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Introduction and Drug History

Mitoxantrone is a cytotoxic synthetic anthracenedione. It has previously been approved by the FDA in
1987 for use in treatment (in combmauon with other approved drugs) of acute non-lymphocync lJeukemia. The
recommended dose was 12 mg/m for 3 consecutive days, or a total of 36 mg/m per cycle. The cycles could be
repeated two to four times. In 1996, mitoxantrone was approved for treatment of pain (in combination with
corticosteroids) associated with hormone-refractory prostate cancer. The recommended dose was 12-14 mg/m? for
every 3 weeks. -
Studies reviewed within this submission:

All of the pivotal studies have been reviewed under NDA 19297 by J Sun

Studies pot reviewed within this submission:

| 1‘.. &‘m' .
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PHARMACOLOGY:

Mech-~ism of Action:

Mitoxantrone exerts its cellular effects by interfering with DNA structure and function. It intercalates into
DNA causing DNA crosslinks and DNA double- and single-strand breaks. Mitoxantrone also interferes with RNA
molecules in the cell nucleus. In addition, mitoxantrone is 2 potent inhibitor of topetsomerase II, an enzyme
responsible for uncoiling and repairing damaged DNA. Due to the sensitivity of the immune system to agents which
interfere with DNA structure and function, mitoxantrone is an immunosuppressive agent.

The etiology of multiple sclerosis is not completely understood. Environmental facfors (possibly a viral
infection before the age of 15) appear to predispose individuals to contracting the disease later in life. It is thought
that an autoimmune reaction causes the initiation of the disease and its exacerbations later in life. Patients with
multiple sclerosis have increased levels of serum antibodies to myelin proteins, such as myelin basic protein. The
drugs currently approved agents for the treatment of multiple sclerosis reflect this theory of etiology. These drugs
include immunosuppressive corticosteroids and other agents which suppress immune function'. The sponsor -
proposes that since mitoxantrone is an immunosuppressive drug, it would be an effective agent in the treatment of
multiple sclerosis. _i3

Drug Activity Related to Proposed Indication: -

An animal model for multiple sclerosis is experimental allergic encephalomyelitis (EAE). EAE attempts to
mimic the suspected autoimmune etiology of multiple sclerosis by raising autoantibodies against myelin antigens
such as myelin basic protein (MBP). The resulting pathology is characterized by perivascular mononuclear
infiltrates and disruption of the blood brain barrier, which resembles the lesions observed in multiple sclerosis.
Mitoxantrone has been tested for its ability to treat EAE in various species. For example, in Lewis rats, EAE was
induced by injection of guinea pig spinal cord homogenate. This resulted in }Jaralysis starting on day 8 and
resolving by day 10-14. On day 14, rats were treated with 1 mg/kg (6 mg/m®) mitoxantrone either IP or SC,
Mitcxantrone delayed the relapse of paralysis observed in all control rats starting on days 17 to 22. In contrast, only
2/6 rats treated with IP mitoxantrone developed paralysis and the onset of symptoms in these rats were delayed and
milder than 1n untreated rats. No rats treated with mitoxantrone SC developed the paralysis. In another study, AB/H
mice with EAE were treated with 2.5 mg/kg (7.5 mg /m®) IP twice weekly. By Day 50 of the study, 12/12 control
mice had relapses of EAE, but only 1/13 mitoxantrone treated mice had a relapse, and the symptoms in this mouse
was milder than the symptoms in the control mice. A summary of studies (taken from NDA submission) is provided
below. These data suggest that mitoxantrone is effective in the EAE model of multiple sclerosis.

APPEARS THIS WAY
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! Adams, RD, M Victor,and AH Ropper. 1997. Multiple Sclerosis and Allied
Demyelinative Discases. In Principles of Neurology. 6 Edition. McGraw-Hill, New York. Pages 902-927.
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Table A.1.1.7: Summary of EAE Study Results

Therapeutic Protection in Active EAE Models

Study Type of EAE model | Mitox Treatment Regimen | Results
Levine. 1986 | Relapsing discase I mg/kg IP or SC (lcg) All 6 control rats relapsed.
Lewis rats Single dosc Mitox prevenied rclapse in
Day 14 12 of 14 rats.

Watson, 1991

Relapsing disease

2.5 mg/kg 1P, twice weekly

Mitox prevenied relapse in

Biozzi AB/H mice Days 27-40 12/13 mice (p < 0.002).
Effector-Level Inhibition in Active EAE Models
Study Type of EAE model | Mitox Treatment Regimen | Results
Ridge. 1985 Acute disease 0.25 ~ 0.5 mg/kg/day IP Days | Mitox at 0.25 - 0.5 mg/kg
: Lewis rats 7-16 suppresscd clinical and
Compared to histological lesions
1.25 - 5.0 mp/ke CP (p< 0.05).
Watson, 1991 | Acute discase 1 - 2.5 mg/kg/day IP Mitox at 2.5 mg/kg prevented

with scnsitized,

oCells in vitro:

Biozzi AB/H mice Days 12-19 development of acute discase.
Baker, 1992 7| Acute discase 0.5 -5.0 mg/kg IP A single dose of 5 mg/kg
-| Biozzi AB/H mice Single dose Mitox completely inhibited
Day 9 the devclopment of EAE.
Prophylactic Effects in Active EAE Models
Study Type of EAE model { Mitox Treatment Regimen | Results
Ridge. 1985 Acute diseasc 0.125 - 0.5 mg/kg/day IP for { Mitox at 0.25 - 0.5 mg/kg
Lewis rats 16 days starting on Day 0. suppressed clinical and
Compared to histological jesions
1.25 - 5.0 me/kg CP (p < 0.05).
Lublin, 1987 Aculc discase 0.25 or 0.5 mg/kg/day IP Miitox prevenied the
(SJL/] x BALB/c) 10 days starting on Day () devclopment of EAE.
Fl micc
Lublin, 1987 Dclayed onset 0.05 mg/kg IP Mitox significantly delaycd
diseasc 3X/week for 12 weeks. the onsct of diseasc.
SJL/J mice
Mustafa, 1993 | Acute disease 0.5 mg/kg IP, aliemate days Mitox compleiely protected
Lewis rats (Days 0-15). Comparcd 10 rats from EAE.
CsA at 3.0 or 20 mg/kg,
alternate days (Days 0-22)
| Treatment of Passive EAE
Study Type of EAE model | Mitox Treatment Regimen | Results
Ridge, 1985 Lewis rats sDonors: Miwx prevented the
immunized 0.5 mg/kg/day x 14 days development of passive EAE

in all three expertimental

4 | syngeneic immune 0.01-0.001 mg/mL designs.
cells sRecipient pretreatment:
0.5 mp/kg/day IP x 5 days

Mitox = mitoxantrone., CP = cyclophosphamide: CsA = cyclosporin A

Ancillary Pharmacology Studies:

Ancillary pharmacology studies have explored the immunosuppressive effects of mitoxantrone.

Mitoxantrone prevented the development of adjuvant arthritis in rats at doses as low as 0.063 mg/kg/day (0.378

mg/mz). Mitoxantrone (0.25 mg/kg (1.5 mg/m®) every other day) also delayed the rejection of allogenic heart

fransplants in rats.;—

More specific studies examined the effects of mitoxantrone on the components of the immune system.
Further studies in rats and mice suggest that mitoxantrone inhibits the activity of T-cells, B-cells and macrophages.
The effects on T-cells appear complex. Inhibition of T helper function appeared to be mediated by macrophages,

6
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but T suppressor and cytotoxic activity was mediated directly on the T cells. In summary, mitoxantrone inhibits a
variety of immune mediated activities in in vivo and in vitro models of immune system activity.
Summary of pharmacology:

Mitoxantrone is active in an experimental model of multiple sclerosis (experimental allergic
encephalopathy). It also immunosuppressive actions on B-cell, T-cell and macrophage activity. Since multiple
sclerosis is thought to have an autoimmune component, the pharmacology studies support the potential therapeutic
utility of mitoxantrone in this disease. ' .

SAFETY PHARMACOLOGY:

Neurological effects:

Mitoxantrone (25 to 50 mg/kg IP) had no effect on pentylenetetrazole induced seizures, tetrabenazine induced
depression, or amphetamine lethality. In addition, mitoxantrone did not induce analgesia at 25 mg/kg IP.
Cardiovascular effects:

In rats, mitoxantrong (3 mg/kg IP, given 20 hours apart) had no effect on heart rate or blood pressure. Id decreased
the response of rats fo tyramine, cpmephnnc and angiotensin amide, suggesting an inhibitory effect on
vasoconstrictive mechanisms. Mitoxantrone (20 mg/kg IP) had no effect on heart rate or blood pressure in
spontaneously hypertensive rats. In cats, 20 mg/kg IP caused a transient increase in blood pressure 15 to 22%
during the 30 minutes after injection; no effects were observed on heart rate or ECG Tnonitored for five hours
following injection.

Pulmonary effects: No data

Renal effects: No data

Gastrointestinal effects: No data

Abuse liability: No data

Other:

Conclusions:

Summary:
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PHARMACOKINETICS/TOXICOKINETICS:

PK parameters:

The available pharmacokinetic data generally measure radiolabelled mitoxanatrone and do not discriminate

between parent compound and metabolites. Data for single dose pharmacokinetic data in rats are presented below
(Report 33). Data were not available on the pharmacokinetic parameters of mitoxantrone in other species.

Comparison of Pharmacokinetic Parapeters Folloving Intraveaous Adoinistration
of l4c-g1, 232,315 4n Rats
Dose L
_ 0.25 wp/kg 0.50 op/kg 0.75 niZki ey

Paraneters M | 4 N r M F Mean )
Terninel rate 3 .05% . 0.0 054 .0
constant; 8.(“7"5-_-1) 0.066 0.062 0.0 0.059 37 0.03 0.059 1.6
Biological half-life; 10.50  11.20 12.60 11.70 12.20 12,80  11.83 7.4
t, 8; (days)
AUC (0-=) 9.6 * 23.30  21.80. 32.40 - 35.90  0.0&4% 7.7
(ng-day/ul)
Volume of distribu- 38.10 * 390.10  388.10 €06.70 392.9  392.00 20
tion; vaa.
Tocal plasamsa
Clearance, Clp 17.80 ¢ 14.90 13.90 16.10 14.70 15.84 8.1
(al/min/kg)
Renal clesrance; X .90 1. 2.1 . 7 ..
Cl,; (oL/min/kg) 1.60 1.9 - 70- (1} 1.65 1.71 14.0
Non-renal clearance; . .00 14,20 14.00 1300 1610 8.9
Clar; (ol/min/kg) 16.20 13 2

* Noi sufficient data for estimation

1 Norwalized wich respect to the dose (AUC/dose; day-g/amL)

Absorption:
Mitoxantrone is administered as an intravenous injection, so that absorption is not an issue. The sponsor
claims that ,nitoxantrone is poorly absorbed orally, although no data were presented to support this statement.

_ Distribution:

The distribjstion of mitoxantrone was examined using radiolabelled mitoxantrone. This method does not
distinguish between parent mitoxantrone and its metabolites in these tissues. A summary of the tissue distribution
studies is presented below.
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Metabolism:

The binding of "C-mitoxantrone to human plasma, human serum albumin and al-acid glycoprotein was
investigateg in vitro (Report 58). At concentrations between 26 and 455 ng/ml, 78% of the drug was bound to
protein. Mitoxantrone (50 and 200 ng/ml) did not affect the protein binding of seven other drugs
(diphenylhydantoin, doxorubicin, methotrexate, prednisone, prednisolone, heparin, acetylsalicylic acid) in vitro
(Report 59).

Mitoxantrone is metabolized to a mono- and dicarboxylic acid derivatives and their glucorinide conjugates.
No data were reported which distinguished between plasma and tissue levels of mitoxantrone and its metabolites. In
rats administered 1 mg/kg intravenously, approximately 75% of the radiolabel in the bile were metabolites of
mitoxantrone; 60% of the mitoxantrone in the urine was unconjugated (Report 53).

Elimination: . o
Studies were conducted on the excretion of radioactive label following intravenous injections of *C-
mitoxantrone in ratij dogs, and monkeys. These studies suggest that mitoxantrone (and its metabolites) are
eliminated primarily via the bile (57 to 66% of label was in the feces) and urine (6 to 17% of label was in the urine).
Mitoxantronc and its metaboliies are excreted slowly; only 54, 40, and 23 percent of administered labe] was
recovered by 48 hours in rats, dogs and monkeys, respectively.

Other studies:
Mitoxantrone did not induce hepatic mixed function oxidases in rats at an intravenous dose of 0.75 mg/kg
for three consecutive days.

Comments:
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TOXICOLOGY: —

Acute Toxicity

Mice
Ten males and 10 females were used for each dose level. The LD10 and LD50 values are shown in the
table: :
Route | Study Vehicle Dose Range Sex LD10 LD50
(mg/kg) (mg/kg) | (mg/kg)
Iv 63, 64 Saline 1.9-17.1 Male 7.8 11.3
1.9-17.1 Female 7.1 9.7
68 0.8 %NaCl/ 7-14.4 Male/ - 12.2
. 0.2% Na metabisulfite Female
6 F#  0.8%NaCV 7520 Male . 10.4
T 0.01% Na metabisulfite/
0.005% Na Acetate/ 2.5-20 Female - 10.6
0.046% Acetic Acid A
Saline ; 2.5-20 Male - 11.1
: 2.5-20 Female - 10.5
IP 65, 66 Saline 45-21.5 Male 7.1 16.5
4.5-21.5 Female 23 19.7

- In the mouse IV study 63, 64, deaths occurred at doses of 7.0 mg/kg or above, and only on days 9 through 15. In the
mouse IP study, deaths occurred at doses of 2.9 mg/kg or above, and only on days 9 through 20. In both studies
signs of toxicity were: salivation, paleness, rough fur, hair loss, decreased body weight gain, and body weight loss.
Additional signs of toxicity from the IP study 65, 66 were abdominal distention, external abdominal staining,
diarrhea, peritonitis and ascites. The LD50 was similar for all vehicles tested.

Rats

Acute lethality in rats

Route | Study Vehicle Dose Range Sex LD10 LD50
o (mg/kg) (mg/kg) | (mg/kg)
1v 70,71 Saline 1.7-7.5 Male 35 4.8
. 3.0-89 Female 36 5.2
76 3 Saline 1.25-15 Male - 53
_ 1.25-15 Female - 7.1
77 0.8 %NaCV 1.25-15 Male - 52
0.01% Na metabisulfite/ :
0.005% Na Acetate/ 1.25-15 Female - 7.1
0.046% Acetic Acid
1P 72,73 Saline 4.7-10.8 Male 6.2 8.0
6.2-14.3 Female 9.9 11.7
PO 74 Saline 200-1000 Male 422 682
200-1000 Female 474 721

In the IV and IP-dosed rats, signs of toxicity were: epistaxis, chromodacryorrhea, rough fur, swelling of the nasal
region, salivation, abdominal distention, diarrhea, paleness, external abdominal staining, lacrimation, hematuria,
decreased body-weight gain, and body-weight loss. Peritonitis was seen in [P-dosed rats. In PO-dosed rats, signs of

10 .
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toxicity were: rapid or shallow breathing, sedation, loose and/or bloody feces, nasal discharge, debydration of skin,
chromodacryorrhes, and areas of hair loss. Additional acute toxicity studies showed that there was no difference in
toxicity of mitoxantrone when administered in either of the two vehicles (physiological saline and acetate-buffered
formulation).

Single-dose IV toxicity, Rat (Report 78, 79) - T

Volume 9, Pages 1-119

Conducting Laboratory: Lederle Laboratories, Tokyo, Japan

Date of Study Initiation: 12/07/1978 -

GLP Compliance: No

Species: Rats, CRJ: CD(SD)

Design: Single IV injection with recovery period

No of animals: 15/sex/dose level

Dose levels: 0,0.03,0.1,03, 1.9, 3.0 mg/kg (0, 0.18, 0.6, 1.8, 6, 18 mg/mz)

Design: single IV injection, 3 rats/sex/timepoint sacrificed at days 3, 7, 14, 21, and 42 with the
exception of rats reggiving 3 mg/kg which were sacrificed at days 3, 7, 14, 21, and 56

Mortality-3 rats died at 3 mg/kg (deaths occurred on Days 18, 34, and 54)
Clinical Signs- 3 mg/kg only, Days 13-55-body weight loss, decreased weight gain, Days 5-56- epistaxis, rough fur,
paleness, hematuria, diarrhea, hypothermia, and hair loss.
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Decreased body weight in males at 3 mg/kg; slight decrease (9-15%) in body weight gain at 3 mg/kg in females
Blood Chemistry- No effects at 3 and 7 days.
. Clinical pathology results (expressed as per cent of controls)

Sign Day 0.3 mg/kg 1 mg/kg 3 mg/kg
Males Females Males Females Males Female
BUN 14 101 90 101 84 370 142
21 93 93 85 91 253 247
42 109 106 107 92 2723 216
Cholesterol 14 102 71 120 92 685 329
.21 100 87 165 137 805 S11
a2 110 110 237 148 289 577 |
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Tnglycerides 14 99 61 117 73 575 154

2] 91 94 156 78 971 578

42 121 117 205 136 213 675
Alkaline Phosphatase 14 73 140 64 105 22 44

21 75 144 82 92 22 45

42 93 92 78 119 86 61
In addition, less dramatic (<20%) increases in alpha globulin fraction and decreases in total protein, albumin and

gamma globulin fractions were observed at 3 mg/kg
Clinical pathology results are consistent with severe kidney toxicity at 3 mg/kg

Hematology )
Hematology results (expressed as per cent of controls); Values in Bold are <90% of control
Sign Day 0.03 mg/kg 0.1 mg/kg 0.3 mg/kg 1 mg/kg 3 mg/kg
Males | Females | Males | Females | Males | Females | Males | Females | Males | Female
wBC 3 108 84 78 64 60 77 39 34 25 28
' 7 87 84 73 91 58 59 52 44 17 21
14 99 100 72 117 93 100 57 61 36 42
21 | 141 71 111 101 96 1 68 58 54 33
42 |_146 91 147 93 129 86 146 83 29 66
Lymph 3 115 82 85 64 61 76 38 34 22 27
{Absol 7 85 83 69 91 54 59 49 46 17 23
count) 14 100 109 70 124 90 101 s1. 57 22 37 |
21 144 75 110 103 91 70 59 58 31 29
42 155 95 149 86 128 86 138 78 14 61
RBC 3 9] 98 95 93 94 94 90 95 89 95
7 98 100 95 100 95 100 92 91 82 85
14 99 105 103 108 96 106 98 104 64 73
21 100 94 95 89 95 100 93 96 62 59
42 100 100 102 98 99 99 87 98 56 61
Hg 3 96 97 100 94 98 93 96 93 95 91
7 98 105 94 100 98 105 92 94 82 89
14 101 101 104 103 98 100 100 99 61 72
21 96 96 100 97 97 100 94 98 58 55
42 103 101 104 80 102 99 93 99 53 64
Persistent decreases in RBC and hemoglobin at 3 mg/kg consistent with kidney failure
Persistent leukopenia at 0.3 mg/kg in females and 1 mg/kg in males
Transient leukopenia at 0.03 mg/kg
Organ Weights
Sign Day 0.03 mg/kg 0.1 mg/kg 0.3 mg/kg I mg/kg 3 mg/kg
Males | Females | Males | Females | Males | Females | Males | Females { Males | Female
Thymus | 3 96 108 109 88 80 92 44 47 35 45
7 4 89 109 88 111 76 79 30 33 15 15
14 153 84 106 103 128 74 71 50 25 14
21 108 107 113 108 105 116 108 96 18 17
42 116 92 104 122 117 104 118 118 29 99
Spleen 3 101 95 100 81 86 75 68 58 58 57
-7 103 92 83 86 76 72 65 64 45 47
14 110 84 90 94 96 84 77 69 65 64
21 106 112 92 97 102 94 93 104 99 95
42 138 113 124 117 131 104 150 119 96 131
Seminal | 3 98 X 100 - 103 " 97 - 103 | -
Vesicles 7..1-99 - 114 - 100 - 105 - 86 -
14 80 - 113 - 85 - 107 - 56 -
21 118 - 120 - 128 - 127 - 61 -
42 96 - 88 - 97 - 97 - 31 -
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Kidney 3 102 116 101 104 100 107 97 112 100 111
7 102 100 111 103 109 103 105 103 117 105
14 97 107 102 119 99 119 105 110 159 165
21 96 110 93 101 109 118 104 116 176 191
42 106 99 99 107 9¢ 104 146 140 179 201
Heart 3 95 99 97 99 100 91 " 103 97 100 101
7 94 95 102 98 102 ‘104 102 102 101 99
14 91 107 104 103 99 111 T02 108 95 121
21 99 101 97 89 104 98 96 121 111 112
42 105 91 - 105 96 106 95 106 110 182 132
Liver 3 97 104 103 104 99 102 103 104 102 104
7 99 99 99 104 105 101 97 105 117 110
14 102 103 100 102 102 101 102 107 147 163
21 106 99 99 96 110 109 111 122 184 209
42 104 98 103 106 101 103 125 129 196 217
Gross Necgopsy

Early Deaths- Fluifin thoracic cavity, kidneys enlarged (1/3) or discolored (2/3) lungs congested (2/3); small

prostate and seminal vesicles.
Scheduled Sacrifices-

3 mg/kg- Small thymus and spleen were observed starting on Day 3 through Day 21-and 14, respectively; kidney

enlargement and discoloration starting on Day 14 through 21 and 56, respectively
1 mg/kg Small thymus and spleen were observed starting on Day 3 through Day 14 and 7, respectively

Histopathology

Early deaths- Kidneys- slight to severe fibrotic glomeruli (3/3), hydropic degeneration of proximal tubular
epithelium (2/3), proliferation of interstitial tissue with round cell infiltration.
Severe lymphocytic depletion of thymus and spleen.
Liver- slight to moderate increase in basophilic granules in hepatocytes (3/3) and slight to moderate fatty

degereration of hepatocytes (2/3)

Scheduled Deaths-

- ]0 mg/kg 0.03 mg/kg 0.1 mg/kg [0.3 mg/kg {1 mghkg 3 mgikg
Males
Thymus, Cortical lymphocytic NP NP NP Min Mod-Sev  [Mod-Sev
depletion (Day 3-7) {(Day 3-14) |(Day 3-56)
Spleen, Follicular lymphocytic NP NP Min Min Min-Sh Mod
depletion (Day 3) (Day 3-7) {(Day 3-21) {(Day 3-56)
Lymph Nodes, Lymphocytic NP NP NP NP Slight Mod-Sev
depletion (Day 3-14) |(Day 3-56)
Bone Marrow, Cellulanty NP NP NP Min Severe Severe
decrease (Day 3) (Day 3-7) {(Day 3-14)
Bone Marrow, increase in fat NP NP NP NP Sli-Mod  |Severe
tissue . (Day 7) (Day 7-21)
Kidney, Hydropic degeneration  [NP NP NP NP Sli-Mod  [Sli-Mod
) (Day 21-42)|(Day 7-21)
Kidney, Interstitial tissue NP NP NP NP NP Sli-Sev
proliferation (Day 14-56)
Kidney, Fibrosis NP NP NP NP NP Severe
Day 21-56
Livcr, Basophilic granules NP NP NP NP Slight Shi-Sev
Day 56 Day 14-56
- Females
Thymus, Cortical lymphocytic NP NP NP NP Mod Severe
depletion . (Day 3-7) |(Day 3-56)
Spleen, Follicular lymphocytic NP NP NP Slight Sli-Mod  |Mod-Sev
depletion : (Day 3-7) |(Day3-21) [(Day 3-56)

13

ALY



0 mg/kg [0.03 mg/kg [0.1 mg/kg [0.3 mg/kg |1 mg/kg I mg/kg
Lymph Nodes, Lymphocytic NP NP NP Slight Sli-Mod Sli-Sev
depletion (Day 3-7) |(Day 3-21) [(Day 3-21)
Bone Marmrow, Cellularity NP NP NP Slight Severe Severe
decrease T (Day3) |(Day3-7) |(Day314)
Bone Marrow, increase in fat NP NP NP NP Slight NP-Mod
tissue {Day 7) (Day 21)
Kidney, Hydropic degeneration  |NP NP NP NP light Sli-Sev
(Day 21-42)|(Day 14-56)
Kidney, Interstitial tissue NP NP NP NP NP - [Slight
proliferation (Day 14-56)
Kidney, Fibrosis NP NP NP NP NP Slight
) {Day 21-56)
Liver, Basophilic granules NP NP NP NP NP Shi-Mod
(Day 14-56)

Key findings

10.

11

3 mgﬁ caused deaths, which occurred up to 55 days post dose. Deaths were associated with kidney
failure; as indicated by kidney fibrosis, hydropic degeneration of proximal tubular epithelium and
interstitial tissue proliferation, and severe lymphocytic depletion of thymus and spleen and leukopenia.
Decreased body weight was observed at 3 mg/kg in males; decreased body weight gain was observcd
at 3 mg/kg in females.

Leukopenia, characterized by decreased lymphocyte counts, were observed at 0.03 mg/kg and above
the severity of the leukopenia increased with the dose. There was minimal recovery of leukecyte
counts at 1 mg/kg at time points out to last observation day (Day 42 for 1 mg/kg, Day 56 for 3 mg/kg).
Decreased red blood cell counts, with associated decreased hemoglobin levels, were observed at 3
mg/kg from Day 3 to 56. From Day 14 to 56, red blood cell counts were 56 to 73% of controls. The
anemia is potentially related to effects on the bone marrow and the kidneys (see below)

Associated with the leukopenia and anemia was decreased cellularity and increased fat tissue in the
bone marrow starting at 0.3 mg/kg. The severity and duration of the lesions increased with dose.
Bone marrow alterations resolved afier day 2] post dosing. The prolonged anemia could also be
related to kidney toxicity (see below).

In addition to changes in bone marrow, alterations to other lymphoid system organs were observed.
These alterations were lymphocytic depletions of the thymus (0.1 mg/kg and higher), spleen (0.3 m/kg
and higber) and lymph nodes (0.3 mg/kg and higher). The severity and duration of the alterations
increased with dose; no recovery was noted in males at Day 56 and females at Day 21. Decreased
spleen and thymus weights (80% of control or less) were observed at 0.3 mg/kg (Days 3-14, 74-80% of
control), 1 mg/kg (Days 3-14, 58-77% of control), and 3 mg/kg (Days 3-42, 14 to 65% of control).
The kidney is a target organ at 1 and 3 mg/kg. Slight hydropic degeneration was observed at 1 mg/kg
from Days 21 to 42). Slight to severe hydropic degeneration, interstitial tissue proliferation and fibrosis
were observed at 3 mg/kg from days 15 to 56. Related changes included increased BUN at 3 mg/kg
from Day 14 to 56, decreased red blood cells from day 3 to 56 (this finding could also be related to
effectsfon the bone marrow, see above), and hematuria (between Day 5 to 56). Finally, kidney weight
was increased at 1 (Day 42, increased 42 tc 46%) and 3 mg/kg (Days 14-56, increased 59 to 101%).
Basophilic granules were also observed in the livers of rats treated with 1 mg/kg (Day 42 only, slight)
and 3 mg/kg (days 14 to 56, slight to severe).

Decreased relative seminal vesicle weights were observed at 3 mg/kg from days 14 to 56 (31 to 61% of
control).

Increased serum cholesterol at 1 (Day 14 to 42, 120 to 237 per cent of control) and 3 mg/kg (Day 14 to
56, 289 to 805% of control); increased triglycerides at 3 mg/kg from day 14 to 56 (154 to 971% of
controls). These findings are common in progressive kidney failure.

The Lowest Effect Level was 0.03 mg/kg for leukopenia. A No Effect Level could not be determined
from this study.



APPEARS THIS WAY
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Dog, Single-Dose IV Toxicity (Report 84, 85)

Volume 9, Pages 222-260
Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, Pearl R.wer NY
Date of Study Initiation: 6/12/1978
GLP Compliance: No
Species: Beagle Dog
Design: Single I'V injection with recovery period
No. of animals: 1/dose
Doses: 0.25, 0.5 1.0, 4.0, 40 mg/kg (5, 10, 20, 80, 800 mg/m?)
Design single IV injection, 1 dog/dose, 3 dogs received 0.5, 1, 40 mg/kg, 2 E dogs received
0.25, 4 mg/kg; dogs sacrificed on Day 8 of study
Mortality: 40 mg/kg- died 5 hours post dosing on Day 0; 4 mg/kg- sacrificed moribund on Day 3
Clinical S?ls
40 mg/kg- depressiofi, edema
4 mg/kg and above- diarrhea, bloody diarrhea, hypothermia
1 mg/kg and above- emesis, salivation, weakness =
0.5 mg/kg and below- no significant signs.
Body weight- 4 mg/kg-18% decrease on Day 3; 1 mg/kg- 9% decrease on Day 8; 0.5 mg/kg- no effect
Food Consumption; 1 mg/kg anorexia starting on Day 5
Hematology- 4 mg/kg dog considered dehydrated, resulting in higher than expected hematology values.

Dose White Blood Cells (% of Predose) | Red Blood Cells (% of Predose)
(mg/kg) Day 2 Day 4 Day 7 Day 2 Day 4 Day 7
4 103 34+ - 87 106* -
1 59 23 29 97 85 74
0.5 48 42 26 96 85 85
0.25 70 63 57 94 92 88

*Day 3 value,
. Clinical Chemistry
1 mg/kg and above- Increased BUN and cholesterol; lack of predosing values make comparisons difficult.
Gross Pathology
40 mg/kg- Liver and kidney congestion, pulmonary edema
4 rg/kg- emaciztion, duodenum hemorrhage blood in large intestine and anus, hyperemic colon and kidney,
congested cerebrutn and pituitary
1 mg/kg- lymph nodes edema and hemorrhage kidney hyperemic, hematorna in cervical subcutaneous tissue,
thyroid gland petechial hemorrhages
0.5 mg/kg- enlarged prostate gland, tonsils, and spleen, congested spleen
0.25 mg/kg- cnlargcgadrenal gland
Histopathol®gy
40 mg/kg- liver congestion, preumonia, hepatitis, spleen extramedullary hematopoiesis
4 mg/kg- colitis, renal congestion, spleen depletion of lymphoid tissue
1 mg/kg- pulmonary congestion with lymphocyte accumulation, marked lymph node hemorrhage, bone marrow
hypocellularity, skeletal muscle degeneration
0.5 mg/kg- congested spleen, liver, and lymph nodes, granulomatous pneumonia, lymph node hyperplasia
0.25 mg/kg- congested spleen, liver, and lung, granulomatous pneumonia,

Key study findings
1. Results are consistent with a cytotozuc drug. Primary target organs include the blood, gastro-intestinal
tract, lung and kidoey.

2. Dose dcpendent decreases in WBC counts were observed starting at 0.25 mg/kg (the lowest level
tested) starting on Day 2 (43% decrease in WBC count at 0.25 mg/kg on Day 7).
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Dose dcpendent decreases in RBC counts were observed starting at 0.25 mg/kg (the lowest level
tested), the magnitude of the dccrease was less than that of the WBC decrease (12% decrease at 0.25

mg/kg on Day 7).

Increased BUN at ! mg/kg and above with pathological evidence of kidney toxicity (renal congestion
at 4 mg/kg and hyperemic kidneys at 1 mg/kg) suggest that the kidney is also an important target

organ.

Lung toxicity (lung congestion and pneumnonia) was observed at 0.25 mg/kg and above.
Gastro-intestinal toxicity (colitis, hemorrhage) was observed at 4 mg/kg and above.
A No Effect Level could not be determined from this study.

A single intravenous toxicity study of CL 232,315 With‘ 6_0-67 days of recovery in beagle dogs
(Reports 86, 87)

Volume 10, Pages 1-243

Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, Pearl River, NY °

Date of Study Initiation: 12/07/1978
GLP Comfliance: No
Design: Sihgle IV injection with recovery period
Dosing Information
Species: Beagle Dog
Age: 12-20 months
Weight: 8.4 to 10.7 kg (males), 6.6 to 9.8 kg (females)
No. of animals: 2/sex/dose experimental, 4/sex controls
Doses: 0, 0.1875, 0.25,0.375, 0.5, 1 mg/kg (3.75, 5, 7.5, 10, 20 mg/m?)
Mortality: All deaths occurred on days 9-10, one death at 0.5 mg/kg was a moribund sacrifice

APPEARS THIS WAY

ON ORIGINAL

Dose 0 0.1875 0.25 0.375 0.5 1
Montality 0/8 0/4 0/4 0/4 3/4 4/4
Clinical Signs -
Reporting Incomplete -
Dose 0 0.1875 0.25 0.375 0.5 1
Salivation 0/8 34 0/4 3/4 4/4 4/4
(Days ?-19) (Days 6-10) (Days 6-10)
Inactivity 0/8 0/4 1/4 0/4 4/4 4/4
(Day 8) (Days 6-20) (Days 6-1C)
Emesis 0/8 0/4 0/4 3/4 4/4 4/4 ]
(Days ?-19) (Days 6-10) (Days 6-10)
Edema 0/8 0/4 0/4 3/4 4/4 4/4
(Days 7-19) (Days 6-41) (Days 6-10)
Diarrhea 0/8 0/4 0/4 0/4 4/4 4/4
(Days 6-10) (Days 6-10)
Conjunctivitis | 0/8 0/4 0/4 0/4 2/4 1/4
Paw Soreness | O, 0/4 0/4 3/4 1/4 0/4
(Days 7-19)
Body Weight- 6-9% decrease in body weight at Day 7 at 1 mg/kg; T ”

Food Consumption- Slight decreases in food consumption at 0.375 mg/kg and above
Ophthalmoscopy- 2 dogs at 0.5 mg/kg and 1 dog at 1 mg/kg developed conjunctivitis, which was attributed
to infectious agent- effect may be due to leukopenia; No other effects noted.

EKG- No effects according to sponsor (no data provided)
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Hematology- Values expressed as percent of predose values. Values in bold are outside normal range.

Sign Day |- 0.1875 mg/kg 0.25 mg/kg 0.375 mg/kg 0.5 mg/kg 1 mg/kg
Males Females Males Females Males Females Males Females Males Females
WBC 1 81 78 81 82 81 64 73 89 70 80
4 67 75 59 52 58 45 45 -4 26 27
6 67 58 49 43 47 32 16 28 7 3
13 85 78 67 76 66 71 33 -
21 83 78 98 86 109 119 79 _—
Neutrophils i 88 94 98 101 95 68 100 12} 111 104
4 67 99 76 58 59 50 52 32 24 29
6 72 71 44 42 44 19 9 23 3 2
13 97 102 69 92 64 84 49
21 81 92 141 111 117 163 145
RBC i 99 96 96 95 99 95 94 105 99 98
4 100 94 98 97 95 93 89 105 94 93
6 99 95 95 89 92 86 81 94 79 74
13 99 94 94 97 89 79 96
2] 100 94 99 99 89 78 97
Clinical Chemistry- No significant effects
Urinalysis==According to sponsor no significant effects (no data provided)
Gross Pathology
Sign 0 0.1875 | 0.25 0375 [05 _}1
mg/kg | mg/kg | mg/kg | mg/kg | mp/kg | mgkg
Heart, hemorthage 0/8 0/4 0/4 0/4 3/4 4/4
Stomach, red discoloration 0/8 0/4 0/4 0/4 1/4 4/4 ?<'
Large Intestine, Hemorrhage 0/8 0/4 0/4 0/4 1/4 1/4 =
Large Intestine, Ulceration 0/8 0/4 0/4 0/4 2/4 1/4 o g
Tonsil, red discoloration 0/8 0/4 1/4 0/4 3/4 4/4 =] o
Tonsil, irregular or ulcerated 078 0/4 0/4 1/4 3/4 374 - =
Thymus, atrophy 0/8 0/4 0/4 0/4 2/4 4/4 2 o
Lymph node, red discoloration | 0/8 274 0/4 074 2/4 474 < =
Bone Marrow Discoloration 178 0/4 0/4 1/4 1/74 |24 . ©
Organ Weights- Expressed as percent of control absolute weight; numbers in bold statitistically . ;‘i
significantly different from control values; organ weights not taken from prematurely deceased dogs.
Organ Dose (mg/kg)
0.1875 0.25 0.375
Males | Females | Males | Females | Males | Females
‘Thymus 139 164 98 119 193 308
Testes 82 - 48 - 66 -

Histopathology

0.5 mg/kg and above- depletion of lymphoid tissues (reduced numbers of lymphocytes and smaller germinal centers
in the lymph nodes and the white pulp of the spleen; in addition, depletion of Peyer’s patches in the intestine were

noted); necrosis of the ionsils; lung hemorrhages in males only
No significant histopathology in dogs which survived to terminal sacrifice (sponsor conclusion, dxﬁicult to interpret
the study due to poor presentation of the data.) '

Key Study Findings

1. Lethal dose was 0.5 mg/kg

Recovery between days 13 and 21

SOrencss.

C e e - = -

Decreased red blood cell counts at 1 mg/kg
Necrosis of tonsils at 0.5 mg/kg.

Clinical signs observed at 0.5 mg/kg and above included inactivity and diarrhea.
Clinical signs observed at 0.375 mg/kg and above included salivation, emesis, edema, and paw
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Fatal doses were associated with depletion of lymphoid tissue and lung hemorrhages (males only)
Leukopenia (with neutropenia) observed at doses as low as 0.1875 in females and 0.25 in males;

The no effect level in males was 0.1875 mg/kg; a no effect level could not be determined for females.



( Monkeys

1 and 5 day preliminary intravenous toxicity studies in male and female Cynomollgus monkeys

with anticancer compound CK 232,315 (Reports 89, 90)

Volume 11, Pages 12-54

Conducting Laboratory: Lederle Labomones American Cyanamid Co, Pearl River, NY
Date of Study Initiation:

GLP Compliance:
Design: Single IV injection with 8 day recovery
Dosing Information

Species: Cynomolgus monkeys (Macaca fascicularis)

Age:

?

No

12/071978

Weight: 2.90 to 4.45 kg (males), 2.50 to 3.80 kg (females)
. No. of animals: 1/dose
1.5, 3, 6, 12, 60 mg/kg (18, 36, 72, 144, 720 mg/m?)
Morlahty~60 mg/kg (4 hours post dosing), 12 mg/kg (Day 8)

Dases:

Clinical Signs:
60 mg/kg- inactive 2.5 to 3 hours post dosing, no apparent reflexes in arms or legs, chmc convulsions 3 hours post

dosing, red frothy fluid in mouth and nose just prior to death

12 mg/kg- emesis and watery stools on Day 7
No other clinical signs

Body weight- 12 mg/kg- 8% decreased in body weight
Food consumption- Food consumption decreased at 1.5 mg/kg and above

18

( Ophthalmoloscopy- Conducted, but not reported
) Hematology
Day | 1.5mg/kg | 3.0mgkg | 6.0mgkg | 12 mgkg
White Blood Cells 2 63 35 45 39
4 53 24 33 33
7 41 22 25 17
Neutrophils 2 109 34 44 55
4 64 2] 35 50
7 18 2 0 0
Lymphocytes 2 39 33 44 37
4 54 27 29 24
7 54 44 44 25
Rezd Blood Celis 2 96 84 97 81
4 91 84 91 87
7 85 78 77 109
Hemoglobin 4 2 94 83 96 83
4 89 81 90 84
. 7 85 78 78 108
Hematocrit - 2 95 81 96 82
4 91 81 90 86
7 84 76 76 109
\-‘
APPEARS THIS WAY
: — ON ORIGINAL




Clinical Chemistry- Values expressed as percent of predose values

Day | 1.5mg/kg | 3.0mg/kg | 6.0mg/kg | 12 mg/kg
BUN 2 112 89 110 123
4 76 58 60 85
7 ~ A0 67 83 323
Glucose 2 101 97 85 85
4 115 70 80 83
7 103 120 125 234
Chloride 2 99 109 97 109
4 99 110 99 116
7 105 108 100 114
Creatinine 2 111 90 100 90
4 111 80 111 100
7 133 100 144 550
Total Protein 2 - 78 - 88
4 99 88 104 94
- 7 104 90 96 133
Alkaline Phosphatfie | 2 104 95 118 113
- 4 112 91 139 119
7 122 113 126 155
CPK 2 1082 134 441 118 -.
4 6631 153 2839 121
7 414 71 139 70
Gross Pathology
Histopathology
1.5mg/kg | 3.0mg/kg | 6.0mgkg | 12mgkg | 60 mg/kg
Pulmonary Edema + + + + -
Enieritis - + + + +
Bone Marrow Hypocellulanty - + - + -
Bone Marrow Aplasia N/A + N/A N/A N/A
Thymus Atrophy N/A N/A N/A + N/A
Mpyocarditis, Focal subacute - - - - +
Lymph Node Hyperplasia + + + + +
Spleen, Congestion + - - -
Hepatocyte Degeneration + + + - -
Hepatic Congestion - + - - -
Visceral Congestion and Hemorrhage + + + + +
Bright Blue coloration of GI mucosa - - - - +
Key findings

1.

2,

3.

The lethal dose was 12 mg/kg after 8 days; 60 mg/kg was lethal 4 hours post dosing. The highest dose
not causing death after 8 days was 3 mg/kg.

Decrshsed body weight was observed at 12 mg/kg; decreased food consumption at 1.5 mg/kg and
above.

-Leukopenia, characterized by decreased neutrophil and lymphocyte counts, was observed at 1.5 mg/kg

and above. The severity of the leukopenia increased with dose and was more severe 7 days post
dosing than at 2 days post dosing. ‘

Accompanying the leukopenia was effects on the bone marrow, lymph nodes, and thymus. Bone
marrow changes included hypocellularity and aplasia. Lymph node changes included hyperplasia
observed at all dose levels. Thymus changes included atrophy at 12 mg/kg (the only dose at which the
thymus was examined histopathologically). Lymph node hyperplasia and thymus atrophy are
characteristics of immunosuppressive agents in dogs and rodents.

Decreased red blood cell counts, accompanied by decreased hematocrit and hemoglobin levels, were
observed at 1.5 mg/kg. The effect was less at some of the higher doses due to the dehydration of the

monkeys.
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6. Diarrhea and emesis were observed at 12 mg/kg. Clinical pathology signs attributable to this include

increased blood glucose, BUN, and total protein. '

Enteritis was observed at 3 mg’kg and above. Enteritis is a characteristic toxicity of cytotoxic drugs.

Pulmonary edema was observed at 1.5 mg/kg and above.

The liver was another target organ. Hepatocyte degeneration was observed between 1.5 and 6 mg/kg.

0. The lowest effect level in this study was 1.5 m/kg for leukopenia, pulmonary edema, visceral
congestion and hemorrhage. A No Effect Level could not be determined from this study.

= 00N

A single dose intravenous toxicity study of CL 232,315 in male and female Cynomolgus
monkeys with a 2-month observation/recovery period (Reports 91, 92) -

Volume 11, Pages 55-273
Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, Pearl River, NY
_ Date of Study Initiation:  05/21/1579
GLP Compliance: No
Design: Singlz IV injection with 64-5 day recovery
Dosing Information
Sfiecies: Cynomolgus monkeys (Macaca fascicularis)
ABe: ?
Weight: 2.8 to 5.1 kg (males), 1.9 to 3.5 kg (females)
No. of animals: 2/sex/dose -
Doses: 0, 0.25, 0.5 and 1 mg/kg (0, 3, 6, 12 mg/m?)
Mortality -
1 mg/kg- 1 female died on Day 13; animal was inactive beginning on day 11 and was anorexic from day 10
Clinical Signs- No effect on body temperature
1 mg/kg- 1 male was inactive for most of study; had 1 day of diarrhea
0.5 mg/kg- 1 male was inactive from day 28 through 63
Body Weight
1 mg/kg- body weight was decreased 8% in males and 5 % in females at 7days; slow recovery to baseline weight at
42 days in females and 49 days in males - '
Food consumption —
1 mg/kg- 2/4 monkeys had below average food consumption
Ophthalmology- Sponsor states there were no significant effects, but data were not provided
EK G- Sponsor states significant effects on EKG or blood pressure, but data were not provided

Hematology- Expressed as percent of control
Sign Day ]0.25 mg/kg 0.5 mg/kg 1 mg/kg
Male | Female | Male | Female | Male | Female
WBC 4 51 75 45 106 31 90
8 57 82 31 59 24 42
11 56 81 27 65 12 17
= 14 30 57 25 51 26 42
18 57 116 . |74 130 65 168
4 5 e [106 119 {180 |98 | 121
Neutrophils 4 46 71 41 95 25 116
o 8 41 79 14 30 . 11 10
11 35 73 1 39 1 4
14 12 42 4 11 20 22
18 33 127 - 58 171 55 254
25— 104 115 137 120 133 147
Lymphocytes 4 63 85 51 120 40 63
8 89 93 61 99 48 86
11 96 95 69 88 32 48
14 64 73 66 98 36 69.
18 104 117 108 107 88 112
25 68 106 83__ 150 68 103
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Sign Day | 0.25 mg/kg 0.5 mg/kg 1 mg/kg
Male [ Female | Male | Female | Male | Female
RBC 4 101 96 96 90 97 86
8 97 93 78 | 83 88 74
11 93 88 82 79 76 55
14 96 93 86 80 73 53
18 101 |97 92 LT i 54
25 101 99 99 87 80 470
Hematocnt 4 101 94 - 94 95 88 90
8 97 92 76 86 79 75
11 93 87 80 83 66 53 -
14 98 92 86 83 66 55
18 104 97 95 86 71 61
25 106 99 103 94 77 83
Hemoglobin 4 98 92 91 94 88 90
8 94 88 76 86 81 75
11 90 84 80 82 68 56
- 14 94 89 85 81 65 56
— 18 99 93 94 85 69 59
25 99 95 100 90 74 81

Clinical Chemistry- No significant effects

Urinalysis- Sponsor states there were no significant effects, but data were not provxded

Organ Weights-
No significant effects observed

Gross Pathology
1 mg/kg- In the deceased animal, the following gross pathology signs were observed: froth on cut lung surface,
fibrin in the pleural cavity, hydrothorax, hydropericardium, contaneous congestion and hemorrhages and a 3 mm
rectal ulcer.
No significant gross pathology in animals at scheduled sacrifice.

Histopathology
1 mg/kg- In the deceased animal, the following histopathological lesions were observed: pulmonary edema, sub
acute perivascular inflammation of the kidneys, and regenerating bone marrow.
No significant histopathology in animals at scheduled sacrifice

Key findings

1. The lethal dose in this study was I mg/kg; the death occurred on Day 13 post dosing. Relevant
histological findings included pulmonary edema, perivascular inflammation of the kidney, and
regenerating bone marrow.

2. Leukopenia was observed at 0.25 mg/kg and was dose dependent. WBC counts were depressed on
Day 4 of the study and reached a nadir Days 11 to 14. The leukopenia was characterized by
neutropenia and, to a lesser extent, lymphocytopenia. The regenerating bone marrow in the deceased
monkey is consistent with the severe leukopenia observed in treated animals.

3. Anemja was also observed, primarily at 1 mg/kg; There were related decreases in hemoglobin and
hematocrit. The lack of an increase in reticulocytes suggest that the bone marrow was affected.

4. The Lowest Effect Level was 0.25 mg/kg for leukopenia and neutropenia. A No Effect Level could
not be determined.

Acute Toxicity Summary

A listing of the lowest I~thal intravenous doses and the highest nonlethal dose in various species is
presented in the following table. The lowest lethal doses are consistent across species and range from 0.5 mg/kg in
the dog to 7 mg/kg in mice, a factor of 14; when doses are expressed as mg/m2, the range is from 10 to 21, a factor
of 2. The signs of toxicity were consistent across species and doses. At the lower range of lethality, the time
between exposure and death was often more than seven days. The primary toxicity observed during these studies
was effects on the bone marrow resulting in leukopenia and anemia. Other target organs included the intestinal
mucosa, kidney, lungs (primarily at higher doses). The long recovery periods given to the experimental animals
makes it more difficult to assess the acute histopathological effects of mitoxantrone.
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Species | Lethal Dose | Lethal Dose | Nonlethal Dose { Nonlethal Dose
(mg/kg) (mg/m’) (mg/kg) (mg/m”)
Mouse 7 2] 55 | 16.5
Rat 3.0 18 1 6
Dog 05 10 0.375 7.5 -
Monkey |1 18 0.5 9
Rat Dog Monkey
Mg/kg Mg/m‘ | Mg/kg Mg/m* Mg/kg Mg/m*
Leukopenia 0.03 0.18 0.1875 3.75 0.25 4.5
(N/A) | (N/A) (N/A) (N/A)—- | (N/A) (N/A)
Apemia 3 18 1 20 1 18
4)) (6) (0.5) (10) (0.5) ®

Subchronic Tgxicoﬁ;gy
-

Anticancer agent CL 232,315: A one month intravenous toxicity study in rats. (Reports 93, 94)

Volume 12, Pages 1-130
Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, Pearl River, NY
Date of Study Initiation: 08/11/1980
GLP Compliance: No
Design: Daily IV injections for 30 days
Dosing Information
Species: Rat CRJ: CD(SD‘
Age: 6 weeks .
Weight: 205.2 to 238.3 g (males), 156.5 to 182.2 g (females) _
No. of animals 10 rats/sex/dose

Doses: 0, 0.003, 0.01, 0.03, 0.1, 0.3 mg/kg
(0, 0.018, 0.06, 0.18, 0.6, 1.8 mg/m?)
Route: IV into tail vein over 10 seconds
Clinical signs-
0 0.003 0.01 0.03 0.1 0.3
M FIM|F|M[|[F|M]F M F | M F
Number of Rats 10 10 1010 10§ 10-] 10 i0 10 10 | 10 10
Mortality 0 0 0jJ]0jO0]| 0} O 0 0 0 J1o] 10
Epistaxis 0 0 0 0 0 0 0 0 0 0 9 6
Perinasal Swelling 0 0 0 0 0 0 0 0 0 0 10 8
Lacrimation 0 0 ojojojo]o 0 0 0 H 4
Chromodacryorrhea 0 0 0 0] 0 0 0 0 0 0 5 4 _
Rough fur 4 0 0 ojolo]O0O] O 0 0 0 7 10
Paleness 0 0 0jojojJoOo]oO 0 0 S 7 9
“Tnactivity-. 0 [ 0j0[O0OJOJO|JO] OO O {71 7 . -
Males died between days 11 and 15; females died between days 11-25
Body Weight .
APPEARS THIS WAY
ON ORIGINAL
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Anticancer Asent CL 32.3135 31 A One Month Intravenous Texicity Study in Rats
—= Mean Body Weisht (srams) -

Dav of Test?

ng/kg/day” 7 14 23 29
Male 0.0 Mean 220.4 281.3 293.5 323.9 344.9
S.D. 8.97 9.431 13.3%1 16.97 19.26
. (ND t0 - 10 10 10 10 -

0.003 Mean 222.9 '272.6 312.6 343.3 347.4
_ £.D. 11.47 13.03 22.39 30.81 35.10

<Ny to 10 10 10 10
0.010 Fean 2219.9 26£.& 305.8 336.46 361.0 )

s.D. 6.84 11.42 .16.30 19,71 23.91

(N} 10 10 10 10 10

0.030 Mean 219.9 263.7 300.5 3I31.2 374.6
S.D. 10.18 1S.01 2T.15 32.78 3B.65

(ND to 10 g0 10 10
0.100 Mean 223.5 264.9 2I99.9 323.3 344.8
S.D. 6.70 11.5S 13.79 13.35 17.31
2 N 10 10 10 10 10
— 0.300 Mean 218.3 2S2.3 233.6° - _—
s.D. 8.20 15.41 ©.07 .
o) 10 10 2 .-
Female 0.0 Mean 163.7 163.4 207.5 228.3 264.2°.
€.0. 7.06 7.02 .58 8.65 10.53
R 10 10 10 10 10
0.003 Mean 170.3 189.9 213.9 229.8 263.2
s.D. 7.19 9.98 11.74 314.13 16.11
N 10 10 10 10 10
0.010 fean 170.1 191.2 212.5 230.7 243.1
€.D. 4.92 8.20 &.74 ©.27 11.81.
(N) 10 10 10 10 10

0.030 Mean 169.7 190.4 2148.1 22B.8 243.9

S.D. 3.97 9.23 11.45 11.97 13.09
(N) 10 10 310 10 10
L 2 ] o
0.100 Mean 166.5 1835.5 201.9 214.0 223.2
S.D. 8.63 7.26 86.85 13.10 12.86
(N) 10 10 10 10 10
o*e
©0.300 Mean 1646.9 18S.6 183.0 197.2°¢ -~
S.D. S.04 6.316 15.7S 0.0
(N) 10 10 a 1
The stacistical comparison in each csae 1s with the comcrol group [(] ul“[‘.,).
e P < 0.0
S.D.: Standsrd deviation (H): Number of antimalo -

L: As tha free base b: Day first dose given designatad as day O.
ez Not svaluated gtacistically due to insufficient number of animsls.

—: Rot determined because all asnimals had died.

Food consumption-
0.3 mg/kg- decreasdd food consumption in males (days 7-13) and females (days 14-20)
Urinalysis- No effects _
EKG- Sponsor says no effects (no data presented)
Hematology- 0.3 mg/kg not examined because all the rats had died; Expresses as % of controls; values in

bold statistically significant difference

0.003 0.01 0.03 0.1
Male | Female | Male | Female | Male { Female | Male | Female
WBC 104 111 104 84 65 64 32 34
Neutrophils 86 122 110 83 77 68 35 41
Lymphocytes 109 111 105 84 64 62 32 33
RBC 98 97 99 97 9 94 64 58
Hb 96 96 97 98 96 94 67 59
PCV 95 |. 97 97 97 96 94 63 56

Clinical Chemistry- 0.3 mg/kg not examined because all the rats had died; no effects
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Organ Weights- no data on 0.3 mg/kg rats due to carly deaths

0.003 0.01 0.03 0.1
Male | Female | Male | Female | Male | Female | Male | Female
Thymus 94 104 102 103 80 80 14 13
Spleen 95 96 92 90 73 79 55 64
Hean 103 98 100 97 107 99 110 109
Lungs 99 105 100 103 106 103 108 113
Uterus - 86 - 105 - 94 -~ 77
Gross Necropsy )
Sex Om/kg | 0.003 | 001 0.03 0.1 03
s mg/kg |mg/kg |mgke |mghkg | mg/kg
Thymus: Small Male 0/10 0/10 0/10 1/10 10/10 | 10/10
Female | 0/10 0/10 0/10 0/10 10/10 | 10/10
Thymus: Congestion Male 0/10 0/10 0/10 0/10 0/10 6/10
Female | 0/10 0/10 0/10 1/10 0/10 1/10
Lymph Nodes: Smfg Male 0/10 0/10 . | 0/10 0/10 0/10 10/10
- Female | 0/10 0/10 0/10 0/10 0/10 10/10
Lymph Nodes: Hemorrhage Male 0/10 0/10 0/10 0/10 0/10 10/10
Female | 0/10 0/10 0/10 0/10 0/10 10/10
Lungs: Congestion and Hemorrhage | Male 0/10 0/10 0410 0/10 0/10 6/10
Female | 0/10 0/10 0/10 0/10 0/10 1/10
Stomach: Petechia Male 0/10 0/10 0/10 0/10 0/10 8/10
Female | 0/10 0/10 0/10 0/10 0/10 8/10

Histopathology

0.1 mg/kg- bone marrow hypocellularity characterized by decreased erythroblasts, neutrophils, eosinophils,

lymphocytes,

0.03 mg/kg and above- decrease lymphocytes in bone marrow
Histopathological Changes- Males

0 0.003 0.01 0.03 0.1 03
mgkg | mg/kg | mp/kg | mg/kg | mg/kg | mg/kg
Thymus: Atrophy 1/10 0/10 0/10 6/10 10/110 | 9/9
Very Slight 1 5
STight T
Moderate 1 4 3
Severe 6 5
Thymus: Cortical lymphocytic depletion 1/10 0/10 0/10 8/10 10/10 | 9/9
Very Shight 1 7
Slight 1
Moderate 1
~— Severe 10 8
Spleen: Atrophy 0/10 0/10 1/10 4/10 8/10 10/10
Very Slight 1 3 2
) Slight 1 8 8
Spleen: Follicular lymphocytic depletion 0/10 0/10 10/10 10/10 10/10 | 10/10
' Very Slight 8 5
Slight 2 5 1
Moderate 9 7
Severe 3
Lymph Nodes: Hemerrhage 0/10 1/10 0/10 0/9 1710 | 6/8
_ Slight 1 1 3
. Moderate 1
Severe 2
Lymph Nodes: lymphocytic depletion 0/10 0/10 0/10 1/9 10/10 | 8/8
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0 0.003 0.01 0.03 0.1 03
me/kg |mgkg |mpkg |meke | mpkg |meke
Very Slight : 2
Slight 3
Moderate 5 8
Small Intestine: lymphocytic depletion of Peyer's | 0/10 0/9 0/10 0/10 9/9 4/4
Patches
Very Slight IR 1
Slight 5 1
Moderate 3 2
Severe 1
Bone Marrow: Hypocellularity - 0/10 0/10 0/10 6/10 10/10 | 10/10
Very Slight 6
Moderate 3 1
Severe 7 9
Bone Marrow: Increased Fat Tissue 0/10 0/10 0/10 6/10 10/10 | 9/10
Slight 6 1
& Moderate 3 1
— Severe 7 7
Heart: Atrophy 0/10 0/10 0/10 0/10 8/10 10/10
Very Slight ~ 1 2
Slight . 7 5
Moderate 3
Heart: Hydropic and necrotic changes of muscular | 0/10 0/10 0/10 0/10 3/10 7/10
fibers
Very Slight 3 2
Shight 5
Heart: Proliferation of mesenchymal cells 0/10 0/10 0/10 0/10 9/10 10/10
Very Slight 6 1
Shght 3 9
Kidney. Cloudy swelling of proximal tubular 0/10 0/10 0/10 .0/10 4/10 2/2
epithelium
Very Slight 2
Slight 2
Moderate 2
Lungs: Pulmonary edema 0/10 0/10 0/10 0/10 0/10 8/10
Moderate 3
Severe 5
Lung: Congestion and hemorrhage 0/10 0/10 0/10 0/10 0/10 8/10
Slight 1
Moderate 4
Severe 3
Various organs: Ba¥terial Clumps 0/10 0/10 0/10 0/10 0/10 1/10
APPEARS THIS WAY
ON ORIGINAL




Histopathological Changes- Females

0 0.003 0.01 0.03 0.1 0.3
mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg
Thymus: Atrophy 0/10 0/10 0/10 3/10 10/10 10/10
Verv Slight 3
Severe 10 10
Thymus: Cortical lymphocytic depletion 0/10 0/10 0/10 6/10 10/10 10/10
Very Slight 6
Severe 10 10
Spleen: Atrophy 0/10 0/10 0/10 6/10 | 10/10 | 9/9
Very Shight 5 1
Slight 1 4 2
Moderate 5 2
. Severe 5
Spleen: Follicular lymphocytic depletion 0/10 0/10 10/10 10/10 10/10 | 9/9
Very Slight 10 1
2 Slight 8 1
—E Moderate 1 8 3
Severe 1 6
Lymph Nodes: Hemorrhage 0/10 0/10 0/10 0/10 1/10 8/10
Slight T 1 1
Moderate 1
Severe 6
Lymph Nodes: lymphocytic depletion 0/10 0/10 0/10 0/10 10/10 10/10
Very Slight 1
Shight 2
Moderate 7 3
Severe 7
Small Intestine: lymphocytic depletion of Peyer’s | 0/10 --0/10 0/10 0/10 9/9 2/2
Patches 4
Slight 7
Moderate 2 1
Severe . 1
Bone Marrow: Hypocellulanty 0/10 0/10 0/10 3/10 10/10 10/10
Very Slight 3
Slight 3
Moderate . 2
Severe 5 10
Bone Marrow: Increased Fat Tissue 0/10 0/10 0/10 6/10 10/10 9/10
— Slight 6 R
N Moderate 3 7
- Severe 7 1
Heart: Atrophy 0/10 0/10 0/10 0/10 8/10 10/10
Very Slight 3
Slizht 5 7
Moderate 2
Severe 1
Heart: Hydropic and necroticchanges of muscular | 0/10 0/10 0/10 0/10 6/10 8/10
fibers
Very Slight 5 1
Slight 1 5
Moderate 2
Heart: Froliferation of mesenchymal cells 0/10 0/10 0/10 0/10 10/10 10/10
: Very Slight 8 2
Slight 2 7
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0 0.003 | 0.01 0.03 0.1 0.3
mg/kg | mp/kg | mgkg |mgkg |mpkg | mg/kg
. Severe ' 1
Kidney: Cloudy swelling of proximal tubular 0/10 0/10 0/10 2/10 9/10 0/0
epithelium
Very Shght 2 9
Lungs: Pulmonary edema 0/10 0/10 0/10 0/10 0/10 9/10
Very Slight 4 1
Slight 1
Moderate J 3
Severe . : 4
Lung: Congestion and hemorrhage 0/10 0/10 0/10 0/10 0/10 6/10
Moderate 4
Severe 2
Vanous organs: Bacterial Clumps 0/10 0/10 0/10 0/10 0/10 8/10
Key Findings
1. The lqwest lethal dose was 0.3 mg/kg/day, which caused 100% mortality; rats died between Days 11
and 25 of the study. The highest non-lethal dose was 0.1 mg/kg/day.
2. Clinical signs observed in rats given 0.3 mg/kg included epistaxis and chromodacryorrhea, which is
consistent with internal hemorrhages (see below). In addition, lacrimation, inactivity, and perinasal
~ swelling were observed. =
3. Decreased body weight gain was observed at 0.3 mg/kg in males (body weight 79% of control at Day
14) and 0.1 mg/kg in females (91% of control at Day 29). Decreased food consumption was also
observed at 0.3 mg/kg in males (days 7-13) and females (days 14-20).
4. Suatistically significant leukopenia, characterized by decreased neutrophil and lymphocyte counts was
observed at 0.03 m/kg and above. The decrease was dose dependent (62-77% of control at 0.03 mg/kg
and 32 10 41% of control at 0.1 mg/kg). Leukopenia was also observed in females at 0.01 mg/kg (83-
84% of control); this decrease was not statistically significant, however it is consistent with decreases
at higher doses; in addition, is consistent with the lymphocyte depletion in the spleen of rats treated at
0.01 mg/kg (see below).
5. A smaller decrease in red blood cell, hemoglobin, and hematocrit were observed at 0.03 mg/kg and
above. The decrease was dose dependent (95% of control at 0.03 mg/kg and 58-67% of control at 0.1
mg/kg)
6. No effects on clinical chemistry, urinalysis, or EKG parameters were observed at 0.1 mg/kg and
below. Due to premature mortality, these tests were not done on the rats given 0.3 mg/kg.
7. The bon= marrow is a significant target organ. Effects on the bone marrow include hypocellularity
with increased fat tissue beginning at 0.03 mg/kg; these effects were considered severe at 0.1 mg/kg.
8. The lymphoid organs were also significant target organs. Atrophy with lymphocyte depletion was
observed in the thymus, spleen, and lymph nodes (lymphocyte depletion only) at 0.03, 0.01, and 0.03
mg/kg, respectively. The severity of the lesions increased with dose.
9. Adverse effects on the heart (atrophy, necrosis, and mesenchymal cell proliferation) were observed at
0.3 8.
10. Cloudy swelling of proximal tubular epithelium of the kidney was observed at 0.1 mg/kg.
11. Hemorrhages were observed in the lymph nodes, stomach, small intestine, adrenal glands, brain and
= lungs at 0.3 mg/kg; petichiae in the stomach were also observed at this dose. Possibly related to these
findings, pulmonary edemz was observed at 0.3 mg/kg.
12. Bacterial clumps suggestive of a decrement in the immune system was observed in the beart, lungs,
tongue, stomach, kidneys, ovaries, lymph nodes and brain at 0.3 mg/kg.

-~ 13. Evaluation of target organs at 0.3 mg/kg is difficult due to extensive autolysis in treated animals and
lack of blood data. As a result, little or no data was available on effects on the liver, kidney, and
intestines. Based on results of acute toxicity studies, it is reasonable to expect that the intestinal
mucosa would be affected by Novantrone.

14. The highest no effect level in this study was 0.003 mg/kg.
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Chronic Studies

Rat, IV Administration Once Every 21 Days for 12 months (Reports 104-112)

Volume 16, page 1 to Volume 20, page 107
Conducting Laboratory: Lederle (Japan) Laboratories, American Cyanamid Co, Tokyo, Japan

Date of Study Initiation: 03/30/1981

GLP Compliance: No

Design: See Table

Dosing Information — -
Species: Rat CRJ:CD(SD) )
Age: 6 weeks
Weight: 238.0 to 322.7 g (males), 175.0 to 225.3 g (females)

Route: IV into tail vein over 10 seconds
o = Experimental Desigo -
3 Cunulative Dose -
Sex <% Dose - S¥o. of Type of ::::::r par Anml Day of®
“,k“-r -"- Racs Segment Civen .slks “I- Sacrifice
a 1S 6 Month 9 0.0 -0.0 Days 189-193
0.0 - 0.0 39 18 12 Month 18 0.0 0.0 Days 378-382
- 6 Recovery 18 0.0 0.0 Days 477479
15 6 Month 9 0.27 1.62 Days 189-193
0.03 0.18 39 18 12 Mounth 18 0.54 3.24 Days 378-382
6 BRecovery 18 0.54 3.24 Days 4£77-479
15 6 Moath 9 2.7 16.2 Days 189-193
Male 0.3 1.8 39 18 12 Month 18 S.4 32.4 Days 378-382
g 6 Recovery 18 5.4 32.4 Days 477-4279
15 6 Month 9 5.4 32.4 Days 189=-193
0.6 3.6 39 18 12 Momth 18 10.8 64.8 Days 373-382
6 Recovery 18 10.8 64.8 Days 477-479
15 6 Mouth 9 8.1 48.6 Days 189-193
0.9 5.4 39 18 12 Momth 18 16.2 97.2 Days 378-382
- 6 Recovery 18 16.2 97.2 Days &77-479
a 1S 6 Month 9 0.0 0.0 Days 189-193
0.0 0.0 39 18 12 Mouth 18 6.0 0.0 Days 378-382
6 Recovery 18 0.0 0.0 Days 477479
_____ . 15 6 Moath ] 0.27 1.62 Days 189-193
0.03 0.18 39 18 12 Month 18 0.54 3.24 Days 378-382
-6 Recovery 18 0.56 3.24 Days 472-479
: © 35 6 Month 9 2.7 16.2 Days 189-193
_— Female 0.3 & 1.8 39 18 12 Month 18 5.4 32.4 Days 378-382
: 6 Recovery i8 5.4 32.4 Days &77-475
- 15 & Month 9 5.4 32.4 Desys 189~193"
0.6 3.6 39 318 12 Month 18 10.8 64.8 Days 378-382
6 Recovery b ¥:) 10.8 64.8 Days 477479
oL 15 6 Month 9 8.3 &48.6 .Days 189-193
0.9 5.4 - 39 18 12 Month 18 16.2 97.2 _Days 378-382
SRS . 6 Recovery i8 . 16.2 97.2  Days &77-479
at As the frese bnac
b: Calculated by the Ko factor 6
c: Day first dose given designated as day O
LY ccmttol arimals received the sterile physiological saline. _

Due to high mortality, recovery groups were not done generally;
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Mortality- Mortality in males occurred when cumulative doses reached about 2.9 mg/kg with most of the rats dying
when the cumulative doses reached 4.2 to 4.4 mg/kg. In females, mortality occurred when cumulative doses reached
4.6 mg/kg and most of the females died when the cumulative doses reached 6.5 to 6.7 mg/kg.

Male Survival

100% ~x —~ =

: A\ N \ \

| 80% 1 A .
g \ N\

| = 0% | \

: S [ | \'\

- |

CC 40% § 5

7 . \\

.\
1
20% {<# \
— \\ ’ —\
0% . £ . \. - - .

0 6 12 18 24 300 36 42 48 - 54 60 66

Week
——0 mak~g_-—- --—0.03mg/kg = = 0.3mg/kg = = = 0.6 mg/kg == =0.9 mg/kg]
Female Survival
|
1wo/0 \ --__‘\ H
p— 80°/O \\ .\“
X \ \ A\
iy, |
-‘-u 600/0 F \ ) ] - \ .
2 '
E 4_40% f ‘\\ )
I e
| 4 \ '\‘
0% 4 f ' e . ———— — s . :
¢ 6 12 18 24 30 36 42 48 54 60 66
, Week |
——0mgkg — - 0.03mgkg — - 0.3mgkg - - - 0.6 mgkg — —0.9mgkg
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Body Weight-

750

Male Body Weight

700 + - === m
' T 650 ‘/_,’,—/—:.L:}'M
‘& 600 { e
| @ ' AN A
£ o] \
> v
© 400 ¢
@ 350 |
300
250 : : . } -+ ~ t ~ ;
0 6 12 18 24 30 - --36 42 48 5
Week
'E——O mg/kg —---0.03 mg/kg = = 0.3 mg/kg = = = 0.6 mg/kg -— —0.9 mg/kg.{
Female Body Weight
425
S 375
S 325
'g I
- 275
'g L
m 225
175 ———rt +— ———t + + -+
0 6 12 18 24 30 36 42 48 5
Week
- |——0mg/kg -..-... 0.03 mg/kg -.---. 0.3mg/kg - - --. 0.6 mg/kg — — -0.9 mg/kg

Food Consumption- Decreased food consumption was observed at 0.3 mg/kg and above in both sexes.
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Clinical Observations- Values expressed as percent of animals showing symptoms
0 mgkg 0.03mg/kg | 0.3 mg/kg 0.6 mg/kg 0.9 mg/kg
Day M F M F M F M F M F
Paleness 0-188 2 0 0 0 31 0 100 | 9 | 100 | 100
189-290 4 0 0 0 100 8 -— 100 | --- 100
291377 | 0 0 0 0 {100 80 [ — [ — [ — [ —
Thinness 0-188 5 0 0 0 2 0 67 15 46 64
189-290 4 0 0 0 17 8 —_ 75 — 100
291-377 0 0 0 0 33 50 —_— - — —
Inactivity 0-188 5 0 0 0 5 0 64 (" 10 64 59
189-290 4 0 0 0 44 4 - 75 — 100
291-377 —_ —_ — —
Epistaxis 0-188 5 0 0 2 13 18 56 13 59 28
189-290 4 0 0 0 39 0 - 15 — 50
291-377 0 0 0 0 33 10 —_ — - —
Chromodacryorrhea 0-188 8 2 2 0 8 8 8 5 15 2
= 189-290 4 . 0 0 0 [. 6 0] -- 15 — 0
'? 291-377 0 8 0 8 33 20 - - — —
Red Colored Fur 0-188 2 0 0 2 5 5 28 8 23 28
189-290 0 0 0 0 6 0 |-~ 10 — 0
291-377 0 0 0 0 0 10 - -— -— —
Hematuria _ 0-188 2 0 0 0 2 1] 0 0 10 0
189-290 0 0 4 0 0 0 - 0 - 0
. 291-377 0 0 8 0 0 0 - — -— —
Symptoms generally developed approximately four weeks prior to death
EKG-

0.9 mg/kg- decreased heart rate (-10%), increased PR and QT intervals at days 85-87; decreased heart rate (-22%) at
day 169-171 in females only (n=2), all males were deceased at this time point.
0.6 mg/kg was not evaluated at times that symptoms of toxicity were apparent.
0.3 mg/kg- decreased heart rate (-10%) at days 169-171 in males only.
Hematology-Expressed as percent of controls;

0.03 mg/kg 0.3mgkg | 0.6 mgkg | 0.9 mg/kg
Day | M F M F F F
WBC 189 | 105 | 105 | 99 85 87 56
290 81 132 80
378 77 85 189
Neutrophils 189 95 99 | 137 | 95 160 63
290 91 114 104
378 | 11 89 608
Lymphocytes 189 107 | 106 | 85 80 63 55
' 4 290 80 129 71
378 | 69 | 32 67
RBC e 189 1 102 | 103 | 68 97 72 67
290 96 104 92
378 92 94 81
Hemoglobin 189 | 101 | 103 | 73 99 74 71
290 96 104 90
378 98 97 83
Hematocnit 189 | 101 | 102 | 74 99 74 76
290 97 101 89
378 95 93 106
Platelets 189 | 106 | 109 | 144 | 124 151 160
290 98 107 114
378 | 103 | 104 127
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Values in Bold are significantly different from controls; values in /talics had too few animals to permit statistical
analysis.
Clinical Chemistry- Expressed as percent of controls

0.03 mg/'kg 0.3mgkg [ 0.6mgkg | 0.9 mg/kg
Day M F M F F F
Cholesterol 189 | 116 89 | 913 | 233 691 763
290 82 123 466
378 | 175 | 95 567 -
Triglycenides 189 { 115 | 114 | 812 | 203 2315 1675
290 90 76 791
378 | 194 93 1177
BUN 189 99 99 | 187 | 93 410 196
290 84 95 93
378 90 PX] 135
Phospholipids 189 | 118 | 97 | 750 | 200 474 548
290 86 118 351 | -
i 378 | 145 | 100 369
Glucose I [189 [ 102 | 99 | 89 [ 93 80 86
' 290 97 84 73
378 | 108 | 107 112 -
Calcium 189 } 104 98 | 105 | 102 117 102
290 96 101 111
378 99 103 108
Phosphate 189 | 112 92 | 132 | 88 205 132
290 88 98 281
378 95 100 110
Values in Bold are significantly different from controls; values in /talics had too few animals to permit statistical
analysis.
Urinalysis-Expressed as percent of rats — o
0 0.03 0.3 06 | _ 09
Day |[M |F M F M |F M F M |F
Proteinuria* 98 4 8 4 0 |9 |62 |100 | 100 100 | 100
182 |0 19 |4 {0 91 |96 100 100
266 )19 |25 |50 13 1100 | 100 100
296 10 17 |8 8 100 | 100
371 20 133 {64 10 100
Occult Blood 98 24 [12 }38 & 20 |0 100 | 4 92 |19
182 35 12 |38 4 57 4 20 50
266 Y44 |19 |19 25 |75 13 67
_ 296 |70 |0 [25 |8 |67 [10
_ A 371 |50 (8 36 20 20
Urine Volume Increase# 98 - |- |N N |IN Y ]Y Y |Y Y
182 - |- N N |Y N Y Y
266 |- |- (Y N |Y Y Y
296 |- |- N N Y Y
3 |~ |- |IN N Y
. *>1000 mg/100 ml in males; >300 mg/100 ml in females
#urine volume significantly greater than control (Y/N/)
No significant recovery during recovery periods
APPEARS THIS WAY
ON ORIGINAL
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Organ Weights

Organ Sex ] 0.003 03 0.6
Day 180 {290 |[378 [189 [ 290 [ 189
Kidney M 95 101 [ 107 | 177
F 95 99 107 117 {130 {[1s9%
Spleen M 93 75 93 124
F 95 86 95 [T 94 104
Lung M |96 |104 | 100 [119 T
F 94 103 95 100 117 134 - APPEARS TH‘S WAY
Liver M 101 |97 113 | 154
F 95 94 103 f118 | 149 208 ON ORIGINAL
Adrepal Gland | M 90 100 | 89 130
F 90 95 129 J 100 |95 114
Gross Pathblogy

0.6 mg/kg- pale bofie marrow;
0.3 mg/kg- pale brown discoloration of kidneys; hardening of aorta

Histopathology =
Non-Neoplastic lesions

D* 0 mg/kg 0.03 mg/kg 0.3 mg/kg 0.6 mg/kg 0.9 mg/kg

M F M F M F M F M F
Bone Marrow S 0/25 | 0715 | 0/23 | 0/14 | 0/13 | 0/15 3/13 0/1
Hypocellularity P 0/0 0/2 15/25 | 5/11 | 38/39 6/6 36/39 | 36/36
Thymus: Depletion S 0/25 | 4/25 | 4/24 | 4725 | 5713 | 10/21 7/12 0/1
of Lymphoid Tissue P 0/2 073 22/22 9/9 29/29 | 16/17 | 34/34 | 29/29
Lymph Node: S 0/22 | 0/24 | 0/25 | 0/27 | 0/12 | 15/22 9/9 1/1
Depletion of P 1/2 012 15/16 | 6/7 | 26/26 | 16/16 | 20/22 | 24/24
Lymphoid Tissue
Spleen: Depletionof | S 0/25 | 027 | 1725 { 0/27 | 4/13 | 22/22 13/13 171
Lymphoid Tissue P 2/3 13 24724 | 13/13 | 37/37 | 23/23 } 37/37 | 35/35
Injection Site: S 0/25 | 0/24 | 3/21 | 1726 | 8&/13 | 8/22 6/13 171
Necrosis P 0/3 0/3 14/26 | 1713 | 24/39 | 7/26 19/39 | 14/38
Heart: muscle S 1/25 | 0/26 | 0/25 | 0/27 | 0/13 | 2/22 12/13 171
necrosis P 0/2 172 25/25 | 8/13 | 38/38 | 26/26 | 36/37 | 36/38
Kidney: Hydropic S 4/25 | 4/27 | 8/25 | 3/27 | 1313 | 19/22 13/13 1/1
change/necrosis P 171 0/0 18/18 | 10/10 | 33/33 | 21/21 | 33/33 | 34/34
proximal tubule
Kidney: S 0/25 | 0727 | 4725 | 0727 | 13/13 | 4722 13/13 1/1
nephrosclerosis =~ 4| P | O/1 171 22722 | 8/8 | 33733 | 26/26 | 33/33 | 34735
Small Intestine: S | 025 | 0727 | 025 | 0727 | 0/14 | 0/22 13/13 1/1
Mucosal.atrophy P 0/0 0/0 34 1/1 13/20 3/5 9/16 15/15
Aorta: Tunicamedia | S | 0725 | 027 | 025 | 025 | O/11 0/22 1/13 0/1
necrosis and P 0/2 172 25/26 | 6/11 | 37/39 | 26/26 | 37/39 | 34/35
calcification .
Lung: Pulmonary S 1025 | 0/27 | 0/25 | 0/27 | 0/13 | 0/22 0/13 0/1
Edema P 173 33 24/26 | 8/13 | 26/38 | 10/25 | 28/39 | 7/38

*Deaths; S=scheduled sacrifice, P=premature death
Lesions were not reversed at the end of the three month recovery period.
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0 mg/kg 0.03 mg/kg 0.3 mg/kg 0.6 mg/kg
| M F M F M F F __
Total rats with neoplasms 0/11 3/23 0/12 6/24 1/18 8/24 1117
Benign 0 0 0 1 0 1 0
Malignant 0 3 0 5 0 8 1
Auditory Sebaceous Gland 0/11 0/23 0/12 0/24 1/18 5/24 1/17
Acinas sebaceous carcinoma 0 0 0 0 0 2 0
Squamous cell carcinoma 0 0 0 0 1 3 1
Mammary gland 0/11 3/23 0/12 6/24 0/18 | 4/24 0/17
Adenoma 0 0 0 1 0 0 0
Preputial Gland Adenoma 0 0 0 0 0 1 0
Papilary Carcinoma 0 0 0 3 0 0 0
Duct Carcinoma 0 1 0 0 0 1 0
Adenocarcinoma 0 1 0 2 0 3 0
Scirrhous carcinoma 0 1 0 0 0 0. 0
Fibrosarcoma of lung, kidney 0/11 0/12 0/12 0/12 0/18 1711 0/17
and subcutaneous fssue
Oral cavity: squamous cell 0/11 0/23 0/12 0124 0/18 124 0/17
carcinoma .

Key Findings

I. Montality in males occurred when cumulative doses reached about 2.9 mg/kg with most of the rats
dying when the cumulative doses reached 4.2 to 4.4 mg/kg. In females, mortality occurred when
cumulative doses reached 4.6 mg/kg and most of the females died when the cumulative doses reached
6.5 to 6.7 mg/kg. No mortality was associated with 0.03 mg/kg (cumulative dose 0.54 mg/kg).

2. Clinical signs observed in rats given 0.3 mg/kg or more included epistaxis, red fur, and
chromodacryorrhea, which is consistent with internal hemorrhages (see below). Hematuria was
observed in males at 0.03 mg/kg and 0.9 mg/kg, this is consistent with urinalysis observations and
nephrotoxicity (see below). Additional clinical signs included paleness, thinness, and inactivity.

Clinical signs generally appeared about four weeks prior to death.
Body-weight decreases were observed at 0.3 mg/kg and above. The decreases in body weight appear

w

dependent on cumulative doses. Male body weight changes became apparent when cumulative doses
reached 2.4 to 2.7 mg/kg. Female body weight changes became apparent when cumulative doses -
reached 3.6 mg/kg. Body weight changes occurred about 6 to 9 weeks prior to death in males and 7 to
13 weeks prior to death in females. No body weight changes were observed at 0.03 mg/ke.

H

. _Evaluation of hematology and clinical pathology data were complicated by the high early mortality

which lead to no data for males at 0.6 and 0.9 mg/kg and little data from these doses in females.

“

Leukopenia was observed at all dose levels. Although not all of the observations were statistically

significant, the observation that severe effects on WBC counts were observed in other studies with this
compound suggest that decreas=s of 13 to 23% in WBC count are biologically significant, even if

statistical significance was not observed. In other studies, the decrease in WBC couant was

characterized by a decrease in lymphocytes, which was observed in this study too. These data are’élso
consistent with the bone marrow hypocellularity observed in this study (see below).
6. The RBC counts were decreased in this study too. Parallel decreased in hemoglobin and hematocrit
were observed at 0.3 mg/kg and above. Supporting the diagnosis of low RBC counts were clinical
observations of paleness (see above).
7. The bone marrow was a significant target organ. The primary effect was hypocellularity beginning at

0.3 mg/kg. This is consistent with the effects on white and red blood cell counts.

8. The lymphoid organs were also significant target organs. Depletion of lymphoid tissue was observed
in the thymus, spleen, and lymph nodes at 0.3 mg/kg and above. The severity of the lesions increased

with dose.

9. Adverse effects on the heart (necrosis) were observed at 0.3 mg/kg and above. In addition, alterations
in ECG parameters were observed (decreased heart rate and increased PR and QT intervals) at 0.9




LN

mg/kg (Days 85-87) and 0.3 mg/kg (Days 169-171). At these times, the clinical signs were apparent in

these rats.

10. The kidney is a significant target organ. An increase in kidney histological alterations (proximal
tubule necrosis and nephrosclerosis) was observed in males at 0.03 mg/kg and above and in females at
0.3 mg/kg and above. In addition, there were altered urinalysis values (proteinuria, occult blood, and
increased urine volume) at these doses. Altered clinical chemistry values were observed (increased
cholesterol, triglycerides, phosphohplds phosphate, and BUN) which are associated with kidney

failure.

11. Pulmonary edema was commonly abserved in animals dying at 0.03 dffp/kg and above

12. Injection site necrosis was observed at 0.03 mg/kg and above.

13. An increased incidence of neoplasms was observed in females at 0.03 mg/kg and 0.3 mg/kg (6/24 and
8/24 tumor bearing animals, respectively vs 3/23 in controls). Higher dose animals generally did not
survive long enough to develop neoplasms. The increase was most pronounced in carcinomas of the
auditory sebaceous gland at 0.6 mg/kg (0/23, 0/24, 5/24 at 0, 0.03 and 0.3 mg/kg, respectively). An
increase was also observed in mammary gland neoplasms (3/23, 6/24, 4/24 at 0, 0.03 and 0.3 mg/kg,

respectively).
14. A no effect level could not be determined from this study.
- D
<5 - =L
Dog, 30-Week Intravenous Toxicity, Intermittent Dosing (Reports 113-116) 5 =
Volume 21, page 1 to Volume 22, page 149 > =
Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, = -
Date of Study Initiation: 01/18/1979 B @ oz
; o
GLP Compliance: No <t _,
T i
Desx_gn. See Tab'le =)
. Dosing Information Q.
Species: Dog, Beagle - <
Age: 12-14 months
Weight: 6.2 to0 9.2 kg (males), 7.7 to 9.6 kg (females)
Route: v
Unique Solutfon Infusion Rate Total
Coaputer Animal Dose Concentration Tize bouz Dose
Croup Nuaber Nuaber  Sex og/kg og/el (ain) sg/kg/oin ©l/kg/ain og/n og/a
Control 1 032235 M Vehicle 0.0 s 0.0 0.4 0.0 0.0
2 032248 M 0.92 MaCl 0.0
3 03225 M 0.0
19 0215 ¥ 0.0
20 012287 7 0.0
21 03228 r 0.0
Low 4 032234 n 0.128 0.0623 5 - 0.028 0.4 2.518 25.715
(cL 232,113) s 032242 M 25.73
6 032251 M 25.75
2 o 7 25.73
23 0282 ¢ 25.7%
d 019 r 25.18
Righ .. 7 032200 M 0.25 0.125 s 0.03 0.4 s.13  30.9
(L 132,15) 8 022k N 1.5
9 024 M 1.5
23 wunr r 1.5
28 onm  r s1.$
2 228 ¥ sty -
Adrispycisa 16 o2 1.15 . 0.87 t s 0.3% 0.4 36.05 3244
17 0247 . o 288.4
18 0224 n 3244
3 0328 ¢ . 324.4
3s 02285 F v . : : 326.4
3 o2 . P, 3246

Mortality- 0.25 mg/kg- 1/6 dogs died on day 118
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Clinical Observations- No data reported, observations based on sponsor’s summary

0.25 mg/kg- occasional diarrhea and/or bloody diarrhea, cutaneous sores
0.125 mg/kg and above- soft feces, emesis, salivation, edematous swelling of extremities, isolated diarrhea

Body Weight- No effects

Food Consumption- No effects

Ophthalmoscopy- No adverse effects (data not provided)
Electrocardiogram- No effects on ECG or blood pressure

Hematology ) -

WBC Count (males)
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Neutrophils (males)
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Neutrophils (females)
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Lymphocytes (females)
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APPEARS THIS WAY

RBC (millions/ml)
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Dose dependent decreased in WBC, neutrophil, and lymphocyte counts; decreases more pronounced in males in than
in females. RBC, hematocrit, and hemoglobin were reduced, although decrease was not as significant as in WBC
parameters.

Clinical Chemistry- No effects

Organ weights- Relative orean weights; values in Bold statistically significantly different from controls.

0 mg/kg 0.125 mg/kg 0.25 mg/kg

M F M F M F
Adrenals (mg/kg) 10.4 12.7 120 | 111 9.8 17.2 -
Testes (mg/kg) 96.5 — 54.8 - 47.6 —
Gross Necropsy-
Histopathology

0.125 mg/kg- diffuse tubular atrophy of the testes; aspermia of epididymis
0.25 mg/kg- hypocellular bone marrow, pulmonary infarction with necrotizing pleuritis in deceased dog

Key findings
1. 1 male dog died at 0.25 mg/kg. Necropsy revealed pulmonary infarction with necrotizing pneumomns
and hypocellular bone marrow.

2. A doseidependent decrease in white blood cell counts was observed at 0.125 and 0.25 mg/kg. Males
were miore affected than females. Both lymphocytes and neutrophils were decreased in treated animals.

3. Red blood cell counts, hemoglobin, and hematocrit were also decreased in trcated dogs, but the degree
of decrease was not as great as that for white blood cells.

4. The testes are an important target organ. Testicular atrophy with aspermia 2 of the epididymis was

" observed at 0.125 mg/kg and above. Accompanying the histopathological data was a 43 and 51

percent % decrease in relative testes weight at 0.125 and 0.25 mg/kg, respectively.

5. Increased adrenal gland weight was observed at 0.25 mg/kg in females only. In the absence of
histopathological abnormalities in these animals, the significance is uncertain.

6. No adverse effects were observed on the bone marrow or heart of surviving dogs treated with 0.125 or

0.25 mg/kg.
7. A no-effect level could not be determined from this study.

A 44 week comparative toxicity study of mitoxantrone (CL 232,315) and doxorubicin (CL
115,751) given intravenously to Cynomolgus monkeys once every 21 days (Reports 117, 118)

Volume 23, page 1 to Volume 25, page 52

Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, Pearl River
Date of Study Initiation: 03/17/1981

GLP Compliance: No

Design: See Table

Dosing Information

) Species: Monkey, Cynomolgus (Macaca fascicularis)

Age:
Wejght: 3.9 to 5.8 kg (males), 2.3 to 4.2 kg (females)
Route: v
Group ' i C-o-pound .Egzm'mn':’ "::;.of A::::.\I:-
v weia o o s s APPEARS THIS WAY
] cL 232,315¢ 0.125 1.3 s s _ ON ORIGlNAL :
s cL 232,315¢ 0.23 3.0 s 5
“ ct 115,709 1.725 21.0 s ' '

b The first doy of Josing, day O, vu March 17, 1981.
0.82 sodium chloride and 0.2I g¢odiun mectsbisulfite in

Sterile Water  for Irjection.
€ Given on days O, 21, 42, 63, 84, 105, 126, 147, 167, 189,

231, 259.
Ctven on dsys 0, 2I, 52, 63, 84, 105, 126, 147, 167 end
189. - T “ o
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Mortality

0.25 mg/kg- 3/10 (2 males, 1 female)

0.125 mg/kg- none

0 mg/kg- 1/10 (1 female, unknown cause)
Clinical Observations

0.25 mg/kg- inactivity and decreased food consumption in males who died during the study; heavy menstrual

bleeding in female who died during the study.
Body Weight- No effects
Food consumption- No effects

Ophthalmoscopy- No effects
Electrocardiography- No effects on ECG or mean blood pressure

APPEARS THIS WAY
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Hematology-

- WBC (males)
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Lymphocytes (females)
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RBC (males)
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Clinical Chemistry- No effects

Organ weights- Relative organ weighs expressed as percent of controls; values in Bold statistically
significant from controls

0.125 0.25 mg/kg

Males Females Males Females
Thymus 37 143 54 120
Adrenals 146 99 158 108
Liver 106 84 103 87
Kidney 4] 104 91 107 84
Lung 116 73 115 67

Gross pathology

Early decedents

0.25 mg/kg female- uterine hemorrhage
0.25 mg/kg males- hydrothorax (2/2), thrombus left auricle (1/2), fibrous clots right auricle (1/2), pericardial
effusion (1/2)




Incidence of Gross Morphologic Findings
Compound Vehicle CL 232,315 CL 232,315
Dose (mg/kg) o 0.125 0.25
Sex M F " ¥ M - F =
=
Nunber in group 5 5 5 5 5 5 w g
Cardiac thrombosis 6o o : o 0 2° o = o
< v
Hydrothorax 0 o 0 o 2 o - e o
Pericardial effusion 0 1 1 1 2 1 a <
Ascires o 1 ) o 1 0 <
Renal inf arcﬁ 0 o 0 0 4] 0
Kidney changes 2 3 2 1 3 1
Pericardial adhesions o 1] 1 0 1 :0
Histopathology
0 mg/kg 0.125 mg/kg 0.25 mg/kg
M F M F M F
Heart: Interstitial fibrosis 4/5 2/5 4/5 5/5 5/5 4/5
Mild focal 2 1
Mild diffuse 1= 1 2 3 4
Moderate focal 1 1 2 2
Moderate diffuse ] 3
Lung: Fibrosis, pleura, interstitial or alveolar septa | 0/5 1/5 2/5 3/5 4/5 2/5
Spleen: Lymphoid tissue depletion 0/5 0/5 2/5 0/5 3/5 0/5
Lymph Nodes: Lymphoid tissue depletion 0/5 0/5 2/5 0/5 1/5 2/5
Thymus: Lymphoid tissue depletion 1/5 1/4 3/5 0/5 4/4 2/5
Epididymus: Oligospermia 0/5 —_ 0/5 — 2/5 —_
Testes: D~crezsed spermatogenesis _ 1/5 -— 0/5 -— 2/5 -
Key findings

L.

At 0.25 mg/kg, 3/10 monkeys died; inactivity, hydrothorax and cardiac toxicity were the primary
observations in the two males who dicd and heavy menstrual bleeding and uterine hemorrhage was
obsertkd in the female who died.

At 0.125 (males only) and 0.25 mg/kg, decreased white blood cell counts were observed following
novantrone irjections. The decrease was more severe at 0.25 mg/kg than 0.125 mg/kg. The decrease
in white blood cells was characterized by decreases in lymphocytes and PMNs. There was recovery
after injection, yielding a characteristic saw toothed time versus white blood cell count, particularly in
0.25 mg/kg males. _ ' ' .
A persistent decrease in red blood cell counts was observed at both 0.125 and 0.25 mg/kg. The effect
was less apparent in 0:125 mg/kg females.

Lymphoid tissue depletion in spleen, lymph nodes and thymus at 0.125 mg/kg in males and 0.25
mg/kg in females.

Decreased testicular function was apparent at 0.25 mg/kg as indicated by decreased spermatogenesis in
the testes and oligospermia in the epididymis.

Increased severity of heart interstitial fibrosis was ebserved starting at 0.125 mg/kg. The effects were
more pronounced in males than in females.



7. Lung fibrosis was observed in males starting at.0.125 mg/kg; no increase in lung fibrosis was observed
in females.
8. The lowest effect level was 0.125 mg/kg; a no effect level could not be determined from this study.

A Comparative intravenous toxicity study in rabbits of Mitoxantrone (CL 232,315) and
Doxorubicin Hydrochloride (CL 115,751) (Report 120) -

Volume 25, page 156 to Volume 27, page 343
Conducting Laboratory: Lederle Laboratories, American Cyanamid Co, Pearl River, NY
Date of Study Initiation: 06/23/1983
GLP Compliance: No
Quality Assurance Report Yes
Design: See Table
Dosing Information
Species: New Zealand White Rabbits

Age:
ﬁgeigm: 3.9 to 4.5 kg (males), 3.2 to 4.2 kg (females)
Route: v
Doses 0, 0.125, 0.25 mg/kg (0, 1.5, 3.0 mg/m?)
Experimental Design . ="
Number of
Animals/Sex/Sacrificet
" Dose* Number of
Group Compound mg/kg Animals/Sex 1st 2nd 3rd 4th
1 0.92 NaC? 0 12 3 3 2 4
(vehicle) -
2 CL 232,315 0.125 12 3 3 2 4
3 CcL 232,315 0.25 12 3 3 2 4
4 CL 115,751 1.64 12 3 3 6 -

* Fach dose was given as a slow bolus infusion at a dosing volume of
1 mL/kg at the frequency of once a week for 15 weeks in the
nitoxantrone and control groups, and 12 weeks §in the doxorub{cin
group.

4+ Interim sacrifices were scheduled after the anima) received 5 (1st
sacrifice), 10 (2nd sacrifice) or 12 (3rd sacrifice) doses of thefr
respective treatiment. Al1l the surviving anfmals in Group 4
(doxorubicin) were sacriffced after 12 doses because of deterforating
physical condition. The remaining animals 1n Groups 1, 2 and 3 re-
ceived 3 more doses and were sacrificed after 15 doses (4th sacri-
fice) with a recovery period of up to 7 weeks.
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Deceased animals had lost weight, were hypotensive and had ECG changes indicative of heart damage.

No significant clxmcal observations were made in animals surviving to sacrifice, but minimal clinical exams were
made

Body Weight- Decreased body weight in males at 0.25 mg/kg

Body Weight (males)
| , B
* J m----y

-

Body Weight (kg)
oW -l(nN: WM h O

-

|
0. i
+ T . +— T = + ¥ St - l > )
0 143 28 42 56 70 84 98 112 126 140 | -
1
: - Day | Sm
= i .2 >
[ [——Omglkg .- - 0.125 mglkg — — -0.25 mg/kg | 5 =y
- = =
=x
o
=
Body weight (females) =
5 - -
— 4.5 — e -
2 4 S s o=
- 35 F—" _.
E 3l ——- -
‘® 25 :
= 24 ’
> 15 |
o 11— 4
m o5 !
0l + S A + + —]
0 14 28 42 5 70 84 98 112 126 140
Day
[——O0mG/kg - - ... 0.125 mg/kg — — -0.25 mglkg |

Food Const#mption- No effects
Ophthalmoscopy- not done

Electrocardiography- No effects; sponsor did not provxde raw data; no obvious effects on blood pressure
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Hematology- 0.25 mg/kg caused decreased WBC counts in males and females; RBC counts were decreased
in males at 0.25 mg/kg starting on Day 90. There was recovery of cell counts starting about seven days after the last

dose of mitoxantrone on Day 98 (see gmphs) Due to differences in baseline WBC counts, these data are presented
as percent of predose values.

WBC (females) -
150%
140% )
S 130%
> 120%
o 110%
£ 100% -
O 90%
S so%
70%
60%
Day
[——0mghg .- 0.125 mokg — — - 0.25 mglkg] .- fs
- o
=
>
WBC (males) g =
oL
170% — — E -
60% L — . . | =5
— 150% 4 fl ! r— E
© S 140% J 1 l >
;‘ 130%{ 7\ — - 1 ~<
Q 120% SENELY |
2 o T _ I -N _"\ FILAN f——— i
o ::Jg"//oi > RV AR U SRarAN .
B eox o= < v
-2 8o% ~—— e e
70% e
60% L , , e
0 21 42 63 e4 105 126 147
Day
E_O mg/kg - - - - - 0.125 mg/kg — — -0.25 mglkg]
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4
8 .
e |
e o
86 L N A= \_-\‘J'
5
e°1
x41—
o3l
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0  — i e
0 21 42 63 84 105 126 147
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0.25 mg/kg- Increased chloride (males only), creatinine, cholesterol, triglycerides

Clinical Chemistry-

Chloride (males)

125 .
] !
= 120 —A
o 7\
w 115 & ——c
E = < SN
o 10+ - R ] ,..r’~ PG>
<« _—— e .
= 105 el /.\\’.-,,HJ
-g \?’.l ————— -
S 100 = |
o5 } — . e ;
0 21 42 63 84 105 126 147
Day
2 . .
{———0amgikg ... .. 0.125 mg/kg — — .0.25 mg/kg -
Creatinine (males)
25 e ————
~\
_ ~
I 2+
u ;
E 151
o i
£ i
€ 1
L '
® 050 .. — — - e
o t -
oL . . , A
0 21 42 63 84 105 126 147
Day
F._..Onglug.... 0.125 mg/kg ~ ~ -0.25 mg/kg ;

Creatinine (mg/dl)

Creatinine (females)

t

21 42 63 84
Day
r__o mo/kg - - - - - 0.125mg/kg — — .0.25 mglng

105

126

147

——— i —
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Cholesterol {(mg/dl)

Cholesterol (males)

8

o

/j
\
\

'

Day

[_Omglkg ..... 0.125 mg/kg — — -0.25 mg/kg - -

Iy

Cholesterol (mg/dl)

225 ..

Cholesterol (females)

200
175 1

150 4 --
125 1. .

100 |
75 .
£0

25

Day

r_Omg/kg ..... 0.125 mg/kg — — . 0.25 mg/kg

200

g

]

Triglycerides (mg/dl)
g

o

Triglycerides (male) -

Day
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Triglycerides (females)

350

300 A
7
250 JANRA

200 — < - '
150 — V= B} APPEARS THIS WAY
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Triglycerides (mg/dl)

Day

[——0mgng - - - 0.125 mgkg — —0.25 mgikg|

Organ Wéxaghts- no consistent effects

Gross Pathology-
0.25 mg/kg- one male who died prematurely afier 15 doses had hydrothorax and ascites; in addition, the pericardial
sac was filled with fluid and the heart was pale to brown in color with a rounded apex.~_
0.125 mg/kg- two males had pinpoint foci on the papillary muscles.

Histopathology )

0 mg/kg 0.125 mg/kg 0.25 mg/kg

Day M F M F M F

Nephropathy 2/12 1 4/12 | 5/12 | 4/12 11/12 | 10/12

35 0/3 2/3 173 1/4 3/4 1/3
O] (02)y 0.1 (0.1 (0.3)| (0.1

71 137 23] 03] 03] 33| 33
onlr O @ ©f @i (1

85 o2 orz| 22| 23| 22| 212
@] @] [ 0| @5 @5

146 174 o0& 24| UI| 33| 45
©on] o] ©5] M) 22] @5

Myocardial Change (interstitial fibrosis or 0/12 [0/12 | 5/12 |4/12 J9/12 | 9/12
vacuolation of fibers)

35 031 03] 03[ 03] 14| 173
@) @O ©] O} ©3)] 03

71 0/3 073 273 173 373 373

0) 01 (0.7)]| (03)1 (1.3)] (1.8)

85 0/2 0/2 12 2/2 2/2 1/2

<4 (0) @] (51 (1.3)1 23)] (0.5

146 0/4 073 2/4 171 373 4/4 P
_ - - T (0)} (0.5) ] 22 (1.9
Testes: Tubular atrophy 1/12 2/12 4/12

35 0/3 1/3 173
71 073 173 173
85 0/2 0/2 212
146 1/4 0/4 0/3

Limited histopathology on other tissues
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Key findings

1. The low dose (0.125 mg/kg) caused mortality in 2/23 rabbits; 4/24 high dose (0.25 mg/kg) rabbits died
on the study. —

2. Decreased body weight (10-20%)was observed in males starting on about Day 70; female body
weights were not as affected.

3. Contrary to the sponsor’s interpretation, there was a persistent decrease in white blood cell counts from

baseline values starting on Day 7 in males and Day 14 in females. Male WBC counts were depressed

10 to 30 percent during dosing and recovered after day 111, 13 days afier the last dose. Female WBC

counts were generally depressed from 10 to 20 percent from Day 27 through Day 111.

Red blood cell counts were depressed dose dependently at 0.125 and 0.25 mg/kg in males only.

At 0.25 mg/kg, there was increased cholesterol, triglycerides, creatinine and chloride (males only).

Major target organs included the kidney (tubular casts, glomerular vacuolation), heart (fibrosis and

fiber vacuolation) and testes (testicular tubular atrophy) at 0.125 mg/kg.

7. A highest no effect level could not be determined from this study.

ownh

Overall Summary

The chronié toxicity of mitoxantrone has been studied in rats, dogs, monkeys and rabbits. The rats, dogs
and monkeys were dosed at three week intervals to mimic the clinical exposure, but the rabbits were dosed at one
week intervals. In general, the toxic effects observed in the chronic studies are similar to those in the acute studies.
The hematopoietic system was the primary target organ of concemn. However the heart, kidney, and testes are
additional target organs of concern. Neoplasms were also observed in the chronic rat study (see Carcinogenicity
section below).

Mnoxantrone caused substantial early mortahty in chronic studies at doses below the proposed clinical
dose of 12 mg/m%. In rats, substanual early mortality (100% in males, 45% in females) was observed in rats

. administered 0.3 mg/kg (1.8 mg/m ). The mortality was associated with the cumulative dose reachmg 421044
mg/kg (25.2 mg/m’ to 26.4 mg/m’) in males and 6.5 to 6. 7 mg/kg (39.0 mg/m’ to 40.2 mg/m?) in females. In dogs,
one out of six dogs administered 0.25 mg/kg (5.15 mg/m ) every three weeks over 30 weeks died. In monkeys,
three out of ten animals administered 0.25 mg/kg (3 mg/m?) every three weeks over 44 week died. Rats were more
vulnerable to mitoxantrone mortality than dogs or monkeys. —

Neutropenia was the most striking toxic effect of mitoxantrone. In the dog and monkey study, where it was
possible to do serial white blood cell counts, the graph of the white blood cell counts with time formed a “saw
toothed” pattern with a nadir in the count at post dosing day 11 followed by recovery to near pre dose levels just
prior to the next dose. At high doses (0.25 mg/kg in dogs), nadir became lower with time, but at lower doses (e.g.
0.125 in dogs or 0.25 mg/kg in monkeys) there appeared to be less cumulative effect. Red blood cell counts were
also depressed, although to a Jesser extent than white blood cell counts. Hypocellularity of the bone marrow was
often observed in neutropenic animals. In addition, lymphoid depletion of the thymus, spleen and lymph nodes were
frequently observed.

The heart is another target organ in rats, monkeys, and rabbits. Effects included heart muscle necrosis in
rats at 0.3 mg/kp, interstitial fibrosis in monkeys at 0.125 mg/kg and above and myocardial changes (including focal
necrosis and thrombi), fibrosis and fiber vauolation in rabbits at 0.125 mg/kg. In the two year carcinogenicity study
in rats, an increased incidence of heart mineralization was observed at 0.1 mg/kg.

Mitoxantros also affects the kidneys. In the two year carcinogenicity study in rats, glomulonephritis was
the primary cause of premature death in malc rats at 0.1 mg/kg every three weeks. In the twelve month rat study,

-nephrosclerosis was observed at 0.03 mg/kg in males and 0.3 mg/kg in females; hydropic changes with proximal
tubule necrosis was observed at 0.3 mg/kg and above; urinalysis alterations at 0.3 mg/kg included proteinuria, occult
blood and increased urine volume.

The testes were affected by mitoxantrone treatment. At 0.125 mg/kg diffuse tubular atrophy of the testes
and aspermia of the epidiymis was observe in dogs. The testes weight was decreased by about 50 percent in these
dogs. Ia monkeys administered 0.25 mg/kg, decreased spermatogenesis in the testes and oligospermia in the
epididymis were observerd. Finally, testitcular tubule atrophy was observed in rabbits at 0.125 mg/kg.

Addendum list:



Addendum 1

Histopathology Inventory for NDA 21-120
Study 84 86 39 91 93-94 | 104-12 |113-116[117-118] 120
Species Dog Dog [Monkey |[Monkey| Rat Rat Dog |Monkey| Rabbit
Adrenals 4 e J 7 7/° A /e ' 7*
Aorta 4 4 4 4 J 4 4 J 4
Bone Marrow smear 4 "4 'd J . 7 '4 U4
Bone (femur) "4 "4 's "4 "4 '4 "4 "4 "4
Brain 4 ' 7 - 7/° 7/° 7° 7/° KA A
um 7 J 4 "4 J 4 4 v 4
ervix
lon ’4 4 4 J 4 "4 7 4 '4
Duodenum 4 4 7J "4 7 "4 J 4 "4
Epididymis "4 J "4 "4 4 "4 "4 7 4
Esophagus 4 U4 4 4 4 4 U4 4 7
Eye 7 "4 4 J 4 4 "4 4 7
Fallopian tube
lIGali bladder 4 4 4 J 4 4 7
ross lesions
Hardenan gland
Hean ﬂi 4 7° 7 7* "4 7 A 7° A
Hyphophysis
lleum J J 7 4 4 J J 1 4 J
"'ImTcuon site 7 7 v
ejunum "4 7 v 4 7 J 7 L "4
Kidneys '4 /e v A A A Al 7° A
Lachrymal gland
Larynx
Liver 7/ A 'd 7 A Al A A 7°
Lungs 7/ A s A v A A 7/ 7°
Lymph nodes, cervical 4 ' "4 4 J
Lymph nodes mandibular 4 4 7 "4 "4
Lvmph nodes. mesenteric 7 A 4 4 J 4 4 J 4
Mammary Gland r'd "4 "4 4 4 7 "4 4 "4
Nasal cavity
Uptic nerves
(Dvanes 4 VA "4 A A 7° A v A
Pancreas "4 4 4 4 "4 "4 "4 "4 "4
Parathyroid 4 4 "4 7 "4 4 J "4 4
Peripheral nerve 4 4 4 4 4 7
Pharynx
Pituitary 4 VA 4 7" 4 /* A 7/ 7/
Prostate "4 ' "4 7 7/° /° A VA 7/
Rectum "4 4 "4 4 "4 "4 4 4 ’4
Salivary gland 4 4 v 4 J J 4 7 7
Sciatic nerve v v "4
Seminal vesicles 4 /° /* A 7* i
Skeletal muscle "4 "4 "4 4 "4 s s 4 7 |
Skin 7 "4 4 J r'd "4 4 4 7
Spinal cord v U4 U4 v 4 J J 4 7
Spleen 7 7 L4 v A v° A Al A
Sternum <4
Stomach e 7 7 s 7 7 7 7 7 7
estes 7 Al 4 7° A A 7° A 7°
ymils 4 7° ' A A A 7 A 7/
yroid 7 7 7 VA v 7 A 7" 7/°
[Tongue 7 7 o J 4 J 4 U4 4
[Trachea 4 7 4 U4 4 4 4 J 4
Uninary bladder 4 '4 4 4 J 4 4 4 4
Uterus 4 7° 4 A "4 4 4 7° A
Vagina 4 "4 "4 4 "4 4 4 "4 7
|Zymbal gland

organ weight obtained
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CARCINOGENICITY:

Mouse

Oncogenic Potential of NOVANTRONE Mitoxantrone Hydrochloride (CL 232,315) After
Intravenous Administration to Mice Every 21 Days for 2 Years (Final Report) (Report 1)

Study Number: 82241

Volume Numbers: Volume 36, Page 34 to Volume 47, Page 141

Test Facility: Lederle Laboratories, American Cyanamid Co., Pear] River, NY
Study Date(s): 2/8/1983 to 2/15/1985

Date of Submission 3/23/1987

GLP Compliance/Quality Assurance:

QA Report- Yes é’-ﬂ No ()

Study Type: Two Year Bioassay

Species/strain: Mouse, Crl:COBS CD-I1(ICR)BR

Number of animals per group; age at start of study: 60/sex/group, 5 weeks old
Animal housing: Individually in steel wire mesh suspended cages ’
Drug Lot/Batch number(s): PC 0345

Drug Purity / Stability / Homogeneity: = mitoxantrone. == Yowater

Doses:

Dose
"(mg/kg evEny
Group 21 days) Males Females
1 0 (untreated) 60 60
2 0 (saline) 60 60
3 0.1 60 60
4 0.2 ) - 60
5 0.4 60 50

3 Mitoxantrone administration started on
February 9,4983 (day 1). Surviving mice
were sacrificed for postmortem examination
peginning on February 11, 1985 (day 734).

b These concentrations resulted in cumslative
drug 1ntakes of 3.5, 7.D and 14 »g/kg for
Groups 3, 4, and 5, respectively.

C One mouse (SAN 518, UAN 91846) escaped and
was presumed dead and was not included in the
postmortem evaluation. . :

- Basis of Dose Selection: Unclear

_ - Relation to Clinical Use: Same route and mode of administration
- CAC Concurrence: Pre-CAC study
- Restriction Paradigm for Dietary Restriction Studies: None

APPEARS THIS ¥
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Route of Administration: IV
Frequency of Drug Administration: Every 3 weeks
Dual Controls Employed: Yes

- Interim Sacrifices: No

- Satellite PK or Special Study Group(s): No
- Unscheduled Sacrifices or Deaths:

- Deviations from Original Study Protocol:

Study Design
Oetermination Schedule Method or Reference
General Observation Dally LEDTOX Data Acquisition
) Prograa
Body Wetght and Food Weekly - LEDTOX Data Acquisition
Consurption Program
Physica) Examination Monthly LEDTOX pata Acquisition
Progran
Ophthalmoscopic Examination  -7,175,378,546.699 Indirect Ophthalsoscopy®
Hemaqr 104,177,268,386,393,400, Perforsed by the
Hematocrit, hemoglghin, RBC, 470,478,484,554,561,568, Clinical Pathology Lab.
638,645,652,722,729,736 Dept.973 Methiod Code 101

WBC, MCY, MCH, s WBC
differential, rethﬂlocytes
platelets

Serum Clinical Chemistry
Na, K, C1, Ca, BUN, total
bilfrydin, cholesterol,

phosphorus, total protein,
alkaline phosphatase,
SGPT,5GOT, triglycerides

Cytogenetic Evaluation of
Bone Marrow

3 Ingirect Ophthalmoscope:

Days 734 to 738

creatinine, glucose, inorganic

Days 736 and 738

American Optical.

Performed by the
Clinical Psthology Lab.
Dept.973 Nethod Code 704

Performed by the
Experimental Pathology
Dept.971

Group 5 (0.4 mg/kg) males and females were not bled on day 736

Determination

Schedule

Method or Reference

Palpable Mass

Postmortem Lxamination

Urine
Blood,bi1lirudin, ketones,
glucose,protein,pH,urobili-
nogen 4

Gross observation, spectfic
gravity, sicroscopic .

Bay 125 then Monthly to
day 716

Days 734 to 738
(survivors)

Days 200 and 716

Bay 200

LEDTOX Data Acquisition
Progran

Performed by the
Experimental Pathclogy
Oept. 971

o Manually

Retorded

Microscopic analysis
Performed by Clinical
Pathology Laboratory,
Dept. 973

APPEARS THIS WAY
ON ORIGINAL

55

APPEARS THIS WAY
ON ORIGINAL



Study Results and Frequency of Monitoring:

- Clinical Observations: No significant observations reported
- Mortality Substantial early mortality at 0.4 mg/kg

E ¢

Proportlon Surviving
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¢
;
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H
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- Figure 2: Survival Curves of Fesale Rice
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- Body Weight- No Effects
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Figure 4: Body Welight of Female Mice

- Food Consumption

- Ophthalmoscopy: No effects
- Hematology: No effects reported, but sampling was irregular with respect the doses

- Clinical Chemistry: No effects on clinical chemistry or urinalysis
4
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- Organ Weights:

Group Number 1 2 - 3 q —
Dose mg/kg 0.0 0.0 Saline 0.1 0.2
Prostate- Absolute Weight 0.641 0.535 0.468° 0.653
Seminal (6) (8) (5) (2)
Vesicles
. Relative 2.327 1.805% 1.7212 2.077
Testes Absojute Weight 0.195 0.175 a. 199> 0.20S
(21) (23) (21) . (8)
Relative 0.622 0.555 0.660° 0.668P
Spleen Absolute Wefght 0.116 0.091 0.093 0.07s2
(21) (22) (21) (8)
Relative 0.369 0.291 0.310 0.244
- = There was one surviving animal 1n Group S.
8 . Statistskcally significantly different from Control Group 1.
b . sStatistically significantly different from Control Group 2.
C = For details See Appendix XII-A.
() = Numbers {in parenthes{s represents the number of organs weighed.
- Gross Pathology: e
- Histopathology: ’
Non-Tumor

0.1 mg/kg and above- increased atrial thrombosis and vacuolar degeneration of the myocardium; edema, congestion
and/or hemorrhage of the subcutis, liver, lungs, lymph nodes and adrenal glands

Tumor
Overgl) OCcurence and Murigilecirvry of Tumors
Torat
Totael Torail Mgty
Sex Mo les Femalas Moies Fomsies Females
Greup No.® v 2 3 a s 1 2 3 - s
NO., of animals &0 &0 (7] [0 ] &0 80 a0 &0 -1 60 300 299 599
MO, Of mice 25 21 32 29 3 38 37 35 a2 24 20 176 296
with Tumors .
£ of mice - 4y .,6 33.0 33,3 e8.3 2.6 43.3 61.86 S8.3 71.) 0.0 40.0 58.8 49,4
with Tumors
No. Dt mice 19 s 21 2 ° 30 26 2 28 13 1) 120 206
with maligrent : - :
Yumors
£ of mice wietn 31,6 2%.0 3%5.0 33.0 15,0 30.0 43.3 40.0 a7.4a MN.& 8.3 40.s 3a.a
aarignans
Tumors
NOo, Of aice e 4 ? . 2 9 9 s (A 3 2 63 84
with switiple - ’ ==
'wlb ‘
No, of primary - 29 26 39 33 3 &8 53 33 S8 27 142 299 401
] rumors .. R - -
Mean NoO, Of 1.6 1.24 1,22 1,14 1.5 1,79 1,49 1,30 .33 1,13 1.8 1.47 .33
tuaors par
Tumor besrliag
mouse
% For detalis sse Euperimentsi Design Teble ) and Appendix Xiib.
L4 Muiltiple ftusmrg swans agre then one Tuaor type (e one individual, occurrences ©f one hind of Tumoer at
difrerent sivea (either suiticentric or aptesreric rfumors), or multiplie focl of & singis tyoe in one
organ til. 9., 2 Oor sore tlma-.-_ln The caswmery gland) were Counted 88 One tumor
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Prevalence of Most Common Tuzors®:®

Sex . - Males Females
Group No. 3 4
Kunper of Antmals &0

-
Q ~y
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I8
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1S~
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18w

Mazmary Gland (R)
Agenocarc incma
Fibroadencas
Cystaderoms

411 mamnary tumors

Lungs (N)

Alveolar Cel) Carcinosa

Adenoma Alveolar Cell
Adenocarcihoma-Alveolar /Bronchiolar
Total Adenomas & carcinosas

-
»
P 3
[
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Carcinona, hepatocellular
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Uterus (N)
Endometrial Polyp
Leiomyoma
Hesangicma
Lefomyosarcoma
Cystadenoma, Papililary

W
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L

I-lQ-—lﬂqwg

armnal 0of of woowd
—oavul a2l 08 Rnemed ou=nd con?

Sex Nales Females
Group Mo, 2 3
Number of Animals

18-
2]
L3
1B
18w
-
18~
3
4
1

Hematopotetic Tissue éﬂ)
Hematopoietic Tumors

wB
~3
o8
-3
o8
38

g

-

s
~3

Dertived from Appendices V1I-B and XV.

For details of treatment refer to Experimental Design Table I.
c Lymphoma, myeloma and Histfocytic sarcoma.

(N) Numder of mice from which tissues were exanined

-~ Not applicedle

]
b

Excerpt from FDA Statistician Karl K. Lin, Ph.D. Review of this study (Full Text in Appendix)
The data of the two control groups were combined in our analyses. The survival rates at the time of terminal

sacrifice for the control, low, medium, and high dose groups were 28%, 28%, 15%, and 3%, respectively, in males,

and 23%, 23%, 20%, and 2%, respectively, in females. The intercurrent mortality rates were tested for dose-
response relationship according to the method given in the paper of Peto, et al. (1980). The results of the analyses
show that there is a significant positive dose-response relationship in intercurrent mortality rate in both males
(p<0.00001) and femiles (p<0.00001).

The Peto prevalence analysis of incidental tumors given in the paper Peto et al. (1980) using time intervals (in
weeks) 0-50, 51-80, 81-104, and terminal sacrifices was used to test the positive dose-response relationship in 17
tumor/sex combinations. The 17 selected tumor/sex combinations are those tumor types with five or more
occurrences across treatment groups within a sex group. Among the 17 tumor/sex combinations tested, only liver

adenoma hepatocellular in male mice shows significant positive dose-response relationship among the treatment . —

groups (p=0.0085).
- Toxicokinetics:
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Overall Interpretation and Evaluation

- Adequacy of the carcinogenicity studies and appropriateness of the test model:

The dose used in this study (0.1, 0.2, and 0.4 mg/kg; 0.3, 0.6, and 1.2 mg/m?) were lower than what humans
would be exposed to in a clinical setting (12 mg/m?). However the early mortality and body weight decreases
observed in the high dose suggests that the high dose exceeded the maximum tolerated dose. The mid-dose serves
as an aaequate back-up dose. The results of this study indicate that mitoxantrone induces hepatocellular cell
adenomas in male mice.

- Evaluation of Tumor Findings: -
a
APPEARS THIS WAY
ON ORIGINAL
4
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Oncogenic Potential of NOVANTRONE Mitoxantrone Hydrochloride (CL 232,315) After
Intravenous Administration to Mice Every 21 Days for 2 Years (Second of Two Studies) Final
Report (Report 4)

Study Number:83188

Volume Numbers: Volume 51, Page 142 to Volume 59, Page 123

Test Facility: Lederle Laboratories, American Cyanamid Co, Pear] River, NY
Study Date(s): 6/24/1983 to 1/15/1986

Date of Submission 9/30/1986

GLP Compliance/Quality Assurance: Yes

QA Report- Yes (X) No ()

Study Type: 2 Year Bioassay

Species/strain: Mice, Crl:COBS CD-1(ICR)BR

Number of animals per group; age at start of study: 60/sex/dose, 5 weeks of age

Animal housing: Individually in stainless steel wire-mesh suspended cages APPEARS THIS WAY
Drug Lov/Batch nutfiber(s): PC 0345 : - ON ORIGINAL
Drug Purity / Stability / Homogeneity:

Doses:

- Basis of Dose Selection: Previous cancer bioassay 2
- Relation to Clinical Use: Same route and timing of administration "
- CAC Concurrence: Pre CAC

- Restriction Paradigm for Dietary Restriction Studies- None

- Route of Administration: IV

- Frequency of Drug Administration: every 21 days

- Dual Controls Employed: No

- Interim Sacrifices: No

- Satellite PK or Special Study Group(s): None

- Unscheduled Sacrifices or Deaths:

- Deviations from Original Study Protocol:

Ooseb___ NHo. of Animals

Group Compound ng/kg nglmz Male Female
1 Vehicle® o o 60 60
2 CL 232,315 0.01 0.03 60 60
3 CL 232,315 0.03 0.09 60 60
4 CL 232,315 0.06 0.19 60 60

4 pay 0 of the study was June 24, 1983. Terminal necropsy accurred between
July 8, 1985 agd July 16, 1985 (study days 745-753).

b poses, expressed as free base of CL 232,315. - _ 7

€ The vehicle was sodium chloride for injection, USP.

APPEARS THIS WAY
ON ORIGINAL "
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Study Results and Frequency of Monitoring:

Measurenents and

T

Observations When Perforsed Method
Dafly Observations Datly LEDTOX Data
Acquisition Systems
8ody Weights and Food Veekly LEDTOX Data
Consumpt fon Acgquisition System
Physical Examinations Days -7, 28, 56 LEDTOX Data
then monthly Acquisition Systes
Ophthalsoscopic Days -10, 186, Indirect .
Examination 188, 552, 714 Ophthalmoscopy?®
8Tood® Days 166, 264, 271 Department of
Hemogram 101 278 then approxi- Clinical Chemistry
mately every fourth
dosing cycle: 7, 14
i and 21 days postdose
Serun Chemtstry? Day 745 ‘Oepartoent of
Serum Profile 704 - Cltnica) Chemistry
Palpadle Masses Oay 202 then ubrnx Date
monthly to 733 Acquisition System
Urine N Oays 178, 369, LEDTOX Data
ChemvstripS - Sa4 ang 720 Acgquisition System
Urine Cheatfstry 301__
Sacrifice Days 745-753 Department of Experi-

menta) Pathology

; Indirect Ophthalmoscope. American Optical
All samples drawn frow the periortital sinus of unfasted, unanesthetized
animnals.

€ Chemstrip 7. Bio-Dynamics/bmc, Indisnapolfs, Indiane

- Clinical Observations: No effects
- Montality- No effects
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a
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Figure 1. Survival Curves in Male Mice
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Figure 3. Body Weight Curves in Male Mice
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Figure 4. Body Weight Curves in Female Mice
- Food Consumption- No effects
- Ophthalmoscopy: No effects -
- Hematology: No effects
- Clinical Chemistry: No effects
- Organ Weights: No effects
- Gross Pathology: No effects
- Histopathology:
Non-Tumor- No effects
Tumor
Overall Occurrence and Multiplicity of Tumors®
ex Male temale
Group tamber? 1 2 3 4 1 2 3 4
Mmber of Animals 0 & 6 & 60 6 60 &0
Mumber of mice with tumors 25 20 24 5 31 29 29 27
Humber of mice with
malignant tumors 20 10 1a 14 2l 20 15 19
Mumder of aice with
mitiple tumors® [ 3 3 3 s H [} [}
Total mzber of
prissry tumors » 2 2 2 3% M 3B
Mean nutber df primary
tuso~s per tumor
bearing mice 1.20 1.15 1.12 112 116 1.17 1.13 1.18

3 pertved from Figures 9-16.
b For details of treatment, refer to Table i.

€ More than cne tusor type in one mouse. Multicentric tusors counted as one
T tumor; suitiple focf of a singie type in one organ were also counted as one
tumor.

APPEARS THIS WAY
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Prevalence of Most Common Tumors?

Sex i Male temale
Group Number? 1 2 3 a 1 2 3 a
Masmary Gland: (N) 59 60 60 59 60 60 60 59
- Adenacarcinoma 0 0 0 [/} 7 1 3 1 —
tungs: (M) . 60 S9 60 60 60 60 60 60 '><-
- Adenoma, Alveolar Cell 5 5 7 .8 2 5 6 4
- Carcinoma, Alveolar Cell a4 5 5 2 2 & 1 4 =
- Total Tumors 9 10 12 8 a 9 7 8 - o ;
Liver: () 6 6 60 60 6 60 60 60 = &
- Adenoma, Hepatocellular 4 5 2 6 1 1 1 4] —
- Carcinoma, Hepatocellylar 11 4 L 5 3 (1] 0 0 2 g
- Total Tumors 15 9 7 1 4 1 1 0 g
: =
Hemopoictic: () 60 6 650 60 60 60 6 60 =
- Lymphona, Malignant 6 2 2 6 10 8 6 12 o
- Sarcoma, Histiocyttc 0 0 ] o 0 0 0 1 =T
-~ Total Tumors _3 6 2 2 6 1o '8 6 13
Pityitary: (N) — S 58 S8 55 60 58 58 58
- Adenoma 0 [¢] (4] (] 4 3 2 3

€ gerived from Appendix XIV.
Y For detalls of treatment, refer to Table I.

N Numper of mice from which tissue was examined.

Excerpt from FDA Statistician Karl K. Lin, Ph.D. Review of this study (Full Text in Appendix)

The survival rates at the times of terminal sacrifices were 42%, 505, 55%, and 35%, respectively, in males, and
43%, 23%, 42%, and 40%, respectively, in females. These rates were tested for dose-response relationship
according to the method given in Peto et al.(1970). The results of the analyses show that there is no significant
dose-response relationship (positive or negative) in mortality rate in male and female mice (p = 0.5553 and
p=0.9502, respectively).

Eight tumor/sex combinations with five or more occurrences across treatment groups within a sex group were tested
in this study for positive dose-response relationship according to the method of analyzing incidental tumors given in
Peto et al (1980). The results of the tests show that there is no significant positive dose-response relationship in the
eight tumor/sex combinations tested.

- Toxicokinetics:

Overall Int>rpretation and Evaluation _

- Adequacy of the carcinogenicity studies and appropriateness of the test model: .

The doses used in this study (0.01, 0.03, and 0.06 mg/kg; 0.03, 0.09, and 0.18 mg/m?) were lower than
those used in the previous carcinogenicity study. It is not surprising that there were no effects on survival, bocy
weight, tumor incidence, hematology, or other toxicological parameters. Since the highest dose used in this study is
66-fold lower than t# levels to which humans would be exposed in a clinical setting (12 mg/ m?), this study is not
adequate for evaluating the potential carcinogenicity of mitoxantrone to humans. : .

APPEARS THIS WAY
Y GRIGINAL
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Oncogenic Potential of Novantrone Mitoxantrone Hydrochloride (CL 232,315)
Administered Intravenously Once Every 3 Weeks to Rats for 25 Months (Report 7)

Study Number: 81152

Volume Numbers: Volume 59, Page 124 to Volume 74, Page 153 .

Test Facility: Lederle Laboratories, American Cyanamid Co., Pearl River, NY
Study Date(s): 2/26/1982 to 4/30/1985

Date of Submission

GLP Compliance/Quality Assurance: Yes

" QA Report- Yes (X) No ()

Study Type: 2 Year Bioassay

Species/strain: Rat, Crl:COBS CD (SD)

Number of animals per group; age at start of study: One month old rats were used

Dose? No. of Animals
Group Compound mqg/kg nq/iz sale female

1 vehiclgP 0 (] 7 70

2 Vehicie 0 ) 70 7 '

3 €L 232,315 0.00  0.06 60 6 ) APPEARS THIS WAY
] cL 232,315 0.0  0.18 50 60 ; S ON ORIGINAL

5 € 232,m5 0.1 0.6 60 0

* Doses, expressed as anhydrous base of mitoxantrone were
admintstered once every ) weeks,

® The vehicle was 0.8% sodium chloride, 0.2X sodium metadisul-
fite in sterile water (for the first } dosing periods) and 0.9%
sterfle saline for the remainder of the study.

Animal housing: Individually in stainless steel wire-mesh suspended cages
Drug LovBatch number(s): PC 0345
Drug Purity / Stability / Homogeneity:
Doses: .
- Basis of Dose Selection: Chronic studies

Relation to Clinical Use: Same route and timing of administration
- CAC Concurrence: Pre-CAC study
Restriction Paradigm for Dietary Restriction Studies- None
Route of Administration: IV
Frequency of Drug Administration: every three weeks

- Dual Controls Employed: Yes
- - Interim Sacrifices: No

- Satellite PK or Special Study Group(s): None
Unscheduled Sacrifices or Deaths:
Deviatichs from Original Study Protocol:

PPEARS THIS WAY
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Study Results and Frequency of Monitoring:

Observations and Measurements Wnen Performed

. Methog

Genergl Observations Daily

Bods Weight and Food Consumption Weekly

Physical Examination Pretest, Weekly

Ophthalmoscopic Examination Pretest, every
& months

Analystis of Eye and 8lood Day 5§

Cultures for SDA

Hemogran Oay 241-245,
Study Termination

Serua Clinical Chemistry Study Termination

-

Palpadle Mass o | Nonthly after
— first mass de-
tected
Postmorten Exsmination Surviving Males
{Day 752-761
Females (Day 780
-784)
Cytogenetic Evelustion Study Termination

of Bone Marrow

Manual recording up to day
646, then LEDTOX Data
Acquisition Progras

LEDTOX Datas Acquisition
Progran

LEDTOX Oata Acguisition
Program
Indirect om-ml-oscn}
Serology

Parforeed by the Clinical
Pathology Lad. Dept. 973
Method Code 101 .

Performed by the Clinica)
Pathology Lab. Dept. 973
Method Code 704

LEDTOX Data Acgquisition
Progran

Described in G.T. 2: 196~
810 (1984)

- Clinical Observations:

- Mortality- Increased mortality at 0.1 mg/kg

r Survivd - Wides
|
0.8 1
o
£
2
£ 66
-]
(7]
8
§ 0.4 G-oup
& Controt
lew
0.2 4 . !u_ -
ooh
S N tslorical
o 0o z;o l;o .f" ;'W
. Days
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male and 0.03 mg/kg in females
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- Food Consumption- Decreased food consumption in males at 0.1 mg/kg/day
- Ophthalmoscopy: No effects
- Hematology: No effects
Clinical Chemistry: No effects, but sampling was only done at study termination
- Organ Weights: Orgzn weights not available for high dose males ,

Relative organ weights (percent of control)

0 mg/kg 0.01 mg/kg 0.03 mg/kg 0.1 mg/kg
M F M F M F M &
Kidpey 0.869 0.728 | 0.879 0.839 | 0915 0.825 | —— l.1_02
(101) (115) | (105) (113) (151) )
Heart 0.359 0.339 | 0.356 0.389 | 0.428 0.392 | ——- 0.447 |-
99) (115) {(119) (116) (132)
- Gross Pathology:
- Histopathology:
Non-Tumor- Sponsor attributed early deaths in the 0.1 mg/kg males to glumerulonephritis
Sox . Males: Femaies
Grous No,® 3 12 3 4 3 Pvaive® 1 2 3 & S P toiue
Number of Animsis J0 70 & 50 60 Hetero- Trend 10 70 60 60 60 wetero- Trena
Tissve IN) ang Fingings qeneity Jene- Ty
Neart (N) 70 70 60 &0 60 6 70 58 60-60
Accus, Mono, Ceis 10 3 1 4 13 ,0017 D828 8 1 6 5 2 L3938 E187
Mineralization Myocardius 8 8 2 4 35 0000 L0008 2 2 0 2 6 ,02%3 031297
Fibrosis S} 43 a5 %a &9 ,0062 00031 YO 40 29 29 3y 02%2 0378
iscuptation $7 43 43 %3 &2 ,0DOSO LH0169 3 43 )3 33 1 0918 «SCWC
Aorta (N) 70 65 60 &0 60 68 70 38 60 &C
Diiararion t 0 2 t 16 .0001 00008 0O 10 4 1 8553 . 6322
Myslinizarion, Media 3 6 12 19 27 .000) 00005 3 6 2 S 6 .88 « 533ia
Minerstization 3 6-6 9 25 000! LOOOOS 4 &4 ' & Y 083 O37¢a
Parathyroi3 (N) " &7 67 & 59 €0 6 7 58 58 60
Hyperplosia 29 38 35 37 s3 0000 LHOO000S 28 19 15 2¢ N D102 00231 -
Stomach (N) 70 69 590 60 S8 68 TO 358 60 60
Mineral ization Mucoss 4 10 7 9 24 0001 L0005 4 ¢ 3 & 7 3800 03402
Minerpiization Muscularis 3 3 3 3 19 0000 00005 2 2 O 2 7 .0088 00568
Erosion Mucosa 0 & 2 ? T 1932 J8130 2 S L] e 1V 0142 00248
Ulceration S 10 6 & 2 933 $6%2 0 3 3 3 6 247 1856
Thymus (M) 61 56 53 36 45 57 S2 39 47 &9
Lymphoid Ogplerion ¢ 0 0 0 f . 0o 0 ¢ I 0 e
1avoiytion 36 44 33 4% a3 0089 O0187 20 2 21 20 30 0407 20972
Kidney (N) 70 70 60 60 % ) 69 70 %8 60 80
Hydronepnresis ? 7 & 3 & 586 L3996 4 13 6 8 it L7 29653
Perivesc, Mono, Ceils 61 38 30 34 &9 0852 D294 32 35 24 38 37 0103 ~0755
Myslinized Glomeryll o + © 0 6 ,ooof 0027 0 0 ©0 O O * U
Pyelitis Suppurative 35 -3 0 2 o0 268 L8757 3 3 5§ 4 2 5332 51687
Chronic sla-ﬂn‘- .
aspnritis 62 82 33 39 S35 0107 LHO0111 S3 83 31 42 58 012 «0020¢
Focal Mineratizarion - . :
Renp! Peivis s 0 3 ! 878 «58203 26 30 17 17 1§ 7 +399%9
Sone fFenur (N) 6 89 80 58 %9 6 88 57 35 60 .
Osreociestic Resorprica 14 13 11 13 40 ,000! 00008 2 I ] 5 12 0003 20008
I Oerivec from Avpensin X1V ' - .
® For cetaiis of treatment ruter ¥o Taple | .
€ snalyzed ysing procedurs sascrided by Pero(15), ASTerisxs iadicate TRat values are nor
given Mhere DecIUse SOTH 30ses NAve B8 ToTal of 3 or lass affecTed ouu-s. The two contros .
grouns (Mos, ! 3nro 2) are sn3ivsed fOgQerner,
AcCum, Mono, Catls » Accomuiation Of @OnNORyciIger <9!ils :
Parivest, fong, Coils = PerivasZular SCCuliaTion of anronucies” Eally -
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Tumor

Overall Occurrence and Multiplicity of Tumors

Sex Males Females
Group No.® I 2 3 4 3 T 2 4
Number of Anfmals - 720 70 60 60 60 69 70 59 80 60

No. of Rats with Tumors 55 51 45. 46 35 68 66 55 —54 56
% of Rats with Tumors  7B.6 72.9 75.0 76.7 58.3 92.8 94.3 93.2 $0.0 93.3

No. of Rats with -
Malignant Tumors 12 4 9 16 13 I3 14 13 6 19

X of Tumor Bearing Rats )
with Malignant Tumors 21.8 7.8 20.0 34.8 37.1 20.3 21.2 23.6 1l.1 33.9

No. of Rats '“hb .
Multiple Tumors 28 18 18 19 12 9 45 37 35 41

Number of Primary Tlll!;rs_ 95 7 &7 79 §1 147 138 120 103 121

Mean Number of <flmors
per Tumor Bearthg Rat 1.73 1.51 1.49 1.72 1.46 2.30 2.09 2.18 1.91 2.)6

-

: For details of treatzment. see Table |
Multiple tumors means wore than one tumor type in one individual. Occurrences of
one kind of tumor at different sites (either multicentric or metastatic tumors) or
multiple focl of & single type in one organ (e.g. 2 or more fibroadenomas in the

mammary gland) were counted as one tumor. Adenomas in different glands of one
anipal are separate tumors: by definition, adenomas do not metastasize.
Adenocarcinomas in different organs are primary to those organs unless the
designation "secondary”™ (Appendix XIX) indicates arrival by metastasis.

Praveience 3! wost Common Tumors?
Sex nytes fomaios
Grous Numper® 1 2 03 a2 s P vaive® 12 3 &8 8 ? vaue
I -7 ngrero- Treag Hgrero~ Trenc
Tissue (N) ang Tindings qere:ry senei rv
Suia (N) - 69 69 60 0 59 2 10 38 60 €0
Zerernat Auaitorv Canas 2 O 1 3 8 0005 00004 O 3 O 1 8 9001 ,500GS
Carc.nome Soudmows SO 6 o0 1y o . hd o o0 0 o0 3 . -
Fidrosarcoms o 0 0 o0 2 . b4 o o o0 1+ 2 . .
F ibrosa T e 2 2 & 2604 .51908 1 6 0 0 & ,000% 00006
Lroona H 1 [} 1 0 9529 56812 0 3 ) TLM70 54523
mawnyry Glana™ (M) 30 33 26 33 34 &7 &8 %1 335 S3
Adenocarciacma o 1 ] o 1 2949 0070 &6 -5 B 3 3 0703 855068
Carcinony o ¢ 0 o O * A 2 3 0 0 v 08 88736
Adencnas e 0 ' 0 O .35 STN2 19 8 7 9 4 3309 84465
Fibroms ‘ 1 0 0 0 © . hd 5 o o o t . hd
£ ibroscenans o t 0 o 0 .28 33499 26 22 8 18 A8 N 13247
Lipona o 0 0 o0 O hd L4 t 92 0 v 23 . .
Thyrpid M) 69 69 60 %0 6 7 58 55 &
Aceacns s« 3 3 3 2 9018 MA9I34 3 2 3 Vv O N6 B35
Carcinoms t 0 0 v 3 L4 L4 o 1« 1 0 O b4 .
Agenams Paratollicuter 5 ¢ 2 ¢+ 0 % S1700 15 3 Y 6 2 L3733 91005
Carcinoma, Perafolticuipr 0 0 O 2 ¢ . hd a 1 o’ o o hd L
Paratryroia (N) 67 8 6 39 B0 6 7 38 38 &
Adencms ¢ ¢ 0 o t - ° o 1 0" 1 0o - i
3 De~ived from Agpend:x XIV
® for cereits of rrearmear rater o Tania !
€ Adstyzed us:ng srocedure described ov Pero (15). Asrerisks indicare "mat values e “OT Jiven
Nere DOCOUSE One OF DOTA Sones Nave 3 TOTALI of 5 O 1683 ptiecTad misais. The 7eo conv-os
Froups (NO3. | end ) are sraiyZed rogether, .
(M) usder Of rave Irom wnich Pissud <43 SRIRcned
NA NMOT 290:CHDIQ '
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7

Prevalenca of Mest Comson Tusorey® |

Sex Males Fengins
Group_Mumber® -7 1 2 3 &8 3 Prvaiwe® 1 2 3 3 3 ® vaive
Wetero~ Trens wetero~- frano
Qeneiry geneity

Liver (M) 49 70 60 &0 3 6 10 58 59 60

Carcirnome mepavoceliviar 0 1 * ] o o o L4

Cho:angrocsrc-nose - 2 9 9 O L4 4 o 0o 0 ' o * T

Pancreas (M) 68 63 39 80 BN & T 57 58 &0

sster Catl Tumor 19 8 6 5 2 %92 .93 7 S 6 3 5 Jne 16790

Thyaus/Lyion Node (N) 6! 36 32 %6 &8 57 St 39 47 &

Levkeni1a Granulocy®tsC t [ ] T 0 2 L4 L o o 2 1 © L L4

Lysphams 1 ¢ 3 ' 0380 ,30017 ¢ ¢ 2 0 O .13 88322

Thymone [ I t 0 O ¢ - @ o 1 0 0 o ° L4

Soteen (N} 0 70 60 60 59 4 20 357 SS9 60

Loukess s, Granylocytic L I I Y B 4 . o o 3 1 o i .

Lyaphans " 0 3 3 O .078.338 0 0 1 O .0 174y 15807 :
b

Agrenst Glangs (M) 2 67 1 59 60 W 70 65 7 &0 60 = -

Carcinons, Corves ™ 1 0 1 @ 1 e * 2 1 1 0 0 o o wn <

Mequi 1ary fumor S 8 3 8 3 ,0)%4.04217 1 2 0 2 3 3808 28270 T =
— C.

Testes (N) 70 70 6 9% % . L

tavgraritial Catt rymor 2 ' 2 [] ] JATY 24796 MA NA MA NA NA =~ o C

Piruitary Glaag (M) 65 66 37 60 57 69 & 57 3% S8 ) 5 -z

Aqencaa 35 37 28 28 9 .05 99808 38 35 31 48 4% 7135 6477 o <
Q.

Bone Marrow (M) & 70 60 59 6 10 3 B 59 g

Lympnana 1 0 2 3 0o L1487 33690 O O 1t 0 O 1870 8017

Lewkomr s, GrenuiocCytic o ' v o0 1 . . a 0 1 1 e . .

———————m

Derived trom Appenden XSV -

® ror gereils of treatmenr rerer to Tadle ¢

€ anatyrec us:ng Brocedure described dy Aere (131, ASTerisks iadicate *Ret veiues are not given
REre DECIVSe One Of DOTH sexws have § roral of 3 or tess sftected aninsis, The rwo contror
7rouns tNOS,. ) eng 2) ere snalyiea TOgerner,

IN) YumDer O! rars Prom «h:cn T:35ve vdS CEO%:0eT

NA NOY applicsbie

Excerpt from FDA Statistician Karl K. Lin, Ph.D. Review of this study (Full Text in Appendix)

The data of the two control groups in this study were combined in the reviewer’s analyses. The survival rates at the
times of terminal sacrifices for the control, low, medium, and high dose groups were 29%, 37%, 18%, and 0%,
respectively. In male rats, and 54%, 30%, 33%, and 155, respectively, in female rats. The intercwrent mortality
rates were test»d for dose-response relationship according to the method given in Peto et al. (1980). Thereisa |
significant positive dose-response relationship in both male and female rats (both with p < 0.00001). The high dose
male rats show much higher mortality rates than those of the male rats in other groups during the second year of the
study. There is no male rat in the high dose group survived at the end of week 106 for terminal sacrifice.

The Peto prevalence aralysis of incidental tumors given in the paper Peto et al. (1980) was used to test the positive
dose-response relattbnship in 11 tumor/sex combinations. The 11 selected tumor/sex combinations are those tumor
types with five or more occurrences across treatment groups within a sex group. The test results show a significant
positive dose-1esponse relationship in skin external auditory canal in both male rats (p=0.00071) and female rats (p-
0.000005), and in skin fibroma in female rats (p=0.00006). The results also show a significant negative dose-
response relationship in pituitary gland adenoma in male rats. The excessive mortality rates of male rats in the high
dose group could have different effects on the above significant positive and negative dose-response relationships in

- male rats If the mortality rates of male rats in the high dose groups are lower so that there were animals survived at

the end of week 106, some of those male rats may be found to bave skin extermal auditory canal tumor, or pituitary
gland adenoma during terminal sacrifices. This will make the significant positive dose-response relationship in skin
external auditory canal tumor more significant, and the significant negative dose-response relationship in pituitary

gland adenoma less significant in male rats.
- Toxicokinetics: Not done
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Overall Interpretation and Evaluation

- Adequacy of the carcinogenicity studies and appropriateness of the test model:
The high dose in this study (0.1 mg/kg, 0.6 mg/m’) caused significant early mortality and body weight decreases in
male and fernale rats. Although this dose is below the proposed clinical dose (12 mg/m?), it is above the maximum
tolerated dose for rats. The middle dose was (0.03 mg/kg) was about one third the high dose - .d represents an
adequate back up dose. This is an adequate carcinogenicity study.

Evaluation of Tumor Findings:

An increase incidence of external auditory canal tumors was observed in both male and female rats at 0.3
mg/kg. An increase in skin fibromas was also observed in female rats at 03 mg/kg.

Overall Summary:

1.
2.

3.

Mitoxantrone was tested for carcinogenicity in two mouse studies and one rat study.

In the first mouse study, an increase in the incidence of hepatocellular adenoma in male mice at a dose
of 0.1 mg/kg (0.03 fold the recommended human dose, on a mg/m’ basis).

No carcinogenic effects were observed in the second mouse study, however the doses used in this
study were below the maximum tolerated dose so that this study could not be considered an adequate
test of_'farcmogemc potential.

In thezat study, an increased incidence of external audnory canal tumors and fibromas was observed at
0.03 mg/kg (0.02 fold the recommended human dose, on a2 mg/m? basis).

In a chronic one year toxicity study in which rats were treated every 21 days (sce page 26), 5/24 female
rats in the 0.3 mg/kg group had auditory canal tumors. In addition, 1/17 female rats in the 0.6 mg/kg
group bad auditory canal tumors, despite high early mortality (all rats had died or were sacrificed by
week 42 of the study). Finally, 1/18 male rats in the 0.3 mg/kg group had auditory canal tumors,
despite high early mortality (all rats had died or were sacrificed by week 45 of the study). The higher
doses in this study had very high early mortality so that only a few rats reached the six month
timepoint.

Mitoxantrone is genotoxic in bacterial and mammalian test systems (both in vivo and in vitro) (see
genotoxicity section below). '

Mitoxantrone is a topoisomerase II inhibitor. Topoisomerase II inhibitors, in combination with other
antineoplastic agents, have been associated with the development of acute leukemia in humans.

Since mitoxantrone was carcinogenic in experimental animals at doses below the proposed clinical
dose, mitoxantrone has the potential to be carcinogenic in humans.

Addendum list: .

APPEARS THIS WAY
ON ORIGINAL
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Addendum 1
Histopathology Inventory for IND #

Study T 4
Species Mouse | Mouse

Adrenals
Aorta
Bone Marrow smear

liGall bladder
{[Gross lesions
Hardenan gland
Heart
Hyphophysis
lleum
Injection site
ejunum

APPEARS THIS WAY |G { '
g APPEARS THIS WAY
ON ORIGINAL o — ON ORIGINAL

Liver
Lungs
Lymph nodes, cervical
Lymph nodes mandibular
Lymph nodes, me<entenc
Mammary Gland

[Nasal cavity

[{Opuic nerves

[fOvanes

Pancreas
Parathyroid
Penipheral nerve
Pharynx

Pituitary
Prostate

\
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Seminal vesicles
Skeleta! muscle
Skin
Spinal cord
Spleen
¥ Sternum
Stomach
Testes
- - . Thymus
[Thyroid
Tongue
rachea
Unnary bladder
Uterus
Vagina
[Zymbal gland
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REPRODUCTIVE TOXICOLOGY:

CL 232,315: Effects of Intravenous Administration Upon Reproductive Function
and Fertility in the Rat (Report 143) -
Study No: and number: 15167

Amendment #, Volume # and Page #: Volume 30, Page 1-343
Site and testing facility:

GRP compliance: A

QA- Reports Yes (X) No (): _ PPE

Lot and batch numbers: PC 0345 0 NAg s THIS WAY
Protocol reviewed by Division Yes () No (): RIGINAL
Methods:

- Specxef train: Rats, Sprague-Dawley
- Doses cmployed 0.0033, 0.01, 0.03 mg/kg
- Route of Administration: IV

- Study Design: =,
Rurbetr Dbeervationy
: per 1 2yt nd
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sscrificy afeer
greacy of F
hutntzu eo’- —-
fireed _
F r Y} 0.4013 dilly for 15 days  OF; ESY: B £C;  day 2l of erass; reproductive
° [ B ) before pairisg, ¥l: MC; st fancy pres lnel‘ ’:\I'ltl
: .03 throwgh suting (skeleta) an¢ viscera)
. prrisd, ans entil . . evalmatiea)
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of prejninty
14 0.0031 dadly far 15 days Q25 EST; BN, FC3  day 25 postoartm  qross
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0.0 through sating of pregrancy
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ntny at say 25  tion, htm sad
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¢ e sty m]md coutrel groups WAiCk recelvesd vinicle.
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26 rats/sex/group of the F1 generation were randomly selected and mated at 9 to 10 weeks of age. The resulting
litters were assessed for fertility, terata, and effects on development of the F2 generation.
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- Clinical signs: no clinical signs, Decreased WBC at 0.03 mg /kg in males and 0.01 mg/kg in females

I ’ WBC Counts

oF e " APPEARS THIS WAY
ON ORIGINAL

. WBC Count (x10*3/mi)

- Moﬂalﬁ: 2 control males died prematurely; no deaths in treated rats

- Body weight: 0.03 mg/kg females had reduced body weight gain during gestation

- Food consumption: No Effects

- Toxicokinetics: Not done ' =,

- Fertility in Males '

- In-life observations: no effects on pre-coital interval, mating performance, conception rate or
fertility index

- Terminal and Necroscopic evaluations: slight decrease in absolute and relative weights of
epididymidies at 0.03 mg/kg (6 and 7%, tespectively)

- Fertility and Early Embryonic Development in Females

- In-life observations No effects on estrus cycle regularity or female fertility
- Terminal and Necroscopic evaluations: No effects on incidence of terata or on litter sizes
- Embryo-fetal Development
- In-life observations:
- Terminal and Necroscopic evaluations:
- Dams: no effects on ovulation
- Offspring: no effects on implantation, survival, growth and development in utero
- Prenatal and postnatal development, including matemal function
- In-life observations:
- Dams: no effects on maternal behavior; Slight decrease in maternal weight (96% of
control weight) on Gestation Day 21
- Offspring: litter size at birth was reduced in females receiving 0.03 mg/kg (11.8 vs 13.3
in controls, 87% of control), but subsequent viability was unaffected and post- natal
development; no effects on post natal development or survival
- Terminal and Necroscopic Evaluations:
4 - Dams:
- Offspring: -
Summary and Evaluation:

1. ‘There was a dose dependent decrease in white blood cell count in mitoxantrone treated rats. The white
blood cell count at 0.03 mg/kg was 53 and 59% of control values in males and females, respectively.
This suggests that the doses used in this study were sufficient to cause slight toxicity in the FO

_ generation.

2. Only minor decrease in litter size was observed at 0.03 mg/kg, however subsequent development was
unaffected. Physical and behavioral development were unaffected by mitoxantrone.

3. No effects on the F1 generation fertility or development of the F2 generation were observed.
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A Teratology Study (Segment l) of CL 232,315 Administered Intravenously to
Pregnant Rats (Study 146)

Study No: and number: 80145

Amendment #, Volume # and Page #: Volume 31, Page 72-178

Site and testing facility: Lederle Laboratories, American Cyanamid Co, Pear] River,;NY
GRP compliance: No

QA- Reports Yes (X) No ():

Lot and batch numbers: PC 0345

Protocol reviewed by Division Yes () No (X):

Methods:
' - Species/strain: Rats, Crl:COBS CD (SD)
- Study Design:
- Daily ®»
Dose Mated

Grou Trestment™ (mg/kg) Females

1 vehicle® ) &4
11 cL 232,315 0.05 22 -
111  CL 232,315 0.10 22

22 APPEARS THIS WAY
ON ORIGINAL

v CL 232,315 0.20

S2Administered incravenously, once
daily, on day 6-15 of pregnancy, at
a dosing volume of 1 ml/100 g of
body weight.

"Fenales were cohoused with males
(i1:1) until mating was confirmed by
the presence of a copulatory plug.
This day was defined ss day O of
pregnancy.

©Normal saline 0.9% (sodium chloride
injection, U.S.P.).

- Parameters and endpomnts evaluated: i
Procedure Subject Days(s) of Pregnancy

Selection T Females Prior to mating

Randomization Dams Prior to day §

Body weight measuflement Dans 0, 6, 10, 13, 16 and 21 B

Fetuses 21
. \\

Food conBumption measurement Dans 0-6, 6~-10, 10-13, 13~-16, and : e - R
16~21

Conpound preperation . 6~15

Coupound administration Dans 15

Adjustoent of dose . eee.. . 10, 13

Clinical observations Dams "0, 6~16, 21 and additionally as
required . -

Sscrifice and postmsortes Dams 21 . .

exanination N . P ’

Cross external exaaination Fetuses 21

- Statistical evaluations:
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