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Optimize risk assessment, decision
making and treatment processes

MR-proADM is a blood biomarker that provides accurate short-, mid- and long-term
prognostic information and aids in the triage and multi-dimensional risk assessment of
patients in the Emergency Department (ED) and Intensive Care (ICU) settings.

Adrenomedullin is the key

Adrenomedullin, a 52 amino acid peptide, is a member

of the calcitonin peptide family' and is widely expressed

in many tissues and organs. It has been shown to have

a variety of physiological functions, including immune-
modulating, direct bactericidal, diuretic and potent
vasodilatory activity’s, and in healthy conditions, circulates
at low picomolar concentrations®.

In many diseased states such as hypertension’, renal
failure’, lower respiratory diseases® and septic shock®,

plasma levels are significantly up-regulated in proportion
to disease severity” 3, This allows clinicians to determine
the patients most at risk of developing complications
on admission or during ED and ICU stay, in order to rapidly
triage and administer the most effective treatment, in
the shortest possible time.

The clinical and financial benefits of an early
diagnosis and risk assessment to both the patient
and healthcare provider, therefore, cannot be
overstated.
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Figure 1: preproADM molecule.

However, reliable measurement of ADM
is challenging due to a number of issues,
such as:

- A short half life of 22 minutes'
- Rapid degradation by proteases'

- Binding to complement factor H®
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Adrenomedullin

MR-proADM provides a solution to these problems

The increased stability of its precursor molecule, MR-proADM,
allows it to be reliably measured as a surrogate biomarker for the
unstable ADM in a 1:1 ratio®¢, thus allowing changes in biomarker
concentrations to be determined.




Our solution: MR-proADM
Fast, stable and iIndependent

S

High correlation with increasing
severity of disease?, and accurate
short- to long-term prognostic
prediction capability in the ED and ICU

MR-proADM is a novel biomarker which
provides more precise patient risk management
and greater confidence in treatment site assignment.

Used in a variety of indications, it can enhance routine
clinical investigation and treatment, and provide a viable
alternative to many current risk assessment scores.

Use in the Emergency Department (ED) m— —

Rapid triaging and risk assessment of patients on
admission and throughout the ED can:

- Decrease time to treatment
- Increase out-patient numbers
- Reduce length of stay

Use in the Intensive Care Unit (ICU) s ——————

Immediate risk assessment of mortality and adverse effects

in the ICU can:

- Maximize patient safety

- Guide the most appropriate treatment
- Provide an early warning of additional complications

Optimization of risk assessment and patient management using MR-proADM

® % O

- Levels are not - No significant gender - Stability of up to 72
influenced by food or related differences’ hours in EDTA plasma
water intake' at room temperature'®

and over four freeze/
thaw cycles'®

- Well documented for
clinical use

A

- Rapidly available to

aid timely clinical
decision-making using
the KRYPTOR™
platform*

* assay incubation time 29 mins and small sample volume (26 L in EDTA plasma)




Table 1:
Molecules
which regulate
and are
regulated by
ADM.

Mechanism of
action and functions
of Adrenomedullin

DOWN\ DOWN\

Adrenomedullinis  Adrenomedullin
down-regulated by down-regulates
IFN-y TNF-a MIP-2
TGF-B -6 RANTES
-1
12
IFN-y

Adrenomedullin, present mainly in endothelial and vascular
smooth muscle cells', can act as both a hormone and
cytokine (often termed a “hormoking”?) in an autocrine and
paracrine manner?'. Its potent vasodilatory and hypotensive
response is elicited through an initial increase in cyclic
adenosine monophosphate levels, and a subsequent
production of nitric oxide' 2> %,

The importance of adrenomedullin in homeostasis is
illustrated by its central role in the up- and down-regulation
of cytokines and other mediators (table 1), as well as

its own stimulatory and inhibitory? % effect on cytokine
production. Indeed, Interleukin (IL)-1f and tumour necrosis
factor (TNF) are two of the most potent stimulators for
adrenomedullin production®® and adrenomedullin itself

is up-regulated by hypoxia, bacterial products and sheer
stress®.
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Adrenomedullin is Adrenomedullin
up-regulated by up-regulates
LPS Shear sfress IL-10
TNF-a IL-1B
IL-6 Nitric oxide

The ubiquitous and important functional role of
adrenomedullin results in its clinical use in many diverse
indications (figure 2). For example, its precursor molecule,
MR-proADM, has been shown to be a powerful risk
assessment marker in sepsis and lower respiratory

tract infections® 17-27-28 with the ability to predict 30 day
mortality regardless of the underlying diagnosis®, and

in the non-specific complaints of elderly patients®. Its
plasma concentrations have been shown to be elevated
in myocardial infarction, and to correlate with the severity
of acute and chronic heart failure®'-*, as well as being
elevated in various types of glomerulonephritis and
progressively increased in patients with chronic renal
failure® %,



MR-proADM:
Used in a wide range of clinical

applications

Cardiac Disorders

- Improved diagnostic
discrimination and
reclassification of patients
with acute coronary
syndrome

- Qutperforms BNP and

NT-BNP in predicting mor-

tality in ED patients with
dyspnea after 30 days

ADM levels

4 Contractility
4 Vasodilatation
¥ Blood pressure
+ ANP

Kidney Disease

- Greater or comparable
precision when determining
risk of CKD progression
compared to standard GFR
measurements

- Fluctuations in creatinine
levels due to livestyle, race
and antibiotic use might
not reflect true changes in
GFR, whereas MR-proADM
levels more accurately
determine progression
of CKD

ADM levels

4 Excretion of Na+

4 Urine volume

4 Renal blood flow

+ Synthesis of aldosterone

Lower Respiratory Tract

Infections

- Optimize identification of
individuals with a high risk
of complications

- Accurately determine the
most appropriate site of
treatment and reduce
overall length of stay

- Safely increase out-pa-
tient treatment through
enhanced discharge
management

- Accurately predict short-
and long-term mortality

ADM levels

¥ Pulmonary hypertension
¥ Synthesis of ET-1 and
vasoprotective NO

Non-specific complaints

- Significantly reduce
evaluation and diagnostic
work-up time for elderly
patients

- Improve workflow in the
ED through safe and rapid
triage

- Enhance patient reclassifi-
cation based on individual
risk

- Safely increase patient
discharge, reduce admis-
sions and decrease patient
time in the ED

Figure 2:
Tissue specific functions of Adrenomedullin
and different indications applicable to MR-proADM.

Sepsis
- Plays a central role in the

hyperdynamic and immu-
nosuppressive phases

- Increased levels in

accordance with severity
of disease

- Rapid rise in concentration

in response to bacterial
infection

- Stratifies patients at a high

risk of complications and
with @ poor prognosis for
alternative treatment

@G



Cut-off values:
For more accurate risk assessment and
Prognosis

Established cut-off values are important to help guide significantly, depending on individual disease conditions.
a clinician into making a correct assessment of risk. Cut-off values for conditions such as severe sepsis,
Healthy individuals have detectable levels of MR-proADM cardiogenic shock and COPD can be found in figure 3,
of approximately 0.4 nmol/L, but this value can increase along with corresponding references.

Septic shock

Suberviola 2013; Guignant 2009

Gardiogenic shock m

Luyt 2012 Gouya 2011

Christ-Crain 2005, Schustz 2007

Pulmgnary embolism

Pedowska-Wloszek 2013
Courtais 2013; Renaud 2012 Travaligno 2012
Lassus 2013; Shah 2012 Schuetz 2010
Haaf 2013; Klip 2011 Nickel 2013
Neuhold 2010; Adlbrecht 2009 Maisel 2011; Mdckel 2013 Litke 2013; Travaligno 2012

Stolz 2008; Zuur-Telgen 2013

Melander 2009; Neumnann 2013

Functional Assay Sensitivity

Figure 3: Published cut-off levels for MR-proADM in different indications.



Faster and more accurate
patient risk stratification

The combination of established MR-proADM cut-off values
with current risk assessment scores offers an easy to use
algorithm for the more accurate assessment of a patient’s
risk of clinical complications, and a greater confidence in
determining the most appropriate site of care (figure 4).

Using such an approach, significantly more patients
can be classified as having a low risk of future
complications, leading to an increase in those that

can be discharged safely and treated as out-patients®.
This consequently reduces the financial and resource
consumption pressure on the healthcare provider, whilst
minimizing any unnecessary clinical complications for the
patient through an unwarranted hospital stay.

Furthermore, the addition of MR-proADM not only more
accurately highlights patients who should be
classified as an intermediate risk, through either a
decrease or increase in risk severity; but it can also more
accurately highlight those who are at greatest risk
of developing complications, either on admission or
throughout their hospital stay. Indeed, studies have shown

that using MR-proADM, significant numbers of patients,
formerly classified as high risk, can be treated at a lower
intensity or even as out-patients®® %, thus freeing up
precious resources in either the ICU or other high risk
settings.

Accordingly, more accurate patient classification due to the
addition of MR-proADM can lead to® %

- Increased out-patient numbers

- Enhanced discharge management

- Avoiding under-treatment of patients at risk
- Decreased length of stay

- Reduced adverse complications

- Reduced costs

1. Initial Clinical Risk Assessment by ED Physician (ITT)

Combined Risk Assessment

D

Low

Intermediate
(20.75and =< 1.5 nmol/L)

2. MR-proADM

High
(> 1.5 nmol/L)

Low Risk

(< 0.75 nmol/L) Low

Intermediate Risk High Risk

Low Intermediate

Intermediate

Figure 4: Recommended algorithm for MR-proADM in combination with established clinical risk assessment scores

in patients with, for example, non-specific complaints3°.



References

1. Kitamura K, Kangawa K, Kawamoto M, et al. 15, Lewis LK, Smith MW, Brennan SO, Yandle TG, 28. Huang DT, Angus DG, Kellum JA, et al. Midregional
Adrenomedullin: a novel hypotensive peptide isolated Richards AM, Nicholls MG. Degradation of human proadrenomedullin as a prognostic tool in
from human pheochromocytoma. Biochem Biophys adrenomedullin(1-52) by plasma membrane community-acquired pneumonia. Chest. Sep
Res Commun. Apr 30 1993;192(2):553-560. enzymes and identification of metabolites. Peptides. 2009;136(3):823-831.

2. Hinson JP, Kapas S, Smith DM. Adrenomedullin, a 1997;18(5):733-739. 29.  Potocki M, Breidthardt T, Reichlin T, et al. Midregional
multifunctional regulatory peptide. Endocr Rev. Apr 16.  Struck J, Tao C, Morgenthaler NG, Bergmann pro-adrenomedullin in addition to b-type natriuretic
2000;21(2):138-167. A. Identification of an Adrenomedullin precursor peptides in the risk stratification of patients with

3. Linscheid P, Seboek D, Zulewski H, Keller U, Muller fragment in plasma of sepsis patients. Peptides. Aug acute dyspnea: an observational study. Crit Care.

B. Autocrine/paracrine role of inflammation-mediated 2004;25(8):1369-1372. 2009;13(4):R122.

calcitonin gene-related peptide and adrenomedullin 17. Christ-Crain M, Morgenthaler NG, Struck J, Harbarth 30.  Nickel CH, Messmer AS, Geigy N, et al. Stress
expression in human adipose tissue. Endocrinology. S, Bergmann A, Muller B. Mid-regional pro- markers predict mortality in patients with nonspecific
Jun 2005;146(6):2699-2708. adrenomedullin as a prognostic marker in sepsis: an complaints presenting to the emergency department

4. Nishikimi T. Adrenomedullin in the kidney-renal observational study. Crit Care. 2005;9(6):R816-824. and may be a useful risk stratification tool to
physiological and pathophysiological roles. Curr Med 18. Morgenthaler NG, Struck J, Alonso C, Bergmann support disposition planning. Acad Emerg Med. Jul
Chem. 2007;14(15):1689-1699. A. Measurement of midregional proadrenomedullin 2013;20(7):670-679.

5. PioR, Martinez A, Unsworth EJ, et al. Complement in plasma with an immunoluminometric assay. Clin 31, Klip IT, Voors AA, Anker SD, et al. Prognostic value
factor H is a serum-binding protein for Chem. Oct 2005;51(10):1823-1829. of mid-regional pro-adrenomedullin in patients with
adrenomedullin, and the resulting complex modulates 19, Kitamura K, Kangawa K, Eto T. Adrenomedullin and heart failure after an acute myocardial infarction.
the bioactivities of both partners. J Biol Chem. Apr 13 PAMP: discovery, structures, and cardiovascular Heart. Jun 2011;97(11):892-898.
2001;276(15):12292-12300. functions. Microsc Res Tech. Apr 1 2002;57(1):3-13. 32, Travaglino F, Russo V, De Berardinis B, et al. Thirty

6. Lim SC, Morgenthaler NG, Subramaniam T, Wu 20.  Schuetz P, Marlowe RJ, Mueller B. The prognostic and ninety days mortality predictive value of
YS, Goh SK, Sum CF. The relationship between blood biomarker proadrenomedullin for outcome admission and in-hospital procalcitonin and mid-
adrenomedullin, metabolic factors, and vascular prediction in patients with chronic obstructive regional pro-adrenomedullin testing in patients with
function in individuals with type 2 diabetes. Diabetes pulmonary disease (COPD): a qualitative clinical dyspnea. Results from the VERyfing DYspnea trial.
Care. Jun 2007;30(6):1513-1519. review. Clin Chem Lab Med. Sep 25 2014. Am J Emerg Med. Apr 2014;32(4):334-341

7. Ishimitsu T, Nishikimi T, Saito Y, et al. Plasma levels 21, Elsasser TH, Kahl S. Adrenomedullin has multiple 33, von Haehling S, Filippatos GS, Papassotiriou J, et al.
of adrenomedullin, a newly identified hypotensive roles in disease stress: development and remission of Mid-regional pro-adrenomedullin as a novel predictor
peptide, in patients with hypertension and renal the inflammatory response. Microsc Res Tech. Apr 15 of mortality in patients with chronic heart failure. Eur
failure. J Clin Invest. Nov 1994;94(5):2158-2161. 2002;57(2):120-129. J Heart Fail. May 2010;12(5):484-491.

8. Schuetz P, Wolbers M, Christ-Crain M, et al. 22. Shimekake Y, Nagata K, Ohta S, et al. Adrenomedullin 34, Haaf P, Twerenbold R, Reichlin T, et al. Mid-regional
Prohormones for prediction of adverse medical stimulates two signal transduction pathways, pro-adrenomedullin in the early evaluation of
outcome in community-acquired pneumonia CAMP accumulation and Ca2+ mobilization, in acute chest pain patients. Int J Cardiol. Sep 30
and lower respiratory tract infections. Crit Care. bovine aortic endothelial cells. J Biol Chem. Mar 3 2013;168(2):1048-1055.
2010;14(3):R106. 1995;270(9):4412-4417. 35. Ishihara T, Yokota N, Hisanaga S, et al. Increased

9. Nishio K, Akai Y, Murao Y, et al. Increased plasma 23, EtoT. A review of the biological properties and plasma levels of mature form of adrenomedullin in
concentrations of adrenomedullin correlate with clinical implications of adrenomedullin and patients with chronic renal failure. Clin Nephrol. Aug
relaxation of vascular tone in patients with septic proadrenomedullin N-terminal 20 peptide (PAMP), 1999;52(2):119-123.
shock. Crit Care Med. Jun 1997;25(6):953-957. hypotensive and vasodilating peptides. Peptides. Nov 36.  Kinoshita H, Fujimoto S, Kitamura K, et al. Increased

10. Nishikimi T, Saito Y, Kitamura K, et al. Increased 2001;22(11):1693-1711. plasma levels of mature adrenomedullin in chronic
plasma levels of adrenomedullin in patients 24. Kubo A, Minamino N, Isumi Y, et al. Production glomerulonephritis. Nephron. Nov 2000;86(3):333-
with heart failure. J Am Coll Cardiol. Nov 15 of adrenomedullin in macrophage cell line and 338.
1995;26(6):1424-1431. peritoneal macrophage. J Biol Chem. Jul 3 37. Albrich WC, Dusemund F, Ruegger K, et

11, Washimine H, Yamamoto Y, Kitamura K, et al. Plasma 1998,;273(27):16730-16738. al. Enhancement of CURB65 score with
concentration of human adrenomedullin in patients 25. Wong LY, Cheung BM, Li YY, Tang F. Adrenomedullin proadrenomedullin (CURB65-A) for outcome
on hemodialysis. Clin Nephrol. Dec 1995;44(6):389- is both proinflammatory and antiinflammatory: prediction in lower respiratory tract infections:

393. its effects on gene expression and secretion of derivation of a clinical algorithm. BMC Infect Dis.

12, Kobayashi K, Kitamura K, Hirayama N, et al. cytokines and macrophage migration inhibitory factor 201111112,

Increased plasma adrenomedullin in acute myocardial in NR8383 macrophage cell line. Endocrinology. Mar 38.  Albrich WC, Ruegger K, Dusemund F, et al. Optimised
infarction. Am Heart J. Apr 1996;131(4):676-680. 2005;146(3):1321-1327. patient transfer using an innovative multidisciplinary

13. Kakishita M, Nishikimi T, Okano Y, et al. Increased 26. Sugo S, Minamino N, Shoji H, et al. Interleukin-1, assessment in Kanton Aargau (OPTIMA 1): an
plasma levels of adrenomedullin in patients with tumor necrosis factor and lipopolysaccharide observational survey in lower respiratory tract
pulmonary hypertension. Clin Sci (Lond). Jan additively stimulate production of adrenomedullin in infections. Swiss Med WKly. 2011;141:w13237.
1999;96(1):33-39. vascular smooth muscle cells. Biochem Biophys Res

14, Meeran K, 0'Shea D, Upton PD, et al. Girculating Commun. Feb 6 1995;207(1):25-32.
adrenomedullin does not regulate systemic blood 27.  Abraham E, Laterre PF, Garg R, et al. Drotrecogin

pressure but increases plasma prolactin after
intravenous infusion in humans: a pharmacokinetic
study. J Clin Endocrinol Metab. Jan 1997,82(1):95-
100.

alfa (activated) for adults with severe sepsis
and a low risk of death. N Engl J Med. Sep 29
2005;353(13):1332-1341.

To request more information, please email:

contact your local account manager

thermoscientific.com

© 2015 Thermo Fisher Scientific Inc. All rights reserved.

KRYPTOR is a registered trademark of CIS bio international, licensed for use by B-R-A-H-M-S, a part of Thermo Fisher Scientific. All other trademarks are the property
of Thermo Fisher Scientific and its subsidiaries. All data regarding specifications, terms and pricing correspond to the existing knowledge at the time of the printing.
We are not responsible for any errors, misprints or changes. Reprint, also in parts, solely with prior written consent of B-R-A-H-M-S GmbH.

Thermo Fisher Scientific products are distributed worldwide; not all are intended uses and applications mentioned in this printing are registered in every country.

The manufacture and/or use of this product is covered by one or more of the following patents: EP1488209, EP2347266, MX255044, JP4602321,

CN200480006345, EP2097748

www.thermoscientific.com/brahms
www.thermoscientific.com/
proadrenomedullin

Thermo Fisher Scientific
B-R-A-H-M-S GmbH
Neuendorfstr. 25

16761 Hennigsdorf
Deutschland

Clinical Diagnostics +49 (0)3302 883 0
+49 (0)3302 883 100 Fax

info.brahms@thermofisher.com

Thermo

SCIENTIFIC

AThermo Fisher Scientific Brand
1073071



