CHAPTER 4

\Y'
FINDINGS _{—,

4.1 Characteristics of Patients with ALL with BCR-ABL1 in Hospi mpang

A total of 96 adult patients with a female preponderance were ideéntified (56.3%). The
median age of transplantation was 37.5 years (range 14-69 years){Eight patients (8.3%)
were in the adolescent age group of 12 to 19 years, w@men !46 9%) were in
the young adults age group of 20 to 39 years. The remaining 44.8% n—4 were ents
aged 40 years and older. The majority of patients were of the lyal y ethnic gﬁ?up (50%,

n=48) followed by Chinese (38.5%, n=37) and{India Mn—w Y?l% of the

patients (n = 96) had a high white cell co yx 1 :]u he mgdlan white blood

O O

cell count and platelet was 36 x 103 /uL ( -9
5 S
)

l\
4.2 Treatment Modalities an BL1 Mon oﬁng N

A total of 49 adult patient? ed LL / M protocol (51%) while the
remaining 47 adult pa% % ive tlpl rCVAD protocol. A total of 38

patients (39.6%) & ad cclm che rapy and were transplant eligible

underwent ste Il transpla ..The @I lan age of transplant was 37.5 years old

(range 14 ea oId) li o%aQ_Was used in 2 patients and CART was used in

8 patl eversa' pn@ allogeneic stem cell transplantation.

A-.._

Molecular response after mductlon TP1 showed BCR-ABL1 >0.01% in 38 patients

N
\%) and BCR-ABL1 <0.1% in 18 patients (32.1%). Molecular response at post-
wonsolldatlon week 16, TP2 showed BCR-ABL1 >0.01% in 37 patients (56.9%), BCR-

ABL1 <0.1% in 28 patients (28%). Molecular response at the end of chemotherapy or



in 28 patients (57.1%) (Table 4)

Table 3: Baseline patient characteristics

Baseline characteristics (n=96)

N (%)

Age, years
Median (range)
Mean
12-19 (Adolescent)
20- 39 (Young adult)
40- 59 (Adults)

37.5 (14- Q |
37.85Q 4
8 (8.3) .\ .

>60 (Elderly) .
Ethnicity C}'
Malay \ .
Chinese :
Indian % 6 9(9%)
Others \ ﬁ
Gender Yi Y =
Male % 2 ‘.'@3.8)
Female \ l\\ \}(54 (56.3)
\v& ARG
Median (ran@_) B " (5~ 36(2-500)
Mean Q, é\(J 87
>30 104{’ 5’y T 51 (53.1)
<3@L \c.}' 45 (46.9)




4.3 Outcomes of BCR-ABL1 Positive B-ALL Patients \Y’
A total of 80 patients (83.3%) achieved remission after induction, with 4 deaths (4.3%)
occurring during induction chemotherapy. Overall remission for this poﬁ&m was 38

(41.3%). With a median follow-up of 13 months, the median overaisurvival of 16

months was not reached. As shown in Table 4, overall surV| ear 3-year, and
5-year (OS) was 34.3%, 29.5% and 25.2%, respectively. dlal1 follow-up of 9
months, the median event-free survival of 11 months w tr che shown in

Table 4, overall survival at 2-year, 3-year and 5-

nt-fre@ survi a‘ (EL%S) was

an% tlem&ére alive

31.4%, 28.4% and 24.3% respectively. At the ti
(34.4%), while 63 patients had died (65.6&%@ he rPTin cause att@g to disease
progression (66.1%) as shown in Tabl 6

) NI
Table 4: Treatment modalities an e Ia; E%L m?:t\k ring

Treatment modalitie i 4 N{(%)
4

Chemothera

~\
S

GMALL/BFM proto S w6

HyperCVAD J Q;, 47 (49)

Transplanted pos Mther*y 38 (39.6)

é"
*Novel Age% d \(j)

Blinatu
b 4
CAR 8

Treatment resp&'@:e

ion post induction 80 (83.3)

rall Remission 38 (41.3)
elapse 34 (37.0)
Refractory 10 (10.9)
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Induction death 4 (4.3) T
Molecular BCR ABL achieving MMR %\
Post induction MRD
>0.01% 38 (67.9)
<0.01% 18 (3%
Post consolidation week 16 Y.
>0.01% (56.9) '
<0.01% (4311) ' 'C‘}Y.
=\
Post end of treatment/pre-transplant 21"( .\‘/T
>0.01% . 7.1) {ET’
<0.01% (,)
Overall survival \' S é
Median follow up, month (range % :_%T @lths
Median overall survival " 4 @nonths
2 years Aj -\ 34.3%
3 years § 29.5%
5 years ) 25.2%
Dise
Median follo , 9 months
Median ever% 11 months
2 years Qf 31.4%
3ye AQ 28.4%
5 A 24.3%
& Mortality rate
ad 63 (65.6%)
live 33 (34.4%)
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Cause of death

Disease progression 41 (65.1%)
Infection 15 (23.8%)

Others 6 (9.5%)
Unknown status 1 (1.6%)
4.4 Characteristics of Transplanted Patients with B-AL -ABL 1

A total of 38 adult patients with female preponderance were identifi

. Tt‘re&patlents

(7.9%) were in the adolescent age group of 12 nts (50%)

were in the young adult age group of 20 t@vs Thg}e f& (n=16) were

patients aged 40 years and older. The maj of a entsWere ofanese ethnic group

median age of transplant was 37.5 years old (ra 4-69 years ol

!

(47.4%, n=18) followed by Ch|n % &)Q 7.9%, n=3). 58.3% of

the patients (n = 21) had a hig ceII co X 103 ) at diagnosis. The median
white cell count was 36 x Yﬂ! Th1 rIStl@f the patients who underwent

transplantation are sho In able 52 ,‘

For the transpla elf, th of nts (65.7%, n=25) were transplanted

without ABO@\C?JOIR) Q}mﬁé’jmlsmatch (10.5%, n=4), major mismatch

2‘

O

(5.2%, % bidirecti m@atch (5.2%, n=2). Among all patients who
K s
nt stém cell tran plantat% there were more patients in the M-M group (28.9%,

under
S

n ?%Jllowed by the F-F group (23.7%, n=9), Fe-M (21.1%, n=8) and M-F (7.9%,

Of the 38 transplanted patients, 21 (55.3%) received allografts from the CMV

Osmve donor and the CMV positive recipient, followed by allografts from the CMV

negative donor to the CMV positive recipient (10.5%, n=4), while the least were
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allografts from both CMV-negative donor and CMV-negative recipient, and the CMV

S
Table 5: Transplanted patients characteristics

Baseline characteristics (n=38) N (O}oi
Age, years v

Median (range) §7.5 ('14 - 69)

Mean 7.05
12-19 (Adolescent)

(7.9 ® Y-
20- 39 ('Young adult) 9(50) | _\:'}
0- 59 (Adul 6 (42.
40- 59 (Adults) Y' \.' 1)\/‘2'~
>60 (Elderly) 0 (0)%3'
Ethnicity C}’
Malay \
Chinese Q) :
Indian % o Y| @0 309
Others \ '}\j A,ﬁ" 0 (0)
G ' 4
X IS
Male 2 2 % 16 (42.1)
@)

22 (57.9)

positive donor to the CMV negative recipient (2.6%, n=1) (Table 5).

Female ’%\ l\\ S
C( L )
Median (0\ ¢ ‘,' ('JO 36
Mean Q, / \Q/ 87
>30 % 4 V‘)" Yg\ 21 (58.3)
<3A \g}f 15 (41.7)
\ ABO mismatch
ismatch 25 (65.7)
inor mismatch 4 (10.5)

Major mismatch 2(5.2)
Bidirectional mismatch 2(5.2)




Missing 5(13.2) J
Gender mismatched (donor-recipient) (

Female to Male (F-M) 8 (21. Q\
Male to Female (M-F) 3 (7
Male to Male (M-M) 1 (289)
Female to Female (F-F) 1)
Missing (18.4)
CMV status \'\d
Both donor and recipient negative (2.6 " \Y"
Both donor and recipient positive 1 (55" )' .f)
Donor positive; Recipient negative \: .6) \,\T
Donor negative; Recipient positive \,z ,'.\ 4 (10. 3
Missing (,) N 11(290)
N
\ ()

4.5 Transplant Modalities an e 09 Allo Iaelc<</ Cell Transplant
Transplant modalities incl m%ij I source, conditioning, and
GVHD prophylaxis (M The oulgﬁ)ﬂal eic stem cell transplantation is
also shown in Table‘6, The moi; 4 n typ allogenelc HCT was transplantation
of fully match Si ' % 45) followed by a non-related donor
(8.5%, n=1 a ha Ioma ed r%‘.t?d donor (2.8%, n=5). There was a small
proporti %enw h der autologous HCT (4%, n=7). Peripheral blood
ste e PBSC, n=167, 94. 3@~Was the main source of allograft followed by the
Rgraﬁ (3.4%, n=6) and the cord blood graft (2.3%, n=4). Most of the patients
d 0, N=169) had undergone myeloablative conditioning chemotherapy. Only a small
action of them (4%, n=7) had reduced intensity conditioning chemotherapy (RIC).

The TBI-based protocol was the main conditioning regimen (73%) and GVHD
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prophylaxis included CSA/MTX (77.5%) and CSA/MMF (16.9%). Intrav

heparin (79.4%, n=135), low molecular weight heparin (17.6%, n=30) an%\)tide
(2.9%, n=5) were used as prophylaxis of venoocclusive disease (VOD). ean dose
of stem cell dose infused were 4.9 x 10%kg with median TW and platelet
engraftment of 13 days and 15 days, respectively. As shown in@he main causes

of transplant-related death included infection (n=17), GV ), |L"Ig toxicity (n =

3), transplant-related TMA (n = 1), venoocclusive disease (n=2), graft fai n=1) and

intracranial bleeding due to low platelet (n=1). é l @Y
2 X

Table 6: Transplant modalities and outco i t

Transplant modalities &

Types of transpla s\ \

Matched Allogenic sibling % 0?28 (73.7)
Matched unrelated donor \ " <8~' 3(7.9)
Haplo-matched ¥ Q? 1(2.6)
Cord blood c—)Y~ Lj | S 1(2.6)
Autologous \" "Cy 5(13.2)

A

\ ¢ ' %O
PBSC (0 / s O 37 (97.4)
) ~
BM Q’ P A é\ 0
Umbilic d \’Y’ 1(2.6)
N S
\ Stem cell dose (x10%/kg)
dian 4.9 (3.0-11)

Conditioning regime




Myeloablative

Reduced intensity chemotherapy
TBI based

Non TBI

GVHD prophylaxis

CSA/MTX Y('GS 8)
CSA/MMF é (1 .!)
CSAIMTX/ATG 5.3)
Missing é

VOD Prophylaxis Y'
AN

IV heparin \% 26 @ )
LMWH 10-(26.3)
Defibrotide % \T \442'\ (5.3)
>l F
Remission status prio ra SW \S"'
CR1 Y’ i ; §;\ 32 (84.2)
CR>1 c) 2 LM 6 (15.8)
N N\ O
St &
ngraftm a &
Median tim C (9-25) " b(') 13
Median tﬁ' %ﬁ latelet (8-70) NS 15
(Q B s 4\
.Y -
Post-transplam\@bonse
Nion 30 (78.9)
elapsed 8(21.1)

GVHD

i




Acute 11 (28.9)
No GVHD 18 (47.4) c\
Grade | 2 ; s
Grade 11 3
Grade 111 \'z
Grade IV
Missing
Chronic (2%
Limited 3 g
Extensive AN
’ X
N
Molecular BCR ABL achieving N%z \ ?Y'
Post end of treatment/pre-transplant % \D\ Q
>0.1% \ 8\21.1)
<0.1% % \;T \442'\6 (68.4)
NA % o 4 48? 3 (10.5)
S Y &
Post-transplant 3 months ' l §"
>0.1% % 2 2
<0.1% \ ' NN O 21 (55.3)
NA & ((% 17 (44.7)
P N \ | Y _} '
erdll Suryival b")
Median f@, month (272 )$ 15 months
Medi w | surfiv z Y 63 months
2 A <’ 57.6%
5&5 52.3%
ears 51.1%
Disease Free Survival
Median follow up, month (range) 15 months




Median event free survival 60 months Y’
2 years 62.1% q
3 years 56.4%
5 years 49,
Mortality rate 4&.
Dead 1)
Alive (57|9)
Cause of death (n=16) ¥
Disease progression 8 (SN' \Y"
Infection é (3 A>)' b
Others 4 %) \,T
VOD Y' \1 Q\T
GVHD %\, \? 2 A
S\ o
e eyt
4.7 Patients Achieving CMR@ C%—%Yr ngi-f;f Levels at Different
Time Points \ AQ/
e

|

N
A total of 33 patients (34. ho 'ad campl §hemotherapy were transplant
eligible and underwent allogéneic,_stél tfarsplantation while 5 patients (13.2%)
underwent autolg&\ns IJnt. The median age of patients receiving allogeneic

S
AN
transplant Wa@ars ange -}d V! . All patients received allografts, with the
majority b%.matche -sibling’'do n=27) (Table 6). Most of the patients (87.9%,
:
W Igtive

nzzg):i ent myeloab \"Cbnditioning chemotherapy with the TBI-based
pr% ing the main condﬁa)ning regimen (66.7%), where 13 (44.8%) developed

%raﬂ-versus-host disease (aGVHD) while 14 (50.0%) developed chronic GVHD

GVH D).
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The univariate analysis of the predictive factors for OS is shown in Table 7. OnI;/T/I RD

AN

status at TP3 and patients achieving CR1 were clinically significant. Multivariate
J

analysis showed that the high-risk group and transplanted in CR>1 were independent

A o
prognostic factors for inferior OS (BCR-ABLL1 level pre-transplant: HR 4.358, p=0.017;

\4
b
Transplant in CR>1: HR 4.582, p=0.016) and DFS (BCR-ABLL1 level pre-transplant:

&
HR 4.106, p=0.002; transplant in CR>1: HR 3.787, p=0.033) s@wn in.TabIe 8, Figure

4 and Figure 5. MRD status by molecular quantitatio re- aw‘ad better

Y—-
distinction for OS (p=0.005) and DFS (p=0.002) @d to past-i ctlor_rxfao.m,
p=0.75) and post-consolidation (p=0.138, pzo.v.sespeti\\él igure 4\9‘% Figure

Y

5). With a median follow-up of 25 months, the median*Gvera urviv@ﬂonth was not

LY &
reached. The 2-year, 3-year and 5-year OS rates were 66.3%, 58. 7% and 53.4%, while

D AR g W
the 2-year, 3-year and 5-year DFS rates were 63.7%, 59 9% \and 54.5% (Figure 3D),
respectively. With a median f of 9 mont '{he <<|@an DFS month was not

reached. At the time of a \O Tt nts were @ (60.6%) while 13 had died

(39.4%) as shown in %L Six

relapse with a medi to rf a 14 m (range 8 to 104 months).

6.29 in‘ atients with MMR experienced

SN ?:' ‘_,)(5Q
VA
9

(s
&
—
S



Table 7: Univariable analysis of factors predictive for OS
Characteristic B-ALL with BCR-ABL1 | Transplanted Bc)

with BCR-ABL1
3-year OS (%) p 3-year OS (% p

Age, years %
AYA 39.0 0.064 52N 0.690
Adult and elderly 19.6

Gender é ki

Male 33.6 0.876 54.' \dgo
\F/\izzeat diagnosis = ;ZUP "%\9

a)

>30x10%/uL 25.5 W - 52 wr‘0.684
<30 x10%/uL 35.9 '\ 3.6 (,<

MRD status (%) >0.1 1 1 @?1

TP1 36.7 g 36.1

TP2 . . %

TP3 & Ms \4@) 73.9 | 0.003
Chemotherapy , ;\ R

GMALL/BFM . ;

Hyper-CVAD

TKI

Yes (2012-20
W%_r
T |
W%—’ v <0.001

= |

i status at transplant
1 65.9 0.003
CR1 16.7

Values are presented as number (%). Significant p-value <0.05. AY A, adolescent and
young adult; WCC, white cell count; TP1, Time-point 1; TP2, Time-point 2; TP3,
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Time-point 3; MRD, measurable residual disease; TKI, tyrosine kinase inhibit ,

complete remission. \

Table 8: Multivariable analysis of factors predictive of OS and DFS In splanted

patients.
Characteristic Risk of relapse or death I eath
HR 95% CI p
BCR-ABL1 level 1,996 —
pre-transplant 4.106 0.022
13.752

>0.1%

Transplant in 1.113 -

CR>1 3.787 11.520 0.03

CR, complete remission; HR, hazard ratio; p-val .05.
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08 postinducton G MR
Median follow-up, months (range) 28(7-116) 25(8-110)
Median 0S, months Not reached 4@
2years OS (95C), % 714(51.3,995) 68,6 (403, 100)
3 years OS (95C), % 635(424;95.1) 68.6 (403, 100)
5 years OS (95C), % 635(424;95.1) 45.7 (17.5, 100)
Log-rank, p=0.7
T T T T T
20 40 60 80 100 120
Time (Month)
08 post.consolidation week 16 W
Median follow-up, months (range) 25(12-104) 285(7-130)
Median OS, months % Not reached
2years 08 (95C1), % 56(310,997)  831(67.2:100)
3years 0S (95C1), % 44214923)  831(672100)
5 years OS (95C), % 444(214,923) 727 (51.9; 100)
Log-rank, p =0.138
T T T T T
20 4 60 100 120
Time (Month)
MRD level (%)
08 pie-tianspn; 01 1
Median follow-up, month (range) 14(8-104) 31(7-130)
Median 08, months ° Notreached
2years 08 (95C1), % 429(182,100)  896(77.0;100)
3 years OS (95C1), % 286(88,922) 837 (68.2; 100)
5 years OS (95C1), % 286(88,922) 75.3(56.3, 100)
Log-rank, p = 0.005
T T T T T
2 40 60 100 120
Time (Month)
05 overall
Median follow-up, months (range) 25(7-130)
Median 05, months. Not reach
2years 05 (95C1), % 66.3 (51.3;85.8)
3 years 05 (95C1), % 58.7(43.2,79.9)
5 years 05 (95C1), % 53.4(37.2;76.6)
T T T T T
20 40 60 80 100 120
Time (Month)

M '/ YOS
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Figure 4: Transplantation outcome, OS according to BCR-ABL1 at certain time .
(A) Post-induction MRD (B) Post-consolidation week 16 (C) End of treatm MQ he
overall cohort
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Dr8 poskinduction 201 Eana @t
Median follow.up, months (range) 28 (4~ 115) 25(5-110)
Median DFS, months. Not reached &
2 years DFS (95C1), % 722(624;%06)  T14(447;100)
3 years DFS (95C1), % B42(432,964) T1.4(44.7;100)
5 years DFS (95C1), % 6420432,954)  475(188;100)
Log-rank, p = 0.75
T T T T T
20 40 60 80 100 120
Time (Month)
DFS post consolidation weak 16 s P
Median follow-up, months (range) 25 (4, 104) 285(6,130)
Median DFS, months % Not reached
2 years DFS (95C1) % $66(310,097)  844(697,100)
3 years DFS (35C1), % 24021423 844(697,100)
5 years DFS (95C1). % a14,23)  739(534,100)
Log-rank, p = 0.078
T T T T T
2 40 L 80 100 120
Time (Month)

MRD level (%)
201 01
12(4-104) 31 [7-130)
12 ot reached
266(88,%22)  896(770,100)
26@8,9%22)  837(682100)
86(88,922)  753(563,100)

65

...... MRD 20.1
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T T
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25(4~-130)
Not reached
637(485;836) - mw
59.9(44.6;806) limit
545(384;77.4)
T T
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Figure 5: Transplantation outcome, DFS according to BCR-ABL1 at certa
points. (A) Post-induction MRD (B) Post-consolidation week 16 % of
treatment (D) The overall cohort



