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Summary

Post-marketing data regarding brentuximab vedd@M) (are sparse. The aim of this study was to
assess the frequency and nature of significantradwdrug reactions (ADR) in patients treated with
BV in a real-world setting. We conducted a systeémnagtrospective study of patients treated with
BV in a French university hospital. Significant ADRere collected using the electronic patient
records. Between January 2009 and December 20J&tits received BV. Median age was 43.2
and 53.8% were males. Overall, 20 patients (51.8%grienced at least one significant ADR and
24 reactions were reported in total. Twelve (504f)af 24 ADR were severe. The most frequently
observed significant ADR were peripheral sensomyrogathy and CMV reactivation. ADR led to

drug discontinuation for 4 patients and dose radndbr 6 patients. Only 29.2% of the events were

spontaneous reported. Prospective monitoring idetkeo better assess BV safety.
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Abbreviations

ADR: adverse drug reactions

ALCL: anaplastic large cell lymphoma
ASCT: autologous stem cell transplantation
BV: brentuximab vedotin

CMV: cytomegalovirus

CTCAE: common toxicity criteria of adverse events
EMA: European medicines agency

FDA: Food and drug administration

HL: Hodgkin lymphoma

MMAE: mono methyl auristatin E



I ntroduction

Hodgkin lymphoma (HL) and systemic anaplastic largk lymphoma (ALCL) both express CD30,

a cytokine receptor. Standard treatments for HLsyrstiemic ALCL are effective for most patients,
but relapse or refractory concern up to 30-40% datients with advanced-stage HL [1]. The
standard of care for patients with relapsed oractéiry disease is high dose chemotherapy followed
by autologous stem cell transplantation (ASCT), thatse therapies are associated with frequent
relapse (50%) [2]. For this group of patients, Elde options are limited [2].

CD30 is expressed on malignant Hodgkin Reed-Stegnbells and in malignant cells of
systemic ALCL, but has limited expression on heatthsues [3]; it's therefore an attractive target
for innovative treatments. Brentuximab vedotin (Bi¥)a chimeric IgG1 directed against CD30
which is conjugated with an antimitotic agent, ttm®no methyl auristatin E (MMAE). After
binding to CD30-expressing cell, the complex iginalized and the MMAE component is released
intracellularly, causing disruption of microtubul@sd consequent apoptosis [4].

In 2012, BV has been approved by the US Food amgl ddministration (FDA) and the
European medicines agency (EMA) for the treatmértlo after failure of ASCT or at least two
prior therapies for patients who are not candidateASCT, and for the treatment of systemic
ALCL after failure of at least one prior therapy.[B 2016, regulatory authorities (FDA and EMA)
extended the indication of BV to the treatmentdidilapatients with CD30+ HL at increased risk of
relapse or progression following ASCT [6]. In ctial studies, the most frequently adverse drug
reactions (ADR) described with BV for the treatmentHL were peripheral sensory neuropathy,
nausea, fatigue, neutropenia, diarrhea, pyreximituag, arthralgia, pruritus, myalgia, peripheral
motor neuropathy, and alopecia [7]. However, posharization data are needed to confirm the
safety profile [8]. Hence, the objective of thisidf was to assess the frequency and nature of

significant ADR in patients treated with BV in alavorld setting.

Methods

We performed a single-center, observational, rpgosve study in the university hospital of

Montpellier, France. Patients who received at least injection of BV between January 2009 and
December 2016 were included. The list of patierds provided by the clinical oncology pharmacy
unit. Dates and number of injections, dosage apé ©f chemotherapy regimen were recorded
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using the electronic chemotherapy prescribing systé&or each patient, medical history,
concomitant treatment medical reports, clinical padaclinical data were collected using electronic
patient record and significant ADR (excluding expecside effects related to chemotherapy
treatments such as nausea, vomiting, neutropeaimué, etc.) were searched. For each new
identified ADR, a causality assessment was perfdriaecording to the French method for the
causality assessment of ADR [9] and cases wererdedoin the French pharmacovigilance
database. An ADR was defined as severe if it rafegrade 3 to 5 of the common toxicity criteria

of adverse events (CTCAE) version 4.

Results

Overall, 39 patients received at least one injectd BV between January 2009 and December
2016. Median age was 43.2 years (min. — max.: 4482.7) and 53.8% were males. The indication
of BV was refractory or relapse HL for 30 patief$.9%) and systemic ALCL for 6 patients
(15.4%). Three patients (7.7%) were treated by B¥ dther types of lymphoma. The median
number of injection was 5 (min. — max.: 1 — 23). #%s used alone for 23 patients and used with a
concomitant chemotherapy for 16 patients. Bendamaistas associated with BV in 12 patients
(30.8%) and other chemotherapies used concomitamitly BV were: cisplatin, dacarbazine,
doxorubicin, vinblastine, gemcitabine, and vinomedh Eleven patients (28.2%) underwent ASCT
before BV treatment. Overall, 20 patients (51.3%pezienced at least one significant ADR: for
grade 1-2 of the CTCAE, only nervous system disedekin disorders, hepatobiliary disorders and
infections were studied; for grade 3 to 5 of theGQ&AE all types of ADR were taken into account.
In total, 24 reactions were reported: one patiead B ADR (infectious colitis, cytomegalovirus
[CMV] infection, paralytic ileus and peripheral mepathy) and another patient experienced 2 ADR
(paralytic ileus and peripheral neuropathy). Twetwg of 24 ADR were considered severe (50%)
(grade 3 to 5 of the CTCAE). The most frequentlysabed significant ADR was peripheral
sensory neuropathy (Table 1). In 4 cases, BV wesodtinued because of ADR and for 6 patients a
dose reduction was done. Four out of 12 patiertatéd by the association BV-bendamustine
experienced an ADR (including 4 CMV infections) ehdut of 11 patients who underwent ACST
before BV presented an ADR (including 2 CMV infects). No CMV was detected or searched for



patients with colitis or hepatitis. Previous chehsovapies according to the type of ADR are
reported in Table 2.
Among all the cases, 7 (29.2%) were spontaneousortegp to the referent

pharmacovigilance centre (Annex 1) and one wadiedtio the manufacturer.

Discussion

We conducted a post approval study of brentuxineddiied ADR. About half of patients treated by
brentuximab vedotin showed at least one ADR andntiost common effects were peripheral
neuropathy (33.3%) and CMV infections (25%). Howewee focused on significant uncommon
ADR and did not report common side effects relatedhemotherapy (nausea, vomiting, aplasia,
etc.).

Concomitant and previous treatment should be takenaccount. Recently, a safety signal
was issued by regulatory authorities concerningnareased incidence of opportunistic infections
(including herpes zoster, CMV and hepatitis B) rafteatment with bendamustine [10]. Indeed, it
has been shown that patients treated by bendaraystésented prolonged lymphocytopenia and
low CD4-positive T-cell counts, for at least 7-9 miiwts, which may increase the risk of
opportunistic infections [11]. In our study, amonige 6 patients who developed a CMV
reactivation, 4 had a concomitant treatment witmdaenustine and 1 patient had a prior
chemotherapy with bendamustine in the 6 monthsredfte reactivation. One patient with CMV
reactivation did not receive bendamustine (eithefote or during BV treatment) and among the 4
patients with concomitant treatment with bendanmesand CMV reactivation, half did not have
lymphopenia (data not shown). These data suggesieaof BV in CMV reactivation. CMV
infections (as other herpes viruses infections) raoge frequent in patients with hematological
malignancies [12]. However, there is a potentiak lto the specific anti-CD30 effect of BV and
CMV infection [13]. Bekiaris et al[14] showed that NK cells protect secondary lymghtssue
from CMV. Within the affected organ, CMV infectiomiggers morphological changes and a
general reduction in cellularity due to excessigeosis. These conditions favor the up regulation
of CD30 on the surface of NK cells, which explaithat NK cells express high level of CD30 in
CMV infection. It appeared that expression of COBt&grates survival signals to NK cells that
allow them to prevent viral spread and subsequesittdgration of secondary lymphoid tissue.

Failure to express CD30 results in escape of and tissue integration. BV is an antibody drug



conjugate directed to CD30. Its conjugate bindseits which express CD30, of which NK cells,
precluding the up regulation of CD30 expression andsequently prevent NK survival and
secondary lymphoid tissue remodeling. Thereforezait be proposed that the use of BV may
selectively reactivate CMV infection and possibiyher herpes viruses. Besides, because of the
non-specific manifestations of CMV disease, itsdeace is probably underestimated.

Our results are consistent with the literatureitérature review found peripheral neuropathy
as the most clinically significant BV related taxkyc[7]. In a small clinical trial, CMV viremia was
reported in 5 out of 25 patients (20.0%) treateth\B\V [15]. In this study, concomitant treatments
especially with bendamustine were not reported. Cid&Cctivations occurred in our center have
been previously detailed [13]. Monitoring CMV virkldad in asymptomatic individuals who are
receiving BV may not be practicable in treatmemtees but it is important for clinicians to be
aware of the potential risk for CMV infection andreening should be systematic in individuals
who develop signs or symptoms compatible with a CM&ase. In our study, in a case of CMV
pneumonitis, the virus was isolated by PCR in thentho-alveolar fluid but not in the blood.
Indeed, it seems that tissue PCR has a bettertiségpsand that negative blood PCR did not
exclude a CMV disease [16,17].

In 10 cases, ADR led to BV discontinuation or dosguction. In the summary of product
characteristics, the manufacturer specifies thee dadjustments in case of neuropathy or
neutropenia. No details are given for other typead¥erse events, and the question of loss of
chance of cure may arise.

Our results highlight the importance of systempbest approval pharmacovigilance studies.
Indeed, only 29.2% of the ADR were spontaneousrtegpthat underlining again the importance
of under-reporting in pharmacovigilance. Moreosafety in pediatric population and in the elderly
was not established through clinical trials [8]. phase IV study would be useful to explore
systematic CMV detection. A prospective monitorimguld indeed represent the optimal practice
for innovative molecule such as BV to better asstsssafety profile and optimal management of
ADR.

Disclosure of interest

Authors have no conflict of interest to declare



References

[1] Kuruvilla J. Standard therapy of advanced Hodgkmpghoma. ASH Educ Program Book 2009
Jan 1;2009(1):497-506.

[2] Rancea M, von Tresckow B, Monsef I, Engert A, Skdét High-dose chemotherapy followed
by autologous stem cell transplantation for pasienth relapsed or refractory Hodgkin lymphoma:
A systematic review with meta-analysis. Crit Rew@Hematol 2014 Oct;92(1):1-10.

[3] Deutsch YE, Tadmor T, Podack ER, Rosenblatt JD. @CD$ important new target in
hematologic malignancies. Leuk Lymphoma 2011 SB@(9):1641-54.

[4] Glimelius I, Diepstra A. Novel treatment conceptsHodgkin lymphoma. J Intern Med 2017
Mar;281(3):247-60.

[5] Claro RA de, McGinn K, Kwitkowski V, Bullock J, Kimaelwal A, Habtemariam B, et al. U.S.

Food and drug administration approval summary: tosemab vedotin for the treatment of relapsed
Hodgkin lymphoma or relapsed systemic anaplastigelgell lymphoma. Clin Cancer Res 2012
Nov 1;18(21):5845-9.

[6] European medicines agency - Human medicines - AdcetMarch 2016.

http://www.ema.europa.eu/ [Accessed 10 July 2018]

[7] Oak E, Bartlett NL. A safety evaluation of brentmab vedotin for the treatment of Hodgkin
lymphoma. Expert Opin Drug Saf 2016 juin;15(6):838—

[8] Gravanis I, Tzogani K, van Hennik P, de Graeff Bhi8itt P, Mueller-Berghaus J, et al. The
European medicines agency review of brentuximalotwedAdcetris) for the treatment of adult
patients with relapsed or refractory CD30+ Hodgkimphoma or systemic anaplastic large cell
lymphoma: summary of the scientific assessmenthef dcommittee for medicinal products for
human use. The Oncologist 2016 Jan;21(1):102-9.

[9] Arimone Y, Bidault I, Dutertre JP, Gérardin M, GGy Haramburu F, et al. Réactualisation de
la méthode francaise d’imputabilité des effets siddles des médicaments. Therapie 2011 Nov
1;66(6):517—25.



[10] Bendamustine (Levact et son génériquajigmentation de la mortalité observée dans des
études récentes - Lettre aux professionnels deé saANSM: Agence nationale de sécurité du
médicament et des produits de santé. April 201tp:/fdnsm.sante.fr/S-informer/Informations-de-
securite-Lettres-aux-professionnels-de-sante/Bendtane-Levact-et-son-generique-augmentation-
de-la-mortalite-observee-dans-des-etudes-recerggetaux-professionnels-de-sante [Accessed 10
July 2018]

[11] Saito H, Maruyama D, Maeshima AM, Makita S, Kitan&t, Miyamoto K, et al. Prolonged
lymphocytopenia after bendamustine therapy in ptivith relapsed or refractory indolent B-cell
and mantle cell lymphoma. Blood Cancer J 2015 Qub®pe362.

[12] Wade JC. Viral infections in patients with hemagial malignancies. ASH Educ Program
Book 2006 Jan 1;2006(1):368-74.

[13] Tudesq JJ, Vincent L, Lebrun J, Hicheri Y, Gabellie Busetto T, et al. Cytomegalovirus
infection with retinitis after brentuximab vedottreatment for CD30+ lymphoma. OFID 2017
https://watermark.silverchair.com/ofx091.pdf?tok&QECAHI208BE4900an9kkhW_Ercy7Dm3
ZL_9Cf3qfKAc485ysgAAAadwggGqBgkghkiGOwWOBBwagggGbBIwIBADCCAZAGCSqGSIb
3DQEHATAeBglghkgBZQMEAS4AWEQQMJIzUOAfSB3WYYyW6g4AgEQBIYf1XNht83hW(QqllSj
b1kzb1SBBA-5QodLBtw0YPOqHXctjAKIMbGSLT880MVgLoUjdZAgEo-
NbYRYGHLBBSZ 8 XZPLIY6ke QGNi4U-
zYeQDK3FmM9wjOWxnd7d3mSIuHQIBzz_vUPKS63WEkXTaOF|_BBQZd2H5Agnu_18FvF6u
1zMjn7WYTPHdJCQH9yxFNfHtVLjBYLLYWa8RXGqY1Ys6Rk_bRB#03y41DvdnZnl7PXlqlgf
12A3LIAQ67pfNDIbwOLGA-
XKFXzGzxYUCL5gzEtXJDOszeoFq7lwdO4zzE972xZXimmrFeTIjR_-
WRREmMvsoip7HDBNnvVHLAEtPojjooQdQ-5UFbrt-
m_wFuSrODObrfRUIRFOK5W4GCXHQjjcIRX3AcUH98_g8GsnzseBk2aCN-
rKLFY8ujVdBW1VhVkp9LguSBew8KTgPomAVjNNnmylpenGzOKAEcessed 10 July 2018 (3

pp.)]

[14] Bekiaris V, Gaspal F, McConnell FM, Kim MY, WitheBR, Sweet C, et al. NK cells
protect secondary lymphoid tissue from cytomegaisv/via a CD30-dependent mechanism. Eur J
Immunol 2009 Oct;39(10):2800-8.



[15] Gopal AK, Ramchandren R, O’'Connor OA, Berryman F8lvani RH, Chen R, et al.
Safety and efficacy of brentuximab vedotin for Hkitlglymphoma recurring after allogeneic stem
cell transplantation. Blood 2012 Jul 19;120(3):560—

[16] Burston J, van Hal S, Dubedat S, Lee A. Inclusiondystanders? CMV PCR sensitivity
and specificity in tissue samples. J Clin Virol 20thai;90:38-9.

[17] Tandon P, James P, Cordeiro E, Mallick R, Shukl&@Curdy JD. Diagnostic accuracy of
blood-based tests and histopathology for cytomewai® reactivation in inflammatory bowel

disease: a systematic review and meta-analysianmmni Bowel Dis 2017 Apr;23(4):551-60.



Table 1. Adverse drug reactions (ADR) occurring in patients treated by brentuximab vedotin

Severe ADR
'?rl]l jgf; (CTCAE grade 3to

5) [n=12]

n % n %

Peripheral sensory neuropathy 8 333 0 0.0
CMV infection 6 25.0 6 50.0
Paralytic ileus 3 125 2 16.7
Infectious colitis 3 125 3 25.0
Cholestatic hepatitis 1 4.2 0 0.0
Skin reaction 1 4.2 0 0.0
Shock, unspecified 1 4.2 1 8.3
Zona 1 4.2 0 0.0

CMV: cytomegalovirus; CTCAE: common toxicity criteria of adverse events



Table 2. Most frequent BV-related adverse drug reactions g to previous chemotherapies (n =
16)

Peripheral CMV  Paralytic Infectious
sensory infection ileus colitis
neuropathy
(n=29) (n=6) (n=3) (n=3)
n n n n
Nitrogen mustards (n = 11) 6 4 2 2
Nitrosoureas (n = 6) 2 1 3 0
Platinum salts (n = 7) 3 3 1 1
Other alkylating agents (n = 4) 1 1 1 1
Cytotoxic antibiotics (n = 4) 1 1 1 1
Pyrimidine analog (n = 10) 5 3 2 1
Purine analog (n = 2) 1 0 1 0
Anthracyclines (n = 11) 4 5 3 2
Topoisomerase Il inhibitors (n 3 3 2 1
=10)
Miscellaneous (n = 2) 1 0 1
Monoclonal antibodies (n = 3) 1 1 1 0
Vinca-alkaloids (n = 10) 5 5 2 2

BV: brentuximab vedotin; CMV: cytomegalovirus





