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NDA 19-297

Lederle laboratories

A Division of American (Cyanamid Company

Pearl kiver, New Yorx 10%65
Attention: Dennis J. Poley, Ph,D.
Jirector
Regulatory Liaison

Dear Dr. Foley:

5088

de scxnowledge tire receipt of final printed labeling (FPL) dateq
January 13, 1983 for your approved new drug application for
NOVANTROHE (mitoxantrone bydrochioride) Concentrate for Injection.

we uave reviewed the FPL that you have submitted in accordance wict.
our approvai letter datec December 23, 1987, and we find it

acceptable.

Sincerely yours,

Joian ¥. Palmer, M.D.
Director
Division of Oucology and

Bacdiopharmaceutical Drug Products
Office of Drug Research and Review
Center for Drug Evaliation and Researci

cC,

Original NDA 19-297

“HFN-150/Div, File

HEN-80

HFN-83

HFN-85(3)

HFN=-150/GBurke

HFN~730(1)

HFN-232(1)

HFN-150/AMSindelar/1-27-88

R/D Init by: G.Burke/1-28-83
J.R.Johnson/1-28-88
E.Tolgyesi/1-28-3§
R.H.Wood/2~1~88
D.Richman/2-2-88
R.G.Scully/3-16-88

K.Y.Lo/HFN-226

R.Stein/HFN-713

F/T:d1b/3-30-88 Wang #2356E

FPL ACCEPTABLE ¢ ¥edaiv.
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Statistical Peview and Evaluation

Date: Sl

NDA#: 19-297/ Drug Class: 3C
Applicant: Lederle laloratories
Mame of Drug: HNovantrone (mitorantrore)

Doouments Reviewed: Volunes 14.1-14.3, 15.1-15.2 dated respectively
10/02,/87 anct 10/22/87 by the applicant.

The rueviewing medicial oificer for this submission is Gregory Burke, M.D.,
HI-150, who is in gonoral agreement with this review.

1. Rackqround

Nevantrone in cumbination with Ara-C is proposed for the first line
treaatment of adult acute nci-lymphocytic lcukemia (ANLI). Only two
nulticenter studie:: submittid for this indication are considered by the
applicant to be prospective randomized, controlled phase III clinical
trials. These are protocols 3~74 and 3-603.

2. Study tharncteristics

Protocol 3-74 was designed to be a randamized, controlled, open label
multicenter study of previously untreated patients with ANLL. Patients in
the United States were treated with Novantrone and Ara~C or daunorubicin
ard Ara-C. Patient allocation was stratified on age ( <60 , >60) years.
This leads to 50 patients in each cell of the four treatment by stratum
combinations and a total o 200 patients in the study. The actual trial
began in the first quarter of 1984 and was scheduled to last for 2-3
years.

Frotocol 3-603 was to be a randomized, contreclled, open label multicenter
study of praviously untreated patients having ANLL. Patients outside the
United States were treated with Novantrone and Ara~C or daunorubicin and
Ara-C. A total or 200 patients were to be included in the trial. The
actual trial began in the first quarter of 1985 and was scheduled to last
for 2-3 years.




The basic characteristics of the completed studies are summarized belcw.

Treat- No. of No. of No. of Random
Protocol ment Invest. Patients Deaths(%) ~ized FEiusllixi Therapy

——

3-74 WA [1] 27 98 61 (62%) Yyes Uty isb line
a+A 102 66 (65%)

3-603 N+A 18 116 [2] 74 (66%) yes [3] Open 1st line
a+A 123 70 (57%)

(1] N+A represents the treatment combination of Novantrone and Ara
Cc

d+a ropresents the treatment combination of dauncrubicin and Ara
C

{2] In protocol 3-74, the applicant recruited the mmber of patients
specified by protocol. In protocol 3-603, 20% wore patients (39)
than specified by protocol were recruited.

(3] In protocol 3-603, treatment allocation errors occurred. In Hong
Kong, 9/15 patients were not allocated treatment as rardomized. In
Taiwan, 1/16 paticnts was not allocated treatment as randomized.

The applicant treated complete remission (CR) rate, CR duration, time to
treatment failure (TIF), and survival time as primary efficacy variables.

y

3. Applicant's Analvses

The applicant applied the same general statistical methods in studies 3-74
and 3-603. The applicant analyzed only “evaluable" patients rather than
doing "intent to treat" analyses. This means that only patients who were
correctly diagnosed and received treatment were analyzed for efficacy. In
the cpinion of Dr. Burke, HFN-150, additional primary efficacy analyses
excluding only incorrectly diagnosed patients should be performed.

Primary efficacy variables were Complete Remission (CR) rates and
Survival. Secondary etficacy voriables were CR Duration, Time co CR, and
Time to Treatment Failure (TIF). In the protocol, it was indicated that
one-sided statistical procedures were to be used. In the actual
submission, two-sided procedures were used instead.

" confidence intervals for CR rates and (R rate differences were computed

overall and within subgroups using the standard normal approximation to
the binomial distribution. P-value comparisons of CR rates were based on
Fisher's Exact Test. Survival curves, median survival times, and
confidence intervals for median survival time were based on Kaplan-Meier
estimatien, Miller's interpolation of the Kaplan-Meier estimated survival




-__{.—
functa 1-1n arei the .1pph(ﬂtion ~f Greenwoodis formula fo define a 95%
contidence region for the survival function. These survival estimators
ware applied overall and within patient subgroups. statistical
differences in overall survival curves were tested using the leogrank and
(whan tests, Stratified survival dats were compared across treatment
groups using a stratified logrank test. The hazard ratio was estimated
assuming simple exponential survival within each treatment group.
Confidenca intervals on the hazard ratio were based on log-normal

approximationsz of the hazarxd rates.

In ctudy 3-603, unplanned suhiroup anaiyses were performed by "geoqraphlc
region”. The appllCdnt called these the Buropean, the lLatin Amcrican, and
the pacific regions. The applicant justlfled these subgroup analyses
because " Due to thc putentldl differences in patient population and
supportive care in the 3 regions, overall and regional analyses were
conducted.™ (Vcl.15.1, page 190).

4. Applicant's Claincd Results

a. Study 3-74
Tne applicant's conclusion section states (v .. 14.1, pages 113-122):
"The substitution of MHovantrone for Cerubidine (daunorubicin) in
combination with Ara~C in the rixst line therapy of ANLL resulted in
comparable cfflcacy and safety in this prospeciive randomized trial.
There were no statistically significant differences in the complete
response rates, CR duration, TTF, ard survival. Both regimens are highly
active in the treatment of previously untreated patients with ANLL,
.... Tre adverse expericnce profiles in patients treated with either of
the two regimens were comparable in incidence and in severity."

The applicant then proceeded to discuss observed (R rates, median survival
times, and adverse event rates. Except for restating the statistically
rcn-significant survival dlnermce, the applicant made no use of
probability based arguments in the conclusion section I just quoted from.

b. Study 3-603°
The qppllcant concluded (Vol. 15.1, pages 277-281):
*This multicentre, prospectively randomued comparative study
demonstrated that substltutmg Novantrone for Cerubidine, both in
combination with Ara~C, in the first line of ANLL resulted in comparable
efficacy and sarety. 'Therc were no statistically significant differences
in response rate, response duration, TTF, or survival. ...."

As in study 3-74, the applicant made little use of supporting probability
argquments in the conclusions section of study 3-603.
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- 5. Reviewer's Comments
In the opinicn of Dr. Burke, HFN~-150, additjoral primary efficacy unalyses
exciuding only incorractly diagnosed patients should be periormed by the
applicant. Currently lacking these analyses, the next step is to examine
ths results of the aprlicant's basic/standard analyses of primary efficacy
variables. :

(A) 1The applicant's statistical ama. wf study 3-603 by geograpiiic
region appear to be a data driven attew. L5 discard unfavorable patient
survival and CR results for Novantrone. The initial motivation tor such a
breakdown by region is the misallccation of scme patients to treatment in
Taiwan and Hong Kong. This is the point of departure for the apnlicant to
suggest that the supportive care in tha pacific reyion, which included
Taiwan and Hong Kong, was not as good as elsewhere. The applicant implied
that overall results wear biased against Novantrone as a result of this
poorer supportive care. This is then used as a reasnn to drop the entire
pacific region from the campelete analysis of study 3-603. In my opinion,
only after one looks at the actual data can reasons why results wore
biased against Novantrone be constructed.

The data driven appearance of the applicant's aralyses is further
supported by the fact that there is nc provision in protocol 3-603 for any
analytic or other need to consider geograpric differences in supportive
care. When Europe is constructed by the applicant to be made up of

- Sweden, Israel, and South Africa, the gecgraphic differences in support
care between Eurocpe, Latin America and the pacific seem artificial.

(B) In study 3-74, the applicant found that the lower 2-sided 95%
confidence bound camputed for the mortality hazard ratio was 0.80. This
means that the survival time of daunorubicin patients could be 25% (= 100
X [(1/0.80)-1}) longer than for Novantrone patients despite the fact that
the cbserved survival time of Novantrone patients was longer than that for
daunorubicin patients (Vol. 14.1, page 136). The applicant has rightfully
displayed the survival results for each age stratum and has rightfully
avoided any subgroup interpretation of these statistical results. T see
no reason to consider the hazard ratios for these two strata as estimating
different values. Consequently, under exponantial survival comditions,

- the applicant's lower bound of 25% less survival on Novantrone appears
acceptable to this reviewer,

‘The applicant also found the observed CR rate for Novantrone was 10%
higher than for daunorubicin, and the corresponding 95% confidence
interval ranged from a 4% remission advantage favoring daunorubicin to a
24% remission advantage fuvoring Novantrone (Vol. 14.1, page 121).
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(€) In study 3-603, the applicant found that the lower 2-sided 95%
confidence bound computed for the mortality hazard ratio was 0.60. This
means that the survival time of daunorubicin patients could be 67% (= 100
¥ [(1/0.60)-1]) longer than for Novantrone patients (Vol. 15.1, page

341). The survival curve comparisen p-value > 0.15, which is not
statistically significant, can not be interpreted in this study as showirg
survival camparability of the two treatment regimens. The applicant's
interpretation of survival comparability of Novantrone + Ara~C ard
dauncrubicin + Ara—C in study 3-603 (Vol. 15.1, page 277) which was based
solcly on statistical non-significance is inappropriate.

The applicant also found the observed (R rate for Novantrone was 1% lower
than for daunorubicin, and the corresponding 95% confidence interval
ranged from a 14% remssion advantage favoring daunorubicin to a 12%
remission advantage favoring Novantrone (Vol. 15.1, f..ge 192).

(D) This reviewer finds the applicant's statistical methods, used to
obtain the sun-. sal time and CR rate results stated in (B) and (C) above
for studies 3-v4 and 3~603, are satisfactory. In the opinion of Dr.
Burke, HFN-150, the evidence in item (B) provides adequate clinical
evidence in study 3-74 to show that Novantrone makes as much contribution
to patient survival and CR rate as daunorubicin when used in conjunction
with Ara-C. However, it is Dr. Burke's opinion that the evidence in item
(C) may not show the comparable contribution of Novantrone and
daunorubicin to Ara-C in terms of patient survival.

(E) In view of (D), how could the applicant conclude that the results of
study 3-603 showed comparable effectivencss of Novantrone and daunorubicin
when cambined with Ara-C? The applicant, in fact, provided a variety of
options. In the appiicant’s summary conclusions, the applicant's only
probability based argument, i.e. based on p-values or confidence
intervals, was that no statistically significant differences were found in
CR rate, CR duration, TTF, or survival between the two treatment regimens
(Vol. 15.1, page 277, paragraph 1). The role the applicant gave to lack of
statistical significance is illustrated by the following paragraph in the
study synopsis (Vol. 15.1, page 163) "It is important to note that nane of
the efficacy parameters for the overall study showed any statistically
significant difference." This reviewer has added the underlining in this
quctation for emphasis. I would like to make the following point.

Lack of a statistically significant treatment difference does not
constitute statistical evidence of no treatment difference. In fact, lack
of eridence of a treatment disference of any kind is just what it says it~
is, i.e. lack of evidence. What is being sought is positive evidence
(i.e. primary evidence) that Novantrone in cambination with Ara-C is
comparable to daunorubicin, not the secondary lack-of-evidence argquments
given by the applicant.
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(F) In study 3-603, the applicant provided a second option for concluding
that Navantrone with Ara-C was comparable to daunorubicin in
effectiveness. In the applicant’s words, "The hazard ratios [with 95%
C.L.] calculated for each region sepairately are 1.27 [0.65, 2.48], 0.98
[0.61, 1.56] and 0.46 [0.23, ©.90] for Europe, latin America and Pacific,
respe-tively, (Table 10b) confirming this difference between the regions.®
(quote from Vol. 15.1, page 2!1). When the pacific region was omitted
from the analysis of patient deaths, the daunorubicin/Novantrone hazard
ratio lower bound became 0.72. This figure of 0.72 translates into an
upper bound for the survival time of daunorubicin patients which is at
most 39% longer than for Novantrone patients. This bound is cleacrly more

:akle than the applicant's original 67% survival deficit cited in
item (C} of this section. I will now explain why, in this case, I
consider it to be unacceptable Lo ignore the pacific region data.

** TIndependent evidence of effectiveness is what we are locking for. 1In
this spirit, the results of study 3-74 should not prejudice the
interpretation of study 3-603. Therefore, there is no prior substantial
evidence that the treatment regimens being studied are equivalent. But,
if one starts with the yet unsubstantiated belief that the two treatment
regimens are eguivalent (having a hazard :atio = 1), then the confidence
intervals just given could indicate something wrong with the pacific
region. This would be because the hazard ratio = 1 does not lie in the
pacific region confidence interval [0.23, 0.90]. Unfortunately, removing
the pacific region is based on the invalid assumption that the two

' treatmant regimens are-eguivalent. Any “evidence" that drugs are

equivalent which is based on the postulate that the drugs are equivalent
is no "evidence" at all. It is rather an exercise in circular, self-
fulfilling consistency.

** Simply looking at these 3 confidence intervals leads me to believe the
data for the three geographic reglions are consistent with a mortality
hazard ratio betwéen the values of 0,65 and 0,.90. This range of hazard
rating indicates patients treated with daunorubicin plus Ara-C live longer
than comparably treated Novantrone patients. Note that this

- interpretation of study 3-603, which does not make prior use of the

results of study 3-74, is in fact consistent with study 3-74 as sumarized
in (B) above.

The following comment has no direct relevance to the review of
-—— .- . —the-present submission for Novantrone in leukemia.

- -G} —The-applicant has supplemented CR rate statistics with measures and
" “comparisons of time to CR ard CR duration. In my opinion, the applicant

has introduced two new quantities which are statistically more relevant
than CR-rate alone. In fact, I believe these new quantities have the

potential of making CR rate a secondary rather than a primary efficacy
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6. Comments ich may ke Conveyed to the Applicant

3(i) In study 3-74,the applicant's statistical methods for studying
patient mortality and complete remission ratas are acceptable. However,
more than one third cf the patients who can still be observed to die are
still alive in each treatment group. It is not cle:r that study 3-74 will
continue to show Novantrone in combination with Ara-C provides ANLL
patients with conparable survival to daunorubicin when it has been
virtually completed.

(ii) The statistical reviewer gquestions vhether there is adequate
statistical evidence in study 3-603 to conclude that Novantrone in
combination with Ara—C provides first line ANIL patients with comparakle
camplete remission rates and survival to daunorubicin with Ara-C. The
lower bound on the two-sided 95% confidence interval for the mortality
hazard ratio of all evaluable patients is 0.60. This implies that the
daunorubicin combination could provide 67% longer patient survival time
than the Novantrone combination. FRurthermore, based on the applicant's
95% confidence intervals, the complete remission rate for patients in
study 3-603 could be 14% worse for the Novantrone treated patients.
Medical judgment is needed to decide whether differences this large can be
considered as showing effectiveness comparable to that of patients treated
with daunorubicin and Ara-C.

(iii) In study 3-603, the splitting of these clinical trial data into
geographic regions is exploratory, and potentially data driven. The
applicant has providoad no statistical justification for the exclusion of
patients in the pacific region on the basis of survival or complete
remission rate. First, the original protocol defined no such geographic
regicns. This clearly does not substantiate the applicant's assertion
that it was known beforehand that study 3-603 would have to be considered
by region as well as overall.

D I 3 1
'\(‘-"'f \ I .\‘ 7\ S-“f]h'---

Richard A. Stein, Ph.D.
Mathematical Statistician

This review with the Appendix has 14 pages.

Concur: Dr. Leung # f /2/'“/57

N ——
r i _,—.—-——'—'———.- .
Dr. Dubey _f.'-)/-,-l--_‘.’ - SS/
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Laderle laboratories
A Division of American Cyanamid Company
Pearl Rivar, MNev York 10963

Attentiont Demnis J. Folsy, Ph.D.
" Director .
Ragulatory Lu_non

Dear Dr. Poleys

Refersnce is made to your nsw drug spplication dated May 18, 1984
submitted pursuant to section 505(b) of the Fecaral Pood, Drug, and
Cosnmetic Act for NOVANTRONE (Mitoxantroae Hydrochloride Comcentrate
for Injection).

We slso acknovledge receipt of your additionsal commmications dated
March 12 and 19, May i3, September 21 and 30, October 12,
Deceuber 10, 22 and 23, 1987,

We have coapleted tha review of this application including the
subnitted draft labeling and have concluded that adsquate
inforuation has baen preseated to demonatrata that the drug product
iz safe snd effective for use as initial therapy for scuts
nonlysphocytic leukemia (ANLL: ia aduits as racommsndad ia the
syumitted draft labeling (E:chm insert) as revisad ia the
enclosure. In addition, the visl label snd cartons sust be revised
as followas

’ b
1. The vial and carton labels must be changed from WOVANTRONE
Mitoxantrone Hydrochloride for Injection to NOVANTRONE
(Mitozantrone Hydrochloride Comcentrate for Injection).

2, “AFTER DILUTION" must ba emphasized (1.e., underline, block
iA yollow, snlarge er use diffyrent print) en the wial e
Jabal and cartom.

3. Thase revisions sust be made immsdiately, Howsver, your
vial cartons for 20 mg (28,700), 25 ng (3,000) and 30 mg
(3,000) of NOVANTROME may Le shipped with the provisioa
that a prominent motice accompany esch box of vials. This
sotice should, im bold print, clsarly atate that NOVANTROME
solution is a concantzate snd sust ba diluted, and that
ravised labeling for the vial cartoms will ba implemented
for further distribution of the drug.




e Page 2

MDA . 19297

Accordingly, the appiicatiea, with the labsling ravisions descrided
abova, is approved effective as of the date of this letter.
Purtharsore, it was agreed to on December 14, 1987 during a meeting
with representativa:c of yeur staff, specifically, Prs. Kemneth
Certwright and Stevem Ssletan, and Dr. Gragory Burks and Ms. Alets
Sindslsr of this Divisgion, that your firm will gentinue to follow
the patients entered in the coatrolled climical trisls im ANLL and
to submit yearly updates of tha survival data as well as data
regarding nossible chronic toxicitiaes.

Although the sybmitted data suggest activity for NOVANTRONE 1n
relapssd ANLL, thers are mo adequat. and well-coatrolled studies
contaived in the sulmission that demonstrats its safety and
effectivaness for relapsed or refractory ANLL. Dua to the
heterogensity of these pstient populations, well-controlled studies
are nacessary to demonstrate affectiveness for these indicatioms.

Noreover, meither do the mature data submitted for use of NOVANTRONE
£or tha txeatmsut of brsast cancar provids adeguate evidence that
the drug will have the effect it purports er is represanted to hava
uader the cooditions of uwse praseribed, recommended or suggested ia
its proposed labaling as required undar 21 CPR 314.125(b)(5).
Specifically, Study 4-32 (NOVANTRONE versus ADRIAMYCIN) dcas wot
provide evidencs that trastmant of putients with edvansced breast
cancer with NOVANTRONE will favorably affect their qualiity of life
of mitvivil. Thé low response rats (15%) does mel Laply sfficacy iu
view of the sometimes severe toxicity. 7Ths dasigm and outcoms of
Study 3-48 [CYIOXAN + NOVANTIRONE + FLUOROURACIL (QWF) versus CYTOXAN
+ ADRIAMYCIN + FLUCROURACIL (CAF)] does mot permit @ conclusion that
NOVANTRONE when used in combination with CYTOXAN and FLUQROURACIL is
sifectiva. The ocomparzble survival to CAF slens doss not provide
evidence that NOVANTRONE is fmdepeudently effective in this
- - combinatioa because the vels of the substituted drug in enhancement
- ———of -gurvival in this combination is mot established. The inferior
reaponse rats of ONF taken with the lowar bound of tha 93%
confidence liait of the differamce ia responss rate likevise does
T st provide aasurance that NOVANTRONE coutridbutes to this effect in
~ this cembimation, Twrefsrs, we cousidar the indication mot
spprovabls for the use of NWOVANIRONE ss = second line trectment of
Wraast cancer or in combinstion therapy fer frout lise therapy.

_The enclosed revisions in the draft package imsert are terms of the
NDA approval. Harkstlig the produst befors makisg the rovisiems,

 exactly se reguested and previcusly agreed upom, ia the product’s

- f4mal priated labaling (FFL) may render the mdut sisbranded end

=AR-URApRTOved Mev ATug. .
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Please submit twalve copies nf the revised FPL when £t is

available. 7This sulmiazsion should be designated for cdministrativa
purposes as "FPL Suiplement”™ to the approved NDA 19-297, Approval
of the supplement by FDA fs mot required betors the labeling is used.

fhould a. “itienal information relating to tha safety and
effactiveness of this drug product become available pricr to our
receipt of thae FPL, further revision of that labeling may hu
required. Further recommendations for revisiona ia the labaling may
be regueasted st thz complation of the review by the Division c¢f
B;onttica of the cercinogenicity studies submtttad Narch 12 and 19,
1987.

You say propose, at a later date, to include & section in the
package insert c¢laiming an appropriste atorage tima for the diluted
solutions upon the submission of supportive chemical and
microbiclogical data.

Please submit one market package of the drug when it 1s available.

In addition, plesse submit, in duplicate, the advertising copy which
you intend to use ian your proposed introductory premoticnal and/er
advertising campaign. Please subait one copy te tha Division of
Oncology and Radiophsrmaceutical Drug Proiucts, and the second copy
to the Division of Drug Advertising and lLsbeling, HFN~240, Room
108-04, 5600 Fishera Lene, Rockville, Maryland 20837, Please submit
all proposed materials ivn draft or mock-up form, not final primt.
Alzo, plesse do mot use fora YD~2253 for this submission; this form
1is for routine uss, noc proposed materials,

We reaind you that you must comply with ths requireneats set forth
under 21 CFR 314.80 and 3:4.81 for an approved NDA,

fincerely yours,

Robert Templa, M.D,

birscter .

Office of Drug Ressarch snd Review
Center for Drug Evalustion and Ressarch
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MAR 5985

Review of:

I.

{1) 5 clintcal pharmacokinetic studies.

(2) 3 clinical pharmacokinetic studies from Literature.

(3) 1 metabolism study in human.

(4) 2 in vitro protein binding sty ies.

(5) 4 anfmaY ‘studies related to the drug's tissye distribution,
accumutatic:.: and elimination.

(6} package insert.

(7) formuTation report

Eﬂﬁiﬂﬂﬂﬂﬂﬁ‘

1.  NOVANTRONE containz mitoxantrone hydrochloride as active ingredient
which 1s a synthetic anthracenedione. This drug has the following
structural and empirical formula C221i2gNg06.2HCT with a moiecular
weight of 517.4,

)
HO o .t'/CH;C.Hg_’\/CHz.CH;OH
o 2MCI

“He CHy, MCHC 4, 0t
H O ANcH 2y R

in the treatment of certain neoplastic diseases. It has a cytocidal
effect in both proliferating and nonproliferating cultyre human cells,
suggesting lack of specificity for any phase of the cel} cycle., It
inhibits DNA and RNA synthesis, induces nuclear aberrations, however, the

2. Formulations - During the development of NOVANTRONE twp variations of
the formulation (MRWD 724,480 and MRWO 724,868) were used in clinfcai
studies, The composition of each formulation is listed in Table 1, Each

. formulation g 1s0-osmatic and has a ph of 3.5 + 0.5. Crystal formation

was reported with MRWO 7¢4.480 after protracted storage in some vials,
Investigation into this probiem revealed that the crystalline materia] was
a Sparingly soluble salt of the dithionate anfon (formed by oxigjation of
wetabisulfite anton 15 solution) ang witosantrone cation. When the

. metabisul fite concentration was decreased {MRNO 724,868 formulation), the

crystal formation was eliminated. The acetate buffer system was added to

the MRWO 724,868 formulation to Increase pH 3tability since the pH had

been observed to occasionally drift in some vials prepared with
_m“;§t4gn:ﬂgﬂﬂrlat;1§9:1n;uhfch~noftxgip+9n§ hufferwsystem-was-presentf

~ The intended varketed product, NOVANTRONE, is supplied as a sterile dark

blue aqueous solution of the MRWO 724,568 formulation, However, all

. 61inical phamacokinetic studies submitted in the May 15, }9g4 application
.. Were conducted ustng the MRND 724,480 formulation,



Table 1

Ingredient MRWO 724.480 MRNO 724,868
Marketed Product
mg/m] T w/v mg/ml 3 w/v

Mitoxantrone HC1* 2.0 0.2 2.0 0.2

Sodium Chloride, USP

Sodium Metabisulfite,
Reagent Anhydrous

Sodium Acetate,
Reagent Anhydrous

Acetic Acid, Glacial
Water for Injection,

usp
qs ad

* Expressed as the free base.
** Concentration as formulated; consumed during the wanufacturing process and

not detectable in finished vials.
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3. The sponsor resubmitted a formulation report on October 21, 1985, The
report provides clinical assessment of these two form:lations on
myelosuppression and the disease response rate.

This review contains an evaluation of the following:

(1) 4 clinical pharwacokinetic studies (Report #40, 41, 39, snd 42).
(2) 3 ciinical pharmacokinetic studies from the 1iterature (Report# 36, 38 and

).

(3) 1 interim vreport on clini-.al pharmacokinetics of mitoxantrone -
==z§i-center studies for terminal half-life of the drug using RIA (Report

(4) 1 metabolism study in human (Report #54).

(5) 2 4n vitro protein binding studies {Report #58 and 59).

(6) 4 SnTmal studies relsted to the drug's tissue distribution, accumulation
and elimination (Report #33, 25, 47, and 50).

(7) package insert.

(8) formulation report submitted on October 21, i985.

Note: The report numbers refer to the report numtz2rs in the preclinica:
registration package.

ey

1. Phamcokj ne_t_ics

IV administered witoxantrone disappears from plasma with multiexponentia)
kinetics. Seven pharmacokinetic studies in cancer patients have been
conducted; three of which report biphasic (Report #36, #37 and #38) and
four of which report triphasic kinetics (Report #40, 41, 39, and 42).
Those reporting biphasic kinetics lack efther sufficient early or late
collected blood to adequately describe the kinetics. Variability in the
estimated pharmacokinetic parameters in these studies 1s due to
differences in the number and times of blood sample collection and the
sensitivity limitatTons of € analytical procedures. Large

ntersubject varia w n studies may also reflect the clinical
condition of the tested patients. Viewed collectively, all studies
indicate a rapid tnitial distribution phase(s) followed by a relatively
stow elimination phase. The terminal half-1{fe of the drug has been more
recently re-estimated using a more sensitiv2 RIA procedure.

 (a) Table 2 summarizes the parameters of interest in these studies.




Table 2

I

ators No. of patients mean Ly Vdr Method
and dosage nalf-1ife (sensitivity)
N=5 *t1/2% = 6 min.
12 mg/m? t1/2 8= 62 min.  0.57 L/min/m? 1875 L/m2  HPLC
#40) t1/2 Y= 38.6 hr @ ng/ml}
N=25 *t1/729% = 2.35 min
(15 normal ti/2 = 16,6 min 0.315 L/m‘ln/m2 87.9 L/mé HPLC
| 7 hepatic t1/2 ¥ =3.27 br @ ng/ml)
#.1)  disfunction
3 renai dlsfunction)
6-12 mg/m
N=17 *t1/20l = 3.60 min * w
(pediatric & young t1,/2 @ = 25.2 min 0.471 L/min/s?  168.1 L/m2  WPLC
: adult, 11 normal, t1/2 Y= 2.86 hr @ ng/m1)
#39) 7 hepatic
disfunction
12-20 mg/m?
K t1/2 = 4.1 min
24 mg/m2 £1/2 (® = 19.8 min  0.37 L/n? 317 L/m? HPLC
#42) t1/2 ¢ = 8.9 hr @p ng/m1)
N=6
s 12 mg/me t1/2 @ =56 min -- -- HPLC
#38)
N=6 {see Report #37)
N=5 sxy1/20¢ 23,9 mir,
(abnormal iiver (11.5 - 63.6) 100.7 m1/kg/hr HPLC
function or thi;d t1/2 = 70,7 hr 11.4 L/kg
#36 space) 2-4 ngém (63.3 - 173.2)
(1 &t 12 mg/m¢)
N=6 wng}1/2% = 13,7 min 238.7 mi/kg/hr  13.8 L/kg
1 - 3 mg/m? t1/2 p- 37.4 hr HPLC
- #37)
r N=6
14 mg/m? t1/2 = 12.4 days RIA
on (single dose) or
center 7.5 ma/me(daily . pg/ml)
;. x - . - e —
#44) 12 mg/me(daily x5 T
tric mean -

IQI“C mean



2?

(b) The inftial rapid distribution phase (t1/2 range 2.35-14 min.) appears to
be due to the distribution of mitoxantrone inte the formed elements of the
blocZi. The distribution of the drug into tissues varfes from 16.6 min., to 62
min. The terminal half-11fe has beer estimated and varies from 1 to 38.6 hr
by HPLC and 12,4 days bil%m. The 1onger elimination half-1ife indicated by

18 consistant wita the prolunyad urinary excretion as well as the
persistence of =itoxantrone and/or related materials in the major tissues of
wan,

2. Excretion

Mitoxantrone is excreted slowly via the renal and hepatobil lary systems with
the latter predominating. In the 7 patients treated with 14C-Mitoxantrone
(12 mg/m" ) 13.6 to 24.8% (mean 18.3%) of the administered radioactivity was
excreted in the feces withia 5 days: 6.2 to 23.5% (mean 10.1%) was excreted in
urine (55% of the urinary recovered was excreted during the first 24 hr
of post infusi:n). Of the material recovered in the urine, 65% was unchanged
wmitoxantrone. Radioactivity was also found in the saliva samples of the
patients. In the 6 patients with normal (dose = 1-3 mgémz) and the §
patients with sbnormal liver fﬂction {doses2 = 12 mg/m¢) an average of 11.3
and 10.2% of the administered '“C was excreted in urine in 72 hours (of
which 64.4 and 50.0% was mitoxantrone, respectively). All data indicate that
renal excretion is 1imited which is in accord with the results that ClLy
contributes tc only about 7% of the CLy.

3. Metabolism

DicarboxyTic acid (major metabolite, A) and monocarboxylic acid (minor
wetabolite, B) derivatives of mitoxantrone (resulting from the oxidation of
the terwminal OH group) and their glucuronide conjugates were jdentified in the
urine of two of the tin patients studied (Report #54). The results may
suggest individual patient veriation in mitoxantrone metabolism. Similar
results were also BEservei Tn ATberts patients (Report #40). The urine
excretion for patient # 002 (first course drug treatment) was 23.5% for total
radfoactivity and 7.9 for mitoxantrone (measured by HPLC). However, patients
#005 and #007 who rﬁe‘lved prior mitoxantrone treatment showed 1ittle/no
d{fference in the ['*C] and [mitoxantrone] recovered in the urine. Further
analysis of the urine samples from these two patients indicited the two polar
metabolites only existed as minor constituents. It should be noted that the
urine excretion pattern (metab:1ites vs. parent drug) of each of Albert's
patients agrees with his/her plasma pattern (14C vs. witoxantrone).

4. Tissues Distribution and Accumulation
Mitoxantrone 7s rapidly cleared Trom the hlasma by extensive sequestration
into the tissuss of cancer patients (as indicated by the Targe values of CL
and estimated Vdr (Table 2). Re-entry of the drug into plasma is slow (small
values of K31). Autopsy specimens (11 tisﬂgs) obtained fros one patient at
35 days after a single I.V. dose of 12 mg -mitoxantrone/m< had from 78
(bone marrow) to 1140 (1iver) ng of radioactivity/g confirming the
distribution into and the persistence of drug and/or metabolite(s) in the

- major tissues in man (Report #40). An estimate of 15% of the adwinistered
dose was retained by the seven (heart, liver, kidney, lung, spleen, thyroid




s it

and bone marrow) organs analy.ed. The mean concentrations of radicactivity in
the 11 tigsues in man (dosid at 12 mg/mz) and in_ the same tissues in rat

(3.5 mg/m?), dog (7.6 mg/mé) and monkey (12 mg/m?) at 30 or 35 days were

583, 317, 483, and 734 ng/g, respectively. These data suqgest that the tissue
concentrations and distribution among tissues {n man and jaboratory animals
are similar. Based on the above information and the following animal data:

et

(1) Tissue concentrations of total radioactivity were proportiona‘l to dose
(0.25-0,75 mg/kg 10 rat, and 0.05-0.2 mg/kg in dog).

(2) Concentrations in most tissues were one to three orders of magnitude
greater than the plasma concentration.

(3) Conce=trations of radioactivity in all tissues declinzd monoexponentia“y

with 2 mean half-1ife of 20-25 days in rat (49 days in dog) while

radfoactivity in serum disappeared more rapidly with 2 terminal hal f-1ife
of 11.3 days (36 days in dog's blood).

(4) Ther?2 was Sn absence of any detectable metabolites in most tissues (except
1iver, kidney and serum).

The half-11fe_for the garent drug in rat tissue is 2 times of that
measured in plasma by IA. Therefore, it is reasonable to assume that the
half-1ife of mi toxantrone in human tissues may be longer than j2.4 days
which was estimated from plasma datz by using the same RIA procedure that
was used for the rat study. From this extrapolation data and the results
of Report #40 (excretion and autopsy data) 1t 1s highly probable tha this
drug would accumulate in the hody under 3 dosing schedule of 12 mg/!

given every 3 weeks (the roposed dosage regimen in the iaeling is 14
mg/n? given every 3 weeks). Additionally, &f effect of drug

accumuiation on the pharmacokinetics and metabolism of mitoxantrone is
suspected but it can not be concluded with the 1imited information
provided in this submission (See Report #40 peficiencies (2)).

5. Protein Bindin

Mitoxantrone 1S “3% bound to human plasmid proteins in the concentration
range of 26 to 455 ng/ml. The extent of binding is independent of
concentration and was not affected by the presence of di phenylwdantoin.
doxorubicin, methotrexate, prednisone, prednisol one, heparin and
acetylsalicylic acid at their maximum reported therapeutic concentrations.
Human albumin andGq-acid glycoprotein pound 76 and 66% of the mitoxantrone
when dialysed against solutions of 50, 200 and 500 ng/ml.

6. Effects of he atic disfunctis* =71 drug's harmacokinetics

Report [ 4] suggestea that the uha. -gelinetics of mitoxantrone in patients
i abnormal 11ver functions {Ne . was not significantly different from
patients with normel liver function (N=15). However, Reporl $36 found that
patients with abnormal liver function (N=5) had a CLy less than one half of
that observed in patients (N=6) with normal liver function (100.7 vs. 238.7
ml/kg/hr). The terminal 4y /% of the drug was almost double in those

patients with 1iver di sfunct

reliability of the phamcokinetic parameters estimated 1n Report #41 as being S
questionable (see Report #41 peficiencies), and (2) a lack of individual .- - -mT T
plasma data for an accurate evaluation of Report #36, no conclusion on this

{ssue can be made at this time.



Fi

111. Indlvidual Reports (Reviewed in Detail)

A. Report #40

1. Title: *“Distribution and elimination of 14C-l1abeled NOVANTRONE
(Mi toxantrone.HCl, L 232,315) following a single intravenous dose in
cancer patients.”

2. Investigutor: David S. Alberts, M.D., University of Arizona, Tucson,
Arizona.

?4 Obgective: To determine the distribu ion and elimination of
C-1abeled NOVANTRONE after a single intravenous dose of 12 mg/m2 in
cancer patients.

4. Formulation: 10 i ml sterile solution contains:
Active in%;edient - 14 (side chain) 1abelled mitoxantrone.2HCl, 2 mg as
free base/ml, specific activity 8.85 mcCi/mg.

Iyactive ingredients - sodium metabisulfite 0.2% w/v, sodium chloride 0,8%
'v.

5. Study Design ard Procedures: 8 terwminally 111 patients (5 females, 3
males, age 25-74 years) participated in this phase I open-label study. §
patients received the drug as the first course treatment. ad received
¢ previous courses at triweekly intervals, and 1 had received 12 prsyious
courses on the same schedule. NOVANTRONE was administered (12 mg/m€) as
a constant intravenous infusion over 30-35 min. Blood samples (0-96 hr, 7
patients only), urine (0-120 hr), total fecal materials (5 days), saliva
samples were collected. Biopsies of the disease involved organs were
obtained 5-22 hrs after dosing and autopsy specimens were obtained 35 days
after drug administration.

6. Analytical Procedures:

(1) V4¢ content (mitoxantrone and related materials) in plasma, urine,
fecal material, blood formed elements, saliva, tissues removed at
biop::es. and in one case at autopsy was assessed by 1iquid scintillation
counting. _

(2) Concentration of mitoxantrone in plasma and urine was determined by
HPLC using external standard methodology (sensitivity of the assay 1

.. ng/mi)..  Prior to HPLC analysis ascorbic“fﬁid was added to plasma for
nuintaint¥ﬂ sample integrity. A VAC-ELUT'™ system equipped with
BOND-ELUT!™ one w1 C18 cartridge was employed for sample cleanup

. purposes. _

7. Study Results:

'(l) Fi;iin lﬂtﬁiahtrﬁné'ind'radioactivity (14C) decreased rapidly during

-~ the first 1-2 hrs after infusion completion. Thereafter the decrease was much

~ slower

after about 12 hrs where the decrease was quite slow.
~two-different patterns. Inone groupef3d - - - .

ching a p¢1nt




patients (#001, 002, 004), the plasma 14C remained approximately equal to

the plasma mitoxantrone for 5-20 min, but then fgg two concentraiions began to
diverge reaching a concentration ratio of 5:1 ( /mitoxaqsgone). In the
second group (#005, 006, and 007), the decline of ciasma '*C corcentration
parallclied that of the plasma mitoxantrone with :ittle differenc2 between the
two concentrations.

(2) The pharmacokinetic parameters in 5 of the 7 patients studied were best
described by & three-compartment open model (Table 40,1, tq,20/= 0.1 hr,

B = 1.03 hr, and t,,¥ = 38.6 hrs) while the -ata from fhe remaining
2 patients fit a two compartment model (these two patients #004 and 005 were
no§1ini]uggd in the pharmacokinetic analysis). Individua) data are listed in
table 40.4.

éa% Tﬁelsatio of blood formed elements (FE)-14C/plasma-13C ranged between
:1 ana 10:1.

period. 6.5% (range ) of the administered dose was recovered as
mitoxantrone while 10,1% (range ) was accounted for as mitoxantrone
plus related material (Table 40.2). e majority of the material was excreted
?Rring the first 24 hrs post {nfusion (90% cf the mitoxantrone and 55% of the
C-radioactivity). Mean renal clearance (CLp=70 m1/min) was 7.6% of the
total body rlearance. Three metabolites were detected in urine but were not

yet identified.

(4) Recovery of drug]ielated material in urine was limited over a 5-day

(5) Mean fecal recovery of '4C-material in the 5 patients who had more than
o movement during the 5 days coliection period was 18.3% (range

(6) V4C-material was found in saliva samples taken at 96 hr (4.0 ng
mitoxantrone equivalents/m1) ard 120 hr (3.6 ng drug eq/ml).

(7) Tissue distribution of mitoxantrone and related materials is wide and
extensive. This 1s demonstrated by (a) a large mean apparent volume of
distribution (Vdr=1875 1/m?), (b) a very small valuve of x.;,}, (c) Mops¥
inecimens of malignant tissue taken 5-22 hrs after dosing indicated uptake of

C in a1l tumors examined (Table 40.3), and (d) all specimens taken at
autopsy (patien? #002) 35 days after drug administration contained measurable
quanitities of 4C material (Table 40.3). Highly perfused tissues attained
higher concentration of drug related material. An estimate of 15% of the
admninistered dose was retained by the seven organs analyzed.

Both the autopsy data and the excretion data (urine plus fecal, 28% of the
tfministered dose recovered in 5 days) suggest that mitoxantrone and/or
C

-related material has a very long half 1ife which i considerably longer
than_the t1/2 Y= 38,6 hr determined In this study.

8. Deficiencies:

(i) Inconclusive evidence with regard to the effect of mitoxantrone
_accuﬁﬁTatfbn on_the pharmacokinetics and metabolism of the drug.




From this study #490, it 1s evident that the drug and/or related materials
probably would accumulate in the body on a dosing scheduie of 12 mg/mZ every
3 weeks. The {nvestigator claimed that repeated dosing for as many as 12
cotrses {patient #007) had no noticeabie effect on the calculated
pharmacokinetic parameters (Table 40.4). The conclusion {s Tess convincing
without further support due to the following reasons:

a. Lack of a well controlted study for patieat #007 wultiple dose data).

b. Only 'imited number of terminally 111 patients with various disease
states were snalyzed (N=5),

c. VYariability of individual's pharmacokinetic data.

qxrthernore. in an2lyzing the pattern of plasma disappearance of
C/mitoxantrone for the 7 patients studied (Appendix I and II), it was
found that 3 matients (#005, #06, #007) who had prior mitoxnntrogs,treatment
fell into one (Group II) of patients whose de-TTne of the plasma '*C
concentrations naralleled the deciine of plasma mitoxantrone with little
difference betw—-en the two determined concentirations, while those patients who
ficefved the dr ;g for_the first time bud a slower decline in plasma levels of
C and had a final [14Cc]/[mitoxantrone] c?gcentration r-tio close to 5:1
(Group I). The urine excretion patterns (!%C vs mitoxancrone) of each
patient agreed with his/her plasma data. Of particular interest was the
finding for patient #007 who had 12 prior mitoxantrone treatments. The tot~i
amount of mitoxantrone recovered in fzgh urine collection period for this
patient equaled the amount of total recovered per sample suggesting that
no metabolites were present. Whether these observations imply alteration of

was used to determing the concentration of mitoxantrone

mitoxantrone metabolism during the course of repeated dosing or simply reflect
common characteristics of these 3 patients can not be concluded from the data
reported in this study. It is recommended that “he sponsor submit available
information or conduct a multiple dosing study to clarify this issuve.

2. lUnderestimated elimination half-life.

The autopsy data (at Teast 15% of the administered radioactivity remained in
the body 35 days after dosing) and the excretion data (only 20-31% of the drug
was recovered in 5 days) suggest that mitoxantrone and/or related materizls
should have a considerably longer 21imination half-1ife than the presently
reported values lE]/ziFZU.8-69.3 hrs) which were derived from plasma data
obtained near the assay's lower 1imit of sensitivity ng/wl).

3. Lack bf assqz;yalidation data.

In this study, (#40) an external standard method of una1¥§is of mitoxantrone

! n plasma and urine
(i.e. by comparing the peak height of mitoxantrone of patient's samples to
that of the spiked samples obtained from the HPLC chromatograms which were run
separately). The following assay validation data for the sponsor’s HPLC
procedure should be provided:

a. Recovery for mitoxantrone from vrine.’
b. Standard calibration curves for mitoxantrone from plasma and urine.
c. Intraday and interday reproducibilities of these standard calibration




d. Precession of assay demonstrated by assaying patient's urine samplec at
several levels of drug concentration.

e. Some HPLC profiles of patient's plasma and urine samples at different
levels of drug concentration,

Due to lack of assay validation data, the pharmacokinetic parameters obtained
by the HPLC method cannot be accurately evaluated at this time.

9. Conclusion:

The Division of Biopharmaceutics finds the pharmacokinetic parameters obtained
questionable and not acceptable at this time due to (1) a lack of HPLC assay
validation data and (2) other data that suggest the elimination half-life of
the study drug to be much longer than the study's re?orted value (t1/ar'-

38.6 hr). The study's tissue distribution data for 14C mitoxantrone is

however found to be acceptable. This study demonstrated that mfitoxantrone 1s
distributed widely and extensively into the tissues of man.
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MBLE 42, [

' Near. Nitoxantrone Pharmacokinetic Paraseters
NsE

Parameter Mean . Standard Min. Max. Standerd C.V.%

' Deviation Error

S — . : Hean
o /hr 7.33  2.38 _ 1.0 32.5
8 /hr 0.687  0.170 0.076 24.8
y /br 0.0199  0.0101 0.0045 50.6
ey 0.099 - 38.8
t 8 b 1.03 26.0
t v 38.6 50.7
Kyp Ihr 1.7 1.0 0.46  60.4
Kyy /hr 0.94  0.28 0.12  30.4
Ky /MF 18 0.55 0.24  30.3
) Ky /hr 0.0324  0.0131 0.0059 40.2
Kyo /hr 3.5 1.7 0.79  50.5
v, Ll 0.4 66.3
N e 1678 66.2
vy mt 612. 63.7
Y TS 63.3
vt 1875. 6. 2%, 35.7
cLy Y Uninel 0.57 0.4 0.10 42.2
Cty W/min 7. 1. | 1. 47.6

The foﬂMng \mues are gemtric means:
;H!- A1l valyes

v
CE
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B. Report #41
1. Title:

"Pharmacokinetics of NOVANTRONE (M1toxantrone.HC1, L 232,315) following
administration of a single intravenous dose"

2. Investigators:
Louis Malspeis, Ph.D.

Jares A. Neidhart, M.D.
Ohio State University, Columbus, Ohio

3. Objective:

To assess and describe the pharmacokinetics of NOVANTRONE in canc::r patients
under a phase 1 clinical pharmacology study.

4. Formulation:

10 m1 sterile solution contains:

active ingredient mitoxantrone.2HC] 0.5 mg free bas¢/ml
inactive ingredient sodfum metabisuifite
sodium chloride i

5. Study Design & Procedure: i

This study was an open-1abel rising dose tolerance study in 25 terminally il
patients (11 nsn ans L} mn2 age 17-70 years)._Single doses ¢f 6 mg/
(N=16), 7 mg/m® (N=1), 8 mg/m¢ (N=1), or 12 mg/m2 (N=7) of NOVANTRONE

were given a3 constant intravenous infusions over 3-32 wminutes. Blood (0-72
hr), and urine (24-48, 48-72 hr) samples were collected.

6. Analytical Method:

Plasma and urine samples were first extracted using dichloromethane and
potassium carbonate followed by an (extraction

efficlency was 67.4%).
was included as internal standard. The
resul ting sample was then analyzed by HPLC (assay sensitivity @' ng/m1).

7. Results:

(1) The plasma mitoxantrone -oncentration-time data were fitted to a 3
compartment model (Table 41.3; t,kzy-z.ss min, ty/4=16.6 min,
ty1/24=3.27 hrs). However, the presence of urine xantrone at 50
ng/mY (24-48 hr) and 25 ng/ml (48-72 hrs) suggests & much longer terwinal
half-11fa than the presently reported value of 3.27 hrs.

2. The large apparent volume of distribution (Vdr =87.9 1/m2) could
suggest that mitoxantrone is highly bound to tissue. The small value of
_K31=0.0046 win~' suggests the drug's re-entry to plaswa is very slow.




(2: A comparison (by T-test) of the phaﬁ.\acokinetic parameters for
patients receiving 6 mg/m (N=16) with those receiving 12 mg/m* (N=7)
failed to show any dose dependency.

(4) Renal clearance { 7m /min/m2) estimated for two patients (1

normal, 1 liver disfunction) only contributes ic 5% of the total b
ciearance. A comparison of the mean phamacckinetic parameters of
patients having normal renal function (N=15) with patients having renal
impaivment (N=3) (table A .2) showed no significant difference. However,
it was acknowledged py the i nvestigator that 3 patients with various
degrees of renal impairment constituted only a small sample.

(5) A comparison (T-test) of tne mean pharmacokinet‘.c parameters of
patients having normal liver functions (N=15) with patients hnvin% hepatic
daisfunction (N=7) showed no significant di fferences. (Table 41.3).
Individual data are 1isted in Table 41 .4.

a. Defici encies:

(1) Inadequate estimation of pharmacokinetic parameters.

Due to limitations of the assay the phannacokinet'lc parameters estimated in
this study were derived from plasma level data obtained for a period only
cavering 0-10 hr. Furthermore, 755 of the plasma samplies ﬁollected at time
points greater Than & hrs after dosing for the 6 or 7 mg/mc doses had drug
concentrations that were in 3 range where no information for extraction
efficiency was fven. Therefore, the relid ot the paraneﬁrs reported
In this study 1S uestionable. Example, the estimated mean terminal hal f-11fe
is 3.27h which 1s only 1/10 the yalue reported by Alberts (Report #40; 38.6 hr
by HPLC), and by savaraj (Report #36; 37.4 hr by HPLC). Besides the
{nconsistency with the results obtained from other studies, the estimated hal f
1ife is also in conflict with the {nvestigator's collected urine data which
{ndicated the presence oF mitoxantrone In 24-88 hr 50 ng/ml) and 48-72 hr
samples (25 ng/ml). 1f indeed the terminal half-1ife was only 3.27 hrs, no
drug should have been found in urine after 35 hrs (ten half-1ives). By

compartment model may be more appropriate for this drug. Based on (1) the
questionab'le parameters at hand, and (2) the lack of analysis of complete set
of plasm samples (0-72 hr), the Divi sion of Biophamaceutics finds that the
mterpolation of the urine data into_a not yet defineu wodel is {nadequate.

(2) Conflirtin {nformation with regard to the effects of hepatic disfunction
on drug $ P armacokinetics.

This study also showed that the mean phamacokinetic parameters obtatned from
patients with hepatic disfunction were not signif'lcantly different from those
obtained for patients with normal 1iver function. However, the authors in
Report #36 (1{terature articie) found that 1) the former type patients had a
total clearance that was less than one half that observed for patients with
rmal liver function (100.7 wi1/kg/hr VS 238.7 wi/kg/hr), and 2) the terminal
half-11fe of the drug was almost doubTe (70.7 hr vs 37.4 hr) in those patients
with hepatic dysfunction. Since the reliability of the pharsacokinetic
parameters estimated 1n this study 1S questionable (Deficiency (1)) and Report
$36 is 8 1iterature article that lacks {ndividual data for 2 meaningful R
evaluation, no conclusion on this issue can be wmade at this time. o



9. Conclusion:

The Divisicn of Biopharmacuetics finds the pharmacokinetic parameters reported
in this study not acceptzble. However, the following information obtained in
this study _cou'lil be qualitatively used as supporiive data of other studies.

(1) Mitoxantrone appears to be bound to tissues and re-entry of the drug
into piasa is very slow.

(2) Renal elimination of the drug is minimal.



TABLE &/ /

[

Mean Mitoxantrone Pharmacokinetic Parameters (N=25)

Parameter Units " Mean* S$.D.% Min Max
a min? 0.2042  75.2 0.09850  1.10000
8 min'l  0.0u183  35.8 0.01650  0.061%0
Y min-1 0.0035  41.0 0.00199  0.008:"
t) /20 min 2.35 52.8 0.63 .04
ty,8  min 16.6 24.8 11.20 42.01
ty /27 hr .27 28.4 1.4 , 5.81
Kyz minl 0.0927  94.0 0.01376  0.31935
Kpy min 0.0722  50.8 0.02063  0.19882
ky3 min~ 0.0355  58.0 0.01035  0.10087
o k3 win? 0.0046  41.0 0.00239  0.00995
k30 win’! 0.1443  69.9 0.04541  0.77254
A L/md 2.18 76.9 '0.27 9.20
v, L/m? 2.81 51.7 0.74 7.89
V3 Lt 16.8 61.8 sz 412
vd L/e? 22.5 '85.8 8.19 58.47
vd, L/e? 87.9 9.2 42.80  265.19
o, Limin/me  0.315  39.6 0.14 0.62

* Geometric Bean.
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TASLE <f/. 4

SNSWARY OF BEAD (WSC 279836) MACROSCDPIC PRARMACOKINETIC PARAMETERS MURING A PHASE 1 CLIWICAL STURY

Patient Dose - L] Y t1/2a t1/28 t) /2y a
(ng/nl) (vl  (min~3) (atn~1) (win) (nin) Chours) (L/min/a?)

KA. [} 0.28% 0.0488 0.00462 2,43 14.20 2.% 0.430
J.A . 0.116 0.0165 n.00199 5.9 42.0% 5.80 0.180
.8 s 0.585 0.0311 0.00249 L.18 13.56 4.63 U 0.179
5.5 ) 0.306 0.0%05 0.00821 1.3 13.73 1.41 0.3%
n.<. 6 0.159 0.04::8 0.00264 436 15.13 " 0.409
V.E. 12 0.267 0.0348 0.00313 2.60 19.92 3.6 0,214
L.r. ] 0.270 0.0436 0.00391 2.7 19.%0 2.9% 0,931
R.C. 12 1.100 0.0817 0.00223 0.53 1.0 354 0.209
Il n 0.381 0.0463 0.00315 1.82 1497 2.4 ¢.62¢
MR, 12 0.313 0.0619 0.00273 2.20 11.20 &1 0,504
Code 1 0.132 0.0253 0.00217 S.23 27.40 3.34 0,332
i RS (] 0.0430 0.0515 0. 00409 1.54 13.46 2.82 0.2%1
i L. 12 0.314 0.0251 0.00234 2,21 27,62 4.9 0.3¢9
e Robe 12 0.099 0.0187 2.003135 7,00 31,07 166 0.192
b= [ 6 oW 0.0090 0003 01 AL 2W o s
M. [} 0,663 0.0342 0.00440 1.05 1n.n 2.62 0.306
J.r. 7 0.392 0.052% 000443 117 13.20 1.00 0,333
v.r. 3 0. 141 0.0365 0.002468 W ;) 15,99 569 0.1%7
Ik, . 0.450 0.0432 0.00648 1.34 16,03 .1 (WY
. AS. ' 0.707 0.0433 0.00472 0.9 16,01 2,43 0.329
| XN ' 0.403 0.0816 0.00343 1.60 11.29 12 0326
351 s 0.447 0.0415 0.00250 - 1.5 16.70 (W) 0.333
XN . 0.631 0.0319 0.003153 1.10 12.% %47 (WY, )
AT, ® 0.104 0.0342 0.00212 5.6 20.27 S.44 564
('8 1 0.370 0.03587 0.00389 1.07 1.1 1.9 .20
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SUBARY OF PHAD (NSC 279836) FICRWSCOPIC THARMACOKINETIC PARAMETERS DURING A FRASE I CLIWICAL STUDY

Patient Bose L] k) ki3 kn k1o
(ng/22) (uin~1) (1) tutn~1) (an~1) tat 1)
B.A ¢ 0.0837% 0.08180 0.04422 0.00643 0.12253
ke ¢ 0.02041 0.02063 0.02833 0.00296 0.08237
| XN ' 0.25177 0.10724 0.05712 0.00317 02193
5. 3 0.21137 0, 10423 0.0313% 0.00993 0.202i7
nc. . 2,02035 0.0s873 0. 793 0.00320 o.08719
vz, 12 0.08233 0. 93691 0..12138 0.00364 0.14031
L7, . 0.0%24 0.08334 0.02298 0.00473 0.11508
~.c. 12 0.211% 0.07718 o. 10087 0,00370 0.77254
J.M. 12 0.14072 0. 19882 0,018 0.00677 0.08741
! . 1n 2.00419 9-101% 0.02857 0,00313 0.16191
tJ. ' 1 0.01413 0.02934 0,9103 0.002%9 e.10277
. ) 0.17473 0-10224 | 000283 0.00312 o.101123
nt. 12 o.11462 0.042¢8 0.0M78 0.00343 0.12564
E gL 12 0.02¢49 0.02972 0.01416 0.00430 0,04541
@ Me 6 ooers 0.06347 0,03123 0.00568 0.08630
LM ) 0. 14843 0.07924 0.0083Y 2,00490 0.44372
(XN ? 0.21297 0.09436 0.02793 0.00708 0.29%%
e, 6 00048 0.0534¢ 0.03649 0.00427 0.03%2
EX % . 0. 13408 0.07140 0.03024 000831 8.20714
A8 . 031933 0.08782 0.07030 0.06606 %2713
LS . 0. 13011 012188 0.03147 0.00730 o.16308
551 . 15683 ¢,0%082 0.96390 6.00338 o. 19452
r.s. . 0.26766 ©.1030) 0,002 0.0037¢ 82013
At ' 001376 0.0M29 0.83421 o.00281 0,00313
| XX ¢ 0.1%77 %1187 0.03009 0.00913 o 1:19y
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SUMMARY OF DRAD (NSC 279836) VOLUNE FRAFRACORINETIC PARAMPITAS BURING A PRASE I CLINICAL STUDY

Patient Dose \{) v " ve,, va,
(ng/n?) (L/a2) Lra?) L/n?) (L/n?) (L/a?)
B.A. ¢ 3.51 3.60 2.13 .13 93.03
JsAs ¢ 2.57 2.54 20.58 29,69 90.43
| A1 [ } 0.82 1.92 14.73 17.47 T1.¢
i i ] seTh 3.52 632 11.78 42.80
n.C, [ 5,69 2.07 26.24 33,00 154.93
w.E. . 12 1.92 2.20 9.00 12.73 .17
L. . 3.04 3.20 .71 2.0 90.15
RG. 12 0.2y 0.74 7.37 .% €3.%
EX R 12 9.20 €51 23,04 40,73 £20.49
LA 12 3.48 2.98 30.92 3”27 206.57
Cede 12 3.42 1.43 14,82 19,88 162.57
Rde ] 1.20 .18 10.60 14,03 .48
L. 12 2.% 7.89 46.73 7.5 157,31
@ o
g RoL. 12 (%) 3.00 13,9 . 2. 0.9 ]
B, . 3.6 3.7% JR20 &0 20.93
Lot . 0.685 1.2 677 (R ) .3
a.r 7 1.12 .63 (WY .19 %12
P, . 2.93 1.40 21.79 3.7 53,52
JoRe ) 2,13 4,60 14,57 N.D .11
AlS. . 1.19 % 1) 13.09 19. 3% "y -
5g. ¢ 1.9 2,53 14.00 18.93 ”. 1
53,1 . 1N .01 33,33 ..M 133.30
v.s. ¢ 1.03 & e .11 BN "
R X ) 8.63 2.69 4112 5847 265,19
v, .

2.43 .7 15.33 0.69 . : T s

| £44
o




C. Report #39

1. Title:
"Pharmacokinetics of NOVANTRONE Mitoxant:ioneeHC1 (CL 232, 15) folilow’ng
adn}nistratiun of a single ¢ntravenous dise in pediatric and youny adult
patients"

2. Investiqvators:
James A, Neldhart, M.D.
Louis Malspeis, Ph.D.

James Miser, M.D.
Ohio State University, Columbus, Ohio

3. Objective:
0 assess and describe the pharmacokinetics of NOVANTRONE in pediatric
patients under a phase I clinical pharmacology study.

4. Formulation:
Same as Report #41

5. Study Design and Procedure:
This study was an open-Tabel phase I rising-dose tolerance and safety
evaluation in 17 peﬁiatr?c patiegts (12 males, 5 femailes, age 2-21
years). Single doses of 12 mg/m¢ (N=2), 14 mg/mZ (N=!), 18 mg/m
(N=5) or 20 mg/m“ (N=9) of NOVANTRONE were given as rapid intravenous
infusions over 3-35 minutes. 6 patients were dfagnosed as having some
hepatic function impairment. Blood samples were collected anc analyzed as
-described :n Report #41.

6. Stugi Results:
asma data were best fitted into a 3 compartwent model
(Table 39.1, ty Al 3.6 win, ty/2 P = 25.2 min, ty/2¥= 2.86 hr).

(2) The targe volume of disiributfon (Vdr = 168.1 + 71.8 ) indicates that

- mitoxantrone 1s probably highly bound to tissue in a "deep" compartment.
The small value of K31 suggests that the release of mitoxantrone from
deep tissue-binding sites is slow.

(3)-A t-test éohpir1son of the pharmacokinetic parameters of patients
_ having hepatic impairment with patients having normal liver function
showed no significant di fference {Table 39.2).

_shown in T->le 39,3)."

~ . _-___{5) Bimoda) distribution of Vdss (peaks at 45L/mZ and 110L/m?) suggest
—-- . -——that. two groups of subjects were present in the 17 patients studied. It
is observed that those children with largest Vdss also had larger CLy.
- The younger children (less than 5 years old) were among those with lower
~ Vdss and CLtT values.

(%) A suwmry of pharmacokinetic parameters for individual patfents is
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. --’ - ﬂ‘.sm MACROSCOPIC FRARMACTRINETIC PARUWITERS WURING A FRASE 1 CLIWICAL STORY

fettast Seoe .

Y t1/1e i T2y a
tog/e?) (sl  (uwl) (el (n)  (utn)  Cwers)  (Liwtw/al)
| N9 - 0.002¢ 0,.04) 0.00412 6Ly 70.21 2.0 [ 87}]
Gl 1] 9,103 9.021% 9.00187 [ %5 ) 32.24 610 0.943
| N N » 2.59 0.0508 0.00446 .24 13.64 2.%% 0.201
BeBe 18 9320 0.0574 0.00484 2.47 12.08 2.9 09.908
FA N » 9.1%0 6.07% 0.00307 4,82 19.47 %76 0,718
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1.

4.

Deficiencies:
(1] Inaccurate estimation of pharmacokineticAggrameters.
Same as Report #31, Deficiencies (1).

{2) Inconclusive results with reqard to the effects of hepatic disfunction
on_the drug's pharmacokinetics.

This study showed that the mean pharmacokinetic parameters obtained from
pediatric patients with hepatic disfunction is not significantly different
from those obtained from pediatric patients with normal 1iver function.
However, due to (a) inaccurate estimation of these parameters, (b)
conflicting information found in adult patients (Report #4] Deficiencies
(2)), and (c) no available supportive studies to justify the
investigacor's results. No conclusion can be made at this time.

Conclusion:

Same conclusfion as for Report #41 for the blood level data.

Report #42

1. Title:

"Pharmacokinetics of Mitoxantrone HC1 (CL 232,315) following
administration of a single intravenous dose in patients with acute
Myelogenous leukemia".

2. Investigators:

Professor J. L. Wichaux

Dr. R. Hulhoven

Professor J. M, Defry

Catholic University of Louvain, Brussels, Belgium.

3. Objective:
To assess the pharmacokinetics of mitoxantrone in patients with acuce
myelogenous leukemia.

4. Formulation:
10 mT of sterile solution contains:
active ingredient mitoxantrones2HC1 20 mg (as free base)/m)

inactive ingredients sodium metabisulfite 0.2% w/v
sodium chloride 0.8% w/v

5. Study Design & Procedure:

This stud¥ was an open-1abel clinical efficaqx and safety evaluation in 5
patients (3 males."g Temales, age 20-56 years) with acute myelogenous
leukemia in relapse or retractory to other therapy. Each patient received
a single dose of 2{ mg/m¢ as a continuous intravenous infusion over a 30
min period. Blood samples (0-72 hr) were collected. Urine samples (from
patfents 1 and 2) were ccllected for 72 hrs.

6. Analytical Prcedure:

Plasma samples were stored and analyzed by the method of Ostroy and Gams.
Assay sensitivity wes 1C ng/ml.




TARLE - 4./

'_” ESTIMATED MITOXANTRONE PHARMACOKINETIC PARAMETERS - DOSE 24 mg/n°
S SUBJECTS
PARAMEIER UNITS 1 2 3 4 5 MEAN  (5.D.)
« 5 mn' 0% 0.15 0.13 0.10 0.33 0.7  (0.09)
B " min™' 002 0.076  0.018  0.011 0.04E 0.03%  (0.03)
v Min~!  0.0013 0.00086 0.002¢  ©0.0011  ©.0012  0.0013  (0.000)
o Min 4.95 4.62 . 5.33 6.93 2.1 -
t.;B Min 3.7  9.12  38.5 63.0 Yook -
ty Hr. 8.9 3.4 5.8 0.5 9.6 -
K,, min~?  0.035 0.013  0.018  0.020 0.095 0.036  (0.03)
K, Min~'  0.029 0.105  0.022 0.0 0.075 0.049  (0.04)
Kya min~'  0.026 0.052  0.030  0.016 0.067 0.038  (0.02)
iy Min-'  0.0018 0.0077 ©0.0028  0.00%  0.00:B  0.019  (0.000)
T Ky min~'  0.069 0.057  0.075  0.063 0.14 0.081  (0.03)
v, M2 426 716 4,51 5.98 2.99 4.98 (1.6}
VY w2 231 ars 7 351 356 37 (119)
cLy L2 0.29 0.4 0.34 0.38 0.42 0.37  (0.05)
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7. Study Results:

(1) The plasma drug data were best fit to a 3 compartment wodel, (Table
42.1; t1/o)= 4.1 mip, ti/p = 19.8 min, ty 27~ 8.9 hr, Vdr = 317

L/me, CLT = 0.37 L/m?)

(2) Urine recovery in 72 hr was 7.1% for patient #) and 9.7% for patient

f2.
8. Deficiencies:

(1) Inadequate estimation of pharmacokinetic parameters. Duc to the
insensitivity of the assay method, only those plasma data obtalnel in 0-12
hr (0-6 hr in one patient .ad 0-8 hr in another patient] could be used to
derive pharmacokinetic parameters. The estimated terminal hal f-1ife was
8.9 hr which is 1/4 the values estimated in Report #40 and #37.
Furthermore, the urine data obtained from patients #1 and #2 demonstrated
that the drug was being excreted after €-8 half-1ives had passed. These
observations indicate that the terminal half-life of the drug has been
inadequately estimated in this study.

(2) Lack of individual urine data.
(3) Tack of assay valudation data.

This report does not provide assay procedure and assay velidation data.
Therefore, the pharmacokinetic parameters reported in this study cannot be
accurately evaluated.

9. Conclusion:

The Division of Biopharmaceutics finds the pharmacokinetic parameters
determined in this study not acceptable.

E. Report #36

1. Title:
*Pharmacology of Mitoxantrone in Cancer Patients” (see attached article)

2. Study Design and Procedure:
11 patients pa%ficlpafia in this study. 6 Batients who had norwal liver
and kidney functions were dosed at 1-3 mg/m®. The remaining Szpatients

who had abnormal liver and third space were dosed at 2-12 mg/m© (see
Report #37 for detailed procedure).

3. Study Results:
The pharmacokinetic parameters for each g:vup cf patients are summarized
in Table 35.1 and 36.2.

4. Deficiency:
Due to the Tack of individual plasma and urine data and assay validation
data the pharmacokinetic parameters reported in this study can not be

meaningfully evaluated.




5, Conclusi-n:
The DivisTon of Biopharmacuetics finds Report #36 not acceptable.

Report £37

1. Title:
"c1{nTcal Kinetics of 1,8-dihydroxy-5,8 bis [[2-[(2-hydroxyethyl)amino]
ethyl] amino]-9, 10-amthracenedione”

See cttached article

2. Study Design and Procedure:

Six patients w metastatic canser (5 males, 1_female, age 37-68 years)
recefved a single dose of 1 mg/m< (N=1), ? mg/mC (N=1), or 3 mg/m*

(N=4) of mitoxantrone :.c an IV bolus. Blood samples (0-96 hr) were
coliecied. Urine was cﬂlected at 6 hr intervals for the first 24 hr and
then dafly for 72 hr. C radioacc:vity was determined by 1iquid
scintillation counting and witoxantrone (pareant drug) was snslvzed by HPLC
using unlabelled mitorantrone as marker.

3. Study Results:
;I;e]p armacokintics parameters and urine data were summarized in Table

4. Deficiencies:
Due to the Tack of raw data and assay validation data, the parameters
reported in this study can not be accCurately evaluated.

§. Conclusion:
Same as Report #36, conclusion.
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Pharmacology of Mitoxantrone in Cancer Patients

Niramo: Savaraj. Katherine Lu, Valdivieso Manuel, and TiLiLoo
Department of Developmental Therapeutics. The Univerxity of Texss System Cuncer Center, MD Anderson Hospital and Tumor Instrue,

Housion. Texss 77030, USA

Semms:7, Rodioactive mitoxantrone was adminis-
sered at doses of 1-12 mgim? by rapid IV infusion tc
11 padienss, Cf the 11 pasienss, six had normal liver ang
kidney function sests while the remaining five had
abnormal third space and/or hepadc dysfuncrion. In
she former group, the initial 1,,, was 13.7 min and
terminal iy, was 37.4h. The apparent volume of
distribution was 13.8 ilkg. The 0l clearance rase was
-230.7 mitkgih. The recovery of unchanged :nitoxan-
trone from urine was 6.8% a1 24 h and 7.3% a 72h,
while the corresponding recovery of total radioactivity
wa: 9.4% at 24k und 11.3% ax 72 K. In the five
patients with abnormal liver function or third
space the initial 1,,, was variable and ranged from.
11.5~63.6 min, and the terminal 8, ranged from
33.3=173.2 h, whereas the tosal rase varied
from 52.7-170.2 mlikgih. However, the cumulative
krinary excretion of unchanged mitoxantrone was
similar 10 that of patients with normal heparic function:
J.9a124 hand 5 at 72 h. Biliary excrerion was studied
in ont of these panienss, who had jaundice and heparic
impairment; only 2.3% of 1*C wus excreted in 24 h and
2.7% in 96 h, of whick 39% and ¢1%. respecnively,
were unchanged mitoxanrone. Our results suggest
that mitoxanmone is wken up rapidly by rissue from
which it is released siowly. on of mitoxanirone
dose is therefore advisable in patienss with liver
dysfunction or aknormal third space.
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Introduction

::lt:zzi';;me (NSC-JOlml)e.m l.l-dihy;qroxy-S.{‘-
i -hydroxyethyl)amino yl)amino}-9,10-sn-
thracenedione dihydrochloride) (Fig. 1), a new
Snthracenedione derivative, has shown antitumor
activity superior or equa: © that of doxorubicin in
e ——

Roprowt requerss should be addvassed o N, Sevanj

several animal tumor systems, but apparently without
cardiotoxicity [4, 7, 8, 11, 12). Although its mecha-
nism of action remains obscure, preliminary evidence
suggests hat, Lke doxorubicin. mitoxantrone inter-
Calates with DNA [2, 3] and is a potent inhibitor of
RNA and DNA synthesis of cultured mouse ym-
phoma LS178Y cells. Compared with doxorubicin on
an equimolar basis. mitoxantrone is approximately
Seven times morc potent in iphibiting the incorpo-
ration of *H-uridine and four times more potent in
inhxbi[ﬁng the incorporation of *H-thym::\ine in these
cell: {1].

In beagle dogs and cynomolgus mopikeys, myelo-
suppression and tc  : gastrointestinal manifestations,
such as emesis and bloody diarrhea, appearad to be
the major dose-limiting toxic effects of mitoxantrone,
Other toxic effects included weakness, weight loss,
swollen limbs, labored breathing, hyperthermia,
excessive salivation, and lacrimation [1]. Because of
its impressive anticancer activity in experimental
systems and its apparent lack of cardiotoxicity,
mitoxantrone has been selected for phase 1! clinical
trial.

Von Hoff et al. recently reported the maximuia
tolerated dose of mitoxanirone (o0 be i4 mg'm? given
by IV infusion every 4 weeks [10]. Myelosuppression
was the dose-limiting factor, while other toxic effects.
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Fig. 1. Siructural formuls of 1. &dibrydroxy 5-8 bial(2[(2-hydsoxy.
ethyljaminojethyijsminol¥. 10.suthracenedione dibydvochionde:
NSC 301799, mstoxantsons




mon. There was po evidencs of cavdiotox. -y, rensl
failure, or alopecia in the 25 pluenb studied.

Materiaks snd Methode

i Iaheled with ™C i Bl four carboas of the
bis-(2-hydroxyetiryl) moiety ‘specific activity 11.2 mCi/mmcle,
95% pure cherically and radiochemically ) and the walebsled
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s Tabls 1.

Semple Collacsiow. Wiood (10 sal) wes collucted via 3 heparia Jock
was separsted by cestifegation for dersrminstion of miloxan-
wens. Usrine was giso colleced, ¢ 6-h isasrval for the flum 24 b
ad then daily wp @ 7Zh.

Radiochewical Technique. Radicactivity wac drsermined with 8

; e i : . Sl 2650:
quenching was covrecied by the sxternal standurd chansels ratio
mavhad; for YC the counting efficiency was about 90%. Plesms or
wrine (0.2 mi) was conmred ie 11 ml YCS, a commercial phase -com-

Determination of Misoxansrone by High-pressuse
Liguid Clwerisagraphy. Al plasma samples (10 volumes) ware
Wﬂmmﬂ(lw)nﬂh
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mitnzamtrons Wik iscerizined by fuoming uelabelsd i
the column. The retention toe for o roue

froctions were mized wich 11 mi PCS aad the radioartvy
w0.-ated ia the liquid scimlation coutcr. The recovery uf wey
ioNCEivi gresier than 90%.
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The barmonic mean initial haif-life of the drug was
13.7 min and the terminal half-life was 37.4 h. The
apparent volume of distribution was sbout 13.8 kg,
suggesting evtensive tissue binding. The mean total
clearance ws 238.7 mlVkg/h, twice as high as the
creatinise Clicarance in man.

The cwnulative urinary excretion of unchanged
drug for the first six patients was 7.3% at 72h,
whereas the correspouding recovery of total radio.
activity was 11.3% at 72h (Fig. 2). Therefore
unchang2d mitroxantrone accounted for 64.6% of the
wotal radioactivity.

Table 3 shows the pharmacokinctic parameters of
the remaining five patients who had abnorma! liver
biochemical tests and/or abnormal third space. The
barmonic mean terminal half-life wes 70.7 b, which is
significantly longer than that of the first six patients.
and the mean clcarance was 100.7 mUkg/h. which is
significantly lower than that in the six patients of the
first groap. The computer-generated plasma clear-
ance curve for total unchanged mitos:ntrone in 8
patient with normal hepatic and renal function
(patient 4) in comparison with that of a patient with
aucites (patient 7) is shown in Fig. 3.

The mean cumulative urinary excretion of
unchanged mitoxantrone in this group of patients was
$.1% at 72h and the corresponding total C was
10.2%, which is not statistically different from that in
the first six patients.

Biliary excretion of mitoxantrone was studied in
petient 11, who bad an indwelling T-tube and pre-
sented wirk jaundice and abnormal liver function
tess. The excretion of doth towal radicactivity and
unchasged mitoxantrone in the bile was minimal:
vnly 2.3% of the “C in 24 h, and 2.7% in 96 b, of
dn;g 9% and 41%, respectively, were unchanged
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Toble 1. Patient diagnosis 2ad characseriatics

Pasiast Agp S DHAQ Diageoss
dose
1 » ] t carcinoma
| ] M 2 Squamous ‘sl carcinoma of the ung
3 61 E 3 Small ceB cxccinoms of the lung
4 &8 M 3 Adenocystic carcinoma of the epigostis
L | k1) F 3 Squamous oell carcisoma of the aeck
] s M 3 Malignsat melssoma
7 2 M 4 Synovial sarcee-:a with icg cdema
] 60 M 3 Adenocarcinows of the rectum ascites
L -1 ¥ 3 Wmdmmmm-dm
10 56 F 12 Chronc lymphocytic leukemia. aocites
1 L] M 2 Adenccaranoma of the colon hepatic ussirment
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Pubin ]. Miwozasuone pharmacokisetic parameters
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Pationt Half-lives vd Clsarance Uriswry excretion, % dose
s
Initial Terminal Unchapged drug Toeal C¥
(min) W) (kg) (mikgh) b 7h Mh nh
1 169 2.5 18 2.y Y 10.1 10.1 13.¢
e 10.2 ne 5.7 1196 12.5 ac’® 149 ac?
3 y oK) %.7 a.é ns2 5.7 51 83 10.2
4 20 u 9 13.3 9 75 10.5 %9 14.1
5 79 1.6 m.) 4.0 5.7 49 9.1
[ ] 122 11.0 162.5 3s 51 .2 L X}
| Mem23E 1372 Q 138229 ! 6813 1312 94213 131l
! ® Not collected
\ * Harmonic mead
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parameicss in atisets with orgssope:ay or third space

Pavet Hall-fives vé Cisarmace Usisary axcration, % dose
e
Saleinl Torminal Usnchanged drug Tol C¥
Lmim @ orp (mikgh) uh 2n 248 728
7 y . ¥ } 533 34 2.1 63 19 . 9.2 139
] 118 mn2 152 0.3 43 53 82 104
Y n4e ®.3 170 103 29 Ja 39 56
] Q0.6 2.7 44 527 28 act 27 ac’
1 ni 93 150 1006 33 b 5] 4 ics
Mean2SE 29222 (P24 114227 39407 51210 67216 102217
* Not enllected
* Hormonic memm . ——— o _
Discassien ’ unable to collect the bile beyond 5 h. However, in
: one study we recovered 63% of the administered
The clinical inetics of mitoxantrone have  dose, representing mitoxantrone and metabolites. in

certain unusual features. The elimination of the drug
from the plasma was relatively slow, with a terminal
half-life of about 37h, compatible with the low
urisary excreiion of 7% of the administered dose in
725 (Table 2). The hepstobiliary excretion rate of
m-.mmmumhmlyukm although
we observed that very little of it was found in the bile
of a patient, who, bowever, had extensive liver
disease. Since in the dog the rate of biliary excretion
of mitoxaatrone was siow [$], if man resembled the
dog in this rejard, mitoxantrone is expected to be
modylbw!ymthehiledmm In both
:pede&umnﬂemdmmmmub-
olites were detocted in the bile 3s well as in the urine,
but the extent of metabolism was limited. In other
words, in man, the renal, hepatic, and metabolic
clearance rates of mitoxantrone were all low. To
reconcile these iindings with the comparatively high
sotal clearance of the drug, which was at least twice
the creatinine of man. the conclusion appears to be
mmmmmmmuu

the nte was
mdmhhmmmh
Sigpificx ..Auu: mmhmmm
: quhhﬂuhh&qumm
- _luh;du\-mbh mnm

the feces of a dog in 24 h. Extrapolating this finding to
man, we contend that the predominant route of
mitcxantrone excretion in man must be fecal. To
confirm this, further studies are now in progress.

Comparing mitoxantrone pharmacok:netics in the
two groups of patients, the values of apparent
volumes of distribution are not significantly different.
However, in patients with hepatic impairment or
third space, the average total clearance of mitoxan-
trone was decreased to less then one-half of that in
patients with normal kiver function, whereas the
terminal half-life of the drug was almost doubled.
Similar changes have been reported with many drugs
in diseased states involving the liver [9]. notwith-
standing the fact that the effect of diseased liver on
pharmacokinetics is far from simple. In the present
study, because renal clearance was not significant in
mitoxantrone climination, the reduction of total
clearance of this agent in patients with impaired liver
function or third space is most probably attributable
to either decreased hepatic clearance or impaired
intrinsic metabolic clearance, particularly since we
have no evidence that in these patients the tissue
deposition of mitoxantrone has been changed.

All but one of our patients were given uniformly
low doses of mitoxantrone; the exception was
patient 10, who received the drug at a dose of
12 mg/m?. However, we have elected to include the
results obtaines in this patient in our report, because
even at this seemingly high dose no dose-dependent
mitoxantrone pharmacokinetics were apparent. In

with the remaining four patients of this
kinetic parameters of

- -GFOup,
plﬁemmdemtedmdelyfmntheuofthcom-
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Our studies have amply demonstmed that knowl-
ed;eoftbephamauhncmofldmgnof
paramount importance in planming its clinical triml.
Patients with moderate liver impairment or abnor-
mality of the third space, such as ascites, are at
greater risk for mitoxantrone toxicity. Judicious
dosage modifications and frequent monitoring of
p!asma drug concentrations are sdvised in these
patients to : ~oid serious consequences of prolonged
exposure to mitoxantrone, a drug showa by us to
localize and persist in the body.
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Clinical kinetics of 1,4-dihycroxy-5,6-b

[[2- 2-hydroxyethyl)amino Jethyi ]
amino }-9,10-anthracenedions

The clinical kin -tics of 1 4-dikydroxy-5.8-bis{{ 2-{/2-hyiroxvethyl jaming Jethvi jamino

}9.10 unthracenedione dikydrochioride (DHAQ) are reporied. DHAQ, ! 10 3 my/m*. was
adminsstered as an imravensus bolus to six patienis with metasiatic < * =r. Plasma clearance of
the drug followed a biphasic patsers: with a harmonic mean initicl keif-life (t'4) of 13.7 min an+

a serminal i'% of 37 4 hr. Recovery of unchanged drug in the urine was 6.8% ar 24 kr and
7.3% at 72 hr, wiile the corresponding recoverv of wal radioactivity was 9.4% axd 11.3%.
Apparent volume of distribution of DHAQ was about 13.8 = 2.9 kg. Tenal clearance was
238.7 milkgihr. twice the creatinine clearance.

mmmmmv.s..wvumum
Michas! Burgess, M.D., Theera Umsawsedi, M.D., Robert S. Benjamin, 1.D., and

T1 L Loo, D.Phil. Houston, Tex.

. Deparmment of Developmensal Therapeutics, The University of Texas System Cuncer Center.
M. D. Anderson Mospival and Tumor Institute

1,4-Dihydroxy-5.8-bis{[ 2-{( 2-hydroxyethyh

aminojethyi]amino].9, 10-anthracenedione  di-
hydrochlorids (DHAQ), NSC-3017%) (Fig. 1»
is one of the several amincanthracenedione de-

- -fivatives-that-exhibit x wide spectruim of an-

titumor sctivity against experimental leukemia
tad solid tumors.** Preliminary evidence

- - -Suggests that. like doxorubicin, DHAQ interca-
~ laes into DNA* 3 and is a potent mmivitor of

RNA and DNA synthesis of cultured mouse

lymphoma LS178Y cells. When compared with

doxorubicin on sn equimolar basis, however,
DHAQ is approximately seven tunes as potent

_Suppetiod by CM-ST189. aad gt CA-Q5831.
Mh“h !l. l!ll )

H H
O NCH,CH,NCH, CHo0H

| . 2HCI

e

HO 0 NCH,CH,NGH,CH,OH

Fig. 1. Suuctural formuls of 1.4-dihvdroxy-5.8-
hs[[:[(z-hydmxthvlmmno]emvllammo}& 10-an-
dihydrochioride.

in innibiting the incorporation of *H-uridine . »d
four times as potent in inhibiting the incorpor.
tion of *H-thymidine by LS178Y cells.' DHAQ

. -AS._superior. to goxorubicin against 11210
* leukemia and has moderste activity agaiast

P388 leukemia. which is resisant 10 doxorubi-
cin. In B16 melanoma and colon carcinoma 26. _

T 00%-526A0N0NT4IS00 30 B 1003 T ¢ Ne- k. =
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Fig. 2. Plasma dissppearance of DHAQ after infu
sion in patient 4. The solid line is the computer gen-
ersied semilogarithmic plot of tz nonlinear least-
square fit of the data and the closed circles are the
observed values.

DHAQ has antimmor activity comparable to
that of doxorubicin, but it is ineffective against
Lewis lung carcinoma and Ridgeway osteo-
genic sarcoma.* - & 1% Myelosuppression snd
foxic gastrointestina! manifestations soch -

emesis and bioody diamrhea appear to be the
major dose-limiting toxic effects in beagles and
cynomolgus monkeys. Side effects also include
weakness, weight loss, swollen limbs, labored
breathing, hyperth. rmia, excessive salivation,
and lacrimation.! Von Hoff et al.? recently re-
ported a phase I study that showed the max-
imum tolerated dose o be 14 mg/m* and
confirmed that myelosuppression is a dose-
limiting factor.

DHAQ. uniabeled and specifically labeled
- -with 'C -in all four carbons of the bis(2-hy-
droxyethyl) moiety, were generously supplied
by the Drug Developmemt Branch of the Na-
tional Cancer Institute. The labeled drug had a
specific activity of 11.2 mCi/mmol, with a
95% radiochemical purity by aworadiography.
DHAQ was formulated in normal saline solu-
tion at a concentration of 0.5 mg/mi for intra-
venous injection: only freshly constituted solu-
tion was used.

Patient selection. All patierts had hivwologi-
cally proved malignancy and adequate hepatic
. function (serum bilirubin, serum glutamic ox-
sloscetic wansaminase, and ajkaline phosphs-
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Fig. 3. Towal radioactivity (e——s) and unchanged
DrAQ (a——a). Values are the mearn (=SEM) Jor
six patienis.

tase at the normal level or elevated w | '35 than
twice normal) and renal function (normal blood
urea nitrogen and serum creatinine). Their leu-
kocyte counts were more than 3000/u! with
normal differential counts, and their platelet
counts were more than 100,000/ul. Other re-
quirements included complete recovery from the
toxicity of previous chemotherapy. Each patient
received 10010 200mCi, 1 10 Img/m? of DHAQ
in 12 ml of normal saline solution as an intrave-
nous bolus in I5 min. Pharmacologic studies
were performed on day ! of the first course.
Patient characteristics are listed in Table 1.
Sample collection. Blood samples of 10 m)
were collected through a hepavin lock at 15 and
O minand 1.2, 4,6, 12, 24, 45, 72, and 96 Ir
after drug. Plasma was separated by centrifuga-
tion for deermination of total radioactivity and
unchanged drug. Urine was also collected at

6-hr intervals for the first 24 br and then daily T

for 72 hr.
Radicactivity determinstion. Plasma or

urine samples of 0.2 ml each were mixed with

11 ml of a commercial phase-combining count-
ing solution (PCS) available from Amersham,
and the madioactivicy was determined in a
Packard Tricarb Liquid Scintillstion Spectrome-

ter Model 2650 equipped with. automstic de-
vices for quenching correction and computation
of disimegrations per minute.

Determination of uelmlgd DHAO bv'

high-pressiivé ~ Equid -




Table L Pasiem characteristics
Por=m | Age Body weighs | Tosal doze Prior
Ne. | (m) | Sex (kg) {mg) Diagnosis _ chemotherapn
1 » M 0.5 1.8 Hepatocelluler cascitioma 5-FU
2 & M 54.0 3.2 Squamous call carcinoma 5.FU doxs subicin, mitomy-
cin-C
3 6l M N3 6.9 Small ceil carcinoms of lung  VP- 16, cyclophosphamide.
doxorubicin
4 w M 659 4.5 Adenocystic carcinosaa of Meshotrexate, cislatin,
epiglotis Sleomycin doxurubicin.
AMSA
| ] 37 F =1.5 4.3 Squamnous cell carciboma Methowrexase. doxo-ubicin,
of neck cytoxan, peptichemio, L-
alsnosime
6 585 M 66.8 54 Malignant melanoma AMSA, decarbazine

plasma samples (10 vol) wure depreteinated
with 20% sulfosalicylic acid (1 vol) and the

P NaOH: urine samples were also adjusted to pH
. 10. The deprossinated plasia or urine was ex-
tracted with an equal volume of chioroform/

isopropanoi (1:1, v/v), accompanied by vigor-

- ous agitation with a vortex mixer for 5 min, and

- cenmifuged st 48,200 x g (Sorvall RC2-B cen-

- trifuge)-for 20 min. The orgsnic phase was re-

moved and evaporated to dryness in a sampie

concentrator (Brinkman, Model SC/48) under a

-stream -of nitrogen. The residue was reconsti-

tuted with 150 wul of distilled water for injection

into- the - high-pressure liquid chromatography

(Water, Model 204), using & Watere u Bondapak
__C,.mem;lneeolumn(!oocmxwm

- at a flow e of 2 mi/min under 2000 psi and
) SRR - . - withthe ultraviolet detector se: at 254 nm. The

-x . = il :locstion of the unchanged DHAQ was ascer-

tunodbymnnln; uniabeled DHAQ through the
column. Retention time for DI-IAQ was l6 min.

g mmmmommmudwmum

e e e Of PCS and redioactivity was counted in_the
' _ liquid scincillation counter. Recovery of the total
. mum;nmy was more thin 90%.

O ianef dismeter). The elution system consisted of
0.1M acerate buffer (pH 3.96) in 30% methanoi

s of results. Nonlinear least- - '
: is-of -the-rasiits- was ——-alear-absrrations—and <hromosomaldamages.” _.__.__- e

Aesulls

We studied six patients: one each wok a
I-and 2-mg/m? dose. and four took a 3-mg/m?
dose. The computer-generated plasma clearance
curve of unchanged DHAQ in petient 4 is
shown in Fig. 2 and kinetic parameters of all six
patients are shown in Table 1l. The harmonic
mean initial half-life (tYa) was 13.7 = 4.2 min
and the elimination half-life (t39) was 37.4 =

3.7 br. The apparent volume of distribution was

sbout 13.8 = 2.9 //kg. The mean body clear-
ance was 238.7 x 42.0 ml/kg/hr. twice as high
as the creatinine clearance.

The cumulative urinary excretion of un-
changed drug was 6.8 = 1.3% a 24 hr and
7.3 = 1.2% at 72 hr ¢Fig. 3). Urinary recovery

_of total radioactivity was 9.3 = 1.3% at 24 hr

and 11.3 = 1.1% at 72 hr: unchanged DHAQ

thereiore accounted for about 84.4% of thetowl

mcioactivity at 72 hr.
Hematologic toxicity was minimal in these

patients; the median nadir of the leukocyte =

count was 3000/ u! and that of the piatelet count
was 233,500/ ul. Other toxic effects. including
nausea. vomiting. fever. and mucositis. were
negligible.

" Diecisslon -

Like the anthracycline amibiotics. Dis -y
" also ineracts with DNA and induces stmilar nu-

st it was obained based on an open

el with the aid of the PROPHET pro-

'DHAQ and its close analogue VSC-’S”IB_:R T

noteell-cych phase-specific drugs® * 7 and can
kill ‘n lopruhmxc powxh or Ga phlu
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Table=. DHAQ kinetics
Clearance
th vd rate C x1 Urinary excretion
Unchonge
DHAQ Towal "C
Patient a B )
No. {min) {hr) 1lkg milkg/hr agimi X hor | 2hr | 72hr | 24 b 72 br
1 16.9 26.5 7.8 20z ¢ 146.6 1.7 10.1 10.1 1.6
2 10.2 329 5.7 119.6 493.5 12.5 NC 14.9 NC
3 27.0 4.7 22.6 335.2 225.5 7 5.1 83 10.2
4 280 419 138 228.9 208.3 1.5 10.5 9.9 i4.1
5 7.9 39.1 21.6 383.3 236.2 4.0 5.7 6.9 9.1
6 12.2 46.8 11.0 16 497.5 s 5.1 6.2 94
Mcan 137 lay 138 G381 6.8 7.3 9.4 1.3
*SEM =42* 237+ =29 =420 =1.3 =12 =13 =1.1

Vd = voiumes of diswitnsion; C X | = concentratios X time: NC = sot callected.

'H-nn-_g mean.

These properties make it promising for solid
tumors with low growth fractions.

Our studies of DHAQ have disclosed several
kinetic characteristics of DHAQ of considerable
relevance to its phase I-1I clinical wial. DHAQ
is cleared from the plasma essentially bipha-
sically with a long t% (37.4 hr) during the termi-
nal phase. This is compatible with its low uri-
pary excretion. In beagle dogs, DHAQ also has
a long plasma %8 and is likewise excreted in
small amount in the urine.* Since it is not ex-
creted significantly in dog bile, we infer that its
hepatobiliary ex:retion in man is probably low:
direct evidence is lacking because bile was not
available from our six patients. The low biliary
excretion of DHAQ in man was established in at
least one patient not included in our smudy. In
this patient, extensive liver disease was diag-

- nosed, however. DHAQ is metabolized to some

extent in both man and dogs: both the urinary
and biliary excretion of the metabolites appears
10 be low. All considered, it seems paradoxical
that the total clearance of DHAQ is relatvely
high. st least twize that of creatinine. Seques-
tration i1 one or several body comparmments
from which the drug is gradually released must
therefore be principally responsible for the 1apid
clearance of DHAQ. This contention is sup-
poried from two other observations: first, the
apparent volume of disuibution of DHAQ

TV I - el @ Pm p o wal . AW s %y

. 5. Johnson R, — '::.
EM. Heary DW. Cheng CC: Exporimencal sti- — = — &=

------ e e L - -

suggests its ready penetrstion into tissues. and
sccond, the drug 1s noc only highly bound o
plasma protein, but also concemratively taken
up by nucleated blood cells.* Consequently,
persistence of DHAQ with its associated risks
must be bome in mind in planning clinical drug
trials.
*Sevesaj N. ot al: Masuscrigt in preparmion.

We wish to thank Dr. L. M. Allen for assiancs in
PROPHET computar analysis.
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G. Report #44

1. Title:
*C1{nTcal Pharmacokinetics of NOVANTRONE Interim Report (RIA)"

2. Investigators and Protocols:
G. Ehninger, W.D. University of Tubingen Medical School,
Tubinger, West Germany, Protocol #D3P504T1

R. Gams, M.D. University of Alabama Medical Center,
Birmingham, AL, Protocol #D3P44T8

1.C. Henderson, M.D., Dana Farbar Institute,
Boston, MA Protocol #D3P72T0

3. Objective:
To assess the pharmacokiretics of NOVANTRONE with special emphasis on the
elimination half-1ife using a radioimmunoassay.

4. Study Design and Procedure:

These were multi-site open-Tabel clinical efficacy studies of mitoxantrone
in acute myelocytic leukemia or breast cancer patients (2 males, 5

females, age 46-65 years). The reyimens used varied from a single dose of
14 m mé given every 3 weeks to a daily dose of 7.5 mg/mé or 12

mg/m¢ given for 5 days. Blood samples were collected.

5. Analytical method:

RIA was employed to assay the serum concentration of mitoxantrone in blood
samples taken at 2 to 23 days after dosing. The assay sensitivity is 75
pg/ml. Metabolite A (dicarboxylic acid, main metabolite in human and
ani:z}s). at concentration of 1-10 ng/ml serum, has a cross-reactivity

of 2.

6. Study Results:

Serum concentrations and the estimated terminal half-1ives of the
individual patients are shown in Table 44.1. Al1 of the tj/2 values
agree (range 10.2-18.4 days) except that of patient 2013 (l]/ 0.7
days) in which sampling was performed only on days 2, 3, and /. The
reliability of this value is questionable due to the short period of
sample collection. Mean (+ S.D.) of the remaining 6 ty/2 values was
12.4 + 3.7 days.

7. Comment:

Onyy the Henderson patient (M. Dakton) had a sufficient number of data
points to obtain a statistically significant correlation of LnCp versus
time; the remaining data sets had good correlations but Tacked a
sufficient number of points to give statistically reliable estimates of

tys2.

8. Conclusion:
The Division of Biopharmaceutics finds Report #44 acceptable,
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Serun Cmcemratians of Fitoxantrone

{(Bean S.D. of Threc Replicate inalysis by KIiA)
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: ) Study 1, Ehninger

Fatie t 't |I2_ {dﬂ‘."
No. Day :
! i 8 1.04 2 0.05 N
16 0.48 = 0.01 N F
. 23 0.47 t 0.01 [l
11 8 0.74 £ 0.03 R
15 0.26 2 0.01 | 0
22 0.29 ¢ 0.01
113 9 1.26 & 0.03 »
16 0.62 3 0.03 TRk
23 0.55 ¢ 0.02
v 8 0.75 & 0.01 4
15 0.32 ¢ 0.05 N
22 0.29 * 0.04

L)
sStudy 11 Renderson

Monigue Dakton 3 2.07 ¢ 0.08
- 5 1.70 2 0.1} o B
d é ,A, 8 1.13 ¢ 0.06 [C.%
2 11 0.86 ¢ 0.07
! - | 16 0.77 ¢ 0.03
21 p.61 ¢ 0.0
' Study 111, Gass
" patsent 2013
Bobby Moore 2 2.58 2 0.09
3 2.23 ¢ 0.12 qe. T
- ' 2-27 ! D.M
Patient 2015
Forman Bryant | 2.24 % €.
. 2 1.93 ¢ 0.09
3 2.05 + 0.06 (5.4 ?
1 3.72 £ 0.20
21 1.00 ¢ 0.02
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Report #54

1. Title:

*CL 737,315 (mitoxantrone), The Isolation, Purification, and
Identification of Two Urinary Metabolites Following Intravenous
Administration of CL 232,315 in Man."

2. Investigators:
F.S. Chiccarelll et. al.

Lederle Lab.
Pearl River, NY

3. Objective:
To study the mitoxantrone metabolic pathway in man.

4. Analytical Method: .
Urine samples Trom 10 patients were absorbed on glass wool and sep-pack

cartridges followed by preparative HPLC. The isolated metabolites were
then subsequently identified by MS with a synthetic marker,

TLC was performed using Brinkman glass plates (5602)

6. Study Results:

- Two of *he patients collected urine specimens were found to contain
large amounts of polar materials. Two metabolites were isolated and
purified. The structures are shown in Fig 54.1. The major metabolite A
was identified as dicarboxylic acid and the minor metabolite B was
{dentified as monocarboxylic acia.

- The elution profile of the 0-24 hr urine sample from one patient
contained a high proportion of the more polar metabolite A (Fig 54.2).
The total 0-24 hr urine collection (28% of the 12 mg/mZ IV dose)
contained 3.6 mg of metabolite A and 1.8 mg of mitoxantrone.

6. Comments:
This study Tndicates that the renal excretory pathway in some patients {is
a significant pathway for the elimination of drug related materials.

7. Conclusion:
The DivisTon of Biopharmaceutics finds Report #54 acceptable
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MOLECULAR STRUCTURE OF MITOXANIRNKE AND TH) METAROLITES

B R M Copount
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R 9{830

Figure $7¢. 2

. Patient D.W,
Profiie »t 658 rm of the 0-24 Hour Urine from §
HLe Ewt:aerr:n Intravenous Dose of Mitoxantrone at 12 mg/m
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Report #58

1. Title:
*Protein Binding of Mitoxantrone”

2. Investigator:
AP, Ionel'lq -

Lederle Laboratcries
Pearl River, RY

3. Objective:
To a“sess protein binding characteristics of mitoxantrone.

4. Analytical Methad:
EquiTibrium DiaYysTs

5. Study Results:
- ﬂg toxantrone (concentration range 25-455 ng/m1) bound to pooied
human plasma had a mean value of 78.3 + 4.4%,

- The drug (50-500 ng/m1) bound to (a) human serum albumin had a mean
value of 75.7 + 5,52 (SD), and (b) to(¥)- acid glycoprotein had a
mean vatue of 66.1 + 5.9 % (SD)

The extent of binding was independent of drug concentration and
there was no evidence of a saturation of bineing sites at the

concentrations studied.

6. Conclusion:
The Division of Biopharmaceutics finds Report #58 acceptable.
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Report #59

1. Title:

*In ¥itro piasma protein binding interactions between 14r CL 232,315 and
diphenylhydantoin, doxorubicin, methotrexate, prednisone, prednisolcne,
heparin zid acetylsalicylic acid in human plasms.”

2. Tunvestigators:
M. ¥chTbrenner
R.A. dnucaman
iederie Lab.
Pearl River, NY

3. Objective:
To investigate the effect of concomitantly administered drugs on the
plasma protein binding of mitoxantrone.

4, Analﬁ'lca‘l Method:

ﬂ equ rium dialysis method was u=2d with 50 ng/m1 and 200 ng/ml of

'*C mitoxantrone (therapeutic range in humans) and other test drugs
{(diphenylhydantoin 20 mcg/ml, doxorubicin 1 mcg/ml, methotrexate 1 mcg/ml,
prednisone 200 ng/ml, prednisolone 200 ng/m1, heparin 25 mcg/mi,
acetylsalicylic acid 30C mcg/ml).

5. Stugz Resul ts:
Mitoxantrone Protein Binding

Equilidrium was attained at 7-8 hr.,

Optima? mitoxantrone binding was seen at 6-9 hrs.

No difference in binding was observed between 50 ng/ml (76.5 + 2.73
bound, n=39) and 200 ng/ml (76.3 + 3.6% bound, n=34).

Mean = 76.4 + 3,13 bound (n=73). “These results suggest that there is
no saturation of binding site(s) on the protein within the range of
§0-200 ng/m).

Effects of test drugs on mitoxantronc projeir binding.
Table 59.1 shows the equilibrium of -Mitoxantrone in the
presence of all added drugs. able 59.2 shows no statistically
significant alterations in mitoxantrone plasma protein binding.
doxorubicin produced some interaction with mitoxantrone but failed to
show any significance by two-tailed student t-test.

6. Conclusion:

Yhe Division of Biopharmaceutics finds Report #59 acceptable.
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K. Report #33

J. Title:
"Pharmacokinetics and Tissue Distribution of Intravenously Administered
J4c_Mitoxantrone in the Rat.”

2. Investigators:
S.R. sautam, et. al.
Lederle Lab.

Pearl River, NY

. (bjective:
jl’g compare pharmacokinetic properties and tissue distribution of
C-Mitoxantrone at different 1v doses (0.25, 0.5 and 0.75 mg/kg) in tha
rat.

4. Study Design and Procedure:
36 rats were dosed at 0.25 mg/kg, 42 rats were dosed at 0.5 mg/kg and 36

rats were dosed at 0.75 mg/kg.

Plasma were collected from 5 to 120 days. Urine and feoces were collected
over 24 hr for the first 10 days, cfter which the samples were collected
cumulatively over a 7 day period until 120 days. Tissue samplies were
air-dried before combustion in a sample oxidizer.

. 5. Study Results:
" "FolTowing iv administration of V4C-Mitoxantrone the total radioactivity
had 1inear, sex-independent and dose-independent pharmacokinetic

properties in the ra.. Figure 33.1 shows the time course of the total
radioactivity in various tissues, blood and plasma at 0.25 mg/ky dose
Tevel. The results indicated the following:

1. The distribution of the total radifoactivity was extensive.

2. The tissue concentration-time profﬂe:. f the total radioactivity
showed a much slower rate of decline {ty/2 = 20-25 days) compared
to that in plasma (t 6 = 11,8 days). Redistribution of the

total rad'loactivity ]“o the cellular compartment may be occurring
while the overall tissue concentration was falling. This would
explain the slower rate of decline.

" 3. The persistence of the total radiocactivity in the tissues and
organs was remarkable with significant amounts detectablie through 120
_ days after a single intravenous dose.
Aver ge tissue concentrations of radioactivity were summarized in Table

6. Conclusion:
The Division of Biopharmaceutics finds Report #33 acceptable.
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i . Tahls 33, i
o8 Avarage Tiswus Comcaticrations of Redicscr'vity (s Racs Folle-ing a Sicgls
. Intravencus Dese af 0.25 mg/kg of :=C~Ci 232,31
_ (5¥: ABlG8)
Tissma Comcemtratioa (agClL 232,313 #44./g) (* 8.D.Y
Tiwe (Drvs )
3 10 ; 60 1] - e
e 8 ¥ W T WO TV T ETTF 3 E_ i
osd .30 0.9 0.% 1.% 0. 64 0.83 2.1% 0.42 L &L 0.3% ") 0
( 1.6) £ 0.30) ( 0-26) ( 0.1%) ( 0.19) ( 0.32) { péY { 0.1 ( 8.9 ( 0.21) ¢ "
Neare 385.70 537.00 635.30 291.00 1M.U 26Y.3, 19.) i, 3.0 60,2 16.1 1&.0
{175.0) (200.0) ¢ 61.3) ( ®3.&) ( 35.7) (&2.0) (10.6) ¢ 35.3) ( 5.) (3.6 ( &M { 4.6)
Lukns 841.00 541.33 $71.20 390.70 352.33 204.7 0.0 L3 51.50 81.70 £1.90 35.G
(3505 (80.9) (77.4) (164.77 ( 26.9) ( 61.5) ( 34.9) (15.) ( 7.4) ©20.0) ( 7.1} (10.3}
Zplemm 1236.0 751.33 006.0 &86.70 737.0 3%1.9 A7.u5  .69.0 0.0 196.35 36.00 46.00
. € 37.0) (206.0) (196.%) ( 5:.4) € &0.0) (122.3) ( 6.1) ( 39.3) 7 9.00 ( 82.5) ( 26.n) (1AM
Pancreas 0.7 404.7 515.0 280.83 102,33 1:1.33 47,33 1140 15.%0 62.0 8.70 22.70
- ( 29.0) (1335.3) ( 26.9) ( 65.7) £ 43.4) ( 'B.2, 7 3.7y (¥ (16.4) ( 300 ( 2.3) ( 9.5
Ehinays . 1149.30  977.00 1208.33 473.20 192.00 37C.00 37.20 7.0, 29.00 m.on- 12.30 2.3
(303.0) (228.3) (340.4) ( 80.0) € #9.0) (104.0) ( 22.00 {120) ( 5.00 ( M." ( 4.3 ( 8.0}
Liver 2,00 1227.83 195.83 .50 0.8 2.3 1c.70 8. 20 .20 16.93 4,33 403
\ (69.3) ( 83.4; ( 36.%) ( 23.4) ( 20.0) (13.3) ( 1.3 ( D¢ 8.1 (133 ¢ 1% ( &N
. Stomach 2W81.70 278.70 20..5 95.13 3.7 n.3 5.3 . M.JJ. 11.0 1'5.33_ 6.0 13. )'.!.
A3R.3) ( 79.4) (25.00 ( N ( 3.8 (16.80VC 5.9 ¢ 8O ( 0.9) ¢ 5.9 ¢ 1.0 ¢ D)
- Istes. 27.70 137.00 151.03 76.58 41.33 §7.70 16.9 0.2 8.70 n.ro &.7¢ .0

(100.8) ( 62.3) [ %.7) { 8.00) (11.0) (230.0) ( 5.0 ( $.00 ( 2.20) (5.)) ( 0.8 ( O.b).

LS. Incan. 106.5 110.00 77.83 ».20 2.2 .09 .00 13.83 3.00 9.00 .20 .23
( 58) (47.8) (32.) 7 8.8) ( 63 ( 9.0 ( 1.0) ( 43) ( 2.6 ( &.6) ( 0.3) ( 0.8)

Mdresals $34.8 361.0 n.o 2.0 377.0 411.0 187.0  426.3 8.0 379.0 %8.0 113.0
(219.00 (201.0) (215.0) (279.9) (1SL$) (193.00 ( 73.00 ( M.D)* ( 33.00 (143.00* ( 2.00 (- 44.0)

) 1.0 .0 0.0 3.0 1;.0 19.0 10.0 2.2 6.0 8.3 4.0 3.3

. €150y ( 3.2) (18.0) € 5.1) € 3.2) ( &7 2 1.00 (33.1) ( 0.8 ( &2) ( 1.1) ( 0.6)
Masenceric s .70 252.26 6.7 .13 1.9 3.50

Fac ( 14.0) (10.9) ( &) ( 1.9 ¢ 0.6 ( 2.2)

Testes - 16.33 - - - - L8 - - - .33 -

_ ( 2.3 ( 0.3 £ 0,6

Mw - - 1.0 - - - - Ke.7 - - - 5.4

el A _ ( =) - ( 16.8) €3
Mescleo - - 137.00 107.0 - - - 13.20 6.0 - - 3.0 5.3
( 50.2) ( 26.9) { 3.00 (10.0) C L) ¢ 0.;"

Syes L - 62.00 530 - - - 13.0 17.2 . - 5.3 % |

. (2.8 ( D ( 1.5) ( &.2) € LY (L

Arain - 8.30 6,79 - - - 1.30 2.0 - - 1.9 1.0

“{ 3.2 ( 2.3 ( .30 ( 0.0) ( 0.00 ¢ 0.0

n e fix | - - - - - - %.0 20, - - 1.0 3.9
- (18.5) ( 20.00 ({ .00 (ii.O)

* Stacistically aigairisant differance at p < 0.05

AY afdnrtata rad
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T Table 34 2
‘8 dvarpge Tissue Concimrrerions of Radicartivity in Racs Following = Single
= Inctovenous Bolus Gose of C.5 ag/ka of léc—c1 23, 315
5 (EN: AB1AT)
Q Tissus Concemtratios (ng CL 232,313 eq./g) (z R.D.;
Time (Dmys) .
— RN - L. I W . .. S
Iissue ] ] ¥y _.u I ¥ L] F A ¥ ¥ ¥
Blood 4.0 2.7 1.9 2.1 0.73 1.55 9.47 0.42 0.3 0é [} ]
( i.4) ( 1.7% ( 0.6) ( 6.9 ( 0.33 ( 9.1) ( ©.1) ( 0.4) € 01} ( 0.1) )
Hear: 11¢3.0 1047 2 117%.7 482.0 222.7 431.0 82.0 6.3 29.7 126.2 10.7 oR.7
(2%5.1) (202.6) (225.0) ¢ 52.0) (107.2) ( 9.7) ( 17.0) (136.%) ( 0.6) ( 18.3) (3.0 (15.00
LeEgs 15782 1%58.7 1220.2 1040.0 510.7 493,59 228.) m.7 152.0 166.90 e. 3 N
(861.5%  (547.9) (203.4) (207.7) (11:.8) 1157.8) ( 33.2) (19.3) (11.3) (2.9 (2u.3} ({:l.8)
Spleen 1578.7 1663.0 2549.) 321.5 425.3 459.0 217.3 282.7 106.2 188.3 70.0 112.5

(2123.8)  (267.9) (2V.7)° (79.1) (9.9 (7.8 ( 5.3 ( %.2) (6.8 (15.1° (23.4) (34.2)

Pancres: 773.0 $21.7  132%.9 637.2 259.7 349.7 154.2 151.0 ss.? 1090.7 , 2.3 1.0,
(675.3) (&03.2) (1335.7} (7.7} ( 7%.8) ( 87.7) (17.0) ( #9.3) ( 21.6) ( 20.2) ( 9.0) \16.7)

Kidners 1394.2 1917.0 3713.8 813.3 324.0 616.3 . 144.0 304.3 105.7 m.s, 2., .3,
( 87.3) (S61.0) (1073.4) (120.8) ( 24.0) ( 70.2) ( 3¢ ) 2102.9) ( b.7) ( 29,1) (3.8 (4.7)

Liver 425.0 4060  ©74.7 187.0  76.0  91.2 9.2 A2 ns 253, 3 1.7 !
(132.9)  (88.7) (121.7) (39.%) ( 4.6) (12.3) (12.7) (1.5 ( 47 ( 20} (@2".0) ( 6.0)
Stomach 399.3 AS5.0  574.0  224.3 %S 162.7, 3.7 6.3 2.7 2.8 -0 363,

(131.2) Q17.7) ( 23.6) (13.2) (15.9) (23.0) ( 2.%) (19.5) ( 4.9 (u.:)' (.00 Q2.m)

. lsses. 5368 259.2 548.7 , 106.7 67.5 97.) 3.2 43.8 14,3 %.0 10.) .7,
(195.2) (75.6) "(®.2) (25.%) (17.0) ( &%) (10.9) (10.2) ( 2.3) ( &M (12 (3.2)
Lg. Iacas. 2126.2 134.8 4.0 . T6D 32.7 43.0 17.8 8.7 1.0 14,0 4.7 .8,
(28.7) (27.3) (-24.3) ( 9.2) (1G.0) ( 2.8) ( 5.4) € &) ( 5.6 ( L) (L1 (2.0 ) T

adreanale 8F1. 8 721.%  1386.7 849.7 3.3 a7 384.3 603.8 M7.0 @0, 134.0 W7.7 A
(178.4) (216.5) (150.0) ( #9.5) ( 35.1) (2M.9) (102.7) (191.3) (120.4) {191.5) (42.8) (86.8)

Fanur 170.0 115.0 122.7 92.3 327.7 n.s 24.8 0.7 13.% 13.3 3.3 b3,
C5%.6) (31.B) 19.0) (11.0) ( 2.5 ¢ 2.8) ( 1.4) ( 1)) ( _.0) ( 1.3) (1l1) (4.9
Mesenteric - 128 #3.7 - - -~ 3.7 18.5 - - 3.2 4.0
Fat { 1v.6) ( 28.9) (1.8 ( 2.3) 1.7 ¢ 2.0) }
Taster - 30,3 - - - - 7.3 - - - 3 N
(16.8) - { 1.8) ( v.l)
fonrv - - 470 .0 - - - - 187 . - - - 44.3
(229.1) ( 43.7) (19.1)
Muscles - 320.3 364.5 - - - 22.5 3.5, 4.0 11.7,
{ 32.1) (.9 ( 5.3) ( 2.8 (2.0 (1.3
Lyes - il9.7 1783 23.2 27.3 7.0 1.7
( 3€.0) ¢ 202) ( 2.8) ( UL.3) (0 {1.1)
_Brain - 1.7 17.% - - - 3.0 4.3 - - 1.7 2.0
( 2.9 ( 5.4) - i .00 ( 0.8) (o0.8) (0.0 -
M.n Fat - - - - - - 140.3 206.0 - - 92.0 11%.0
. i #%.3) (128.3) (43.0) (352.0)

* Statistically siymificant Si2ierwmce at p« 0,08
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* -seaxiatically siguificant diffyrense ac p = g.0%

ey .
- ) EL YY)
Tubis 7 3 3 -‘3
Avernge Tissws Comsentrations ok Radioactivity in Rats Following » Single
Iarravensus Bolus Dose of 0.73 me/kg of lec-cL 232,313
‘sm:  ARLES)
Tiscue Concentistion (g CL-232,01% ax./g) (2 S.D.)
) —— Tive (Days) ——
Blood 6.2 2.4 2.0 33 1.9 2.3 0.63 0.62 0.65 1-1 , n.18 2.3
{ @.2) § 0.8) ( 0.5 ( LB ( 1L.2) ( 0.8) ( 0.2) « 0.1) ¢ 0.2) ( 0.1) ¢ 0.2) { 0.2)
| T34 213s.7 J1%0.2  1936.7 794.2 $73.2) 584.7 79.7 302.7 50.0 127.7 18.3 3.2
(395.7) (250.8) (3466.4) (297.3) ( 0.0) ( 36.1) ( &.7 €149.2) ( 13.30 ( 6L.0) { 4.0) (21.23
Lunge Jebe.0 1113.2 jeld.0 - 1396.2 1364.0 [T Y% ] 420.0 679.8 296.3 361.3 4.3 01.7
(752.0) (437.9) (066.7) (&81.7) (V4.1 (102.3) (204.8) ( %6.1) (142.77 Q11.8 (19.9) (37.2)
‘Splean 481.7 168%.0 1092.0 , 1269.3  902.0  7168,0 324.8  633.8 152.7, 3343 0.0 169.7
. (889.9) (164.0) {795.6) (126.8) ( 21.4) (198.8) (103.8) (2346.1) ( 51.00 (118.2) (.M (66.7)
Pedervens ~1552;3° 1020.0 183,85 7367 3.0 “i2.0, 179.0 229.7 3.7 205.0 2.3 122.5,
(815.7) (206.0) (6%0.0) { 917.0) (1845, ¢« W.9 ( $%.7) ( 66.6) (65.%) ( 6,5 (9.8 1 3.1)
1902.5 J372.2 886.0 1087.0 ¢8a.2 3035.0 142.0 634.0 118.3 w.o, 3.2 2.0
(1818.9) (348.4) (671.2) ¢ 27.8) QQak.B) arns.y (ws.. 1272.1) € 1.3 €3.2) ( 4.3 (22.9)
Liver 028.7 9337 4#48.0 255.7 102.8 .3, 30.0 8.3 20.7 n.s 9.0 12.7
( 67.4) (A10.7) (164.0) (€ 48.0) ( 37.8) (.9 (0.1 ( 25.9) ¢ 3.0 ( .Y (3.9 (3.3
Scomach 875.5 91.3 37,7 298.3 160.3 212.0 74.2 125.) n.0 6.7 , 17.2 28.?7
(118.7) ¢ 6. 1) (29).4) (ad.0) ( 04.H) (79.4) (10.2) ( 3.1) ( 2.6 ( &7} (3.6 (6.0
sA lmcm. 332.7 :,.) 543.3 192.0 107.7 126.3 3%.? 2.7 , 1.8 1.3 12.3 20.0
Q13,5 (335.1) (349.0 ( 32.9) ( 2.9 ( . ( 2.9 (3.7 ( 5.3 (1.0 (6. (2.8
tg. Iates. 3.3 220.7 350.0 126.3 60.5 3.0 22.2 42.7 17.0 20.7 7.7 14.0
(13.8) ( 65,00 (220.2) ( 21.4) ( 5.8 (13.23 ( 300 ( 2.9 ( .00 ( 49 (2.2 3.6
sreanals 1363.) 599.7 1488.7 151 970.3 1908 478.3 1363 287.3 788.0 198.3 346.7 o
(285.7) (633.5) (M3 %) (994.6) (42.9) (504.5) (229.2) (133.1) ( .8 Gu.e) (9.0 ( 4T.6)
-fomms 268.8 in.? 352.0 114.2 6.0 47.2 35.) 3.0 19.7 27.0 7.3 12.2
(22.8) (62,00 (L8.8) ( 9.9 (23.1) (0.8 (11.0) ( .00 ( .9 ( %00 (o0& (10)
!h.gwu - 73.0 843 - - - ( 25.7 30.7 - - 3.7 6.9
At - : 23.5) ( 2ies) L Ade8) ( Bedb) ] (0. (2.2
T rREE T T e 8.8 . = - - - 12.3 - - - 5.7 =
. . { ~2.1) _ I - € 1649) - { 1.1)
vary - - 936.0 - - - 123.0 - - - 98"
e { 0.0 { 711.%) 8.0
- Muscles . . 93,7 3 & - - 43,7 90.0 1.0 3.
(375.3) (120.0) { 27.2) ( &8.1) (.00 (.9
Eyes - 133.3 .7 - - - &2.7 &1.9 - - 5.7 8.3
) . . ( 70.3) ( 76.4) { 13.) ( 2.0 (5.9 ( 3.9
rain - 17.7 is.? - - - 6.3 .0 - - - 3.3
¢ 1) (2. ( 3.3 C i.00 { 0.3) (0.8
- Segm Pat . - - - - - - 2737 2.0 - - 112.0 9.7
- .. (535 74.7) (26.2} <20.8)
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senst® ity ¢ current -vai? le method- is not iow =amough to wrovide
mearingful ph owma T ¥ 2idc ¢ ia.

4. HIA ap E 7 Smy

antivs- 3 Tren 8 iis fwmess ized <ith =itoxanty:me-BSA were prepared.
Tritizted mtoxanirone ;- Ci/mwle) “as use &> a radio-tracer 1:gana

Stz fard . urves wer: liasear in the cunceniraiion ranue of 75-2500 pg.mi at
ar antfserum cilutte ¢ 1:75 000  Assay -ensitivits is 75 pg/mi in O0.F
m! serum sampies. Yne cros- —~act vity o metabolite A was £ 13 at

cone iraifons up o 10 na/wl serumi.

14 rat- were dosed at 0.5 mg/kg (iv'  Bioed w15 collected at 0.25, 0.5,
1, 2, 4, 8, and 24 hours after dosing. Conceatrations of mitoxantrone irn
rat serum are sumarizad in Table 25.1. The lower values obtained by RIA
for the unchaqed drug as compared to total radioactivity data indicate
the presence of metabolite(s) in the rat serum.

4, Conclusion:
The THvisio~ of Biopharmaceutics finds Report #25 acceptatle.
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TABLE L5

Concentrations of Nitoxantrone in Rat Serum Followving
Intravenous Administration of 0.5 mg/kg

w
- ; Serum Concentrations

e Time Aftes Dose Total Radioaztivity Unchanged Drug (RIA)

R ! (Houvs) (ng equiv./ml) (ng/nl)

\ 0.25 n.D. 45.70

CE 0.5 29 33.59.

1.0 " 20 9.01

c 2.0 1 3.88

4.0 12 2.49

8.0 . 7 0.70

24 6 0.45

o 'viius are the meaus from two rats/time, except that at 0.25 houxs (1 zat).
The lower values obtained for unchanged drug by RIA at later times,
as conpared to total radiocactivity data indicate the preser-e of vadiolabeled
mecabolite(s).




M. Report %iz
1. Title:

"The Tffect of Dosa Level or the Serum and Tissue Cuncentration of
14¢-Mitoxantrone in the Dog".

2. Investigators:
V.K. Bafra et. al
Lederle Lab

Pearl River, NY

3. Objective:
To determine dose proporticnality of mitoxantrone in serum and tissues iu
dog.

4, Study Design and Procedure:

16 dogs wereTHiviﬂea equally Into 3 groups. One group vias dosed at 0.05
mﬂlkg (iv), one group at 0.1 mg/kg and one group at 0.2 mg/kg of
{3c_Mitoxantrone. PBlood in 3 dogs per group were collected from 0.5 to
60 days after dosing. The rem2ining dogs per group were for determining
tissue drug concentrativns at days 10 and 60 after dosing.

5. Study Results:
Y.~ The radiovactivity concentrations in serum, whole blood, and smust
of the tissues increased proportionally with dcse, possibly
suggesting 1inear pharmacokinetics of the drug over a dosing range of
0.05 to 0.2 mg/kg.

" 2. about 80% of the total radioactivity was found in red blood celis.
3. The biological eliminaticn nalf-life of total radioactivity
calculated from the blood concentration data following the 0.3 and
0.2 mg/kj dose was 36 and 39 days respectively (Yable 47.1 & 47.2).

4. The eliminatfon half-l1ife of total radioactivity in various
tissues 1s shown in 7able 47.2. The mean t 1/2 = 47 days.

6. Conclusion:
The DTvirion of Biopharmaceutics finds Report #47 acceptable,
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Tabla ‘;—7. i

Seum wad Wheie Blood Copranerapgog- in the Sog Following

Incravens:: Admindsivacion: of G.3 ME/KR of “C-Hitoxzn.:rone
ime Dog ASA4~ M- 45706 Dog 45714 1t7£,
e} ! S fum Wiz Blood T_§:;r-.am l Whole Blood Serum ~hole Bleerd
L0 19,0 149 ¢ T TR 2.4 176.2
1 D woa | s R i3.2 §3.7
p : 5.6 ! kIS 5.2 2.8 7.7 35.1
. 4.5 20.# 1.9 18,5 5.7 26,2
4 3.8 ; 16.° 14 15.9 4.5 20.2
& s i2.5 1y g 1z.9 3.8 14.9
8 L7 11 5 oo 10,7 4.7 12.3
P2 N A 8.¢ 2.6 10.2
24 T i : . 1.3 ! 1.6 1.8 5.5
% 17 4.3 1.5 2.2 2.0 5.1
&8 i 1.& ¢ 1.9 1.2 ! 2.9 1.7 4.0 ;“
72 : % 2.7 .97 2.2 i.b 3.4 A
9 ? 2 1.0 .9 2.6 1.2 2.6
120 7 i.& .8 2.0 | .9 2.4
198 6 2.0 | .5 L5 - 2.5
i .7 1.3 .6 1.¢ .6 1.5
216 .7 1.5 1.2 | 1.3 .5 .8
20 7 1.1 ) - 1.1 - 1.0
360 ' 63 9 .50 1.0 1.67 1.1
528 _ .66 6 47 .75 .53 .9
720 : .53 1.4 .38 .5 .66 .8
840 ; .61 .7 .36 .7 .28 1.3
936 .32 .6 .28 4 .44 .5
1080 ; .28 .5 .25 o 33 |- .5
1200 ' .36 1.2 .26 7 .28 .97
1272 .25 .5") .25 .3 .26 4
by T L2s .6 2 | 3 31 N g

~ ™ below agsay senzicivity (0.3 ng/ml)

e g 567
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Americen Cyanamid
153 Medical Research Division 153
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Pasrl River, N.Y 10988
Scientifric Services Section
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Ko
Table

Concentration of Radioactivity {n Selected Tissues cof Adult Dogs 24 Hours After 5

Consecutive Daily Intravsnous Doses at 0.1 mg/kg “c..cL 232,315 and 10 Days Aj.a
e A Single Intravenous Dose at 0.2 mgikg *c-cL 232,315

ng/g *_-cL 232, .15 Equivalents

B8IGES B8367"
46 710 (x 4671

Tissue = 390:(n;h015é__ 3907(:&31e 6 ld;hZIe 67 ;;:;e
Homoz.~ Tiesue Homog.  Tissue Homog. Tissue Homog . Iissye
, Heart 2270 941 922 61 238 191 gos 54
Lung 1350 1030 460 438 333 247 668 414
‘Spleen 2050 2300 3480 2920 1799 1480 1700 3050
Kidney 4220 3860 4160 3350 1060 933 2490 3960
Liver 2950 2650 1980 1830 1440 1440 3590 849
Pancreas 2690 1800 1390 1540 788 388 1030 958
Stomach 618 453 642 676 8s 87 113 113
Su. Intestine 404 213 296 312 68 64 111 g5
Lg- Intestine 315 227 190 100 45 69 89

Testes 79 100 -* - 66 24 - -
“Ovaries - - s.z..f 158 - - 177 75
Uterus - - 201 151 - - 155 145

Mammary Gland - - 154 83 - - 67 4G

Five daily consecutive intravenous doses at 0.1 mg/kg *c-cr 232,315, Tissues
24 hours after last dose.

A siagle intravenoug doge at 0.2 ng/kg e 232,315, issues 10 days afrer dose.

b -
¢ ~ Portion of sawple homogenizeg before assay

d ~ Assay Performed on g Weighed portion nf tissue (r—.n.g:ss—':z. 1-27)

¢ ~ Not available "-) / v
f ~ Sample lost

.83 . .. .
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American Cyanamid Compeny
156 Maedica' Research Division 156
ST iederle Laboratories -_—

Peart River, N.Y. 10965

Scientific Services Sectirn
P.R. VOLUME 29
Table 570\71

HPLC Elution Profile Assay of the Radioactivity as '“C-CL 232,335 ir Selected Dog
Tissues 24 Hours After 5 Consecutive Daily Doses at 0.1 mg/kq Tve-cL 232,315 and

10 Lavs After a Single Intravenous Dose at O. 2 mg'kg “C-CL 232,315
Percent '“C-CL 232,315 in HPLC Eluate

Tissue 2902(m)? 3907(£)° 46710 (x)® 46711(£)° Av. * 5.D.
_Heart 8y 92 69 82 83 + 10.2
Lung 9% 86 84 95 90 ¢ 5.6
Spleen 78 88 59 92 79 £ 14.7
Kidney 85 91 84 93 88 = 4.4
Liver . 89 B8 54 89 81 % 17.3
Pancreas 01 82 93 89 89 + 4.8
Stomach 83 80 Inc© 77 80 ¢ 3.0
Sm. Intestine 81 79 INC 82 81 + 1.5
Lg. Intestine 85 53 70 82 73 £ 14,5
Testes 46 -4 80 - 632 2407
Ovaries - s.L.® - s.L. { )
Uterus . - _ 83 - : 41 62 ¢ 29. 7/
Mammary Gland - 88 - INC 88 % 0

a - Five daily consecutive doses at 0.1 mg/kg '“C-CL 232,315. Tissues 24 hours after

lact dose.
b - A single intravenous dose at 0.2 mg/kg '“C~CL 232,315. Tissues 10 lays after
dosing.
¢ - Results inconclusive ? /C‘/
d - Not available

e - Sample lost

N
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Report #50:

1. Title:
"ComposTtion of Ti*ige in the Dog After Sinale and Multiple IV
Administration of -M{toxantrone®,

2. Investigators:
V.K. Batra et. a’
Lederle Lab.

Pear! River, NY

3. Objective:
To assess the composition of 14C-Mitoxantrone related material in
tissues of dog.

4. Study Design and Analytical Procedures:
For dogs (=2} recelving 0.7 mg/kg o -~Mitoxentrene for 5 consecutive

days, the tissucs were collected 24 hrs after tha last dcse. For doge
{N=2) receiving a single dose of 0.2 mg/kg the tissues were collected at
the end of 10 days. Radioactivity were measured by scintillation
counting. Drug related material were isolated by HPLC and TLC.

5. Stugx Results:
- Table 50.T summarizes the concentration of radioactivity found ¢n 13

tissues selected for study. Tabie 50.2 summarizes th= percentaye of
unchanged drug in these tissues. With the exception of testes and ovaries
which showed Tow measurable radioactivity (therefore meking calculations
‘unreliable for these two particular tissues}, 73 to 90% of the eluted
ra:::activity is attributed to the parent drug residino in the 11 tissues
examined.

6. Conclusion: -
The DIvisTon of Biopharmaceutics finds Report #50 acceptabla.

III. Overall Deficiencies:

1. Inadecuate estimation of pharmacokinetic parameters and lack of as
val 1‘d’i€r6§'m?. - =

Due to assay sensitivity 1imitations of the HPLC procedures adopted and

“differénce in the number and times of sample collection, Reports M0, 41,

kinetics for {t. The terminal half-life estimated in these stu

..statistica

———

39 and 42 describe triphasic kinetics for ~itoxantrone whereas the 3
submitted 1{terature articles (Reports #36, 27 and 38) describe biphasic
dies varles

from 1 to 38.6 hrs which 1s inconsistent with the urine excretion data as
well as tissue drug levels found Tn autopsy specimens. The mean half-1!fe
estimated by RIA 1s 12.4 + 3.1 days (N-Gg. However, only 1 patient (the
Henderson qltjent) had suTfTcTent data points (6 points) to obtain a

1y stgnificant correlation of LnCp versus time. In addition to
the overall apparent underestimated terminal half-life, lack of assay
validation data were also found in some of these studfes. It is suggested

that the sponsor contact the Division of Biopharmaceutics for details with

“regard to-the defictenctes: for each individual -study report.




‘g

2, Inconclusive evidence with regard to the effect o: mitoxanirone
5 and metabelizs o the drug.

o

accumulaton or ihe pharmacok iRetic

From the avallabi= dats reported in this submission (terminal t 1/2 = 12.4
days bv RIL, autopsy results and Vimited excretion of the drug from the
body) =t is evident that mitoxantrone has a high pirobability for
accumi-iation in the body using a dosing schedule of 12 mg/m< every 3
weeks . (The proposed dosage regimen In the Tabeling 1s 14 mg/mc every =
Weoks ). Although the investicator of Report #30 claimed that repeated
1sfng tor as many as 12 courses {pat:ont #007) had no noticeable effect
an he calculatad pharmacokinetic parameters, the Divi-ion of
Biopharmaceutics finds that this argument is less convincing due to the

following reasons:

g

a) Lack of a weli controlled study for patient #007 (multiple dose
data).

bi Limited number of (5) patients were used.
¢jy Variability of individual pharmacokinetic data.

Additionaily, in analyzing the pattern of plasma disappearances of
14¢ and mitgxantrone in Report #40, it is noted that patients who
had not received anv prior mitoxantrone treatment fell into one group
(1) and the 3 patients (#005, 006, 007) who had prior mitoxantrone
treatment fell into anoth?r group (I1), The ?roup I patients had
slower declining rate of 1%C and had a final 1%C/mitoxantrone
?gncentration of 5:1. On the other hand, the group Il patients had
C declining rate that paralleled the mitoxanirone declining rate
and there was little difference between the two_determined
concentrations. The urine excretion patterns (14c vs.
mitoxantrone) for each patient agreed with his/her plasma patterns.
Of particular interest is the finding that for patient #007 who had
12 prior mitoxantrone treatments, the total amount of mitoxantrone
recove{sg in each urine collection period was equal to the amount of
total recovered suggesting that no metabolites were present.
Whether these observations imply alteration of mitoxantrone
metabolism during the course of repeated dosing or simply reflect
common characteristics found in the 3 patients in uroup II cannot be
concluced based on the data reported in this submission. You should
provide information to address this issue.

3. Conflicting infcrmation with regard to the effect of hepatic
disfunc’ion on the pharmacokinetics of tne drug.




Your Repsrt #41 and #39 suggest that <he ﬁﬁafmaﬁokiﬁetﬁcs 5T mitoxant one
in patients with sbnormal liver function are hol significantly diifer-2t
from patienrts with normal liver runction. HOWevET, Repovt #36 found T-at
patients with abnorwal 1iver function had a CLy iess than one pal f that
found for patients with normal iiver function {1605? vs 238.7 wifkg/hr}
The terminal ty/2 of the drug was slmost double in those patients with
1{yer disfunction (70.7 v=. 37.4 hr). Howerer, due fo fa} the
insensitivity of ast&y procedure uged (ph&rﬁggekinet!g parameters wareé
estimated from plasma data onty covering 1n o-1u hr post-tdrug
nduﬂnistration). and (b} the lack of indivSCaal prasma data vor an
accurate evaluation of Report #36, no concliésion on this iszue can be andc
at this time.

4, The formulation to be marketed as identified in zhe package insert
contains acetate puffer (nH~3.7). Pharmacokinei:ic studies for tisis
formulation ave not available and the pharmacokinetic studies provided in
this submission were conducted using 2 sodium metabisulfite (95.2% W/,
MRWO 724,480) formulation. Please provide pH-so1ubi1ity nrofiie {vanoe pH
3-8) of the bulk drug.

Iv. Conclusion:
The Division of Biopharmaceutics finds the pharmacokinetic studies conducted
with the 0.2% w/V sodium metabisulfite containing formulation (MRWO 724,480)

submitted on May 15, 1984 nut acce table. The above Jverall peficiencies
(1-4) and Conclusion should Torva the sponsor for comment by them.

[Conge oo (28

¥o-Yu Lo #h.D.
Pharmacokinetics Evaluation Branch

RD Initialed by Jobn P. Hunt
FT Initialed by C.T. Viswenathat. rh.0.  CAV anai¢t

cr:  NDA 19-297 arig.. we-N- 150, nEN-225(l0), HFN-344(Turner), Drug, Chron, and
FO1 files.
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_HOVAHTRONB golution should be diluted to at least 50 ml with either
“‘Sodiunm Chioride for Injection (USP) or 5% Dextrose for Ianjection
. AUSP)a_ Ihxa solution should be lntroduced slowly into the tubing as
-"n freely running {ntravensus infusion of Sodium Chloride for

Injectton_(usrj or 5% Dextrose for Injection (USP) over a period of

"néﬁ"iébé:fhan BLiiﬂﬂtéﬂ Unused infusion solutions should be

---dzncnrdod in an nppropriate fashion.




IOVANTRONE may be further diluted into Dextrose 5% in Water, Normal

Saline or Dextrose 5% with Normal Saline and remains stable for up

to { days from time of admixture; NOVANTRONE solution stabllity is

maintained either alone or yhen further diluted, for up to 7 days

vhen refrigerated. DO NOT FREEZE.
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NDA 19237 MOR #2

DRUG MITOXANTRONE (LEUKEMIA,BREAS™) 12/9/87
LEUKEMIA
The initial revie:: of the two prospective randomized

controlled trials in ANLL which were submitted 10/28/87 generated
several requests for additional inrormation which has been
supplied by Lederle.

An additional confirmatory intention to treat analysis was
requested for study 3-74, a comparison of mitoxantrone plus ara-c
vs. daunorubicin plus ara-c in ANLL. The primary analysis used
all patients randomized with the correct diagnosis who actually
received therapy. lhere were six patients initially randomized to
the mitoxantrone containing arm who were never treated and hence
excluded rfrom the demoninator of the efficacy analysis. There
were two such patients on the daunorubicin containing arm. Three
cf those randomized to mitoxantrone who were not treated were not
strictly eligible. Both patients who were not treated with
daunorubicin were eligible.

The following table compares the initial analysis with the
intention to treat analysi=z that excludes only those patients

with an incorrect diagnosis.

Mitoxantrone + Ara-c Dauncrubicni + Ara-c

Initial New Init-al New
Total 98 (100) 104 (100) 102 (100) 104 (100)
Cansored
Alive 36 (37) 36 (35) 34 (33) 35 (34)
Lost to
follow 1 (2) 2 (2) 2 (2) 2 (2)
Dead 61 (62) 66 (63) 66 (65) 67 (64)
CR 62 (63) 62 (60) b4 (53) 54 (52)
Hazard
Ratic C:M Initial 1.14 [0.80,1.62]
[95% CL} New 1.10 [0.78,1.54]

The addition of the patients who were not treated does not
alter the overall results of the study. The response rate and
overall survival are quite comparable in atudy 3-74.

The question »f possible differences in toxicities as measured
by changes in laboratory parameters that were not put to formal

pe_ad@ressad in labelling whﬁ;g_ughg“gnre;.z_r;;-

statistical testing can

Ve e myl -
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.. provide avidenceé that substantial bias was introduced favoring

Lederle has satis=factorily addressed the statistical issue
raised in my initial review of this study. This study provides
adequate demonstration of the safety and efficacy of mitoxantrone
when used in combination for ANLL in adults.

A similar request for an additional intention to treat
anaiy.,is was made for the second randomized comparison of
mitoxantrone plusz ara-c¢ vs. daunorubicin plus ara-c in ANLL (3-
603, the international study). Tha primary analysis excluded
three patients initially randomized to the mitoxantrone
contailning arm because they did not receive treatment. There
were no comparable patients i1 tha daunorubicin containing arm.

An additional analysis was requesied in which the patients who
were treated at the two centers in the Pacific region where the
randomization process was not pruperly carried oul arc cxeluded.
These centers were at Hund Eoug and Talwan whgz- w2 Lwlsl of 31 of

the 937 paltients TERYYIS PSR | W.I.t]‘ Lin- FEIAIREL S 1o T
Loonl. . Thin e LLalynis Was  regaes Jl wa anly L w g rov idde

deateee ok oo e et iy AT Erenc s Y sl e G sa not
h_g-nn. Toeaval o HHoo0 paticuts f1om the overall analysis does

: trodieoe the power of the test to demonstrate differences
and 1f the new analysis continues to demonstrate comparable
efficacy I would not take this result as providing more assurance
of comparability. Thus, only negative results are really being
sought. If bias was introduced that favored mitoxantrone in a
significant way a less favorable result might become apparent in
the new analysis that excludes these patients.

The new analysis that includes all patients randomized with
the correct diagnosis was not possible regarding overall
survival since the three patients excluded from +the initial

‘analysis are all censored at or shortly after baseline. An

assumption must be made that this exclusion will not materially
add bias in favor of mitoxantrone. Since the number of subjects
involved is small this 1is rcasonable. The inclusion of thase
three patients in the denominator for the response rate slightly
reduces the response for the mitoxantrone containing arm from 50%
[41%,59%] to 49% [40%,58%X]. The response on the daunorubicin
containing arm remains at 51% [42%,60%]. These 1esponse rates
repain virtually indistinguishable (p= .T4).

The analyais performed when the patients who we.'e treated at
Hong Kong and Taiwan ares excluded resulted in a respouase rate of
-on-mitoxantrone and 52% [42%,61%X] on daunorubicin.

‘The hazard rntio C:M in the initial analysis was 0.84 [0.6,1.16])

and with the patients excluded from Hong Konz and Taiwan the
ratio is 0.84 [.60,1.22). Although these analyses reduce the
pover of the test no additional evidence is forthcoming thait the
response rates or overall survival are indeed different. This
nevw analysis is not further supportive, rather it simply does not

— e L2 —,-—err—.:———--————-—- -— —- — e ——

A e



Because the overall survival in study 3-603 slightly favored
the daunorubicin contairing arm and since the lower bound of the
9%5% confidence  limit for +the hazard ratio is 0.60 further
analyses were performed by Lederle in an attempt explain this
difference and the variance froem study 3-74. The difference in
survival between the arms in study 3-603, in spite of comparable
complete response rates, might be explained by several factors.
There was an excess of eight deaths on the mitoxantrone
containing arm in the cocnsolidation phase of therapy. Re.aisons
for this finding were sought. Of these eight deaths fivs wers
attributed to infection, <%iwo +to hemorrhage, and ore tc acute
renal failure and infectinn. In the U.3. study therz were two
consolidation deaths on mituxantrone aad one on d¢aanorubicin, all
due to infection. Deaths during periods of hypoplasia may well
be related to the adequac, of antibiotic and hematologic support.
An hypothesis was generated that the adequacy of antibiotic
support might explain these results.

Firstly the degree of myelosuppression was compared in
consolidation in study 3-603 between the arms. There appeared to
be a regional difference in the degree of myelosupreussion,
Median absolute granrulocyte nadirs for furope, Latin America and
Pacific were 0.1, 0.7, and 1.0 on daunorubicin whereas all
regions uniformly had nadirs of 0.1 or :less on mitoxantrone.
Also more patients on mitoxantrone appeared to be at risk for
hemorrhage on mitcxantrone. These differences in the degree of
myelosuppression noted betwecn the arms in consolidation in the
Latin America and Pacific regions were not seen in the U.S. study
where both regimens appeared equally myelosuppressive and in fact
similar to the European areas. There is no explanation for the
apparent leszened myelosuppressive effect of daunorubicin =een in
consnlidation in Latin America and the Pacifiec.

I7 antibiotlc support was not adequate the Jdifference in
myelosuppression seen in the Latin American and Pucific regioms
might be reflected in outcome. An analysis was made of the
adecgquacy of antibiotic support in both study 3-74 and 3-603.
Adecguate support was defined as per the recommendations 4in the
AMA Drug Evaluation Handbook as to the proper selection of drug
and according to the Medical Letter as to the appropriate dosing.

During consolidation in study 3-603 32/45 patients on
mitoxantrone had both neutropenia and signs or symptoms of
infaction while only 7/34 on daunorubicin had such findings. 81%
of those on mitoxantrone and 71% on daunorubicin had suboptimal

antliblotic support. Of the six patients who died of infection im -

consclidation on mitoxantrone 5 had inappropriate o2 no
antibiotics given.

The use of antibiotics was also examined ii the U.S. study 3-
74. 32 of the 62 who entered consolidation on mitoxantrone and

23 of the 54 on Jaunorubicin developed absolute granulocyte

eounts less  than 600 apd sirns or symptoams of infection. Twue s oo =




mitoxanty one and one on daunorubicin died of infoction.
During consolidaticn suboptimal antihiotic coverage was given to
53% on +nitoxantrone and 47% on daunorubicin. Thrombocytopenia
and neutropenia appeared similar in both arms of the study.

Tuese data support the hypothesis that the poorer outcome
during consolidation in study 3-603 might be related to an
unexpected decrvase in the amount of myslosuppressica on the
dauncorubicin countaining arm in a setting where antibiotic care
may not have b~en cptimal. The J.S. study supports this
hypothesis and suggests that ithe degree of myelosuppression saen
during consolidation can be better supported if antibiotic
coverage is more adequate. This would explain why the overall
survival in study 3-603 favor- daunorubicin in spite of the fact
that the complete response rate during inductinn is similar.

These data do not prove this hypothesis however as they are
derived from a retrospective analysis of the data. It is
interesting to note that there was also a slight imbalance in
study 3-603 in the number of aeaths during induction during a
phase of marrow a:'lasia or hypoplasia ( 9 on mitoxantrone and 4
on daunorubicin) which would further =uggest that the difference
in overall survival might be in at least partly have been reduced
had adequate antibiotic support been available.

Study 3-603 prov.des adequate evidence that mitoxantrone in
combination with ara-c is effective in inducing complete response
in ANLL. The overall survival was similar as well, but the lower
95% confidence limit of the hazard ratio was only .6 which
allows a conclusion that the survival time on mitoxantrone could
only 60X of that on daunorubicin, The confidence in the overall
survival data generated in study 3-603 is reduced by the
confounding factors of an unanticipated difference in the
myelosupressive response of patients in Latin America and the
Pacific regions to daunorubicin and to what is considered to be

~inadequate antibiotic coverage. The survival data from study 3-
603 does not confirm nor does it deny the concluszion reached
regarding comparable survival in study 3-74. Furthermorae, the
patient population stuadied in 3-74 more closely represenis the
U.8. population with regard to possible confounding factors such
as concurrent infections and possible raclel differences in drug
metabolism. :

) The regulatory requirerant for aprroval 1is met by the
, demonstration of comparable rasponse rate: with daunorubicein plus
?T;,m.“._. -ara~c —in—both —8-74- -and --3-603.. and. . by the .demonztration of
comparable survival in study 3-74. “Therefore this KDA for the
use of mitoxantrone in combination with ara-c for use in the

_ treatment of adult ANLL should be approvad

3 R Thg 1ndieitions section of the labellinc should foous on the
e lnit;g; therapy of ANLL since the utiliity of consolidation .
EEJHj;T:;::;he;ggz in_ANLL 13 nnt establishgd However, since consolidation - -
o DRI Aied i & kol e ihe JR B (¥ FrEEe bl Adieae YApdma)iotudiag 4 e- e t-_—f-'____:"'-'_fi—_;_f
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should be described for those patients for whom its use will be
madea. However consolidation therapy shoull not be spescifically
be recommended. The adver=e reactions section of the labelling
should emphasize the experience described in the U.S. study
because these events appear to bs better documented in that
study. Additional adverse events seen in the international study
can be added.

RECOMMENDATIONS

1.)This NDA for the use of mitoxantrone in combination with
ara-c for ‘use in newly diagnosed adult patients with ANLL should
be approved. The request for approval for use of mitoxantrone as
a .single agent or in combination with ara-c for relapsed or
refractory ANLL should not Be approved.

2.)Labelling must be resubmitted for review prior to
approval.

4.)The division of scientific investigations should audit
the U.S. Study 3~74, as it is most pivotal.
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Subsequent submission review of NDA 19297
Review #3 '

Date of s;ubmission:3/19/8/, received by HFN-150 on 3/23/87
Date of review comp?:ted: 8/4/87

APPLICANT: Lerlerie jaboaratories

DRUG:

Pearl River, KNew York 10985

Novantrone ( mitoxantrone hydorchloride )

DRUG CATEGORY: Antineoplastic agent.

MATERIAL REVIEWED:

The applijant resubmitted three complete carcinogenicity data
containing summary tables and formats specified by the Division of
Biometrics. The previous submission did not provide a detail report
for the two mouse studies. Additicnal pharmacology and toxicology
studies( acute toxicity and dermal tolerance ) were included.

Carcinngenicity study:

The route and frequency of administration was intravencus once every
21 days for 2 years,

Rats: Similar conclusion was reached as that of the original
submisgica, The occurrence of neoplustice lesions was generally low
with the exception of an increased incidence of external auditory
canal tumors noted in intermediate-dose males and high dose males and
females ( statistically significant ). Fibroma was also abserved
stastistically significantly in high dose females.

Mice: A co. ‘lte né&plastic finding was submitted. The pravalence and
trend P-vaiues of common tumors of the two studies is listed in the
following five pages ( table 1-5), The prevaleace of less common
tumors was less than 2; thus, they are listed in the review. The data
indicated that occurrence of lesions was low except that a
significant increase in incidence of hepatocellular carcinoma and
adenoma was observed in the first mouse study ( 0.1, 0.2, and 0.4
mg/kg ).

Pharmacology study:Performed by Lederle ( Japan) Ltd.

Respiratory and cardiovascular systems: The compound did not have any
remarkable effect on respiratory-cardiovascular system in the
proposed human dose of 12-14 mg/m? (0.4 mg/kg). At a dose of 10
mg/4g, it caused a decrease in the femoral arterial blood pressur:,
femoral aterial blood flow, heart rate and respiratory amplitude and
an iacrease in repiraltory rate in anesthetized dogs. At the same

dose level, it decreased the QRS amplitude and flattered T wave on
EKG.

Autonomic nervous system: At 10 mg/kg, it suppressed the contractions
of the nictitating mewbrance induced by electrical stimulation of
both pre- and post-ganglionic nerve of superior cervical ganglion fn
anesthetized cats. At lower doses ( 0.4 and & mg/kg ) , it was
inactive in the testing systems. The reaponses to acetylcholine,
histsmine and barium chloride in isolated quines pig ileum, the
responses to oxytocin in isolated rat uterus and the respone to
isoproterenol in isolated qunea pig tracheal chain wers inhibited.

e —a —— L & h St ol B £ et amian
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- ID30-€5uld aot ealéulaced for males ( estimated te be 5.5 to 7.7 )

CNS:The CNS effects were studied in wice, rats, cats and rabbits. In
the models used in the studv, there were not noteworthy effects on
the CNS at dose up to 10 mg,kg. However, mice showed a decraase of

spontaneous movement and piloerection with iv administration of 40
mg/kg.

Gl and other systems: At doses of 0.4-10 mg/kg given intravenously,
it had no influence on the CI tranapert in mice or the biliary
secretion in rats. At doses of 4 and 10 mg/kg, it decreased the
volume of gastric juice and the ionic output, It had no effect on the
twitches of the striated muscle of diaphragm induced by electrical
stimulation of thc phrenic nerve. It caused proloangation of
prothrombin time at doses of 0.4, 4 and 10 ng/kg.

Toxicology: Performed by Ledrele( Japan) Ltd.

Acute oral toxicity study in mice:Carried out by Lederle (Japaa).
Dogse levels: 40 to 1280 mg/kg. po.

Observation period: 21 days. _
Toxic signs: Decrease in locomotor movement, rough hair, hunch back
postion and smudge of perienal area, and death.

The deaths were occurred on days 5-12,

Decreare in body weight was observed at doses of 640 mg/kg.
Pathology: Lesions were found in the GI, thymus, spleen and bone -
marrow in the mice receiving 320 mg/kg or morz.

LD50 was 501.6 and 552.4 wg/kg for males and female, respectively.

Acute subcutaneous toxicity study in mice:
Dose levels:7.3 to 35 mg/kg. sc.
Observacion period: 21 dyas.

Toxic signs: Salivation, rough fur, paleness and perinal smudge.
alopecia and death.

Bod weight loss was observed and appeared to show a tread toward
recovery.

LD 50 wss 19.7 and 22.3 mg/kg for males and females, respectively,
Pathology:Lesions at the injection site were noted. Lymphoid atrophy,

pale bone marrow, and mucosal thickening of nonglandular stomach were
sean,

Acute sc toxicity study in rats:

Dose levels: 2.0 to 10.7 ug/kg

Observation period: 21 days.

Toxic signs: Nodules at the infecion site, rough fur, decrease in
locomotor moveasnt, paleness, and death wers seen. Death occurred in
animals geven 5.5 mg/kg and above.

Gross findings: Lymphoid atrophy, discoloration of visceral oragan
and subcutansous region.

and vas 6.7 mg/kg for females,
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Acute toxicity study by the IV adwministration in rats ir comparion
with the metabolites M

The result indicates that the acute toxiciiy of the two metabolites
was found to he less than that of wmitoxantrone, An iv dase of
mitoxantrone of 5 mg/kg resulted in 30-50 X wmortality. No deaths were
observed following equimolar doses of the two metabolites. The
histological exawination revealed similar lesions previouly recorded
of mitoxantrone. No drug-related findings were recorded at necropsy
for animals treated with the two metabolites.

Dermal tolerance study by single or multiple applicatin to rats:
Performed by Cyanamid Izalia S.p.A ( Italy).

Dose level: & mg/kg/A for one day or 2-4 days.

No effect was observed in the study.

Mutagenicity study: A published paper ( Drug Research 36,1375-1379,
1986 ).

Mitnxantrone produced significant clastogenic effet in bone marrow
of rats treated for 5 days at 0.5 mg/kg ip. It produced increases in
DNA repir in the rat hepatocyte UDS test and increased SCEs in CHO
cells and mutant frequencies in mouse lymphoma assay. In the cell
transformation test, mitoxantrone did not produce significant
increases in type II or type ILI tranforwed foci. In the dominant
lethal test in rat(2 mg/kg/d ip), it affected matings of treated
males; hovever, total implantation as well as early dea h were
unaffected.

EVALUATION AND COMMEN :: .
A final evaliatin of carcinogenicity of witoxantrone will be assessed
upon the completion of biostacistical analysis of the studies. Since
some positive mutagenic results were reported, a brief astatement
describing the results should be included in the Package Insert. It
appeared that the doses used in the carcinogenidity studies were too
high ( high mortality at the end of the studies ). High mortality of
rats may suggest that the strain of rat may not suitable for
long~term study.
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Date of Review Comp.eted: 11/23/84
Date of Submission: 5/17/84
Date of Receiving: 5/24/84
Date of Assignment: 9/28/84

Sponsor: Lederle laboratories
Pearl River, New York 10965

Drug: NovantroneR (Mitoxantrone hydrochloride for injection).

Chemical Name: 1,4--Dihydroxy-5, 8-bis[{2-[(2- hydroxyethyl)]amim}athyl]
aninol-9, l0-anthracenedine dihydrochloride.

Molecular Formula: C22l5gN40g.21IC1

M.W.: 517.4

Chemical Structure:

n H
- 2ZHCI:

HO © N
HCHzcﬂzﬁ%%oﬂ

Drug Cateqory: Antineoplastic agent to be used in the management of breast
cancer. .

Related Drugs: IND
IND .

Propogsed Marketing Indication:

For the treatment of locally advaaced or metastatic breast cancer.

Preclinical Studies:

This submission of 166 volumes containing the following preclinical studies
(Vol. 1.29-1.39).
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Antitumor Activity:

Mouse leukemia system.
Mouse solid-tumar system.
Mechanism of Action.

Pharmarckinetics: Both in animal and human.

Excretion.
Distribution.
Plasma level.
Metabolism.

Toxicology and Pathology:

Mouse, LD50,

Rat, LD50.

Rat, single dose I.V. toxicity and effect on rat myocardium,
Dog, single dege I.V. toxicity.

Monkey, single dose I.V. toxicity.

Rat, daily for one month toxicity.

Dog, X5, I.V. toxicity.

bog, X14 1.V. toxicity,.

Dog, XS,. 9 day recovery, 3 cycles toxicity.

Monkey, XS, I.V.

Monkey, X4, 1.V,

Monkey, once/21 days, 2 cycles I.V.

Rat, I.V., once/21 days for 12 months.

Dog, 30 weeks L.V. intermitten dosing,

Monkey, 44 weeks I.V, intermitten dosing.

Rabbit, 21 weeks I.V. intermitten dosing.

Dog, 1.V. toxicity intermitten dosing after Doxorubicin.

Genetic toxicity:

Microbial mutogenicity.
Unscheduled IINA synthesis.
Sister chromatid exchange.
Mouse lymphoma test.

Cell transformation.,

Rat Cytogenetics.

Dominant lethal test.

Reproductive Toxicology and Teratoloqgy.

Carcinogenicity:

Mouse.
Pat,

e b A Ao ' A i W e e 20
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Miscellaneous Studies.

Topical toxicity, rat and rabbit.
Ocular irritationm, rabbit.
permal sensitization, guniea pig.
Coanbination toxicity, dog.
Heparin activity in vitro.

Pharmacologdy.

Antitumor activity:

Novantrone increased 1ifespan and number of long-term survivors in pP388 (I.P.,
5.Q.), L1210 (I.P., 1.V.). It was active against I.P. implanted B16 melanoma
(1.P.) and was not effective against sc-implanted E16 melaroma. It is also
active against ip implanted colon tumor 26 (I.P.}. It was ineffective against
Lewis lung cancer (I.V., S.0.). It was ineffective in inhibition local tumor
growth or in prolonging survival of Ridgway osteogenic sarcoma-bearing
animals. Mitoxantrone has peen reported to be active against CDBFl mammary
carcinoma and mxine colon carcinoma 38 but inactive against human mammary,

color: and lung xenografts in athymic mice.

COnparischg& other antineoplastic agents: Tumors were implanted in mice
1.p. and were given I.P. Mitoxantrone was more effective than
cyclop‘nospl'\amide. 5~-FU, MIX, cytosine arabinoside, vincristine, doxorubicin in
p388 L1210, Bl6 and colon 26 except that doxorubicin was more effective
against B16 melanoma.

synergistic activity was demonstrated in mice in the treatment of L1210
leukemia when mitoxantrone was combined with cyclophiosphanide, vincristine or

thiotepa.

Mechanism of action:

'jtoxantrone binds to both A and RIA. Mitoxantrone was more potent than
doxorubincin compared on an equimolar basis in inhibiting the uptake of
31-uridine and 3ii-thynidine by mouse 1ymphoma L15178Y cells in vitro.

M oxantrone inhibited proliferation of human colon carcinoma cells in vitro
At toidneed nuelear alberrations. Mitoxantrone produced a decrease in mouse
Coan merrow cellularity and a cytocidal effect in both proliferating and
S LEeral ing cultures. Mitoxantrone produced the greatest cytotoxicity
iy, it was also offective against cells in S phase or

costabe investigation. It indicated that mitoxantrone was not

e,
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Effect on the cardiovascular system:

The responses to tyramme, epinephrine and angitensin were lowered by
mitoxantrone. No change in heart rate and blood pressure were observed in
spontaneously hypertenszve rats after mitoxantrone. A slight increase in
blocd pressure did occur in cat with nc changes in heart rate or ERG.

Pharmacokinetics:

Disappearance of radiocactivity from blood, plasma, serum.

Animal - Pattern of disappearance is biphasic in rats with tl/2alpha =

hours, t1/2B = 11.83 days. In dogs, disappearance is also biphasic with half
time of 3 and 20 minutes (report #32). Amount of radiocactivity were
detectable through at least 10 days (rats), 58 days (dogs) or 35 days
(monkeys). The large volume of distribution and the large plasma clearance in
the rat indicate tissue uptake of radiocactivity. 1In monkey, the half-life
during the first 2 hours is about 21-38 minutes, and 8.5 + 3.7 days from day .1

through day 35.

Himan ~ Based on several studies, the pharmacokinetic of mitroxantrone has
been described as either biphasic or triphasic. The variability of
mitoxantrone reflects the sensitivity limitations of analytical procedure, the
timing of sample collection, and inter-subject variability evident within and
among studies. However, all investigators characterized as a very rapid
initial distribution phase followed by a relatively slow elimination phase or
phases.

Mean Dlimination t 1/2 (hours).

Report. No. A B r
35 0.25 24 ND
36.37 0.228 37.4 ND
28 very rapid 0.99 RD
39 0.060 0.42 2.86
40 0.10 1.04 38.6

71 0.04 .28 3.27
0.068 0.33 8.90

i),

mitoxantrone and its metabolite (baced on
bl overy ulowly by both renal and biliary
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excretion with biliary route predomincting. Cxcretion of radicactivity in
urine and feces 10 days after I.V. administration of l4C-mitoxantrone is

shown as follows:

Rats (% of dose) Dotys Monkeys
Urine 16.8 5.7 10.9
Feces 66.2 56.8 57.9

In rats given l4C-mitoxantrone orally, oniy 1.2% of total radiocactivity
administered was excreted in the bile, ind'icating the poor oral absorption.
There were no significant differences in either the rate or extent of
excretion of radioactivity between male and female rats by I.V.
administration. In the rats, the elimination half-life was 12.1 days.

Human - A mean of 10.1% of administered radioactivity was recovered in urine
in 96-120 hours. Sixty-five percent was unchanged mitcoxantrone. Other
reports indicated 3%, 6%, and 8.4% excreted as unchanged mitoxantrone. For
camparison, following table shous the rate and extent of urinary and fecal

excretion of mit.xantrone in rat, dog, monkey, and human.

Rat Dog Monkey — Human
Urine (cumulative percent of dose)
Time(days)
5 13.6 3.7 8.9 9.6
Feces
5 56.0 50.5 47.3 18.3

T3ssue Distribution.

Animal - Sane similarities in distribution and clearance can be seen among
Tats, dogs, and monkeys. In a1l three species, value on day 1 and 2 were
highest in the bile, gallbladder (except rats), liver, spleen and kidneys.
..{ radicactivity (less than 50 mg/g) were seen in spinal cord,
.+, corr.ea, agqueous humor, vitreous humor, testes (rat) and
. dats. indicate that Mitoxantrone is rapidly distributed and
w1 half-life. All of the radicactivity present in the
.1 of rats at 6 hours and 5 days after a single I.V.
was unchanged. However, in the liver 61% and 443
.+ at 6 hours and 4 days was mi toxantrone,
Swition of radicactivity was indepent of dose in

Slight auess &
Y, b
RN [
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In a study to assess accumulation potential, the data showed accumulation in
most tissues in dogs.

Higher tissue levels of radioactivity were attained in rats following slow
infusion than wexe attained following a single IV bolus dose; divided IV bolus
doses resulted in relatively low tigsue levels. Differences were substantial
for heart, lungs, spleen, kidneys. stomach, and adrenal glands.

Placenta of 18-day pregnant rats exhibited a tendency to accum:late the drug
followed by slow clearing from the tissue. The half-life for the elinmination
from placenta was a;_:proximated to be 22 hours. About 0.4% of the total
concentration of the drug in the placenta was fornd in fetus. Only 7 ng/ml of
14c mitoxantrone was found in the amiotic fluid one hour after dosing, as
compared to 1342 ng/g of tissue were found in placenta. There was no
detectable amount of the drug in the amiotic fluid 6 hows after dosing. It
appeared to indicate that the transfer of the drug from the placenta to fetus

or the amiotic £luid is minimal.

Results indicated that intra-arterial administration can produce higher local
tissue concentration than are achieved following an equivalent IV dose.
Uptahke of 14c-mitoxantrone in tumor tissue in mice inoculated IP with B16
melanoma were 1ow relative to othel tissue of the mouse. Sponsor suggested
Pt it is dAue to A large necrotic core in tumor tissue.

D - F bmitedd informition concerning tissue distribution of mitoxantrone in
cartone y fromoone cancet patient contained concentration of
gl to those prosent in the dog and monkeY. suggesting
v one attaing hiah t issuc concentration. Biopsy
Coge o from patient s ~4fter a single dose of
o otvat ion of nitoxantrone, indicating a

S pooues of human.

. iined 70.1% unchanged
1 tection period, unchanged
i biliary radicactivity,
¢ mitoxantrone, a major
4% in the 0-15 minute bile
tes to 6 hours). A mixture of
. 0.6% of the 2 to 6 hours bile
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fluman - The cunulative urinary excretion of radioactivity was 6%. The patient

\rine contains three drug-related components, mono- and dicarboxyle acid
derivatives and glucuronide conjugates. -

Toxicology.

Acute toxicity studies.

Mouse: 10F and 10M were used for each dose level. LDI1O and LD50 value are
ghown in table.

Route Dosage Range Sex LD10 LDR0
(ng/kg)

IV 1-9”17.1 14 7-8 11..3

F 7.1 9,7

Ir 4.5-21.5 M 7.1 16.5

F 2.3 19,7

In the mouse IV study, all deaths occurred at doses of 7.0 mg/kg or above. In
the the mouse IP study, deaths occurred at doses of 2.9 mg/kg or above.

Ir, both studies, signs of toxicity were: salivation, paleness, roush fur,
hair loss, decreased body-weight gain, and body-weight loss. Additional signs
of toxicity (IP) were abdominal distention, external abdominai staining;
diarrhea, pertonitis and ascites.

1.IG0 vaiues for mitoxantrone in each of the two vehicles (physiological saline
and Anetate bufferel formulation) were corparable.

Aoeato Tethalivy in rats.
CLpyye Sex No. of Rats/Dose LD10 LD50
mg/kg
10 3.5 4.8
10 3.6 5.2
16 6.2 8.0
10 9.9 11.7
10 422 682

10 474 721
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In IV and IP-dosed rats, signs of toxicity were: epistaxis,
chromodacryorrhea, rough fur, swellirg of the nasal regionm, saliva:ion,
abdominal distentiom, diarrhea, paleness, external abodminal staining,
lacrimation, hematuria, decreased body-weight gain, and pody--weight loss.
peritonitis was seen in IP-dosad rats. In PO-dosed rats, signs of toxicity
were: rapid or shallow breathing. sedation, loose and/or bloody feces, nasal
discharge, dehydration of skin, chromodacryorrhea, and areas of hair loss.
Additional acute toxicity studiss ghowed that there was no difference in
toxicity of mitoxantrone when administered each of the two venicles
(physiological saline and acetate-buffered formulation).

Single - dose IV toxicity, Rat:

No. of animals: 15/sex/dose level.

Dose levels: 0O, 0.03, 0.1, 0.3, 1.0, 2.0 my/kg IV.

Ssigns of toxicity: Body weight loss, decreased weight gain, epitaxis,

rough fur, paleness, hematuria, diarrhea, hypothermia, and hair loss. No
drug-related signs were present of doses of 1.0 mg/kg or lower.

Blood Chemistry:

Tyese consisted of elevated cholesterol, triglyceride, urea nitrogen and
alpha globulin fractions. Decreases in alkaline phosphatase, total ‘
protein, albumin and gamma globulin fractions were present. Generally,
these finding occurred at doses of ~ and 1.0 mg/kg.

Hematolody:

Leukocytopenia, erythropenia (including decreases in hematocrit,
hemoglobin, and erythrocyte count ) were noted.

Gross and Microscopic Pathology:

Increase in organ weights of kidneys, liver and heart were observed at the 3.0
and 1.0 mg/kg dose levels. Microscopically, hydropic degeneration of proximal
tubular epithelium, fibrotic change of glemeruli, and proliferation of
jntestinal tissue were observed in kidneys. Liver changes consisted of
increases in basophilic granuler and fatty degeneration. Chaijes consisted of
vaculation of myocardial fibers accompanies by interstitial accumalation of
inflammatory cells. Decreases in thymus and spleen weights were associated
microscopically with depletion of lymphocytes in these organs. These changes
were accampanied by decreases in myeloid cellularity bone marrow in rats given

0.3 1ng/kg or higher.

Dog, single-dose IV toxicity (Beagle dogs) .

1. 5 dogs/dose, 0.25, 0.5, 1.0, 4.0 or 40 mg/kg, 8 day observation
period. No control group.

5. 2 dogs/dose level/sex, O. (saline), 0.187.5, 0.25, 0.375, 0.5, or 1.0
mg/kg, 60-67 days cbservation period.
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Signs of toxicity: diarrhea, decreased activity, weamess. emesls,
saliv...ion, hypothermia, decreased body weight.

Hematology: Erythropenia, leukopenia, and thromocytopesia.

Gross pathology: Pulmonary edema.

Histopathology: Bone marrow hypocellularity, lymphocytic depletion, GI tract
damage, hemorrhage of lung, and hepatic congestion.

Lethal IV dose of Mitoxantrone in dogs was considercl to be 0.5 mg/kqg.

Monkey, single~dose IV toxicity: Two separate studies were conducted.

1. 1/dose level: 1.5, 2.0, 6.0, 12 ar 6C mg/kg:
8 days observation period.

2. 2/dose level/sex; O(saline), 0.25 0.5, or 1.0 mg/kg, 64-65 days
observation period.

Signs cof texicity: Inactivity, clonic conclusions, shallow respiration,
epitaxis, emesis, diarrhea, decreased body weight, hypothermia.

Hematology: Erythropenia, leukKopenia.

Postmortem - Gross observation: Pulmonary edema, weight decrease in lymphoid
organs.

Postmor tem ~ Microscopic observation Similar to that were found in dog study.

The lowest single lethal TV dose -.us considered to be 1.0 mg/kg in monkeys.

Swmary of mitoxantrone acute toxicity (IV) as follow:

Speciie Days Cbsarvation Lowest Lethal Dose Highest Non-Lethal Dose
e _ (mg/kg) | (mg/kg)
Mouse 21 9.8 7.8
Rat - 3.5 2.9
T A0 1.0
6.0
1.0
0.375

0.5
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Overall, the dog is the most sensitive to the acute tuxic effects of
nitoxantrone.

In rats, dogs and monkeys, the predominant drug-related findings were
gastroenteropathy and decreased cellularity of bone marrow. However, reversal
of and recovery from toxic effects were obtained among survivors. In rats,
kidney is also a target organ—-effect of mitoxantrone. Cardiac changes were
noted in rats surviving 35-56 days after dosing.

Subchronic miltiple-dose toxicity studies.

1.

Rat, daily IV administration for one ronth:

10/sex/dose level; 0.003, 0.01, 0.03, 0.1, 0.3 mg/kg. All rats given 0.3
mg/kg/day died between 1llth and 25th days of study; all others survived
the dosing pericd. Toxic finding were similar to trese seen in acute IV
rat studies. Slight changes in cardiac tissue were seen by light
microscopy given 0.1 or 0.3 mg/kg.

Dog, IV daily, X5:

Beagle dogs; one/dose level; 0.1, 0.2, 0.4 or 0.8 mg/kg/day X5; 1-6 days
observation period. No control in this study. All dogs survived the
S-day treatment phase but each dog at 0.8, 0.4 and 0.2 mg/kg/day was
sacrificed moribund.

Signs of toxicity included: emesis, bloody diarrhea, salivation,
lethargy, hypothermia, body weight loss. Erthropenia, leukopenia and
lymphopenia were cbserved. Transient increases in urea nitrogen and
alkaline phosphatase were noted. Drug-related findings included
enterocolitis, lymphadenitis, visceral congestion, bone marrow
hLiypocellularity and aplasia of myeloid and erythroid cells.

Dog, daily IV for 14 days:s

2/sex/dose; O(saline), 0.05, 0.1, 0.2; 21 days observation period.

Only two females (one each of dose levels of 0.05 and 0.1 mg/kg/day)
survived the treatment and observation periods. Toxic finding were
confined mainly to drug-related effects on gastrointestinal and
hematopoietic systems. Based on grass and microscopic examination, no
morphelogic changes indicative of anthracycline cardiomyopathy were
observed in the myocardium.
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4. Dog, 5 days, IV plus 2 days recovery, 3 cycles. Three dogs/sex/dose

5.

leval; O (saline), 0.C25, 0.05, 0.1 or 0.2 mg/kg/day: 16-32 cbservation
period.

Doses of 0.1 and 0.2 mg/kg were lethal. Signs of towicity were -
gastyroenteropathy and myelosuppressions. lHicroscopically, depletion of
myeloid and erythroid cells ir bone marrow, lyrphocytic depletion, and
generalized hemorrhaging of the heart, skeletal muscle, lymphoid organs,
GI tract, lungs, kidneys and urinary bladder were noted. All males had
degenerative lesions of ‘he spermatogenic epithelium.

Monkey, IV daily, X5:

One/dose level/day X5; No control; 0.3, 0.6, 1.2 or 2.4 mg/kg/day; 6 day
cbservation period. The monkey receiving 2.4 mg/kg/day died. All other
survived. Signs of toxicity were related to the GI tract. Depressed
hematocrit, hemoglobin, RBC and WB. . re observed. Drug-related gross and
microscopic findings included vis~- ;' Xongestion and bone marrow
hypocellularity.

Monkey, IV daily, X14:

Three/sex/dose/day X 14; 0.05, 0.2 or 0.8 mg/kg/day; 21 da, observation
period. Only those receiving 0.05 mg/kg/day survived the 21-day
observation period. Tcxic signs again were associated with effects on 1he
GI tract and bone marrow. Microscopically, myocardia 21d GI hemorrhage,
decreased myeloid elements in bone marrow; and depleticn of lymphoid
elements in spleen, lymph nodes and tonsils were observed.

Monkey, I.V. once every 21 days, 2 cycles:

5/sex/dose group; control (0.8% NaCl and 0.2% sodium metabisulfite), 0.5,
1.0 and 1.5 mg/kg; 1.64mg/kg (doxorubicin only). 9-week ard 3-week
observation period for mitoxantrone and doxorubicin, respectively. Only
monkeys receiving 0.5 mg/kg survived the cbservation period. Effects that
may indicate cardiac impairment were present in 4 out of 15 animals that
died prior to schedule sacrifice. These were fluid in the peritoneal
cavity and usually in the pleural space. There were no changes in EXG's
or blood pressure that could relate to mitoxantrone or adriamycin
administration. No microscopic examination vias performed. In animals
dying or sacrificed moribund, the results sujgested a severe effect on
bone marrow.

Chronic IV toxicity studies:

1.

Rat IV administration once every 21 days for 12 months.

39 rats/sex/dose, IV doses of 0.03, 0.3, 0.6, and 0.2 m3/kg; Phase I
(6-month duration with 15 rats/sex/dose level) and Phase 2 (10-month
duration, with 18 rats/sex/dose level) and Phase 3 (12-month duration plus
3-twnth recovery with 6 rats/sex/dose level).

a. 6-month phase:

All males given 0.6 or 0.9 mg/kg died during the 6-month ~hase. All
but 3 females given 0.9 mg/kg died. Deaths also occurred among
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2.

females given 0.6 mg/kg. Eight deaths occurred among males receiving
0.3 mg/kg. Renal damage was anong survivor at dose levels 0.3 mg/kg
and above. Signs of toxicity wee similar to those described in one-
month IV study and were associated with general physical
deterioration. The alterations in hemogram were noted in animalrn
given 0.3 mg/kg. The hematopoietic suppression noted generally in
rats given 0.3 mg/kg or greater. At 0.03 mg/kg dose level, there
were no drug-related toxic effect other than decreased food intake
among males. Focal myocarditis was seen in rats found dead ar
sacrificed moribund,

10 month phase with recovery:

The animals surviving through the 6-month phase were continued far a
total of 4 additional months. All females at 0.6 and 0.9 mg/kg
died. In addition, 2/24 females and 15/18 males died at 0.3 mg/kg
dose level. Signs of toxicity were similar as previously mentioned.
Serm chemistry changes included elevated SGOT, LI¥l, serum
cholesterol, globulin, TG, phospholipid, and inorganic phosphorus
among females given 0.3 mg/kg. Renal dysfunction and
myelosuppression continued to be observed. In addition, swelling of
hepatocytes was detected in most females given 0.3 mg/kg. Chronic
Lt . During recovery (3 months after 14th

myocarditis was-cbserved
dose), Wmce of 1 enal damage and
lymphocytic depletion. There ware no apparent treatmént-related

changes in surviving animals given 0.03 mg/kg.

12-month phase with recovery:

Three remaining males and 5/10 females given 0.3 mg/kg and 1/12 males
given 0.03 mg died. During the 3-month recovery period 4/4 females
at the 0.3 mg/kg level died. Proteinuria was noted among males at
0.03 mg/kg. Again, at this level, blood chemistry parameters also
altered. Males given 0.03 mg/kg, showed evidence of renal changes.
Principal findings again were associated with the kidney lymphoid
tissue and bone marrow.

Dog, 30-week IV toxicity:

The purpose of this study was to investigate the chronic roxicity of
ritoxantrone and to compare the effects of this drug with the effects of
doxorubicin in beagle dogs using an intermittent dosing schedule. The
doses, i.e. 0.125 or 0.25 mg/kg of mitcxantrone or 1.64 mg/kg doxorubicin
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were chosen. Sponsor stated that those doses produced similar putterns of
leukopenia and recovery without producing life-threatening
myelosuppression. Mortality in doxorubicin-treated dogs was greater than
in mitoxantrone-treated dogs. The rate of recovery from the :
myelosuppressive effects seen in mitoxantrone-treated dogs was slower than
that seen in doxorubicin-treated dogs. Therefore, mitoxantrone was
ccnsidered more severe yelosuppressive than doxorubicin.
Electrocardiographic changes and hypotension were noted in
doxorubicin-treated dogs. In contrast to the progressive cardiamyopathy
observed in the series of biopsy sample from doxorubicin-treated dogs,
there were no lesions indicative of proygressive cardiomyopathy in dog
given mitoxantrone. However, electron microscopic examination did show
dilation of the sarcoplasmic reticulum.

Monkey, 44-week IV toxicity:

Doses for the monkey study were the same as those selected for the dog
study. Mortality in nonkeys receiving doxorubicin was greater than in
monkeys treated with mitoxantrone. The rate of recovery from the
myelosuppresive effects seen in mitoxantrone-treated monkeys was faster
than that seen in doxorubicin-treated monkeys. Again, mitoxantrone was
considered more severe myelosuppressive than doxorubicin. BOG changes
were noted in 1/10 doxorubicin-treated monkeys. Progressively decreasing
blood pressure was noted in 8/10 doxorubicin-treated monkeys. Light
microscopic examination, pale myocyces and vacuolated myocytes were
observed in both drug-treated monkeys. The incidence and severity of
these changes were greater in monkeys given doxorubicin. Electron
microscopy of heart sarples revealed myofibrillar loss and dilation of the
sarco plasmic reticulum. In monkeys given mitoxantrone, myocytes
exhibiting myofibrill loss but featured indicative of regeneration and
active protein synthesis. In monkeys given doxorubicin, other pale
myocytes showed signs of irreversible damage.

Rabbit, 21-week IV toxicity. Single dose every week X 15. 12/sex/dose
level: 0.135, 0.25 (Mitoxantrane); 1.64 {Doxorubicin).

The first study was sponsored by the NCI. SPF New Zealand white rabbit
were treated with dihydroxydiacetate form of mitoxantrone 0.8 mg/kg/week
or adriamycin 2.0 mg/kg/week. “From this data, one c... conclude that a
dose of 0.8 mg/kg/week NSC-299195 was more toxic than ADR and not severe
as adriamycin groups but resulted cardiac toxicity in rabbits.” Commented
by Dr. Lee-llam (see IND 16,332 review, 8/27/81). Dr. Richman recommended
that a camparative study of cardictoxicity be conducted with the
clinically employed compound.

The second study was performed by tle sponsor. Dose selected for
mitoxantrone (0.125 or 0.25) and doxorubicin (1.64 m3/kg/wk) were lower
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than those in the NCI study. DBecause of deterioting physical condition
and increased incidence of mortality, surviving rabbit receiving
doxorubicin were sacrificed cne week after 12 doses; gurviving rabbits
receiving mitoxantrone wer sacrificed 7 wecks after 15 doses. Morphologic
cardiac changes were cbserved in both treated groups. [1G changes -and
hypotension were noted in doxorubicin-trested group. Nephrotoxicity were
observed in both drug-treated animals. The absence of a leukopenic effect
ig in contrast to results in other species.

5., Dog IV toxicity, intermittent dosing after doxorupicin treatment. Three
males and three females per group. The purpose of this study is to assess
the effect of added mitoxicity treatment in dogs pretreated with

cardiomyopathic doses of doxorubicin. Result from phase IT (onyoing) of
group 3 (4 doses of doxorubicin followed by mitoxantrone and group 4 (4
doses of doxorubicin followed by doxor'bicin). There were 5 deaths during
phase II. Four dogs were treated with 7-10 doses of doxorubicin (growp 4)
and one was tyeated with 4 doses of doxorubicin and 3 doses of
mi.toxantrone (group 3). One in group 3 and 3 in growp 4 developed
clinical signs suggestive of cardiac failure. B changes, hypotension
were noted. Result may suggest that a trend of cardiac involvment in the
morbidity was present in group 3. Final analysis of the experiment could
not: be drawn until a complete report of data is supmitted.

Mutagenicity.

E‘._i_crobial Mutogenicity:

Mitoxantrone was assayed at concentration of 0.1 to 1000 ug/plate and 10 to
500 ug/plate with and without xat liver microsomal activation using Salmonella
typhimurium strains TA 1535, 1537, 1538, 98,000 and E. Coli strain WP-2 uvrh.
Each study also employed positive and negative controls.

Result: The results indicated that nitoxantrone was positive in these systems.

Unscheduled DNA g.mthesisz This study was assessed using primary rat
hypocytes in cultwre- Goncentrations ranging from 0.0001 to 2.0 mg/ml were
used. Positive and negative controls were also employed. Incorporation of
radiolabeled thymidine was used as measure of unscheduled VA synthesis. The
results indicated that mitroxantrone caused INA damage in this syten.

gister chromatid exchange:

Chinese llamster ovary cells were exposed to mitoxantrone at concentrations
ranging from 0.3l to 10 ng/ml without metabolic activation and from 0.03 to

10 ng/ml with metabolic activation (5~9 mix). Positive and negative controls
were included.

Result: Mitoxantxone produced a dose-dependent increase in the frequency of
L's in QO cells with and without metabolic activation.
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Mouse Lvmphoma Test:

Mutagenic potential of this drug was evalutated in the L5178Y TK+/- mouse
lymphoma test system. Concentration of 0.0003 to 0.0015 mg/ml without
metabolic activation and 0.03 to 0.15 ug/ml with activation were used. -

Result: All concentrations caused a greater mutant frequencies than that of
the negative control. Mitoxantrone produced a positive response in this

system.

Cell Transformation:

Cell transformation of C3H/10T 1/2 marmalian cells in vitro were evaluated.
Mitoxantrone (0.031 to 0.5 mg/ml) and doxorubicin (0.94 to 15.0 ng/ml) did not
produce a statistically significant difference in frequency of transformed
foci between treated and negative controls.

Chromosomal Abberation: Bone marrow cells in metaphase were examined
microscopically for evidence of chromosome damage. IP doses of 0.5, 1.0 or
2.0 mg/kg/day X 5; or IV doses of 0.3 mg/kg on day 0 or day 21 were used.

Result: At doses of 1.0 and 2.0 mg/kg, multiple aberrations were seen.
Twenty-one days after IV 0.3 mg/kg, no significant clastogenic effects occur
in bone marrow.

Dominant Lethal Test:

Three groups of 10 male rats were given daily IP doses of 0.5, 1.0, or 2.0
mg/kg for 5 days. All rats in the 2.0 mg/kg dose group died during 4 weeks of
mating. Females were sacrificed on day 11 to 15 days of pregnancy. The
fertility of males given 2.0 mg/kg decreased. When pregnancy did occur, no
effects on implantation or embryo survival were seen. No effects on
fertility, implantation, or embryo survival were seen in the group given 0.5
or 1.0 my/kg.

Reproduction:

Segmen I, rat, reproductive function: (Elin Farm Laboratories, Suffolk,
England, Charles River CD strain: 28 rats/group:; dose levels: 0.0033, 0.01,
0.03 mg/kg. IV administration to males of the Fo generation for 71 days prior
to pairing, continued throughout the mating period and until termination after
pregnancy of the Fo females had been confirmed. Females of the Fo generation
were treated 15 days prior to pairing, continued throughout the mating period
and until necropsy at day 21 post coitum or after weaning at day 25 post

partum.
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Result: No death occur:red in treated animals. lligh dosage group female (0.03

ng/kg) showed a reduction in body weight gain during gestation. The
regularity of oestrus, and mating performance and fertility were similar in
all groups. In females, killed on day 21 of gestatlon. ovulation,
implantation, survival, growth and development in utero showed no treatment-
related effects. Litter size at birth was reduced in females receiving 0.03
mg/kg but subsequent viability was unaffected and post-natal growth,
development and behavior showed no treatment-related effects. Absolute and
relative weights of epididymides showed a slight dosage-related reduction for
Fo males.

Segment II Teratology.

Rat: Mitoxantron was administered IV to 22 mated females rats per group daily
on day 6-15 of pregnancy at dose level of 0.05, 0.1 or 0.2 mg/kg. Control
females received normal saline.

Result: All animal survived except one dam in the high dose group. A
significantly lower body weight gain was observed in the drug-treated groups
and these changes were found to be dose related. The death of one dam was
related most probably with the lesion found in urinary system. The fetal body
weight per litter was significantly lower in the high and intermediate dose
groups. Other reproduction parameters (resorptions, nidations, mean ccrpora
Lutea) appeared unaffected by treatment. Two fetuses with severe
abnormalities were found in the low dose group, however, these abnormalities
were not observed in the intermediate and high dose groups. All skeletal
findings can be classified either common variant or minor anomalies. Retarded
development of the fetal kidney, as indicated by absence or small size of the
renal papilla, occurred with greater frequency in drug treated groups.

Rabbit: »Mitoxantrone was administered IV to 18 artifically inseminated
rabbits per group on day 6~18 of pregnancy at dose levels of 0.01, C.025, or
0.05 mg/kg/day. There were 3 spontaneous deaths resulting fram respiratory
infection. Increased incidences of premature delivery occurred in treated
groups (5/17, 2/14, 4/16 and 1/16 for the hlgh, intermediate, low and control

groups, respectively).

Ear lesions along the injection sites were noted in the treated animals.
There were no statistically significant differences in reproductive data
between the treated and control groups. Five fetuses with major malformations
were seen (2 in intermediant and control groups and one in the high dose

group).

Carcinogenicity.
Mouse.
Study One: Oncogenic potential of mitoxantrone after IV administration to

mic every 21 days for 2 years. The present report provides an
siwnary of finding after approximately 10 months. Dose levels
0.0, 0.1, 0.2, 0.4 mg/kg/21 days.
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Number of mice: 60,/sex/dose level. Charles River CD-1 mice
were used. The gross and microscopic changes that were observed
are considered spontaneous occurrences. Study is still ongoing.

Study Two: Doz levels: O, 0, 0.01, 0.03, 0.06 mg/kg/2l days for 5 months.

Number of mice: 60 dose/sex. At day 161, 4 mice were found
dead. There appears to be no treatment related finding after
the TV administration for 5 months at dose level up to 0.06

mg/kg/21 days.

Dose Levels. 0O, 0.01, 0.03, 0.1 mg/kg. Number of animals -
60-70/sex/dose level. The present report summarizes the finding after 21
months. There appears to be a higher incidence of auditory sebaceous
gland (Zymbal's gland) neoplasms in males than would historically be
expected. They have occurred in the control, the intermediate and high
dose groups. There is an increased mortality rate in the high dose
group. Final conclusion could not be made until the study is conpleted.

Irritation Study.

Topical Toxicity.

Rats.

Mitoxantrone was administered in a single application to the abreaded skin
of the rats in doses of 100, 250, 500, 1000 or 2000 mg/kg.

Rasult: Red material around eyes, nose, facial and abdominal area,
inactivity, sedation, unkemptness, soft and discolored feces, shallow and
rapid breathing, blue skin eschar formation, loss of body weight. Blue
colored kidneys were revealed in one rat (1000mg/kg). LbDggo was

1640mg/kg. Mitoxantrone adnministered by dermal application to the abroded
skin was readily absorbed and lethal.

Rabbit.

Dose levels: 125, 250, 500, 1500, 2000 ng/kg.

Result: All rabbits in 250-2000 mg/kg were dead except one female (1500
mg/kg) survived for 14 days. Animals treated with 125 mg/kg survived until
day 14 cxcept one male. Pale blue discoloration of sclera was noted. Body
weight loss were noted in treated rabbits. Signs of toxic effect included
sedation, decreased muscle tone and inactivity. The compound is absorbed by
the skin and is lethal. Precaution should be taken to avoid skin contact.
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Occular Irritation.

Rabbit.

In rabbits, mitoxantrone bulk powderor in 0.8% w/v sodium chloride and 0.2%
w/v sodium metobisulfite irritated the eye. Swelling, discharge, reddening of
the conjunctiva, and damage to the cornea and iris were seen in bulk powder
form. Less irritation was noted in parental solution.

Dermal Sensitization.

Guinea Pig.

Guinea Pig received 0.1 ml intradermal injections of 0.1l% mitoxantrone or
doxorubicin. Topical application of filter paper saturated with 0.5%
mitoxantrone and doxorubicin was given on day 7. On day 28, animals were
challenged at new sites using the same procedure as for topical application.
There were no toxic signs or mortality in this study.

Combination IV toxicity.

Dog-

Thirty-two beagle dogs {12 males and 11 females) were used to assess effects
of mitoxantrone in combination with other agents. The dogs were distributed
into 17 treatment groups in 4 separate experiments. In summary, mitoxatrone
given to dogs at 0.3 mg/kg IV in combination with either cisplatinum, cytosine
arabinoside, mitomycin C, prednisone: vincristine or vinblastine was not
tolerated and resulted in mortality. In corbination with cyclophosphamide and
5-FU (only at 15 mg/kg) or with methothrexate and 5FU (18 mg/kg), mitoxantrone

is tolerated with signs of myelosuppression.

Heparin Activity.

when solutions of heparin and mitoxantrone were canbined, the formation of a
dark blue precipitate and reductions in heparin activity were concentration
related.

sumary and Evaluation.

This NDA is for Mitoxantrone (Novantrone) for injection, on antineoplastic
drug used for the treatment of breast cancer, including locally advanced or
metastatic disease.

It is supplied as an agueous solution containing mitoxartrone hydrochloride
equivalent to 2 mg/ml mitoxantrone free base, with sodium chloride, sodium
acetate, and acetic acid as inactive ingredient.
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Mitoxantrone showed antitumor activity in several mouse tumor systems, such as
P388 Leukemia, L1210 Leukemia, B-16 melanoma (IP implanted), Colon tumor 26,
CDBF]1 mammary carcinoma and murine colon carcinoma. It has also been shown to
be moderately effective in P388/adria and P388 MAMSA. In conventional mouse
test systems with IP implanted tumors, its activity is greater than or '
comparable to other antineoplastic agents.

It has been shown to be an inhibitor of RWA and INA synthesis. It binds to
RA and DA, It induceds nuclear aberration in cell cultures of a human colon
carcinaoma line. Its cytocidal effect on both actively dividing and
non-dividing~cultured human Wilr and WI-38 cells, indicating it may be a cell
cycle non—-specific agent. Its mechanism of action has not been determined.

The therapeutic index of mitoxontrone is eight to fifteen times greater than
that of doxorubicin against IP implanted leukemia as stated in page 81 of
volume 1 (report 7). However, in report 1, a different therapeutic index was
obtained (TI=34 and 66 for mitoxantrone and Adriamycin, respectively).

Mitoxantrone produced the greatest cytotoxicity in cells treated while in Gl
or G2 phases although it was also effective against cell in S phase or mitosis
depending upon concentrations. Therefore, it may indicate that mitoxantrone
is not cell cycle phase-specific.

Phaumacokinetics: Mitoxantrone demonstrates rapid plasma clearance, a long
elimination half-life and extensive tissue distribution in both animal and
human following IV doses.

In rats, dogs, monkeys and humans given single dose of 14C-mitoxantrone,
radicactivity concentrations disappear rapidly from both pPlasma and whole
blood during the first 2 hours after dosing, concentration decrease slowly
thereater. 1t disappears from plasma/serum with a mutiphasic (bi or
tri-phasic) pattern characterized by a very rapid plasma clearance and low
renal, hepatobiliary and metabolic clearance. Total radioactivity has linear,
sex-independent, and dose-independent characteristics in rats. Elimination
half-life of mitoxantrone in rat and human is about 12 days. A rapid initial
distribution phase followed by a relatively slow elimination phase orphases.

Excretion: In rats, dogs and monkeys, 10 days after l4C-mitoxantrone, 63 to
83% of administered radicactivity is accounted for in the excreta; 80-90% of
the recovered radioactivity is excreted in the feces and 10-20% is excreted in
the urine. There is a discrepancy between (1) elimination half-life in rat is
12 days in report 33 and, (2) 83% of administered 14C-mitoxantrone is
excreted in the feces and urine after 10 days in report 29.

Bile is the major excretory route in rats. Little radicactivity was found in
the bile of rats given radiolabeled mitoxantrone orally, indicating the poor
absorption through oral administration.
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Mitoxantrone is rapidly and extensively distributed into the organs of rats,
dogs, monkeys and hwumans. In animals, radiocactivity is highest in bile,
gallbladder (except rats), liver, spleen and kidney. Slight amounts of
radicactivity ( 50 mg equivalents/g) were seen in spinal cord, CSF, brain,
cornea agqueous humor, vitreous humor, testes (rat) and temur (dog). In
pregnant rats dosed with 0.5 mg/kg of l4C-mitoxantrone on day 18 of

gestation, uptake by the placenta is noted. 0.4% of the total concentration
of drug in the placenta was present in the fetus. 7 ng/ml of mitoxantrone was
found in the amiotic fluid one hour after dosing. It appeared to be similar
in man in terms of its tissue distribution.

Studies indicated that metabolism in all four species (rat, dog, monkey., and
human) is excreted as unchanged, and two polor metabolites and their glumonide
conjugates. The two metabolites isolated from human urine were identified as
the mono and dicarboxylic. Uptake of melanoma were low relative to other
tissues of the mouse. Sponsor suggested that melanoma tissue containing a
large necrotic core contribute to this low concentration of radicactivity in
tumor tissue.

Toxicology

Mice: Single dose toxicity studies.

LDIO and LISO are as follow {mg/kg):

Route __Sgag. ILD10 LDA0
IV M 7.8 11.3
F 7.1 9.7

Jp M 7.1 16.5
F 2.3 19,7

Iva cambined ‘ 12.2
Tvb M 10.4
F 10.6

a0.8% w/v NaCl and 0.2% w/v sodium metabisulfite.
bpacetate-buffered formation (final clinical formation).

There is a difference in final clinical formation between in P381, Vol. 26 and
P143 Vol. 1.

LD50 values in both vehicle were camparable. Toxic signs observed were
reduced activity, listlessness, cyanosis, salivation, prostration piloerection
and palpebralptosis, paleness, rough fur, lacrimation and hyvothermia.
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Rats LDS0
Route S LD10(ng/kg)  LD50{(mg/kg)
v M 3.5 4.8
F 3.6 5.2
1P M 6.2 8.0
F 9.9 11.7
PO M 422 682
F 474 721

Signs of toxicity: Epistaxis, rough fur, salivation, swelling of nasal
region, diarrhea, paleness, lacrimation, hematuria, weight-loss, abdaminal
distension and staining. Hair loss and hind-limb edema were seen in
IV-treated rats. LDB0 values of mitoxantrone in clinical formulation are
comparable to that in physicological saline.

Single I.V. toxicity:

Lethal dose: 3.0 mg/kg.
Highest non-toxic dose: 0.1 mg/kg.

Animals developed previously-mentiocned signs of toxicity. USerum alkaline
phosphate, ¥ protein, Y albumin and Ygamma globulin, fSerum cholesterol,

417G, % urea nitrogen, A globulin, leukocytopenia, lymphopenia,
erythropenia, ¥ platelet count were noted.

Bone marrow and kidney were primary target organs. Kidney changes were
characterized by hydropic degeneration of proximal tubular epithelium,
fibrotic changes of glameruli and proliferation of interstital tissue. Some
liver lesions were observed at 3.0 mg/kg dose group. Heart change were
canfined to 3.0 mg/kg dose group. Focal myocarditis was noted.

Dog, Single IV Toxicity:

The lowast single lethal dose was 0.5 mg/kg. Signs of toxicity were related
to effects on the GI tract such as emesis, diarrhea, decreased food
conswurption and body weight. Other signs such as inactivity, hypothernmia,
lecukopenia, erythopenia, thrombocytopenia were also noted. Bone marrow
hypoeellularity and lymphocytic depletion of lymphoid organs. High dose also
ovaisel hepatic congestion.



Page 22 . .
NDA 19-297

Monkey, Single IV Toxicity:

The lowest lethal dose was 1.0 mg/kq. Signs of toxicity were similar to that
of dogs. _

Multiple-dose subchronic and chronic studies,

Rat, daily IV X 30:

Maximum tolerated dose in rat is 0.1 mg/kg. Signs of toxic effect were
similar to that of acute toxicity study. Changes in cardiac tissue were seen
in rats given 0.3 mg/ko by light and electron microscopic evaluation. Bome
marrow and kidney were targets of organ.

Dog, daily IV X 5:

Clinical signs of toxicity included emesis, blood diarrhea, calivation,
lethargy, hyperthermin weight loss. Maximum tolerated dose -~ 0.2 mg/kg. Bone
marrow involvement and GI toxicity were cbserved. None were seen in the dog
receiving 0.1 mg/kg/day.

Daily IV X 14:

M™D is 0.05 mg/kg. Drug related effects were again similar to that of 5 daily
studies e.g. GI and hematopoietic systems at all dose levels. Cardiac
changes were cbserved. However, no marphologic changes indicative of
anthracy=line cardiomyopathy were observed. '

5 daily IV + 9 day recovery, '3 cycles:

MI'D is 0.05 mg/kg. Clinical signs of toxicity were similar to those in

rrevious repeated dose studies, i.e. GI toxicity and myelosuppressor. All

males had degenerative lesion of the spermatogenic epithelium,

Monkey: M for daily IV X 5 is 1.2 mg/kqg. '

777 MMD for daily IV X 14 is 0.05 mg/kg.
MD far single dose/21 days X 2, is 0.5 mg/kg.

—

TT toxicity and myelosuppression were the major toxic effects.

'ty stwlies 1n rats, dogs, and monkeys were designed to
11y of mitoxantrone with special attentior. given to the
the cardiomypathy.  Mitoxantrone was given IV to dogs
e at dose levels of 0.125 and 0.25 mg/kg;
ingstered at dose level of 1.64 /kg. These doses
taowithout 1nfe-threatening myelosuppression and
whreered that mitoxantrone was evaluated for
e Toappressive condition than
© cardiomyopathy nor irreversible
v Teaelving mitoxantrone. However,
% and 0.25 vs. 1.64 mg/kg, about
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5-fold difference). Myelosuppressive toxicity limits the dose levels to be
comparable to that of doxorubicin. Therefore. I do not consider this
comparative cardiotoxicity data for evaluating the potential cardiotoxicity
conclusive. It may indicate that cardiomyopathy was not observed when
mitoxantrone was given to animal at 1/6 to 1/7 doses level of doxorubicin,
This is comparable to its recomended dosage: 12 mg/m2 in mitoxantrone as
compared to 70 mg/m2 in doxorubicin.

Rabbit given 0.8/kg/weck of mitoxantrone died after 3 to 8 weeks. Besides its
renal toxicity, cardiac effects were also observed. Sponsor suggested that
these effects were secondary to aeneralized organ toxicity involving the
kidney, liver and bone marrow. However, this could not rule the possibility
of its direct effect on cardiac tissue of rabbit. The absence of a leuk~apenic
effect is in contract to results in other species. In another ratbit study,
the cardiac toxicities between mitoxantrone {0.125 or 0.25 mg/kg) and
doxorubicin {1.64 mg/kg) were compared. Cardiac changes were accompanied by
renal toxicity in nitoxantrone-treated rabbit. The cardiac effects seen in
mitoxantrone-treated animals were not typical of progressive
anthracycline-like cardiamyopathy.

Genetic Toxicology.

Mitoxantrone caused point mutations. It caused increases in unscheduled DA
synthesis (XA damage). It also induced sister chromatid exchanges in GHO
cells. It caused chromosomal aberrations in vivo cytogenic study by 5 daily
IP administration. The incidence of chromosomal damage by IV every 21 days
for 2 dosies resembled that found in coantrols. It did not induce cell
transfarmation in mammalian cells in vitro. It did not cause a dominant
lethal effect in rate by IP administration of mitoxantrone daily for 5 days.

Reproduction.

For Fo males there were dose-related decreases in epididymol weights. High
dosage group females {0.03 mg/kg/day) showed a reduction in body weight gain
dur ing gestation. In females killed on day 21 of gestation, ovulation,
implantation, survival, growth and development in uterc showed no
treatment-related effects. Sponsor should also sacrificed half of females on
day 13 of gestation. The dems should be examined for number and distribution
of embryos in each uterine horn. presence of empty implantation sites and
erbryo tndergoing resorption, Embryo death due to abnormal condition in the

uterus should also be examined. Sponsar stated that doses (highest: 0.03
mg/kg/day) were based on results of daily IV mitoxantrone (X 30) study.
However, MID was 0.1 mg/kg day as indicated at P162 of Vol. 1 (Table 28).
Litter size at birth was reduced in females receiving 0.03 mg/kg.

Teratoloqgy.

Rat: Lower body weight gain was observed and were found to be dose related.
The fetal body weight was significant lower in the high and intermediate dose
groups. Retarded development of fetal kidney occurred with greater freqguency
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in drug treated groups. Sponsor considered both findings to be due to
maternal toxicity. Although the amount of mitoxantrone transfer from the
placenta to the fetus or ammiotic fluid is very small (sponsor stated
negligible). Accumulation of mitoxantrone by daily injection of mitoxantrone
for 10 days may exceed a level which caused the retarded development of fetal
kidney. Therefore, I don't think it is fair to rule out this possibility.
Kidney is a target organ effect of mitoxantrone in rats.

Rabbit: Increased incidence of premature delivery occurred in treated
groups. Other parameters appeared to be normal.

Carcinogenicity studies: Study have not been completed.

Other Toxicity Studies: Mitoxantrone is absorbed through the skin causing
motality in rabbits and rats. It also caused ocular irritation. Mitoxantrone
and heparin should not be administered together in the same solution due to
its precipitate formation.

Package Insert.:

The carinogenesis, mutagenesis section is adequate. The pregnancy category is
given as B - We recommended the modified D category.

Following items should be corrected or modified in Vol. 26 {labeling).

(1) P38l, sodium metabisufite should be included in its final clinical
formulation.

(2) P383, "In pregnant rats the placenta is an effective barrier" should
be modified due to small amount of mitoxantrone did cross the
placenta.

(3) P385, "In vitro studies using the clinical dosing regimen showed no
residual mutagenic effect" should be added or modified because
chromosomal damage did occurr when drugs were administered IP daily
for 5 days in rats.

Recommendation:

Due to its accumilation potential, retarded development of fetal kidney and
decrease in fetal body weight in teratology studies, I will recommend it is
approvable if the modified pregnancy category D will be required in the
label. Package insert (labeling) should be modified as indicated in

“Package—insert" section. - -
0N {“’} M jm
L 't%/ 4

Ching-Long Jos Suri, Ph.D.
Hoverber 23, 198

CC: Orig IND 19,297 -
FN~-150/ Div. File /
IFN-150/ Dr. Sun, 11/23/8?'
HFN-150/ R. Podliska

F/7 by db, 5/6/85

Wang # 09003
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Sex

Mnies . Females
Group Number® i 2 3 4 s Pvatue 1 2 3 4 5  Pvalue
Hetero- Trend Hetero- Trend
genelty geneity

Liver (N) 69 70 60 60 59 69 70 58 59 60

Carcinoma Hepatocellular 1 0 | | 0 ® . O 0 0 o0 o .
Cholangioccarcinoma 0O 0 0 o o * * c 0 0o 1 o0 . *
Pancreas (N} 68 68 %S9 60 SO 69 70 57 58 &0

tslet Cell Tumor 18 8._..6.5" 2 1592 ,93446 7 5 6 S5 S 7114 16798
Thymus /Lymph Node (N) 61 56 52 S8 46 57 51 39 47 49

Leukemia Granulocytic —— | o 2 * * o o0 2 1 0 * .
Lymphoma 1 0 5§ 1 1 0380 50017 0 O 2 0 C ,i1344 _46322
Thymoma 0 1 ! 0 O© . . 0 1 O © ¢ * .
Spleen (N} 70 70 60 60 59 69 10 57 59 60

Leukemia, Granulocytic 1 1 1 0 1 4 . 0 o© ! 1 0 . *
Lymphoma 0 3 3 0 ,0708 ,36380 O O 1 O _0 .,1743 ,46407"
Adrenal Glands (N) 67 70 59 60 59 70 69 57 60 60

Carcinoma, Cortex i (8] ] 4] 1 . . 2 i 1 o 0 . *
Medul'ary tumor 5 8 3 8B 3 L0354 0417 1 2 o 2 1 ,.5808 ,26270
Testes (N) 0 70 60 58 S9

Interstitial Ceil tumor 2 1 2 1 1 . 7475 24794 NA NA NA NA NA

Pituitary Gland (N) 65 66 57 60 57 6% 69 57 59 <8

Adenoma 35 37 28 28 9 L0115 ,99804 58 S8 S1 48 45 ,7155 _64773
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Bone Marrow (N) &9 70 60 59 59 69 70 58 59 59

Lymphoma t 0o 2 3 © L1147 336598 0 0 1 0 0 ,iB70 .464%7
Levkemia, Granulocytic 0 1t 0 1 . * 0 0 1 1 0 . .

—_— (

Skin (N} 69 69 60 60 59 69 10 58 60 60

Externat Auditory Canal 2 0 1 4  .B_._,000S L0006 O ) 0 1 8__.000) _,0000S...
«L¥Cinoma Sguamous o 0 0 1 0 » » 0.0 _67- 0 3 . *
Fibrosarcome 0O 0 o0 o 2 b * ¢ 0 o 1 z2 t *
Ffbroma 7 4 2 2 a4 2694 51908 10 0 O 65 000 L0026
Lipoma 1 1 1 } 0 .9529 .56812 0 3 4 1 1 ,2470 54523
Mammary Gland (N) 30 33 26 33 134 67 64 S2 5% =535

Adenocarcinoma c 1 } 0 1 2949 19070 6 5 8 1 3 0703 _BS5506
Carcinoma 0O 06 0 o o . . 2 3 0 o 1 ,3041  _B6756
Adenoma 0 o0 1 0 0 ,L423% B2 19 8 7 9 a4 5509 .B4466
Fibroma 1 0 0 0 0 ] Y 3 0 0 o 1 " »
Fibrcadenoms O v 0o 0 o0 ,728% 83399 16 22 16 14 38 502 13247
Lipoma 0 0 0 0 o - . | 0 0 1 1 . .
Thyroid (N) 69 69 60 60 s9 69 70 58 59 &0

Adenoma 4 3 3 3 2 .99714 49134 3 2 3 10 ,42'6 _Ba13S
Carcinoma 1 0 0 1 } . # ] i H ] ) * *
Adenoma Parafoliicular 5 4 2 1 _0 . 5281 91709 15 s 7 6 2 ,4'33% 91005
Carcinoma, Parafol!licylar O o ) 2 1 * . 0 | 0 0 0 . .
Parathyroid (N) 67 67 60 39 60 69 70 58 58 60

Adenoms 00 0 g » * c v 0 1 o ' .
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Sex Maies . Females
Group Number® P 2 3 4 5 P value© Y 2 3 & 3 P Value
Hetero- Trend Hetero- Trend
geneity geneity
Liver (N) 6% 0 &0 6D 59 69 70 53 59 60
Carcinoma Hepatocellular LI « I N » o ¢ o0 9 o0 0 ¥ ¢
Chotangigcarc’noma 0o 0 0 0o 0 . . ¢ o 0 1 o0 . .
Pancreas (N) 68 68 S9 &0 59 6% 70 37 58 60
Isler Ceil Tumor A8 B .6 5 2 (1592 93446 7 5 6 S5 5 7114 16798
. e e e — e
Thymus/Lymph Node (N) 6V 56 52 56 46 57 51 39 47 4%
Levkemia Granulocytic A — 1 o 2 . . 0O o 2 i 0 * *
Lymphoma SV 0 S 11,0380 ,50017 O O 2 0 O 1344 46322
Thymoma o 1 0 0O . " o v o ¢ o© * .
Splaen (N) MW 70 60 60 59 &% 0 57 59 60
Leukemin, Granylocytic ) } ] v} i . * 0 0o 1 i 0 * *
Lymphoma 1 06 3 3 0 .0708 ,3380 0 0 1 0 _0 1743 ,46207"
Adrenal Glands (N} 67 7O 59 60 59 10 69 57 60 60
Carcinoma, Cortex _ 1T o 0 i * . 2 1 10 0 * #
Medul tary tumor ‘ > 8 3 8 3 035 ,042¢7 1 2 © 2 1 ,5808 ,26270
Testes (N) 0 70 60 S8 59
interstitial Cell tumor 2 3 2 1 1 7475 ,24794 NA NA NA NA NA
Pituitiry Gland (N) 65 66 57 60 57 69 63 57 59 S8
( Adenoma 35 37 28 28 9 0115 ,99804 58 SH S1 4B 4S5 7155 64773
Ll e T ] - .. — —
Bone Marrow (N) 69 70 60 59 59 69 70 58 59 sg
Lymphoma Vo0 2 3 00,1147 33698 O 0 + 0 o 1B70 ,45417
ieukemia, Granutocytic 0 1 1 0 1 . . o 0 ! U < o *
Skin (N) 69 69 60 60 59 69 70 58 &0 60
External Auditory Canal 2 01 __ 4 B 0005 D0006 O 1 O 1 8 0001 .00ans
“LafCinoma Sguamous 0 ¢ 2 10 » . 0.0 ¢ 0 3 * »
Fibrosarcoma 0 0 o o 2 * . 0 0 o 1 2 * b
F:‘broma 7 a4 2 2 4 L2694 .51908 10 0. 0 6  .000 »0000¢
Lipoma 1 f 1 10 ,952¢ 56812 "0 3 a4 gy 1 .2470 54523
Mammary Gland (N) 30 33 26 33 34 67 64 52 55 s5
ﬁden?carcinoma 0 | 1 0 1 2949 L19070 6 5 8 1 3 0703 855086
Carcincma 0 0 0 o0 o . . 2 3 0 0 1 3081 .BETSG
Adenoma G 0 * o0 0 .4235 G772 19 B 7 9 a4 8509 B44EE
Fibroma 1 0 0 o o * * 3 0o 0 o ' "
Fidrecadenoma o 1 0 o0 0 .7128% 83399 16 22 16 14 18 ,s59m 13247
Lipoma 0 0 0 0 o * . 10 0 ) " a
Thyroid (N} 6% 69 60 60 59 59 70 sSB 59 60
Adenomz 4 3 3 3 2 9974 LA9134 3 2 3 10 421 84135
Carcinoma 10 0 J * * o 1 L B * .
Adenoma Parafolilicyiar 5 4 2 t .o 5081 L1709 1% 5 7 & 2 .4133 91005
Carcinoma, Puratoilicuiar O 0 0 ? 1 . . 0 1 g 0 0 ¢ »
( Parathyroid (N) 67 67 60 39 60 69 0 58 58 &0
Adenomp i 0 0o o 1 » ) 0 1 0 1 ¢] s *
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Mouse carcinogenecity study:

1. No. of studies: 2,
2. Name of laboratory: Wilbur G. Malcolm Lab.
3.Strain: CD-1, Charles River,
4. No, of animals: 60/Sex/group.
5. Doses: Ist study: 0,0.1,0.2,0.4 mg/kg
2nd study: 0.0.01,0.03,0.06 mg/kg , i. v.
every 21 days.
6. Basis for dose selection: yes , based on 60-days
study( i.v. every 21 days}.
7. Interim sacrifice: no, sacrificed when death or
moribound during study and at end of study.
8.Total duration: 25 months.
9.No. of alive at termination:

1st study:
at 96 wks
0 0 0.1 0.2 0.4

male 26 28 27 21 2
female 29 25 29 29 4

at 24 months
male 21 25 22 16 3
female 23 16 0 16 2

at 18 months survival rates were larger than 50 %
among all groups.

2nd study:
at 25 months
0 0.01 0.03 0,06
male 40% 48% 53% 35%
female 42% 32% 40% 35%

at 96 wks
between 60-70 % among all jroups

10. Statistiscal methods used:heteogeneity and Trend tests(
Tarone procedure ) with respect to mortality patterns or
the incidence patterns of palpable masses,

11. Tumor and non-tumor data fr each tissue: no data were
submitted concerning the histopathological finding of the

studies.
12. Week/site for first tumor: no data submitted for this

respect.
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Results:
Rats.
Body weight and food consumption: Low and mid dose
animals were similar to controls. In high-dose males,
body weight decline more rapidly than in controls. In
high-dose females, body weight was slightly less than
controls starting at month 18,

Sponsor stated that the most probable cause of death
in males was glomerulnephritis, Moartality in females
was associated with pituitary adinoma, often
acconmpanies by glomerulonephritis,

Clinical pathology: Increases in UN and creatinine
were observed in the females groups {( low and mid-dose

).

Organ weight: Relative weight increase in heart,
lungs, pituitary gland and spleen were seen in the
males. Increase in liver,kidney, heart and brain were
seen in the females,

Histopathologic findings: Tumors were found in the
skin of external ear canal of both sex. Fibroma were
also reported in the female. Both incidences of tumor
were statistically significant.

Mice.
kody wieght, food consumption: Treated animals were
zimilar to the saline treated proup.

Physical finding and opthalamic examinations were
similar amon all groups.

Hematology: There were some fiutuational changes in
some parameters. The sponsor stated that these changes
were not toxicologically significant.

Urine chemistry: Changes between controls and treated
animals were not remarkable,

Histopathotlogy:
Non-neoplatic finding: Renals changes, subcutaneous
edema and left atrial thrombosis are represented in
high incidence among all study groups. The
glomerulonephritis was not seen.
Neoplastic finding: The sponsor did not submit any

<‘ detail reports on tumor incidence because only either
single occurrence, or a few in goups were observed.
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Conclusion: The carcinogenic study ( rats ) indicated a
very high incidence of mortality, particularly in the
males. Serveral factors could contribute to this cause. One
of them probably be due to aging of the rats. Different
strain of rat may be more appropriate for long term study,
such as Fisher 344, Mortality at end of 24 months (104 wks)
were more than 50 % in all male groups and in controls and
mid-dose female groups. However, at end of 18 months, the
mortalities among all controls and drug-treated groups were
better than 50 %. According to the materials ( formats )
submitted, tumors in external ear canal and liproma were
observed.

Mortalities among mice were also high., At end of 96 wks,
suvival rates were between 60 and 70 ¥ in the second study.
Survival rates were around the vicinity of 50% except in
high-dose groups and mid-dose male group in the first study.
There was no complete carcinogenic data submitted in this
NDA. The sponsor should be informed that complete report
should be submitted in order to evaluate its carcinogenic
potential. Complete detail formats of carcinogenic study
should foilow the recomendations from the Division of
Biometrics.
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Pharmacology: Activity of metabolite

Toxic

Metabolites of mitoxantrone which were identified as mono-
and dicarbosylica acid derivates were tested for activity
against human colon carcinoma cells in vitro using a
clonogenic assay. Both metabolites were jnactive at
concentrations ranging from 0.125 to 4 ug/ml for CL283981
and from 0.3 to 5 ug/m) for CL285049, (1283981 was also
inactive when tested for antitumor activity against the
P388 leukemia in BDF1 mice.

Pharmacokinetis: The data indicated that when dogs were
given mitoxantrone following doxorubicin treatment, both
serum and blood radicactivity concentrations were higher in
doxorubicin pretreated dog fullowing the first dose of
14¢_mitoxantrone. But this interfernce disappeared with
succeeding doses.

ology:
Cardiotoxicity: Dog,i.v., intermittent dosing after
doxorubicin treatment,

The purpose of this study was to detemine whether
mitoxantrone exacerbated doxorubicin-induced cardiomyopathy
Intermittent dosing with mitoxantrone ( 0.25 mg/kg/d,x6)
began 7 or 19 weeks after the last dose of doxorubicin
1.64 mg/kg, x6 ). The sponor suggested that mitoxantrone
was not additive to doxorubicin induced
cardiomyopathy.liowever, there was an increase in degree of
myocardial lesions as indicated at page {838 that degree of
Tesion was increased from grade | ( female received 4 doses
of doxorubicin) to grade 2 ( male recieved 4 doses of
Dororubicin and 3 doses of MTX ).

Genetic toxicology:

Mouse. For the cytogenetic study, five male and five female
mice form the control and 0.1 mg/kg, and the surviving four
male and six female mice from 0.2 mg/kg group and one male
and one female from the high-dose (0.4 mg/kg ) group were
included in the evaluation. The animals were sacrificed 21
days after last dose of mitoxantrone ( every 21 days for 2
years in carcinogenic study }. Mitoxantrone given to mice
at doses of 0.1 to 0.4 mg/kg every 3 weekd for 2 years did
not produce chromosomal damage as indicated in this
submission.

Rat. As in mouse study, femoral bone marrow cells in
metaphase were examined microscopicallly for evidence of
chromosomal acerrations, Rats were given 0.0}, 0.3 or 0.1
mg/kg, every 21 days for 2 years. Five male and femals from
the control, low-, and intermediated-dose groups, seven
females from the high-dose group were selected for
evaluation, Again, there was no increase in the incidence
of chromosomal aberrations 21 days after mitoxantrone,
However, chromosomal aberration did occur in higher dose
levels as indicated in the previous reports (REports 137
anu 138 ).
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LABELING: (201.57 pakage insert }
Clinical pharmacology:

Mechanism of action: It appered that a description of
the biochemical and/or physiological mode of action
was not clearly stated. Details regarding this respect
should be elaborated.

Since this is a anthrocycline-like drug, animal
toxicology/pharmacology should be mentioned in the
section, or if not appropriate, in a seperate section,

Warning scetion:

A “"preganancy category D " should be inserted. A
statement of modified pregnancy category D should be
stated in " Carcinogenesis, mutagenesis, impairment of
fertility' section.

Carcinogenesis, mutagenesis, impairment of fortility:

fii

Rat carcinogenic study was invalid due to its high
mortalities among treated and control groups
particularly in the males. Fibroma and tumor at
external auditory canal were found.. In addition, no
detail and complete mouse study were submitted and
sponsor also considered that the studies were only
preliminary. Therefore, that statement concerning its
carcinogesis should be modified.The sponsor should
submit deta$l carcinogenecity study in order to
complete evaluation.

Chromosomal aberration did occur following i.p or i.v.
administration of novantrone. Althouhg the sponsor
stated that 1ife time ( 2 years) studies in mice and
rats using the clinical dosing regimen{ i.v. every 21
days)showed no residual chromosomal aberration.
However, the highest dose level used in those study
were only a fraction of the recommended clinical
dosage. Thus, chromosomal aberration following
novantrone should be mentioned and statement of no
chromosomal aberration in T 7fe-time rat and mouse
studjes should be modified to avoid misleading.

Based on the nature of its pharmacologic, bjochemical,
or cytotoxic action , it may be expected to present
significant risk of fetal abnormalities if used in
pregnancy women. Pregnancy category C should change to
medified pregnancy D ( see original review )

iy mother:

Gince the drug is associated with serious adverse
reaction, the labeling shall state: It is not known
whether this drug is escretcd in human milk, Because
many drugs are excreted in human milk and because of
the potential for seriou adverse reaction in nursing
rfant from , a decision should be made whether
¢ discontinue, nursing or to discontinue the

. "
. ‘i\‘lt'-‘Otﬁooo .
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TOXICOLOGY: Additional published papers conderning its toxicology
were submitted.

Hematopoietic toxicity ( performed by Okuewick et al, 1985,
report 11), The suthors reported that hematopoitic toxicity of
MTX was more severe than that of DX. The suthors stated that in
humans the equipotent myelosuppreseive doses of MIX vs DX were
in a ratio of 1/4.

Cardiac toxicity:

Dog and monkey ( performed by the sponsor }. In previous
submissijon, the sponsor stated that myocardial lesions in the
dogs or myocardiopathy in the monkeys were observed in
DX-treated but not in MTX-treated groups. However, the studies
were not conducted at equal dose basis ( 3 mg/kg of MTX vs 16.4
mg/kg in monkey and 0.25 of MTX vs 1.64 mg/kg of DX in dog).
Thus, the conclusion of this compatative studies could not be
reached.

Mouse and guinea pig. { performed by Perkins et al. 1984, report
T2, Adria Lab. ). The @uthor reported similar finding for MTX
and DX. At 2 mg/kg dose level, MTX caused more incidence of
cardiac damage { 86%) than that of DX (22%). The data also
indicated that 2 mg/kg of MTX appeared to cause the same
incidence of cardiac damage as that of 4 mg/kg of DX. Therefore,
theses data suggested that MTX may have a spectrum of
myocardial activity similar to that of DX and may be more toxic
in mice.

Hamster. { performed by Dantchev et al, 1984 ). Although MTX

was classified by the authors as less toxic than DX in term of
tis myocardial alteration, the dosages used were not equal ( 3
mg/kg of DX vs 1 mg/kg of MTX ).

Dog and rabbit. ( performed by Grieshaber of NCI, 1984 ). A
caoparative study of DX and MTX in rabbit indicated that MIX was
not as cardiatoxic as DX when injected for 12-wk period. When
MTX was administered for more than 12 wk, cardiomyopathy was
seen in 5 of 6 rabbits. Dosages used in this study were 48
mg/m2/wk for MTX and 24 mg/m?/wk for DX. MTX used in this

study was anthracenedione diacetate.
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In conclusion, although the sponsor provided more data (
including some published papers ) trying to indicate that a 1le<s
cardiac toxicity of MTX than that of DX. Most of studies were
compared at different dosages ( lower dose of MTX was used in
most of cases ) except at rabbit study where higher dose of MTX
than that of DX was chosen. As reported by the authors and the
sponsor that apparent cardiac toxicity of MIX did exixt. Since
no conclusive comparison of cardica toxicity between MTX and DX
was reached, clinical data shall play an important role in its
risk-benefit assessment of fts potential usage in treating

cancer patients.

RECOMMENDATTON:
We would recommend that it is approvable based on

pharmacological and toxicologlcal points of view, However,
sponsor should also submit detail from carcinogenetic study
(submitted in the format should follow the recommendation
from the Division of Biometrics) in order to perform
complete evaluation. pakage lnsert should be modified as
indicated in the * pakage-ipsert " section,

LMD
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