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Howe Sound Research is a market research and consulting company
based in Vancouver, British Columbia, Canada. In our spare time we like
to sail in a large body of water nearby called Howe Sound. We publish
market research reports that address scientific industries with an emphasis
on Biotechnology and Clinical Diagnostic markets. We consider ourselves
experts in these areas.

We approach market research differently than other companies. At any
one time we have a limited number of reports and we update them
frequently, sometimes several times a year. Our reports are prepared by
people who understand the industry and have worked and studied in the
area. This contrasts with the many research mills who produce canned
reports on the Handbag market one day and the XRay market the next.

Our intellectual property is encryption protected. If you have issues with
this or would like to upgrade to a corporate license that is not encrypted,
please contact us at the email above.

Please feel free to contact us if you have any questions. We believe in
customer service and are more than willing to provide after sales
assistance and custom data.



Flow Cytometry Markets Page | 3

All Rights Reserved. This document contains copyrighted intellectual
property. No part of it may be circulated, copied, quoted, or otherwise
reproduced without the approval of Howe Sound Research.

Please respect our intellectual property and do not distribute this
document beyond the terms of your license.



Flow Cytometry Markets Page | 4

Table of Contents

T MAKET GUIAES . .cciiiiiiiiiieeete ettt e s e e e 19
1.1 SHUGTON ANGIYSIS. et 20
1.2  Guide for Executives and Marketing Staff ..., 23
1.3 Guide for Investment Analysts and Management Consultants.....24

2 Introduction and Market DefinitioN ........c.eeeiieiiieeiinniiieeeeeeeee, 25
2.1 Whatis FIOW CYtOMEINY e .o 26
22 I B O I\ Yo 11 g Ve TSR 27
2.1.2 ACOAEMIC USE .eiiiiiiiiieeee ettt ettt s e e 28
2.2 Market DEefiNITION c.o..uuiiiiiiiieeieeete e 30
2.2.1 MAFKET SIZE. i 30
2.2.2 CUITENCY . ittt e e e e e e e e et e e e e e raa e 30
2.2.3 Y QS ettt et e ettt e e et e e e s e aateaeeeens 30
2.3 METNOOIOQY ettt e e e e e e e e aeaeaaes 32
2.3.1 MeThOdOIOQY ceiiiiiiie e e e e 32
2.3.2 SOUIMCES ettt ettt ettt ettt e e st e e st e e s e ateeeeeea 32
2.3.3 AUTNOIS .ttt et e e s 32

2.4 U.S. Medical Market and Pharmceutical Research Spending -
T =1 1177 TS ERRRRRTRRPRN 34

2.4.1 U.S. Expenditures for Pharmaceutical Research........ccccccceevnnnnee. 34



Flow Cytometry Markets Page | 5

3 Flow Cytometry — Guide to TeChnologQy ......uuveeeeveevveieeeieieeiieeeeeeeeeee, 35
3.1 FIOW CYTOMETEIS ... e 36
3.2 HOFAWAIE ettt ettt e e e 38
3.2, T FIUIAICS utteiiieieeee ettt et e e s 38
3.2.1.1  HydrodynamiC FOCUSING .....euveiiiriiiiiiiiieieeeieeeeeeeeeeeeee e 38
3.2.1.2  ACOUSHC FOCUSING ...uutttitrritiirieeeretieteeeeeeeeeeeeeeeeveeeeeeeeeereeeereeeeeens 38
3.2.2 Optics ANd €leCIrONICS c.ccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 38
3.2.2.1  OPHCAl fIEEIS e 39
3.2.2.2 Prisms, gratings, and spectral flow cytometry...................... 39
3.2.2.3 Imaging flow CYTOMETY ...uuvvieieeiiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 39
CRCIENN BTe | o e 1o Te] V2 TR 40
3.3.17 COMPENSATION .. 40
3.3.2 GONG i 40
3.3.3 ComputatioNAl ANAIYSIS....cceeeeeeeeeeeeeeeeeeeeeeeeeeeceeeceeeeeeeeee e 4]
3.3.4 FMO CONIIOIS ...ttt 42
K O | INY o 11 [ TS UUUR R P 43
3.8 LADEIS e 44
3.5.1 FlUOresCent QIS ......ccoiiiiiieee et 44
3.5.2 QUANTUM OTS..ciiiiiiiiiiieee et 44
3.5.3 1SOTOPE IADREING ..ot 45
3.6 BEAA AITAY .ot e e e 46
3.7 Impedance fIOW CYTOMETTY ... e 47

3.8 Flow Cytometry APPRICAHONS....coiviiiiiieeeee e 48



Flow Cytometry Markets Page | 6

3.9 Cell VIODIlITY ASSOYS ...eeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 49
3.10 Cell Proliferation ASSAYS ...t e e 51
31T CYTOTOXICITY ASSAYS ..nieeeeeeeeeeeeeececeeeeeee e anea 53
3.12 Cell SENESCENCE ASSOYS ..ottt 54
ST RGN oo ] 0] 10 1 IR 55
3.14 AUTOPNAQY ottt e e e e e e e e e e eeaaaaes 56
ST NECTOSIS ctteeieiiiiieee ettt ettt e ettt e e e s et e e e e s sibteeee e e 57
3.16 OXIAATIVE STIESS ..ottt 58
3.17 Signalling Pathways, GPCR .......ecc e 61
3.18 Immune Regulation & INNIDITION ......coeiiieieiicaes 63
3.19 Reporter Gene TEChNOIOY .uuuieeeeiiiiiieeeeeccieeee e 64
4 INAUSTTY OVEIVIEW oueeiiieiiiiieeeeeeeeee e 65
4.1  Playersin a DynamiC MaArket ......oooooieeiieeeeeeeeeeeeeeeeeee e 66
4.1.1 Academic ResearCh Lab ........cooviiiiiiiiiiiiiieeteee e 67
4.1.2 Contract Research Organization.......cccccceeeeiiiiiiiii 67
4.1.3 Genomic Instrumentation Supplier.......ccccc 68
4.1.4 Cell Separation and Viewing SUPPlier.....ccccccccvviiiiiiiiiiii. 68
4.1.5 Cell Line and Reagent SUpplier....cccccoeiiiiiii 68
4.1.6 Pharmaceutical COMPONY ....coooiiiiieeeeeee e 69
4.1.7 AUt BOAY oo, 69
4.1.8 CertificatioN BOAY ... 69
S MAKET TrENAS ...ttt et ee e A

5.1 FOCTOrs DAVING GIrOWTN ..eeeeieec e 72



Flow Cytometry Markets Page | 7

5.1.1 The Move to Cell Based ANQIYTICS...ccoeeeeeeeeeeeeieeeeececccceeeecce 73
5.1.2 IMMUNO-ONCOIOQY ....ccoitiiiiiiicieeeeeee et e e e 73
5.1.3 GeNOMIC BliZZAId.......uiiiiiieiieee e 75
5.1.4 Technology CONVEIgENCE....cccoeeiiiieeeeeiecieeeeeeeeeeeeeeeee e, 76
5.2 Factors LImiting GroWTh ... 77
5.2.1 Genomic Technology CompetitioN.....ccoooeeeeeeeieeiieieccieccciccns 77
5.2.2 Instrument INTEGratioN......ciii i /8
I T\ Vo | LU 1 /8
5.3  Technology DeVelOPMENT ... 79
5.3.1 SOFIWAIC .ttt e 79
5.3.2 INSTTUMENT SIZE .. 79
5.3.3 LAIQEr PANEIS..ccci ittt e e e e varaeeee s 80
5.3.4 The NEXE FIVE YEAIS....ciiiiiiiieiiee ettt 80
6 Flow Cytometry Recent Developments ......cccovvvveviceeeeeeeeiiieeeeeiinn, 81
6.1 Recent Developments — Importance and How to Use This Section
82
6.1.1 Importance of These Developments ..., 82
6.1.2 HOW 1O Use ThiS SECTION ...coiiiiiiiiiiiieiiiieeetee ettt 82
6.2 Cytek Biosciences to Acquire Flow Cytometry Business ................. 82
6.3 METAFORA Launches a Digital Cytometry Analysis Platform ......... 84
6.4 In Vitro Potency Assays Utilize Flow Cytometry.......vvevvvvvvvvvveeeenneee. 85
6.5 Celerion to Offer Molecular and Cell Biology Testing ..........uuuee...... 87

6.6 Beckman Coulter launches Cytobank v10 Platform....................... 89



Flow Cytometry Markets Page | 8

6.7 NASA Deploys Flow Cytometer in SPACE.......euevieeenvivniiiiiiiiiinennn, 90
6.8 BD, Labcorp to Develop Flow Cytometry-Based Companion

B [@ L] 810 1 1 [ TP UUPPRR 93
6.9 Slingshot Biosciences Partners With Cambridge Bioscience to
Distrioute SYNTNETIC CellS ..o 94
6.10 Canopy Bio Targeting High-Throughput Spatial Proteomics.......... 95
6.11 Becton Dickinson Advancing Rapid Image-Based Cell Sorting Tech

100

6.12 Insightful Science Acquires Data Science Company Omiq......... 103
6.13 Single-Cell Startup Nodexus RAiSES $30M .....eveeveieiieeiciiireeiieeeeeeeens 104
6.14 Bio-Rad Laboratories StarBright UltraViolet 400 Dye for Flow

(@AY 1010 a1 172U 105
6.15 Cytek Biosciences Acquires Cell Analysis Business of Tonbo
BIOSCIENCES .o, 105
6.16 Becton Dickinson FACSymphony A5 SE Cell Analyzer................... 106
6.17 Biotium ExoBrite EV Membrane Staining Kits ......ooeveeeeciviiieeeieeeennns 106
6.18 Cytek Biosciences Prices $200M Initial Public Offering.................. 107
6.19 Invivoscribe 12-Color Flow Cytometry Service .......vvvvvvvvevvveennneee. 108

6.20 Beckman Coulter launches CytoFLEX SRT benchtop cell sorter.. 109
6.21 Thermo Fisher Acquires Cell Sorting Technology From Propel Labs

110
6.22 Thermo Fisher Acquires Programmable Dye Platform Pioneer
PRITONEX .ottt e e e e e e e e e e eeeeaaaaae 111
6.23 NGS Bests Flow Cytometry for MRD-Based Prediction................... 112

6.24 Bio-Rad Launches New StarBright DYEs.......uvveeveeeiieeicciiiiieeeeeeeeens 115



Flow Cytometry Markets Page | 9

6.25 Cytek Biosciences Closes $120M Financing Round....................... 116
6.26 Cellular Analytics Detects Early Mesothelioma Using Liquid Biopsy
116
6.27 Cytek Biosciences Gets CE Mark for Flow Cytometer................... 122
6.28 Aigenpulse launches suite to automate flow cytometry.............. 123
6.29 Sysmex Partec to Distribute De Novo Flow Cytometry Software . 125
7 Profiles of Key Flow Cytometry Companies .......ccccceeeeeeiieeeennnnn.... 127

7.1 AQIENT/DAKO ...ttt a e e 128
W N 0 0] 0] g 10 1 TP PPPPPP 131
7.3 APOGEE FIOW SYSTEMS ... 133
7.4 APPled CYTOMETIY .ot e e 134
7.5  ASrolabe DIAGNOSTICS ..uvvvuvreeiiiiiieiiiierieeeeeerreeeeeeeeeresesesereeresereeererae————— 135
7.6 Beckman Coulter DIAGNOSTICS ..uiiiiiiiieieiiiieeeeee e eeeeirieeeee e e e e 136
7.7 Becton, Dickinson and COMPAONY ....eeiiiiiiiiieieieeeeeeeeeeeeeeeevns 137
7.8 BENNUBIO et 139
7.9 DIOMENEUX DIOGNOSTICS...vviiiiieieiee e 140
7.10 Bio-Rad Laboratories, INC. ...ooeiiieiiiiiieeeeee e 143
71T CYtEK BIOSCIENCES v 146
702 CYTOGNOS ettt ettt e e e e e e e et aeeeeeeeeeesesabsareeeaaaeeeennnnnes 148
7. 13 CYTONOME oot e e et e e eeeaes 149
7.14 De NOVO SOFTWAIE ..ccoiiiiiiiiiiieitee ettt 150
7185 GEMINIBIO ittt 151
7.16 KINETIC RIVET ..iiiiiiiiiiieee ettt e 153



Flow Cytometry Markets Page | 10

7.7
/.18
7.19
/.20
7.21
/.22
7.23
/.24
7.25
7.26
/.27
7.28
7.29
7.30
/.31
7.32
/.33
7.34
7.35
7.36
7.37
7.38
7.39

LOQOS BIOSYSTEIMS ettt et e e e e 154
LumiNeX COorp (DIASOMN) ..uuuuururirririiiiieiereeeeeereeeeeeeerereeeeesseeeeeerreerere.. 155
MIFENYI BIOTEC ..o 157
MOIECUIAr DEVICES. ...ttt 158
@] a1 ] TSRO PO UPPUTPPPR 160
NanoCellect BIoteChNOIOQY .......uuuuuveanaans 162
(@] ][ [T U 163
ON-Chip BioteChNOIOGIES ....coeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 164
POMEK ettt e e e et e e e 165
SAMOMIUS 1.ttt ettt e et e e st e e e sateee e 166
SBT INSTTUMIENTS <. e 168
Singleron BioteChNOIOGIES .......euviiiiiiiieeei e 169
SoNy BIoteChNOIOQY ..ouvviiiiiiiiieeeeeeeeeeeee 170
STANAAId BIiOTOOIS .eeeiiiiiiee et e 171
SHATEAIGM e 173
SYSIMNIEX eettttteiiieeeeeeeee e e e e e e ee e e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaas 174
SYSMEX PAMEC ..o 177
TEC AN ettt et e e et e e e 179
TEICEN DOTA 1 180
Thermo Fisher SCIENTIfiC INC. ....viiiiiie e, 181
TISSUEGNOSTICS .ttt ettt ettt e e e 184
UNION BIOMETTICO w.uiiiiiiiiiiiieeeete et e 186

Verity SOftWAIre HOUSE ... 187



Flow Cytometry Markets Page | 11

7.40 Yokogawa Fluid Imaging TeChNOIOQIES ......ceeeeeeeeeeciiiiiiieeeeeeeeees 189
8 Flow Cytometry Global Market OVErvieW ......ceeeevveviiiiiiiiieiinn. 190

8.1 Global Market Overview by COUNIIY....uueeeeeeeiiieieeeeeeeeeeeeee, 191
8.1.1 Table — Global Market by Country.......cceeeiiiiiiieeiiieeeeee 191
8.1.2 Chart — Global Market by Country ... 192

8.2 Global Market Size by Product - Overview........cccooovvvvvveeeeeeeeenennn. 193
8.2.1 Table — Global Market by ProducCt........cccccc 193
8.2.2 Chart — Global Market by Product — Base/Final Year Comparison

194

8.2.3 Chart — Global Market by Product — Base Year.......ccccoeevveunnnne... 195
8.2.4 Chart — Global Market by Product - Final Year........................... 196
8.2.5 Chart — Global Market by Product — Share by Year................... 197
8.2.6 Chart — Global Market by Product — Segment Growth.............. 198

8.3 Global Market Size by Application - Overview ..........ccoeeeeeeeeeeeenn.. 199
8.3.1 Table — Global Market by Application ..........ccccc. 199
8.3.2 Chart — Global Market by Application — Base/Final Year
(@e]ga] ol 11o] o ISR 200
8.3.3 Chart — Global Market by Application — Base Year.................... 201
8.3.4 Chart — Global Market by Application — Final Year.................... 202
8.3.5 Chart — Global Market by Application — Share by Year ............ 203

8.3.6 Chart — Global Market by Application — Segment Growth....... 204
8.4 Global Market Size by Technology - OVEIVIEW .....ccceeeeeeeeeceeeeennne. 205
8.4.1 Table — Global Market by Technology ... 205



Flow Cytometry Markets Page | 12

8.4.2 Chart — Global Market by Technology — Base/Final Year

(@e]ga] ol 11o] o IR 206
8.4.3 Chart — Global Market by Technology — Base Year .................. 207
8.4.4 Chart — Global Market by Technology — Final Year.................... 208
8.4.5 Chart — Global Market by Technology — Share by Year ............ 209
8.4.6 Chart — Global Market by Technology — Segment Growth....... 210
9 Global Market by ProdUCT ........uuviiiiiiiiiieeiieieeeeeeeeeeeeeeeeeeee e 211
9.1 ReAGENT MAIKET ...t 212
9.1.1 Table - Reagent Market by COUNTIY ... 212
9.1.2 Chart - Reagent Market Segment Growth.......cccoevvvviiiieeeeeeenn, 213
9.2 INSTTUMENT MAOIKET ..ottt 214
9.2.1 Table - Instrument Market by Country .....ccevvvvveieeeiiiiiieeeeeeei, 214
9.2.2 Chart - Instrument Market Segment Growth ........ccccceveeieennnnnee, 215
9.3 SErVICES MAIKET ..ottt 216
9.3.1 Table - Services Market by Country.....cccoeeeeeeeeeeeeeeieeeeeeeeeeeeeeee, 216
9.3.2 Chart - Services Market Segment Growth.....cccoeeeeeeeeeieiciiiiicennns 217
9.4 SOfTWArE MAIKET (e 218
9.4.1 Table - Software Market by CoUuNtry .....ueeeeeeiiiiiceeeeeeeee 218
9.4.2 Chart - Software Market Segment Growth.......ccccceeeeveeeiicnnnnnee, 219
10  Global Market by APRICAION ....eveeeeceeeeeiieeeeeeeeeee e, 220
10.1 RESEArCN MAIKET ...t 221
10.1.1 Table - Research Market by COUNIIY .....oeevvvveiceeiiiiiieeeeeeeeina, 221

10.1.2 Chart - Research Market Segment Growth.......cccceeeivvvineene... 222



Flow Cytometry Markets Page | 13

10.2 ClINICAOI MATKET et 223
10.2.1 Table - Clinical Market by COUNTTY ..o 223
10.2.2 Chart - Clinical Market Segment Growth .......ceeeveeeciiinneeeenn. 224

10.3  INAUSTHA MAIKET et 225
10.3.1 Table — Industrial Market by CouNntry ......ccccceceevvenvveeiiininnnnns 225
10.3.2 Chart — Industrial Market Segment Growth ......cccceeeeeviiiiiiinnnns 226

10.4 Other ApplicAtioN MAIKET .......ueunievaaaes 227
10.4.1 Table - Other Application Market by Country........cccceeeeeeeeee.n. 227
10.4.2 Chart - Other Application Market Segment Growth............... 228

1T Global Market by TEChNOIOQY ..cvvvviieeeeeiiieeeeeeecceeeee e, 229

TT.T GeIMAIKET ... e 230
11.1.1 Table - Gel Market by COUNTIY ... 230
11.1.2 Chart - Gel Market Segment Growth .......cceeeeeeiiiiiiiiiiiiiiiceennn. 231

11.2 B MAKET .ottt s 232
11.2.1 Table - Bead Market by COUNIIY ....covvviiiieeeiiiiiieeeeeeeeeeeeee, 232
11.2.2 Chart - Bead Market Segment Growth......ccccccceeeeeeeiecciiininennn. 233

|2 N o] 0 1= g Lo [ YRR 234

12.1 United States Medicare System: 2022 Clinical Laboratory Fees

SCNEAUIC ..ottt e et e e 235

12.2 FDA Cancer Drug Approvals by YEQr........vceeeeeeeeeeiieeeeeeeen. 381

12.3 Clinical Trials Started 2010 t0 20T6..ueeiiieeiiiiiieeeeeeeeeeeeee e 382

12.4 Share of Pharma R&D by CouUNtry.....oooovvvvieeieeeee e, 383



Flow Cytometry Markets Page | 14



Flow Cytometry Markets Page | 15

Table of Tables

Table 1 Some Characterics Measured by Flow Cytometry ......cooovvveeeeen 47
Table 2 Some Common VIAbIlity ASSAYS ...eeeveruieeeeeeeeeeeeeeeeeiieieeeeee e 50
Table 3 Oxidative Stress Related DISEASES....coovvviiiriieiiniieeeriieeeieeeeieee s 59
Table 4 Important Signalling POThWQAYS ... 61
Table 5 Market PlAYErs DY TYPE ... e 66
Table 6 Four Factors Drving GroWth ..........cccc e /2
Table 7 Three Factors LImiting Growth ... 77
Table 8 Global Market by Country/REQION ..., 191
Table 9 Global Market by ProAUCT ... 193
Table 10 Global Market by APPRICOTION......oovveeeeeeeeeeeeeeeeee e 199
Table 11 Global Market by TEChNOIOQY......oiieeieiccicccccee, 205
Table 12 Reagent Market by COUNTIY ....cooovivvviiiiceeee e 212
Table 13 Instrument Market BY COUNTTY ... 214
Table 14 Services Market BY COUNITY ...ooiiiiiiieeeeee e 216
Table 15 Software Market BY COUNTIY ..., 218
Table 16 Research Market by COUNTIY ... 221
Table 17 Clinical Market bY COUNTIY ... 223
Table 18 Industrial Market by COUNTIY ....oooiiiiieieeeee e 225
Table 19 Other Application Market by Country.....ccoooeeeeeeeeeiiiiicciececccs 227

Table 20 Gel Market BY COUNTIY ..uuiiieeeeee e 230



Flow Cytometry Markets

Table 21 Bead Market by Country

Page | 16

................................................................

Table 22 2022 Clinical Lab Fee SCheAUIE ......oeeeeeeeeeee e



Flow Cytometry Markets Page | 17

Table of Figures

Figure 1 Pharmaceutical Research Expenditures ($Billion) ......cccccvvvveeeeee... 34
Figure 2 Oxidative Stress and Free Radical ToxiCity........ccccoeeeeiii. 59
Figure 3 FDA Cancer Drug APPIOVAIS ......ooovveiiiiiiiiieeeeeeeeeeeeeeeeee 74
Figure 4 Immunotherapy vs Traditional .........cccco /5
Figure 5 Growth rates of Flow Cytometry by Product Class........................ 80
Figure 6 Market Size by CouNntry ... 192
Figure 7 Global Market by Product - Base vs. Final Year ..........cccocuuunneeee. 194
Figure 8 Product Market BASE YEQAr ......cccciiiiiiiieeeeeeeeeeee e 195
Figure 2 Product Market FINAl YEAr ...t 196
Figure 10 Product SNAre bY YEAr ... 197
Figure 11 Product Segment Growth ..., 198
Figure 12 Global Market by Application - Base vs. Final Year................... 200
Figure 13 Application Market Base Year.......cccoooiiee, 201
Figure 14 Application Market FInal Year.......ccccccvi, 202
Figure 15 Application Share by Year........ccccoo 203
Figure 16 Application Segment Growth ..o, 204
Figure 17 Global Market by Technology - Base vs. Final Year .................. 206
Figure 18 Technology Market BAse YEAr......couvveeeeiiiieeecciieeeeee e, 207
Figure 19 Technology Market FINAl YEAr......cccvviiiiiiiieiieeeee e, 208

Figure 20 Technology Share by Year.......ccccccoviiiiiie 209



Flow Cytometry Markets Page | 18

Figure 21 Technology Segment Growth ..........eeeeeiiiiiiiiciiiiieeeeeeee 210
Figure 22 Chart — Reagent Market Growth ..., 213
Figure 23 Chart Instrument Market Growth ..., 215
Figure 24 Chart — Services Market Growth ..., 217
Figure 25 Chart — Software Market Growth ..., 219
Figure 26 Chart — Research Market Growth ......cccccooi, 222
Figure 27 Chart Clinical Market Growth........cccceieiieeeccciiiieeeee e, 224
Figure 28 Chart — Industrial Market Growth ..., 226
Figure 29 Chart — Other Application Market Growth.............................. 228
Figure 30 Chart — Gel Market Growth ..., 231
Figure 31 Chart Bead Market Growth ..., 233
Figure 32 FDA Cancer Drug Approvals by Year ......cccccciiiiii. 381
Figure 33 Clinical Trials for Immunotherapy by Year........ccccccoeveeeeeeennnnnn.n. 382

Figure 34 Share of Pharma R&D by Country ..., 383



