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1. EXECUTIVE SUMMARY

LJPC-501  is a synthetic human 5ILe-angiotensin II.  In the current New Drug 
Application (NDA), La Jolla Pharmaceutical company is seeking approval for the use of 

 injection as intravenous infusion for the treatment of hypotension in adults with 
distributive or vasodilatory shock who remain hypotensive despite fluid and vasopressor therapy 
via a 505 (b)(2) pathway.  

The Agency previously approved a bovine source of angiotensin II, 5Val-angiotensin II amide 
(Hypertensin® ; NDA012791) developed by CIBA-Geigy Pharmaceuticals in 1962 for the 
treatment of patients with shock and circulatory collapse.  However, the NDA was later 
withdrawn from the market as per the request of the Applicant in 2008 (NDA012791, DARRTS, 
08/11/2008) for reasons not related to safety of Hypertensin®.  

The Applicant relies on published literature reports for non-clinical toxicology and clinical 
pharmacology findings.  Several of the published literature used 5Val-angiotensin II amide.  The 
bridge between the proposed product (Ile5-angiotensin II)  and 5Val-angiotensin II amide is 
established based on in vitro functional activity assays for the angiotensin II type 1 (AT1) 
receptor and receptor binding assays for the angiotensin II type 2 (AT2) receptor (NDA209360, 
Pharmacology/Toxicology review, DARRTS, 11/20/2017).  To support the efficacy and safety of 
LJPC-501, the Applicant has conducted a phase 3, randomized, placebo-controlled study in 
patients with catecholamine resistant hypotension (CRH).  The efficacy is primarily evaluated by 
comparing the proportion of patients with mean arterial pressure (MAP) ≥75 mmHg or ≥10 
mmHg increase from baseline to hour 3 after intravenous infusion between placebo and LJPC-
501 treatment.

This review primarily addresses whether (i) the submitted pharmacokinetic and 
pharmacodynamic information for angiotensin II are adequate to inform product labeling, (ii) the 
proposed dosing regimen is adequate for the treatment of hypotension in adults with CRH.

1.1 Recommendations

The Office of Clinical Pharmacology (OCP/DCP I) has reviewed the pharmacokinetics, 
pharmacodynamics and dosing information submitted in this NDA.  The review team 
recommends the approval of injection for intravenous infusion for the treatment of 
hypotension in adults with distributive or vasodilatory shock who remain hypotensive despite 
fluid and vasopressor therapy. 

1.2 Post-Marketing Requirements and Commitments
None.
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2. SUMMARY OF CLINICAL PHARMACOLOGY FINDINGS

2.1 Clinical Pharmacokinetics

 No specific distribution, metabolism and excretion studies were conducted using human 
5ILe-angiotensin II.  Because both human 5ILe-angiotensin II and bovine 5Val-
angiotensin II amide exert comparable in vitro angiotensin II type 1 receptor (AT1) 
binding affinities and numerous non-clinical and clinical studies were evaluated with 
bovine 5Val-angiotensin II amide, the published literature reports which used bovine 
5Val-angiotensin II amide were reviewed to provide pharmacokinetic and 
pharmacodynamic information for angiotensin II.  

 Following intravenous infusion, angiotensin II reaches steady state plasma concentrations 
in 5 minutes.  It is metabolized to angiotensin-(1-7) and angiotensin 2-8 (angiotensin III) 
by aminopeptidase A and angiotensin converting enzyme 2 (ACE2) respectively, in 
plasma, erythrocytes and major organs including liver, lung, kidney and intestine.  The 
plasma half-life is less than a minute.  The increase in plasma exposure of angiotensin II 
is directly associated with increase in blood pressure response.  

 As found from the phase 3 study, serum levels of LJPC-501 are similar between baseline 
and hour 3 after intravenous infusion in patients with CRH.  However, the serum levels 
of angiotensin I is reduced by approximately 40% at hour 3.  This may be possibly due to 
negative bio-feedback mechanism which suppresses the formation of angiotensin I from 
renin. 

 Given LJPC-501 is administered in a controlled clinical setting and the dose is titrated to 
effect, drug-drug and drug-disease interactions do not limit the use of LJPC-501 in 
patients with CRH.  No formal drug interaction studies and pharmacokinetic studies were 
conducted in patients with renal impairment and patients with hepatic impairment.  Age 
and gender did not influence the pharmacokinetics of LJPC-501 in patients with CRH as 
observed in the phase 3 study.  

2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing
The proposed dosing regimen for LJPC-501 includes starting the intravenous infusion at 20 
ng/kg/min.  Based on monitoring blood pressure response, the dose should be titrated by 
increments  ng/kg/min every five minutes to achieve target  pressure  

.  The dose should not exceed 80 ng/kg/min during the first three 
hours of infusion and the maintenance dose should not exceed 40 ng/kg/min.  The lowest dose 
that can be used is 1.25 ng/kg/min.  Once adequate blood pressure response is achieved, the dose 
of angiotensin II can be downtitrated every five minutes. 

2.3 Outstanding Issues
None. 
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2.4 Summary of Labeling Recommendations
The review team recommends the following labeling edits in the final package insert of 

 Because angiotensin II is metabolized by aminopeptidase A and ACE2 respectively, in plasma, 
erythrocytes and other major organs such as liver, lung, kidney and intestine, section 12.3 
Pharmacokinetics was updated to incorporate the enzymes involved in the metabolism of 
angiotensin II. 

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background
Angiotensin II is an octapeptide hormone from renin-angiotensin-aldosterone system.  It is a 
potent and direct vasoconstrictor which can increase mean arterial pressure in patients with 
hypotension.  In the original isolation, angiotensin II (octapeptide) was found to exist in two 
forms, isoleucine or valine at the fifth amino acid position.  However, subsequent studies showed 
that 5ILe-angiotensin II is native to humans, whereas 5Val-angiotensin II amide is native to 
bovine, however, the biological activities were similar for both forms of angiotensin II.  
Although angiotensin II has been extensively studied in normal subjects and diseased patients, 
these studies were conducted with 5Val-angiotensin II marketed as ‘Hypertensin®’ by CIBA 
Pharmaceutical Company, which was later acquired by Novartis.  Hypertensin® is no longer 
available in the market.   a synthetic human 5ILe-angiotensin II is intended to be 
available as solution for injection to be administered as intravenous infusion for the treatment of 
hypotension in adults with distributive or vasodilatory shock who remain hypotensive despite 
fluid and vasopressor therapy.

La Jolla opened IND 122708 to conduct a phase 3 study for LJPC-501 for the treatment of CRH 
in October 2014.  The phase 3 study design was reviewed under a ‘Special Protocol Assessment’ 
with prespecified statistical analysis plan.  The Agency issued a ‘Special Protocol – Agreement’ 
Letter in February, 2015.  An ‘Initial Pediatric Study Plan – Agreement’ Letter was issued in 
June, 2015.  LJPC-501 is also being investigated for the treatment of hepatorenal syndrome 
(HRS) under IND   In August 2016, La Jolla held another meeting with the Agency to 
discuss their plans to submit a 505(b)(2) NDA relying on the literature to provide additional 
support for non-clinical toxicology, safety, pharmacokinetics and efficacy of LJPC-501.  
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3.2 General Pharmacology and Pharmacokinetic Characteristics

Pharmacology  
Mechanism of 
action

Angiotensin II binds to angiotensin II type 1 receptors (G-protein 
coupled receptors) on vascular smooth muscle cells and stimulates the 
Ca2+/calmodulin dependent phosphorylation of myosin which results in 
vasoconstriction and increase in blood pressure.  Angiotensin II also 
increases the release of aldosterone and regulates fluid and electrolyte 
balance.

Pharmacokinetics  
Absorption Angiotensin II is administered as intravenous infusion and its 

bioavailability is 100%.  Time to reach steady state plasma concentration 
is 5 minutes. 

Distribution Following intravenous infusion of angiotensin II-I131, approximately 
two-thirds of the total blood radioactivity remains in plasma and one-
third of radioactivity is present in erythrocytes.

Metabolism Angiotensin II is metabolized to angiotensin-(1-7) and angiotensin 2-8 
(angiotensin III) by aminopeptidase A and ACE2, respectively in 
plasma, erythrocytes and major organs including liver, lung, kidney and 
intestine.

Excretion The plasma elimination half-life is less than a minute.  Urinary excretion 
of angiotensin II is minimal.

3.3 Clinical Pharmacology Review Questions

3.3.1 To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness?
The evidence of effectiveness was demonstrated from a pivotal phase 3, placebo-controlled, 
randomized, double-blind, multi-center study (LJ501-CRH01) of LJPC-501 in patients with 
CRH.  The study was conducted in 75 centers across 9 countries.  The study enrolled 344 
patients, with 321 patients randomized to receive either LJPC-501 (163) or placebo (158) 
treatment that was titrated to effect.  Patients who enrolled in this study were on the background 
of standard of care vasopressors.  The primary endpoint of this study was to compare the 
percentage of patients who achieved target MAP (≥10 mmHg increase from baseline or ≥75 
mmHg) at hour 3 after intravenous infusion between LJPC-501 and placebo (saline) treatment.  
The target MAP at hour 3 was achieved in 69.9% (95% CI: 62.3%-76.9%) of patients who 
received LJPC-501 compared to 23.4% (95% CI: 17.1%- 30.8%) of patients who received 
placebo meeting the primary efficacy endpoint.  LJPC-501 showed a statistically significant 
treatment effect over placebo with an odds ratio (OR; LJPC-501 to placebo) of 7.95 (95% CI: 
p<0.00001).  Figure 1 shows the mean change in MAP response during the first three hours 
following intravenous infusion with LJPC-501 or placebo in patients with CRH.  Therefore, from 
a clinical pharmacology perspective, angiotensin II showed a direct and immediate response in 
MAP, consistent with its expected pharmacological effect as a known vasoconstrictor. 
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Figure 1.  Average mean arterial pressure response over three hours following intravenous 
administration of LJPC-501 and placebo (saline) in patients with CRH.  Horizontal dotted 
line represents target mean arterial pressure.  Data represents mean ± SEM.

As the dose of LJPC-501 was titrated to effect in Study LJ501-CRH01,  any formal assessment 
of exposure-response analysis from this study is limited. 

The secondary efficacy endpoint was to compare the reduction in sequential organ failure 
assessment (SOFA) score from baseline to hour 48 between LJPC-501 and placebo.  LJPC-501 
treatment did not significantly reduce the total SOFA score from baseline to hour 48 in patients 
with CRH compared to placebo.  However, a significant (p=0.0129) reduction in cardiovascular-
sequential organ failure assessment (CV-SOFA) score was observed with LJPC-501 (-1.75) 
compared to placebo (-1.28). 

Treatment with LJPC-501 also showed a trend towards reduction in mortality on day 7 [Hazard 
ratio (HR): 0.78; 95% CI: 0.53-1.16] and day 28 [HR: 0.78; 95% CI: 0.57-1.07], however, the 
results did not reach statistical significance compared to placebo on both day 7 (p=0.22) and day 
28 (p=0.12).
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3.3.2 Is the proposed dosing regimen appropriate for the general patient population for which 
the indication is being sought? 
Yes.  The proposed dosing regimen  is appropriate to increase MAP 
in patients with CRH.  The proposed dosing regimen was tested in the phase 3 study which 
showed significantly higher proportion of patients being able to achieve target MAP following 
infusion with LJPC-501 compared to placebo (refer section 3.3.1). 

The study design consisted of three different dosing periods.  In the first dosing period (0-3h), 
the starting dose of LJPC-501 was 20 ng/kg/min and the dose was titrated every 5-15 minutes to 
achieve target MAP response.  The maximum dose of LJPC-501 that was allowed during this 
dosing period was 200 ng/kg/min.  The dose of standard of care vasopressors were kept constant 
for the first three hours of LJPC-501 administration, if safe for the patient.  In the second (3-48h) 
and third dosing period (48-168h), the maximum allowed dose of LJPC-501 was 40 ng/kg/min.  
The minimum dose of LJPC-501 that was allowed in this study was 1.25 ng/kg/min.  The 
catecholamine sparing effect of LJPC-501 was also assessed during the second dosing period by 
gradually reducing the dose of other vasopressors.  The dosing algorithm for LJPC-501 used in 
the three dosing periods are shown in the following tables (Table 1). 

Table 1.  Treatment schemes of LJPC-501 for different dosing periods (0-3h, 3-48h, and 48-
168h) in patients with CRH

Dosing period 1: 0-3 h
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Dosing periods 2 and 3: 3-48 h and 48-168h

* indicates doses may be modified to 60-120 ng/kg/min, if necessary for safety purposes based on the 
recommendations from data safety monitoring board (DSMB).
** Once a dose of 10 ng/kg/min has been reached, study drug may be further reduced by halving each titration until 
the minimum dose is achieved.
*** Dosing may be modified to as low as 1.25 ng/kg/min for those patients considered “hyper-responders”, i.e., 
MAP remains ≥ 85 mmHg despite discontinuation of vasopressin and all catecholamines.

As shown in Table 2, at least fifty percentage of patients or greater achieved target MAP in five 
minutes following LJPC-501 infusion.  It was seen that the higher the baseline MAP, greater 
proportion of patients achieved target MAP in 5 min.  

Table 2.  Percentage of CRH patients with varying baseline MAP who achieved target 
MAP response in five minutes after initiation of LJPC-501 infusion

Baseline MAP Number of 
patients

Number of patients who 
achieved ≥75 mmHg or ≥10 
mmHg in 5 min after initiation 
of LJPC-501 infusion

Percentage of patients 
who achieved ≥75 mmHg 
or ≥10 mmHg in 5 min 
after initiation of LJPC-501 
infusion

<59 mmHg 12 6 50
≥59 mmHg to <65 mmHg 41 24 59
≥65 mmHg to <70 mmHg 77 64 83
≥70 mmHg to <75 mmHg 27 26 96
>75mmHg 6 4 67
<65 mmHg 53 30 57
≥65 mmHg 110 94 85

Baseline MAP of two-thirds (110) of LJPC-501 treated patients was <65 mmHg and one- third 
(53) of patients was ≥65 mmHg.  The following figure (Figure 2) represents the dose as a 
function of time for patients with baseline MAP <65 mmHg and patients with baseline MAP ≥65 
mmHg.

Figure 2.  Dose required to achieve target MAP in CRH patients with baseline MAP <65 
mmHg and ≥65 mmHg over three hours after initiation of intravenous infusion of LJPC-
501.  Horizontal dotted lines indicate that the dose of LJPC-501 corresponding to the 
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starting dose (20 ng/kg/min) and the maintenance dose (40 ng/kg/min).  Data represents 
mean ± SEM.

Approximately 67% of patients with baseline MAP <65 mmHg required ≤ 20 ng/kg/min dose in 
30 min.  On the other hand, approximately 89% of patients with baseline MAP  ≥65 mmHg 
required ≤ 20 ng/kg/min at 30 min.  This suggests that the doses for patients with higher baseline 
MAP were down titrated upon starting at 20 ng/kg/min raising the question if these patients 
could be initiated on a lower starting dose.  However, such an exercise was not embarked upon 
because of the importance to increase mean arterial pressure at the earliest in the target 
population and starting at a dose of 20 ng/kg/min resulted in greater proprtion of patients 
achieving the target MAP as early as 5 minutes, as seen from the phase 3 trial.  Moreoever, doses 
can also be down titrated quickly, as done in the trial, in patients with higher baseline MAP since 
the steady state PK/PD effects of angiotensin II are attained within 5 minutes following a dose 
change.  Therefore, based on the above information, a starting dose of 20 ng/kg/min is 
reasonable for all patients irrespective of the baseline MAP. 

As seen from Table 1, the maximum dose of LJPC-501 that was allowed during the first dosing 
period (0-3 h) is 200 ng/kg/min.  It was observed that 21% of patients in the LJPC-501 treated 
arm received doses >80 ng/kg/min during the first dosing period.  However, none of the patients 
who received doses >80 ng/kg/min responded to LJPC-501 treatment.  Only one patient who 
received a dose of 80 ng/kg/min achieved the target MAP.  Therefore, based on this information, 
it seems that if patients do not respond to LJPC-501 treatment up to a certain dose, which as 
observed from this trial is around 80 ng/kg/min, there may not be value in up titrating these 
patients to higher doses of LJPC-501.  Therefore, it seems appropriate to cap the maximum 
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allowed dose during the initial treatment period to 80 ng/kg/min based on the observations from 
the phase trial. 

The target MAP was stable from 30 min following initiation of intravenous infusion of LJPC-
501 in both patients with baseline MAP <65 mmHg and patients with baseline MAP ≥65 mmHg 
suggesting that the proposed dose titration steps and intervals were reasonable.  The figure below 
(Figure 3) represents MAP response over 180 min following infusion of both LJPC-501 and 
placebo treatment.  

Figure 3.  Comparison of MAP response over 180 min between LJPC-501 and placebo 
treatment in CRH patients with baseline MAP <65 mmHg and ≥65 mmHg.    Data 
represents mean ± SEM.

LJPC-501 treatment also showed a trend towards reduction from baseline in mean 
norepinephrine equivalent dose of vasopressors over a period of 48 h compared to placebo.  The 
following figure (Figure 4) compares the mean change from baseline in norepinephrine 
equivalent dose of vasopressors over 48 h between LJPC-501 and placebo. 
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Figure 4.  Comparison of norepinephrine equivalent vasopressor dose requirements 
between LJPC-501 and placebo in patients with CRH.  Data represents mean ± SEM.

Further, any dose related adverse toxicities were not observed in this study.  Therefore, the 
applicant proposed dosing regimen for the intended population is acceptable.

3.3.3 Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsic and extrinsic factors? 

Given LJPC-501 is administered in a controlled clinical setting, the dose is titrated to effect and 
the steady state PK and PD are attained in less than ~5 minutes, the intrinsic and extrinsic factors 
are not expected to limit the use of LJPC-501 in patients with CRH.  Age, gender and race did 
not influence the pharmacokinetics of LJPC-501 in patients with CRH.  No formal drug 
interaction studies were conducted.  Patients who are on angiotensin converting enzyme (ACE) 
inhibitors therapy may have an increased blood pressure response to LJPC-501.  This may be 
possibly due to compensatory upregulation of AT1 receptors because of reduction in circulating 
angiotensin II levels through inhibition of ACE. Patients who are receiving AT1 receptor 
blockers may have a reduced response to LJPC-501.  

No formal pharmacokinetic studies in patients with renal impairment and patients with hepatic 
impairment were conducted.  Because the enzymes (aminopeptidase A and ACE2) involved in 
the metabolism of LJPC-501 is ubiquitously present in human serum, erythrocytes, liver, 
kidneys, lungs and intestine and LJPC-501 is expected to be rapidly metabolized with a half-life 
of less than a minute, the impairment on hepatic and renal functions is not expected to alter the 
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systemic exposures of LJPC-501.  Moreover, given LJPC-501 is administered under controlled 
clinical settings and the dose is titrated to effect, the intrinsic and extrinsic factors are not 
expected to limit the use of LJPC-501 in patients with CRH.

4. APPENDICES

This section includes information on – (a) bioanalytical method validation and performance, and 
(b) brief description of clinical pharmacokinetic and pharmacodynamic findings from published 
literature. 

4.1 Summary of Bioanalytical Method Validation and Performance

Serum concentrations of angiotensin I and angiotensin II were measured by validated ultra-
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) assay.  It was 
found that:

 The precision and accuracy values (Table 3) of at least two-thirds of the overall quality 
control (QC) samples from the supporting bioanalytical reports were equal to or better 
than 15% (20% at the LLOQ).

 Angiotensin I and angiotensin II were found to be stable in serum after at least four 
freeze-thaw cycles at -80˚ C, at room temperature storage over 23 h (short-term), at 4˚ C 
storage over ~11 h (short-term), at -80˚ C storage over 5 days (long-term) and post-
preparative storage at 4˚ C for at least ~96 h. 

 The QC sample accounting for dilution showed less than two percentage of bias. There 
were no carry over effects observed for all the analytes.

 More than two-thirds of the incurred sample reanalysis (ISR) fell within 20% deviation.

The bioanalytical methods satisfy the criteria for ‘method validation’ and ‘application to routine 
analysis’ set by the ‘Guidance for Industry: Bioanalytical Method Development’, and is 
acceptable.

Table 3.  Summary of bioanalytical methods and validation in each clinical study

Study no. Bioanalytical study no. Facility Analytical method

LJ501-RH01 160457AQEE UPLC-MS/MS
Analyte Sample volume Analytical range 

(pg/ml)
Precision 
(CV %)

Accuracy 
(%)

Angiotensin I 250 µl 10-1000 ≤8.8% 95.6-99.5
Angiotensin II 250 µl 10-1000 ≤7.2% 92.0-98.3
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4.2 Clinical PK and/or PD Assessments

LJPC-501 is a synthetic human angiotensin II (Ile5-angiotensin II).  The other forms of 
angiotensin II, include 5-valine (Val5)-angiotensin II amide (Hypertensin®), research grade 
bovine Val5-angiotensin II (various sources), and research grade Ile5-angiotensin II (various 
sources).  Based on in vitro functional activity assays for the angiotensin II type 1 (AT1) receptor 
and receptor binding assays for the angiotensin II type 2 (AT2) receptor, the activities of various 
forms of angiotensin II are similar.  Because clinical pharmacology characterization of other 
forms of angiotensin II are extensively reported in publications, the Applicant did not conduct 
any specific clinical pharmacology studies for LJPC-501.  Therefore, published literature 
provides comprehensive information about pharmacokinetics and pharmacodynamics of 
angiotensin II.  

Steady state pharmacokinetics 
Angiotensin II reaches steady state plasma concentrations in five minutes following intravenous 
infusion of 125I-labeled Val5-angiotensin II in pregnant and non-pregnant women (Table 4).1  
Upon intravenous administration of 125I-labeled angiotensin II, two-thirds of total blood 
radioactivity remains in plasma and one-third of the radioactivity is present in erythrocytes.2  

Table 4.  Steady state plasma concentration of angiotensin II following intravenous infusion of 
different doses of angiotensin II in pregnant and non-pregnant women.

Dose proportionality
Intravenous infusion of Ile5-angiotensin II shows a dose proportional increase in steady state 
plasma concentrations of angiotensin II up to 10 ng/kg/min in healthy subjects (Figure 5).3  
Because twenty to forty mmHg increase in mean arterial pressure was observed in healthy 
subjects, doses beyond 10 ng/kg/min was not studied.  
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Figure 5.  Dose-dependent increase in steady state plasma concentrations of angiotensin II 
following step-wise two-fold increase in dose from 1.25 ng/kg/min on every 6 minutes in 
health subjects.

Metabolism
Both aminopeptidase A and angiotensin converting enzyme 2 (ACE2) are responsible for the 
metabolism of angiotensin II to angiotensin-(2-8) [angiotensin III] and angiotensin-(1-7).4  Based 
on preclinical studies, AT1 mediated activity of angiotensin III is approximately 40% of 
angiotensin II however aldosterone synthesis activity is similar to angiotensin II.5  Angiotensin-
(1-7) is a mas receptor agonist which exerts the opposite effects of angiotensin II on AT1 
receptors and causes vasodilation.6

Half-life
Following intravenous administration of 125I-labeled angiotensin I, angiotensin II is immediately 
formed from angiotensin I. When the infusion of angiotensin I is stopped, the plasma 
concentrations of both angiotensin I and angiotensin II  decline rapidly with a half-life of less 
than a minute (Figure 6).7

Figure 6.  Plasma concentration-time profiles of angiotensin I and angiotensin II following 
intravenous infusion of 125I-labeled angiotensin I in patients with essential hypertension.
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Pharmacodynamics
Following step-wise increase in intravenous infusion dose of angiotensin II, a dose-proportional 
increase in MAP response was observed in pregnant and non-pregnant women (Figure 7).  This 
suggests that angiotensin II exerts a direct dose and MAP response relationship in humans. 

Figure 7.  Relationship between step-wise increase in angiotensin II doses and change from 
baseline in MAP response in non-pregnant and pregnant women.
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