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Melphalan

s It is used to treat multiple myeloma and
ovarian cancer

= Oral or IV

= Common side effects include:
= N, V and oral ulceration

= BM suppression, including

= Decreased WBC count causing increased
risk of infection

= Decreased platelet count causing
increased risk of bleeding




Lo Melphalan

{ - Indications: LSA rescue (DMAC), myeloma, sarcoma,
4 carcinoma, FIP
l = Unique Side Effects:

» Pneumonitis, pulmonary fibrosis
+ Use with caution with kidney disease — reduce dose by 50%

* neurotoxicity

~ = Drug Interactions:
( + Kidney toxicity when used with cyclosporine

-

Fb/Nurse-Info




Melphalan Dose for Transplant

MEL 200 mg/m? is standard

MEL 200 — popularized by Royal Marsden , UK
(Cunningham, et al)

IFM 90 randomized trial (Attal, et al) established ASCT
as standard of care

— Used MEL 140 + 8 Gy TBI as conditioning

Retrospective EBMT study (Bjorkstrand, et al)
— 0S8 and PFS better for MEL over MEL TBI

IFM 95-02 Randomized study of MEL 200 vs MEL 140 +
TBI ( total body irradiation)



Risk-adapted Melphalan Dosing

. CrCl <15 mL/min or the
SRk =00 mLiine patient is on hemodialysis

High-dose Melphalan 140 mg/m? 140 mg/m?
Suggested Age-adjusted Dosing of Melphalani?]
Age <65 years Age 65-75 years Age =75 years
Dose level 0 Daose level =1 Dose level =2
0-25 ma'kg 0-18 ma/kg 0-13 mg/kg
Melphalan days 1—4 every 4-6 days 1—4 every 4-6 days 1-4 every 4-6
weeks weeks weeks

» Melphalan dose may also be adjusted due to comorbidities

[1] Dimopoulos et al, JCO 201028 49764084 [F] Palumbo & anderson KN Engl J Med 2011 384 10461060



DRUG NAME: Melphalan

SYNONYM(S): L-PAM." L-Sarcolysin.? Phanylalanine Mustard,"® Phenylalanine Nitrogen Mustard®
COMMON TRADE NAME(S): ALKERANS
CLASSIFICATION: alkylating agent*

Special padaifne considerations are natad whan applicable, othenrse adull prowsions apily,

MECHANISM OF ACTION:

Melphalan, a bifuncional nitrogen mustiard-derivative alkylating ageant, is the L-isomear of mechlarathamine.® c
Medphalan inkibits DMNA and ENA synthesis via lormation al in le-1sz1rE|n|:t crass-links with DNA, liksly binding &t tha N
pasition of guanine. Melphalan is cell cycle phasa-nonspecific.  Mealphalan also has immunosuppressive
properties,”

PHARMACOKINETICS:
Table refers 1o Intravenous (IV) dosing excapl where spaciliad.
Oiral Absorplion highly varable and iIncomplete™: bloavailability decreasas with repeated doses ™ presance

of food delays time to achieve peak plasma concentrations and reduces AUC by 38-45%;
tirras Lo peak concentration”: 1-2 h

hstnbutiosn cross blood brain barnary low concantrations n C5F; plasma CSF concantrabions
10:1 1a 1004
woalieme ol distribution LS Likg: approximates tolal body watsr
plasma profein hinding BO-B10 %,
Metabalism nat actively metabolized, primarnly eliminated from plasma by nonenzymatic spontanecus

% i | 7 !
hydrolysis; some hepatic conjugation to glutathione™": renal clearance s nol a major route
ol alimination

actve meatabolitals) red information fownd
inative mejabolitals) manaiydroxy- and dibpdrodoy-melphalan
Esxcration Litirg 10 4 6% as melphalan wthin 24 h;

20-35% ol drug and metabolites excrated within 24 h°

leces 20-50% within & days™

terrminal kalf life” 1.2-1.5h
orad: 1-1_2% h

clearance EED-.}ErmL-'min-'m"' considerabla intarindividual
variation”

Adapted from standard =lemnos” unless specilled otharwze.

USES:

Primary uses: Other uses: .

"Bultiple myelamza Breast cancer' 2
*Owarian cancar Conditioning regimen pre-autologous and allogenic BMT :

Malanama (hyperhaimic isolated limb parusion)
Neuroblastoma®™**#

Fthabd'-umg,'ﬂsarmma'
Waldensirom's macroglobulinamia’

*Heatth Canada Bnprovad endCakn




SPECIAL PRECAUTIONS:

Caution:

= Patlants with a hi|;1:|r].I al skin rash with alber alkylating agents (e.q., chlo@mbucil} may have Incraasad nisk of
rash with malphalan.

#« Ganerally malphalan should nof be used concurrantly with radiation.” howeaver malphalan has bean used with
radiation for the treatment of multiple myeloma,'” see Dosage Guidalines.

« Administer with caution in patients with bone marmosw suppression, andior 0 patients whose bone marmow
reserve may be compromised by recant chamatherapy or radiation.*

« Pallents wath ranal impairment are &l nsk lor uramic mafmow supprassiun." Savere leukopania may ocour, ses
Dosage Guidalines.

Hapaiitis B (HBV) reactivation: All lymphoma patients should be tested lor both HBsAg and HBcADL. I either test is
pasitive, such patients should be treated with lamivudine 100 mgday orally, lar tha entire duration of chamoihanapy
and for six months afterwards. Such patients should also be monitored with frequent liver function tests and HBY
DMA at least every two months. If the hepatitis B virus DMA level rises during this monitoring, management should be
reviiewed with an appropnats speciallsi with expeneance managing hepallils and considaration given o halling
-I:I'lemuﬂ'1r_'fa|:r5r.”

Carcinogenicity: Melphalan is carcinogenic.”
Mutagenicity: Mutagenic in &mes test and mammalian in wiro mutation tast, 4 '?
marnmalian in vitro and in vivo chromosoma tests”

Malphalan 15 clasiogenic in

Fertifity: Both reversible and parmanant starlity and inferlility have baen repored with ITII'.'||:I'|1E'I|EII'I-.I * These effacts
may ba related o the dose and length of therapy' % the total dose balow which there is na rigk to fartility has rod
baen established. Pradiction ol the degree of testicular or ovarian funclion impairment is complicated by the comman
use ol combination tharapy.

Pregnancy: FDA Pregnancy Catagory 05 Thera is pasitive evidence al human fetal nsk, but the benalits Trom uss
i pragnant saman may be actaptable despila the nsk {g.q., il the dreg is neadad in a lile-threataning stuation or faf
a sanous disaase lar which saler drugs canncl be used or are inaffaciiva).

Breastfeeding is nol recommended due 1o the potential sacretion (nfo breast milk.*

SIDE EFFECTS:

The table includes advarse avents thal presanted during drug treatmant biul may nol necessarily have a causal
relationship with the dnig, Becausa clinical frials are conducied undar very spacilic conditions, the adverse evant
rales obsarvad may nol ralléct the rales absarved in elinical practice. Advarse events are ganafally Included il thay
weara raported in more than 1% of patients in the product monoaraph of pivolal thals, and/or delermined o ba
clinically impartant.  VWhan placeba-contralled trials ara available, advarss evanls are includad if the Incidanca |5 =
5% higher in tha treatmant group.

The following table is based on IV and oral data using several different dosing schedules unless otharwise

specified. For information regarding hyperthermic isolated limb perfusion, see paragraph following
Parenteral Administration table.

ORGAN SITE SIDE EFFECT

Clinlcaly iImportant side effects amn in boald, Malics

allergy/immunology hypersansitlvity reactions including anaphylaxis (2%), typically oocurs alter several
courses af IV therapy *'* ses paragraph following Side Effects table

vasculils




ORGAN SITE

BIDE EFFECT

Clinlcaly iImportant side effects amn in babd, slics

blaadbona marrow
fabirle neutrapsnia

anamia® (11-60%, sevara 212%™ typlcally occurs 6-8 weaks altar initlation al
tharapy: hamaolyie anamia also reparted

immunasupprassion, |eukapenia, neulmp_l_eqnla (5-T00%, savere 3-37%)" 5. dose related,
varable onset, has ocourred aller 5 days | typically occurs 2-3 weeks altar inifiation
al iharapy

thrombacylopania |5-55%, severs 3-43%)%"° typcally cocurs 2-3 waeks alter inibation
af |hHrE|-.|:I3,'5

cardiovascular

{arrthmia)

atial libriliation; aftier high-dosa mEIphaInn-

cardiovascular (genaral)

h','|::~-|:|l:En'.1'H:|r1T

consiiutional symploms

latigus '

darmalalogy'skin extravasation harard: vesicant™
alopacia | 7-%%, savara 0.5%)"": dose related, 100% after high-dase malphalan
injection site reachon [50%); I:nu.'r|||1g." imtabon, pam, ulcaration, flushing, and sansafion
al warmith and/ar tingling, typically mild and resolvas In a lfew houwrs without (reatmant;
SHIn oS s raredy regquinng skin _gra!'llng has oocurred” | _
maculopapular and urtlcaral rash,” dermatitis, and prurifis”

endocring antidiureilc hormone secretion abnormality™

gastiintasting ginsfagarnc pazantrar"-. ook refarE_r_ﬂ', rarg far w-dose oral,
fwgh-moderate for 250- 1000 mg/m
Anofaxia
diarrhea; dossa related, iyplcally cocurs 1 week atter high-dose mealphalan
nausaa and vomiting (<30%, severe <2%1""%, dose related.” 30-80% after high-dose
malphalan”
stomatitis (< 50%)" " dose ralated”

hemarrhage hemotrhage”™ (severe 1-3%)"

hapatohiliary/pancraas

hapatic tazicily; alter high-dose mEIphaIan'!'

indaction

infeclion not oihanwyise 5|.15|:iI|E|:I"'-‘ (5-21%, savera 2-1 4%

matabodic/laboratony

abnarmal lnvesr 11..|n|:U|::1-{| tasis; elevaied transaminases ; usually mild, typically sean wth
high-dose malphalan ™

hyparuricemia; typically seen aafly alter starting treatment in paliants with renal
damafe

alavaled sanum craabinine

hyponatremia’ ; after high-dosa melphalan’

naurology neumpaﬁhg.-'-"-' {2%]"'

radiation myelopathy®

selzure | in patients with renal failure’
pulrmonany pulmorsary librosisfinterstitial preumoniiis; see paragraph lolliowing Side Effects table
renal/ganliourinary bladder rritationicyshiis”

1
ranal lallura

secondany malignancy

carcnoma; cumiulative dose and duration dependent




ORGAN SITE SIDE EFFECT

Clinlcaly Important side effects ane in bobd, falics

acule laukamia [2%-200 ), cumulalive dosa and duralion depandani

miyaloprolilarabive syndioms [29%-20%); cumulative dose and duralion dependent

sauialraproductive amanafrhas; yplcally duration dEp‘-EII'IdEI'I-‘lE

i infertiliyrsiality; festicular suppresson, ocvanan seppressiontalure; raversible and
Irravearsibls

vascular vand-occiusive diseass, allar high-dose malphalan

Adapiad from standard refarence” unless spacifiad othensisa

Hypersensitivity reactions including anaphylaxis have been reporied in 2% of patlents recelving melphalan.
Hypersansiiivity reaclions ocour most commonly alter several courses af IV tharapy ™ | safly hypersensitivity
reactions and reactions with oral melphalan have also been reparted.” " These reactions are charactarized by
urlicarna, pruriis, adema, and in soma patients achycardis, bronchospasm, dyspnaa, hypotension, chast pain, and

rarely cardiac arrast.” Antihistamines and corticosteroids are standard treatment. Malphalan should be discantinued
alter a hypersansitivity reaction.”

Gastroinhastinal foxicities: The nausea and vomiling, diarfmea, and stomalifis associated with malphalan are dosa
related.” Mild nausea and vamit ng may occur in pailents receiving conventional oral doses of malphalan"':'!"r"
however, roufing prophylactic antiamelics are usually nof r|!|v|‘.]l..|ini||::|.1I - .lﬁ.l:lmlnlsln_-rlng melphalan in dwvided doses
rather than as a single daily dose may reduce the incidence of nausea.’ " With high-doss IV therapy, vomiting,

diarrhea, and siomatitis become the dose-limiting toudciiles. ™

Pulmonary fibrosis and interstitial pneumonitis have been reporied with melphalan use” Malphalan-relaied
pulmanary toxicity is not related o dose or duration of therapy. Melphalan should be discontinued If signs ol
pulmanary loxicity ocour {cough, lever, rales, dyspnea, mspimlony distress, and hypaxial. A hyparsensitivily
mechanism may contribute 10 these loxicities.” Pulmaonary fibrosis may be reversible Inllowing melphatan withdrawal
and administration af staroids, bul may progress despile withdrawal af ml!l|:|-11E|IE||‘|..I Fatalities have occurred.”

Bone marrow m.-_nmsshn. primarily leukopenia and thrombocytopenia,” are the most commen and dose-limiting
side alfecis of mﬂfhulan * Bane marrow suppression typically OCurs gradually, is usually moderata in savarity,
and is revarsible™™; rreversible marmow failure has been reported.”~ With continuous short courses of tharapy,
leukopenia and Ihrnmh-m:;-.rlclpema iypically do not accur untll the second or third week of traatment and recavar by 4-
L weeks i Dalaved myelosuppréssion may cccut with counts cantinulng o fall for B-8 weahﬁ altet irtlation ol
tharapy.” Rapid onse! of profound myslesuppression often occurs al doses abave 140 mg.m M;.relnrna patiants
olian do nol have narmal bloed counts prior 1o malphalan treatmeant; abnormal blood counis may parsist afier
discontinuing treatmand. In thasa cases the nadlr information will nod ba relesvant.

D to ke signilicant interpatient vanability of oral melphalan absorption, i 15 recommendead that the melphalan
dosage be escalated untll somea myelosupprassion s obsarved.’ For patients with evidence ol bona marnow [allure,
discontinue malphalan; evidence of marmow regeneration should be obtained balore restarting treatmant. The
incidance of sevars myalosuppression is greatar In patients recelving 1V mElI|:|4'|E|IE|r|..5

Hyperuricemia may result from cell lysis by cyiotoxic chemotherapy and may lead to electrolyte disturbances or

acute ranal failura.™ It Is most likely with highly proliferative tumours of massive burden, such as laukemias, high-

grade [ymphomas, and myeloproliferallve diseases. The risk may be increased in pabiants with preexisting renal

dyslunction, especially ureteral ohstruction. Suggestied prophylactic treatment lor high-risk patients™':

« angressive hydration

o  Allapunnal

# alkalinization of wring, il the urc acid level is elevated, use sodium blcarbonate IV ar PO titrated ta maintain
uring pH = 7




PARENTERAL ADMINISTRATION:
BOCA administration guidaline noted in bold, alics

Subcutanaous fial used due 1o coffosive nature

Infrarmusculas nat used due o corasive natune

Diract imfavanous inta tubing al renning 1V, ses Prevention and Managameait of
Extravasation of Chamotheraoy

{ntermittent infusion” over 15-20 minutes; longer duration fup to 60 minutes) may

be used when mixed in large volumes due fo
cancentration-dependent stability requirements

Continuous infusian not stable in solution

Intrapantoneal’ i has bean used

Intrapiedral na |nfosmation fownd

Inirathecsl na Infarmation fowund
Intra-artanal/Hyparthermic isolatad limdb ;J|=_*r|'u5H:|r1'IE has baan used, see paragraph balow
Intravesical na imfasmation lowund

Hyperthermic isolated Nmb perfusion’ Melphalan lar Injection has been administered by hyperihermic isolated
limb perfusion, as an adjunct 1o surgery, for the local treatment ol malanoma.” The recommended dose of malphalan
tar perfusian 15 1.0 ma'kg for the uppar extramily and 1.5 mg'kg for the lowear axtreamity. The total dosea lor a
malphalan parfusion should nol exgead BO mag lar upper axdramity and 120 mg For lower axtremity. Melphalan is
administerad info the ananal lina ol the pardusion in 3 equally divided dosas at S-minuta inlarals. For furthar
administration details pleass ralaf to the manufactuner's product monocgfaph.

Melphalan concantrations declins rapidly Inom circulating parfusate with average larminal hall-lives af 18 fo 53
minutes.” Paak melphalan concantrations in the closed circuit periusale ara typically 10 to 100 times graater than
peak concentrations in plasma aobserved following standard dose intravenous melphalan therapy.” Systemic
exposure 1o melphalan during limb perfusion is generally vary low.” Systemic complications are uncommaon.

Side eliects may Include:
« edema and slight erythema (B0%)"
« blistering (6%), typlcally coours 14 days alter treatmant’
« Wwiund complications, such as dalayad hEaIim% and infection (51 0%6)”
# tissue necrosis and necratizing fasciitis (<1%) .
» transient paralysis, imb pain, nerve injury, and perpheral nauritis™
. pulmnl'liar'_.l embsaliEm, sevarns namna ar muscle damage, and arerial or venous thrombasis reguiring amputation
(=1%)
» reversible bone marrow suppression (5%
Local toxicity increases with Incraasing dose, durallon ol perfusion, and 1lemp£|ra1ura-‘

DOSAGE GUIDELINES:

Heter 1o profecol By which patient s baing treatad. Mumetous dosing schedilas exist and depend on diseass,
response and concamitant tharapy. Guidelines lor dosing also Include consideration of absalute neutrophil count




(ANC). Dosage may ba reduced, delayed or discontinued Im patienis wiih bane marnow deprassion due 1o
cytalapc/radialion therapy or with alher taxcities.

Adulis:

Dral

Cycla Langih:
4 mﬂ_:l

nia*:

I'Il'BJ.'

4-5 wopks™

BLCCA usual dose noted in bold, Halcs

9 mg/m’ PO once daily for four consecutive days starting

on day 1

{total dose per cycle 36 mginr')

adjusted to induce a therapeutic response but not cause

a fall in neutrophil count below 1 x 10"/ andfor a fall in

platelat count balow 100 x 10°A

« Hound dosa (o the nearasi 2 mdg.

# Doses can be divided (e.g., BID-QID).

# Acdjust dose according o hamatalogic responsa.

» Preferable to administer on an empty stomach,

« Saveral vanations ast of the combination melphalan and
pradriisons rr1'-|_:||rn|5n.5 s

initial: 10 mg PO once daily lor seven conseculive days
(rEnge T-10 days) stariing on day 1

[tofal dose TO mg [range T0=-100 mg])

lollowed by a resi petiod ol ireatment, dunng the drug lrea

penad monitor blood counts, once the white blood cell count
s =4 % 10°/L and the platalet count |s =100 x 10%L, stant

maintenance (hefapy

maintenance: 2 mg PO once daily
ad|usted 1o iInduce a tharapeutic reEponse Bt mol causa a fall
in neuiraphil count below 3-3.5 % 10°/L

« Preferabla o administar on an emply slomach,

initial: & mg PO once daily lor fourtesn conseacitive days
(range 14-21 days) starting on day 1, adjusted based on
waakly blood counts

(total dosa B4 mg [range 84-128 mgl)

lallowed by a res! pericd alf ireatment of up to 4 weaks,
during the drug lrea period manibor blood counts, once tha
whila hlu-uql:l call count is =4 x 10°L and the platelet count is
=100 % 10 /L, sfan maintenance (herapy

maintenance: 2 mg PO oncea daily

adjusted to induce a therapeutic rEEE-unse bt nol causa a lall
in nEutraphil count belaw 3-3.5 2 10771

« Preferable to administer on an empty stomach.

0.2 mgkg PO anca dally hor five consacutiva days staring an
day 1

[tofal dose per cycla 1 ma'ka)

¢ Round dosa {o the nearest 2 mdg.

# Prefarable o administar on an empty stamach.




intravenocus:

Parusion Method,

Concurrent radation:

DosHoe i myees hpres s,

Dosage n renal Al

Dassge m hepatc @ilure:

Drssge i ofalysis:

BCCA usual dose noted in bold, italics
Cycle Lengih:
nia’: imdtial: 0.15 makg PO once daily for saven consecullve days
starting on day 1
(total dosa 1.05 mgdkg)
lallowed by a res! pencd all reatment of 2-6 weeks, durng
the drug Iree panod monitor blood counts, once (ha while
blood cell and plalalst cownt &ne rising, start maintenance

thierapy

maintenance: 0,05 mahg PO ance daily or 2 mg PO once
daily

adjusted o induce a therapeutic responsa bul not causa a fall
in counts balaw 3-3,5 % 10°/L

= Hound dosa 1o the nearasi 2 mg.

« Preferable io administer on an empty stomach.

2-4 weeks 16 rng'."rn" IV fof one dose on day 1 every two weaks 1or four
cycles ihen rapaated evary lour waaks
(total dose per cycle 16 ma/m”)
o Adjusted on the basis of nadir blood counts.

Bone marraw 200 mg/mr® IV for one dose on day -1 of Peripheral Blood
transplant - Stem Cell Transplant (FBSCT)

(total dose 200 mg/im’)

Note: these doses are faial without BT,

see Faragraph following Parenteral Administration table

generally melphalan should not be used concurrently with radiation’; melphalan
has baean usad with radiafion when ihe benalis were belleved 1o outweaigl he
riskis

modify acoording o protacal by which patient & baing réated; || no guidalines
avallable, raler to Appandix b "Dosage Modilication lor Myalosupprassion”

dose reducticn should be considered,”” although malphalan is elminated
phmanly by nonranal machaniems, patients with renal impairmant am al nsk lar
Uuramic marmow supprass an"; NUMerous dosing guldelings axisi:

¢ The manufacturer suggests a 50% dose reduction of the |V dosa if BUN = 11

irmalL. )
suggested dose adusimaent lor [V or PO “E- not to ba used for BMT doting
Creatinine clearance” Dosa
{mLfmin}
=50 1007
10-50 T5%
<10 B0,
Calculatad craatining clearanca = N*x (140 - Aga) ¥ walght (ki)

Serum Creafining in pmal/L
"For males N = 1_23; lar lemales N=1.04

o adjustman I‘EI:[IJirEdI

not removed from plasma io any significant degree by hemodialysis,

hemopariusion,” or partoneal dialysis

- Ennllanﬂuus aftaficvanous harmaoliltration (CAVH): admimister T5% ol usual
dasa




