First reported Evaluation of Outcomes and Safety of using “Flipped” Conditioning Regimens of Fractionated total body irradiation
followed by fludarabine vs cyclophosphamide for Allogeneic-Hematopoietic Stem Cell Transplant at the University of Southern
California

Vincent Louie Mendiola!, MD, MPH; Denaly Chen', MD; Jack Rodman3, MPH; Abdullah Ladha' ,MD; Amir Ali' PharmD; Karrune Woan', MD, PhD; Eric Tam', MD; Preet Chaudhary', MD, PhD; George Yaghmour', MD
Division of Hematology, University of Southern California, Norris Comprehensive Cancer Center, Los Angeles, CA 90033, USA
2Department of Internal Medicine, University of Southern California, Los Angeles, CA 90033, USA
3Department of Biostatistics Epidemiology Research Design, University of Southern California, Los Angeles, CA 90033, USA

USC Norris
Comprehensive

Cancer Center
Keck Medicine of USC

LAC+USC

Event Free Survival by Conditioning/Type of Regimen
Overall Survival by Conditioning/Type of Regimen y eityp 9

I t d t - Table 1. Patient and transplant characteristics for all patients and by conditioning/type of regimen Condsarig Regirer ~+ FISitnen Fs + FTBItven Ope i ke ot s
n ro u c I o n Variable All(Pa;I;)nts mczmia:inﬂﬁwe OI:T:IeE;::nCVdo P-value = ' ‘ o .
i
(n=36) (n=4) g |
7 5 5 G 075 - - - 0.751 | . .
| | | d8.5'(17.3) SO.S/(lG.S) 35.5’(13.0) 0.049° . o . D ’ , Y, g 5y , . had AML,
* Use of Fludarabine (Flu) or Cyclophosphamide (Cy) followed by fractionated total Gender i i e 055 - 36.1% ALL in the FTBI/Flu group while 100% had ALL in FTBI/Cy (n=0.18) (Table 1)
body irradiation (FTBI) as conditioning regimens have been well-studied in Female 18 (45.0%) 16 (44.4%) 2 (50.0%) . . .
. . . . . — E H Y5 5 L Log-rank i Log-rank
allogeneic hematopoietic stem cell transplant (allo-HSCT) yielding good " e 14 (35.0%) 14 (38.9%) 0 e IanE?ngg}éElu E%UVPC 6?'43’ gg)d 5COI-\;/1 h23:j7/f had CCIZ.R?B a; 1:2rgn230|;) Iint dvrs].7ﬁ grgm and
engraftment, low mortality and clinically significant graft versus host disease (GVHD Afican American 0 0 0 | 0 n FIBILY (N=V.99). 9UY had Intermediate and 2.2 7 had nhig n
g y y g g ( ) :Iu:panlc 187(242.05;:6) 14(2328.2?:) 3(7%0%) Tablez.GVHDcharacteristisforallpatientsandbyoonditioningjtypeofregln'l_en 0 . . . . . ; ; - . e - - - > . FTBI/FIU, 75% had |ntermed|ate and 25% had h|gh DRI in FTBI/Cy (n=065) (Table 1)
rates (1 _5) ian (20.0%) 8 (22.2%) P —_ Conditioning/Type of Regimen ) . ) o il
o — T 5 e a0 [ TR ] T | O e P R R R 13.9% had MSD, 26.1% MUD and 50% Haplo in the FTBI/Flu group vs 75% MSD and 25%
« Currently no data using a “flipped” conditioning strategy of FTBI followed by St:: . (19.1, 429) (19.1, 429) (208,338) — e S i s 0,602 o o S e , MUD transplant i,n FTBI/Cy (n=0.01) (Table 1)
] Hepatic Steatosis - o : ) i § 4 4 2 2 2 5 0 $ 4 3 3 2 2 2 2 2 2 2 0 =().
F|Udarab|ne (FTBI/FIU) pre'transplant Yes 9((23.1%)) 9((250%]) ( 0 ) . Yesof AN 26 (65.0%) 24 (66.7%) 2 (50.0%) :g: 24 T-m.-'.fi\;ﬂ‘un!hu.!{ 49 54 P § 0 5 12 18 24Time [ﬁonths)% P 48 54 60
N 30 (76.9% 27 (75.0% 3 (100% T Acute GVHD : . . .
. L. .t d d t . FTBI th C FTBI/C 6 Cicf)rhOSiS on!y - 0 0 0 v‘?;n 15 (57.7%] 15 (62.5%) 0 0.113 Fig.l-Over-all_survivaIusing"flipped”conditioningfegimens:FractionaledTotaI Body Irradiation (FTBI) (Fig.z-)Exnt—:rzesu:iva(l Lljsi)ng"ﬂippe:;‘congitiining':egimr(\s:;ractionatedTotalBodvlrradiation GVHD PPX: 97-2% used pOSt-tranSplant CyCIOphOSphamIde/tacrOIImUS/myCOphenOIate In
imited data using en Cy ( y) (6) |_Both s & cirhosi 0 0 0 | e el e Sl R EE S ——— e the FTBI/Flu group; 100% used Tacrolimus/methotrexate in the FTBI/Cy group (n=0.001)
\ . . . . . . . AML 18 (45.0% 18 (50.0% 0 [ Grade of Acute Skin GVHD — Event Free Survival by Type of Allo-SCT
« Due to logistics and with approval from our investigational review board/patient s pd s i it it 6 (0.0 6 (0.0 o iR (Table 2)
. . e : . . . CML 1(2.5%) 1(2.8%) 0 2 9 (60.0%) 9 (60.0%) 0 T . s i )
consent-process, we started using flipped conditioning strategies with adjustment to VDS 1(25%) 1(28%) 0 ~Grade of Acite G GVAD B R = In FTBI/Flu, median neutrophil engraftment was at 18 days vs 13 days (FTBI/Cy) (n=0.037).
i : : ; : 1 10 (62.5% 8(57.1% 2 (100% 0.999 . == . .
the timing of donor stem cell infusion w0 L ki : 2 siame | e 5 LTL——w T Median PLT engraftment was 20 days (FTBI/Flu) vs 13 days (FTBI/Cy) (n=0.04). 5.6% had
Congenital immune 0 0 0 3 2 (12.5%) 2 (14.3%) 0 0751 i : . —_
: . . : . . ] b : relapsed disease post-transplant (FTBI/FIu), none in FTBI/Cy group (n=0.04) (Table 3
- We now report outcomes and safety data using "flipped” conditioning regimens: Mieed Louberrn 125% 128% 0 | 16 10.1% 0 . g P p plant ( ) y group ( ) ( )
FTBI/Flu and FTBI/Cy (s ot Rieman i s E—" o7 e 0559 : oo i : 88.9% alive at d+100 vs 100% in FTBI/Cy (n=0.99). 79.3% were alive after 1 year in the
cr2/3 s;(zaém 8 (zsaé's%; 1(2_:620%) By rosis SN S SN . 0584 O o eeom FTBI/Flu group vs 100% in FTBI/Cy (n=0.99). Death in the FTBI/Flu group was attributed to
Refract 7.9% 8% 0 . : : : . .
T);s:a;iﬁ?srzmdex(o—m) — == 0.648 | Yes it 13 (32.5%) 11 (30.6%) 2 (50.0%) o 000] GVHD (28.6%), infection (42.9%) and VOD (14.3%) (Table 3)
Low 10 (25.0%) 10 (27.8%) 0 Type of Chronic GVHD ' - = pe = = - = = = = 0 6 12 18 4 % 36 2 48 54 60
- - Intermediate 21 (52.5%) 18 (50.0%) 3 (75.0%) Skin 7(53.8%) 5 (45.5%) 2(100%) 0.190 Time (Months) _ i 0 0 —
O bj eCtlves High 9 (22.5%) 8(22.2%) 1(25.0%) Gut 3(23.1%) 3(27.3%) 0 0.999 5 Number at risk | ' g ‘N”";be'a”'f" ] ) 1 1 : 1 1 1 ) 66.7% FTBI/_FIU VS _50 /o FTBI/Cy had any grade’ any.type’ acute G_VHD (p 0-6).- Amon_g 14
~Type of Allo-SCT 50097 | |__Lver ____| 3(231%) 3(27.3%) 0 0.999 e D S R I i S S SRR TR R R e R FTBI/Flu patients with acute gut GVHD, 14.3% experienced G3 while 1 of 2 patients with
MRD/MSD 8 (20.0%) 5 (13.9%) 3 (75.0%) Grade of Chronic Skin GVHD i e i R R R e N I I N e ) . o .
Pri 0 _ MUD 14 (35.0%) 13 (36.1%) 1(25.0%) : ggi-;:; g:gg% 2(100% 8 e % v w_m» & & 5w & R T T N U T B acute liver GVHD had G3, no G4. No G3/4 in FTBI/Cy. 30.6% FTBI/Flu patients had any
rlmary Utcomes' —m:‘aoprloscr—soum - (450%) . (500‘%) g 0.999 m 1(33 3%) 1(33 3%) " Fig.3- Over-all survival using “flipped” conditioning regimens stratified by type of allogeneic-HSCT Fig.4- Event-free survival using “flipped” conditioning regimens stratified by type of allogeneic-HSCT grade, any type Ch roniC OGVHD VS 50% in FTBI/Cy patients (p=0-58). In 3 FTBI/FIU With
. . . BM 3(7.5% 3(8.3% 0 3 : e verall Survival by Disease Risk Index Event Free Survival by Disease Risk Index I I
« Over-all survival (OS) and event-free survival (EFS) since transplant, B b g By g 4 (100%) 2 1334 1335 : = S D IR ) ) 5 chronic gut GVHD, 33.3% had G3, no G4. No G3/4 in FTBI/Cy (Table 2)
stratified by FTBI/Flu and FTBI/Cy, transplant type, disease risk index (DRI) —— . - . o bl {1(;0%) ; (10;]%, " o o iy | e T  Since transplant, over-all, 3y OS was 78.2% with 3y-EFS of 69.3%. If stratified by
and stage of disease at transplant: complete response achieved within first G e et i . = , Wk conditioning, FTBI/Flu 2y-OS was 75.3% vs 100% in FTBI/Cy (p=0.33); FTBI/Flu 2y-EFS
induction (CR1) after salvage chemotherapy for first or second relapse " GVHD PPX <0001 | e was 72.2% vs 50% in FTBI/Cy (p=0.39) (Fig 1-2)
(CR2/3) or refraCtO PTCY/tac/mmf 35 (87.5%) 35 (97.2%) 0 ;;; o 3 i
Tacro+MTX 5 (12.5%) 1(2.8%) 4 (100%) - p .
"y Other 0 0 0 o 3y OS was 100% for MSD, 61.2% MUD, 2y OS was 80% in Haplo (p=0.2). 3y EFS was
« Secondary Outcomes: "=l s B 58.3% MSD, 61.2% MUD and 2y EFS was 74.1% in Haplo (p=0.79). No difference when
, L , _ Table 3. Outcomes and Responses all patients and by conditioning/type of regimen survival stratified by DRI (p=0.69-0.8) or transplant disease stage (p=0.47-0.7) (Fig 3-8)
- Patient/ treatment characteristics, associated graft versus host disease Y Conditioning/Type of Regimen S T TR T T e e & w A mow & & @ @
(GVHD) and (non-)relapse related mortality rates (NRM) rates and time to Varmhse (n=40) "TB(' "‘:;‘) e FTB; "‘:)" . i T . . .
n= n= % 10 8 4 0 0 0 0 0 0 0 0 g L ;‘1’ 189 1-’1 ‘7’ :: 2 2 ‘2] [2’ 2 g
engraftment engraftment Time to Engraftment for ANC [ 18.0 (4.8) 18.0 (4.8) 13.0 (3.0) 0.037* gt S R e N L S e e D ISCUSSION & C oncC I usion
>500 x3 days (11, 23) (11, 23) (12, 18) 2 e ® @ @ woow & @ w w 3 RN I RN W R CREEE N R
Time to PLT =20k, >3 days 20.0 (8.0) 20.0 (7.0) 13.0(6.0) 0.040* I MO T 4 RS . o ) o . . . . . . . ye . .
w/o Blood Transfusion y (8' 48) (11’ 48) (8’ 20) Fig.5- Over-all survival using “flipped” conditioning regimens stratified by disease risk index (DRI) Fig.6- Event-free survival using “flipped” conditioning regimens stratified by disease risk index (DRI) ° (3.|Ven mOSt Of (.)ur patlents had Intermedlate/hlgh DRI, USIng -ﬂlpped Condltlonllr].g Strategles
Relapsed Post-SCT 0.043* Overall Survival by Stage of Disease at Treatment Event Free Survival by Stage of Disease at Treatment YIelded appreCIabIe 3y'OS (782%) and EFS (693%), even When further Stratlfled based On
| 0, Stage of Disaase ~— CR1 ~— CR2G ~— Refractory e o e e o e g . .
o 36130.0%) A 2 [F00%) | ki P conditioning types, DRI, disease status and stage at treatment
aterials ethods v By e i .
o it il i o ey . =~ Fﬁ - - Based on our data, using FTBI followed by Flu or Cy appears to be a safe strategy if
- This is a retrospective, single institution chart review study Included adults >18 AI_YesmN : 7(17.5%) 7(19.4%) 0 = SR g | —— needed, and did not show significantly more toxicity or inferior outcomes
. . . . . . ive ays from . > g
years, male/female patients with any benign or malignant hematologic diseases Travnsplant s :
who underwent allo-HSCT at our institution using FTBI/Flu or Cy (2015-2021) No 4 (10%) 4 (11.1%) 0 ] s N v, Refe re n Ces
Yes 36 (90.0%) 32 (88.9%) 4 (100%) p=047 p=07
 Distribution of time-to-event end points/outcomes were calculated with Kaplan- Alive 1-year from Transplant 0.999 T ———— - PP P ——————"
- - No 6 (18.8%) 6 (20-7%) 0 : : . B . . . . ’ = o " : - ; - - - - . - - - - : rosso ), aballa S, Alpdogan O, et aI.Atvs{o-s.tep approach to myeloablative haploidentical transplantation: low nonrelapse mortality and high survival confirmed in patients with earlier stage
Meler (KM) methOd and OS and EFS reported through KM Curves Patlent Yes 26 (81.2%) 23 (79.3%) 3 (100%) i t_Jk Time{homhs) J . t,Jk Timewomhsl i gfi{z?cs)?z;i:\cl)ll,gggﬂ?nﬁi:cr)ox,l-(I;Laizsri,aZtlazl?ailnzwiﬁiil_aiitzj‘haploidentical bone marrow transplantation and posttransplantation cyclophosphamide for hematologic malignancies after
demographlcs’ treatment’ response and adverse event CharaCterIStICS presented Irrzr\‘/s::_)ant Related Morta“tvl 2 (28.6%) 2 (28.6%) T B g o <3 L : 2 . o ) ? - ;i g u’ﬁe a :’ 15 . 8 . ? ? g ‘ 0 ?\S/f):g:?:r‘mtisvs,CSci)znedr:(iaiziEgA.,2:1:::2?:&36:2\:,:I-;i)rl]cs)ﬁ::::iiczza(l)1§;r11§|::jaln7t_zjdzc>2n using T cell replete peripheral blood stem cells and myeloablative conditioning in patients with high-risk hematologic
I I I I I -cl I I iFi -0/0 -0/0 s , ? : ! 3 . 0 . 0 % 0 s B B g 4 4 : P o . £ ’ malignancies who lack conventional donors is well tolerated and produces excellent relapsefree survival: results of a prospective phase Il trial. Biol Blood Marrow Transplant. ;18: — .
Wlth descrl ptlve StatIStICS TWO Slded p Value SOO5 was ConSIdered Slgnlflcant Infection 3 (42.9%) 3 (42.9%) 0 a;:';’ : ; ; 1”2 :; 2[: ;; 3‘; :2 ; ;: 6[; :‘% ; : 1”2 1”8 2(: :0 3(; ;’2 :; :; ; 4. Soglolmon SR, Sizemore CA, S%nacore Mr; e(’; alt.);l'otta(lI bo;yiréadlia;’)clion(;b'\;sed myflo;blzlati?/e ggiaéo;dle;\’;;gl sltscr)rt;celltrgnsr?lanttatiopn isalla:’e ang effzctivel\aﬂlternati-l\-/e tol::.lnrélazt(:zizdiiolfsg e
; & Time (Months ; transplantation in patients without matched sibling donors. Biol Blood Marrow Transplant. ;21 - .
HSCT related VOD 1 (14-3%) 1 (14-3%) 0 . o e _ . (M.c’nthS) . ' e e e . ( ) ] . 5.So|cr))mon SR, SoIP?M, Zhang X, Morris LE, HoIIandgHK, Bashey A. Fludarabine and TotF;I-Body Irradiation Conditioning before Ablative Haploidentical Transplantation: Long-Term Safety and
Other 1(14.3%) 1(14.3%) 0 ::g;gg;‘i':ef;"ﬁi;j"';ﬁst"i':dp:c"tiof?&‘i;’:g‘gf’:;‘;‘;::g::gm:x}ﬁa;fsigﬂjgmpr':f:m ::;g:e;;'i';“;:'ﬁ;j:';ﬁstf'i':dp:giof;‘f:;;’g;’(‘;’:;g::g‘e':gf:rmgﬂﬁ;‘;ﬂ:ﬂﬁ:ﬂ Efficacy. Biol Blood Marrow Transplant. 2019 Nov;25(11):2211-2216. doi: 10.1016/j.bbmt.2019.06.017. Epub 2019 Jun 25. PMID: 31247313,

(CR2,3), refractory

(CR2,3), refractory

6.Holter-Chakrabarty JL, Pierson N, Zhang MJ, et al. The Sequence of Cyclophosphamide and Myeloablative Total Body Irradiation in Hematopoietic Cell Transplantation for Patients with Acute
Leukemia. Biol Blood Marrow Transplant. 2015;21(7):1251-1257. doi:10.1016/j.bbmt.2015.03.017

Copyright to the Division of Hematology, University of Southern California, Norris Comprehensive Cancer Center, Los Angeles, CA 90033, USA




