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President’s Letter

From The Editors' Desks...

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 
issue highlights timely articles on calcitonin gene-related 
peptide monoclonal antibodies, revefenacin, and herpes-
zoster infection. 

We welcome submissions for the next issue of the New 
Jersey Journal of Pharmacy. If you are interested in submit-
ting a manuscript for publication consideration or serving 

as a peer reviewer, please email the Journal Committee at 
njpharmacists@gmail.com. 

Julie Kalabalik, PharmD, BCPS, BCCCP 
Editor-in-Chief

Elif Özdener, PharmD, BCACP, CDE, AAHIVP
Associate Editor 

Malgorzata Slugocki, PharmD, BCPS
Associate Editor

Hello everyone! It’s been a busy first half of the year at the 
association and we have accomplished so much already this 
year.  March Madness and Spring Fling were very successful 
and it was great to see many of you there. The continuing 
education programs, certificate and CPR programs were 
widely attended and we look forward to bringing more 
educational opportunities to you all year long. In March we 
held our first ever live simulcast continuing education event, 
which was held at Seasons in Northern NJ and streamed 
Live to a second location in Southern NJ.  Pharmacists in 
two locations were able to take advantage of the event at 
the same time! We are looking forward to building on this 
and hope to be able to bring live CE to you in the comfort 
of your home, while continuing to offer in person events so 
you will continue to be able network with your colleagues!

We are seeing great collaboration across the association 
this year as our Professional Affairs Committee led by our 
Chairman, Carmela Silvestri, is spearheading several task 
forces, including our 2019 Opioid, Electronic Records, and 
Collaborative Practice Groups. Our social committee has 
been busy and has held some great nights out, including 
a trivia night held in collaboration with our student and new 
practitioner committees. And of course our governmental 
affairs team has been hard at work reviewing and 
commenting on many of the legislative topics that are 
affecting our profession today. Remember that NJPhA is the 
only organization that lobbies on behalf of ALL pharmacists 
in New Jersey.

We have had some nice opportunities to share the story of 
pharmacists and NJPhA this year. First our CEO Elise Barry 
and Past President Ruth Marietta were interviewed on the 
“Geeta Chopra Show”. There, they were able to speak 
about the role of pharmacists and the opioid crisis and how 
we are making a difference! I also had the opportunity to 
speak about NJPhA and the profession of pharmacy on the 
Seton Hall University, “Thank God for Monday” Radio show 
in January.  They were fun interviews and if you have a 
chance look them up and listen in.

Our call for candidates to run for office in the annual election 
is currently open, where the members of NJPhA vote for 
the future officers of the association. If elected, your term 
would last four years ending with serving as President and 
Chairman in the third and fourth years respectively. If you 
have a passion for doing more for the association and the 
profession, please consider running for election this year. 

Lastly, convention planning has been underway and moving 
along and I am sure we will have another great convention 
this year. I am looking forward to seeing you all in Atlantic 
City this year in October as we celebrate all that NJPhA 
has done this year and will continue to do in the years to 
come. Thank you for all that you do for the profession and 
association!

Sincerely,
James Ward, RPh
2019 NJPhA President

The Journal wishes to acknowledge the following pharmacists who participated in peer review for this issue:

Drs. Ligia Westrich, Nicholas Owens, Ryan D-Angelo, and Islam Ghazi.
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Message from the Chair of the Board of Trustees

It is the time of the year when new pharmacists graduate 
and join the profession and I’m asking our practicing phar-
macists to welcome them into the association, as well as 
the profession. Remind your interns, trainees, residents 
and young pharmacists to go on to the NJPhA website 
https://njpharmacists.org/overview-membership/ and up-
date their contact information, including their permanent 
email and mailing address. Without updating, they risk 
being lost to the system and never receiving their first re-
newal as practicing pharmacists.  If they haven’t joined as 
students, this is the perfect time and can easily be handled 
from the website.  New pharmacists pay a reduced member 
rate as they transition into the workforce and their transition 
year is critical for establishing themselves as engaged, ac-
tive members of the pharmacy community.  

Elif Ödenezer and Christine Lam co-chair the new practitio-
ner committee and they are looking forward to welcoming 
our new graduates. Maybe this spring we will see some new 
faces attending our association functions, and even volun-
teering to help organize the type of meetings and projects 
which spark their interest. Kristine Cigna and Jigar Amin will 
be looking for ideas and young people willing to help set 
up social events and group activities to bring like-minded 
pharmacists together.

This is an exciting time to be a member of NJPhA.  Our pro-
fessional affairs activities are thriving as we take on some 
of the more challenging issues of our time. We have teams 
looking into collaborative practice, opioid addiction preven-

tion and treatment practice models, and the use of elec-
tronic health record systems to generate medication admin-
istration records for LTC facilities served by an out of house 
pharmacy. The government affairs committee is providing 
feedback as state legislators look at pharmacist prescrib-
ing of oral contraceptives.  A task force will be focusing on 
NJPhA as an organization and the structure needed to best 
serve members. 

The weekend of October 11-13, 2019 we will be coming 
together at the annual convention at Harrah’s in Atlantic 
City. It is not too early to plan on arranging your schedule 
to allow for that time for personal and professional growth.  
We will be swearing in 2020 NJPhA President Mark Taylor 
and beginning the year-long celebration leading up to NJ-
PhA’s sesquicentennial (150 years) anniversary! Between 
now and then, we will be accepting nominations and choos-
ing the next Vice President/2022 President of NJPhA and 
winners of our association awards. Nominating a member 
pharmacist for an association award is a great way to show 
them how much you appreciate the impact they are making. 
Full details on each award, recent winners, and online nom-
inations are available at https://njpharmacists.org/awards/.

The more of us who stand together, the louder our voice for 
pharmacists and healthcare advocacy becomes. Together 
we will be heard.

Carmela Silvestri, PharmD
2019 NJPhA Chairman of the Board of Trustees
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Class Review of Calcitonin Gene-Related Peptide
Monoclonal Antibodies

*Rachel Quinn, PharmD, BCACP; Alyssa Gallipani, PharmD, BCACP;
Samantha Gutt, PharmD

Background:  
Migraines are an increasingly prevalent neurologic disease 
and are the third most common disease state in the world. 
Currently, migraines affect approximately 39 million men 
and women in the United States (US). They are portrayed 
as a severe unilateral headache that last approximately 
four to 72 hours and may be accompanied by nausea or 
vomiting, photophobia, or phonophobia. Migraines are also 
commonly accompanied by aura, which affects the patient’s 
visual fields. The increasing prevalence of migraines has 
resulted in serious economic consequences including, but 
not limited to, a loss in productivity, increasing health and 
medical costs, a lack of headache specialists, as well as 
an increase in medication expenses. According to migraine 
research foundations, these costs have accumulated to ap-
proximately $36 billion dollars annually in the US.1  

Traditional medications for the treatment of migraines include 
non-pharmacologic therapy such as relaxation training and 
pharmacologic therapy including abortive and prophylactic 
medications. Abortive therapy is required to be taken at the 
onset of a migraine to prevent symptoms and therapy is 
selected based upon the frequency and duration of the mi-
graine. Examples of abortive therapy includes analgesics, 
ergotamine alkaloids, and triptans. Preventative therapy 
may be appropriate if migraines interfere with daily routines, 
have a prolonged duration, or are preferred by the patient. 
The 2012 American Academy of Neurology (AAN) update 
for pharmacologic treatment for episodic migraine preven-
tion and treatment in adults rated prophylactic medications  
from Level A to Level U, with Level A being the strongest rec- 
ommendation (Table 1). Prophylactic medications with 
Level A data include antiepileptic medications (divalproex, 
valproate, and topiramate) and beta blockers (metoprolol, 
propranolol, and timolol). Frovatriptan also carries a Level A  
recommendation for short-term prevention of menstrual 
migraines. Due to the level of recommendations, these 
medications should be offered for migraine prophylaxis and 
selection should be based upon patient specific character-
istics and previous therapies. Of note, an adequate trial of 
two to six months is recommended in order to determine ef- 
 

ficacy of a single agent.2 The AAN released another update 
in 2012 regarding nonsteroidal anti-inflammatory drugs 
(NSAIDs) and other complementary treatments for episodic 
migraine prevention in adults. This update recommends 
the use of herbal preparations, vitamins, and minerals such 
as petasites (butterbur) with a Level A recommendation. 
NSAIDs are recommended as Level B and are shown to be 
probably effective.3 The American Headache Society (AHS) 
also released a guideline in 2012 for the prevention of 
episodic migraine. The recommendations provided by this 
guideline are in-line with the recommendations provided by 
the AAN and recommend the use of antiepileptic medica-
tion, beta-blockers, and petasites (butterbur).4 

The pathophysiology of migraines is complex and involves 
multiple theories. One theory revolves around a molecule 
called calcitonin gene-related peptide (CGRP). CGRP 
molecules have vasodilatory properties, which relax the 
intracranial and extracranial blood vessels and can lead 
to severe headaches. During clinical trials of patients with 
migraines, CGRP was often detected and severely ele-
vated during attacks.5-7 In response, pharmaceutical com-
panies began to create monoclonal antibodies that bind 
to the CGRP receptor and prevent its biological activity 
in order to prevent the pain associated with migraines.7-8 
Currently, there are three CGRP monoclonal antibodies 
with FDA indications for migraine prophylaxis only. These 
include Aimovig® (erenumab), Ajovy ® (fremanezumab), 
and Emgality® (galcanezumab). A fourth CGRP monoclo-
nal antibody, eptinezumab, is currently in clinical trials and 
awaiting FDA approval.

Pharmacodynamic/Kinetics:
The three CGRP monoclonal antibodies that are currently 
FDA approved are all subcutaneous injections. Both ere-
numab and galcanezumab are administered every four 
weeks while fremanezumab can be administered every four 
weeks or every three months. Peak serum concentrations 
are achieved after approximately five to seven days with a 
half-life of approximately 27-31 days. No dose adjustments 
are recommended for renal or hepatic impairment due to 

lack of data in clinical trials.9-11

Erenumab:
Clinical Trials
Erenumab was approved May of 2018 
based on the findings from three dif-
ferent clinical trials entitled ARISE, 
STRIVE, and Study-20130255. The pri-
mary outcome for all three trials was the 
change from baseline in migraine head-

Table 1: Level of evidence according to AAN guidelines

Level of	 Level A	 Level B	 Level C	 Level U
evidence

	 Medications with	 Medications are	 Medications	 Medications
Description 	 established	 probably effective	 are possibly	 with inadequate
	 efficacy (≥ 2 	 (1 Class I trial	 effective	 or conflicting
	 Class I trials) 	 or 2 Class 2 trials)	 (1 Class	 data to support
		   	 II study)	 or refute
				    medication use 
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ache days (MHD) per month. The use of one stable mi-
graine-preventative medication was allowed in both ARISE 
and STRIVE trials, however, individuals who were receiv-
ing any migraine-preventative medications were excluded 
from Study-20130255.9, 12-14

ARISE and STRIVE were both randomized, double-blind 
studies assessing the use of erenumab as prophylactic 
treatment of episodic migraine. In both of these studies, 
baseline demographics were similar between groups with 
a monthly MHD of eight. ARISE consisted of 577 patients 
who were randomized in a 1:1 ratio to receive either a 
once-monthly subcutaneous injection of erenumab 70 mg 
or matching placebo for three months. Patients receiving 
erenumab were found to have 2.9 fewer MHD per month 
compared to those receiving the placebo, who had 1.8 few-
er MHD per month (p<0.001).12 STRIVE consisted of 955 
patients who were randomized in a 1:1:1 ratio to receive ei-
ther erenumab 70 mg, erenumab 140 mg, or matching pla-
cebo once-monthly subcutaneous injection for 6 months.13 
Patients who received erenumab 70 mg experienced 3.2 
less MHD per month, while those who received erenumab 
140 mg experienced 3.7 less MHD per month. Patients 
who received the placebo experienced 1.8 less MHD per 
month (p<0.001).13

Study-20130255 was a randomized, double-blind study 
assessing the use of erenumab as prophylactic treatment 
of chronic migraine. This trial consisted of 667 patients 
who were randomized in a 1:1:1.5 ratio to receive either 
erenumab 70 mg, erenumab 140 mg, or matching placebo 
monthly subcutaneous injection for three months. Patients 
who received either dose of erenumab experienced the 
same 6.6 MHD reduction per month compared to placebo, 
who experienced 4.2 fewer MHD per month (p<0.001).14

Safety and efficacy between erenumab 70 mg and 140 mg 
were similar. However, differences between these two treat-
ment arms were not found to be statistically significant. Both 
doses are FDA-approved, with the 140 mg to be adminis-
tered once monthly as two consecutive injections of 70 mg 
subcutaneously.9, 12-14

Fremanezumab:
Clinical Trials: 
Fremanezumab was approved in September of 2018 
based on findings from two randomized, double-blind, 
placebo-controlled, parallel-group trials. The primary 
outcome from both studies was the mean change from 
baseline in the average number of monthly MHD during 
the 12-week period after the first dose of fremanezumab. 
Preceding the trial, patients were permitted to continue a 
stable dose of one migraine-preventive medication for at 
least two months.15, 16 

The trial published by Dodick, et al. evaluated 791 pa-
tients; it consisted of an initial screening visit, followed by 
a 28-day pretreatment period, a 12-week treatment period, 
and concluded with a final evaluation of treatment at week 
12. Patients were randomized 1:1:1 to receive a monthly 

standard dose (225 mg), a higher quarterly dose (three 
injections of 225 mg) or placebo. Demographics were simi-
lar between groups, with an overall mean of 9.1 monthly 
MHD. Overall, there was a statistically significant differ-
ence (p< 0.01) between monthly and quarterly dosing of 
fremanezumab as compared to the placebo (4.9 days for 
monthly, 5.3 days for quarterly, 6.5 days for placebo) with 
a change from baseline ranging between -3.4 to -3.7 days 
in the treatment arms.15

The trial published by Silberstein, et al. in 2017 was similar 
in design and evaluated 1,034 patients. The baseline demo-
graphics were similar amongst the groups, with MHD per 
month ranging between 12.8 and 13.3. The MHD per month 
was reduced by 4.3 ± 0.3 days in the fremanezumab quar-
terly group, 4.6 ± 0.3 days in the monthly group, and 2.5 ± 
0.3 days in the placebo group (P<0.001 for both compari-
sons with placebo).16 As there was no statistical difference 
in efficacy between treatment arms, both doses of freman-
ezumab are currently FDA approved.10, 15, 16

Galcanezumab: 
Clinical Trials:
Galcanezumab was approved September of 2018 after dem-
onstrating safety and efficacy from three phase-3, random-
ized, double-blinded, placebo-control trials titled EVOLVE-1, 
EVOLVE-2, and REGAIN.11 In all of these trials, patients 
were randomized in a 2:1:1 fashion to received monthly 
placebo, galcanezumab 120 mg, or galcanezumab 240 mg 
subcutaneous injections. Patients that were randomized to 
receive galcanezumab 120 mg, were given a loading dose 
of 240 mg in the first month. The primary outcome for all tri-
als was the overall mean change from baseline in the num-
ber of monthly MHD during the treatment period.17-19

EVOLVE-1 and EVOLVE-2 consisted of a total of 1,773 
patients with episodic migraines. During the trials, patients 
were followed for six months and were not permitted to use 
medications for the prevention of migraines. Demograph-
ics were similar between all the groups with an average 
monthly MHD of nine in both trials. In EVOLVE-1, the pri-
mary outcome was found to be reduced by 4.7 days and 4.6 
days with galcanezumab 120 mg and 240 mg respectively 
(p<0.001 for both outcomes). This was compared to an av-
erage of 2.8 days with placebo.17 The results of EVOLVE-2 
showed that monthly MHD were reduced by 4.3 days and 
4.2 days with galcanezumab 120 mg and 240 mg respec-
tively (p<0.001 for both outcomes). This was compared to 
a reduction of 2.3 days with placebo. However, both trials 
displayed no statistical difference in the primary outcome 
between doses of galcanezumab.18

The REGAIN trial consisted of 1,113 patients with chronic mi-
graine and was conducted for three months. Unlike EVOLVE-1 
and 2, 15% of patients were allowed to use one medication for 
the prevention of migraines. Demographics were similar be-
tween groups and average monthly MHD was 19.4. The prima-
ry outcome was found to be reduced by 4.8 days and 4.6 days 
with galcanezumab 120 mg and 240 mg respectively (p<0.001 
for both outcomes) as compared to 2.7 days with placebo.19
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Similar to EVOLVE-1 and 2, the REGAIN trial also had no sta-
tistical difference between galcanezumab doses. However, in-
jection site reactions were more common in galcanezumab 240 
mg as opposed to 120 mg. Therefore, the FDA approved dose 
is 120 mg once monthly after a loading dose of 240 mg.11, 17-19

Eptinezumab: 
Eptinezumab is currently in the late stages of clinical de-
velopment and is completing two phase-3, randomized, 
double-blinded, placebo-controlled trials referred to as 
PROMISE-1 and PROMISE-2. Both studies evaluate ep-
tinezumab versus a placebo with a primary outcome of 
change in frequency of monthly MHD. In the first trial, 
PROMISE-1, patients were randomized to receive eptin-
ezumab (300 mg, 100 mg, or 30 mg) or a placebo adminis-
tered by infusion every 12 weeks for episodic migraine pre-
vention. The primary outcome was shown to be reduced by 
4.3 monthly migraine days for 300 mg (p=0.0001) and 3.9 
days for 100 mg (p=0.0179) compared to an average 3.2 
days for the placebo. As per the statistical analysis plan, the 
30 mg dose level evaluated in the study was not tested.20 In 
the second trial, PROMISE-2, patients were randomized to 
receive eptinezumab (300 mg or 100 mg) or a placebo ad-
ministered by infusion every 12 weeks for chronic migraine 
prevention. The primary outcome was decreased by 8.2 
days in the treatment arm (p<0.001) compared to an aver-
age of 5.6 days with placebo.21 If this medication were to 
be approved, it will be the first CGRP monoclonal antibody 
with infusion therapy to prevent migraines.

Safety:
Across phase-3 trials, the most common adverse reaction 
with CGRP monoclonal antibodies was injection site reac-
tion; this includes injection site pain, injection site erythema, 
and injection site pruritus.12-19 However, it should be noted 
that although rare, patients treated with fremanezumab ex-
perienced an elevation in liver enzymes; this did not affect 
the rates of discontinuation between groups.15-16

Ongoing Trials:
There are currently three prospective trials investigating the 
effects of erenumab. The first is a study of erenumab against 
topiramate in patients with episodic migraine called HER-
MES.22 The other two trials are investigating the safety and 
tolerability of erenumab in pediatric patients (OASIS (EM) 
is a trial studying episodic migraine, while OASIS (CM) is a 
trial studying patients with chronic migraine).23-24

There is currently one multicenter, randomized, double-
blind, parallel trial investigating the efficacy, safety, and tol-
erability of monthly fremanezumab. This trial is still active 
with an estimated study completion of mid-year 2019.25 

There are two active trials in regards to galcanezumab. One 
of these studies is evaluating galcanezumab in adults with 
treatment resistant migraines called CONQUER. The other 
trial is evaluating patients who are between six and seven-
teen years old with episodic migraines called REBUILD.26-27 

Place in Therapy: 
The increasing prevalence of migraines have largely affected 
patients due to lost productivity and increasing healthcare 
costs. Although the pathophysiology of migraines is complex 
and involves multiple theories, CGRP monoclonal antibodies 
have demonstrated positive clinical efficacy in regards to de-
creasing the amount of MHD per month. Guidelines have not 
yet addressed place in therapy for the newly FDA-approved 
CGRP monoclonal antibodies, but may be promising for indi-
viduals who have failed multiple preventative therapies. Cur-
rent clinical trials only compared CGRP monoclonal antibod-
ies to placebo, and additional trials are needed to determine 
cost-effectiveness and long-term safety.

References:
1Migraine Research Foundation. About Migraines. https://
migraineresearchfoundation.org/about-migraine/migraine-
facts/. Accessed October 15, 2018. 
2Silberstein SD, Holland S, Freitag F, et al. Evidence-based 
guideline update: Pharmacologic treatment for episodic mi-
graine prevention in adults. Neurology 2012; 78:1337–1345.
3Holland S, Silberstein SD, Freitag F, et al. Evidence-based 
guideline update: NSAIDs and other complementary treat-
ments for episodic migraine prevention in adults. Neurol-
ogy. 2012 Apr 24; 78: 1346–1353.
4Loder E, Burch R, Rizzoli P. The 2012 AHS/AAN Guide-
lines for Prevention of Episodic Migraine: A Summary and 
Comparison with Other Recent Clinical Practice Guidelines. 
Headache 2012; 52:930-945. 
5Goadsby PJ, Edvinsson L, Ekman R, et al. Vasoactive pep-
tide release in the extracerebral circulation of humans dur-
ing migraine headache. Ann Neurol. 1990; 28:183-187.
6Goadsby PJ, Edvinsson L. The trigeminovascular system 
and migraine: studies characterizing cerebrovascular and 
neuropeptide changes seen in humans and cats. Ann Neu-
rol. 1993; 33:48-56.
7Villalón CM, Olesen J. The role of CGRP in the pathophysi-
ology of migraine and efficacy of CGRP receptor antago-
nists as acute antimigraine drugs. Pharmacology & Thera-
peutics. 2009;124(3):309-323. 
8Bigal ME, Walter S, Rapoport AM. Calcitonin gene-related 
peptide (CGRP) and migraine current understanding and 
state of development. Headache 2013; 53:1230-44.
9Erenumab [prescribing information]. Thousand Oaks, CA: 
Amgen Inc; May 2018.
10Fremanezumab [prescribing information]. North Wales, 
PA: Teva Pharmaceuticals USA, Inc.; September 2018.
11Galcanezumab [package insert]. Indianapolis, IN: Eli Lilly 
and Company; October 2018. 
12Dodick DW, Ashina M, Brandes JL, et al. ARISE: A Phase 
3 randomized trial of erenumab for episodic migraine. 
Cephalalgia. 2018; 38:1026-1037. 
13Goadsby PJ, Reuter U, Hallström Y, et al. A Controlled Tri-
al of Erenumab for Episodic Migraine. N Engl J Med. 2017; 
377:2123-2132. 



SPRING 2019	 Page 7

14Tepper S, Ashina M, Reuter U, et al. Safety and efficacy 
of erenumab for preventive treatment of chronic migraine: a 
randomised, double-blind, placebo-controlled phase 2 trial. 
Lancet Neurol. 2017; 16:425-434. 
15Dodick D, Silberstein S, Bigal M, et al. Effect of freman-
ezumab compared with placebo for prevention of episodic 
migraine: a randomized clinical trial. JAMA. 2018; 319:1999-
2008. 
16Silberstein S, Dodick D, Bigal M, et al. Fremanezumab for 
the preventive treatment of chronic migraine. N Engl J Med. 
2017; 377:2113-2116.
17Stauffer VL, Dodick DW, Zhang Qi, Carter JN, Ailani J, 
Conley R. Evaluation of Galcanezumab for the Prevention 
of Episodic Migraine. The EVOLVE-1 Randomized Clinical 
Trial JAMA Neurol. 2018; 75:1080-1088. 
18Skljarevski V, Matharu M, Millen BA, Ossipov MH, Kim 
BK, Yang JY. Efficacy and safety of galcanezumab for the 
prevention of episodic migraine: Results of the EVOLVE-2 
Phase 3 randomized controlled clinical trial. Cephalal-
gia. 2018 Jul; 38:1442-1454.
19Detke HC, Goadsby PJ, Wang S, et al. Galcanezumab in 
chronic migraine: The randomized, double-blind, placebo-
controlled REGAIN study. Neurol. 2018;91: e2211-e2221. 
20Alder Biopharmaceutical. Alder BioPharmaceuticals An-
nounces Positive Eptinezumab Phase 3 Results for Preven-
tion of Frequent Episodic Migraine. https://investor.alderbio.
com/news-releases/news-release-details/alder-biopharma-
ceuticals-announces-positive-eptinezumab-phase-3.
Accessed October 19, 2018. 
21Alders Biopharmaceutical. Promise 2 Top-Line Data Results. 
https://investor.alderbio.com/static-files/b943669f-4b0c- 
4e10-a177-36e7974e9057. Accessed October 19, 2018. 
22Novartis Pharmaceuticals. Head-to-head study of ere-
numab against topiramate in patients with episodic mi-
graine (HER-MES). Available from https://clinicaltrials.gov. 
NLM identifier: NCT03828539. Accessed March 3, 2019.
23Amgen. Efficacy and safety of erenumab in pediatric sub-
jects with episodic migraine (OASIS (EM)). Available from 
https://clinicaltrials.gov. NLM identifier: NCT03836040. Ac-
cessed March 3, 2019.
24Amgen. Efficacy and safety of erenumab in pediatric sub-
jects with chronic migraine (OASIS (CM)). Available from 
https://clinicaltrials.gov. NLM identifier: NCT03832998. Ac-
cessed March 3, 2019.
25Teva Branded Pharmaceutical Products, R&D Inc. An Ef-
ficacy and Safety Study of Fremanezumab in Adults with 
Migraine (FOCUS). Available from https://clinicaltrials.gov/
ct2/show/NCT03308968. NLM identifier: NCT03308968. 
Accessed March 3, 2019.
26Eli Lilly and Company. A study of galcanezumab 
(LY2951742) in adults with treatment-resistant migraine 
(CONQUER). Available from https://clinicaltrials.gov/ct2/
show/NCT03559257. NLM identifier: NCT03559257. Ac-
cessed February 24, 2019.

27Eli Lilly and Company. A study of galcanezumab 
(LY2951742) in participants 6 to 17 Years of age with 
episodic migraine (REBUILD). Available from https://
clinicaltrials.gov/ct2/show/NCT03432286. NLM identifier: 
NCT03432286. Accessed February 24, 2019.

About the Authors
*Rachel Quinn, PharmD, BCACP
Clinical Assistant Professor of Pharmacy Practice
Fairleigh Dickinson University
230 Park Ave Florham Park, NJ 07932
Email: rlquinn@fdu.edu
Phone: 845-649-7690
Corresponding author

Alyssa Gallipani, PharmD, BCACP
Clinical Assistant Professor of Pharmacy Practice
Fairleigh Dickinson University
230 Park Ave Florham Park, NJ 07932
Email: agallip@fdu.edu

Samantha Gutt, PharmD
Fairleigh Dickinson University
230 Park Ave Florham Park, NJ 07932
Email: sgutt@student.fdu.edu



Page 8	 The New Jersey Journal of Pharmacy

Revefenacin (Yupelri): First and Only Daily Nebulized Long Acting 
Muscarinic Antagonist Approved for Maintenance Treatment of 

Chronic Obstructive Pulmonary Disease in the United States
*Rachel Quinn, PharmD, BCACP; Kalim Ahmed, PharmD

Introduction: 
Chronic Obstructive Pulmonary Disease (COPD) is a chronic 
and progressive inflammatory condition that reduces airflow 
to the lungs and should be considered in patients present-
ing with persistent cough, dyspnea, sputum production, and/
or exposure to risk factors, such as tobacco.1 According to 
the 2018 Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) guideline, two key values are used to diagnose 
COPD including forced expiratory volume (FEV1) and forced 
vital capacity (FVC). A post bronchodilator ratio of <0.7 shows 
airflow limitations and helps confirm diagnosis. However, for 
patients with severe airflow obstruction and whom cannot 
fully exhale, a FEV6 or slow vital capacity (VC) may be more 
accurate than an FVC. According to the GOLD guidelines, 
the ratio between FEV1/FEV6 and FEV1/Slow VC are both 
appropriate alternatives to FEV1/FVC. After patients receive 
a COPD diagnosis, staging is determined according to FEV1; 
the stages range from mild to very severe (Table 1).2 
 
Bronchodilators, such as long acting beta-2 agonists (LABA) 
and long acting muscarinic antagonists (LAMA), are consid-
ered first line treatment options for patients with COPD be-
cause they reduce symptoms such as exacerbation frequency 
and prevent further complications including pneumonia; once 
daily medications are also preferred (Table 2).2 LAMAs inhibit 
the action of acetylcholine at the muscarinic (M)3 receptor, 
while LABAs stimulate intracellular adenyl cyclase, which 
increase levels of cyclic adenosine monophosphate; both of 
these mechanisms lead to bronchodilation at the smooth mus-

cle.3 The 2018 GOLD guideline makes treatment recommen-
dations based on symptoms present and number of exacerba-
tions (Table 3). Two scoring systems are used to determine 
control of COPD symptoms including the COPD Assessment 
Test and Modified Medical British Medical Research Council. It 
is also important to note that every stage in the ABCD assess-
ment tool (Table 3) lists LAMAs as appropriate options, which 
supports the development of new LAMA medications.2

Until recently, LAMA medications were all formulated into 
inhalers that are convenient for use due to size, portability, 
and ability for quick use. However, they require assembly, 
proper hand-to-mouth technique, and breathing coordina-
tion to receive the dose. On the other hand, nebulizers deliv-
er medication via a mask or mouthpiece and require limited 
technique as the medication flows continuously allowing a 
patient to breathe normally. Therefore, nebulizers can pro-

vide an easier route to receive medication, es-
pecially in patients who have dexterity issues.4 

Revefenacin
Pharmacological properties:
According to Hedge et al, revefenacin behaves 
as a competitive antagonist at five human re-
combinant muscarinic cholinergic receptors. Ki-
netic properties also revealed that revefenacin 
dissociated slower from M3 receptors (t1/2 = 82 
minutes) compared to M2 receptors (t1/2 = 6.9 
minutes) showing selectivity for the M3 receptor 
subtype.5 It is also important to note that revef-
enacin has similar pharmacokinetic data (Table 
4) and cost (Table 5) as other LAMA agents.

Dosing:
The recommended dose of revefenacin is 175 
mcg once daily used with a standard jet nebu-
lizer. Revefenacin does not require dose adjust-
ments for geriatric patients or patients with renal 
impairment. However, it is not recommended for 
use with hepatic impairment or in pregnant pa-
tients’ due to lack of data.6

Table 1: Classification of Airflow Limitation Severity
in COPD Patients with FEV1/FVC <0.70 

GOLD 1:	 Mild	 FEV1 ≥80% predicted

GOLD 2:	 Moderate	 50% ≤ FEV1 < 80% predicted

GOLD 3:	 Severe	 30% ≤ FEV1 < 50% predicted
GOLD 4:	 Very Severe	 FEV1 < 30% predicted

COPD: chronic obstructive pulmonary disease; FEV1= forced 
expiratory volume; FVC= forced vital capacity; GOLD= global 
initiative for chronic obstructive lung disease

Table 2: Common Once Daily Medications Used in Treatment of COPD
Drug	 Dosing	 Side Effects

Long Acting Beta-2 Agonists (LABA)
Indacaterol	 DPI: 1 capsule via	 Nervousness,  
(Arcapta Neohaler)8	 Neohaler device daily	 tremor, tachycardia, 
		  palpitations

Olodaterol (Striverdi 	 MDI: 2 inhalations
Respimat)9	 daily

Long Acting Muscarinic Antagonists (LAMA)

Tiotropium	 DPI: 1 capsule via	 Dry mouth, upper
(Spiriva HandiHaler, 	 HandiHaler device	 respiratory tract
Spiriva Respimat)10	 daily	 infections, cough,	
	 MDI: 2 inhalations daily	 bitter taste 

Umeclidinium 	 DPI: 1 inhalation
(Incruse Ellipta)11	 daily

Combination LAMA/LABA Products
Tiotropium/ olodaterol 	 Soft mist inhaler:	 Nasopharyngitis,
(Stiolto Respimat)12	 2 inhalations once daily	 cough

Umeclidinium/ vilanterol 	 DPI: 1 inhalation	 Headache, dizziness
(Anoro Ellipta)13	 daily

COPD: chronic obstructive pulmonary disease; MDI: metered dose inhaler; DPI: 
dry powdered inhaler
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Efficacy:
Revefenacin was FDA approved based on data from two 12-
week replicate, phase 3, double-blind, placebo-controlled 
trials that included 1,229 patients in each study. The pri-
mary efficacy endpoint for both trials was the change from 
baseline in trough (predose) FEV1 at day 85. To be enrolled, 
subjects needed to be 40 years old, have a clinical diagno-
sis of COPD, history of smoking >10 pack-years, moderate 
to severe COPD, and a FEV1/FVC ratio < 0.7. In each trial, 
patients received either revefenacin 175 mcg or placebo in 
a 1:1 ratio. Both trials showed significant improvement in 
lung function with revefenacin and revefenacin was shown 
to have an increase in FEV1 of 146 ml (95% CI: 103.7-188.8) 
and 147 ml (95% CI: 97-197.1) in trials 1 and 2, respectively 
compared to placebo.6 The St. George’s Respiratory Ques-

tionnaire (SGRQ) was also used to assess quality of life. In 
trial 1 the responder rate (defined as someone who expe-
rienced a decrease in SGRQ score of > 4) was 49% in the 
revefenacin arm compared to 34% in the placebo arm (95% 
CI: 1.14-3.92). In trial 2, it was found to be 45% in the revefe-
nacin arm compared to 39% in placebo (95% CI: 0.72-2.38).6

There was also a randomized, double-blind, double-dum-
my trial comparing the effect of revefenacin and tiotropium 
handihaler on lung function in patients with COPD and low 
peak inspiratory flow rates. The primary outcome, change 
from baseline in trough FEV1 and FVC on day 28, favored 
revefenacin over tiotropium, however the change () trough 
values did not meet statistical significance ( trough FEV1: 
15.7 (22.3) mL, p=0.4811;  trough FVC: 69.6 (42.9) mL, 
p=.1040).7 In patients with severe COPD (FEV1 ≤ 50%), 
revefenacin showed better improvement in lung function 
compared to tiotropium ( trough FEV1: 47.3 [21.8] mL,  
p=0.0302;  trough FVC: 99.9 [48.7] mL, p=0.0407).7

Safety:
The most common adverse effects of revefenacin included 
cough (n=17; 4%), nasopharyngitis (n=15; 4%), and head-
ache (n=16; 4%). In both trials, 13% discontinued revefenacin 
due to adverse effects compared to 19% receiving placebo.6 
Additionally, a 52-week open-label safety trial that evaluated 
revefenacin versus tiotropium found the most common ad-
verse events were exacerbations, nasopharyngitis, upper 
respiratory tract infections, dyspnea, and cough, which were 
consistent with the efficacy trials.6

Table 3: Refined ABCD Assessment Tool 2

≥2 exacerbations or ≥1	 C	 D
leading to hospital admission	 LAMA	 LAMA +
		  LABA

0 or 1 exacerbation	 A	 B
(not leading to hospital 	 SABA or	 LABA or
admission)	 SAMA PRN	 LAMA

	 mMRC (0-1)	 mMRC (≥2)
	 CAT (<10)	 CAT (≥10)

CAT: COPD assessment test; LAMA: long acting muscarinic antago-
nist; LABA: long acting beta-2 agonist; mMRC: Modified Medical Brit-
ish Medical Research Council; PRN: as needed; SAMA: short acting 
muscarinic antagonist; SABA: short acting beta-2 agonist
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Place in therapy:
Based on the efficacy results of these trials, revefenacin was 
shown to improve lung function for patients with moderate to 
severe COPD. Prior to this medications approval, once-daily 
nebulized therapies for COPD were not available. As revefe-
nacin was FDA approved after the 2018 GOLD guidelines, its 
role in therapy has not yet been described. Additional trials 
are needed to determine clinical utility, cost-effectiveness, 
and long-term safety of revefenacin.
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Table 4: Pharmacokinetic data on LAMAs used in the treatment of COPD

Medication name 	 Protein binding	 Metabolism	 Half-life elimination	 Time-to-peak	 Duration

Revefenacin (Yupelri)6	 71%	 Hydrolysis of the primary	 22 to 70 hours	 14 to 41 minutes	 Up to 24 hours
		  amide to carboxylic acid
Tiotropium 	 72%	 Hepatic (minimal), via	 ~25 hours	 7 minutes	 Up to 24 hours
(Spiriva HandiHaler)10		  CYP2D6 and CYP3A4
Tiotropium	 72%	 Hepatic (minimal), via	 25 hours	 5 to 7 minutes	 Up to 24 hours
(Spiriva Respimat)10		  CYP2D6 and CYP3A4
Umeclidinium 	 ~89%	 Hepatic via CYP2D6	 11 hours	 5 to 15 minutes	 Up to 24 hours
(Incruse Ellipta)11

Aclidinium (Tudorza)14	 None noted in 	 Hydrolysis via plasma	 5 to 8 hours	 Within 10	 Up to 12 hours
	 package insert	 esterases to inactive 		  minutes
		  alcohol and acid 
		  metabolites
Glycopyrrolate	 38%- 41%	 Hepatic	 33 to 53 hours	 DPI: 5 minutes	 Up to 12 hours
(Seebri Neohaler)15		  (minimal)		  Nebulizer:
				     <20 minutes

COPD: chronic obstructive pulmonary disease; DPI: dry powdered inhaler; LAMA: Long acting muscarinic antagonist

Table 5: Comparison of cost between LAMA therapies used to treat COPD
Medication name 	 Cost 
Revefenacin (Yupelri)6	 175 mcg/3 mL (per mL): $13.73

Tiotropium (Spiriva HandiHaler)10	 18 mcg (per each): $17.18

Tiotropium (Spiriva Respimat)10	 1.25 mcg/ACT (per gram): $128.84

	 2.5 mcg/ACT (per gram): $55.67

Umeclidinium (Incruse Ellipta)11	 62.5 mcg/INH (per each): $12.13

Aclidinium (Tudorza)14	 400 mcg/ACT (per each): $211.06

Glycopyrrolate (Seebri Neohaler)15	 15.6 mcg (per each): $7.88
COPD: chronic obstructive pulmonary disease; LAMA: Long acting muscarinic antagonist
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Introduction and pathophysiology of herpes-zoster infection
Herpes-zoster, commonly referred to as ‘shingles’, is a viral infection caused by the varicella zoster virus (VZV), belong-

ing to the herpesvirus family. VZV, is associated with the diagnoses of chicken pox, a dermatologic rash commonly seen 
in children. Herpes-zoster has been and remains a debilitating infection that affects millions of individuals worldwide.1  Just 
in the United States alone, there is on average 1 million new cases of shingles diagnosed every year.2  Nearly 99.5% of all 
individuals over 40 have been infected with wild type VZV during their childhood, putting a majority of older individuals at 
risk of acquiring herpes-zoster.3 Herpes-zoster infection cannot be transmitted. If an individual with herpes-zoster comes in 
contact with someone without a prior herpes-zoster infection or exposure to VZV, they are only at risk of developing chicken 
pox.3 With a growing incidence within the human population, there is constant search for therapeutic regimens and preven-
tative measures to help combat the infection. 

 Primary VZV infection results from an exogenous infection, whereas herpes-zoster results from reactivation of VZV. This 
occurs due to the virus establishing lifelong residence within sensory neurons.4 Throughout a patients infection with chicken 
pox, VZV that is present in the pustules, travels through the sensory nerves to the dorsal root and cranial sensory ganglia 
where nerve cell bodies are grouped together; here is where VZV will lie dormant within the body and establishes as a latent 
infection.4 The non-infectious nature of the latent virus results from development of a T-cell mediated immunity, that protects 
the body from reactivation of the virus.5 As individuals age, the T cell-mediated immunity declines, causing reactivation of 
VZV and subsequently the herpes-zoster infection.5 This occurs also in response to immune suppression. The reactivation 
of the VZV results in the multiplication and spread of the virus within the sensory ganglion, with subsequent infection of 
many sensory neurons, where the virus then reaches the skin, causing the dermatomal rash of herpes-zoster.4 

Risk Factors and Prevalence
As individuals age, their immune system weakens, leading to an increased risk for acquiring infections.  Consequently, age is 

considered as one of the major risk factors for developing herpes-zoster.6 A large proportion of the elderly population that has been 
exposed to VZV developed immunity to the virus. This is largely due to the fact that these individuals may have come in contact 
with VZV but not expressed the dermatologic rash of chicken pox. The incidence of herpes-zoster in the general public is seen at 
rates of approximately 4 cases per 1,000 individuals and increases to roughly 10 cases per 1,000 individuals over the age of 60.3

In addition to advancing age, immunosuppression is another major risk factor for the reactivation of VZV.  Furthermore, 
it has been shown that there is a greater incidence of herpes-zoster in women than men but the reasoning behind this 
observation is unknown.7  Race also plays a role in the acquisition of herpes-zoster where African American and Hispanic 
individuals are less likely to get herpes-zoster than white individuals.6,8 
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Clinical Presentation
The primary feature of herpes-zoster is a vesicular rash of unilateral distribution confined to roughly 1 to 3 adjacent areas 

of the skin that are supplied by a single spinal nerve.9 The thoracic, trigeminal, lumbar, and cervical areas are the most fre-
quent sites of a rash.10  During the prodromal phase of herpes-zoster, patients may experience headaches, pain, malaise, 
and acute photophobia before the rash appears externally.9 These symptoms may progress into the acute phase where the 
rash becomes visible on the skin.9 The rash is maculopapular and accompanied by pain, which leaves the individual more 
sensitive to touch on the affected areas. The rash eventually evolves into vesicles and fluid filled pustules.10 New lesions will 
generally appear within a 3 to 5 day window and begin to dry out within 7 to 10 days.10 Once the lesions become crusted, 
the viral infection is no longer contagious and enters the resolution stage.10 Untreated herpes-zoster infection can lead to 
several complications: herpes-zoster opthalmicus (VZV reactivation within the eye), bacterial infections of open lesions, and 
cranial and peripheral nerve palsies (loss or decreased function of a nerve).11  

One of the primary and most severe complications seen with herpes-zoster is postherpetic neuralgia (PHN), which causes 
serious debilitating neurologic pain. For most patients, the pain will resolve within a few days. However, it can persist for 
upwards of 90 days after the rash has cleared in other patients.12  PHN typically effects an estimated 34% of those with 
herpes-zoster and increases to roughly 60% to 70% in those over the age of 60.13 Postherpetic neuralgia can become a 
chronic complication that can have a crucial long-term effect on patients’ lives.

Treatment 
The main goal of treatment is to control pain, achieve remission, and decrease the risk of complications during the acute 

phase of herpes-zoster.  Agents most often prescribed to combat symptoms associated with herpes-zoster are antivirals, 
corticosteroids, and pain medications.11 Three antivirals are currently approved by the FDA for the treatment of herpes-
zoster: acyclovir, famciclovir, and valacyclovir.11 Antiviral therapy reduces the duration and severity of herpes-zoster infec-
tion but does not prevent PHN.14 Antivirals should be initiated within 72 hours from the onset of the rash. Therapy is not 
contraindicated after 72 hours and should still be highly considered.11

Currently, there is no FDA approved medication specifically formulated to treat PHN. A variety of therapeutics are recommend-
ed to help patients find pain relief. Commonly prescribed medications are seen as: topical lidocaine, anticonvulsants (ex. gaba-
pentin and pregabalin), opioids, tricyclic antidepressants (ex. nortriptyline), or the combination of an opiate and gabapentin.10

Vaccination: Zostavax® and Shingrix®
Two vaccines are currently available for prevention of the reactivation of VZV: Zostavax® and Shingrix®.  Zostavax® is 

a live attenuated vaccine, approved for the prevention of herpes-zoster in 2006.15 It was the first available vaccination to 
prevent the occurrence of herpes-zoster. Zostavax® is given as a one dose, 0.65 mL subcutaneous injection and is FDA 
approved for patients over 50 years for the prevention of herpes-zoster.15

The approval of Zostavax® was based on two clinical trials: Zostavax Efficacy and Safety Trial (ZEST),  and Shingles 
Prevention Study (SPS).16 14  ZEST trial was conducted in patients between the ages of 50 and 59; and SPS included pa-
tients over the age of 60. Both studies were placebo controlled, double-blind clinical trials. The ZEST trial was composed of 
22,439 patients that were randomized to receive a placebo (n= 11,212) or Zostavax® injection (n=11,184). Patients in the 
ZEST trial were followed for a median of 1.3 years to analyze their development of herpes-zoster. Compared to placebo, 
Zostavax® reduced the occurrence of herpes-zoster by 69.8% (95% CI: 54.1, 80.6%). The most common adverse reaction 
reported in the ZEST trial occurring in greater than 1% of patients was injection site reaction and headache. 16

In the SPS trial, 38,546 patients were enrolled to receive either a dose of placebo or a herpes-zoster vaccine injection. 
SPS trial patients were followed for a median of 3.1 years, during which 19, 270 patients received the herpes-zoster vaccine 
and 19, 276 received placebo.14 Subjects were stratified into groups based on ages of 60 - 69 and > 70 years old. The pri-
mary endpoint was the burden of illness caused by herpes-zoster, measured as herpes-zoster associated pain and discom-
fort.  The secondary endpoint was the incidence of clinically significant PHN.  Results showed that herpes-zoster vaccine 
significantly reduces the burden-of-illness score among all vaccine versus placebo recipients (p < 0.001).  The incidence of 
PHN was also lower in the herpes-zoster vaccine group as compared with placebo: 0.46 vs 1.38 cases/1000 person-years, 
p < 0.001).14  Injection site reactions were significantly more common in the herpes-zoster vaccine group than in placebo 
group, but overall serious adverse events were comparable (4.1% in each group). 14

Shingrix® is the second vaccine, approved by the FDA in October of 2017, for the prevention of shingles in individuals 
over the age of 50.17  It is an, adjuvanted, recombinant herpes-zoster subunit vaccine.17 

The approval of Shingrix® was based on two pivotal phase 3 clinical trials, ZOE-50, and ZOE-70, that enrolled over 
38,000 patients in 18 countries.18 ZOE-50 trial evaluated 15,411 participants who received either the herpes-zoster subunit 
vaccine (HZ/su) (n= 7698) or placebo (n=7713).18 Patients were stratified according to age group: 50-59 years old, 60-69 
years old and > 70 years old.  The primary endpoint was the efficacy of HZ/su vaccine is reduction of risk of herpes-zoster 
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as compared with placebo. The secondary endpoint was vaccine efficacy in reduction in incidence of herpes zoster.19 ZOE-
50 trial showed that HZ/su was associated with a risk of herpes-zoster that was 97.2% lower than that associated with 
placebo.18  The majority of adverse effects were mild-to-moderate in nature, and included mostly injection-site reactions.19  

ZOE-70 study evaluated 13,900 patients over the age of 70, who were  followed for a mean of 3.7 years.18 Participants 
received either HZ/su (n= 6, 950) or placebo (n=6950).18  Pooled analysis of patients in ZOE-70 and patients from ZOE-50, 
who were > 70 years old, showed HZ/su efficacy against herpes-zoster to be 91.3% (95% CI, 86.8 to 94.5).18 Vaccine effi-
cacy against postherpetic neuralgia was 88.8% (95% CI, 68.7 to 97.1).18  The most common adverse effects ware injection-
site reactions as well as systemic reactions within 7 days after injection.18

Guidelines for Prevention of Herpes-Zoster
In January, 2018, the Center for Disease Control and Prevention (CDC) stated the administration of Shingrix® vaccine 

as the preferred product for the prevention of herpes-zoster in patients 50 years of age and older.20 The vaccination is a 0.5 
mL intramuscular injection given in two doses separated by 2 to 6 months.17 Shingrix® should be administered to patients 
regardless of whether or not they have received prior Zostavax® vaccination. The CDC also recommends Shingrix® to pa-
tients over the age of 50 who may or may not have had a prior episode of herpes-zoster. Shingrix® is safe for patients who 
have recently taken low-dose immunosuppressive therapy, are anticipating future immunosuppression, and have recovered 
from an immunocompromising illness.21 At this time, there is no data regarding its safety in women who are pregnant and 
whether or not the vaccine is secreted in breast milk.17 

The Advisory Committee on Immunization Practices (ACIP) recommends Shingrix® to individuals over the age of 50 re-
gardless of their immunocompetency and whether or not they have received Zostavax® in the past.20 When waiting between 
Zostavax® and receiving Shingrix®, the ACIP states analyses was only looked at after a 5 year time period between vaccina-
tions and nothing shorter, but has no reason to believe a shorter time period would be harmful or less effective to the patient.20

Implications to pharmacy practice - how to handle a Shingrix® backorder
After Shingrix® was made available to the general public in late 2017, its manufacturer (GlaxoSmithKline) could not keep 

up with increased demand. Shingrix® has currently been unavailable to many pharmacies across the nation, leaving patients 
in confusion after they have received their first dose of the vaccination and are awaiting their second dose. This created a 
misconception that if the recommended timeframe of 6 months has passed, the vaccine series will have to be restarted. 

In response to this, the CDC issued an updated recommendation stating that pharmacists should do everything they can 
to complete the 2-dose series within the recommended 6 month time period.22 If this cannot be accomplished, the second 
dose of the series should be administered as soon as it becomes available.  Patients should be reassured that they will not 
need to restart the series. According to the CDC, Zostavax® can still be given to patients if Shingrix® is unavailable, but 
only if the patient has not received the first dose. If a patient has received the first dose of Shingrix® and is inquiring about 
receiving Zostavax® as the second dose of the series, the CDC deems that as an inappropriate substitute and should not 
be permitted.22  Table 1 provides a comparison between characteristics of both Zostavax® and Shingrix® vaccines. 
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Storage	 Refrigerated (36-46 °F or colder) 	 Refrigerated (36-46 °F) until
	 until reconstituted (discard if 	 reconstituted (use within
	 not used within 30 minutes)	 6 hours of reconstitution)

Cost	 $213 	 $280 (for 2 doses)
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• HUB services include dedicated staff and resources, 
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