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ABSTRACT

Use of centrifuged bone marrow
aspirate for regenerative medicine is
a growing practice. However, such
centrifugation systems require
aspiratinglarge volumes (30-240mL)
in order to obtain sufficient stem/
progenitorcellularityinalargeenough
post-centrifugation final volume for
therapeuticadministration.Presented
here are the results of a series of 27
marrow aspirations using Marrow
Cellution™ (www.marrowcellution.com),
a bone marrow access and retrieval
device designed to increase the
stem/progenitor cell concentrations
from the aspirate. The samples were
collected under field conditions from
eight separate clinicians using three
different independent laboratories.
Thequality ofthe marrow aspiratewas
determined by performing a CFU-f
test to determine the number of osteo
progenitorcells.' Stem cells capable of
forming a CFU-f are routinely found in
marrow but rarely in peripheral blood.
Consequently, CFU-frepresents
the standard test to determine
thenumber of immature stem and
progenitor cellsthatare present in
the aspirate.' Previous work done by
asingle clinician in acontrolled setting
demonstrated that Marrow Cellution™
delivered superior regenerative
potential (as measured by CFU-f
counts)toexistingBMAC(BoneMarrow
Aspiration Concentration) systems.?
This pilot study represents true field
conditionsas notall clinicians followed
the exact same protocol with respectto
heparin rinse, orientation (posterior or
anterior)and volumeofaspiratetaken.

BACKGROUND

Industry often cites TNC (total
nucleatedcells)countsasameaningful
measure of the regenerative potential
of a marrow-sourced biologic sample.
TNC counts are less expensive and
time-intensive to determine compared
to counting osteoblast progenitor cells
(as measured by CFU-f-fibroblast-like
colony-forming units). Peer reviewed
literaturehoweverroutinelycites CFU-f
ratherthan TNC astheclinicallyrelevant
measure.>®Academic studies have
demonstrated a correlation between
clinical outcomes and the number

of osteo-progenitor stem cells (as
measured by CFU-f counts) and not
TNC.3$TNCcountshave limitedclinical
relevancebecauseitincludesnucleated
red blood cells and white blood cells
fromperipheralbloodthathavereduced
regenerative capability compared to
marrow cells. This is especially true
with biologic products that have been
centrifuged because a nucleated cell
from peripheral blood has the same
density as a quiescent stem cell.”®
However, cycling progenitorstemcells
haveagreaterdensityandareroutinely
discarded with the red cell component
after centrifugation. Consequently, a
centrifuge will concentrate peripheral
bloodnucleatedcellspreferentiallyover
stemcells.

Traditional bone marrow aspiration
needlesweredesignedtoaspirate
1-2mL of marrow froma single location
for diagnostic purposes.'When 1 mL
of marrowis aspiratedwith atraditional
needle, counts of 1451 CFU-f/mL are
typical (40million TNC/mL)."When
used to aspirate greater volumes that
are typically required for regenerative
therapies, traditional needle design
results in excess peripheral blood
infiltrationdueto basicfluidmechanics.
Bloodand marroware non-Newtonian
fluids and the traditional needle has

a large open port at its distal end. As
such it is known that peripheral blood
infiltrates marrow aspirates greater
than 1-2 mL when using a traditional
needle due tothedramaticallyreduced
viscosity of blood thatfills the void in the
medullary space that is in contact with
the distal open endedlumen.

Using a traditional needle to aspirate
volumes greater than 2 mL results

in the initial small volume containing
the most pure marrow.*Volume
over 2 mL retrieved from a single
site introduces peripheral blood into
the aspiration. This peripheral blood
dilutes further aspiration volume from
the site and significantly reduces the
stem/progenitor cell quantity of the
aspiration."""?Marrow aspiration
volumes of greater than 2 mL

using traditional needles typically
contain only 200-300 CFU-f/mL
(15-20million TNC/mL)."** The

lower viscosity of blood results in
preferential aspiration of peripheral
blood and a resultant precipitous
decline in the stem/progenitor cells
of the aspirate when larger volumes
are drawn.">"'*Moreover, traditional
needles are technique-sensitive and
not well matched to the requirement
for larger aspiration volumes (60 mL)
for the centrifuge to produce a final
volume of 7-10 mL of autologous
marrow-based therapies.'®
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Figure 1. Marrow Cellution™Flow
Closed tip maximizes stem and
progenitor cell recovery while
minimizing infiltration of peripheral
blood.

Centrifuge-basedsystemsareroutinely
usedto overcome the limitations

of lower-quality (reduced cellularity)
marrow aspirations from traditional
needles. These systems removeexcess
plasmaand matureredcell countwhile
recapturinga portion of nucleated

cell content from both the marrow

and the infiltrated peripheral blood
components ofthe aspiration. These
centrifuge volume reductions have
becomeacommon practicein many
regenerative medicine procedures.
However, subsetsofthe nucleatedcells
obtained from the peripheral blood
componentofthe aspirate may actually
limitthesuccessofproceduresbecause
nucleatedcells derivedfrom peripheral
blood, rather than marrow, may
stimulate an inflammatory response
that can decrease the regenerative
potentialofthemarrow-derivedstem/
progenitor cells.’” More importantly,
the inefficiencies of centrifuge-based
systems, which have averagerecovery
yields ranging from 32.5% to 65.2%,
leads to a substantial discarding of
cellsin the final product.”

Figure 2. Traditional Needle Flow
Open end tip allows infiltration of
peripheral blood.

Inthis pilotstudy with Marrow Cellution™
(Ranfac, Avon, MA), a novel bone
marrow access and retrieval device
co-developed by Endocellutions
Corp (Marshfield, MA) and Ranfac
Corp (Avon, MA), the limitations of
traditional design aspiration needles
and BMAC systems were substantially
overcome. Flow into the aspiration
system is collected laterally rather
than from an open-ended cannula
(Figures 1and2). Thisdesignallows
forcollectionof marrow perpendicular
toand aroundthe channel created

by the tip of the device, thus avoiding
the aspiration of peripheral blood
causedby the placementofthe needle
itself. Additionally, Marrow Cellution™
incorporates technology to precisely
repositionthe retrieval system to

a new location in the marrow after
each 1 mL of aspiration. The effect
of these two features is that multiple
small volumes of high quality bone
marrow aspirationare collectedfroma
number of distributed sites within the
marrowgeographywhilealsoretaining
clinicians’desire forasingle entrypoint.
The design enables a total volume

of 8-20 mL of high quality biologic to
be collected. In effect, a single
puncture with Marrow Cellution™is
functionally equivalent to repeated
small aspirations (1 mL) from a number
of puncture sites using traditional
needles, but with substantial savings
of time, effort, as well as reduced
patient trauma and risk of infection.

The single-step Marrow Cellution™
device produced the same (as

counted by CFU-f) stem/progenitor
cell concentrations as a combination
of traditional needles and industry-
leading centrifugation systems. Marrow
Cellution™ allows the clinician to keep
the product entirely on the sterile field
rather than requiring the product to
leave the sterile field for centrifugation.
This further reduces time for the final
product to be delivered to the patient
(no centrifugation necessary), reduces
procedural expenses, and retains all
the cells and growth factors obtained in
the aspiration.
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STUDY DESIGN

Informed consents were obtained
from all patients for inclusion into the
study according to ethical committee
approval. Aseries of 27 patients were
seen by eight different clinicians and
underwentmarrow aspirationfromthe
iliac crest with the Marrow Cellution™
device using eithera posterior (N=25)
oranterior(N=2)orientation. Aheparin
rinse ranging from 500 to 2000 units/
mL was used prior to aspiration. No
additional heparin or anti-coagulant
wasused.Primaryendpointsincluded
fibroblast-like colony-forming units
(CFU-f) and total nucleated cells (TNC).

Moreover, published literature were
used to ascertain historical values for
CFU-f counts from various centrifuge-
based systems and compared with
the aspirates produced by Marrow
Cellution™. Finally, clinician reported
estimates were gathered to determine
relative preference for Marrow
Cellution™, atraditional needlealone, ora
traditionalneedle with centrifugation.

Chart 1. Cellular Composition of Aspirate Samples
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RESULTS

Chart 2. Stem and Osteoblast Progenitor Cells
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The average Marrow Cellution™ CFU-f
and TNC counts from this pilot study
are compared to the average counts
reported from leading centrifuged-
based systems?'®in Charts 4 & 5.

UsersofMarrow Cellution™ reported
that one significantadvantage of the
device is the ability to advance into
and retreat from the marrow space

in a controlled and precise manner.
Along with the ability to aspirate more
uniformlyacrossthe marrowgeography,
theMarrowCellution™deviceproduced
a higher quality aspirate with the need
to draw only the volume needed for

the regenerative medicine treatment
procedure. The clinicians also noted
an improved safety profile, as the
material produced does not need

to leave the sterile field; in contrast,
centrifuge-based technologies must
leavethesterilefield.Additionally,itwas
anticipated that substantial efficiency
andcostsavings would be obtaineddue
to requiring less operating room time
to prepare the marrow for use, and by
eliminatingthe needforanyspecialized
training beyond marrow aspiration.

Chart 4. Marrow Cellution™vs Centrifuge Devices
Stem and Osteoblast Progenitor Cells
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DISCUSSION

This study investigated a method to obtain equivalent stem/progenitor cells with
less aspiration volume than centrifuge-based bone marrow aspirate concentrate.
The Marrow Cellution™ device provided a high quality bone marrow aspiration
with reduced time and expense. The lower volume of bone marrow aspiration
required can also be less traumatic on the patient and because the product
remains entirely on the sterile field, risk of infection is also reduced. Our
comparison study used BMAC because of previous studies that demonstrated
that BMAC produced the highest concentrations of CFU-f and CD34+ cells than
other centrifuge-based systems.”

CONCLUSION

Inthis pilotstudy, the Marrow Cellution™ device producedresults suggesting that
itcan effectively replace aspiration oflarge volumes of marrow using traditional
needles combined with the volume reduction of centrifuge-based systems.
Traditional technologies typically discard 35-65% of cells and growth factors when
reduced in centrifuge-based systems through the separation into the supernatant.

These cells and growth factors are not discarded in the Marrow Cellution™ device.

Marrow Cellution™ has a number of distinct procedural advantages: (1) the biologic
produced by the device never leaves the sterile field; (2) the device requires
minimal O.R. staff support and time; (3) the entire sample generated is used;

(4) the device minimizes peripheral blood contamination; (5) the device requires
minimal anti-coagulation; (6) the biologic does not require filtering, and (7) the
design automatically repositions the aspiration cannula and aspirates from side
ports across a greater geography of the marrow space so that it mimics multiple
puncture sites with 1 mL aspirations. We were able to demonstrate that Marrow
Cellution™was successful in obtaining CFU-f and TNC counts similar to what is
expectedfrom numerous insertion points along the iliac crest for multiple 1 mL-only
draws; however, with Marrow Cellution™, only one insertion pointwas required.

In summary, the results documented herein from true field conditions were less
than Scarpone achieved in the controlled study,?nevertheless this pilot study
clearly demonstrated superiorresultsto previously publishedresultsfrommultiple
centrifuged-basedsystems. This further suggests thatthe Marrow Cellution™ device
couldprovide evenbetterresultsthanBMAC alternativesascliniciansbecomemore
familiar and proficient with the device.

INDICATIONS

TheMarrow Cellution™ Bone Marrow AspirationNeedleis intendedforuse for
aspirationofbonemarroworautologous blood usingastandard piston Syringe.

CONTRAINDICATIONS

Use only for bone marrow or autologous blood aspiration as determined by a
licensedphysician. Thedeviceisintendedtobe usedbyaphysicianfamiliarwith the
possible side effects, typical findings, limitations, indications and contraindications
of bone marrow aspiration. The procedure

should be performed on patients that are suitable for such procedure only.



REFERENCES

1.

MuschlerGF,BoehmC,EasleyK.Aspirationtoobtainosteoblastprogenitorcellsfromhumanbonemarrow:theinfluenceofaspiration
volume. Journal of Bone Joint Surgery Am 1997;79:1699-709.

. Scarpone M, et al. Marrow Cellution Bone Marrow Aspiration System and Related Concentrations of Stem and Progenitor Cells; Presentation

at Annual Orthopedic Update 2016, Allegheny Health Network

. Petine KA, Murphy MB, Suzuki RK, Sand TT. Percutaneous injection of autologous bone marrow concentrate cells significantly reduces lumbar

discogenic painthrough 12 months. Stem Cells 2015;33:146-56.

. HernigouP,FlouzatLachanieeCH,Delambred,etal.Biologicaugmentationofrotatorcuffrepairwithmesenchymalstemcellsduring

arthroscopyimproves healingand preventsfurthertears: a case-controlled study. International Orthopaedics2014;38:1811-8

. Hernigou et al. Treatmentof Osteonecrosis with autologous bone marrow grafting Clinical Orthopaedicsand Realted Research Number405,

pp 14-23

. HernigouP,etalPercutaneousAutologous Bone-MarrowGraftingforNonunions—InfluenceoftheNumberandConcentrationofProgenitor

Cells The Journal of Bone and Joint” Volume 87-A No 7 July 2005

. HegdeV,ShonugaO,EllisS,etal. Aprospectivecomparisonof3approvedsystemsforautologousbonemarrowconcentrationdemonstrated

nonequivalencyin progenitor cellnumberand concentration. JOrthop Trauma 2014;28:591-8.

. Juopperi TA, Schuler W, Yuan X, Collector MI, Dang CV, Sharkis SJ. Isolation of bone marrow-derived stem cells using density-gradient

separation.Experimental Hematology 2007;35:335-41.

. Bhartiya D, Shaikh A, Nagvenkar P, et al. Very small embryonic-like stem cells with maximum regenerative potential get discarded during cord

blood bankingand bone marrow processing for autologous stem cell therapy. Stem Cells and Development 2012;21:1-6.

10.BatinicD,Marusic M, PavleticZ, etal. Relationshipbetweendieringvolumes ofbonemarrow aspiratesand theircellularcomposition.

1.

12.

Bone Marrow Transplantation 1990;6:103-7.

BacigalupoA, TongJ,PodestaM, etal. Bonemarrow harvestformarrowtransplantation:theeffect ofmultiplesmall(2ml)orlarge(20ml)
aspirates. Bone Marrow Transplantation 1992;9:467-70.

Hernigou P,Homma Y, Flouzat Lachanie e CH, et al. Benefits of small volume and small syringe for bone marrow aspirations of mesenchymal
stem cells. International Orthopaedics 2013;37:2279-87.

13. Castro-MalaspinaH, EbellW,Wang S.Human bonemarrow broblastcolony-formingunits (CFU-F). Progressin Clinical and Biological Research

1984;154:209-36.

14.Gurkan UA, Akkus O. The mechanicalenvironmentof bone marrow: a review. Annals of Biomedical Engineering2008;36:1978-91.

15. Wilson A, Trumpp A. Bone-marrow haematopoietic-stem-cell niches. Nature Reviews Immunology 2006;6:93-106.

16.

17.

SpitzerTR,AremanEM,CirenzaE,etal. Theimpactofharvestcenteronqualityofmarrowscollectedfromunrelateddonors.Journalof
Hematotherapy 1994;3:65-70.

DragoodL,BraunHJ,DurhamJL,etal.Comparisonofthe acuteinammatoryresponseoftwocommercialplatelet-richplasmasystemsin
healthy rabbittendons. The American Journal of Sports Medicine 2012;40:1274-81.

Stem*- éemx

SOLUTIONS Innovatlons For Life

Distributed by

Stem Genix Solutions,LLC

PO Box 544

Center Valley, PA 18034

Toll Free Customer Service (833 )StemGnx
P: (484)335-6088 .
Stemgenixsolutions.com

Manufactured by Please see the package insert for the
Ranfac Corp. complete list of indications, warnings,
30 Doherty Ave. precautions, andotherimportant medical
Avon, MA 02322-0635 information.

Tel: 1.800.2.RANFAC USA & Foreign Patent(s) Pending

1.508.588.4400



	MARROW  CELLUTION™
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5

