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Therapeutic drug monitoring (TDM) is widely applied to a variety of medications, including antibiotics, im-
munosuppressants, and antidepressants, but the clinical utility of TDM for anticancer agents is currently limited by
several factors. The primary reason is the poorly-defined concentration-effect relationships for most anticancer drugs.
TDM has the potential to improve the clinical use of anticancer agents. This paper reviews the relations between the
pharmacokinetics of a new anticancer agent, amrubicin, and the clinical response and toxic side effects in patients. The
plasma concentration of amrubicin peaked immediately after a bolus intravenous injection of the drug and declined in a
biexponential manner thereafter, whereas that of C-13 hydroxy metabolite amrubicinol also peaked just after amrubicin
injection but decreased more gradually compared with that of amrubicin. The apparent total clearance of amrubicin
showed a large interindividual variability, despite adjustment of dosage for body surface area. Leukocytopenia of
grades 3 or 4 occurred in most patients, and thrombocytopenia and anemia of grades 3 or 4 were also common. Since the
area-under the curves of amrubicin and amrubicinol seemed to be associated with the severity of hematological toxici-
ties, it is thought that the plasma concentration of amrubicin and amrubicinol may provide useful information for estab-
lishing the optimal dosage of amrubicin in each patient.
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Fig. 1. Chemical Structures of Amrubicin and Amrubicinol
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Table 1. Patient Characteristics
. Disease
Pelllt(l)efnt ( yAegfs) Sex ]?,ﬁ% per forElCar?cCe} status Histology y 151?52 x?ttry Previous therapy
1 67 M 1.39 2 NSCLC v Vinorelbine
Gefitinib
2 63 M 1.50 1 SCLC I1Ib Surgery
Cisplatin +irinotecan
Carboplatin + etoposide
Carboplatin +irinotecan
3 76 M 1.80 SCLC v Carboplatin +etoposide
71 M 1.51 2 SCLC IlIa Radiation
Cisplatin + etoposide
Topotecan
Paclitaxel
5 52 M 1.72 2 NSCLC v Surgery, radiation
Gemcitabine + vinorelbine
Docetaxel
Gefitinib
6 67 M 1.37 1 SCLC v Radiation + cisplatin +etoposide

ECOG: Eastern Cooperative Oncology Group, BSA: Body Surface Area, M: Man, NSCLC: Non-Small-Cell Lung Cancer, SCLC: Small-Cell Lung Cancer.
ECOG performance status, these scales and criteria are used to assess how a patient’s disease is progressing, assess how the disease affects the daily living abilities
of the patient, and determine appropriate treatment and prognosis. 0: Fully active, able to carry on all pre-disease performance without restriction. 1: Restricted
in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house work, office work. 2: Ambulatory and
capable of all selfcare but unable to carry out any work activities. Up and about more than 50% of waking hours. 3: Capable of only limited selfcare, confined to
bed or chair more than 50% of waking hours. 4: Completely disabled. Cannot carry on any selfcare. Totally confined to bed or chair. 5: Dead. Disease Stage:
Classify the extent of disease. Stage 0: Cancer in situ (limited to surface cells) . Stage I: Cancer limited to the tissue of origin, evidence of tumor growth. Stage I1:
Limited local spread of cancerous cells. Stage III: Extensive local and regional spread. Stage IV: Distant metastasis.

Table 2. Hematologic Toxicities in Previously Chemotherapy-treated Patients Treated with Amrubicin at
a Dosage of 45 mg/m? per Day for Three Consecutive Days

Leucocytopenia Neutrocytopenia Thrombocytopenia Anemia
Patient 1 Grade 4 Grade 4 (6 days) Grade 4 Grade 3
Patient 2 Grade 2 Grade 3 Grade 1 Grade 1
Patient 3 Grade 4 Grade 4 (8 days) Grade 4 Grade 3
Patient 4 Grade 3 Grade 4 (2 days) Grade 1 Grade 2
Patient 5 Grade 4 Grade 4 (10 days) Grade 4 Grade 3
Patient 6 Grade 3 Grade 3 Grade 1 —
% of > 3 toxicity 83% 100% 50% 50%

Dash (—) means that no hematologic toxicity was observed. The duration lasting the toxicity was in parenthesis. Grades refer
to the severity of the adverse event. NCI-CTC version 2.0 displays Grade 1 through 5 with unique clinical descriptions of severity
for each adverse event based on this general guideline: Grade 1: Mild adverse event, Grade 2: Moderate adverse event, Grade 3:
Severe adverse event, Grade 4: Life-threatening or disabling adverse event, Grade 5: Death related to adverse event.
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Fig. 2. Plasma Concentration-time Curves of Amrubicin (@) and Amrubicinol (A) in Patients Treated with Amrubicin

Blood samples were collected at 0.5, 1, 2, 4, 8, and 24 hr.

Table 3. Pharmacokinetic Parameters of Amrubicin and Amrubicinol after the First Administration of Amrubicin at a Dosage Rang-
ing from 30 to 45 mg/m? per Day
s Amrubicin Amrubicinol
Al(‘:ll'lcl)“;l;)lgln No. of AUC ratio
(e /) patients Total AUC max CLagp Total AUC Copax (%)
g (ng + h/ml) (mg/ml) (/h) (ng + h/ml) (ng/ml)
45 6
Mean+=SD 13490+6854 3407+2613 15.4+8.3 2585+1671 94+56 17.9+4.7
(CV, %) (50.8) (76.7) (53.9) (64.7) (59.8) (26.3)
Range 5319-23802 979-6927 6.3-28.9 644-4640 32-163 11.9-22.5
40 3
Mean+SD 16706* 486912444 8.8+2.6 4097* 333139 17.5+£3.9
(CV, %) (46.1) (29.1) 41.7) (22.6)
Range 14276-19135 2584-7069 6.5-11.6 39764219 200-477 14.3-21.9
35 3
Mean+SD 13447 +4195 3349+2051 10.6+£2.7 2325+468 162+131 12.2+1.5
(CV, %) (31.2) (61.2) (25.8) (31.2) (80.9) (11.9)
Range 9707-17983 1104-5126 7.5-12.8 1869-2805 51-306 11.3-13.9
30 4
Mean +SD 10262+2104 1867 +1200 12.7£6.1 15144263 87+40 11.2+3.0
(CV, %) (20.5) (50.1) (48.0) (46.0) (46.0) (26.8)
Range 8058-12838 621-3330 7.3-20.7 1269-1858 56-146 14.1-16.6
Grand 16
Mean=+SD 12.6+6.3 15.1+4.6
(CV, %) (49.8) (30.8)
Range 6.3-28.9 11.3-22.5

The AUC ratio refers to the ratio of the AUC,_,, of amrubicinol to that of amrubicin. * Treatment stopped after the second daily dose in one patient due to tox-
icity. The value represents mean value.
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Fig. 3. Relationship between Area under the Curves (AUCs)
of Amrubicin and Amrubicinol in Patients Treated with Am-
rubicin for 3 Consecutive Days (Spearman’s Correlation
Coeflicient=0.826; r=0.903, p<0.0001, Univariable Linear
Regression Analysis)
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Fig. 4. Relationship between Body Surface Area (BSA) and
Apparent Total Clearance (CL,,,) of Amrubicin in Patients
Treated with Amrubicin at the Dose of 30 to 45 mg/m?
(Spearman’s Correlation Coefficient=—0.493, r=0.402, p
=0.137, Univariable Linear Regression Analysis)
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Fig. 5. Distributions of Total AUCs of Amrubicin (O) and Amrubicinol (A) as a Function of Hematologic Toxicity Grades in
Patients Treated with the First Cycle of Amrubicin
Patients were grouped according to whether they experienced low or high hematologic toxicities, as indicated. Horizontal bars represent the median total AUC
values for each group.
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Fig. 6. Relationship between AUC and Clinical Response
Points represent the observed AUC of amrubicin (O) and amrubicinol (A) values for individual patient. PD: progressive disease, SD: stable disease, PR: par-
tial response.
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