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Why we need Ret-He & IPF tests?

*x Anemia: Ret-He (Retlculo cyte Hemoglobin)

o Diagnosis- N A& 2
o Treatment- “NJH[= fé/\ %ﬁz
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Anemia- WHO criteria

Anaemia*

Population Non -Anaemia* Mild® Moderate Severe
Children 6 - 59 months of age 110 or higher 100-109 70-99 lower than 70
Children 5 - 11 years of age 115 or higher 110-114 80-109 lower than 80
Children 12 - 14 years of age 120 or higher 110-119 80-109 lower than 80
Egngtep;f?g::gt;v:nrgeanbnve} 120 or higher 110-119 80-109 lower than 80
Pregnant women 110 or higher 100-109 70-99 lower than 70
Men (15 years of age and above) 130 or higher 110-129 80-109 lower than 80

-.___________________________________________________________________________________7
+ Adapted from references 5 and 6

* Haemoglobin in grams per litre

a "Mild" is a misnomer: iron deficiency is already advanced by the time anaemia is detected. The deficiency has consequences even when no anaemia is
clinically apparent.

Haemoglobin concentrations for the diagnosis of anaemia and assessment of severity
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Anemia classification

Normal RBC Anaemic RBC morphology

80fL<MCV<100fL Microcytic Normocytic Macrocytic
MCV<B0fL 80fL<MCV<100fL MCV>100fL

&’  © ©

Acute bleeding Megaloblastic

Iron deficiency Haemolytic anaemia
Thalassaemia anaemia Non-megalo-
A\C D Chronicdisease  blasticanaemia
vitamin B12
Mixed type folate deficiencies

2021/8/1 Sysmex Webinar
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lron metabolism

Figure 1. Roles of current and newly proposed markers of iron status
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55/F, Dizziness, Arthragia, Insomnia; Thalassemia?
(2020-04) => MCV/RBC < 13; RI < 2%, No TIBC, ferritin
data - => Fe supplement? Benefit? AE? Duration?

WEBC 4.510 4.5~10 *1043/ul IE®
RBC 5.310 4~55 *1076/ul IEE
Hemoglobin 8.500 12~16 g/dl S

Data had rechecked

Ht 28.800 34~44 % {& &
MCV 54.200 80~100 Fl 3
MCH 16.000 27~33 Pg {& (€
MCHC 29.500 32~36 g/dl & &
Platelet 238.000 120~350 *1043/ul IEE
WBC Classification %
Neutrophil_Seg% 57.100 55~71 % IEE
Lymphocytes% 32.900 20~56 % FE
Monocytes% 7.400 0~12 % IE®
Eosinophlis% 1.400 0~5 % IE®
Basophlis% 1.200 0~1 % w=
Reticulocyte 1.500 0.5~1.5 % IE#

2021/8/1 Sysmex Webinar



Follow up 6 Months Later

Hb, ferritin increased, but

MCV, Ret-He, highly suspicious Thalassemia (Hb EP-)

R]:' W.B.C RBC HE‘“(;%“”“
5.79 |6.54 136
7.62 |6.36] 132
5.67 5.18
6.94 5.06
6.09 4.8
4.81 5.11

2021/8/1 Sysmex Webinar

HCT MCV MCH MCHC PLT R];;: )
43.0 216
41.8 263 394
349 254 36.4
343 278

269

209

s HE CRP(%E ALT |Creatinine

1091128
1091128

Z) | (GPT)  (Blood) TN

=0.1 13 0.80

WP HM Ferritin

1100728
1100407
1100113
1091117
1091020

114.24
20.21
16.86

9.84
21.87



_aboratory test
o

DIAGNOSIS OF IRON DEFICIENCY

Biochemical Parameters Hematological Parameters

Transferrin, Transferrin Based on RBC:

saturation (TSAT) Fe/TIBC Hgb, MCV, RDW
Ferritin Based on Reticulocytes
Serum iron 2 Retic#and %
Hepcidin IRF

© 2015 Sysmex America, Inc. All rights reserved. For Clinical Support Team Use Only. Not for Sales Use.
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More stabllity

il Coefficient of Variation (%) K
Source of
Variation Hb Hct CHr/RET-He TSAT Ferritin
Analytical 2.0 2.2 2.4 2.7 6.9
Biological 4.0 4.0 4.8 38.0 15.1
Total 6.0 6.2 7.2 [ 407 220 |
Abbreviations: CHr/RET-He, reticulocyte hemoglobin; Hb, hemoglobin; Hct,
hematocrit; TSAT, transferrin saturation.

S

Table 1: Hb, Hct and RET-He show low biological and total variation, making them
valuable tests for physician use. From Van Wyck.’
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Early predictor

sysmex

Ret-He : Reticulocyte hemoglobin equivalent

Measure hemoglobin content in newest erythrocyte (reticulocytes)
Indicates functional iron available over the previous 3—4 days

Bone marrow > | Peripheral blood >

Erythropoetin

Rl

| Erythropoietin receptor l

I 2-3 days ]i’ 1-2 days |
|

d b
< Lt

Erythroblast
Proerythro Erythro Mature
prec(::lrssor = Klasts :}[ asts ]:}[ Reticulocytes ||C=> | “poce
|
|
< > !
Hb synthesis :
I
|
N =
& o 51 @
‘, ( \
<% | @ ® < @@
&

Blood Purif. 2019;47 Suppl 2:70-73
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« Direct access the iron used
for biosynthesis of Hb

« Indicate available iron for
erythropoiesis

+ Snapshot of the quality of
erythropoiesis



XN IPU Screen

-

=255 el T 1EFE #R =1 frEfR =5
Positive | I ‘ B
| Morph. ]| Count | [ y © 2019/04/22 15:04:56
Validated _ | U@
= =iFiEA Q-Flag Service 1SER= BSEE=EH
CBC DIFF
=g =| = BES {xr == | =il ES {~r
WBC e.95 1e~3/ulL M—F— NEUT# e.59 * |10 3/uL &——
RBC 1.92 1@e~6/ulL —— LY MPH# e.23 * |1 3/uL e — —
HGB B.2 g/dL - MOMO$# ®.12 *|1e~3/uL H+e—|—
HCT 24 .1 - |% - EO# ®.81 *|1e~3/uL ——
MCW 125.5 +|fL R E- BASO# e.ee *|1e~3/uL & —
MCH 42 .7 +|pg R E—- NEUT% 62.1 *|%
MCHC 34.@ g/dL LYMPH% 24.2 *|% —+r—t—t
PLT 1e4 1@~3/uL He—— MOMNO% 12 .6 *|% @
RDW-SD 71.7 fL S R EO% 1.1 *|% e
RDW-CW 16 .8 % H— BASO% 8.0 *|% o
PDI 11 .6 fL IG#H ®.2e1 *|1e~3/ulL e —
MPW 11 .5 fL IG% 1.1 *|% -
P-LCR 36.09 % e
PCT e.12 % -
NRBC# 8.63 1@~3/ulL
NRBC% 3.2 %
= PLT-F
=8 kvl =g =| = =8 kvl
% IPF S
10~6,/ulL
%
%
%
PE
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RET-He : %I IDA vs ACD sysmex
B Investigate RET-He in differentiating between iron deficiency anemia
(IDA) and anemia of chronic diseases (ACD)
s Groups RET-He (pg)
354 T __ Reference group 33.4(29.8-37.7)
— Anemia of chronic disorders (ACD) 29.2 (21.4-35.1)
300 - emiae ‘ | —_— él | Iron deficiency anemia (IDA) 21.8 (15.2 - 30.6)
E Mild-IDA 28.9 (23.7 - 315)
E 254 e e Storage iron deficiency (SID) 30.9 (22.8 - 36.3)
L3 " . T
= = = ) E Thalassemia train 21.8 (18.0-26.7)
204
154 e #5751 IDA B2 ACD
@ RET-He (AUC=0.90)
104 - - - w -
n- 196 53 | 45| 36 46 36 Cut-off: 25.0 pg
Ref Group ACD | IDA [Mild IDA SID Thalassemia (Se.=76% , Sp.=81%)

Fig. Distribution of RET—He in the different groups.

BERRR : Haematologica. 2005 Aug;90(8):1133-4

Copyright© Sysmex Corporation Sysmex Corporation
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Mauro Buttarello*, Rachele Pajola, Enrica Novello, Giacomo Mezzapelle and Mario Plebani " b

Evaluation of the hypochromic erythrocyte and sysmex

reticulocyte hemoglobin content provided by the
Sysmex XE-5000 analyzer in diagnosis of iron
deficiency erythropoiesis

m Assess the performance of RET-He and %Hypo-He in the diagnosis of iron deficiency
conditions with or without anemia

« Anemia
Hb<12 g/dL in women, <13 g/dL in men

« Iron deficiency

Sfr <12 ng/mLin women, <15 ng/mL in
men + TSAT<16%

D Healthy : N=164

Iron
deficiency

@ lron deficiency anemia : N=58

(+)

@ Iron deficiency w/o anemia : N=21

@ Trait B-thalassemia : N=23
Non-ID anemia : N=24

2021/8/1 Sysmex Webinar Clin Chem Lab Med. 2016 Dec 1;54(12):1939-1945



Reticulocyte hemoglobin eqUivaIent as a potential marker

for diagnosis of iron deficiency

50 10
L3
| p <,0.001
— 1
40 - | I I 0.8
p=0.016 p=0.033 ..
serum ferritin <12ng/mL
5 30 2 064
2 =
: 3
- =
m ﬂ
@ 20 - ? 0.4-
10 - 0.2- AUC =0.902 for ID
sFe, TIBC, UIBC, TSAT, and sTfR were
0.889, 0.879, 0.922, 0.917, and 0.821
0 T T T T 0.0 T T T T
IDA ID control  non D with 0.0 0.2 04 06 0.8 1.0
anemia 1 - specificity

RET-He (AUC=0.902)

Cut-off : 28.4 pg

(Se.=68% , Sp.=91%)
ﬁ Cut-off : 30.9 pg

2021/8/1 Sysmex Webinar (Se.=92% , Sp 81(|’é_ol) Toki Int J Hematol.
, 4 — 5 Hﬁ%&mpbhn Shin Hospital




Kpp|y|ng newer parameter Ret-He (reticulocyte haemoglobin equivalent) to

assess latent iron deficiency (LID) in blood donors-study at a tertiary care

hospital in India

sTfR
Ret-He >3 pg/ml <3 pg/ml Total
<28 pg 135 (26.9%) [True positive] 10 (2%) [False positive] 145 (28.9%)
=28 pg 13 (2.6%) [False negative] 343 (68.5%) [True Negative] 356 (71.1%)
Total 148 (29.5%) 353 (70.5%) 501 (100%)

Investigations

Sensitivity (%)

Classical
MCV
MCH
MCHC
Conventional
Serum iron
Total iron binding capacity
Transferrin saturation
Serum ferritin
Newer
Ret-He

Specificity (%)

PPV (%) NPV (%)

6.1 100 100 718
12.8 98.9 82.6 730
8.1 100 100 722
777 100 100 915
79.7 100 100 922
79.7 100 100 922
87.2 99.2 97.7 95.0
1912 97.2 93.1 96|

2021/8/1 Sysmex Webinar
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Mauro Buttarello*, Rachele Pajola, Enrica Novello, Giacomo Mezzapelle and Mario Plebani "

Evaluation of the hypochromic erythrocyte and sysmex

reticulocyte hemoglobin content provided by the
Sysmex XE-5000 analyzer in diagnosis of iron
deficiency erythropoiesis

@ Iron deficiency anemia @ Iron deficiency w/o anemia Iron deficiency anemia

A 1 B 1

05 £ . @® RET-He (AUC=0.98)
£, g Cut-off : 30.6 pg
g 2o (Se.=93.1% , Sp.=95.1%)
T 0. £ 05
% 04 No discrimination % 04 %HypO'He (AUC:OQG)
o 03 ;3; 03 —— No discrimination
= 0.2 —=— TeHypo-He = 0.2 —— %Hypo-He Cut-off : 0.9%

onrg e Ret-He 0.1 e Rot-He _ _

0 . e (Se.=84.5% , Sp.=95.7%)

(=]

0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
False-positive rate, 1-Specificity False-positive rate, 1-Specificity

Iron deficiency

Table 2: Diagnostic characteristics of Ret-He and %Hypo-He for predicting iron deficiency in IDA and ID.

AUC Cutoff Sensitivity % p-Value Specificity % p-Value . RET-He (AUC:OQS)
IDA D IDA D IDA D IDA D CUt-Oﬁ -30.6 pg
Ret-He, pg 0.98 0.95 30.6 30.6 93.1 76.2 <0.001 95.1 95.1 NS
%Hypo-He 0.96 0.93 00.9 00.9 84.5 62.0 0.006 95.7 94.5 NS

(Se.=76.2% , Sp.=95.1%)
%Hypo-He (AUC=0.93)

AUC, area under the curve; NS, not significant.

Ability to identify iron deficiency are remarkable Cut-off : 0.9%
when there is anemia (Se.=62.0% , Sp.=94.5%)

2021/8/1 Sysmex Webinar ERIHEGE : Clin Chem Lab Med. 2016 Dec 1;54(12):1939-1945



Support for best medication in renal anemia sysmeX

Changes in RET-He and Hb after iron or EPO administration in renal
anemia.

Neediron | Normal

2 weeks after 1 month after
Basel Iron Iron
1AL ! administration administration
\ 4

ORRPRFEPNRPWR
ORRPRREPNRWR
ORRPRREPNRPWR

\ 4

Hgb

2 3 3 4 4 1 2 2 3 3 4 4 1 2 2 3 3 4 4
5 0 5 0 5 5 0 5 0 5 0 5 5 0 5 0 5 0 5
RET-He (pg)

EPO & Iron Necessary medication Is clear.

2021/8/1 Sysmex Webinar N.Miwa, et al. Int. Jnl. Lab. Hem. 2010, 32, 248-255
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Diagnosis of Iron Deficiency in Patients Undergoing sysmex
Hemodialysis
Mauro Buttarello, MD, ™ Rachele Pajola, MD,! Enrica Novello, MD,! Mirca Rebeschini, MD,?
Salvatore Cantaro, MD,? Fausto Oliosi, MD,? Agostino Naso, MD,? and Mario Plebani, MD!#
Key Words: Hypochromic erythrocytes; Reticulocyte hemoglobin content; XE-5000; ADVIA 120; Iron deficiency; Hemodialysis
iTable 21
Baseline Characteristics of Patients Classified as Responders @ Respo nders
and Nonresponders to Intravenous Iron Administration” Vi = BB E—BRE Hb 7+
ARL.0 g/dL
Responders Nonresponders P
Hemoglobin (g/L) 107.1 = 9.1 113.3 5.4 .0063 @ Non-responders
HYPO % 6.4+49 3.8+hH .0580
% Hypo-He 2.3+ 2.2 1.6 +2.3 .2809
CHret (pg) 31.3+19 33.0+29 .0077
Ret-He (pg) 306 +29 329 +4.1 0129
Ferritin (ng/mL) 255 + 296 220 + 181 .6247 BE e s E L
Transferrin saturation (%) 16 +9 19+9 .3328 ARMEER:
CRP (mg/L) 13.6 + 18.3 7.3 +6.3 1334 Hb CHr RET-He
CHret, mean reticulocyte hemoglobin content; CRP, C-reactive protein; HYPO%, BT b 22 .
percentage of erythrocytes with cellular hemoglobin concentration lower than 280 MEEER .
g/L; %Hypo-He, percentage of erythrocytes with cellular hemoglobin content lower . .
than 17 pg; Ret-He, equivalent of the mean reticulocyte hemoglobin content. Ferritin, TSAT(%)

2021/8/1 Sysmex Webinar BRI : Am J Clin Pathol. 2010 Jun;133(6):949-54.



-

Diagnosis of Iron Deficiency in Patients Undergoing SYysSmex

Hemodialysis

Mauro Buttarello, MD, '™ Rachele Pajola, MD,! Enrica Novello, MD,! Mirca Rebeschini, MD,?
Salvatore Cantaro, MD,? Fausto Oliosi, MD,?> Agostino Naso, MD,? and Mario Plebani, MD!#

Key Words: Hypochromic erythrocytes; Reticulocyte hemoglobin content; XE-5000; ADVIA 120; Iron deficiency; Hemodialysis

1.0 e 1.0 1.0
5 00 g sol 5 09 RET-He (AUC=0.72)
Z s o §....i z 08 i Z o8
g1 i 5 o7 3 o Cut-off : 30.6 pg
e 0.6 QA e 0.6 o 06
£ os) o os L (Se.=45% , Sp.=83%)
£ o4 2 04 E = £ 04
£ o3 § 03] & g 03
é 02 e - :I:: :tscrimina“m § 02l _ :3 :ci,s;rimination é 02 _ :: ':iis:rimination
01 s RET-He 01 wwete %Hypo-He 011 %3 . s TSAT
0.00438 0.0 #5- 0.0 &~%— . . - .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False-Positive Rate (1 - Specificity) False-Positive Rate (1 - Specificity) False-Positive Rate (1 - Specificity)
ITable 31
Diagnostic Characteristics of Tests for Predicting Iron Deficiency
Test AUC 95% C1 P Cutoff Sensitivity (%) Specificity (%)
CHret (pg) 0.74 0.60-0.89 <.001 31.2 47 83
| Ret-He (pg) 0.72 0.58-0.86 <.003 30.6 45 83 |
HYPO% 0.72 0.58-0.86 <.001 5.8 45 87
%Hypo-He 0.68 0.54-0.82 <.014 2.7 34 87
Ferritin (ng/mL) 0.53 0.38-0.69 470 — — —
Transferrin saturation (%) 0.56 0.40-0.72 130 — — —

AUC, area under the curve; CHret, mean reticulocyte hemoglobin content; CI, confidence interval; HY PO%, percentage of erythrocytes with cellular hemoglobin concentration
lower than 280 g/L; %Hypo-He, percentage of erythrocytes with cellular hemoglobin content lower than 17 pg: Ret-He, equivalent of the mean reticulocyte hemoglobin
content.

* Significance of the difference from .5 (equivalent to no predictive ability).

2021/8/1 Sysmex Webinar BRI : Am J Clin Pathol. 2010 Jun;133(6):949-54.



Limitation of RET-He sysmex

Nf— N\ 7

- thalassemia syndromes (&84 & M) — B&IE
« Confounding megaloblastic anemia — =7+

« Drugs inducing transient or permanent macrocytosis (ex. chronic
hydroxyurea treatment in sickle cell disease) — £

Interpreted with patients overall erythrocyte physiology - recent blood transfusion, iron therapy,

vitamin B12 or folate deficiency, chemotherapy, and the results of Hb analysis

2021/8/1 Sysmex Webinar 22



Diagnostic performance of reticulocyte hemoglobin equivalent
in assessing the iron status

Pawadee Chinudomwong | Aleeyas Binyasing | Rangsiri Trongsakul |
Karan Paisooksantivatana

B Evaluate RET-He diagnostic performance assessing the iron status
in various conditions (including inflammation-related states)

B Proposed a diagnostic algorithm

a0
T T Groups Medium IQR Q1 a3
S
% Healthy Control 33.0 1.45 32.3 33.7
o — Pure IDA 20.6 9.00 16.1 25.1
; IDA
P €1 IDA-inf 25.2 6.15 22.1 28.3
e Sk —t—
“ Al 32.2 3.9 30.3 34.2
: Non-ID
wf- o leko 31.8 3.53 30.0 33.6
Anemia
sk Thalassemia 19.6 5:33 16.9 22:3
L o * Anemia of inflammation (AI)
10 1 1 1 1 1 1 Dx

Healthy Pure DA  IDA-inf Al CKD Thalassemia * [DA with concomitant inflammation (IDA-inf)

2021/8/1 Sysmex Webinar ,
i J Clin Lab Anal. 2020;34:e23225.



A New Indicator Derived From Reticulocyte
Hemoglobin Content for Screening Iron
Deficiency in an Area Prevalent for Thalassemia

Jutatip Jamnok, BSc,” Kanokwan Sanchaisuriya, PhD,?" Chaninthorn Chaitriphop, MSc,?
Pattara Sanchaisuriya, PhD,’> Goonnapa Fucharoen, MSc,? Supan Fucharoen, DSc?

iV - S
B Establish a new indicator derived from RET-He & RBC indices for $231 FIRET-He & RECTHBHS

screening for IDA in area where thalassemia is prevalent

(-)

Thalassemia

(+)

@
(-) ﬁ
Iron

i

deficiency

@
(+) ﬁ

i

2021/8/1 Sysmex Webinar

ETHEZIBE ARBEMH R MmEE
TEERBIDAZ &

Inclusion : female university students, age = 18-30 yrs.
(N =304)

Exclusion : infection or inflammation, currently taking
iron tablet, chronic disease

Thalassemia
MCV, Hb profile, HbA2, PCR

Iron deficiency / Iron deficiency anemia
ID : Sfr <15 ng/mL

IDA: Hb <12 g/dL in women + ID

ID B&4T3 :25.7 %
Thalassemia BX{T3 : 49.7 %

7+ 4 B © Lab Med. 2020 Feb 13. pii: Imz099.



A New Indicator Derived From Reticulocyte
Hemoglobin Content for Screening Iron
Deficiency in an Area Prevalent for Thalassemia Ret-He factor (RHF)

Jutatip Jamnok, BSc,” Kanokwan Sanchaisuriya, PhD,?" Chaninthorn Chaitriphop, MSc,? [Ret-He / RDW-SD] x 10
Pattara Sanchaisuriya, PhD,? Goonnapa Fucharoen, MSc,? Supan Fucharoen, DSc?

RHF value in women with MCV < 78 fl Thalassemia Thalassemia 1 : Non-thal/non-ID
Without ID With ID
8o} : g , Y — -» 2 : o*-thal
751 —F I 3 : HbE trait
8| - -~ ; o2

7.0k S — 4 : HbE & a*-thal

65} E - e CUtoffm},S,,}l . i H 5 : HbCS trait
g o S : - 6 : HbE trait & HbCS trait

= S

[} e ARG SRS A o= gl ok 7'(X,°-tha|tralt

50 ; ' L 8 : HbE trait & af--thal

or 5f O S - 9 : Homozygous HbE & a*-thal

it e [ ol 2i : ID & a*-thal

Y ' 4b ~ i

With;utlD wnlhm 1 ¢ 5 5 £ 76 5 iba 3i : ID & HbE trait

B Women with MCV<78 fL D cases = 77 (25.7%)

100 H RHFcutoﬂ: 6..1 TIndicator AUC . . . .

2‘,;"’.0‘%:2?“%%.%‘22 A e In conclusion, we suggest that a prescription for iron supplement
o e — be given to women
g \g:t.ni:;‘.;m;;:sm (1) test positive for thalassemia (ie, MCV <78 fL) &
nsiti =68.6%
£ Specicy - 683% (2) RHF < 6.1
H
— RHF
R TS
False Positive Rate (%)
B A4 % © Lab Med. 2020 Feb 13. pii: Imz099.

2021/8/1 Sysmex Webinar 25
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' >
45/M, dizziness, headache, IDA? Thalassemia? ~sysmex
“ﬁgmj‘”’*}“’%ﬁ“‘ﬁ Ll FIETEIRA 110007126 17:30
5% © 1220161 wrrktcccc< MITIRE R e Gl Page 1
# % el FESE © 0000098202 DI121687207 “Ffi 45&_1&50 % PREE %8 - UK.
BLE 100712 FOR:PY S @R o R FLAI ARSI |
HRER TR B & Cd fabpeE .
08008 Reficulocyte  Reticulocyte L6 0.5~1.5 %
RET-He RET-He 31.7~37.6 rz
08011  WBC WBC 4.5~10 e 7 10°3ul
RBC RBC 6.22 4.5~6 \: 10"6/ul
Hemoglobin(Hb) Hemoglobin(Hb) 10.4 13~17 >20 g/dl
HCT HCT 379 40~52 <15 >55 %
MCV MCV 60.9 80~100 fl
MCH MCH 16.7 27~33 <0 >99999  pg
MCHC MCHC 274 § 32~36 <0 g/dl
PLT PLT 18 120350 /M_"f/_.— o - q9-1) 1w0om
RDW-SD RDW-SD | 36~46 RBL ¥ fL
08013 Neut_Seg % Neut_Seg % 63. ‘ 55~71 %
Lymph% Lymph% %7 & 20~56 %
Mono% Mono% 79 0~12 Li %
Eosin% Eosin% 13 0~5 Rette Lb 1 aH %
Baso% Baso% 0.4 0~1 e %
NRBC% NRBC% 0 (w30 ‘&"c\ /10078
Myeloblast Myeloblast 0 %
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2021/8ﬁ Sysmex Webinar




e
After Fe supplement x 14 days Hb: 10.4 => 13.0 e

sysmex
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RDW-SD RDW-SD 22:‘;? =
08013 Neut_Seg % Neut_Seg % i EXH ( 3/' / %
Lymph% Lymph% S
Mono% Mono% 0~5 l/[} L ¢p 5/( 4
Eosin% Eosin% "( hx,/ .
Baso% Baso% Q
NRBC% NRBC% }w ¢ , %
Myeloblast Myeloblast 0

2021/8/1 Sysmex Webinar

27



=L anfidential
sysmex

RDW for COVID-19 patients

2021/8/1 Sysmex Webinar 28



Contents lists available at ScienceDirect

Anaesthesia Critical Care & Pain Medicine

ELSEVIER journal homepage: www.elsevier.com

Original Article

Association between red blood cell distribution width and mortality
of COVID-19 patients

Aim — To determine whether there is an association between RDW at ICU admission and
mortality
(5715 RDW £1 COVID-19 ICUJR A mortality 2 Bl M)

Table 2 N t
Laboratory data at ICU admission of non-surviving and surviving patients. /

Survivors (n=118) Non-survivors (n=25) p Value
Lactic acid (mmol/L) - median (p 25-75) 1.33 (1.06-1.80) 1.60 (1.20-2.05) 0.20 H H H —_
Glucose (g/dL) - median (p 25-75) 140 (108-189) 158 (127-249) 0.14 ® ng her Creatl n I ne (p—0.0Z)
Sodium (mEq/L)- median (p 25-75) 138 (135-141) 139 (135-143) 0.60
Creatinine (mg/dl) - median (p 25-75) 0.86 (0.66-1.09) 1.07 (0.77-1.21) 0.02
Urea (mg/dl) - median (p 25-75) 39 (27-54) 65 (52-85) < 0,001 .
Protein (g/L) - median (p 25-75) 6.4 (59-7.0) 6.2 (59-6.7) 049 . H Ig h er U rea (p<0 . 00 1)
Albumin (g/L) - median (p 25-75) 3.2 (2.8-3.5) 3.4 (3.1-3.9) 0.25
Creatine kinase (U/L) - median (p 25-75) 121 (44-258) 209 (39-316) 0.63
Total bilirubin (mgfdl) - median (p 25-75) 0.60 (0.40-1.00) 0.72 (0.50-1.20) 0.16 - H
Aspartate transaminase (U/L) - median (p 25-75) 40 (30-71) 45 (23-123) 074 ° H |g her AI kal Ine p h 0Ss p h at ase
Alanine transaminase (U/L) - median (p 25-75) 38 (27-66) 31 (19-68) 0.22
Gamma-glutamyl transpeptidase (U/L) - median (p 25-75) 55 (35-108) 102 (39-176) 0.11
Lactate dehydrogenase (U/L) - median (p 25-75) 397 (309-475) 461 (287-561) 0.19
Alkaline phosphatase (U/L) - median (p 25-75) 57 (49-79) 88 (52-117) 0.04 (p:o . 04)
C-reactive protein (mg/gl) - median (p 25-75) 26 (13-102) 24 (14-59) 0.75
Procalcitonin (ng/ml) - median (p 25-75) 0.21 (0.09-0.59) 0.58 (0.16-0.84) 0.18
Ferritin (ng/ml) - median (p 25-75) 906 (593-1593) 1391 (977-1843) 0.18 .
NTproBNP (pg/ml) - median (p 25-75) 288 (130-1195) 3480 (468-6162) 007 e H |g her RDW (p:O 001)
Interleukin-6 (pg/ml) - median (p 25-75) 55 (6-237) 65 (35-249) 0.62 "
Haemoglobin (g/dL) - median (p 25-75) 13.0 (11.7-144) 12.7 (109-14.3) 0.50
Haematocrit (%) - median (p 25-75) 39 (35-43) 38 (34-43) 0.59 I I
RDW (%) — median (p 25-75) 13.3 (12.5-145) 14.1 (13.3-16.1) 0.001 [ ] ( p )
White blood cell - median*10° mm~? (p 25-75) 8.3 (6.0-11.8) 9.4 (5.6-12.8) 0.64 LOWer P ate et p O " 007
Neutrophils - median*10° mm™ (p 25-75) 7.2 (4.9-10.2) 7.6 (4.0-10.2) 0.99
Lymphocytes - median®10° mm™ (p 25-75) 0.72 (0.52-1.04) 0.70 (0.50-1.21) 0.78 .
Monocytes - median*10° mm™* (p 25-75) 0.42 (0.30-0.63) 0.40 (0.23-0.52) 0.24 ° ( s )
Eosinophils - median*10* mm~* (p 25-75) 0.00 (0.00-0.03) 0.01 (0.00-0.03) 0.37 H Ig her aPTT p O . 009
Basophils - median*10* mm~ (p 25-75) 0.01 (0.00-0.03) 0.01 (0.00-0.03) 091
Platelets - median*10% mm™2 (p 25-75) 243 (173-312) 198 (121-266) 0.007 . .
INR - median (p 25-75) 1.18 (1.08-1.32) 1.25 (1.16-1.41) 0.13 ° —_
aPTT (seconds) - median (p 25-75) 28 (24-32) 32 (29-36) 0,009 H Ig her arter | a-l p H (p_o . 008)
Fibrinogen (mg/dl) - median (p 25-75) 698 (524-810) 726 (548-894) 0.47
D-dimer (ng/mL) - median (p 25-75) 1154 (664-2663) 1758 (595-11365) 0.17
Pa02/[FI0;, ratio - median (p 25-75) 176 (104-234) 112 (100-174) 0.07
Arterial pH - median (p 25-75) 7.41 (7.34-7.46) 7.36 (7.29-7.42) 0.008

NTproBNP=N-terminal prohormone of Brain Natriuretic Peptide; RDW = Red blood cell Distribution Width (RDW); INR = International Normalized Ratio; aPTT = Activated
Partial Thromboplastin Time; PaO, =Pressure of arterial Oxygen; FIO,=Fraction Inspired Oxygen

2021/8/1 Sysmex Webinar EHR R
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Contents lists available at ScienceDirect

Anaesthesia Critical Care & Pain Medicine

journal homepage: www.elsevier.com

Original Article

Association between red blood cell distribution width and mortality
of COVID-19 patients

100 i g i
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Fig. 1. Receiver operating characteristic analysis using RDW for prediction of Elghz S'-“?’i"al C:WES at 30 days using red blood cell distribution width (RDW)
mortality at 30 days. igher or lower than 13.0%.
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e Introduction
o Why we need Ret-He & IPF tests?

o Ret-He for anemia patients
o DDx and Application

o IPF% for thrombocytopenia and COVID-19
o DDx, Monitoring, and Application

e SUmMmary
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Reticulated (Immature) Platelets

* |Immature Platelet Fraction (IPF) is a measure of
thrombopoietic activity.

* Measured by flow cytometry using RNA binding
dyes.

» Useful for the differential diagnosis of
thrombocytopenia and for monitoring bone

marrow recovery after chemotherapy or stem cell
transplantation.

2021/8/1 Sysmex Webinar



Immature platelets Fraction= IPF
Reticulated platelets

Megakaryoblast (8one marrow 25%) 4
first morphological stage, no thrombocytes in cytoplasm

Megakaryocyte (Bone marow 75%) 4-5 days

thrombocytes production in cytoplasm

v

Reticulated platelet (strangulated cytoplasm of Megakaryocyte) 4
4 Young thrombocyte in peripheral blood with a lot of RNA.

’f’ Produktion of different proteins: Glycoproteine b, llb (CD41)/llla (CDG1),
) | Cyclooxygenase, Thromboxan-5Synthetase, Phospholipase, PF4.

v 1-2 days
| P F Reticulated platelet

Young giantthrombocyte in peripheral blood

v

P Mature platelets
Mature thrombocytes with different volume 2-20 L.

Lifespan +/- 10 days. 10 days
Platelets turn over 7000/uL per day

2021/8/1 Sysmex Webinar



IPF Measurement on Sysmex hematology analyzer

Lateral fluorescent Information on RNA and DNA amounts
light intensity
Information concerning the internal

Side-scattered

L ) structure of cells (nucleus shape,
light intensity ( P

presence of cell granules, etc.)

Forward-scattered nf . i
e light intensity nformation on cell size

>

XN series XE series

o 3 mature erythrocytes reticulocytes
= & f - e ﬂ\m:.-b‘:..
=
=
g E .:?... i"fn‘ . y
£ &
3 -
n s
T :
g 2 |
w2 - mature platelets
— SFL 1 L 1 L
l Fluorescence Intensity (RNA/DNA) > Fluorescence intensity
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IPF Normal Ranges

Sysmex XN series

Healthy individuals

Sysmex XE series

Umbilical
Healthy individuals Umbilical cord blood Total Men Women cord blood
(n=2104) (n=140) (n=2152) (=125 (11=900) (n=133)
Platelet cour!ts, x10%/L Platelet counts (x10°/L)
Reference interval 159-353 174-405 Reference interval 162-347 161-338 164-360 191-39
Lower limit (95% CI) 156-162 160-187 Lower limit (95% CI) 160-164 158-164 160-169 168-208
Upper limit (95% CI) 348-358 383-422 Upper limit (95% CI) 340-353 326-344 351372 364-447
%-IPF, % %-IPF (%)
I Reference interval 1.0-7.3 1.0-4.4 Reference interval 05-33 05-3.1 05-34 0738 |
ower [Imit (95% Cl) 0.0-1.0 0.0-1.1 Lower fmit (95% CI) 0.5-0.5 0.5-0.6 0.5-0.5 0.7-0.9
Upper limit (95% CI) 6.9-7.6 4.1-5.8 Upper limit (95% CI) 3.2-34 3.0-3.3 3335 3.0-3.8
A-IPF, x10°/L A-IPF (X]Uqﬂ.}
Reference interval 2.5-15.6 2.9-12.8 Reference interval 1.25-7.02 1.30-6.80 1.21-7.15 1.94-9.69
Lower limit (95% CI) 2.3-2.6 2.5-3.4 Lower limit (95% CI) 1.19-1.30 1.20-141 1.10-1.27 1.66-2.38
Upper limit (95% CI) 15.0-16.3 10.7-17.8 Upper limit (95% CI 6.75-7.24 649-7.16 69-7.48 7.96-1057
Clin Chem Lab Med. 2015 Jun;53(7):1091-7 Int J Lab Hematol. 2013 Oct;35(5):528-33
400 + 8 18 1
350 { = geemss-===-=- 71 L 16 - )
~ 14 - Fid
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x w I’ % 10 1 Vg
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50 o B oee=-- 24 W ocee===""
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Clin. Lab. 2018:64:XXX-XXX
©Copyright

ORIGINAL ARTICLE

Effects of Analyzer Detection Method, Ethnicity, and
Reference Individuals on Reference Interval of
Immature Platelet Fraction

Ming-Feng Wu %", Hsien-Hsu H51eh 3:6." 'Wei-Chang Huang !¢, Kun-Mu Lu?, Jun-Hong Lin ?,

2021

Yi-Ching Lin° J1unn-M1n Wang ‘[m 34,3

Background: Immature platelet fraction (IPF) is a new biomarker for thrombopoiesis and inflammation. Howev-
er, the reference interval (RI) is wildly discrepant among published reports. This study aimed to establish the RI
of IPF for a population in Taiwan and evaluate the effects the detection method of the analyzer, ethnicity, and ref-
erence individuals have on the RI of IPF.

Methods: The RI of absolute IPF (A-IPF) and IPF% were established with healthy subjects from the outpatient
services of the Health Management Department of Taichung Veterans General Hospital between January 1, 2015
and March 1, 2016. These values were used along with published reports for meta-analysis.

Results: A-IPF (10°/L) and IPF% of Taiwanese were 6.9 - 7.6 and 3.1 - 3.4, respectively. Significant differences
were found when performing paired comparisons of the RI of A-IPF and IPF% published in reports. For A-IPF,
there was only one paired comparison with a significant difference (Z > 1.96) across 6 reports. Thus, the contribu-
tion of the factors examined on the RI of IPF cannot be determined. For IPF%, there were 8 paired comparisons
with significant differences across 10 reports. The discrepancy rates of RI for IPF% were 41.2%, 50.0%, and
25.0% with the difference of reference individuals, the analyzer method, and ethnicity, respectively.

Conclusions: The Rls of Taiwanese for A-IPF and IPF% were established. Furthermore, the analyzer detection
method and the reference individuals contribute to the discrepancy of the RI for IPF% and should be considered

?lue of IPF is interpreted.
§¥§|@é¥’9§é§fnb\ -xx. DOI: 10.7754/Clin.Lab.2018.171025)




Biological Reference Interval in Taiwan

Table 1
The demography characteristic of included subjects
All Male Female Age=45 Age< 45
(n=478) (n=257, 53.8%) (n=221.46.2%) (n=281,58.8%)  (n=197, _41,2%)
Year-old® 477+ 12.5 46.3+13.2 492+ 11.5 56.5£ 7.2 35.0£5.5
RBC* 4.8+ 0.5 51+ 0.3 4.6+ 0.3 4.7+ 0.4 5.0£0.5
WBC* 6.1+ 1.5 6.4+ 1.5 5.7£1.4 59+ 1.5 6.4+ 1.5
PLT* 2532+ 47.5 250.6£45.4 256.2:49.7 249.7+ 47.0 258.2+ 47.8
HGB* 145+ 1.4 15.5+£ 0.9 13.3£ 0.8 143+ 1.4 147+ 1.5
GOT* 21.6x4.9 22751 20344 222+ 449 206 4.8
GPT*® 21.6x 8.6 25.0=9.1 17.8+ 6.0 214+ 7.7 22.0+£ 9.8
A-TPF® 7.9+ 38 8.2+39 7.6+ 3.6 7.5+ 3.5 8.5+ 4.0
Qﬂ“u)e 33+ 1.8 34+ 1.8 3.1+ 1.7 3.1+ 1.7 34+ 1.8

Data was presented as mean+ standard deviation (SD)

(0 : non- parametric with Kolmogorov-Smimov test (p> 0.05) in all subjects.

£ : normal-distribution with Kolmogorov-Smimov test (p< 0.05) in all subjects.

2021/8/1 Sysmex Webinar
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Clinical Utility of IPF

> Diagnosis of Thrombocytopenia
> Monitor of Hematopoletic Recovery

> Reduce Prophylactic Transfusion

2021/8/1 Sysmex Webinar



Causes of Thrombocytopenia

* |ncreased destruction/consumption
— Idiopathic thrombocytopenic purpura (ITP)
— Thrombotic thrombocytopenic purpura (TTP)
— Hemolytic uremic syndrome(HUS)
— Hemophagocytic syndrome

« Decreased production
— Aplastic anemia (AA)
— Myelodysplastic syndrome (MDS)

* Infection or Medication-induced
* Other causes: pseudothrombocytopenia

2021/8/1 Sysmex Webinar



Algorithm for management of thrombocytopenia

150,000/mm<3
Peripheral blood smear

= =

i 1

Artificial
thrombocytopenia Real thromobcytopenia
T ‘ :
Isolate Non-isolate
|, [Pseudothrombocyopeni thrombocytopenia thrombocytopenia
(EDTA phenomenon) {} {}
Thrombocyte _
— Satellitism DAT negative DAT positive Blast Shistocyte
(Infections etc.) positive positive
Huge thrombocyte
Evans Bone marrow MAHA
Infiltration
Immune «TTP
|  thrombocyopenia * AML
* HELLP
*ALL
+DIC
| Drug induced *MDS « Eclampsia
+ Solid tumor .
- * Pregnancia fatty
: metastasis
Congenital i
- thrombocyte sydromes Iver
Bone marrow
examination

2021/8/1 Sysmex Webinar J Hematol « 2012;1(2-3):44-53



Distinguish ITP from Thrombocytopenic disorders

P<0.05
P<0.001 P<0.001 |
b | ] ’ | c P<0.001  P<0.001
45.0 )
40.0 | e |
40.0
35.0
35.0 .
X 30.0
L 4
a 300 A i
=) B R 250 &
8 25.0 e 4
A
z s 20.0 .
£ 00 e P
*A
15.0 # 0 *
& A
10.0 s X 10.0
WY » 200¢
8 Aa4hs X ‘ 4
50 1 ste 50 | .
& L) 5 :
00 - a5 3 el :
normal TP AA+CIT normal TP AA+CIT

normal range

% primary immune thrombocytopenia(ITP), aplastic anemia(AA) , chemotherapy-induced thrombocytopenia(CIT)

2021/8/1 Sysmex Webinar Int J Hematol. 2015 Apr;101(4):369-75.



IPF values in thrombocytopenia — diagnosis

= A (] =
60  ZIFIPFERIEE A S
fpe —
) F=2H 6%
o | PIH 10.8%
? 6RAEET 6%
« ITP(PLT<5E) P100%t3RIPF EF
= =5
40 - « ITP » TTP#EREISIPFEIEIER
[T ) A A
o - {EEEIPF%.A-IPFE{&Rnormal
g s o©
.g 30 o o ©
® IPF% Percentage of 1pp (51091
6 0 O patients with
o 8 8 Group Mean Minimum Maximum a high IPF Mean Minimum Maximum
o
20 o o © Normal 34 11 61 86 31 164
—g— 8 - Antenatal 84 32 146 75 150 86 277
o AITP 168 23 52:1 73 84 16 386
8 8 8 AITP 223 ) 92 483 100 78 |16 343
8 o { = } < (50 x 10°/1)
TTP 172 § 112 309 100 54 12 91
é ? TTP (remission) -0 23 88 33 104 54 165
= = % Chemotherapy 2:4 11 38 0 07 02 1-4
I ] 1

Normal Antenatal ITP ITP <50 TTP TTP Chemo
Remission
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INTERNATIONALE

Pediatric cacissrramss
RESEARCH ARTICLE WILEY Blood & aSphO

C - - The Amenican Socety of
a nce r Jfﬁlﬁﬁ“ﬁ'.g‘a‘ﬁbﬁw Pediatric Hematology/Oncology

_ Utility of the immature platelet fraction in pediatric immune
thrombocytopenia: Differentiating from bone marrow failure
and predicting bleeding risk

TABLE 1 Summary of cohort demographics and laboratorydata

ITP Bone marrow failure Malignancy Other All
Number of patients 97 (36%) 11 (4%) 126 (46%) 38 (14%) 272(100%)
Age (years) 5(0.3-20) 9(7-14) 8 (0.3-21) 4(02-19) 7(0.2-21)
Sex
Female 46 (47%) 7 (64%) 59 (47%) 23(61%) 135 (49.6%)
Platelet count 11(1-48) 12 (5-42) 20(1-49) 31(3-49) 16.5(1-49)
IPF 17.5(0.2-50.5) 28(15-7.7) 3.2(0.2-37.5) 8.7 (0.5-49.8) 6.7 (0.2-50.5)
Data presented as median (range) or count (% of total).
p = 0.0062
Cc [ ] D
60 p=09362  p=0.0005 =~ 15- p=0.0013
[ | | $3 ! p<0.0001 |
45- = % 1 p=0.0025
g 10+ —_
S 2o
s = £ X
= =%
15 g2y
- - 3 £ i
a5
'ﬂ ] | q z u L ] :
1-3 4-5 0 1-3 4-5

. 0
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Bone Marrow Biopsy: To do or NOT to do?

Original article

Immature platelet fraction (IPF): A reliable tool to predict peripheral
thrombocytopenia

Z. Van De Wyngaert?, E. Fournier™<, E. Bera“, M. Carrette?, V. Soenen®, ]. Gauthier?,
C. Preudhomme”, T. Boyer™"

2 Service des Maladies du Sang, CHU Lille, Lille, France
P Centre de Biologie -Pathologie, Laboratoire d’hématologie, CHU Lille, France

Table 3
IPF% values and platelet counts according to mechanism of thrombocytopenia.
Patients, n Platelet count, 10°/L IPF, %

Overall 117 31 [1 - 147) 10.1 [1.1 - 41.3]
Peripheral thrombocytopenia 68 (58) 28.5[1 - 147] 15.8 [2.9 - 41.3]
ITP 34 (29) 221 -120] 164 [4.3 - 41.3
Central thrombocytopenia 49 (42) 38 [1 - 119] 6.2 [1.1 F12.7]
MDS/AL 18 (14) 26.5[1 - 90] 6.6 [1.2 § 12.3]

Datas are given as total numbers (percentage of 117 patients) and median [range].
ITP: Idiopathic Thrombocytopenic Purpura, MDS: MyeloDysplastic Syndrome, AL: Acute Leukaemia.

2021/8/1 Sysmex Webinar Current Research in Translational medicine,
2010



IPF > 13% on Sysmex XN predict PT, and could
avoid BM test if isolated thrombocytopenia

Thrombocytopaenia
Platelet count <150 G/I

}

Search for obvious aetiology: sepsis, DIC, thrombetic microangiopathy, hypersplenism, malnutrition, drug toxicity, HIT...

|

No obvious cause
|
il v
Isolated Thrombocytopaenia Bi or pancytopaenia, or

macrocytosis
o

! ! |

IPF213% IPF<13% | If inconclusive, measure IPF% |

é , Control < 8%
[ Perform BMA ‘ ‘

Follow investigations

according to clinical 3 cr
context and BMA results PT:ITR, :::n’:'s;l'l‘l"’“ Follow investigations
hM' pDSe ith PT according to clinical
with context

Fig. 2. Decisional flow-chart to investigate thrombocytopenia.

DIC: Disseminated Intravascular Coagulation; HIT: Heparin-Induced Thrombocytopenia; IPF: Immature Platelet Fraction§PT- JBMA: bone
marrow aspiration; CT: central thrombocytopenia; MD5: myelodysplastic syndrome; ITP: Immune Thrombocytopenic Puiligusa

2021/8/1 Sysmex Webinar Current Research in Translational medicine, 2019




26/M, purpura, s/p transfusion at CHC

Hx of CMV, Hiccup after steroid, Dx? Tx’P

RWi:: ZHVE 7 GEERE [EE{E LIR{E TFRE
08006-1 lmmature Platelet 2373 i 1
LE00s Eeticulocyte 1.6 0.5~1.5 15 B

RET-He 31 31.7-376 376 31
08011 W.E.C 6.62 4.5~10 10 4.5
RBC 5.28 4 5~6 A 4.5
Hemoglobin{Hhb) 15.3 13~17 17 13
HCT 45.5 4052 52 40
MOV 86.2 80~100 100 &0
MCH 29.0 2733 33 27
MCHC 33.6 3236 36 a2
PLT 31 120~350 350 120
RDW-SD 39.9 3646 46 36
08013 Neut_Seg % 57.1 5571 71 55
Lymph% 35.1 2056 56 20
Mono % 4.7 012 12 0
Eosin% 2.0 (-5 5 0
Baso% 0.5 O~] 1 0
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F/U CMV+, DIC- HBV- HCV- Hp-HIV-

'\\ B.C RBC Hema"l%')"bm - MCV MCH ucnc PLT
11198 524 150 |45.6/87.0. 2865_329'1!»{
11.44|5.15| 14.6 (44.586.4(28.3| 32.8 | 57|
10.72(5.32| 152 |45.7/85.928.6| 333 | 70
1304520 149 437840 287 34.1 138

6.62 528 153 45.586.2/29.0 336 31
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Clinical Utility of IPF

> Diagnosis of Thrombocytopenia
> Monitor of Hematopoletic Recovery

> Reduce Prophylactic Transfusion

2021/8/1 Sysmex Webinar



Mean days to recovery after transplantation

50 patients undergoing peripheral hematopoietic cell transplants

14
12 12.5
10
>
- 2
=
¥ 6
=
4
2
0
IPF IRF PLT ANC

IPF recovered on average 3.1 days prior to platelet count recovery

2021/8/1 Sysmex Webinar Lab Hematol. 2006;12(3):125-30.



Predict hematologic recovery after transplantation

Bone Marrow Transplant. 2007 Apr;39(8):501-7

X% peripheral blood stem cell transplantation(PBSCT),bone marrow transplantation(BMT), cord blood transplantation(CBT),absolute
immature platelet count(AIPC),immature platelet fraction(IPF)

a 8r-A IPF 4 AIPC & Platelets 1120 h 6 80 c 6 50
5F __5r
_ ~ S0 ke i ~
J 6 - o — o <
% 2 ~ 2 x X
5 4r %:. g 3r %:' & 3 430 E
a % < | FB < y o
o 2 = ..
fu g S a0 2 22w g
T o = 2 = e 12"
e A 1F
) ; 0 ‘ 20 0 : : : 10
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Days after PRSCT ays after BMIT Vs after CBT
PBSCT P BMT P CBT P
Median % (range)
IPF. minimum 1.8 (0.4-2.5) 1.0 (0.4-2.1) 0.8 (0.4-1.2)
IPF, maximum 8.2 (5.1-34.0) 6.3 (4.2-12.9) 11.7 (4.2-19.4)
Mean days post transplantation (range)

| IPF>3.0% 1T (7-13) # 18 (6-22) i 19 (15-29) | 4

IPF=3.5% 1T (/-13) 21 (15-22) 23 (15-29)

IPF >4.0% 12 (7-14) 21 (15-28) 24 (15-29)

Platelet engraftment 12 (8-15) 0.3 22 (12-40) 0.01 32 (25-41) 0.01

RBC engraftment 14 (11-15) 0.2 25 (18-40) 0.02 36 (25-56) 0.01

Neutrophil engraftment 12 (10-18) 0.5 15 (11-20) 0.7 20 (12-28) 0.9

IRF=10% 14 (10-15) 0.7 16 (13-20) 0.9 21 (15-29) 0.4

» PBSCT restored hematopoiesis the fastest, followed by BMT.
2021/8/1 Sysmex V\éetWﬁEn IPF rise more than 3% represented the of hematologic recovery



IPF predicts PLT recovery after marrow suppression

P’t with Chemotherapy P’t with stem cell
Number of cases —— transplantation
Platelet f

Platelet recovery after the Group 1 Group 2 IPF peak thz ¢ dea r(:%fcovee;l{ IgFt;r
day of peak IPF% (days) (>10%") (<10%") (days) e ’
1 4 0 Group 1 Group 2
2 9 7 Diseases Age/sex HSCT I (>10%*) (<10%*) I
3 6 6
4 2 4 AML 36/m allo-BMT 2
5 1 5 AML 49/f allo-PBSCT 4, 11
6 0 3 ALL 41/t allo-PBSCT 7
7 1 7 RAEB-II 46/ allo-BMT 3, 6
Range (days) 1~7 2~7 RAEB-II 58/m allo-BMT 2
Median (days) C > ) NuL 40/m allo-BMT 6

. _ NHL 59/1 allo-BMT 4
;‘h; ingdée;n days of platelet recgovery. Group 1 vs. Group NHL 48/m AUL0-PBSCT D

T (>30x10°/L) Range (days) 2 3~]11]

IPF, immature platelet fraction. Med: d > 5
*IPF% peak value. edian {days)

IPF >10%, 2 days PLT recovery
IPF <10%, 5~6 days PLT recovery

2021/8/1 Sysmex Webinar Int J Lab Hematol. 2010 Dec;32(6 Pt 1):e208-16



Cut-off value of using IPF on hemocytometer

Hﬂ@l’l’lﬁt()l()g}?

European Journal of Haematology 93 (150-156)

Immature platelet fraction measured on the Sysmex XN
hemocytometer predicts thrombopoietic recovery after
autologous stem cell transplantation
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1-specificity Day

Optimal cutoff IPF was found to be 5.3% for platelet recovery
2021/8/1 Sysmex W‘évt!?:nglrn 2 days (specificity 0.98, sensitivity 0.47, PPV 0.93).
Eur J Haematol. 2014 Aug;93(2):150-6.



Clinical Utility of IPF

> Diagnosis of Thrombocytopenia
> Monitor of Hematopoletic Recovery

> Reduce Prophylactic Transfusion

2021/8/1 Sysmex Webinar



Avoid unnecessary prophylactic platelet transfusion
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Nadir Day 8
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(I/60 LX) L1d

150

1

Plt < 10° L1

Platelet recovery was defined as either PLT > 30x10°/L

or PLT increase 10x10°L over PLT nadir without

transfusion

Transfus Apher Sci. 2008 Apr;38(2):127-32
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On day 21 (PLT 0.9x10°L; IPF 11.5%), patient
was absence of bleeding or clinical evidence of
sepsis. Thus, PLT transfusion on day 22 was
unnecessary

Transfus Med. 2006 Apr;16(2):101-9.



Transfusion management during transplantation

[ Bleedings with IPF-rich
solution

[l Bleedings with IPF-poor
solution

Number of bleedings
.
AN

Number of transfusions

125

100 1

[ Transfusions with IPF-rich
solution

75 1

B Transfusions with IPF-poor
solution

50 1

25 -

0 -

Mean of the number of transfusions

Group Mean N SD Median Minimum Maximum

Rich IPF: 3.6%—7.0%
Rich IPF 4.15 20 0.489 4 6
Total 5.30 40 1324 4 8

Note: The Mann—Whitney test shows a significant difference (P < 0.001).
Abbreviation: IPF, immature platelet fraction.

IPF reduces the number of transfusions and bleedings after
peripheral blood stem cell transplantation in pediatric patients

2021/8/1 Sysmex Webinar
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Summary of IPF analysis on hematology analyzer

¢ Automated, easy to perform, standardized results.
¢ Eliminate variation between operators.
4 Receive rapid report during clinic visit.

¢ |IPF helps to distinguish thrombocytopenic disorders.

€ Reduce unnecessary prophylactic platelet transfusion.
4 Monitoring of bone marrow thrombopoiesis

¢ New biomarkers...




IPF for COVID-19 patients
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Summary

COVID-19, caused by SARS-CoV-2, is a contagious life-threatening viral
disease that has killed more than three million people worldwide to date.
Attempts have been made to identify biomarker(s) to stratify disease sever-
ity and improve treatment and resource allocation. Patients with SARS-
COV-2 infection manifest with a higher inflammatory response and platelet
hyperreactivity; this raises the question of the role of thrombopoiesis in
COVID-19 infection. Immature platelet fraction (IPF, %) and immature
platelet counts (IPC, x10°/1) can be used to assess thrombopoiesis. This
study investigates whether the level of thrombopoiesis correlates with

COVID-19 severity. A large cohort of 678 well-characterized COVID-19
patients was analyzed, including 658 (97%) hospitalized and 139 (21%)
admitted to the intensive care unit (ICU). Elevated percentage IPF at pre-

sentation was predictive of length of hospitalization (P < 0-01) and ICU
admission (P < 0-05). Additionally, percentage IPF at the peak was signifi-
cantly higher among ICU patients than non-ICU patients (6-9 £ 5-1 vs
5-3 £+ 84, P < 0-01) and among deceased patients than recovered patients
(79 &+ 63 vs 54 + 7-8, P < 0-01). Furthermore, IPC at the peak was sig-
nificantly higher among ICU patients than non-ICU patients (18-5 £ 16-2
vs. 13-2 £ 83, P < 0-05) and among patients on a ventilator than those
not (22-1 &+ 20-1 vs.13-4 £ 8-4, P < 0-05). Our study demonstrated that
elevated initial and peak values of percentage IPF and IPC might serve as
prognostic biomarkers for COVID-19 progression to severe conditions.

Keywords: immature platelet, IPF, reticulated platelets, COVID-19,
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Table II. IPF (%,) IPC and platelet count by severity outcomes.

In house mortality Admitted to ICU among hospitalized Ventilator use among hospitalized

Characteristics All Yes (n = 56) No (n = 622) P* Yes (n = 139) No (n=519) P* Yes (n = 79) No (n =579) P*

IPF (%) Initial presentation Mean+SD 49 + 3-2 64 + 57 48 + 28 0-09 58 + 4.6 4.7 + 26 0-03 58 + 43 4.8 + 30 0-06
IPF (%) Peak Mean+SD 53 4+ 35 79 + 63 54 + 78 <0-01 69 + 5-1 53 + 84 <0-01 7-5 £ 5:0 54 + 81 <0-01
High IPF at High (n, %) 164 (24-2%) 17 (30-4%) 147 (23:6%) 0-2608 44 (31-7%) 113 (21-8%) 0-02 57 (34-:2%) 137 (22-9%) 0-04

Initial presentation (>6-1%)

High IPF at peak (>6-1%) High (n, %) 191 (28-2%) 27 (48-2%) 164 (26:4%) <0-01 59 (42-4%) 125 (24-1%) <0-01 40 (50:6%) 151 (25-2%) <0-01
IPC (x109/l) at initial presentation Mean=SD 10-0 £ 6:1 11:0 £+ 106 10-6 + 6-2 0-31 12-1 £ 9-1 10-:2 £+ 56 0-41 12.5 £ 97 10-4 £ 60 0-50
IPC (x10°/1) at peak Mean+£SD 13-4 £ 97 159 + 168 14-0 £ 10-0 0-56 18:5 + 162 13-2 +£ 83 0-045 22-1 £ 20-1 13-4 + 84 0-03
Platelet count (x10%/1) at Mean+SD 222-2 + 989 1809 + 974 2260 + 98-3 <0-01 219-7 + 1045 2240 + 98-5 0-60 2215 £ 111-9 2233 + 98-0 0-07

initial presentation
Platelet count (x107/1) at peak Mean=+SD 269-1 + 127-3  223-1 £ 1192 273-3 &+ 127-3 0-01 2789 £ 136-1 268-8 £ 126:0  0-30 2924 £ 1376 268-0 + 1267 0-80
Platelet count (x10°/1), minimum  Mean+SD 213-8 + 98.7 158-4 + 107-1 2188 + 96-7 <0-01 193-4 + 101-8  220-0 + 98-2 <0-01 185-6 + 110-4 218-3 + 974 <0:01

ICU, intensive care unit; IPC, immature platelet counts; IPF, immature platelet fraction.
*Two-sided Wilcoxon rank-sum test.

95% Confidence Interval

Lower Upper

Qutcomes Odds Ratio OR CL
'Death

IPF Admission —= 1.11 1.04 1.14

IPF Peak —— 1.18 11 1.29
ICU

IPF Admission - 1.1 1.04 1.16

IPF Peak - 114 108 1.2
Ventilator

|IPF Admission —— 1.08 1.02 1.15

IPF Peak - 1.14 1.08 1174

I T T |
0.0 05 1.0 15 2.0

1. Logistic regression results of immature platelet fraction (IPF, %) on death, intensive care unit (ICU) and mechanical ventilation require-
2021/8/1 Syﬁmeﬂé Webiitiadhce interval [lower confidence limit (CL)—upper CL] of odds ratios (OR) does not include ‘1’ and is statistically significant 59
under o = 0-05. [Colour figure can be viewed at wileyonlinelibrary.com]
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Immature platelet fraction: is a novel early predictive
marker for disease severity in patients with Covid-19
pneumonia?

[immatiir Platelet Fraksiyonu: Covid-19 Pnémonisi Olan Hastalarda Hastalik Siddeti igin Yeni Bir
Erken Prediktif Belirteg olabilir mi?]
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Abstract
Objectives

In many diseases, immature platelet fraction (IPF%) is related to coagulopathy and poor outcome. This study
aimed to investigate the predictive value of IPF% for the severity of pneumonia in patients with Coronavirus
Disease 2019 (COVID-19).

Methods

A total of 154 patients with COVID-19 infections were included. The patients were divided into two groups
according to the severity of pneumonia (severe and non-severe) regarding their oxygen demand.

Results

Given laboratory parameters, the median IPF% was significantly higher in the severe group (11.9 vs. 3.9%,
P<0.001). Mean platelet volume (p<0.001), platelet-large cell ratio (p=0.001), platelet distribution width
(p=0.001), D-Dimer (p<0.001), INR (p=0.003), and aPTT (p=0.007) were also found to be significantly higher
in the severe group. Moreover, IPF (p=0.014, Odds ratio = 2.000, 95%CI: 1.149-3.482) was an independent
predictor for the severity. The curve value from receiver operating characteristics was 0.879 (p<0.001, 95%CI:
0.784-0.943) for determining the severity of pneumonia. IPF% had a sensitivity and specificity value of 69.5
and 92.4% to detect the disease’s severity.

Conclusions

IPF% is an independent predictor for the severity of COVID-19 pneumonia. Assessment of IPF% may both

help to early determine high-risk patients with COVID-19 and to alert the physicians.




Table 1: Baseline hospital admission demographic, clinical and laboratory features of all, severe and non-severe Covid-19 patients.

All patients (n=154) Severe (n=44) Non-severe (n=110) p* value
Male/Female, n 87/67 27/17 60/50 0.607°
Age, years 55 (18-91) 63 (20-91) 45 (18-89) 0.003’
BMI 26 (19-31) 29 (20-31) 25 (19-31) 0.628!
Current smoker 6 (4%) 1(2%) 5 (5%) 0.466"
Comorbid conditions
Hypertension (n,%) 45 (29%) 21 (48%) 24 (22%) 0.043%
Diabetes (n,%) 35 (23%) 8 (19%) 27 (25%) 0.781*
Cardiovascular disease (n,%) 21 (14%) 8 (19%) 13 (12%) 0.650"
Chronic obstructive pulmonary disease (n,%) 6 (4%) 4 (9%) 2 (2%) 0.424*
Chronic kidney disease (n,%) 2 (1%) 2 (5%) 0 0.522*
Other (n,%) 37 (24%) 19 (43%) 18 (16%) 0.024"
Symptoms
Fever (n,%) 144 (93%) 42 (95%) 102 (93%) 0,859’
Cough (n,%) 110 (71%) 31 (71%) 79 (72%) 0.852°
Sputum (n,%) 30 (19%) 17 (38%) 13 (12%) 0.020*
Dyspnea (n,%) 79 (51%) 44 (100%) 35 (32%) <0.0013
Fatigue or myalgia (n,%) 63 (41%) 19 (43%) 44 (40%) 0.995*
Nausea or vomiting (n,%) 15 (10%) 4 (9%) 11 (10%) 0.777*
Diarrhea (n,%) 12 (8%) 2 (4%) 10 (9%) 0.770%
Anosmia (n,%) 75 (49%) 29 (67%) 46 (42%) 0.077°
Laboratory findings
Immature platelet fraction, % 4.75(0.70-31.1) 11.9 (3.4-31.1) 3.9 (0.70-15.2) <0.001"
Platelet count (10°/L) 232 (150-636) 196 (150-636) 244 (155-460) 0.065"
Mean platelet volume, fL 11.2+1.29 12.1 +1.22 10.8 + 1.10 <0.001>
Platelet-large cell ratio, % 34 +9.87 40.5 + 9.30 31.4 +8.84 0.001?
Platelet distribution width, fL 13.1 (7.50-24.5) 15.6 (10.3-21.9) 12.4 (7.50-24.5) 0.001*
Hemoglobin, g/dL 12.1 +2.38 10.7 + 2.92 12.7 +1.83 0.0012
Immature granulocyte ratio, % 0.60 (0.10-13.6) 1.20 (0.30-4.50) 0.50 (0.10-13.6) 0.001!
Leukocyte count 10°/L) 7.51(3.01-28.0) 10.0 (3.23-28.0) 7.19 (3.01-19.6) 0.001!
Neutrophil count (10°/L) 4.77 (1.06-17.6) 7.92 (1.92-17.5) 4.36 (1.06-17.6) <0.001?
Lymphocyte count (10°/L) 1.28 + 0.59 0.97 (0.19-2.05) 1.41 (0.45-9.50) 0.002"
Neutrophil-to-lymphocyte ratio 3.52 (0.26-85.2) 10.7 (1.83-85.2) 3.27 (0.26-16.7) <0.001*
Monocyte count (10°/L) 0.56 (0.03-9.34) 0.54 (0.11-9.34) 0.58 (0.03-2.33) 0.768!
C-reactive protein, mg/L 42.6 (0.60-308) 52.9 (0.80-308) 34.9 (0.60-192) 0.024!
Ferritin, ng/mL 311 (20.0-4,427) 458 (66.0-4,427) 274 (20.0-2,306) 0.016"
Lactate dehydrogenase, U/L 233 (94.0-1,015) 279 (177-1,010) 220 (94.0-1,015) 0.081"
Lactate, mmol/L 2.15(0.80-8.30) 2.85(1.20-8.30) 2.05 (0.80-4.0) 0.090!
D-dimer, ug/L 1,400 (190-8,650) 2,800 (340-8,650) 975 (190-6,600) <0.001’
Prothrombin time, % 103 (19.1-165) 103 (73.9-132) 103 (19.1-165) 0.972'
International normalized ratio (INR) 1.02 (0.88-8.17) 1.07 (0.96-8.17) 1 (0.88-2.96) 0.003!
Activated partial thromboplastin time (s) 29.0 (15.0-73.0) 34.0 (15.0-73.0) 27.5(17.0-52.0) 0.007*
Fibrinogen, g/L 4.47 +1.14 5.02 +1.37 4.25+1.01 0.0642
Interleukin-6, ng/L 44.6 (1.50-2,494) 94.2 (4.70-2,494) 17.4 (1.50-216) 0.002!

distributed data were expressed as med (min-max), normally distributed data were expressed mean + SD.

202 1 /8/1 Sysmex Web:hﬂﬁsﬁm between severe and non-severe cases.’Mann Whitney u test, *Student’s t-test, >Chi Square test, “Fisher Exact test.Non-normally
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Table 2: The multivariate logistic regression analyses to detect the
independent variables for the disease severity.

Dependent Predictors OR* 95% ClI (lower- p-

variable upper bound) Value

Severity Age 1.039 0.947-1.141 0.419
Gender 0.074 0.001-6.645 0.257
IPF 2.000 1.149-3.482 0.014
Hemoglobin 0.690 0.180-2.646 0.589
IG 1.382 0.811-2.353 0.234
Leukocyte 1.497 0.835-2.684 0.176
count
NLR 1.489 0.857-2.589 0.158
CRP 0.996 0.970-1.021 0.731
Ferritin 1.002 0.997-1.007 0.383
D-dimer 1.001 1.000-1.003 0.061

The model was statistically significant (p<0.05). The Nagelkerke R?
was 0.888 and significance for model fit Hosmer Lemeshow was,
p=1.00. IPF: Immature Platelet Fraction, IG: Immature Granulocytes,
NLR: Neutrophil-to-Lymphocyte Ratio, CRP: C-reactive Protein, OR*
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