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Dermatologists on the Medical Need for Therapeutic Drug Monitoring of

Biologics in Psoriasis: Results of a Structured Survey

Abstract

Background: Therapeutic drug monitoring (TDM) may lead to more rational use of
biologics. Still, TDM is largely underexplored in psoriasis. Little is known about the dosing

behavior of biologics by dermatologists, and their attitude towards TDM.

Objective: Exploration of the awareness and need for the concept of TDM in psoriasis

amongst (inter)national dermatologists.

Method: A survey was distributed at the Belgian Dermatology»Days 2019 and Skin
Inflammation & Psoriasis International Network (SPIN) Congress 2019. Next, an online
survey version was launched amongst the SPIN Scientific.Committee members. We collected
physician’s characteristics, prescription behavior of biologics, data regarding clinical response

to biologics and attitude towards TDM.

Results: A total of 107 surveysswere included for analysis. Most dermatologists were
Belgium-based (54.2%), othersifrom European (23.4%) or non-European countries (19.6%).
Seventy percent performed-either dose increase (64.8%), time interval shortening (74.6%),
dose lowering (16.9%) or time interval extension (33.8%). The majority who performed dose

adaptations acknowledged the need for TDM.

Conclusion: This study showed most dermatologists perform dose adaptations empirically.
The need for TDM was indicated by the majority, implying the need for effective
communication regarding availability, utility and implementation of TDM assays in daily

dermatology practice.
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Introduction

Biologics have revolutionized the treatment of chronic immune mediated inflammatory
diseases (IMID), including inflammatory bowel disease (IBD), rheumatoid arthritis (RA), and
psoriasis. They are prescribed when non-biological systemic treatments fail, and therefore
mainly used as ‘last resort’ [1-4]. Though being the most effective treatment option for
moderate-to-severe IMID cases, real world data has shown some issues. First, biologics are
expensive and pose a heavy burden on the healthcare budget [5-7]. In_addition, real life
evidence demonstrates that drug survival is rather low, in most cases duesto efficacy issues,
i.e. primary and secondary non-response [8-16]. Primary non-response (PNR) is the inability
to respond to therapy in the induction phase whereas secondarymon-response (SNR) can be
defined as loss of response after initial clinical ‘benefit. Lastly, biologics are currently
prescribed according to a fixed standard dosing regimen, also referred to as a ‘one size fits all’
regimen; with the exception of ustekinumab, which has a weight-based dosing scheme of 45
mg for less than 100 kg and 90 mg for 200:kg and more.

Previous research has demonstrated clinical response is related to (trough) drug concentration
[17,18]. Given these exposuresresponse studies, we propose that good responders might be
overtreated, putting- them at higher risk for side effects while contributing to unnecessary
costs [19,20]=Here, dose de-escalation might be suitable in order to achieve a minimal
effective dose. On the other hand patients with PNR or SNR may be undertreated, and might
benefit from dose intensification or switch to another biologic.

To counter these biologic-related issues, therapeutic drug monitoring (TDM) might be the key

[17]. TDM is the clinical practice of measuring drug blood concentrations in order to optimize



clinical response and minimize drug related side effects. The TDM concept will introduce a
first step towards evidence-based and personalized employment of biologics.

In psoriasis, evidence in favor of TDM is growing. Infliximab trough levels were positively
correlated with clinical response and lower in presence of anti-infliximab antibodies in
psoriasis patients [21-23]. For adalimumab, we defined a window-based on trough
concentration (Ciougn) from 3.51 to 7.00 pg/mL corresponding to optimal therapeutic effect
[18]. This window has been confirmed by the Psoriasis Stratification to Optimize Relevant
Therapy (PSORT) consortium [24]. Multiple studies showed a correlation_‘between
adalimumab (early) Cuougn and (late) clinical response [24-26]. For secukinumab, eur group
found a minimal effective Cyougn Of 33.2 um/mL in a pilot study [27]. With respect to
ustekinumab, no consensus has been reached yet given the conflicting.results [28-31]. Similar
mixed observations are seen for etanercept [25,32,33]. Few_dataare available suggesting an
exposure-response association of ixekizumab [34-36],/guselkumab [37], risankizumab [38]
and tildrakizumab [39] in psoriasis. For brodalumah and certolizumab pegol such data is, to
our knowledge, lacking.

In IBD, TDM has evolved into the new standard of care as it emerged as a valuable tool to
guide clinical decision making andiindividualizing dosing of biologics [40-49]. However, the
development of a practical TDM-based algorithm for the optimization and tailoring of
biologics is lagging behindin‘psoriasis. While TDM studies in psoriasis arose over the recent
years, little is 'known about the current behavior of practicing dermatologists when
encountering .undesired clinical responses to biologics, and their attitude towards the use of
TDM. The aim of this study is to explore the experiences of dermatologists with biologics
related to TDM in order to underline the incentive for pharmaceutical industry and

government instances to consider TDM in dermatology.



Materials and methods

Study design

To determine the fields of interest and content of the survey questions, we first collected
literature on TDM in different disease areas. Based on this, we determined areas of interest for
our survey that we consider as major obstacles that impact TDM implementation. We were
interested in 3 specific areas: non-response experiences, willingness to adapt doses, and TDM
accessibility. The first two areas were straightforward and questions were designed as such.
TDM accessibility was more complex and was divided into 4 subcategories: familiarity,
engagement, threshold to use (financially), and availability of assays. The questiennaire was
first tested internally by completing it with random answers in order to detect flaws (i.e.
incompatible answers). The resulting questionnaire included 14 questions. To distribute the
survey, we selected one national and one international dermatology congress that cover
scientific themes: the Belgian Dermatology Days (BDD) (February 2019, Brussels, Belgium),
and the Skin Inflammation and Psoriasis International Network (SPIN) Congress (April 2019,
Paris, France). The BDD is the annual Belgian dermatology congress hosted by the Royal
Belgian Society of Dermatology. The SPINis an international network of professionals and
patients with specific interest ins¢hrenic inflammatory skin diseases. Next, the questionnaire
was also emailed to the members of the SPIN Scientific Committee, a panel of international
expert-dermatologists, tos complete via an online application (SurveyMonkey) with a

completionperiodifrom June until end of July 2019.

Next, the survey was distributed at the BDD 2019. Based on the response rate and first results,
we expanded some response categories. This version was handed out at the SPIN Congress

2019, and throughout the SPIN Science Committee.

Respondents from the BDD 2019 and SPIN Congress 2019 were considered to have standard

experience with the use of biologics, and are referred to as ‘Dermatologists’ (D). The



members of the Scientific Committee of SPIN were regarded as biologics experts, since most
of them are involved in clinical trials of biologics and affiliated to academic dermatology
practices, and hence referred to ‘Expert Dermatologists’ (ED). Ethical committee approval
was not obtained as this study was of negligible risk since we did not collect any personal
data. The study was conducted in accordance with the ethical principles of the Helsinki

Declaration.

Statistical analysis

All collected responses were categorical variables, and expressed as frequencies and
percentages. Descriptive statistics and where applicable crosstabs, Chi-square or Fisher’s
exact tests were performed, and odds ratio (OR) with confidence interval (€l) was calculated
by IBM SPSS Statistics 26 (IBM Statistics, Costa Mesa, California) and GraphPad Prism
version 8.4.3 for Windows (GraphPad Software, San Diego, California). GraphPad Prism was

used for graphics design.

Results

Study cohort characteristics (Table 1)

The Dermatologists (D; being BDD. 2019 and SPIN Congress 2019 attendees) filled in the
written survey form, whereas theExpert Dermatologists (ED; SPIN Scientific Committee)
completed the online form. At the BDD 2019, 775 attendees were present, among them 70
filled in the survey (completion rate = 9%). Three-hundred individuals attended the SPIN
Congress 2019, and we received 27 survey responses resulting in a completion rate of 9%.
There are 43 SPIN Scientific Committee members, of which 25 completed the survey
(completion rate = 58%). A total of 122 respondents participated in the study. Only
respondents who practiced dermatology, i.e. dermatologists (n=102) and residents in

dermatology (n=14), were included for analysis. A small number of the respondents (7.8%)



had never prescribed a biologic, and therefore were also excluded from analysis. Response
analysis was executed within the remaining 107 participants. Overall, the BDD attendees
represented the biggest respondent group (53.3%), before SPIN attendees (24.3%) and SPIN
Scientific Committee members (22.4%). Seventy-two (67.3%) of the 107 included surveys
were fully completed. Question completion rate was lowest by the BDD attendees
(Supplementary tables 1 and 2).

Most respondents were Belgium-based (54.2%), and from other European countries (23.4%).
Additionally, non-European participants filled in the survey (9.3% North America;4.7%
South America, 1.9% Africa, 3.7% Asia). A few participants (2.8%) did not report their
nationality. Half of all respondents had more than 20 years of clinical experience: The ED had
at least 10 years of experience; approximately 80% had more than 20-years of experience. In
contrast, the D group included less experienced clinicians (33.0% with at most 10 years of
experience), and 41.5% had more than 20 years of experience. The survey results confirmed
our respondent allocation to either the D or ED, group hased on our assumption that the SPIN
Scientific Committee members were more,experienced in the use of biologics, and therefore
appointed as ED. ED had longer practice duration (p = 0.001), and prescribed biologics more
frequently (83.3% of ED prescribed weekly to daily; 66.3% of D prescribed monthly to
weekly) (p < 0.001). Moreover;.all'of the ED worked at least in an academic center, of which
41.7% in combination with="a private practice or general hospital. Most D worked in an
academic hospital (40:9%), of which one-fifth in combination with practicing privately or in
a general hospital, or in a private practice exclusively (30.1%) (p = 0.001). The prescription
behavior of biologics is displayed in Figure 1. The majority of the survey respondents

(63.4%) prescribed biologics on a monthly to weekly basis.



Observation of unfavorable therapy outcomes and current management in daily practice

The vast majority (86.3%) of all clinicians confirmed loss of response or non-response to
biologics in daily practice (Fig. 2A). These were mostly observed in one out of five to ten
patients by the ED, and in one out of ten patients by the D group (Fig. 2B). A similar
observation pattern is seen amongst clinicians with more than 20 years of clinical experience
versus clinicians with at most 20 years of clinical experience (Fig. 2C).

Figure 3 illustrates the clinician’s dose adaptation behavior. Up to 30% of all respondents had
never changed the dose of a given biologic, 96.6% of these belonged to the D group (Fig.
3A). The remaining 71% of the respondents already performed either dose increase (64.8%),
time interval shortening (74.6%), dose reduction (16.9%) or time interval extension (33.8%)
(Fig. 3B). The D group was less likely to perform dose adaptations compared to ED (63.6%
and 95.7% respectively) (p = 0.003; OR = 12.57 (95% CI: 1.95-134.70)) (Fig. 3C). When
looking more in detail, both ED and D mainly.changed.dose in terms of time interval
shortening, then dose increase, time interval lengthening, and lastly dose reduction (Table 2,
Fig. 3D). In other terms, dose intensification was performed most by both ED and D (100%
and 93.9% respectively), while dose de-gscalation was used less frequently (36.4% and 34.7%
respectively). Similar results .are observed when comparing dose adaptation behavior of
clinicians with more thap and at most 20 years of clinical experience. Dose changes were
more prevalent in the mare experienced group (83.7%) compared to the less experienced
group (60.0%) (p»=0.01; OR = 3.42 (95% CI: 1.31-8.78)) (Fig. 3E). Upon closer look both
groups mainly changed dose in terms of time interval shortening, then dose increase, time
interval lengthening, and lastly dose reduction (Table 3, Fig. 3F). Again, dose intensification
was used most by both groups (95.1% and 96.7%; respectively) compared to dose de-

escalation (41.5% and 26.7%; respectively). Almost 80% of the study respondents who



observed loss of response or non-response performed dose adaptations (p = 0.001)

(Supplementary fig. 1).
Familiarity, engagement, costs and accessibility of TDM

Approximately 95% was familiar with the concept or knew what TDM entails, whereas about.
70% of the total study cohort acknowledged the need for TDM (Fig. 4A-B). More than 70%
of the respondents who performed dose adaptations of biologics confirmed the need for TDM,
though not significant (p = 0.37)(Fig. 4C). The majority was interested in a TDM waorkshop
(84.0%) (Fig. 4D). Approximately one-quarter of the respondents assumed«TDM, costs
between 21 EUR and 50 EUR per sample, and almost half anticipated more than 50 EUR per
sample (Fig. 5A). Approximately half of the respondents believed personalized medicine will
not be more expensive compared to usual care (Fig. 5B). Fifty percent of the ED indicated

TDM-assays are available in laboratories within their practice environment (Fig. 5C)".
Discussion

TDM has been a valuable tool in the use ofianti-TNFa therapy among IBD patients and hence
increasingly becoming part of standard,care’in IBD [43-50]. Multiple studies suggest the
presence of a response-concentration association in psoriasis as well [18,24-27], though still
more research needs to besexecuted to confirm the true value of TDM in the management of
biologics. For example, we are currently conducting randomized controlled trials, where we
aim to 1) define therapeutic windows based on Cyougn levels of the newer biologics
(BIOLOPTIM: NCTO04080635, NCTO04080648, NCT04083612, NCT04080661), and 2)
attempt to lower the dose of biologics based on clinical assessment (BeNeBio, in
collaboration with RadBoud University Medical Center Nijmegen: NCT04340076). However,

little is known about the current behavior of practicing dermatologists when encountering

! The latter question was only incorporated in the survey completed by the ED.



unfavorable clinical responses to biologics in psoriasis, and their attitude towards the use of
TDM.

According to our results, loss of response or non-response is frequently observed in
dermatology practices, which corresponds with the reported previously efficacy issues and
rather low drug survival data [8-11,16]. Improvement of treatment efficacy (biologics
included) is an unmet need reported by dermatologists [51]. Our results suggest
dermatologists already optimize treatment response to biologics by performing empirical off-
label dose changes. The majority tries to overcome unfavorable outcomes by performing dose
intensification by either time interval shortening or dose increase. Phung et alprovided the
scientific value for this behavior by showing that the off-label dose escalation ofisecukinumab
resulted in improved treatment efficacy in patients who failed, to.respond adequately to
standard regimen [52,53]. However, some patients do net, benefit clinically after dose
escalation; here, TDM might act as a helpful tool to aveid:dose escalation in patients who are
unlikely to respond due to immunogenicity (development of anti-drug antibodies), or
mechanistic failure [54].

Dose de-escalation on the other hand appears to be applied less frequently in our study cohort,
despite its benefits such as reduced.costs’and decreased risk of side effects. This observation
might be explained by the_factithat physicians may be hesitant to lower dose, risking to lose
efficacy, and subsequently=having to deal with dissatisfied patients. The results of a
systematic review in rheumatology propose that full withdrawal of biological therapy in early
and established RA, PsA, and axial spondyloarthritis is risky in terms of disease flares.
However, controlled dose tapering in patients with established disease might be valuable [55].
Next, Bouman et al. demonstrated that long-term disease outcome (and safety) in RA patients
treated with TNFa-blockers maintained in both the dose reduction and usual care group [56].

In conclusion, dose tapering may be beneficial, but only if done rationally - not blindly or by



‘trial-and-error’ — to avoid disease flares. Therefore, TDM might be the right tool for
controlled dose tapering through identifying the minimal effective dose for every individual.
Though TDM is yet to be implemented in dermatology, most of our respondents were familiar
with the concept, demonstrating its popularity. Implementation barriers remain to be
identified, though according to a survey among gastroenterologists, lack of general
knowledge, and on how to interpret and employ TDM results are considered to be two major
barriers regarding the use of TDM. Uncertainty about insurance coverage, high out-of-pocket
patient costs, and time lag from serum sample to result are identified as important barriers as
well [57]. Similar barriers are likely to be encountered in dermatology. Since,thesesTDM-
related barriers are already identified in IBD, we should consider these and. tackle them in
advance before we encourage to use TDM assays, in order to facilitate'the implementation of
TDM in common dermatology practice.

Next, we found that dermatologists generally acknowledge the need for TDM, though many
assumed TDM to be rather costly. In accordance with'the gastroenterology survey, we report
general worries related to costs, which may represent a major barrier [57]. In addition, we
report that opinions on the cost of personalized medicine varied: this in itself requires in-depth
exploration since biologics already “represent a costly drug category. Therefore, early
negotiations about TDM reimbursement through a transparent dialogue between academics,
healthcare professionals, pharmaceutical industry, and regulatory and health technology
agencies is primardialdn order to enable access to TDM, and eventually render biologics more
cost-effective.

Limitations of this study include small sample size, including incomplete surveys. It needs to
be pointed out that we used paper survey versions at the conferences during a limited time slot
focused on psoriasis and biologics — reaching thus those dermatologists with a specific

interest in psoriasis -, and therefore could not reach all attendees. Still, efforts have been made



in order to minimize data ascertainment: 1) the paper survey versions at the conferences were
handed out at the entrances of the psoriasis and biologics specific sessions, and collected at
the exits afterwards (i.e. consecutive sampling), and; 2) the online survey was distributed
amongst the SPIN Scientific Committee members per e-mail, and all members were invited to
complete the survey. Since the written survey was handed out during these biologics specific
workshops, and participants of the SPIN 2019 and members of the SPIN Scientific Committee
might also have preference for and are more experience in managing IMID such as psoriasis,
there is a potential selection bias toward dermatologists with an interest in TDM. Therefore,
reported results might be overestimated. Other limitations are lack of defining, “non=response’
or ‘loss of response’ before survey completion, and not asking prior participation in order to
prevent duplicate responses.

A strength of this study is the inclusion of dermatologists from. different practice settings and
varying clinical experience. In addition, to our knowledge,this study is a first exploration of
the use of biologics by practicing dermatologists, while,gauging to the opinion towards TDM.
We inquired about experiences in psoriasis, but extrapolation to other immune-mediated skin
disorders such as atopic dermatitis is possible.

More research about the pharmacokineties and pharmacodynamics of biologics in the context
of treatment response is warranted.to further explore the value of TDM of the newer biologics
in psoriasis. Given all ofwour study results, we encourage clinical TDM experts and
pharmaceutical industry to join forces in order to enhance accessibility in terms of training
sessions, to inCrease availability of validated assays and skilled labs, and to facilitate the
development of easier sampling techniques (eg. microsampling) and point of care assays [58].
Finally, decision algorithms on how to interpret tests results and how to act accordingly have

to be developed to guide clinicians and patients to the most optimal dose.



In conclusion, this survey study shows that non-response and loss of response to biologics in
psoriasis are real world issues, and already being counteracted by dermatologists through
empirical dose adaptations. More importantly, dermatologists acknowledge the need for
TDM, implying they are ready for a more rational and evidence-based, but also a personalized

use of biologics.
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Tables
Table 1. Baseline characteristics of survey respondents (n = 107)

Participant type % (n)

Belgian Dermatology Days 2019 53.3 (57)
SPIN Congress 2019 24.3 (26)
Scientific Committee SPIN 22.4 (24)

Clinical experience % (n)

Expert dermatologists 22.4 (24)
Dermatologists 77.6 (83)
Total respondent group | ED D
Clinical experience, years % (n) 100 (106) 100 (24) 100 (82)
0-5 17.0 (18) 0(0) 22.0/(18)
5.1-10 8.5 (9) 0 (0) 11.0 (9)
10.1-15 8.5 (9) 8.3(2) 8.5 (7)
15.1-20 16.0 (17) 12.5 (3) 17.1 (14)
>20 50.0 (53) 79.2 (19)  41.5(34)
Practice location % (n) 100 (107) 100 (24) 100 (83)
PP 23.4 (25) 0 (0) 30.1 (25)
GH 10.3.(41) 0 (0) 13.3 (11)
AH 37.4(40) 58.3 (14)  31.3(26)
PP + GH 12.1:(13) 0 (0) 15.7 (13)
PP + AH 14.0 (15) 33.3(8) 8.4 (7)
GH + AH 1.9 (2) 4.2 (1) 1.2 (1)
PP+ GH + AH 0.9(1) 4.2 (1) 0 (0)

Abbreviations: \ED, expert dermatologists; D, dermatologists; PP, private practice; GH, general

hospital; AH, academic hospital.




Table 2. Details kinds of dose changes: ED versus D

ED (%) D (%) OR Cl P-value
Dose increase 81.8 57.1 3.38 1.08-10.13 0.06
Time interval shortening 86.4 69.4 2.79  0.74-9.89 0.15
Dose reduction 22.7 14.3 1.77  0.53-6.35 0.50
Time interval lengthening 36.4 32.7 1.18 0.38-3.15 0.79

Abbreviations: ED, expert dermatologists; D, dermatologists; OR, odds ratio; Cl, confidence interval

Table 3. Details kinds of dose changes: more than versus at most 20 years of clinical

experience
> 20 years <20 years OR cl P-value
experience (%) experience (%0)
Dose increase 55.1 38.0 1.12 *0.43-3.07 >0.99
Time interval shortening 61.2 46.0 0.83 |» 0.30-2.38 0.79
Dose reduction 16.3 8.0 1.58  0.46-5.09 0.54
Time interval lengthening 34.7 14.0 2.33  0.80-6.09 0.13

Abbreviations: OR, odds ratio; Cl, confidence interval




Figure captions

Figure 1. Prescription behavior of biologics among the total study cohort (n=104).
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Figure 2. Loss of response and non-response to biologics.in daily practice: (a) observation of
LoR/NR amongst all respondents (n=102); (b) estimated observation of LOR/NR by ED and
D (respectively n=23; n=63); (c) estimated observation of LOR/NR by clinicians with more
than and at most 20 years of clinical experience (respectively n=48; n=37).

LoR, loss of response; NR, non-response; ED, expert dermatologists; D, dermatologists.
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Figure 3. Dose adaption behavior: (a) whether dose adaptations were performed among the
total respondent group (n=100); (b) performance of the different kinds of dose changes in the
total study cohort (n=71); (c) whether dose changes were performed by ED and D
(respectively n=23; n=77); (d) performance of different kinds of dose changes: ED versus D
(respectively n=22; n=77); (e) whether dose changes were performed by clinicians with more
than and at most 20 years of clinical experience (respectively n=49; n=50); (f) performance of
different kinds of dose changes by clinicians with more than and at most 20 years of clinical

experience (respectively n=49; n=50).
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LoR, loss of response; NRgnon-response; ED, expert dermatologists; D, dermatologists.



Figure 4. The concept of therapeutic drug monitoring: (a) familiarity with the term ‘TDM’
(n=102); (b) need for TDM according to ED and D (respectively n=22; n=76); (c) whether
respondents who performed dose adaptations of biologics see the need for TDM (n=68); (d)
engagement for TDM: whether the respondents are interested in educational workshops

(n=75).
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Figure 5. Costs and accessibility of therapeutic drug monitoring: (a) expected costs per
sample (n=96); (b) whether the respondents presume personalized medicine will be more

costly than usual care (n=101); (c) TDM assay accessibility (n=22; ED only).
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TDM, therapeutic drug monitoring; ED, expert dermatologists.
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