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Precision Medicine (G # %5 % ) comes from
The Right diagnosis
The Right Drug
For Right Patient (NGS)
With Right Dose (TDM)
On Right Time (MRD)

B2 mEBRZE!




P2 g2

‘/ﬁ’vﬁﬂ‘p’ﬁ&ﬁ* gFaYREF P Ep 4 RBA
B HP28% 2 4 K- '

o FOER B R o

T % 7HH 4. Hb9.5; MCV 69; RBC 4.0x10%; Platelet

455K; WBC 6500 (neutrophil: 65.3%, lymphocyte.
34.7%) -

&Fec 13.4; TIBC 466, iron saturation: 2.8%; Ferritin 5.1
QLA BBILY 6—- B2 o nioF P 3110 MR
BRI O A o



s Tl T R £ T e B o R

LS B T
2. ¥ At R g (9 R BT )
# o FpdF & ek 8 s BET S o
i Bt (MRD)
# Advance 1n leukemia
BRI R S R BB AT (AT H
o )

3. BB R

g
=



¢ » /% % 5 (Hematology)
¥ WA e

¢ (¥ 12)"873 7 F (Oncology)



% % (Blood) 2=

& %A d o ffon fﬁ%b’”rfﬂz“ 0
L IR A A O - S N5 B S S

AR s A

v/

=

i

\:l 0}::_"_}"]': A \'—"%’ ﬁ/;““ol‘::_"_ S \'—"%’%

ER- N BT  INPULE g I

& 57 & A K AEY R At A




© 2001 Terese Winslow Lyda Kbnk



F AR R 2
L 2R &}%ﬁ{a‘ﬁ ¥ 4L~ o IR (CBO) s w Lﬁﬁaﬁi ¥ TiE A e
B ¢4
e &1 (RBO)
o v n 3k & ¥ (WBC)
e I n i v (Platelet, Coagulopathy)
o ¥ ¥f % gk iF ¥ (Bone marrow failure)
® u J§ (v x J5) (Leukemia)
® it ¥ J& (Lymphoma)



ﬁ%l.u- i {(ﬁ%}‘* » IR frn /] 4F)

® o B G MBS CFF2 S id e 0 LA
ez Bl gr RATE S -

& & Ky BB R 63 AL - 5
S F L FF A2 - 3 BCTFhE S 410

W3+ L2 — o

® B B Al 6 AT H e R SR

& F A A4 FIaRE R AL LT
* & BEx oo

-






® |~ A BA4gk e 3% fﬁ_ﬁxi’-’r—- B2 %k ,};&3 é’}j\ ‘@_w—é :
q

& EEnEF e g AP FF %%Eﬂ?;iﬁ Fl# e g 2 FR
%kﬁm@,%¢~ééﬁi’%%%mﬁiﬁi’iﬁp
Frr g Sgdl(® ¥4k Za ﬁéﬂﬁ%*%ﬁmwﬁﬁﬁmﬁ)’_
I #P4E3F/mm’ 2 (v 2K E F BE4F~1F/mm3) > A
L SN A2 R Rt N 5;»;&%;;;194% 0

i h T RETEEHT R LB CRRX
J




The leukemias

¢ arc the most common malignancy 1n childhood (about 30%-40%
of childhood cancers)

¢ defined as a group of malignant diseases in which genetic
abnormalities in a hematopoietic cell give rise to a clonal
proliferation of cells.

¢ the progeny of these cells have a growth advantage over normal
cellular elements owing to an increase rate of proliferation, a
decreased rate of spontaneous apoptosis, or both

& this result is a disruption of normal marrow function and,
ultimately, marrow failure




The location of leukemia is Bone marrow

Bone Marrow




- ARG oy e i A 5

-

7 Il e R 5

-
c
v

E15 s

-
C‘
v
-

EX R ER

-
-

7 Il e R 5

X - eI
& 4 4)(BCR-ABL) ~ % # 7




SES TR L EANE RS g E

ENEERIEMEFEE B MR BB E X BIhESIET FHER
=]

2020/06/02 21:17

00D

]'L e’
_“--'/'_- i .
W7 5
R
A {Z {fw
. - i ‘f




TR 2EYE 8
1.

s Ty TRk T AR

zt /5
S EL o BopskdeT

L) Jﬂ;'jﬂ- /S'P‘m”é" R EFEA o F A

| n B F



Diagnosis of leukemia

4 Symptoms and signs
¢ PE: lymphadenopathy, hepatosplenomegaly...
¢ Lab:

e (CBC: anemia, thrombocytopennia, leukopenia or leukocytosis
(7 FCBC¢ =21 %)

® Peripheral blood smear: leukemic cells (mimicking as atypical
lymphocytes or lymphocytes)

® Bone marrow aspiration/biopsy: morphology,

immunophenotyping, karyotype/molecular analysis



DDx of leukemia

¢ Primary bone marrow failure: aplastic anemia

¢ Failure of a single cell line: ITP, congenital
neutropenia,

¢ Infection: infectious mononucleosis, hemophagocytic
syndrome

¢ Other malignancy that may invade the bone marrow:
neuroblastoma, rhabdomyosarcoma, Ewing's
sarcoma, retinoblastoma



Diagnosis in leukemia

1. Morphology/Cytochemistry (FAB Classification)
2. Immunophenotyping (cell marker)

3. Cytogenetics/karyotype (chromosome study)

4. Molecular biology
Fuorescent in situ hybridization (FISH)
Polymerase chain reaction (PCR): oncogene
DNA microarray



Morphology/Cytochemistry (FAB Classification)

FAB designation % of total Prominent features
ALL
L1 82 Small blasts with scanty cytoplasm, regular nuclear shape, fine-to-slightly coarse chromatin and
inconspicuous nucleoli, often with an admixture of larger blasts
L2 15 Large and heterogeneous blasts with abundant cytoplasm, irregularly shaped nuclei, variable
chromatin pattern, and prominent nucleoli, often with an admixture of smaller blasts
L3 3 Large and homogeneous blasts with finely stippled chromatin, prominent nucleoli, and abundant
deep-blue cytoplasm, often with_vacuolation
AML
MO 2 Large and agranular blasts with minimal myeloid differentiation; negative myeloperoxidase and
Sudan black B by cytochemistry; expression of at least one myeloid antigen (e.g., CD13,
CD33)
Ml 10-18 Poorly differentiated myeloblasts with occasional Auer rods
M2 27-29 Myeloblasts with granulocytic differentiation;<20% monoblasts; Auer rods may be prominent
M3 5-10 Hypergranular, abnormal promyelocytes with bundles of Auer rods (faggot cells) and often reni-
form or grooved bilobed nuclei (M3h); M3v variant characterized by bilobed or grooved
nuclei, a few fine granules, and infrequent Auer rods
M4 16-25 Myeloblastic and monoblastic differentiation (20-80% of nonerythroid cells are monoblastic and
20-80% are myeloblastic); M4Eo variant associated with >5% dysplastic eosinophilic precur-
SOrs in marrow
M5 13-22 Monoblastic differentiation;-M3a subtype has predominance of monoblasts (280% of leukemic
cells); M5b subtype shows differentiation of some monocytic precursors
M6 1-3 Myeloblastic leukemia with dyserythropoiesis and megaloblastoid features (M6a), or leukemia
with erythroblastic differentiation (M6b)
M7 4-8 Megakaryoblastic differentiation, with frequent bone marrow fibrosis




MS

O O——-O-—O

Lymphold Monoblast Promonocm
la+
em Cell
o M-4 M-l Il-:
4
[ ]
Committed
O Myelo-Monocytic —_— —'—0 —_— O
Stem Cell
Pluripotent la+ M - Pmm” . P <40
Progenitor ""'b" locyt locyt
V-8
”
7
Myelold Committed P
Stem Erythrold TNy roblan Erythrocyte
Cell Stem Cell
M.
O » Platelets
S::mmmod
telet
Sl:n: ::-u Megakaryocyte

fig. 20-1. Myeloid differentiation and relationship to FAB classification of ANLLs. M1, undifferentiated myeloid; M2, early ()
differentiated myeloid; M3, promyelocytic; M4, myelomonocytic; M5, monocytic; M6, erythroleukemia; M7, megakaryocytic.
‘Modified from Foon KA, Schroff RW, and Gale RP: Blood 60:1, 1982.)




Cytochemical stains in acute leukemia

¢ PAS: ALL

¢ POX: MPO (myeloperoxidase): Myeloid granules
(M1,M2,M3,M4)

¢ ANBE (Alpha-naphthyl butyrate
esterase)—Monocytoid (M4,M5)



Immunophenotyping (cell marker)
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Immunologic classification of ALL

Table 7.3. Immunologic classification of ALL

Immunologic
subtype

Immunologic marker study (% of cases positive for marker)

CD19

Frequency
of subtype

Early pre-B
Pre-B

Transitional pre-B

B
T

100
100
100
100
<5

60-65%
20-25%
1-3%
2-3%
15-18%

Abbreviations: clg, cytoplasmic immunoglobulin, sIg, surface immunoglobulin.

3 Cytoplasmic expression.
b Approximately 2% of FAB-L3, B-lineage ALLs with a t(8;14), (2;8), or t(8,22) translocation may express no clg or neither clg nor slg.



Immunologic Classification of AML

Table 7.5. Antigenic profiles of acute myeloid leukemia subgroups®

CD4la GPA

FAB subtype | CD34 DR ‘ CD13  CD14 (D15

MO
Ml
M2
M3
M4
M35
M6
M7
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Common Chromosomal Abnormalities in the
Acute Leukemias of Childhood

DN R me Chromosm‘nal Influence on
Abnormality Prognosis

ALL, pre-B t(12;21) Favorable

ALL, pre-B (infantile) | t4;11) Unfavorable
ALL, pre-B t(9;22) Unfavorable
ALL, B-cell t(8;14) None

ALL (general) hyperdiploidy Favorable

ALL (general) hypodiploidy Unfavorable
AML, M2 t(8;21) Favorable

AML, M3 t(15;17) Favorable

AML, M4 inv(16) Favorable




Frequency of cytogenetic subtypes of pediatric ALL

LYL1
1.4% Others (T-ALL)
TLX3 2%
7% 2%, ETV6-RUNX1
Others (B-ALL) 229,
10%

IAMP21 1%
Hypodiploid 1%
Dicentric 3%
ERG 3%

TCF3-PBX1 4%

Hyperdiploid
20%

AlmEay

MLL rearrangements iy L -
RLF2
o BCR-ABL1 (Other) CRLF2 4o,
% 0 o
W B-ALL 2% 55%  3.5%
B T-ALL

.1 BCR-ABL1 and BCR-ABL1-like ALL



Risk factors in childhood ALL

Pre-treatment:
¢ Age: infantile ALL (<ly/o, poor prognosis)

& Initial WBC: k| B 4% T 7 WBC counti% § £ v
leukemiasribehavior € aggressive ( ‘ﬁ‘fu{ﬂé E)

¢ Organ involved (CNS, Testis, but not thymus,
liver/spleen)

¢ Cell marker
¢ Cytogenetic/ Oncogene

After-treatment
¢ Speed of treatment response
4 Minimal residual disease/leukemia (MRD)



ALL 5 : 9 4hrisk 2% 704855 R

¢ Chemotherapy (according Taiwan Pediatric Oncology

Group (TPOG) ALL protocol):

e ALL-2002: SR, HR and VHR
® TPOG Infant
e ALLTPOG 98 B-NHL (R3) : L3 ALL

¢ Stem Cell Transplantation (bone marrow transplantation)

¢ Adding target therapy?



Indication for “very high risk”
chemotherapy protocol

. WBC > 100,000 /ul, (2) T-cell

. Hypodiploidy (chromosome < 44)

. 1(9;22)/BCR-ABL fusion (improved after adding
TKI inhibitor drugs)

. t(4;11)/MLL-AF4 fusion/other MLL gene
rearrangements

. Other poor prognosis genes!!

. Poor MRD decrease after treatment



Survival rates of children with ALL

Years of Mo of
100 P Accural  Patients
% I\ 1996-2001 3808
t 80 - 1989-1995 5121
o
g \ 1983-1988 3711
. ; 1978-1983 2084
£ M- \ 1876-1977 1313
= \ 1872-1975 238
il 5
\
E AD - H‘x
w 20 - e 197014872 499
1968—1970 402
U I 1 I | I | I | I I I I I i I
= 10 15

Years from study entry



Treatment in childhood AML

¢ Controversial 1ssue (chemotherapy vs SCT)
¢ Chemotherapy:

usually be suggested in chromosome indicative
good prognosis: t(8;21), t(15;17), mv(16)(p13g22)

¢ Stem Cell Transplantation (SCT):
1. suggested in chromosome/genes indicative
pOOT Prognosis
2. poor MRD decrease after treatment



Protocol of treatment for AML

SCT(HR) SCT(HR)  EOT(LR)

"

EOT(LR) EOT
DUIR)

ol

RISK STRATIFICATION

Low-risk (LR) criteria ( 4 courses of chemo, not eligible for SCT)

s invi16, 1{8;21), NPM1, or CEBPA AND MRD less than 0.1% after induction |
Intermediate-risk (IR) criteria (5 courses of chemo, not eligible for SCT)

o Absence of low or high risk features

High-risk (HR) criteria (candidates for SCT)

Presence of any of the following:

L]

DEK-NUP214 [t(6;9)], KAT6A-CREBBP [(8;16)], -7, -5, 5q-, KMT2A-MLLT10 [t(6;11)], KMT2A-MLLT4 [t(10;11)],
inv(3)(q21q26.2), CBFA2T3-GLIS2 [inv(16)(p13.3q24.3)], NUP98-KDMSA [t{11;12)(p15;p13)), ETV6-HLXB
[t(7:12)(q36;p13)], NUP98-HOXAQ [t(7;11)(p15.4:p15)], NUP98-NSD1
Patients carrying FLT3-ITD in combination with either NUP98-NSD1 fusion or WT1 mutation
AML with minimal differentiation or Acute Erythroid Leukemia
Acute Megakaryoblastic Leukemia with KMT2A rearrangements, CBFA2T3-GLIS2 [inv(16)(p13.3924.3)), or
NUP98-KDM5A [t{11;12)(p15;p13)]. All other Acute Megakaryoblastic Leukemia subtypes will be considered
intermediate risk.
Treatment-related (secondary) AML
Refractory anemia with excessive blasts and >10% bone marrow blasts (RAEB-2) or AML arising from prior
MDS
All other patients with poor response to therapy (must have one of the following features)

o MRD 2 1% after Induction |

o MRD20.1% after Induction Il



Distribution of cytogenetically and molecularly
defined subsets of AML presenting in younger adults

Complex and
Monosomal

Karyotype
~00%

bICEBPA mutant

8%

4%

RUNXI ~40% | MLL-PTD ~30%

ASXL1 ~30% | SRSF2 ~20%

U2AF1~15% | 5TAG2 ~15% | Secondary Type
BCOR ~10% | SF381 ~10% 13%

EZH2 ~5% | ZRSR2 ~5%

Other 10%

TP53 mutant/loss \

NPM1 mutant 33%

DNMT3A ~50%

FLT3-ITD ~40%

Cohesin ~20%

IDH1 ~15%

IDH2-R140 ~15%

PTPN1I ~15%

t{15;17)}(q22;q21)/PML-RARA | FLT3-TD ~35% pre—
13% KD ~
FLT3-TKD ~20% PR
WT1 ~10%
ASXL1~10%
t{8;21)(q22;q22)/RUNXI-RUNXIT1
KIT ~35%
FLT3-TKD ~20%
inv{16){p13q22)/CBFB-MYH11
KRAS ~10%
5%

KRAS ~20%
11q23/MLL-X 4% NRAS ~20%
1{9;22)(q34;q11)/BCR-ABL 1%

W t(6;9)(p23;q34)/DEK-NUP214 1%

t(5;11)(q35;p15.5)/NUP9S-NSD1 1% | FLT3-ITD~85%
inv{3){q21q26)/GATA2-EVI1 1%

fust % NRAS ~40%
Other rare fusions 1 g
t(3:5)(q21~25;q31-35)/NPM1-MLF1 ASXL1 ~15%
t(8;16)(p11;p13)/MYST3-CREBBP BCOR ~15%
t{16;21)(p11;q22)/FUS-ERG GATA2 ~15%
t(10;11)(p13;q21)/PICALM-MLLTI0 RUNX1 ~15%

t{7;11){p15;p15)/NUP98-HOXAS
t(3;21}{q26;q22)/RUNXI-MECOM




Advance in leukemia

4 Molecular diagnosis (NGS, RNAseq)
¢ Minimal residual disease (MRD) follow up
¢ Target therapy drugs

¢ New drugs beyond tranditional chemotherapy
Traditional (eg: Azacitidine and venetoclax...)

¢ Haploidentical hematopoietic stem cell

transplantation

¢ CAR-T therapy
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Bt F B G & 5 (CML):
& R R R B s # g

Identification of t (9;22)

A
P , by Rowley . .
Philadelphia Chromosome (Ph) by C-ABL tyrosine kinase (TKI) involved
Nowell and Hungerford in Philadelphia translocation

First definition of CML

by Virchow/Bennet Characterization of BCR-ABL

Development of-
ek Rk molecular

Radotinib (RERISe) targeted therapy
in Korea
1]
Asciminib Stk
Bosutinib appr. in Ist line* Development of the first specific BCR-
TFR confirmed by Euro-SKI?! ABL TKI (later named Imatinib)
Bosutinib and Ponatinib
. . 02;;;:)\}2‘3 0 ;ﬁi ll?rlle Approval for Imatinib as first TKI
Omacetaxine (Synribo) in 2d-line treatment of CML

Nilotinib and Dasatinib approved
in 18-line Publication of IRIS trial and approval of
) ) 2nd-generation TKI imatinib for 1s-line
First evidence of TFR (STIM)[3] Dasatinib and Nilotinib

approved in 2"d-line

1. Balabanov. Drug Discov Today Technol. 2014,11:89. 2. Saussele. Lancet Oncol. 2018,19:747. 3. Mahon. Lancet Oncol. 2010,11:1029.



Survival Probability
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n=3682

S-yr survival: 90%

\t Imatinib, 2002-2012 (CML 1V)
1

1 ;L 10-yr survival: 83%
IFN or SCT, 1997-2004 (CML IIIA)

5-yr survival: 71%
10-yr survival: 61%

IFN or SCT, 1995-2001 (CML III)

S-yr survival: 63%

10-yr survival: 48%
IFN, + Hydroxyurea, 1986-1994 5-
yr survival: 53%

10-yr survival: 27%
1

Busulfan, 1983-1994
S-yr survival: 38%; 10-yr survival: 11%

0 2 4 6 8 10 12

Yrs

14

16 18 20 22 24 26

Hehlmann. Haematologica 2016,101:657.
CML Database, NTUH, Tang JL, Hsu SC, et al
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TKIs for adult-type CML



Personalized Medicine:
P By B A T B TR g Ak

o 743, FLAG-IDA, HMAs, cytarabine, LDAC,
cladribine, Vyxeos, ASTX727, fludarabine,

Enabling rePIicative Genome inStabiIity busulfan, mitoxantrone
immortality and mutations * GO, SGN-33a
« CD70 MoAb; CD47 MoAb ¢ SCT allowing for chemotoxic conditioning
regimens
Tumor micro- Resisting
environment cell death

 Checkpoint L (PD1/PDL-1):
nivolumab, pembrolizumab,

atezolizumab, durvalumab Avoidin
« CAR-T, BITE volaing

o SCT (graft vs leukaemia), DLI immune
destruction

* Pro-survival protein 1:
venetoclax (BCL-2), navitoclax
(BCL-2+BCL-XL), AMG-176 (MCL-1)
¢ TRAIL agonist: ABBV-621
* NEDD8/proteasome: pevonedistat

Deregulating
cellular
energetics [

« IDH1/2 1: enasidenib, ivosidenib ]

e FLT3 1L: midostaurin, quizartinib, . G
gilteritinib, crenolanib Evadmg 0
e RAS L: trametinib Growth
¢ MEK 1: cobimetinib . 5

« Tyrosine kinase L: sorafenib Suppressmn SUStammg

e SHH 1: glasdegib proliferative signals
e CDK-1 & CDK9 L: dinaciclib & alvocidib

¢ JAK 1L: ruxolitinib

e SINE: selinexor®

e TP53: APR246

Epigenetic
plasticity

e BET 1: ABBV-075 (mivebresib)
* HDAC l: pracinostat

Linhibitor Modified from the slides from Dr Hagop Kantarjian in 2019 ECHO Meeting
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Non-Hodgkin’s Lymphoma (NHL)

¢ Cell origin:

T-, or B-, or indeterminate cells
¢ Involved tissue:

lymphonode, extranode

4 Childhood NHL represent a heterogeneous group of disorders
that are quite different from adult NHL:

® almost invariably disseminated
e diffuse not nodular
® high-grade malignancies of immature T- or B-cell lineage

e with frequent extra-nodal disease, bone marrow and/or
CNS involvement



Lymph node sites

Lymphonode sites:

FIGURE 23-4. Anatomic definition of separate lymph node regions
used for staging purposes. (Adapted from Kaplan HS, Rosenberg SA.
The treatment of Hodgkin’s disease. Med Clin North Am 1966;50:1591.)









Pathology in NHL

4 Histology subtype,
¢ Immunophenotype,
¢ Cytogenetics/oncogenes

1. Lymphoblastic (usually of T-cell origin):

2. Small noncleaved cell lymphoma (SNCCL),
Burkitt’s & non-Burkitt’s, B-cell origin):
t(8;14), t(2;8), t(8;22),

3. Large cell (of T-, or B-, or indeterminate cells origin,

rather heterogeneous) one subset: anaplastic large
cell lymphoma(ALCL), t(2;5)




Signs & Symptoms in NHL

Vary with site and extent (correlate with histology subtype)
1. Lymphoblastic (usually of T-cell origin): usually a
mediastinal mass with dyspnea, chest pain,
dysphagia, pleural effusion, or superior vena cava
syndrome.

2. SNCCL: abdominal tumor,
with abdominal pain or distention, bowel obstruction,

change in bowel habits, GI bleeding.

3. LCL: 1in many sites, mediastinum, abdomen, bone,
soft tissue, skin. CNS 1s rare



Treatment in NHL

Key: Multiagent chemotherapy (not surgical excision)

For advanced NHL: depending on histologic subtype

1. lymphoblastic: intensive, moderate duration (15-18 mo)
& CNS therapy

2. SNCCL: intensive, short duration (3-6 mo),

3. LCL: rather heterogeneous —controversial, either
protocol for lymphoblastic or for SNCCL (only for the B-
cell subset of large-cell cases)
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CD40

CD52

CD74
CD20

Inotuzumab-ozogamicin | cp22

Death
receptors

Blinatumomab

Surface
immuno-
globulin

Cheson BD, et al. Monoclonal Antibody Therapy for B-Cell Non-Hodgkin's Lymphoma. N Engl J Med 2008, 359:613-626.
Hiddemann W, Cheson B D, How we manage follicular lymphoma. Leukemia (2014) 28, 1388—1395.
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Bispecific Antibodies for hematologic malignancies
( B-lymphocyte: CD3-CD19: Blinatumomab 7 §/-%)

3 e Costimulatory
= . " receptors % B&
.o Costimulation

FC receptor

Accessory cell
Examples: NK cells, Macrophages

Google E=

o == = B8R = XTRa = =R Q@ #hE : B

#7179 27,500,000 IS4 S (B RESAA : 0.31 )
< I EEBREEE AT
hitps:/www.drhsw.com > news_single 3
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P H vs B HY



Several issues in cell therapy(1)

¢ What disease 1s treated?

4 Who / When should cells be transplanted?
¢ Which kind of cell 1s suitable?

¢ What 1s the route of administration?

¢ What 1s the appropriate cell dosage?



Several issues in cell therapy(2)

& (Give other treatments?

& How to evaluate the effect?
Image? Tests? Others?

¢ Safety Consideration!!! Most important!!!
€ What 1s the 1deal mechanism of action of stem cells

4 Government regulation of cell therapy
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Which kind of cell is suitable

1. Hematopoietic stem cells (HSCs):
haploidentical HSCT
CD34+ cells teat stroke, critical limb (4% ¢ /%)
2. Mesenchymal stem cells (MSCs)
3. Cells therapy for cancer:
T cell, NK cell, DC, CAR-T
4. Others






Definition of stem cells

¢ Stem cells

--An undefferentiated cell capable of producing
daughter cells that can either remain a stem cell
(self-renewal/proliferation) or commit to a pathway
(differentiation)

Stem cell QQ repro gram

(®
Self-renewal ( )\ @ @ %
©® ®-@< - ﬁ

Precursor cells ' Differentiated
(transit amplifying cells) cells
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Hematopoietic Stem Cell Transplantation
(Bone marrow transplantation ¥ %4 12)

Thomas¥| % 868 > 1957 % b § &



HSC Transplantation

(I). Pretransplant Considerations
(II). Transplant Procedure
(III). Transplant-Related Problems

(IV). Long-Term Follow-up



(I). Pretransplant Consideration

1. Rationale and Indications for HSCT
2. Timing of Transplantation (i& 4 5 4 )

3. Stem Cell Sources (3 4% 'w % /37 ¥ )



Rationale of HSCT

1. Hematopoietic rescue (myelosuppression):
Autologous HSCT

2. Replacement (Hematopoietic or immunological):
Allogeneic HSCT

3. Others
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(II). Transplant Procedure

. Conditioning (preparative)

Regimens

. Collection and Processing of
Stem Cells

. Infusion of HSCT
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(1I).1: Definition of conditioning

Conditioning 1s the preparative regimen administered to
the patients undergoing HSCT before HSCT

The pre-HSCT conditioning had to:

1. Eradicate the malignancy

2. Provide sufficient immunosuppressive to ensure
engraftment and to prevent both rejection and GVHD.

3. Provide stem cell niches 1n the host BM for the new
stem cells.



(II).2: Hematopoietic stem cells:
self-renew and differentiation







HSC Sources and Donors

4 Bone Marrow (MB)

¢ Pecripheral Blood Stem Cell (PBSC)
4 Umbilical Cord Blood (UCB)

¢ Others (fetal liver)

Autologous

Allogeneic:

1. Sibling

2. match unrelated donor (MUD)

3. mismatch match unrelated donor (MMUD)
4. Haploidentical
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Stem cell storage and infusion

¢ Cryopreservation:
addition: DMSQO; storage -196°C
¢ Thawing and Infusion:
® once thaw (40°C), direct and rapid infusion via
central access, no more than 15 (30) minutes
® side effect: volume overload, bradycardia,
nausea/vomiting, fever, tachycardia,
hypo/hypertension,
allergic reaction
® prevention: volume reducing, antimetics,
diphenhydramine, steroid,

remove DMSQO prior infusion (?)






111. Transplant-Related Problems

1. Side Effects of Conditioning Regimens
2. Graft Failure

3. Graft-Versus-Host Disease

4. Management of Infection

5.  Single and Multi-Organ Failure

6. Chronic Graft-Versus-Host Disease

7.  Delay Complication



Regimen Related Toxicity- First 30 Days
Early Toxicity of High-Dose Therapy

Pancytopenia: infection and blood transfusion
Cardiac: marrow infusion, cyclophosphamide
Hepatic: veno-occlusive disease (VOD)

GI Toxicity: nausea/vomiting, diarrhea, mucositis
Pulmonary: infection, diffuse alveolar hemorrhage,
idiopathic interstitial peumonitis

Hemorrhagic cystitis: prophylaxis: hydration, diuretics,
MESNA

Renal: drugs, secondary to cardiovascular problems

Nervous: metabolic, leukoencephalopathy, drug, infection,
hemorrhage



Veno-Occlusive Disease (VOD)

¢ Etiology: secondary to liver damage from high-dose
chemotherapy and radiation

¢ Prophylaxis: heparin
¢ Therapy:
® cssentially supportive
® low-dose tissue plasminogen activator
® others: high-dose steroid
e defibrotide
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Relationship between time of HSCT and organisms
causing important infections

Period of Neutropenia
(Day 0-30)

Period of Acute GVHD
(Day 30-100)

Period of Chronic GVHD
(Day >100)

Gram negative bacteria

Gram negative bacteria

Encapsulated bacteria

gram positive bacteria

Gram positive bacteria

Varicella zoster

Herpes simplex CMV-Cytomegalovirus Pneumocystis carinii
Candida spp. BK virus Aspergillus spp.
Aspergillus spp. EB virus

Varicella zoster

Candiada spp.

Aspergillus spp.

Pneumocystic carinii

Toxoplasma gondii




WO ke s TF R 1 e 3 B A2

I. preemptive treatment : & # % Fjg 4 > BF FH W EF o
% : EBV, CMV, Aspergillus galactomannan antigen
2. Bacteria, fungus 2 $= 7Rt 4. ¥ 4 0 i 4 (ESBL,
VRE, CRAB...)
3. §/k # P 5k & Pl Therapeutic Drug Monitoring(TDM):
CsA, tacrolimus, sirolimus, voroconazole... ¥]|Drug-Drug

interaction > 2% & & !



Infection in HSCT

Changes of serum aspergillus
galactomannan during hematopoietic stem
cell transplantation in children with prior
invasive aspergillosis

Te-Fu Weng'", Kang-Hsi Wu'*", Han-Ping Wu**, Ching-Tien Peng' and Yu-Hua Chao®”"

Successful treatment of disseminated EFFECTIVE TREATMENT OF SEVERE BK VIRUS-
mixed invasive fungal infection after ASSOCIATED HEMORRHAGIC CYSTITIS
S g ) WITH LEFLUNOMIDE IN CHILDREN AFTER
hematopoietic stem cell transplantation  HEMATOPOIETIC STEM CELL TRANSPLANTATION
for severe aplastic anemia
A PILOT STUDY

W ¢ T-F, Ho M-W, Lin H(L MYP g(TW 1 K-H. Te-Fu Weng', Mao-Wang H
Suc 1‘]1 atment of disseminated mixed invasive fungal ir r 1 Chuan Lin', Meng-Yao L, (

n t atopoietic stem ¢ 111 nspla I 1 n for sev i stic Peng™* and Kang-Hsi Wu' . N . i
Pediatr Tra nsplantation 2012 1( E35-E38.©2 ()b?m hn Wil y&? s | Departments of 'Pediatrics and “Interr K((Hg-HS'I ;’Vll, J‘WD, */ T(’fl( Weng, 1‘4D, f
AIQ China Madical niuarcite Haenital Tai -
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Advance in HSCT (from 2005)

Reduced-intensity HSCT

Umbilical cord blood bank/ transplantation
Haploidentical donors

In vitro expansion of stem cells

More efficacious purging

Intrauterine HSCT

More efficacy and less side effect to control GVHD
More efficacy to control CMV

Genetic manipulation of HSC (Nature, Science,
NEIM)

Control stem cells



HLA typing
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Article

Antithymocyte Globulin Plus Post-Transplant

Cyclophosphamide Combination as an Effective Strategy for
Graft-versus-Host Disease Prevention in Haploidentical

Peripheral Blood Stem Cell Transplantation for Children with
High-Risk Malignancies

Kang-Hsi Wu L2 Te-Fu Weng 1 Ju-Pi Li 130 and Yu-Hua Chao -2/4*

AN Y- K AR X Sgn izl SiEpr > R g
Wi LRI 39 (ATG) 4+ T B8 (8 RBAFE"S ) (PTCy) » i1
28 B g L A H(GVHD)eh#E £ > 100% = # {2 »~ (engraftment)
P - R R BRI L A JR(GVHD)
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Haploidentical peripheral blood stem cell
transplantation with posttransplant cyclophosphamide
in a child with neuroblastoma relapse after autologous
peripheral blood stem cell transplantation. Pediatr Blood
Cancer. 2022 Feb

;\‘TFBEQ‘]F} ?“E éﬂ?"lilj’lé)}"‘l‘f”bs\gj__ﬁq:‘m”g"adljé
e p gl irmeMSiEts o B EMN BB wir B

Ant1-GD2 Antibody Dinutuximab Beta and Low-Dose
Interleukin 2 After Haploidentical Stem-Cell Transplantation
in Patients With Relapsed Neuroblastoma: A Multicenter,
Phase I/II Trial. J Clin Oncol. 2023 Jun 10;41(17):3135-3148.
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o &
Treatment BN IS Positive selection | & © U':"'.:N."'(:)
with EONIZA0 10 of CD34* cells  |© p
mobilizing theperipheral | | gomBMMNGs | 0 _
agents blood and apheresis [— O
e —_— oF 'O

, S /
Direct/indirect delivery of purified autologous
CD34* cells to ischemic tissues

—

Cerebral Cardiac Peripheral
Ischemia Ischemia Ischemia




GCSF: endogenous stem cell mobilization treat brain injury

Neuronal system Hematopoietic system

Inhibition of apoptosis and differentiation
L

:

Neuronal stem cells

!
l 0
s !
)

G-CSF action
“ ﬁ
Neuronal progenitor cells
,l, Myeloid progenitor stem cell

Wy “Gb
@ —— S ‘
e Neutrophil Monocyte

Neurons

Wu KH, et al. Stem Cell Therapy in Children with
Traumatic Brain Injury. Int J Mol Sci. 2023 Sep



GENE/STEM CELL THERAPY
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$ Selection
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Science. 2009 Nov 6;326(5954):818-23.

Hematopoietic stem cell gene therapy with a lentiviral vector in X-linked
adrenoleukodystrophy.

Nature. 2010; 467: 318-22.
Transfusion independence and HMGA?2 activation after gene therapy of human B-thalassaemia.

— 4+ @ ¢ OEe-EAN [hEEER | A AsmE

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 APRIL 19, 2018 VOL. 378 NO. 16

Gene Therapy in Patients with Transfusion-Dependent
B-Thalassemia

A.A. Thompson, M.C. Walters, ). Kwiatkowski, J.E.J. Rasko, J.-A. Ribeil, S. Hongeng, E. Magrin, G.J. Schiller,



CRISPR-Cas9 Gene Editing for Sickle Cell Disease and f3-Thalassemia.
N Engl J Med. 2021 Jan 21;384(3):252-260.

A Transition from Fetal to Adult Hemoglobin B Targeting of Editing Site
BCL11A is a transcription factor
ible for the repressi
of HbF expression
Fetal [HbF) Adult (HbA) :
00 NN es =\ ——
100 T BCL11A
F 75 Erythroid
n enhancer region
"
_‘E 50 o] of |+
7 *—— Onset of symptoms BeL1A i ———
) in TDT and SCD = =t =i
§
o 25
% sgRNA target sequence PAM
T T T T T T T —
5 6 3 0 3 6 9 TAGTCTAGTGCAAGCTAACAGTTGCTTTTATCACAGGCTCCAGGAAG
' I ATCAGATCACGTTCGATTGTCAACGAAAATAGTGTCCGAGGTCCTTC
Maonths before Birth Months after Birth :
GATAL binding site
C Fetal Hemoglobin after Editing D Identification of Potential Sites of OffF-Target Editing
45 Sequence similarity Laboratory-based
_ Computational identification of all Empirical detection with GUIDE-seq
£ 404 genomic sites with =3 mismatches; of sites with potential for DNA
% or =2 mismatches and 1 DNARNA bulge double-stranded breaks
359
: l |
2 30 ' . v
g Candidate regions identified Candidate regions identified
s 25 - N =1 an-target site (positive control) N =1 on-target site (positive control)
& N =171 candidate off-target sites N =52 candidate off-target sites
= s e l - 1 =
=
-]
B 154 :
£ Hybrid-capture high-coverage sequencing of candidate regions
I 104
= L MNumber of CD34+ HSPC donor samples: N=4
= 5 Number of sites {on-target and candidate off-target): N =224 regions
Sequencing depth (median): 15,188-fold
o Editing detection threshald: =0.2%
Control Edited On-target region (editing detection): lofl
Candidate off-target region (editing detection): 0of223







Cord blood collection and banking
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A 5 P R?
¢ Plasma

¢ Cells: WBCs, RBCs, Platelets

¢ Nucleated cells (TNCs)

¢ Hematopoietic stem cells (HSCs)

¢ Mesenchymal stem cells (MSCs)

¢ Other progenitor cells
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Clinical trial of UCB expanded ex vivo

Table 1 Summary of chinical trials evaluating UCB that has been expanded ex vive
Tyvpe of Authors Subjects Cytokines Days in Fold Daysto  Days Survival (median
expansion culture expansion ANC >3500 to plts length) and GVHD
> 20000
INC  CD34™
Liquid Shpall eral.  n=37, adults SCF, TPO, 10 56 R 28 106  32% survival (minimum
suspension and children G-CSF 17 months)
67% grade 1I-1IV aGVHD
40% grade 111 and IV GVHD
de Lima and n=35 adults SCF, TPO, 14 23 23 14 34 48% survival (11 months)
Shpall and children G-CSF 43% grade 1I-1IV aGVHD
7% grades 11T and IV
de Lima and n=10 adults SCF, FL, IL-6, 21 219 6 30 48  30% survival (25 months)
Shpall and children TPO, TEPA #4% grade 11 aGVHD
No grade 11T and IV aGVHD
Delancy et al. n=35 adults Notch ligand &1, 16 660 160 14 83% survival (277 days)
and children SCF, FL, IL-6,
TPO, IL-3
Stromal de Lima and n=6 adults SCF, TPO, G-CSF 14 12 12 14.5 30  83% survival (12 months)
co<culture  Shpall and children 33% grade 11 aGVHD
No grade IIT or IVaGVHD
Continuous Jaroscak ef al. n=27 PIXY32l,FL,EPO 12 24 0.5 22 71 39% survival (41 months)
perfusion children, 36% grade 11-1V aGVHD
system few adults 22% grade 111 and IV aGVHD
Pecora eral. n=2adults PIXY321,FL,EPO 12 22 1.6, second 28 56 100% survival (13 months)

did not expand

No aGVHD




¢ Stem Cells. 2006 Nov;24(11):2592-602.

¢ HOX decoy peptide enhances the ex vivo expansion of
human umbilical cord blood CD34+ hematopoietic stem
cells/hematopoietic progenitor cells.

¢ Abstract

HOX transcription factors play important roles in the
self-renewal of hematopoietic cells.

decHOX might be a useful new tool for the ex vivo
expansion of hematopoietic stem/progenitor cells.
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Definition of mesenchymal stem cell

¢ Capable of diffeentiating into cells and tissues originated

from the embryonic mesoderm
¢ Self-renewal
¢ Fibroblast-like, plastic adherent

¢ Surface phenotype: CD29, CD44, CD73, CD1035,
CD166(+); CD34(-), CD133(-) and Lin-

¢ Still no operational definition



Where Can We Isolate MSCs?

Bone Marrow Aspiration and Biopsy

¢ Adult-type MCSs:
e bone marrow

e Adipose tissue

¢ Fetal-type MSCs:

b . —— Placenta BAEE
® plaC enta’? amnlOtl C Decidua basalis
ﬂllid, amniOtiC Amnion FR
Chorion
membrane . Decidua parietali
Myometrium

umbilical cord

129



MSC: Appealing characteristics

¢ Pluripotent-self renewal and wide differentiation into multiple
lineages

4 Can home to the bone marrow (damaged tissues)
¢ Can be incorporated direct into other tissues

¢ Low immunogenicity and suppress alloreactive T cell response
(transplanted allogenic MSC are not rejected)



Pleiotropic ( 7 »z=)properties of MSCs

1. Anti-inflammatory properties
2. Homing to sites of damage and inflammation
3. Trophic influence on tissue repair

4. Anti-apoptosis, angiogenesis, growth factor production,
neuroprotection, anti-fibrosis

Cell Stem Cell. 2015 Jul 2;17(1):11-22.



Clinical applications/trials of MSCs

1.

SIECNEEC PR

Immune suppressive properties of MSCs (GVHD,
Crohn’s disease, multiple sclerosis, et al)

. Myocardial injury

. Osteoarthritis/degenerative disc disease

Pulmonary disease (bronchopulmonary disease, ARDS)
Liver disease

Diabetes

. Ischemic stroke/ALS

Cell Stem Cell. 2015 Jul 2;17(1):11-22.



Conclusion: UCMSCs vs BMMSCs

¢ UCMSCs vs. BMMSCs:
1. Easier to collect
2. Less suffering to the donors
3. Expand faster
These indicate UCMSCs might be the ideal candidates
for cell-based therapy
¢ The more immunosuppressive effects of UCMSCs than
BMMSCs indicate that UCMSCs might be clinically
used 1n immune disorders

Wu et al, Transplantation. 2011; 91: 1412-6



The Comparison of Interleukin 6-Associated
[mmunosuppressive Effects of Human ESCs, Fetal-Type

MSCs, and Adult-Type MSCs

- 2 — 56 Qhi o A f: 7 9
Chin-Kan Chan,"* Kang-Hsi Wu,™* Yun-Shen Lee,” Shiaw-Min Hwang,” Maw-Sheng Lee,

7o 110 . T 1213 py Sap re v 1416
Shuen-Kuei Liao,”™ En-Hui Cheng, Lai-Chu See, ™ Chi-Neu Tsai, Ming-Ling Kuo,
1516

and Jing-Long Huang

Wau et al, Transplantation. 2012; 94: 132-8
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The Immunosuppressive Effects Comparison Among
hESCs, Fetal-Type MSCs and Adult- Type MSCs

Reduction rate
120.00% ™ ESC mFetal = Adult

100.00% -
80.00% -
60.00% -
40.00% -

20.00% -

0.00% -

1/1000X 1/100X 1/10X 1/4X 1/2X 1X 2X
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Immunomodulatory Effects of MSCs

1 proliferation

B.cells | differentiation to plasma cells
. proliferation Ty O PGE? | proliferation
| cytotoxicity  + + | CTL formation

lIFN-y/\ lIFNy T IL-4
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Immunomodulation of MSC in Animal Study

¢ Wu KH, et al. An increase in CD3+CD4+CD25+ regulatory T cells
after administration of umbilical cord-derived mesenchymal stem cells
during sepsis. PLoS One. 2014; 9(10):e110338

¢ Wu KH, et al. Time-Series Expression of Toll-Like Receptor 4
Signaling in Septic Mice Treated With Mesenchymal Stem Cells.
Shock. 2016

¢ Wu KH et a. The modulation of Th2 immune pathway in the
immunosuppressive effect of human umbilical cord mesenchymal stem
cells in a murine asthmatic model. Inflamm Res. 2016; 65:795-801.

¢ Wu KH et al. Toll-like receptor signalling associated with
immunomodulation of umbilical cord—derived mesenchymal stem cells
in mice with systemic lupus erythematosus. Lupus. 2020;29:165-175.




International Journal of

=
Molecular Sciences ml\D\Py

Article
Immunomodulation via MyD88-NFkB Signaling Pathway from

Human Umbilical Cord-Derived Mesenchymal Stem Cells in
Acute Lung Injury

Kang-Hsi Wu 2%, Ju-Pi Li 3%, Wan-Ru Chao %4, Yi-Ju Lee **, Shun-Fa Yang 5%, Ching-Chang Cheng ’
and Yu-Hua Chao 12/8:#
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PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

¥ Umbilical Cord-derived Mesenchymal Stem Cells for Severe
Bronchpulmonary Dysplasia
Bai-Horng Su, Kang-Hsi Wu, Hsiang-Yu Lin, Ming-Hsia Lin, Ching-Tien Peng,
Chris Tsai, (Dr, Su and Dr, Wu are contributed equally to this work) (21
January 2011)
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Recruit the suitable candidate

Inform MSC bank to select suitable MSCs,
expand, and re-cryostorage

MSC:s are shipped to hospital and
cryostoraged in hospital

A 4

After cord blood transplantation,

Flow chart for the clinical application of cord MSCs

Test for mycoplasma

MSCs are thawed and washed

A 4

MSCs are transferred to transplant

infection and endotoxin

Test for bacterial and fungal

room and infused into recipient

infection

Wu et al, Transplantation, 2013;95(5):773-7



Effective Treatment of Severe Steroid-Resistant
Acute Graft-Versus-Host Disease With Umbilical
Cord-Derived Mesenchymal Stem Cells

__________________________________________________________________________________________________________________________________________________________________________________________

UCMSC are easier to obtain than BMMSC and cause
no suffering to the donor, indicating that they might be the
ideal candidates for cell-based therapy. The umbilical cord
may be an alternative MSC source, similar to UCB as a good
source of hematopoietic stem cells| This is the first reported
use of UCMSC in a human clinical application)and this pro-
cedure seems both feasible and safe. UCMSC were effective
against aGVHD in our patients, but prospective, controlled
studies with UCMSC are warranted.

Wau et al, Transplantation. 2011; 91: 1412-6.
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GvHD Improved After UCMSC Infusion

Before UCMSC After UCMSC
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Clinical applications and mechanisms of MSC in
treatment of COVID-19

Alleviate cytokine storm by immunomodulatory effects of

MSCs through:
Umbilical cord 1. cell-to-cell contact
Adipose 2. paracrine secretion #
Bone marrow 3. exosomes
4. immune cell interactions (e.g., T cells, B cells, natural *
. killer cells, macrophages, monocytes, dendritic cells, and SARs-COV2 virus
Isolations ) *
neutrophils). ¢

= ;/f_
MSCs z%ﬁ;/é Cytokine storm resulted from
COVID-19 lead to lung injury \‘

IV infusion

MSCs trapped in the lungs

Wu KH et al. Current Pharmaceutical Design 2022
Wu KH, et al. Int J Mol Sci. 2023 Sep
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Chimeric Antigen Receptor (CAR) T-Cell Therapy

v/
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HOSPITAL TRANSPORTATION CELL PROCESSING UNIT

Leukapheresis

|::> T cell Transduction
 —

&

Ex vivo expansion

CAR-T cell
Infusion




CAR-T cell expansion and B
lymphocyte aplasia
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How CAR T-cell therapy is used to treat cancer

Healthcare providers
collect blood to
obtain T-cells, ——m P T-cells are
& i WU separated
. and removed

Providers return T-cells are genetically

remaining blood altered to have
special receptors called

chimeric antigen receptors
New CAR T-cells
introduced into o
bloodstream —__ '
“

Chemotherapy
is given before
CAR T-cell therapy

3 Cleveland Clinic ©2022 Millions of CAR T-cells
are grown



Multidisciplinary team for CAR-T therapy
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Take Home Message for Cell Therapy
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"You treat a disease,r
you win, you lose.

You treat a person, |
guarantee you, you'll
win, ho matter what

the outcome.”

- Patch Adams (1998)
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