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Objective: The Phase | dose-escalation study was conducted to evaluate the safety and
pharmacokinetics of lapatinib (GW572016), a dual ErbB-1 and -2 inhibitor, in Japanese
patients with solid tumors that generally express ErbB-1 and/or overexpress ErbB-2.
Methods: Patients received oral lapatinib once daily until disease progression or in an event
of unacceptable toxicity.

Results: Twenty-four patients received lapatinib at dose levels of 800, 1200, 1600 and
1800 mg/day; six subjects enrolled to each dose leval. The majority of drug-related adverse
events was mild (Grade 1-2); the most common events were diarrhea (16 of 24; 67%), rash
(13 of 24; 54%) and dry skin (8 of 24; 33%). No Grade 4 adverse event was observed. There
were four Grade 3 drug-related adverse events in three patients (i.e. two events of diarrhea at
1600 and 1800 mg/day each and vy-glutamyl transpeptidase increase at 1800 mg/day). The
maximum tolerated dose was 1800 mg/day. The pharmacokinetic profile of lapatinib in
Japanese patients was comparable to that of western subjects.

Conclusions: Lapatinib was well tolerated at doses of 9001600 mg/day in Japanese solid
tumor patients. Overall, our findings were similar to those of overseas studies.
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INTRODUCTION

Dysregulation of the human epidermal growth factor (ErbB)
family of cell surface receptors has been noted in several
solid rumors, Binding of extracellular ligand to ErbB recep-
tors activates multiple intracellular signaling pathways that
can promote tumor growth through processes, such as cell
proliferation, differentiation and inhibition of apoptosis.
ErbB-1 and ErbB-2 are implicated in the pathogenesis of
several cancers (1), and their overexpression in epithelial
tumors—including those of the lung, breast, head and neck,
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colon, stomach, ovary and prostate—often correlates with
poor prognosis (2,3).

ErbB receptors present two rational targets for inhibition:
blockade of the extracellular ligand-binding domain by
monoclonal antibodies and inhibition of the intracellular
tyrosine kinase domain by small molecules (4). Several
anticancer agents target specific ErbB isoforms. For
example, the small molecule tyrosine kinase inhibitors gefiti-
nib (Iressa™) and erlotinib (Tarceva®) and the monoclonal
antibody cetuximab (Erbitux®) all target ErbB-1 (5-7).
and thus, they are indicated for the treatment of non-small
cell lung cancer (NSCLC) and colorectal cancer (8,9).
Furthermore, a monoclonal antibody directed against EcbB-2
(trastuzumab, Herceptin™) has been approved for patients
with ErbB-2-overexpressing breast cancer (10). Sensitivity to
some of these agents is strongly associated with the
expression levels of ErbB-1 and -2 (2,3).
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Since it has been suggested that tumors with ErbB-1
expression and ErbB-2 overexpression are more aggressive
than those without expression of the receptors (11-13), it
has been proposed that dual inhibition of ErbB-1 and -2
could be a useful approach in patients with overexpression of
these receptors. Lapatinib (GW572016) is a potent, orally
active, small molecule dual inhibitor of ErbB-1 and -2.
Lapatinib markedly reduces autophosphorylation of ErbB-1
and -2, and inhibits activation of Erkl/2 and AKT, the down-
siream effectors of cell proliferation and cell survival,
respectively (14—17). Lapatinib inhibits tumor cell prolife-
ration in various human tumor cell lines expressing ErbB-|
and overexpressing ErbB-2, as well as in tumor xenograft
models (14—17).

Preclinical study of lapatinib revealed the agent to be well
tolerated with an effective half-life of ~24 h, suggesting
once-daily oral administration to be feasible (18). Clinical
studies of the safety and efficacy of lapatinib in cancer
patients are underway.

This was the first Japanese Phase 1 study of lapatinib in
patients with solid tumors. This study was primarily
designed to assess the safety of repeated oral doses of lapati-
nib in these patients and to investigate pharmacokinetics to
see if they are comparable with those in western patients.

PATIENTS AND METHODS

Stuoy Design

This was a non-randomized, open-label, multicenter,
dose-escalation Phase 1 study conducted at two sites in
Japan—Kinki University Hospital, Osaka and National
Cancer Center Hospital East, Chiba.

The primary objectives were to assess the safety of
repeated oral doses of lapatinib, to determine the maximum
tolerated dose (MTD) in patients with solid mmors, to evalu-
ate the pharmacokinetics (PK) of repeated oral doses of lapa-
tinib and to compare the data from overseas studies and
based on these data, to find the clinically recommended dose
of lapatinib in Japanese patients enrolled in further studies.

Pamext EueBiLmy

Adult patients aged 20—74 years with histologically or cyto-
logically confirmed solid tumors that are generally known to
express EGFR and/or overexpress ErbB-2 (including colorec-
tal cancer, gastric cancer, NSCLC and breast cancer) were
cligible for inclusion, provided that they had failed standard
therapies or there were no other appropriate therapies avail-
able (19—40). Patients had to have normal function of major
organs and adequate bone marrow, hepatic and renal func-
tions defined as hemoglobin >9 g/dl, neutrophil count
> 1500/mm”® and platelets > 100 nnmmm’. AST and ALT
<2.5 of upper limit of normal (ULN) and bilirubin <1.5 of
ULN, and serum creatinine <1.5 of ULN, respectively. Left
ventricular ejection fraction by echocardiography had to be

Jpn J Clin Oncol 2009:39(2) 117

=50% and in all patients an appropriate length of time since
cessation of previous therapy was required (chemotherapy,
radiotherapy, surgery or investigational products other than
anticancer drugs, >4 weeks; nitrosourea compounds or mito-
mycin C, >6 weeks: biologic response modifiers or
hormone therapy, >2 weeks). Patients were also to have an
Eastern Cooperative Oncology Group performance status
(PS) 0-2 and life expectancy >3 months after the start of
lapatinib treatment.

Exclusion criteria were serious complications (Grade >3
according to the National Cancer Institute common toxicity
criteria, NCI-CTC, version 2); pleural effusion, ascites and/
or pericardial effusion requiring drainage by puncture, intra-
cavital administration, or any other relevant treatment; sys-
tematic steroid use for 250 days or possible need for
long-term use of systemic steroids; multiple active cancers;
symptomatic brain metastases; malabsorption and/or total
resection of the stomach or small intestine; corneal disorder:
history of drug allergy; breast feeding: previous
trastuzumab-induced impaired cardiac function; and previous
acute pulmonary disorder or interstitial pneumonia induced
by gefitinib.

All patients gave written informed consent before the start
of study. The protocol was approved by the institutional
review board of each study site. The study was conducted
according to the World Medical Association Declaration
of Helsinki (41) and Japanese good clinical practice guide-
lines (42).

TREATMENT

Based on the findings of overseas Phase | study (43), and in
order to compare PK profiles with an overseas parallel Phase
1 study (44), patients were assigned to receive lapatinib 900,
1200 or 1600 mg/day for 21 consecutive days. Lapatinib was
taken orally once daily with water after a light low-fat break-
fast, except on Days 1 and 21 when it was administered in
fasting state.

The dose levels started at 900 mg/day and increased to
1200 and 1600 mg/day, then increased by 200-mg incre-
ments until MTD was reached. MTD was defined as
the dose at which dose-limiting toxicity (DLT), ie. a
drug-related adverse event of NCI-CTC Grade >3,
occurred within 21 days after the initiation of dosage in
two or more patients at each dose level with six subjects.
When DLT was observed, the next dose for the patients
was to be postponed, and could not restart until NCI-CTC
grade became <2 within 14 days. In such cases, when
NCI-CTC became Grade 2 or below, the dose was to be
restarted at the previous dose level. When NCI-CTC did
not reach Grade 2 or below after dose delays of 14 days,
the treatment for the patients was to be discontinued.
These dose delays and reductions were allowed to be per-
formed only once.

Although appropriate supportive care and symptomatic
treatment were allowed, prophylactic use (including
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antiemetics) was not permitted between screening and Day
21 of the treatment period. Anticancer therapy of any kind,
medications that may affect the absorption or metabolism of
lapatinib, and other investigational drugs were prohibited
throughout the study. Also, to prevent PK interactions,
patients were instructed to avoid grapefruit, grapefruit juice
and St John's Wort (Hypericum perforatum) throughout the
study.

SAFETY ASSESSMENTS

Assessments including clinical laboratory tests, vital signs,
PS and body weight were performed at screening, at
baseline (i.e. within 3 days before the first dose), on Days
7. 14 and 21, every 4 weeks thereafter, on cessation
of treatment, and on the last day of observation (i.e. 28
days after the final dose or immediately before the start of
next anticancer therapy). Chest X-ray, 12-lead electro-
cardiogram and echocardiography were performed at
screening, once between Days 14 and 21, and on the last
observation day. Toxicity was graded according to the
NCI-CTC version 2,

PHARMACOKINETIC ANALYSIS

For PK evaluation, 3-ml blood samples were collected at 1 h
pre-dosing and at 1, 2, 3, 4, 6, 8, 10, 12 and 24 h after
dosing on Days | and 21 and at pre-dosing on Days 7 and
14, Urine samples were collected before dosing on Day |
and 0—24 h after dosing on Days 1 and 21,

Serum concentrations of lapatinib were measured by
liquid chromatography tandem mass spectrometry with a
lower limit of quantitation of 1 ng/ml.

The calculated PK parameters were maximum serum con-
centration (Cipgx), time 10 Crax (fngx), area under the plasma
drug concentration—time curve from 0 1o 24 h (AUCq_24)
and terminal half-life (1,7). Renal clearance was calculated
from urine concentrations of lapatinib.

EFFICACY ASSESSMENTS

For efficacy assessment [i.e. tumor response as determined
by X-ray, computed tomography (CT), magnetic resonance
imaging (MRI) and/or other objective measurements
according to the Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines (45)], evaluations were per-
formed at screening (i.e. 4 weeks before the first dose
of lapatinib), once during Days 14-21, every 4 weeks
thereafter, and on the last day of observation. Target and
non-target lesions were assessed in the same manner before
and after dosing. Consistency of efficacy evaluation by the
study investigators was assessed by extramural review
committee.

RESULTS
PATIENTS

Twenty-four patients were enrolled; all had received prior
chemotherapy. Table | shows their baseline characteristics.
The median age was 60 years (range, 37—73), and they had
a median PS of 1. NSCLC was the main tumor type. Six
patients at four dose levels, 900, 1200, 1600 and 1800 mg/
day each, received lapatinib. Eight patients received lapatinib
for >3 months and four for >6 months.

All patients completed the initial 21-day treatment period,
although one of the patients had dose reduction (overall
compliance, 90.5%) due to the onset of a Grade 3
drug-related adverse event (diarrhea) during this period.
Four patients (three at 1200 mg dose level and one at
1600 mg dose level) withdrew from study due to disease pro-
gression and four (one each at 900 and 1600 mg dosc level
and two at 1800 mg dose level) were withdrawn at their own
request, Mean durations of study treatment 1n the 900, 1200,
1600 and 1800 mg groups were 131, 68.2, 117 and 49.3
days, respectively. No patient withdrew due to adverse
evenls.

SAFETY

All 24 patients were cligible for safety analysis. Table 2 lists
the drug-related adverse events experienced by >20% of

Table 1. Baseline charsctenstics of patients

Characteristic Dase (mg/day) Total
(n=24)
900 1200 1600 1800
(n=6) (h=6) (n=6) (n==6)
Sex
Mals 5 2 3 4 14
Female 1 4 3 2 10
Tumor type
Non-small cell 5 3 | 4 13
lung cancer
Adenocarcinoma 2 I I 3 7
Squamous cell 2 1 o 1 4
carcinoma
Other 1 i 0 0 2
Colorectal cancer 1 1 2 | 5
Breast cancer 0 o > | 0 2
Othars 0 2 I 1 4
Performance status®
0 ] 1 1 3 B
1 4 5 3 3 15
1 1] 0 1 0 I
*Eastorn C ¢ Oncology Group perft status,
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Table 2. No. of patients with drug-related adverse events that ocourred in >20% of patients receiving lapatinib
Dose (mg/day)® No. of
900 1200 1600 1800 (%)
Common terminology cnitena grade | 2 3 | 2 3 I 2 3 | 2 i
Any adverse events 3 3 0 4 1 0 1 4 | 2 2 2 24 (100)
Crastrointestinal I 1 0 4 0 0 2 3 | 3 | 2 18 (75)
Diarrhea | 1 a 4 0 0 2 | I 3 | 2 16 (67)
Stomatitis 0 0 0 I 0 0 I 2 ] | 0 n 5(21)
Skin 4 2 ] 3 i 0 4 2 u 4 ¥ 1] 22 (92)
Rash I o 0 4 0 0 1 2 0 3 2 0 13 (54)
Dry skin 5 0 0 2 0 0 1 n 1] 0 0 0 R (33)
Seborrheic dermatitis 3 I 0 0 0 0 0 0 0 | 0 1] 5(21)
Paronychia 0 I ] 0 ] 1] 2 ] 0 | 1] 1] 5(21)
Metabolism and nutrition | 1] 0 1 0 0 2 0 0 4 0 0 8(33)
Anorexia 0 1] 0 | 0 1] ] 0 0 k} 1] 0 5(21)
Investigations 2 I 0 3 2 1] 3 1 0 3 | 1 17(71)
Decreased lymphocyte count 0 | 0 | 1 0 0 | 0 | 0 0 52N

*Six patients at each dose level,

patients at each dose level, The majority of events was mild
(Grade 1—2); the most common events were skin reactions
(mostly rash and dry skin) observed in 22 patients (92%) and
gastrointestinal disorders (mostly diarrhea) in |8 patients
(75%). The most severe drug-related adverse events were
Grade 3 diarrhea observed in one patient at 1600 mg dose
level and two patients at 1800 mg dose level. One of these
also had Grade 3 y-GTP increase. All diarrhea resolved with
routine symptomatic treatment during or after withdrawal of
lapatinib therapy, y-GTP increase resolved without further
treatment after completion of lapatinib therapy.

Grade 1/2 drug-related nausea and vomiting were experi-
enced only by patients at higher dose levels of lapatinib [1/6
(17%) at 1600 mg/day and 3/6 (50%) at 1800 mg/day], with
Grade 2 symptoms only seen at the 1800 mg dose level.

For other adverse events, no clear drug relation was found.
The most frequent events included decreased body weight
and serum alkaline phosphatase increase, each observed in
10 patients (42%). Grade | drug-related decreases in left
ventricular ejection fraction were found in three of the six
patients at the 1200 mg dose level. No clinically relevant
changes in vital signs, 12-lead electrocardiogram or echocar-
diography were noted.

Hypoxemia and pneumonia were reported at the 900-mg
dose level in another patient with NSCLC on Day 35. After
hypoxemia occurred, the patient continued to receive study
drug medication until Day 40. We attributed hypoxemia to
bronchostenosis caused by the primary disease. Oxygen
inhalation and erythromycin were given and hypoxemia
improved while the pneumonia was resolved on Day 41

before the patient died from progression of primary disease 3
months after the events were resolved. Chest X-rays and CT
findings for this patient were inconsistent with those for
interstitial pneumnonia associated with other tyrosine kinase
inhibitors; therefore a drug relation with lapatinib was
denied.

Maximum ToLeraTED DosE

Dose escalation was stopped at 1800 mg/day, where two
patients experienced DLT (Grade 3 diarrhea). One of these
patients also experienced Grade 3 y-GTP increase. Thus,
1800 mg/day was determined as the MTD,

PHARMACOKINETICS

Table 3 shows the PK parameters derived from data on 23
patients (data from one patient received lapatinib for only 19
days and are not included).

Serum concentrations of lapatinib at each dose level on
Days 1 and 21 are shown in Fig. 1. Repeated doses of lapati-
nib (9001800 mg/day) for 21 days resulted in dose-related
increases in mean C,,, (range, 1715=3111 ng/ml) and mean
AUCq_24 (range, 25 680—351 099 ng-h/ml) (Table 3), Large
inter-patient variations were found in mean C,,, and mean
AUC(_14. After a single dose of lapatinib, f,,,, was ~4 h,
although values varied greatly among patients. After 21 days
of treatment, 1,,,,, values were similar 10 those observed after
the single dosing on Day 1.
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stable with doxifluridine, and progressed with trastuzumab.
Following treatment with lapatinib 1600 mg/day, the tumor
shrank by 41% on Day 21. Time to progression was 133
days.

Among the patients with SD, three (two with NSCLC and
one with colorectal cancer) were stabilized for =6 months
and three (two with NSCLC and one with cervical cancer)
were stabilized for 3—6 months and therefore were con-
sidered as having a durable response.

DISCUSSION

The dual ErbB-1/-2 inhibitor lapatinib taken orally once daily
for =21 days was well tolerated at doses of 900—1600 mg in
Japanese solid tumor patients. Adverse events were mostly
mild in nature, and only four grade >3 drug-related adverse
events were noted, in three patients (three events of Grade 3
diarrhea and one Grade 3 y-GTP increase). No NCI-CTC
Grade 4 adverse events were observed. Grade 1-2 diarrhea
occurred in some patients other than those who experienced
Grade 3 diarrhea; for these, supportive therapy was given and
fully recovered in all cases. Grade 1/2 drug-related nausea
and vomiting were experienced only by patients at higher
dose levels of lapatinib, with Grade 2 symptoms only seen at
1800 mg dose level.

The types and incidences of drug-related adverse events in
Japanese patients were similar to those reported from studies
conducted in healthy volunteers (18) and two overseas Phase

Jpn J Clin Oncol 2009:392) 121

| studies, the latter including a parallel study in western
patients that used similar dose administration and
dose-escalation schedules (43,44). In that study as well as in
ours, diarrhca and rash were the most frequently noted
drug-related adverse events. Adverse events were generally
mild (Grade 1-2), transient and reversible on dose delay or
interruption. Headache, which was common in western
patients (18), was reported only by one patient at 1600 mg
dose level. 1800 mg/day was considered as MTD, at which
Grade 3 diarrhea and y-GTP increase were observed.

Skin-related adverse events of lapatinib were similar to
those reported for other agents that target ErbB-1; rash is
also a common adverse event associated with the ErbB-1
tyrosine kinase inhibitors gefitinib (46—49) and erlotinib
(7,50), as well as the anti-ErbB-1 antibody cetuximab (51).
Patients who received these medications also experienced
diarrhea (7,46—50). These adverse events occurred at a
similar frequency in our study as in two overseas Phase |
studies (43,44).

Apart from one event of yv-GTP increase, no Grade >3
abnormal laboratory test suggestive of liver dysfunction
was noted. Therefore, drug-related liver abnormality was
generally less frequently seen with lapatinib compared with
gefitinib (48,49),

Hematologic toxicity was uncommon and limited to cases
of anemia. This finding is similar to those of the Phase I bio-
marker study (44) and studies of gefitinib (48,49,52).

None of the patients developed interstitial lung disease,
which is an adverse event reportedly associated with gefiti-
nib (53,54) and occurs in 5.8% of Japanese patients (55),
However, because of the limited number of patients in our
study, further studies are required 10 assess safety of lapati-
nib in this regard.

Cardiotoxicity is a known adverse event associated with
trastuzumab therapy and might be related to ErbB-2 inhi-
bition (2,56); however, we found no evidence of drug-related
cardiac dysfunction in our study.

PK parameters such as Crax and AUC)_ 24 in this study
were analyzed and their means and 95% confidence intervals
compared with those obtained at similar doses (900—
1800 mg) in two overseas Phase I studies (43,44). As can be
seen in Fig. 2, the values were comparable among the three
studies. However, large inter-patient variations were noted,
especially in Japanese patients, and these might have con-
tributed to higher mean values. On the other hand, no clear
pharmacokinetic differences were apparent between Japanese
and non-Japanese subjects, suggesting that values obtained
overseas can be extrapolated to the Japanese population.

The dose recommended for further clinical studies outside
Japan, 1500 mg/day, can be used for Phase II studies in
Japan. We base this recommendation on the similar PK pro-
files of lapatinib in Japanese and western patients, evidence
of antitumor activity at doses of >900 mg/day, and an MTD
of 1800 mg/day,

To conclude, lapatinib, taken continuously as once-daily
oral therapy at 9001600 mg, was well tolerated in Japanese
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patients with solid tumors, The safety and PK profiles shown
in this study are similar to those in Phase | studies conducted
in western patients. Phase [1 studies to determine the efficacy
of lapatinib against a range of tumors are now in progress.
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Background: Pemetrexed in combination with cisplatin (Pem/Cis) is used globally for the
treatment ol malignant pleural mesothelioma (MPM). This Phase /Il study was conducted to
determine the recommended dose (RD) (Phase |) of Pem/Cis, and evaluate the efficacy and
safety (Phase Il) in Japanese MPM patients.

Methods: Key eligibility criteria were histologic diagnosis of MPM incurable by surgery, no prior
chemotherapy, and a performance status 0-1. Under full vitamin supplementation, pemetrexed
was intravenously administered on Day 1 of a 21-day cycle, followed by cisplatin. A cohort of
six patients, starting from pemetrexed 500 mg/m* and cisplatin 75 mg/m® (Level 1), were
studied in the dose-escalation Phase | (Step 1). The RD determined in Step 1 was carried
forward into Phase Il (Step 2). Planned number of patients treated with Pem/Cis was 18-38.
Results: In Step 1, 13 patients were enrolled: seven in Level 1 and six in Level —1 (peme-
trexed 500 mg/m?, cisplatin 60 mg/m?). Two of six evaluable patients had dose-limiting toxicities
(pneumonitis and neutropenia) in Level 1, establishing Level 1 as the RD. In Step 2, 12 patients
were enrolled, for a total of 19 patients treated at the RD. Seven patients achieved a partial
response among these patients, for a response rate of 36.8% (95% confidence interval: 16.3-
61.6); overall survival was 7.3 months. One drug-related death occurred due to worsening of a
pre-existing pneumonia. Common grade 3/4 toxicilies were neutropenia and decreased-hemo-
globin.

Conclusion: The Pem/Cis combination provides promising activity and an acceptable safety
profile for chemonaive Japanese MPM patients with the same recommend dosage and sche-
dule used in rest of the world.

Key words: cisplatin — mesothelioma — pemetrexed — phase I/l

INTRODUCTION membranes or from undifferentiated mesenchymal cells in
connective tissue under the membranes. MPM is a locally
invasive and aggressive tumor with a poor prognosis and a
median survival time (MST) of =9—16 months (1),

MPM is known to be linked to asbestos exposure, and the
For reprints sad all correspondence: Kazuhiko Nakagawa, Kinki Univenity  incidence of this tumor is expected to increase in the next 10—
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the world (9). Recently, the prevalence of MPM in Japan was
widely recognized after uncovering the high incidence of
MPM and MPM-related deaths in ex-workers of asbestos fac-
tories and in residents of the surrounding areas who may have
been subject to non-occupational exposure to asbestos fibers.

Surgical resection offers local control of the tumor but its
effect on survival remains unclear. In addition, application
of radiation therapy is limited because of the diffuse exten-
sion of tumor spread. Regimens applied to lung cancer such
as platinum-containing chemotherapy have been used for
MPM in Japan; however, the efficacy outcomes of these
therapies are not satisfactory. Therefore, effective systemic
chemotherapy for MPM is clearly needed.

Pemetrexed is a novel antifolate (12) that inhibits three
enzymes in folate metabolism: thymidylate synthase, dihydro-
folate reductase and glycinamide ribonucleotide formyltransfer-
ase (11). Because of the multi-targeted profile of this
compound, broad and preferable anti-tumor activity is expected.
Pemetrexed has shown clinical activity in various tumors
including mesotheliomas (6). A pivotal multicenter, random-
ized Phase T1T study of pemetrexed (500 mg/m’) in combination
with cisplatin (75 mg}mz) versus cisplatin alone (cisplatin
75 mg/m?®) in patients with MPM who had no prior chemother-
apy was conducted in 20 countries (not including Japan) (16).
A total of 448 patients were randomized and treated in this
study (226 treated by pemetrexed/cisplatin (Pem/Cis) and 222
treated by cisplatin). MST in the Perm/Cis arm was 12.1 months
compared with 9.3 months in the cisplatin arm (P = 0.020,
two-sided log rank test). This was the first confirmation of sig-
nificant prolongation of survival for patients with MPM, On the
basis of this evidence, the combination of pemetrexed and cis-
platin was approved for the treatment of MPM in the USA in
2004, Since then, the combination therapy has been approved
in more than 80 countries and regions for the treatment of
MPM, and recognized as a standard care for MPM (8).

In 2005, we initiated a Phase I/TI study of Pem/Cis therapy
in Japanese patients with MPM who had no prior chemother-
apy. The primary objectives of this study were to determine
the clinically recommended dose (RD) of Pem/Cis therapy
in the Phase I portion of the study (Step 1), and to examine
tumor response of the combination therapy in the Phase 11
portion (Step 2). The secondary objectives included
time-to-cvent cfficacy outcomes [the duration of response,
progression free survival (PFS), and overall survival time],
l-year survival rate, quality of life (QOL) assessments,
pulmonary function tests and safety,

PATIENTS AND METHODS
PATIENT SELECTION

Chemonaive patients with histological diagnosis of MPM,
regardless of clinical stage and who were not candidates for
curative surgery, were assessed for eligibility. Eligible
patients needed to be 20—74 years old with a life expectancy
212 wecks and an Eastern Cooperative Oncology Group
performance status (PS) 0 or |. Patients were also required

to have adequate organ functions: bone marrow reserve
[platelets =100 x 10°/mm®, hemoglobin >9.0 g/dl, and
absolute neutrophil count (ANC) >2.0 x 10" /mm’], hepatic
function [bilirubin <1.5 x upper limit of normal (ULN),
aspartate/alanine transaminase (AST/ALT) <2.5 x ULN,
and serum albumin >2.5 g/dl], renal function (serum
creatinine <ULN, and calculated creatinine clearance
245 ml/min using the Cockcroft and Gault formula), lung
function (functional oxygen saturation [Sp0.] >92%) and
normal electrocardiogram.

Patients were excluded from this study for active infection,
symptomatic brain metastasis, a wide-spread diffuse shadow
in the lung caused by interstitial pneumonitis diagnosed by
chest X-ray, pregnancy, scrious concomitant systemic dis-
orders incompatible with the study, clinically significant
effusions, Common Termmology Criteria for Adverse Events
(CTCAEs) v3 grade >2 peripheral neuropathy, the inability
to discontinue aspirin and other non-steroidal anti-
inflammatory agents or the inability or unwillingness to take
folate and vitamin B,, during the study.

This study was cond pliance with the guide-
lines of good clinical practice and the Declaration of
Helsinki, and it was approved by the local institutional
review boards. All patients gave written informed consent
before study entry. The Efficacy and Safety Evaluation
Committee (ESEC), an independent body, was consulted if
any efficacy and safety issues arose in the study.

ted in «

Stuny DesigN

This was a Phase I/II, multicenter, single-arm, open-label
study, performed in two steps. The RD level established in
Step | was carried forward in Step 2. Patients enrolled in Step
I at the RD level could continue in Step 2 unless otherwise
indicated. The planned number of patients in total of Steps |
and 2 treated with Pem/Cis was | 8~ 38 for examination of
efficacy and safety profile. In Step 1, six patients were to be
enrolled in each dose level. The lower number of the planned
number of patients, 18, was set as the minimum number of
patients needed to confirm that the response rate of the study
drugs was significantly larger than the threshold rate of 10%
at one-sided significant level 0.05 with > 80% power.

Stupy TREATMENT

Pemetrexed was intravenously administered as a 10-min
infusion on Day 1 of a 21-day cycle, followed by cisplatin
administration intravenously as a 2-h infusion 30 min after
pemetrexed administration. Patients were instructed to take a
daily | g multivitamin containing 500 pg of folate beginning
I week prior to Day | of Cycle 1 until study discontinuation,
Vitamin By; (1000 pg) was intramuscularly injected, starting
I week prior to Day 1 of Cycle | and repeated every 9
weeks until study discontinuation. Patients remained on
study unless they were discontinued, for instance, due to
disease progression and unacceptable adverse events.



DetemamiaTion of RD ror Ster 2

In Step | (Phase I), four escalating dose levels were planned:
pemetrexed at 500 (Level 1), 700 (Level 2), 900 (Level 3)
and 1000 mg/m® (Level 4) with cisplatin held at 75 mg/m®.
In addition, a lower dose level (Level — 1) was planned at
pemetrexed 500 mg/m® and a lower dosc of cisplatin 60 mg/
m* for a failure case of dose-escalation in Level 1. In the
dose-escalation procedure, the starting dose of pemetrexed
was set o be 500 mg/m*® which is ca. 40% of the maximum
tolerated dose (MTD) of pemetrexed monotherapy with folic
acid and vitamin B;; supplementation determined in a
Japanese Phase 1 study; the MTD and RD of pemetrexed
were determined to be 1200 and 1000 mg/m®, respectively
(7). The percentage of the starting dose to the MTD was
based on a guideline for Phase I/1I study on anticancer drugs
(10). For escalation of pemetrexed dose, a modified
Fibonacci dose-escalation method was used (2). Dose level
reduction or escalation depended on the incid of dose-
limiting toxicity (DLT) at a given dose level (Fig. 1). If two
of six patients at Levels 1, 2 or 3 developed DLT, that dose
level was considered the RD for Step 2 (Phase 11) of the
study, and then Step 2 was initiated. This was also the case
for Level —1 or 4 if 0—2 patients developed DLT. If three
or more patients developed DLT at a given dose level
(except dose Level —1), the next lower dose level was con-
sidered the RD level for Step 2. If three or more patients had
DLT at Level —1, a decision was made as to whether the
study should be continued.

A DLT was defined as a toxicity oceurring in Cycle |
meeting one of the following criteria: any grade >3 non-
hematologic toxicity (except nausea, vomiting, anorexia and
fatigue), grade >2 peripheral neuropathy or hearing loss/
impairment, grade >3 febrile neutropenia (< 1000 /mm’?
with >38.5°C), grade 4 leukopenia (< 1000/mm®) or neu-
tropenia (<500/mm’) lasting >3 days, thrombocytopenia
(<25000/mm*), or thrombocytopenia requiring platelet
transfusion. A failure to start the second cycle by Day 29
due to toxicity was also considered a DLT. All toxicities
were assessed according to CTCAE.

Step 2

50060 (Lavel - 1)

50075 (Lavel 1)

Figure 1. Scheme of dose-cscalution Steps | and 2. DLT, dose-limiting
toxicity.
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TREATMENT ASSESSMENTS
ANTI-TUMOR ACTIVITY

Discase staging was assessed according to International
Mesothelioma Interesting Group Tumor Node Metastasis
(IMIG TNM) staging criteria (13). Within 28 days before the
first treatment and approximately every 4 weeks after the
first treatment, computer tomography or X-ray imaging of
cach lesion was performed. Tumor response was assessed
using the modified Southwest Oncology Group (SWOG) cri-
teria. Unidimensionally measurable lesions were defined as
Measurable disease, and assessed objectively by the sum of
the greatest diameters of them. Bidimensionally measurable
lesions defined in the standard SWOG criteria (5) were
assessed in the similar way. Best overall response selected
from total overall response assessments was determined
according to assessment of the Extramural Case Judgment
Committee (E-CJC). Duration of response was measured as
from the date of the first objective assessment of complete
response (CR) or partial response (PR) until the date of the
first assessment of progression of disease (PD). PFS was
measured as from the registration date of Cycle | treatment
until the first date of PD or death from any cause, Overall
survival time was measured as from the registration date of
Cycle | treatment until the date of death from any cause or
until the last follow-up date in survival surveillance period.

QOL AssessMmENTS aND Puimonary Funenion Tests

QOL surveillance was employed using the following ques-
tionnaires: QOL questionnaire for cancer patients treated
with anticancer drugs (QOL-ACD), and functional assess-
ment of cancer therapy for lung cancer (FACT-L). These
guestionnaires were used on Day | of Cycles | and 2, and
on 3 months after Day | of Cycle 1. QOL-ACD consists of
four subscales (activity, physical condition, psychological
condition and social relationships) and a total QOL scale
(face scale) (4). The lung cancer subscale (LCS) score of
FACT-L was used (3). As pulmonary function tests, forced
vital capacity (FVC), forced expiratory volume in | s (FEV,)
and vital capacity (VC) were measured using a spirometer in
the sitting position. All tests followed the Japanese
Respiratory Function Test guidelines (14).

SaFeTY

Adverse events were recorded throughout the study and after
the last drug administration until signs of recovery were
cvident. Adverse events were cvaluated according to
treatment-emergent adverse events (TEAEs) definitions, and
coded using the Medical Dictionary for Regulatory
Activities (MedDRA v9.0). The severity (grade) of an
adverse event was assessed according to CTCAE v3,

STATISTICAL ANALYSIS

The evaluation period of efficacy and safety in this study
was defined as from the beginning of the study treatment to
5 months after the last patient began study treatment. For the
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evaluations of overall survival time and I-year survival rate,
survival surveillance period was defined as from the begin-
ning of the study treatment to | year after the last patient
began study treatment. Patients who received the study drugs
and complied with all inclusion/exclusion criteria were
included in full analysis set (FAS). Patients who were treated
with the RD level in Step 1 or 2 among FAS were included
in efficacy analysis set for efficacy evaluation. Patients who
received the study drugs at least once were included in
safety analysis set for safety evaluation.

Assessment results of the best overall response by the
E-CJC were used for efficacy analysis. Statistical tests based
on binominal distribution were done to confirm that the
response rate of the study drugs was significantly larger than
the threshold rate of 10% at one-sided significant level 0.05.
The threshold rate 10% was set on the basis of historical
data on the response rate of cisplatin alone arm reported in
other studies (15,16).

RESULTS
PATIEENT CHARACTERISTICS

From 2005 to 2006, a total of 25 Japanese patients with
MPM were enrolled in Steps 1 and 2 at seven centers in
Japan. All patients met the cligibility criteria and received
study treatment; all were included in FAS. One patient was
still receiving the study drug at the ime of the efficacy and
safety evaluations in this report.

Patient characteristics are summarized in Table 1. The
majority of patients were male (22 patients, 88.0%), The
median age was 61 years (range: S0—74 years). Most
patients had a PS of | (18 patients, 72.0%) and clinical stage
IV (21 patients, 84.0%). The predominant histologic subtype
was cpithelial in 64% of patients. Two demographic charac-
teristics showed differences among dose levels. There were
more patients with PS 0 in Level =1 (50.0%) than in Level
1 (21.1%). All six (100%) patients in Level —1 had the epi-
thelial subtype versus 10 (52.6%) patients in Level 1.

Dose-Escaramion, Dose-Livirivg Toxicrry ano RD

One patient in Level | of Step 1 died on Day 14 of Cycle | due
to exacerbation of pneumonia, respiratory failure (hypoxia) and
disseminated intravascular coagulation (DIC), The ESEC
evaluated the case of the early death. Since the patient had
had the shadow of the lung detected by radiographic image
prior to receiving study treatment, it was unlikely that the
administration of pemetrexed was the primary cause of the
pneumonia. The autopsy of this patient showed that interstitial
changes in the lung were mild and the pathological diagnosis
was an organizing pneumonia. The result of the autopsy was
compatible with the clinical course and suggested that the
direct cause of the death was not the drug-induced interstitial
pneumonia but the exacerbation of infectious pneumonia, wor-
sened by the study treatment. The case, therefore, was con-
sidered not appropriate for the DLT evaluation.

Table L. Patient characteristics

Step | Level =1 Level | All treated
(n=6) (n=19) (=25

Gender

Male 5 17 2

Female | 2 3
Age

Mean 6l 61 61

sD a9 %] 58

Med 61 59 1]
Weight(kg)

Mean 628 581 592

SD B.351 119 10.65
Performance status prios
to Cyele |

0 3 4 7

1 3 15 18
Histological subtype

Epithelicid 6 0 16

mesothelioma

Sarcomatoid 0 5 5

mesothelioma

Biphasic [} 4 4
mesothelioma

Onher 0 0 0
Asbestos exposure

Had no exposure 2 3

Had exposure 4 16 20
Stage of discase

la 0 0 o

Ib 0 | 1

1] L] 1 1

u 1 1 2

v -] 1] 2l

Level |+ pemetrexed 500 mg/m® + cisplatin 75 mg/m®
Level —1: pemetrexed 500 mg/m® + cisplatin 60 mg/m*
SD. standard deviation.

Ome patient was added in this dose level to assess the safety
profile additionally. Among the six patients in Level 1 exclud-
ing the case inappropriate for the DLT evaluation, two patients
showed DLTs: drug-induced pneumonitis in one patient and
dose delay of Cycle 2 initiation due to decreased neutrophil
count in the other. According to the protocol definition, Level
| was determined to be an RD for the next phase (Fig. 1).

The ESEC, however, recommended examining the treat-
ment at Level —1 (pemetrexed 500 rng!m’ and cisplatin
60 mg/m®) exploratively to accumulate more safety infor-
mation. Accordingly, six patients were enrolled and treated
at Level —1, and no DLTs were observed in this dose level.

Evaluating the data of these two levels together, the ESEC
agreed to continue Step 2 carefully with the dose of Level
1. The sponsor decided to carry forward into Step 2 with



an RD of Level | {pemetrexed 500 mg/m’ and cisplatin
75 mg/m°). In Step 2, 12 patients were treated at Level 1.

EFricacy

Nineteen patients (7 in Step 1 and 12 in Step 2) in Level |
were included in the efficacy analysis set and of 19 patients,
seven patients had PR, five patients had stable discase (SD),
six patients had PD and one paticnt was classified as not
evaluated. An overall response rate (ORR) was 36.8% [95%
confidence interval (C1): 16.3%—61.6%]. The 95% one-sided
confidence lower limit was 18.8%, exceeding the threshold
level of 10%. The six patients in Level —1 had PR; thus, the
ORR for all 25 patients treated with the study drug reached
52.0% (13 total PR, 95% CI: 31.3%~72.2%).

The secondary efficacy variables were time-to-event out-
comes (the duration of response, PFS and overall survival
time), 1-year survival rate, QOL and pulmonary function
test. The median duration of resp was 5.2 hs (95%
CI: 4.3-7.3 months) for the seven responders in the efficacy
analysis set (Table 2). The median duration of response for
the six responders at Level —1 was again 5.2 months. For
the efficacy analysis set, median PFS was 4.7 months (95%
ClI: 1.3—6.5 months) and MST was 7.3 months (95% CI:
4.6—14.2 months, Fig. 2) with -year survival rate of 36.8%
(95% CT: 15.2%—58.5%). Median PFS for the six patients at
Level —1 was 10.1 months. MST at Level — 1 could not be
calculated by Kaplan—Meier method. The 1-year survival
rate of Level — 1 (66.7%) was beyond 50%.

The QOL-ACD and FACT-L measures were used for QOL
evaluation. There were no major changes from prior to Cycle
1 to 3 months after Cycle | treatment in the mean scores for
the activity and physical condition subscales of QOL-ACD
(Table 3); however, mean scores from prior to Cycle 1 to 3
months after Cycle | treatment for the psychological condition
and social relationships subscales numerically increased. The
mean LCS score of FACT-L did not change substantially from
prior to Cycle 1 to 3 months after Cycle 1 treatment (data not
shown). These score changes indicate that QOL of the patients
was maintained without worsening from baseline. Pulmonary
function was also maintained with no worsening from baseline
observed in the pulmonary function tests (FEV,, FVC and
VC) in the efficacy analysis set (data not shown),

SaFETY

Of 25 patients of the safety analysis set, three died during
the study period: one (Level 1, Step 1) from exacerbation of
pneumonia as a pre-existing complication, respiratory
failure, and DIC, as described earlier, and the other two
(Step 2) due to study disease. Two patients experienced non-
fatal serious adverse events (fever and aspiration pneumonia,
respectively). A causal relationship between fever and the
study drugs could not be ruled out, but the aspiration pneu-
monia was not considered related to study drugs. Adverse
events leading to discontinuation from study treatment were
observed in six patients: one patient at Level | and three
patients at Level — 1 in Step 1 and in two patients in Step
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Table 2. S y of ti ot and |-year survival rates
Step | Level =1 Lewei | Al treated
(n=6) (n=19) (n=25)
Duration of resp th
Responders 6 7 13
Med 52 52 52
(95% CI) Ll=" 43-713 43-73
Range 2.7-96 10-73 .0-9.6
Censored 50 143 0%
(%)
Progression free survival (months)
Med 10.1 47 48
(95% CD 43~ 1.3-6.5 25-71
Range 13-121 0.5-9.6 0.5-121
Censored 50 105 20
(%)
Orverall survival (months)
Med NA 13 92
(95% CT) === 46—142 5.8-144
Range £.6—193 0.5-21.5 0.5-21.5
Censored 66.7 211 32
(%)
|-year survival rate (%)
66.7 68 440
(95% CI) 28.9-100.0 15.2-58.5 24.5-635
*Not d. NA, not d

Level 1: pemeirexed 500 mg/m’ + cisplatin 75 mgior®,
Level — I: pemetrexed S00 mg/m® + cisplatin 60 mg/m®.
C1, confidence interval.

2, Adverse event leading to discontinuation in two or more
patients was increased blood creatinine (two patients).

Grade 3 or more laboratory TEAEs were observed in
16 patients; four patients at Level | and five patients at
Level —1 in Step 1 and in seven patients in Step
2. Laboratory TEAEs observed in at least half of the 25
patients were decreased-hemoglobin, decreased red blood
cell count, decreased neutrophil count, decreased white
blood cell count, decreased lymphocyte count, increased
blood urea and decreased body weight (Table 4). Grade 3 or
more non-laboratory TEAEs were observed in eight patients:
three patients at Level | and onc patient at Level —1 in Step
1 and in four patients in Step 2. Non-laboratory TEAEs
observed in at least half of the 25 patients were nausea, anor-
exia, vomiting and malaise. No major differences between
Levels | and — 1 (Step 1) in the incidence of TEAEs were
noted.

For the 19 patients at Level |, laboratory TEAEs of grade
3 or higher, possibly related to drug, and observed in at least
two patients were decreased neutrophil count (seven patients,
36.8%), decreased hemoglobin (six patients, 31.6%),
decreased white blood cell count (five patients,
26.3%), decreased lymphocyte count (five patients, 26.3%),



344 Phase I/l pemetrexed for MPM in Japan

Figure 2. Kaplan—Meier plot of overall survival in the efficacy analysis set. Solid lines, overall survival; dotted lines, high and low limits of 95% confidence

imterval.

decreased platelet count (two patients, 10.5%) and decreased
blood potassium (two patients, 10.5%). Non-laboratory
adverse drug reactions of grade 3 or higher observed in at
least two patients were vomiting (three patients, 15.8%),
anorexia (three patients, 15.8%), nausea (two patients,
10.5%) and malaise (two patients, 10.5%). Adverse drug
reactions of grade 3 or higher for the six patients in Level
=1 were decreased neutrophil count (three patients),
decreased-hemoglobin (two patients), decreased lymphocyte
count (two patients) and decreased red blood cell count (one
patient).

DISCUSSION

This Phase I/II study reports the first experience of the com-
bination of pemetrexed and cisplatin therapy in Japanese
patients. The RD of Pem/Cis combination therapy was estab-
lished at pemetrexed 500 mg/m? and cisplatin 75 mg/m®,
with pemetrexed administration on Day 1 of each 21-day
cycle followed by cisplatin, which is the same regimen used
in worldwide for patients with MPM (16).

Of the 19 paticnts evaluable for efficacy at the RD level,
there were PRs in seven patients, for an ORR of 36.8%
(95% CI: 16.3%—61.6%). A pivotal Phase II1 study of the
same regimen as that applied of the present study, yielded a
response rate of 41.3% (95% CI: 34.8%—48.1%) in 225
patients (16). The response rates from both studies are com-
parable despite of the large difference in sample size.

The response rate of all the 25 treated patients was higher
than the response rate for the 19 patients treated at the RD
(52.0% versus 36.8%). This is due to the fact that all the six
patients in Level =1 had PR. The excellent outcome
observed in Level —1 may be attributed to differences

between those patients who received the RD and those
patients in Level —1 in the histological subtype of mesothe-
lioma. All six patients in Level —1 had an epithelial
subtype, which is known as a favorable prognostic factor,
while only about half of the 19 patients at the RD had this
subtype. In addition, the PS of the patients in Level — 1 was
better than the patients at RD.

A secondary efficacy endpoint MST showed 7.3 months in
this study, shorter than that of the Pem/Cis arm in the Phase
1T study (12.1 months) (16). Although it would be difficult
to compare MST of this study derived from a small sample
size with the large Phase I11 study (n = 226), the discrepancy
of survival between the two studies could be ascribed for the
demographic characteristics of patients in both. There are
less patients who had good prognostic factors in this study
than in the Pem/Cis arm of the Phase 111 study: epithelial
subtype: 52.6% versus 68.1%, a good PS: 21.1% (PS = 0)
versus 51.8% (Kamofsky PS = 90/100) and clinical stage
I/11: 8.0% versus 22.6% (16).

In this study, the most common adverse events (> 50%
of patients) were decreased-hemoglobin, erythropenia,
neutropenia, leukopenia and lymphopenia for laboratory
parameters, and nausea, anorexia, and vomiting for non-
laboratory parameters. These hematologic and gastroin-
testinal events were similarly observed in the Pem/Cis arm
of the pivotal Phase I1I study (16). No grade 3/4 febrile neu-
tropenia toxicity which is a potentially life-threatening event
was reported in our study. One death by pneumonitis was
observed in this study; however, the patient was considered
to have a pre-existing condition before initial treatment with
study therapy. Adverse events observed in this study were
predictable from safety profile observed in overseas trials
and market experiences of pemetrexed and cisplatin combi-
nation therapy.
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Table 4. Summary of treatment-emergent adverse events (TEAES) reported
>25% patients

Subscale Measurement #  Mean SD Min  Med Max
Point
Actity
Priorto Cyelel 19 629 2535 200 600 1000
Priorto Cycle2 15 618 nn 50 To0 1000
Prorwo Cycled 14 696 2179 200 750 950
Cyclet +3M 11 605 3213 50 Too 1000
Physical
Priorto Cyclel 19 647 2233 150 700 1000

Priorto Cycle2 15 643 1811 200 650 950
Prior to Cyeled 14 662 1833 300 700 850

Cyclel +3M 11 614 1146 350 600 95.0

Psychological

Priorto Cyclel 19 532 062 115 563 A3
Priorto Cycle2 15 396 2487 125 625 1000
Priocto Cycled 14 580 1741 313 563 87.5

Cyclel +3M 11 614 1807 375 688 875

Socul
Prior to Cyclel 19 329 21.56 50 250 750
Prior to Cycle2 15 337 19.13 00 250 70.0
Prior 1o Cyeled 14 436 1994 100 425 850
Cyclel +3M 11 364 2259 100 300 85.0
Face scale
Priot to Cyclel 19 350.0 23.57 00 500 1000
Priorto Cycle2 14 554 2437 00 500 100.0
Priot to Cyeled 14 643 2344 250 500 1000
Cyclel +3IM 11 636 2050 250 750 1000

Level 1: pemetrexed 500 my/m® + cisplatin 75 mg/m” M, months.
QOL, quality of life

CONCLUSION

The RDs for the Pem/Cis combination are pemetrexed
500 mg/m* and cisplatin 75 mg/m’, which is the same
regimen used in worldwide for patients with MPM. The
combination shows promising efficacy with an acceptable
safety profile in Japanese patients with MPM.

On January 2007, Pem/Cis combination therapy was
approved and launched for the treatment of patients with
MPM in Japan. Intensive post-marketing surveillance in
patients with MPM is ongoing.
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System organ Step 1 Level 1 All treated
class preferred teom Level =1 (n=19) (a=25)
(n=6)
Patients with > | TEAEs 6 19 F>]
Laboratory
Hemoglobin decreased 6 £} 4
Red blood cell count decreased 13 16 n
Neutrophil count decreased 5 16 u
White blood cell count decreased 5 15 10
Lymphocyte count decreased 5 12 17
Blood urea increassd 5 1" 16
Weight decreased 3 12 15
Blood albumin decreased 2 10 12
Platelet count decreased 4 8 12
Protein total decreased 3 9 12
Blood creatinine increased 4 7 1"
Neutrophil count increased b 8 10
White blood cell count increased 2 8 1]
Blood sodium decreased 2 7 9
Alanine aminotransferase increased I 7 B
Protein urine present ] 7 ]
Aspartate aminotransferase increased | 6 7
Blood magnesium decreased 2 5 2
Blood potssium decreased 0 7 7
Non-laboratory
Nausea 6 ] 24
Anorexia f 6 n
Vomiting 3 15 I8
Malaise 5 10 15
Constipation 3 9 12
Hiccups 3 5 8
Rash 2 [ 8
Diarthoea | 6 7
Oedema 2 s 7
Pyrexia 2 5 7
Dysgeusia 3 4 7
Headache 1 6 7
Level 1: pemetrexed 500 mg/m” + cisplatin 75 mg/m’
Level —1: pemetrexed 500 mg/m* + cisplatin 60 mg/m”
McdDRA Ver 9.0,
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Abstracts

Purpose  Incidence of joint symptoms and bone fractures as
well as changes in bone mineral density (BMD) in Japanese
postmenopausal breast cancer patients treated with adjuvant
anastrozole were investigated to determine whether there is
an ethnic difference from Caucasian patients in the incidence
of these adverse events of anastrozole.

Methods Adjuvant anastrozole was used to treat 348 post-
menopausal breast cancer patients for a median period of
22 months. Adverse events of anastrozole including joint
symptoms, loss of BMD, and bone fracture were investi-
gated by means of chart review.

Results  Joint symptoms developed in 96 (27.5%) patients.
Age (younger than 65) and prior chemotherapy was
strongly associated with an increased risk of joint symp-
toms. Annual fracture incidence was 0.86 and 0.85% and
lumbar BMD decreased by 1.3 and 2.8% at | and 2 years,
respectively. In comparison, the ATAC trial reported corre-
sponding figures of 2.0 and 2.7 and of 2.2 and 4.0%.
Conclusion Incidence and risk factors of joint symptoms
are similar for Japanese and Caucasian patients, but the
former tend to show a smaller decrease in BMD and a
lower incidence of bone fractures. probably due to ethnic
difference in the hormonal milieu.
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Introduction

For more than a decade, 5-year treatment with tamoxifen
has been the gold standard for hormonal therapy for post-
menopausal patients with hormone receptor positive breast
cancer. However, the ATAC trial has clearly shown that
anastrozole, a potent third-generation aromatase inhibitor,
is superior to tamoxifen in terms of improved disease-free
survival (Baum et al. 2002; Howell et al. 2005). As a result,
anastrozole is now accepted as a standard treatment for
postmenopausal patients with hormone receptor positive
breast cancer.

Besides anastorozole's superior efficacy it seems to
cause fewer adverse events because the incidence of tamox-
ifen-related serious adverse events such as endometrial
cancer, thrombophlebitis, and ischemic cerebrovascular
disease, etc. is significantly lower for patients receiving
anastrozole rather than tamoxifen (Baum etal. 2002;
Howell etal. 2005; Buzdar etal. 2006). It has been
reported, however, that patients being treated with anas-
trozole show a higher incidence of joint symptoms (joint
pain and stifiness), loss of bone mineral density (BMD) and
bone fractures (Howell etal. 2005; Buzdar et al. 2006).
These reports are based on clinical tnals involving Cauca-
sian breast cancer patients. Since BMD and bone fracture
incidence are different for Japanese and Caucasian post-
menopausal woman (Ito et al. 1997) and since hormonal
milieus of these two ethnicities also differ, i.e., serum estra-
diol levels are about in Caucasian postmenopausal women
twice as high as in their Japanese counterparts (Shimizu
etal. 1990), we considered it quite possible that the adverse
effect of anastrozole on bone might also be different.

We published a preliminary report on the influence of
anastrozole on BMD in Japanese postmenopausal breast
cancer patients, and suggested that the negative impact of
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anastrozole on bone might be milder in Japanese than
Caucasian women, based on the observation that BMD loss
1 year after anastrozole treatment is 1.2% for Japanese
patients but reportedly 2.2% for Caucasian patients
(Yoneda et al. 2006). In the study presented here, we inves-
tigated the actval incidence of joimt symptoms and bone
fractures for Japanese postmenopausal breast cancer
patients treated with adjuvant anastrozole also studied
changes in BMD after 2 years of this treatment.

Materials and methods
Paticnts

Between April 2002 and April 2007, 348 hormone receptor
[estrogen receptor (ER) and/or progesterone receptor
(PR)]-positive postmenopausal breast cancer patients were
treated at our hospital with adjuvant anastrozole (1 mg/day)
for a median period of 22 months ranging from | to
60 months, Adverse events of anastrozole on these patients,
that is, joint symptoms, loss of BMD, and bone fracture,
were investigated by means of chart review. Characteristics
of the patients analyzed in this study are shown in Table |.
We also recorded the anastrozole-related joint symptoms
(=grade 1 according to Common Terminology Criteria for
Adverse Events version 3.0) and fractures at any site.

Of the 348 patients, 122 had their lumbar spine (L2-4)
BMD measured by means of dual-energy X-ray absorpti-
ometry before the start of anastrozole treatment. Patients
were categorized into three groups: normal bone mineral
density [young adult mean (YAM = 80%) (n = 85), osteo-
penia  (80% > YAM = 70%) (n=21), or ostcoporosis
(YAM < 70%) (n = 16)]. Paticnts who were not osteopenic
and those whose BMD was not measured before the start of
anastrozole were not treated with preventive medication
such as bisphosphonates, vitamin D, or calcium. However,
patients who were osteopenic at the start of anastrozole and
those who developed osteoporosis during anastrozole treat-
ment received one or a combination of these medications.

Statistical analysis

The incidence of anastrozole-related joint symptoms was
compared among various subgroups with the »° test.
Cumulative incidence of bone fractures was calculated
with the Kaplan-Meier method. Changes from baseline in
lumbar spinal BMD 1 and 2 years after the start of anas-
trozole treatment were assessed with the paired  test. Stat
View software (Version 5.0 for Windows, SAS Institute
Inc., Cary, NC, USA) was for statistical analysis. A P
value less than 0.05 was considered to indicate statistical
significance.
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Table 1 Patient charactenstics

No. of patients

Demographics

Age (years) 62(8.2)
Weight (kg) 56 (8.6)
Height (cm) 155 (4.7)
Body mass index (kg/m®) 23(3.2)
Stage

1 140 (40.0%)
1] 174 (49.7%:)
m 24 (6.9%)
Hormone-receptor status

ER positive 344 (98.2%)
PR positive 250 (74.0%)
Adjuvant chemotherapy

None 226 (64.9%)
Epirubicin® 47 (13.4%)
Taxane* 7(2.0%)
Epirubicin — Taxane? 63 (18%)
CMF 5(1.5%)
' SD

" Epirubicin-containing regimens (epirubicin 75 mg/m® or 100 mg/m’,
4-6 cycles, g3w)

¢ Taxane includes paclitaxe! (80 mg/m?, 12 eycles, qlw) or docetaxel
(60 mg/m?, 4 cycles, g3w)

¢ Epirubicin-containing regimens followed by paclitaxel or
docetaxel

Results
Joint symptoms

Of the 348 patients, 96 (27.5%) developed joint symptoms
(Table 2). The median time until development of joint
symptoms was 3 months, ranging from 1 to 20 months. Of
these 96 patients, 79 (82%) showed spontaneous resolution
of joint symptoms with a median time until resolution of
3 months (range 1-18 months) even though anastrozole
was continued without any medication for the symptoms.
The symptoms of the remaining 17 (18%) patients deterio-
rated, so that anastrozole was discontinued and replaced
with exemestane in, for two, tamoxifen or toremifene for
12, and no further treatment for three patients.

Risk factors for joint symptoms are displayed in Table 3.
Age <65, but not BMI, was strongly associated with a
higher risk of joint symptoms (P =0.0004). Presence of
adjuvant chemotherapy was also strongly correlated with
an increased risk of joint symptoms regardless of the regi-
men, since the incidence of joint symptoms was 21.2% for
the patients not weated with chemotherapy, 44.2%
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Table 2 Number of patients

(%) by type of joint symptoms phec el
Joint symptoms
Morning stiffness 44 (45.8%)
Arthralgia 44 (45.8%)
Myagia 6(6.2%)
Others 2(2%)
Total 96 (100%)

Table 3 Risk factors of anastrozole-related joint symptoms
No. of patients

Total  With joimt % P

symptoms
Age, years
<65 227 m 339 0.0004
=65 121 19 15.7
BMI
<23 199 61 30.6 0137
> 149 35 234
Adjuvant chemotherapy
None 226 48 212
Taxane or 70 31 442 0.0004
Epirubicin — Taxane
Epirubicin 1o 47 427 <0.0001
CMF ] 0 0 0.166

(P = 0.0004) for those treated with taxane or sequential epi-
rubicin and taxane therapy, and 42.7% (P =0.0004) for
those treated with epirubicin.

Bone fractures

Eight fractures occurred in the 348 patients with the frac-
ture sites as shown in Table 4. Annual fracture rates were
0.86% (3/348) and 0.85% (2/234) during the first and sec-
ond year, respectively, after the start of treatment with
anastrozole (Fig. 1). Since the median follow-up period was
22 months and the number of patients treated with anastrozole

Table 4 Bone fracture sites No. of

Bone fracture sites
Shoulder

Clavicle

Wrist

Exfoliation

Spine

Jaw

Total

e
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Years after start of anastrozole

Fig. 1 Annual rates of bone fracture after stant of anastrozole weat-
ment (* Buzdar et al. 2006)

for more than 2 years was so small, annual fracture rates are
shown only for the first two years. These rates are lower
than those reported for the Caucasian breast cancer patients
in the ATAC trial (2.0 and 2.7%. respectively) (Buzdar
et al. 2006).

Infuluence of anastrozole on BMD

The 39 patients who showed normal BMD of the lumbar
spine at baseline had their BMD measured serially 1 and
2 years after the start of anastrozole treatment (patients who
were osteopenic or osteoporosis at baseline were excluded
from this analysis). As shown in Fig. 2, lumbar BMD
decreased by 1.3 and 2.8%, respectively. These reductions
in lumbar BMD are smaller than those reported for the
Caucasian breast cancer patients in the ATAC trial (2.2
and 4.0%, respectively) (Buzdar et al. 2006).

Discussion

According to the results of the ATAC trial, which
compared the effects of adjuvant anastrozole and tamoxifen
for Caucasian postmenopausal breast cancer patients,
35.6% of patients experienced joint symptoms, and the
majority of the symptoms developed within 24 months after
the start of treatment with a peak occurrence at 6 months.
The median time to resolution of joint symptoms was
reported as 5.5 months. Our study obtained essentially
similar results for the incidence and clinical course of joint
symptoms. Other studies have reported a similar incidence of
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Fig. 2 Influence of anastrozole on BMD (* Buzdar et al. 2006)

anastrozole-related joint symptoms for Japanese women
(Ohsako et al. 2006). It can therefore be concluded that
the incidence of anastrozole-related joint symptoms and
their clinical course are similar for Japanese and Cauca-
sian postmenopausal breast cancer patients,

Although the exact mechanism of anastrozole-related
Jjoint symptoms is still unclear, Donnellan et al. suggest that
u precipitous fall in estrogen levels is one cause of the
observed joint symptoms (Donnellan et al. 2001), Andersen
ct al. also reported estrogen deficiency accelerates cartilage
turnover and increases cartilage surface erosion (Andersen
etal, 2004), suggesting that anastrozole-induced decrease
in estrogen levels might play an important role in the patho-
genesis of joint symptoms. Crew etal. reported that
patients who have received prior taxane chemotherapy are
more than four times more likely to develop anastrozole-
related joint symptoms than those who have not (Crew
etal. 2007). In the study presented here, we obtained
similar results in that patients who received prior taxane or
taxane-containing chemotherapy are at a higher risk for
developing joint symptoms, and we also found that epirubi-
cin-containing regimens can also be a significant risk factor
for joint symptoms (Table 4).

Since BMD and bone fracture incidence are reported to
be different for Japanese and Caucasian postmenopausal
women in a general population (Ross et al. 1995) and since
the hormonal milieu is also different, it was considered pos-
sible that the adverse effect of anastrozole on bone might
also be different for these two ethnicities. The ATAC trial
reports that annual rates of bone fractures are 2.0 and 2.7%
for the first and second year, respectively, after the start of
anastrozle treatment for Caucasian patients. In our study,
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however, we found that the corresponding rates for
Japanese patients are 0.86 and 0.85% and thus appear
10 be lower than those reported for Caucasian women. Since
the median follow-up period of our study is still short
(22 months), the long-term adverse effect of anastrozole on
bone fractures need to be investigated. Nevertheless, our
results seem to indicate the possibility that there is an ethnic
difference in bone fracture rates between Japanese and
Caucasian patients.

We studied changes in BMD over time after the start of
anastrozole treatment for patients with normal BMD and
found that they lose 1.3 and 2.8% of BMD 1 and 2 years,
respectively, after the start of the treatment. The subproto-
col of the ATAC trial, on the other hand, shows that Cauca-
sian women lose an average of 2.2 and 4.0% of BMD 1 and
2 years, respectively, after the start of anastrozole therapy.
These results seem to suggest that Japanese women are
likely to show a smaller reduction in BMD than Caucasian
women do. which is compatible with our observation that
Japanese patients have a lower incidence of bone fractures
than Caucasian patients, although the difference in the
patient population and in the method for BMD measure-
ment used in these two studies makes a direct comparison
inaccurate. It has been reported. however, that postmeno-
pausal Caucasian women have higher serum estrogen levels
and higher BMD than postmenopausal Japanese women
(Shimizu et al. 1990; Ito et al, 1997). It is therefore reason-
able to speculate that anastrozole treatment is likely 1o
induce a more precipitous fall in estrogen levels in Cauca-
sian patients than in Japanese patients, resulting in a greater
reduction in BMD and a subsequent higher incidence of
bone fractures in the former.

In conclusion, we have been able to show that the inci-
dence of joint symptoms and their clinical course and risk
factors is very similar for Japanese and Caucasian breast
cancer patients treated with adjuvant anastrozole but that
Japanese patients have a smaller reduction in BMD and a
lower incidence of bone fractures than Caucasian patients
after anastrozole treatment, probably due to ethnic differ-
ences in hormonal milieu. The possible ethnic difference in
the adverse effect of anastrozole on bone considered in our
study may be of considerable clinical importance and thus
needs to be investigated in more detail and with a larger
number of patients.

References

Andersen PH, Tanko LB, Andersen TL, Lundberg CV, Mo JA,
Heegaard AM, Delaisse JM, Christgaus S (2004) Ovari ized
rats as a model of p P | nhritis: validation and
application. Arthritis Res Ther 6:R169-R 180

Baum M, Buzdar AU, Cuzick J, Forbes 1, Houghton JH, Klijn IG.
Sahmound T, ATAC Tralists* Group (2002) Anastrozole alone or




