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EXECUTIVE SUMMARY 

This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 

mitigation strategy (REMS) for the new molecular entity LJPC-501 is necessary to ensure the benefits 

outweigh its risks.  La Jolla Pharmaceutic Company (La Jolla) submitted a New Drug Application (NDA 

209360) for LJPC-501 with the proposed indication for the treatment of hypotension in adults with 

distributive or vasodilatory shock who remain hypotensive despite fluid and vasopressor therapy. The 

risks associated with LJPC-501 include transient hypertension and hypotension.  The sponsor did not 

submit a proposed REMS or risk management plan with this application.  

DRISK and the Division of Cardiology and Renal Products (DCRP) agree that a REMS is not needed to 

ensure the benefits of LJPC-501 outweigh its risks. Safety data from the clinical development program 

found the adverse events of LJPC-501 are similar to that of placebo. The risks of thrombosis  

 of LJPC-501 can be mitigated 

through labeling.  

1 Introduction 

This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 

mitigation strategy (REMS) for the new molecular entity (NME) LJPC-501 is necessary to ensure the 

benefits outweigh its risks.  La Jolla Pharmaceutical Company (La Jolla) submitted a New Drug 

Application (NDA) 209360 for LJPC-501 with the proposed indication for the treatment of hypotension in 

adults with distributive or vasodilatory shock who remain hypotensive despite fluid and vasopressor 

therapy. This application is under review in the Division of Cardiology and Renal Products (DCRP). The 

sponsor did not submit a proposed REMS but plans to conduct routine pharmacovigilance.  

2 Background 

2.1 PRODUCT INFORMATION 
LJPC-501, a 505(b)(2) NME, is a synthetic human angiotensin II (ATII).a Angiotensin II is a potent 

vasoconstrictor that binds to the G-protein-coupled angiotensin II receptor type 1 which stimulates Ca2+/ 

calmodulin-dependent phosphorylation of myosin resulting in smooth muscle contraction to increase 

blood pressure (BP). The proposed indication for LJPC-501 is for  treatment of hypotension in 

adults with distributive or vasodilatory shock in the intensive care unit (ICU).b The sponsor proposes that 

given LJPC-501 is expected to be used in combination with standard of care (SOC) regimens of fluid 

resuscitation and vasopressors; it may have synergistic effect on improving mean arterial pressure 

(MAP) and have catecholamine sparing effects with reducing vasopressor associated toxicities. LJPC-501 

is a priority review and is not currently approved in any jurisdiction.  

LJPC-501 is proposed as 2.5 mg/vial and 5 mg/vial for intravenous infusion starting at 20 ng/kg/min and 

to be titrated as frequently as every 5 mins by increments of  ng/kg/min as needed to maintain 

                                                           
a
 Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity 

b
 Section 505-1 (a) of the FD&C Act: FDAAA factor (D): The expected or actual duration of treatment with the drug 
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target BP. The sponsor recommends not exceeding the maximum dose of 80 ng/kg/min during the first 3 

hours and maintenance dose should not exceed 40 ng/kg/min.   

2.2 REGULATORY HISTORY 

 5/9/2017: Pre-NDA meeting where FDA indicated that based on the preliminary assessment a 

REMS is unlikely to be required 

 6/29/2017: La Jolla submitted NDA 209360  

 7/27/2017: NDA 209360 granted priority review 

 10/10/2017: Mid Cycle communication to sponsor via teleconference. The Agency conveyed 

concerns of increase rates of thrombosis events seen in the clinical development program and 

asks the sponsor for further assessments and/or plans to address this safety concern. In 

addition, the sponsor was informed that based on the currently available information a REMS is 

not likely necessary 

 

3 Therapeutic Context and Treatment Options 

3.1 DESCRIPTION OF THE MEDICAL CONDITION 
The 2016 Third International Consensus Definition of Sepsis and Septic Shock provided new definitions 

to reflect the understanding of the pathobiology. Sepsis is defined as life-threatening organ dysfunction 

caused by dysregulated host response to infection and septic shock is a subset of sepsis in which the 

underlying circulatory and cellular metabolism abnormalities are profound enough to substantially 

increase mortality.1  

Sepsis and septic shock are medical emergencies with high mortality accounting for 30% of all intensive 

care unit (ICU) admissions worldwide with reported mortality rate of approximately 40-50% and 

resulted in more than 20 billion (5.2%) of total US hospital costs in 2011.2,3 Over the past 40 years the 

incidence of severe sepsis has substantially increased, partly because of the increasing population age. 

Risk factors for sepsis are age (higher in infants and elderly), race (blacks greater than whites), sex 

(males greater than females), and health conditions such as immunosuppression and cancer.  Modifiable 

risk factors include alcohol consumption, smoking, and vitamin D deficiency.4 The latest estimates for 

severe sepsis in the US, Europe, and the UK range between 0.4/1000 and 1/1000 of the population.5  

Distributive or vasodilatory shock is often a fatal manifestation in the shock spectrum resulting in 

excessive vasodilation and impaired distribution of blood flow despite optimized therapy such as 

adequate fluid resuscitation, high doses of vasopressors, and or inotropes when necessary. Sepsis is the 

most frequent cause of distributive shock accounting for more than 200,000 cases per year in the US 

alone.6  Catecholamine-resistant hypotension (CRH) describes the clinical state of refractory distributive 

shock in which shock persists despite maximum tolerated catecholamine treatment and hydration.  
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Nearly 6% of critically ill pts will develop refractory shock, which accounts for 18% of deaths in the ICU.c 

There is no consensual definition of refractory shock. Clinical trials have often use the parameter of 

more than 0.5 mcg/kg/min of norepinephrine (NE) or epinephrine (E) to maintain target BP or the need 

for rescue therapy with vasopressin to describe refractory shock and is associated with mortality rates 

higher than 50%. Use of > 100mcg/min of NE or E has been reported in one study to have mortality as 

high as 94%.7  Refractory distributive shock, or CRH, the proposed indication for this product, is a grave 

condition associated with high mortality and continues to have unmet medical need. 

 

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS 
Fluid resuscitation and improving hemodynamics such as BP are paramount within the first 3 hours in 

patients diagnosed with septic shock. Even a short hypotensive episode can lead to increased morbidity 

such as acute kidney injury (AKI), myocardial injury, and cardiac complications.8 The Surviving Sepsis 

Guidelines (SSG) recommend fluid challenges to stabilize hemodynamics with the administration of at 

least 30ml/kg of IV crystalloid fluid, continuous hemodynamic monitoring, and source control. If BP after 

adequate fluid boluses does not improve, initiate and titrate vasopressors, powerful vasoconstrictors, to 

attain mean arterial pressure (MAP) of 65 mm Hg or higher.9  

Choice of initial vasopressor depends on the type of shock and risk profiles of the vasopressor agents. A 

2016 Cochrane review on vasopressors for hypotensive shock found no differences in mortality and no 

superiority of one vasopressor over another.10   Despite this finding, the SSG recommends NE as the 

first-choice vasopressor. This is based on a meta-analysis consisting of 11 randomized trials that 

compared NE to dopamine which showed lower mortality and lower risk of arrhythmias with NE.11 If 

MAP is not achieved with NE alone, the SSG further recommends adding either vasopressin (up to 0.03 

U/min) or E to NE with the intent of raising MAP to target; or adding vasopressin (up to 0.03 U/min) to 

decrease NE dosage. The following table lists the available vasopressors in the US for distributive shock, 

the dosage, and safety and risks associated with them. 

                                                           
c
 Section 505-1 (a) of the FD&C Act: FDAAA factor (A): The estimated size of the population likely to use the drug 

involved. 
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metabolic systems. Other unapproved options to treat refractory distributive shock include 

hydrocortisone and methylene blue but their use remains controversial and these agents are often 

utilized as salvage therapy as there are inadequate evidence of use studies to ascertain clinical benefits.7  

4 Benefit Assessment 

The efficacy and safety of LJPC-501 is primarily demonstrated in the pivotal trial LJPC-501-CRH-01. The 

sponsor also cited previous publications (2 randomized trials, 8 published case studies and 2 small 

studies from 1991- 2000 in support of the use of ATII in refractory shock).14 For the purpose of this 

review the LJPC-501-CRH-01 Phase 3 study will be evaluated in detail for efficacy. 

LJPC-501-CRH-01 is a Phase 3, placebo-controlled randomized, double-blind, multi-center study of LJPC-

501 (angiotensin II) in adult patients with CRHd. Patients were assigned in a 1:1 ratio to receive LJPC-501 

or saline placebo along with SOC which included fluid resuscitation and vasopressors. The primary 

endpoint (modified intent-to-treat [mITT] population) was a response in MAP at hour 3 after the start of 

infusion, with response defined as an increase from baseline of at least 10 mmHg or an increase to at 

least 75 mm Hg without an increase in the dose of background vasopressors. Secondary endpoints 

include change in cardiovascular (CV) Sequential Organ Failure Assessment (SOFA) score, which 

quantifies catecholamine use, and total SOFA scoree between baseline measurement and hour 48 (Day 

2).  

The study was conducted from May 2015 through January 2017 in 75 intensive care units (ICUs) across 

nine countries in US/Canada, Australia/New Zealand, and Europe. A total of 344 patients were enrolled 

in the study and analysis was conducted in 321 patients (163 received angiotensin II and 158 received 

placebo).  Mean age for angiotensin II and placebo study groups were 63 and 65 years old, respectively. 

The study drug was initiated at a rate of 20 ng/kg/min or placebo and adjusted as often as every 5 mins 

to achieve a target MAP of >75 mmHg per a MAP-based dose titration schema. Doses from  

1.25 to 200 ng/kg/min were allowed. SOC vasopressor doses were to remain constant during Hours 0 to 

3 unless adjustments were required for safety. The sponsor concluded that at hour 3 the primary 

endpoint was attained in 114 out of 163 (69.9%) patients in the LJPC-501 group compared with 37 out of 

158 (23.4%) patients in the placebo group (odds ratio, 7.95; 95% confidence interval [CI], 4.76 to 13.3; 

P<0.001). At 48 hours, the mean improvement in the CV SOFA score was greater in the angiotensin II 

group than in the placebo group (-1.75 versus -1.28, P=0.01) but there was no difference in the total 

SOFA score between patients receiving LJPC-501 and placebo (1.05 and 1.04, P=0.49, respectively). As 

reflected in the CV SOFA scores, patients in the LJPC-501 study group compared with placebo study 

group had greater decrease in NE equivalent dose from baseline to hour 3 (-0.03 + 0.10 LJPC-501 versus 

0.03 + 0.23, P < 0.001). There were no differences between LJPC-501 and placebo study groups in all-

                                                           
d
 CRH in the LJPC-501-CRH-01 study is defined as receiving greater than 0.2mcg of norepinephrine per kilogram of 

body weight per minute or equivalent  dose of another vasopressin for at least 6 hours but no longer than 48 hours 

e
 SOFA scores range from 0-20, with higher scores indicating more severe organ dysfunction 
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cause mortality at day 7 (29% versus 35%, HR 0.78 (CI) 0.53 to 1.16; P =0.22) and day 28 (46% versus 

54%, HR 0.78 (CI) 0.57 to 1.07; P =0.12), respectively. 

The clinical reviewer concurred with the study findings that LJPC-501 met the primary endpoint of 

raising the MAP to target levels: (> 75 mmHg or a 10 mmHg increase in baseline MAP).15 However, there 

was no change to total SOFA score, which confers no changes in clinical outcomes.f The CV SOFA score 

did improve, but that is due to improving the MAP and substituting a catecholamine vasoconstrictor 

with another vasoconstrictor not in the CV SOFA equation. There is an observed small trend but not 

statistically significant of mortality benefit for LJPC-501 over placebo in Day 7 and Day 28 that is 

consistent for all demographic and disease characteristic subgroups. Thus LJPC-501 helps improve MAP 

and has catecholamine sparing effects but the clinical benefit is not conclusive as there is no data to 

suggest that angiotensin II is a safer vasoconstrictor than catecholamine vasopressors.  

5 Risk Assessment & Safe-Use Conditions 

The safety of LJC-501 is primarily supported by the LJPC-501-CRH-01 study. The Sponsor also submitted 

an additional study LJPC-501-CS-5001 which was a Phase 1 study (N= 6) for the indication of 

hepatorenal syndrome (HRS), 7 prior publications (2 randomized control trials on hypotensive patients 

and 5 studies on healthy volunteer subjects), and a systematic review consisting of 1,124 studies with > 

31,000 individuals exposed to angiotensin II.16  For the purpose of this review the LJPC-501-CRH-01 

Phase 3 study will be evaluated in detail for LJPC-501's safety.  

In LJPC-501-CRH-01, the overall adverse events (AEs) rate (with at least 1 reported adverse event) 

between the placebo and LJPC-501 groups was reported at 91.8% and 87.1%, respectively. The top 5 

treatment-emergent adverse events (TEAEs) > 5% placebo and LJPC-501 study groups respectively were: 

multiorgan failure (15.2% and 15.3%), atrial fibrillation (13.3% and 13.5%), septic shock (6.3% and 11%), 

hypotension (6.3% and 10.4%), and thrombocytopenia (7% and 9.8%). There were also similar rates of 

serious AEs (SAEs) reported in the treatment groups (placebo 67.1%, LJPC-501 60.7%). Rates of adverse 

events leading to discontinuation of study drug were 21.5% in the placebo group versus 14.1% in the 

LJPC-501 group with septic shock (placebo 2.5%, LJPC-501 4.9%), multi-organ failure (3.8%, 3.7%), 

cardiogenic shock (2.5%, 1.2%), and peripheral ischemia (0.6%, 0.6%) as the most common causes for 

permanent discontinuation. The majority of the discontinuations were considered unrelated to study 

drug. There were however, 3 events (cardiogenic shock, peripheral ischemia, and Stevens-Johnson 

syndrome) within the LJPC-501 group that were reported as drug related.   

The clinical reviewer noted that incidences of acidosis related events and psychiatric disorder related 

events appear higher in the clinical development program. However, patients in shock often are at risk 

for imbalances in acid-base homeostasis such as increases in lactic acid levels and often exhibit 

psychological disturbances such as confusion and delirium.17,18 ICU SOC addresses these issues with 

routine monitoring and protocols for correcting blood pH and electrolytes and reducing the risk for 

                                                           
f
 Section 505-1 (a) of the FD&C Act: FDAAA factor (C): The expected benefit of the drug with respect to such disease 

or condition. 

Reference ID: 4197230
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confusion, anxiety, and delirium. The clinical reviewer attributes these events as associated with 

background risk and likely not related to LJPC-501.15  

 

5.1 DEATHS  
Patients with distributive shock often have multiple ongoing comorbidities and have poor prognosis. The 

sponsor reported that the frequencies of fatal events were similar between the treatment groups 

(53.8% placebo and 46.6% LJPC-501). Multiorgan failures were the most common fatal events in both 

treatment groups accounting for 13.3% in placebo and 14.1% LJCP-501. Fatal cardiovascular disorders 

such as cardiac arrests, cardiogenic shock, and cardio-respiratory arrest were more common in the 

placebo group (9.5%) compared with LJPC-501 (6.1%), although 1 death due to cardiogenic shock was 

reported to be possibly related to LJPC-501 by the investigator. However, the Sponsor assessed the 

cardiogenic shock as unlikely related to LJPC-501 due to the subject's history of cardiac disease and 

presenting symptomatology. This case was confounded by history of coronary artery bypass graft, a 

preceding requirement for an intra-aortic balloon pump, and removal of the pump with weaning of 

inotropic support and subsequent documentation of severe left ventricular dysfunction. Respiratory 

disorder accounted for more deaths in the placebo group (8.2%) compared to LJPC-501 group (5.5%).  

The clinical reviewer concurs with the sponsor's assessment.15 

5.2    VASOPRESSOR TOXICITIES: ARRHYTHMIAS AND VASOCONSTRICTION  
As LJPC-501 is a vasopressor, the sponsor in the clinical development program specifically monitored for 

myocardial infarction/ischemia; relevant dysrhythmias including atrial fibrillation; re-entrant 

atrioventricular nodal tachycardia or ventricular tachycardia; cerebral ischemia; hypoperfusion (digital 

ischemia, mesenteric ischemia, or shock liver); renal hypoperfusion; and local vasoconstriction or 

necrosis at or near the infusion site.19 The results were aggregated into 2 broad categories, cardiac and 

ischemic. Overall, the sponsor reported cardiac events occurred at similar rates in placebo (27.8%) 

compared with the LJPC-501 (26.4%) groups with atrial fibrillation the most common (13.3% in placebo 

group versus 13.5% in LJPC-501 group). QT prolongation was reported in 4 of the placebo group versus 1 

in the LJPC-501 group.  Ischemic events were further aggregated into: nervous system disorders, 

vascular disorders, gastrointestinal disorders, hepatobiliary disorders, and skin and subcutaneous tissue 

disorders. The sponsor reported that the overall incidence of ischemic TEAEs was similar in placebo 

(8.2%) and LJPC-501 (9.2%) groups with peripheral ischemia (1.9% placebo and 3.1% LJPC-501 groups) 

and intestinal ischemia (1.9% placebo and 0.6% LJPC-501 groups) as the most common Grade 3/4 

(severe/life-threatening) ischemic events.  

5.3    THROMBOSIS 
Patients with sepsis have a greater risk for thrombosis due to procoagulation states and DVT prophylaxis 

is part of the SOC. 9,20 Angiotensin II may inhibit the fibrinolytic system and enhance thrombosis. Animal 

studies support that angiotensin II has prothrombotic properties.21 In the clinical development program, 

the overall thromboembolic events for LJPC-501 and placebo were similar (52% versus 49%, 

respectively). However, specific thrombotic related events for LJPC-501 appear to occur at a higher rate 

vs. placebo: deep vein thrombosis (7 events (4.29%) versus 0), jugular vein thrombosis (2 events (1.23%) 
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versus 0), and peripheral artery thrombosis (2 events (1.23%) versus 0). The clinical reviewers asserted 

that even though there is insufficient data in the LJPC-501-CRH 001 study to draw any firm conclusion 

for increased risk for thrombosis, this risk is plausible and should be addressed in warnings and 

precautions section of labeling.15 

5.4    INITIATION AND WITHDRAWAL RELATED RISKS 
The Phase 3 study identified the potential risks of transient hypertension (defined as MAP increase to  

> 100 mm Hg within 15 minutes of treatment) upon initiation of LJPC-501 and hypotension or worsening 

of the underlying diagnosis of shock with abrupt discontinuation of LJPC-501. Transient hypertension 

occurred in the placebo group at < 2% compared with LJPC-501 group at 22.7%. Although the causes are 

not known, studies have identified that some patients may have an exaggerated response to angiotensin 

II. 22 Hypotension occurred in the placebo group at rate of 17.7% compared with the LJPC-501 group at 

24.5%g and may be due to study protocol which requires down-titration and discontinuation of LJPC-501 

infusion after 48 hours. There was an option to re-initiate after hour 48 to maintain MAP in patients 

continuing to receive high doses of other vasopressors. The sponsor asserts that these risks can be 

mitigated by dose titration and the clinical reviewer concurs that the mitigation of these risks can be 

achieved via dose titration to BP response. Patients in refractory vasodilatory shock are hospitalized in 

the ICU setting with continuous monitoring and doses of vasopressors are routinely titrated to optimize 

BP response. 

6 Expected Postmarket Use 

LJPC-501 is proposed to be used in the inpatient acute care ICU setting for patients with refractory 

distributive shock who have maximized standard vasopressors.  Patients on LJPC-501 will be 

continuously monitored for signs and symptoms of vasopressor associated toxicities and the dose of 

LJPC-501 can be titrated based on MAP response to prevent transient hypertension or hypotension 

during initiation and discontinuation.   

7 Risk Management Activities Proposed by the Applicant 

The Applicant did not propose any risk management activities for LJPC-501 beyond routine 

pharmacovigilance and labeling.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

8 Discussion of Need for a REMS 

Severe hypotension due to refractory distributive shock has a mortality rate of greater than 50%. 

Current treatment options in getting MAP to goal include high doses of vasopressors but may result in 

                                                           
g
 Section 505-1 (a) of the FD&C Act: FDAAA factor (E): The seriousness of any known or potential adverse events 

that may be related to the drug and the background incidence of such events in the population likely to use the 

drug. 
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deleterious side effects such as cardiotoxicity and ischemia. The clinical reviewer recommends approval 

of LJPC-501 on the basis of the efficacy and safety information submitted with the application.  The 

efficacy of LJPC-501 is supported by the pivotal study LJPC-501-CRH-01 which had statistically significant 

improvements in MAP with LJPC-501 versus placebo (69.9% versus 23.4%, respectively; odds ratio, 7.95; 

95% CI, 4.76 to 13.3; P<0.001).  

Adverse events were overall similar for both LJPC-501 and placebo in the clinical development program, 

although there were higher reported events of thromboembolic events with LJPC-501. Even though 

patients with distributive shock have higher risk for thrombosis, the clinical reviewer determined that 

the plausibility of LJPC-501 in thrombosis cannot be ruled out. This risk will be reflected in labeling in 

warnings and precautions. Titration to BP response  

 of LJPC-501 and is reflected in the dose 

administration section of LJPC-501's labeling.  

The clinical reviewer and DRISK agree a REMS is not necessary for LJPC-501 for the treatment of 

hypotension in adults with distributive or vasodilatory shock who remain hypotensive despite fluid and 

vasopressor therapy. The administration of LJPC-501 along with SOC vasopressors can be titrated based 

on the patient's hemodynamic response by healthcare professionals in a closely supervised ICU hospital 

setting. LJPC-501 can be an added item to the armamentarium to treat refractory hypotension and 

provides for an unmet need for alternative vasopressor option in this critically ill patient population. 

9 Conclusion & Recommendations 

Based on the available data, it is this reviewer's opinion that a REMS is not necessary to ensure the 

benefits of LJPC-501 outweighs the risks. The safety concerns of LJPC-501 are similar to those of placebo 

in the clinical development program. The potential risk of thrombosis,  

communicated through labeling. Should DCRP 

have any concerns or questions or if new safety information becomes available, please send a consult to 

DRISK. 
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