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FAUSTIN  LEUCOVORIN CALCIUM INJECTION USP
DESCRIPTION )

Leucovarin is one of seversl actve, chemically reduced derivatiles of 10he acid. It is uselul as an antidote 10 drugs which act s folic acid antagonists.

EEEINILIN]
in a second Mayo/NCCTG randomized clinical study the 5-FU alone arm was replaced by a regimen of {MTX), 5-FU, and
LV Response rates with LV 200 mg/m’ and 5-FU 370 mg/m’ versus LV 20 my/m’ ang 5-FU 425 mg/m’ versus sequential MTX and 5-FU and LV were respec-
tively 31% (p=< 01), 42% (p=<.01), and 14%. Respective median survival times were 12.7 months {ps< 04), 12.7 months (p=<.01), and 8 4 months. No sta-
tisticalty significant difference in wesght gain of moré than 5% or in improvement in performance status was seen betwsen the treatment arms,

INDICATIONS AND USAGE
Leucovorin calcium rescue i indicated after high dose therapy in
counteract the effects of impaired methotrexate eimination and of nadvertent

L caicium s aiso indicated to dimimish the toxicity and
of folic acd 0

Leucovorin calcium s indicated in the treatment of megaloblastic anemuas due to folic ackl deficiency when oral therapy is not feasible.

Also known as folinic acid, Crtrovorum factor, of 5-10rmyl 5, B 7,.. acid. this has the chemical designation of
Caicium M{p4[{(6RS)-2-amino-5-tormy1-5.6.7.8 y y |methyl] I ().
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Leucovonn Calcum Injection USP 15 a sterile, preservative-free sohmon Indicated for i (IM) or (V) 1 30 mL and 50 mL
single-dose viats. Each mL containg calcium 0 10 mg ¢ in, USP, 8 mg sodium chioride; sodium hydroxide and/or hydrochionc
acwd for pH adwstment. pH 7.8 (6.5t0 8 5)

There 1s 0.004 mEqg of calcium per mg of leucovorin Solution contans no bactenostat or antimicrobiat agents. -
CLINICAL PHARMACOLOGY

Laucovonn is a mixture of the of the 5-formyl acd {THF) The biologically active compound of the mixture is the

{+)-Hisomer, known s Citrovorum factor of (-)-folinic acid. Leucovorin does not roqulre reduction by the enzyme In order to

i reactions yllizing folates as a source of “one-carbon” moieties. FLauc (F5 y 15 rapidly (va 5, 10-

drofolate then 5, 10- 10 15 15 can in turn be metaboized via other pathways back to
16 which is o5 by an enzyme catalyzed reduction using the cofactors FADH, ard

NADPH.
and toxic etfects of folic acxd antagonists such as methotrexate, which act by inhibrting dihydrofo-

A of I orin can the P
fate reductase.
In contrast, leucovorin can enhance the therapeutic and toxc effects of flucropyrimidines usoﬂ 1 cancer menuy such as Hluorouraut Com:umm adminrs-

tration of leucovonn does not appear 10 aker the plasma o5 acd, which
bings 10 and inhibits the enzyme thymidylate synthase (an enzyme important in DNA repair :na moﬁatm)

Leucovonn is readily Converted to ancther reduced foiate, 5,10-mathylenatetrahydrofolate, which acts to stabilize the tending of fluorodeoxyridylic acid to
thymuylate synthase an¢ thersby snhances the inhibition of this anzyme,

The inetics after and oral of 2 25 myg dose of leucovonn were studied in male volunteers. After intra-
venous admimstration, serum total reduced folates (as measured by Lactobacillus casei assay) reached a mean peak of 1259 ng/mL (range 897 to 1625). The
mean time (o peak was 10 minutes. This initial rise in total reduced folates was primarily due to the parent compound 5-formyl-THF (measured by
Streptococcus faecalis assay) which ross to 1206 ng/mL at 10 minutes. A sharp drop in parent compound followed and coincided with the appearance of the
active metaboite S-methyl- THF which became the predominant circulating form of the drug.

The mean peak of 5-methyl-THF was 258 nuImL and oocurraﬂ at 1.3 hours. The terminal half-fife for total reduced folates was 6.2 hours. The area under the
concentration versus time curves (AUCs) for + and 5 were 284 £ 3.5, 956 £ 97 and 129 £ 12 (mgemmnAL £
S.E.). When a higher dose of d.-leucovorin (200 mg/m*) m used, simiar results were obtained. The g-isomer persisted in plasma at concentrations greatly
exceading those of the Fisomer.

Atter intramuscular injection, the mean peak of serum total reduced fotates was 436 ng/mL {range 240 to 725) and occurred at 52 minutes. Simdar to IV
agministration, the initiat sharp nse was due to the parent compound. The mean peak of 5-formyl-THF was 360 ng/mL and occurrad at 28 minutes. The level
of the S-methy)-THF over time until at 3.5 hours it raprasented 50% of the circulating total folates. The mean peak of 5-
methyl-THF was 226 ng/mL at 2.8 hours, The terminal hait-iite of totat reduced folates was 6.2 hours. There was no difference of statistical significance
between IM and (V administration in the AUC tor total reduced folates, S-formyl-THE, or $-methyl-THF.

After oral of with aromatic eibar, the mean peak concentration of serum loul rowced Iolms m 393 ag/ml (ranoc
160-550). The mean time 10 peak was 2.3 hours and the terminal hali-kfe was 5.7 hours. The major

10 which leucovorin is primarily converted in the intestinal mucosa. The mean peak of smemm7an24hwn mmmo«mmm
compound was 51 ng/mL at 1.2 hours. The AUC of total reduced folates after oral administration of the 25 mg dose was §2% of the AUC after intravenous
agministration.

Following oral administration, leucovorin 15 rapidly ansorbod and expands the serum poot of reduced folates. At a dose of 25 mg, aimost 100% of the Hisomer
but only 20% of the d-tsomer is rded. Oral in is saturable at doses above 25 mg. The apparent moannhnlnyol jeucovorin was
97% for 25 mg, 75% for 50 mg, and 37% for 100 mg.

1n a randomized clinical study conducted by the Mayo Clinic and the North Central Cancer Treatment Group (Mayo/NCCTG) m patients with advanced metastatic
colorectal cancer three treatment regimens were compared: Leucovorm (LV) 200 mg/m? ang S-fluorouracit (5-FU) 370 mg/m’ versus LV 20 mg/m* ang 5-FU
425 mg/m’ versus 5-FU 500 mg/m”. AR drugs wers administered by siow intravenous infusion daly for 5 days repedted every 28 to 35 days. Response rates
were 26% (p=0.04 versus 5-FU aions), 43% (p=0 001 versus 5-FU alone) and 10% for the high dose leucovorin, low dose leucavonn and 5-FU alone groups
raspectivety. Respective median survival times were 12.2 months (p=0.037). 12 months (p=0.050), and 7.7 moaths The low dose LV regimen gave a statisti-
catly significant improvement in wesght gatn of more than 5%, relief of and in per status. The high dose LV regimen gave 2
statistically significant improvement in performance status ang trended toward lmpnmmem in wesght oan and in relief of symptoms but these were not statis-
tically significant.

Lt 18 ais0 indicated for use in combination with S-fluorouracil to prolong survival in the palbative treatment of patients with advanced colorectal cancer.
L in should not be mixed in the same infusion as 5-fluorouraci because a precipitate may lorm
CONTRAINDICATIONS

Leucovonn is improper therapy for permicious anemia and other megalobiastic anemias secondary to the lack of vitamin 8,, A hematologic remission may
occur while ngurologic manitestations coNtiNYA 10 Progress

WARNINGS
In the ges of folic acid leucovorin should be admiristered as promptly as possible. As the ime inter-
val between annfolare (eg. and rescue , leucavarin's affectiveness in counteracting toxioty decreases i the
of acci ges of i tolic acid do not leucovorin LEUCOVORIN MAY BE
HARMFUL OR FATAL IF GIVEN INTRATHECALLY. R
g of the serum 15 essential in getermimng the optimal dose and duration of treatment with feucovorin.

Delayed methotrexate excretion may be caused by a third Space fiuid accumulation (1.e.. ascites, pleural effusion). renal insutficiency. or ingdequate hydration.
Under such circumstances. higher doses of keucovorin of prolonged agministration may be indicated. Doses higher than those recommertied for oral use must
be given intravenousty.

Because of the calcium content of the lewCovorin Solution, no more than 160 Mg of leucovorin Should be injected intravenously per minute (16 mL of a 10
mg/mL, or 8 mL 0f a 20 my/mL solution per minute).

Leucovorin the toxicrty of 5 . When these drugs are administered concurrently in the palliative therapy of advanced colorectal cancet, the
dosage of 5-fluorouracil must be lower than usually admimistered. Afthough the toxicities observed in gatients treated with the combination of leucovonn pius
S-fiuorouracil are quaiitatively simuar to those observed n patients treated wath 5-fiuorouracil alone, gastrointestinal toxicities (particuldrly stomatitis and dar-
rhea) are observed more commonly and may be more severe and of prolonged duration in patients treated with the combination

In the first Mayo/NCCTG controlied trial, toxicrty, pnmanly gastrointestinal, resulted in 7% of patients requiring hospitalization when treated with 5-tuorousaci
alone or 5-fiuorouracil in combination with 200 mg/m’ of leucovorin and 20% when treated with 5-fiuorouracil in combination with 20 mg/m? of leucovorn In
the second Mayo/NCCTG trial, hospralzations related 10 treatment toxicity also appeared 10 0CCur more often in patient treated wit the low dose leucavorin/5-
fluorourach combination than in patients treated with the high doss combination — 11% versus 3%. Therapy with leucovorin and S-fluorouraci! must not be
initigted o continued n patients who have symptoms of gastrointestinal toxicity of any severtty, until those symptoms have completely resolved Patients with
diarrhea must be moniored with particular care until the diarrhea has resolved. as rapid clinical deterioration leading to death can ocCuf In an additional study
utihzing Mmgher weekly doses of 5-fluorouracil and leucovorin, eiderty and/or debiitated patients were found to be at greater nisk for severe gastrointestinal toxi-
oy,

Senzures ang/or Syncope have been reported rarely in cancer patients recesving leu: , usually in with 1) . and most

commonly in those with CNS metastases or other predisposing factors. however. a causat relationship has not been estabiished *

The use of with 0 1 for the acute of F cannit p n patients with HIV ifection
was with rates of failyre and Y in a placey study.
PRECAUTIONS

Genoral: Parenteral administraton 13 preferable to oral dosing if there 1s a possibility that the patient may vomit and not absorb the feucovorin - Leucovorin
has no effect on non. toxicities of such as the nep y resulting from drug and/or metabolite precipitation in the kidney

Since lsucovorin ennaaces Lhe toxicity of i therapy tor colorectal cancer should be adminis-
tered under the Supervision of & physician experienced in the vse of cancer Particular care should be taken in Ine troal-
ment of eiderly or debilitaled colorectal cancer patients, as thess patients may be at increased risk of severe toxicity.

Laborstory Tesis

Patients being treated with the /5 shouid have a CBC with ditferantial and platelets pnor to each treatment  During the first
two courses a CBC with differential and platelets has t0 be repeated weekly and thereafter once sach Cycle at the time of anticipated WBGC nadir. Electrotytes
and liver function tests should be performed prior to each treatment for the first three cycles then prior to every other cycle Dosage modifications of fuo-
rouracit should de mstituted as follows. based on the mast severe toxicties:

Darrhea and/or WBC/mm’ Platelets/mm’ 5-FU Dose
Stomattis Nadir Nadir

Moderate 1.000 - 1,900 25-75,000 decrease 20%
Severe <1,000 <25,000 decrease 30%

1f no toxicity occurs, the 5-fluorouracll dose may increase 10%  Treaiment should be deferred until WBCs are 4,000/mm? and platelets 130,000/mm?’. It blood
counts do not reach these levels within two weeks, treatment should be discontinued. Patients should be followed up with physical examination prior to each
treatment course and appropnate i as needed. shoutd be when there ts clear evidence of tumor Progression.

Drug interactions: Folic acid in large amounts may the ic effect of brtal, phenytoin and and increase the frequency of

seizures in susceptible pediatnc patients.



Preiminary animal and human studies have shown that small of enter the CSF pnmmly as §-methyttetrahydro-
folate and, in humans, remain 1t0 3 orders of magnitude lower than the usual following However, high
doses of leucovorin may reduce the efficacy of i X

Leucovorin may enhance the toxicty of 5-tuorouracil (see WARNINGS section).

Pregnancy: Terstogenic Ettects: Propnancy Category C. Adequate amima! reproduction Studies have not been conducted with leucovorin. It is aiso not known
whether leucovonn can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity Leucovorin should be given 1o a preg-
nant woman only f clearly needed

Nrreeng Mothers: 1t 1s not known whether this drug is excreted in human milk  Because many drugs are excreted in human milk, caution should de exercised
when leucovornn 1s administered 10 a flursing mother.

Pedistric Use: See PRECAUTIONS, Drug Inlersctions subsection
APVERSE REACTIONS

Allergic sensi including id reactions and urticaria, has been reported foliowing the administration of both oral ang parenteral leucovorin No
other adverse reactions have been attributed to the use of leucovarin per se.

The following table summarizes significant adverse events occuming in 316 patients treated with the $ against
70 pateents traated with 5- alone for These data are taken from the Mayo/NCCTG large mutticenter prospectwe tnal
evaluating the efficacy and safety of the combination regimen

PERCENTAGE OF PATIENTS TREATED WITH LEUCOVORINFLUOROURACIL
FOR ADVANCED COLORECTAL CARCINOMA
REPORTING ADVERSE EXPERIENCES OR HOSPITALIZED FOR TOXICITY

(High LV) /5-FU (Low LV) /5-FU §-FU Alone
(N=155) (N=161) (N=70)
Any Grade 3+ Any Grade 3+ Any Grade 3+
& Cal Ca} &3] Ji: Y LAl
Leuvkopenia §9 14 83 23 93 48
Thrombocytopenia 8 2 8 1 18 3
Infection 8 1 3 1 7 2
. Nausea 74 10 80 9 60 8
Vomiting 46 8 44 9 40 7
Duarrhea 68 18 67 14 43 "
Stomatitis 5 27 84 2 59 16
Constipat:on 3 0 4 0 1 -
Lethargy/Malaise/Fatigue 13 3 12 2 [ 3
Alopecia 42 5 43 [ 37 7
Dermatttis 2 2 25 1 13 -
Anorexia 14 1 22 4 14
Hospitalization for Toxicity 5% 15% %

High LV = Leucovorin 200 mg/m2, Low LV = Leucovorin 20 mg/m2
Any = percentage of patients reporting toxicity of any severity
Grade 3+ » percentage of patients reporting toxicity of Grade 3 of higher

OVERDOSAGE
Excessive amounts of leucovorin may nuflify the chemotherapeutic etfect of folic acid antagonists.

DOSAGE AND ADMINISTRATION

Advenced Colorectal Cancer: Either of the tollowing two regimens 1s recommended

1 Leucovorin is adminestered at 200 mg/m’ by slow intravenous injection over a minimum of 3 minutes, foliowed by 5-tluorouracil
at 370 mg/m? by intravenous injection,

2 Leucovonn is aun‘wmd at 20 mg/m’ by intravenous injection followed by 5-Huorouracil at 425 mg/m’ by intravenous
injection.

5.1
S-F

and should be 0 avowd the formation of a precipitate.
Treatment 1S repeated daily for five days. This five-day treatment course may be repeated at 4 week (28-day) intervals, for 2 courses and then repeated at 4-5
week (28-35 day) intervals provided that the patient has completely recovered from the toxic effects of the prior treatment course

In subsequent treatment course, the dosage of S-fluorouracil should be adyusted based on pahenl tolerance of the pnor treatment course. The daily dosage of
S-fuorouracil should be reduced by 20% for patients who L toxicity In the prior treatment course, and by
30% for patients who experienced severe toxicrty (see PRECAUTIONS: Laboratory Tests). Fov pamnts who expenenced no toxicity 1n the priof treatment
course, 5-fluorouracil dosage may be increased by 10%. Leucovorin dosages are not adjustad for toxcity

Several other doses and of /5 therapy have also been evah In patents with cancer; some of these
alternaive regimens may atso have efficacy in the treatment of this disease. However, further clinical research will be required to confirm the safety and effec-
tiveness of these leucovor 9

Leucovorin Rescue After High-Dose Methotrexate Therapy: The recommendations for leucovonn rescue are based on a memotrexate dose of 1210 15
grame/m’ administersd by intravenous infusion over 4 hours (see methotrexate package nsert tor fult rescue at a dose
of 15 mg (approximately 10 mg/m?) every 6 hours for 10 doses starts 24 hours after the beginning of the methotrexate m!usm In the presence of gastron-
testinal Loxicty, nausea or vomming, should be Do not y

Serum creatinine and methotraxate levets shouid be determined at least once daily Le dration, and uninary ion (pH of 7.0 of
greater) should be continued until the methotrexate level 1S below 5 x 10* M (0.05 micromolar). The leucovonn dose Should e adjusted or leucovorin rescue
extended based on the following guidelines’

GUIDELINES FOR LEUCOVORIN DOSAGE AND ADMINISTRATION
DO NOT ADMINISTER LEUCOVORIN INTRATHECALLY

Clinical Leucovoria Dosage

Situation Ladorstory Findings ard Duration

Normal Serum level app! ly 10 15 mg PO, IM, or IV q 6 hours
Methotrexate 1ar at 24 nours after administrabon, 1 micromoiar at for 60 hours (10 doses starting
Elimmnation 48 hours, and less than 0.2 micromolar at 72 hours. at 24 hours after start of

methotrexate |nfus4ml,
ontinue 15 mg PU, IM. or IV q

Serum methotrexate level cemaining above 0.2 micro-

Delayed Late motar at 72 hours, and more than 0 05 micromolar at 6 hours, until methotrexate !
Methotrexate -e 96 hours after level is ess than 0.05 '
Elimination administration. micromolar.

Serum methotrexate level of 50 micromotar or more at 150 mg IV q 3 hours, untit

Delayed Earty 24 hours, or 5 micromolar Or more at 48 hours after methotrexate level is jess than ,
Methotrexate administration, OR: a 100% or greater increase in 1 micromolar; then 15mg IV q :
Elimination and/or serum creatinine level at 24 hours after 3 hours until methotrexate level

Evidence of Acute . methotrexate administration (e.g , an 1s less than 0.05 mcromolar.

Renal Injury increase from 0.5 mg/dL to a level of 1 mg/dL or

more).

Patients who expenence deidyed early methotrexate elimination are likely to develop reversible renal failure. In addition to appropriate leucovorin therapy, these
patients require conti ion and unnary atkalk and close monitoring of fuid and electrolyte statys, until the serum methotrexate level has tallen
10 below 0.05 micromolar and the renal failure has resoived.

Some patients will have abnormaiities in methotrexate slimination or renal function foliowing which are si Dbut less Severe

than abnormalities described in the table above. These abnormalities may or may not be associated with significant clinscal tosacity. #f significant clinical tosaci-
ty 15 Observed. leucovorin rescue shouid be extended for an additional 24 hours (total of 14 doses over 84 hours) in subsequant courses of therapy. The possi-
bility that the patient is taking other medications which interact with methotrexate (¢.g., medications which may interfere with methotrexate eiimination or bind-
ng 1o serum atbumin) shoukd always be reconsidersd whan laboratory abnormalities or chinical toxicities are observed.

Impaiced 4] o L in rescus should begin as 000 as possible after an inadvertent overdosage and
within 24 hours of methotrexate administration when there is a delayed excretion (see WARNINGS section). Leucovorn 10 my/m? should be administered tM,
iV, or PO every G hours until the serum methotrexate keve! is less than 10° M. In the presence of gastromtestinal toxicity, nausea, of vomiting, leucovorin
should be y. Do not

Serum creatiine and methotrexate levels shoukl be determined at 24 hour intervals. If the 24 hour serum creatinine has increased 50% over basehne or if the
24 hour methotrexate level is greater than 5 x 10* M or the 48 hour level is greater than 9 x 107 M, the dose of leucovorin should be increased to 100 mg/m? IV
every 3 hours until the methotrexate level is less than 10 M.

solution should be y. The bi dose should be adjusted to

Hydration (3 L/d) and unnary alkakinization with Sodium
maintain the urine pH at 7.0 or greater.

Megaloblastic Anemia Due to Folic Acid Deficiency: Up to 1 mg daily. There is no ewdenca that doses greater than 1 mc/day have greater efficacy than
those of 1 mQ. additionally, kass of folate in urine becomes roughly ic 38 the amount exceeds 1 m

Because of the caicium content of the leucovorin solution, no more than 160 mg of leucovorin should be insected intravenously per minute (18 mL of 2 10
mg/mL, or 8 mL of a 20 mg/mL sokution per minute).

Parenteral products should be visually for party matter and prior 10 sotution and container perme.
Leucoygrin should not be mixed in the same infusion a8 S-fluorouracit, since this may lead to the formation of a precipitate.
HOW SUPPLIED

Leucovorin Calcium Injection USP, 10 mg/mL, is supplied in stenle, single use vials as follows:

NDC 55390-008-01 300 mg individually-boxed.

NOC 55396-009-01 500 mg individuatly-boxed.

Store in retrgerator 2° to 8°C (36° to 46°F). Protect from light. Discard unuSed portion. Retain in carton untit ime of use.

REFEHENCES
Grem, J.L, Shoemaker, 0.0., Petrell, N.J., Douglas, H O , *Severe and Fatal Towic Effects Observed in Treatment with High- and
Low-Dose Laucovorin Plus 5 Puorouraci tor Colorectal Carcinoma’, Cancer Traat Rep 71:1122, 1987,

2. Lk, MP, Goorin, AH, Miser, AW, et al. “The Effect of Agjuvant Chemotherapy on Relapse-Free Survival in Patients with
Osteosarcoma of the Extremity.” N £ngf J Med 1986; 314:1600-1606.

3. Meropol NJ, Creaven PJ, Whits RM, et al, "Seizures Associated With Leucovorin Adminestration 1n Cancer Patients.” JMCL
1995, 87 (1):56-58

MANUFACTURED FOR:
Ben Venue Laboratones, Inc. Badtord Laboratores™
Bedford, Ohio 44146 Bedford, Ohio 44146
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Usual Dosage: See
package insert.

Store in refrigerator 2° to 8°C
(36° to 46°F).

PROTECT FROM LIGHT.
Discard unused portion.
Retain in carton untit time
of use.

Manufactured by:
Ben Venue Labs, Inc.
Bedford, OH 44146

Manufactured for:
Bedford Laboratories™
Bedford, OH 44146
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