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Abstract

Background: Biological agents have revolutionized care in specialties such as oncology, immunology, infectious diseases,
and genetic disorders, offering targeted actions on specific molecules or select immune cells. Monoclonal antibodies, known
for their high specificity and precision, represent one of the most significant and rapidly expanding categories of these agents.
Understanding the drug utilization patterns of monoclonal antibodies is crucial to ensure their optimal use, especially given
their high cost and potential adverse effects.

Methods: This analytical cross-sectional study was conducted in a secondary hospital in the United Arab Emirates. Patients
of either gender receiving monoclonal antibodies at the study site were included. Treatment patterns, utilization, and factors
associated with the discontinuation of monoclonal antibodies were assessed.

Results: Hyperlipidemia (136, 39.1%) was the most common indication for monoclonal antibodies, followed by prophylaxis
of respiratory syncytial virus infection in congenital heart disease (104, 29.9%) and osteoporosis (42, 12.1%). Evolocumab
was the most commonly prescribed monoclonal antibody (135, 38.8%), followed by palivizumab (104, 29.9%), and dupilumab
(38, 10.9%). The majority of monoclonal antibodies demonstrated a prescribed daily dose to defined daily dose ratio of
1.0, reflecting their appropriate utilization. One hundred twenty-nine patients (37.0%) discontinued their treatment during
the study. Patient’s level of education (OR: 0.416, 95% CI: 0.183-0.943, p=0.036), BMI (OR: 2.358, 95% Cl: 1.164-4.777,
p=0.017), number of concomitant medications (OR: 2.457, 95% Cl: 1.202-5.025, p=0.014), and treatment duration (OR:
9.180, 95% CI: 4.909—17.165, p<<0.001) were identified as predictors of discontinuation of monoclonal antibodies.
Conclusion: This study represents the first comprehensive investigation in the United Arab Emirates focused on treatment
patterns, utilization, and discontinuation of monoclonal antibodies among the local population. Monoclonal antibodies were
prescribed for the management of a wide range of clinical conditions. The study reports appropriate utilization of most
monoclonal antibodies and identifies factors such as patient education level, BMI, concomitant medications, and treatment
duration as independent predictors of monoclonal antibody treatment discontinuation.
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vaccines, receptor fusion proteins, cytokine modulators,
kinase inhibitors, Chimeric Antigen Receptor (CAR)-T cell,
and enzyme replacement therapies, have been utilized for the
management of a wide spectrum of diseases.>* Monoclonal
antibodies, known for their high specificity and precision, are
among the most significant and rapidly expanding categories
of these agents. Their ability to be engineered for specific tar-
gets provides a distinctive advantage in targeted therapeutic
approaches, minimizing off-target interactions and establish-
ing their pivotal role across diverse clinical domains.>°

To date, U.S. Food and Drug Admistration has approved
well over 100 novel mAbs for treating a variety of diseases,
including rheumatoid arthritis (RA), inflammatory bowel dis-
ease (IBD), psoriasis, asthma, and various forms of cancer.”
Monoclonal antibodies can classified based on their source
and protein composition into categories such as murine, chi-
meric, humanized, and fully human antibodies.® Additionally,
they can be grouped based on their target and mechanism of
action into categories such as anti-tumor necrosis factor (anti-
TNF), anti-receptor activator of nuclear factor kappa-B ligand
(anti-RANKL), anti-interleukin (anti-IL), anti-calcitonin
gene-related peptide (anti-CGRP), anti-IgE, anti-respiratory
syncytial virus (anti-RSV), and anti-proprotein convertase
subtilisin/kexin type 9 (anti-PCSK9).%?

Anti-TNF mAbs, like adalimumab and infliximab, have
substantially enhanced autoimmune disease therapy in rheu-
matology, particularly in RA and ankylosing spondylitis.'®!!
Anti-inflammatory mAbs, such as certolizumab and inflixi-
mab, have revolutionized the treatment of IBD, including
Crohn’s disease and ulcerative colitis.'> Management of der-
matological disorders such as psoriasis and atopic dermatitis
have also witnessed a transformation with mAbs such as
secukinumab, ustekinumab, and dupilumab.'3 In the field of
oncology, mAbs play a pivotal role in precision medicine,
with rituximab, cetuximab, and immune checkpoint inhibi-
tors such as pembrolizumab and nivolumab, serving as cor-
nerstones for targeting specific tumor antigens and bolstering
the immune response.'* Patients with hematologic malignan-
cies have benefited from mAbs such as rituximab and bren-
tuximab, which provides targeted therapy for lymphomas,
while romiplostim and eltrombopag have improved throm-
bocytopenia management.'> Moreover, omalizumab has
been effective in mitigating severe allergic asthma attacks
and providing relief for those suffering from allergic rhinitis
unresponsive to conventional treatments.'® While mAbs
promise a brighter therapeutic future, they also present chal-
lenges, including potential adverse effects, high costs, and
the need for stringent monitoring. '’

Many studies have been conducted worldwide to explore
the drug utilization and treatment patterns of mAbs for an
array of disease conditions, ranging from RA'®!® and psoria-
sis,!® to IBD,'? asthma,?® hyperlipidemia,>' RSV infection,?
and osteoporosis.?* Understanding the drug utilization pat-
terns of mAbs is crucial to ensure their optimal use, espe-
cially given their high cost and potential adverse effects.

Studies have shown varying prescription trends based on dis-
ease prevalence, drug availability, physician familiarity, and
healthcare guidelines in different regions. Monitoring these
patterns can provide insights into the current clinical practice
and pave the way for better patient care.'$ 2123 Interestingly,
while mAbs are being studied extensively globally, there is a
notable lack of studies focusing on their utilization in the
United Arab Emirates (UAE). Given the unique healthcare
context of the region, this study was conducted to gain
insights into the local utilization patterns of mAbs.

Material and methods

Study design and population

This analytical cross-sectional study was conducted between
November 2022 and August 2023 in Dibba Hospital, Al
Fujairah, United Arab Emirates. All patients of either gender
receiving mAbs at the study site were included in the study.
Patients with preexisting hepatic or renal dysfunction, those
who were pregnant or lactating, and those with incomplete
data were excluded from the study. The minimum sample size,
considering the anticipated discontinuation rates for mAbs,**
with a 95% confidence level and a 5% margin of error, the
required sample size was determined to be 228. Three-hundred
forty-eight patients were included in the study.

Patients’ characteristics

Patients’ demographics and clinical characteristics such as
age, gender, weight, height, body mass index, social history,
educational status, onset of the disease, disease severity, and
comorbid conditions were recorded.

Monoclonal antibodies treatment pattern and
utilization

Treatment patterns and utilization were assessed according
to the specified study variables such as indications for mAbs,
types of mAbs, dose/dosage regimen of mAbs, routes of
administration, duration of therapy, monotherapy and com-
bination therapy, number of mAbs prescribed, and concomi-
tant medications. The prescribed daily doses (PDDs) and
defined daily doses (DDDs) of mAbs were also to be col-
lected and documented. The DDDs were taken from the
WHO Anatomical Therapeutic Chemical/ Defined Daily
Doses (ATC/DDD) classification system.?® The PDDs of the
mAbs were compared with their respective DDDs and PDD
to DDD ratios were calculated.

Discontinuation of mAbs

Treatment discontinuation was defined when patients on mAbs
did not receive a subsequent prescription within the grace
period, calculated from the date of the last prescription received.
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Grace period corresponded to twofold the length of the pre-
scribing interval as per the drug monograph for the mAbD.

Data analysis

Data analysis was performed using SPSS version 27.0 (IBM
Corporation, Armonk, New York, USA). Categorical varia-
bles were described using frequencies and percentages,
while continuous variables were presented with median and
interquartile range (IQR) along with 95% Cls. Categorical
variable compared with the Pearson’s chi-square test,
Fisher’s exact test, or Monte Carlo test, where appropriate.
Continuous variables were compared using the Mann—
Whitney U test. Logistic regression models (univariate and
multivariate) were used to identify factors associated with
mAbs discontinuation. Results were reported as odds ratios
(OR) with 95% ClIs. Statistical significance was defined as
p <0.05, with two-tailed tests.

Ethical consideration

The study was approved by the Research and Ethics Committee
of RAK Medical and Health Sciences University (RAKMHSU-
REC-030-2022/23-PG-P), Ministry of Health and Prevention
Research Ethics Committee/RAK Subcommittee (MOHAP/
REC/2022/43-2022-PG-P). Formal consent was not required
for this type of study as it was an observational, noninterven-
tional study without any direct involvement of the patients.
The requirement of written informed consent was waived. All
patient data were de-identified prior to analysis, and authors
had all necessary administrative permissions to access and
publish the data.

Results

Patients’ characteristics

A total of 348 patients (male, 150 (43.1%); female, 198
(56.9%)) with median age of 43.5years (IQR, 5.0-62.0) years
were included in the analysis. Majority of the patients were less
than 65 years of age (273, 78.4%) with median BMI of 25.9kg/
m? (IQR, 19.5-31.0) and with no history of allergies (314,
90.2%). One hundredtwenty-five patients (35.9%) had more
than two comorbidities with hypertension being the most com-
mon comorbid condition (119, 34.2%). Antihyperlipidemics
were the most common (130, 37.4%) concomitant medications
followed by antihypertensives (105, 30.2%) and antidiabetics
(86, 24.7%). The characteristics of patients overall and strati-
fied by gender are reported in Table 1.

Monoclonal antibodies treatment pattern and
utilization

The study patients were prescribed mAbs for the management
of various disease conditions. Hyperlipidemia (136, 39.1%)

was the most common indication for mAbs in our study fol-
lowed by prophylaxis of RSV infection in congenital heart
disease (CHD) (104, 29.9%) and osteoporosis (42, 12.1%).
Other indications included atopic dermatitis (16, 4.6%), nasal
polyposis (12, 3.4%), osteoarthritis, sinusitis (7, 2%), urticaria
(4, 1.1%), RA (3, 0.9%), asthma (3, 0.9%), migraine (1, 0.3%),
and bilateral sacroiliitis (1, 0.3%). The median age of the
patients at the time of diagnosis (for condition managed by
mAb) was 40years (IQR=0.5-58.0) and majority presented
with severe form of the disease (346, 99.4%).

Regarding the type of mAbs, 219 patients (62.9%) in the
study were prescribed fully human mAbs, while the remain-
ing 129 (37.1%) patients were on humanized mAbs. The
majority of patients (244, 70.1%) received mAbs subcutane-
ously, while 104 (29.9%) patients received them intramuscu-
larly. Most of the patients were on short-term (<6 months)
treatment (218, 62.6%) with the median treatment length of
4months (IQR, 1.0-12.0). Related concomitant treatments
included nonsteroidal anti-inflammatory drugs (64, 18.4%),
corticosteroids (9, 2.6%), and bisphosphonates (2, 0.6%),
among others (Supplemental Table 1).

The most commonly prescribed mAb was evolocumab
(135, 38.8%) followed by palivizumab (104, 29.9%),
dupilumab (38, 10.9%), and denosumab (30, 8.6%) among
others (Figure 1). Evolocumab was prescribed for the man-
agement of hyperlipidemia among the study patients. The
use of palivizumab was specifically associated with the
prophylaxis of RSV infections in infants with CHD.
Dupilumab was prescribed for various allergic and atopic
conditions within the study population, including atopic der-
matitis, asthma, sinusitis, and nasal polyposis. Denosumab’s
utilization was done for osteoporosis management, with
romosozumab also being used for this indication in the study.
Secukinumab was administered to patients with psoriasis
and RA, while omalizumab’s use in our study spanned indi-
cations for asthma and urticaria. The details of indications
and dosage regimen of mAbs are reported in Table 2.

The PDDs for mAbs in our study were determined as
follows: evolocumab at 10mg, palivizumab at 2.93mg,
dupilumab at 21.4 mg, denosumab at 0.33 mg, romosozumab
at 7mg, secukinumab at 10mg, omalizumab at 21.4mg,
adalimumab at 2.85mg, erenumab at 2.5 mg, ustekinumab at
0.5mg, and mepolizumab at 3.60 mg. The majority of mAbs
demonstrated a PDD to DDD ratio of 1.0, reflecting their
appropriate utilization in our setting. However, notable devi-
ations were observed with adalimumab and ustekinumab,
which showed ratios of 0.98 and 0.92, respectively, suggest-
ing a trend toward underutilization. Conversely, omalizumab
exhibited a ratio of 1.33, indicative of slight overutilization
(Table 3, Figure 2, Supplemental Figure 1).

Discontinuation of mAbs

In this study, out of 348 patients, 129 (37.0%) discontinued
their treatment, while 105 patients (30.2%) completed the
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Table I. Characteristics of patients overall and stratified by gender.

Variable Overall

Gender

p-Value*

Female (n=198)

Male (n=150)

Age, years, median (IQR)
Age group, n (%)

43.5 (5.0-62.0)

<65year 273 (78.4)
=65year 75 (21.6)
Ethnicity, n (%)
Emirati 258 (74.1)
Non-Emirati 90 (25.9)
Education status, n (%)
Graduation 90 (25.9)
Secondary 66 (19.0)
Primary 84 (24.1)
Not available 108 (31.0)
Tobacco use, n (%) 34 (9.8)
Alcohol use, n (%) 7 (2.0)
Previous allergy, n (%) 34 (9.8)
Type of allergy, n (%)
Drug allergy 22 (6.3)
Food allergy 9 (2.6)
Environmental allergy 3(0.9)
BMI, kg/m?, median [IQR] 259 [19.5-31.0]
Comorbidities, n (%)
Diabetes 107 (30.7)
Hypertension 119 (34.2)
Obesity 19 (5.5)
Cardiovascular disease 54 (15.5)
Renal disease 17 (4.9)
Respiratory disease 25(7.2)
Autoimmune disease 39 (11.2)
Psychological disease 8 (2.3)
Immunosuppressive disease 1 (0.3)
No. of comorbidities, median (IQR) | (0.0-3.0)
No. of comorbidities, n (%)
None 134 (38.5)
One to two 89 (25.6)
More than two 125 (35.9)
Concomitant medications, n (%)
Antidiabetics 86.0 (24.7)
Antihypertensives 105.0 (30.2)
Antihyperlipidemics 130.0 (37.4)
Nonsteroidal anti-inflammatory 64.0 (18.4)
Anticoagulants 52.0 (14.9)

47.5 (6.0-67.0)

40.0 (5.0-54.0) 0.001 (U= 11780.0)

136 (68.7) 137 (91.3) <0.001

62 (31.3) 13 (8.7)
165 (83.3) 93 (62.0) <0.001
33 (16.7) 57 (38.0)
60 (30.3) 30 (20.0) 0.045
29 (14.6) 37 (24.7)
48 (24.2) 36 (24.0)
61 (30.8) 47 (31.3)
4(2.0) 30 (20.0) <0.001
2 (1.0) 5(3.3) 0.126
26 (13.1) 8 (5.3) 0.015
19 (9.6) 3 (2.0) 0.003
7 (3.5) 2(1.3)
0 (0.0) 3 (2.0)

27 [20.8-32.4] 25 [17.9-29.0] 0.018 (U= 12643.500)
66 (33.3) 41 (27.3) 0.230
69 (34.8) 50 (33.3) 0.768
14 (7.1) 5(3.3) 0.129
28 (14.1) 26 (17.3) 0415
12 (6.1) 5(3.3) 0.242
17 (8.6) 8(5.3) 0.245
37 (18.7) 2 (1.3) <0.001

4(2) 4(2) 0.690
1 (0.5) 0(0.0) 0.383
| (0.0-4.0) | (0.0-3.0) 0.107 (U= 13401.500)
72 (36.4) 62 (41.3) 0511
50 (25.3) 39 (26.0)
76 (38.4) 49 (32.7)
56 (28.3) 30 (34.9) 0.015
60 (30.3) 45 (30)
75 (37.9) 55 (36.7)
35 (17.7) 29 (19.3)
23 (11.6) 29 (19.3)

*Pearson’s chi-square test, Fisher’s exact test, Monte Carlo test, Mann—Whitney U test as applicable. Statistically significant values are in bold.

BMI: body mass index; IQR: interquartile range.

prescribed treatment course, and 114 (32.8%) were continuing
treatment up to the final data collection point. The reasons for
treatment discontinuation varied: 55 patients (15.8%) were
lost to follow-up, 24 (6.9%) had changes in their treatment
plans, 21 (6.0%) exhibited nonadherence to the treatment, 12
(3.4%) died, 8 (2.3%) showed clinical improvement, 6 (1.7%)

discontinued due to personal reasons, and 3 (0.9%) experi-
enced adverse drug reactions. The primary reasons of hospi-
talization during the treatment were related to infection and
acute pain, each accounting for 6.9% of patients followed by
hospital admissions for surgical interventions (14, 4.0%), and
due to exacerbations of chronic diseases (13, 3.7%).
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Figure 1. Monoclonal antibodies prescribed in the study.

Factors associated with discontinuation of mAbs

Univariate logistic regression analysis identified several fac-
tors potentially associated with the discontinuation of mAbs
treatment. Age was a significant factor associated with dis-
continuation of the treatment. Patients under the age of
65years had a 2.478 times higher odds of discontinuing the
monoclonal antibody treatment compared to those aged
65years or older (OR: 2478, 95% CI. 1.468-4.185,
p=0.001). Furthermore, gender differences were associated
with discontinuation of treatment. Males had a 2.058 times
higher odds of discontinuation compared to females (OR:
2.058,95% CI: 1.285-3.296, p=0.003). Education level also
appeared to play a role in discontinuation, with those having
a graduation level of education less likely to discontinue the
treatment compared to those with primary education (OR:
0.345, 95% CI: 0.183-0.650, p=0.001). BMI was another
significant factor. In addition, patients with a BMI less than
25kg/m? had a 3.522-fold increased odds of discontinuation
compared to those with a BMI of 25kg/m? or more (OR:
3.522,95% CI: 2.141-5.795, p <0.001).

Among comorbidities, the presence of diabetes, respira-
tory diseases, and autoimmune diseases were significantly
associated with varying odds of discontinuation. Patients
with diabetes and respiratory diseases had significantly
lower odds of discontinuation compared to those without
(diabetes—OR: 0.492, 95% CI: 0.306-0.790, p=0.003;
respiratory diseases—OR: 0.352, 95% CI: 0.155-0.803,
p=0.013). Notably, concomitant medications and duration
of treatment were strongly associated with discontinuation,
with patients on more than two concomitant medications
(OR: 4.554, 95% CI: 2.826—7.336, p <0.001) and receiving
short-term treatment (OR: 10.653, 95% CI: 6.321-17.954,
p<0.001) being 4.554 times and 10.653 times, respectively,
more likely to discontinue mAbs (Table 4).

In the multivariate logistic regression model, level of edu-
cation, BMI, number of concomitant medications, and length
of treatment emerged as significant predictors of discontinu-
ation of mAbs. Patients with a graduation level of education
were less likely to discontinue treatment compared to those
with primary education (OR: 0.416, 95% CI: 0.183-0.943,
p=0.036). Additionally, patients with a BMI less than 25 kg/
m? were 2.358 times more likely to discontinue treatment
compared to those with a higher BMI (OR: 2.358, 95% CI:
1.164-4.777, p=0.017). Furthermore, patients taking more
than two concomitant medications (OR: 2.457, 95% CI:
1.202-5.025, p=0. 014) and receiving short-term treatment
(OR: 9.180, 95% CI: 4.909-17.165, p<0.001) were signifi-
cantly more likely to their discontinue mAbs treatment
(Table 5).

Discussion

This study represents the first comprehensive investigation
in the UAE focused on the treatment patterns, utilization,
and discontinuation of mAbs among the local population.
As such, it provides insights into the use of these advanced
therapeutic agents within a specific regional healthcare
context. Our analysis captures the use of mAbs across a
wide range of clinical conditions, reflecting their growing
significance in contemporary clinical practice in the UAE.
The findings not only offer a snapshot of current treatment
patterns and utilization of mAbs but also shed light on the
factors associated with their discontinuation, which is piv-
otal for optimizing patient outcomes in the domain of mAb
treatment.

Evolocumab prescribed for the management of hyperlipi-
demia was the most commonly used mAb among the study
patients. This use pattern of evolocumab for hyperlipidemia
within our study population reflects a broader, global shift
toward targeted biological therapies for lipid disorders.
Evolocumab, a PCSK?9 inhibitor, has been recognized for its
efficacy in significantly lowering LDL cholesterol levels,
especially in patients who are statin-intolerant or have famil-
ial hypercholesterolemia.?® Furthermore, the prevalent use of
palivizumab for RSV prophylaxis in infants with CHD in our
study can be attributed to several key factors. Infants with
CHD are particularly susceptible to severe respiratory com-
plications from RSV, often leading to increased hospitaliza-
tion and intensive care needs. This vulnerability underscores
the importance of preventive strategies, as recommended by
the American Academy of Pediatrics, which advocates for
the prophylactic use of palivizumab in this high-risk group.?’
Additionally, the distinct seasonality of RSV in the UAE,
with peak incidences during the winter months,?® highlights
the necessity for timely and targeted RSV prophylaxis. In
this context, our findings reflect the rational use of palivi-
zumab in infants with CHD, adhering to both clinical guide-
lines and regional epidemiological trends.
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Table 2. Monoclonal antibodies, their indications, and dosage regimen.

Monoclonal antibody Indication Dose Frequency N (%), (n=348)
Evolocumab Hyperlipidemia 140 mg Q2w 87 (25.0)
Once 48 (13.8)
Palivizumab Congenital heart disease (CHD) 15 mg/kg QIM 99 (28.4)
respiratory syncytial virus (RSV) infection Once 5 (1.4)
Dupilumab Eczema, asthma, sinusitis, nasal polyposis 200mg, 300 mg Q2w 37 (10.6)
Q3w 1 (0.3)
Denosumab Osteoporosis 60 mg Once 12 (3.4)
Q6M 18 (5.2)
Romosozumab Osteoporosis 105mg, 210 mg QIM 20 (5.7)
Secukinumab Psoriasis, rheumatoid arthritis 300mg QlIw 1 (0.3)
Q4w 11 (3.2)
Omalizumab Asthma, urticaria 300mg Q2w 1 (0.3)
Q6M 3(0.9)
Adalimumab Rheumatoid arthritis psoriasis 40mg Q2w 2 (0.6)
Erenumab Migraines 70mg QIM 1 (0.3)
Ustekinumab Psoriasis 45mg Q3M 1 (0.3)
Mepolizumab Asthma 100mg Q4w 1 (0.3)

QIW: every | week; Q2W: every 2 weeks; Q4W: every 4 weeks; QIM: every | month; Q6M: every 6 months.

Table 3. Defined daily doses and prescribed daily doses of monoclonal antibodies prescribed to the study population.

Monoclonal antibody ATC codes DDD (in mg, parenteral route) PDD (in mg parenteral route) PDD/DDD ratio
Evolocumab CI0AX13 10.0 10.0 1.0
Palivizumab J06BDOI — 293 —
Dupilumab DI1AHO5 21.4 214 1.0
Denosumab MO5BX04 0.33 0.33 1.0
Romosozumab MO05BX06 7.0 7.0 1.0
Secukinumab LO4ACIO 10.0 10.0 1.0
Omalizumab R0O3DX05 16.0 214 1.33
Adalimumab L04AB04 2.90 2.85 0.98
Erenumab NO02CDOI 2.50 2.50 1.0
Ustekinumab LO4ACO05 0.54 0.50 0.92
Mepolizumab R0O3DX09 3.60 3.60 1.0

DDD: defined daily dose; PDD: prescribed daily dose; ATC: anatomical therapeutic chemical classification.
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214 214
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Figure 2. Prescribed daily dose (PDD) and defined daily dose
(DDD) comparison of monoclonal antibodies.

Dupilumab’s extensive use in treating atopic dermatitis,
asthma, sinusitis, and nasal polyposis in the study is sub-
stantiated by its targeted mechanism and efficacy across
these conditions. For atopic dermatitis, especially moder-
ate-to-severe atopic dermatitis, dupilumab has become a
cornerstone treatment, as recommended by the American
Academy of Dermatology (AAD), due to its ability to sig-
nificantly improve skin lesions and reduce pruritus.?’ In
addition to improving these visible symptoms, dupilumab
has shown significant impact on subclinical disease activity,
a vital aspect of disease management often overlooked.
Research utilizing ultra high frequency ultrasound (UHFUS)
demonstrated significant decrease in the subepidermal low-
echogenic band (SLEB) thickness, which correlates with
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Table 4. Univariate logistic regression model for factors associated with discontinuation of treatment.

Variable OR B 95% ClI p-Value
Age, years

=65 Ref

<65 2.478 0.908 1.468—4.185 0.001
Gender

Female Ref

Male 2.058 0.722 1.285-3.296 0.003
Ethnicity

Emirati Ref

Non-Emirati 1.369 0314 0.808-2.321 0.243
Education status

Primary Ref

Secondary 0.754 -0.282 0.374-1.521 0.430

Graduation 0.345 -1.064 0.183-0.650 0.001

Not available 1.474 0.388 0.754-2.881 0.257
Allergic history

No Ref

Yes 0.766 —-0.267 0.369-1.591 0.475
BMI, kg/m?

=25 Ref

<25 3.522 1.259 2.141-5.795 <0.001
Comorbidities

Diabetes Ref

Absent 0. 492 -0.710 0.306-0.790 0.003

Present
Hypertension

Absent Ref

Present 0. 634 -0.456 0.398-1.009 0.054
Cardiovascular disease

Absent Ref

Present 0.799 -0.224 0.437-1.462 0.467
Renal disease

Absent Ref

Present 0.413 -0.884 0.155-1.100 0.077
Respiratory disease

Absent Ref

Present 0. 352 —-1.043 0.155-0.803 0.013
Autoimmune disease

Absent Ref

Present 0.328 -1.116 0.166-0.646 0.001
No. of comorbidities

<2 Ref

>2 1.955 0. 670 1.233-3.100 0.004
No. of concomitant medications

<2 Ref

>2 4.554 1.516 2.826-7.336 <0.001
Age at diagnosis

Late onset (=40years) Ref

Early onset (40years) 2.979 1.091 1.864—4.761 <0.001
Type of monoclonal antibody

Fully human monoclonal antibody Ref

Humanized monoclonal antibody 5238 1.656 2.946-9.315 <0.001
Length of treatment

Long term (=6 months) Ref

Short term (<6 months) 10.653 2.366 6.321-17.954 <0.001
Hospitalizations during treatment

No Ref

Yes 1.880 0. 631 1.037-3.408 0.037

OR: odds ratio; Cl: confidence interval; B: regression coefficient; BMI: body mass index.
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Table 5. Multivariate logistic regression model for factors associated with discontinuation of treatment.

Variable OR B 95% ClI p-Value
Age, years

=65 Ref

<65 I.115 0.109 0.464-2.679 0.808
Gender

Female Ref

Male 1.257 0.229 0.658-2.402 0.489
Education status

Primary Ref

Secondary 0.598 -0.515 0.238-1.503 0.274

Graduation 0416 -0.878 0.183-0.943 0.036

Not available 1.446 0.369 0.611-3.421 0.402
BMI, kg/m?

=25 Ref

<25 2.358 0.858 1.164-4.777 0.017
Comorbidities

Diabetes Ref

Absent 0.826 -0.191 0.358-1.907 0.654

Present
Respiratory disease

Absent Ref

Present 0.534 -0.627 0.184-1.554 0.250
Autoimmune disease

Absent Ref

Present 0.759 -0.276 0.290-1.987 0.574
No. of comorbidities

<2 Ref

>2 2.159 0.770 0.883-5.279 0.092
No. of concomitant medications

<2 Ref

>2 2.457 0.899 1.202-5.025 0.014
Age at diagnosis

Late onset (=40years) Ref

Early onset (40years) 1.555 0.441 0.719-3.363 0.262
Type of monoclonal antibody

Fully human monoclonal antibody Ref

Humanized monoclonal antibody 1.432 0.359 0.596-3.442 0.422
Length of treatment

Long term (=6 months) Ref

Short term (<6 months) 9.180 2217 4.909-17.165 <0.001
Hospitalizations during treatment

No Ref

Yes 1.838 0.609 0.868-3.894 0.112

OR: odds ratio; Cl: confidence interval; B: regression coefficient.

subclinical inflammation. A study conducted by Dini et al.>
reported that dupilumab effectively reduced SLEB thick-
ness, vascular signals, and epidermal thickness, providing
comprehensive improvements in both visible and subclini-
cal aspects of the disease. These findings highlight dupilum-
ab’s role in managing the broader inflammatory processes
characteristic of atopic dermatitis

In asthma, the Global Initiative for Asthma (GINA)
guidelines supports the role of dupilumab in decreasing

exacerbations and enhancing lung function, particularly
in eosinophilic or steroid-resistant forms.*' Additionally,
its effectiveness in chronic rhinosinusitis with nasal poly-
posis, demonstrated through improved symptom scores
and reduced nasal polyp size,* aligns with international
ENT guidelines.’*** Similar dupilumab use patterns are
reflected in recent drug utilization studies, highlighting its
growing prominence in managing these diverse yet related
conditions. -3¢
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Use of denosumab and romosozumab in the management
of osteoporosis, as observed in the study, aligns with find-
ings from previous drug utilization studies and international
guidelines. Denosumab, recognized for its efficacy in
enhancing bone density and reducing fracture risk, is rec-
ommended for high-risk osteoporosis patients, particularly
postmenopausal women. Its usage patterns, reflected in
drug utilization studies, underscore its role as a key thera-
peutic agent in osteoporosis management.’’® Similarly,
Romosozumab, with its dual action of bone formation stim-
ulation and resorption inhibition, is endorsed for patients
with severe osteoporosis or those unresponsive to other
treatments.*® Its growing adoption is supported by its dem-
onstrated efficacy in fracture risk reduction.® These mAbs,
fitting within the framework of modern osteoporosis man-
agement, represent a shift toward more targeted and effec-
tive strategies in osteoporosis care.

Our study’s exploration of the PDDs and their compari-
son with DDDs of different mAbs ventures into an area not
extensively reported in literature. It provides new insights, as
there are not many studies focusing on PDDs and DDDs of
mADbs. In our study, the majority of mAbs showed a PDD to
DDD ratio of 1.0, indicative of their appropriate utilization
in our clinical setting. This suggests that the prescribing
practices related to mAbs at the study site are in accordance
with the recommended WHO ATC/DDD system dosing
guidelines.”> However, slight deviations were noted in the
cases of adalimumab and ustekinumab, with ratios of 0.98
and 0.92, respectively, hinting at a potential trend of slight
underutilization. In contrast, omalizumab showed a ratio of
1.33, indicative of slight overutilization. It is important to
note that PDDs may not always correspond to the DDDs, as
PDDs can vary based on individual patient characteristics
and specific disease factors. These findings provide valuable
insights into the real-world prescribing of these mAbs,
underscoring the need for continuous evaluation and adjust-
ment of their usage to ensure the most effective and efficient
patient care.

Discontinuation of mAb treatment in clinical practice
shows significant variability and is influenced by a multitude
of factors including specific disease or condition being
treated, the type of mAb used, patient demographics, the
duration of treatment and follow-up, as well as the reasons
for discontinuation, and the criteria used to define it. Previous
studies have reported that the discontinuation rates for mAbs
can vary widely, ranging from 30% to 75%.4* Such dis-
parities underscore the complexity of mAb therapies and
highlight the necessity for a comprehensive understanding of
treatment adherence and persistence in diverse clinical con-
texts. In this study, 37.0% of the patients discontinued their
treatment. This discontinuation rate is significant yet consist-
ent with the other published studies. The reasons of discon-
tinuation varied ranging from lost to follow-up, changes in
treatment plan, nonadherence, clinical improvement to
adverse drug reactions.

Regarding the factors associated with discontinuation of
mAbs, univariate logistic regression analysis revealed that
younger age (less than 65years), male gender, less BMI,
more than two concomitant medications, and short treatment
duration were associated with higher odds of discontinuing
mAb treatment. Furthermore, higher education (graduation
level) and comorbid conditions such as diabetes and respira-
tory diseases were associated with lower odds of discontinu-
ing mADb treatment. In the multivariate logistic regression
model, level of education, BMI, concomitant medications,
and short-term treatment emerged as significant predictors of
discontinuation of mAb treatment. Similar and contrasting
findings related to these factors of discontinuation were
reported by different studies in diverse patient populations. A
study conducted in patients receiving mAbs for severe
asthma reported that younger and male patients were more
likely to discontinue their biological treatment.*® However,
older and female patients were more likely to discontinue
biologics in a study conducted in patients with IBD.*

In contrast to our study, higher BMI or obesity was iden-
tified as a predictor for discontinuation of biological thera-
pies in studies conducted in psoriasis patients.*® Studies
have reported that decision-making factors for switching
between mAbs are crucial for optimizing patient outcomes.
Margiotta et al reported that a family history of psoriasis
may influence treatment dynamics, potentially serving as a
protective factor against therapy switching.*> This insight
suggests that genetic background could play a role in the
stability of treatment response, reducing the likelihood of
switching due to inadequate control of symptoms or adverse
effects. Although our study did not specifically investigate
family history of patients, such insights underscore the
importance of considering familial disease history when
making therapeutic decisions in clinical practice.

Education level is a well-established predictor of thera-
peutic noncompliance and treatment discontinuation in gen-
eral,® as well as in the context of biological treatments.”!
The observed association between higher education level
and lower discontinuation of mAb treatment in our study
aligns with existing literature, indicating that educated
patients often have better health literacy, and, consequently,
an understanding of importance of adhering to treatment
regimens. Furthermore, concomitant medications are known
to impact adherence and continuation of biological thera-
pies.> In our study, number of concomitant medications
emerged as a predictor of discontinuation of mAb treatment.
This could be attributed to increased medication burden and
complexity of treatment regimens associated with the use of
multiple medications, which can contribute to nonadherence
and subsequent discontinuation.

To enhance adherence to mAbs, particularly in light of
the factors identified as predictors of treatment discontinua-
tion in our study, targeted strategies can be implemented.
First, patient education programs that improve understand-
ing of treatment benefits and potential side effects could
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mitigate nonadherence and discontinuation. Second, the
management of concomitant medications emerges as cru-
cial, especially given their association with discontinuation
rates. Simplifying treatment regimens, where clinically fea-
sible, could reduce the burden of polypharmacy and enhance
patient adherence. Furthermore, integrating patient support
programs that offer reminders for dosing and provide plat-
forms for patients to report and discuss side effects can also
play a significant role. Lastly, involving patients in the
decision-making process about their treatment options can
foster a greater sense of control and commitment to the pre-
scribed therapy regimen.

The results of this study should be interpreted in light of
some limitations. First, being conducted in a single center,
the findings might not be generalizable across different
regions or healthcare systems. The analytical cross-sectional
study design, while effective for assessing prevalence and
associations, may not provide insights into temporal rela-
tionships or causality due to its inherent nature of data col-
lection. Data collection accuracy, particularly for subjective
variables might be influenced by reporting biases. Our defi-
nition of treatment discontinuation, based on the absence of
a subsequent prescription within a set grace period, may not
encompass all complexities of discontinuation reasons. The
study’s findings, derived from a specific geographical and
clinical setting, might not be universally applicable, as
regional differences in patient demographics and healthcare
practices could affect the results.

While this study provides a comprehensive snapshot of
treatment patterns and discontinuation factors for mAbs,
long-term follow-up would have offered deeper insights into
the sustained impacts of mAb therapies and patient adher-
ence. However, due to constraints such as the duration of the
study period and resource limitations, this was not feasible.
Further studies to incorporate extended follow-up phases to
capture these dynamics would undoubtedly enrich our under-
standing of mAD therapies in chronic conditions. These limi-
tations highlight the need for cautious interpretation of the
study results and suggest areas for future research to enhance
understanding of treatment patterns and utilization of mAbs.

Conclusion

The study offers insights into the current treatment patterns,
utilization, and discontinuation of mAbs in a diverse array of
clinical conditions. Several mAbs were prescribed to the study
patients with evolocumab being the most commonly pre-
scribed mADb, particularly for the treatment of hyperlipidemia.
The study’s exploration of the PDDs and their comparison
with DDDs of different mAbs ventured into an area not exten-
sively studied. Majority of the mAbs showed a PDD to DDD
ratio of 1.0, indicative of their appropriate utilization. Patient
factors such as age, gender, education level, BMI, comorbid
conditions, and treatment duration significantly influenced the
continuation of mAb therapy. Patients’ education level, BMI,

concomitant medication, and treatment duration were identi-
fied as the independent predictors of discontinuation of mAb
treatment. While mAbs offer promising therapeutic benefits,
their safe and effective use requires a comprehensive under-
standing of their utilization patterns, drug-related problems,
and factors influencing treatment continuation. This study
provides a fundamental understanding of these aspects, pav-
ing the way for large-scale multicenter drug utilization studies
on mAbs in the region.
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