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President’s Letter

I present the following scenario to elicit your response: What 
year is this??

A patient walks into a community healthcare 
clinic that is a one-stop shop for wellness. He 
sees a pharmacist who assesses his medical 
history, reviews his lab results, checks 
vital signs, reviews his medication history, 
hears chief complaints, and then makes an 
assessment and prescribes a course of drug 
therapy, under a Collaborative Practice 
agreement.

The patient, when it’s warranted, sees a 
physician, the expert diagnostician who 
creates a treatment plan and drug therapy 
based on the diagnosis. The patient, returns 
to the pharmacist, the medication expert, 
who may modify or change the physician-
prescribed medication. The pharmacist 
reviews drug information with the patient and 
advises him to expect a follow-up in 7 days. 
The prescription is then given to a Certified 
Technician to be filled and is further checked 
by a different Certified Technician. Medical 
device information and demonstrations are 
given by a technician. The pharmacist does 
not fill the prescription, but focuses on other 
patient-care activities.

At this clinic, there are pharmacists, pharmacy 
technicians, physicians and nurses. A patient 
can access dialysis, MRI’s, physical therapy, 
lab screenings and drug dispensing all under 
one roof. This is a true collaborative practice 
where all practitioners on the team use 
their education to the fullest extent, and are 
compensated for their expert knowledge.
With a focus on patient-oriented primary 
care, community healthcare clinics like 
this represent true wellness centers. They 
significantly reduce hospital admissions, 
readmissions and overall healthcare costs.

Is this 2017 or sometime in the future?

In my hypothetical collaborative practice setting, the year 
is 2058!  I used this example in the Rutgers Ernest Mario 
College of Pharmacy commencement address I was 
honored to give in May 2016.  Why 2058?  Will it take that 
long to achieve what was described? Let’s see… 

Though it could be any year, I chose 2058 because it is 42 
years ahead for the Class of 2016, which was exactly 42 
years from my own 1974 Rutgers graduation. While 2058 
was the tie-in for me personally, it was a challenge to the 
graduates, and now to our readers, to reflect on how far our 

profession has advanced in the past 42 years (many of you 
can relate to this), and to consider where it can be 42 years 
from now. Will it be as I envision? 
 
At the commencement, I implored our new practitioners 
to take an active role in their profession.  If they sit idly 
by, wearing practice setting blinders, assuming others 
will make the necessary changes on their behalf, the full 
utilization of their education and knowledge will not be 
achieved.  Yes - we have made advances in collaborative 
practice, immunization administration, MTM, medication 
synchronization, and much more, but we are far from the 
2058 vision described above.

In my example, the pharmacist does not fill a prescription; 
the certified technician does. Yes, there may be exceptions 
but this allows the pharmacist, as the drug expert, to be 
front and center on the collaborative healthcare team. 
The pharmacist’s responsibility is commensurate with 
his/her education and is recognized accordingly by other 
professionals in the clinic.  Full 3rd party reimbursement for 
their professional consultation is realized. 
  
To achieve the status as outlined, the Physician-Pharmacist 
Collaborative relationship is critical. I refer you to an 
article in the Fall 2016 New Jersey Journal of Pharmacy, 
authored by Georgeta Vaidean MD and Jacqueline Griffith, 
entitled “Controlling Hypertension: The Role of Physician-
Pharmacist Collaboration, A Review of Recent Evidence.”  
It states …that when physicians and pharmacists leverage 
their skills and expertise to develop productive working 
relationships, the Physician and Pharmacist Collaborative 
Model is effective in reducing blood pressure. It (the 
Physician-Pharmacist Collaborative) can be implemented 
in a variety of practices and it is cost effective.

Be it the multifaceted one-stop-shop wellness clinic in my 
2058 vision, or scaled back to a community pharmacy or a 
physician’s office, the reality of a true collaborative practice 
will come to pass and much sooner when: 

•	 All pharmacists in all practice settings work to-
gether with a unified voice on issues facing our 
profession. 

•	 The Pharmacist-Physician Collaborative is fully 
optimized.

•	 Chain pharmacy corporate leadership, indepen-
dent pharmacy owners and health system ad-
ministrators prepare for and embrace this as the 
norm for our profession.  

I, along with the CEO and officers of the NJPHA, need your 
voice and your support in order to make “2058” a reality…..
now!

Ronald J. Mannino, RPh
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From The Editors’ Desks...

Dear Colleagues,

Time surely flies by! Welcome to 2017, a new year with 
many changes.

The New Jersey Journal of Pharmacy, the official peer-
reviewed journal of the New Jersey Pharmacists Associa-
tion, is pleased to present the Winter edition, containing 
new articles on a variety of topics. We also offer a free CE 
concerning acetaminophen for pharmacists and pharmacy 
technicians.

This year will bring new article options for authors, so 
please check online in the months to come for changes 
to the author and style guidelines. Go to the Association 
website (http://njpharmacists.org/), choose the Resources 
drop-down menu, then select Journal.

I am also pleased to introduce my co-editor, Dr. Julie 
Kalabalik, Assistant Professor of Pharmacy Practice and 
Director of Pharmacy Practice at Fairleigh Dickinson 
University School of Pharmacy and Health Sciences in 
Florham Park, New Jersey. Dr. Kalabalik has previously 
authored articles and peer-reviewed for the journal.  

Dr. Kalabalik received her Doctor of Pharmacy degree 
from St. John’s University College of Pharmacy and 
Health Sciences in New York in 2008. After completing 

her pharmacy degree, Dr. Kalabalik completed her first 
year post-graduate, ASHP-accredited residency training 
at Valley Hospital in Ridgewood, New Jersey. Thereafter, 
she completed her second year of post-graduate, ASHP-
accredited specialty residency training in critical care at 
New York Methodist Hospital in Brooklyn, New York. Dr. 
Kalabalik has dual board certification in pharmacotherapy 
and critical care. 

Thank you for continuing to support The New Jersey 
Journal of Pharmacy and as always, please consider 
becoming active in the development of the journal through 
either submitting an article or becoming a peer reviewer. If 
interested please reach out to me, Elise Barry, or one of 
the NJPhA officers. You may email submissions, ideas, or 
concerns to marcella.r.brown@gmail.com or j.kalabalik@
gmail.com. We would be happy to help you develop a topic 
for a journal article. 

Marcella R. Brown, BS, MS, PharmD, MPH, CGP, BCACP
Editor, The New Jersey Journal of Pharmacy

Julie Kalabalik, PharmD, BCPS, BCCCP
Co-Editor, The New Jersey Journal of Pharmacy

Message from the Chair of the Board of Trustees

I was honored to be your president 2015 - 2016!   Also, 
it was  great  talking with you at the annual convention 
at Harrah’s in October.  Thank you all  for contributing 
your time and being involved  in NJPhA. We made great 
strides in 2016 with legislative progress, increased student 
participation, and enhanced communications.  
 
As the new year begins,  we often  participate in small 
chat hoping this new year will be 'a good one' . For most, 
this means financial success and staying healthy by losing 
weight, exercising or breaking bad habits.  I'm sure even 
some of you have received a fit bit as a holiday gift. 
 

With the start of new year’s resolutions, I ask  you to 
consider one more thing to help make it 'a good one'. 
 
What  more can you do  on a daily basis to improve  the 
health of patients?          

Thank you,
Ruth Marietta, RPh, CCP
Board of Trustee Chair 2016 - 2017 
New Jersey Pharmacists Association 

Hello Fellow Members...
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A Review of Small Molecule Targeted Therapy for the
Treatment of Patients with Unresectable or Metastatic Melanoma 

with BRAF V600 Mutation
Sean Smith B.S., Otito Iwuchukwu, PhD, and Paiboon Jungsuwadee, PhD

Introduction
The rate of new cases of melanoma has been on the rise 
since 1980.1 About 75,000 new cases of melanoma will be 
diagnosed in the United States in 2016.2  Around 4% of these 
new cases will be metastatic at the time of diagnosis.2  Pa-
tients with metastatic melanoma typically have a poor progno-
sis, with projected 5-year survival rates of about 17%.2  More 
than 10,000 patients are expected to die from the disease in 
the U.S. in 2016.1 Prior to 2010, cytotoxic chemotherapeutic 
agents, such as dacarbazine and paclitaxel, and aldesleukin 
were the only treatment options for patients with metastatic 
melanoma.3 Dacarbazine was the most commonly used che-
motherapeutic agent and was used alone or in combination 
with other chemotherapeutic agents.3 These treatments result 
in a median overall survival of only 5 to 8 months.4

In the early 2000s, it was discovered that malignant mel-
anomas harbored several mutations in various kinases of 
the mitogen-activated kinase (MAPK) pathway.5 The MAPK 
pathway is a signaling pathway that leads to cell prolifera-
tion and cell growth (Figure 1). The binding of a ligand to 
its receptor tyrosine kinase (RTK), such as fibroblast growth 
factor receptor, activates intracellular kinases downstream in 
the signal transduction cascade. These kinases are respon-
sible for relaying signals to the cell nucleus for cell cycle pro-
gression and tumor survival. Mutational activation of a RTK 
may cause dysregulations in the pathway leading to consti-
tutive activation, hence cell proliferation.6 The most common 
kinase mutation in patients with metastatic melanoma is in 
the serine/threonine kinase (BRAF) proto-oncogene. BRAF 
mutations have been found to be a poor prognostic factor 
and about 50% of the patients with metastatic melanoma are 
BRAF mutation positive.5,7 This finding and the cancer cells 
remarkable ability to become resistant to chemotherapy led 
to the development of targeted therapies for certain kinases 
in the RAS-RAF-MEK-ERK (MAPK) pathway, specifically 
BRAF and MEK. Pivotal phase III trials have shown a sig-
nificant improvement in tumor response and survival in pa-
tients with metastatic melanoma with BRAF V600 mutation 
when they receive BRAF and/or MEK inhibitors.5 This review 
article summarizes clinical outcomes of small molecules tar-
geting the MAPK pathway that have been approved by the 
U.S. Food and Drug Administration (FDA) for the treatment 
of patients with unresectable or metastatic melanoma with 
BRAF mutations in the last 5 years, namely dabrafenib, ve-
murafenib, trametinib and cobimetinib (Table 6).

BRAF inhibitors 
BRAF is a kinase in the MAPK pathway and plays an im-
portant role in relaying signals to the cell nucleus. Mutations 
in the BRAF gene lead to the expression of constitutively 
activated BRAF kinases. As Figure 1 shows, the mutated 

BRAF kinase activates downstream proteins when there is 
no upstream signal.7 This mutation results in unregulated 
cell proliferation and tumor growth. BRAF inhibitors such as 
dabrafenib and vemurafenib have shown clear evidence of 
antitumor activity in clinical trials.

Dabrafenib
Dabrafenib is a selective inhibitor of mutated BRAF kinase.8 

Dabrafenib was approved by the FDA on May 29, 2013, for 
the treatment of patients with unresectable or metastatic 
melanoma with BRAF V600E mutation. In the trial that led to 
its approval, 250 patients were randomized to receive dab-
rafenib 150 mg orally twice daily (n=187) or intravenous da-
carbazine 1000 mg/m2 every 3 weeks (n=63).8 The primary 
endpoint was progression-free survival (PFS). Secondary 
endpoints included overall survival (OS), PFS assessed by 
independent review committee (IRC) and objective response 
rate (RECISTS v 1.1)3,8 

The median PFS for the dabrafenib group was 5.1 months 
and 2.7 months for the dacarbazine group.8 The hazard ratio 
(HR) was 0.30 (95% CI 0.18 – 0.51; p<0.0001).8 The IRC 
estimated the median PFS in the dabrafenib group to be 6.7 
months versus 2.9 months in the dacarbazine group (HR 
0.35; 95% CI 0.20 – 0.61). Twenty-one patients died in the 
dabrafenib group and 9 patients died in the dacarbazine 
group. The HR for OS was 0.61 (95% CI 0.25 – 1.48) in favor 
of dabrafenib. The HR for OS was not statistically significant, 
however additional follow-up is ongoing. Objective response 
rates as assessed by the IRC were found to be 50% in the 
dabrafenib group and 6% in the dacarbazine group.8 

The most common adverse events associated with dabrafenib 
were pyrexia, fatigue, arthralgia, palmar-plantar erythrodys-
aesthesia and hyperkeratosis.8 Twelve patients that received 
dabrafenib developed squamous-cell carcinoma.8 

Vemurafenib
Vemurafenib inhibits mutated BRAF kinase and has potent 
antitumor effects against melanoma cells with BRAF V600E 
varients.4 Vemurafenib was approved on August 17, 2011. 
In the trial that led to its approval, 675 previously untreated 
patients were randomized to receive vemurafenib 960 mg 
orally twice daily (n=337) or dacarbazine 1000 mg/m2 intra-
venously every 3 weeks (n=338).4 The co-primary endpoints 
were OS and PFS. The secondary endpoints of this trial 
were response rate, duration of response, and safety.4 

The median PFS was 5.3 months in the vemurafenib group 
and 1.6 months in the dacarbazine group. The HR was 0.26 
(95% CI 0.20 – 0.33; p<0.001).4 The OS rate was estimated 
to be 84% in the vemurafenib group and 64% in the dacarba-
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zine group.4 Vemurafenib was found to decrease the risk of 
death by 63% (HR 0.37; 95% CI 0.26 – 0.55; p<0.001).4 Up-
dated OS analysis demonstrated that patients in the vemu-
rafenib group had a median OS of 13.6 months and patients 
in the dacarbazine group had a median OS of 10.3 months.9

The most common adverse events associated with vemu-
rafenib were arthralgia, fatigue, rash, cutaneous-squamous 
cell carcinoma, nausea, and alopecia.4 Grade 2 or 3 photo-
sensitivity reactions were reported in 12% of the patients 
in the vemurafenib group.4 Squamous-cell carcinoma and 
keratoacanthoma occurred in 61 (18%) of the patients in the 
vemurafenib group.4

MEK inhibitors
Another way of stopping the MAPK pathway cascade in tu-
mor cells is to inhibit MEK1 and MEK2 kinases. MEK1 and 
MEK2 are upstream kinases that act as important links in 
the MAPK pathway (Figure 1). Activated BRAF kinase phos-
phorylates and activates MEK kinase. Constitutive activation 
of mutated BRAF kinase leads to highly active MEK kinas-
es. MEK1 and MEK2 activation promotes cell proliferation 
in melanomas. Therefore, MEK1 and MEK2 inhibition stops 
cell proliferation and tumor cell growth. 

Trametinib 
Trametinib is a selective MEK 1 and MEK 2 inhibitor that 
blocks the growth of melanomas with the BRAF V600E vari-
ant.10 Trametinib was approved on May 29, 2013. In the study 
that led to its approval, 322 previously untreated patients 
were randomized to receive oral trametinib 2 mg once daily 

(n=214) or intravenous dacar-
bazine 1000 mg/m2 or pacli-
taxel 175 mg/m2 every 3 weeks 
(n=108).10 The primary end-
point was PFS and the sec-
ondary endpoints were OS, 
overall response rate, duration 
of response, and safety.10 

The median PFS was 4.8 
months in the trametinib group 
and 1.5 months in the chemo-
therapy group.10 The HR for 

PFS was 0.45 (95% CI 0.33 – 0.63; p<0.001).10 The 6-month 
OS rate was 81% in the trametinib group and 67% in the 
chemotherapy group. Twenty-two percent of patients in the 
trametanib group had a complete or partial response com-
pared to 8% in the chemotherapy group. 

The most common adverse events in the trametinib group 
were rash, diarrhea, fatigue, and peripheral edema. Ocular 
adverse events, such as blurred vision or chorioretinopathy, 
occurred in 9% of the patients in the trametinib group.10 These 
adverse events were managed by decreasing the dose or in-
terrupting the dosing regimen. No cutaneous squamous-cell 
carcinomas were reported in patients who received trametinib. 

Combined inhibition of 
BRAF and MEK
Acquired resistance is com-
mon when BRAF inhibitors 
and MEK inhibitors are given 
as monotherapy.5 The mecha-
nism of resistance includes re-
activation of oncogenic signal-
ing. Almost two-thirds of these 
cases involve the MAPK path-
way.6 Dual inhibition of BRAF 
and MEK has been shown to 
decrease the risk of resistance 
and limit the development of 
squamous-cell carcinoma.5

Dabrafenib + Trametinib 
There were 2 phase III studies that evaluated the safety and 
efficacy of dabrafenib plus trametinib for the treatment of met-
astatic melanoma with BRAF V600 mutation. Trial 1 was a 
double-blind, randomized, phase III study that compared dab-
rafenib plus trametinib to dabrafenib alone.11 In this study, 423 
patients were randomized to receive dabrafenib 150 mg twice 
daily plus trametinib 2 mg once daily (n=211) or dabrafenib 
150 mg twice daily plus placebo.11 The primary endpoint was 
PFS assessed by the investigator. The secondary endpoints 
were OS, response rate, response duration, and safety.11

The median PFS in Trial 1 was estimated to be 9.3 months 
in the dabrafenib-trametinib group and 8.8 months in the 
dabrafenib-only group.11 The HR for PFS was 0.75 (95% CI 
0.57 – 0.99; p=0.03).11 Investigator assessed response rate 

Trial	 Patients with	 Treatment	 Median PFS	 Median OS	 Most
	 BRAF V600E	 groups	 (months)		  Common
	 mutation				    Adverse
					     Events

BREAK-3	 100%	 •  Dabrafenib	 •  5.1	 •  89%+	 • Hyperkeratosis,
NCT01227889		     (n=187)	      p<0.0001		      PPE, pyrexia 
		  •  Dacarbazine 	 •  2.7	 •  86%+	 •  Nausea,
		     (n=63)			      neutropenia,
					        vomiting

Table 1

ÈOS at the time of primary analysis (95% CI 0.25 – 1.48). Additional follow-up is ongoing

Trial	 Patients with	 Treatment	 Median PFS	 Median OS	 Most
	 BRAF V600E	 groups	 (months)		  Common
	 mutation				    Adverse
					     Events

BRIM-3	 100%	 •  Vemurafenib	  •  5.3	 •  84%**	 •  Arthralgia,
		      (n=337)	       P<0.001	       P<0.001	    cutaneous
NCT01006980		  •  Dacarbazine	  •  1.6    	 •  64%**     	    squamous-cell
		     (n=338)			      carcinoma,
					        fatigue
					     •  Fatigue,
					        nausea,
					        vomiting,
					        neutropenia

Table 2

** Median OS was not reached. These rates represent the OS at 6 months
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was found to be 67% in the dabrafenib-trametinib group and 
51% in the dabrafenib-only group.11 The median duration of 
response in the dabrafenib-trametinib group was 9.2 months 
and 10.2 months in the dabrafenib-only group.11 The median 
OS was estimated to be 25.1 months in the dabrafenib-tra-
metinib group and 18.7 months in the dabrafenib-only group.12 
The HR for OS was 0.71 (95% CI 0.55 – 0.92; p=0.0107).12 

During the final analysis for overall survival, updated PFS 
results were reported based on 17 months of additional fol-
low-up. The median PFS at this time was estimated to be 11 
months in the dabrafenib-trametinib group and 8.8 months 
in the dabrafenib-only group.12 These findings confirmed the 
findings for PFS during the primary analysis. 

Trial 2 was an open-label, randomized study that compared 
dabrafenib plus trametinib versus vemurafenib.13 This study 
randomized 704 patients to receive dabrafenib 150 mg twice 
daily plus trametinib 2 mg daily (n=353) or vemurafenib 960 
mg twice daily (n=352).13 The primary endpoint of this trial 
was OS. Secondary endpoints included PFS and safety.13 
The median OS was 17.2 months for patients in the ve-
murafenib group and the overall survival in the dabrafenib-
trametinib group was not yet reached at the time of analy-
sis.13 The OS rate at 12 months was 72% in the dabrafenib-
trametinib group and 65% in the vemurafenib group.13 The 
 

median PFS was 11.4 months 
in the dabrafenib-trametinib 
group and 7.3 months in the 
vemurafenib group.13 

The most common adverse 
events associated with dab-
rafenib plus trametinib in both 
trials were pyrexia, nausea, 
diarrhea, chills, headache, fa-
tigue, and arthralgia.11,12,13 In 
trial 1, five patients (2%) in the 
dabrafenib-trametinib group 
developed cutaneous squa-
mous-cell carcinoma com-

pared to 20 (9%) patients in the dabrafenib only group.11 In 
trial 2, five (1%) patients in the dabrafenib-trametinib group 
developed cutaneous squamous cell carcinoma compared to 
63 (18%) in the vemurafenib group.13 Pyrexia was the most 
common cause of dose reductions or interruptions among pa-
tients in both trials.11,12,13 

Cobimetinib + Vemurafenib
Cobimetinib was approved on November 10, 2015. Cobi-
metinib is a reversible inhibitor of MEK1 and MEK2. In the 
study that led to the approval of cobimetinib, 495 patients 
were randomized to receive cobimetinib 60 mg daily plus 
vemurafenib 960 mg twice daily (n= 248) or vemurafenib 960 
mg twice daily plus placebo (n=247).6 The primary endpoint 
was PFS assessed by the investigator. The secondary end-
points were OS, PFS assessed by IRC and safety.6 

The primary efficacy results showed that patients receiv-
ing cobimentinib plus vemurafenib had a median PFS of 
9.9 months and patients receiving vemurafenib alone had 
a median PFS of 6.2 months.6 The HR was 0.51 (95% CI 
0.39-0.68; p<0.001).6 The majority of the patients in both 
groups had the BRAF V600E variant rather than the BRAF 
V600K variant.6 A subgroup analysis of PFS was performed 
and the results favored cobimetinib plus vemurafenib for 
both genotypes.6 PFS assessed by IRC supported the pri-

mary efficacy results. The IRC 
found the median PFS for pa-
tients in the cobimetinib plus 
vemurafenib group to be 11.3 
months and 6 months for pa-
tients in the vemurafenib plus 
placebo group.6 An interim 
analysis of OS was performed 
and showed the OS rate at 9 
months for patients receiving 
cobimetinib plus vemurafenib 
was 81% compared to 73% 
for patients receiving vemu-
rafenib alone. 

Patients receiving cobimetinib 
plus vemurafenib experienced 
a higher frequency of adverse 

** Median OS was not reached. These rates represent the OS at 6 months

Trial	 Patients with	 Treatment	 Median PFS	 Median OS	 Most
	 BRAF V600E	 groups	 (months)		  Common
	 mutation				    Adverse
					     Events

METRIC		  •  Trametinib	 •  4.8	 •  81%**	 •  Rash,
		     (n=214) 	     P<0.001	     P=0.01	    diarrhea,
NCT01245062	 87%			        	    peripheral
		  •  Chemo-	 •  1.5		     edema
		     therapy			 
		     (dacarbazine	    	 •  67%**	 •  Fatigue,
		     or			      nausea,
		     paclitaxel)			      constipation
		    (n=108)		        

Table 3

Trial	 Patients with	 Treatment	 Median PFS	 Median OS	 Most
	 BRAF V600E	 groups	 (months)		  Common
	 mutation				    Adverse
					     Events
COMBI-v		  •  Dabrafenib 	 •  11.4	 •  NR	 •  Pyrexia,
		  + trametinib			       nausea,
	 90%	    (n=352)		       P=0.005	    diarrhea
 		  •  Vemurafenib	      P<0.001	 •  17.2
	   	    (n=352)	 •  7.3		  •  Arthralgia,
					        rash,
					        alopecia

COMBI-d		  •  Dabrafenib 	 •  9.3	 •  25.1	 •  Pyrexia,
		     + trametinib			      fatigue,
	 85%	     (n=211)	 P=0.03		     diarrhea
		  •  Dabrafenib 	 •  8.8	 P=0.0107
		     + placebo		  •  18.7	 •  Fatigue, hand-
		     (n=212)			       foot
					         syndrome,
					         hyperkeratosis

Table 4
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events. The most common adverse events associated with 
cobimetinib plus vemurafenib were diarrhea, nausea, vomit-
ing, photosensitivity, elevated ALT and AST, and central se-
rous retinopathy.6 Majority of the adverse events associated 
with cobimetinib plus vemurafenib were classified as grade 
1 or 2.6

Summary and Conclusion
Prior to 2010, treatment options for patients with unresect-
able or metastatic melanoma were limited to chemotherapy 
agents and aldesleukin. The 5-year survival rate for those 
with regional or distant metastases are 61.7% and 15.2%, 
respectively.14  After it was discovered that many melanoma 
tumors harbor mutated kinases in the MAPK pathway, small 
molecule targeted therapies were developed. Vemurafenib 
was the first oral targeted therapy approved for unresect-
able or metastatic melanoma with BRAF V600 mutation.2,3 In 
a phase III trial, vemurafenib showed a significant improve-
ment in PFS and overall survival compared to dacarbazine.4 

The approvals of dabrafenib and trametinib followed. Both 
drugs showed a significant improvement in median PFS 
compared to chemotherapy.8,10 The phase III trials that eval-
uated targeted therapies as monotherapy showed an av-
erage PFS of 5 months. Also, it was found that cutaneous 
squamous-cell carcinoma is a possible adverse effect when 
receiving BRAF inhibitors as monotherapy.4,8 

Dual inhibition of BRAF and MEK improves survival and de-
creases the risk of developing cutaneous squamous-cell car-
cinomas. Patients receiving dabrafenib plus trametinib had a 
median PFS of 9 to 11 months.  Patients receiving cobimetinib 
plus vemurafenib had a median PFS of 9.9 months. The re-
sults of the pivotal trials evaluating targeted therapies as single 
agents or in combination all showed consistent results. Small 
molecule targeted therapies improve survival in patients with 
BRAF mutation positive metastatic melanoma. Considering 
the serious nature of metastatic melanoma, the safety profiles 
of all the oral targeted therapies are acceptable. 

The current NCCN Guidelines recommend the combination 
of dabrafenib/trametinib or vemurafenib/cobimetinib as first 
line therapy for patients with metastatic or unresectable mela-
noma with BRAF V600 activating mutation.15 If BRAF/MEK in-
hibitor combination therapy is contraindicated, BRAF inhibitor 
monotherapy (dabrafenib or vemurafenib) is acceptable.15 If 
patients with a performance status of 0-2 experience disease 

progression or maximum clini-
cal benefit from BRAF/MEK 
targeted therapy, anti PD-1 
monotherapy (pembrolizumab 
or nivolumab) monotherapy is 
recommended. Nivolumab in 
combination with ipilimumab is 
also an option for patients who 
have experienced disease pro-
gression while receiving BRAF/
MEK targeted therapy.15

In conclusion, development of 
small molecule targeted therapies has created a new stan-
dard of care for patients with BRAF mutation positive meta-
static melanoma. However, treatment resistance will con-
tinue to hinder treatment effect. There are many signaling 
molecules and pathways that activate the MAPK pathway.7 

More research is needed to study the mechanisms of treat-
ment resistance in order to develop new targeted therapies 
for patients who have disease progression while receiving 
available treatments. 

Trial	 Patients with	 Treatment	 Median PFS	 Median OS	 Most
	 BRAF V600E	 groups	 (months)		  Common
	 mutation				    Adverse
					     Events
Co-BRIM		  •  Vemurafenib +	 •  9.9	 •  81%	 •  Diarrhea,
		     cobimetinib	        P<0.001	     P=0.046	    nausea, rash,
		     (n=247)
	 70%
		  •  Vemurafenib +	 •  6.2	 •  73%*	 •  Arthralgia,
		     placebo 			      rash, fatigue
		     (n=248)		  	       

Table 5

*Median OS was not reached. These rates represent the OS at 9 months

Table 6: Drugs for unresectable or metastatic BRAF 
mutation positive melanoma9,16,17,18

Drug	 Mechanism	 Indication	 Recommended
	 of action		  dose

Dabrafenib	 BRAF inhibitor	 Unresectable or 	 150 mg orally
		  metastatic 	 twice daily
		  melanoma 
		  with BRAFV600E

	

Vemurafenib	 BRAF inhibitor	 Unresectable or 	 960 mg orally
		  metastatic 	 twice daily
		  melanoma 	
		  with BRAFV600E

	

Trametinib	 MEK1 and MEK2 	 Unresectable or	 2 mg orally
	 inhibitor	 metastatic 	 once daily
		  melanoma with 	
		  BRAFV600E or 
		  BRAFV600K 

		  mutation*	

Cobimetinib	 MEK1 and MEK2 	 Unresectable or	 60 mg orally
	 inhibitor  	 metastatic 	 once daily for
		  melanoma with 	 the first 21 days
		  BRAFV600E or 	 of a 28-day cycle
		  BRAFV600K 		

		  mutation**	

*As a single agent and in combination with dabrafenib
**In combination with vemurafenib only
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Figure 1: The RAS-RAF-MEK-ERK signaling pathway
When a ligand binds to the receptor tyrosine kinase (RTK), 
RAS is activated. RAS recruits and phosphorylates RAF, 
which in turn phosphorylates MEK. MEK then phosphory-
lates ERK. Phosphorylated ERK translocates into the cell 
nucleus and turns on transcription factors that promote cell 
cycle progression and cell proliferation. BRAF V600 muta-
tions are constitutively active. This causes increase activa-
tion of MEK and ERK, which ultimately leads to dysregu-
lated cell proliferation and growth. 
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Cinqair® (Reslizumab): Interleukin-5 Antagonist
for the Treatment of Eosinophilic Asthma

Matthew Li, PharmD candidate, 2017
Kimberly Ng, PharmD, BCPS

 Introduction
Asthma is a chronic disease of the airways of the lung with 
unique phenotypes and pathophysiologic mechanisms 
that can alter the response to conventional therapies. An 
estimated 10-20% of individuals diagnosed with asthma are 
poorly controlled even when treatment regimens include 
high-dose inhaled corticosteroids (ICS) and long-acting β 
-agonists (LABA). Subsequently, poorly-controlled asthma 
is linked to a significant share of morbidity and increased 
related healthcare costs.  Phenotype-targeted therapies are 
being developed to achieve asthma control in patients who 
have failed standard treatment.1

Eosinophilic asthma is a phenotype of asthma characterized 
by the persistence of eosinophils in the lung and sputum. 
Eosinophils are involved in lung tissue remodeling, including 
airway thickening, airway fibrosis, and angiogenesis. 
Interleukin-5 (IL-5) is a proinflammatory cytokine that is 
involved in the maturation, recruitment, and activation 
of eosinophils.1 Cinqair® (reslizumab) is a humanized 
monoclonal antibody that neutralizes circulating IL-5 by 
preventing it from binding to eosinophils.2 

On March 23, 2016, the United States Food and Drug 
Administration (FDA) approved reslizumab for the 
maintenance treatment of severe asthma in those 18 years 
and older who have history of severe asthma attacks despite 
using other asthma medications.3 

Pharmacology and Pharmacokinetics
Reslizumab binds and inhibits the activity of IL-5, the major 
cytokine responsible for eosinophil production and survival. 
Reduction in blood eosinophil counts are believed to be 
directly correlated to reslizumab serum levels.2

Reslizumab concentrations typically peak at the end of 
the infusion. Reslizumab has a volume of distribution of 
approximately 5 liters, suggesting minimal distribution 
to the extravascular tissues. Reslizumab is degraded by 
enzymatic proteolysis and is not expected to undergo a 
target-mediated clearance. The half-life of reslizumab is 
approximately 24 days. Population pharmacokinetic (PK) 
analyses demonstrated no significant effects of age, race, 
or gender on the PK of reslizumab. Clinical studies have not 
been conducted to assess drug interactions or the effect of 
hepatic or renal impairment on the PK of reslizumab.2

Clinical Trials
The efficacy and safety of reslizumab for patients with 
severe asthma of an eosinophilic phenotype was evaluated 
in 4 randomized, multicenter, double-blind, parallel-group, 

placebo-controlled phase III trials (Studies I-IV). Patients 
continued their background asthma therapy throughout each 
study. 

Studies I and II were 52-week trials that enrolled a total of 
953 patients on medium-to-high doses of ICS and LABA 
and had blood eosinophil levels of 400/mcL or higher. The 
primary endpoint was the frequency of Clinical Asthma 
Exacerbations (CAEs), defined as: 1) use of systemic or an 
increased use of inhaled corticosteroid treatment ≥ 3 days; 
2) asthma-related emergency treatment such as receiving 
nebulizer treatment in the emergency room. Secondary 
endpoints included Forced Expiratory Volume in 1 Second 
(FEV1), Asthma Control Questionnaire (ACQ-7) score, 
Asthma Symptom Utility Index score (ASUI), use of short-
acting β-agonist, blood eosinophil count and Asthma Quality 
of Life Questionnaire (AQLQ).6 In both studies, patients who 
received reslizumab had a significant reduction (P<0.0001) 
in the frequency of CAEs after 52 weeks compared to 
placebo.4,5 

Study III evaluated two different dosages of reslizumab 
(3.0 mg/kg or 0.3 mg/kg administered once every 4 weeks) 
versus placebo in 315 patients with a blood eosinophil 
count of at least 400/mcL for 16 weeks. Maintenance oral 
corticosteroids (OCS) were not allowed. The primary 
endpoint was change from baseline in FEV1 over 16 weeks. 
The secondary endpoints were the same as in previously 
conducted studies.6 Although both doses demonstrated 
improvement over the 16-week treatment period (P = 
0.0018), reslizumab 3.0 mg/kg yielded a greater change in 
baseline FEV1 and is the only FDA approved dose.6

Study IV compared reslizumab 3.0 mg/kg given once every 
4 weeks versus placebo over 16 weeks in 496 patients 
regardless of baseline blood eosinophil levels. Maintenance 
OCS were not allowed. The primary endpoint was change 
from baseline in FEV1 at week 16. The secondary endpoints 
included the ACQ-7 score, use of short-acting β-agonist, 
blood eosinophil count, AQLQ, FVC and FEV25%-75%. The 
majority of patients with baseline eosinophils less than 400/
mcL showed minimal improvement in FEV1 (33 mL) whereas 
a larger improvement (270 mL, P = 0.0436) was observed 
in patients with blood eosinophils greater than or equal to 
400/mcL.7

Recommended Dosage and Administration and Product 
Availability
The standard recommended dosing regimen is 3 mg/
kg once every 4 weeks administered only by intravenous 
infusion over 20-50 minutes. The patient should be observed 
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in a healthcare setting for severe side effects such as 
anaphylaxis. If anaphylaxis occurs, the infusion should be 
discontinued immediately.2  

Reslizumab is commercially available as 100 mg/10 mL 
(10 mg/mL) for injection.  The preparation is preservative-
free, sterile, clear to slightly hazy/opalescent, colorless to 
slightly yellow solution in single-use vials.  The vials should 
be refrigerated at 2 to 8°C (36 to 46°F).  Vials should not 
be frozen or shaken and should be protected from light by 
storing them in the original package until time of use.2  

Pharmacists preparing reslizumab for administration should 
inspect for particulates since it is a protein and proteinaceous 
particles may be present in the solution. Foaming in the final 
product can be minimized by transferring the dose from the 
syringe to the IV bag slowly. The prepared bag is stable at 
room temperature for up to 16 hours.2 

Adverse Drug Reactions/Warnings 
Reslizumab carries a boxed warning for anaphylaxis, which 
was reported in 0.3% of asthma patients in the clinical 
trials and occurred within 20 minutes after the infusion was 
complete. Malignancy was reported in 0.6% of patients 
receiving reslizumab compared to 0.3% of patients in the 
placebo group. The clinical trials reported immunogenicity in 
5.4% of participants and treatment-emergent anti-reslizumab 
antibodies in 4.8% of participants; the antibody responses 
were of low titer and often transient. Adverse reactions 
reported in ≥ 2% of patients include oropharyngeal pain, 
elevated creatinine phosphokinase and musculoskeletal 
reactions. Myalgia was reported in 1% of patients.2

Conclusion
Reslizumab is an effective add-on maintenance therapy 
option for severe asthma in adults with an eosinophilic 
phenotype, defined as a peripheral blood absolute eosinophil 
count ≥ 400/mcL. The efficacy demonstrated in the four 
clinical trials coupled with its favorable side-effect profile 
make treatment with reslizumab a reasonable choice in 
patients with symptoms not controlled by standard therapy.
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Use of Isavuconazonium Sulfate for the Treatment of Invasive 
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Introduction
Invasive fungal diseases (IFDs) may be caused by yeasts, 
molds, or dimorphic fungi. Yeasts (e.g., Candida spp., Cryp-
tococcus spp.) are round or oval shaped and reproduce by 
budding, whereas molds (e.g., Aspergillus spp., agents of 
mucormycosis) are made of tubular structures known as 
hyphae, which grow by branching and extension. Dimor-
phic fungi (e.g., Coccidioides spp., Blastomyces spp., His-
toplasma spp., Paracoccidioides spp.) grow as yeasts in 
humans but as molds in room temperature.1 According to 
the current Infectious Diseases Society of America (IDSA) 
treatment guidelines, the preferred antifungal agents used 
for IFDs are echinocandins (e.g., caspofungin, micafungin, 
anidulafungin), triazoles (e.g., fluconazole, itraconazole, 
voriconazole), or amphotericin B with or without flucytosine 
depending on the fungus, site of infection, severity of infec-
tion, and degree of immunosuppression.2-7  

The United States Food and Drug Administration (FDA) 
approved a  new triazole, isavuconazonium sulfate (Cre-
semba®), in 2015 for invasive aspergillosis and invasive 
mucormycosis.8 Invasive aspergillosis primarily affects im-
munocompromised patients and is associated with signifi-
cant mortality.2 Large prospective studies reported one-year 
survival rate of 59% in patients with solid organ transplant 
and 25% in hematopoietic stem cell transplant from invasive 
aspergillosis.9,10 Mucormycosis primarily occurs in immuno-
compromised patients as well, and its reported all-cause 
mortality rate is 54%.11 Compared to the standard of thera-
py, isavuconazonium sulfate demonstrated comparable ef-
ficacy and better safety profile in patients with these two 
types of IFDs.12-17 This articles reviews pharmacology, phar-
macokinetics, product information, clinical efficacy, safety, 
and place of therapy of isvuconazonium sulfate.

Pharmacology
Isavuconazonium sulfate is a prodrug of isavuconazole 
that inhibits lanosterol 14-alpha-demethylase, which is an 
enzyme that converts lanosterol to ergosterol, the major 
sterol component of fungal cell membrane. The depletion 
of ergosterol compromises the integrity of the fungal cell 
membrane.8 Isavuconazole has a broad spectrum of activ-
ity against many yeasts and molds including Candida spp., 
Aspergillus spp., Cryptococcus spp., and Trichosporon spp. 
Similar to posaconazole and voriconazole, it has demon-
strated activity against fluconazole-resistant Candida krusei 
in vitro. However, isavuconazole was inactive against fluco-
nazole-resistant Candida glabrata demonstrating possible 
cross-resistance with fluconazole in vitro. It demonstrated 
variable in vitro activity against agents of mucormycosis 
(e.g., Rhizomucor spp., Rhizopus spp.).18 

Pharmacokinetics
Pharmacokinetic characteristics of isavuconazole include 
large volume of distribution, long half-life, and low clear-
ance. Following oral administration, bioavailability is 98%, 
and time to peak concentration is two to three hours. The 
volume of distribution is approximately 450 L following in-
travenous administration, and the drug is > 99% protein- 
bound, mostly to albumin. Isavuconazonium sulfate is 
hydrolyzed to active isavuconazole and an inactive cleav- 
age product in the blood by esterases. Isavuconazole is 
metabolized by CYP3A4, CYP3A5, and uridine diphosphate-
glucuronosyltransferases (UGT). The plasma half-life is 130 
hours. Following oral administration of isavuconazonium sul-
fate in healthy volunteers, 46.1% of the dose was recovered 
in the feces and 45.5% in the urine.8,19

Product Information	
The recommended loading dose is 372 mg (equivalent to 
200 mg isavuconazole) by mouth every 8 hours for two days 
or one reconstituted vial intravenously. The recommended 
maintenance dose is 372 mg (equivalent to 200 mg isavucon-
azole) by mouth once daily or one reconstituted vial initiating 
12 to 24 hours after the last loading dose intravenously. The 
vial of isavuconazonium sulfate, containing 372mg (equiva-
lent to 200mg isavuconazole), must be reconstituted by add-
ing 5 mL water for injection. When isavuconazonium sulfate 
is administered as an injection after being diluted with either 
0.9% sodium chloride or 5% dextrose, it must be given via 
an in-line filter over at least one hour since it may produce in-
soluble particulates after reconstitution. Dose adjustment is 
not needed for renal impairment or mild-to-moderate hepatic 
impairment (Child-Pugh Classes A and B). Currently, there 
are no data on isavuconazonium sulfate use in patients with 
severe hepatic impairment (Child-Pugh Class C). 8 

Isavuconazonium sulfate is contraindicated with the con-
comitant use of strong CYP3A4 inhibitors (e.g., ketocon-
azole and high-dose ritonavir) or inducers (e.g., rifampin, 
carbamazepine, St. John’s wort, and long-acting barbitu-
rates) and in patients with familial short QT syndrome. Liv-
er enzyme test monitoring at baseline and throughout the 
therapy is recommended since isavuconazonium sulfate 
has been associated with hepatic adverse drug reactions. 
Additionally, infusion-related reactions and hypersensitivity 
reactions have been reported. Isavuconazonium sulfate is 
a pregnancy category C drug. It may cause fetal harm ac-
cording to animal studies, so it should not be administered 
to pregnant women unless the benefit outweighs the risk. 
Breastfeeding is not recommended during therapy.8

Isavuconazonium sulfate is a substrate of CYP3A4 and CY-
P3A5. It inhibits CYP2C19, CYP2C8, CYP2C9, CYP2D6, 
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CYP3A4, p-glycoprotein (P-gp), breast cancer resistance 
protein (BCRP), and organic cation transporter 2 (OCT2) 
and induces CYP2B6, CYP2C8, and CYP2C9. Therapeutic 
drug monitoring (TDM) and dose adjustment of immuno-
suppressant drugs such as tacrolimus, sirolimus, and cyclo-
sporine may be needed if they are co-administered with isa-
vuconazonium sulfate. Dose adjustment of P-gp substrates 
such as digoxin may be necessary when isavuconazonium 
sulfate is given concomitantly.8

Clinical Efficacy
Invasive Aspergillosis
The efficacy of isavuconazonium sulfate for the treatment 
of invasive aspergillosis has been documented in the SE-
CURE trial. It was a phase III, randomized, double-blind, 
multicenter, non-inferiority study, which compared isavuco-
nazole to voriconazole for the treatment of invasive mold 
disease caused by Aspergillus species or any other filamen-
tous fungi. The study included patients who were ≥18 years 
old and had proven, probable, or possible mold infection 
caused by Aspergillus species or other filamentous fungi 
as defined by the European Organization for Research and 
Treatment of Cancer/Invasive Fungal Infections Coopera-
tive Group and the National institute of Allergy and Infec-
tious Diseases Mycoses Study Group (EORTC/MSG) Con-
sensus Group. Patients were randomly assigned to receive 
isavuconazonium sulfate 372 mg (equivalent to isavucon-
azole 200 mg) IV three times daily for the first two days, 
followed by either IV or oral isavuconazole 200 mg once 
daily or voriconazole 6 mg/kg IV twice daily on day 1, 4 mg/
kg IV twice daily on day 2, followed by either 4 mg/kg IV 
twice daily or 200 mg PO twice daily from day 3. At day 42, 
all-cause mortality was 19% (n=48/258) for isavuconazole 
and 20% (n=52/258) for voriconazole groups (adjusted dif-
ference -1%, 95% confidence interval [CI] -7.8 to 5.7). The 
study demonstrated that isavuconazole was non-inferior to 
voriconazole for the treatment of invasive mold disease.12

Mucormycosis
The VITAL study was a single-arm, open-label study that 
assessed the efficacy and safety of isavuconazole for the 
treatment of invasive aspergillosis in patients with renal dys-
function (creatinine clearance < 50 mL/min including hemo-
dialysis) and rare invasive fungal infections. The study in-
cluded patients with the following: age >18 years old, weight 
>40 kg, rate corrected QTc <500 ms, no severe liver injury, 
and no concomitant use of strong CYP450 inhibitors or in-
ducers. In the study, isavuzonazole was administered for the 
primary or refractory infection or due to intolerance to other 
antifungal agents. The patients received isavuconazonium 
sulfate 372 mg (equivalent to isavuconazole 200 mg) ev-
ery 8 hours for the first two days, followed by isavuconazole 
200 mg daily. At day 42, 11% (n=4/37) of the patients had a 
partial response and 43% (n=16/37) had stable mucormy-
cosis whereas 3% (n=1/37) had progressive invasive fungal 
infection. Patients who received isavuconazonium sulfate 
for the primary infection were matched with those who re-
ceived amphotericin B for mucormycosis from the FungiS-
cope database. In the matched case-control analysis, the 

crude and weighted all-cause mortalities were not signifi-
cantly different between isavuconazole and amphotericin B 
groups (33% vs. 39%, p=0.775 and 33% vs. 41%, p=0.595, 
respectively).13

Cryptococcosis and Dimorphic Mycoses
A subset of the patients from the VITAL study who had prov-
en cryptococcosis or dimorphic mycoses was evaluated in 
a separate analysis. There were a total of 38 patients who 
received isavuconazole for cryptococcosis (n=9), paracoc-
cidioidomycosis (n=10), coccidioidomycosis (n=9), histo-
plasmosis (n=7), and blastomycosis (n=3). Overall, 63% 
(n=24/38) of the patients responded successfully to isavu-
conazole at the end of therapy. However, 21% (n=8/38) of 
the patients still had infection, which was stable without the 
progression, and 16% (n=6/38) had progressive infection.14 

Candidiasis
Isavuconazole has been studied for the treatment of uncom-
plicated esophageal candidiasis in a phase II, randomized, 
double-blind, parallel-group, non-inferiority trial by Vilojen 
and colleagues. The study included adults between the ages 
of 18 and 65 years, who were diagnosed with esophageal 
candidiasis within 5 days of initiating the study drug, with 
one or more symptoms including dysphagia, retrosternal 
pain and odynophagia, endoscopic confirmation of esopha-
geal candidiasis, and confirmatory histology, cytology, or 
culture. The study compared three regimens of oral isavu-
conazole to oral fluconazole: isavuconazole 200 mg on day 
1, followed by 50 mg once daily (arm A); isavuconazole 400 
mg on day 1, followed by 400 mg once weekly (arm B); isa-
vuconazole 400 mg on day 1, followed by 100 mg once daily 
(arm C); and fluconazole 200 mg on day 1, followed by 100 
mg once daily (arm D). Overall, 95.4 % (n =146/153) of the 
patients achieved clinical success based on the endoscopy 
at the end of therapy. All dosing regimens of isavuconazole 
were non-inferior to that of fluconazole: arm A vs. D (-0.5%, 
-95% CI -10 to 9.4); arm B vs. D (3.5%, - 95% CI -5.6 to 
12.7); and arm C vs. D (-0.2%, - 95% CI - 9.8 to 9.4).15 

Recently, isavuconazole was assessed for the treatment 
of candidemia and other invasive Candida infections in a 
phase III, double-blind, randomized study called the AC-
TIVE trial [Clinicaltrials.gov NCT00413218]. This study 
compared isavuconazole 200 mg IV every 8 hours for the 
first two days, followed by 200 mg IV once daily from day 3 
to 10 to caspofungin 70 mg IV once, followed by 50 mg IV 
once daily from day 2 to 10. After day 10 of therapy, patients 
either continued IV therapy or switched to oral therapy from 
day 11 to the end of therapy, which was a maximum of 56 
days: isavuconazole IV was switched to isavuconazole 200 
mg PO once daily and caspofungin IV to voriconazole 400 
mg PO twice daily. Overall, the study did not meet its pri-
mary endpoint, which was non-inferiority of isavuconazole 
to caspofungin in the overall response to the treatment at 
the end of the IV therapy (isavuconazole 60.3% vs. caspo-
fungin 71.1%, adjusted difference -10.8%, 95% CI -19.9% 
to -1.8%). However, when IV isavuconazole followed by IV 
or oral isavuconazole was examined against IV caspofungin 
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followed by IV caspofungin or oral voriconazole, the overall 
response to treatment was comparable.16,17 

Safety
In the SECURE trial, the majority of the patients experienced 
treatment-emergent adverse events (96% for isavuconazole 
vs. 98% for voriconazole, p=0.122). The most common ad-
verse events observed in more than 5% of the patients 
were nausea, vomiting, diarrhea, pyrexia, and hypokalemia. 
Isavucaonzole was associated with hepatobiliary disor-
ders (9% vs. 16%, p=0.016), eye disorders (15% vs. 27%, 
p=0.002), and skin or subcutaneous tissue disorders (33% 
vs. 42%, p=0.037) less frequently than voriconazole. The 
drug-related adverse events were also less frequently re-
ported with isavuconazole compared to voriconazole (42% 
vs. 60%, p<0.001).12 In the VITAL trial, 95% (n=35/37) of the 
patients experienced at least one adverse event. The most 
common adverse effects documented in more than 10% of 
the patients were vomiting, diarrhea, nausea, pyrexia, con-
stipation, decreased appetite, headache, peripheral edema, 
abdominal pain, dyspnea, pneumonia, back pain, cough, 
hypoglycemia, insomnia, and restlessness.13 

Therapeutic drug monitoring (TDM) of triazoles has been 
useful if a patient was subject to variable pharmacokinetics 
or change in pharmacokinetics, co-administration of inter-
acting drugs, severe disease, compliance issues, break-
through infection, or possible drug toxicity. Currently, there 
are insufficient data to determine the role of TDM for isavu-
conazole.2

Guideline Recommendations
According to newly updated guidelines for the treatment of 
invasive aspergillosis, isavuconazole is recommended as 
an alternative therapy to voriconazole for primary, but not 
for salvage therapy.2 Most recently updated guidelines for 
candidiasis and coccidioidomycosis do not mention the role 
of isavuconazole.4,6 

Conclusion
Isavuconazonium sulfate, which is a prodrug of isavucon-
azole, has demonstrated its comparable efficacy and bet-
ter safety profile compared to the standard of therapy for 
invasive aspergillosis and mucormycosis. However, it has 
limited use for other types of IFDs: IV isovuconazole therapy 
alone has not demonstrated non-inferiority to the standard 
of care for candidemia and other invasive Candida infec-
tions, and there is a lack of well-designed trials for crypto-
coccosis and dimorphic mycoses.
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AND THE LAW  

By Don R. McGuire Jr., R.Ph., J.D. 
 

 
 
 
This series, Pharmacy and the Law, is presented by Pharmacists Mutual Insurance Company and your 
State Pharmacy Association through Pharmacy Marketing Group, Inc., a company dedicated to providing 
quality products and services to the pharmacy community. 
 
  

 THE LEARNED INTERMEDIARY DOCTRINE 
 
 
It is almost impossible to attend a 
pharmacy law conference and not have 
a discussion about the Learned 
Intermediary Doctrine.  The Doctrine 
was first expressed in a lawsuit against 
a drug manufacturer in 1966.1  The 
Doctrine states that a drug manufacturer 
has no duty to warn a patient about the 
risks of a drug.  The manufacturer’s duty 
is fulfilled by informing the prescriber 
(the “Learned Intermediary”) of the 
drugs risks and benefits.  The prescriber 
then has the responsibility of choosing 
the appropriate therapy because the 
prescriber has knowledge of the 
patient’s medical condition. 
 
Through the years, the Learned 
Intermediary Doctrine was expanded to 
include pharmacists.  This was done 
through court decisions, by statute, or 
other procedural means.  Specifically, 
courts held that pharmacists had no 
duty to warn patients of the risks of a 
particular drug.  The Learned 
Intermediary Doctrine put that 
responsibility on the physician.  There 

                                            
1 Sterling Drug, Inc. v. Cornish, 370 F.2d 82 (8th Cir., 
1966) 

was fear that the pharmacist would 
somehow interfere in the physician-
patient relationship.  Under the Doctrine, 
the pharmacist discharged their duty by 
correctly filling the physician’s 
prescription for the patient. 
 
As the different states have looked at 
the Learned Intermediary Doctrine, they 
have taken different approaches to it; 
some adopted it, some rejected it, and 
some created exceptions to it.  And as 
things usually go in the law, the different 
states didn’t agree on the exceptions.  
So what is a practicing pharmacist 
supposed to do? 
 
This is where I give you a different 
answer depending on whether I’m 
wearing my lawyer hat or my pharmacist 
hat.  A common exception to the 
Learned Intermediary Doctrine in states 
that have adopted it is situations where 
the pharmacist has specific information 
about the patient’s condition (e.g., she is 
pregnant or he is allergic to penicillin).  
My advice as a lawyer in these 
situations would be to advise my 
pharmacist clients to know as little about 
their patients as possible.  That way you 
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can fall under the protection of the 
Learned Intermediary Doctrine.  As a 
pharmacist, this advice is contrary to the 
direction that the pharmacy profession 
is headed.  We are trying to become 
more involved in patient care, not less. 
 
At these same conferences, there are 
also many discussions about gaining 
provider status.  How can pharmacists 
make a case to be considered health 
care providers and hide behind the 
Learned Intermediary Doctrine at the 
same time?  Cases rejecting the 
Learned Intermediary Doctrine state that 
pharmacists are not merely order-fillers 
and want to discourage robotic 
compliance with the physician’s order.   
 
So what is the pharmacist to do?  
Relying on the Learned Intermediary 
Doctrine is not necessarily a good 
strategy.  The courts have not 
consistently applied the Learned 
Intermediary Doctrine.  My review of 
cases leads me to conclude that courts 
really don’t understand what 
pharmacists can and are supposed to 
do.  For example, one case reached the 
right answer for the wrong reason. 2  
There are exceptions to it and you don’t 
want your case to be the one in which 
the court creates another exception.  
Many of the cases were decided before 
OBRA ’90 3 and its resulting regulations 
were implemented.  Few discussions 
today talk about OBRA’s impact on the 
Learned Intermediary Doctrine, but I 
believe that it is underestimated.  It is 
beyond the scope of this article to recite 
a detailed history of these decisions.  
Suffice it to say that relying on the 
Doctrine is a risky strategy because it is 

                                            
2 Morgan v. Wal-Mart Stores, Inc., 30 S.W. 3d 455 
(Tex. App.-Austin, Aug. 10, 2000) 
3 Omnibus Budget Reconciliation Act of 1990, Pub. 
L. No. 101-508, 104 Stat. 1388. 

too difficult to predict the court’s 
outcome.   
 
The better option is for the pharmacists 
to use their training, experience, and 
expertise for the benefit of the patient.  
Protecting patients from harm is a 
strategy within the pharmacist’s control. 
 Intervene when you see something that 
raises a red flag.  Protecting your 
patients ultimately protects you.  
Additionally, utilizing our expertise and 
making a positive impact on patient 
outcomes is a more persuasive way of 
convincing payers, patients, and 
regulators that pharmacists are a vital 
part of the health care team.  Let’s move 
into the 21st Century. 
  
 
© Don R. McGuire Jr., R.Ph., J.D., is General 
Counsel, Senior Vice President, Risk 
Management & Compliance at Pharmacists 
Mutual Insurance Company. 
 
This article discusses general principles of law 
and risk management.  It is not intended as legal 
advice.  Pharmacists should consult their own 
attorneys and insurance companies for specific 
advice.   Pharmacists should be familiar with 
policies and procedures of their employers and 
insurance companies, and act accordingly. 
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