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Alkylating Agents——
Cyclophosphamide

Cyclophosphamide can also be given orally.
Indications :

*

It is used in the treatment of chronic lymphocyctic
leukemia, non-Hodgkin's lymphomas, breast and
ovarian cancer, and a variety of other cancers.

It is also a potent immunosuppressant, it is used in
the management of rheumatoid disorders and

autoimmune nephritis.

Adverse Effects:

* Alopecia, nausea, vomiting, myelosuppression, and

hemorrhagic cystitis.



Uses of cyclophosphamide

* Neoplastic conditions
— Hodgkins and non hodgkins lymphoma
— ALL, CLL, Multiple myeloma
— Burkits lymphoma
— Neuroblastoma , retinoblastoma
— Ca breast , adenocarcinoma of ovaries

* Non neoplastic conditions
— Control of graft versus host reaction
— Rheumatoid arthritis
— Nephrotic syndrome



CYCLOPHOSPHAMIDE

v" Mechanism of Action

» the main effect of cyclophosphamide is due to
its metabolite Phosphoramide mustard

« Phosphoramide mustard forms DNA crosslinks
between (interstrand crosslinkages) and
within (intrastrand crosslinkages) DNA strands
at guanine N-7 position, this eventually leads
to cell death
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{ « ° Unique side effects:
4+ Rarelycan cause pneumonitis

+ Cleared by liver and kidneys — use with caution in pets with liver
) or kidney disease

= Drug Interactions:
+ Allopurinol an increase bone marrow toxicity
* Doxorubicin can increase cardiotoxicity

+ Chloramphenicol, imipramine, phenobarbital, phenothiazines,
Kl, thiazide diuretics and vitamin A can enhance toxicity

= Handling: Injectable is good for 14 days If refrigerated,
once mixed (label says 6 days)
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Adverse Effects of Cyclophosphamide:;

» Chemotherapy-induced nausea and vomiting,
» Bone marrow suppression,

e & & @& @

Stomachache, diarrhea
Hemorrhagic cystitis- is a frequent complication, but this is prevented
by adequate fluid intake and Mesna -

a sulfhydryl SH- donor which binds acrolein.
Unusual decrease in the amount of urine
Darkening of the skin /n ails,
Alopecia (hair loss) or thinning of hair, changes in color and texture of
the harr,
Letahrgy, slow-healing existing wounds
Temporary or permanent sterility
Mouth sores, joint pain,
Easy bruising/bleeding
Slow-healing existing wounds




Agent: Cyclophosphamide

(Cytoxan®;Neosar®)

Indications | a Route: |V
«  Autoimmune Diseases

+ PTLD
* Renal Discase

» Special Considerations

- Administration of high
doses of cyclophosphamide
should be preceded &

Side Effects: followed by high volume IV
« Common h}rdratinn and mesna
- Anorexia > WBC nadir between 9-15

Nausea, vomiting days (recovery by 2| days)
Myelosuppression
¢ Alopecia
= Gonadal dysfunction/sterility
« Occasional
Hemorrhagic cystitis

SIADH




Agent: Cyclophosphamlde

(Cytoxan®;Neosar®)

* Nursing Considerations:
> Maintain adequate hydration, urinary output

> Check urine for blood and specific gravity
> Administer early in the day when possible
Encourage urination q 2 hours and before going to bed for the

night
< Administer over |5-60 minutes to avoid unpleasant side effects

such as lightheadedness, tearing, nausea, perioral numbness, itchy
nose

- Can be mixed with Mesna
Mesna should be given exactly as ordered,and on time

Nausea/vomiting delayed for 4-8 hours, therefore administer
antiemetics prior to cyclophosphamide, at appropriate intervals,
and the following morning after administration




DRUG NAME: Cyclophosphamide

SYNOMNYM: Cyclo, CPA, CPM, CTX, CYC, CYT
COMMON TRADE NAME: CYTOXANE.' PROCYTOX®E, NEOSARE (LISA)

CLASSIFICATION: Alkyvialing agent

apecal pedialiic consderafions ang noted when appiicabve, atfenvse adult provisions apply,

MECHANISM OF ACTION:

Cyclophosphamida is an alkylating agent of tha nitrogen mustard Iyrpa." An actrrated larm ol cyclophosphamide,
phosphoramide mustard, alkylates, or binds, o DNA. s cytolosc elfect is mainly due 1o cross-linking of strands of
DMA& and RMA, and to inhibition of pratein synthesis.” Thesa actions do not appear to ba cell-cyole specific.

PHARMACOKINETICS:

Interpatient variability | metabolism: dearance ol cydophasphamide and its metabalites®

Diral Absarphbon »>75% . manufaciurer recommends drug be taken on an empty stomach, bul states may b
takan with tood o decreass G| unsal
tima to peak plasma 1-2 k"
| concantration
Diisinibution thrcrughoiet by
cross biood brain barmias? trr limited extent’
walume af distnbuiion 56 L-'I-r.i_:fI
plasma pratain I:|in-|:||ng'1 12-14%: ol unchanged drug; 675 of tolal plasma
alkylating metabolites™
Medabaolism malnly by microsomal enzymes in the liver;” cytochrome P450 (CYP) primarily CYP 285"
active metabaliles” &-hydroxycyclophosphamida, aldophosphamidea,
phosphoramide miustad, acralein™
inactive metabaliies’ 4-kefo-cyclophosphamds, carboxyphosphamide,
narmifrogen mustand
Excrafion primarily by enzymatic axidation (o active and inactive metabalites, which ara mainly
excreted in the ubng
Lrime §-25% unohanged®
feces 31 -66% alter oral dose
tarminal hall life’ BShi1.8-124 h)
clearance’ 117 mlfmiankg
Gandar na alinically mportant ditferancas found
Eldery na elincally imponant differencss found
Children tarmirial hall lile 2.4-6.5 h'; volume of distribution 0,67 Lkg’
Eihnicity na clinically important diffterences lound

Adapiad from siendard reference  unlass specilied oharasga.
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Cyclophosphamide

USES:

Primary uses:

*Breast cancar

Conditioning regimen for stem call Irarnsplant
Ewing s sarcama

L eukamia, acule mysloganaus
"Laukamia, chronic lymphocytic
Laukamia, chronic myalogenaus
*Leukemia, pediatric acuts lymphoblastic
"Lung cancer

"Lymphoma, Burkiii's

“Lymphioma, Hodgkin's disease
"Lymphoma, non-Hodgkin's
Lymmphoprallarative dissase

Multiple myalama

"Mycasis lungoldes

"Meuroblastama

*Cwarian cancer

"Hatinablasiam:

Rhabdomyosarcoma

"Heailh Canada approved moesiom

SPECIAL PRECAUTIONS:

Oiher uses:
Bladder cancer '
Brain cancer ™™
Cervical cancer ™

Endomatrial cancer'’

Gastatonal trophoblastic ne-uq:lama':
Laukeamia, acute lymphocytic™
Lymphoma, cutaneous T-call’
Ostaosarcoma ™

Soll tissue sarcoma

Testicular cancer

Thymoma i
Waldenstrom's rHEI.Eng|UbIJ|II'IL"I'I'II-EI!'
Wilm's tumour'’

Contraindicated in patents wha have a history of hyparsensitivity reaction to cy:lnp-huspharrude.': Thare s possible

cross-sansiinvity with othar alkylaling agants.

Carcinogeniciiy: Secondary malignancies have developed in patients trealed with cyclophosphamide alone or in
combination wih other antineoplastics. Doecurring most requently are bladder, myalospralilarative and
lymphopralilerative malignancies. Secandary malignancies are mosi commaon in patients treated initially Toe
myelaproldlarative of lymphoproliierabye dissases of lar nen-mallignant conditions with Immune pathology. Unnary
bladder malignancies aré most commen in patients who expanienced hemorrhagic cystilis

Mutagenicity: Bacause of the mutagenic potantial of cyclophosphamide, adeguale meathads of cantraceplian shawld
be used by patients (both male and female) during and at least lour months after treatment.’

Fertillty: Gonadal suppression may occur and stedlity can be irreversible in some patients.” Age and duration of
chematharapy are the main faciors contrbuting bo ovanan failure." Far exampla, traatment with cyclophosphamide,
methotrexate and fluorouracl for six months results in parmanent cvaran failure in 70 percent of women over 40
yvaars ol age and in 40 parcent al younger wamean. Tha madian lime o onsel of ovarian lailure is shodsr in older
wamean than in younger women (2-4 manths va. 516 months), and ovanan fallure is less liksly to be reversible in
oldar waman (in about 10 parcent vs. up to 50 parcani). The rate of parmanent ovanan lailure (£ lowear with regimans
of doxomubicin and cyclophosphamide than with eyclophosphamida, mathotraxale and Hlusrounacil,

Heart disease: Caution should ba used whan treating patents with eyclophosphamide whio have pre-axisting hear

diseasa

Pregnancy: FDA Pregnancy Category D.* There is positive evidence of human fetal risk, but the benefits irom use
in pregnant waman may be acceptable desplia tha risk (g.g.. If the drug 15 needad in a life-threatening situation or lor
a sanous disease lor which saler drugs cannol be used or are Inefective).

Breastfeeding should be wrminaied prior (0 initating cyclophosphamide therapy as this drug is excieled in braast

milk.'

BC Cancer Agancy Cancér Drug Manual®
Devaloped: Saplamber 1994
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Cyclophosphamide

SIDE EFFECTS:

Tha table includes advarse avenis that presanted durng drug reatmeant bul may nol necessarily have a causal
relationship with the drug, Becauss clinical tnals are conducied under very specilic conditions, the advarse ewvant
rates obhsarvad may nol reflect ihe rales obsarved in clinical practica. Adverse evendts are ganarally included 1 thay
wete reported in more than 1% ol patients In the product monograph ar pvoial thals, andiar detarmined o ba

clinically impartant. '
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SIDE EFFECTS:

Tha table includiés advarse evenis that presentad dufing drug treatment bul may nof necessarily have a causal
relationship with the dneg. Becauss clinleal tnals are conducied under very specilic conditions, the advarse avent
rates chsarved may nod rallect the rates obsarved in clinlcal practica. Adverse avants are genarally includad || thay
wers raportad in more than 1% aof patients In the product maonograph or pivatal trials, and‘or detarmined to be

dlinically impariant. ™

ORGAN SITE

SIDE EFFECT

-al largy/immidnologqy

Chndcally impartant side sifects are in badd, talcs

H
anaphylaciic raaction

niasal congestion whan [V dosaes are adminisierad oo rapidly (large dosas via 30-60
minute infusion)'® patients experence rumny eyes rhinarthaa, sinus congastian, and
snearing immediataly after infusion'® (1-10%]

| bloodbone marraw/
labrile nautropania

anemis

migthamaglohinemia with bane marow Fansplani (BMT) doses '~

myelosuppressian; WBC nadir B-15 days, platalel nadir 10-15 days, recoveary 17-28
days

thrombocytopania

cardiovascidar

cardiac dysfunction in high-dose f-:'1"-f.|;-"-‘ high-dase can be delined as 80 ma'kg
daily or 120-2T0 mg'kg over a faw days, " manilests as CHF: cardiac Necrosis of
hemorrhagic myocarditls; pericardial amponade (BMT doses)™

coagulation

hypoprothrombinemia, sk of blesding (vety m&Ees)

constitutional symplams

asthania ar s¥eating (0, 1-1%)

dirziness"™ {<1%)

darmaialogyskin

IS
exiravasaion fdzarg: nong

alopecia’ "~ (#0-B0%); begins 3-B weeaks after starl of therapy

tacial flushing following 1V administration” 'S 11-10%)

hyparplgrmantaticn (Skin and naile)®'® (<19

rash, hives, ar tching™ '™ (1-5%)

radness, swelling, or pain at injection sita”™

toxic epidermal necrolysis (<1%)

endocrine

hyperglycemia®

gastraintastinal

emafogenic potential: > g high moderafe; «T1g low maderate”

anorazia (33%)

diarrhea'™ (=10%)

hemorrhagic calitis'™ [=1%)

micosiis’ " [=10%:)

mycederma or sare lips® (001-=119%)

nausea and vomiting are dose-related'": > 0% for > 1500 mg/nr’, 60-80% for 750-
1500 mg/m2. 30-60% for < 750 mg/m2 or oral; usvally beginning 6-10 hours after
admiristration

stomatitis™ " {=10%]

hapafic

hepatototelty'™ {=19)




Chndcally impartant side sifects are in baold, talcs

|E|L:11I:I|I:EIE {=1%]

_membnlinﬂahnn!tnry hyperkalamia, usually in confext of turmour lysis'™ [<19%)

hyparurcemia with high-dosa andiar |ang-tarm 1.|'IErE.:I:I'fI5 [=1%s)

syndrome ol inapproprate antidivrelic hormane (S1ADH) causing hyponatramia

pain headache™'® (1-10%)

pulmaonany imterstibal pulmonary ibross, with high-gdose andior Il:lrlg-!le-rrn 1r1|=_tra.|:|:,.r”' {=1%a})

prielmonits, with high-dose and'or leng-1erm lhﬂrapy " (1%}

renal ganitaunnary non-hemorrhagic cystitis”

hemorrhagic cystitis {up to 40%)""; with high-dose and/or long term therapy’;
severs, potentially fatal

renal tubular necrosis'™ {1-5%)

hemorrhagic uratantis {=1%)

gacondary mallgnancy urinary bladder. myelopraliferative. or lymphoproliferative malignancies™ (<19
saxualfeproductive intefleras wilth coganesis and spenmmgene:a::.m (=10%), may be meversible in soma
furnction patients; gonadal suppression {amenorrhaal”

syndnames syndrome of inappropnate. an1||:HurE|l||: hiormane [(SIADH) secratian with high-dosa

andiod long-term tharapy™ |'1 -5%)

Adaplad from standard reference’’' unlesa specfied otherwise.

Cardiac foxiciy may occur in palients recaiving high-fose cyclaphosphamide. High-dose can be defined as 60
mig'kg dailly o 120-270 mg/kg ovar a fow days.  Uhhet fsk lactkors lor developing cardiac foxicity Includs pravious
chast of mediastinal radictherapy, anthracycling administration, conbomitani adminstralion of chemaoatharapy drugs
which are not narmally considered cardiotoxic, espectally carmusiine, cylarabine, and B-thisguanine,” and by tha
presence of |eft ventricular dysfunction (ejection fraction less than 50%). " The mechanism may Imdohve direct injury
to tha endaihalium by phasphoramide mustard, an attive metabalite of Eyl:lnphnﬁphamlda-m i UI'I|IH.E
anthracyclines, cyclophosphamide-induced cardiotazioity does nol appear o be cumulalive. 4155 1n contrast to
anthracycline-induced cardiomycpathy swhich occurs months lnl?'ﬂars after cumulative dosas al anthracyclines,
cyclophosphamide-induced cardicloxicily occurs much earliar. ~ Toxicily kas ranged Irom mirar, transient ECG
changes and asympiematic elavation of cardiac anzymeas al a total dose of 100 malkg o fEtal myocarditis and
myocardial mecrosis al iokal dosas ranging upwards lrom 144 mo/kg dedlvered over 4 da:,rs." Clinical signs Includs
dyspraa, achypnea, Hud retentian, incraased systemic venous prassura and shock.”' Patients may BXparience
haart failure, arfhythmias, irmeversible cardiomyopathy, pericarditis, or death as a resull of cardiotaxicity.*’ Treatmeant
is ELLpp-EIﬂNH'.J

Hemorrhagic cystitis may gceur in up to 40% ol patients (especially children) on lang term or high dosa
cyclophosphamide therapy.” ' Ofher risk tactors for devalaping hamorrhagic oystitis include rate of infusion, and rata
ol metabolism ol cyclephosphamida, as well as the hydration Staius, unne uul:put frequency ol urination, and
concurmanl aeposurs (o other Wdagic diugs or ganitourinary EEII:!IIJ1.11EfE'I|.1-1_.I' TI'I-E machanism may invalve dired
injury 1o the urolhelium by acrolein, an active metabalite of Eychphﬂsphamlna 'Hemorthaalc cystitis can develop
within & faw hours or be delayed several weaks, ™ Clinical diagnosis incluges non-speciic sympltoms such as
hematuria, dysuria, urgency and increased frequency of urination and can be conlirmed using cyshoscopy.” Savara
hemorrhagic cystiis can lead to constnction of the bladdar, anemia, recurreni unnary ract Infeciion, bladder
peroration, renal fallure and daath. o Lengtarm complications include bladder ibeosis and oonfraction, unnary raflux
and lranaltIEnaI cell bladder tumours. Non-hemorrhagic cystitls, edema of the bladder and suburéthral blesding can
8|50 coeur.




FProphylacte rmeasunes include ancouraging patients o dank plenty of lulds dunng therapy (most adults will reguire
al laast 2 Liday), to void frequantly, and 1o avold taking tha drug af r|.ig11t.'|5 Patients should be wall hydrated before
and lar 24-T2 howrs lallowing treatment.’” As weall, cyclophosphamica should ba adminisiered as early in the day as
possible to decrease the amouni o drug remaining in the bladder overnightl.” With large |V dosas, [V hydraion is
usually racommended.'® The use of mesna and'or continuous bladder [rrigation s raraly needed lor doses quIm‘.'E
However, masna has been used in patients recaiving cyclophosphamide for immunologically medialed disorders
(8.4g., Weagenai's granulomatosis, systemic lupus eryibfomalosus, defmatomyositis, pnlyaﬂurills}." Fufthai
measures to reduce the incidence of cystitis include catheler bladder drainage, bladder Irrlgation, infravenous
hydraticn wilth diuresis, hyperhydrabion, and the adminisiration of mesna. Hyparhydraton 1§ genarally ol
recommended as it places the patient al risk lor fluid overload and elecirolyie imbaltance, particularly given tha
antidiureli c affad of cyclophospham ide. ™ Diuretics may be indicated if urine preduction dedines to <100 mL/m"h. i
appaars that mesna and hyperhydration are equally affechve in prevanting cyclophosphamide-induced cystilis in tha
BMT population.

Treatment of hemorrhagic :rj.rs:ms"H bagins with discantnuation of eyclophosphamide. Flud intake should be
increasad and tha platelet cownt should ba maintained at =50 00O/mm 1o minimize the extent of bleading. Thama are
savaral freatmant aptions currently advecaled, dapending on the sevarity of bleading.

Treatment of early cystitis™

e The first ke Ihe."ap-;.f is 1o administer hyperhydration. Standard hyperhydration may conslst of NS or 172 NS
at a rate of 3.0 L'm” per 24-hour perod. Depending on the patlent's electralyte status, KCI and Mg304 are
generally added to fhe luid at concenfrations 20-40 mEg/L and 2-4 g/L respeciively. Palients who have
visible clots in the urine, or have bladder spasms should recehve confinuous bladder irrgation. Treatment is
ganemally conlinuad lor 48 hours atter ihe uring redums to normal colour and the symptoms have resalved.

¢ The secand ling tharapy |s to inifiate a bladder irigation with Alum [aluminum potassium sulphate) which is
preparad by pharmacy as a 1% solution lor intravesical adminisiration. This is instilled al a rafe of 300-1000
mLhour and the rate s adjusied to maintain clear pink drainage. Responzes o Alum are improved
following ramoval of cois in the bladder using eithar eysioscopy o imgation priar o therapy. As Alum
cantaine significant amounis of aluminwm, aluminum levels should ba taken In palients with renal
imipainment, o in patants raquinng prolonged theraoy.

#  Tha third line therapy is with prostaglandin [carboprost) which is thought to stmulate platelel aggragation
and cause local vasooonstriclion. The dose is genarally 0.B-1.0 ma/dL in 50 mL NS {400-500 meg) instilled
into the biadder; clamp cathater and allow solubtion to dwell fof B0 minues: repeatl averny six ours untll
I'ESpl:InEEr.u Like Alum, this therapy works best when the bladder is evacuaied of clois belore starfing.
Patiants who respand will do so by 5-7 days. Carboprost can cause infense bladder spasm and this can be
a major problam. Thamapy with axybutinin, Belladonna and oplum supposiianes, of systemic narcotic
analgesics may be necessary. |n rar casas, hamarthagic cystits is resistant (o the above trealments and
bladder fulguration with larmalin or ather chemicals s neadad.

Traatment of late onset c:y‘s.ﬂhsu-

Many of thesa cases are due fo secondary viral infection or bacterial infection af the injured mucasa. Culture for
bacternal pathogens, cylomagalovirus (CMY) and adenoviris should be done belone starting therapy. Prmary
therapy is hyperhydration, possibly with bladder irigation. Palients may be need to be treated if pathogen is found
(l.e., ganciclovir or foscamed for CMY, ribavirin for adenovinus, antibictics for bacierial infections).

immunogenicity: Positive reaciions io skin tesl antigens (e.q., uberculin plfllriﬂd protain denvaliva, tichophyton,
candida) ara lreguently supprassad in patisnis recening cyclophosphamidéa. !

Hyperuricemia may result from cell lyvsis by cyiotoxic chemotharapy and may lead to electrolyte disturbances or
acuts renal fEilure,™ It 15 most lkely with highly prodiferative tumiours of massive burden, such as laukemias, high-
grade lymphomas, and myalopraliferative diseasas. Tha nisk may ba increased in palients with presxisting renal
dyslunction, especially ureieral obstruction. Suggesied prophylactic treatmaent far high=risk paﬂiﬂrﬂ'_r.E".

= aparassive hydration: 3 Lim324 hr with target urine cutpul =100 mith

i possible, discontinue drugs that causa hyparuncamda (e.q., thigdside diurelics) ar acidic urna (e.q., salicylatas)
manitar electralytes, caleium, phosphate, renal funclion, LDH, and uric acid gBh ¥ 24-48 hours

replace slacirolylss a3 reguired

allopunnod 00 mg po (nitially, then 300 mg po gBh X8 doses, than 300 mg po dally = 5-T days




Uring should be alkalinized only I the uric acid level is elevated, using sodium bicarbonate IV or PO fifrated o
maintain uring pH=7. Rasburicase [FASTURTECE] s a novel urcalytic agent that catalyzes ihe axidation of uric
acd to a watar-solubla metabolite, removing the nead lor alkalinizshon of tha utine.* It miay be usad lor trastment ol
prophyiaxis of hyperurcamia; howeaver, (15 place In therapy has not vel been established. Aluminium hydroxide
[(AMPHOGELE) may be added L:-rallj,.' il phosphate bacomes elavatad. If aluminium hydraxide has been added,
discantinua sodiurn bicarbonate.”

interstitial pulmonary fibrosis™™™ may ocoul In patients mcening high dosas of cyclophoasphamide over pralanged
periods. Other risk factors include exposure to other drugs with pulmonary toxicities and pulmonary radictherapy.
Tha mechanism may invalve diredt injury 1o the pulmonary epithalium by cyclophosphamide metabolites.™ In some
cases discontiniEtion of the drug and initiating corticostanold tharapy 1ails 1o reverse this condition, which can be
fatal. Signs and symplams typically Include tachycardia, dyspnea, fever, non-produciive cough, basilar crepitant
rales, interstitial bilataral Infilirates on chest x-ray, hypozemia and venillation/perfusion dysiunction, Intarstitizl
prieumanitis has also bean repored in palients receiving cyclophosphamida. The drug should be stopped at tha Tirst
sign of pulmanary toxicily, all ather possible causes of pheumonitis should ba ruled out.

Nasal stuffiness or facial discomfort may occur. This nasopharyngeal discomfort "wasabl nose” may be
assooatad with rapid ingecton of cytlophasphamida.” 9 This reaction may be caused by a mucosal inllammaiory
responss of possibly a cholinergic mechanism.™ |{ troublesome for the patianl, several inferventions have baan
used™: the slowing down of the infusion rate or giving as an intermittent infusion rather than as an |V bolus, the use
ol analgesics, depongesiants, antitistamines, intranasal baclomethasona, ar miranasal iprathoplum.

Radiation recall reactions’: Cyclophospharmide has the potantial to enhance radiation njury 1o tissues; this is a
rare side eflect. While aftan called radiatian recall reactions, tha timing of the radiation may be balara, concurrant
with, or evan affer the administration al the cyclophosphamide. Recurant injury & a previowsly radiated sita may
occur waeks 1o manths fallowing the radiation.

SIADH (syndrome of inappropriate secretion of ADH)' may ocour in patients recelving cyclaphosphamide,
rasulting in hyponalramia, dizziness, confusiaon or agitation, unusual firedness or weaknass. This syndrome s maa
comman with dosas =50 mg'kyg and may be aggravaled by administration of large volumes of Muids o pravant
hamarhagic izg.rstitiE.B Thea conditicn 15 sall-limifing although didretc therapy may ke halplul in the siuation whan the
patient has stopped unnating {especally |f this occurs during the first 24 hours ol cyclophosphamide tharapy).
Susceplible patienis should ba monitored for cardias decompansation. || waighi gain is excassive {1.5-2 kg) during
hydration, the valume ol 1Y lud should ba reducsed,

Secondary malignancies’ have developed In some patients, aften several years after administration. The most
frequently repofted neoplasms are unnary bladder cancer, nan-lymphooytic leukemia and non-Hodgkin's |ymphomia.
Uirinary bladder malignancies generally have ooousred in patients who previously had hemorrhagic cystitis.”

Water refention and dilufional hyponatremia: Adminisiraiion of Eyl:lup-hl:rs-phamlde in dosas higher than 30-40
mg'kg has bean associalad with waler retantion and dilutional hyponatremia. 1 Children may ba aspacially
suscaplibla, The mechanism is rélated 1o diecl injury o the distal renal iubules and callecting ducts by
cytlophosphamide melabolites. Symploms Include decreased uring llow, decreased serum asmolarity and sodium,
and increased uring asmalanty. Thess can acouwr 4 16 12 hours atter cyclophosphamids and resolve within 20 to 24
hours alter tharapy.

INTERACTIONS:

AGENT EFFECT MECHANISM MANAGEMENT

allapuring delayved, moderats; unknown Irequeni moniloring with a
Increased complata bleod cound may
miyalosupprassive effects be raquirad

ol cyclophosphamide is
possible




AGENT

EFFECT

MECHAMISM

MANAGEMENT

amicdarona™

increasad nsk ol
pulmanary librosis

unknown, possibly addiive
allect

gvoid combinatan il
possible; otharsa
inErgase monilorng

chlaramphenicaol

delayed, modarate:
decreass ar dalay in
activation ol

cyclophasphamidea

inhibifian (weak) of the
CYP2CH/9 and CYP3A4
anzymas by
chloramphenical

33,54

standard monitanng
procedurss Tor both drugs

cipiol loxacin.

dalayed, moderata;
decreased antimicrabisal
affect of gulnolons
antibiatics is possibla

daecreasad quinolons
absorption by aliering the
intestinal muoosa

aproflaxacin can be used
a5 a prophylactic anfibiatic
in eyclaphasphamida
based regimens.™
considar monlionng
ciprofloxacin tharapy.

coricosieroids

dacrpased or increagsed
affect of
cyclophasphamidea

induction {weadak) of the
CYP3A4d anzym _j:l_:l.:
corticosteraids'=

clincal significance of ihis
interacton is wnlikely
basad on avidenca
avallable; chsarne for
altared elfact of
cyclophasphamids,

digazin

delayed, modefates;
raduced sarum lavals ol

digoxn 15 suspacied

diug-inducad alterstions of
tha intestinal mucosa may
ba invalvad

monitoring for reduced
digowin affact

grapetrui ||.||c|=_-‘:'

delayed, maderate;
decteased or dalayad
activation ol

cyclophasphamidea

inhibition {modarate) ol tha
CYP3a4 anzyma'™" by
grapelrul juica

avoid grapefrull julce lor
48 hours belore and an
day of dose

h'g.rdrnl:hlnrmhla::u:iu"' . myalosuppressive eflacts umkrown rmomiior o
al eyclopbosphamida may myalosupprassion,
be increased cansidar aliermallve
antihypertensive tharapy
indapamida dadayved, modefate; UriKreosn aviond concuiran! use;
prolgnged |laucopania is considar allermnallva
postible antihypartansive therapy
indamethacin® 4 casas ol severs Unkmown avoid canturrent usa

pulmanary edama and
atula lile-threstaning
wiater intoxicaticn

phenvioin’, phenabarbital,
fifampin and other :I:Iu:i'r.s
which induce CYP2BE

increasad rate at which
cyclophosphamids is
convarted o adive and
tomic metabolites and
possibly 10 Inaciva
maiaboliles

inducticn (stnong) of the

CYP2BB enyzme'=* by

phenytain, phanobarbital
and rif-ampin.

chinical significance of this
IntErsCclion IS Whnknown;
obsarve lof altered affect

al oyclophosphamida

suconylchaline

riapd, moderate;
prolonged neuromuscular
bleckade produced by
succinylcholng 15 probable

cyclophosphamide nhibits
plasma cholingsierase
resulting in decraased
meatabolism al

suooinyichaling

cansidar reducing
succinylcholie basad on
reasUred plasma
choliresterase laveals

warfann

delayed, maderals,
inoreasad anticoagulant
afleci of wartarin
suspacting

irchibition of warfatin
métabobism, &f clatng
lacior syrithesis

meanitoring coagulaton
paramelars during and
aftar chemotharapy, asdjust
wiiann dose as neaded




PARENTERAL ADMINISTRATION:

BCCA administration guideling noted [n bold, italfics

Subcutaneous na infarmabon found

Intramuscular has been used

[Mract intravanous aach 100 mg ar fraction thersof over at least 1
minLiie

Intermittent infusion in 50-100 mL of compatible IV solution over 20-80
minites

Continuous infusion the dose can be adrministered in a conveniont
volume

Intrapartonasl has been used but not recommended due to need for
meatabolic activation

Intraplaural has been used bul not recommended dus t0 need for
metabolic activation’'

Intrathecal na Infarmaton found. melabolic activalion =E|:|U|r5-|:l"

Intra-arieral na inlarmabon found

Intravesical na informabhon found

DOSAGE GUIDELINES:

Refar o protocal by which patient is being reated. Numanous dosing schedules axist and depend on diseass,
response and concamitant tharapy. Guidelines for dosing also include consideration ol absalute neutrephll cownt.
Diesage may be reduced, dalayed of discontinuad in patients with bone manow depiesson due o oyicloxlicradiation
therapy ar sath other toxiclies.




BCCA usual dese notad (n bald, italics

Cycle LE."!".EEh:
Oral: 4 weeks™" 100 mg/m” (range 75-100 mg/nT ) once daily for 14
consectitive days
{total dose per cycle 1400 mg/nT)
3-4 wooks" ' 300 mg/m” (range 200-450 mg/nT ) ance daily for 5

consaculive days. frﬂta!ldusu per cycle 1500
[range 1000-2250 mg'm J)

Round dose 1o the nearast 25 mg. The manulacturar recommands thd the drug be taken on an emply stomach, buf
states it may be taken with lood to decrease Gl upsed.”

Intravenous: 3 wesks™ "' 800 mg/m” (range 500-1000 mg/m’) for one dose on
day 1
4 weeks™: 1000 mg/nt” for one dose on day 1
B weeks™: 1200 mg'nt’ for one dose on day 1
4 wenks™- 525 mg/m” for one dose on day 1 and day 15
{total dase per cycle 1050 mg/m’)
4 woeks™- 1200 mg'm’ for one dose on day 1 and day 8
(tofal dose per cyche 2400 mg'nT )
11 weaks™: 1000 mg'm’ for one dose on day, 1 and day 56
(total dose per cyche 2000 mg'm )
High doss protocols wallh or &0 mglkg for one dose on day -3 and day 25
without bone marrow transplant. (total dose 120 mglkg over 2 days)
nofe; ideal body weight s often
Lsed,

50 mg/kg for one dose on day -6, day -5 and day 4™
(total dose 150 mg/kg over 3 days)

2700 mg/m’ for one dose on day 1 and day 2"
(total dose 5400 mgim’ over 2 days)

2500 mg/m’ for one dose on day 1

1800 mg/m’ ance daily for five consecutive days starting
afn day -5

{total dose 7200 mg/nt’ over 4 days)

;ﬁﬂmgfm’ for one dose on day -8, day -5, day - and day
(total dose 7200 mg/m’ over 4 days)

2000 mg/m’” for one dose on day 3, day 4 and day 5°'
{total dose 6000 mg/n’ over 3 days)

1000 mg/nT for one dose an day 1 and day 2%
(total dose 2000 mg/nr over 2 days)




Concurrent radaian:

Dasage n myslosuporession.

Daaage n renal @i

Dasage n hepabe Alune:

Dosage in dialysis:

Children—":

Chral;

Intravencls:

infrequaently radiatian is given dufing ireatmani = . more aften givan lallawng
chematherapy™

modily according to protocal by which patiant 1s being treated; [ no guldalines
available, refer to Appendlx & "Dosage Modification far Myelosupprassion®

Supggested dose modilications

Craatining clearance Cyclophosphamids
{mlimin) dose
=10 100%
<10 TE%
Calculated creatinine clearance - M5 (140 - Agel = waighit

Sarum Crealinine in pmolL
" Formales N =123, lor females N =104

no adjustmeant reguired

dialyzable with a high extraction E"|fI-EiEI'II::.'?

hamodialysis: ¥ dosa has been EuggE?ri-Edh

ihere have baan 2 casa rapons af gwing_h_gh-du&-a cyclophasphamidea with
continuous bladder rrigation +/- mesna.' ™"~ Hemodialysis {duraticn & h) was

perormead & h™ and 14 h'™ after cyclophosphamidé infusion. Dialysis should mot
be started sooner then 12 h after eyelophosphamide infusion.™

chronic ambulalory peritoneal dialysis {CAPD): dose as far GFR <10
mL/mind1.73m" (i.8., adminisier 75% al dose) ™

conbinuous ariehovenous of venovenous hamaoliltiraticn (CAVH): dose as [ae
GFR 10-80 mUmind1 . 73m" (i.e., administer 100% dose)’

Cycole Langih:
daily: 50-300 mgim”

3-4 weeks™  250-1B00 mg.-'m" lof ane dose on day 1, day 2, day 3 and
day 4

34 weeks™ up ta 2000-300] mg-‘rn!mr ane dosa an day 1




