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Once-Weekly Epoetin-Beta Improves Hemoglobin Levels in
Cancer Patients with Chemotherapy-induced Anemia:
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Objective: To determine a recommended dose of once-weekly epoetin-beta administration for
anemic cancer patients receiving myelosuppressive chemotherapy, we conducted a muiticenter,
randomized, double-blind triat.

Methods: A total of 86 patients with malignant lymphoma or lung cancer who received chemo-
therapy containing platinum, taxanes or anthracyclines were enrolled in the study. Patients were
randomly assigned into groups that received three dose levels of epoetin-beta (3000, 18 000 or
36 000 1U) administered subcutaneously once a week for 12 weeks. The primary endpoint was
change in hemoglobin, while the secondary endpoints were quality of life (QOL) assessed by
Functional Assessment of Cancer Therapy-Anemia (FACT-An)} questionnaire and transfusion
requirements,

Results: Among the 69 patients (per protocol set population} assessable for efficacy, hemoglobin
level change in the 36000 U group was significantly greater than that in the 9000 (U group
(1.75 £ 2.15 versus 0.04 £ 1.98 g/dl; P = 0.009}, and a significant dose-response telationship
was observed for the change in hemoglobin level (P = 0.003). Although changes in FACT-An Total
Fatigue subscale (Fatigue subscale) scores were similar for the three dosage groups, there was a
statistically significant correlation (r = 0.435, P < 0.001) between the change in hemoglobin levels
and the change in Fatigue subscale scores. The proportion of transfused patients was significantly
smaller in the 36 000 U group compared with that in the 9000 U group (P = 0.022, not adjusted
for pre-study transfusions). The incidence of adverse events was similar in the three dosage
groups.

Conclusions: Once-weekly epoetin-beta 36000 1U for 12 weeks was well tolerated and
significantly increased hemoglobin levels in anemic cancer patients receiving chemotherapy.
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INTRODUCTION

Erythropoietin (EPO) is a glycoprotein (MW 30000) which
is the hematologic growth factor produced primarily in the
kidney. EPO interacts with erythroid progenitor cells in the
bone marrow to increase the peripheral red blood cells (1).
Epoetin-beta is recombinant human erythropoietin (rhEPQ)
(2), which was introduced clinically in the 1990s for the
treatment of anemia associated with chronic renal failure, espe-
cially in patients receiving hemodialysis.

Cancer patients treated with chemotherapy often suffer from
anemia, which is a major contributing factor to fatiguc leading
to compromised quality of life (QOL) (3,4). In addition, the
prescnce of ancinia is associated with shorter survival of
patients with malignancies (5). Red blood cell transfusion is
the traditional and quickest method of alleviating symptoms of
cancer-related anemia. However, the side effects of transfusion
such as viral infections have not been completely resolved.
Patients tend to decline transfusions, and physicians do not
prescribe them in most cases until the hemoglobin levels
become <8.0 g/dl. The administration of rhEPO is another
choice for the treatment of chemotherapy-inducted anemia.
Numerous studies on anemic cancer patients receiving
chemotherapy have demonstrated that thEPO increased
hemoglobin levels and reduced the need for transfusions,
and some studies reported improvements in QOL as well
(6-11). The schedule of ThEPO administration in most trials
was three-times per week. This schedule is inconvenient for
outpatients receiving chemotherapy. Gabrilove et al. (10) stud-
ied a weekly fixed-dose schedule using 40 000-60 000 1U of
epoetin-alfa in cancer patients with anemia. The efficacy was
comparable with data on the historical regimen of 10000 U
three-times weekly. Cazzola et al. (12) compared the cfficacy
and tolerability of epoetin-beta 30000 IU once-weekly with
that of a 10000 IU three-times weekly regimen in patients with
lymphoproliferative malignancies. Their study showed that
the once-weekly regimen was as effective as the three-times
weekly one in increasing hemoglobin levels and reducing
transfusion requireiments.

We therefore conducted a multicenter, randomized, double-
blind, dose-finding trial of once-weekly epoetin-beta treatment
of malignant lymphoma and lung cancer patients receiving
platinum-, taxane- or anthracycline-containing chemotherapy.
These chemotherapy regimens are the most active and fre-
quently used for the treatment of these malignancies and also
produce relatively high incidences of anemia (4). According to
the results of this trial, a recommended dose of epoetin-beta
was determined for thc subsequent randomized placebo-
controlled phase III trial in Japan.

PATIENTS AND METHODS
PATIENT ELIGIBILITY

Patients with histologically or cytologically confirmed malig-
nant lymphoma or lung cancer fulfilling the following criteria
were enrolled in the study. (i) Age 20-79 years; (ii) Either
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platinum-, taxane- or anthracycline-based chemotherapy was
administered, and more than 2 courses of chemotherapy
were scheduled during the study (radiotherapy during the
study period was permitted); (iii) Hemoglobin < t1 g/dl
after chemotherapy administered within 6 weeks before
the study, without iron-deficiencics; (iv) Adeguate hepatic
and renal function (serum total bilirubin < 2.0 mg/dl; serum
AST < 801U/, scrum ALT < 801U/ serum creatinine < 2.0
mg/dl); (v) Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0-2; (vi) Life expectancy of at
least 12 wecks. Exclusion criteria included uncontrolled hyper-
tension, gastrointestinal bleeding, and a known history of
myocardial infarction, cerebral infarction or pulmonary
cmbolism. Paticnts with known hypersensitivity to rhEPO
and previous treatment with rhEPO within 4 weeks before
the stmdy werc also excluded. Female patients who
were pregnant were not eligible. Written informed consent
was obtained from all patients before entry into the study.

STUDY DESIGN AND TREATMENT SCHEDULE

This study was a multicenter, randomized, double-blind,
paraliel-group comparative trial. The study protocol was
approved by the institutional review board for each of the
11 participating centers in Japan. Epoctin-beta was supplied
by Chugai Pharmaceutical Co., LTD (Tokyo. Japan).

Enrolled paticnts were randomly assigned to receive one
of the three dose levels of epoetin-beta (9000, 18000, or
36000 IU). Randomization was prospectively stratified
according to age, PS, disease (lung cancer or malignant
lymphoma) and institution. Subcutancous injection of
epoctin-beta was started at the beginning of the subsequent
chemotherapy course and continued, thereafter, once a week
for 12 weeks. If the hemoglobin fevel increased to more than
14 g/dl, epoetin-beta was discontinued until the hemoglobin
level decreased to <12 g/dl, and then re-administered at the
same dose. An oral iron supplementation (200 mg/day) was
taken daily during the study period. No specific guidelines
for transfusion use were defined.

ASSESSMENT OF EFFICACY AND SAFETY

The primary end point was change in hemoglobin level,
and the secondary end points were QOL and red blood cell
transfusion requirements. The change in hemoglobin between
the baseline and 12 weeks of administration or the last obser-
vation was evaluated. If chemotherapy was discontinued
within the 12-week period, the change in hemoglobin was
evaluated at the last observation; 4 weeks after the beginning
of a final-course of chemotherapy. The QOL instrument
used in the study was the Functional Asscssment of Cancer
Therapy-Anemia (FACT-An) questionnaire (13). The Total
Fatigue subscale (Fatigue subscale), which consists of 13
items from FACT-An, was mainly analyzed (scores range
from 0 to 52). QOL. was measured at the baseline, at 7-1 1|
wecks; at the beginning of a chemotherapy course and at
12 wecks after the initiation of cpoctin-beta administration.



Adverse events were graded according to the NCI-Common
Toxicity Criteria version 2.0 (Japanese edition; Japan Clinical
Oncology Group version 1).

STATISTICAL ANALYSIS

Of the enrolled patients, those who received epoetin-beta at
least once were included in the safety analysis. For efficacy
analysis, the per protocol set (PPS) population was defined as
cligible patients who reccived cpoetin-beta without protocol
violation. Differences in mean changes in hemoglobin between
the groups were assessed by Dunnett’s multivariate compari-
son test (14). Changes in the Fatigue subscale scorcs were
compared by using a /-test. Pearson’s correlation coefficient
was calculated to assess the relationship between change in
hemoglobin and change in the Fatigue subscale scores. The
potential factors influencing the change in the Fatigue subscale
scores were examined by multiple regression analysis.

To determine the required number of patients, Dunnett’s
multiple comparison test was conducted with the 9000 IU
group as the control arm. At 2.0 g/dl of the change in hemo-
globin from baseline and with a 1.8 g/dl standard deviation
between the 9000 and 36 000 1U groups, the required number
of patients was calculated to be 21 per group; this means that
63 in total (two-tailed significance level: 5.0%; power: 90%).
In the study, it was planned to use the PPS as the main
analysis for efficacy, therefore, the target number of subjects
was established as 84 to allow for patient dropout.

RESULTS
PATIENT CHARACTERISTICS

A total of 86 patients were enrolled between April 2002 and
January 2003, and 83 patients werc administered epoctin-beta.
All of these 83 patients were cligible for the assessment of
safety. For efficacy analysis, 14 paticnts were then excluded,;
13 patients reccived <7 doses of epoetin-beta with or without
<2 courses of chemotherapy mainly due to progression of the
diseasc; and onc patient lacked the bascline hemoglobin data.
So 69 patients comprised the PPS population evaluated for
efficacy. Baseline characteristics of the patients in the PPS
population were generally well balanced among the three dos-
age groups (Table 1), except for transfusion requirements within
4 weeks before the study; in the 9000 LU group, more patients
had required transfusions (P = 0.130). Table 2 shows the
distribution of chemotherapy regimens uscd during the study.

HEMOGLOBIN RESPONSE

Figure 1 shows the mean weekly hemoglobin levels over the
12 weeks of the study for the patients in the PPS population,
In the 36000 1U group, the mean hemoglobin level increased
significantly starting from 6 weeks. In contrast, in the 9000 IU
group, the mcan hemoglobin levels changed little during
the study period, despite a higher transfusion rate. The mean
changes in hemoglobin lcvel from baseline to last obscrvation
for the three dosage groups were summarized in Fig. 2. In
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36 000 IU group. a significantly greater increase in the hemo-
globin level was observed compared with that in 9000 U
group (P = 0.009); however, there was no significant differ-
ence between the 18000 and 9000 TU groups (P = 0.154).
A significant dose-response relationship for the change in
hemoglobin level was observed (2 = 0.003). As an additional
evaluation of efficacy, the proportion of patients who achieved
a >2 g/dl increase in hemoglobin level during the study was
determined. The results were 40.9% (9/22), 66.7% (16/24)
and 78.3% (18/23) in the 9000 1U group, 18000 U group
and 36000 LU group, respectively. Epoctin-beta was withheld
from 16 patients (one patient in 9000 1U, 8 in 18000 IU and
7 in 36000 JU) during the study period, whose hemaogiobin
levels exceeded 14 g/dl.

RED BLOOD CELL TRANSFUSION REQUIREMENTS

Five of 22 patients (22.7%) were transfused in the 9000 1U
group, 4 of 24 patients (16.7%) in thc 18000 IU group and
none of 23 patients in the 36 000 IU group. The proportion of
transfused patients was significantly smaller in the 36000 1U
group compared with that in the 9000 1U group (P = 0.022).
When patients who had received transfusions within 4 weeks
before the study were excluded from the analysis; however,
there was no significant difference between the three dosage
£roups.

QoL

Of the PPS population, 69 patients (100%) at bascline.
62 (89.9%) at 7-11 weeks and 61 (88.4%) at 12 weeks
were evaluated for QOL scores. No significant mean change
in Fatigue subscale scores was observed in any group at 7-11
weeks and 12 weeks. The relationship between change in
hemoglobin level and change in the Fatiguc subscale score
was examined by correlation analysis. There was a statistically
significant correlation (r = 0.435, P < 0.001) between change
in hemoglobin levels and change in the Fatigue subscale scores
at 7-11 weeks (Fig. 3). Multiple regression analysis was
then pecformed to assess the potential factors contributing
to the change in the Fatigue subscale score at 7-11 weeks.
The Fatigue subscale score at baseline and change in hemo-
globin level were significantly associated with the change
in the Fatigue subscale score (P = 0.001). Association with
other factors such as the weekly dose of epoctin-beta and
chemotherapy regimens were not sigoificantly associated.
Patients who achieved an increase in hemoglobin of >2 g/dl
at 7-11 weeks had significant improvements in their Fatigue
subscale scores (P = 0.012) (Fig. 4).

SAFETY

The incidence of adverse events was generally similar between
the three dosage groups (Table 3). As hematological adverse
events, most common were leukocytopenia, neutropenia and
thrombocytopenia. As non-hematological adverse events.
nausea and appetite loss were commonly observed. One patient
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Table 1. Paticat characteristics by epoctin-beta dosage group

Patent population

Epoctin-beta dosage groups

9000 IU 18000 1U 36000 1V
Randomly assigned patients (n) 28 29 29
Palients evaluated for safety (1) 28 27 28
Paticnts cvaluated for efficacy (PPS) (n) 22 24 23
Characteristic 9000 1U 18000 1U 36000 1U
{n=22) (n=24) {n=23) P
Age {year)
Mean + SD 60.5 £ 16.6 63.0+119 609 117 0.828
Min-Max 22-19 31-76 34-77
Weight (kg)
Mean £ SD 53.5+8.7 509+ 7.3 55.1 %115 0.316
Min-Max 36.1-69 38.8-66.9 34.8-87.5
Scx male/female (1) 1369 13/11 1479 0.890
Discasc
Lung cancer (n) 11 13 1 0.907
Malignant lymphoma (i) B 1 12
de novo/relapse (n) 1745 19/5 1875 0.988
Performance Status 07172 (1) 10/11/1 1171241 1011211 1.000
RBC transfusion before the study (#) 5 2 | 0.130
Hemoglobin (g/d)
Mean £ SD 0.1 +1.3 10,0+ 1.5 102+10 0914
Min-Max T4~12.2 7.4-132 8.1-11.7
Serum BEPO concentration (mIU/ml)
Mean £ SD 433 £+ 1381 46.8 £ 439 304 184 0.259
Min-Max 13.i-§73 14.4-170 7.0-103
Scrum transferrin saturation (%)
Mecan + SD At 159 254 % 11.5 255+ 138 0.287
Min-Max 9.4-77.8 10.1-48.0 6.9-774

SD. standard deviation; Min. minimum: Max, maximum: RBC, red blood ceil: EPO, erythropoictin.

in the 36000 IU group expericnced decp vein thrombosis,
which was evaluated as unrelated to epoetin-beta. When the
thrombosis was found, anemia had not improved (bascline
hemoglobin level was 9.9 g/dl and that at the onset of
thrombosis was 9.2 g/dl); therefore, deep vein thrombosis
was considered to be due to prolonged immobility brought
on by aggravated malignant lymphoma and PS.

Severe adverse events were reported for 12 patients and were
judged by the investigators as unrelated to the administration
of epoctin-beta. Of the adverse events, 65 events in 23
patients (27.7%) werc considered related to epoetin-beta,
The incidence of these events was similar between the three
dosage groups (Table 3). An increase of serum ALT was
obscrved in one patient (3.6%) in the 9000 1U group. two
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(74%) in thc 18000 IU group and two (7.1%) in the
36000 IU group. Hypertension or an increase of blood
pressure was obscrved in one patient (3.6%) in the 9000 1U
group, three (11.1%) in the 18 000 1U group and one (3.6%) in
the 36 000 1U group. Drug administration was discontinued in
one of these patients due to hypertension. No tendency was
found in the onset time of hypertension. nor in changes of
hemoglobin from baseline at the time hypertension occurred.

Anti-erythropoictin antibody was not detected in any patient,
but pure red cell aplasia (PRCA) was reported in one malignant
lymphoma (Angioimmunoblastic T-cell Lymphoma) patient
over a year after this trial. In this patient, neutralizing anti-
erythropoietin antibody was not detected even after PRCA was
diagnosed.



‘Table 2. Chemotherapy regimens used by PPS population during the study

Chemotherapy regimens Epoctin-beta dosage groups

9000 1U 18000 1U 36000 U
(=22 (n=24) (n=23)
Malignant lymphoma
(RYCHOP 5 6 9
(R)EPOCH 2 k} 2
ESHAP 0 2 0
Qther regimens - 4 0 I
Lung cancer
Platinum + Paclitaxel 4 2 2
Platinum + Irinotecan i 4 3
Platinum + Etoposide 3- 2 1
Platinum + Vinorelbine | 2 !
Other regimens 2 3 4

PPS. Per Protocol Sct; (R)CHOP, (Rituximab) + Cyclophosphamide +
Doxorubicin + Vincristine + Prednisolone; (R)YEPOCH, (Riluximab) +
Etoposide + Doxorubicin + Vincristine + Cyclophosphamide + Prednisolone:
ESHAP, Ltoposide + Methylprednisolone + High Dose Ara C (Cytarabine) +

Cisplatin.
s, [
) — — 18000IU
< 147 |---- sooo
€13 .
S
212 ‘
2 11
g 10 :
c g i
ot
- :
e od 8 4eanaS.D.
01 23 45 6 78 910111

Weeks

Figure 1. Mcan weekly hemoglobin levels for Per Protocol Set population
by epoetin-bela dosage Group. Hb, hemoglobin: SD, standard deviation.
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Figure 2. Mean change in hemoglobin level from baseline to last observation
(at 12 weeks or 4 weeks after the beginning of a final-course of chemetherapy)
by epoetin-beta dosage group (Per Protocol Set population), Hb. hemoglobin;
EPO, epoclin-beta: SD, siandasd deviation.

DISCUSSION

Recently, results of several clinical studies have demon-
strated the efficacy and safety of weckly hEPO for the
treatment of cancer-related anemia (10,12,15,16). In a large,
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Figure 3. Corrclation between change in hemoglobin levels and change in the
Functional Assessment of Cancer Therapy—Anemia total Fatigue subscale
scores at 7-11 weeks (Per Protocol Set population). Hb, hemoglobin.
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Figure 4. Change in mean Functional Assessment of Cancer Therapy—
Anemia total Fatigue subscale score between baseline and 7-11 weeks hy
change in hemoglobin level {change in hemoglobin of 22 g/dl or <2 g/dl from
baseline). FACT-An. Functional Asscssment ol Cancer Therapy—-Ancmia;
Hb, hemoglobin: SD. standard deviation.

nonrandomized, community-based study reported by
Gabrilove et al. (10), once-weekly dosing of epoetin-aifa
was as cffective as threc-times weekly dosing in increasing
hemoglobin levels and improving QOL. Cazzola ct al. (12)
reported a randomized study of epoetin-beta that compared
the efficacy and tolerability of 30000 IU once-weekly with
the conventional 10000 IU three-times weekly regimen in
patients with lymphoproliferative malignancies. Between
these two dosing regimens. there was no significant difference
in time-adjusted area under the hemoglobin curve and increase
in hemoglobin. Two randomized phase Il studics using
40000 1U once-weekly epoetin-alfa also support the use of
epoetin-alfa as an amecliorative agent for cancer-related
anemia (15,16).
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Table 3. Incidence of most common adverse events by cpoctin-beta dosage group (safety population)

Epoctin-beta dosage groups

9000 1V 18000 1V 36000 1U All paticnts
(n =28) (n=27N (n=28) (n=283%
No. % No. % No. % No. %
Adverse events (incidence > 20%, any grade)
Lcukopenia ) 23 82.1 24 88.9 23 821 70 84.3
Neutropenia 20 71.4 19 70.4 15 53.6 54 65.1
Nausea I5 53.6 19 70.4 16 57.1 50 60.2
Thrombocytopenia 17 60.7 13 48.1 15 53.6 45 54.2
Anorexia 18 64.3 17 63.0 8 28.6 43 51.8
Fever 10 35.7 6 22.2 12 429 28 337
Vomiting 8 28.6 9 333 " 39.3 28 n7
Malaise 9 32.1 1o 37.0 7 25.0 26 3.3
Increased ALT 7 25.0 8 29.6 10 35.7 25 30.1
Diarrhea 8 28.6 10 37.0 6 214 24 289
Lymphopenia 13 46.4 6 222 5 17.9 24 28.9
Fatigue 8 28.6 7 25.9 8 28.6 23 217
fncreased AST s 179 6 2.2 9 32.1 20 24.1
Increased LDH 3 10.7 11 40.7 6 214 20 4.1
Constipation S 17.9 6 222 6 214 17 20.5
Adverse events related 1o epoetin beta (incidence > 3%, any grade)

Total number of paticnts 9 2.1 g 29.6 6 21.4 23 2.7
Total number of cvents 16 32 17 65
Hypertensionfincreased blood pressure ] 36 3 Ll 1 3.6 S 6.0
Increased ALT ! 16 2 14 2 7.1 5 60

ALT, alanine aminotransferase.

This is the first prospective randomized dosc-finding study
of once-weekly epoetin-beta in anemic cancer patients treated
with chemotherapy. The study demonstrated that the mean
increase in hemoglobin level in the 36 600 1U group was sig-
nificantly higher than that in the 9000 IU group, while the
mean increase in hemoglobin level in the 18000 U group
was not significantly higher than that in the 9000 IU group.
In the present study, epeetin-beta 36000 IU once-weckly
administration showed the same efficacy (an increase in
hemoglobin level) as a 200 IU/kg thrice-weekly regimen
studied in lung cancer patients receiving chemotherapy (6).
It is noteworthy to point out that once-weckly cpoetin-beta
can be conveniently used in an outpatient-based chemotherapy
regimen.

FACT-An is one of the widely used QOL assessment tools,
which comprises the FACT-General and a 20-item Ancmia
subscale, 13 items of which make up a Fatigue subscale.
Many reports indicated that chemotherapy-induced anemia
increased the case of a patient becoming fatigued and resulted
in decreased patient QOL (17-19). The administration of

36000 IU cpoetin-beta did not significantly improve the
patients’ Fatigue subscale score in spite of increased hemo-
globin levels. As a primary goal of the study was to determine
a recommended dose of cpoctin-beta, the study design was
not planned and did not have adequate statistical power to

~ determine whether cpoetin-beta would improve the Fatiguc

subscale scores. According to the results of the study by
Hedenus et al. (20), patients with the Jowest baseline Fatigue
subscale scores (baseline scores of <24) reported the largest
improvement in Fatigue subscale scores after the treatment
with darbepoetin alfa. In contrast, patients with baseline
Fatigue subscale scores of >36 did not show any improvement.
In the subset analysis of our study, among the patients with
baseline Fatigue subscale scores of €36, a mean improvement
in the Fatigue subscale scorcs at 7-11 wecks were — 1.8 for the
9000 [U group, +1.9 for the 18000 IU group and +4.3 for the
36000 1U group (36 000 LU versus 9000 [U P = 0.183). Our
data also demonstrated a significant correlation between
change in Fatigue subscale score and change in hemo-
globin level and showed that the patients who responded
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with a hemoglobin increase of >2 g/dl showed significant
improvements in the Fatigue subscale scores. In conjunction
with these findings, the administration of cpoctin-beta may
not be beneficial for the patients with relatively high hemo-
globin levels and/or less symptomatic even in an anemic state.
Thus, the actual hemoglobin level for initiation of epotein
beta will be critical for its optimal use. The ASCO/ASH
clinical practice guideline in 2002 recommends the use of
thEPO for chemotherapy-associated ancmia patients with
the hemoglobin level of <10 g/dl and that the use of thEPO
for patients with the hemoglobin level of 10-12 g/dl should be
determined by clinical circumstances (21).

Most of the adverse events in the present study were con-
sidered to be related to concomitant chemotherapy, and the
incidence of side effects was similar among the three dosage
groups. Two large randomized studies (22,23) targeting
higher hemoglobin levels raised concerns about the safety
of rhEPQO, because of the increased thrombovascular events
and worsening survival of cancer patients. In our study.
one patient in the 36000 1U group experienced deep vein
thrombosis, which was evaluated as unrelated to cpoetin-
beta. Stimulated tumor growth is another possible mechanism
for worsened survival in the rhEPO studies. A meta-analysis
of 27 randomized trials of thEPO showed suggestive but incon-
clusive evidence for improved overall survival in patients
who received thEPO (8). Further large scale randomized
studies arc necessary to confirm the effect of rhEPO on
tumor outcome and overall survival.

In conclusion, once-weekly cpoctin-beta 36000 IU for
12 weeks was well tolerated and significantly increased
hemoglobin levels in anemic cancer patients receiving chemo-
therapy. Therefore, 1he weekly dose of 36 000 1U epoctin-beta
was determined as a recommended dose for a subsequent
randomized, placebo-controlled, phase [II study in Japan.

Part of the results in this report was contributed as
Abstract No. 8169 at the 2004 American Society of Clinical
Oncology Annual Mecting.
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Summary Pemetrexed is a novel antimetabolite that targets multiple enzymes in the folate
pathway, and has exhibited clear antitumor activities in the treatment of malignant pleural
mescthelioma and non-small cell lung cancer. Although many adverse events of pemetrexed,
such as bone marrow suppression, have been reported, edema of the eyelid has been previously
reported in only one case (0.2%, n=519)}, according to the Pemetrexed Clinical Investigator’s

Brochure, April 2005 version. We experienced a patient whe developed the valuable edema of
the eyelid, We believe that medical oncologists shoutd be aware of this rare adverse event,
although the mechanism responsible for it is not yet known.

© 2006 Eisevier Ireland Ltd. All rights reserved.

1. Introduction

Pemetrexed is a novel antimetabolite that targets multi-
ple enzymes in the folate pathway, and has exhibited clear
antitumor activities in the treatment of malignant pleu-
ral mesothetioma and non-small cell lung cancer [1,2}. In
early-phase pemetrexed studies, severe unpredictabte tox-
icities were observed. Recently, Niyikiza et al reported that
pemetrexed-based toxicities were assoctated with elevated
serum homocysteine tevels at basetine 3], and that to avoid
pemetrexed-based severe toxicities, patients have received
folic acid and vitamin By, supplements. In the Japanese pro-
tocol, prophylactic steroids need not be administered, since

¢ Corresponding author. Tel.: +81 72 366 0221;
fax: +81 72 360 5000.
E-mail address: ctc002@poh.osaka-med.ac.jp (T. Kurata).

the incidence of severe rash is very low in Japanese patients

(4.

2. Case description

A 56-year-old Japanese man was diagnosed with adenocar-
cinoma of the tung with brain and putmonary metastases in
April, 2004 (cT4N3M1; stage IV}. He received three courses
of cisplatin/gemcitabine and subsequently received gefi-
tinib as maintenance therapy from Aprit to August, 2004,
with a best response of partial response, After radiation
therapy to the brain metastasis, which had exhibited aggra-
vation, he was enrolled in a clinical trial of pemetrexed
(Alimta®) in December, 2004 and received 1000 mg/m? of
pemetrexed on day 1 of a 21-day cycle according to the tnall
design using randomized assignment {500 or 1000mg/m
arm). He developed edema of the eyelid, which appeared
on day 8 of the second course of pemetrexed (cumulative

0169-5002/% — see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
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(A)
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Fig. 1 A b6-year-old man with adenocarcinoma of the tung.
Edema of the eyelid appeared on day 8 of the second course of
pemetrexed. (A} Photograph taken from the front. (B) Profite.

dose: 3900 mg/body) (Fig. 1). He developed no other type
of edema. He had no hypoproteinemia or did not undergo
hydration. Initially, cardiac faiture and conjunctivitis were
considered possible causes. A diuretic was given, but did not

Fig. 2 The edema of the eyelid was improved by the admin-
istration of corticosteroid.

improve the edema. The edema was therefore thought to be
a side effect of pemetrexed, and 8 mg dexamethasone was
administered. The edema was dramatically improved 6 days
after administration of steroid (Fig. 2}. Since the tumor had
decreased in size, administration of pemetrexed was con-
tinued. The eyelid edema appeared whenever a course of
pemetrexed was repeated. This edema was therefore con-
sidered probably related to pemetrexed.

3. Discussion

Pemetrexed-associated edema of the eyelid has been previ-
ously reported in only one case (0.2%, n=519), according
to the Pemetrexed Clinical Investigator’s 8rochure, April
2005 version. The mechanism responsible for this severe
swelling is unknown. Similarly, docetaxel has also been
documented to cause peripheral edema. Recently, Semb
et al. [5] reported that docetaxel enhances fluid filtra-
tion, followed by capillary protein leakage that causes
edema and nonmalignant effusion. Prophylactic adminis-
tration of corticosteroid during docetaxel administration
appears to delay and decrease the severity of these adverse
events. It may be that pemetrexed-induced eyelid edema
is due to the same mechanism as the edema produced by
docetaxel.

There are still unanswered questions regarding this drug-
induced eyelid edema. Why is it confined to the eyelid? Is it a
cumulative adverse event? We believe that medical oncoto-
gists should be aware of this rare adverse event and attempt
to determine its cause.
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Background: To assess the pharmacokinetic profile and time-course of trough concentrations
and hemoglobin levels associated with subcutaneous weekly administration of epoetin beta in
lung cancer patients with chemotherapy-induced anemia.

Methods: Epoetin beta was subcutaneously administered to 15 anemic lung cancer patients
once weekly for 8 weeks at doses of 9000, 18 000 and 36 000 IU. Pharmacokinetic parameters
{Cmaxs AUCis and T,,) were determined after the first single dose administration on a model-
independent basis, and the relationship between the dose and these parameters was examined
for linearity.

Results: Weekly administration of epoetin beta at 9000, 18 000 and 36 000 IU produced Cpax
values of 308 + 117 (mean + standard deviation), 678 + 86.7 and 1316 + 766 miU/m|, and
AUC; values of 15300 + 9524, 54574 + 16265 and 88501 + 55687 hr miU/ml, respectively,
showing dose-proportional increases. Trough concentrations tended to increase in the presence
of severe bone marrow suppression induced by chemotherapy or other factors. Extremely high
values were seen in three patients, but there was no apparent trend toward an increase with
repeated doses. After 8 weeks' administration at 9000, 18 000 and 36 000 U, hemoglobin levels
were changed by ~0.37 + 1.26, 2.15 * 1.36 and 2.82 + 2.17 g/d|, respectively.

Conclusions: Epoetin beta exhibited linear pharmacokinetics when administered to anemic
cancer patients at weekly doses of 9000-36 000 {U and did not cause drug accumulation.

Hemoglobin levels increased with weekly doses of 18 000 or 36 000 IU.

Key words: anemia — epoetin beta — pharmacokinetics

INTRODUCTION

Cancer patients receiving multicycle chemotherapy and
radiotherapy frequently develop anemia, with one clinical
study reporting that hemoglobin levels fell to 8~12 g/dl in
75% of patients undergoing thesc therapics (1). Among
paticnts undergoing chemotherapy, anemia with hemoglobin
levels of <8.0 g/dl reportedly occurs in 50-60% of ovarian
cancer, lung cancer, non-Hodgkin's malignant lymphoma or
multiple myeloma patients (2).

The etiology of chemotherapy-induced anemia includes the
following: myclosuppression of chemotherapy or radiotherapy.

For reprints and all correspondence: Tomohide Tamura, Division of [nternal
Medicine, National Cancer Center Hospital, 3-1-1, Tsukiji Chuo-ku, Tokyo
104-0045. Japan. E-mail: uamura@ncc.go.jp

625

reduced production of the bone-marrow-stimulating hormone
erythropoietin (EPO), diminished bone marrow response to
EPO and cancer ccll-induced immune system activation
resulting in reduced iron availability (3).

EPQO, a hematopoietic hormone mainly produced in the
kidneys, acts on erythroblastic precursor cells to promote
differentiation and proliferation of crythrocytes and disappears
in the bone marrow and spleen. Epoetin beta is a human EPO
preparation that is mass-produced by recombinant gene tech-
nology and is commonly used in treatment of patients with
renal failure-induced anemia. In Europe and the United States,
it has alrcady been approved and has also been administered to
cancer patients with anemia with demonstrated effects in
reducing required blood transfusion volumcs, clevating hermo-
globin concentrations and improving quality of life (QOL)
(4,5). Furthermore, in the US, the American Society of

1 2006 Foundation for Promotion of Cancer Rescarch
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Hematology and the American Socicty of Clinical Oncology
jointly issued clinical practice guidelines in 2002 for the use
of EPO preparations (6). -Thus, the general use of epoetin
in anemic cancer patients has been advocated. Meanwhile.
in Japan, EPO preparation has not been approved for cancer
patients with ancmia, but clinical trials are now in progress.

Despite the increasing usage of epoctin, its pharmacokinetics
have not been adequately investigated at high, once-weekly
doses of 30000 or 40000 1U that arc typically administered
subcutaneously to cancer patients with anemia (7). To the
best of our knowledge, the literature contains no pharmaco-
kinctic data for epoetin beta in patients with cancer-related
or chemotherapy-induced anemia, and the cffect of the
chemotherapy on serum EPO concentrations was not clear.
We therefore studied the pharmacokinetic profile and thme-
course of trough concentrations and hemoglobin levels asso-
ciated with subcutaneous weekly administration of epoctin
beta in Jung cancer patients with chemotherapy-induced
anemia.

PATIENTS AND METHODS
PATIENTS

Inclusion criteria were as follows: (i) histological or cytolo-
gical confirmation of lung cancer diagnosis; (ii) treated with
cyclic chemotherapy: (iii) aged between 20 and 79 years;
(iv) life expectancy of at least 2 months; (v) anemia (hemo-
globin level of =11.0 g/dl) considered to be primarily
chemotherapy-induced; and (vi) adequatc renal and hepatic
function.

Exclusion criteria included (i) iron deficiency (Mean corpu-
scular volume sSOum3 or iron saturation {{Fe/(Fe+ Unsatu-
rated iron-binding capacity)} X 100] = 15.0%); (ii) blood cell
transfusion in the 4 wecks prior to the study; (iit) rtHuEPO
therapy in the 4 weeks prior to the study; (iv) documented
hemorrhagic lesion; (v) pregnancy, breastfeeding or not
using adequate birth control measures; (vi) history of myocar-
dial, pulmonary or cerebral infarction, serious drug allergy,
uncontrolled hypertension, hypersensitivity to any EPO
preparation, any serious complication; and (vii) a primary
hematologic disorder as the cause of the present anemia.

The protocol was approved by the institutional review board
of the National Cancer Center Hospital, and written informed
consent was obtained from all patients who participated in the
study.

STUDY DESIGN

This was an open-label, single-arm, dose-escalation study.
Patients were assigned sequentially to one of three groups,
receiving epoetin beta at either 9000, 18000 or 36000 IU
per patient. This was administered by weckly subcutancous
injection for 8 weeks. If the patient’s hemoglobin level
recovered to 14 g/dl or higher, the treatment was stopped.
Chemotherapy and radiotherapy were not performed from
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7 days prior to until 4 days following the initial dose, and
blood transfusion was not performed until 4 days after the
initial dose. Oral iron supplementation (200 mg of ferrous
sulfate) was administered daily. Blood samples for detection
of epoetin beta antibody were collected before the first
administration and 7 days after the last administration. Patients
were followed for 1 week after the end of drug administration.
Granulocyte colony-stimulating factor administration was
allowed to the patients whose ncutrophils count was <500
per cubic millimeter or those with neutropenic fever whose
neutrophils count was <1000 per cubic millimeter.

SERUM ASSAY

To determine the pharmacokinetic parameters, blood samples
were collected immediately prior to and 6, 10, 24, 34, 48, 72,
96 and 168 h after the initial dose of epoetin beta. To inves-
tigate the time-course of trough concentrations, samples werc
also collected immediately prior to the administration of
cach dosc.

Blood samples were allowed to stand at room temperature
for ~30 min and then centrifuged at 4°C and 3000 rpm for
~10 min to separate the serum. The resulting scrum was stored
frozen at below —20°C until uscd for measurement of serum
EPO coacentrations.

Serum EPO concentrations were measured by the RIA
method developed and validated by Chugai Pharmaceutical
Co.. Lid., Tokyo, Japan. Validation of this assay revealed
the following: quantification range, 6-384 miU/nl; intra-
assay precision (repeatability) and accuracy of 2.7-6.3%
and —22.1 to —5.5%. respectively; and inter-assay precision
(reproducibility) and accuracy of 2.4-7.6% and —18.1-3.0%,
respectively. If the assayed value exceeded the upper limit of
the quantification range (378 mILU/ml), the sample was diluted
for re-measurement.

PHARMACOKINETIC ANALYSIS

Since EPQ is an endogenous substance, measurements of
serum EPO concentration following the first administration
were baseline corrected to account for the presence of endoge-
nous EPO. The corrected values were then used to determine
descriptive statistics for drug concentration at each blood
sampling time-point and the pharmacokinetic parameters.

The following pharmacokinctic parameters were determined
after the initial dosc by using WinNonlin Pro v.3.3 (Pharsight
Corporation, Mountain View, CA) in a model-independent
manner: Chax, AUCr and T p.

Cmax Was observed values. AUC;, was calculated by the
trapezoidal method with infinite extrapolation by dividing
the last plasma concentration by the climination rate constant
(K). T2 was calculated as 0.693/K,.

Trough concentrations were not baseline corrected.

PHARMACODYNAMIC ANALYSIS

Hemoglobin levels and platelet counts were assessed weekly.



STATISTICAL ANALYSIS

All statistical analyscs were performed using SAS v. 8.2 (SAS
Institute, Cary, NC). Descriptive statistics were not calculated
if they were to be based on available data from less than half
the subjects.

Analyses of dose linearity were performed for C,. and
AUC;,,. Each analysis used thc power model: log y =
o+ B - log dose, where B is the slope and y represents the
pharmacokinetic parameter. Fitting a linear relationship
between Jog y and log dose is an extension of the analysis
of variance model. The key feature of the power model is the
assumption of lincarity between the log-transformed values of
parameters and doses. The 95% confidential interval (CI) of
the slope of the log-transformed paraimeters plotted against log
dose was cstimated, and dose-proportionality was concluded to
be present if the 95% CI contained a slope with a value of 1.

RESULTS
PATIENTS' CHARACTERISTICS

Fifteen patients were enrotled in the study. Their characteris-
tics are shown in Table 1. Participants were 8 men and 7
women, aged 30-78 years (mcdian age, 69.0 years), who
were being treated with chemotherapy (containing platinum
in 12 cases). Four patients received prior radiation therapy

Table L. Patients® characteristics

Jpn J Clin Oncol 2006:36(8) 479

(brain radiation in four cases and thoracic radiation in three
cases). Ten patients had small cell carcinoma. four had ade-
nocarcinoma and one had large cell carcinoma. Doses of 9001).
18 (00 and 36 Q00 IU were administered to 3. 6 and 6 paticnts.
respectively. Data from all 15 patients were included for evalu-
ation of pharmacokinetic analysis and hemoglobin response. In
all patients, the hemoglobin levels at the time of registration
were <11.0 g/dl. Five patients discontinued this study for the
following reasons: recovery of hemoglobin level to 14 g/dl or
higher, » = 1 (36000 1U); adverse effects (rotary vertigo),
n=1 (36000 1U); withdrawal of consent, 7 = | (9000 1U);
and diseasc progression, n = 2 (18000 1U, 36000 1U).

PHARMACOKINETICS ANALYSIS

The mean baseline serum EPO concentration across all patients
was 77.3 mlU/ml, with a median value of 59.9 mIU/ml, a
minimum of 23.6 mIU/ml and a maximum of 301 mIU/ml.
The 9000 IU group showed the highest mean, attributable to an
extremely high value of 301 mlU/ml in one patient (Table 1),

The time-courses of the mean serum drug concentrations by
dose group are shown in Fig. [, and a summary of the phar-
macokinetic parameters are given in Table 2.

The power model gave 95% C1 of the slope (B) of the C -
dose and AUC;,~dose curves of 0.551-1.388 and 0.532-1.753,
respectively, both including ‘1",

Characteristic Ttem Total 9000 TU 18000 IU 36000 1U
Sex Maic 8 3 4
Female 7 2 3 2
Histology Small cell 10 3 4 3
Large coll 1 0 1 0
Adenocarcinoma 0 1 3
ECOG* performance status 0 3 1 1 1
t 12 2 5 5
Prior chemotherapy None 2 0 ] 1
Non plantinum hased I 0 0 |
Plantinum based 12 3 5 4
Age (ycars) Median 69.0 78.0 69.5 68.0
Range 30-78 §3-18 54-75 3071
Hemoglobin®* (g/d}) Mcan 94 9.1 9.2 9.8
Range 6.8-11.4 6.8-11 7.5-10.3 7.1-11.4
Serum Fe (pg/dl) Mean 76.8 L3 69.5 66.8
Range 17-154 45-154 37-148 17-106
Serum ferritin (ng/mi) Mean 319 5338 254.8 408.0
Range 68.3-786 68.3-786 99.7-509.7 79.6-608.8
Serum endogenous erythropoictin (miU/mt) Mean 3 122.7 70.9 60.1
Range 23.6-301 26.9-301 23.6-158 41.5-74.1

*Eastern Cooperative Oncology Group.

**The hemoglobin levels show the values just before the first administration of erythropoietin.
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Figure I. Time-course of mean serum drug concentrations of erythropoietin in
each dose group following first dose. The mean drug concentrations for each
group changed in a paraticl manner up 10 96 h.

Table 2, Summary of descriptive statistics for pharmacokinetic parameters of
erythropaictin following the first dase

PK parameter Unit 9000 1U 18000 U 36000 1U
n=3 n=0 n=6 .
(Mean # SD)  (Mean £ 8D)  (Mean £ SD)
Cinax mlU/ml 08+ 117 678 & 86.7 1316 £ 766
AUC,;,» hr-mIU/ml 15300 + 9524 54574 + 16265 88501 + 55687
hr 245+ 181 43.61£220 304 £22.1

Tin

Cax and AUG;,rincreased in an almost dose-proportional manner, whereas T,
was constanl.

TROUGH CONCENTRATIONS

Time-courses of trough concentrations are shown by dosc
group in Fig. 2. Considerable variations in trough concentra-
tion occurred over the 8 week period. EPO concentration did
not increase with repeated doses of cpoetin beta, suggesting
that drug accumulation did not occur. In some patieats, trough
concentrations were extremely high aftec chemotherapy
(Fig. 3).

RELATIONSHIP OF TROUGH CONCENTRATION WITH BONE
MARROW SUPPRESSION

Time-courses of trough concentrations, hemoglobin levels and
platelet counts in the three patients with markedly clevated
trough concentrations are shown in Fig. 3. In these patients,
hemoglobin level and platelet count fell during the period in
which trough concentration increased rapidly.

PHARMACODYNAMICS RESULTS

The time-course of mean hemoglobin levels is shown in Fig. 4,
Hemoglobin levels were unchanged at a dose of 9000 U, but
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tended to increasc at doses of 18000 and 36000 1U. At 8
wecks, the change of hemoglobin levels from baseline was
—0.37 £ 1.26 g/dl in the 9000 IU group, 2.15 £ 1.36 g/d! in
the 18000 1U group and 2.82 + 2,17 g/dl in the 36000 IU
group. One patient receiving 9000 1U and two patients recciv-
ing 18000 IU underwent blood cell transfusion. Only onc
patient (who reccived 36 000 IU wecekly) exceeded predeter-
mined threshold Jevels of hemoglobin for discontinuation of
the study.

SAFETY

Once-weekly dosing of epoetin beta was well tolerated in all
study patients, with no life-threatening toxic effects occurring
during the trial. Leucopenia was the most frequent adverse
event (13 of 15), followed by nausea (9 of 15). Other frequent
adverse cvents were anorexia (7 of 15), diarrhea (7 of 15).
thrombocytopenia (6 of 15), alopecia (5 of 15), fatigue (5 of
15}, constipation (4 of 15), elevated serum lactate dehydroge-
nase (4 of 15), insomnia (3 of 15). dizziness (3 of 15), vomiting
(3 of 15), back pain (3 of 15) and elevated aspartate amino-
transferase (3 of 15). These adverse events are typical for this
patient population receiving chemotherapy, and none occurred
in an epoetin dose-dependent manner. Adverse events possibly
associated with cpoetin beta occurred in six paticnts, and these
events were manageable. These adverse events consisted of
grade 3 hypertension and vertigo, grade 2 increased bilirubin,
constipation and hyperkalemia and grade 1 headache, nausca,
vomiting, insomnia, diarrhea, mouth dryness, fatigue, neck
pain, rash, hyperventilation, cardiomegaly, hyperkalemia,
hyponatremia, increased phosphorus and increased asparatate
aminotransferase. Only one patient in the 9000 1U cohort
showed grade 3 hypertension from the 7th day of the first
administration to the 65th day. One serious adverse cvent
(rotary vertigo) occurred in a patient (a 3l-year-old
woman); it remitted after around 2. weeks and resolved afler
5 weeks, This event was considered by the investigator to be
related to epoetin beta, and the patient therefore discontinued
the study. No antibodies to cpoetin beta were detected.

DISCUSSION

Serum EPO levels are reported to be higher in cancer patients
than in healthy adults (8). The results of this study were in
accordance with this. showing higher baseline serum EPO
concentrations in  patients than in healthy adults
(8.40 £ 3.82, 8.62 £ 5.83 mIU/ml) (9) or renal anemia paticnis
(23.05 £ 16.63 mIU/ml) (10). In addition, serum EPO concen-
trations in cancer patients exhibited wide variation, from typi-
cal levels in healthy adults to extremely high levels. Overall,
this suggests that the predose endogenous EPO exhibited high
mean serum levels and wide individual differences in cancer
paticnts with anemia.

In the present study, we have investigated the pharmacoki-
netic characteristics of epoetin beta after the initial dose of
9000, 18000 and 36000 IU and have studied the time-course
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of trough concentrations after once-weekly repeated dose
subcutanecous administration in anemic lung cancer patients.
The study provides cvidence that epoetin beta has almost
lincar, dose-dependent pharmacokinetics following subcuta-
neous administration at doses of 9000-36000 U in cancer
patients.

During the period of once-weekly administrations of epoctin
beta, trough concentrations transiently increased after cancer
chemotherapy in many patients, but did not appear to continue
to increase with repeated administration of cpoetin beta. Some
patients showed extremely high trough concentrations that
were correlated with periods of marked thrombocytopenia.
Increases in trough concentrations may be associated with
bone marrow suppression, and this finding is in agrecment
with reports showing that busuifan-induced bone marrow
ablation increases scrum EPO concentrations (11) and that
chemotherapy increases EPO concentrations in patients with
leukemia (12,13). Jelkmann reported that elimination of EPO
occurs mainly in bone marrow (14). It is conceivable that
the function of bone marrow could be damaged by chemo-
therapeutic agents after chemotherapy. Elimination of EPO
could decrease in the damaged bone marrow, thereby the
trough levels of EPO could increase.

At 8 weeks, mean changes in hemoglobin levels from base-
linc were —0.37 £ 1.26, 2.15 £ 1.36 and 2.82 £ 2.17 g/dl for
9000, 18000 and 36 000 1U, respectively. Hemoglobin levels
increased with repeated doses of 18600 U or more. A dose-
finding study conducted by Sakai et al. (15) in Japancse
patients with lung cancer or malignant lymphoma revealed
a similar pattern of hemoglobin change (0.04 £ 1.98,
1.04 £ 175 and 175+ 2,15 g/dl for 9000, 18000 and
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36000 1U doses of cpoctin beta) and concluded that the
recommended dose was 36000 1U in chemotherapy-induced
anemic patients. Taken together, these resnlts suggest that
cpoetin beta is sufficiently cffective for cancer patients with
anemia.

In conclusion, subcutaneous administration of epoetin beta
at doses of 9000-36000 1U in cancer patients with ancmia
yielded pharmacokinetic linearity, with no drug accumulation
causcd by repeated doses. Epocetin beta administration at 18 000
1U or higher is therefore anticipated to raise hemoglobin levels
without compromising safety.
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ORIGINAL ARTICLE

Phase | and Pharmacokinetic Study of Combination
Chemotherapy Using Irinotecan and Paclitaxel in Patients
with Lung Cancer

Gyo Asai, MD, PhD,* Nobuyuki Yamamoto, MD,* Takayasu Kurata, MD, PhD,} Kenji Tamura, MD,}
Hisao Uejima, MD, PhD,} Kazuhiko Nakagawa, MD, PhD,} and Masahiro Fukuoka, MD, PhD?t

The purpose of this study was to investigate the maximum tolerated
doses, dose-limiting toxicities, efficacy, and pharmacokinetic pro-
files in the combination of irinotecan and paclitaxel. Eligibility
criteria included age 75 years or younger, good performance status,
adequate organ function, and unresectable non—small ceil or exten-
sive disease of small celi lung cancer. Irinotecan was administered
on'days 1 and § over 90 minutes, and paclitaxel was administered on
day 8 over 3 hours after 90 minutes from the end of the irinotecan
infusion. Irinotecan and paclitaxel were dose-escalated from 40 and
135 mg/m? and repeated every 4 weeks. The authors also adminis-
tered a higher dosage with preventive granulocyte colony-stimulat-
ing factor support from day 9. Thirty-one patients were assessed for
toxicities and responses. Dose-limiting toxicities were neutropenia
and febrile neutropenia. The dose of irinotecan 66 mg/m? and
paclitaxel 200 mg/m? with preventive granulocyte colony-stimulat-
ing factor support was tolerable and suitable for a phase 1l trial. Nine
of 25 (36%) patients with non-small cell and all six patients with
smatl cell carcinoma achieved partial response. The areas under the
concentration versus time curves of irinotecan and its metabolites on
day 8 were significantly higher than on day 1. This combination
therapy must be planned only after careful consideration of the
drug-drug interaction.

Key Words: Lung cancer, Irinotecan, Paclitaxel, Phase [, Pharma-
cokinetics.

(J Thorac Oncol. 2006;1: 226-230)

Chemotherapy for non—small cell lung cancer (NSCLC)
has recently improved survival by using platinum com-
pounds and new drugs (e.g., vinorelbine, gemcitabine, tax-
anes, and irinotecan).! Chemotherapy for extensive disease of
small cell carcinoma (ED-SCLC) has also improved survival
using cisplatin and irinotecan.? Although these regimens
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statistically improved survival, the benefits are far from
satisfactory. There are comparatively few reports of nonplati-
num regimens, and we do not have sufficient knowledge
about these regimens regarding maximum tolerated doses
(MTD), toxicities, responses, and pharmacokinetic profiles.
However, irinotecan and paclitaxel have shown antitamor
activity for both non-smail cell and small cell carcinoma as
a single agent.>-¢ This combination is also reported to have
additive or supra-additive antitumor effects for lung cancer
cells in vitro by using an isobologram.”® Therefore, we
conducted this combination phase I study to evaluate MTD,
dose-limiting toxicities (DLTs), and pharmacokinetics in this
combination therapy. We also evaiuated the response rate and
pharmacokinetic profiles.

Before planning this study, we performed this combi-
nation trial by another administration schedule.® In the prior
trial, irinotecan was administered over 90 minutes on days 1,
8, and 15 and paclitaxel was given by infusion over 3 hours
on day 2. Starting doses of irinotecan and paclitaxel were 50
and 135 mg/m?, respectively. DLTs were neutropenia and
febrile neutropenia, and MTD was the starting dose. Further-
more, most of the patients could not receive irinotecan on
days 8 and 15 because of neutropenia. Although the neutro-
penia from this combination regimen was intolerable, an
antitumor response was seen in the majority of the patients,
suggesting that this combination might provide good antitu-
mor activity and that an alternative administration schedule
was needed to use these drugs. In this new trial, we therefore
modified the administration schedule to escalate dose inten-
sity while avoiding severe toxicities.

PATIENTS AND METHODS

Patient Selection

Patients with unresectable NSCLC or ED-SCLC were
eligible for the trial. Pathologic confirmation and assessable
lesions were necessary before study entry. Previous chemo-
therapy or radiotherapy, if given, must have been comglet_ed
at least 4 weeks before entry. Other eligibility criteria in-
cluded age 20 to 75 years, Eastern Cooperative Oncology
Group performance. status of 0 to 1, estimated life expectancy -
of at least 3 months, and adequate organ function defined as
follows: white blood cell count greater than or equal to 4000
cells/ul, absolute neutrophil count greater than or equal to

Journat of Thoracic Oncology * Volume 1, Number 3, March 2006
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2000 cells/ui, platelet count greater than or equal to 100,000
cells/pl, serum creatinine less than or equal to 1.2 mg/dL,
bilirubin less than or equal to 1.5 mg/dL, serum alanine
aminotransferase (ALT) or aspartate aminotransferase (AST)
less than twice the upper limit of normal, and PaO , greater
than or equal to 60 mmHg. Patients with interstitial pneumo-
nia, active infection, unstable cardiac disease, uncontrolied
diabetes meliitus, pleural or cardiac effusion that required
drainage, or symptomatic brain metastasis were ineligible.
Our hospital institutional review committee approved this
study, and all patients provided written informed consent.

Treatment

Irinotecan was administered on days 1 and 8 over 90
minutes, and paclitaxel was administered on day 8 over 3
hours after 90 minutes from the end of irinotecan infusion
(Figure 1). All patients received premedication for paclitaxel
and vomiting. The treatment was repeated every 4 weeks. The
latter therapy was permitted using preventive granulocyte
colony-stimulating factor (G-CSF) support from day 9 if
patients experienced DLT of leukopenia or neutropenia and
achieved partial response or stable disease on the previous
course. The criteria_for administration on day 8 were white
blood cell count greater than or equal to 3000 cells/ul and
other eligibility criteria before study entry. If paticnts did not
clear this criteria for day 8, their treatment was cancelled and
they were excluded from the evaluation of toxicities and
responses.

Dose Escalation

The dose escalation schedule is shown in Table 1.
Evaluation of DLTs for dose escalation was performed for the
first course of chemotherapy. DLTs were defined using Na-
tional Cancer Institute Common Toxicity Criteria (version
2.0)'9 as grade 4 necutropenia lasting 5 days or more, other
grade 4 hematologic toxicities, neutropenic fever, or grades 3
and 4 toxicities in other organ systems except for nausea and
vomiting. Three patients were assigned to each dose level.
When ail three patients did not experience DLT, we shifted to

Day 1 89 15
cPr11 § ) >
Paclitaxe} T
{G-CSF) MMM?
Day 1 CPT-11 ' ! i
90 min - ! i
Day 8 CPT-11  Interval Paclitaxet
9 min 90 min 180 min

FIGURE 1. Treatment schedule of irinotecan and paclitaxel,
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TABLE 1. Dose Escalation Schedute

Dose Level CPT-11 (mg/m?) Paclitaxel (mg/m?)
1 40 135

2 50 135

3 60 135

4 60 150

5 60 175

6 60 200

CPT-11, irinotecan.

the next dose level. If one or two patients experienced DLT,
an additional three patients were entered at the dose level
before dose escalation. When at least three patients were
found to have DLT, the dose was defined as the MTD. After
the MTD was determined without preventive G-CSF support,
we continued this study with preventive G-CSF support from
day 9 until the recovery of neutropenia. We permitted the
latter therapy by using preventive G-CSF support if patients
who experienced DLT achieved stability or a partial re-
sponse. Intrapatient dose escalation was not permitted. World
Health Organization tumor evaluation criteria were used for
tumor response evaluation.! 12

Pharmacokinetic Analysis

Blood samples for pharmacokinetic analysis were ob-
tained on days 1 and 8 in the first course. We collected
samples by means of a peripheral venous catheter at the
following times from the end of irinotecan infusion: 0, 15, 30,
90, 180, 240, 300, 420, 540, and 1410 minutes on day 1; and
0, 15, 30,90, 180, 240, 270, 285, 300, 360, 420, 540, 630, and
1410 minutes on day 8, respectively. To analyze the pharma-
cokinetics of paclitaxel and the influence on the pharmaco-
kinetics of irinotecan by paclitaxel, several processes were

TABLE 2. Patient Characteristics

Characteristic Value
No. of patients enrolled 3
Median age (range) (yr) 62 (36-75)
Sex
Male 23
Female 8
PS
0 4
i 27
Prior chemotherapy
Yes 2
No 29
Type of lung cancer 13
Adenocarcinoma 6
Squamous cell carcinoma 1
Large cell carcinoma 6
Small cell carcinoma
Median no. of courses (range) 2 (1-5)
PS, pesformance status.
227
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TABLE 3. Major Toxicities

Level 1 Level 2 Level 3 Level 3’ (G-CSF) Level 4 {G-CSF) Level § (G-CSF) Level 6 (G-CSF)

No. of patients 3 6 3 2% + 1 6 6 6
Neutropenia

G3 1 0 0 t 2 0 ]

G4 (<5 days) 1 4 3 1 2 2 1

G4 (=5 days) 0 0 0 0 0 0 0
Neatropenic fever o i 2¢ 0 1 1 i
AST or ALT

G2 [} 0 o 0 0 0 0

G3 0 1 0 0 0 0 0
Diarthea

G2 0 1 1 0 1 0 1

G3 : 0 0 0 0 0 i 0
DLT patients 0 2 2 0 1 2 1

*Two patients who had neutiopenic fever in level 3 were treated with preventive G-CSF support in second courses as level 3°. Leved 3* was tolersble for them. G, National Cancer

Instirste Commeon Toxicity Criteria grade; DLT, dose-limiling toxicity.

added on day 8. Heparinized tubes were used, and the plasma
was immediately separated by centrifugation and stored at
~20°C until analysis. Plasma concentrations of irinotecan, its
metabolites (SN-38 and SN-38G), and paclitaxel were mea-
sured using high-performance liquid chromatography on the
reported conditions.!3:14

The area under the plasma concentration-time curve
(AUC) of irinotecan, its metabolites, and paclitaxel were
calculated by the trapezoidal method with extrapolation to
infinity using WinNonlin (version 1.1; Scientific Consulting,
Inc., Apex, NC).

The AUC of irinotecan, SN38, and SN-38G on day 1
were compared with those on day 8 using paired ¢ test and
Wilcoxon matched-pairs signed ranks test. Clearance of pac-
litaxe] was compared with reported data in monotherapy.

RESULTS

Patient Characteristics

Twenty-six men and eight women were enrolled in the
study and were treated between March of 1999 and Novem-
ber of 2002 at Kinki University Hospital in Osaka, Japan.
Two men in level 3 and one man in level 4 were excused
because of the criteria for administration of day 8. One
showed grade 3 elevation of ALT and ileus, another showed
grade 2 elevation of ALT, and the other exhibited grade 2
rash. These patients were excluded from evaluation of toxic-
ities and responses at each dose escalation. Finally, 31 pa-
tients were evaluated for their toxicities and responses, and
blood samples were drawn on both day 1 and day 8 from 31
patients. The characteristics of the 31 patients are listed in
Table 2. ‘

Toxicities and Dose Escalation :
Major toxicities are hematologic toxicities, diarrhea,

and elevation of AST and ALT. Other nonhematologic tox-

icities are mild. Details are listed in Table 3. In level 2, one

patient developed grade 3 liver dysfunction and the other -

developed neutropenic fever. In level 3, all patients devel-
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oped grade 4 neutropenia and two of three patients developed
neutropenic fever. Although level 3 had not reached the
definition of MTD at this point, we judged that the dose of
level 3 was probably MTD, and that further continuation of
level 3 was dangerous. However, two patients who had
neutropenic fever did not develop DLT in the second course
of level 3 with preventive G-CSF support. We decided,
therefore, to continue this study with preventive G-CSF
support from level 3. Onc patient added to level 3 with
preventive G-CSF support did not develop DLT. Most pa-
tients received sccond or later courses on schedule in each
level. Although the schedules were delayed in a few patients,
the reasons were not toxicities. This study was subsequently
contimued until level 6, and the dose did not reach the MTD
with preventive G-CSF support. Although level 6 with G-
CSF support was tolerable, this phase I study was discontin-
ued because each dose was close to the recommended dose
for monotherapy in Japan. We estimated that the recom-
mended dose for phase 1 study was irinotecan 60 mg/m>
(days 1 and 8) and paclitaxel 200 mg/m? (day 8) with
preventive G-CSF support from day 9.

TABLE 4. Tumor Responses

Level Pattents PR Sb D
i 3 3

2 6 2+ 5t 2 I

3 4 1 1 2

4 6 0+ 3* 2 i

5 6 4+ 2

6 6 2 2 2

*Paticents with ED-SCLC, 1NSCLC (25 patients): PR, 9 (36%; 95% CI, 18~57%).
ED-SCLC (6 patients): PR, 6 (100%; 95% CI, 61-100%). PR, partial response; SD,
stable discase; PD, progressive disease; Cl, confidence interval.
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TABLE 5. Comparison of AUCs of Day 1 and Day 8

CPT-11

SN-38 SN-38G
Average (pg/min/ml) = SD
Day 1 2233+ 736 592 £ 5.30 70.24 = 70.40
Day 8 (with paclitaxel) 296.3 £ 92.0 831713 102.71 £+ 123.14
Paired ¢ test (p value) <0.000} 0.0271 0.0136
Wilcoxon matched-peirs signed ranks test (p value) <0.0001 0.0044 0.0001

SD, standard deviation; CPT-11, irinotecan.

Tumor Responses

Nine of 25 (36%) patients with NSCLC achieved par-
tial response, and all six patients with ED-SCLC achieved
partial response (Table 4).

Pharmacokinetics

Pharmacokinetic analyses were conducted on 31 patient
blood samples. AUCs of irinotecan and its metabolites on day
8 were significantly higher than on day 1 (Table 5). Clearance
of paclitaxe! (day 8) was 14.3 £ 5.3 liters/hr/m?,

DISCUSSION

Several other studies of this combination were report-
ed.’s-17 Both paclitaxel and irinotecan were administered
weekly in some studies, and patients were given paclitaxcl on
day 1 and irinotecan on days 1, 8, and 15 in some studies.
DLTs and other major toxicities were hematotoxicities and
diarrhea. These toxicities were similar to those in this study.
Administration of irinotecan on day 8 or 15 was generally
skipped in the weekly schedule, or administration of pacli-
taxcl on day 1, because of hematotoxicities. This study
schedule was designed to avoid skipping administration on
day 8 and to elevate dose intensity and its efficacy by using
G-CSF without any risky administration on day i5. Other
studies did not increase the dosage with G-CSF and did not
treat patients with ED-SCLC. This combination showed com-
paratively stxonger hematologic toxicity than the other plati-
num combination regimens or nonplatinum regimens as in-
dicated from our resuits and the other reports on this
combination.

Platinum-based combinations with third-generation
drugs are standard regimens in the treatment of advanced
NSCLC. 1181 However, a recent meta-analysis has reported
that I-year survival was not significantly prolonged when
platinum-based therapies were compared with third-genera-
tion—based combination regimens.2® Platinum-free doublet
regimens are expected to offer improved survival without
decreasing quality of life. Although this trial showed a re-
sponse rate similar to other nonplatinum regimens, hemato-
toxicities were stronger than those of the other regimens.
Therefore, this combination therapy might not be suitable for
the treatment of NSCLC.

In the treatment of small cell lung cancer, the regimen
of cisplatin and irinotecan ensures better survival than the
regimen of cisplatin and etopside.2 There have been very few
reports of platinum-free doublet regimens based on third-
generation drugs in smail cell lung cancer. The response rate

Copyright © 2006 by the International Association for the Study of Lung Cancer
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of this study regimen was noteworthy. Although the number
of patients with small cell carcinoma was limited, ail patients
achieved partial response (95% confidence interval,
61-100%). This combination showed similar or better re-
sponse than the combination of cisplatin and etoposids, and
this regimen might be as effective as the combination of
cisplatin and irinotecan, Therefore, this combination is pro-
posed as an attractive regimen for small cell lung cancer
chemotherapy.

In this trial, three persons were withdrawn from treat-
ment by the criteria of day 8 and thus excluded from evalu-
ation. We know from our previous study that this combina-
tion may cause severc neutropenia and that some patients
occasionally show stronger toxicities for irinotecan than
most. For example, it has been suggested that the polymor-
phism of UDP-glucuronosyitransferase might raise severe
toxicities.2:22 If only single administration of low-dose iri-
notccan produced toxicities that conflicted with the criteria of
day 8, we can regard that patient as an anomaly regarding
irinotecan. At this point, our administration schednle seems to
be safe for this combination.

In the pharmacokinetic study, AUCs of irinotecan and
its metabolites on day 8 were significantly higher than those
of day 1. Clearance of paclitaxel was similar to that in many
previously reported studics. We observed a 90-minute inter-
val between irinotecan infusion and paclitaxel infusion to
avoid severe drug interactions. We concluded that the mech-
anism of drug elimination is competitive because we had
found indications of interaction from the pharmacokinetic
investigation in our previous study. Irinotecan and its metab-
olite are mainly excreted by P-glycoprotein and ¢cMORT in
the liver, and paclitaxel or its vehicle (Cremophor EL) will
compete in some stage of excretion. Noninterval administra-
tion of paclitaxel and irinotecan would heighten the AUC and
the risk of toxicities. It has been advised in phase II trials that
the administration time schedule of a phase I study be
retained because it is very likely that the MTDs are different
in each administration schedule. If the interval between
irinotecan and paclitaxel administration is shorter or the order
of administration is reversed, the possible phannachmetic
interaction and toxicities might be much stronger. This com-
bination therapy must be planned carefully with due consid-
eration of the drug-drug interaction.
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