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OBJECTIVES RESULTS

= Chronic myeloid leukemia (CML) is a neoplastic disease that affects 1-2 in 100,000 adults, accounting for about Safety

15% of newly diagnosed adult leukemia cases.! = In most RW studies, the recorded incidence of CV AEs was relatively low (<9%), except for hypertension whose

= The introduction of small molecule tyrosine kinase inhibitors (TKls) such as ponatinib opened new therapeutic incidence was reported more frequently (in 9 out of 24 RW studies included, any grade, but not necessarily
possibilities for CML patients, dramatically increasing the 10-year survival rate;* Ponatinib is a 3 generation TKI treatment-related). Thrombosis-related events ranged between 2.0% and 9.1% and myocardial infarction (M)
currently indicated for the treatment of CML and Philadelphia positive acute lymphoblastic leukemia patients between 2.3% and 8.6% of reported events. The study of Mauro et al. (2016)* showed a higher incidence of CV
resistant and/or intolerant to other TKls, and patients with the T315] mutation.’ events compared to the other studies included in this review.

= Treatment with TKIs is associated with adverse events (AEs), including cardiovascular (CV) AEs. Recent publications = CV events were less frequent or absent in studies with patients that had no CV history. There were 10 serious CV
have reported on pon.atinib use.and outcomes in. CML patients treated in ”rggl-wor|d" clinical practice (RW). events (SCVEs) reported in the reviewed publications, i.e. 1 (1.5%) fatal CV event (Binotto et al., 2018), 3 SCVEs (3%)
To understand the patient benefits and risks associated with the use of ponatinib, data collected in RW are of in 1 patient with history of congenital cardiomyopathy and aortic prosthesis (Devos et al., 2018), 1 (1.6%) fatal Ml

potentially greater value than, or at least complementary to, those collected in trials (e.g. the pivotal phase Il trial and 1 (1.6%) fatal peripheral arterial obstructive disease-related complication (Heiblig et al., 2018), 1 SCVE (Tavitian

PACE [NCTO01207440]). et al., 2017), 1 (0.9%) serious MI (Alam and Kristensen, 2017), 1 (2.9%) cardiac death (Knoops et al., 2016) and 1
= This review describes ponatinib patient demographics, prescription patterns, effectiveness, and CV safety, given (4.4%) fatal arterial thrombosis (Ines Varela et al., 2015).

the impact of these parameters on survival, quality of life, and healthcare resource utilization.

= The reported frequency of CV events was lower than average in studies with a median population age under 45 years.

Author Ponatinib Patients with CV . . .
M ET H D (year of publication) starting dose risk factors (%) Median age CV events: type and percentage (%) Median DoT; median DoFU
Hypertension 32.0
5 5 5 5 5 5 5 5 . CV events 13.0 32.1 ths; 56.8 ths (for CP-
= We performed a systematic literature search of publications (peer-reviewed articles, non-peer-reviewed articles, Cortes et a. (2015) © toon NR Cerebrovascular cvants 00 MLpatents)
abstracts) available in Pubmed/MEDLINE and Web of Science, during 01/2012-04/2019, using a pre-established , Peripheral events L
L. . . . ’ . Schofield et al. (2019) @ (40%) @ (60%) NR No CV events reported | 0.0 4 months; NR
protocol defining the search criteria and search terms; PRISMA guidelines were followed as closely as possible. Mi/angina 2.3
Arrhytmia 1.2
= 25 publications (6 manuscripts and 19 abstracts) were selected. . , , 4t ot L ik scores 1775 Other cardiac diseases 35 |
p ( p ) Caocci et al. (2019) @ (40%) @ (60%) Yes, 82.:tAHz-a‘tl I:-JZ::;I: s:::e, 17.7% Peripheral arterial disease o 28 months; 6.3 years
Stroke 3.5
All publications reporting safety and/or efficacy of ponatinib in CML patients not enrolled in clinical trials were included i 141
Shacham-Abulafia et al. (2018) @ (60%) @ (40%) Yes, 36% mi 2.7 14 months; 14 months
Binotto et al. (2018) (100%) NR Acute coronary syndrome 1.5 15-27 months; NR
Records identified th rOugh Devos et al. (2018) (76%) @ (24%) Yes, % NR Serious CV events 9.0 531 days; 539 days
Pubm e d /M EDLI NE an d W eb Of Caocci et al . (2018) (NR) @ (NR) Yes, 95% at L-1&risk score __245 years Arterial occ:::)v; :ev:sl::s;‘ o 30.9 16 months; NR
g SCience (n=438) Atrial fibrilation 6.4
= o . M 8.1
§ EXC'I..IdECEl based on Heilblig et al. (2018) @ NR) Q (NR) Yes, 44% Cerebrovascular accident i 19 months; 26.5 months
[ ublication type (n=217 Other atrial thrombosis 4.8
= P YP
 — Deep veins thrombosis 4.8
c -
() ] ReV|eW EXC'UdEd baSEd on data Breccia et al. (2018) @ (59%) @ (41%) Yes, % NR Hypertension 10.3 NR; 12 months
E ° S Stematic reView < reported (n=128) Major adverse cardiac events 8.3
y Levy et al. (2018) @ (60%) @ (40%) Yes, % NR Arterial occlusive events 25.8 NR; 26 months
e Letter to the editor >| e Randomized clinical trial (n=66) Venous thrombotic events 9.1
_ Arrhythmia 9.0
- = Commenta ry . Case report (n_48) Chan et al. (2018) @* (NR) @* (NR) NR Hypertension 7.7 14.6 months; 32.5 months
e Health economics study (n=14) M 3.8
Zulbaran-Rojas et al. (2018) @ (82%) @ (18%) NR 245 years Hypertension 12.1 18 months; 22 months
Assi. et al. (2017) **@ (100%) NR 245 years No CV events r.eported 0.0 NR; 8 months
avitian et al. 6 6 2 . months;
. Tavitian et al. (2017) @ (81%) @ (19%) NR Venous thromboembolic event 4.8 3 ths; NR
Records selected for screening Atrial fibrillation 2.0
— . o o o Hypertension 6.1 NR; NR (median time since diagnosis:
(n_93) Luciano et al. (2017) @ (49%) Q) (51%) Yes, % NR B 20 4.4 years)
&D > Full text pUbIlcat|0nS (n=2 1) Ischemic cardiopathy 2.0
omm - Peripheral occlusive arterial disease 2.5
q:) > AbSt . CtS (n_72) Gutierrez et al. (2017) @ (100%) Yes, 67% Popliteal thrombosis 2.5 NR; 18 months
o Excluded (n=68); most common reasons: Pulmonary hypertension 25
g ( )’ Alam and Kristensen (2017) @ @ (NR) NR No CV events reported | 0.0 12 months; NR
. . . . Gutierrez et al. (2016) (85%) @ (15%) Yes, 70% Hypertension 15.0 NR; 29 months
L ]
Manually added (n=9) ' da.ta. comu.ng from patients previously included Venous reemafizasio” o
> In clinical trials Mesenteric artery stent insert 17.1
Y Abstracts from ASH 2018 (n=6) > ° incom Iete data (nO Safet data resent in the Cerebral small vessel ischemic disease 17.1
g 2 L/ 2 Mauro et al. (2016) @ (71%) @ (29%) Yes, 49% M 8.6 11-12 months; NR
e Abstracts from ASMBSH 2018 (n=1) abStraCt) Increased troponin 8.6
o e Full text publications (n=2) e impossibility to segregate the data on patients L Cordacamen 7
. o . reatine phosphokinase .
receiving ponatinib from the data on patients Lupo-Stanghelli et al. (2016) | (L) (0%) & (20%) NR No CV events reported | 0.0 24 weeks; NR
receiving other TKI and duplicate data sets. Uncontrolled hypertension 29
Knoops et al. (2016) @ (63%) @ (37%) NR Ischemic cardiovascular accident 2.9 17-18 months; > 3 months
g Vascular occlusion (toe necrosis) 2.9
7, Ines Varela et al. (2015) @ (48%) @ (52%) NR Hypertension 8.7 NR; 6 months
2 . - - Vascular occlusive conditions 15.0
g SeleCted pUbllcatlons (“—25) Goldberg et al. (2015) (NR) NR Congestive heart failure 6.0 5 months; 13 months
- » Full text publications (n=6) Dysrhythmias 8.0
> Abstract _19 Hekmatjou et al. (2014) (NR) Yes, 25% (1 CVRF); 20.6% (22 CVRF) Arterial thrombosis 7.1 NR; 7 years
stracts (n_ ) George et al. (2014) (NR) NR 245 years No CV events reported | 0.0 NR; <24 months
\ ; ponatinib dose of 45 mg/day; @ ponatinib dose of 30 or 15 mg/day; *ponatinib was 3 or 4" line therapy in 65% of chronic phase (CP) patients, with a mean starting dose of
n, number of publications; ASH, American Society for Hematology, ASMBSH, Annual Scientific Meeting of the British Society for Haematology. 39.65 mg/day; **doses reported for all patients (17 de novo ALL and 4 LyBP-CML), not only for CML ones; “SCORE risk <5%; *SCORE risk >5%; ®*patient with history of congenital

cardiomyopathy and aortic prosthesis; NR, not reported; L-I, low-intermediate; H-VH, high-very high; MI, myocardial infarction; CVRF, cardiovascular risk factor; DoT, duration of
treatment with ponatinib; DoFU, duration of follow-up.

PUBLICATIONS INCLUDED IN THE REVIEW Efficacy

= The proportion of patients who responded to ponatinib treatment are summarized in the figures below.

Demographic characteristics of the CML patients, design and countries of the studies included

. = The maijority of responders achieved complete cytogenetic R) or major molecular response (MMR). Deep molecular
PACE international trial ~ United Kingdom ( Belgium ( Belgium J Y P P yt g (CCy ) J P ( ) P

. . . O O . . . . . . .
Cortes et al. 2018) Schofield et al. (201) Devos et a. (2018) Knoops et a. (2016) response (MR4,4.5,5) was achieved in 17%-57% of CML patients included in studies that reported this specific outcome.
. Median age (y): 60 (CP), 60 (AP), 53 (BP) . Median age (y): 43 - Median age (y): 57 (CP-CML) - Median age (y): 62 Author (year of publication) Cytologic response to ponatinib (number of patients in a given category) Efficacy (%)
. Female: 47% (CP), 56% (AP); 40% (BP) plender: 40% female _qlender: 33% female oy ender: 54% female MCyR in CP-CML patients (n=159) @ 60
'\:\\3 22 TKIs in 391 patients; 23 TKIs in 238 \\a Not reported \\B 22 TKIs in 90% of CP-CML patients \:\3 23 TKls in 89% of patients Cortes et al. (2018) MCyR in AP-CML patients (n=41) @ 49
4
patients MCyR in BP-CML patients (n=14) @23
” ' France ' France Luciano et al. 2017 MCyR in resistant/refractory CML patients (n=2) Qs
Tavitian et al. (2017) Heiblig et al. (2018) Mauro et al. (2016) MCyR or better (n=16) @® 45
= - CCyR in CP-CML patients (n=144 54
USA - -(CML W - N=48 (CP) CCyR in AP-CMLpatients ((n-25)) @ 31 °
Hekmatjou et al. (2014) . Median age (y): 60 . Median age (y): 60 Cortes et al. (2018) y ! p . =
B .y USA . Gender: 24% female (in total, not ! 0 CCyR in BP-CML patients (n=11) ® 18
- N=408 CP, 2% on ponatinib | k George et al. (2014) 4 for CML pati e Gender: 50% female CCyR in CP-CML patients (n=18) @ s3
- Median age (y): 52 - & reported for patients) % 22 TKIs; 1* line: nilotinib (2), CCyR in CP-CML patients (n=9; 2™ line treatment) 100 @
; " -« N=200 CP, 33 on ponatinib \;\31 TKI (20%), 2 TKls (71%), 3TKls L . - . 9nd . . rd .
& Gender: 44.6% female N 43 . . dasatinib (4), imatinib (42); 2 s T — CCyR in CP-CML patients (n=14; 3" line treatment) ® 67
% Not reported * VY cllan age (y): d (4.5%), 4TKls (4.5%); imatinib line: dasatinib (25), nilotinib (20) ORI ED e, (k) CCyR in CP-CML patients (n=13; 4™ line treatment) @ 50
'\:aGen er: not reporie (14); (Eia.sat'lnlb (17), nilotinib (5), 7 CCyR in CP-CML patients (n=14; Snd line treatment) @ 538
USA \xz] Not reported = b‘gsuhnlb (1); HSCT (,6) ‘ Italy Heiblig et al. (2018) CCyR in CP-CML patients at 6 months of treatment (n=27) @® 65
k T el () N k Breccia* et al. (2018) Breccia et al. (2018) CCyR in CML patients (n=2) Q7
- =4 { USA (Texas) France CCyR in CP-CML patients (n=35) @ 70
= ; : ‘ Assi et al. (2017 | » . N=29 (CP) yRi pati =
. N=35 (CP:27, AP/BP:6) 1 ssi et al. (2017) \._ Lupo-Stanghellini et al. (2016) Chan et al. (2018) CCyR in AP-CML patients (n=3) @ 33
. ) - , . Median age (y): 54 ) )
. Median age (y): 47.5 « N=3 (CML-LBP) , . N=4 St ABEAG | CCyR in BP-CML patients (n=12) @ 69
._Gender: not reported ‘ . Median age (y): 65 . Median age (y): 54 o en er.. ) ? em? e. _ y @ Luciano et al. 2018 CCyR in resistant/refractory CML patients (n=29) @ 59
NN 17Kl (10 S , < : \:% dasatinib (11), nilotinib (15), imatinib (3) . . . _
= (10), 2 TKls (14), 23 TKIs (10) . Gender: 42% female (total, i3 ik . Gender: not reported Gutierrez et al. 2017 CCyR in CML patients (n=23) @ 57
_ not reported for CML patients) N N '\;\3 22 TKls in all patients : - \\A Garcia-Gutierrez (2016) CCyR in CML patients (n=9) @i
@ "’\\E median 2 TKIs (1-4) ‘ i ,,""‘ S : _-”\\ - | Italy Knoops et al. (2016) CCyR in (n=3) @ 18
USA P S fth ] N N ' ‘ __ Caocci et al. (2019) Ines Varela et al. (2015) CCyR in CP-CML patients (n=3) @ 27
Goldberg et al. (2015) Spain < .'\'M S5 .1ta|V L. . N=85(CML:17, AP:3, BP:3) George et al. (2014) CCyR in CP-CML patients (n=33) 100 @
_ Gutierrez et al.** (2017) 0 — = \\'aCaocu etal (2018) ‘ . Median age (y): 53 Breccia et al. (2018) PCyR in CML patients (n=2) Q7
- N=48 =5 . ‘ BN X — « N=71(CP) ) se W Knoops et al. (2016) PCyR in (n=2) @ 12
o Medlan age (y): 51.5 ‘ ° N=40 , N ISraE| ®’ D, Med|an age (y)- 50 ] ° Gender' 45% female T T T T T T T T T 1
. Gender: not reported o ‘ . Median age (y): 58 ' \_shacham-Abulafis tal. c018) B e ‘N aspirin (19), ponatinib 0 10 20 30 40 50 60 70 80 90 100
No i i 3 . Gender: not reported L o ' as 23 line . .. . . . . . .
@ Median 2.0 prior TKIs \ \‘l i N | odian 2.7 TI?ls :\ . N=37 (CP:21, AP:6, BP:10) @ previous TKI treatment, Author (year of publication) Molecular response to ponatinib (number of patients in a given category) Efficacy (%)
Aty — - ) % . Median age (y): 43 aspirin and anticoagulant MMR in CP-CML patients (n=108) @ 40
Argentina A% Spain - Gender: 19% (CP), 50% (AP); preventive treatment Italy Cortes et al. (2018) MR4.5 in CP-CML patients (n=64) ®
Gutierrez** (2016) 30% (BP) female \ Luciano et al. (2017) MMR in AP-CML patients (n=18) ® 22
Ines Varela et al. (2015) u z § N— MMR in BP-CML patients (n=8) @ 13
\ ~ e 0, : . - o - . . . B -
» N=23 (CP:17, AP:3, BP:3) ar + N=23(CP:22, AP:1) ‘-II_2 T'flst(76%> :)f F:a: ent(-;))' ' Binottol"‘te?:lly (2018) § viniinads Shacham-Abulafia et al. (2018 MRS in CML patients (n=16) @4
. Median age (y): 41 (,«"f / . Median age (y): 56 allogeniciiaiian a\n 3kl : . Median age (y): 55 acham-Abulafia et al. ( ) MR4.5 in CML patients (n=9) @ 24
- : = N . Gender: not reported P, : o
. Gender: not reported ) () . Gender: not reported . . - N=68 (CP) MR2 in CP-CML patients on 15 mg ponatinib (n=20) @ 77
_ (AR) ) . ~ United Arab Emirates : & : : L
% Ponatinib as 2" line (1 [4%]), as 3 line (2 | % '\:\3 2 TKIs (imatinib, dasatinib, nilotinib, Alam and Kristensen (2017) - Median age (y): 57 \:% 2 TKIs (26.5%), 23 TKls m: " gzmt patients on iz me ponat!nfz (n-iz) ® 16 L
| ) _ . 0, - =)
[9%]), as 4t line (19 [83%]), as 5t line (1 [4%]) |~ bosutinib (37%); >3 TKls (62%) N — -_Gender: not reported (46.9%) Binotto et al. (2018) n patients on 15 mg ponatinib (n=12)
) . oC S . MR2 in CP-CML patients treated with the "de-escalated" approach (n=33) ® 79
) 4 . Niz| 70.6% treated with imatinib
\ ¢ _ . Median age (y): 34 = N MR3 in CP-CML patients treated with the "de-escalated" approach (n=25) @ 60
" A . Gender: not reported (frontline); 44% (30) 23 TKIs MR4/MR4.5 in CP-CML patients treated with the "de-escalated"” approach (n=12) @ 29
Not reporte NI All received previ Devos et al. (2018) MMR in CP-CML patients (n=15) @ 71
- previous TKls .
Swaminathan et al. (2018) :jimatinib nilotinib, dasatinib) Caocci et al. (2018) MR over 5-year in CML patients (n332) @ 45
. N=80CP ’ ’ MR4.5 in CP-CML patients (n=9; 2" line treatment) 100 @
. Median age (y): 50; and 38 for those receiving ~ Not reported . Not rEPOTted Not reported s oth L (2018 MRA4.5 in CP-CML patients (n=12; 3" line treatment) @ 57
ponatinib as 3 line Chan et al. (2018) Zulbaran-Rojas et al. (2018)& Levy et al. (2018) waminathan et al. ( ) MRA4.5 in CP-CML patients (n=7; 4:: line treatment) @ 27
. Gender: not reported . N=78 (CP:51, AP:9, BP:18) . N=219 (CML-CP) . N=50CP m::; mciP;ZwIVII-L paflents (n6=8; 5 ::ne ftreatment) - @ 33 N
'\:\% >1 TKI: ponatinib as 2" line (9 [11%)]) after nilotinib . Median age (y): 42.5 . Median age (y): 50 - Median age (y): 54 Heiblig et al. (2018) MMR :: CI\AL patzanttl:r;ttsla;mx::z :f(:r:;i::,ir;:,(_r;;) ) ® 32
(2), dasatinib (1), imatinib (6), as 3 line (21 [26%)]), . Gender: 49% female . Gender: 43% female -_Gender: not reported MMR in CP-CML patients (n=11) @ 38
= - LAY . H
as 4t line (26 [33%]), as = 5t line (24, [30%]) % as 3 or 4t [ine (64% of CML-CP patients) @ dasatinib (104), nilotinib (82), ponatinib (33) % 1 or 2 prior TKis Breccia et al. (2018) MMR4-4.5 in CP-CML patients (n=10) @® 35
Chan et al. (2018) MMR in CP-CML patients (n=30) @ 59
o : ) - 75
5 N - ‘ . R - Assi et al. (2017) CHR and/or M.R |.n patients with relapsed and/or refractory Ph+ ALL or CML-LBP (n=6) @
@D Open-label clinical trial Retrospective study Prospective study Xz| Previous treatment Complete remission (n=1) @®s
Tavitian et al. 2017 Complete remission in de novo Ph+ or CML-LyBP (n=14) @ 78
*, **nossible duplicate datasets; &the patients in this study were previously treated in a clinical trial, but the safety data was presented in this study; PACE, the pivotal phase 2 MR in resistant/refractory CML patients (n=16) @ 33
Ponatinib Ph+ ALL and CML Evaluation; Ph+ ALL, Philadelphia chromosome-positive acute lymphoblastic leukemia; CML, chronic myeloid leukemia; CP, chronic phase; Luciano et al. 2017 MMR in resistant/refractory CML patients (n=6) @ 12
AP, accelerated phase; BP, blast phase; LyBP, lymphoid blastic phase; N, number of CML patients treated with ponatinib; y, years; HSCT, hematopoietic stem cell transplantation. MMR4,4.5,5 in resistant/refractory CML patients (n=10) @ 20
Gutierrez et al. (2017) MMR in CML patients (n=19) @ 47
° . e o . e 0 . MR4.5 in CML patients (n=11) . 28
Frequency of standard vs reduced starting dosage in clinical practice: results were not sensitive to number of studies Alam et al. (2017) MIMIR ot achieved in CP-CML patients (n=2) ®o
o . o c c . . MMR in CML patients without CCyR at baseline (n=3) @ 17
included, overlapping data, or inclusion of small subsets of ALL patients Garcia-Gutierrez (2016) R i VL oot with COrR ot bmcsline (oo ~
Lupo-Stanghellini et al. (2016) MMR in CML and Ph+ ALL patients (n=3) @® 60
1 % of patients starting at a mean dose of 45 mg ponatinib/day [0 % of patients starting at a mean dose of 30 mg or 15 mg ponatininb/day Knoops et al. (2016) MMR in CP-CML patients (n=10) @ 29
. MMR in CML patient tini =
Removing partially overlapping studies and those where ALL and CML patient data could not be separated 52% 48% Mauro et al. (2016) MMR :: CP-CI\I:IT. :aea:i::t: ::?ZTg bonztinib (09} o1 ® 2
Dropping studies pair-wise (average % of patients calculated over all possible study-dropping scenarios) 55% 45% Ines Varela et al. (2015) MRA4.5 in AP/BP-CML patients (n=1) @ 17
Dropping each study once (average % of patients calculated over all possible study-dropping scenarios) 55% 45% 0 10 20 30 40 50 60 70 80 90 100
Base case 54% 46%

%, percentage of patients who responded to ponatinib treatment; CCyR, complete cytogenetic response; MCyR, major cytogenetic response; PCyR, partial cytogenetic response;
CHR, complete hematologic response; MR, molecular response.

CONCLUSIONS References: 1. Jabbour and Kantarjian. Am J Hematol. 2018;93:442-59; 2. Huang, Cortes and Kantarjian. Cancer. 2012;118:3123-7; 3. Breccia et al.

Ann Hematol. 2018;97:1577-80; 4. Mauro et al. Haematologica. 2016;101:458-9.

= Published RW studies suggest a positive impact of personalized selection of ponatinib starting dose on reducing
cardiovascular events and achieving response to treatment.
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