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Treatment of Leukemia
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Catholic University, Seoul, Korea

1. XICiEi o] A a. Dx. of hemato-oncologic disorders : AML MO,
(X|2X2to| Ciots} T QA) M7, Pro-B, Pre-B, T/B-ALL, AUL,
biphenotypic, bilineage leukemia, etc.
a. morphologic : FAB, conventional b. PNH : CD55{59s66 —= GPI-linked protein
b. cytochemical : conventional | defect
Cc. cytogenetics : conventional -- autoanaluzer, c. stem cell counting -~ CD34+ stem cells
metaphase specific ~ for PBSCT
d. immunophenotyping :@ multiparameter flow d. check DNA content
cytometry for diagnosis, prognosis e. MDR assay
AML MO -- immature, no lineage specific f. reticulocyte count, RMI
cytochemical reactions, CD 13, 33(+) g. lymphocyte cross matching
poor outcome -~ CD 13, 14, 34 coexpress h. platelet cross maching
AUL(acute undifferentiated leukemia) -- 1. lymphocyte subsetting
previously unclassified, rare subtypes (Fig.) j. neutrophil function test
e. fluorescent in situ hybridization (FISH), | |
many various monoclonal antibodies, elec- 3. Drug Resistance |
tromicroscopic exam, DNA gene rearran-
gement, MPO gene study etc. a. p-glycoprotein : efflux pump for chemore-
| sistance
2. Clinical application of cytometry in b. activation of intracellular detoxification

hematologic diseases system © glutathione 1, GST 1
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Fig. Hypothetical scheme of myeloid differentiation (maturation arrest)
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Hypothetical scheme of myeloid differentiation. The expression of relevant immunologic markers is indicated
for each differentiation stagr ; markers in parentheses are not always expressed. The bars represent the
various types of leukemias and the true histiocytic non-Hodgkin’s lymphoma (NHL) and indicate where
these malignancies can be located according to their maturation-arrest. It should be emphasized that most
acute leukemia of the myeloid lineage have a heterogeneous phenotype, that is, they are composed of cells in
multiple immature myeloid differentiation stages. To underscore this phenotypic heterogeneity, several bars
fade into each other, AML = acute myelogenous leukemia, AUL = acute undifferentiated leukemia, CML =

chronic myelocytic leukemia(see reference 317).

c. topoisomerase II | @ p-gp JAA O=

2%

d. apoptosisel]l tH3t WAAZ1A (& otz
@ pb3 defect or mutation, mdm?2 1
@ bel-21, bax |
@ Fas-FasL E8/43}, TGF-81
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4. PBSC manufacturing

@ steady state or rebound phase :
cyclophosphamide, 5-FU, ARA-C
cytokine stimulated or combinated

@ large volume or single leukapheresis

ka3

)
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| (D mobilization

@ CD34+ cell(positive purging) selection

@ cryopreservation
5. PBSCT

chemotherapy and growth

factor

@ rapid engraftment

@ more relapse? : purging controversy

@ post-SCT immunotherapy : for relapsing
after allo-SCT

® allo-PBSCT : standard stem cell source

for allo-SCT in advance?

mega-dose SCT



6. High dose chemoradiotherapy
and auto-PBSCT

@ indication : AML, ALL, CML(?)
non-Hodgkin's Hodgkin’s

lymphoma, breast cancer, neuroblastoma,

lymphoma,
small cell lung cancer, sarcoma, brain
tumor etc.
® mobilized PBSCs :
CD34+ selection with Cellpro -elutriator,

panning, immunomagnetic beads etc.

7. Immunotherapy

@ interferon-ea :
CML' chronic phase,
reinduction after relapsed allo-SCT, NK
activity T, immunomodulation
@ T-cell addback after allo-SCT :
T-cell
delayed - infusion of depleted T-cell after
2-3 weeks of donor-derived stem cells —
low GVHD, high GVL? less TRM
auto-GVHD induction :
investigational trial in clinic,
IL-2 + IFN-a/7

for maintaing

seperation and CD8+ selection

8. T-cell depletion(TCD)

purpose :

- lessen the GVHD, overcome the immune
barrier between unrelated or mismatched
HSCT, purification of CD34+stem cells,
donor engineering for modulating elderly
GVHD

method :

physical -- CCE

chemical -- lectin-based

_.69_,

3 7o HAAA -

monoclonal Ab-based CAMPATH+

complement, immunomagnetic
immunotoxin
(ricin) binding MoAb

microspheres,

9. Treatment for Acute Leukmia

AML (Acute Myelogenous Leukemia;

=SdaTd WEd)

# Two phases : induction and postremission

management
(D The initial goal in treatment -
eradicate the leukemia quickly and induce
CR (complete remission)
@ Once CR is obtained, futher strategies to

prolong survival and establisg cure

A BlREaEe

Ol

Y (Unduction Chemotherapy)

rks

a. M3 o8& Al&3 2 E AMLYA 7173 &
3 2ol BAHFEAEA :

- cytarabine (cytosine arabinoside) and an
anthracycline

- CR is achieved in 65 to 75%
novo AML

idarubicin may be supenior to daunorubicin

* M3 : ATRA(Al-Trans-Retinoic Acid) =+
Anthracycline as induction and
maintenance therapeutic tools

with de

b. following 1st induction chemotherapy

24}

CR or residual
leukemia JF &<l

®' bone marrow on day 14 or subsequently
- gl YmwAH Yx &8 AY chang

@D bone marrow



therapy
@ AFZEESo] v S 23 BAFELHS
A &3t
@ CRe] #R1¥ B%d+= 7l o bo

g 27]
marrow transplantion(BMT)E 18§
® 50% of patients :

resistant to the therapy administered
50% do not achieve CR :

fetal
aplasia, impaired recovery of normal stem

cellse] FA14

complications of bone marrow

¢. high-dose cytarabine-based regimens :

# over 50 vears old -

reduced dose, cerebellar toxicity
full cerebellar testing before each dose
further high-dose cytarabine should be
witheld if evidence of cerebellar toxicity
develops
-- most recently,

oral induction chemotherapy with

idarubicin + VP-16(cyclic therapy)

d. synergy between cytarabine and etoposide
- improved CR duration, no change in
overall survival

B. Supportive Care

@ recombinant hematopoietic growth factors
- to lower the infection rate after chemo-
therapy
to sensitize (prime) the leukemic blasts to
chemotherapy,
or to achieve both goals or to neutrophil

recovery, O to .7 days after chemotherapy

- accelerated rate of neutrophil recovery —

Adee) 7as ARAANE ¥L
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- positive effects on CR rate’ and survival
reported - 55 FEEY T4 HAIY
A Fe FHof Wslxd

*+ & effects on disease-free survival - 15

* thromboboietin - shortening the duration

of thrombocytopenia

® adequate and prompt blood bank support :
- platelet transfusions, maintain a platelet
count above 20,000/uL. should be kept at
higher levels in febrile patients and during

episodes of active bleeding or DIC
- poor posttransfusion platelet count incre-

ments -
administration of platelets from human

leukocyte antigen(HLA)-matched donors
- intravenous immunoglobulin therapy
+ red blood cell T/F - keep the hemoglobin
above 8 g/L (85 g/dL)

* blood products leukodepleted by filtration -
to avert or delay alloommunization as
well as febrile reactions

* Blood products should be

prevent graft-versus-host disease(GVHD)

* Cytomegalovirus (CMV)

products for CMV -seronegative patients :

irradiated to

~ negative blood

potential candidates for allogeneic BMT

@ Infectious complications :

- major cause of morbidity and of death
during induction and postremission che-
motherapy.

- prophylactic administration of antibacterial
antibiotics in the absence of fever :
controversial,
oral nystatin or clotrimazole, acyclovir
prophylaxis
- latent herpes infections#| &4 3} o]}
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* fever - only half of infection pts

* early initiation of empiric ‘broad-spectrum

antibacternial and antifungal antibiotics
empiric in

amphotericin B therapy
neutropenic patients who remain febrile
without a known source for 7 days or who
develop new fever while on broad-spectrum
antibacterial antibiotics

antibacterial and

antifungal antibiotics
should be continued until patients are no
longer neutropenic, regardless of whether a
specific source has been found for the

fever.

Donor granulocyte infusion for neutrop-
enic patients :

-ANC 500/ul >, fever with clinically
documented iInfection, iIn reversible
status, cytokine stimulated mobilized

donor

C. Treatment Of M3 Leukemia

@ daily oral ATRA during
improve outcome in patients with t(15;17)
~the cells
complications of cytotoxic therapy (e.g.,
DIC) are usually averted

induction -

are induced to differentiate,

T2 : retinoic acid syndrome -
within the first 3 weeks of therapy

fever, chest pain, dyspnea, pulmonary
infiltrates, progressive hypoxemia unless

reversed, it can rapidly be fatal.

Tx. - aggressively early initiation of gluco-

corticoid therapy, oxygen, and supportive

elevated

counts at

this

leukocyte are

particular risk for syndrome,

Wy Age] HUAZ -

addtion of chemotherapy if the leukocyte

count rises above 10,000/ul

%R  induced into CR with ATRA - BF=A
consolidation
chemotherapy ¥ & - essentially all
I treated with

ATRA alone = relapse
@ receiving ATRA mostly remain in CR

patients

the best time for administering - still not
clear
@ complete and sustained disappearance of
the PML-RARa transcript by RT-PCR :
high probability of maintaining
diseasefree survival

"",;
5

D. &5 F XI& (Postremission Therapy)

~ Induction of a durable first ‘CR is critical
to long-term disease-free survival in AML

- Once relapse has occurred, AML i1s gener-
ally curable only by BMT.

(D intensive chemotherapy and allogeneic or

_71_.

autologous BMT
@ dose-response effect for cytarabine
the superiority of high-dose over standard
- dose cytarabine |
@ doses of cytarabine postremission -
high (3 g/m' every 12 h on days 1, 3, and
5), intermediate (400 mg/m' for 5 days by
‘continuous infusion), or standard (100mg/m’
per day for 5 days by continuous infusion)
dose-response effect for cytarabine, 60
years of age or younger
* high-dose cytarabine significantly prolonged
CR and increased the fraction cured,
favorable [t(8;21) and inv(16)] and normal
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cytogenetics

no significant effect on patients with other

abnormal karyotypes.

@ allogeneic BMT in first CR, in
patients under age 65 years without
major organ dysfunction |
(e.g., renal, pulmonary, cardiac, or hepatic
damage)

+ HLA-compatible related bone marrow

donor

or under age 55 years with an HLA-

compatible unrelated donor, results in cure
in 40 to 60 percent of patients

* toxicity 1s relatively high with treatment-

related complications, including venoocclu-
sive disease, GVHD, and infections

® whether
postremission intensive chemotherapy In
first CR?

@ autologous BMT for postinductibn therapy

allogeneic BMT 1is superior to

uses the same high-dose chemotherapy as
in allogeneic BMT
- ex vivo purged marrow
- stem cells collected from the blood during
the recovery phasé after' chemotherapy
(mobilization) appear to be enriched for
normal CD34+ cells, they also may be better
starting maternial tha_nl bone marrow for
subsequent selection of CD34+ subsets or
other ex vivo manipulation designed to
eliminate leukemic cells that may remain
after mobilization
@ a major focus of current research -
detection of residual leukemic cells (MRD)

in the bone marrow of CR

patients using techniques such as RT-PCR,
FISH, and multiparameter flow cytometry
(FACScan)

_72_._

- use of immune modulation postremission
i1s another experimental approach
based on the following observations:

defective 1n

killer cells

patients with leukemia

(1) natural are

recipients who
GVHD  have

relapse

(2) allogeneic transplant

significant a
of

compared with patients in whom GVHD

develop

decreased risk leukemic

does not develop .

(3) infusion of donor leukocytes alone

GVHD
prophylaxis) for relapse after allogeneic
BMT = CR

adoptive immune response, termed graft-
(GVL), mediated by
cytotoxic T cells, and possibly natural or

(without prior conditioning or

versus-leukemia

lymphokine-activated killer cells,
may be the reason for the enhanced antil-
in unmanipulated

eukemia effect seen

allografts as compared to T cell-depleted
allografts

thus stimulation of a GVL or immunologic
effect 1in patients with AML in remission
may lead to a decreased relapse rate

* Several approaches are under investigation
that attempt to stimulate the immune

system postremission -

@ low-dose (1.2x10° units/m’) interleukin
(IL) 2, s.c. for 10 d

— natural killer(NK) clell expansion

— to induce natural killer cell cytotoxicity

@ the role of the multidrﬁg resistance
(MDR) éene in AML :
modulators (e.g., cyélosoporine) that
can block drug efflux, |

postremission chemotherapy.



E. Relapse

(D once relapse occurs :
allogeneic or autologous BMT
transplanted at the first sign of relapse
- long-term disease-free survival :
30% using allogeneic BMT in first relapse
or in CR2

the most i1mportant factors predicting
response at relapse :

the length of the previous CR,

whether initial CR was achieved with one

or two courses of chemotherapy,

the tvpe of postremission therapy

poor outcome of patients In early(<6

months) first relapse
(>12 months) first CR generally

relapse with drug-sensitive disease and

longer

may achieve a second remission with the
original induction regimen

long-term disease-free survival
with

requires

treatment additional

agents, not
previously received, or BMT

* salvage regimens used for relapsed diease,
as well as for initially refractory disease

with

anthracycline or mitoxantrone high-dose

high-dose cytarabine an

etoposide 1n conjunction with high-dose

cytoxan
JIE2] X oM zZOo|AMEIS/
=& ZFT4 gy XZ AEH
1. &6l 7%= (IDA+BHACE 0|35t &35
MA; 1997d M)
@ CR(FADAEL) -—— 78FF 689 (87.2%)
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@ long-term DFS after allo-sibling-HSCT in
AML : about 80%
2 Autologous PBSCT

year follow-up

: 69% DFS with 2-

ALL(Acute Lymphoblastic Leukemia :
od gE1y HEy)

A. Treatment

Clinical distinction between ALL and lymp-
homa

7NEAez 4 AN el oF, =&
A A% A28 N8E gew &
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(induction, consolidation, CNS prophylaxis,

maintenance therapy)

a. adult ALL -
FHFTEAHE  HEEA
vincristine, prednisone (% L-asparaginase)
£ olm e CR rates 50-85%

« DAA FstgHET ¢ ZEI} AHfFEL
Mol A dAZAA Bud v QL.

anthracycline}

b. CR +X% postremission therapy’} "% %
8 - CR7IZYE F7HA1717] $18H

c. early CNS prophylaxis7} Bt A4 -
cranial irradiation with intrathecal chemoth-
erapy or intrathecal and high-dose systemic
methotrexate(MTX)7} & 3}3

d. maintenance therapy - ¢ 2d A& (40}
29 FAH
methotrexate, 6-mercaptopurine, vincristine,

and prednisone
« T AololM A fFAIgwWe 7i7tH X8

dEw ot SHAY

e. Burkitt’s lymphoma in adults - Aolx 5.9}
FAFEE A8 A AHE
cyclophosphamide, cytosine arabinoside, and
CNS prophylaxis with MTX, $x&2 ¢}
60% | | |

f. precursor T-cell and B-cell lymphoblastic
lymphoma - Zo°}x84o]€& 2 intrathecal
therapy® 59 AEELS oF 40% Ao Fd
FLolB2 CNS d¥aye 2439

B .Prognostic .Factors

a. age - independent factor, older adults(>35)

18 & 1999 -

having a worse prognosis

7)€} - delay in achiving CR, B-cell pheno-
type (L3 or Burkitt’s), XA
WBC(>50,000/ul), o] &2 A o]4e]
ZA(1(9;22), t(8:14), t(1;19), t(4;11))

* T-cell ALL is no worse than B-cell

ALL @ ZE3 gFEays =Y
2 A%

b. o] & dFAAEES T #  poor-
prognosis subtypes of ALL & #& &

g HIEo AlEHKS. EI

A7t dv 8AEE 4T myeloablative

therapy’t &8 #4AZ Y

R Jim
-y ok

C. Treatment of recurrent ALL and the role
of BMT

a. 20} ALLY Hl8} 22 AaAgs 4=
CR#A71zke] &4 53], A85F AEsAY
HeRE BaREd AHAF B W E
ZF3. o] A¢ 2% @ ol2rTE 73]
ml-¢ &ch FAeelF AL Aol 23
CRo] #4 & Aoz A%t i/l 25 AL
ot

b. isolated extramedullary relapses in the
CNS and testis - radiation and intrathecal
therapy or radiation®. & X &3} AA At
& 437 HAEiAe AdE FE_EE 2
8= g

c. 498 AL ALLY A§ <Frt BEFsER
BMTE =] a8 afiof §

* 22t CRAHAA #AZE TF H £EEA
Fo| A YA B7] FHYESE  20-30%

d. allogeneic BMT in adult with ALL in lst

CR - unclear

_..74_



-

* A AIA Ao 9% FEtAsgd
S TF T ZYEAXE o)Az 3d
FHAAELE(45%)S 2ol7t glom ol &
AN, ’b"‘lﬂ-’—‘:]-‘li F< o)A #E AMYE,
318 Agd=A] 2riqEee F7F T
7108 A= olAe HaAdE FAREATI
°1Eﬂvc_’.- dde)f

* & FA ¥ dAAFH, L3 obF, 2T
%‘E--% WY IS daBeA FF o4
& Y= agstdol g &

t(9;22) ALL - DFS 38% with BMT,
t(4,11) ALL etc

e. autologous BMT in 2nd remission -

* long-term leukemia-free survival 1in
highly selected patients : ¢F 30%%
* Y X 5+ allogeneic or unrelated donors7}
= A9$ : purged or unpurged a BMT
following high-dose therapy A} 3%

* T3 : treatment-related mortality:= allo
BMTell vla] oAl Loy w& A
& o] %ﬂl — o}§ = graft-versus—tumor
effect’t glonz

CML(Chronic Myclogenous Leukemia);
hY Z4N Wy

A. Traditional Treatment

@ oral hydroxyurea and busulfan
@ leukapheresis, plateletapheresis

® splenectomy

B. Definitive T>{. to cure

@ allogeneic hemopoietic stem cell transplan-

tation @ from sibling, familial member,

194 WYy Nael AAAA -

unrelated donor(UBMT) -- the most

possible curable disease

HLA matched or mismatched
® disadvantage of UBMT

graft failure 1

acute & chronic GVHD 1

prolonged convalescence following Tx.
3 BMT is the only curative therapy

survival difference is clear after 5

years of BMT > hydroxyurea/

interferon— «a

C. Interferon—«a

S.C.

dose-dependent response, just prolong the
duration of chronic phase not curable tool,
effective when initiated within the lst year

of diagnosis as in BMT

D. Blastic Crisis

extremly poor prognosis

E. Treatment Response after IFN therapy

D HR(hematologic response)

® CR(cytogenetic response)

® MR(molecular response) : disappearance of
BCR-ABL trascript by RT-PCR

F. Autologous HSCT in CML

more recently, experimental trial

presence of CD34+ stem cells in
mobihized PB

G. For relapsed after aIIo—BMT-'

@D relationship of GVHD with reduced relapse

7 -
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of CML

@ DLI{donor T lymphocyte infusion) with or
without IFN-e¢ @ induction of graft-

versus—-leukemia effect, GVL

H. GWL vs GVHD

@ syngeneic BMT : no GVHD — high

relapse rate

@ allo-BMT : correlation between low
relapse rate and high incidence of + high
grade GVHD

@ autologous BMT : high relapse rate « no
GVHD
@ indution of GVHD by DLI after relapse of

allo-BMT : remission and durable disease

~free survival
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