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President’s Letter

To my fellow pharmacists, pharmacy students, and phar-
macy technicians,

As we continue to envision and script the future, it is vital to
identify what role you would like to take in the profession of
pharmacy.

NJPhA offers a plethora of opportunities to those of whom
wish to play an active role in shaping the future of the pro-

TOMORROW.

From The Editors’Desks...

Dear colleagues,

Thank you for your continued support for The New Jersey
Journal of Pharmacy — the official peer-reviewed journal of
the New Jersey Pharmacists Association. It is our sincere
hope that you enjoy the spring edition of our journal. This is-
sue expands upon a Fall 2020 article that reviewed Voxelo-
tor and Crizanlizumab in Sickle Cell Disease with a continu-
ing education activity.

We welcome submissions for the next issue of The New
Jersey Journal of Pharmacy. If you are interested in submit-

fession of pharmacy from involvement in government affairs
to task forces in response to calls from the FDA, CMS, and
more.

| urge all those involved in the profession to take an intro-
spective look and think about the place you want to have in
shaping the future of the profession.

Aakash Gandhi, PharmD

4Y pharmacists
a4 mutual

IMAGINE THAT.

ting a manuscript for publication consideration or serving
as a peer reviewer, please email the Journal Committee at
njpharmacists @ gmail.com.

Jessica Chmielewski, PharmD, MHS, RPh
Co-Editor in Chief

Lisa Hong, PharmD, MBS
Co-Editor in Chief

@@ Trusted since 1901
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Message from the Chair of the Board of Trustees

Dear Members and Pharmacy Students,

Students who express an interest in joining NJPhA, the offi-
cially recognized pharmacy association in New Jersey, are
also interested in understanding “The Why!” Why should |
join? Most recently | taught at the School of Pharmacy and
Health Sciences at Fairleigh Dickinson University where
| emphasized the “Why” to motivate Doctor of Pharmacy
students. The CEO and officers of the New Jersey Phar-
macists Association believe NJPHA offers students an op-
portunity to develop important professional skills which will
lead to greater success and opportunities in their career.

Innovation is exciting! NJPhA is looking to appoint a team
of 3 students to lead the Student Academy. In 2020, we
implemented a new Academy structure based on practice
areas plus a separate “Student Academy.” The specific of-
ficer roles include Academy President, Vice President, and
Secretary/Treasurer. Student leaders will work as a team

WE ARE PROUD TO SUPPORT

SNJPhA

New Jersey Pharmacists Association | est. 1870

CELEBRATING 10 YEARS OF SAFETY AND EFFICIENCY

WG CRITICAL CARE’S FOCUS IS TO BRING INJECTABLE

PRODUCTS TO MARKET THAT ENHANCE PATIENT SAFETY

AND EFFICIENCY FOR OUR CUSTOMERS.

Celebrating

10 WS ciiticalCare

to foster student engagement through promoting a theme
for community service initiatives. In the past, we have en-
couraged students to promote health awareness or drug
safety events, or health screenings in the community. The
academy leaders would develop strategies for networking
opportunities, propose programs on career pathways, and
submitting content for social media announcements. The
ideal characteristics for a student officer would be an indi-
vidual who is experienced in leading a campus group(s),
run a meeting and delegate to others, and work collegially
and collaboratively with other students and the members
of NJPhA.

Why is it important to serve as a leader or as an active
student academy member. In simple terms, one-year of
service will likely amount to 2-years’ worth of experience
and self-confidence. There is an abundance of opportuni-
ties for students to acquire and advance
skills needed for the pharmacy profession.
Plus, you will network with individuals who
may make you aware of advance pharma-
cist practice rotations, summer internships,
or job openings.

NJPhA offers many other opportunities to
develop writing, research, and presentation
skills. | encourage students to partner with
a pharmacy professor or pharmacist men-
tor to write and submit an article to the New
Jersey Journal of Pharmacy. Students inter-
ested in gaining skills as a health scientist
and researcher are encouraged to submit
and present an abstract and poster at our
Annual Meeting & Convention. And the final
reason WHY — annual dues for students
are $10!

Grace Earl, PharmD, BCACP

2022 Chair, Board of Trustees,

New Jersey Pharmacists Association

Link to member registration:
https://njpharmacists.org/membership/be-
come-a-member/#

RONALD J. MANNINO, R.Ph., CHAIRMAN « JOSEPH M. PizzA, PRESIDENT

120 RT. 17 NORTH, PARAMUS, N | 07652 « 201.261.7333

www.wgccrx.com
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The Use of Midodrine in Tapering Vasopressors in
an ICU Setting

Yoonsun Mo, MS, PharmD, BCPS, BCCCP; Natalia Shcherbakova, PhD;
Noshin Alam, PharmD; John Zeibeq, MD

Objective: The primary objective is to evaluate the safety
and effectiveness of midodrine as an adjunct for weaning off
vasopressor infusions in the intensive care unit (ICU). Two
different initial dosing strategies of midodrine (low- [<10 mg
q8hrs] vs. high- [>10 mg g8hrs] dose) were compared. As
a secondary outcome, investigators assessed the continua-
tion rate of midodrine therapy and its appropriateness upon
ICU and hospital discharge.

Methods: This is a single-center, retrospective study of ICU
patients receiving vasopressor infusions when midodrine
was initiated in an attempt to wean off vasopressors.

Results: Vasopressor requirements 24 hours before and af-
ter midodrine initiation were significantly different (7.1 mcg/
min vs. 4.7 mcg/min, p=0.0197). The mean time to wean off
vasopressors in the high-dose group was significantly shorter
than the low-dose group (p=0.0474). All midodrine-associat-
ed adverse drug reactions resolved with dosage reduction or
discontinuation. Four patients (4%) were inappropriately dis-
charged on midodrine.

Conclusion: The use of midodrine significantly decreased
vasopressor requirements in ICU settings. However, further
investigation is needed to determine the effectiveness of us-
ing midodrine as an adjunct therapy for vasopressor weaning.

Keywords: midodrine, intensive care unit, vasopressors,
hypotension

BACKGROUND

Midodrine is an oral alpha-1 adrenergic agonist, which was
approved by the United States Food and Drug Administra-
tion (FDA) in 1996 for the treatment of symptomatic ortho-
static hypotension.' Midodrine is an inactive prodrug that is
absorbed in the gastrointestinal tract and undergoes enzy-
matic hydrolysis to convert to its active metabolite, desgly-
midodrine in the liver. Desglymidodrine activates alpha-ad-
renergic receptors of the arteriolar and venous vasculature,
leading to an increase in blood pressure via vasoconstric-
tion." Desglymidodrine has a bioavailability (93 %) with a
time to peak of 1 to 2 hours and a half-life of 3 to 4 hours."
Although a majority of the adverse effects associated with
midodrine are minor including paresthesia, piloerection, dys-
uria, and pruritus, midodrine should be given with caution in
patients with bradycardia due to baroreceptor reflex."?

Midodrine has been used to treat hypotension caused by
various conditions, such as in patients with orthostatic hy-
potension and dialysis-induced hypotension.® In recent
years, the potential use of midodrine has been investigated
in facilitating weaning off continuous intravenous (1V) vaso-

pressors in the intensive care unit (ICU) setting.*>¢ The use
of midodrine in ICU patients in an attempt to wean off IV
vasopressors and further shorten ICU length of stay (LOS)
seems to be a promising strategy when considering the high
cost of ICU care.” Additionally, the favorable safety profile
of midodrine makes it more suitable for use in ICU patients
than IV vasopressors. Nonetheless, there is a lack of robust
evidence from large randomized controlled trials for the ef-
ficacy and safety of midodrine in ICU patients. While a wide
range of midodrine doses from 5 mg every 8 hours up to 40
mg every 8 hours has been used in clinical trials, the optimal
starting dose and dose titration of midodrine in this setting
remains uncertain. Furthermore, a review of the literature
did not identify any references concerning dose reduction
and weaning of midodrine outside of the ICU when patients
receiving midodrine therapy are discharged from the ICU.

The primary objective is (Phase 1) to retrospectively evalu-
ate the effectiveness and tolerability of midodrine as an ad-
junct for weaning of vasopressor infusions.

Effectiveness and safety measures of different initial dos-
es of midodrine for this off-label indication (low- [< 10 mg
g8hrs] vs. high- [> 10 mg g8hrs] dose) were investigated in
this study. For the secondary outcome (Phase ll), investi-
gators assessed the continuation rate of midodrine therapy
and its appropriateness upon ICU and hospital discharge.

METHODS

This retrospective, observational, cohort study was con-
ducted in an 18-bed mixed ICU (including medical, surgical,
cardiac, and neurologic) at The Brooklyn Hospital Center
(TBHC) located in Brooklyn, New York from September
2013 to December 2019. For Phase |, ICU patients were
included if they were > 21 years old, received midodrine
for more than 3 doses, and required vasopressor infusions
for > 6 hours at the initiation of midodrine therapy. Phase |l
included adult ICU patients (> 21 years old) receiving va-
sopressors when midodrine was initiated. For both phases
(Phase | & Il), patients who received midodrine as a home
medication or for reasons other than attempting to wean off
vasopressor infusions were excluded.

Patient demographic data collected are as follows: age, sex,
body mass index (BMI), Sequential Organ Failure Assess-
ment (SOFA) scores, the use of mechanical ventilation at
the start of midodrine, reasons for ICU admission, and past
medical histories. The key outcomes measured in Phase |
as follows: (1) mean arterial pressure (MAP) at the time of
administration of the first dose of midodrine and 24 hours
later; (2) 24-hour vasopressor requirements (in norepineph-
rine equivalent) before and after the initiation of midodrine
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therapy; (3) time from initiation of midodrine to discontinua-
tion of vasopressor infusions; (4) time from initiation of mi-
dodrine to ICU discharge; and (5) the incidence of adverse
drug events (ADEs) during midodrine therapy.

Midodrine-associated ADEs were included as the pres-
ence of any of the following conditions: bradycardia (HR <
50 beats per minute [bpm]), hypertension (Systolic blood
pressure [SBP] > 160 mmHg), or ischemic bowel. In Phase
I, the percentage of patients requiring midodrine upon ICU
and hospital discharge was assessed. To determine the
appropriateness of midodrine use upon ICU and hospital
discharge, SBP and the concomitant use of any antihyper-
tensive agents and midodrine were evaluated. All data were
first summarized descriptively (means [standard devia-
tions], frequencies [percent]). Midodrine was administered
at the discretion of ICU physicians. Chi-square tests were
used to compare high- and low-dose midodrine groups on
categorical variables, and t-tests on quantitative variables,
respectively. An alpha level of 0.05 was adopted.

RESULTS

A total of 107 patients (50 males and 57 females) were in-
cluded in Study I. Among them, 82 patients received an ini-
tial midodrine dose of 10 mg or less (low-dose group) and
25 received greater than 10 mg (high-dose group) every 8
hours. The mean age was 72 years with a range of 40 to
95 (SD=12 years). A majority of patients (92 %) required in-
vasive mechanical ventilation at the initiation of midodrine.
About half of the patients (54 %) received steroids (IV hy-
drocortisone) when midodrine was started in the ICU. The
total average daily dose of midodrine during ICU stay was
10.4 mg (SD = 6.6 mg). Additionally, the average daily dose
in the high-dose group was significantly higher compared
to the low-dose group (20.8 vs. 7.2 mg, p< 0.0001). The
patient characteristics are shown in detail in Table 1.

Table 1. Summary of patient baseline characteristics

Demographics and clinical characteristics Combined | High-dose | Low-dose | p-value
Number of patients (n=107 ) (n=107) | midodrine | Midodrine
(n=25) (n=82)
Midodrine total daily doses during ICU stays, mean, mg 10.4 (6.6) | 20.8(3.7) |7.2(3.0) <0.000
(SD) 1
Age, mean, years (SD) 71.5 729 71.1 0.5119
(12.3) (13.0) (12.2)
BMI, mean (SD) 27.4 29.8 26.7 0.2002
(10.4) (11.7) (10.0)
SOFA scores, mean (SD) 9.9 (2.9) 9.3 (2.4) 10.0 (3.0) | 0.2779
ICU LOS, days, mean (SD) 16.6 17.8 16.3 0.6815
(15.7) (18.5) (14.8)
Hospital LOS, days, mean (SD) 278 29.8 272 0.6625
(25.5) (24.4) (26.0)
Sex, n (%) * Male 50 (46.7) | 7(28.0) |43 (52.4) | 0.0302
Female 57(53.3) | 18(72.0) |39 (47.6)
Surgery, n (%) Yes 26(24.3) | 6(24.0) 20(24.4) | 0.9682
No 81(75.7) | 19(76.0) |62(75.6)
Mechanical ventilation at | Yes 98(91.6) | 24(96.0) |74(90.2) | 0.3640
the time of midodrine No 9(8.4) 1(4.0) 8(9.8)
initiation, n (%)
Hydrocortisone Use (%) Yes 58 (54.2) | 14 (56) 44 (53.7) | 0.8370
No 49(45.8) | 11 (44) 38 (46.3)
Reason for ICU Sepsis/septic shock 90 (84.1) | 24(96.0) |66(80.4) | 0.0633
admission, n (%) Respiratory failure 46 (43.0) | 15(60.0) |31(37.8) | 0.0497
Neurological disorders 4(3.7) 1(4.0) 3(3.7) 0.9372
Cardiovascular disorders 9(8.4) 4 (16.0) 5(6.1) 0.1184
Vascular disorders 3(2.8) 2(8.0) 1(1.2) 0.0722
Liver disorders 7 (6.5) 0(0) 7 (8.5) 0.1308
Past medical history, n Kidney disorders 20(18.7) | 5(20.0) 15(18.3) | 0.8480
(%) Cardiovascular disorders 93(86.9) | 22(88.0) |71(86.6) | 0.8543
Neurological disorders 51(47.7) | 13(52.0) |38(46.3) | 06200
Liver disorders 16 (15.0) | 4 (16.0) 12 (14.6) | 0.8669
Respiratory disorders 38 (35.5) | 5(20.0) 33 (40.2) | 0.0641
Expired during this admission, n (%) 61(57) 17 (68.0) 44 (53.7) 0.2048

SD = standard deviation; BMI = body mass index; SOFA = Sequential Organ Failure Assessment; LOS = length

of stay

No significant change in mean MAP was observed immedi-
ately before and 24 hours after midodrine treatment (79.2 vs.
76.9 mmHg, p = 0.1499). However, the 24-hour vasopres-
sor requirements (as mean norepinephrine dose equivalent)
before and after the initiation of midodrine were significant-
ly different (10,172 mcg [7.1 mcg/min] vs. 6,828 mcg [4.7
mcg/min], p= 0.0197). After starting midodrine, patients in
the high-dose group weaned off vasopressors significantly
faster than the low-dose group (mean 4.8 [SD=4] vs. 7.6
[SD=7.8] days, p= 0.0474). The reduction of the 24-hour
vasopressor requirements after midodrine administration in
both high- and low-dose groups was similar (3,347 vs. 3,329
mcg, p=0.9940). The mean MAP dropped by 0.6 mmHg 24
hours after the initiation of midodrine in the high-dose group
while the mean MAP of the low-dose group increased by 3.3
mmHg (p=0.2919). There was no significant difference in the
average time from initiation of midodrine therapy to ICU dis-
charge between groups (10.6 days in the high-dose group
vs. 9.7 days in the low-dose group, p=0.6896). Out of 107
patients, adverse drug reactions (ADEs) related to midodrine
were observed in 17 patients. Sixteen patients had an el-
evated SBP (SBP > 160 mmHg), and 1 patient experienced
asymptomatic bradycardia (HR < 50 beats/min). All ADEs re-
solved with dosage reduction or discontinuation of midodrine
therapy. The incidence of the midodrine-associated ADEs
was similar in both groups (24% in the high-dose group vs.
13.4% in the low-dose group, p=0.2050).

A total of 114 patients were assessed In Phase Il, evaluating
whether the use of midodrine at ICU and hospital discharge
was appropriate. Of 114 patients, midodrine was continued
in 42 patients (37%) at the time of ICU discharge to the
ward and 12 patients (11%) at hospital discharge. The con-
tinued use of midodrine at hospital discharge in 4 patients
was deemed inappropriate. Three patients were discharged
on midodrine along with antihypertensive medications, and
midodrine was continued in 1 patient upon hospital dis-
charge despite the patient’s elevated SBPs (> 160 mmHg).

DISCUSSION

Midodrine has been widely used to facilitate weaning off IV
vasopressors in ICU patients despite a lack of evidence.®
Previous observation studies suggested that the initiation
of midodrine might reduce the time to weaning off IV vaso-
pressors in patients recovering from the shock.?* In a retro-
spective study of 275 ICU patients with septic shock requir-
ing IV vasopressors conducted by Whitson and colleagues,
the addition of midodrine during recovery from septic shock
was also associated with reduced ICU LOS.* Midodrine ap-
pears to cause reflex bradycardia in ICU patients but overall
has a good safety profile compared with side effects as-
sociated with IV vasoactive agents (extravasation, tissue
ischemia, etc.).

Recently, an open label, randomized controlled trial (the
MAVERIC study) showed that there were no significant dif-
ferences in the time to IV vasopressor discontinuation be-
tween use of oral midodrine and usual care at the chosen
dose (10 mg every 8 hours).® Similar to the MAVERIC study,

FALL/WINTER 2023
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Table 2. Outcomes

Combined
(n=107)

Variables High-dose
midodrine

(n=25)

Low-dose p-valu
midodrine
(n=82)

™

ICU LOS after MID started(days) (SD) 9.9 (9.5) 10.6 (8.1) 9.7(9.9) 0.6896

(MAP 24 hrs after start of MID -MAP at start 0.2919

of MID) (mmHg) (SD)

2.4(15.9) -0.6 (15.0) 3.3(16.1)

(NE equivalent doses for 24 hrs before MID 3,343 3,329
started — NE equivalent doses for 24 hrs (10,080) (11,995)
after MID started) (mcg) (SD)

3,347 (9,505) | 0.9940

Duration of vasopressors after MID started 7.0(7.2) 4.8 (4.0) 7.6(7.8)
(days) (SD), NA=1 N=76 N=17 N=59

0.0474

MID upon ICU discharge , n (%) 39 (36.5) 6(24) 33(40.2) 0.1396
MID upon hospital discharge , n (%) 9(8.4) 1(4) 9(9.8) 0.3640
ADEs, n (%) 17 (15.9) 6 (24) 11 (13.4) 0.2050

ICU= intensive care unit; LOS = length of stay; MID = midodrine; SD = standard deviation; MAP = mean arterial
pressure; NE = norepinephrine; ADEs = adverse drug events

the prospective randomized controlled trial (the MIDAS trial)
suggested that a higher midodrine (20 mg every 8 hours
compared with 10 mg every 8hrs) did not facilitate liberation
from IV vasopressors in the ICU.'"® However, there are some
important limitations of the MIDAS study to be addressed
before applying the findings to clinical practice. The sample
size was relatively small (n=132) despite the study dura-
tion being conducted over almost 6 years at three tertiary
hospitals on two continents. Additionally, this study may
not be translatable to the general ICU population because
it included more surgical patients (> 60%). Furthermore, the
MIDAS trial did not evaluate the use of other strategies to
wean off IV vasopressors such as steroids.

There are some limitations to the present study. One of the
major limitations is a retrospective study design and no com-
parison group. Another limitation is that the effect of mido-
drine therapy in tapering IV vasopressors could be influenced
by some confounding factors, such as severity of illness and
underlying disease. Lastly, dosing and tapering strategies for
midodrine were at the discretion of ICU physicians. Despite
the limitations addressed above, the findings of this study
showed a significant decrease in vasopressor requirements
24 hours after midodrine treatment was initiated while there
was no significant change in mean MAP. There remains lim-
ited evidence delineating the optimal midodrine dosing regi-
men to wean off IV vasopressors although a variety of ini-
tial midodrine doses ranging from 5 to 40 mg every 8 hours
were used in the literature. Thus, the present study provides
unique insight into the midodrine dosing strategy for this pur-
pose as different midodrine dosing strategies (low vs. high
starting doses) were assessed in this study. The higher start-
ing dose (>10 mg every 8 hours) facilitated faster weaning
off IV vasopressors, yet there was a similar incidence of the
midodrine-associated ADEs in both groups. From these find-
ings, it seems reasonable to initiate midodrine at a higher
dosage (> 10 mg every 8 hours), followed by a down titration
based on a patient’s blood pressure responses. It has been
reported extra caution should be made in patients with renal
impairments due to the high renal clearance of desglymido-
drine, an active metabolite of midodrine. Of note, 41% of the
patients included in this study had a creatinine clearance of <
30 ml/min based on the Cockcroft-Gault equation. However,
we did not observe any significant adverse effects associ-
ated with midodrine therapy.

The present study also investigated whether appropriate

midodrine weaning at the transition of care from an ICU to
a non-ICU setting and hospital discharge. Although a small
portion of patients (n=4) inappropriately continued to receive
midodrine therapy at hospital discharge in this study, further
endeavors should be made to prevent its inappropriate use
at the time of transfer out of the ICU and hospital. For this
purpose, it would be helpful to develop and implement a pro-
tocol for the initiation, adjustment, and weaning of midodrine
therapy; however, more research is warranted in this area.

CONCLUSIONS

The results of the study showed that the use of oral mido-
drine significantly reduced IV vasopressor requirements in
the ICU. When midodrine therapy is considered in patients
with persistent hypotension requiring IV vasopressor, it
would be reasonable to initiate midodrine at a higher dose (>
10 mg every 8 hours). Additionally, efforts should be made
to avoid the inappropriate continuation of midodrine follow-
ing ICU and hospital discharge. Further prospective stud-
ies with larger sample sizes are needed to evaluate clinical
outcomes of the use of midodrine as an adjunct therapy for
vasopressor weaning.
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Continuous Glucose Monitoring: Considerations for Use and
Implications for Pharmacists

Aarsi Shah, PharmD*; Alyssa Gallipani, PharmD, BCACP

Abstract

Background: Management of diabetes mellitus is complex
and requires frequent monitoring of glucose. Self-monitoring
of blood glucose can be intimidating and painful for patients,
leading to reduced real-world monitoring and poor outcomes.
New diabetes technology, including continuous glucose
monitoring (CGM), uses a small sensor and/or transmitter
to obtain real-time glucose values throughout the day and
night without the need for manual finger sticks. There are
multiple devices available, all of which differ in technology,
advantages, and cost. However, they largely deliver simi-
lar data and outcomes. Pharmacists are valuable resources
to educate clinicians and patients about these devices and
how they can be used to achieve patient goals.

Methods: A Medline search was conducted of published
literature related to the topic of continuous glucose monitor-
ing. Search terms included a combination of the following
terms: continuous glucose monitoring, continuous glucose
monitor, continuous glucose monitoring device, CGM, self-
monitoring of blood glucose, and diabetes. The data regard-
ing the specific intervention and clinical parameters were
extracted and summarized.

Discussion/Conclusion: Various types of continuous glu-
cose monitors are available, including Freestyle Libre 14-
day system, Freestyle Libre 2, Freestyle Libre 3, Dexcom
G6, EverSense, and Guardian Sensor 3. Pharmacists are
equipped with skills to discuss advantages and disadvan-
tages of each of these devices with patients and provid-
ers to select a device that will help the patient achieve their
clinical goals. They also play a role in educating patients
and caregivers to properly apply the device and establish
remote monitoring through applications or software. Phar-
macists also have the expertise to apply and interpret pro-
fessional CGM data in the office setting. While A1c contin-
ues to be a recommended marker of diabetes control, CGM
offers data that can equip pharmacists and clinicians with
the information to more efficiently modify pharmacotherapy
and recommend specific lifestyle recommendations. This
includes time in range, glycemic variability, and time below
range. Integration of pharmacists into diabetes care is es-
sential with the expansion of technology and CGM use.

Title: Continuous Glucose Monitoring: Considerations for
Use and Implications for Pharmacists

Continuous Glucose Monitoring & Benefits

Diabetes technology is the term used to describe hardware,
devices, and software that people with diabetes use to help
manage their condition, from lifestyle to blood glucose lev-
els.” One type of diabetes technology is insulin that can be

delivered through a syringe, pen, or pump. Another type
of diabetes technology is continuous glucose monitoring
(CGM) or blood glucose monitoring (BGM), both of which
assess glucose either in interstitial fluid or blood. The Amer-
ican Diabetes Association recommends that most people
with diabetes should be provided with a form of diabetes
technology, while considering preference and treatment
course. The various offerings in technology allow patients
and providers to determine the best treatment options to
manage their chronic condition.

Self-monitoring of blood glucose (SMBG) is a vital compo-
nent of any diabetes management program. The goal of
SMBG is to manually collect blood glucose levels through-
out the day to detect patterns and trends to help patients
identify lifestyle or diet changes. SMBG works by having
patients prick a finger with a lancet device to obtain a small
blood sample, apply a drop of blood onto a test strip, and
then insert the strip into a glucose meter for an automated
reading that is recorded in the meter’s electronic memory.?
The frequency with which patients should be obtaining
blood glucose level varies, but most are recommended to
monitor fasting in the morning and/or before bedtime.

CGM technology can be used to track blood glucose lev-
els throughout the day and night. A CGM works through a
small sensor, inserted under the skin of the arm or belly,
which measures a patient’s interstitial glucose levels auto-
matically every few minutes.® A transmitter wirelessly sends
the information to a monitor, an application, or an insulin
pump, depending on the type of model. The real-time data
provided by the technology allows patients to identify trends
and patterns that cause blood sugar levels to fluctuate. The
CGM devices are customizable as alerts can be set up for
when levels go above or below their glycemic goals. While
the devices are indicated for different age ranges, there are
options available for children and adults. There are many
benefits to using CGM over SMBG, all of which can help
patients improve glycemic control.

CGM can provide up to approximately 288 blood glucose
readings a day.* Trends in blood glucose levels observed
can help identify certain foods or lifestyle habits that trig-
ger high or low levels. Patients can make real-time adjust-
ments to their routine throughout the day. When compared
to SMBG, CGM requires fewer fingerstick tests decreasing
the burden of having to manually check levels several times
a day. CGM does not require additional testing supplies,
such as lancets and testing strips. Providers also benefit
from these readings because they can view real-time data
to implement personalized patient care without waiting for
routine blood work. CGM is convenient because glucose
data can be made available on phone applications or re-
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ceivers. This convenience enables CGM to be integrated
seamlessly into patient lives and their caregivers. Depend-
ing on the CGM device used, glucose levels can be shared
and monitored remotely by caregivers and family members.

Review of ADA Guidance

The American Diabetes Association (ADA) has recognized
the importance and the benefits of diabetes technology in
their current clinical practice guidelines. The ADA 2023
guidelines define two types of CGM devices. First are de-
vices that are owned by the patient, have unblinded data,
and intended for continued long-term use. This includes
intermittently scanned CGM (isCGM) systems which mea-
sure glucose levels continuously but require scanning for
storage of glucose values. This also includes real time CGM
(ntCGM) systems that measure and store glucose levels
continuously and without prompting.' Second are devices
owned by the clinician, are often blinded, and are intended
for use during a pre-specified period. Multiple randomized
clinical trials have assessed the impact of different types of
CGM devices on diabetes monitoring parameters such as
A1c and frequency of hypoglycemic episodes.>® The prima-
ry outcome of initial studies performed in adults and youth
with type 1 diabetes mellitus showed benefit in adults of
all ages, including seniors.! For patients with type 2 diabe-
tes mellitus who used multiple daily doses of insulin, mixed
therapies, and basal insulin, consistent decreases in Alc
have been observed. Improvements in diabetes manage-
ment occurred without additional pharmacologic interven-
tions. The outcomes were specific for tCGM devices. Ran-
domized clinical trial data for isCGM devices is limited, but
overall, increased frequency of testing and improved diabe-
tes treatment satisfaction was observed.

With the availability of isCGM devices worldwide, retrospec-
tive and observational data has accumulated over time.
Most patients with type 1 diabetes mellitus using isCGM de-
vices have shown reductions in Alc, diabetic ketoacidosis,
and episodes of severe hypoglycemia. Data available for
individuals with type 2 diabetes has shown improvement in
A1ic levels and reduction in all-cause hospitalizations. High
rates of user satisfaction were observed in adolescents,
adults, and seniors."*®

Despite the novelty of CGM devices, it is not a one size
fits all solution for diabetics. Those who would benefit most
from CGM use include individuals who desire more involve-
ment in their diabetes management, those at risk for hypo-
glycemia, patients with advanced age or comorbidities who
may be at an increased risk for hypoglycemia and hospital-
ization due to glucose control, and those with poorly man-
aged diabetes who would benefit from the metrics provided
by the devices in real time.°

Personal CGM Devices
Freestyle Libre

FreeStyle Libre offers three types of CGM devices: Free-
Style Libre 14-day system, FreeStyle Libre 2 and Freestyle

Libre 3. The Freestyle Libre 14-day system utilizes a hand-
held reader or smartphone via the LibreLink application. It
is indicated for individuals 18 and older. A glucose sensor,
which can be applied at home without training, is worn on
the back of the upper outer arm which measures glucose
levels with a scan every minute. The glucose sensor can be
scanned with the handheld reader or a smartphone, which
links to the LibreLink application.

Current glucose readings, a history of previous readings
over the last 8 hours, and trend reports to show the direc-
tion the glucose is moving are all provided. Data for both is
stored for up to 90 days. Visual alerts can be seen when
glucose readings are rapidly changing, below 70 mg/dL
or projected to be below 70 mg/dL, and when no glucose
number is available. The sensor remains on the body for
14 days, storing glucose readings every 15 minutes, and
can be worn while swimming, exercising, and showering.
No calibration is required throughout its use.

The FreeStyle Libre 2 is indicated for adults and children
with diabetes, ages 4 years and older. This device is com-
patible with a separate handheld reader or the FreeStyle Li-
bre 2 application.'? This application offers real time glucose
data with a mandatory low glucose audio alarm at 55 mg/
dL, a signal loss audio alarm to notify when glucose alarms
are not available, and optional high and low glucose audio
alarms that can be set by the user. One scan of the sensor
provides the same data as the fourteen-day system. With
both systems, if glucose readings do not match the symp-
toms a patient is experiencing, a manual fingerstick is rec-
ommended to safely determine the next course of action.
With the LibreLinkUp application, glucose readings from a
patient’s smartphone can be sent to up to twenty people
to remotely track their glucose data and trends.'® All ap-
plications offered by FreeStyle are compatible with iOS and
Android devices.

The Freestyle Libre 3 is indicated for adults and children
with diabetes, ages 4 years and older. The main differences
between the Freestyle Libre 3 and prior versions are the size
of the sensor, smart phone compatibility, continuous read-
ing capability, and more compact applicator. The size of the
Freestyle Libre 3 is about the size of two stacked dimes.
It requires the use of the Freestyle Libre 3 application and
does not offer an option to use a separate handheld reader.
Other than scanning the sensor to pair to a smart phone,
intermittent scanning is no longer required. The Freestyle
Libre 3 will continuously read glucose every one minute
without scanning. This is beneficial to individuals who may
forget to scan the sensor for readings throughout the day.
In comparison to the Freestyle Libre 2 and 14-day systems,
the applicator no longer requires assembly or connection to
the sensor prior to inserting on the patient’s arm. The cost
of the Freestyle Libre 3 is comparable to that of the other
devices.™

Readers and sensors are available with a valid prescription
at participating retail and mail order pharmacies. Individuals
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with Medicare are recommended to utilize specific durable
medical equipment (DME) suppliers and are not eligible for
the Freestyle Libre 3 at this time.'> A patient will require two
sensors to provide a one-month supply. If patients prefer to
utilize the handheld reader over the smartphone applica-
tion, they are eligible to receive one reader via prescrip-
tion. Individuals covered by Medicare must meet certain all
coverage criteria, including having a diagnosis of diabetes,
is insulin-treated with three or more daily administration of
insulin or a pump, treatment requires frequent adjustments
based on CGM data, an in-person visit with their prescriber
within the previous six months and every six months moving
forward for evaluation of the care plan. In light of COVID-19,
Medicare has expanded coverage by lifting the previously
mandatory four times daily testing requirement.'®

Dexcom G6

The Dexcom G6 device offers the advantage of being the
first CGM indicated for individuals with diabetes ages two
and older. This device can perform real-time glucose read-
ings without manual scanning or finger sticks. In compari-
son to other available devices, the Dexcom G6 sensors are
to be replaced every ten days. Patients will require three
sensors per month, in comparison to the Freestyle Libre
devices which require two sensors per month. This may
result in higher out-of-pocket costs if this product is not en-
tirely covered by insurance. The Dexcom G6 device allows
seamless communication of real-time results to healthcare
settings using the CLARITY professional platform. CLAR-
ITY provides access to interactive reports that are auto-
matically sent without manual uploading. Patients may also
choose to share their data with up to 10 family members,
friends, and caregivers.'” Regardless of the platform, data
is uploaded up to every 5 minutes. Similar to other devices,
if the reading does not match symptomes, it is recommended
that the patient perform a manual fingerstick.

The Dexcom G6 system is comprised of the receiver, trans-
mitter, auto-applicator, and sensor. The patient may identify
if they prefer to view their glucose data using the receiver or
a smartphone application. A patient may utilize the auto-ap-
plicator to apply the sensor onto their preferred site. Once
applied, the sensor will last for 10 days.™ The transmitter
sits on top of the sensor to transmit the data wirelessly to
the receiver or smartphone via Bluetooth. The transmitter
lasts for 3 months.' Savings programs are available on the
manufacturer website for those with commercial insurance.

Eversense
The Eversense E3 CGM system is one of the first to mea-
sure glucose for up to 6 months.

Eversense is indicated for patients with diabetes 18 years
and older. The system consists of a sensor, a transmitter,
and a compatible smartphone application that shows user
glucose data and trends.?® Unlike FreeStyle Libre or Dex-
com devices, the sensor is inserted by a healthcare profes-
sional through a small incision which is then closed with
adhesive bandages.?" This may be beneficial for individu-
als hesitant to apply the CGM independently or at home.

For most individuals, the incision will heal in a few days.
The sensor provides up to 6 months of glucose monitor-
ing, requiring only 2 office visits per year. This may benefit
those unable to present for in-person office visits regularly.
However, it is up to the prescriber's discretion to assess the
patient or perform lab work more frequently as indicated.

The Smart Transmitter sits on the upper arm over the CGM
sensor, where it wirelessly powers the sensor to activate
the transfer of glucose measurements.?? The transmitter is
water resistant, provides on body vibration alerts when lev-
els are above or below goal, and receives readings every
5 minutes whether or not they are physically located near
the smartphone.?? The transmitter is removeable if the pa-
tient does not wish to collect glucose data. The transmitter
delivers glucose data to the mobile application, Eversense
NOW, where it is displayed in charts and graphs. The mo-
bile application is compatible with iOS and Android devices
where patients can discreetly check glucose levels at their
convenience. The application can be utilized to share glu-
cose data remotely with up to 5 friends, family members,
and healthcare providers. Patients can set unique sounds
for glucose alerts and receive predictive alerts.??

Like other devices, patients may still be required to do a
fingerstick measurement when symptoms do not match
the reader or when taking medications of the tetracycline
class.?? The Eversense E3 system is covered by Medicare
for patients who meet the coverage criteria as mentioned
previously. For commercial insurance users, patients may
be eligible for savings programs available on the manufac-
turer’'s website.?®

Guardian Sensor 3

The Guardian Connect CGM system is indicated for use in
diabetics aged 14-75 years. This system allows the user
to track glucose trends in real-time using a smartphone
device. The Guardian Connect smartphone application uti-
lizes alerts to predict trends in the direction of glucose. This
system can use alert capabilities to track and prevent hy-
perglycemic and hypoglycemic excursions between 10 to
60 minutes in advance. Similarly, to other CGM systems,
users, family members, and healthcare providers can uti-
lize the CareLink system platform to remotely monitor glu-
cose and optimize medication therapy.?®> Components of
the CGM system include a sensor, transmitter, and monitor.
Unlike other devices, a separate reader is not required and
is compatible with the smart phone application. The sensor
may be worn on the abdomen, arm, or buttock depending
on the age of the user. The sensor should be changed once
weekly and senses glucose every 5 minutes without a need
to manually scan.?425

The Guardian Connect CGM system requires calibration.
Individuals are to manually test their glucose between 2 and
4 times per day to ensure accuracy of the readings. The
transmitter also comes with a reusable, chargeable battery
that needs to be charged before use. The Guardian Con-
nect system also connects with Medtronic insulin pumps as
a closed loop delivery system.
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Compeatibility with the Medtronic insulin pump can add con-
venience for patients and reduce the need for separate
monitoring and adjustment. Although the cost of this system
is higher than other available systems, subscription plans
are available on the manufacturer website.?* A comparison
of the CGM devices can be found in Table 1.

Table 1: Comparison of CGM Devices

Calibrati | Scanning | Duration | Pairs Alarm Smart Indicate
on Required | of Sensor | with Capabili | Phone d Age of
Required Insulin ty Compati | Use
Pump bility (years)
Freestyle X 14 days >18
Libre
14-day
Freestyle X 14 days X X >4
Libre 2
Freestyle 14 days X X >4
Libre 3
Dexcom X 10 days X X X >2
G6
EverSens X 180 days X X > 18
e
Guardia X 7 days X X X >14-75
n Sensor
3

Professional CGM Devices

CGM devices may be owned by a provider’s office and used
in a professional setting by a clinician. They are placed on
the patient in the office and worn for a finite amount of time. 1
Typically, the patient will wear the device for 7 to 14 days
then return to the clinician’s office for evaluation. Similarly
to personal CGM devices, data can be viewed at home by
the patient. However, some professional devices may be
retrospective in nature and blinded to the patient. In these
instances, the patient is required to present to the office for
follow-up and evaluation of trends and patterns during the
time the sensor was worn. They do not have access to data
or glucose values at home. Use of professional CGM de-
vices may be considered for individuals experiencing hy-
perglycemic or hypoglycemic episodes but not necessarily
on intensive basal bolus insulin regimens. They may also
be considered for individuals unable to obtain or afford per-
sonal CGM devices. Patients can benefit from taking food
and activity logs during this time period to gather necessary
information to make medication adjustments.2®

Metrics

Measurement of A1c has long been the gold-standard of
diabetes control by healthcare providers and primary end-
points for clinical studies. A1c measures average blood glu-
cose over a 2—-3-month time period. However, this average
does not consider high and low excursions or glucose vari-
ability. A1c may also be affected by certain health condi-
tions such as anemia and pregnancy. Despite these limita-
tions, A1c still holds value and is recommended to be used
in complement to glycemic data measured by CGM.

In 2017, the Annual Advanced Technologies and Treat-
ment for Diabetes met to develop a consensus statement
to standardize CGM metrics. This consensus statement is
endorsed by professional organizations including the Amer-
ican Diabetes Association and the American Association

of Clinical Endocrinologists.27 A list of standardized CGM
metrics for clinical care can be found in Table 2. For data to
be interpreted accurately, it is pertinent that adequate data
is available. Therefore, it is recommended that the patient
use their CGM device for at least 70% of the time during the
measurement period.

Since the large amount of data from CGM can be impracti-
cal for efficient interpretation, this was streamlined by the
consensus panel to “time in range”. This metric provides
3 measurements: percentage of time in range (TIR), time
below target glucose range (TBR), and time above range
(TAR). The goal is to increase the TIR while reducing TBR
and TAR. The consensus panel recommends glycemic tar-
gets for most non-pregnant individuals with type two dia-
betes range between 70 and 180 mg/dL. An analysis con-
ducted by Beck et al. concluded that spending 70 percent
of the time between this glycemic range corresponded with
an A1c of approximately 7%.2 Pharmacists and healthcare
providers may utilize this metric to reduce the frequency of
high glucose values and hypoglycemic episodes.

The ambulatory glucose profile is a visual representation of
glucose displayed in a 24-hour view. This provides the inter-
preter with an overall trend and pattern of glycemia during
the time the CGM was active and helps to prevent focusing
on outlier data. A daily glucose summary can also be used
to measure each individual day, along with average glu-
cose. This helps the clinician to focus on day-to-day events
and modify patient behaviors such as nutrition and physical
activity. Provision of data with the standardized CGM has
widened applicability of glycemic data and enables an indi-
vidualized approach to making adjustments in medications,
food, exercise, and other factors.?

Table 2: Standardized CGM Metrics for Clinical Care?’

CGM Metric
Number of days CGM is
worn by patient
Percentage of time CGM is
active
Mean Glucose NA
Glucose management Approximate Alc levels based on
indicator (GMI) average glucose using CGM values
Glycemic variability (%CV) | <36%

Time above range (TAR) % of readings and time > 250
mg/dL (<5%)

% of readings and time 181-250
mg/dL (<25%)

% of readings and time 70-180
mg/dL (>70%)

% of readings and time 54-69
mg/dL (<4%)

% of readings and time < 54 mg/dL
(<1%)

Definition/Target
> 14 days

>70% of data from 14 days

Time in range (TIR)

Time below range (TBR)

Adapted from "Clinical targets for continuous glucose monitoring data in recom-
mendations from the international consensus on tme in range"
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Role of the Pharmacist and Clinical Implications
Pharmacists that provide diabetes care can incorporate
CGM into their practice to help patients achieve their clini-
cal goals. The use of CGM has been increasing within phar-
macy services and the use is a valuable tool to improve
patient care.?® Pharmacists are equipped with the skills and
training to assess CGM metrics and recommend or imple-
ment medication changes. This includes but is not limited to
making insulin adjustments, adding, or de-escalating ther-
apy to reduce glucose excursions, or counseling on dietary
modifications. Pharmacists also have an opportunity to be
involved in the education and implementation process. In
ambulatory settings, pharmacists can meet with patients
and caregivers to educate on the devices, their features,
and instructions for proper utilization. Pharmacists may
also recommend good candidates for CGM use and identify
patients that are struggling to keep their glucose levels in
range. Pharmacists can help patients take control of their
diabetes and empower them to use tools like CGM to im-
prove their health. Resources for CGM use and manage-
ment can be found in Table 3.

Table 3: Resources

Website
www.professionals.diabetes.org

Organization

American Diabetes
Association

National Institute of
Diabetes and Digestive and
Kidney Diseases

Conclusion:

The use of CGM devices is increasing as they empower
patients to monitor their glucose levels and make lifestyle
changes in response to real-time data. Clinicians and phar-
macists can use data from CGM devices to help patients op-
timize their diabetes treatment. With several CGM devices
on the market, patients can find one that suits their specific
needs. For children with diabetes, FreeStyle Libre 2, Free-
style Libre 3 and Dexcom G6 are appropriate for use. The
Eversense E3 CGM system, requiring only 2 office visits a
year, is an option for those who wish to make less frequent
visits office visit or are uncomfortable replacing the device
on their own. Patients utilizing an insulin pump may benefit
from the Guardian Connect CGM system, which will provide
a closed loop insulin delivery system. All the CGM systems
mentioned above have applications or web-based portals
that complement it to make tracking of glucose levels con-
venient and easy to integrate into the daily lives of patients.
The role of pharmacists increases with the implementation
of CGM systems into diabetes care. Pharmacists can help
patients achieve their clinical goals and empower them to
take their health into their own hands.
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Abstract

Background

Sickle cell disease (SCD) affects approximately 100,000
people in the United States. It is a genetic mutation in which
red blood cells clump, polymerize, and change into sickled
hemoglobin. This leads to further complications, including
anemia, vaso-occlusive pain crisis, and acute chest syn-
drome. Hydroxyurea has been the mainstay of therapy to
treat pain and acute chest syndrome and L-glutamine is
thought to help reduce oxidative stress in SCD. The objec-
tive of this article is to provide a brief overview of SCD and
evaluate the role of therapy of two novel medications ap-
proved in 2019: voxelotor and crizanlizumab.

Methods

Medline and Clinicaltrials.gov were utilized to complete a
literature search on voxelotor and crizanlizumab. Informa-
tion was evaluated and summarized based on safety and
efficacy from clinical trials and package inserts.

Discussion

Voxelotor and crizanlizumab are indicated in sickle cell dis-
ease, however they have differing mechanisms of action
and roles in the disease. Voxelotor works by preventing
anemia in which the phase 3 trial showed significantly in-
creased hemoglobin levels in the treatment arm versus pla-
cebo. In contrast, crizanlizumab reduces the pain and vaso-
occlusive crisis associated with the disease as noted in the
phase 2 trial, resulting in significantly less pain crises when
compared to placebo.

ExpirationDate:12/30/2025

Conclusion

In summary, voxelotor and crizanlizumab appear to be rela-
tively safe and efficacious in the use of sickle cell disease.
Choosing which medication to prescribe will depend on the
specific patient parameters and whether it is for the preven-
tion of anemia or to reduce pain associated with vaso- oc-
clusive crisis.

Introduction

Sickle cell disease (SCD) affects approximately 100,000
people in the United States and millions throughout the world
according to the Centers for Disease Control and Preven-
tion." In the United States, one out of every 365 Black or
African-American babies is born with SCD and one out of 13
Black or African-American newborns is a carrier for the SCD
trait.! In the first three years of life, one percent of children
died due to complications associated with SCD between
1990 and 1994." A retrospective study using the Medicaid
Analytic Extracts database found average total medical costs
were approximately $35,000 annually.?2 Study participants
who experienced greater than three vaso-occlusive crises
were found to have a mean total cost of almost $59,000.2

Sickle cell disease, caused by a point mutation in the pro-
duction of a beta-globin gene, prompts the red blood cells
to clump, polymerize, and change into sickle hemoglobin,
which is less soluble than normal hemoglobin.'® Sickled he-
moglobin will lead to further complications, such as anemia
caused by the breakdown of red blood cells, known as he-
molysis.™® It can also lead to a vaso-occlusive pain crisis,
which occurs when sickled red blood cells clump and block
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blood flow and oxygen delivery."® Vaso-occlusion can lead
to acute and chronic pain and tissue ischemia or infarc-
tion.® Rizio et al found that approximately 47% of patients
experienced four or more vaso- occlusive crises (VOC) in
12 months (N=303) and less than 10% of participants expe-
rienced no VOC.* Almost two-thirds (63.5%) of participants
required mild opioids to control VOC pain at home.* Nearly
half (44.5%) of patients responded that they required strong
opioids to manage pain.*

Hydroxyurea has been the mainstay of sickle cell disease
management since its approval in 1998. Itis a ribonucleotide
reductase inhibitor which helps to reduce sickle cell-related
pain and acute chest syndrome (ACS).> ACS is a pulmo-
nary complication of sickle cell disease and symptoms con-
sist of chest pain, hypoxemia, and dyspnea.® Hydroxyurea
works by increasing high fetal hemoglobin (HbF) levels.® By
increasing HbF, hydroxyurea improves clinical outcomes
as well as prevents hemoglobin S polymerization and pain-
ful vaso-occlusion.® However, not all practitioners are well-
versed in dosing hydroxyurea as it requires individualized
therapy and therefore may take months before a patient will
see full benefits.® Hydroxyurea also has some serious ad-
verse effects associated with it, including infection, neutro-
penia, and bleeding.®

In 2017, the use of L-glutamine in sickle cell disease was
under review. L-glutamine is considered to help reduce oxi-
dative stress, which may contribute to sickling erythrocytes.”
Sickled erythrocytes contain a lower ratio of oxidation-re-
duction cofactors as compared to normal erythrocytes.” It
is thought that the daily administration of L-glutamine would
increase the cofactors ratio and ultimately decrease oxida-
tive stress.” The results of a phase 3 clinical trial (N=230)
conducted by Niihara et al demonstrated 25% fewer pain
crises and 33% fewer hospitalizations in the group receiving
L-glutamine as compared to placebo.”

With the approval of voxelotor (Oxbryta®) and crizanlizum-
ab (Adakveo®) in 2019, there are now newer treatment op-
tions in addition to L-glutamine and hydroxyurea for sickle
cell patients (see Figure 1 for drug approval timeline).

Voxelotor

Pharmacology

Voxelotor is a 500 mg tablet marketed under the trade name
Oxbryta® (Global Blood Therapeutics, Inc, South San Fran-
cisco, CA). It was FDA-approved under accelerated ap-
proval for sickle cell disease in patients 12 years and older.?
Voxelotor is a hemoglobin S polymerization inhibitor and
works by increasing the affinity of hemoglobin S to oxygen;

Figure 1: Timeline of FDA approvals for sickle cell disease treatment

\ .
1998: 2017 2019:
Hydroxyurea L-glutamine Voxelotor and
crizanlizumab
approved approved

approved

thus, inhibiting red blood cell polymerization and further pre-
venting sickling, hemolysis, and complications of anemia.?
The recommended dose for voxelotor is 1,500 mg given
orally once daily without regard to meals.® Dose reduction to
1,000 mg orally once daily is recommended in patients with
severe hepatic impairment; however no dose reduction is
required in renal impairment.2 There are several drug inter-
actions with voxelotor which warrant dose adjustments (see
Table 1).

Table 1: Dose adjustments for voxelotor’

Recommended dosing if... Voxelotor Dose

Normal 1,500 mg once daily

Severe Hepatic Impairment (Child Pugh C) 1,000 mg once daily

Concomitant use with strong CYP3A4 inhibitors or 1,000 mg once daily

fluconazole

Concomitant use with strong or moderate CYP3A4 inducers 2,500 mg once daily

The pharmacokinetics of voxelotor 1,500 mg was evaluated
in the plasma and whole blood. It demonstrated linear phar-
macokinetics and steady state was reached after 8 days of
repeated exposure.® Voxelotor was found to be absorbed in
the plasma and then distributed mostly to red blood cells be-
cause of the preferred binding to hemoglobin.2 The median
time to peak was 2 hours after oral administration and the
terminal elimination half-life in the plasma of patients with
SCD was 35.5 hours.® Voxelotor was primarily metabolized
by the oxidation and reduction of phase | and glucuronida-
tion of phase 1.2 Voxelotor's oxidation was mainly affected
by CYP3A4, while CYP2C19, CYP2B6, and CYP2C9 played
a minor role.®

Efficacy

The HOPE trial was a multicenter, international, random-
ized, double-blind, placebo- controlled, parallel-group phase
3 trial aimed to assess the efficacy and safety of two differ-
ent doses of voxelotor (1,500 mg and 900 mg) versus pla-
cebo in patients with sickle cell disease.® The trial enrolled
274 participants between the ages of 12 and 65; and divided
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them equally into three groups to receive voxelotor 1,500
mg, 900 mg, or placebo. The study followed participants for
up to 72 weeks with sickle cell disease who had a hemoglo-
bin between 5.5 and 10.5 g/dL and had anywhere from one
to ten vaso-occlusive crises in the past year.® About two-
thirds of the patients were receiving hydroxyurea at baseline
at a stable dose for at least three months before enroliment
and were permitted to continue taking it through the duration
of the trial.® While concomitant use of L- glutamine was al-
lowed in the trial, there were no patients enrolled in the study
who were receiving L-glutamine at baseline.® Therefore,
there are no data on the use of voxelotor concurrently with
L- glutamine at this time. The trial excluded patients who
were receiving regular red-cell transfusion therapy, received
transfusions in the past 60 days, or had been hospitalized
for a vaso-occlusive crisis within two weeks of enrollment.®
The primary outcome was the percentage of patients who
had a hemoglobin response, which was defined as an in-
crease of more than 1.0 g/dL from baseline after 24 weeks.®
The secondary outcomes were annual events of vaso-oc-
clusive crisis; the change in hemoglobin from baseline to 24
weeks; and a decrease in laboratory markers that assess for
hemolysis such as indirect bilirubin, lactate dehydrogenase,
and absolute reticulocyte count.® At 24 weeks, 51% of the
patients in the 1,500 mg voxelotor group, 33% of patients
in the 900 mg voxelotor group, and only 7% of patients in
the placebo group had a hemoglobin response in the inten-
tion-to-treat analysis (P<0.001).° Moreover, the 1,500 mg
voxelotor group resulted in more significant reductions in the
indirect bilirubin level than the placebo group at 24 weeks
from baseline (mean change, —29.1% vs. -3.2%; P<0.001).°
Other hemolysis laboratory markers also demonstrated
more significant reductions in the 1,500 mg voxelotor than
the 900 mg voxelotor group or placebo.® The study conclud-
ed that voxelotor significantly increased hemoglobin levels
and reduced markers of hemolysis and can therefore be a
potential treatment for sickle cell disease.

Safety

Incidence of adverse events were similar across the three
trial groups: 94% of participants in the 1,500 mg group vs.
93% in the 900 mg group vs. 89% in the placebo group.
Most adverse events were not related to the trial drug or
placebo, as determined by the investigators. The most
common adverse reactions occurring in more than 10% of
patients treated with voxelotor 1,500 mg versus placebo,
respectively, were headache (26% vs. 22%) and diarrhea
(20% vs. 10%).°

Voxelotor is contraindicated in hypersensitivity reactions to
the drug or its excipients. Moreover, voxelotor use can inter-
fere with the measurement of hemoglobin subtypes (HbA,
HbS, and HbF) using high-performance liquid chromatog-

raphy.® Accurate measurements can be obtained when pa-
tients are not receiving the medication.

Crizanlizumab

Pharmacology

Crizanlizumab is a 100 mg/10 mL single-dose vial under
the trade name Adakveo® (Novartis Pharmaceuticals Corp,
East Hanover, NJ). It was FDA approved for the reduction
of frequency in vaso-occlusive crises in sickle cell patients
16 years of age or older.'® Crizanlizumab is a humanized
IgG2 kappa monoclonal antibody which binds to P-selectin
and blocks interactions with its ligands, which in turn blocks
the adhesion of HbF to P-selectin.''" This blockade of ad-
hesion reduces the chance of vaso-occlusion by allowing
erythrocytes to flow through blood vessels without adhering
to endothelial walls and preventing clusters.' The recom-
mended dosing of crizanlizumab is 5 mg/kg (using actual
body weight) by intravenous infusion using a 0.2-micron in-
line filter over 30 minutes at Week 0, Week 2, and every 4
weeks thereafter.°

Crizanlizumab should be stored in the refrigerator in its
original container to protect from light.” In order to prepare
crizanlizumab for administration, the vials should first be
brought to room temperature (no longer than 4 hours) before
the start of compounding.® It should be diluted to a final vol-
ume of 100 mL using either Sodium Chloride Injetion, USP
or 5% Dextrose Injection, USP." Acceptable infusion bags
include those made of polyvinyl chloride, polyethylene, or
polypropylene.'® Before the dose of crizanlizumab is added
to the infusion bag, the equivalent volume of diluent should
be removed.’® Only after the diluent has been removed, the
desired volume of crizanlizumab may be added to the infu-
sion bag.™® The infusion bag should be inverted to mix the
solution, but should not be shaken.'® The diluted solution
should not be stored at room temperature (25°C) for lon-
ger than 4.5 hours or under refrigeration for longer than 24
hours (from the time of beginning the preparation).™

Crizanlizumab 5mg/kg was evaluated for pharmacokinetic
parameters. In patients with SCD, the terminal elimination
half-life was 7.6 days.'® The anticipated metabolism path-
way of crizanlizumab is similar to small peptides by catabolic
pathways. It did not appear to have any clinically significant
drug interactions with hydroxyurea during clinical trials.™

Efficacy

The SUSTAIN trial was a phase 2, multicenter, random-
ized, placebo-controlled, double-blind trial which was twelve
months in duration and based in the United States.” The
primary outcome was annual rate of sickle cell-related pain
crises—this was defined as an acute episode of pain with
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no other medically determined cause than a vaso-occlu-
sive crisis that required a medical visit with pain manage-
ment.'? Total enroliment was 198 participants and patients
were divided into three treatment arms: placebo (N=65),
low-dose crizanlizumab 2.5 mg/kg (N=66), and high-dose
crizanlizumab 5 mg/kg (N=67)." Inclusion criteria for the
clinical trial included patients aged 16 to 65 who had two
to ten sickle-cell related pain crises in the past year and if
participants were receiving hydroxyurea or erythropoietin, it
must have been prescribed at least six months prior with a
stable dose of at least three months."? While concomitant
use of L-glutamine powder was allowed in the trial, there
were no patients enrolled in the study who were taking it at
baseline.’? Therefore, there are no data on the use of crizan-
lizumab concurrently with L-glutamine at this time. Exclusion
criteria included chronic transfusion programs and chronic
anticoagulation.'? Participants who received high-dose cri-
zanlizumab had a statistically significant lower median an-
nual rate of VOC compared to low-dose crizanlizumab and
placebo (1.63 vs 2.01 vs. 2.98, respectively; P=0.01)."2 Of
the participants receiving high-dose crizanlizumab, 36% did
not experience a VOC as compared to 17% on placebo.
Months to first VOC was tested as a secondary outcome
and high-dose crizanlizumab was found to lengthen time to
VOC to 4.1 months as compared to low-dose crizanlizumab
(2.2 months) and placebo (1.4 months)."

Safety

Crizanlizumab has warnings for infusion-related reactions
and should be discontinued for severe reactions.™ Severe
reactions include pruritis, urticaria, fever, chills, or broncho-
spasms.'® Crizanlizumab may also interfere with automated
platelet counts when blood samples are collected in tubes
containing EDTA.' This interference may result in unusable
or falsely decreased platelet counts due to abnormal plate-
let clumping.' Therefore, it is recommended to run samples
within four hours of collection or collect samples in tubes
containing citrate.’ Adverse events of all grades consist of
nausea (18%), arthralgia (18%), back pain (15%), and py-
rexia (11%)."? For grades >3, one participant experienced
arthralgia and pyrexia (N=66)."2

Place in Therapy

Although hydroxyurea has been the primary treatment for
SCD in reducing pain and ACS for over 20 years, it has its
limitations as well. For some patients, it may take months
to see full benefits of the medication, while others may not
tolerate hydroxyurea at all due to adverse effects and are
then considered to be treatment failures. L-glutamine may
be administered as an alternative to patients who are unable
to tolerate hydroxyurea or it may be given in conjunction with
hydroxyurea. Treatment with L-glutamine resulted in pa-

tients having fewer hospitalizations and pain crises, though
the administration of the medication as a powder may be
cumbersome for some.

Both voxelotor and crizanlizumab have the same indica-
tion of sickle cell disease, though they have entirely differ-
ent mechanisms of action. Voxelotor works by inhibiting
polymerization, thus preventing sickle cell formation, hemo-
lysis, and anemia. It is primarily treating the root cause of
the disease, as compared to crizanlizumab, which is mainly
used to reduce the pain and vaso- occlusive crisis associ-
ated with the disease. The HOPE trial also demonstrated a
significant reduction in hemolysis lab markers from baseline,
which indicated that voxolotor was effective in reducing he-
molysis. There was insufficient data on the reduction of VOC
in patients taking voxelotor; however, in the SUSTAIN trial
of crizanlizumab, twice as many patients treated with crizan-
lizumab 5 mg/kg did not experience a VOC as compared to
placebo. Moreover, those in the treatment group had delayed
median time to first VOC versus those in the placebo group.

Currently there are no ongoing combination studies of
voxelotor with crizanlizumab. Global Blood Therapeutics,
Inc. has not studied the specific drug interactions between or
co- administration of voxelotor and crizanlizumab.® Patients
in the HOPE study were excluded if they were participat-
ing in another clinical trial or had received an investigational
agent within 30 days or five half-lives of the date of informed
consent.' At the time the study was conducted, crizanlizum-
ab was an investigational agent and thus no patients were
concurrently receiving voxelotor and crizanlizumab.'® How-
ever, there is lack of data to suggest that the medications
cannot be co-administered.

Global Blood Therapeutics offers patient assistant programs
for coverage and reimbursement support for voxelotor by
enrolling patients into the GBT source. Voxelotor is avail-
able via a Managed Distribution Specialty Pharmacy model
for patients through CVS Specialty Pharmacy and Accredo
Specialty Pharmacy.’ Moreover, voxelotor is available via
a Specialty Distributor, Amerisource Specialty Distributor
(ASD Healthcare), for Hospital/IDN Inpatient Pharmacies,
VA/DOD, and Kaiser.®

Novartis offers the Patient Assistance Now Oncology
(PANO) program for crizanlizumab. PANO services allow
patients to verify their insurance coverage for manufacturer
financial assistance with crizanlizumab.™ These services
are available whether a patient has no insurance, private/
employer-based, or government insurance.™ There is also
an option available to patients with private insurance for a
universal copay program.'*
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Conclusion

In summary, crizanlizumab can be used more for symptom-
atic improvement as it reduces VOC, while voxelotor is used
strictly for SCD treatment. Furthermore, they have different
routes of administration. Voxelotor is an oral tablet, while cri-
zanlizumab is administered intravenously. Choosing which
medication to prescribe will depend on the specific patient
and provider preference. Nevertheless, both medications
are long term treatments.
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