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Forward-Looking Statements
Forward-Looking Statements
Some of the information in this presentation is not historical in nature and may constitute forward-looking statements, which are
made pursuant to the safe harbor provisions of the Private Securities Litigation Reform Act of 1995. These statements may be
identified by the use of forward-looking terminology such as “believes,” “expects,” “anticipates,” “may,” “will,” “should,” “seeks,”
”supports,” “suggests,” “approximately,” “intends,” “plans,” “chances,” “estimates,” or the negative of these words or other
comparable terminology. The discussion of financial trends, strategy, plans or intentions may also include forward-looking
statements. These forward-looking statements involve risks and uncertainties that could cause actual results to differ materially
from those projected, anticipated or implied by such statements. Although it is not possible to predict or identify all such risks and
uncertainties, they may include, but are not limited to, those described in the Company’s annual, quarterly and current reports
(i.e., Form 10-K, Form 10-Q and Form 8-K) as filed or furnished with the Securities and Exchange Commission (SEC). You are
cautioned not to place undue reliance on any such forward-looking statements, which speak only as of the date such statements
were first made. To the degree financial information is included in this presentation, it is in summary form only and must be
considered in the context of the full details provided in the Company’s most recent annual, quarterly or current report as filed or
furnished with the SEC. The Company’s SEC reports are available at www.acelrx.com under the “Investors” tab. Except to the
extent required by law, the Company undertakes no obligation to publicly release the result of any revisions to these forwardlooking statements to reflect events or circumstances after the date hereof, or to reflect the occurrence of unanticipated events.

No Offer or Solicitation
This presentation does not constitute an offer to sell or the solicitation of an offer to buy any securities, nor shall there be any sale
of securities in any jurisdiction in which such offer, solicitation or sale would be unlawful prior to registration or qualification
under the securities laws of any such jurisdiction.
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Portfolio of Commercial and Late-Stage Development Products
Approval

Phase 1

Phase 2

Approved in U.S.

30 mcg sublingual
sufentanil tablet in a
single-dose applicator;
HCP administered
15 mcg sublingual
sufentanil tablet in a
pre-programmed
handheld PCA device

Niyad™
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Phase 3

NDA
submitted

Approved in E.U.
NDA-ready in the U.S.
Approved in E.U.

Post-approval
• Investigator-initiated
studies ongoing
• Aguettant
commercializing in EU

• Various EU studies
performed

Anticoagulation of the extracorporeal
circuit – regulated as device

LTX-608

Various indications regulated as
drugs**

PFS-01

Ephedrine 10 ml ready to use pre-filled syringe of
3 mg/ml ephedrine hydrochloride

• Licensed from
Aguettant

PFS-02

Phenylephrine 10 ml ready to use pre-filled
syringe of 50 mcg/ml phenylephrine hydrochloride

• Licensed from
Aguettant

* AcelRx is not currently investing resources in these development stage products; these are investigational products and are not approved
by the FDA or any other regulatory agency ; ** Post-toxicology, expect to be in phase 2 development

Overview of Nafamostat Portfolio Opportunity
A single molecule with multiple potential indications already proven outside the
U.S., and with FDA Breakthrough Designation and CMS reimbursement code

Indication
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Stage

Available
U.S. market
(# of patients)

Available
U.S. market
($ value)

1 Niyad™

Anticoagulation for renal
replacement therapy (RRT);
FDA regulated as a device

EUA/
Phase 3

500,000

$575 M

2 Niyad™

Anticoagulation for intermittent
dialysis (IHD); outpatient dialysis
clinics; FDA regulated as a device

Phase 3

350,000

$3.5 B

3 LTX-608a

Disseminated intravascular
coagulation (DIC)

Phase 2

260,000

$1.5 B

4 LTX-608b

COVID-19

Phase 2

TBD

TBD

5 LTX-608c

Acute respiratory distress
syndrome (ARDS)

Phase 2

TBD

TBD

The order of priority to develop indications 3-5 may be changed based on further evaluation of market; excludes several other therapeutic indications

Key Opinion Leader (KOL) Speaker Biographies
Lakhmir “Mink” Chawla, MD
Dr. Chawla is currently the Chief Medical Officer of Silver Creek Pharmaceuticals. Previously,
Dr. Chawla was CMO at La Jolla Pharmaceutical Company. While he was at LJPC, he oversaw
the development and conduct of the Phase 3 ATHOS-3 trial. Prior to joining LJPC, Dr. Chawla
was a Professor of Medicine at the George Washington University, where he had dual
appointments in the Department of Anesthesiology and Critical Care Medicine and in the
Department of Medicine, Division of Renal Diseases and Hypertension. Dr. Chawla was
previously the Chief of the Division of Intensive Care Medicine at the Washington D.C. Veterans
Affairs Medical Center. Dr. Chawla is an internationally renowned expert in the field of acute
kidney injury (AKI) and shock. He remains an active investigator in the fields of AKI biomarkers,
AKI risk prediction, AKI therapeutics and chronic kidney disease caused by AKI.
Dr. Chawla is also the author of over 150 peer-reviewed publications and a recipient of the
International Vicenza Award for Critical Care Nephrology; an award that recognizes individuals
who have made seminal clinical research advancements that have significantly improved the
care of critically ill patients with AKI and have been adopted worldwide.

Stuart Goldstein, MD, FASN
Stuart L Goldstein, MD, is Professor of Pediatrics and Director, Center for Acute Care Nephrology
at Cincinnati Children's Hospital Medical Center. He received his medical degree from Columbia
University and completed both clinical and research fellowships in pediatric nephrology at the
Children's Hospital in Boston, Massachusetts. Dr Goldstein is Founder and Principal Investigator
for the Prospective Pediatric Acute Kidney Injury Research Group and has evaluated novel
urinary AKI biomarkers in the pediatric critical care setting. He was one of two pediatric work
group members for the KDIGI International AKI Guideline Work Group and has served on the
KDOQI Hemodialysis Adequacy, Vascular Access and Pediatric Nutrition Guideline Work Groups.
He has written over 300 journal articles, served as editor of two textbooks, and contributed book
chapters to numerous texts including, Critical Care Nephrology, Evidence-Based Nephrology,
Handbook of Dialysis Therapy, Management of Acute Kidney Problems, Pediatric Critical Care,
Pediatric Nephrology, and Pediatric Nephrology in the ICU.
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Agenda
• NiyadTM : Nafamostat for Anticoagulation of the
Extracorporeal Circuit

Dr. Palmer

• Standard of Care and Unmet Need for
Dialysis Anticoagulation

Dr. Chawla

• Initial Q and A

• Recent Publication of Nafamostat vs. Citrate for RRT

Dr. Goldstein

• Clinical Development of Niyad in U.S.

Dr. Palmer

• LTX-608: Nafamostat for Intravenous Injection

Dr. Chawla

• Final Q and A

6

NiyadTM : Nafamostat for
Anticoagulation of the
Extracorporeal Circuit
Pamela Palmer, MD PhD
Chief Medical Officer, AcelRx
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What is Nafamostat?
Broad-spectrum serine protease inhibitor

• Serine proteases are enzymes that contain the amino acid serine at the
active site that cleaves peptide bonds
⎻ Many complicated cellular cascades in the body (clotting cascade,
immune cascade, inflammatory cascade) are a series of activated proteins
cleaved from precursor proteins
• When these cascades go awry, an inhibitor of the cascade at key steps can
be therapeutic

⎻ For example, blocking thrombin from cleaving fibrinogen to fibrin
• Careful titration of this inhibition is critical as these systems are vital to
survival

• Nafamostat is broad-spectrum meaning it inhibits a wide variety of serine
proteases but it has a half-life of 8 minutes
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What is an Extracorporeal Circuit?
Extracorporeal means “outside the body”

• Extracorporeal circuits transit the blood outside of the body through a
machine that temporarily assumes an organ's functions
⎻ Dialysis replaces function of the kidneys
⎻ Extracorporeal membrane oxygenation (ECMO) replaces function of the
lungs
⎻ Cardiopulmonary bypass replaces function of both heart and lungs

• To avoid clotting of the blood passing through the circuit, an anticoagulant
is often used
⎻ Systemic anticoagulant: both the patient and the circuit are
anticoagulated (eg, heparin)

⎻ Regional anticoagulant: only the circuit is anticoagulated (eg, citrate,
nafamostat)
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Anticoagulation During Dialysis
• Renal Replacement Therapy
(RRT) used in hospitalized
patients with acute or chronic
kidney disease
• Regional anticoagulation is
desirable due to systemic
anticoagulants risk of excessive
bleeding

• In the US there is one regional
anticoagulant available and only
under an Emergency Use
Authorization (EUA).
• NiyadTM to be regulated as a
device due to mechanism of
action
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Standard of Care and
Unmet Need for Dialysis
Anticoagulation
Lakhmir “Mink” Chawla, MD
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Exposure of Blood to the Dialysis Filter Causes Clotting

More frequent filter changes required to
ensure efficacy

Increased blood loss; increased platelet
transfusions

Delayed/prolonged treatment time

Burden on healthcare professional
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The Standard of Care in RRT

• Heparin (systemic anticoagulant)
• Citrate (regional anticoagulant used in
U.S. only via an EUA*)

• No anticoagulant is unfortunately the
default when physicians are concerned
with safety of heparin or citrate

*EUA
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= Emergency Use Authorization

FDA-Approved Systemic Anticoagulant
Heparin
• Systemic anticoagulant

• Prolonged half-life up to 6 hours makes
it difficult to titrate
• Clinicians fear over anticoagulating the
patient
• Significant safety concern for patients
at risk of bleeding
• Thrombocytopenia

1) Ohtake Y. Nafamostat as Anticoagulant in Continuous HD. Contrib Nephrol. 1991;93;215-217.
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Risks Associated with Citrate (used under EUA)
• Citrate chelates calcium, which inhibits
the generation of thrombin.
• Use of citrate requires infusion of
calcium on the return side of the filter
(back into patient).
• Extensive, complicated protocol

• Frequent blood draws to measure
calcium are time-consuming and
expensive
• Rapid changes in calcium levels which
can cause hypotension, ventricular
fibrillation, and possibly cardiac arrest.
• Even more complicated in patients with
liver failure
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Benefits of Niyad in RRT
• Standardized international guidelines
recommend using an anticoagulant
during RRT
• Niyad provides short half-life,
titratable, regional anticoagulation
without the shortcomings of heparin
or citrate
• Advantages of Niyad
• Niyad can be used in patients at risk of
bleeding, whereas heparin is limited

• Niyad can be used easily in patients
with liver failure – whereas citrate is
limited

Incidence of
Bleeding1

Heparin

Nafamostat

66.7 %

4.3 %

(8/12)

(1/23)

• Compared to no anticoagulation:
fewer filter changes, fewer
transfusions, more importantly – lower
cost of doctor and nursing time
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1) Ohtake Y. Nafamostat as Anticoagulant in Continuous HD. Contrib Nephrol. 1991;93;215-217.

Decades of Nafamostat Studies To Support U.S. Approval
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Initial Q & A Session
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Recent Publication of
Nafamostat vs. Citrate
for RRT
Stuart Goldstein, MD
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Published March 28, 2022 in Pediatric Nephrology
• Pediatric and adult dialysis anticoagulation needs are similar, but margin for error is
narrower in children
• Regional citrate anticoagulation is considered gold standard but is complex to
perform
• Important to compare the two regional techniques (nafamostat and citrate) to
assure nafamostat has equivalent efficacy, and to evaluate safety
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Miyaji, M.J., Ide, K., Takashima, K. et al. Comparison of nafamostat mesilate to citrate anticoagulation in pediatric continuous kidney replacement therapy. Pediatr Nephrol (2022).
https://doi.org/10.1007/s00467-022-05502-8

Methods
• Retrospective study of patient records at one children’s hospital in
Japan (nafamostat) and one in the US (citrate).

• Starting June 2019, the most recent 100 medical records of children
receiving RRT with either citrate or nafamostat were reviewed
• Primary endpoint
⎻ the number of hours a single dialysis filter was in use (filter life)
⎻ Filter life also censored for non-CRRT ACG reasons (scheduled
circuit change, patient transport to Radiology etc.)

• Safety
⎻ bleeding complications
⎻ anaphylaxis
⎻ citrate toxicity (systemic ionized hypocalcemia)
⎻ electrolyte imbalance
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Efficacy Results: Similar Filter Life for Nafamostat and
Citrate
• Eighty patients received nafamostat and 78 patients received citrate
• Patients receiving nafamostat were younger, smaller and had smaller
catheters—all factors that are associated with reduced filter life

• Patients receiving nafamostat had a higher prevalence of liver disease,
which creates a more complicated citrate protocol
• Median filter life was slightly longer for the nafamostat group (38 hrs) vs.
citrate (36 hrs), p = 0.02)
• There was no difference in filter survival after controlling for filter surface
area, catheter diameter, and pre-treatment platelet count

• When evaluating circuit clotting with nafamostat versus citrate over time,
there was never any difference between citrate and nafamostat

22

Miyaji, M.J., Ide, K., Takashima, K. et al. Comparison of nafamostat mesilate to citrate anticoagulation in pediatric continuous kidney replacement therapy. Pediatr Nephrol (2022).
https://doi.org/10.1007/s00467-022-05502-8

Adverse Events
• Nafamostat (NM) had similar bleeding events compared to citrate (RCA)
• However, 11 citrate-treated patients developed citrate toxicity and 3 patients had
refractory metabolic alkalosis from citrate - 8 of these 14 patients had to have
regional citrate anticoagulation stopped

23

Miyaji, M.J., Ide, K., Takashima, K. et al. Comparison of nafamostat mesilate to citrate anticoagulation in pediatric continuous kidney replacement therapy. Pediatr Nephrol (2022).
https://doi.org/10.1007/s00467-022-05502-8

Citrate Anticoagulation is Expensive
• Published in the supplemental materials of this study is a detailed analysis
calculating the cost of daily citrate anticoagulation
• Not included is the extensive nursing time required to run/troubleshoot multiple
infusions, draw calcium levels, check labs, etc
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Miyaji, M.J., Ide, K., Takashima, K. et al. Comparison of nafamostat mesilate to citrate anticoagulation in pediatric continuous kidney replacement therapy. Pediatr Nephrol (2022).
https://doi.org/10.1007/s00467-022-05502-8

Conclusions

• Both citrate and nafamostat provide satisfactory anticoagulation for
RRT with no difference in major bleeding rates

• Nafamostat is a much simpler technique with fewer risks for serious
adverse events, including citrate toxicity

• Citrate anticoagulation is more complex, time-consuming and
expensive
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Clinical Development
of Niyad in U.S.
Pamela Palmer, MD PhD
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Niyad Awarded Breakthrough Device Designation Status
and ICD-10 Procedural Code
• Breakthrough Device Designation
‒ Interactive and timely communication with FDA
‒ Pre/post-market balance of data collection
‒ Efficient and flexible clinical study design
‒ Review team support
‒ Senior management engagement
‒ Priority review
‒ Manufacturing considerations for PMA submission
• Pre-approval procedural code
‒ Extracorporeal Introduction of Nafamostat Anticoagulant, New Technology
Group 7 (code XY0YX37)
‒ CMS New Technology Add-On Payments (NTAP) cover 65% of the cost
exceeding the DRG1

1. https://www.govinfo.gov/content/pkg/FR-2019-08-16/pdf/2019-16762.pdf and https://s3.amazonaws.com/publicinspection.federalregister.gov/2019-16762.pdf.
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Opportunity for Emergency Use Authorization (EUA)
Correspondence with FDA suggests that EUA submission, after initial drug
product lot is manufactured/tested, would be actively considered

• FDA opined on 8/24/21:
⎻ “We believe that your device has the potential to address an unmet need
in patients who cannot tolerate heparin or….who are treated in facilities
that are ill-equipped for use of a citrate anticoagulant.”
⎻ “Additionally, we recognize that there may be an unmet need for
patients…who also cannot tolerate citrate due to another condition such
as liver disease.”
⎻ “We believe that you have provided significant evidence demonstrating
that the potential benefits of the Niyad device could be greater than the
reasonably foreseen risks.”
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Phase 3 Protocol – Design/Endpoints Affirmed by FDA
FDA review of IDE is complete with agreement on a single registrational study
• Prospective, randomized, placebo-controlled
• 160 adult patients (80 active:80 placebo) undergoing RRT for up to 7 days who
cannot tolerate heparin or are at risk for bleeding
• Up to 10 clinical sites
• Primary endpoint: mean post-filter activated clotting time (ACT) over first 24 hours
• Key secondary endpoints:
⎻ Filter lifespan
⎻ Number of filter changes over 72 hours

⎻ Number of transfusions over 72 hours
⎻ Dialysis efficacy (based on urea concentration) over first 24 hours

• Key safety endpoints
⎻ Bleeding, electrolyte disorders, 28-day all-cause mortality
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Timeline to PMA approval for Niyad
Estimated development cost for Niyad through approval in Q2 2025 is $14M, much
of which can be leveraged for other nafamostat indications
2021
2022
2023
2024
2025
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Produce API/drug product lot/stability
Emergency Use Authorization

Non-clinical studies (Niyad/LTX-608)
Produce lots 2 and 3 of API/drug
Niyad clinical study (160 patients)
Prepare PMA
Submit PMA to FDA
FDA review of PMA (8 months)
Launch Niyad for RRT
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Potential launch under EUA

Nafamostat Intellectual Property Status and Regulatory
Exclusivity
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Six years regulatory exclusivity upon PMA approval

Niyad™ patent pending
Claims drawn to priming of the extracorporeal circuit and blood flow when using
nafamostat.

LTX-608 (nafamostat) multiple patents pending
Claims drawn to use of nafamostat in disseminated intravascular coagulation
(DIC), as an antiviral agent (e.g., COVID treatment), in acute respiratory distress
(ARDS) and other conditions.
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LTX-608: Nafamostat for
Intravenous Injection
Lakhmir “Mink” Chawla, MD
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LTX-608
• Nafamostat follow-on indications will focus on:
o Disseminated Intravascular Coagulation (DIC)- approved indication
in Japan and South Korea

o COVID treatment – various ex-US studies have demonstrated
promising results; AcelRx has a published patent regarding
nafamostat antiviral for COVID and other viruses
o Acute Respiratory Distress (ARDS)
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DIC: Nafamostat is already approved in Japan for DIC
High chances of approval, therefore, intellectual property protection will focus on
method of use patents based on the complexity of DIC treatment

Mechanism
of Action

Clinical/
Regulatory
strategy
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• Further evaluate potential clinical study and related development
cost; ability to leverage non-clinical work performed on other
indications and potential safety database
• Complexity of treating DIC may allow methods of use patents to be
filed

LTX-608 studies supporting potential COVID treatment
A potent broad-spectrum serine protease inhibitor that blocks host protease activation of the
viral spike protein 1
• No US clinical studies for IV
nafamostat have been done

Publications support
a potential COVID
treatment by
inhibiting TMPRSS2
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1. B. F. Niemeyer, C. M.Miller, C. Ledesma-Feliciano, J. H. Morrison, R.Jimenez-Valdes,C.Clifton,E.M.Poeschla,K.H.Benam, Nano Select

,

Combination Therapy will be the Future of COVID
Treatment
• Nafamostat inhibits viral entry into cells while other agents, such as inhibitors of
viral RNA polymerase, inhibit replication

• Recent Phase 2 study demonstrated sickest COVID patients had higher recovery rate
with nafamostat + SOC (61%) compared to SOC alone (11%)
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Acute Respiratory Distress Syndrome (ARDS) Overview
ARDS is a life-threatening lung injury that allows fluid to leak into the lungs
• ARDS typically occurs as a result of another condition, such as bacterial pneumonia, sepsis,
systemic infections, aspiration, or trauma. Recently, COVID-19 has become a large-scale cause of
ARDS
• The goal of current ARDS treatment is primarily to keep the patient alive until the underlying
etiology can be resolved, and secondarily to prevent medium-or long-term damage to the lungs
Key pathways and proteomic changes involved in
ARDS pathogenesis

Nafamostat modes of action in ARDS
• Anticoagulation

• Anti-inflammation
• Sustaining endothelial barrier
function/preventing vascular
leak
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Levitt 2016

Final Q & A Session

38

