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Abstract

Construction of a deep learning model for recognizing

myeloproliferative neoplasm based on neutrophil morphology

Ph- myeloproliferative neoplasm (MPN) is a group of hematopoietic stem cell
clonal diseases. It usually causes abnormal increase of cell number of one or multiple
lines. They mainly include Essential thrombocytosis (ET), Polycythemia Vera (PV)
and Primary Thrombocytosis (PMF). At present, MPN is mainly diagnosed based on
clinical manifestations, hematological changes, histopathology and typical gene
mutations. Recently, many literatures have discussed that the occurrence and
development of MPN is closely related to inflammation, and some scholars even
believe that the damage of inflammation on hematopoietic stem cells in MPN is
earlier than the occurrence of gene mutation. Dragana et al." emphasized the
importance of neutrophils in the occurrence and development of MPNS. In addition,
the present study suggests the presence of three heterogeneous neutrophils in tumor
patients. With the rapid development of artificial intelligence in recent years, this
cutting-edge technology has been gradually applied to various aspects of the medical
field. Deep learning in artificial intelligence has unparalleled information mining
ability. It can automatically capture potential information without relying on human
selection features. It plays an important role in image classification, object detection
and semantic segmentation. More and more studies have also confirmed that the
accuracy and sensitivity of deep learning algorithm in distinguishing different cell
morphology in blood diseases can reach more than 90%, reaching or even surpassing
the expert level. In this study, a new method was proposed to establish a deep learning
model based on neutrophil morphology to identify myeloproliferative neoplasm and
determine whether patients are MPN and MPN subtypes. The PicoDet deep learning
object detection method selected by us achieves good classification prediction effect.

Therefore, deep learning can realize auxiliary diagnosis and classification of MPNS.
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R4 FEXLAFR H A4 AR
MPN myeloproliferative neoplasm B RS G PR
PV Polycythemia Vera LI LT 40 3 2
ET Primary Thrombocytosis JR A AL/ 22
PMF Primary Thrombocytosis JR R B BE LT 4EAL
TANS Tumor associated neutrophils Jif IR R 2 Hh L T
LDN Low density neutrophils IG5 B v ek 4
HDN High density neutrophils TR B R AT 4
MDSCs Myeloid-derived suppressor cells B B A0 o) 2
HSCs Hematopoietic stem cells i M4 i
HPCs Hematopoietic progenitor cells 1 mAH 4m
ROS Reactive oxygen species TG 1t 2
RSN reactive nitrogen species TR
Al Artificial Intelligence N T# g
CNN Convolutional Neural Networks LR K 2%
DL Deep learning IRE 2]
Precision K1
R Recall FEEI RS
AP Average Precision YNGR
mAP mean Average Precision SRR IR S
TP True positive FLRHME
TN True negative HA
FP False positive (AR ES
FN False negative BB 1
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UL 2 ) e I A e R AR SR I N 2 E,  ELPE LT AN Y
ZIEA R M BELT A 1 ISR VB RE LT 4EA S0y T A YEAG T HH PMF Al
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PRI RAZ 0T JAK-SATA S AHK . (HSEFEHE AN B MPN BB T, Bk 2 i)~
FNA IR HE R TR | S % e D fig e R E R AR K R AR vt e A A
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B BESG A IR RO T IR AE 60 & it . MPN B EE BVEPEEH W, H
FEJUR A /N 3 22 05 v Lo Ve B R IR . MPN R R, A ARk ™. H
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%% 2.1 MPN 2016 4 WHO 2 tqfr >

Polycythemia vera (PV)* Essential thrombocythemia (ET)®

Major criteria

1 Hemoglobin > 16.5 g/dL(men)Hemoglobin > 16.0 g/dL (womenjor Platelet count > 450 x 10%/L
Hematocrit > 49% (men) Hematocrit > 48% (women) orincreased red
cell mass (RCM)®

2 BM biopsy showing hypercellularity for age with trilineage growth BM bicpsy showing proliferation mainly of the megakaryocyte lineage

(panmyelosis) including prominent erythroid, granulocytic and with increased numbers of enlarged, mature megakaryocytes with
megakaryocytic proliferation with pleomorphic, mature hyperlobulated nuclei. No significant left-shift of neutrophil granulopoiesis
megakaryocytes (differences in size) or erythropoiesis and very rarely minor (grade 1) increase in reticulin
fibers®
3 Presence of JAKZ or JAK? exon 12 mutation Not meeting WHO criteria for BCR-ABLT + CML, PV, PMF, MDS, or other

myeloid neoplasms
4 Presence of JAK2, CALR or MPL mutation
Minor criteria

1 Subnormal serum erythropoietin level Presence of a donal marker (e.g, abnormal karyotype) or absence of
evidence for reactive thrombocytosis

Primary myelofibrosis (PMF)?

Prefibrotic/early PMF (pre-PMF) Overt PMF

Major aiteria
1 Megakaryocytic proliferation and atypia® without reticulin fibrosis>  Megakaryocyte proliferation and atypia® accompanied by either reticulin

grade 1° accompanied by increased age-adjusted BM cellularity, and/or collagen fibrosis (grade 2 or 3)
granulocytic proliferation and often decreased erythropoiesis

2 Not meeting WHO criteria for BCR-ABLT + CML, PV, ET, MDS, or other  Not meeting WHO criteria for BCR-ABLT + CML, PV, ET, MDS or other
myeloid neoplasm myeloid neoplasm

3 Presence of JAK2, CALR, or MPL mutation or in the absence of these  Presence of JAK2, CALR, or MPL mutation or in the absence, the presence af
mutations, presence of another clonal marker® or absence of minor  another clonal marker® or absence of evidence for reactive BM fibrosis’

reactive BM reticulin fibrosis®

Minor criteria

1 Presence of one or more of the following, confirmed in two Presence of one ar more of the following confirmed in two consecutive
consecutive determinations: determinations:
+ Anemia not attributed to a comorbid condition + Anemia not attributed to a comorbid condition
« Leukocytosis > 11 x 107/L + Leukocytosis > 11 x 10°/L
« Palpable splenomegaly « Palpable splenomegaly

- LDH level above the upper limit of the institutional reference range - LDH level above the upper limit of the institutional reference range

- Leukoerythroblastosis

A [ IR B G PR TR A B % B RRE R e PV RRFIE 2 2140 i 1 A 1
INEA L, ELFE AL A VR BRI LA R ARG . LA 2 R Bl A LN B
MR % . 4R ZHIEH JAK2VOLTF 5848, (ARG 95%LA b, AHAFH
JAK2 5 12 MR FIAZ BT IRFE A2 RS20 /R 38 22 A0 B AZ 40 i s ) 1 £
— AN LN AR IR 3G 2 o R LI IR B A /& JAK2V617F, 2945
2RI 50-60%, CALR KAL) 5 A ¥ 30%, MPL JRAFL (5 4= 5
1) 5%. PMF HHFIEAS 75 1 EAZ A AR A M i 35 5, DA i A 4L 41 21
(AR FBE NG M) BE . HHR JAK2V617F RAF 4504 1) 50-60%, CALR %
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A2 ARG 30%, MPL AL 5 2R G 8%. H BEW EAE MPN {14512
Wrkc o S N4 Y, JCH AR AR SRR /NS 22 R AT 2T 248 A6 1T 3 PMF AR (158531
JEUR A /IS 22 0 P i RS B AR L AR, LB G A8 T, KR AL R 1Y
IR WEMBE AR BRI BEENLEE A, I R RRECK,
AR AT HE AL HT ) PMF BE - BB LG AR, DURL AR e B R I AN,
AR ET AR BRI, RN, gt
o RAEZLAMIE 2 AE R B E RN E A L= RIE g, R KARLEZREH
P BRI A H N 2 A O 4 .

R SRR B A B R TR B R A AR e H USRI . 3 4b
KB BERE B AT JE NGS R RAAG MK — TAF, P55 TAFE AL RAR A IR AE
B=Or A F], bR R E IR A

2.1.2 MPN YE 24 7] §8 5 o R0 40 fa A o

EIR JAK2V617F.CALR A MPL SR7) 5 PR TRAL 2 il 164 5 P g o A2 1)
TR, B RIARE I RAS AT LA B =R R I PR LAY, $E 28 TE IR 56 IR 1) e A8
WA LS MPN (R4, U i J0 25 S R R 75 THI R AT MPN 4324

BT [ERE ¥ TR AL 3 BN [ PRI PR 2R3 A 1), Sk B A BRI 535 8 5 AN W )
NIRRT SRR AT, A JAK2V61TF SEAER JAK2 (bR, dEIKE)
B IR 978 DA S AR AN B SN - CALR FAR 8 B ) B BE O S #87E — e R |
ffRE T i

BT RN, SR AT 5 MPN BIi R AVE K™, JAK2V61T7F RAZAFAEAL
GG 2 MR, ET JUPAGERE T, T PV 2% ARG T, 28% NG T,
PMF 86%2 4 &1, 14% A4iET

Ralph Tiedt &5 N &KL 7 FAELLA M HG 22 9 o %A JAK2V617F 5B AR
JAK2 R WIS v TR MR ML/ RE 20, 4878 17 R JAK2V617F 5874
T JAK2 LA — @R B TR/ R MPN R,

#ERIE, TET2 F1 DNMT3A /& MPN &3 BRI 3 & R A% DA L P 22 DR
A7 H AT EER MPN TEAYAROG . TET2 ThAERIE K2 550 DNA i H AL, 58 M 4H
J A 1) B BE S AZ A AL — TR FUARAE 1 JAK2V617F [HYER) MPN A4
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DNMT3A [ IRENE R PR RO . AT B 50 R IR G L 28 A8 I o] i 4
FHEAFMIEALA, ORTMANN 28“ &I | TET2 RAZHFT JAK2V617F K
[ B R F ET R AL, M TET2 RARTE JAK2V617F 2 J5 B Wi T PV R,

CALR RAFFIRAUB LML T — 2 MPN KA Z 7, CALRI B RAAE JFUR
BELF AL R WL, FHEEZ S, CALR2 RIS RS 33 ET, JFHLI CALR 1
RIGEAS (K] BT A5 0 = I /AR50 o 0 F 70 35 W B R SO B2t Tl R & MPN
PR LRSN3R o TR LU DR AR | i BEAMER 58 5 K A 28 0 1 i Yo o
A 4 5 195 365 I T4 R 2 DDA O

2.2 HERIZHHAE MPN FI/ER

2.2.1 MPN 5 R EHE IR

AR, RAEHEHE MPN )R A 0BKBR 2 (1) % ¥ #:3%Z2 . Hasselbalch 58 A1
B TWATIRSY B RSN R B, 0 MPN & AEVESR, 1 H. AT
CAABE W2 18 1 9 RE AN iR I A 2 TR BB R IR 1, IF4L T MPN A DA AR
Fe PP NSRARIERAY ™ . Laura F S5 ] | R AEAE MPN Hglid& | — AR T
JAK2V617F MR i T A A A . SFse b, 18V e R MR — N
LA SR e Rl A SN IR S SO A . MPN g R
Ape AL 2 18] (I 2 L4 TNF-ofie it JAK2V617f [ 40 i 5o B3 4 PiriiE sk

MPN i B A 215 A R T 1 Ok R CATEIR 20 A0 R gl ) ST 3 17
T 7 8 W% PR 4L (Reactive oxygen species, ROS) 7725 (R H HIANE 1 & (reactive nitrogen
species, RSND ARSI FHE 5 MPN KR 2% UIAH G . ROS 1458 1] fe 40 1) B R
BEis e, SRR LK ) JAK/STAT {55 ZEK*. ROS F1 RNS 7KF [ 38 i
A L E S 80T 40 P9 Y DNA 8245, ROS BT i ELHAIE B 2 BRI 2 IR 40 e
IR, SEEARAM B RS o FERAEN T IBE R G AL A,
#57 DNA $475 18 22 40 W 7] e f 28 A9 RAD B R AR 8, IXBERTRE MR 3050
BEPEEBEIG A, AT REAES) AL E ) B BE AT AR B s
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