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List of abbreviations

ABW Actual body weight

AIBW Adjusted ideal body weight

ALL Acute Lymphoblastic Leukemia

Allo-HPCT Allogeneic Hematopoietic Cell Transplantation

AML Acute Myeloblastic Leukemia

ANC Absolute Neutrophil Count

ASCT Autologous Stem Cell Transplantation

ATG Anti-Thymocyte Globulin

AUC Area Under the Concentration versus time curve

BM Bone Marrow

BK Virus Virus isolated from a transplanted patient named B.K.

Bu Busulfan @
BuCy Busilvex followed by Cyclophosphamide . 6
BuCy2 Busilvex followed by Cyclophosphamide over 2 days \
BuCy4 Busilvex followed by Cyclophosphamide (4 cycles) K
CcB Cord Blood O
Cl Confidence Interval Q
Cl Drug clearance \

CLL Chronic Lymphocytic Leukemia 0

Cmax Drug maximal concentration @

CML Chronic Myeloid Leukemia

CMML Chronic Myelo Monocytic Leukemia K

Cmv Cytomegalovirus @

CNS Central Nervous System Q

CP Chronic Phase Q

CR Complete remission O

CR1/2/3 First/Second/Third Complete remission\

CTC-NCI Common Toxicity Criteria-National Cancer Institute

Ccv Coefficient of variation G

CcvC Central Venous Catheter Q

CVvD Corporate Vigilance Departen&t'

Cy Cyclophosphamide

D Day

DAH Diffuse Alveolar Hemag, Q'

DFS Disease-Free Surviv,

DLCL Diffuse Large Cel @phoma

EBV Epstein Barr Vi

ECD Electron Capt etection

EFS Event-Fre&Survayal

EMA Europe icine Agency

FB Fludapakine in combination with Busilvex

FB1 FIUC %ﬁe and Busulfan Total dose equivalent to that delivered on one day
FB2 + Fludakabine and Busulfan on two days

FB3 rabine and Busulfan on three days

FB4 udarabine and Busulfan on four days

FBT @ ludarabine in combination with Busilvex and Thymoglobulin regimen
Flu Fludarabine

FM Fludarabine and Melphalan

GC Gas Chromatography

GST Glutathione-S-Transferase

GVHD Graft Versus Host Disease

HD Hodgkin’s Disease

HLA Human Leucocyte Antigen

HPCT Hematopoietic Cell Transplantation

HPLC High Performance Liquid Chromatography

HR Hazard Ratio

HSC Hematopoietic Stem Cell

v Intravenous

KM Kaplan Meyer

KPS Karnofsky Performance Score
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LFS Leukemia-Free Survival

LR Low Risk

LLOQ Lower limit of quantification

MAC Myeloablative Conditioning

MDS Myelo Dysplastic Syndrome

MedDRA Medical Dictionnary For Regulatory Activities

Mel Melphalan
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mL MilliLiter
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MMUD Mismatched Unrelated Donor

MPS Myelo Proliferative Syndrom

MRD Matched Related Donor

MS Mass Spectrometry detection 6
MSD Matched Sibling Donor @
MUD Matched Unrelated Donor . 6
MTX Methotrexate \
N Number of patients K
NA Not Applicable O
NHL Non-Hodgkin’s Lymphoma Q

NR Not Reported \

NRM Non-Relapse Mortality 0

NHL Non Hodgkin’s Lymphoma @

oD Once daily

(OX Overall Survival K

PBSC Peripheral Blood Stem Cell @

PD Pharmacodynamics Q

PFS Progression-Free Survival Q

PNH Paroxysmal Nocturnal Hemoglobinuria

PK Pharmacokinetics \Q

PTLD Post-Transplant Lymphoproliferative Risorder

q.i.d. Quater In Die 6
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1. Background information on the procedure

1.1. Type Il variation

Pursuant to Article 16 of Commission Regulation (EC) No 1234/2008, Pierre Fabre Médicament
submitted to the European Medicines Agency on 5 July 2013 an application for a variation.

This application concerns the following medicinal product:

Medicinal product: International non-proprietary Presentatiogs:

name: 06

£
Busilvex BUSULFAN See A
Q
The following variation was requested: O
AN
Variation requested N D Type
C.l.6.a C.1.6.a - Change(s) to therapeutic indication(s) - Additi a new 1
therapeutic indication or modification of an appro m

y Busilvex (FB) as conditioning
in adult patients when such

The MAH applied for an extension of indication for fludarabine follo
treatment prior to hematopoietic progenitor cell transplantation
combinations are considered the best available option. Cons
sections 4.1, 4.2, 4.5, 4.8, 5.1, 5.2 and 6.6 of the SmPC

the opportunity to update the products information in lin Qh

, changes were proposed to
e package leaflet. The MAH also took
QRD template version 9.0.

The variation proposed amendments to the SmPC x 11, Labelling and Package Leaflet.
Information on paediatric requilé‘ents
Not applicable. EQ

Information relating to & an market exclusivity

Similarity \Q

Pursuant to Article 8 ulation (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the ap & n included a critical report addressing the possible similarity with authorised
orphan medi 0 ducts.

1.2. t@ aken for the assessment of the product

The R orteur appointed by the CHMP was:

Rapporteur:  Arantxa Sancho-Lopez
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Submission date: 05/07/2013

Start of procedure: 26/07/2013

The CHMP adopted a report on similarity of Busilvex on similarity with

Tepadina on (Appendix 1): 19/09/2013
Rapporteur’s preliminary assessment report circulated on: 27/09/2013
Rapporteur’s updated assessment report circulated on: 17/10/2013

Request for supplementary information and extension of timetable adopted 6
by the CHMP on: 24/10/2013,-@

MAH’s responses submitted to the CHMP on:

Rapporteur’s preliminary assessment report on the MAH’s responses
circulated on:

N
13/01/2QX
O

Rapporteur’s revised assessment report on the MAH'’s responses circulat%

"
&
>

on: K 14/03/2014

2" Request for supplementary information and extension of time @

adopted by the CHMP on: N 20/03/2014
v o

MAH’s responses to the 2" RSI submitted to the CHMPAory\Q 20/05/2014

\ Y

Rapporteur’s preliminary assessment report on the M I—kesponses

circulated on: - 07/07/2014

Oral Explanation took place on: X\'\ 22/07/2014

CHMP opinion: \() 24/07/2014

\O
&06
Q}Q
Q&

QS
N\
O
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2. Scientific discussion

2.1. Introduction

Problem statement

The “conditioning” or “preparative” regimen plays a central and key role in allogeneic Hematopoietic
Cell Progenitor Transplantation (HPCT). Conditioning is the major source of early toxicity and mortality,
but also holds out the prospect of allo-HPCT success with long-term disease control or even cure. Allo-
HPCT refers to any procedure where hematopoietic stem cells (HSC) of any donor type and anysource
are given to a recipient with the intention of repopulating and replacing the host hematopoieti%tem
totally or partially. Currently, stem cells can be obtained from bone marrow (BM), from peri al
blood after mobilization with growth factors (PBSC), or from cord blood (CB). Allo-HPCT,i wadays
considered as an effective and potentially curative treatment modality for different xnt and non-
malignant conditions such as acute myeloid leukemia (AML), acute lymphoblastic ia (ALL),
chronic myeloid leukemia (CML), chronic lymphocytic leukemia (CLL), severe anemia (SAA),
myeloproliferative syndromes (MPS), myelodysplastic syndromes (MDS), m% myeloma (MM),
Hodgkin’s and non-Hodgkin’s lymphomas (HD, NHL), genetic disorders (

metabolic disorders, hemoglobinopathies, etc.), and paroxysmal nocu( emoglobinuria (PNH).

immunodeficiencies,

The conditioning regimen is administered prior to allo-HPCT wit
“marrow space”, immunosuppression of the host, and tumou
purposes, the conditioning can be sought to be either, full

main objectives: creation of
duction or eradication. For these
eloablative, little or non-myeloablative,

or of reduced-intensity depending on disease and patie tures [Bacigalupo A, 2009].

HPCT is a field where the practice changes fast, aim@o always improve the therapeutic benefits in
patients with severe diseases for whom allogeneig, transplant is the last possibility of cure. The
introduction of intravenous Busulfan (1V Bu)_ifncombination with cyclophosphamide (Cy) (BuCy2) as
conditioning before HPCT has likely |mp e safety of this conventional myeloablative regimen
[Kashyap A, 2002], [Aggarwal C, 20 ever, early regimen-related toxicity remains a matter of
concern. Cy used at high dose in t hltlonmg regimen is a causal agent for hepatotoxicity,
regardless of whether Bu is |nco d in the regimen. The HPCT medical community has looked for
alternative regimens, to offer. ssibility of an allogeneic HPCT to patients unable to receive a
standard Cy-based condit @I’he objective was to give them the benefit of the immune allogeneic
effect against the mallg eIIs (GVL effect), despite for example their age, comorbidities or a
physical condition d d by the previous therapeutic lines. Fludarabine (Flu), a purin-analog
chemotherapy w I—@ s mild side effects appeared rapidly as an agent which could be combined with
IV Bu [Ander \ 2009], [Terenzi A, 1996]. The risk of hepatotoxicity could theoretically be
decreased stituting Cy with another immunosuppressive agent like Flu [Ciurea SO, 2009],
[Gandh 02]. The introduction of Flu as an immunosuppressive agent in the conditioning prior
HPC first step in reduced-intensity regimens, and later in modified myeloablative regimens, has
allowed extending indication of allogeneic transplantation according to patients’ need. Flu being
administered once daily, IV Bu was administered immediately following Flu, so that maximum
intracellular Bu levels occur concomitantly with optimal Flutriphosphate concentrations [De Lima Blood
2004], [Valdez BC, 2011].
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About the product

The active substance of the medicinal product is busulfan: 1.4-butanediol-dimethane-sulfonate.
Busulfan is a cytotoxic agent with bifunctional alkylating pharmacodynamic properties that interferes
with DNA replication leading cells to apoptosis.

On 9 July 2003, the European Commission issued a marketing authorisation for Busilvex (IV busulfan)
in the following indication:

‘Busilvex followed by cyclophosphamide (BuCy?2) is indicated as conditioning treatment prior to
conventional haematopoietic progenitor cell transplantation (HPCT) in adult patients when the
combination is considered the best available option.’

The recommended dose and schedule of administration in adults is: @

L 2
- 0.8 mg/kg body weight (BW) of busulfan as a two-hour infusion every 6 hours over (@ecutive
days for a total of 16 doses, O

- followed by cyclophosphamide at 60 mg/kg/day over 2 days initiated for at @ hours following
the 16th dose of Busilvex. 0

Documentation on the safety and efficacy of Busilvex in combination with lophosphamide in the
BuCy2 regimen prior to conventional allogeneic and/or autologous derived from two clinical trials
(OMC-BUS-4 and OMC-BUS-3). These prospective, single arm, é&bel, uncontrolled phase Il
studies were conducted in patients with haematological dise majority of whom had advanced
disease. Patients received doses of 0.8 mg/kg busulfan ev, hours infusion for a total 16 doses
followed by cyclophosphamide at 60 mg/kg once per da wo days (BuCy2 regimen). All patients
experienced a profound myelosuppression. The tim bsolute Neutrophil Count (ANC) greater than
0.5x10° /I was 13 days (range 9-29 days) in aIIOQ atients (OMC-BUS 4), and 10 days (range 8-19
days) in autologous patients (OMC-BUS 3). evaluable patients engrafted. There was no primary or
secondary graft rejection. Overall mortality%on—relapse mortality at more than 100 days post-

transplant was (8/61) 13% and (6/612 %ln allotransplanted patients, respectively.

The indication of Bulsivex was ext n 27 October 2005 to the following paediatric indication:

‘Busilvex followed by cyclopho mide (BuCy4) or melphalan (BuMel) is indicated as conditioning
treatment prior to convention ematopoietic progenitor cell transplantation in paediatric patients.’

The recommended dose@usilvex in paediatric patient is based on actual body weight (see section
4.2 of SmPC). .

This was bas fety and efficacy data from clinical trial F60002 IN 101 GO evaluating Busilvex in
combination Xyclophosphamide in the BuCy4 or with melphalan in the BuMel regimen prior to
convengi @Ilogeneic and/or autologous HPCT. All patients experienced a profound

my ession. The time to Absolute Neutrophil Count (ANC) greater than 0.5x10°%/1 was 21 days
(range™.2-47 days) in allogenic patients, and 11 days (range 10-15 days) in autologous patients. All
children engrafted. There was no primary or secondary graft rejection. 93% of allogeneic patients
showed complete chimerism. There was no regimen-related death through the first 100-day post-

transplant and up to one year post-transplant.

On 29 December 2001, orphan designation (EU/3/00/011) had been granted by the European
Commission to Pierre Fabre Médicament, France, for busulfan (intravenous use) for the conditioning
treatment prior to haematopoietic-progenitor-cell transplantation. However, this product is no longer
an orphan medicine. Busilvex was withdrawn from the Community register of orphan medicinal
products in July 2013 at the end of the 10-year period of market exclusivity.
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With this variation, the applicant is applying for an addition of a new therapeutic indication:

‘Fludarabine followed by Busilvex (FB) is indicated as conditioning treatment prior to haematopoietic
progenitor cell transplantation (HPCT) in adult patients when the combination is considered the best
available option.’

For the above proposed indication, the following posology is proposed:
The recommended dose and schedule of administration is:

- fludarabine administered as a single daily one-hour infusion at 30 mg/m2 for 5 consecutive

days or 40 mg/m=2 for 4 consecutive days. E

- Busilvex will be administered at 3.2 mg/kg as a single daily three-hour infusion im i Yy
after fludarabine for 2 up to 4 consecutive doses. . 6

2.2. Non-clinical aspects é

No new clinical data have been submitted in this application except for the E Qsection 2.2.1).
This was considered acceptable by the CHMP.

2.2.1. Ecotoxicity/environmental risk assessment K

The MAH submitted an environmental risk assessment as part c@s application. The ERA included a
Phase | assessment.

Table 1: Summary of main study results \O
Substance (INN/Invented Name): Busulfan n
CAS-number (if available): 55-98-1 ,@"
PBT screening & Result Conclusion
Bioaccumulation potential- log | Hansch eti) 95 -0.52 Potential PBT (N)
KOW
EPI sults -0.68
@ 1998 -0.35
esterhof 2000 -0.585
N\
Phase I N
Calculation © Value Unit Conclusion
Default PEC surfa%@ﬁr 0.016 ng/L < 0.01 threshold
o (N)
Refined PEC water 1.2 x10° ng/L
(Literature dat
2.2. iscussion on non-clinical aspects

The results of the phase | of the environmental risk assessment of busulfan were submitted in this
application. The Applicant provided two log Kow values of busulfan (-0.52 and -0.68) which were
reported in the literature. Since the log Kow of busulfan should be determined experimentally
according Guideline EMA/CHMP/SWP/44609/2010, the MAH also provided three busulfan values of log
Kow determined experimentally, which were reported by Hassan 1998, Westerhof 2000 and Toropov
2010. In the publication performed by Toropov 2010, the value of log Kow reported was -0.3.
However, the experimental method for its determination was not described. In the publications
performed by Hassan 1998 and Westerhof 2000, a log Kow of -0.35 (in this case, log Dow = log Kow)
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and of -0.585 were obtained respectively. The conducted experimental method for determining log
Kow of busulfan in these two publications is considered adequate. In addition, since both values of log
Kow determined experimentally are far below the prescribed limit of 4.5, testing of busulfan for
Persistence, Bioaccumulation and Toxicity according to the Guideline EMEA/CHMP/SWP/4447/00 is not
required.

The Applicant calculated the refined PECsyreacewater Of busulfan as 1.2 x 10°® pg/L using HPCT
prevalence data in Europe in 2011 and concluded that, since the refined PECsyrracewater Value of
busulfan is below the action limit of 0.01 pg/L recommended in the guideline
EMEA/CHMP/SWP/4447/00, the use of the medicinal product Busilvex 6 mg/ml concentrate for solution
for infusion at 6 mg/ml of busulfan is unlikely to represent a risk for the environment. Howevergthe
lack of phase Il assessment of busulfan was not considered justified. Since busulfan is terat

three mammalian species and causes sterility in rodents, it has potential to affect the rg ion of
aquatic animals. Therefore, the CHMP recommended that the MAH conduct a tailored (& |
assessment of busulfan according to the Guidelines EMEA/CHMP/SWP/4447/00 ando

EMA/CHMP/SWP/44609/2010. Results are expected by March 2016. \\'Q

2.2.3. Conclusion on the non-clinical aspects

The special precautions for disposal and handling in the current SmPG{of Busilvex which recommend
that any unused medicinal product or waste material should be di d of in accordance with local
requirements for cytotoxic medicinal products remain applica Q

In addition, in the context of the obligation of the MAH to ue account of technical and scientific

progress, the CHMP recommends the following points to

e Conduct a tailored phase Il assessment o Qfan according to the Guidelines

EMEA/CHMP/SWP/4447/00 and EMA/g{ P/44609/2010.
2.3. Clinical aspects Q()
2.3.1. Introduction 06

This application is supported Q&)Iished scientific literature.

Among 48 publications d further to a bibliographic search, the combination of “once daily” FB
regimens was desgri% 3 publications (2572 patients) referred as “pivotal”. All these patients
received a conditi regimen based on IV Bu administered as a single daily administration over 3
hours. This inflisi llowed immediately the infusion of Flu. These 33 publications were considered as

XI efficacy of the combination providing haematological parameters (early and late
param en@ erefore, these studies were considered as pivotal studies.

relevant for

- bular overview of clinical studies and bibliographic references

Table 2: Pivotal studies — Myeloablative Controlled regimens (MAC)
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N of study Study and control Median age
Author centers "émd:l_ dle:gn Obl"lj cu:_j‘(:? of Drug(s) ) Nof pts (years) G)e:;]‘_er Endpoints
Location(s) ontrof fype € study Dose, route, and regimens (days) [range]
FB: Total: 215
IVFu4) mgm*dx4d
IVBu 130 mg/m¥dx 4d 148 46 [19-66]
4 05, EFS,
Andersson. . BuCy2: CHIMERISM.
BEMT 2008 One center lfjmfxe & | Efficacy & Safety | IV Bu 0.8 mg/ke x 16 doses 67 30 [13-64] NR  |RELAPSE. NRRS
- . Cy60mgksIVx2d RFS. TRM.
FM: 78 o GVHD,
Flu25 mg/m¥dx 5d NR FM(a): 50 34[23-66]
Mel 70-90 mg/m*dx 2 d FM(b): 28 54 [22-74]
FB: Total: 315
IVFlu 50 mgm*dx5d .
E_‘jf;;‘“;‘ﬁ IV Bu 3.2mghkgdx 4d 120 46 [18-65] 72/48
Brede: 2ador IVBu3h daily 05, RELAPSE,
sa:" cases and Matched-pair Efficacy & Safety L. 5 i
BBMT 2008 | Database for ﬁ“ﬁ’{; e ea TRM, GVHD
controls u 1 mglkg x ses N g
Cy 120 to 180 mg/kg in 2 or 3 doses 23 H[18-63]
& -
N of study Study and contrel Median age \.
: - desiz ectiv . T A 2
Author centers EF::;I.;?:E: Ob:li:'::!:fl? of D ) ]31 ug(;) . . N of pts (vears) Gender M Endpoints
Location(s) P h ose, route, and regimens (days) [range]
TB: Total: 30
IV Flu 30-40 mgm*dx 4d 18 34 \ 10/8
T Y melal
Chmndurn, One center, Retrospective & Efficacy & Saf IV Bu 3.2 mgfkg/dx 4 d 3 « ENGRAFTMENT,
BMT 2006 USA comparative cacy ety . Q' TRM. GVHD
w ﬁu 30mgm*dx5d 12 ( 2-61] 4/8
IVMel 0 mg/m*dx2d
. 5 - " ar ENGRAFTMENT.
Horwitz, One center, Prospective . IVFiu 40 mg/m*dx4d . & . , :
BBMT 2008 |USA Phase II Randomized | no2¢Y & St | 1y 5y, 130 mg/zid x4 d &4 "y 412154 64 gﬁ% DFs,
IVFB: otal: 42 34 [17-56] Total: 22/20
IV Flu 40 mg/m? for 4 days,
total: 160 mg/m®), with IV Bu dose of 17 35 [18-56] 107 ENGEAFTMENT,
2 4
Lee. One center, Retrospective and . 130 mg/m® PR CHIMERISM., OS,
KJH 2010 Eorea comparative Efficacy & Safety BuCyv: 4 EFS. VOD, TEM
Oral By 1 mg/kg or IV Bu 0.8 m 25 33 [1745] 1z |GVHD
doses administered every 6 hours
IWCy60mekezx2d oy
N of study - and cantrol Median age
. - desigi jectiv Q T Gender
Author centers Emdl; rlle::!n Ob'llim:‘;(;? of Tug(s) Nofpts (years) neer Endpoints
Location(s) onmrol rype € study Dlﬁo& Wand regimens (days) [range] ME
"4 Total: 107
4 60 44 [13-63] 3129
Madden. One Center, Retrospective &
- : - PK & Safety PK. Safety
BBMT 2007 [USA comparative M’ﬂl arm/Concomitant arm
2 IV Bu 0.80 mg/ks over 2 hours/6 hours 6 47 51[18-68] 27120
4d
N Cy 60mgkg IV over L howrx 2 d
FB+TBL Total: 179
IVFu 50mgm¥dx5d
IWBu32mgke/dxdd 89 46 [18-66] ENGRAFTMENT.
Russell, One center, TBI 400 cGy _ 05, DFS,
BBMT 2010 | Canada ! RELAPSE.
FB: R | TRM. GVHD
IVFlu 50mg/m¥dx 5d 20 42 [16-65] 45/45
IVBu32mgkgdx4d
v FB2: Total: 112 Total: 50 [17-70] 38/54
IV Flu 150-160 mg/m®
IWBu32mgke/dx2d 41 57[18-70] 2120
5 ENGRAFTMENT.
Shimoni Retrospective & | Efficacy & - OS, DES,
>humont. pects <y FB4: 26 51[18-64] 1214 |RELAPSE,
Lenk 2 e comparative Safety IVBu32mgkg/dx 4 VOD. NRM
GVHD
IVBu3lmgkgdx4
IV BuCy2: 0.8 mg/ks x 16 doses 6 45 42 [22-58] 2520
Cy 60 mg/kg/dx2

Table 3: Pivotal studies — Myeloablative Uncontrolled regimens (MAC)
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_ Nofsmdy | g gy design | Objective(s) Study and contrel TT | Nof |Medimage | gepger :
Author centers L - Drugis) (vears) Endpoints
. Control type of the study (days) pis ) ME-
Location(s) Dose, route, and regimens - [range]
IV Flu 40 mg/m®/d x 4. IV Bu 130 mg/m*/d x 4 ENGRAFTMENT
;::;r:m L | oea e | e gffi:;“ & |30 mgm’ - 32 meke) 4 79 | s8[5576] | 49530 |OS,EFS.TRM.
- ’ = IV Bu cnce daily 3 hours. GVHD
I) IV Flu30 mg/m?*/day+IV Clo 10 mg/m*dx4d
+IVEBu
. 10) IV Flu 20 mg/m?/day + IV Clo 20 mg/m?d x 4 d ENGRAFTMENT,
Asdersson, One ceater, P]Imp“““ phase Efficacy & +IVBu . s £5[6.59] 19 | 08 EFS/PFS,
BEMT 2011 |USA randomized Safety 10T} IV Flu 10 mg/mé/day IV Clo 30 mg/m¥d x 4 d - RESPONSE. TRM.
+IVBu GVHD.
IV) IV Clo alone at 40 mg/m*/d+ IV Bu
IV Bu targeted AUC x 4 d
IVFlo 40 mg/'m*/d x4 d ENGRAFTMENT,
Bashir, One center, . Efficacy & IV Bu 130 mg/'m®/d x 4 d or PK targeted dose 2053 CHIMERISM., 05,
BBMT 2011 UsA Retrospective Safety 4 44 48 [13-63] 20024 EFS. RELAPSE.
(130 mg/m® ~ 3.2 mg/ks) TRM, GEHD
Beri . IWFn40mgm/dx4d
One center, Prospective PR&SA®Y | 1y Bu one test dose (0.8 mg/kg), then targeted Bux 4 8 23 47[15-61] | 13/10 |SAFE
BMT 2010 Usa Phase IL davs = B
- P
Chunduri, One center, PK. Safety & |IVFlu 3040 mg/m¥d x 4d {ENT,
: Betrospective . . = 8 36 44[18-61] 20116 #0, - RELAPSE.
BMT 2008 UsA Efficacy IWBu3lmgkgdxdd & GVHD. PK.
R .
Qv
N of study Study and control
suth cezl:l's ¥ Study design | Objective(s) D T N of Median age (3 1] ender Endpoi
Author R Control type | of the stady rug(s) (days) ~olpts [rang) P arE udpoints
Location(s) Dose, route, and regimens :
ENGRAFTMENT.
DeLima, Two centers, Prospective Efficacy & IV Flu 40 mg/; 4 48/48 &}?ﬁg 5,
Blood 2004 Canada, USA Phase IT Safety IV Bu 130 mg/ R.ES‘PONSE. \'OD,
TEM, GVHD, PK
ENGRAFTMENT,
Geddes, I - 7 o E
5, One center, Retrospective PE/PD, Safety ]1‘ Bu32 mg.l'kg‘:d x4d 5 NR OS, PFS, RELAPSE,
BBMT 2008 Canada & Efficacy IVFlu 50mgm*dx5d TRM. GVHD. PK
ENGRAFTMENT,
- Onecenter, | popospective | DLLCACY & 12 547+ [20.76] 57 | 0S, RELAPSE, VOD,
Leuk Lymph 2011 | Brazil Safety Q\ TEM. GVHD
. - Test dose of Bu 0.5 mg/ \ ENGRAFTMENT,
f:lf;““-'l 2010 8;";““— P;‘:;’ff"“ PK & Safety | Flu25 mg/m¥dx 5d 5 16 55 2511 | VOD. TRM. GVED,
3 - ’ P IV Bu: adapted dc;sm FK
\ A
X\
N of study Stady af znn‘ol
Auth. - tuen::s) Study design Objective(s) of . T Nof Median age (years) Gender Endpoi
Author . Control type the study g(s) (days) -~ olpts [range] MTF ndpoints
Location(s) e, poute, and regimens )
1 40 mg/m*dx4d ENGRAFTMENT,
Perkins, One center, Efficacy, u for days 1 and 2: - - . 05, BFS.
BMT2011  |USA Retrospective &PK D 130 me/m/d. following adjusted | 143 48 [22-68] 83/62 RELAPSE, TRM,
( doses (total of 4 days). GVHD, PK.
N e Total: 26/12
; Py RAFTMENT
Pidala, One center, Retrospective and r, Safety “_. Fh‘:‘? n}‘g.m dx14 ENGI ™ .
] IVBu73-170mg/m¥dx 4 d 4 _— _— . ... |CHIMERISM, OS,
IJH 2011 USA comparative & with tarzet AUC FB+Rimx: 19 | FB+Fimx: 56 [35-68] | FB~Fimx: 16/3 TEM. GVHD. PK
= FB: 19 FB: 47 [27-64] FB: 1019 ” ’

. ENGRAFTMENT,
Pidala. One center, Efficacy, Safety 1'\-" Flu 40 mg/m* /d x id 4 100 48 [22-69] NR CHIMERISM. 05,
BMT. 2011 Usa &PK IVBu 130-145 mg/m*d x 4 d PFS, RELAPSE.

TEM. GVHD, PK
One centay, \J‘ ENGRAFTMENT.
Russell. Cana . Efficacy, Safety (IVBu32mgkgdx4d - 05, DFS,
BBMT 2002 | Onec \ trospective & PK IV Flu 50 mg/m¥/d x 5 d 4 70 41 [15-64] NR RELAPSE, RRT,
Cana TRM. GVHD. PK
%)
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N of study Study and control
: Study design | Objective(s) o T - Median age (years) Gender .
Author ““Tﬁrs Control type of the smdy Drug(s) (days) Nofpts [range] MF Endpoints
Location(s) Dose, route, and regimens
Total: 200 46 [18-63] NE
IVBu32mgkgdxdd (a) 54 (a) LR, age < 45: 37 [18-45] ENGRAFTMENT, OS,
Russell, & 2 ge =
BT 2008 ne centet: | Matched pair 55?;‘* & IV Flu 50 mgim¥d x5 d 5 )31 230 [46.56] DFS, RELAPSE, TRM.
- TEI 400cGy (c) 40 5: 48 [20-45] GVHD
(d) 75 (d) HE. age = 43: 54 [46-65]
IV Flu 50 mg/m¥/d x5 d Total: 64 [18-63] 4024 | ENGRAFTMENT, O,
R 1L, - & = - U,
B:::T 2007 g;:ﬂm Retrospective gf?:;c) & IWBu3lmgkgdxdd 7 AMI: 36 AML: 46 [20-60] 23/13 | DFS.RELAPSE. TEM,
2007 TEI 400 cGy AIL: 28 ATL:31[18-63] 1711 |GVHD
Santarone, One center, | Prospective Efficacy. IV Flu 40 mg/m*/dx 4 4 a 40720.5T 2717 ENGRAFTMENT, OS,
BEMT 2011 | USA Phase IT Safety & PK | IV Bu 130-180 mg/m®/d x 4 [20-57] =4 TRM, GVHD
Oral Bu | mg'kg/6Hxd/dx3 d Total: 49 Total cohert: 34 [16-52]
or
IVBu 0.8 mg/kg/6Hxd/dx3d 1] 16 R
Cy60mg/ke/dx2d _
Sanz J, Sanz el ENGI .
: v & TTPSmgkgdx2d ;
MA BEMT | 088 08t | poospective | Dincacy & mefkgdx 3010 | RELAPS M,
5 Spain Safety ;
2010 GV
IWFh 0 mgm*dx3d
TTP 5mghkg/dx2d 5 33 NR
VB3 meke/dx3d . ('
K\Q
N 3 Study and control -
N of s@d} Study design | Objective ( s) " T Nof Median age (years) €r .
Author centers . ) Drug(s) - Endpoints
) Control type of the study = (days) pts [range]
Location(s) Dose, route, and regimens . «
Oral Bu 1 mg/kg/6Hxd/dx 3 dor Total: 26 \)
IV 08 mglkg/6Hxd/dx3d
Cy60mglks/dx2d 21
Sanz I, TIP 5 mg/kg/dx2d B
: One center, Efficacy & = - ENGRAFTMENT, OS5, DFS,
Monte: P, . 3 . 2
B;{;:Jols{] Spain Retrospective Safety 5 T&co}mn. 33 [16-48] 1412 RELAPSE. TRM. GVED
- IVFlu 50 mgm*dx3d
TIP Smgkgidx2d )
IVBu32mghkgdx3d
\\ L
Table 4: Pivotal studies — Reduced-Intensity Conditionin trolled regimens (RIC)
N of study ) . L Smudy and control \ i
Author centers Study design | Objective(s) Drug(s) m N of pts Median age (years) Gender Endpoints
\ Control type | of the study ) (days) [range] MTF
Location(s) : Dose, route, and regi .
K Total: 151 Total: 53 [16-70] Total: 84/67
- : X Retrospective . T . S 129 ENGRAFTMENT
Shimoni, ) One center, | _ Efficacy & - & ! 5 - 36[23-70] 40332 08, RELAPSE
Leuk 2007 Israel . Safety me
comparative VOD. TRM. GVHD
79 31 [16-66] 44/35
Table 5: Pivotal studies —fed -Intensity Conditioning Uncontrolled regimens (RIC)
v ; jecti Study and rol 3
A X N of stu.d_\ Studydesi YJ“;—-“ <) ey a.n contre T Nof 3["?”“ age Gender .
Author CEnters Coufo o Drug(s) dav (vears) ME Endpoints
Location(s) “ the study Dose, route, and regimens (days) prs [range] '
Y ] Total: 46
* q RIC (qid): IVBu 0.80 mg/kg/6hx 2 d FB2: qid 15 Total: 2422
g ) RIC (od) IV Bu 3.2 mg/kg/d x2 d TB2: od 13 | Total: 54 [20.70] | (°™ =*=~ | OS, RELAPSE
Almog. Oue e \; fospective | Efficacy. | Pl 30 mg/n/dx 5 5 Subgroups: not | S"ECPS | V0D, TRM
BBMT 2011 P ty MAC (q.id)IV Bu 0.80 mgkeg x 4 doses x4 d BuCy qidg | Avulable availabie, | CHVD. BK
MAC (od): IVBu 32 mgkgidx4d B o -
Cy: 120 mg/ke total dose. 2 d ¥
ENGRAFTMENT.
) Efficacy & IVFin 30 mgm*dx5d = . 05, EFS,
Retrospective Safety IVBu32 mgkgidx2d 5 22 43 [16-35] 16/6 RELAPSE.
TRM. GVHD
Total: 433 Total:
276/157
MRD: 187 MRD: MRD: ENGRAFTMENT,
Ho. One center, Retrospective & | Efficacy & IVFin 30 mg/m*dx4d 4 36 [19-T1] 115/72 053, PFS.
BBMT 2011 USA comparative Safety IVBu08mgkzql2horq24hx4d RELAPSE,
TRM. GVHD
URD: 246 URD: URD:
37[18-73] 161/83
ENGRAFTMENT.
Lee. One center, ) Efficacy & IVFu 30 mgm¥dx5d 5 - -, CHIMERISM. OS.
I7H 2010 Korea Retrospective | o poty IVBu32mekgdx2d s 32 43 [17-69] 1715 | EFs, RELAPSE,
TRM. GVHD
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N of study Study and control R L .
O8I | Study design | Objective(s) TT | Nof | Medimage | Gonger .
Author centers Conti ! Drug(s) (vears) Endpoints
R ontrol type of the study (days) pts MF
Location(s) Dose, route, and regimens : [range]
. . . . IWBu3lmgkgdx2d ENGRAFTMENT.
Lee, . Efficacy & =
5 Molticentric, | Prospective | 6 | 19* | 395[666] | 7353 |OS EFS RELAPSE,
AJH 2011 ored € Safety IV Flu 30 mg/m?/d x 6 d TRM. GVHD, VOD
Le Onecenter,  [Propecive | Elfcacy s, |1 S0mgax 4 CHIVERISM, 05,
3 center, rospective cacy . o Sz M. 05,
AH 201 Koo P Safory IVBu32mekedx2d 6 31 39 [19-63] 358 | prs RRT NEM.
+ TBI400 cGy. GVHD
* 1 patient not included in the analysis due to last follow-up within 4 months.
Table 6: Supportive studies — Myeloablative Controlled regimens (MAC)
7>
N of study i o Study and control Pas _ 3 Gender, U
Author centers E_T::'S;;e:gl: Obslj:t::c[l? of Drug(s) i ;i::ts Med"a['::lf?e‘i."e’“") i‘ ﬂc’ Endpoints
Location(s) i h Dose, route, and regimens (@ays) | P £
Total: 95 Total: 36 [17-54]
FB: IV Flu total dose 180 mg/m® 40 385 [21-54] 19
IVBu32mgkgdxdd \
2 8 me/ ENGRAFTMENT.,
Chae. Three centers, | Retrospective | Efficacy & (total 12.8 me/ke) p Ax EFS. OS. RELAPSE.
BMT 2007 |Korea comparative Safety BuCy2: 2 /0D, TR
oral Bu 16 mg/kg or IV Bu total dose of VoD, L GViD
128 mgke 55 ] 3312
IV Cy 120 mg/kg x 2 days
'\
Table 7: Supportive studies — Myeloablative Uncontrolled regim AC)
Stud d : l =
N of study Study and control .
Author t‘;n:el'sl‘ Study design | Objective(s) of Dr N of pts l\lﬂ?'“"f age Gender Endpoints
Author . Control type the study rug(s) ) Notp ("_ ears) ME ndpoin
Location(s) Dose, route, and regimens : [range]
Patel, Two centers, Retrospective Efficacy & IWFln 40 mgm*dx4d O 2 50 ]i‘-CCII.'jj [[qlg__;;]] :1‘«2; OS, RELAPSE,
T 1 I 2 me'ke/ 2 = = = T
BMT 2011 UsAa Safety IVBu32mgkgdx4 (52 enrolled) H-CT: 46 [17-61] 11115 TRM. GVHD
hJ

N\

L-CI= Low comorbidity index, I-CT= Intermediate ccmnrbi@dex. H-CI= High comorbidity index

Table 8: Supportive studies — Red

o

* data missing for 1 patient

ensity Conditioning Controlled regimens (RIC)

[
N - Study and control _ i .
Nofstudy | gy design | Obje T Nof Median age Gender .
Author centers Control tvpe ¢ Drug(s) a (years) M Endpoints
. 3 - ts MY
Location(s) Dose, route, and regimens (days) P [range]
Total: 152
‘ } FB: rl 7 58 [51-70] 0s. PFS
Alyea, One center, Retros; fficacy & Flu 30 mgm?/dx 4 NR R_ELAPSE
Blood 2005 USA a® v Safety IWBul08mgke/dx4d TRM GVHD
TBI-Cy : §
. Cy 1800 mg/m*x2; TBI 1400 cGy : NR 81 54 [51-66]
« or oral Bu 16 mgkg and Cy
Total: 112 Total:73/39
FBI: RIC 75 38 [21-73] 5223
Retrospective [VFlu 30 mgm*/dx 5d 3 ENGRAFTMENT.
Hamadani, ers. | g e Efficacy & [V Bu 0.8 mg/kg/dose x 8 doses (total PFS. OS.
HO 2 o tive Safety dose: 6.4 mg/kg). RELAPSE,
? - NEM. GVHD
FB4: RTC
IV Flu 40 mg/m® 4 37 33 [34-63] 21116
IV Bu 130 mg/m?
Total: 60 Total: 37.5 [16-38] | Total: 3723
Bul: 3.2 mg/kg once daily Bul:30
Bud: 0.8 mg/kex 4/d Bud: 30 Subgroups: NR
Subgroups: RAFTMENT
Prospective IV Bu: 12 8 mg/kg total dose FB/Bul: 16 NE. gGR_ELAl;SE :
Ryu, One center. ha?:l] PK. Efficacy & |Flu 30 mg/kgidx6 6 FB/Bud: 17 VoD NRM‘ :
BBMT 2007 |Korea fm Somized Safety GvHD.
IV Bu 12.8mg/kg total dose BuCy/Bud: 12 PK. ’
Cy: 60 mglg/d =2 BuCy/Bul: 13 i
or IV Bu 12.8 mg'kg alone Bu alone-Bu
41
Bu alone Bu 1:1

Table 9: Supportive studies — Reduced-Intensity Conditioning Uncontrolled regimens (RIC)
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N ; Study and control -
Nof sTud} Study design | Objective(s) “ IT Nof Median age (years) Gender .
Aunthor CEnrers e - M Drugis) E Endpoints
X ontrol type | of the study (days) pis [range] MTF
Location(s) Dose, route, and regimens :
A Total:46 [18-64] MR ENGRAFTMENT.
Armand, One ceater, Efficacy & |(IVBuOS8mgkgdx4d - 08, PFS,
. £EE 7 /NHL: 5 i -
BBMT 2008 |USA Retrospective | gotery IV flu 30 mgim2/d x 4 d 4 & B 1B4-64] PROGRESSION,
FB/HL: 31[18-56] NEM, GVHD
Total: 80 Total: 51 [17-70] Total: 49/31
(82 enrolled) JGRAF
Bashey, Nine centers, | Prospective Efficacy & |IVFlu30mgm*dx5d 5 E)I;GEFS n]it\EJNT
BBMT 2011 |USA Phase I Safety IWBe08mgkgqohoursx2d FB/MUD: 43 FBMUD: 48 [17-67] | FB/MUD: 23/20 G\?;I-D) : 3
FB/MSD: 37 FB/MSD: 51 [24-70] | FB/MSD: 26/11
Brown, One center, Prospective Efficacy & |IVBuOS8mgkgdx4d - , ENG! TMENT.
BEMT 2006 |USA Phase I Safety IWFn 30 mgm?/dx4d 4 46 33 [35-67] S CHIMERISM, OS.
= = FFS, TRM., GVHD
Total: 72 Total: NA Total:49/23
EN( MENT,
) FBATG 7.5 39 56 [24-70] 2811 L 08,
Hamadani, One center, Retrospective Efficacy & |IVFn30mgm*dx35d 5 <E
EBBMT 2000 [USA P Safety IVBu08mgkg/dosex 8dosesx2d 3 ’
| GVHD
FB ATG 6: 33 55 [24-69] 12
-f\ \
Study and 1 &
N r Study and control
Author - ;i::l,‘:“ Study design | Objective(s) lD T Nof Median age (yvears) nder Endpoi
Author . Control type | of the study rug(s) (days) pts [range] MF tdpoints
Location(s) Dose, route, and regimens ;
X
RIC: Total:63 [60-J \ Total: 106/52 ENGRAFTMENT.
Koreth, One center, Retrospective Efficacy & [IVFln30mgm*x4d 5 158 CHIMERISM. 08,
BBMT 2010 UsA P Safety IWBu08mgkgx4d - FB strate [60-64]: 63 FB strate [60-64]: 73/37 | pES. RELAPSE.
once daily or twice daily FB strate [#65] FB strate [ 65]: 33/13 | NEM. GVHD
IVFu30mgm*dx3d 5 i3 ENGRAF NT
- IV Bu 3.2 mg'kg/d - TMENT.
Krishnamurt] - \EEE ) 5
N By. g’;: Center. | g rospective Eﬁg‘:"f? % | in 4 doses daily x 2 d ) 8-66] 12/6 CHIMERISM., OS,
BMT 2010 Safety IV BuCy4: 32 me/ke/dx4d DFS. RELAPSE,
IV Cy: 50mgkg/idx4d ) b\ NRM. GVHD
T ENGRAFTMENT.
Lee, One center. Prospective Efficacy & (IVBu3Z?mgkgdx2d P - - CHDMERISM., OS,
Blood 2011 Korea Phase I Safety IV Flu 30 mg/m*d x 6 d 40 [16-70] 47136 EFS, RELAPSE,
TRM. GVHD.
PROGRESSION
ENGRAFTMENT,
Matthews, One center . TV Flu 30 mg/m*/d x 5 d - . . RELAPSE,
. . . g v 5¢ -
BTH 2010 UK Retrospective | Efficacy IV Bu 3.2 mekgid x 2 ‘ 25 53 [34-70] 15710 CHIMERISM.
COMPLETE
REMISSION
IV Fiu 90 mzjj Total: 51 [16-67] ENGRAFTMENT.
Sayer, Multicentric, | Prospective Efficacy & | 180 mg/m® t@fal NR 113 60/44 CHIMERISM. OS,
BMT 2003 Germany phase I Safety IV Bu totShd mg/kg, ) ! EFS. TRM.
£ z/kg total dose FB cohort: NA GVHD.
80 mo/m/d x 6 d ENGRAFTMENT,
Tsirigotis. Onmecenter, | o otive | EEC3CY & Smefkg/dx? p - Total :60 [35-69] 20 CHIMERISM, OS,
Haematologica 2006 | Israel OSPECUE | Gafery ! FB cohort- NA . DFS. RELAPSE.
VBu3l2mgkgdx2 RES, NRM.
GVHD

Y
2.3.2. Pharmacok}g;ic
Introduction ‘\Q

*
The intraven of Bu was developed in order to mimic the PK profile obtained with oral Bu, and
the phase I/1 Is for the Busilvex clinical development were conducted with the standard q.i.d.
schedu é )

More ntly, alternative schedules to the q.i.d. regimen have been developed with a twice or, more
often, once-daily administration. The once-daily schedule represents a well-established use dosing
regimen which is performed by many transplant centres. Most of the experience acquired with the
once-daily regimen comes from the reduced intensity conditioning (RIC) setting when Bu is associated
with Flu. Nevertheless, some experiences of once-daily IV Bu combined with other alkylating agents
(i.e. Cyclophosphamide or Melphalan) in myeloablative conditioning (MAC) regimen have been
investigated as well. This post-marketing experience is documented through several clinical trials
reported in the literature.
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The MAH provided the results of an exhaustive search through medical libraries database in order to
document the relevant PK characteristics of once-daily 1V Bu dosing, and to compare these with the PK
background of four times daily schedule.

Additionally, a clinical trial with intravenous Bu administered once-daily and associated with
cyclophosphamide in acute myelogenous leukaemia patients is ongoing and data from intermediate
analyses were submitted.
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Table 10: Overall design and PK methods in adult studies with once-daily IV Bu schedule

B

*
Publication PK Study Objectives Conditioning Schedule Busulfan dose Number of subject | Criteria of PEK m| ﬁsnmples and
regimen evaluable for PE azzezsment (PE interval of samples Bioanakvsiz MAMethod for PE
'age (range) samples) < cBllection after start of metIm‘d analysis
infusion
[Madden T. - To confirm the insanty of IV Bu PE Twro arms: X
2007, see from 0.8 mz/kg given every 6 hup to | 1y pg - omcedaily | 130 mgim® 60 (13-65 v) 1% 38 an®4TBu | 14 samples over 24k
section 2.7.6] 130 mg'm” given once daily IV Bu/Cy2 A
- To compare the vanability between Wy ) (-3-2melke) % .
Bu PK in once daily and every 6 b IV - aid 0.8 mglkg 47 (18-68 ) & . HPLC-UV Model dependent
administration & ;ﬂ 3%and 87 Bu | 1] camples over 6 b method
- To review the possible influence of @ &
concomitant administration of other
drugz on the PE disposition of [V BU
given once daily Q
[Byu 5G. 2007, | Te compare PE charactenisties of IV IV FB Randomized study with ‘3 58 ¥} 1% dose
see secton Bu between 4-times daily and once X o arms:
- . . 4 IV Bu/Cy Model dependent
2.7.6] daily administration schedule . \ LC-MS/MS
IV Bu alone Bu once daily 32 mgke P30 6 samples over 22 h method
Bu 4 tomes darly 0.8 mgkg O 30 6 zamples over 6 h
[Almog 5. - To examine the PE hneanty of IV Bu | Myeloablative Four groups of patients: \ N 46 (20-70 v) Twice in each
201:[. se:aT 5 between 0.8 and 3.2 mg'kz dosage. :.lél}mI.l‘J;ézB c MAC once daily x f;:;—ut: .aﬂar Compar
section 2.7.6]. o . P v : wiCy irst sion
- To assess the reproducibility of IV SR I MACqid 3.z 13 nd sasin after the | 14 amples over 24k (one
Bu PK between first and repeated Reduced intensity ) and 2ZaIm ; GC-MS method compartment)
doses conditioning (RIC) | FIC once daily ~$ £ 15 infusion given 11 samples over 6k and non
B . midway in th
- To evaluate whether Bu PK is altered | IV FB RICqid me/kg g i 14 samples over 24 b compartmental
by co-adminisiration of Fludarabine bo.g mg'kg 9 treatment 11 samples over 6h analysis

QS
\
D

-

N\
O
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AUC with the transplant cutcomes

(

Publication PE Study Objectives Conditioning Schedule Buszulfan doze Number of subject | Criteria of PK | Number of zamples and
regimen evaluable for PK assessment (PK time interval Bioanalysis AMethod for PK
/age (range) samples) samples collecti method analyzis
start of ﬁ
[Mamlouk E. To evaluate the PE of IV Bu after once- IV or oral Bu/Cy Three groups of patients: 1% dose U
20035, see daily protocel in companson with every 6-h IV Bu once daily 7 sa‘ » WEEY
section 2.7 6 tocol when nsed mn a Bu/Cy -
sction 1761 prvelosblative regimen IVBugid 32make 200565y 7 overéh One compartment fist
Oral Bugid 0.8 mekg 10¢18-532 %) les over 6 b WR model for the IV Bu
lmg'ks 13 ‘Won compartmental
Adjustment if pecessary for P methed for oral Bu
doses 3 and 4
[Femnandez To evaluate IV BuPE in a modified IV [ IV Bu/Cy Group A: IV Butwice | 1.6 mgkg 6 (26-65v) s 11 samples over 12 h
EF._Z(]OE::.ee Bu/Cy conditioning regimen: Bu daily Pei¥and trough HPLC-UV Model dependent
section 2.7.6] | adoumistered once or twice daily Group B IV Bu once 32 meike level atdose Sinm | 19 samples over 18 h method
daily group A
[BernE._ 2010, | To evaluate whether a test dose of IV Bu | IV FB Bu once daily aftera Test dose 0.8 mg'kg Test Dose & samples over 6 h
see section at 0.8 mg/kg would allow to target a test dose FirstD
1761 range of Bu AUC between 4000 and - st oose NE NR
. Target AUC: 4800
6000 pM min. uM mmin
R R . B . . ‘! R -
[0 Donnell To determine the maximum tolerated Bu | IV FB Dose escalation design 6 (median 55 y) | Test Dose 6 samples over Th
PH 2010, see | AUC mma IV FB and alemtuzumab to target AUC levels 1
section 2.7.6] | conditioning regimen. TV Bu Flu once daily O .
) i First Dose One compartment,
Group 1 : after a test GC/MS method first order
dose 15 elimination model
Group 2: adjustment at
dose 3 and 4 based on
dose 1 results
[Perkins J. - To investigate the PK of once daily IV | IV FB IV Bu once daily mg 'm? (~3 Imgkg) 145 (22-68y) 1* dose 3 samples over 9h One
201 1 see Bu with targeting strategy Adjustment if necessary of GC-MS method ifuc;]:lg'ﬁfm
section 2.7.6] | Tg explore the relationship of dose 1 the 3 and 4= dose elimination modsl
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exposure and clinical cutcomes

fa\

O
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Publication PK Study Objectives Conditioning Schedule Busulfan dose Number of Criteria of PK Number of samples
regimen subject evaluable | assessment (PK | and time intervalof Bivanalvsis Method for PK
for PK /age samples) samples colle @ method analvsis
(range) after start pfi {1isio
[De Lima MJ. | Te document IV Bu PK i a ence daily IVFB IV Bu once daily 130 mg/m® 45 (19-66y) 1% 3% and 4= liga 4h Model dependent
2004, see IV Bu and Fludarabine combination 3 Ime/k doses HPLC-UV Fpel
- 1 (~3.2mg/kg) method
section 2.7.6] (
[Fussell JA. To evaluate the PE of IV Bu given once | IVFB IV Bu once daily I2mgke 12 1* and 4% dose 33 les over 24 h HPLC-UV
2002, see daily in combination with Fludarabine in q Model dependant
section 2.7.6] | myeloablative conditioning protocol. S method
[Bonin M. To evaluate whether Bu could alter the OralFB Bu every 6h from day - | Oral Bu 1 mgkg 16 (33-66v) FanAly ¥ |9 samples over 12 h
2007, see PK of F-ara-A, the dephosphorylated 3 to day -2 Fhu 30 me/m? -3, HPLC-
X - . S mg/nr : flucrescence (F-
section 2.7.6] | metabolite of the pro-dmg Fludarabine Flu from day -6 to day - 4)
3 ara
3
[Geddes M. To define an optimal IV Bu exposure IVFB Bu once daily 32mgkg 130 (19-6 &, 3 dose 6 samples over 7h .
2008, see when given once-daily with Flu and to HPLC-UV Non compartmental
section 2.7.6] | investigate any comelation between Bu method
L4




Once daily Pharmacokinetic profile
Literature data

A first series of literature studies in adult patients have focused on the comparison of the 1V Bu PK
behaviour after once-daily (OD) schedule versus the traditional four-time daily schedule. The
comparison between schedules was performed on a parallel groups design. In most of the studies, an
historical cohort of control patients treated with IV Bu administered four-times daily was used for
comparison purpose. In one study [Ryu SG. 2007], patients were randomly assigned according to the
type of schedule. The above published works were considered as pivotal PK studies since the
comparison between schedules were performed on PK data managed and analysed within the same
institution and with the same bioanalytical method. These PK data were generated using the s

institutional clinical practices, especially for the patients’ selection, supportive care and trea t
prophylaxis which might potentially impact the PK of Bu. As a consequence, the variabili eto
experimental conditions was considered as minimal to enable reliable comparisons i sé studies.

A summary of the main PK parameters in these studies including single centrm isons between
a

once-daily (OD) and four-times daily (q.i.d.) schedules is reported in the foll ble.
Table 11: Summary of PK parameters in adult studies including a paralle p comparison between
schedules
~>
PK p 5" mean (CV%)
Schedule: PK
. Nb of pts Bu dose /infusion . A\l C
Study (age range) duration Method Clearance huti At C‘ C iz (ng/mL) Tip(h)
(mL/min/kg) /kg) (pMLmin)
O
) OD: 130 mg/m? \J
Madden T | 60013653 | 32 mgkg) over3h EPrC.Uy | O 109 mLmini’ (26%) P OD: 22.6 Lim? (20%) OD: 4873 (22%) | OD: 3.6 (14%) OD: 2.7 (27%)
2007 471868y | 9id:32mem’ - gid: 116 mLiminim® (24%) qid: 226 Lim® (21%) qid: 1200 (25%) | qid:13(20%) | qid:29 (25%)
(- 0.8 mgkg) over 2h A
\ v
R se | SUSIY | op ) mpkgoversh | |y ionre | OD =20y 1907 Mg OD: 0.46 (11%) OD: 6476 (17%) | OD:422(17%) | OD: 283 (7%)
2007 ggﬂ omizet | qid: 0.8 me/ke over 2h i gid. (=300 05 qid- 048 (13%) qid:1515(18%) | qid:106(14%) | qid:275(8%)
orgid)
v 7 (27%) OD: 0.698 (20%) OD: 4214 (27%) | 0D:274(22%) | OD:3.0(17%)
Almog S| 45 ona0y | OD:32melkgoverdh GOMS 1d FRn=15): 290 (39%) qid:0.753 (33%) qid:1111(30%) | qid:0812(23%) | qid:3.1(26%)
011 -0-10y qid- 08 mg/ks over 2h - ¥2 (n=9) 3.03 (28%) OD: 0.707 (14%) OD- 4186 (30%) | OD:2.8121%) OD: 2.8 (14%)
4. BuCy2 (u=0): 2.87 (25%) qid- 0.673 (14%) qid: 1113 (29%) | qid:0.878 (10%) | qid: 29 (31%)
Mamlouk 20(25-65y) | OD: 3.2 mg/kg over 3b K OD: 334(19%) R OD: 2017 (16%) | 1o OD: 2.8 (12%)
K. 2005 10(18-52y) | qid:08mgks over2h qid- 326 (23%) qid: 1024 (19%) - qid: 257 (26%)
a9

OD: once-daily schedule. q@}r—mnea daily schedule, NR: Not reported

Within each study,’l@ameters such as total body clearance, volume of distribution and terminal
half-life were a(y) entical regardless of the dosage schedule. The plasma exposure (AUC) measured
after once—dﬁ edule was four-fold the value measured after q.i.d. schedule, in accordance with

e

the dosg i nt from 0.80 mg/kg to 3.2 mg/kg administered for q.i.d. and OD regimen,
respgcti Y The peak concentration (Cmax) measured after the end of infusion was about 3 times
highe D schedule compared to q.i.d. schedule. This finding was consistent with the increasing

infusion of rate (about 3 fold increase), from 0.4 mg/kg/h used in q.i.d. schedule to 1.067 mg/kg/h
used in OD schedule.

The difference in the concentrations time profile between g.i.d. and once-daily schedule was illustrated
in the publication of Madden et al.
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Once daily schedule Four-times daily schedule
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Figure 1: Plasma concentration versus time profile following IV Bu given once@nd four times
daily- From Madden T. et al. 0

A second series of literature data including two publications [Beri R. 201 Donnell PH. 2010]
. 2010] study (n=23 patients),
ictive of those obtained at the

1

T
)

compared once-daily 1V Bu PK data with test dose results. In the [
the PK parameters at the test dose of 0.8 mg/kg were found to
once-daily treatment dose (~ 3.5 mg/kg). This study indicat
a low pre-transplant dose was accurate and that the AUC j se (from 1185 * 400 up to 4992 +
1100 pM.min) was proportional to the dose increment, .8 up to 3.5 mg/kg. This finding
contrasted with the one obtained in the [O’Donnell 010] study (n=15 patients). In this last study,
the authors suggested that the test dose (0.5 m parameters were not fully predictive of the

he once-daily dose calculated from

once-daily treatment dose; 10 out of 15 patiénats had a test dose clearance that was more than 10%
different from the treatment dose clearanc ever, the authors recognized that inexperience of the
transplant team in the PK part of the l@'ﬂght have contributed to unexpected results.

In a third series of publications, th once-daily IV Bu was investigated as part of the clinical
endpoints in FB RIC regimen an ut any test dose targeting strategy or historical control (Table

12). \Q
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Table 12: Summary of PK parameters (mean and CV) across adult studies

Sruds '::;:T Conditioning Busulfan Infusion CL AUC Con T12
' - P . regimen schedule duration (mL/min/kg) {pM min ) (ng/mL}) ()
?gﬁ‘#f‘ g 145 | FB 130 mg/m* daily 3h 27 4873 332 NE
f’;c‘lisd“ M. 130 | FB 3.2 mgkg daily 3h 131 Lh (31%) 4716 NR NE
Madden T, 50 | FB 130 mg/m* daily 3h 109 ml/min/m® (26%) 4873 (22%) 36 27
2007 47 | BuCy 32 mg/m” every 6h h 116 ml/min/m? (24%) 1292 (25%) 12 29
«
E’;Lfg& 45 | FB 130 mg/m* daily 3h 109 ml/min/m’ (26%) 4891 36 @
B | , i %)
P SG. 30 B 32 mgkg daily 3h 1.90 (16%) 6476 (17%) : \ 283
. W/Cy
2007 30 0.8 mgkg every 6 h 2h 2.03 (18%) 1515 (18%) . 275
Bu alone
& &\
22 | FB &BuCy 3.2 mgkg daily 3h 233 (33%) \ 3.0
i oY}
- 24 | FB &BuCy 0.8 mgkgevery 6 2h 238 25%) \ 29
~ -
: 3.2 mgkg daily 3h 2.67 (24%)
O omelly | 15 | B b 1 MR NE.
Ene 05mgkgevery6h NE 290 (26%) \
~
3.5 mgkg daily 3h w 4007 (229
BeriR s | B N 2 (22%) & -
2010, = 0.8 mg/kg every 6 h 7 4% o -
(test dosc) h 1185 (34%)
P — N N
Mamlouk 20 | BuCy 32 mgkg daily 3h \&1)19%} 4017 (16%) & 2388
K. 2005 . ; o o .
10 Bu/Cy 08 mzkgevery6h Ih l\ .26 (23%) 1024 (19%) 257
Q,‘J D1: 2.49 (18%)
107 mL/min/m® (16%) | D1: 4867 (16%) | D1:3.92 D1: 260
13,3’;?’” 1A 12 |FB 3.2 mgkg daily 3h _ _
2002 <~ D4:2.50 (20%) D4: 4980 (18%) | D4:3.96 D4: 257
107 mL/min‘m? (20%
AN J @0
(1) median value, NR: Not 1&@
Except for one study [Ryu SG. 2 consistent PK parameters were reported across studies. In the

[Ryu SG. 2007] study, the m
with the standard dosage%’:

arance value was lower and hence the AUC and Cmax achieved

3.2 mg/kg or 0.80 mg/kg) were higher in comparison with all the
other studies. Nevertheléa, e between schedules comparison in the Ryu study demonstrated a linear
PK behaviour of Ve 0.8 to 3.2 mg/kg dosage. After 3.2 mg/kg IV Bu dosage, the clearance
values across stu
109 mL/min/
mL/min/k
to thos

xcluding the Ryu study) ranged from 2.49 to 3.34 mL/min/kg and from 107 to
er 0.8 mg/kg dosage, the mean clearance values were between 2.67 and 3.26

16 mL/min/m2 in the [Madden T. 2007] study. These values were in the same range
mined during the clinical development studies of Busilvex in adults and using the

tradi our-time daily schedule: mean values were from 2.11 to 3.36 mL/min/kg. Average daily
exposures after 3.2 mg/kg IV Bu dosage ranged from 4017 to 4992 pM.min while AUC values following
0.80 mg/kg IV Bu dosage were between 1024 and 1292 pyM.min. These last values were in agreement
with those observed during the clinical development of Busilvex with mean exposures ranging from
1017 to 1225 pM.min. As for AUC, consistent peak concentrations (Cmax) were reported between
studies and for a same schedule of administration. Homogeneous terminal half-life values were
reported across studies and whatever the dosage schedule. Mean half-life values were comprised
between 2.57 and 3.0 hours after once-daily schedule in literature studies, in close agreement with the
values commonly observed using the four-time daily schedule. These last values ranged from 2.57 to
2.9 h in literature studies and from 2.83 to 3.47 h in Busilvex clinical development studies.
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Study F60002 IN202 GO study

This is a Phase Il trial conducted in acute myelogenous leukaemia (AML) patients conditioned with
intravenous (1V) Busulfan (Bu) given once-daily and associated with Cyclophosphamide (Cy). The first
patient was included in May 2010 and the last patient was enrolled in May 2012. Given that a 2 years
follow-up is necessary as per protocol for mature overall survival and relapse rate assessment, the
study will end by May 2014 after the follow-up period of the last ongoing patient. The final results
including the two years follow-up clinical endpoints will be available by the end of 2014.

The schedule of infusion was done in 3 hours as a single daily infusion (total dose of IV Bu for one day
infused as a single infusion). The study was a prospective non-randomised multicentre trial. The

clinical objectives were to assess both safety and efficacy profiles including the determination raII
survival (OS) and the relapse incidence at 2 years.

D
The PK results from intermediate analyses are summarised below. \

the cut-off date June 2013, with a median follow-up of 12 months for each pati Il patients were

Thirty AML patients in CR1 were enrolled in 8 recruiting centres between May Z%Q May 2012. At
evaluable for PK, safety and efficacy endpoints. v

The mean daily dose (+ s.d.) of IV Bu administered were 3.12 + 0.23 3& 0.86, 3.47 = 1.10 and
3.28 + 1.07 mg/kg for days 1, 2, 3 and 4, respectively. From day ay 4, the mean dose increase
was about 10% of dose 1. This dose increase was consistent wi igher desirable targeted
exposure, shifting from 4800 pmol/L.min with a standard 3. dose up to 5200 pmol/L.min with
adjusted doses. @

The median daily AUC after dose adjustment on each o%ys 2, 3 and 4 reached or was very close to
the targeted AUC (i.e.: 5200 pmol/L.min). Followi first Bu dosing, individual AUCs were mostly
included within the optimal 4400 — 6000 pmol/L.fin*AUC range.

600

2000 4

o000 KO

AUC(pMoliL.min)

DOSE 1 DOSE 2 DOSE 3 DOSE 4

Figure 2: Individual Bu AUC per day of treatment

Although not claimed as an objective of this trial, the Bu PK data obtained following once-daily
schedule from this study were compared with the Bu PK data collected according to a four-time daily
schedule during the clinical development. The two populations (once-daily versus four-times daily)
showed comparable patients characteristics.
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Table 13: Comparison of the two populations characteristics (mean =+ sd)

Reference population IN202G0 Study
(qid schedule) (once daily schedule)
(n =151) (n=30)
Age (years) 39.5+11.7 40.7£10.0
Actual Body Weight (kg) 76.6£17.9 73.3£12.7
BSA (m?) 1.9£0.3 1.9+0.2
BMI (kg/m?) 26.0+£5.5 24.1+£3.8

f
ment
different

The comparison of 1V Bu clearance was performed between the two populations. The distrib
individual clearance and the median clearance values were similar regardless the time of
and the schedule of administration. No statistical significance was reached by compariQ
mode of administration and the time of assessment (NS -ANOVA test). O
O
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Figure 3: Comparison of clearance no d with weight between time of assessment and schedule

of administration O
Intra- and inter—indiﬁ@variability

Inter-patient variabi

>
In the first set.@e studies including the comparison of parallel groups from a single institution,
comparable i ient variability (expressed as coefficient of variation: CV) for all PK parameters
cLwvd, T %L and Cmax) was reported between q.i.d. and OD schedule. There was no increase of
variabi r OD as compared to g.i.d. schedule. In the adult population, the CV in AUC across

liter studies ranged from 16 to 22% after the OD schedule which compared well with the CV of

about 20% measured after q.i.d. regimen during the clinical development program.

The literature review illustrated similar targeting performance between schedules: with 70 to 90% of
patients achieving either the 900-1500 umol/L.min range after 0.80 mg/kg q.i.d dosing or the
equivalent daily exposure of 3600-6000 umol/L.min after 3.2 mg/kg OD dosing.

Intra-patient variability

The PK evaluation over repeated once-daily administrations was documented in 6 adults’ studies.
Consistent results were demonstrated across studies indicating no detectable drug accumulation
between daily doses and similar magnitude of intra-patient variability. In those studies, the Bu
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clearance showed no statistical difference between the first daily dose and either the second, third or
fourth daily doses. An intra-patient CV less than 15 to 20% was calculated in adult series. This
magnitude of intra-patient variation was in agreement with the one (CV = 10%) estimated during the
initial clinical development from population PK analyses of adults and paediatric series after q.i.d.
regimen.

Special populations

No specific studies in renal and liver impairment patients were conducted during the IV Bu
development program. A population PK study indicated that the four-time daily IV Bu clearance , was
unaffected by elevated hepatic enzymes [Nguyen L. 2006]. é

In Ryu study, there were not significant differences (P=0.795) between 4-times-daily IV %

>
(43.3%) and once-daily IV Bu arm (46.7%) with regards to the frequencies of hepatic ities grade
111-1V (only patients with adequate hepatic functions were included).

Literature [Gibbs JP. 1999] showed that oral Bu clearance can be significantly: efin obese and
severely obese patients than in normal patients. Oral Bu CL normalized to Ad d ldeal Body Weight
(AIBW) eliminated the differences in oral Bu CL among categories of wei ing a population PK

%L. 2006]. It was shown
that 1V Bu dosing should be based on AIBW for the obese and sev bese patients. The use of ABW
in normal patients and the use of AIBW in obese patients respe are expected to provide similar
drug exposures (see busulfan SmPC).

analysis, these findings were confirmed with IV Bu (four-time daily) u

In order to assess the influence of age on Bu PK dispos@mparaﬁve analysis was carried out on
both IV and oral datasets collected [Leger F, Nguye Pubzzo C. Institut de Recherche Pierre Fabre,
Castres, France (2002)] (see busulfan EPAR). For dataset, the comparison included 13 patients
out of 120 above 55 years. For the oral dataset, Qomparison was performed on a large dataset
including 19 elderly patients above 60 year 0 66 years old) versus a control group of 476
younger patients (17 to 60 years old). T@ysis showed similar Bu plasma exposures between
elderly and control patients. This find% s confirmed by a population PK analysis showing that IV Bu
clearance was not correlated with @ t

Interactions \Q&

The potential influence of associated conditioning agent or other concomitant drugs on the PK
disposition of Bu atl iIStered once-daily was explored in some studies.

he adult population [Nguyen L. 2006].

The effect of G}u PK was studied in the [Almog S. 2011] comparing several treatment groups:
Bu/Cy (MAC) L\l

admini e@a one over 4 days followed 24h after by 2 days of Cy whereas in the RIC protocol, Bu was
giv days in combination with Flu given over 5 days. Regardless of the administration schedule
(OD org.i1.d.), no statistical difference was observed in all PK parameters (i.e.: CL, Vd, Cmax/dose and
T1/2, all p > 0.24) between patients with Flu (RIC protocol) versus those without Flu (MAC protocol).
The absence of effect of Flu on IV Bu PK disposition was also supported by the consistency of PK
results reported across literature studies, and especially in the Madden et al. [Madden T. 2007, Ryu

s FB (RIC) protocols and OD versus q.i.d schedules. In the MAC protocol, Bu was

SG. 2007] studies comparing Bu/Cy q.i.d. protocol versus FB OD protocol.

The reverse effect of Bu on the PK disposition of Flu was investigated in the [Bonin M. 2007] study. In
this study, oral Bu (1 mg/kg/6h from day-5 to -2) was given in combination with Flu (30 mg/m=2/day
from day -6 to -3). The PK of F-ara-A (the dephosphorylated metabolite of the pro-drug Flu) in plasma
and urine was evaluated in 16 adult patients before Bu dosing (day-6) and during Bu treatment
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(between days -5 to -3). No statistical significant change in plasma CL, Vd, AUC, Cmax, renal clearance
and urine recovery was detected, showing no impact of Bu on the PK of Flu.

In most of the literature studies, phenytoin was used as seizure prophylaxis and was administered
generally at least one day before and during the Bu therapy. The potential induction effect of
phenytoin on the PK disposition of once-daily IV Bu was not specifically documented. Nevertheless, all
studies with repeated doses PK investigation revealed no modification of IV Bu clearance and
reproducible AUCs over the treatment days.

Other possible PK interactions were explored in the [Madden T. 2007] study where patients with
concomitant drugs such as itraconazole/voriconazole or with progestin were compared to patients
without these concomitant drugs. The use of concomitant drugs did not appear to alter the PK Bu

%
N

administered once-daily.

2.3.3. PK/PD modelling K

High Busulfan exposure is associated with worse outcomes in a daily 1V Busul@ Fludarabine
allogeneic transplant regimen. [Geddes M. 2008] 0

Objective @

In adult patients treated for various haematological mahgnanues

- to define an optimal Bu exposure when Bu is given once- d@ﬂu
|

- to investigate any correlation between Bu exposure a| outcomes.
Methods

Bu at 3.2 mg/kg was administered as a 3h |nfu3|?’1ce daily over 4 days in combination with Flu
(50 mg/m2) over 5 days. One day before an of transplantation, total body irradiation (TBI)
was given to patients with acute leukaemi

Phenytoin was given as seizure prop 7 days before until one day after Bu therapy.

For all patients, the Bu PK sampl @samples) were collected on the 3rd Bu dose over 7h after the
end of infusion. Bu plasma co ations were analysed by HPLC-UV method. Individual PK
parameters were calculateﬂy n-compartmental method. Patient and disease characteristics, clinical
outcomes (including Nonf- pse Mortality, engraftment and Overall Survival) and treatment toxicities
were compared betwge tients with high (= 6000 pM.min) and low (< 6000 pM.min) Bu exposure.
Kaplan-Meier cur log-rank tests were used to compare equality of the survival functions by Bu
exposure. A ortional hazards model was used to examine the individual impact of potential
confoundir@ bles on the hazard ratio for death from any cause with high versus low Bu exposure.

Results
° atients and pharmacokinetic characteristics

One hundred and thirty (130) adult patients (19 -66 y) were enrolled: 114 patients (88%) had a Bu
AUC < 6000 pM.min while 16 patients (12%) had a Bu AUC > 6000 pM.min. Overall, 72% of patients
achieved the 3600 — 6000 pM.min AUC range. The mean and median AUC were 4716 and 4699 pM.min
(range: 2184 — 7794 pM.min). The mean clearance was 13.1 £ 4.0 L/h (CV=30%).

Various haematological malignancies were represented. No marked differences on demographics and
disease status, stem cells sources and graft characteristics were seen between the two groups (AUC >
6000 pM.min vs AUC < 6000 pM.min).
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e PK/PD relationships
Engraftment:

The median days of stable neutrophil engraftment (first day of 3 consecutive days with neutrophils
count > 0.5 x 10°/L) was 15 days and that for platelet was 18 days (platelet count > 20 x 10°%/L for 7
days without transfusion). There was no difference in both neutrophils and platelets engraftments
between groups with an AUC < 6000 uM.min versus > 6000 pM.min.

Overall Survival and Progression-Free survival:

The median follow-up was 29 months (ranging from 4-67 months). Estimated OS of the entire group
was 70% at 12 months (95% Cl: 61%-77%) and 62% at 36 months (95% CIl: 52%-70%). 6

Significantly higher (p<0.001) OS and PFS were observed in patients with AUC < 6000, uM? than in

patients with AUC > 6000 pM.min. K\
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Figure 4: OS and PFS of aIIog@‘HSGT recipients according to the AUC groups

In a Cox proportional ha(& model, the hazard ratio for the effect of high Bu exposure (AUC > 6000
MM/min versus < 600, in) on OS was 3.2 (95% CI: 1.7%-6.3%). Including one at a time into the
model other confo’ g variables such as age, CD341 cell dose, standard versus high-risk disease
group, treatmé t@w TBI, stem cell source, donor type, ABO incompatibility, the presence of at least
1 HLA mism d female donor-to-male recipient did not alter the hazard ratio. Adjustment for CMV
positivi Qt er donor or recipient increased the estimated hazard ratio of high Bu exposure to 4.1
(95%.CKkR.0%-8.1%). When analysing any differences in engraftment and OS between patients with
AUC 00 pM.min and 3500-6000 pM.min, no difference was seen between groups.

Relapse:

The relapse rate at one year was not significantly different between groups: at 31% (95% CI: 11%-
549%) for high Bu exposure compared to 20% (95% CI: 13%-28%) for low Bu exposure.

Non-relapse Mortality:

There was a lower cumulative incidence of NRM in the low Bu exposure group at both 100 days and at
12 months (see Figure 5). At 12 months, the cumulative incidence of NRM remained higher in the
group with Bu AUC > 6000 pM.min (38%, 95% CI: 15%-60%) compared to those with AUC <
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6000 pM.min (14%, 95% CI: 9%-22%). Most of deaths in both groups were related to either GVHD or
complications of GVHD therapy, i.e. infections / sepsis.

100 days: AUC < 6000 uM.min - §.1% (95% CF: 2.7%-11.6%)
AUC > 6000 M.min - 18.8% (95% Cl: 4.5%40.2%]

B

AUC >6000 uM min | . 6

N\
;’ A.I.IC <6000 1:M.min \QOK
_ S

, . N

g 12

a

Non-relapse Mortality Probability
=

0
Time (months)

A\
P=0.002 @
O

Figure 5: Cumulative incidence of non-relapse mortalit@)genic HSCT recipients according to the

AUC groups O

Regimen—Related Toxicities and GVHD: Q

No difference in organ-specific toxicities wa &n between groups and no VOD was observed.
Although not statistically significant, there a trend to less severe mucositis in the low exposure
group (p=0.08); all patients with Be rade I mucositis had an AUC < 6000 pM.min. The total
incidence of a-GVHD and c-GVHD t different between groups.

Conclusion Q$

IV Bu once-daily PK dat evaluated in 133 adult patients and showed consistent PK results with
other studies. Most of tients (114 patients, 88%) had an AUC < 6000 uM.min whereas

16 patients (12%)’ ah AUC > 6000 pM.min. This PK/PD study suggested that IV Bu once daily
dosing given §§ Fl@ for an AUC > 6000 pM.min may be associated with increased Non Relapse

Mortality an Overall Survival.

2.3, 4 \Wiscussion on clinical pharmacology

The PK evaluation over repeated once-daily administrations showed that Bu was cleared in less than
24h without drug accumulation between days. Stable and reproducible PK parameters over treatment
days were achieved. The PK parameters were consistent throughout literature data and were in close
agreement with clinical development trials.

AUC measured after one dose of once-daily schedule was four-fold the value measured after one dose
of g.i.d. and the peak concentration (Cmax) measured after the end of infusion was 3 times higher in
OD schedule compared to g.i.d schedule, being consistent with the dose increment (from 0.80 mg/kg
to 3.2 mg/kg) and the increasing infusion of rate (from 0.4 mg/kg/h to 1.067 mg/kg/h), respectively.
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Dose-independent PK parameters (i.e., Cl, Vd and T1/2) seemed to be unchanged regardless the
dosage of the schedule of administration.

Apart from [Ryu BBMT 2007] (prospective comparison with a randomized parallel group design), mean
PK parameters of all study were in the same range (Table 12). In Ryu study, the mean clearance value
was lower and hence the AUC and Cmax achieved with the standard dosages (either 3.2 mg/kg or 0.80
mg/kg) were higher in comparison with all the other studies. Nevertheless, the comparison between
schedules (once daily versus four-time daily) in this study demonstrated a linear PK behaviour of 1V Bu
from 0.8 to 3.2 mg/kg dosage and no statistically significant difference between the two schedules was
evidenced for dose-independent PK parameters such as clearance, volume of distribution and half-life.
Of note, a different method, LC-MS/Ms technique instead of HPLCUV or GC-MS, was used in thi udy,
which may explain the higher AUC and Cmax achieved.

An intra-patient CV less than 15-20% was calculated across studies. This value was in‘a% ance with
the intra-patient variability (CV = 10%) measured by population PK approach on th d clinical
trials data performed during Busilvex development in the g.i.d. schedule [Nguy% 06].

Considering that Bu metabolism is mainly hepatic and that once daily dose is imes the q.i.d.
dose, the Applicant discussed whether Busilvex should be contraindicated ients with severe
hepatic impairment (see clinical safety). Based on the available safety da he current warnings and

precautions recommended in this population in the current SmPC (. ion 4.4) were considered

adequate %
Regarding elderly and obese patients, data presented referr&Q I and four-times daily 1V busulfan.
However, different results are not expected for once d ology. Thus, additional warnings are not

considered needed in these populations.

Regarding drug-drug interactions, Flu drug inter@Qould be ruled out based on Almog BBMT 2011
and Bonin BMT 2007. Additional drug interac&ns ith itraconazole/voriconazole, progestin or
phenytoin did not seem to have any ianuen@ Bu PK parameters.

The pivotal PK/PD study by [Geddes 08] confirmed that a toxicity limit value exists when IV
Bu is given once-daily and combin Flu. This study was based on a large series of adult patients
(n=133) and indicated that a IV ily AUC > 6000 pmol/L.min was associated with increased Non-

Relapse Mortality (NRM) and Q Overall Survival (0OS). This threshold value remained consistent
with the limit of 1500 pm per dose previously established with the four-time daily schedule in
BuCy2 conditioning

re |
It should be taken. ccount that except for Ryu 2007, the mean AUC for the once daily
administratioq \ Il under the above mentioned limit in the publications presented. In addition, in
the Ryu stud -relapse mortality and early post-transplant toxicities were not significantly different
betwe t@nce—daily and 4-times-daily regimens of intravenous Bu. Furthermore, the consistency
bet r time daily and once-daily schedules on PK variability and the percentage of patients
inside the therapeutic window is high, thus the control of Bu exposure regardless of the schedule
administration can be considered acceptable.

Regarding the results from study F60002 IN202 GO, the findings on PK for BuCy once-daily schedule
were in line with the literature data for BuCy four-daily schedule.

Overall, the once daily Bu schedule and q.i.d. schedule are considered comparable and acceptable.
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2.3.5. Conclusions on clinical pharmacology

In conclusion and despite the limitations of the above mentioned results (results come from several
papers instead of full clinical study reports), the once daily Bu schedule and qg.i.d. schedule can be
considered comparable.

2.4. Clinical efficacy

Clinical efficacy is based on literature data. A systematic review was performed using the online
medical library Medline and 48 publications (14 prospective, 34 retrospectives) were selected for the
analysis of efficacy of the combination of Bu and Flu in adults. When the total daily dose of intr, nous
Bu was infused once a day instead of four doses per day, this schedule was defined as “onc
(OD). All other schemes of administration (twice daily infusion or infusion four times a d Y Six
hours) were defined as “other” schedule and were considered as supportive data. The a%\

“once daily” FB regimens was described in 33 publications (2572 patients). These ications are

referred to as “pivotal”. \?

The analysis of the clinical efficacy was split according to the dose intensity% modified

myeloablative regimen (MAC) to reduced-intensity regimens (RIC) for pi@

the clinical studies with controlled arm were reported separately frOere ncontrolled studies testing
.3.1).

ation of

ithin this classification,

the FB combination (see also tabular overview of clinical studies ur@

2.4.1. Dose response studies Q

No dose response studies were submitted. The proposeNse and schedule is based on published
literature.

gﬁdd as a single three-hour infusion proposed in this
e used in daily practice. This daily dose is the one

ncerning the total dose per patient it varied according to
/kg, depending on the choice of the dose intensity needed.

The daily total dose of 1V Bu (Busilvex) of 3.
variation application is similar to the stand

used in most of the publications pres
the publications from 3.2 mg/kg to 1

Concerning the dose of Flu, in t @tal studies, the dose per day ranges from 30 to 50 mg/m2, the
duration of treatment ranged 4 to 6 days, and the total dose used was between 120 mg/m2 and
250 mg/m=2. The vast may\t)// the publications reported a total dose of 150 or 160 mg/m2, with a

schedule of 30 mg/m=2 s or 40 mg/m=2 x 4 days.

*
When it comes to Qcing of the drugs, in the list of studies collected by the Applicant, out of 47
Qb the schedule of fludarabine, the concomitant administration of fludarabine and

publications rgpofti
busulfan was @ orted in 44 publications. The four-day administration was reported in 21 studies
(45%) remaining studies reported either a five-day (32%) or six-day (13%). The sequential
adminis ion of fludarabine followed by busulfan was reported only in 5 studies (10%), with either 4
days (& studies, 8%) or 5 days (1 study, 2%) of administration.

2.4.2. Main studies

Controlled MAC studies

There were few but reliable publications (none randomised) comparing FB in once daily with BuCy2:

- Andersson [Andersson BBMT 2008] (retrospective study) compared retrospectively over an 8-
year period two sequential protocols, IV BuCy2 and IV myeloablative FB, in 215 patients. The KM
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estimates for the EFS showed that the FB patients had a longer EFS, compared with the BuCy2 group
(19.1 months versus 8.4 months, respectively), (p= 0.04).

- Bredeson [Bredeson BBMT 2008] (retrospective study) performed a matched-pair analysis of
120 patients treated with a myeloablative FB and ATG versus 215 patients treated with oral BuCy2.
The survival rates at 1-year and 3-years were improved for the patients transplanted with intravenous
FB4 regimen, at 76% [68-83] and 65% [56-73], compared to BuCy2 patients with 1-year OS and 3-
year OS at 66 % [60-73] and 55% [48-62], respectively (p= 0.06 and p= 0.07).

- Lee [Lee KJH 2010] (retrospective study) retrospectively compared the efficacy of the FB4
regimen in two cohorts of patients with AML/MDS and ALL: 25 patients treated with the BuCy2 «egimen
and 17 with IV Flu 160 mg/m2 and IV Bu at a dose of 130 mg/m?/ day for 4 days (equivalent lé(otal
dose of 12.8 mg/kg). The cumulative risk of relapse at 12 months and 24 months after tran ntation

were respectively 36% [s.e. =10%] and 36% [s.e. =10%] in the BuCy2 group and 219/\. .=119%]
S

and 30% [s.e.=14%] in the FB group (p= 0.47). The FB group reported an encouragi rvival with
3-year OS and EFS at 58% [s.e. =13%] and 55% [s.e. =13%] (s.e, standard err, spectively,
without significant differences between the two groups. \

- Shimoni [Shimoni Leuk 2006] (retrospective study) reported dat ed on a cohort of

consecutive 112 MDS/AML patients. The patients were included in three gfolips comparing intravenous

% at 8% versus 22% in BuCy2,
without difference for OS at 2 years between BuCy2 and myelo once daily FB (50% and 49%
respectively). The 2-year OS was 47% after a reduced inten'§ en with 1V FB2.

BuCy2, FB4, and FB2. The once-daily FB4 regimen was safer with

Other controlled studies were focused on early efficacy ers [Chunduri BMT 2006], [Horwitz
BBMT 2008, only controlled, prospective, randomized study for myeloablative regimen] as well as
pharmacokinetics [Madden BBMT 2007], or compari with/without TBI [Russell BBMT 2010]. In all
these experiences the FB regimen reported favo@e results, in line with either the type of

conditioning or the profile of the transplante ients.

Uncontrolled MAC studies E 0

Only two uncontrolled clinical studi e myeloablative once-daily FB regimen did not report long-
term follow-up as they were focxgn early pharmacokinetic or clinical outcomes [Beri BMT 2010],
[O’Donnell Leuk Lymph 2010

the interpretation of clinicaloutéemes cautious [Kerbauy Leuk Lymph 2011], [Sanz, Montesinos BBMT
2010], [Sanz, Sanz BBN@ 0]. The objective of these early clinical studies was to assess the
feasibility of a cona'\n g based on IV FB in the setting of cord blood.

ree publications the sample size of the cohort was small, making

The remaining publidations reported an adequate disease control. The results split by subgroups were

in line with t ' ease-risk of the patients. The 2-year survival, when reported, ranged from 46% to

80%, @ng on the type and status of the disease.

. atrash [Alatrash BBMT 2011] (prospective study) in MDS/AML patients aged > 55 years in
good general status reported a 2-year OS of 71%, 44%, 32% for patients in CR1, CR2, or refractory
disease, respectively. The 2-year EFS were 68%, 42%, 30%, for patients in CR1, CR2, or refractory
disease, respectively.

- Andersson [Andersson BBMT 2011] (prospective randomized study) in a prospective trial
testing FB alone or in combination with clofarabine in 51 patients with CML (n=9) and MDS/AML,
mainly high-risk (n=39/42), with a 2-year PFS and OS probability of 41% and 48%, respectively.

- Bashir [Bashir BBMT 2011] (prospective study)in a homogeneous cohort of 44 AML patients
transplanted in CR1 reported no significant 3-year OS differences in patients above/below 55 years,
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with 80%/78% (95% CI [0.59-1])/[0.64-0.94]) (p = 0.81). The 3-year EFS in patients above/below 55
years was 80%/67% (95% CI [0.59-1]/[0.53-0.86]) (p= 0.47).

- Chunduri [Chunduri BMT 2008] (retrospective study) reported in a cohort of 36 patients with
mainly high risk AML (n=26) an OS of 47% after a median follow-up of 737 days [152-1,737]. The
EFS/0S in the high risk AML cohort was 31%/ 35%.

- De Lima [De Lima Blood 2004] in a prospective phase Il study with 96 AML/MDS CR1 patients
reported a 1-year OS and EFS of 81% and 75% respectively and 65% and 52% for the entire
population, respectively.

- Geddes [Geddes BBMT 2008] (retrospective study) in a retrospective study including 1
patients conditioned with FB for myeloid and lymphoid malignancies, reported an encouragi
year/3-year OS of 70% (95% CI [61%-77%])/62% (95% CI [52%-70%], respectively, 6

- Kerbauy [Kerbauy Leuk Lymph 2011] (retrospective study) reported that th e and two
years OS were 53.5% and 36.3%, respectively, but the sample size of the cohor mall, making

the interpretation of clinical outcomes cautious. \

- Perkins [Perkins BMT 2011] (retrospective study) in haematologi ggnancies including 145
patients with aggressive malignant lymphoma and heavily-pretreated chr lymphoid leukemia
conditioned with the same targeted FB regimen showed a 2-year O 61% and 39% for patients with
standard and poor risk , respectively. %

- Pidala [Pidala 1JH 2011] (retrospective study) report@ patients transplanted for
lymphoid malignancies an overall survival at 1 year of

- The same author, in a more recent publicati Pidala BMT 2011] (retrospective analysis) in
100 AML patients transplanted with targeted IV E orted a 1 year OS of 66% (95% CI [46%-

80%]) in CR1 patients (n= 49) and of 59% f&: ntire population. The PFS for this subset was
56.7% (95% CI [37.3-72.1]) at 1 year, an(@ (95% CI [33.7-69%]) at 2 years.

- Russell [Russell BBMT 2002] (re
74% + 8% for low-risk patients a

ective study) reported a probability at 2 years of DFS of
o + 12% for the high-risk patients.

- The same author repo a variant with the addition of low-dose TBI in order to enhance the
antileukemic activity of this re en [Russell BBMT 2007] (retrospective study). An interesting
projected DFS at 3 year % 6% for AML and 65% +10% for ALL was reported.

- In a further publication with a large cohort of 200 patients with leukaemias and lymphomas
similarly conditioded,and transplanted with a matched sibling donor, the same author [Russell BBMT
2008] (retros&‘ e study), showed an estimated 3-year survival in high risk patients > 45 years of

34% + 6"/@

- tarone [Santarone BBMT 2011] (retrospective study) in 44 ALL patients conditioned with
target V FB4, reported a 2 years RFS of 63% (95% CI [45%-81%]).

Controlled RIC studies

There was only one controlled study reporting favourable results in 72 FB patients who were ineligible
for standard myeloablative conditioning [Shimoni Leuk 2007] (retrospective study). The control group
was represented by 79 patients with lymphoid diseases conditioned with Flu and melphalan (FM). The
FM regimen was more myelosuppressive and cytoreductive but significantly inferior to FB in terms of
safety, with significantly higher incidence of GVHD. Among patients transplanted in remission, the 2-
year OS probability was 72% (95% CI [53%- 91%]) in the FB2 group and 36% (95% CI [14%-57%])
in the FM group (p= 0.03).
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Uncontrolled RIC studies

Six pivotal uncontrolled studies reported the FB experience with reduced-intensity conditioning. Five
publications in different indications from US [Almog BBMT 2011] (prospective study) or/and asian
centres [Cho IJH 2007] (retrospective study), [Lee AJH 2011] (prospective phase Il study), [Lee IJH
2010] (retrospective study), [Lee AH 2011] (prospective phase Il study) confirmed that the regimen
was effective with an overall survival at 2 years ranging in MDS patients from 60% [Lee AJH 2011] to
78.7% [Cho 1JH 2007] . Only one author [Almog BBMT 2011] did not report long-term outcomes, but
23 out of 46 patients were alive at a median follow-up of 421 days or 14 months. One publication [Ho
BBMT 2011] reported a retrospective experience on a large cohort of high risk patients:

- Ho [Ho BBMT 2011] (retrospective study) transplanted for various haematological mali cies
433 patients conditioned with a reduced dose of IV Bu combined with intravenous Flu from hed
unrelated donor (URD) (246 patients) or Matched Related Donor (MRD) (187 patients).‘@ll, 239
patients were considered at high-risk and 142 patients had prior myeloablative tran tation. The 2-

year OS was 50% (MRD) and 56% (URD).
Analysis performed across trials (pooled analyses and r@&analysis)

The disease characteristics and patients’ profile reported were variou % difficult the comparison

between cohorts. This explains the heterogeneity of results report w for long-term outcomes
(disease control, OS, PFS, DFS, relapse incidence). Q
Diseases Q

The entire patient population consisted of 2572 patient@led in 33 pivotal publications. The
myeloid and lymphoid malignancies represented 73®and 23% of the population, respectively.

Table 14: Diagnosis of patients treated with regimens in pivotal publications

Diagnosis a N pts %
AML b\) 1277 497
MDS 276 10.7
(N
AML / MDS [\\ 148 5.8

CML \N \< 146 5.7
N
ALL (b 148 5.8
VN

Malignant L}'mphonm‘ Qﬁ-ﬂj /MM 315 12.2
. C>
CLL \\) 126 49

g
Other H al Malignancies including MPD  /Non

Specifi

2572 100

.

The efficacy of FB regimens was assessed for all type of diseases, irrespective of the proportion of
lymphoid and myeloid malighancies.

Gender

The gender was calculated from 25 out of 33 pivotal publications with, overall, 1857 patients (1089
males, 768 females) treated with once daily FB schedules. The information was missing in 8
publications.

Age
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Age is one of the 11 variables included in the EBMT risk score [EBMT, Handbook 2008]. The median
age of patients varied across the pivotal publications, making difficult the comparison of clinical
outcomes between the different FB experiences: Out of 33 pivotal publications, 11 (median age
between 33 and 44 years), 17 (median age was = 45 years), 5 (reported clinical efficacy in patients >
54 years), 25 (the upper age limit of patients was = 60 years) and 9 (enrolled patients < 18 years).

Short-Term outcomes (myeloablation, engraftment and chimerism)
e Pivotal studies

The FB combination allowed sufficient myeloablation from severe and profound to shorter aplasia
according to the publications. The variation of the median duration of neutropenia and
thrombocytopenia can be modulated with the intensity of conditioning regimen through the tion
of days of IV Bu from two days (reduced-intensity or FB2) to four days (myeloablative je , FB4 or
FB3 and thiotepa). The reduced-intensity allowed a shorter duration of aplasia (media\bg
a fast haematological recovery according to the published results. O

days) and

Overall, the FB combination was used to transplant 2572 patients aged from @years old with
hematological malignancies, mainly acute leukemias, and malignant lymphajddiSeases. Fast and

complete engraftment rate for 86-100% of patients was reported in 23/ inical study reports
(missing data in 10 studies). K

Insufficient engraftment was seen in only one report, probably r, to the absence of adequate
immunosuppression in the setting of unrelated cord blood tr ation. There was no delayed

engraftment. The incidence of primary graft failure was IOG ording to these publications, in
myeloablative or RIC setting. \

The chimerism results according to the publication good when the information was available,
with complete donor chimerism at day +30 or daéoo in myeloablative setting >90% in the majority

of publications. In the RIC setting, full dono imerism was obtained for a majority of patients.
e  Supportive studies Q
The FB regimens with other sched ided effective myeloablation. Overall, the median time for

neutrophil recovery ranged bet and 15 days in myeloablative setting according to the
published data. It was mostlyé-n(;grised between 11 and 15 days in the reduced-intensity regimen.
Overall, the median time ?\pl let recovery ranged between 3 and 20 days according to published
data, in myeloablative C setting.

>
In summary, the N tive publications reported an optimal efficacy profile, with high rate of
engraftment. as a low incidence of primary graft failure, with a majority of patients with
achievement mplete myeloid donor chimerism starting from day +30.

Long-t utcomes
. Ivotal studies
MAC regimens

The controlled FB studies provided positive results in terms of OS and DFS, with a median follow-up
ranging from one-to 5 years post-HPCT. In these controlled studies an effective disease control was
obtained in patients with various high-risk malignancies.

The large experience with pivotal uncontrolled studies reported that the FB regimens could treat
various diseases and various profile of patients. The disease control was compiled in OS as well as DFS
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and EFS above 60% and up to 83%, according to the type of disease, staging and previous response.
The results split by subgroups were also favourable and in line with the disease-risk of the patients.

RIC regimens

A substantial number of patients received a reduced FB conditioning regimen. Most of patients were
heavily pre-treated. Long-term outcomes showed that 2-year OS was superior to 50% and up to
78.5% in patients with matched sibling donors or unmatched unrelated donors.

e Supportive studies

MAC regimen a
Effective disease control was achieved in all supportive studies using FB regimen with a full j Y,

even in patients having comorbidities. . 6

The results allowed emphazising that encouraging survival is achieved using I®;Of IV Bu in large

cohorts of patients. 0

RIC regimen

Clinical studies in special populations @

The analysis of IV FB literature brought no new clinical informati pecial population with renal
impairment, hepatic impairment or obese patients. When the el ity criteria were available, it was
reported that patients could be enrolled and treated if they quate renal function and hepatic

tests with exclusion of patients having acute or chronic\ ¢, prior hepatic cirrhosis, severe renal
impairment and hepatic impairment.

The available literature data showed that the FB Qmen yields similar efficacy outcomes in elderly as
compared to younger patients, as reported by€Alatrash [Alatrash BBMT 2011], who recruited 79
patients between 55 and 76 years with th&B regimen.

Supportive studies 6

The supportive studies submit y the MAH included 16 publications (initially 15 publications
submitted on which one recen blication of M Mohty et al. was added) in 931 patients, 127 with
myeloablative FB and 8 h RIC FB. In these patients the combination of IV Bu and Flu was used
but with different or orted schedules.

MAC studies , C)\

- Chae e BMT 2007] (controlled retrospective study) compared the myeloablative IV FB
regime (@0 patients) to a historical cohort treated with the standard BuCy2 (n=55 patients) with
vari matological malignancies but mainly AML in CR1. The multivariate analysis confirmed that

the FB%egimen was an independent favorable prognostic index of OS (HR =0.168; 95% CI, [0.035-
0.807]; p= 0.0026) and EFS (HR = 0.181; 95% CI [0.045-0.726]; p = 0.016).

- Patel [Patel BMT 2011] (uncontrolled retrospective study) reported a benefit for survival at 2
years from 50% (high-risk) to 85.7% (low-risk), respectively.

RIC studies

- Alyea [Alyea Blood 2005] (controlled retrospective study) assessed in 71 patients the feasibility
of a non myeloablative conditioning regimen (NST) compared to a historical cohort of 81 patients
conditioned with a myeloablative Cy +TBI or Bu (MAC). No difference was seen for PFS. The
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cumulative incidence of relapse was 46% for NST patients and 30% for MAC patients (p = 0.052).
Despite the adverse characteristics and prior organ dysfunction, the overall survival was improved in
the NST group at 1 year (51% versus 39%) and at 2 years (39% versus 29%; p =0.056).

- Hamadani [Hamadani BBMT 2009] (controlled retrospective study) reported a retrospective
analysis of two cohorts of patients transplanted with FB regimens: one cohort received a reduced-
intensity regimen and the second group received a reduced-toxicity regimen. The outcomes reported
were not comparable as the patients’ profiles were different in these two groups. The 2 years expected
OS rates were 52% and 40%, respectively for the group treated with a reduced-intensity regimen and
for the group treated with a reduced-toxicity regimen. The 2-year PFS rates were 43% and 36%,

respectively. The cumulative incidence of relapse was similar between the two groups (Gray’s p=
0.96); Q’

- Ryu [Ryu BBMT 2007] (controlled prospective randomized phase 2 study) pros ly
randomized 60 patients to two schedules of administration for IV Bu: 30 patients w andomized into

the 4-times-daily 1V Bu group (Bu4 arm) and 30 to the once-daily group (Bul ar irty-three
patients out of 60 patients (55.0%) were transplanted with a RIC IV FB2 reqgi % Bu q.i.d n=17;
IV Bu once daily n= 16). Twenty-five patients (41.7%) received IV BuCy2 I&uz 12) and IV BuCy2
once-daily (n= 13). Two patients (3.3%) received IV Bu alone: once—dail@= 1), and g.i.d. (n=1).
The median follow-up duration of surviving patients was 511 [299-7 days. For once daily IV Bu arm

(IV Bu 1 arm) the overall engraftment rate was 100% (n =30 pati ? The absolute neutrophil count
>500/uL was reached at a median of 14 days [10-29]. The plat count >20,000/pL was reached at
a median of 25.5 days [13-144]. The donor cell chimerism was Yo at day +100. The OS estimated

was 70% at one year. In the Bu4 arm (classical sched overall engraftment rate was 97% (n=
30 patients). The absolute neutrophil count >500/pL wL:seached at a median of 14 days [10-24]. The
platelet count >20,000/pL was reached at a medi 6.5 days [13-114]. The donor cell chimerism
was 95.7% at day +100. The 1-year estimated &

the Bu4, respectively (p= 0.758). Similar O year was reported in both arms (69% and 70%, p=
ns, respectively for the g.i.d. arm and the

s 70% and 69% at one year in the Bu 1 arm and

-daily arm). The subset analyses revealed that overall
en the IV Bu 1 and IV Bu 4 arms (n= 30 patients,
respectively). For FB ATG patients Bu 4 arm and IV Bu 1 arm, the KM OS at day +100 post-
HPCT were respectively high 88 5% CI [72.9%-100%]) and 81.3% (95% CI [62.2%-100%]).
The KM OS at 1 year for the & FB ATG patients were respectively high 70.6% (95% CI [48.9%-
92.3%] and 75.0% (95%\ 8%0-96.2%0]).

survival was not significantly different

e Ten reports sistent cohorts of patients including also elderly patients, confirmed the
efficacy proflle of \ C FB regimen, offering sufficient antileukemic activity, particularly fitted to the
characteristi ents undergoing allogeneic HPCT [Armand BBMT 2008] (uncontrolled

retrospectiv ) [Bashey BBMT 2011] (uncontrolled prospective study), [Brown BBMT 2006]
(uncontko prospective phase Il study), [Hamadani BBMT 2009] (uncontrolled retrospective study),
[Kor: T 2010] (uncontrolled retrospective study), [Krishnamurthy BMT 2010] (uncontrolled

retrospective study), [Lee Blood 2011] (uncontrolled prospective phase Il study), [Matthews BHJ
2010] (uncontrolled retrospective study), [Sayer BMT 2003] (uncontrolled retrospective study),
[Tsirigotis Hematologica 2006] (uncontrolled retrospective study). The diseases and characteristics of
patients varied from one report to another. A comparison of survival outcomes was difficult. Two
studies were conducted using very low-dose of IV Bu [Armand BBMT 2008] and [Brown BBMT 2006] in
a category of patients heavily pre-treated (relapsed NHL or HD, relapsed chronic lymphocytic
leukemia), but with interesting long term results: the 1-year OS was 76% and 66% and the one year
PFS was 34% and 44%, respectively.
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e M Mohty et al.: Reduced-toxicity conditioning with fludarabine, once-daily intravenous busulfan
and antithymocyte globulins prior to allogeneic stem cell transplantation: results of a
multicenter prospective phase 2 trial

Study design and inclusion criteria

This was a prospective multicentre phase 2 study which included 80 patients diagnosed with different
hematologic malignancies who underwent allo-HCT in 3 French academic transplant programs: Institut
Paoli-Calmettes (Marseille, France), University Hospital of Nantes (CHU de Nantes, France) and
University Hospital of Bordeaux (CHU de Bordeaux, France) between 2009 and 2011. The study was
approved by each institutional review board of the participating centres, the “Comité de Protectign des
Personnes de Tours” and the national “Agence Francaise de Sécurité Sanitaire des produits de
This study was registered with ClinicalTrials.gov, identifier number: NCT00841724. Informe sent

from patients and donors was obtained before inclusion. ‘\6

Patients aged between 18 and 65 years were eligible for the study if they had a her@ gic

malignancy for which an allo-HCT was indicated. Additional inclusion criteria ofsky index =
70% and the availability of a sibling or unrelated stem-cell donor (10-HLA m@a single HLA-Cw
mismatch). Exclusion criteria were creatinine clearance less than 30 mL/ %
aminotransferases above 3X upper normal limit, cardiac ejection fracti n@
impairment with <50% lung carbon monoxide diffusing capacity (D
protocol, eligibility criteria for a reduced intensity conditioning (
the following parameter: (1) patient age older than 50 years;
received an autologous hematopoietic HCT (auto-HCT) or wi
before allo-HCT; and (3) patients with poor performanc
comorbidities as described by Sorror et al [Sorror 2 .

Treatment protocol Q

In this protocol, the preparative regimen ¢ &d of 30 mg/m?/d Fludarabine (Flu) for 5 consecutive
days (day -6 to -2), 130 mg/m2/d i.v
consecutive days (day -5, -4 and -3;
mg/Kg/d ATG for 2 consecutive d
cyclosporine A (CSA) alone in

irubin or
than 40%, pulmonary
, and pregnancy. In this

0-HCT included at least one of
vily pre-treated patients who
ore than 2 lines of chemotherapy

s because of significant medical

S n (Bu) administered once daily in a 3 hours infusion for 3
rabine was administered prior to i.v. Bu infusion), and 2.5
ay -2 and -1). For GVHD prophylaxis, patients received either

of an HLA-sibling donor, or CSA and mycophenolate mofetil (MMF)
ted donor. All donor/recipient pairs were typed at the allelic level

col of the European Federation for Immunogenetics (EFI)

y standards. A single HLA mismatch of 10 (only at HLA-Cw) was allowed at
source, granulocyte-colony stimulating factor (G-CSF)-mobilized peripheral

in case of an HLA-matched un
according to the current
Histocompatibility l_a

C were not available.

the allele level. F
blood stem celf: @CS) were recommended per protocol, but unmanipulated bone marrow (BM) was
accepted wh

jor end point for safety was the cumulative incidence of NRM at 1 year and the major end point
for efficacy was OS at 1 year. OS and DFS were calculated by the Kaplan-Meier method. Probabilities
of relapse (RI), NRM, GVHD and neutrophil recovery were calculated using the cumulative incidence
procedure and comparisons were performed using the Gray test. Univariate analysis was performed to
compare influence of patient’s age at transplantation (greater or younger than 53 years), female to
male donor, diagnosis (myeloid versus lymphoid malignancies), disease status at time of transplant,
type of donor, Karnofsky score, presence of comorbidities and the HCT comorbidity index on transplant
outcome. Also, these parameters were evaluated in a multivariate analysis for outcome. The Cox
proportional hazard regression model was used for OS and DFS, and the Fine and Gray regression
model for competing risk was used for RI, NRM and cGVHD.
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Patients and donors characteristics

The median age of recipients was 53 (range, 25-64 years) years. A total of 43 donor-recipient pairs
(54%) were sex-mismatched. Thirty-three patients received transplant for myeloid malignancies
whereas 47 patients were diagnosed with lymphoid malignancies. Fifty six patients (70%) had high-
risk diseases (all patients except acute leukemia in first complete remission). Twenty-eight donors
(35%) were HLA-identical siblings and 52 (65%) were MUD. The stem cell source was BM in 3 cases
(4%) and G-CSF-mobilized PBSCs were used in the remaining 77 cases (96%). Fifty-four patients
(68%) presented one or several comorbidities prior to allo-SCT. In 15 patients (19%) the Karnofsky
score was <90%, whereas in 65 (81%) it was = 90%. Finally, the HCT comorbidity index as described
by Sorror et al. [Sorror 2007] was 0 for 27 patients (34%), 1 or 2 for 21 patients (26%) and >g2for

32 patients (40%0). @
Table 15: Patients and donors characteristics ‘\6

Characteristic (%) Study population é

(N=80)
Patient age. median (range) 53 (25-64) \
Sex mismatch (%) 43 (54%)
Diagnosis

Myeloid malignancies 33 (41%) @
AML 27 (34%)
MDS/MPN 6 (7%) K
Lymphoid malignancies 47 (59%) @
CLL 1 (1%)
T-PLL 2(3%)
NHL 29 (25%)
1D 4(5%) O
MM 15 (19%) \
ALL 5 (6%) O
Disease status
Standard risk* 24 (30%) Q
High risk 76 (?O‘!'K
Comorbidity

Karnofsky score

No 26 ()
Yes E 63%)
5 (81%)

=00% O
< 90% 15 (19%)
Sorror score K
0 Q 27 (34%)
1-2 \ 21 (26%)

>2 32 (40%)
CMV serologic status

Seronegative dond; @m pair 25 (31%)
Stem cell source, 01\

Bone marr \ 3 (4%)

PBSC 6 77 (96%)
Domnor typ

HIS 'Qal sibling 28 (35%)

tch unrelated donor 52 (65%)

*Standard risk disease: acute leukemia in first complete remission.

Engraftment and GVHD

All, but one, patients engrafted, at a median of 15 (range, 10-23) days after allo-HCT. The cumulative
incidence of neutrophil recovery at day 28 was 98.8% (95%CI, 85.7-99.9%). Platelets engraftment
occured at a median of 9 (range, 1-16) days after allo-HCT. The cumulative incidences of platelets
engraftment (greater than 20x<109/L at 1 month and 50=109/L at 2 months) were 97.5 % (95%ClI,
89.1-99.4%) and 97.5% (95%CI, 88.4-99.5%), respectively. At day 100, the cumulative incidences of
grade 11-1V and of severe grade Il11-1V acute GVHD were 29% (n=23) and 7.5% (n=6), respectively.
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The cumulative incidence of chronic GVHD (all grade) was 33.3% (95%ClI, 23.1-43.9%) at 1 year and
34.9% (95%ClI, 24.4-45.6%) at 2 years, with 10 patients presenting extensive chronic GVHD.

Non-relapse mortality and outcome

The overall median follow-up was 21 (range, 12-36.5) months among surviving patients. Of the 80
patients included in this study, 30 died during the follow-up period, and 50 are still alive at last follow-
up [2-year OS of 61.9% (95%CIl, 51.1-72.7%)]. Twenty deaths were directly attributed to disease
progression or relapse, whereas 10 cases were related to allo-HCT, of whom 4 being related to acute
or chronic GVHD and 3 to infections.

No deaths were related to veno-occlusive disease. At 2 years, the cumulative incidence of NRM@
11.3% (95%ClI, 5.5-19.3%), and that of relapse or progression from allo-HCT was 43.8% ( =81.1-
55.7%). The Kaplan-Meier estimate of DFS at 2 years was 49.9% (95%Cl, 32.6- 72.7%0) @
analysis, there is a trend towards a better OS for patients with a Karnofsky score >90 @ Kaplan-
Meier estimate of OS at 2 years was 47% (95%CI, 21-72%) for patients with a Kar, @ score <90%
and 65% (95%ClI, 53-77%) for those with a score 290% (P=0.07). In multivafidtezafalysis, no factor
was associated with OS, DFS, Rl and NRM. Overall transplant-related events

table below. (b
: o~

At 1 vears, % (95%CT) 71.3% (61.3-81.2) \

At 2 years, % (95%CT) 61.9% (51.1-72.7)

DFS O
At 1 years, % (95%CI) 63.7% (53.2-74.3)
At 2 years, % (95%CI) 49.9% (32.6-57.2)

10.0% (4f6-17

ivariate

mmarized in the

Table 16: Overall transplant-related events

Characteristic (%) Study population

(N=80)

Median follow-up, months (range) 21(12-36.5)

NEM
At 1 years, (cumulative incidence, 95%CI)
At 2 years, (cumulative incidence, 95%CT)

Acute GVHD at 100 days (cumulative incidence, 95%CI)

Grade II-IV
Grade III-IV

Chronic GVHD

At 2 years, (cumulative incidence, 95%CT)

Relapse/disease progression

At 1 years, (cumulative incidence. 9%’,\

At 2 years, (cumulative incidence. 95
Median ANC=>500, days (range)
ANC=>500 at day 28 (cumulaff® Rgidence)

At 1 years, (cumulative incidence, 95%CI) :&

1150 )
g19.39)
O 7(3-13)

33.3% (23.1-43.9)
34.9% (25-46)

26.3% (17.2-36.3)
43.8% (31.1-55.7)
15 (10-23)

08.8% (85.7-09.9)

v
Median platelet =2 % s (range)
Median platelet =5 ®days (range)
T

Platelet > 200 1th (cumulative incidence)

9 (1-16)
11.5 (8-37)

97.5% (89.1-99.4)

Platelet > at &' months (cumulative incidence) 97.5% (88.4-99.5)
Prim? tatlure 1(1)
Secon aft failure 0
Cause of death
GVHD 4(5)
Infections 34
Other 34
Relapse/disease progression 20 (25)

This regimen successfully fulfilled its objective to achieve limited toxicity while retaining a substantial
anti-tumour activity. Overall, patients included in this trial represented a common population of
patients referred to allo-HCT in a majority of European transplant centres: median age was 53 years,
lymphoid malignancies accounted for almost 60% of the population and 70% of patients presented
high-risk features based on disease and/or patient characteristics. Moreover, 68% of patients
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presented at least one comorbidity criteria prior to allo-HCT, while the HCT comorbidity index was
greater than or equal to 3 in 40% of patients. Finally, 19% of patients presented an impaired
performance status with a Karnofsky score below 90%. In this frail population, the cumulative
incidence of NRM was as low as 10.0% at one year and 11.3% at 2 years. Furthermore, no severe
extra-hematologic complications, such as veno-occlusive disease were observed in this series. The
decreased toxicity in the current protocol was achieved concomitantly to a substantial disease control
since OS and DFS rates at 2 years were 62% and 50% respectively in patients with a high risk

malignancy for 70% of them.

e Lee atal., J Clin Oncol. 2013 Feb 20;31(6):701-9 é
It was a phase 11l randomized clinical trial to compare two myeloablative conditioning ge for
allogeneic hematopoietic cell transplantation (HCT) in patients with leukemia and my: N astic
syndrome. After randomization, 64 patients received busulfan (3.2 mg/kg per day ys) plus

cyclophosphamide (60 mg/kg per day x 2 days; BuCy), and 62 patients recei Ifan (same dose
and schedule) plus fludarabine (30 mg/m? per day x 5 days; BuFlu. The me & e was 41 years

(range, 17 to 59 years).

Assessed for eligibility
[N =130}

Ex (n=4)
r conditioning regimens {n=23)

\ geneic donor (n=1)

Handoml @ ated
| \ |

Allocated to busulfan 3.2 mg/kg per day s Allocated to busulfan 3.2 mg/kg per day x 4 days
and cyclophosphamide 60 mg/kg p x)2 days and fludarabine 30 mglkg per day x & days
(n =64} {n=862)

Allageneic hematopoietic @ {n =464 Allogeneic hematopeistic cell {h = 62}
transplantation transplantation

Matched sibling dono {n =49) Matched sibling doner {h =49}
Unrelated voluntder don {n=15) Unrelated volunteer danar {n =13}

L
Figure 6: Flow diaj@r patients

Five patients o uFlu arm experienced graft failure (primary, n = 1; secondary, n = 4). At 4 weeks
after HCT @dian percentage of recipient hematopoietic chimerism was significantly greater in the
BuFlu é/o v 5.5%; P < .001), and complete donor chimerism was greater in the BuCy arm

(97. 4.4%; P < .001). Severe (grade 3 or higher) infection and gastrointestinal adverse events
were significantly more common in the BuCy arm, but the frequencies of hepatic adverse events were
similar in the two arms. Non-relapse mortality was similar in the two arms, but the BuCy arm had
better overall survival (OS), relapse-free survival (RFS), and event-free survival (EFS; OS at 2 years,
67.4% v 41.4%, P = .014; RFS, 74.7% v 54.9%, P = .027; EFS, 60.7% v 36.0%, P = .014)
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Figure 7: Survival differences between the @an—cyclophosphamide (BuCy) and busulfan-
fludarabine (BuFlu) arms.

e Liu et al. (J Hematol Oncol. 2 eb 8;6:15)

It was a prospective, randomizex n-label, multicentre study to compare busulfan plus fludarabine
(BuFlu) with busulfan plus cy sphamide (BuCy) as the conditioning regimen in allogeneic
hematopoietic stem cell t%pl mtation (allo-HSCT) for acute myeloid leukemia (AML) in first complete

remission (CR1). @

A total of 108 AM . Qpatients undergoing allo-HSCT were randomized into BuCy (busulfan 1.6
mg/kg, q12 M ~ -4d; cyclophosphamide 60 mg/kg.d, -3 — -2d) or BuFlu (busulfan 1.6 mg/kg,
ql2 hours, - d; fludarabine 30 mg/m?2.d, -6 ~ -2d) group. Hematopoietic engraftment, regimen-
related @/ (RRT), graft-versus-host disease (GVHD), transplant related mortality (TRM), and

ove ival were compared between the two groups.

All patients achieved hematopoietic reconstitution except for two patients who died of RRT during
conditioning. All patients obtained complete donor chimerism by day +30 post-transplantation. The
incidence of total and I11-1V RRT were 94.4% and 81.5% (P = 0.038), and 16.7% and 0.0% (P =
0.002), respectively, in BuCy and BuFlu group. With a median follow up of 609 (range, 3—2130) days
after transplantation, the 5-year cumulative incidence of TRM were 18.8 + 6.9% and 9.9 + 6.3% (P =
0.104); the 5-year cumulative incidence of leukaemia relapse were 16.5 + 5.8% and 16.2 + 5.3% (P
= 0.943); the 5-year disease-free survival and overall survival were 67.4 =+ 7.6% and 75.3 = 7.2% (P
= 0.315), and 72.3 + 7.5% and 81.9 =+ 7.0% (P = 0.177), respectively in BUuCy and BuFlu group.
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Table 17 Comparison of efficac &;safety from Lee and Liu studies

Phase I11 - \ Lee et al (Lee 2013) Liu et al (Liu 2013)
Randomized %
Population Qb L;ALL;CML;MDS;MDS/MPN AML
Treatment \ BuCy2 OD FB OD BuCy2 q 12 FB q 12 hours
’\0 hours
Neutro N 12 days 12 days 12 days 11
engr ent
I 19 days 17 days 13 days 12
aftment
1° or 2° graft 0 5 NA NA
6 failure
S Complete donor 97.2 % (4 weeks) 44.4 % (4 weeks) 100% (30 100% (30
i | Chimerism days) days)
Lulj Follow up time 26.7 months (range 4.0 to 56.2 months) 609 days (range 3 to
2130days)
X-year OS 67.4% (2 years) 41.4 % (2 years) 72.3% (5 81.9% (5
years) years)
X-year EFS 60.7% (2 years) 36.0 % (2 years) NA NA
DFS NA NA 67.4% (5 75.3% (5
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nonrelapse)]

years) years)
X-year RFS 74.7% (2 years) 54.9 % (2 years) NA NA
X-year Relapse 25% (or 38.7% (or 16.5% (5 16.2% (5
progression) progression) years) years)
X-year-NRM 18.7% (2 years) 34.4 % (2 years) NA NA
X-year-TRM NA NA 18.8% (5 9.9% (5 years)
years)
RRT NA NA 94.4% 81.5%
i HVOD/HSOS 10% (no severe) 4.8% (no severe)
II:ILJ aGVHD 26.6% 32.3% 53.8% (I- 7.7% (1-11);
% 11); 44.4 0.0% (MI-1V)
n (1-1v)
cGVHD 72.2% 68.0% 47.1% 44.
Deaths 35.9% [23, 56,5% [35, 15 RRD = 7.4 % * %0%
11(17.2% (24.2% nonrelapse) R

2.4.3. Discussion on clinical efficacy

\‘QO
\
,b\)

No formal dose-response study was submitted by the Applicant. H &er, the daily total dose of IV Bu

of 3.2 mg/kg/d has been adequately justified based on literatur

varied from 3.2 mg/kg to 12.8 mg/kg, depending on the choi
decision to select the IV Bu dose should be made accordi
risk of relapse. Considering all the criteria involved in th

the physician will be able, on the basis of the patien
the appropriate total dose. Regarding the sequenge
same days and preceding IV busulfan is well
2010, Valdez BC 2011 and Valdez BC 2012(9

analogue (NA) facilitate access of busa

can be successfully used to alter the

remodelling, thereby making ge

. The total dose per patient
e dose intensity needed. The
he balance between risk of toxicity and
e choice, it was acknowledged that only
edical records and clinical status, to determine
e importance of using the fludarabine on the
w: d by Valdez et al in several publications [Valdez BC
ese publications, it is indicated that nucleoside
genomic DNA for alkylation (Valdez 2011) and that NAs
netic status of leukaemia cells resulting in chromatin
DNA more susceptible to DNA alkylating agents (Valdez 2010).

Regarding the timing, RussellQ%Russell 2002] reported that single daily intravenous busulfan would

be more convenient and
daily dosing (see also s

[Andersson BS], the

intravenous form

seguence an n\

There see
efficacy
Trans

%

of busulfan with improved convenience. Therefore, the proposed dose,
are considered adequately justified.

i

achieved with acceptable toxicity compared with traditional 4-times-
2.3.2, pharmacokinetics). Additionally, according to Andersson et al
e of fludarabine supports a once-daily dosing, that was also extended to the

e a wide consensus among the scientific community (haematologist) stressing the
olerability of this new schedule of treatment. The European Group for Blood and Marrow
ation (EBMT) already includes the FB combination among other possibilities, even though

the oral use of busilvex instead of the 1V formulation is cited in this EBMT handbook. Both, the
myeloablative and the cytoreductive FB regimen as proposed by the MAH have been used for years in
the clinical practice and this application is based on literature data.

Out of 33 publications initially selected for the analysis of efficacy of the combination of Bu and Flu in
adults, 3 were prospective and randomised but did not allow drawing firm conclusions about the

efficacy of FB administered once daily in conditioning treatment prior to HPCT:

In the study reported in Horwith BBMT 2008 (classified as pivotal-controlled-MAC regimen), all
patients were administered IV Flu 160 mg/m? over 4 days and 1V Bu 130 mg/m?/day for 4 days.
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The patients were randomized to receive the combination of FB either sequentially or concurrently.
Only 2 out of 10 patients achieve significant, yet incomplete donor hematopoietic chimerism (one

sequential, the other on the concomitant treatment arms). Haematopoiesis was reconstituted in 5

patients following a second transplant. Five patients died from relapsed AML. However, this study

focused on early efficacy parameters.

¢ In the prospective trial [Andersson BBMT 2011, (classified as pivotal-uncontrolled-MAC regimen)]
FB alone or in combination with clofarabine were tested in 51 patients with CML (n=9) and
MDS/AML, mainly high-risk (n=39/42). The 2-year PFS and OS probability were 41% and 48%,
respectively.

e Study [Ryu BBMT 2007, (classified as supportive-controlled-RIC regimen)] was a prospecti
randomized phase 2 study comparing Bu administrated 4 times daily versus once daily. -year
estimated OS was 70% and 69% at one year in the Bu 1 arm and the Bu4, respectﬂx = 0.758).
Similar OS at 1 year was reported in both arms (69% and 70%, p= ns, respectiv orF the g.i.d.
arm and the once-daily arm). Although, there were several conditionings us; uCy2 or Bu
alone), the survival outcome was high in each arm, and with the same effi %ofile. In this study,

the regimen was different to the proposed one since Bu (3.2 mg/kg/day ys) were administer

together antiymocyte globulin and Flu 30 mg/kg but for 6 days insteal . Furthermore, this was

a phase 2 study, hence considered exploratory. K

The vast majority of remaining submitted publications were unc d, retrospective studies or were
studies in which ‘other’ schedules were used (supportive publi ).

Taking all 33 publications together, the FB conditioningais dered effective, allowing sufficient
myeloablation, complete engraftment (rate for 86-100% 0f reported patients) and with a low incidence
of primary graft failure. Complete donor chimeris y +30 or day +100 in myeloablative setting
>90% was observed in the majority of publicatio hen these outcomes were reported. In the RIC
setting, full donor chimerism was obtained fi ajority of patients. Disease controlled was achieved,
depending on the type of disease, stagin revious response, the OS, DFS and EFS ranged from
60% to 83% for MAC regimen and 2- &

heterogeneity of these studies tog ith the methodological limitations of the publications should
be acknowledged and make it di( to draw firm conclusions.

from 50% to 78.5% for RIC regimen. However, the

Two additional recent publicat referring to prospective and randomised studies (MAC regimen)
cedure (Lee et al., JCO 2013 and Liu et al (Liu 2013)). The study from
omised, controlled and prospective study in the MAC setting. Although the
and the possibility of bias against the FB arm are acknowledged, the magnitude
is unknown and the unsatisfactory results of the study cannot be disregarded.

andomised study supporting the claimed indication. The other randomised

were submitted during t
Lee et al. was the 9n|
limitations of the
of such interfer
This was the
control d@jy (Liu, et al) can be more easily interpreted due to the homogeneity of the population
incl the study (only AML). However, this study does not reflect the population and posology
propo by the applicant in this variation.

Therefore, the results of the randomised study (Lee et al), which reflects the population and posology
in the proposed indication for MAC setting, raises important uncertainties at this stage on the true
benefit of this treatment combination. Despite the identified limitations of Lee et al study, the level of
evidence provided by other studies (not randomised, retrospectives and in some case uncontrolled) is
not robust enough to overcome the uncertainties generated by Lee et al study.

Therefore, it seems that only more data derived from well-conducted studies (where bias is minimised
as much as possible) will allow to better elucidate the potential differences between the FB and BuCy
regimens and the true benefit of the FB combination in the MAC setting.
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It is acknowledged that this combination has been used for many years, theoretically achieving
comparable results with a better tolerability when compared to BuCy, and thus might be a suitable
option for some patients. However, from a regulatory perspective the evidence provided at this stage
cannot support the claimed indication and conditions for use for this treatment regimen in the MAC
setting.

Regarding the indication in the RIC setting, the submitted evidence and clinical practice (EBMT

Handbook) appears to support the indication applied for. Nevertheless, it should be taken into account
that such evidence comes from non-randomised and non-controlled studies, of which the vast majority
were retrospective and/or uncontrolled (only 1 retrospective controlled study was presented to support

the RIC regimen). Nonetheless, the top line results from the Mohty et al (cancer 2014) study
(prospective multicentre phase 2 study) in which 80 patients, aged 18 to 65 years old, diag
different hematologic malignancies who underwent allo-HCT with an FB (3 days of Busilv uced
intensity conditioning regimen, showed that the RIC regimen of FB can be considered g

myeloablative regimens. 0

The CHMP recommends the MAH to submit the final results of the multic@ prospective phase 2 trial
study: “Study of a Reduced toxicity "Submyeloablative" Conditioning &egimen Prior to Allogeneic Stem
Cell Transplantation in Patients With Hematological Malignancies” (@ 0841724) as soon as available.

Overall, while the evidence provided from the study of Lee etsal! es important uncertainties in the
MAC setting, these worrisome results are not applicable t %

available is pointing out in the same direction. This fact [Q
combination of FB in the clinical practice within the IBsetting, seem to support the approvability of
the new combination in the RIC regimen. Q

C setting, in which all the evidence
with the wide clinical use of the

2.4.4. Conclusions on the clinicééﬁcacy

Due to the bibliographic nature of thi iCation, the clinical experience using this combination is an
added value. Based on the numbe dies and the results, the CHMP considers the new FB schedule
of treatment as effective in the RIC*f€gimen. This combination has been widely used in the protocols
for HCT for many years.

In relation to the MAC r \n, the recent publication of the study conducted by Lee at al (JCO 2013)
has generated some i ant uncertainties which do not allow making the same recommendation as

for the RIC reg‘imc’\

2.5. Cli%é\safety

2. troduction

The first marketing authorisation for Busilvex was issued by the European Commission on 9 July 2003.
The first launching date for Busilvex in the European Union took place in November 2003. Busilvex
followed by cyclophosphamide (BuCy2) is indicated as conditioning treatment prior to conventional
haematopoietic progenitor cell transplantation (HPCT) in adult patients when the combination is
considered the best available option. In addition, Busilvex followed by cyclophosphamide (BuCy4) or
melphalan (BuMel) is indicated as conditioning treatment prior to conventional haematopoietic
progenitor cell transplantation in paediatric patients.
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As of 8 July 2013, Busilvex has been registered in 39 countries and marketed in 32 countries by the
MAH. It has been estimated that 34490 patients (including about 6500 paediatric patients) have been
exposed to Busilvex since the first marketing authorisation.

The safety concerns of busulfan are as follows:

- Important identified risks: venoocclusive disease, seizure /convulsion, myelosuppression,
pulmonary toxicity, reproductive toxicity, lens disorders /cataracts, secondary malignancies

- Important potential risks: cardiac tamponade
- Missing information: use in patients with hepatic impairment, use in patients with renal
impairment, use in the elderly, use in obese children and adolescents. é

The alternative combination, Fludarabine followed by IV Bu (FB), is widely used as a cqnc%@g prior
to allo-HPCT. The applicant provided a summary of safety data extracted from availabﬁ\‘n
ed using the

ature on
this combination in the different preparative regimens. A bibliographic search was
same key words and the same database as those reported for the analysis of Kl fficacy.

The 48 publications were classified as follows: 0

- When the daily dose of intravenous Bu (3.2 mg/kg/day) was infused on@ day instead of four doses
per day, this schedule was defined as “Once daily”. These studies defined as pivotal studies.
Thirty tree (33) publications were included (total of 2570 patien \@

- All other schemes of administration (twice daily infusion or@s four times a day every six hours)
were defined as “other” schedule. These studies were n@r d

with a low-dose of IV Bu (0.8 mg/kg/day for 4 days), alsoxcoded “FB1” were classified in the
supportive studies. Fifteen (15) publications wer% ed (total of 931 patients).

Patient exposure \
O

as supportive studies. The studies

The entire FB population treated in th studies represents 3503 patients. The patients analysed
for all safety parameters were the s those depicted for the clinical efficacy. A few paediatric
patients were included in the pubti ns. There were 25 out of 48 publications with available

information for the analysis offaiverse events (1532 patients) and 45 out of 48 publications for the
analysis of transplant—relzN artality (TRM) or NRM (non-relapse mortality).

The analysis of adver: @ﬁts in the 25 studies concerned 18 pivotal studies, 14 with myeloablative
and 4 with reduaé}% and 7 supportive studies, 1 with myeloablative and 6 with reduced doses. In
two publicati oni Leuk 2006] and [Hamadani HO 2011] there were several FB subgroups of
patients trea&th a different dose-intensity (myeloablative or reduced-intensity). The adverse
events r@se subgroups were reported split according to the FB regimen and dose intensity when it
was @ossihle.

Table 18: Patients treated with FB regimens in pivotal publications (18 studies)
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Author Dose intensity Age Range N pts with FB

Myeloablative
Andersson, BBMT 2011+ FB4+Clofarabine 45 [6-59] 51
Beri, BMT 2010 FB4 47 [15-61] 23
Chunduri, BMT 2006 * FB4 34 [19-61] 18
De Lima, Blood 2004 FB4 45 [19-66] 96
AUC=/=6000
,
Geddes, BBMT 2008 FB4 NA [19-66)/ [21-63] 130
Kerbauy, Leuk Lymph 2011 FB4 54 [29-76] 12 é
Lee, KJH 2010 FB4 35 [18-56] 17 g’)
=
N,
O'Donnell, Leuk Lymph 2010 FB4 55 NA 3 &\
Perkins. BMT 2011 FB4 48 [22-68] \
FB+R***/FB FB+R***/FB < Y
i ¥
Pidala, IJH 2011 FB4 s6/47 [35-68]/ [27-64] \\' 38
Pidala, BMT 2011 FB4 48 [22-69] \ 100
Russell, BEMT 2002 FB4 41 [15 ] 70

AN
7]

Santarone, BBMT 2011 FB4 40 m 44
Shimoni, Leuk 2006 = FB2/FB4 57/51 < 1/ [18-64] 41/ 26
VN

Reduced Intensity 4, ( ‘ M

Almog, BBMT 2011 FB2 ,\M\v [20-70] {Tmrl:a szfiés”)
Cho, ITH 2007 FB2 4{\\'43 [16-535] 22

Lee, ATH 2011 FB2 f?‘\' N 395 [19-63] 128

Shimeoni, Leuk 2007 * §§V 56 [23-70] 72

SUB-TOTAL 6’ 1082

Ryu, BBMT 2007 * (O FB2 NR NR 16

TOTAL \\ 1008

*Controlled studies; ** N af T @) jghts; RIC other FB n= 15; ***R=Rituximab
The 7 FB supportive lative and RIC studies enrolled 419 patients, including the 15 patients

enrolled in the groﬁ\ eated with “other regimen” in the Almog publication [AImog BBMT 2011].

=

Analys dverse Events by Organ/Syndrome

Adverse

Veno-Oeclusive Disease (VOD)

Among all known side effects induced by alkylating agents and particularly Bu, the veno-occlusive
disease is a matter of concern. It has been also reported with the use of other alkylating agents such
as thiotepa, cyclophosphamide [Huitema AD, 2002], melphalan [Labidi SI, 2008] or with other
treatment such as sirolimus used for the prophylaxis of GVHD [Cutler C, 2008].

21 publications reported information regarding the incidence and/or mortality of hepatic VOD in
myeloablative (n=16) or reduced-intensity (n=5) FB regimens, irrespective of the schedule of
administration (once-daily or other schedule).
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VOD in Pivotal studies

Overall, in pivotal studies there were 1024 patients and 292 patients transplanted with myeloablative

and RIC regimens, respectively. The VOD rates in myeloablative and RIC regimens were 18 (2.8%;
18/645) and 11 (3.8%; 11/292). Few publications compared the incidence among the FB recipients
and control groups [Chunduri BMT 2006], [Shimoni Leuk 2006], [AImog BBMT 2011]. The

myeloablative FB regimens were well tolerated with no increase of VOD.

Table 19: Hepatic VOD in pivotal studies

Mortality linked to

Author ) DOSE-\“, N lncirlenci;()f VOD Se‘:gg of VoD
intensits n (%) n (%)
Myeloablative regimens
1 Andersson, BBMT 2011 | FB4+Clo 51 1(2) Grade 3 0
2 Ben. BMT 2010 FB4 23 0(0) - 0 é
3 Chunduri, BMT 2006 FB4 18 0(0) - 0 V\\
4 De Lima. Blood 2004 FB4 96 2(2) Grade 1 0 R > ;'
5 Geddes. BBMT 2008 FB4 130 0(0) - @
Py
6 Kerbauy, Leuk Lymph EB4 12 00) ) 0
2011 @
7 Lee. KJH 2010 FB4 17 1(6) mild ‘E 2 0
VN
3 O Donnell, Leuk Lymph FR4 36 822) Sevel ‘\ 2(5.5)
2010 4
9 Perkins, BMT 2011 FB4 145 6(4) 4 &wll 0
erate
10 Pidala. BMT 2011 FB4 100 0(0) - 0
N
A
11 Russell, BBMT 2002 FB4 70 %]) \ - 0
)
12 Russell, BBMT 2008* FB4 200 NA* NA 1(0.5)
A\
13 Russell. BBMT 2010* FB4 17’9A NA* NA 1(0.6)
14 Santarone, BBMT 2011 FB4 @ 0(0) - 0
15 Shimoni, Leuk 2006 F] 0(0) - 0
Total - 1024 18/645% (2.8) - 4/1024 (0.4)
- |
Reduced intensity regi:rQ
LY

16 | Almog, BBM « | B2 13 2(15.3) 2 mild. 0

* 1 reversible

_ N4
17 Cho.1 FB2 22 0(0) - 0
N 2 mild
18 Le@{ 2011 FB2 128 54 3 moderate 0
1 \BBMT 2007 FB2 16 0 _ 0
20 Shimoni, Leuk 2007 FB2 72 34 NR NR
15his | Shimoni, Leuk 2006** FB2 41 1(24) Severe
Total - 292 11/292 (3.8) - 0/292 (0)

O
%
N

*The two publications are not included in the analysis of incidence af VOD, for a total of 379 patients; **Same study with 2 different
cohorts; *** Cohort treated with once daily schedules in supportive study

The mortality linked to VOD was low, with 4/1024 (0.4%) and 0/292 deaths in myeloablative and RIC
regimens, respectively. Only 1 publication in the myeloablative setting reported a mortality rate linked
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to VOD of 5.5%, but in patients with high Bu exposure (AUC > 6000 pmol/L.min) [O’Donnell Leuk
Lymph 2010].

VOD in Supportive studies

The experience using FB with another schedule is limited, with 4 publications focusing on the early
safety outcomes and regimens-related toxicities: [AImog BBMT 2011], [Chae BMT 2007], [Lee Blood
2011], [Ryu BBMT 2007]. Overall, out of 155 patients treated either with myeloablative (n=40) or RIC
(n=115), 5 VOD (4.3%) were reported by Lee (1 mild, 4 moderate) [Lee Blood 2011], without VOD-
related mortality.

Table 20: Hepatic VOD in supportive studies

Daose N Incidence of . .
Author intensity VOD n (%) Severity VOD VoD ?.l

Mryeloablative regimens

P\
Chae. , \)
1 BMT 2007 FB4 40 0/40 (0) - \Q 140 (0)
S
Reduced intensity regimens \)
0

Almog** (a)

2 -
2 BBMT 2011 FB2 15 0 < 0
3 Lee, FB2 83 5 (6) N 0
- Blood 2011 ) mdgerate

Ryu QVJ
4 BBMT 2007 FB2 17 ° O - 0

N
Total - 115 5/115 @ ; 0/115 (0)

* RM: Related Mortality ** Patients treated wit “oWeer” schedules; (a}) Cohort treated with other schedules

Overall, in the myeloablative and RIC settir@}% cases of VOD out of 1471 (2.3%) evaluated patients
were reported in pivotal and supporti B lications, with a VOD-related mortality of 0.3% (n=4).
The VOD incidence appeared to be lo en compared to that reported in the literature, taking into
account also that the etiology of s multifactorial and that several risk factors impact on the
occurrence or outcomes. Cop {Qoppell BBMT 2010], across 135 studies performed between 1979
and October 2007, reported ew/erall mean VOD incidence of 13.7% [95% CI 13.3%-14.1%0].

The total number of cas VOD in the whole cohort remained low irrespective of the dose intensity
(FB4 or FB2) and it tive of the schedule of administration. The VOD-related mortality for the
above combined studfes was low.

Biological he ests - Liver function tests in myeloablative and RIC regimens

Pivotal

The eally abnormalities of liver function tests after HPCT are common and with multifactorial causes.
The liver function tests can be altered either by the administration of concomitant treatments such as
methotrexate, antibiotics, antifungal treatments, parenteral nutrition or by, hepatic infections (fungal,
viral, bacterial cholangitis) and immune dysfunction. The liver function reported as dosing of
transaminases/bilirubin/phosphatase alkaline was assessed in 9 publications.
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Table 21: Liver toxicities — Severe adverse events (grade >2) in pivotal publications

Author Dose intensity N Liver hiu]ogica'l parameter Se\'er'it_\'
n (%) n (%)
Myeloablative regimens
Transaminases: 1 (2) Grade 3:1(2)
And
BBI\;?;&I FB4+ Clo 51 Grade 4: 0 (0)
Bilirubin: 0%
Chunduri 0 NA
BMT 2006 FB4 18
Transaminases: 17 (17) Grade 3 15 (13)
Grade 4: 2 (2)
gf Lﬁ“do . FB4 9 Bilirubin: 9 (9) Grade 3: 7(7 6
o0 Grade 4- 2
Phosphatases alkalines: 0 * ‘\
Transanunases: 2 (17) @: NR
Kerbauy — . Q de 4: NR.
Leuk Lymph 2011 Bilirubin: 1 (8) \ Grade 3: NR
N\ \ Grade 4 NR
Perkins, FB4 145 Transaminases/Biliubin: 15 (10) Grade 3: 11 (7)
BMT 2011 ) ‘ Grade 4: 4 (3)
Pidala . L Q\ Grade 3: 8 (8)
BMT 2011 FB4 100 Transamases.-Bllmlﬁ Grade 4: 1 (1)
Russell 1 .
usse. A 232
BBMT 2002 FB4 70 NR
Reduced intengityregimens
Wminases: 4(18) Grade 3: 3 (14)
Q Grade 4: 1 (3)
Cho \ Bilirubin: 2 (9) Grade 3: 1 (5)
ITH 2007 FB2 2 Grade 4: 1 (3)
6 Phosphatases alkalines: 1 (3) Grade 3: 0 (0)
raN Grade 4: 1 (5)
Shimoni §
. a1 R .
Leuk 2007 FB2 Q 2:72 Transaminases/Bilirubin: 20 (28) NR

Supportive studies

O

In the supportive ations, no data was available for myeloablative supportive studies. Only one
study report I'\r bnormalities in the RIC regimen [Ryu BBMT 2007].

L

In conclusieq} analysis of liver toxicities was done in more than 500 patients for whom

transa Q& and bilirubin levels were available. The total incidence of liver toxicities in the

expe s with the FB regimens was in line with the profile of IV Bu. The liver abnormalities were
transient and reversible most often before the 4th week after transplant. Only one publication reported
1 death related to liver failure collected in 33 publications reporting causes of death till day +100 in
2383 patients [1/2383 (0.04%)].

Central Nervous System

Seizures in pivotal and supportive studies

In pivotal studies, the impact of the IV once-daily FB combination on seizures was reported in 13
publications. Overall, there were 819 patients (myeloablative 725 patients, reduced-intensity 94
patients). In the early post-transplant period (before day+28 or until day +100), out of 13
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publications, a low rate of acute seizure was reported only in 3, with a percent ranging from 1.4% to
2.3%. Four total seizures were observed in the myeloablative group and one in the reduced-intensity
group. The estimated overall incidence was 5 cases out of 819 patients (0.6%0).

Table 22: Seizures in pivotal studies

Author Dose intensity N Incidence of seizures n (%) Severity

Myeloahlative regimens

gil;?\flr;zoél 11 FB4+Clo 51 0(0) NA
grevrtlr 2010 FB4 23 0(0) ;é
g:&?ﬁ;ﬁ FB4 18 0(0) i;\ NA
g&iﬁm FB4 9 0(0) \(\() NA
° X

g;dhi;szoog FB4 130 3(23) 0 NR
i:iagmph 2011 FB4 12 0 (% NA

O Donnell.

)
FB4 36 @ NA
Leuk Lymph 2010 C\
Perkins 9{
; FB4 145 (\ 0) NA
N

BMT 2011

Pidala, N .
BMT 2011 FB4 100 0(0) NA

Russell, \ad
FB4 70 1(1.4 NR
P,

BBMT 2002
|
FB4 C) 0 (0) NA

Santarone,
duced intensity regimens

BBMT 2011

Ch
o FB2

LJH 2007 A»
Shimoni, A ¢
vk 2007 {% 72 1(14) NR

NA = Not Applica‘blgwrepcrted

In supportive 3@, seizures were not evaluated.

2 0 (0) NA

In summar, @episodes were rare and transient with no sequelae reported in these publications and
no rela th; the other neurological events were also of mild intensity.

Other rologic events in pivotal and supportive studies

Other neurologic events were rarely reported. De Lima [De Lima Blood 2004] reported no grade 3-4 of
other neurologic events in a cohort of 96 patients transplanted with a myeloablative once-daily FB
regimen: only peripheral neuropathy grade 1 in 4 patients, grade 2 in 3 patients were reported.
Peripheral neuropathy is a well-known adverse effect of Flu with a frequency evaluation as very
common. Headache grade 1 in 4 patients and grade 2 in 2 patients were also reported. In one patient,
a mental status change grade 2 was noticed. With IV FB2 in once-daily, an excellent neurologic
tolerance was also described by Cho [Cho IJH 2007], who reported only 2 patients who developed a
grade 1 headache. Among the experiences with other FB schedules, Ryu [Ryu BMT 2007] emphasized
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in his prospective randomized study that there were rare neurologic events in both groups of patients
transplanted with IV Bu-based regimens using a once-daily or a g.i.d schedule. These events were
reported after day+28 in the follow-up period and according to the authors’ opinion those events were
not related to the administration of 1V Bu.

There were no deaths related to neurologic events. In the TRM/NRM at day +100, the CNS was
involved for other reasons with 7/197 deaths (3.6%) collected in 33 publications reporting causes of
death till day +100 in 2383 patients [7/2383 (0.3%)]: CNS bleeding (n=3), encephalopathy (n=2),
cerebral ischemia (n=1) and acute meningo-encephalitis (n=1) [Alatrash BBMT 2011] [Kerbauy Leuk
Lymph 2011] [Lee AJH 2011] [Geddes BBMT 2008], [Russell BBMT 2010], [Bashey BBMT 2011] and
[Lee Blood 2011].

In summary, the available data showed that the neurological tolerance was good with a Iow@dence
of severe neurologic events that can be attributed to the infusion of 1V Bu combined w
irrespective of either the dose intensity or the schedule of administration. There wer expected
serious neurologic events related to the use of IV FB regimens. 6

™D

Gastro-Intestinal tract: Mucositis/Stomatitis/Nausea/Vomiting/Diarrhoea 0

The gastro-intestinal events were reported in many studies. Mucositis as@L as stomatitis were not
ente

differentiated among the publications. Therefore, these events were gﬁs d together.
Table 23: Gastro-intestinal toxicities in pivotal and supportive s @
Dase . Mucositis/Stomatitis N sd‘omiting Diarrhea
Author . N N B . ;
intensity n (%) . n (%) n (%)
Myeloablative reg
Andersson, FB4+C 51 Grade 3: 5 (10 - Grade 3: 1 (2) Grade 3:1(2)
BBMT 2011 lo ) Grade 4: ¢ Grade 4: 0 Grade 4: 0
Chunduri, 3
- A: 5 1
BMT 2006 FB4 18 G-rade%l 3) NR NR
. = .
De Lima,
& A FB4 96 Yed 0 (9 Grade 3-1 (1) Grade 3-2 (2)
Blood 2004 N
Geddes,
) FB4 130 de 2/3: 112 (86 NR NR
BBMT 2008 ,\Q‘“ € (86)
Kerbauy
erbauy. FB4 12 \D Grade 3/4- 0 (0) Grade 3/4: 0 (0) Grade 3/4: 0 (0)
Leuk Lymph 2011 N
Lee 4 V . .
KTH 2010 FB4 \ 1 Grade 2/4: 4 (24) Grade 2/4: 10 (39) NR
Russell, ‘}v )
BBMT 2002 J W 70 Grade 3/4: 0 (0) NR NR
Santarone A QLY )
5 i4- 26 (5 T /4 14:
BBMT 2011 0\ 4 44 Grade 3/4: 26 (59) Grade 3/4: 0 (0) Grade 3/4: 0 (0)
A\ RIC regimens
Ch \ W i
UH" : 7@ FB2 22 Grade 3/4: 0 (0) Grade 3/4: 0 (0) Grade 3/4: 0 (0)
| 14 N )
A \ o FB2 128 Grade 3/4: 14 (11) Grade 3/4: 22 (17) Grade 3/4: 8 (6)
Shmoni, FB2 7 Grade 3/4: 21 (29 NR NR
Leuk 2007 ade 3/4:21 (29) g

NR=Not Reported

Apart from Lee [Lee Blood 2011] in RIC regimens, all studies were pivotal studies.

Ryu [Ryu BBMT 2007] reported no differences in gastrointestinal toxicities between IV Bu administered
once and four times a day in the RIC setting. Even if the analysis was not split among the cohorts
including FB or BuCy2, grade 3-4 gastrointestinal toxicities were reported in 40% and 30% in IV Bu
administered once or four times a day, respectively.
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Overall, the FB regimens reported low rates of grades 3-4 mucositis and few other G1 adverse events
whatever the type of schedule, more obvious in the RIC experience.

Pulmonary toxicity

Pivotal studies

The overall incidence of reported pulmonary events was infrequent, with 13 cases (2.8%) out of
457 patients in 5 publications.

The lung was one of the main organs involved in TRM/NRM, with 21/197 (10.7%) deaths collected in
33 publications reporting causes of death till day +100 in 2383 patients [21/2383 (0.9%)]. E

Table 24: Pulmonary toxicity (excluding infections) in pivotal studies with myeloablative an

regimens
Z\\G.)

Author . DO“.‘ N Incidence of pulmonary events™ n (%) Jerity
mtensity
Mpyeloablative regimens 6
. Pleural effusion 3 (3) \‘ Grades 1-2
De Lima.
Blood 2004 FB4 96 Pulmonary hemorrhage 1 (1) Grade 3
ood = Pulmonary oedema 2 (2) Grade 2
Perkins.
crims FB4 145 Interstitial pneumonia 4 (3 K NR
BMT 2011 P
Pidala BMT FB4 100 Idiopathic pneumonia sydirolhe 1 (1) NR
2011 Pa\
Santarone i
B FB4 44 0 NA
BBMT 2011 \@
Reduced intensity 1‘eg}nens
Shimoni. —_ 7 Di Vl N e AR
2 iffusealveolar hemorragy 2
Leuk 2007 ﬁ( V &

* Non infectious events. NA = Not Applicable NR=Not @%d
Supportive studies Q

The data reported was limited, an of these studies were focused on other safety
parameters/events.

Overall, the clinical exper%&ported no unexpected severe pulmonary toxicities particularly for
interstitial pneumonia (
treatment or recoveri hout any treatment.

ing infectious events), with most of the cases solved after symptomatic

Cardiovascular®

different medical conditions [Cho IJH 2007], [De Lima Blood 2004], [Kerbauy Leuk Lymph 2011],
[Shimoni Leuk 2006] and [Shimoni Leuk 2007].

Cardiovascular events were reported as TRM/NRM with 6/197 deaths (3.0%) collected in 33
publications reporting causes of death till day +100 in 2383 patients [6/2383 (0.3%)].

Table 25: Cardiac toxicity: grade 3 adverse events in myeloablative and RIC pivotal studies
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Author Dose intensity N Type of cardiac toxicity n (%)
Mpyveloablative regimens
Hypertension 3(3)
De Li Hypotension 1(1)
Ble ;“;ad o FB4 96 Arrythmia 0 (0)
o0 Pericardial effusion 1(1)
Decreased LVEF 2(2)
Kerbauy,
Leuk Lymph 2011 FB4 12 - 00
Shimoni, ) FB2: 41 -
Leuk 2006 FBAEB4 FB4: 26 - 00
Reduced intensity regimens
Shimoni,
Leuk 2007 FB2 72 ) o
NA = Not Applicable N

Supportive studies \GQO

Ryu [Ryu BBMT 2007] reported few toxicities in the Bu4 (1V Bu 4 times dai Bul (IV Bu once

daily) arms, respectively: arrhythmia Bu4 3.3%/Bul 0%; hypertension .3%/Bul 3.3%; other
Bu4 3.3%/Bul 0%. K

In conclusion, the pivotal and supportive studies in myeloablativ, ell as in reduced intensity FB
experiences reported few cardiovascular events. Q

Kidney/Urinary Tract O

Haemorrhagic cystitis is a complication occurring af PCT and that may lead to prolonged
hospitalization but also significant morbidity with le sequelae. Several severe symptoms have

been described, including obstruction of the lﬁ. tract, renal failure, hydronephrosis. Early bleeding
occurring up to 72h after administration of @
leeding episodes after 2 weeks post-transplant is often

emotherapy are often related to known agents like

associated with infectious agents (BK oma virus, the most common, but also CMV or adenovirus).

Cy, ifosfamide, or Bu. The occurrenceé a
Overall, only one case of renal f@mas reported by Bashey [Bashey BBMT 2011].

Renal failure was reporteﬁ1 /NRM with 1/197 deaths (0.5%) collected in 33 publications
reporting causes of deatpb’ ay +100 in 2383 patients [1/2383 (0.04%)].

Pivotal studies \Q

Myeloablatlveefo&}

Chunduri ported the absence of severe kidney toxicity [Chunduri BMT 2006]. The incidence of
haemo i€ cystitis in the large cohort of De Lima [De Lima Blood 2004] (96 patients) was 3%
(gra 3/96). In the experience of Geddes [Geddes BBMT 2008], there were a total of 18 cases of

haemorrhagic cystitis out of 130 patients (13.8%). The experience of Hamadani [Hamadani HO 2011],
categorized in supportive publications, reported an incidence of 18.9% (7 out of 37 patients) of
haemorrhagic cystitis, without mentioning the grade.

Reversible grade 2 renal toxicity was related to tacrolimus in the publication of Kerbauy [Kerbauy Leuk
Lymph 2011], showing that FB regimens were well tolerated even in elderly patients, or heavily pre-
treated patients (over CR2). Lee [Lee KJH 2010] reported 3/17 cases of haemorrhagic cystitis (18%o).
The incidence of grade 2 haemorrhagic cystitis was 13% (9/70 patients) in the experience of Russell
[Russell BBMT 2002] with no-long-term sequelae. Shimoni [Shimoni Leuk 2006] reported one grade 3
of haemorrhagic cystitis and one grade 3 of renal toxicity.
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RIC regimens

In the RIC experience of Shimoni the incidence of renal toxicity related to FB regimen was 4%
[Shimoni Leuk 2007].

Overall, in pivotal publications, the occurrence of haemorrhagic cystitis ranged from 3% to 18.9%.
Supportive studies

Haemorrhagic cystitis was documented in several publications and related to infections or reactivations
of BK virus (13 out of 72 patients (18%)) [Hamadani BBMT 2009]. In the experience published by Ryu
[Ryu BBMT 2007], there was only one case out of 30 patients treated with IV Bu once daily with,grade
4 renal failure. There was no information split by conditioning but the change of schedule did né
increase the known toxicity profile of IV Bu.

)
Infections K\

The infections reported in the FB publications included viral infections, bacterial i ns and fungal
infections with myeloablative or reduced-intensity FB regimens. The infection e‘very common or
common in the post-transplant period [Pidala 1JH 2011] [Hamadani HO 20 e AJH 2011]
[Hamadani BBMT 2009] [Lee Blood 2011]. The incidences of infectious epi s varied from one

publication to another, depending on several factors: dose intensity aoff conditioning regimens but also
type of infectious prophylaxis, type and dose of the GVHD prophyl oor prognostic patients with
prior weak immune system.

Bacterial infections were reported up to 62% and 39% wi eloablative [Hamadani HO 2011] and
RIC regimens [Hamadani BBMT 2009]. Invasive fungal | ons were not reported with myeloablative
regimens and achieved a maximum frequence of 6% [Hamadani BBMT 2009]. Reactivation of viral
infections CMV was common and the incidence o infection involving CMV reactivation in
myeloablative studies ranged from 22% [Ch urdBMT 2006] to 35% [Hamadani HO 2011] and in RIC
studies from 42% [Cho IJH 2007] to 80% [€? H 2011]. In myeloablative studies EBV reactivation
was not reported. In RIC studies, EBV, ctivation ranged from 18% [Lee AJH 2011] to 61% [Lee
Blood 2011]. The development of PT S scarce. Infections were reported as TRM/NRM with 90/197
deaths (45.7%) collected in 33 p @ lons reporting causes of death till day +100 in 2383 patients
[90/2383 (3.8%)]. {

Serious adverse eeg\t/geaths/other significant events

TRM/NRM ’\Q

2

TRM/NRM cor ds to deaths that could be attributable to secondary side effects after HPCT and
not relate relapse/progression of the underlying haematological malignancies.
The of TRM/NRM were calculated and reported by the authors using standard statistics

(cumulative incidence of TRM/NRM). Additional information was extracted using the tables of cause of
death issued from the publications.

In few publications, the mortality attributable to early side effects of the conditioning regimen is named
as “RRM” (regimen-related mortality) and was differentiated from the TRM/NRM (side effect of the
whole transplant procedure).

The median follow-up was ranging from 421 days up to 8 years post- HPCT. The analysis of the
TRM/NRM results was split between the early period after transplant and the late post-transplant
period. After day +100, the follow-up covered several periods: from day +100 until 6 months (6
months TRM/NRM) or until day +365 post- HPCT (1 year TRM/NRM), after day +365 until day +730 (2
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year TRM/NRM). The TRM/NRM of two publications conducted with a myeloablative FB-based regimen
in the setting of unrelated cord blood transplantation is reported in a specific paragraph. [Sanz, Sanz
BBMT 2010] [Sanz, Montesinos BBMT 2010].

Table 26: Early and late TRM/NRM in pivotal and supportive studies with MAC regimens

Author

Day+ 30

TRM/NEM (%)

Day +100
TRM/NRM (%)

1-Year

TRM/NRM (%)

Long-Term (= 1 years)
TEM/NEM (%)

TRM/NEM by subgroups (%)

Alastrash,
BBMT 2011

19

26

CE.1 pts: 0 at 30 days

14 at 1 year

4 at 100 days
19 at 3 years

Andersson,
BBMT 2008

CE.1 pts: FB: 6

BuCy:

1 atlyear
4

Andersson,
BBMT 2011

Bashir,
BBMT 2011

15
(93% CI:0.75-097)

Beri,
BMT 2010

RN

Bredeson.
BBMT 2008

FB:
BuCy:

9
24 p<0.01

FB: 11

BuCy: 30 p<0.01

Ca
4
12

p<0.01

S-y 3
v: 34

Chae,
BMT 2007

FB:

BuCy2:

104
31p=0.023

EB:

: 10.4
BuCy2:

342

[
ey

p=0030

\\ ]

Chunduri,
BMT 2006

55

e

b

100 days-TEM in FM cchort: 8

Chunduri,
BMT 2008

Standard-risk pts
High-risk pts

10
19

De Lima,
Blood 2004

TEM: 3
REM:1

Geddes,
BBMT 2008

Bu d-100
Low exposure 6

Ly
14
38

High exposure: 19

{\-
\&

Author

Day+ 30

TRM/NEM (%)

Day +100
TRM/NRM (%)

1-Year

TRM/NRM (%)

V Long-Term (= 2 years)

TEM/NEM (%)

TRM/NEM by subgroups (%)

Horwitz,
BBMT 2008

10

-

Kerbauy,
Leunk Lymph 2011

1pt

N
A4

Lee,
KIH 2010

N
O

17

Madden,
BBMT 2007

-

O’Donnell*,
Leuk Lymph 2010

Patel,
BMT 2011

18

143
235

15

2-y:  Low risk pts:
Intermediate risk pts :

High risk pts:

p=us

Perkins,
BMT 2011

Pidala,
IUH 2011

3Pts

Pidala,
BMT

™

15

Eunssell, \‘

BBEMT 2002

10+4

ta
el

9 pens

Eunssell,
BBMT 2007

(=]

Cumulative incidence 3 +2

NoTRMin17pts = 0¥

Eunssell,
BBMT 2008

10

JyLowRisk = 45y
= 45y

HighRisk = 45y

= 45y

443
6+4
641
27+7 1p=0.04
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Day+ 30 Day +100 1-Year (5 Y vear
3 3 L. T =2 .
Author TRM/NRM (%) | TRM/NRM (%) | TRM/NRM (%) ong e & o) ) TRM/NRM by subgroups (%)
Russell, FB+ TBL: 56 FB+TBL 13.5 11:]; - L°"‘i§“"k High Risk
BBMT 2010 . FB:56 FB: 155 . <!
. FE: 9 ns 31 ns
Santarone, 5 ) 2y <35y 17
BBMT 2011 0 - 18 Ly 18 >35y 19 p=ns
Sanz, Sanz . 1%+ ) 1y 30 s .
BBMT 2010 4
Sanz,
Montesinos - 38+ 50+ 8-y 59 *= -
BBMT 2010
Shimoni, R A B 2y FB2 8(95CIL 3-23%) 2.y IV BuCy 22 (95 CI, 13-39%)
Leuk 2006 FB4 8 (95 CT, 2-31%) p=0.05 (vs FB}& FB4)
* 21 Days-TEM/NEM. ** Data for the whole cohort

Table 27: Early and late TRM/NRM in pivotal and supportive studies with RIC regimens, 66

A\\
X 30 Days- TRM/NRM 100 Days-TRM/NEM 1-Year TRM/NEM Long-Term (= 2 years) X X 0
Author (%) (%) (%) TRM/NRM (%) TEAM subgroups (%0)
Almog, A } BuFlu OD 7.7 - M oD 44
BBMT 2011 QI 6.7 x QID 33
Al FB 6 FB:32 p=0.01 | !!&r fatal pulmonary complications:
Alyea, -  Co i -
Blood 2005 TBLCy TBLCy B 0
or BuCy: 30 or BuCy: 50 TBI-Cy 28
Armand,
. . 13 [6-20] 3y 23 [19433] NR
BEMT 2008 N ~
Bashey. 6 months-TRM: 8 [2-14 gsv For MSD ’ 3 " Y
BBMT 2011 TRMC 8 [2-14] 2 . -
For MUD 12 ns 19 ns

Che. \4
LTH 2007 o
Hamadani, -ATG:
BBMT 2009 R-ATG:
Hamadani, RIC:
HO 2011 RTC:
Ho,

BBMT 2011

Koreth,
EBMT 2010

2y

Brown, 1 o N 17

BBMT 2006 . - (\: ' -
2y

12 2.y RIC:19
01 p=ns RTC:32  pens

2y URD 8
MRD 6 p=0.33
2y 6064y 105
= 65y 83  p=0.84

(%%) (%) TRM/NRM (%)

1 TS +
Krishnamurthy, \\ : oy 31214 2y Low Risk 0

BMT 2010 @ ) Intermediate High Risk 71 +22 p=<0.02
. . Y
Lee, . a ) . 2y 2% CR1: 161=87

IJH 2010 CR2: 61.9=199 p=0.002

- d i
Author 30 Days- TRMUNEM I‘Qo MNEM 1-Year TRMU/NRM Long-Term (=2 years) TRM/NRM by subgroups (%)

Lee, \\ 14% cr 17
AJH 2011 . ‘ ) 9 ) (95% CL 9%-22%) (95% CI. 11%-27%) .
&
Lee. \ 17% CI: 18 Standard-risk pts: 10 (95% CI: 4-25%)

Blood 2011 i i (95%CT, 11-28%) (95% CL.12-29%) |Highriskpts: 24 (95% CI: 14-41%)
-

Lee, 5
AH 2011 “ ) B - - 3y 205
-

MatthSg
BIH 201
Ry, FBQID:11.8[3.2-433] 2y BFQID 177[63493] | 2y BuCyQID  274[103-73.0]
BEMT 2007 FEOD: 188 [6.8-52.0] BFOD  188[68-52.0] BuCy OD 7.7 [1.2-50.6]

Sayer, CE./FR: 12 . s3* CR./PR: 33
BMT 2003 Other: 30 - Other: 66 p=0.029
Shimoni,

Leunk 2007

- - - 2y 16 [9-27] 2.y FB:40[30-53] p=0.003vs FB

Tsirigotis, . At median follow-up of 22 mo
Haematologica - 216 34 o -
2006 35%

* for the whole cohort

Assessment report
EMA/550530/2014 Page 57/76



The FB combination was used to treat a large population of patients in pivotal (n=2572) and
supportive (n=931) studies with IV FB administered either as myeloablative or reduced intensity
conditioning regimens.

The myeloablative FB was well tolerated. The rate of death from acute organ failure (including
mortality from VOD), related to the side effects of the conditioning was very low between day +30 and
day +100, without unusual cause of death among the causes reported by the authors. The long-term
follow-up confirmed the feasibility of the myeloablative FB, with one-year TRM/NRM ranging from 3%
to 21%. Data were retrieved from large cohorts of patients with various disease risk, various clinical
profiles and patients aged above 50 years. The 2-year TRM/NRM rates were still reliable, reflecting the
safety profile of any standard myeloablative regimen.

The RIC IV FB was feasible, with TRM/NRM up to day +100 ranging from 0% to 6%. The sw@ of
schedule from 4 times daily to once-daily administration was well tolerated, with no iné@of
TRM/NRM at day +100. Consistent long-term results after day +100 were reported i large FB
population older than that treated with myeloablative conditioning regimens, wijtl @xable TRM/NRM
rates at one, two and three years, respectively. The benefit in terms of TRM r@n with the RIC IV
FB regimen was still valid after several years post-transplant.

Overall, the 1V FB analysis in myeloablative and RIC settings showed{a:@

e At day +30 till day +100 the FB regimens were well tolera@ various profiles of patients,
es

diseases, risk and type of procedures, with low TRM/NR

e After day +100, the late TRM/NRM rates were enc ing in both myeloablative and reduced-
intensity regimens especially considering that a y +100, the TRM/NRM was mainly not
related to the conditioning regimen. The maij uses of death included GVHD, infections or
reactivations. The causality of the infectiQQ:\rt the type of conditioning, was also related to

t

the long immune suppression period and continuation of the immunosuppressive therapy

given for the prophylaxis and or the(c ive treatment of chronic or acute GVHD.
Adverse drug reactions rep for the combination with fludarabine (FB)
Adverse drug reactions report
population treated with F
and endpoints) are pres

bllshed clinical trials (RIC and MAC settings) for which the
arly identified (whatever the schedules of busulfan administrations
below using the highest incidence observed.

System organ class. Very common Common Not known*
P N ) MAC RIC MAC RIC -
Infectiopns @" Viral infection Viral infection Invasive Brain abscess
infestati CMV reactivation CMV reactivation fungal Cellulitis
Bacterial infection EBV reactivation infection Sepsis
Invasive fungal Bacterial infection Pulmonary
infection infection
Blood and lymphatic Febrile

system disorders

neutropenia

Metabolism and Hypoalbuminaemia |Hypoalbuminaemia Anorexia
nutrition disorders | Electrolyte Electrolyte

disturbance disturbance

Hyperglycaemia Hyperglycaemia
Psychiatric Agitation
disorders Confusional state
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Hallucination

Nervous system Peripheral Headache Cerebral

disorders neuropathy Nervous haemorrhage
Headache system Encephalo-pathy
Seizure disorders NEC

Cardiac-disorders Arrhythmia Atrial fibrillation
Pericardial
effusion

Vascular disorders

Hyper-tension
Hypotension

Hyper-tension

o

Respiratory thoracic
and mediastinal
disorders

Pleural effusion
Pulmonary
haemorrhage
Pulmonary
edema

Pulmonary
haemorrhage |

\
\'\\O

A N

e
Res;@;ry
fa.' :

N

disorders

disease

disease

liver disease

Gastro-intestinal Nausea Nausea \) Gastro-intestinal
disorders Vomiting Vomiting ‘@ haemorrhage
Diarrhoea Diarrhoea K
Stomatitis Stomatitis @
Abdominal pain .
Hepato-biliary Veno occlusive liver | Veno occlusive liver v Veno occlusive | Jaundice

Liver disorders

Skin and
subcutaneous tissue

O

ash
Hand and foot

Rash

@Q

disorders syndrome
Renal and urinary Haemorrhagic Haem ag% Renal disorder |Renal disorder |Oliguria
disorders cystitis** cystitis™
\v
General disorders Mucositis ositis Fever Asthenia
and administration 0 Oedema
site conditions K Pain
Investigations Trans inQ Transaminases Left Ventricular |Creatinine Blood lactate
incre X increased Ejection elevated dehydrogenase
Bili @increased Bilirubine increased |Fraction increased
’@e Alkaline decreased Blood uric acid
. c 3hosphatases phosphatases increased
6\ increased increased Blood urea
Creatinine elevated increased

GGT increased

Weight increased

A
* reported in post marketing experience

** include haemorrhagic cystitis induced by viral infection

Safety in special populations

Intrinsic Factors

Impact of age
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Overall, the estimated total number of patients aged = 55 years in the pivotal and supportive studies
was > 500 patients. This number was underestimated as the precise number of patients aged >

was not individually reported in the 48 publications. IV FB regimens enabled to treat without dose
adaptation also elderly patients who would not have been treated previously.

Extrinsic Factors

No relevant safety data were described with extrinsic factors such as use of tobacco, alcohol and food
habits.

Post marketing experience

Safety data presented in this section included all post-marketing cases in the adult populatk@aported
with the use of Busilvex or Busulfex in combination with Flu until 30 June 2011. ’

All case reports were medically confirmed or not and arose from all database in patQi xcludlng
literature case reports and cases which were not workable (e.g. cases with unk@ tes of

treatments).

One hundred and eight (108) post-marketing cases were received by th ith the use of Busilvex
or Busulfex in combination with Flu until 30 June 2011.

Among these 108 cases, 29 were considered as serious and une @ad, 69 as serious and expected, 3
were assessed as non-serious and unexpected and 7 were no s and expected. Fifty-six (56)
cases with a fatal event were reported, among which 52 Q\Sldered as serious and 4 non serious.

The following table provides all serious and non-serious&es (including death cases) reported with the
use of Busilvex or Busulfex in combination with Flu i@e adult population, by System Organ Class of
the main event, seriousness and expectedness.

A few cases included more than one event, @\n were not necessarily within the same SOC or
referred to a different expected/unexpecte atus. In addition for fatal cases, the event leading to

death was not necessarily related to in event and can have been considered as not related to
Busilvex or Busulfex. O
Table 28: Summary of all po keting cases associated to Busilvex or Busulfex in combination with

Flu in the adult populatior\
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System Organ Class of Serious Non Serious Total

the main event Expected Unexpected Death | Expected Unexpected Death

[Blood and lymphatic 4 o) > - 1 1 7
system disorders

Cardiac disorders 1 1 1 - - N 2
Gastrointestinal 1 o) o) - _ - 3
disorders

General disorders and

administration site - - - 1 - - 1

conditions

[Hepatobiliary disorders 2 2 2 2 - - 6 e
[mmune system 12 4 7 1 _ - 17

disorders | I. @
fections and o 6
[nfections an 30 10 24 3 - 2 43 Q

[3%)

infestations P
[nvestigations - - - - - - O
[Neoplasms benign. :\s
imalignant and 2 4 - 2 1 \> 11
unspecified O
Nen'ous system 5 1 1 ) ) < p
disorders
Psychiatric disorders ) 1 - - - 1
[Renal and urinary 1 3 ) - Q - 4
disorders Pa
Respiratory. thoracic \\J
and mediastinal > - 5 O - - 5
disorders

- . »
[Vascular disorders 1 1 2 c - - - 2

Total 69 29 & 7 3 4 108

Serious adverse drug reactions (SAD'%Qﬁrred most frequently in the following MedDRA System
Organ Classes (SOCs):

Infections and infestations

Forty (40) serious case r re reported in this SOC, of which 10 were considered as unexpected
(including 8 cases wit | outcome) while 30 were expected (including 16 cases with a fatal
outcome) for BusilV sulfex.

All cases referred to patients who developed graft versus host disease or bone marrow transplant
rejection. GVHD occurs when immunocompetent T-cells and Natural Killer cells in the donor graft
recognize host antigens as foreign targets and mediate reaction. This reaction was considered as
indirectly related to the conditioning regimens as it was a consequence of the transplant process itself
and these cases were assessed by the MAH pharmacovigilance department as not related to the Bu-
based conditioning regimens. However, these events were considered by the MAH’s partner as suspect
for causal relationship with Bu.

Neoplasms benign, malignant and unspecified
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Nine (9) serious cases, referring to 2 unexpected cases (both with a fatal outcome) and 7 expected
cases (including 2 cases with a fatal outcome) for Busilvex/Busulfex, involved this SOC.

The majority of cases reported in this SOC concerned patients who experienced relapse or recurrence
of initial disease, which was considered as not related to the conditioning regimens. However, these
cases were reported by the MAH’s partner as main events and were associated to secondary events
that were related to Busulfex.

Blood and lymphatic system disorders

Six (6) serious case reports involved this SOC, of which 2 were unexpected (both with a fatal outcome)
and 4 were expected for Busilvex/Busulfex. They referred to patients who experienced febrile
neutropenia, neutropenia, thrombotic microangiopathy (TMA) and aplasia pure red cell. @

Neutropenia, thrombocytopenia, anaemia and pancytopenia are known adverse reactio@u as

myelo-suppression and immuno-suppression are the desired therapeutic effects of t itioning
regimens.

With regards to thrombotic microangiopathy (TMA), a cumulative review of T patients
undergoing haematopoietic progenitor cell transplantation (HPCT) with B%a ining conditioning

regimens was performed by MAH pharmacovigilance department in June and did not allow

attributing these reactions specifically to Bu. These ADRs will conti 0 be closely monitored by the
MAH parmacovigilance department. Q

Nervous system disorders Q

Six (6) serious case reports involved this SOC; 1 case expected and 5 cases were expected

(including 1 case with a fatal outcome) for Busilvex/, ulfex. These cases concerned patients who
developed convulsion, encephalopathy, altered s% consciousness and ataxia.

Respiratory, thoracic and mediastinal disord

Five (5) serious case reports referred OQ OC, all of them were expected for Busilvex/Busulfex.
They concerned patients who develo interstitial lung disease (3 cases) and idiopathic pneumonia
syndrome (2 cases). All these ca @ a fatal outcome. Case reports referring to this SOC did not
provide any new information pulmonary safety profile of IV Bu.

Hepatobiliary disorders \

Four (4) serious ca‘seQ reported in this SOC, of which 2 were unexpected cases (1 case with fatal
pected cases (1 case with fatal outcome) for Busilvex/Busulfex.

outcome) and 2
L 2
They referrec@\yj lents who experienced veno-occlusive liver disease, hepatic function abnormal and

liver disor@

Hepati icities are common problems in HPCT and are coming from chemotherapy toxicity (previous
treatment administered prior HPCT), immunologic damage, infectious agents, sepsis, and liver toxicity
induced by concomitant medications. Hepatic toxicity, particularly hepatic veno-occlusive disease
(VOD), is recognized as a potential complication of high-dose conditioning therapy post-transplant and
belongs to the major manifestations of Bu-regimens related toxicity. Furthermore, multiple treatment
and patient related risk factors are identified as predisposing for the development of VOD post- HPCT,
like allogenic recipients, second HPCT, prior irradiation therapy, increased liver enzymes before
transplantation, concomitant treatment with methotrexate, previous chemotherapies or severity of
underlying disease itself and it has to be pointed out that patients generally meet one or several of
these risk factors.
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2.5.2. Discussion on clinical safety

The high variability of cytogenetics, remission status, type of disease, disease characteristics, patients’
characteristics (age, gender, etc) together with the fact that results were not homogeneously reported
throughout the publications (the presentation of results was adapted according to the main objective of
the publications), make the comparison among publications difficult. This explains the heterogeneity of
results and the difficulty to draw firm conclusions based on these literature data. Nevertheless, the
analysis of the clinical safety profile showed overall a very low incidence of organ toxicity/morbidity in
the modified myeloablative or in the reduced intensity FB regimens. There was a low rate of mortality
due to organ toxicity in the total population studied. Safety profiles for Bu in combination with Elu and
Bu in combination with Cy or melphalan could be considered similar. é

Although the heterogeneity of results concerning transplant-related mortality (TRM/NRM) @
&
precludes firm conclusions, it appears that the most frequent causes of reported TRM/ ere

infection/sepsis, GVHD, pulmonary disorders and organ failure. O

The additional phase 11l randomised, prospective trial recently issued [Lee JC @] (see also clinical
efficacy) is considered of value in relation to the MAC regimen. In this study, xtn
severe infection and gastrointestinal adverse events in the BuFlu arm we gﬁcantly lower than in
the BuCy2 arm, but these differences were not associated with lower R%on—relapsed mortality).

cidence rates of

No significant differences in other toxicities (including Hepato-toxici in the BuCy2 and FB were

found. %

Overall, the safety profile for once daily and 4 time daily s @ ere similar. In the Ryu study
there were no significant differences between treatmen s in regard to frequencies of severe
toxicity, except nausea/vomiting and diarrhoea.

Taking into account that myelosuppression and i@yno—suppression are known effects of conditioning
regimens, the development of infections is v common and considered expected. In MAC, the most
frequent infectious adverse reactions were :@terial infection [range: 44.7% - 62.2%], CMV
reactivation [range: 22.2% - 35.1%],N ab infection [range: 13.5% - 18.4%] and CMV infection
(11.8%). In RIC, the most frequent_i @ ious adverse reactions were Cytomegalovirus (CMV)

reactivation [range: 30.7% - 80. Epstein-Barr Virus (EBV) reactivation [range: 2.3% - 61%],
bacterial infections [range: 3 38.9%] and viral infections [range: 1.3% - 17.2%].

Some studies suggested \th conditioning regimens containing fludarabine were associated with
higher incidence of o istic infections such as CMV and EBV after transplantation because of the
immunosuppressiv’ ecCt of fludarabine [Lee JH, KJH 2010 see section 5.3], [Bainton RD, 2002],
[Lazzarino M, 2 1

Late haem 'c cystitis occurring 2 weeks post-transplant are likely related to viral infection /
reactiv 'baemorrhagic cystitis including haemorrhagic cystitis induced by viral infection were
rep i MAC regimen with a range between 1.5% and 18.9% and in RIC regimen with a range
betweeh 16% and 18.1%.

No unexpected gastrointestinal adverse events were detected and the frequencies were in line with the
frequencies reported in current SmPC. The highest frequency of nausea and vomiting was 59.1% and
the highest frequency of stomatitis was 11%.

Frequency of veno occlusive liver disease is reported as common in relation to the currently approved
indication. However, with the proposed combination, this adverse event was reported at a very
common frequency. The highest incidence of 22.2% VOD was reported in a phase | dose-escalated
study (dose escalation based on increased BU AUC result) and was linked mainly to patients targeted
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with busulfan plasma exposure above the acceptable therapeutic limit (i.e. AUC > 6000 pmol/L .min).
In the RIC regimen, VOD was reported with a range between 3.9% and 15.4%.

The treatment-related mortality/non-relapse mortality (TRM/NRM) reported until day+100 post-
transplant has also been examined through a review of published data from clinical trials. It was
considered as deaths that could be attributable to secondary side effects after HPCT and not related to
the relapse/progression of the underlying haematological malignancies. The most frequent causes of
reported TRM/NRMs were infection/sepsis, GVHD, pulmonary disorders and organ failure.

Based on the above, the SmPC was updated to reflect in section 4.8 of the SmPC as new adverse
events or adverse events with a higher frequency comparing with previous information.

Considering the new dosing schedule, the fact that Bu metabolism is mainly hepatic and th
results from several studies reported Veno occlusive liver disease (VOD) as very commo ommon
for FB in MAC regimen and BuCy2m respectively, it was discussed whether current w. nd
precautions in patients with severe hepatic impairment should be strengthened. Th aglicant argued
that a correlation between a higher peak concentration following once-daily d a ncreased hepatic
toxicity seems to be excluded. However, toxicity in patients with severe hep igipairment cannot be
completed excluded since a slightly higher frequency of VOD has been de on several submitted
publication following once-daily dose. Nevertheless, the risk of VOD or hefgatotoxicity is considered
multifactorial and the replacement of a known hepatotoxicity agen by a drug (Flu) with a lower
current warning in SmPC which
gularly 28 days following
transplant for early detection of potential hepatoxicity, remains adequate.

risk could contribute to not increase hugely the risk of VOD. Th

recommends that liver enzymes and bilirubin should be moni

With regard to specific recommendations in other special population such as patients with renal
impairment as well as in obese patients, it is expect at Busilvex behaves the same way whatever
the schedule of administration and the type of co@\ation. This is supported by the fact that FB
regimens, either administered once-daily or MSing other schedules yield similar efficacy outcomes as
compared to BuCy2 regimen given on a s d schedule. In addition, FB once daily regimen did not
alter the safety profile and did not co & to additional or unexpected toxicity especially in a frail
and more aged population which is o receive a full myeloablative BuCy2 regimen. In summary,

the reviewed data on the FB preﬁ e regimens indicate that dosing recommendations and/or
precautions currently establi the SmPC should be maintained. No dose adjustment is needed in
elderly patients (see also E@c Pharmacokinetics).

In relation to post;m g data, the safety analysis of all events reported with the use of

Busilvex/Busulfex_i bination with Flu was consistent with the safety analysis based on the main
event of eac ‘& d was also consistent with the SmPC.

For all Bu- ing conditioning regimens, the MAH should continue to monitor very closely all ADRs,
especial following adverse reactions: thrombotic microangiopathy, veno-occlusive disease,
cere enous sinus thrombosis, interstitial nephritis, interstitial lung diseases, Stevens-Johnson

syndrome and Fanconi syndrome.
2.5.3. Conclusions on clinical safety

Although the heterogeneity and the wide range of data presented in the submitted publications hamper
the evaluation of the safety of the new proposed combination, the analysis showed overall a very low
incidence of organ toxicity/morbidity in the modified myeloablative or in the reduced intensity FB
regimens.
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There was one published phase |11, randomised and prospective study that compared the combinations
in the target population within the MAC setting, and showed a similar trend of safety profile of the two
combinations (FB vs BuCy2) with some differences noted in severe infection or gastrointestinal events.

Regarding the safety profile in the RIC regimen, no worrisome safety issues have been identified from
the published literature compared to other alternatives commonly used in this setting. Fludarabine,
considering its efficacy and specially its safety/tolerability profile, can be considered as a reasonable
alternative to cyclophosphamide.

Overall and up to date, it appears that the combination of fludarabine-busulfan (FB) is associated with
a better safety profile than showed for BuCy, based on the publications included in this variatioa

2.5.4. PSUR cycle @

The PSUR cycle remains unchanged. K

The marketing authorisation holder shall submit periodic safety update reports
accordance with the requirements set out in the list of Union reference dates

product in
list) ) provided for

under Article 107c(7) of Directive 2001/83/EC and published on the Euroi n Jmedicines web-portal.

2.6. Update of the Product information

As a consequence of this new indication, sections 4.1, 4.2, 4.5, Qzl 5.2 and 6.6 of the SmPC have
been updated. The Package Leaflet has been updated accord@.

Changes were also made to the PI to bring it in line wit\Qurrent Agency/QRD template which were
reviewed and accepted by the CHMP. O

3. Benefit-Risk Balance \Q
@)

Benefits 60
Beneficial effects Q‘O

The aim of the conditionirNeg en is the long-term disease control. Traditionally, BU/Cy has been
one of the most used co@boning treatments prior to HCT. The MAH is seeking the extension of the
indication of Busil 0 ‘another combination also widely used in clinical practice which is the FB

combination. Ig s@ t of this application, the MAH has presented an extensive literature analysis.

Fludarabine, idering its efficacy and specially its safety/tolerability profile, might be considered as
a reas @Iternative to cyclophosphamide. Up to date, and based on the publications provided, it
app t the combination of fludarabine-busulfan (FB) is associated with a low incidence of non-

relaps ortality. In addition, FB could induce fewer regimen-related toxicities and lower non-relapse
mortality than BuCy and importantly, FB seems to achieve similar or even higher disease-free survival
rates than BuCy.

MAC regimen

Documentation on the efficacy of Busilvex in combination with fludarabine (FB) in the MAC setting prior
to allogeneic HPCT derives from the literature review of 28 published studies. Complete donor
chimerism at day +30 or day +100 in myeloablative setting >90% was observed in the majority of
publications when these outcomes were reported. Disease controlled was achieved, depending on the
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type of disease, staging and previous response, the OS, DFS and EFS ranged from 60% to 83% for
MAC regimen.

RIC regimen

Documentation on the efficacy of Busilvex in combination with fludarabine (FB) prior to allogeneic
HPCT derives from the literature review of 7 published studies involving 731 patients with myeloid and
lymphoid malignancies reporting the use of intravenous busulfan infused once daily instead of four
doses per day. Patients received a conditioning regimen based on the administration of fludarabine
immediately followed by single daily dose of 3.2 mg/kg busulfan over 2 or 3 consecutive days. Total
dose of busulfan per patient was between 6.4 mg/kg and 9.6 mg/kg. é

The FB combination allowed sufficient myeloablation modulated by the intensity of conditionj

regimen through the variation of number of days of busulfan infusion. Fast and complete tment
rates in 80-100% of patients were reported in the majority of studies. A majority of p ons
reported a complete donor chimerism at day+30 for 90-100% of patients. The Iong@&
confirmed that the efficacy was maintained without unexpected effects. @

outcomes

Data from a recently completed prospective multicentre phase 2 study inclu@ 0 patients, aged 18
to 65 years old, diagnosed with different hematologic malignancies who @g went allo-HCT with an
FB (3 days of Busilvex) reduced intensity conditioning regimen becarﬁzjv ilable. In this study, all, but
one, patients engrafted, at a median of 15 (range, 10-23) days a -HCT. The cumulative
incidence of neutrophil recovery at day 28 was 98.8% (95%Cl, -99.9%). Platelet engraftment

occurred at a median of 9 (range, 1-16) days after allo-HCT:

The 2-year OS rate was 61.9% (95%¢ClI, 51.1-72.7%)]. ears, the cumulative incidence of NRM
was 11.3% (95%CI, 5.5-19.3%), and that of relaps progression from allo-HCT was 43.8% (95Cl,
31.1-55.7%). The Kaplan-Meier estimate of DFS ars was 49.9% (95%ClI, 32.6-72.7).

Uncertainty in the knowlezd&t)out the beneficial effects
MAC regimen O

In support of the present appli &n, Flu followed by Busilvex as conditioning treatment prior to

haematopoietic progenitogcel nsplantation (HPCT) in adult patients administered once daily, the
company has submitted
publications in whigh
studied populatio

e number of uncontrolled, retrospective publications of studies or
schedules were used. The heterogeneity of the data presented and the
ther with the exploratory or descriptive character of most of the publications

make the asses of the true benefit of this combination challenging. One of the most important
iographic submission was the selection bias, in which only those published studies

with a v@ble profile were included. Additionally, the methodology followed by all these studies was

biases in an

not i valuable, with high levels of uncertainty in several aspects of the development of the
studie

Nevertheless, focusing only on those studies with the highest level of quality, the combination of FB
seemed to be at least as effective as the BuCy.

However, the only phase 11l randomised, controlled and prospective study which evaluated the efficacy
and safety of the proposed combination in the MAC setting (Lee et al. JCO 2013), unexpectedly showed
that BF regimen does not appear to be a suitable replacement for the BuCy2 regimen for myeloablative
conditioning therapy for allogenic HCT, especially in the subset of young adult patients. Although the

limitations of the study and the possibility of bias against the FB arm are acknowledged, the magnitude
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of such interferences is unknown and the unsatisfactory results of the study cannot be disregarded.
Further, the optimal sequence for this combination remains to be established.

RIC regimen

The evidence provided came from non-randomised and non-controlled studies, of which the vast
majority of the studies were retrospective and/or uncontrolled. Nevertheless, the submitted data and
clinical practice guidelines (EBMT Handbook) is considered sufficient to support the indication applied

for.
Risks é
Unfavourable effects . 66

The only published phase 111, randomised and prospective study that compared the %aﬂons FB
versus BuCy2 in the MAC regimen, showed a similar trend of safety profile of the mbinations
with some differences noted in severe infections or gastrointestinal events. \

The safety profile of Busilvex combined with fludarabine (FB) has been e d through a review of
adverse events reported in published data from clinical trials in RIC regimég. In these studies, a total
of 1574 patients received FB as a reduced intensity conditioning ( Qgimen prior to haematopoietic
progenitor cell transplantation. The most frequent infectious ad actions were Cytomegalovirus
(CMV) reactivation [range: 30.7% - 80.0%], Epstein-Barr Vir, ) reactivation [range: 2.3% -

619%], bacterial infections [range: 32.0% - 38.9%] and vi ections [range: 1.3% - 17.2%].

The highest frequency of nausea and vomiting was 53:10 nd the highest frequency of stomatitis was
11%.

It has been suggested that conditioning regi n&taining fludarabine were associated with higher
incidence of opportunistic infections after tran ntation because of the immunosuppressive effect of

infection / reactivation. Haemorrhagi titis including haemorrhagic cystitis induced by viral infection
was reported in a range between and 18.1%.

fludarabine. Late haemorrhagic cystit'E clrring 2 weeks post-transplant are likely related to viral

VOD was reported with a ran ween 3.9% and 15.4%.

Hypoalbuminemia, Elect‘&\ disturbance, Hyperglycaemia, Diarrhoea, mucositis, increases in
transaminases, biILru d alkaline phosphatases, headache, nervous system disorders,
hypertension, anttﬁ'1 onary haemorrhage, rash, renal disorders, have been also associated

¢
frequently to \ bination of FB.

Uncertai in the knowledge about the unfavourable effects

unc in the knowledge about the unfavourable effect of the FB combination comes from the
nature of the studies, particularly from the heterogeneity and the wide range of data presented in the
submitted publications. Due to the fact that the vast majority of the studies were retrospective and/or
uncontrolled, it is difficult to identify and reflect the actual ADRs into the SmPC. This fact along with
the patients comorbidities, pose uncertainties regarding some adverse events. However, the SmPC of
Busilvex includes a review of the adverse reactions as identified in the studies conducted with the FB
combination in the RIC regimen.

Benefit-risk balance
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Importance of favourable and unfavourable effects

The efficacy showed in the published studies submitted in support of the current application is further
substantiated by years of experience in the clinical practice. The extensive use of FB in the clinical
practice reflects the aim of looking for less toxic but still efficacious therapeutic alternatives to the
available treatment options.

MAC regimen

The combination of fludarabine-busulfan (FB) could be associated with low incidence of non-relapse
mortality, fewer regimen-related toxicities and lower non-relapse mortality than BuCy. FB seems to
achieve similar or even higher disease-free survival rates than BuCy. However, the recent publjeation
of the RCT conducted by Lee at al raises some important uncertainties on the true benefit o
treatment combination as well as the optimal treatment sequence.

)
The safety profile, although in line with the known safety profile of the traditional dﬁéwowed some

differences which do not raise major concerns. Q

RIC regimen

All the available evidence in the RIC scenario points out in the same dire . The combination of FB
seems to be efficacious in patients diagnosed with different hematolo&malignancies who underwent
allo-HCT. This regimen can be considered relatively safe with low V‘@I high risk patients. Despite

the challenges when it comes to assessing the documentation s@tted, there were no contradictory

data as in the MAC setting. Q

Benefit-risk balance O

The benefit-risk balance is considered positi\@ combination Busilvex following Fludarabine (FB)
as conditioning treatment prior to haematogoi progenitor cell transplantation (HPCT) in adult
patients who are candidates for a redé -imtensity conditioning (RIC) regimen.

Discussion on the bﬁ(l -risk balance

MAC scenario \

The evidence provid %Iy was limited to non-randomised mostly retrospective comparative

studies, which sh ather positive results in comparison to standard therapy in this clinical setting.
*

However, thz of the recently published paper, Lee et al., (JCO 2013), the only phase Ill

randomised olled trial published in the intended broad target population, pointed out just in the
opposi ion raising doubts on the true benefit of this regimen, and the optimal treatment
seq ,'as compared to the available therapeutic alternatives. The MAH had not included this study

in the submission, which is considered an important drawback. The study has some limitations, which
might have impacted on the study results. The magnitude of such interferences is unknown but
uncertainties remain and cannot be overcome by the results of another randomised controlled study
presented during the procedure by the Cy (Liu et al) given the different posology and the differences in
the studied population, limited to AML in the latest study.

Therefore, given the uncertainties raised by the Lee et al study, the efficacy of FuBu in the
myeloablative conditioning setting remains to be established. Thus, a positive benefit risk balance
cannot be concluded based on the evidence available at the present time. Furthermore, clinical practice
guidelines do not include at present this treatment combination for the MAC setting.
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RIC scenario

While in the MAC setting there are important uncertainties regarding the actual benefit of the
combination of FB over the alternatives, for the RIC setting the situation is different. First, FluBu is
currently recommended in the EBMT Handbook. In addition, there is a controlled study (though
retrospective) and there are supportive data from various controlled/uncontrolled studies (including a
very recent one yet to be published) that, contrary to the MAC setting, all point towards the fact that
FluBu can be used effectively and safely in the RIC setting. Nowadays, randomised controlled trials to
confirm these results are not feasible in this clinical setting. Furthermore, reduced intensity
conditioning is restricted to patients not candidate to standard myeloablative conditioning regimens
due to the toxicity associated to these regimens. Overall, the use of FluBu in the RIC setting is

supported. @

4. Recommendations ‘\6

Final Outcome \QO
\\

Based on the review of the submitted data, the CHMP considers the followi Qriation acceptable and
therefore recommends, by consensus, the variation to the terms of the r\%eting Authorisation,

concerning the following changes: é
4
Variation requested Type
C.l.6.a C.1.6.a - Change(s) to therapeutic indicafio Addition of a new 1
therapeutic indication or modificatiq\m approved one
N
Extension of indication for Busilvex following flu e (FB) as conditioning treatment prior to
haematopoietic progenitor cell transplantatiofe(HPE8T) in adult patients who are candidates for a
reduced-intensity conditioning (RIC) regiméh. C8nsequently, sections 4.1, 4.2, 4.5, 4.8, 5.1, 5.2 and

ate version 9.0.

6.6 of the SmPC and the package lea are,updated. The MAH also took the opportunity to update the
product information in line with QRD

The variation proposed amendmeéntssto the SmPC, Labelling and Package Leaflet.

This CHMP recommendatiKiQ?ject to the following conditions:

Conditions anpl rements of the marketing authorisation

e Perio 'm\f y Update Reports

The marketi thorisation holder shall submit periodic safety update reports for this product in
accord th the requirements set out in the list of Union reference dates (EURD list) ) provided for
und iCle 107c(7) of Directive 2001/83/EC and published on the European medicines web-portal.

Conditions or restrictions with regard to the safe and effective use of the
medicinal product

- Risk management plan (RMP)

Not applicable.
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5. EPAR changes

The EPAR will be updated following Commission Decision for this <group of> variation<s=>. In
particular the EPAR module 8 "steps after the authorisation™ will be updated as follows:

Scope

Extension of indication for Busilvex following fludarabine (FB) as conditioning treatment prior to
haematopoietic progenitor cell transplantation (HPCT) in adult patients who are candidates for a
reduced-intensity conditioning (RIC) regimen. Consequently, sections 4.1, 4.2, 4.5, 4.8, 5.1, 5.2 and
6.6 of the SmPC and the package leaflet are updated. The MAH also took the opportunity to up@ the
product information in line with QRD template version 9.0. @

Summary {\6

See EPAR. 5\'\00
,0\)
\
&
O
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Appendix

REVISED CHMP ASSESSMENT REPORT ON THE NOVELTY OF THE

INDICATION/SIGNIFICANT CLINICAL BENEFIT IN COMPARISON WITH EXISTING
THERAPIES
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Introduction

On 5 July 2013, Pierre Fabre Médicament filed an application for the medicinal product Busilvex using
the centralised procedure for the following indications:

e ‘Fludarabine followed by Busilvex (FB) is indicated as conditioning treatment prior to
haematopoietic progenitor cell transplantation (HPCT) in adult patients when the combination is
considered the best available option.’

On 29 December 2001, orphan designation (EU/3/00/011) was granted by the European Commission
to Pierre Fabre Médicament, France, for busulfan (intravenous use) for the conditioning treatment prior
to haematopoietic-progenitor-cell transplantation: 6

“Busilvex followed by cyclophosphamide (BuCy2) is indicated as conditioning treatment
conventional haematopoietic progenitor cell transplantation (HPCT) in adult patients V\@ e
combination is considered the best available option. O

Busilvex followed by cyclophosphamide (BuCy4) or melphalan (BuMel) is indi&% conditioning
treatment prior to conventional haematopoietic progenitor cell transplantati@ aediatric patients.”

This product is no longer an orphan medicine: Busilvex was withdrawn fr he Community register of
orphan medicinal products in July 2013 at the end of the 10-year p@ of market exclusivity.

Currently authorised orphan medicinal products in CGQ‘oning treatment prior to
haematopoietic-progenitor-cell transplantation

O

1. Tepadina (thiotepa) \Q

Potential conflict with authorised an-designated medicinal products protected by
market exclusivity in the EU O

In accordance with the L@issmn Communication on orphan Medicinal Products (2003/C 178/02, 29
July 2003) it is the‘re bility of the CHMP to give an opinion on the similarity of products of
centralised orpha

This Assessm@ ort will focus on the potential similarity regarding Busilvex (busulfan) and
Tepadina a) for the conditioning treatment prior to haematopoietic-progenitor-cell

transpl ion, taking into account Commission Regulation (EC) No 847/2000 and the Commission
Guid on aspects of the application of Article 8(1) and (3) of Regulation (EC) No 141/2000:
Assessing similarity of medicinal products versus authorised orphan medicinal products benefiting from
market exclusivity and applying derogations from that market exclusivity (C(2008) 4077 final dated 19

September 2008).

Assessment report
EMA/550530/2014 Page 72/76



Il  Similarity assessment

The claim of non-similarity is based on the comparison of the molecular structural features and
mechanism of action, as defined in the Article 3 of Regulatory (EC) No 847/2000.

Article 3 of the Regulation (EC) No 847/2000 provides the following definition: “similar active
substance means an identical active substance or an active substance

- with the same principal molecular structural features (but not necessarily all of the sal
molecular structural features) ”6

- and which acts via the same mechanism of action. . 6@
S

The assessment of similarity therefore takes into consideration principal molecular f
mechanism of action and therapeutic indication.

11.1 Therapeutic Indication §
o>

Applicant”s position K
ollewed by Busilvex (FB) is indicated

ansplantation (HPCT) in adult
patients when the combination is considered the best ax' e option.
h

BUSILVEX, proposed therapeutic indication

“Busilvex followed by cyclophosphamide (BuCy2) or fludarabine

as conditioning treatment prior to haematopoietic progenito

Busilvex followed by cyclophosphamide (BuCy4) or an (BuMel) is indicated as conditioning

treatment prior to conventional haematopoietic p or cell transplantation in paediatric patients.”

Of note, modifications due to the new prop(éndication are underlined.

O

TEPADINA, therapeutic indication;
“TEPADINA is indicated, in combin ith other chemotherapy medicinal products:

1) with or without total body irradi n (TBI), as conditioning treatment prior to allogeneic or
autologous haematopoietic p itor cell transplantation (HPCT) in haematological diseases in adult
and paediatric patients;

2) when high dose ch rapy with HPCT support is appropriate for the treatment of solid tumours
in adult and paedié\ tients.”

Conclusion ¢§

The propo erapeutic indication of Busilvex could be considered as similar to part of approved
TepadinaVndication: in combination, conditioning treatment prior to haematopoietic progenitor cell
trans ation in adult and paediatric patients.

CHMP _comment

The CHMP agrees with the applicant's conclusion. There could be similarity as regards the therapeutic
indication between Busilvex and Tepadina. The absence of similarity cannot be ruled out in view of the
overlap of indication between these two medicinal products.
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11.2 Mechanism of action

Applicant” s position

BUSILVEX

Pharmacotherapeutic group: Alkyl sulfonates, ATC code: LO1ABO1.

The primary molecular action of busulfan is alkylation of intracellular nucleophiles. Both proteins and
nucleic acids are affected. With regard to DNA, busulfan reacts with guanine residues to form a four
carbon di-guanine DNA cross-linkage with release of methylsulfonate.

The DNA cross-linkage causes misreading of the DNA code and single-strand breakage. The degree of
DNA cross-linkage has been shown to be proportional to the dose and cytotoxicity of the comp d.
Busulfan-induced crosslinkages of DNA to nuclear proteins may also occur and is considered moxic
mechanism. Busulfan has also been reported to esterify phosphate groups of chromosom @

) ) ) ) <
accounting for the fragmentation of chromosomes seen in various cell types after trea

Chromosomal damage further contributes to the overall cytotoxic effect. O
TEPADINA ®
Pharmacotherapeutic group: Ethylene imines, ATC code: LO1ACO1. 0

Thiotepa is a cell cycle-phase independent, non-specific alkylating antine tic agent, related

chemically and pharmacologically to the nitrogen mustard. The radiomimetic action of thiotepa is
believed to occur through the release of ethylenimine radicals th t@nlar to irradiation therapy,
disrupt the bonds of DNA. One of the principal bond disruptio itiated by alkylation of guanine at
the N-7 position that severs the linkage between the purin S d the sugar and liberates alkylated
guanines.

Thiotepa undergoes complex metabolism with TEPA as,the®*major metabolite. Both thiotepa and TEPA
are active structures. TEPA is assumed to interac ntly with DNA, but is also thought to produce

DNA lesions. \

Conclusion

Busilvex and Tepadina are both alkyl tineoplastic agents, respectively alkyl sulfonate and
ethylene imine, with different mec s of action.

CHMP _comment \Q

Even though both medi products act as alkylating agents, the different metabolic pathways of

tepadina indicate di§fakerit mechanism of action. However, this different pharmacodynamic effect is not
shown and the* @ harmacological action is expected.

In conclusi : the absence of further data, it is not clear whether Busilvex is similar to Thiotepa or
not.

11.3 Molecular Structure

Applicant” s position

In order to assess the possible structural similarity between Busilvex (busulfan) and the authorised
orphan medicinal product Tepadina (thiotepa), the chemical structures, International Non-proprietary
Names (INN), CAS, molecular formulae and molecular weight are detailed below:
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Drug Chemical Names Chemical structure

Product
BUSILVEX INN:
busulfan (Annex I: Who Chronicle, 00
vol.13, No12, 1959) WA
. . 3 o CH
Chemical name: 1, 4-butanediol H.C* \DW g 3
dimethanesulfonate 3 A
o 0
CAS: 55-98-1
Molecular formula: CgH1406S> e
Molecular weight: 246.31 g/mol
o~
TEPADINA | INN: ¢

thiotepa (Annex Il: Who Chronicle, K\
vol.16, No3, 1962) W O
Chemical name: N ®
1,1’,1”-phosphinothioylidynetris-Tris- |
(1-aziridinyl)phosphine sulphide M=—F—=

CAS: 54-24-4 ]

Molecular formula; CgH12N3sPS &
Molecular weight: 189.22 g/mol Q

CHMP comment (’)\v

chemical entities. Busulfan is an

Q

Based on the information provided, @be concluded that busulfan and thiotepa are two different
@ulfonate and thiotepa is an ethylene imine.

11 Concld®

Regarding th rapeutlc indication”:

There L@e similarity between Busilvex and Tepadina. The absence of similarity cannot be ruled
out.

Regarding the “mechanism of action”:

The mechanism of action seem to be partially similar, even though, it is not clear enough to what
extend the differences between these two molecules and their metabolic routes can provide, in the end,
a different mechanism of action.

Regarding the “molecular structure”:

Based on the information provided, it can be concluded that busulfan and thiotepa are two different
chemical entities. Busulfan is an alkyl sulfonate and thiotepa is an ethylene imine.
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Conclusion:

According to the guideline on assessing similarity of medicinal products (2008/C 242/08), “if
significant differences exist within one or more of the criteria (principal molecular structure,
mechanism of action and therapeutic indication as defined in the Article 3 of Regulation (EC) No
847/2000), then the product will be considered as not similar”. Therefore:

Busilvex is considered not similar to Tepadina as they have different molecular structures.
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