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Conditioning Therapy Intensity

— Protocol Based on GVL

Cyclophosphamide/Etoposide/TBI 1200*
Busulphan/TBI 1200*
Cyclophosphamide/TBI 1200*
<§EsuI%han/Cyclophos%hamiaD
Busulphan/Melphalan

Melphalan/Fludarabine

<RBusulphan/Cyclophosphamide/TBl 1200% —

Myeloablative

Busulphan 4 days/Fludarabine Reduced

< Treosulphan/Fludarabine — Intensity/Toxicity

TBI 100-200*

Bendamustine/Fludarabine/Rituximab t

Fludarabine/Busulphan/Thiotepa
Busulphan 2 days/Fludarabine
TBI 200* /Fludarabine =]
Fludarabine/Cyclophosphamide

Non-
myeloablative

Protocol Based on Intensity

—S—

RMMJ October 2014; 5: 0028



Conditioning Therapy in Stem Cell
Transplantation:
What is required?
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Fig. (2). Theoretical population distribution of exposure to Bu given without
TDM. Vertical lines border the therapeutic range above and below which

outcomes are expected to get worse.
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Fig. (5). Population distribution of exposure to Bu given with an ideal
means of targeting exposure. Vertical lines border the therapeutic range
above and below which outcomes are expected to get worse.

* Myeloablative (=High toxicity) vs Non-myeloablative (=Reduced

intensity = lower toxicity)
(TBI / Busulfan / Melphalan)
Fludarabine / Cyclophosphamide)

* Reduced intensity (non-myeloablative) vs Reduced toxicity

(Lower dose alkylators &

(myeloablative)?

| Current Pharmaceutical Design, 2008, Vol. 14, No. 20




> Bone Marrow Transplant. 1993 Oct;12(4):323-9.

Busulphan and melphalan prior to autologous bone
marrow transplantation

A Srivastava 1, K F Bradstock, J Szer, L de Bortoli, D J Gottlieb
1 Department of Haematology Westmead Hospital, New South Wales, Australia.

*13 males & 11 females, aged 27-53 years (median 39.5
years) received oral busulphan 1 mg/kg g6 h on days -6 to
-3, followed by i.v. melphalan 140 mg/m2 on day -2 and

infusion of cryopreserved haemopoietic cells on day O
*The major toxicity seen was gastrointestinal with

nausea, vomiting and diarrhoea in 17 patients and severe
mucositis in 22. There was no evidence of
cardiotoxicity, nephrotoxicity, haemorrhagic cystitis or

clinical signs of hepatic veno-occlusive disease.
*Of the group of 13 lymphomas, overall and relapse-free

actuarial survival at 36 months was 64% and 58%,
respectively,



Randomized trial of two different conditioning regimens for bone marrow
transplantation in thalassemia — the role of busulfan pharmacokinetics

in determining outcome

M Chandy', P Balasubramanian', SV Ramachandran', V Mathews', B George', D Dennison?,

R Krishnamoorthy® and A Srivastava'

1. REGIMEN A [Bu600] — busulfan 600 mg/m? given as
four divided doses over 4 days and cyclophosphamide
200 mg/kg given over 4 days (50 mg/kg/day i.v over 1 h).

2. REGIMEN B [Bul6] — busulfan 16 mg/kg as 1 mg/kg/
dose four times daily x4 days, cyclophosphamide
200 mg/kg given over 4 days (50mg/kg/day i.v over
1h) and ALG (Pasteur Merieux) 30mg/kg/day for 3
days.

1.0 4 .

Busulfan Cmin1 =150 ng/ml; n= 66
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Figure 1 Probability of graft rejection depending on busulfan C.;.-1.

Bone Marrow Transplantation (2005) 36, 839-845

Table 3 Analysis of outcome in relation to busulfan dose
Bu 600/Cy Bu 16/Cy P-value
200 200/ALG
n (%) n (%)
Overall survival 32 (68) 34 (47) 0.822
Disease-free survival 32 (68) 30 (64) 0.828
Follow-up (months) median 63 1-124 52 1-124  0.376
Rejection 2 4) 4 9) 0.677%*
Mortality 15 (32) 13 (28) 0.652*
Outcome by class
Class 11 n=21 n=22
Overall survival 17 (81) 19 (86) 0.698
Disease-free survival 17 (81) 19 (86) 0.698
Rejection — — — — —
Mortality 4 (19) 3 (14) 0.631
Class II1 n=26 n=25
Overall survival 15 (58) 15 (60) 1.000
Disease-free survival 15 (58) 11 (44) 0.406
Rejection 2 (10) 4 (22) 0.302
Mortality 9 (35) 10 (40) 0.691

2-16 fold 11V in PK parameters on oral busulfan




Population pharmacokinetics of cyclophosphamide in patients
with thalassemia major undergoing HSCT

P Balasubramanian'#, S Desire'*>, JC Panetta®?, KM Lakshmi', V Mathews', B George', A Viswabandya', M Chandy'®,
R Krishnamoorthy® and A Srivastava'

Table 1. Population estimated secondary parameters estimated using

the two-stage approach

Population
mean (range)

v Qv 0V ICV3)

Y AUC (pg h/mL)
Y Crmax (pQ/mL)
CY Coin (g/mL)

CY ty2 (h)

HCY AUC (pg h/mL)
HCY Corax (pg/ml)
HCY Coir (/mL)

18588 (B66-2445)
637.6 (202-2664)
6.7 (0.06-121)
1.59 (0.54-4.2)
5200 (953-22573)
1700 (250-68542)
0019 (0.41-216)

HCY ty,2 (h) 0.12 (0.02-0.19)

HCY AUC/CY AUC 2B =107
(4.1 10 *-
1.6x10 %)

51
41
a2
24
45
49
114
17
40

a2
48
103
35
24
i3
38
12
35

Abbreviations: AUC = area under the concentration vs time curee;
Cinax = Maximum concentration; CV% = coefficient of variation;
HCY = hydroxy CY; 11V = inter-individual variability; 10V = inter-occasion

variability.
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*17-114% IV and 12-103% IOV in CY and HCY PK parameters were observed

*Body Wt and age were the main covariates

*CYP2C9*2 explained a significant portion of the IIV in the clearance

Bone Marrow Transplantation (2012) 47, 1178-1185




Improved Clinical Outcomes of High Risk § Thalassemia
Major Patients Undergoing a HLA Matched Related
Allogeneic Stem Cell Transplant with a Treosulfan Based
Conditioning Regimen and Peripheral Blood Stem Cell
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Allogeneic hematopoietic stem cell transplantation in thalassemia major: results of
a reduced-toxicity conditioning regimen based on the use of treosulfan
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Figure 1. Outcomes of the study population. (A) Cumulative incidence of transplantation-related mortality (TRM) and graft rejection (Reject). (B) Five-year Kaplan-Meyer
estimate of overall survival (OS) and TFS for the whole cohort of patients. (C) Five-year Kaplan-Meyer estimate of TFS according to the type of donor used (MFD indicates
matched family donor; and MUD, matched unrelated donor). (D) Five-year Kaplan-Meyer estimate of TFS according to the patient’s class of risk.

Blood 2012; 120: 473-6



Outcome of Allogeneic Stem Cell Transplantation for

Thalassemia Major in India

Comparison by Conditioning Regimen: Bu/Cy vs Treo/Flu/Thiotepa (2000

a1l - 2014) (n=593)
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Fouzia et al,

ASH Abstre



Evaluation of a generic Treosulfan in India
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*Comparison of Treo PK parameters showed high inter-individual variation
(1IV) in AUC and Cl. AUC values of 13/15 patients receiving TreoE were in the
range of the lowest quartile of TreoM.

**The IV was >30 fold with TreoM and ~10 fold with TreoE for AUC.

Clin Pharmacol Ther 2018 Sep;104(3):575-583




Second Hematopoietic Stem Cell Transplant for Thalassemia

Major:

1t TRANSPLANT GRAFT REJECTION
(N=62)

| 27 TRANSPLANT |

//_YES &\

N=29
Primary graft rejection
Aplasia (n=3)

Autologousrecovery (n=12)
Secondary graft rejection (n=14)

(n=15)

N=33

Primary graft rejection (n=17)

Aplasia (n=12)
Autologous recovery (n=5)

Secondary graft rejection (n=16)

Aplasia (n=0)
Autologous recovery (n=16)

Aplasia (n=5)
Autologous recovery (n=9)
|
TREO-BASED CONDITIONING OTHER CONDITIONING REGIMENS
N=12 N=17

Transfusion free (n=11)
Complete chimerism (n=11)
Died (n=1)
GVHD (n=1)

Transfusion free (n=3)
Complete chimerism (n=3)
Transfusion dependent (n=1)
Died (n=13)
Aplasia (n=10)

RRT (n=3)

Transfusion dependent (n=15)
Stable mixed chimerism (n=3)
Died (n=15)

Aplasia/infection (n=13)

GVHD (n=1)

Unknown (n=1)

Improved Clinical Outcomes with a Treosulfan Based
Conditioning Regimen
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Korula et al, Biol Blood Marrow Transplant 24

¥



The science behind gene therapy

*Use of nucleic acids (DNA / RNA) for treatment, cure or prevention
of human disorders!?

*Substituting an exogenous functional gene or disr rr unction
of an active gene

& —
A

Target cell

Transgen Vector
e (Viral /
Non-viral)
Transgene
DNA Transgene carried R released into Gene expresses Functional
(gene) S ene therapy target cell proteins protein available

1. Kaufmann, KB et al. EMBO Mol Med 2013;5:1642-1661 12



Modalities of Gene Therapy - In vivo and

In vivo tissue-targeted Ex VEXWOvo hematopoietic stem cell

AAV (or LV) gene therapy (HSC) or Immune cell -
Integraf"'" XTAm~d+Aw [IDIXT/TXT\

Blood cell processin
Blood collection ._P_. g

Outpatient
. s Blood compartment visit £
In vivo gene | -| .
delivery . . Lentl:ural
> R O vector
l’-— — b 4
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Lo <,
A s,
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& il | | Eht
Q/——+ﬁ% < v, & () \\ Co— Thim
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stem cells Stem cell isolation and
ex vivo gene transfer
*Bulk central *Variable initial *No age barrier *Personalized
manufacturing expression product
*Easy peripheral *Decline of manufacturing
veln administration expression after 6- *Anti-AAV Ab not a *Stem cell
12 months (FVIII) barrier transplant related
*High safety *High ineligibility toxicities
profile due to anti-AAV Ab *Sustained *Offsite

o oA avpraaacd on “TNnteagration 1oQiiec



Allogeneic transplantation Ex

Healthy donor's HSCs
-

«Cure most patients
*Limited donors found Transplant Harvest
*Risk of rejection and GVHD

In vivo gene therapy q _ b ‘

Patients

HSC-targeted delivery system with SCD

Viral veclors @ e
Nanoparticles @%

vivo gene therapy

Patient's HSCs

Gene modification
Lentiviral gene addition
HDR or indel editing
Base editing
Prime editing

*Under development
*Walk-in basis
*Low cost

*Serve as own donor
«Ex vivo culture needed
*High cost

Stem Cells Transiational Medicine, 2025, 14, s2a3f042

HSC gene therapy
in SCD

The SCD mutation

in -globin gene

Phenotypic correction

o—n |Gene addition

p-globin €  Lentiviral
transduction

o—xn |Gene silencing

BCL11A®
y-globin

Lentiviral
transduction

Gene disruption

st >

BCcL11A® Indel editing
y-globin ' Base ediﬁng

Gene correction

GAT®GTG HDR editing
Base editing
Prime editing

* }-globin gene
= y-globin gene

= RNA interference
with BCL11A gene

= BCL11A enhancer
- Repressor binding site
of y-globin promoter

* B-globin gene



Betibeglogene Autotemcel Gene Therapy for Non-£°/3°
Genotype B-Thalassemia

Patient Transfusions Hemoglobin at
No. before Enrollment Transfusions after Beti-cel Infusion Last Study Visit
transfusionsfyr  mlfkefyr Packed red-cell transfusions [ Mo packed red-cell transfusions g/dl
1 220 162.5 I s
2 15.5 192.9 | B 01
3 11.5 158.7 I
4 12.5 166.2 | 13.3
5 24.5 240.5 I 12.7
6 175 311 I — 13.3
7 200 229.7 e 13.7
8 19.0 165.6 1 12.2
9 170 2513 e 12.4
10 18.0 244.5 I 10.9
11 15.5 166.1 ] 12.4
12 140 152.3 e 13.7
13 19.0 191.4 I 10.1
14 130 190.4 ] 13.3
15 15.0 274.4 I 10.2
16 370 2220 I 12.7
17 24.0 193.5 ] 12.2
18 16.0 229.6 | 9.5
19 175 219.1 I 11.8
20 13.0 208.0 | 16.3
21 12.0 142.1 ] 1.5
22 15.5 2395 ] 9.9
23 15.5 207.9 - | 10.3
1] b 12 lr.E 2I4 JID _".rE 4I2 4|3
Month
Engraftment: Conditioning:
Neutrophil: 23 days (Range: 13- Busulfan (IV) - 3.2mg/kg/day
32) x 4 days
Platelet: 46 days (Range: 20-94) (Dose targeted with PK)

Duration of severe cytopenia?? N Engl J Med. 2022;386(5):415-

A PN —



ORIGINAL ARTICLE

The NE' GLAND
JOURNAL of MEDICINE

f X in 2

Exagamglogene Autotemcel for Severe Sickle Cell
Disease NEJM 2024 May 9;390(18):1649-62

Baseline period M Time from exa-cel infusion to last red-cell ~ M 60-Day washout period after

transfusion in the initial period last red-cell transfusion

I Time from washout period to

data cutoff or end of study

A Duration of Periods Free from Severe Vaso-Occlusive Crises after Exa-cel Infusion in All Patients

Patient Annualized Rate Total
No. before Screening 24 Months before Screening After Exa-cel Infusion Follow-up
no. of crises /yr mo
% g(s) *» L) L ] W ¢ 40 0 —36245 5 313%
: * * e 36. ;
3 4.0 0. 0. 0. o s .‘: “.0 ke S 202 12.3 35.3
4 2.5 * * * o & -2 30.6 33.2
5 5.5 o ¢ 00 * ¢ o 0 O e 28.8 32.0
6 9.5 L 2 2 G 00 MW ¢ WOCNNNG ™ 289 31.4
7 4.0 * * o ¢ ¢ ¢ mmwm e 283 30.7
g gg L 3 » ¢ ’0‘ * - ¢ 0. ¢ 0. : 0—0295.6 %8%
10 2.0 L * O — 25.7 23‘1
11 2.5 * * * e -, )5 .4 27.9
12 2:5 * 00 & e 24.0 26.9
13 4.5 * L a4 ® ¢ & & e mMWM™ 235 26.5
15 ) e e ———————— | 580
16 2.5 L * ¢ €& D 23 .4 26.0
17 2.0 * s e | o WyWyl 25.1
18 2.5 * L 2 * ¢ I 18.2 20.6
%(9) %8 0“ * - ‘0 - - —1167,58 2’8%
A e 1 6. 20.
21 2.0 *» » PE— 1 7 2 9.7
22 2.5 * * * e o e 16.9 9.4
23 5.5 * *» ¢ & ¢ ¢ 'm0 166 9.2
24 2.0 e * 9 EE— 1 6.3 9.0
25 2.0 * ¢ * * P 1 6.4 9.0
26 4.0 o ¢ ¢ LR 2 SR 15.9 3
27 2.5 * * * ® ¢ B 1 5.5 3
28 35 L] ¢ *e ¢ o & I 15.5 1
29 4.0 L 2R * ¢ *¢ o0 P ] 5.5 ;1
30 25 L ® o ¢ o 14 8 8
31 18.5 @ 0000 00O OOV OGN 9200 43
32 3.0 * *» * * : I 6.0 8.9
33 4.0 ® 0 ¢ @ * I O.1 27
%g %g * ~ ~ * — :. ~ _1287 ?.%
36 3.5 * * *e ¢ ® mme 45 g Ad]udlcated. adadd .7
37 2.0 * * * o o 5.8 vaso-occlusive crisis 5
38 35 ®» ¢ o * I 3.2 2
39 2.5 * *» L 2R 2 e 5.1 12
40 2.5 * * * > ¢ w44 6.8
41 9.5 ¢ 4o W0 W ¢ 000000000 T 34e 6.3
42 45 ¢ o ®Wee o ormm 14 4%
43 2.5 *» * o o s 0.6 3:1
44 35 pee o +* ¢ o n 0.8
I T T T T T T T T T T T T T T T T T 1
-24 -20 -16 -12 -8 -4 Screening 4 8 12 16 20 24 28 32 36 40 44 48
and exa-cel
infusion

Months before and after Exa-cel Infusion




ORIGINAL ARTICLE f X in
] l f f . @ Red-cell transfusion Baseline period I Time from exa-cel infusion to last W 60-Day washout [ Time without red-cell
Exagamg ogene Autotemcel for Transfusion- adjudicated red-cell transfusion for period after last transfusions starting
. post-transplantation support or red-cell transfusion from end of washout
Dependent B'Thalassemla NEJM 2024 May 9;390(18):1663-76 = disease management period to data cutoff
JOURMAL of MEDICINE
Red-Cell Transfusion
Patient Volume before Total
No. Screening 24 Months before Screening After Exa-cel Infusion Follow-up
ml/kg/yr mo
Table 2. P"mary and Key Secondary Efﬁcacy ReSU|tS. 1 159 066 60 0000000000000 00 0000 oo oo o NI 45,1 48.1
2 307 Peosssosoes sosossee eess oo e oo o o — 35 4 38.3
. 3 253 S 900000000 000 40500000 + 00000 e em oo BRI 32.2 35.7
anary Eﬁicacy 4 13% 000000000 000000 & sessesses0e 00—3.']5.29.5 gig
. 5 21 Poososos ooos oo oo sove oo oo o oo G 31, ;
POPI-I|atI0n 6 126 Pessmes o svs o ewses s oo EEEE— 28,2 30.8
. = 7 127 IR R R AL I R RN RI R RN i ee————————————————————— 1 30.4
End Point (N_BS) 8 229 S s s sese e s s s eee s o o R 26.8 29.7
. ) . ) 9 182 00 00000000 0000000 00000000 s s e ss oo MM 25.5 28.7
Primary end point: weighted average hemoglobin %(1) %g% SRR R AR "““‘""‘“‘—2§51-7 %Z;-g
5 = P oo o 00 0 0 00 000 s ee o o N 25 .
level of =9 g/d| without red-cell transfusion 12 220 o sseo0e e + S 241 26.8
: 13 115 tesessesree o sessesese e s o R EI— 23.6 26.4
for 212 consecutive months 14 127 Peesss sosrcsr o oo oo soere o oo ERENII— 22.7 25.5
. 15 138 90000000000 00000 000000 000t et se se e sEREINIIII— 21 .4 25.0
No. of patients 32 16 190  [sesses sesss sosssrcrse sorosors s I 19.3 243
17 155 - 7213.0 %g-g
o o 18 131 W W 0000000000000 200000 4 2000000 J[ENRERIRRSTRRRISISIEE T /. %
Percentage of patients (95% Cl)* 91 (77-98) 19 189  [seee ss sesssene sose s s eEEII—— 20.4 23.6
20 216 6000 seseerses ss sne s s EEE—————— 20.5 23.4
P value <0.001 21 306 o ss s 6 6 o4 & e ee s am 23.3
22 207 Pees so s st oo sssss s srsss se soss oo NI 20.7 23.1
5 o * 00000 0 * s00 S04 00000 o0 cccs ol I L 7 .
Key secondary end point: weighted average hemo- 22 . ———————————————— L, 2
globin level of =9 g/dl without red-cell trans- - L e e 24
. . 00000000000 000 s 000000t csscswodll I 2 5
quIOf‘I fOf 26 COI‘ISCCUtIVC mOﬂthS 27 215 oo o0 ¢ 200000000 20000000 ce s AN 17.4 20.1
25 T — o+ e —1C 1o
3 29 166 EX R S 900000000 00000000 ¢ 00 o oo c I 1 6. A
No- Of patlents 32 30 165 6 0000000 000 00 00000000 200000 o0 ¢+« B 15.9 18.9
X 31 253 b 6600000000000 000000000000 M 159 18.4
Percentage of patients (95% Cl)* 91 (77-98) 32 264 + SIS 4.0 18.2
33 197 0000000 00 000 000 0000000000000_1%4,1 %gg
34 296 400000000 000000000000000 000000 coccsccccilll I o3 i
Pvalue <0.001 35 237 [esesesmens oo soms sosassnsse oo s s oo EET——— 133 16.1
36 214 900000000000 0000000m00000 00 ¢ o0 oo AN 13.0 15.4
37 206 900000000 0 0000+ % 4 2000 sesese s coEEENIIIIIIIIIIIIIEN 124 15.4
38 122 boooos SR 12.0 15.2
39 301 besso 0000 s0me 200000000000 ST 11.9 14.3
40 160 24000 0000000000 000000 EEEIIIIIIITTTTTTITIEE 110 13.6
41 140 0000000000 0000 sesscsce o WERVIIIIIIITIIENIL] 1i3:5
42 168 pee o e 10.5 13.1
43 110 ses 6 & s sssees o ¢ EEEEN—9.7 12.6
44 164 16 66000000000 00000 0 ¢ 6000000 ¢see TN, 7 11.9
45 48 ¢ e s e e e+ s e cEmmammoTI 4.3 7.9
46 266 WIINEPEIIM 2400000 2000000000000 ¢ s o i 2 5 5.8
47 300 s0000e Wes000000000000ms somecs oo canammI] 7 49
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49 273 990000 000000000000000000000000000 000 2.8
50 125 940000 0 %0 20000 200 seso e socccoimm(0.3 2.8
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52 246 000000 0 000000 so0 o vl 2.1
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-24 -12 Screening and 12 24 36 48
exa-cel infusion
Months before and after Exa-cel Infusion




Betibeglogene Autotemcel Gene Therapy for Non—3°/3° Exagamglogene Autotemcel for

Genotype B-Thalassemia Transfusion-Dependent 8-Thalassemia
. . Table 3. Grade 3 or 4 Adverse Events after Exa-Cel Infusion.
;I‘:fl;l;:r..liummary of Adverse Events and Serious Adverse Events after Beti-cel Busulfan based Ep—
MAC Adverse Event =y
All Patients (N=52)
Event (N=23) conditioning: no.of patients (%)
no. (%) Targe ted Bu Any grade 3 or 4 event 46 (88)
Grade =3 adverse events occurring in =2 patients o o Grade 3 or 4 events occurring in 5% of patients=
through 2 yr of follow-up GradJ'ee‘ge—Jlb mucositis . Febrile neutropenia 28 (54)
Thrombocytopenia 22 (96) : | stomattis 21 40y |
Neutropenia 18 (78) 4 0 - 6 0 % Anemia 20 (38)
Anemia 14 (61) - 10-13% Platelet count decrease 18 (35)
Stomatitis 14 (61) _ Thrombocytopenia 18 (35)
Leukopenia 13 (57) I Mucosal inflammation 17 (33) I
Febrile neutropenia 8 (35) En g raftm en t Neutrophil count decrease 14 (27)
Epistaxis 5 (22) Neutro p hil: 29 d ayS (ran g e, 12 Decrease in appetite 12 (23)
Pyrexia 4 (17) Epistaxis 7 (13)
Decreased appetite 3 (13) to 56) Neutropenia 7 (13)
Hepatic veno-occlusive disease 3(13) White-cell count decrease 7(13)
Increased alanine aminotransferase level 2(9) Platelet: 44 ays (ran ge, 20 to | venoocclusive iwver disease 50 |
Increased blood bilirubin level 209 200) I Blood bilirubin increase 4 (8)
Hypoxia 2(9) Hypokalemnia 4 (8)
Lymphopenia 2(9) En g raft men t : Hypophosphatemia 4 (8)
: . I, I erload 4 (B
':h”’l ﬂF’ zg Neutrophil: 23 days (range, 13 o m:
aryngeal inflammation aused
Serious adverse events reported in =2 patients to 32) Vomiting 4(8)
thmugh last Follow-up CD4 lymphocyte count decrease 3 (6)
Hepatic veno-occlusive disease 3(13) - Hematuria 3 (6)
Thrombocytopenia 2 0) Platelet: 46 days (range, 20 to . o
Pyrexia 2(9) 94) Hypoxia 3 (6)

N Engl J Med N Engl J Med
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The role of the conditioning regimen for autologous and ex vivo

genetically modified hematopoietic stem cell-based therapies:
recommendations from the ISCT stem cell engineering committee

Landmark studies of allogeneic ex vivo genetically modified hematopoietic stem cell therapy.

Indication

Lysosomal storage and
Metabolic Disorders

Inherited Bone
Marrow Failure

Inborn Errors
of Immunity

Pathophysiology

Landmark studies

Hemoglobinopathies

Intrinsic erythropoiesis
defect

Disorders of enzymatic
pathways leading to
accumulation of toxic
substrates

Intrinsic defects of one or
more lineages of
hematopoiesis

Genetic lesion that affects
one or multiple arms of
the immune system

Hgb 206 — Lentiviral gene addition for sickle cell disease. Busulfan targeting
AUC 82mg*hr/L in groups B & C (Kanter | NEJM 2021)[40]

Hgb 207 & 212 — Lentiviral gene addition for thalassemia. Busulfan targeting
AUC 70mg*hr(L (Locatelli F NE|JM 2021)[45]

CLIMB THAL-111 & CLIMB SCD-121 — CRSPR/CASSY gene editing for
thalassemia and sickle cell disease. Busulfan targeting AUC 74-90mg”hr/L
(Frangoul H NEJM 2020, NEJM 2024 & Blood 200)[17,34,46]

ALD102 — Lentiviral gene addition for X-linked CALD. Busuflan targeting AUC
70—85 mg*h/L & Cyclophosphamide 200 mg/kg (Eichler F NEJM 2017)[62]

MLD - Lentiviral gene addition. Busulfan targeting AUC 67 — 85 mg*h/L
(Fumagalli F Lancet 2022)[63]

MPS-1 — Lentiviral gene addition. Busulfan targeting AUC 85mg*h/L. Fludara-
bine 40mg/m~ x 4 and Rituximab 375mg/m* x1 (Genter B NEJM 2021)[61]

RP-L102 — Lentiviral gene addition. No conditioning regimen due to
competitive advantage of transduced HSCs (Rio P Nat Med 2019)[ 28]

SCID — Lentiviral gene addition. ARTEMIS SCID Busulfan targeting 20 mg*h/L
(Cowan M NEJM 2022). ADA SCID single dose Busulfan 4mg/kg (Kohn DB
NEJM 2021). X-SCID Busulfan targeting 22 mg*h/L (Mamcarz E NE|JM 2019)
[67]

X-CGD — Lentiviral gene addition. Busulfan targeting 70—75 mg*h/L (Kohn DB
Nat Med 2020)[68]

WAS - Lentiviral gene addition. Busulfan 4 mg/kg/day with Fludarabine 40
mg/m*/day. Anti-CD20 and/or Anti-CD52 for significant autoimmunity
(Magnani A Nat Med 2022) [70].

Recommendation

Myeloablative regimen. Therapeutic drug

monitoring using pop-PK models for
busulfan targeting an AUC of 80-
100mg*hrfL

Myeloablative regimen. Therapeutic drug
monitoring using pop-PK models for
busulfan targeting an AUC of 80-100
mg*h/L. Disease-specific immune abla-
tion.

Meed to balance risk of underlying dis-
ease with need to engraft. Condition-
ing will be disease specific.

Meed to balance risk of underlying dis-
ease with need to engraft. For SCID,
genotype dependent. For other non-
radiosensitive PIDs likely higher Busul-
fan exposure needed.

Cytotherapy 2025;
27: 78-84
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CD68-ET3-LV CD34*: Mechanism of
action

3rd gene ra ti on S IN_ LV CMV R W RRE ~ CD68 Promoter ET3 AU3US
. . - ]
B:Loenglneered ET3 us cPPT/CTS P R BGsPA
{ GMP vector production ST
transgene: . CD68-ET3-LV

* Enhanced secretion and " 1) 3rd Gen LV encoding a
d secretion enhanced FVIII (ET3)

Ex vivo

reduced cell stress relate transduction
toxicity | | : 9 ®

Human CD68 internal 2) Utilze patients ownblood | | coleien  8gIR

promo ter: | restoration of blood clotting

* Directs ET3 expression to . & =
iR (G
(monocytic phagocytes, ‘ S and progenitor
b / " > cells to support

osteoclasts, and 5 /,L\\ /3 / @ \\ long term durability
<\J& N 4

macrophages) 4 ‘
* No ET3 expression in HSCs |

4) ~10° FVIII producing' ( [ l \ (—h

or HSPCs monocytes are  ® 0 @@ - @

[ J De s i gned fo r l i fe l ong generated every day Monocyte Megakaryocyte Neutrophil Red blood cell MK call . B eall
Human Gene Therapy. 2018, doi:
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Lentiviral gene therapy with CD34+ Hematopoietic (Cells Ior
Hemophilia A
A Phase 1 Clinical Trial -

Stem cell mobilisation for HSCT
* G-CSF 5ug/kg/day x bd x 5 days +
Plerixafor 0.24mg/kg

Stem Cell Dose - >2x10° CD34+/kg after transduction

- An aliquot of unmodified CD34+ HSCs will be cryopreserved for rescue, if needed

HSCT - Conditioning Protocol

* Treosulfan - 14 g/m2 x 3 days (Days -5 to -3)
e Fludarabine - 40mg/m2 x 4 days (Days -5 to -2)
- Autologous transduced HSC infusion (Day 0)

N Engl J
N - ] Y NADYEC . ONCND




Lentiviral gene therapy with CD34+ Hematopoietic Cells for

Hemophilia A

cam@ngline Characteristics of [freated, Pacficipants and the Final Gene-Therapy. s

Drug Product

Age —yr 33 34 22 41
Genotype Duplication of Exon 13, c.1967G—A, Intron 22 inversion Exon 13, Exon 11,
exon 7 to 13 p.Trp656Stop c.1911T-G, c.1733T-A,
p.Asn637Lys p.Val578Glu
Annualized bleeding ratef 30 20 36 120 52
HJHS total scores: 46 33 26 36 46
Factor VIII replacement (no. ofex-  Episodic (>100)  Episodic (>100) Episodic (>100) Episodic (>100) Episodic (>100)
posures)
Enriched CD34 cell dose — cells/kg 7.5x10° 7.0x10° 8.7x10° 9.2x10° 7.2x10°
of body weight
Drug-product dose — cells/kg of 5.6x10° 5.3x10" 5.9x10¢ 6.1x10° 5.0x10°
body weight
VCN in drug product — copies/ 1.0 0.6 1.5 0.6 2.2
cell
Duration of follow-up — mo 27 19 14 12 9

Group 1: P1 & 3; Group 2:
P6, 7, 8

N Engl J

RV A | AN o OND . "C N Nnec -7




Hemophilia A
HSC Transplantation: Engraftment Toxicities & FVIII

*HSCT - Condltlonlggufi ocol - Treosulfan

«eESpdaEaRARe

-Neutrophil (median): 11 days (range: 10-12)

-Platelet (median): 15 days (range: 12-15)
*Duration of Cytopenia:

-Severe Neutropenia (median): 8 (range: 7-11)

-Severe Thrombocytopenia (median): 3 days (range:
1-7)

*Last day of CFC infusion (median): 16 days
(range: 11-20)
*Follow-up (median): 20 months (range: 15-33)

*Conditioning related mucositis: <Grade 2

-All participants malntalned oral intake
%Semez]?1 exacm.h%ti,lon (first 4 participants at >6

w8f1nlcgffg reievangeﬁg gggnt feggfmaiEggﬁg?’

with. reduce -motl it V5 N"Engl 377



Factor VIII Activity (1U/dl)

Lentiviral gene therapy with CD34+ Hematopoietic Cells for

Hemophilia A

Serial Factor VIII Activity (One-Stage Assay) after Gene Therapy

A Group 1{. Participant 1

1 Group 2
N/ A
_A

N A / /A \, ok . Group 2

e

Y~
10 11 12 6 7 9 10 11 12 13 15 18 21 24 27
J | J

Weeks since Gene Therapy Months since Gene Therapy

® Participant 3
A Participant 6
A Participant 7
A Participant 8

Z_ff ? —.“Q—Mx—rm_f—o ’—::—,—Q\’_. }Group 1

© The New England Journal of

Medicine (2025)

All participants continue to maintain consistent expression of FVIII

with no safety related signals



FERTILITY in HAEMATOLOGICAL
TABLE 2 Risks of treatm{MAJ;EGCNANQSEE 8§ male patients with hematologic malignancies.

ESMO [5]

ESHRE [6]

FertiPROTEKT [7]

ﬁ-ligh risk (>80% risk
of amenorrhea)

\_

Hematopoietic stem cell transplant
(especially alkylating agent-based MAC
with CY, BU, melphalan, or TBI)
RT>6Gy to a field including the ovaries
6 to 8cycles of escalated BEACOPP of
230vyears

Conditioning regimens for
Hematopoietic stem cell transplant
with CY and/or TBI

RT, including the ovaries

Hematopoietic stem cell transplant\

with CY-TBI or BU-CY

RT, including the ovaries
Escalated BEACOPP 230years
Procarbazine, Chlorambucil

J

Intermediate risk

Low risk («20% risk
of amenorrhoea)

Very low or no risk

6 to 8cycles of escalated BEACOPP
<30years

6 cycles of CHOP of 235years

6 cycles of DA-EPOCH of <35years

2 cycles of escalated BEACOPP

ABVD

6 cycles of CHOP of <35years

6 cycles of DA-EPOCH <35years

AML therapy (anthracycline/cytarabine)
ALL therapy (multi-agent)

N/A (This risk is not set)

Alkylating agent-based regimens
(such as MOPP, BEACOPP, CHOP,
and CHOPE) in patients with
lymphoma

Non-alkylating agent-based
regimens (such as ABVD or
EBVP) in lymphoma patients aged
>232years

Non-alkylating agent-based
regimens (such as ABVD or
EBVP) in lymphoma patients aged
<32years

Single-agent methotrexate

Escalated BEACOPP <30years

ABVD z32years

4 to 6 cycles of CHOP

CVvP

AML therapy (anthracycline/
cytarabine)

ALL therapy (multi-agent)

ABVD <32years
Methotrexate, Fluorouracil, and
Vincristine

Reprod Med Biol. 2025;24:e12648.



Conventional Conditioning - Allo-HSCT

Purpose

Advantages

Disadvantages

CY-TBI

Eradicate tumor cells using radiation

plus chemotherapy

Achieve potent immunosuppression

Possibly more effective in lymphoid

malignancies

Strong immunosuppression (beneficial

in mismatched transplants)
Effective against chemo-resistant
tumors

Reaches sanctuary sites (such as central

nervous system)

BU-CY

Eradicate tumor cells using
chemotherapy

Achieve potent
immunosuppression

Avoids radiation-induced
toxicities (growth retardation)
No need for radiation equipment

Gonadal toxicity

Risk of growth retardation in children

Requires radiation facilities

Gonadal toxicity

Possibly less effective in
lymphoid malignancies
Busulfan-specific toxicities (such
as hepatic toxicity)

Gonadal Recovery —
Conventional Conditioning

Type of SCT  Conditioning Sex n Gonadal recovery

Female 43 74%
Female 103 54%

Allogeneic Y
Allogeneic Y

Allogeneic Y Male 109 61%

Allogeneic BU-CY Female 73 1%

Allogeneic BU-CY Male 146 | 17%

Allogeneic TBI Female 74 13.5% (100% < 18;
15%> 18)

Allogeneic TBI Female 532 | 10%

Allogeneic TBI Male 463 | 17.5%

Autologous BEAM Female 10 60%

Busulfan & TBI based conditioning associated with high incidence
of gonadal toxicity with recovery of function in 10-18% of patients

Reprod Med Biol. 2025;24:e12648.



Gonadal Function after Busulfan Compared with Treosulfan in Children
and Adolescents Undergoing Allogeneic Hematopoietic Stem Cell

Transplant Biol Blood Marrow Transplant 25
Characteristics of the 137 Eligible Patients 7 e
| Population (N=137) | Busulfan(n=118) | Treosulfan(n=19) [ p
Puberty at HSCT
No 89 (64.96) 77(6525) 12(63.16) 1957
Yes e — — =T -~ 410470) S AR
@ HSCT, yr (range) [IQR] 11.04 (5.02-1855)[7.61-15.01] | 107 (5-18.6) [76-15.1] 122(6.1-184) [8.4-143] | 616 >
Median age at diagnosis, yr (range) [IQR] BT O TS0 051313 77 T0-17.5) 13- 13.1] 108 (1.3-18)[5.4-13.1) .3486
Median interval between diagnosis and HSCT, 10.85 (3-207.15)[5.57-54.62) 118(.3-207.1)[5.5-56.8) 89(3-1293)(5.7427] | .6074
mo (range) [IQR]
<12mo 71(51.82) 59(50) 12(63.16) 2867
=12 mo 66 (48.18) 59 (50) 7(36.84)
Median years from HSCT to last follow-up (range) [IQR] 7.79(2.07-2269)[62-10.51] 78(2.1-22.7)|6.3-11.2] 7(3-9.1)]5.9-82] .1286
Median age at last follow-up, yr (range) [IQR] 19.39 (8.23-3386)[16.1-23.53] | 192(8.2-33.9)[162-23.6] | 19.8(12-26.1)[149-21.7] | .4057

Spontaneous puberty achievement in pre-pubertal children

SM in Prepubertal and Postpubertal Girls [SM =

Spontaneous

1

Bu=Busulfan; Treo=Treosulfan.
* In4 of 89 prepubertal children, data were missing.

*Treo associated with a favourable post-HSCT
hormonal profile

No. of Patients (¥) Bun (%) Treon(%) || P No. of Girls [ 5. T Treo P
85 prepubertal patients” 74 11 25 prepuberal 20 5

64 Spontaneous puberty (753%) 53 (71.6%) 11(100%) .06 7 SM (28%) 2(10) 5(100) D01
58 prepubertal boys 53 5 21 postpubertal 17 4

50 Spontaneous puberty (86 .2%) 45 (84.9%) 5(100%) 1 14 SM (66.6%) 11(64.7) 3(75 40
27 pre pubertal girls 21 6 Valuesarenorn (%)

14 Spontaneous puberty (51 8%) 8 (38.0%) 6(100%) 02 * In2 of 27 prepubertal girls, data were missing.




Publish (year)
2024

2023

2022

2000

209

Study type

Mulicenter
retraspectve

Singbe canter,
retrospective

Singls conter,
e lraspecine

e tradpe clive

MuHicenter,
o trasna otine

Gonadal Toxicity of Treosulfan vs Busulfan

521

a4

1 5& ichildren
anly)

etk

137

Primary diseass
Malgnant

Monmalignamt

konmalig namt

]l i 1.
nanmalignant

Malignant.

nanmasgnant

Chemotherapy dose

BLE 12.8-16mg kg
Treo: 30-42 g/’

Bk High® 6% ws. Low" 34%
Treo: High® 26% va_ Law" 74%

Both regimans used a
e boablative conditioning
i T

BLE 1 mg/kgin=3L 16mg/kg
in=141 20mgkgin=4

Trea: J6mg/kg in = 1581 42 mg/kg
n =24) and unknown n=1)

BU: x8mg kg
Treo: 346-42 g /m*

confaining—regimen

Result | BU vs. Treo)

Al groups: Gonadal tosac ty was 3% vs. 10% (p= 000,
R was 051 (95%CI0.34-0.76, p< 0.001)
Fostpubertal group in =197 Gonadal tosicity was 37
vi. 1% (p=0.03)

Gonadal dysfunction: £3% vs. 28%
Gonadal dysfunctson (permanent]: 55% v 13%

Owarian dysfunction: 945 » 33%
Tegin ular dysfunc thare 4463 v, 1403

Famate e an ARH: 0011 gl vs. 1.5 pe'L (p< 0udd1)
Mabe Inhibin BSOS -1 2361 41 we -0 506843 112 fp < QL 08)

Much higher gonadal toxicity if
Busulfan at >8mg/kg compared to

Treosulfan even at 36-42 g/m2

Spont ansaus puber ty achi ssemant in prepubertal
childran

Female 8% vo 1003

Mlabe 5% v, 1007

Spont an=ous menarche in Prepubertal and Postpubert al
Gl

Prepubartal 108 ws. 1006

Podtpubeert s $5% va, 7O%

Hormans kewels

Female median of FaHE 78 v 7 (p= 0.003)
Mabe median of LHE 56w, 5.5 (p =003

Relerence
mumber

Reprod Med Biol. 2025;24:e12648.



Conditioning Regimen in Haematopoietic Stem Cell
Transplantation
1.Disease & its status Chiolce dependa.c QBr younger / fit patients

2.Age & comorbidities
3.Type of donor
4.Source of graft .
5.Prior therapy received

6.Planned GVHD prophylaxis .

7.0ptions available

-AML (<55 yrs) / ALL (<45
yrs)

TBI based conditioning — Mostly
for ALL

Treosulfan good substitute for
Busulfan in all MACs

FM140 - Close to any MAC

RIC for Lymphomas - FM100/2 Gy
TBI or Flu/Cy/2 Gy TBI

RIC also for elderly (>55yrs) /

First Busulfan conditioning r&PaMegbaditnesn

thalassemia gene therapy

éRe ported at ASH 2025)
After nearly 65 years of HSCT practice,

science of condltlonlng therapy remains
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