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Objective: Biosimilar (BSM) drugs are currently being manufactured and dispensed in several pharma-
ceutical markets worldwide, including Jordan. They are clinically similar to biological drugs in terms of
safety, purity, and potency, but with lower cost, hence they are of great interest. Pharmacists play a fun-
damental role as health care providers, due to their direct contact with patients, in terms of providing
information and guidance about BSM drugs and their use for patients. Thus, the aim of this study was
to assess the knowledge, familiarity, and attitude with BSM drugs among practicing Jordanian pharma-
cists.
Materials and Methods: A questionnaire which was composed of 25 close-ended questions, was dis-
tributed via email and various social media applications to Jordanian pharmacists working in different
fields.
Results: A total of 400 pharmacists responded to the questionnaire. Overall, the level of knowledge and
familiarity about BSM drugs among Jordanian pharmacists was low, as 75% of the respondents had a
knowledge score of 66.7%. Poor knowledge was noticed in terms of variability of biological drug formu-
lation lots and the BSM drug, the approval process of BSM drugs, and their cost, with correct answers of
the respondents being 30.8%, 16%, and 7.5%, respectively. Nevertheless, the attitude of respondents
towards BSM drug dispensing, and increasing patients’ access to a variety of treatment options (73.8%
and 82.3%, respectively) was rather favorable.
Conclusions: The results of our study recognized three knowledge gaps: the variability between the bio-
logical drug formulation lots and the BSM drug, the cost of biological and BSM drugs, and understanding
the approval process of biological and BSM drugs. So, these findings highlight a significant need for
evidence-based education about BSM drugs among Jordanian pharmacists.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Currently, recombinant DNA biotechnology has enabled a large
commercial production of different products, such as biological
drugs, to improve the therapeutic approach of several diseases.
Biological drugs are identical or nearly identical to human proteins
(Schellekens, 2002) and they are derived from living organisms,
such as Escherichia coli, yeast, or Chinese Hamster ovary cells
(Mellstedt et al., 2008; Dranitsaris et al., 2011). Several classes of
biological drugs are produced, such as enzymes, hormones, mono-
clonal antibodies, biological response modifiers, peptides, and
hematopoietic growth factors (Crommelin et al., 2003).

However, biological drugs production is considered a propri-
etary knowledge (Mellstedt et al., 2008) and has patents, some of
which had expired (Kumar & Singh, 2014). In addition, biological
drugs are expensive, thus causing an economical burden on the
health care system. Hence, the introduction of cheaper protein
products was needed. Considering the expiry of the patents of
some biological drugs (Kumar & Singh, 2014), the development
of new protein products, namely biosimilar (BSM) drugs, was
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introduced and they are available at a lower cost (Beck et al., 2017).
BSM drugs are also known as, among other names, follow-on pro-
teins, follow-up biologics, or off-patent biotech products
(Woodcock et al., 2007; Kumar & Singh, 2014).

A BSM drug is similar and not identical to the reference origina-
tor biological drug that is already approved by health regulatory
institutions and available in pharmaceutical markets (Mellstedt
et al., 2008; Kumar & Singh, 2014). A BSM drug does not have the
exact chemical structure and is not considered a generic to the orig-
inator biological drug. This is in part due to the production process
in which biotechnology products are produced (Schellekens, 2002).
Moreover, as biological drugs are proteins which must be folded in
a specific manner in order to have an active three-dimensional
structure (Crommelin et al., 2003), a BSM drug must also have sim-
ilar protein structure and folding to result in a similar clinical effect
(Dranitsaris et al., 2011). This contrasts with the traditional small-
molecule pharmaceutical drugs in which a generic has the same
chemical structure to the originator (Mellstedt et al., 2008). Also,
biological and BSM drugs, being recombinant human proteins, are
considered immunogenic and elicit antibodies production
(Schellekens, 2002; Schellekens & Casadevall, 2004; Brinks et al.,
2011). Furthermore, the United States Food and Drug Administra-
tion (US FDA) declares that biological and BSM drugs have ‘‘no clin-
ically meaningful differences” in terms of safety, purity, and
potency (Alvarez et al., 2020). Nevertheless, the US FDA has several
requirements for pharmaceutical companies to follow and prove to
approve BSM drugs (Woodcock et al., 2007; Alvarez et al., 2020).
Such requirements include, amongst others, the manufacturing
process, structural similarity, in vivo studies, immunogenicity clin-
ical efficacy and safety, and clinical pharmacokinetics and/or phar-
macodynamics. However, not all BSM drugs are interchangeable
with their reference biological drugs. To substitute a biological drug
with a BSM drug, further requirements need to be met, such as clin-
ical outcomes to be the same for both drugs in any given patient and
no change in risk or efficacy when switching or alternating both
drugs (Alvarez et al., 2020).

Europe has established a regulatory approval pathway in 2004
and approved its first BSM drug in 2006 (Commission, 2022). BSM
drugs have enriched the global pharmaceutical markets by provid-
ing a better access to the health care services, including Jordanian
market. A guideline regarding the registration of BSM drugs was
issued by the Jordan Food and Drug Administration (JFDA)
(Administration, 2022). Much of the information used to develop
the Jordanian guideline was adopted from the European Medicines
Agency (EMA) guidelines (Administration, 2022; Agency, 2022),
since the EMA has the most well-developed regulatory framework
for BSM drugs approval. Jordanian local manufacturers and agents
of international pharmaceutical companies had submitted and con-
tinue to submit registration dossiers for BSM drugs to provide the
local pharmaceutical market with BSM drugs that have a competi-
tive price compared to the expensive reference biological drugs
(Kelly, 2010).

Biological and BSM drugs are usually dispensed for patients in
pharmacies and/or hospitals. However, according to sample stud-
ies performed in Belgium (Barbier et al., 2021), the US (Cohen
et al., 2017), and Tunisia (Hadoussa et al., 2020), not all healthcare
providers, such as pharmacists and physicians, and/or patients are
aware of the nature of these drugs or even the differences between
them. Pharmacists are among the healthcare providers that need to
ensure patients’ safety and knowledge about their administered
drugs. Hence, pharmacists’ knowledge about BSM drugs is essen-
tial. Moreover, BSM drugs are becoming marketed worldwide
and are gaining further importance. The aim of our study is to
assess the knowledge, attitude, and familiarity with BSM drugs
among practicing Jordanian pharmacists. These include pharma-
cists who work in community pharmacies, hospital pharmacies,
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pharmaceutical companies and factories, drug stores, as well as
other pharmaceutical sectors, such as the JFDA and Jordanian Phar-
macists Association (JPA).
2. Materials and Methods

2.1. Sample recruitment

The questionnaire of this study was performed online using
Google Forms. An approval from the IRB of Al-Zaytoonah Univer-
sity of Jordan (ZUJ) was granted to conduct the study. By adopting
snowball method for sampling recruitment, the questionnaire’s
link was distributed via email and various social media applica-
tions, as was previously performed (Akour et al., 2021), between
November 2021 and April 2022. The inclusion criteria for the study
were licensed and practicing pharmacists in Jordan who are adept
in English and use of online surveys. Questions regarding years of
experience, place of work, and field of work were included in the
questionnaire to ensure that participants met the inclusion criteria.
The Krejcie and Morgan method for nonspecific population size
was used to determine the required sample size (Krejcie &
Morgan, 1970). The required number of participants for this study
was calculated at a 95% confidence interval and 5% confidence level
and was equal to 385 participants (Krejcie & Morgan, 1970). A total
of 400 respondents submitted completed questionnaires. The
questionnaire was sent to pharmacists in Jordan, as in the criteria
specified for the study, who work in community pharmacies, hos-
pital pharmacies, drug stores, pharmaceutical companies and fac-
tories and other pharmaceutical sectors, such as the JFDA and
JPA. Data collection and analysis were anonymous.
2.2. Questionnaire

The beginning of the questionnaire was a short sentence
describing the purpose of the study, the confidentiality of the col-
lected data, the respondents being anonymous, and respondents’
informed consent. Some questions were adopted from several
related articles (Beck et al., 2017; Cohen et al., 2017; Teeple
et al., 2019a; Teeple et al., 2019b; Hadoussa et al., 2020; Barbier
et al., 2021) and others were developed by the research team.
There were 25 close-ended questions in the questionnaire. A panel
of 6 academic licensed pharmacists at the Faculty of Pharmacy at
ZUJ performed face and content validations. The panel included
PhD holders in Pharmacology, Pharmacogenomics, and Pharma-
ceutics, who had also worked in community pharmacies before.
Their suggestions were taken into consideration to further develop
and amend the questions. The questions were translated from Eng-
lish to Arabic through forward–backward-forward technique
(Beaton et al., 2000) as the official language in Jordan is Arabic.
The questionnaire was later pilot tested on 12 academic licensed
pharmacists in the Faculty of Pharmacy at ZUJ to assess their com-
prehension of the questionnaire and the time spent in completing
it. The results of the pilot study were excluded from the analysis.

The questionnaire was divided into 4 sections. The first section
was demographic characteristics of the participant (Table 1). The
second section was the knowledge level of the participant about
BSM and biological drugs in which 9 statements were included
with the following possible answers: ‘‘True”, ‘‘False”, and ‘‘I do
not know”. Knowledge scoring was calculated by granting one
point for every correct answer, and zero for every incorrect
response. The maximum possible knowledge score was nine
(Table 2). The third section had 3 statements using 5-Point Likert
response scale to assess the familiarity of the respondents with
BSM drugs, the response options for these items were ‘‘Always”,
‘‘Most of the time”, ‘‘Usually”, ‘‘Rarely”, and ‘‘Never”. The scoring



Table 1
Demographic characteristics of the respondents of the study.

Frequency
(%)

Gender Male 112 (28.0%)
Female 288 (72.0%)

Age �30 203 (50.7%)
�31–40 86 (21.5%)
�41–50 84 (21.0%)
>50 27 (6.8%)

Academic Level Diploma 29 (7.2%)
Bachelor 316 (79.0%)
Postgraduate 55 (13.8%)

Experience Less than 5 years 187 (46.8%)
5–10 years 77 (19.3%)
11–15 years 46 (11.5%)
>15 years 90 (22.5%)

Place of work Private sector 254 (63.5%)
Public sector 146 (36.5%)

Location of
work

Amman 253 (63.2%)
Irbid 33 (8.3%)
Zarqa 30 (7.5%)
Others 84 (21.0%)

Field of work Community Pharmacies 172 (43.0%)
Hospital pharmacies (Inpatients/
outpatients)

121 (30.3%)

Drug stores 29 (7.2%)
Pharmaceutical Companies/factories 17 (4.3%)
Other pharmaceutical sectors 61 (15.3%)

Table 2
Participants’ responses to knowledge items about biosimilar drugs.

Frequency
(%) or
Median
(25–75)

1. A biosimilar drug has no clinically meaningful
differences (similar safety and efficacy)
compared to the biologic reference drug (True).

Incorrect 38 (9.5%)
Correct 362 (90.5%)

2. A biosimilar has similar immunogenicity
compared with the biologic reference drug
(True).

Incorrect 93 (23.3%)
Correct 307 (76.8%)

3. A biosimilar drug is a generic, has same chemical
structure, as the biologic reference drug (False).

Incorrect 130 (32.5%)
Correct 270 (67.5%)

4. A biosimilar drug must have the exact amino acid
sequence as the biologic reference drug (False).

Incorrect 34 (8.5%)
Correct 366 (91.5%)

5. A biosimilar drug is interchangeable with the
biologic reference drugs (False).

Incorrect 94 (23.5%)
Correct 306 (76.5%)

6. There is similar variability between the biologic
reference drug formulation lots as there is a
variability in biosimilar drug formulation lots
(True).

Incorrect 277 (69.3%)
Correct 123 (30.8%)

7. All FDA-approved biosimilar drugs undergo an
extensive assessment to make sure that patients
can trust their efficacy, safety, and quality
(True).

Incorrect 336 (84.0%)
Correct 64 (16.0%)

8. A biosimilar drug manufacturing cost is higher
than that of the biologic reference drug (False).

Incorrect 370 (92.5%)
Correct 30 (7.5%)

9. A biosimilar drug is an FDA-approved version of a
biologic reference drug that is manufactured
after the expiry of the biologic reference drugs
patent (True).

Incorrect 169 (42.3%)
Correct 231 (57.8%)

Knowledge Score 5.00
(4.00–6.00)
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ranged from 1 point for ‘‘Never” to 5 points for ‘‘Always” except for
the item ‘‘How frequent do you depend on the use of the brand
name to distinguish biosimilar drugs?”, in which reverse scoring
was applied. The highest maximum possible score for the familiar-
ity scale was 15 (Table 3). The fourth section had 6 statements to
evaluate the attitude of the participants towards BSM drugs. A 5-
Point Likert response scale was used (‘‘Strongly Agree”, ‘‘Agree”,
‘‘Neutral”, ‘‘Disagree”, and ‘‘Strongly Disagree”), and scoring ranged
3

from 5 for ‘‘Strongly Agree” to 1 for ‘‘Strongly Disagree”. The max-
imum possible score for the Attitude scale was 30 (Table 3).

2.3. Statistical analysis

Categorical variables were presented as frequencies and per-
centages, and continuous variables were presented as medians
and 25–75 quartiles. The internal consistency of the three latent
variables (knowledge, familiarity, and attitude scores) were evalu-
ated by computing Cronbach’s and values above 0.7 were consid-
ered acceptable. The participants were categorized according to
their scores in the three computed scales (knowledge, familiarity,
and attitude) to high- and low-level groups, as those who scored
above the median were included in the high level and the rest were
included in the low-level groups. Three binary regressions with
knowledge, familiarity, and attitude levels as dependent variables
and different sample characteristics as independent variables were
constructed to identify variables associations with participants’
level of knowledge, attitude and practices towards BSM drugs.
The data were analyzed using SPSS version 27.
3. Results

3.1. Demographic characteristics

Demographic characteristics of the 400 participants who took
part in the study are listed in Table 1. Most of the participants were
females (72%). Half of the respondents (50.7%) were below 30 years
old and 79% were bachelor’s degree holders. Almost half of the
respondents (46.8%) have less than 5 years of experience. About
two thirds of the participants (63.2%) worked in Amman (the cap-
ital city) and 63.5% worked in the private sector. Almost half of the
participants worked in community pharmacies (43%) and a good
share of respondents worked in hospital pharmacies (30.3%) while
the rest were working in drug stores (7.2%), pharmaceutical com-
panies/factories (4.3%), and other pharmaceutical sectors (15.3%),
such as the JFDA and JPA.

3.2. Knowledge

Results revealing the knowledge level of our survey respon-
dents about BSM drugs are shown in Table 2. Knowledge scores
were computed based on the knowledge items for all the partici-
pants, the median for the knowledge score was 5 (quartiles = 4–6
) out of a maximum possible score of 9. Accordingly, 50% of the
respondents had a total knowledge score of 55.6% or below and
75% of the respondents had a knowledge score of 66.7% or below.

The questions with the highest number of correct answers in
the knowledge domain were ‘‘A biosimilar drug must have the
exact amino acid sequence as the biologic reference drug”
(91.5%) and ‘‘A biosimilar drug has no clinically meaningful differ-
ences (similar safety and efficacy) compared to the biologic refer-
ence drug)” (90.5%), followed by ‘‘A biosimilar has similar
immunogenicity compared with the biologic reference drug”
(76.8%), ‘‘A biosimilar drug is interchangeable with the biologic ref-
erence drugs” (76.5%), ‘‘A biosimilar drug is a generic, has same
chemical structure, as the biologic reference drug” (67.5%), and
‘‘A biosimilar drug is an FDA-approved version of a biologic refer-
ence drug that is manufactured after the expiry of the biologic ref-
erence drugs patent” (57.8%). The lowest correct answers were for
‘‘A biosimilar drugs manufacturing cost is higher than that of the
biologic reference drug” (7.5%), ‘‘All FDA-approved biosimilar drugs
undergo an extensive assessment to make sure that patients can
trust their efficacy, safety, and quality” (16%) and ‘‘There is similar
variability between the biologic reference drug formulation lots as



Table 3
Participants’ responses to Familiarity and Attitudes’ items.

Median
(25–75)

Frequency (%)

Familiarity
How frequent have you ever dispensed a prescription that has biosimilar drugs? Always 3 (2–4) 27 (6.8%)

Most of the time 121 (30.3%)
Usually 91 (22.8%)
Rarely 93 (23.3%)
Never 68 (17.0%)

How frequent do you depend on the use of suffix in the non-proprietary name (active ingredient)
and four-character suffix to distinguish Biosimilar drugs?

Always 2 (2–3) 75 (18.8%)
Most of the time 130 (32.5%)
Usually 96 (24.0%)
Rarely 63 (15.8%)
Never 36 (9.0%)

How frequent do you depend on the use of the brand name to distinguish biosimilar drugs? Always 3 (2–4) 60 (15.0%)
Most of the time 122 (30.5%)
Usually 112 (28.0%)
Rarely 70 (17.5%)
Never 36 (9.0%)

Familiarity Score 8.00 (7.00–10.00)
Attitude
I am in favor of dispensing biosimilar drugs Strongly agree 2 (2–3) 63 (15.8%)

Agree 232 (58.0%)
Neutral 94 (23.5%)
Disagree 7 (1.8%)
Strongly disagree 4 (1.0%)

I think that biosimilar drugs increase patients’ access to variety of treatment options Strongly agree 2 (2–2) 87 (21.8%)
Agree 242 (60.5%)
Neutral 62 (15.5%)
Disagree 8 (2.0%)
Strongly disagree 1 (0.3%)

I am willing to substitute a biologic reference drug with a biosimilar drug if the physician approved it Strongly agree 2 (1–2) 102 (25.5%)
Agree 232 (58.0%)
Neutral 48 (12.0%)
Disagree 13 (3.3%)
Strongly disagree 5 (1.3%)

I feel that I am trained enough to dispense and counsel patients of biosimilar drugs Strongly agree 2 (2–3) 75 (18.8%)
Agree 142 (35.5%)
Neutral 113 (28.2%)
Disagree 56 (14.0%)
Strongly disagree 14 (3.5%)

I think that patient should participate in taking decision to use biosimilar drugs Strongly agree 2 (2–3) 67 (16.8%)
Agree 196 (49.0%)
Neutral 89 (22.3%)
Disagree 37 (9.3%)
Strongly disagree 11 (2.8%)

In your opinion, pharmacist should be allowed to substitute a biologic reference drug with a biosimilar drug
after patient agreement

Strongly agree 2 (2–3) 65 (16.3%)
Agree 155 (38.8%)
Neutral 90 (22.5%)
Disagree 73 (18.3%)
Strongly disagree 17 (4.3%)

Attitude Score 13.00
(12.00–15.00)
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there is a variability in biosimilar drug formulation lots” (30.8%).
The computed Cronbach’s of this scale was 0.711 indicating accept-
able internal consistency.

3.3. Familiarity

Familiarity scores were computed based on the answers of the
respondents to the familiarity items, the median for the total famil-
iarity score was 8 (quartiles = 7–10) out of a maximum possible
score of 15 (Table 3). Accordingly, 50% of the respondents had a
total familiarity score of 53.3% and 75% of the respondents had a
knowledge score of 66.7% or below.

The highest medians for the familiarity items were reported in
‘‘How frequent have you ever dispensed a prescription that has
biosimilar drugs?”, and ‘‘How frequent do you depend on the use
of the brand name to distinguish biosimilar drugs?” median of 3
(quartiles = 2–4). Regarding the question about the frequency of
4

dispensing BSM drugs only 6.8% have always dispensed BSM drugs
and 53.1% of the respondents answered ‘‘most of the time/usually”
and the rest have either rarely (23.3%) or never (17%) dispensed
BSM drugs. On the other hand, 15% of the respondents always
use the brand name to distinguish BSM drugs, about 58.5% of the
respondents reported that most of the time/usually they use the
brand name to distinguish BSM drugs, and the rest have either
rarely (17.5%) or never (9%) use the brand name.

While the item ‘‘How frequent do you depend on the use of suf-
fix in the non-proprietary name (active ingredient) and four-
character suffix to distinguish Biosimilar drugs?” displayed a med-
ian of 2 (quartiles = 2–3). Regarding the question about the fre-
quency of using suffix in the non-proprietary name (active
ingredient) to distinguish BSM drugs, 18.8% answered that they
always depend on the suffix while 56.5% of the respondents
depended most of the time/usually on suffixes and the rest rarely
(15.8%) or never (9%) use the suffix in the non-proprietary name
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to distinguish BSM drugs. The internal consistency of the familiar-
ity scale was confirmed by computing Cronbach’s alpha, which was
0.76.

3.4. Attitude

The median of the Attitude scale score was 13.00 (quartiles =
12–15) out a maximum possible score of 30. Our study revealed
that 73.8% of the respondents were in favor of dispensing BSM
drugs (median = 2, quartiles = 2–3) and 82.3% believed that BSM
drugs increase patients’ access to a variety of treatment options
(median = 2, quartiles = 2–2). Despite the favorable attitude of
the respondents towards BSM drug dispensing, only 54.3% of the
respondents feel that they are trained enough to dispense and
counsel patients about BSM drugs (median = 2, quartiles = 2–3).
Regarding the role of pharmacists, 55.1% of the respondents
believed that pharmacists should be allowed to substitute a biolog-
ical reference drug with a BSM drug after patient agreement (me-
dian = 2, quartiles = 2–3) and 83.5% of the respondents are willing
to substitute a biological reference drug with a BSM drug if the
physician approved it (median = 2, quartiles = 1–2). However,
65.8% of the respondents believed that patients should participate
in taking decision to use BSM drugs (median = 2, quartiles = 2–3).
Cronbach’s alpha of the attitude scale was 0.82 confirming its
internal consistency.

3.5. Variables associated with knowledge, familiarity, and attitude
levels

Binary regression models were built to evaluate different sam-
ple characteristics associated with knowledge, familiarity, and atti-
tude levels. The results indicated that there were no significant
associations between any of the studied variables with knowledge
level. Whereas the only variable that was significantly associated
with familiarity level was field of work, as those who were working
in pharmaceutical companies/factories and other pharmaceutical
sectors, such as the JFDA and Jordanian Pharmacists association
(JPA) had higher odds to be in the high level familiarity group
((OR = 2.975, p-value = 0.046, 95%CI = 1.021–8.669); (OR = 2.225,
p-value = 0.026, 95%CI = 1.099–4.505), respectively), when com-
pared with participants working in community pharmacies. The
binary regression results indicated that respondent who work in
pharmaceutical companies/factories or drug stores had higher
odds to be in high attitude group ((OR = 3.474, p-value = 0.043,
95%CI = 1.040–11.606); (OR = 3.449, p-value = 0.011, 95%CI = 1.3
21–9.005), respectively), when compared to those who worked in
community pharmacies. Moreover, participants who had low
familiarity level had lower odds to be in the high attitude group
(OR = 0.340, p-value = 0.000, 95%CI = 0.220–0.527).
4. Discussion and Conclusions

The importance of BSM drugs is becoming noticeable in the
international pharmaceutical markets including the Jordanian
market. Pharmacists have a fundamental role as educators and as
health care providers in terms of providing BSM drugs information
to patients and their use in clinical practice. They can play a signif-
icant role in the clinical utilization of BSM drugs to guarantee a safe
and a cost-effective drug that is available for patients. So, this study
was conducted to assess the Jordanian pharmacists’ knowledge,
familiarity, and attitude regarding BSM drugs.

Our results revealed relatively low level of knowledge about
BSM drugs among Jordanian pharmacists. The results showed that
there were no significant associations among pharmacists working
in different fields in terms of knowledge level. The respondents in
5

our study had good knowledge about the differences between BSM
drugs and biological drugs in terms of their chemical structure and
interchangeability. They also showed a high knowledge regarding
the similarities of BSM drugs and biological drugs in terms of their
clinical effects on patients (safety and efficacy). This most probably
shows that pharmacists are exposed to similar knowledge through
their university education, training, and during their professional
practice. Previous studies that were conducted in the US, France,
Poland, Tunisia, and Pakistan showed comparable or slightly
higher knowledge levels of BSM drugs in comparison with our
results (Beck et al., 2017; Pawłowska et al., 2019; Hadoussa
et al., 2020; Shakeel et al., 2020; Olave et al., 2021). On the other
hand, regarding questions about the exact procedure of assessment
and approval of BSM drugs by the FDA as well as questions regard-
ing the lower cost of BSM drugs, the respondents showed very low
knowledge level.

Nevertheless, it seems that lack of knowledge of the cost as well
as the procedure of assessment and approval of BSM drugs is
related to limited familiarity of Jordanian pharmacists with BSM
drugs. This is shown in our results in which we assessed the famil-
iarity of the respondents with BSM drugs. In the familiarity part,
we assessed how frequently Jordanian pharmacists dispensed
BSM drugs and tried to clarify how Jordanian pharmacists differen-
tiate BSM drugs from biological drugs (depending on brand name
or the four-character suffix in the non-proprietary name ‘‘active
ingredient”). The results revealed a relatively low familiarity level
of the respondents. The low percentage regarding the differentia-
tion of BSM drugs from biological drugs based on four-character
suffix (always/most of the time) is another indicator that Jordanian
pharmacists are not familiar with BSM drugs. However, our find-
ings showed that respondents relied almost equally on both brand
name as well as the four-character suffix in the non-proprietary
name in distinguishing BSM drugs from biological drugs. Similar
results of a study conducted in the US reported that there is greater
comfort using brand name rather than four-character suffix in the
non-proprietary name (Olave et al., 2021). This may refer to the
fact that, the majority of the respondents who took part in our
study are pharmacists working at community pharmacies and
BSM drugs are rarely available in such locations.

Despite the favorable attitude of the respondents about dis-
pensing BSM drugs and the respondents’ belief that BSM drugs
increase patients’ access to a variety of treatment options, other
questions regarding the attitude of respondents were not in high
agreement from the respondents and neutral responses were
noticed. In addition, our findings showed that most of the respon-
dents are willing to substitute a biological reference drug with a
BSM drug if the physician approved it, as the BSM prescription is
linked to physicians. However, our findings showed that Jordanian
pharmacists who are working at pharmaceutical companies/facto-
ries and other pharmaceutical sectors, such as the JFDA and JPA,
were more familiar with BSM drugs when compared with partici-
pants working at community pharmacies. The results of this study
also noted a significant positive association between the place of
work and being in the high attitude group. This is shown as respon-
dents who work at pharmaceutical companies/factories or drug
stores had higher odds to be in the high attitude group when com-
pared to those who worked at community pharmacies. This may
refer to the fact that pharmacists working at pharmaceutical com-
panies/factories or drug stores and other pharmaceutical sectors
have occupied more knowledge and experience regarding BSM
drugs through training programs as a part of their job
development.

The current study recruited a statistically significant sample
size from different locations in Jordan, which increases confidence
in the study results and minimizes biases impact. Due to the
study’s data collection method, which was based on self-
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completed online questionnaire, different biases may have influ-
enced the study’s result, including selectivity and recall biases.
Nevertheless, literature has demonstrated that online surveys pro-
vide a private and secure environment for the participants which,
may reduce any social pressure and allow them to provide accurate
and honest responses and will also eliminate interviewer bias. Fur-
thermore, the wide use of Internet in Jordan will produce a repre-
sentative sample to the Jordanian pharmacist population (Cantrell
& Lupinacci, 2007; Fenner et al., 2012). Future work may include
organizing workshops for pharmacists to improve their knowledge,
familiarity, attitudes, and practices towards BSM drugs and evalu-
ate the influence of these workshops on the pharmacists.

In conclusion, the results of our study highlight a significant
need for education about BSM drugs for Jordanian pharmacists in
practice. Three major knowledge gaps were identified: the variabil-
ity between the biological formulation lots and the BSM drugs, the
cost of biological and BSM drugs, and understanding the approval
process of the biological and BSM drugs. Accordingly, it seems that
Jordanian pharmacists have only very vague knowledge about BSM
drugs. Hence, improvement in different areas is proposed to
increase the knowledge about BSM drugs among practicing phar-
macists in Jordan. This improvement could be started by modifying
the Pharmacy curriculum at universities to include modern trends
in clinical practice and from other authorities to make intensive
training programs periodically to provide further knowledge to
practicing pharmacists.
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