaluated in 20 out of 60 pa-
tients. None of these patients had elevations in plasma and/or urine
porphyrins. Vitamin D status was assessed in 20 (33.3%) patients, of
which two had low levels of vitamin D (13ng/ml in one light-skinned
patient, and 22 ng/ml in one dark-skinned individual).

ANA testing was performed in 22 out of 60 (47.35%) patients.
Nine had a positive ANA (3 [17.6%] with skin types I-1ll; 6 [13.9%]
with skin types IV-VI, p value = .64), with titers ranging from 1:160
to 1:320.

4 | DISCUSSION

In this large population cohort study seen over 23years, we high-
lighted the differences in demographic distribution and clinical fea-
tures in patients with light and dark skin types who presented with
PMLE and CAD.

Although skin phototype has historically been associated with
the likelihood of developing PMLE, with type | posing the highest
risk and type IV (or higher) posing the lowest risk, we found that
PMLE occurs significantly more frequently among dark-skinned in-
dividuals (SPT IV-VI) than light-skinned individuals (SPT I-IIl). This
finding is consistent with recently published reports highlighting the
increased prevalence of PMLE in dark-skinned individuals.>%*°

Of the total dermatology clinic patients seen in our depart-
ment between 2013 and 2022 (total of 257,952 patients) with
self-identified race/ethnicity, over half of patients (57.4%) were
White, 32.3% were Black, and 10.3% were of other races/ethnic-
ity (e.g., East Asian, South Asian, Hispanic, multiracial, and Middle
Eastern). Although more than half of the general clinic population
was White, the percentages of skin of color patients with PMLE
(74.0%) and CAD (71.6%) were significantly higher, supporting
the increased prevalence in dark-skinned individuals, particularly
African Americans.

While PMLE shows high variability in its clinical characteristics
and severity, the pinpoint-papular variant of PMLE (PP-PMLE) was
the most common morphology identified in dark-skinned individu-
als, accounting for 35.6% of all cases. PP-PMLE is considered a dis-
tinct entity that has been primarily described in individuals with skin

5
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types IV-VI.* Clinical manifestation of PP-PMLE may vary based on
disease stage. During the acute phase, lesions manifest as pinpoint
papules, and less commonly, vesicles, on exposed areas, occurring
within a few hours of sun exposure.10 Patients frequently present
with shiny pinhead macules as the acute lesions resolve. In contrast,
papular or urticarial lesions in light-skinned PMLE patients resolve
without any residual lesions. Although PP-PMLE may be mistaken
for lichen nitidus, the latter is not associated with sun exposure, usu-
ally asymptomatic, and tends to be persistent. Unlike lichen nitidus,
PMLE is a seasonal photodermatosis occurring in spring and early
summer.

Previous studies have shown elevated titers of ANA in 2.9%-19%
of patients with PMLE.>® In our cohort, the prevalence of ANA
positivity was 28%, with higher rates observed in dark-skinned in-
dividuals. Due to some shared immune features with SLE (e.g., high
levels of interleukin-1, IL-1, and TNF alpha), it has been suggested
that PMLE may precede the development of SLE. However, despite
the increased prevalence of ANA, and a follow-up period of at least
2years, none of the ANA-positive patients identified in our cohort
developed SLE. Comparable findings were observed in a retrospec-
tive study involving 55 PMLE patients who had a positive ANA test.
After a median follow-up of 8years, none of the patients developed
SLE.™

PMLE remains a challenging disease to manage. It is notewor-
thy that in this study, light-skinned individuals were more likely to
experience lesion resolution compared to dark-skinned individuals.
Although we did not control for several confounders, the variabil-
ity in this finding may be attributed to the higher number of light-
skinned individuals being prescribed systemic therapy compared
to dark-skinned individuals. The underuse of systemic therapies,
including NB-UVB, among dark-skinned individuals suggest that
health disparities (e.g., insurance coverage, accessibility to transpor-
tation, ability to take time off for clinic visits, phototherapy, etc.) may
exist in the care of patients with PMLE. As such, itis important to un-
derstand the reasons for these potential disparities and implement
interventions to ensure equitable care for patients with PMLE.

Despite light-skinned individuals having higher rates of lesion
resolution, most patients experienced lesion recurrence, with no sig-
nificant difference in the recurrence rate between the two groups.
The prolonged and relapsing course of this condition has been high-
lighted in a recent study involving 97 PMLE patients. Though a ma-
jority of these patients experienced improvement, it took 25years
until one third of patients had resolution of PMLE.Y

Compared to PMLE, fewer studies have examined racial dif-
ferences in CAD epidemiology. In our study, we found that the
prevalence of CAD was higher in dark-skinned individuals than
light-skinned individuals. This finding is consistent with a recently
published study highlighting the increased prevalence of CAD in the
skin of color population.® Other clinical and photobiological char-
acteristics in our patients with CAD were consistent with what has
been reported in the literature: most of our patients were older men,
presented with eczematous eruptions in sun-exposed areas, and had
reduced MEDs to UVB and UVA.

85U8017 SUOWWOD BAIe.D 3(geddde ay) Aq peusenob afe sejoie YO ‘8sn JO S9N 10} AIq1T BUIUQ A8]IAA UO (SUOIPUCD-PUE-SWLS}W00 A8 |1 Afe.d 18Ul Uoy/:SdnL) SUONIPUOD pue swie 1 8y} 88S *[£202/20/Tz] Uo AkeiqiTauliuo A1 ‘weisAS yieeH plod AlusH Aq £982T ddyd/TTTT 0T/10p/w00 A8 iMARIq U1 IUO//:ScNY WOI) papeojumod ‘0 ‘T820009T



MAGHFOUR €T AL.

6
Wl LEY Photodermatology, Photoimmunology & Photomedicine

Phototesting in patients with chronic actinic dermatitis using fluorescent ultraviolet-A lamp

FIGURE 1 Phototesting in patients

7

with chronic actinic dermatitis using
fluorescent ultraviolet A lamp

® All patients (n=12)

W Skin types (FlI) (n=4)

Numberof patients with reduced MED (%)

 Skin types (IV-VI) (n=8)

7-12 13-18
UVA-MED (3/cm?)

Phototesting in patients with chronic actinic dermatitis using fluorescent ultraviolet-B lamp

FIGURE 2 Phototesting in patients
with chronic actinic dermatitis using

fluorescent ultraviolet B lamp

Numberof patients with reduced MED (%)

05 612 13-25 26-50 50-70 70-100 100-110
UVB-MED (mJ/cm?)

Similar to PMLE, a third of our cohort of CAD patients were sero-
positive for ANA. While pruritus, joint pain, and joint swelling were
commonly reported, none of the ANA-positive patients developed
SLE over a follow-up period of 9years. With regards to treatment,
most patients experienced partial to complete lesion resolution fol-
lowing the use of sunscreens and topical corticosteroids, but nearly
half experienced recurrence.

Although the exact mechanism remains unclear, exposure to
UVR plays a critical role in the pathogenesis of PMLE and CAD.'®
The failure of normal UVR-induced immunosuppression appears to
be the main immunological abnormality in PMLE. This is supported
by the persistence of epidermal Langerhans cells following UVB
irradiation.’? In addition, PMLE is a delayed-type hypersensitivity
reaction to an unknown antigen.?° It has been suggested that UVR
exposure, in genetically susceptible individuals, induces a cutaneous
reaction that leads to the formation of a photoantigen, which trig-
gers a robust immune response.?°

Like PMLE, delayed type hypersensitivity reactions to UVR-
induced skin photoantigen may play a role in CAD pathogenesis.5
An immunologic response to contact allergens (e.g., colophony, fra-
grances, sunscreen) has also been shown to play a role in disease
pathogenesis, particularly in dark-skinned individuals.?*?% In pre-
viously published reports, positive photopatch test reactions to
avobenzone and oxybenzone (organic UVR filters) were commonly

observed in dark-skinned patients with CAD.?%28

M All patients(n=10)
m Skin types (-l1) (n=3)
u Skin types (IV-V1) (n=7)

5 | LIMITATIONS

Limitations include the retrospective nature of this study. Given that
this study was conducted at a single-center institution, these results
may not be generalizable. Not all patients with suspected CAD un-
derwent phototesting; most commonly due to lack of insurance cov-
erage. As such, the diagnosis of CAD was largely made by clinical and
histologic assessments. Although a diagnosis of PMLE is generally
based on the clinical examination and medical history, phototesting,
especially photoprovocation testing, can be helpful in confirming the

diagnosis, and determining the action spectrum of the disease.

6 | CONCLUSION

Our retrospective study of 844 patients seen over 23years found
that a substantial proportion of PMLE and CAD cases present in dark-
skinned individuals, and that PMLE predominantly occurs in younger
female patients with dark skin. PP-PMLE represents a unique variant
of PMLE that appears to primarily affect dark-skinned individuals,
particularly African Americans. As PP-PMLE can be mistaken for li-
chen nitidus, recognition of this variant is important for appropriate
evaluation and management of these patients. In this analysis, we
also demonstrated that both PMLE and CAD follow a chronic course
with high rates of recurrence following lesion resolution. Given that
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these two conditions pose therapeutic challenges, there is a need to
improve our understanding of the molecular and immunologic basis
of PMLE and CAD to develop effective and targeted therapies.
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