570 1APL in a patient with breast cancer

cells, we treated her with anthracyclines in consolidation
therapy. Beaumont et al. indicated that the survival of tAPL
was 59% at B years and that the preponderance for primary
malignancy of patients with tAPL was breast cancer. The
interval between the primary malignancy and secondary leu-
kemia was less than § years in most cases (1,5,19). Because
metastatic breast cancer patients may achieve long-term sur-
vival, the possibility of secondary malignancies should be
careful monitored.

In case of this patient, because her complete blood count
did not fully recover and a bone marrow biopsy disclosed that
bone metastases of breast cancer cells had progressed after
the first consolidation chemotherapy for tAPL, the subsequent
consolidation chemotherapy (or tAPL was interrupted and
chemotherapy for breast cancer was forced to start, resulting
n a possibly insufficient treatment for tAPL. Considening the
palliative nature of the treatment of metastatic breast cancer
patients, the priorities and goals of treatment should be care-
fully considered—with thought given to whether the breast
cancer or the secondary malignancy is the life-limiting
disease. Even if intensive treatment for tAPL is considered, if
the tAPL becomes refractory to induction and consolidation
chemotherapy, high-dose chemotherapy supported by hema-
topoietic stem cell transplantation might not be indicated
because of the incurable breast cancer bone metastases.

In conclusion, we have reported a case of tAPL in a
patient with breast cancer who had not undergone che-
motherapy. Although the present case is thought to be rare,
patients should be carefully monitored for secondary malig-
nancies like tAPL, Simultaneously, the possibility that multi-
modality treatments, including the use of various cytotoxic
agents, such as alkylating agents and topoisomerasc 11
inhibitors, may cause secondary malignancies as well as con-
tributing to the long-term survival of patients with breast
cancer must be kept in mind. For paticnts with secondary
malignancy and advanced primary disease, the treatment
priorities must be carefully considered.
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Abstract

Background Limited information is available regarding
the usefulness of third-line chemotherapy for recurrent
ovarian, fallopian tube, and primary peritoneal cancer
treated with platinum-taxane regimens as first-line therapy.
Patients and methods We retrospectively reviewed the
medical records of women with ovarian, fallopian tube, and
primary peritoneal cancer who were treated at the National
Cancer Center Hospital between 1999 and 2005 to investi-
gate the relations of clinicopathological factors to important
clinical endpoints such as the response rate (RR), time to
progression (TTP) and overall survival (OS) after third-line
chemotherapy.

Results A total of 172 patients received first-line plati-
num/iaxane regimens during the study period, among
whom 111 had disease progression after first-line chemo-
therapy. Eighty-one of these 111 patients received second-
line chemotherapy, and 73 had disease progression, Fifty-
four of the 73 patients with disease progression received
third-line chemotherapy. The RR to third-line chemotherapy
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was 40.7% (95% CI, 27.6-53.8%). The median TTP
was 4.4 months (range 0-19.5 months). and the median OS
was 10.4 months (range 1.5-44.3 months). Performance
status (PS) and primary drug-free interval (DFI) were inde-
pendent predictive factors for the RR to third-line chemo-
therapy (P =0.04 and P = 0.009). PS and primary DFI
were also independent predictive factors for TTP and OS
on multivariate analysis (P = 0.006, P=0.005 and
P =0.01, P=0.004, respectively).

Conclusions PS and primary DFI are useful predictors of
the response (o third-line chemotherapy in women with
recurrent ovarian, fallopian tube, and primary peritoneal
cancer, In this setting, however, both of these variables are
subject to several well-established potential biases and lim-
itations; further prospective studies are thus needed.

Keywords Third-linc chemotherapy - Recurrent ovarian -
Fallopian tube - Primary peritoneal cancer

Introduction

Ovarian cancer remains the leading cause of death from
gynecological neoplasms in the Western world (Greenlee
etal. 2001). Most cases are diagnosed when the discase is
advanced, resulting in poor survival (Heintz etal. 2001;
Engel et al. 2002; Jemal et al. 2003). Despite high rates of
objective responses (o surgery and primary chemotherapy,
relapse rates remain high. Recurrent disease is treated either
with the same regimen as that used for first-line chemother-
apy (i.e., reinduction therapy) or with second- or third-line
regimens, The aim of treatment after relapse is mainly pal-
liative, designed to control disease symploms, mantain
patients’ gquality of life, and prolong survival. New chemo-
therapeutic drugs have yielded objective response rales
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(RR) of 10-30% in recurrent ovanan cancer, depending on
the anticancer activity of the drug(s) used, cross-resistance
with previously administered drugs, and the response of the
primary tumor (o platinum compounds. In general, primary
platinum sensitivity is defined as a documented response to
the initial platinum-based therapy for at least 6 months after
the end of treatment. RR of 30% 1w >50% have been
obtained in patients with longer treatment-free intervals or
with platinum-sensitive primary tumors (primary platinum
sensitivity) as compared with only <20% in patients with
shorter treatment-free intervals (platinum resistance of the
primary tumor) or refractory ovarian cancer (no remission
in response to first-line therapy) (Blackledge etal. 1989,
Markman et al. 1991; Thigpen et al. 1994). Most previous
studies have focused on the overall tumor response and
time to treatment failure for specific drugs rather than
attempting to evaluate the overall response to second-,
third-, or fourth-line chemotherapy. The aim of this retro-
spective siudy was Lo investigale the relations of clinico-
pathological factors to important clinical endpoints such as
the RR, time to progression (TTP), and overall survival
(OS) in response to third-line chemotherapy in women with
recurrent ovarian, fallopian tube, and primary peritoncal
cancer who received platinum/laxane regimens as first-line
therapy.

Patients and methods
Patients

We retrospectively reviewed the medical records of
patients with ovarian, fallopian tube, and primary perito-
neal cancer treated at the National Cancer Center Hospital
between 1999 and 2005, All the patients had received plati-
num/taxane regimens as first-line therapy. Treatment deci-
sions were usually made by the attending clinician. Patients
in whom the tumor was considered possibly platinum-sen-
sitive vsually received a platinum agent, a taxane, or both.
In general, combination chemotherapy was not adminis-
tered as salvage treatment for recurrent disease, and mosi
patients with recurrent disease received a single chemother-
apeutic agent. Drug-free interval (DFT) was measured from
the date of the last dose of chemotherapy until disease pro-
gression. Primary DFI was measured from the date of last
dose of first-line chemotherapy until disease progression,
and secondary DFI was measured from the date of the last
dose of second-line chemotherapy until disease progres-
sion. Patients participated in clinical trials if they were eli-
gible. The imaging criteria for treatment response were
based on two-dimensional measurements of the lesions.
Serum CA125 levels were not used as a primary measure of
the response, but were referred 1o in the evaluation of
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response. Complete response was defined as no evidence of
disease on physical examination or imaging studies, with
normalization of the scrum CA125 level. Partial response
was defined as a >50% reduction in tumor size. Stable dis-
ease was defined as a 25-50% decrease or increase, or as 1o
change in tumor size. Patients with an increase in the serum
CA125 level were not evaluated to have had a partial
response or stable disease. Progressive disease was defined
as a >25% increase in tumor size. The Response Evaluation
Criteria in Solid Tumors (RECIST) criteria were not used
because most patients received treatment before this system
was adopted by our hospital.

Statistical analysis

The main outcome measures for drug efficacy were RR,
TTP, and OS. TTP was defined as the interval from the first
day of third-line chemotherapy to the day of documented
disease progression. For patients who were alive al the end
of the swdy, the TTP data were right-censored (o the time
of the last evaluation or the time of the last contact at which
the patient was progression-free. OS was defined as the
interval from the first day of third-line chemotherapy (o
the day of death. For patients who were alive at the end of the
study, the OS data were right-censored 1o the time of the
last evaluation or contact, Dara were analyzed by paramet-
ric and nonparameltric statistics using SAS, version 9.1.3
(SAS Institute, Cary, NC, USA). Descriptive stalistics were
used for demographic data; such data are presented as mean
with standard deviations or as medians with ranges. Sur-
vival was estimated using the Kaplan-Meier method, and
differences between survival curves were evaluated with
the log-rank test. A multivariate logistic regression analysis
was performed to determine predictive factors of the
response Lo chemotherapy. A Cox regression analysis was
performed to determine factors influencing TTP and OS.

Results

A total of 172 patients received first-line platinum/taxane
regimens during the study period, of whom 111 had disease
progression after firsi-line chemotherapy. Eighty-one of
these 111 patients received second-line chemotherapy,
among whom 73 had disease progression. Fifty-four of
these 73 patients received third-line chemotherapy (Fig. 1),
Mean age at the time of diagnosis of the primary cancer
was 54 years (26-75 years), and mean age at the start of
second- and third-line chemotherapy was 55 (28-76 years)
and 55 (31-77 years) years, respectively, There were 46
cases (85.1%) of ovarian carcinoma, 7 (13.1%) of primary
peritoneal carcinoma, and 1 (1.8%) of fallopian tube carci-
noma, The patients’ charactenistics are shown in Table |
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First-line chemotherapy | 172 patients
pl;) 111 patients
e — 3
[Wlimchmﬂawf 81 patients | No treatment | 30 patients
|
PD 73 patients
] . i
I‘I‘I:.u’d—hmehmlhml 54 patients | No treatment | 19 patients
|
PD 45 paticnts
i A ]
I?mh—!im:hemmbmyl 33 patienis Iﬂoml 16 patienis

Fig. 1 Schema ol treatment

Al the time of initial recurrence, 37 patients (69%) had
primary platinum sensitivity, and 17 (31%) had primary
platinum resistance. All patients treated with second-line
drugs had either stable or progressive disease and received
third-line treatment within 1-2 months after the last cycle
of second-line treatment. The most commonly used regi-
men was weekly paclitaxel/carboplatin for second-line
treatment and carboplatin for third-line treatment. The
numbers of patients and chemotherapeutic drugs used in
each selting are listed in Table 2. The median number of
cycles of third-line treatment was 6 (range 1-18 cycles).
The median TTP was 4.4 months (range 0-19.5 months),
and the median OS was 104 months (range [.5-
44.3 months) (Fig. 2). The RR to third-line chemotherapy
was 40.7% (95% CI, 27.6-53.8%). Five patients (9.2%)
had complele responses and 17 (31.5%) had partial
responses, Disease remained stable in 18 patients (33.3%)
and progressed in 12 (22.2%). Two patients discontinued
treatment because of hypersensitivity reactions (0 carbo-
platin, Overall, 49 patients had disease progression and 33
subsequently received fourth-line chemotherapy. The RR 1o
fourth-line chemotherapy was 36.3% (95% CI, 19.9-
52.7%): 2 patients had complete responses, 7 had partial
responses, 9 had siable disease, and 12 had progressive dis-
ease. Al the time of data analysis, 38 of the 54 patients
(70.3%) had died. We studied the relations hetween the
response to third-line drug therapy and clinical factors such
as age, performance staws (PS), histopathological type of
cancer, number of target lesions, primary and secondary
DFI, response to second-line chemotherapy, and the use of
platinum/taxane regimens. The RR (o third-line treatment
was found (o be significantly better in patients with a good
PS (0 or 1) and a primary DFI of >6 months (P = 0.04 and
P = 0.009, respectively, Table 3). Patients with a good PS
and a primary DFI of >6 months also had a longer TTP and
better OS (P = 0.006, P=0.005 and P = 0.01, P = 0.004,
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Table 1 Patnent charactenstics (n = 54)

Age (year) Median (range)
At primary diagnosis 54 (26-76)
Al second-line chemotherapy 55 (28-TT)
Al third-line chemotherapy 55(31-78)
Performance status
0 6
1 n
1 4
3 2
Stage
1 4
nn 5
m 0
v 15

Organ
Ovarian carcinoma 46
Primary peritoneal carcinoma 2
Fallopian rube carcinoma
Pathology
Serous adenocarcinoma 40
Endomerrioid adenocarcinoma 2
- " : 1
Clear cell carcinoma 5
Undifferentinted carcinoma 6
Nao. of target lesions
1 38
2 10
k] 6
Drug free-interval (month)

Primary 8.2 (0.9-39.3)
Secondary 83 (0.1-21.5)
3rd-line regimens

Plati ftaxane-c( i BT _' 36

Other regimens 18

respectively, Table 4), Median OS was slightly but not sig-
nificantly better in the patients who responded to third-line
chemotherapy (15.1 months; range 2.4-33.7 months) than
in those who did not (9.4 months; range 1.5-44.3 months)
(P = 0.054, Fig. 3). Median OS was significantly longer in
the patients who received fourth-line chemotherapy
(8.2 months; range 2.1-25.2 months) than in those who did
not receive chemotherapy (2.4 months; range 0.2-16,2
months) (P < 0.0001, Fig. 4).

Discussion

In women with ovarian cancer, treatment goals after failure
to respond (o first-line thempy are (1) the control or prevention

Q) Springer
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Table 2 First-, second- and

third- line chemotherapeutic el Second-line Third-line
regimens used Paclitaxcl/carhoplatin =~ 35 Weckly paclitaxel/carboplatin - 28 Carboplatin 14
Docetaxel/carboplatin =~ 12 Docetaxel/carboplatin 12 Weekly paclitaxel/carboplatin - 10
Paclitaxel/cisplatin 7 Irinotecan 5 Irinotecan B
Topotccan 2 Innotecan/etoposide 4
Carboplatin 2 Docetaxel 4
Liposomal doxorubicin 1 Liposomal doxorubicin 4
Pachitaxel/carboplatin 1 Docetaxel/carboplatin 3
Trinotecan/carboplatin 1 Cisplatin 2
Trinotecan/etoposide 1 Paclitaxel/carboplatin 1
Doceraxel i Paclitaxel/cisplatin |
Irinotecan/mitomycin |
Paclitaxel I
Etoposide I
Table 3 Multivariaie analysis of response rates to third-line chemo-
therapy
Clinical factors No.of  Response rate P value
patienis  (95% CI)
Age
<60 35 52.6% (30.1-75.0%) 0.50
=60 19 44.0% (23.7-56.2%)
PS
0.1 28 57.1% (38.8-754%) 0,04
1.“ 23 26 30.7% (13.0-48.5%)
a o T Pulciogy
Tk b ar an. 3 a0 8 a0 &8 Mucinous/clear cell 6 333% (4.3-71.0%) 022
Time (months) Non-mucinous/clear cell 48 458% (31.7-59.9%)
Fig. 2 Kaplan-Meier analysis of time to ion (solid line) and b Saber it
uvg;'a.ll sunI:ivn.! (dotted fr'rle); following Ihirﬁf::zcmuﬁ!crapy. Verti- ! 40 45.0% (29.5-604%) 0.37
cal bars indicale censored cases 23 14 42.8% (16.9-68.7%)
Primary DFI
of disease-related symptoms, (2) the maintenance of a good <6 months 17 17.6% (0.4-35.7%)  0.009
quality of life, and (3) the prolongation of progression-free =6 months LY 51.3% (35.2-67.4%)
survival. The aims of salvage trcatment have long been a  Secondary DF1
matter of debate. The possibility of achieving an OS benefit <6 months 13 424% (25.5-592%) 0.70
in these patients is very limited. RRs are generally similar =6 months 21 47.6% (26.2-68.9%)
to or poorer than those with previous treatments are. More-  Response to second-line therapy
aver, the increased risk ol toxicily in patients with a history Responders 35 45.7% (29.2-62.2%) 0.09
of previous treatment(s) and of negatively affecting perfor- Non-responders 19 31.5% (10.6-52.4%)
mance status makes some physicians reluctant to continue  PT regimens
drug treatment. PT regimens 6 38.8% (22.9-54.8%) 075
Patients who have good performance status without ¢lin- Non-PT regimens 18 44 49 (21 4-67.4%)

ically significant comorbidity may wish (o continue treat-
ment (Doyle et al. 2001), Donovan et al. (2002) evaluated
the treatment preferences of women with recurrent ovarian
cancer and reported that most patients (86%) initially preler
subsequent therapy, with 25% never considering the with-
drawal of chemotherapy, even when the expected median
survival was <| week. Physicians must therefore take into
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PT Platimm/taxane

account patients’ wishes along with other clinical data
when planning treatment.

Most swudies of salvage therapy have focused on the
responsc to a particular single- or combined-drug regimen.
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Table 4 Multivariate analysis of TTP and OS following third-line
chemotherapy

Clinical factoes TP 0s
T value P valuc
Age (<60 vs. =60) 059 0.76
PS (0] vs. 23) 0.006 0.005
Pathology (mucinous/clear cell vs. 034 029
non-mucinous/clear cell)
No. of targel lesions (1 vs. 2.3) 085 079
Primary DFI (<6 months vs. =6 months) 0.01 0.004
S dary DF1 (<6 hsvs. > 6 hs) 0.61 0,34
Response 10 i-line therapy 0.43 017
(responder vs. non-responder)
PT regimens (PT regimens 0.84 0.36

vs. non-PT regimens)

DFI Drug free-interval, PT Platinum/taxane

0 L 0 s 2 W W ¥ G W
Time (months)
Fig. 3 Kaplan-Meier analysis of overall survival (borfom) following
third-line chemothernpy. The difference between third-line responders

(solid line) ond third-line non-responders (dotred line) was not statisti-
cally significant (P = 0.054). Vertical bars indicate censored cases

Without well-designed controlled studies, however, it is
difficult to determine outcomes that would be obtained if a
drug were used earlier or laler in the course of salvage treat-
mentL.

In our study, the RR 1o third-line chemotherapy was
40.7% (95% CI; 27.6-53.8%). To date, only a few authors
have distinguished between second- and third-line reat-
ments when evaluating drug response and survival rates. In
a study by Villa et al. (1999), 49 patients with recurrent
ovarian cancer received third-line drugs after complete or
partial responses o second-line chemotherapy. The overall
RR was 48%, and median survival was 6 months. The
I-year survival rate differed significantly between patients
who responded and those who did not respond (o second-
line treaiment (82 vs. 39%, P < 0.05).
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0 L] 10 15 20 2 30 s
Time (months)

Fig. 4 Kaplan-Meier analysis of overall survival following fourth-
line chemotherapy. The chemotherapy group (solid fine) had signifi-
cantly hetter survival (P < 0,0001) than the non-chemotherapy group
(dotted line). Vertical bars indicale censored cases

We obtained good RRs to third-line treatment in patients
with a good PS and those with a primary DFI of >6 months.
The response to third-line chemotherapy is influenced by
the response to second-line chemotherapy. However, third-
line chemotherapy has only a modest RR with a marginal
prolongation of progression-free interval, but no obvious
effect on survival in patients with ovarian cancer (Tang-
jitgamol et al. 2004).

In our study, there was no significant difference in the
survival rate between patients responded to third-line che-
motherapy and those who did not. In lerms of cost-effec-
tiveness, best supportive care is the only cost-effective
strategy, followed perhaps by second-line monotherapy,
given currently available chemotherapeutic options
(Rocconi et al. 2006).

Patients with recurrent disease are often retrealed with
the same primary drug(s), most often platinum agents, but
might also receive other drugs (Markman etal. 1991;
Thigpen et al. 1993; Bookman 2003; Fung et al. 2002). One
of the most important considerations in selecting second-
line therapy is platinum sensitivity status, as defined by the
response of the primary disease to a platinum drug and the
progression-free interval after the completion of treatment
(Blackledge et al. 198%; Thigpen et al. 1993; Thigpen et al.
1994). Some researchers have argued that there is no defi-
nite treatment-free interval, which can reliably distinguish
platinum sensitivity from platinum resistance (Markman
199%; Markman et al. 199%). Nonetheless, it is generally
accepted that the longer the treatmeni-free interval, the bet-
ter is the expected response to retreatment (Markman et al.
1991; Thigpen et al. 1994). One study reported that women
with recurrent ovarian cancer who had a treatment-free
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interval of between 5 and 12 months showed a RR of only
27% 1o second-line platinum-based therapy, as compared
with 59% in those with a treatmeni-free interval of longer
than 24 months (Markman ct al. 1991). However, the dura-
tion of secondary response (o platinum therapy is less well
documented; in particular, the relation between the duration
of secondary response and that of the initial response is
poorly understood.

Our results showed that PS and primary DFI were useful
predictors of the response to third-line chemotherapy.
Eisenhauer et al. (1997) conducted a multivariate analysis
to determine predictors of clinical response to subsequent
chemotherapy in 704 patients with platinum-pretreated
ovarian cancer. Their initial univariate analysis revealed
that response was significantly associated with many fac-
tors, including the drug used, time since diagnosis, tumor
size, histology, and the presence or absence of liver melas-
tasis. In comtrast, their multivariate analysis showed that
only serous histologic type, number of disease sites <2, and
maximum size of the largest lesion <5 em were associated
with a favorable response. They concluded that drug activ-
ity might not be the only determinant of response, and that
umor characteristics are also important faclors.

In our study, two patients had hypersensitivity reactions
to carboplatin, Patients who receive multiple courses of car-
boplatin have increased rates of hypersensitivity reactions
(Zanotti et al, 2001). The incidence of such reactions is
27% in patients receiving 7 or more cycles of carboplatin,
with more moderate to severe symptoms developing in
more than 50% of these patients (Markman et al. 1900).

The time (o treatment [ailure (4.4 months) and the OS
(10.4 months) in our study were consistent with those
reported by other studies assessing individual drugs (Villa
etal. 1999; Heintz etal. 2001; Tangjitgamol etal. 2004,
Rocconi et al. 2006). The survival of patients given lourth-
line and subsequent treatment was significantly longer than
that of patients who received no further therapy after third-
line treatment (8.3 months vs. 2.4 months, respectively;
P < 0.0001). Administration of fourth-line chemotherapy to
patients who might tolerate such treatment may also
improve OS; however, the analysis of OS in this setting has
its limitations and is prone to potential bias. One study
reported that giving additional lines ol chemotherapy may
not improve OS and that the inclusion of paclitaxel in treat-
ment regimens may have a significant effect on survival
(Findley et al, 2005),

In conclusion, our study suggested that PS and primary
DFI may be useful predictors of the response to third-line
chemotherapy in women with recurrent ovarian, fallopian
tube, and primary peritoneal cancer. Our findings will
hopefully help physicians make treatment recommenda-
tions and inform patients about expected benefits and risks,
outcomes, and survival rates in this seiting. Finally, the

@ Springer

decision whether to use third-line chemotherapy should be
based on a comprehensive assessment of patients’ wishes,
drug efficacy and toxicity, and treatment expertise of the
climician,
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KEYWORDS Summary

Thymic epithelial Purpose: The objective of this study was to assess Lthe value of *F-FRG PET in thymic epithe-

tumors: lial tumors according to the WHO histologic classification and to evaluate its potential for

Thymoma; differentiating the grade of malignancy in thymic epithelial tumons

WHO histological Materials and methods; Thitty-six patients with a thymic epitheiiai tunw who underwent ‘SF

classification; FDG PET examination before treatment were enrolled in the present study. The T/M ratio,
| PET; which is the ratio of the peak standardized uptake value (SUV) of the tumor to the mean SUV of
I BE.FOG! mediastinum, was compared in subgroups of a simplified WHO histological classification: low-risk

Thymic carcinoma thymoma (Types A, AB and B1), high-risk thymoma (Types 62 and [3), and thymic carcinoma.

Results: Tumors included 15 low-risk thymomas, 10 high-risk thymomas and 11 thymic carci-
nomas. Upon visual inspection, all tumors showed '"*F-FDG accumulation and the mean T/M
ratio in these three subgroups was 2.64, 4.29 and 8.90, respectiveiy. The differences between
the three subgroups were statistically significant (low-risk vs. high-risk: p=0.01, high-risk vs.
thymic carcinoma: p=0.01).

Conclusion: A significant relationship was seen between "®F-FDG PET accumulation and histo-
logic subtype in thymic epithelial tumors when they were classified into three groups. PET may
be useful for predicting the grade of malignancy in thymic epilhelial tumais.
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Utitity of "*FDG-PET for differentiating the grade of malignancy in thymic epithelial tumors )

1. Introduction

Among the tumors that originate in the thymus gland and
involve the anterior mediastinum, thymic epithelial tumeors
are the most common. According to the extent of tumor
growth, thymoma s classified as either a non-invasive
type that is encased in a capsule or an invasive type, in
which invasion occurs beyond the capsule [1]. Additianally,
Masaoka's classification has also been widely used as a stag-
ing system for thymoma [16]. These classifications for tumor
invasiveness have been the only important prognostic deter-
minant for a long time.

In 1999, the World Health Organization (WHO) proposed a
new histological classification (subsequently revised in 2004)
for thymic epithelial tumors [2,3]. According to this clas-
sification, thymoma is classified as Types A, AB, B1, B2 or
B3 based on the morphology and atypia of tumor epithe-
lial cells. Since then, many studies have shown that this
histological classification constituted an independent prog-
nostic factor as well as a staging system [4- 7,17,18]. In
addition, the literature contains not only reports on conven-
tional diagnosis based on tumor spreading, but also those on
computed tomography (CT) and MRI findings of these tumors
according to the WHO classification [8  11]. However, CT and
MRI findings are still not entirely adequate for determining
the histologic subtype of the WHO classification,

'®F-FDG PET examination reflects glucose metabolism in
a tumor and is believed to serve as an indicator of tumor
malignancy. While several studies have evaluated ""F-FDG
PET findings in thymic epithelial tumors [12 - 14], there have
been few reports on both the WHO classification and "*F-FDG
PET of thymic epithelial tumors [15].

If we could predict the grade of malignancy of thymic
epithelial tumors to some extent, useful information would
be available for the staging diagnosis offered by CT and MRI
before treatment.

To clarify the possibility of differentiating the grade of
malignancy in thymic epithelial tumors by PET, we estimated
the relationship between the WHO histologic subtype and
"®F.FDG accumulation in the tumor.

2. Materials and methods

2.1. Patients

This study group consisted of 36 consecutive patients (21
men and 15 women, age range 32-80 years; mean 59.1)
with histologically proven thymic epithelial tumor treated
in our institution between October 2002 and Septem-
ber 2006. Twenty-one cases were diagnosed by surgical
excision and 15 cases were diagnosed by percutaneous core-
needle biopsy. All patients underwent chest radiography,
contrast-enhanced computed tomography, and "*F-FDG PET
to determine the clinical stage before treatment. Several
patients also underwent MRI. All patients were enrolled
after they gave their written informed consent in accor-
dance with the regulations of the institutional review board.

2.2. '*F-FDG-PET imaging

Patients fasted for at least 4h before '*F-FDG PET exam-
ination. Patients received an intravenous injection of

200--250MBq of [18] fluoro-2-deoxy-p-glucose and then
rested for approximately 1h before undergoing imaging.
Image acquisition was performed using an Advance NXi
PET scanner and Discovery PET/CT scanner (GE Medical
Systems, Milwaukee, WI, USA). Two-dimensional emission
scanning was performed from the groin to the top of the
skull. Acquired data were reconstructed by iterative ordered
subset expectation maximization, To evaluate "*F-FDG accu-
mulation, the tumor was first examined visually, and then
the peak standardized uptake value (SUV) of the entire
tumor was determined. The region of interest (ROl), measur-
Ing 3cm In diameter, was set at the mediastinum at the level
of the aortic arch and the mean SUV of the mediastinum was
calculated. Finally, the T/M ratio, which is the ratio of the
peak SUV of the tumor to the mean SUV of the mediastinum,
was determined for each patient.

2.3. Clinical Stage

Masaoka's classification [16] was used for staging in all
patients. For patients with surgical excision, the stage
was determined by operative and pathological findings. In
contrast, for patients with biepsy only, the stage was deter-
mined by diagnostic imagings including CT, MRI and FDG-PET.

2.4, Pathological diagnosis

For patients who had undergone surgery, the WHO histo-
logical classification was determined by surgically excised
specimens. For those without surgery, the histological clas-
sification was determined by specimens abtained through
coreneedle biopsy. We divided five WHO histologic subtypes
of thymoma into two subgroups as follows; low-risk thymoma
(Types A, AB and B1) and high-risk thymoma (Types B2 and
B3).

2.5, Statistical analysis

The mean and standard deviation of the T/M ratio were
calculated. These data were compared among low-risk
thymoma, high-risk thymoma and thymic carcinoma. The
statistical differences of the T/M ratios between the three
subgroups of thymic epithelial tumors were analyzed by the
Chi-square test. A P-value of less than .05 was considered
to be statistically significant.

3. Results

Both CT and PET images of each histologic subtype are shown
in Figs. 1-5. According to the simplified subgroups of the
WHO classification, the tumors included 15 low-risk thy-
momas (2 Type A, 8 Type AB and 5 Type B1), 10 high-risk
thymomas (4 Type B2 and 6 Type B3) and 11 thymic carci-
nomas. Upon visual inspection, all tumors showed '*F-FDG
accumulation. As shown in Table 1 and Fig. 6, the T/M ratio
was 2.64 +0.78 (mean, 5.D., range: 1.52-4.68), 4.29 1 1.41
(2.60-6.64) and B.90+3.62 (4.47-18.73), respectively,
with significant differences between the three groups (low-
risk vs. high-risk: p=0.01, high-risk vs. thymic carcinoma:
p=0.01).
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Fig. 1 A 55-year-old woman with Type A in Masaoka stage |, CT showed a clear demarcation at the anterior mediastinum and an
evident tumor cutline in the internal wall structure. The '8F-FDG PET examination showed that "*F-FDG accumulation in the tumor
was slightly more pronounced than that in the mediastinum. The T/M ratio was 2.12.

Fig. 2 A 58-year-old woman with Type B1 in Masaoka stage |Va, An irregular-shaped tumor with an uneven margin was found
projecting to the left side of the anterior mediastinum. CT also indicated tumor dissemination, which suggested malignancy that
exceed that of a high-risk thymoma, but '8F-FDG accumulation in the tumor was similar to that in the mediastinum, with a T/M
ratio of 1.70. This was thought to be a low-risk thymoma.

According to Masaoka's classification, among the 15 Iit and 2 in stage IV. In contrast, among the 11 patients with
patients with low-risk thymoma, 6 were in stage |, 6 in stage thymic carcinomas, three were in stage |ll and 8 in stage IV,
Il, 2 in stage lll and 1 in stage IV. Among the 10 patients with Among the 15 patients with biopsy only, 4 were in stage Il|
high-risk thymoma, 2 were in stage |, 1 in stage Il, 5 in stage and 11 were in stage IV.

Fig. 3 A 40-year-old man with Type B2 and Masaoka stage Il. CT revealed that the tumor morphology was similar to that in Flg. 2,
but '8F-FDG PET showed that '®F-FDG accumulation in the tumer was more pronounced than that in the mediastinum. The T/M ratio
was 3.40.
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A 41-year-old man with Type B3 in Masaoka stage Ill. CT detected a round tumor with a slightly irregular border that

projected Lo the left side of the anterior mediastinum. It was suggested that the tumor was perhaps a low-risk thymoma. However,
‘'F-FDG PET showed accentuated ""F-FDG accumulation in the tumor. The T/M ratio was 6.14. This was thought Lo be 3 high-risk

thymoma.

B | -‘h G Ry TR

Fig. 5

A 56-year-old man with thymic carcinoma fn Masaoka stage IV. CT showed a tumor with an irregular border that occupled the

anterior mediastinum. Tumor dissemination to the pleura was also noted. "*F-FDG PET showed accentuated '8F.FDG accumulation
not only in the tumor but also In tumor dissemination. The T/M ratio was 9.65,

Table 1 T/M ratios of subgroups in a simplified WHO
classification

WHO classification  Number of patients  T/M ratio (5.D.)

A 2

AB B 2,64 ~0.78
B 3

82 > 4.29 + 1.4
B3 6 g
Thynic carcinoma 11 B.90 + 1.62

4. Discussion

There are several reports on '"*F-FDG PET examinations for
thymus-originated tumors. Liu et al. stated that "F-FDG
accumulation was not related to Masaoka's classification
in thymoma, but PET diagnosed tumor invasiveness more
accurately than CT or MRI [12], Kubota et al. stated that '*F-
FDG accumulation in thymoma was evidently greater than
that in benign lesions and this accumulation was particu-
larly pronounced in invasive thymoma or thymic carcinoma

and was at an intermediate level in non-invasive thymoma
[13]. Thus, though several reports have described PET find-
ings in thymic epithelial tumor, its clinical significance is still
unclear,

With regard to the histological classification, the WHO
histological classification of thymic epithelial tumors was
established for the first time in 1999 (2]. According to
this classification, thymomas were classified as Type A or
B according to their epithelial cell morphology. Type B
thymomas were further subdivided into B1 to B3 accord-
ing to the atypia of epithelial cells and the extent of
lymphocyte infiltration. The co-existence of both Types
A and B was designated Type AB. In addition, thymic
carcinoma was added as Type C thymoma. The revision
made in 2004 eliminated the term Type C thymoma and
defined thymic carcinoma, including neuroendocrine epithe-
lial tumors of the thymus, as an independent entity. To
date, many studies on the significance of the WHO his-
tological classification have demonstrated that it is an
independent prognostic factor, as is Masaoka’s classification
[4-7,17,18).

Recently, several authors attempted to establish a
simpler version of the WHO classification. Chen et al. stated
that the WHO classification constituted an independent
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Fig. 6 T/M ratios in subgroups of a simplified WHO classi-

fication. The T/M ratio was 2.64+0.78 (mean, S.D., range:
1.52-4.68), 4.29+1.41 (2.60-6.64) and B.90+ 1.62 (4.47—
18.73), respectively, with significant differences between the
three groups (low-risk vs. high-risk: p=0.01, high-risk vs. thymic
carcinoma: p=0.01).

prognostic factor when Type A-B1 thymomas were grouped
as low-risk and Type B2-C thymomas were grouped as
high-risk [6]. Okumura et al. reported that the WHO classifi-
cation together with the Masaoka classification constituted
independent prognostic factors, and that Type B2 or B3
thymoma was associated with a particularly high recurrence
rate and a worse prognosis [5]. Jeong et al, stratified thymic
epithelial tumors roughly into three subgroups based on
their prognosis and according to the WHO classification
(Type A-B1, low-risk thymoma; B2-3, high-risk thymoma
and thymic carcinoma) and reported the possibility of a CT
diagnosis for these three subgroups [9]. They stated that CT
and/or MR imaging findings are helpful for differentiating
low-risk and high-risk thymomas from thymic carcinomas.
Sadohara et al. also attempted to differentiate these three
subgroups by CT and MRI based on a proposal by Jeong
et al. [9]. Although this simplified classification has not
yet been fully discussed worldwide [17,18], in our present
study we focused on a comparison of '*F-FDG accumulation
in the three subgroups of this simplified WHO classification,
as done by Sung et al. in their study [15].

NPT M. Endo et al.

Accumulation was noted in all of the thymic epithelial
tumors. For low-risk thymoma, accumulation was only about
2.5 times higher than that in the mediastinum. In contrast,
it was about 4.3 times higher in high-risk thymomas and
about nine times higher in thymic carcinomas. The degree
of "F-FDG accumulation in tumors when stratified by the
T/M ratio differed significantly between these three groups.
Our results suggested that PET was helpful in differentiating
these three subgroups. Although our study did not include
an evaluation of the prognosis, the results suggested that
FDG-PET may reflect the grade of malignancy in thymic
epithelial tumors based on a consideration of several stud-
ies on the prognostic significance of the WHO classification
[4-7,17,18]. Thus, "*F-FDG PET may enable us to determine
the grade of malignancy in thymic epithelial tumors and
offers useful information to aid in CT and MRI diagnoses.

The degree of '"F-FDG accumulation becomes increas-
ingly more accentuated as the classification shifts from Type
A to Type B and eventually to thymic carcinoma. Meanwhile,
the amount of lymphocyte infiltration in the tumor gradu-
ally decreased from Type B1 to Type B3. From a pathological
point of view, "*F-FDG accumulation in the tumor may not be
affected by the amount of lymphocytes but rather is mainly
affected by the degree of atypia of epithelial cells.

In this study, we did not evaluate Masaoka's classification
in detail. Further studies on the relationship between '*f-
FDG PET accumulation and Masaoka's classification should
be conducted in a sufficient number of patients.

The current study has the following limitations: (1) two
types of PET scanner were used and the dosage for "*F-FDG
was not uniform; (2) not all pathological diagnoses were
derived from surgical specimens, and biopsy specimens were
used in some cases; (3) contrast and evaluation of CT and MRI
were not conducted; (4) the observation period was short
and a prognostic evaluation was not done.

5. Conclusion

'F-FDG PET accumulation in thymic epithelial tumors sig-
nificantly correlated with a simplified WHO classification.
These findings suggest that PET reflected the grade of
malignancy in thymic epithelial tumors and was helpful in
differential diagnosis according to the WHO classification.
This diagnostic procedure may play an important role in the
diagnosis of thymic epithelial tumors in the near future.
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Objective: This study was aimed at investigating the effectiveness and safety of once-weekly
epoetin beta for anaemic cancer patients receiving chemotherapy.

Methods: A total of 104 patients with a haemoglobin lavel of <11.0 g/dL were enrolled.
Patients received a once-weekly subcutaneous dose of 36 000 IU epoetin beta for 12 weeks.
If the increase in the haemoglobin level was < 1.0 g/dL after 6 weeks, or a red blood cell
transfusion was required between days 15 and 42, the dose of epoetin beta was increased o
54 000 IU from the subsequent week. The primary endpoint was the percentage of patients
who achieved a haemoglobin increase of >2.0 g/dL; the haemoglobin response rate. Quality
of life (QOL) was assessed using the Functional Assessment of Cancer Therapy-Anaemia
(FACT-An) questionnaire.

Results: The haemoglobin response rate was 66.3% among the 98 patients (breast cancer:
n = 25; malignant lymphoma: n= 21; ovarian cancer: n = 20; lung cancer: n= 15; other
cancers: n= 17) assessable for a haemoglobin response. Thirty-nine patients (39.8%)
required a dose escalation to 54 000 IU. At the end of the study, QOL assessable patients
(n= 96) showed a mean improvement in the FACT-An total fatigue subscale score (FSS) of
0.3 points from baseline. Patients with a haemoglobin response had a mean change in the
total FSS of +3.2, compared with —3.4 for patients without a haemoglobin response. No
serious adverse event of epoetin beta was observed.

Conclusions: Epoetin beta administered at an initial dose of 36 000 IU once-weekly was
well tolerated, with increased haemoglobin levels and improved QOL in anaemic cancer
patients receiving myelosuppressive chemotherapy.

Key words: anaemia — ervilmopoietin — cancer — chemotherapy — quality of life

INTRODUCTION < 8.0 g/dL. even if the patient has symploms related 1o
anaemia, such as fatigue. Although the safety of blood trans-
fusion has improved in recent years, risks still remain, such
as viral infections, graft versus host disease and haemolytic
reactions

In Europe and the United States. erythropoietin (EPO)
agents have widely been used since the 1990s for the treai-
ment of chemotherapy-induced anaemia. Aithough a three-
times weekly dosing schedule was initially introduced (1-3).

Ansemia is a common complication of cancer patients
undergoing chemotherapy. Symptoms of anaemia. including
fatigue, palpitations, dizziness and dyspnea markedly reduce
patient activity, resulting in impaired quality of life (QOL)
In most cases, however, physicians hesitate to prescribe red
blood cell (RBC) transfusions until the haemoglobin level is

For nwd::‘ and all rmvmdﬂﬂ- \'"hl;;"kmh- Departnent of HBreast this schedule was inconvenient for outpatienis. Several studies
and Endocrine Surgery. Tokal Umiversity School of Medicine, 143 % Sk : PO inor
Chian ok . Isehar, Kanagawa 259-1193, Japaut, E-nail: tokudafiis icc.u- reported that once-weekly dosing of EPO increased the

tokai ac jp
¢ The Author (2008). Published by Oxford University Press. All rights reserved

530



haemoglobin level and improved QOL in a manner compar-
able with those obtained by three-times weekly dosing (4,5).

Since EPO agents have not been approved for the treal-
ment of chemotherapy-induced anaemia in Japan, we pre-
viously conducted a dose-finding study of weekly epoetin
beta in patients with malignant lymphoma or lung cancer,
resulting in a recommended weekly dose of 36 000 1U (6).
In this prospective study, we investigated the haemoglobin
response, the effects on QOL and the safety of once-weekly
epoetin beta in anaemic patients with non-myeloid malignan-
cies. We also investigated the effects of dose escalation 1o
54 000 1U n patients showing insufficient haemoglobin
increase.

PATIENTS AND METHODS
Parient Evicisnimy

Inclusion criteria were as follows: (a) histological or eylo-
logical confirmation of non-myeloid malignancy diagnosis,
(b) treatment with cyclic chemotherapy, (¢) anaemia (haemo-
globin level <11.0g/dL) considered to be primarily
chemotherapy-induced. (d) life expeciancy of at least 4
months, (e) aged between 20 and 79 years, (f) Eastern
Cooperative Oncology Group (ECOG) performance stalus
(PS) of 0 to 2, (g) eligibility for the QOL guestionnaire and
(h) adequate hepatic and renal function.

Exclusion eriteria included: (a) iron deficiency (mean cor-
puscular volume <80 wm' or iron saturation [{Fe/(Fe+
unsaturated iron-binding capacity)} x 100] <15.0%): (b)
surgery scheduled during the study period; (¢) EPO therapy
within 4 weeks prior to the study: (d) documented haemor-
rhagic lesions: (¢) pregnancy, breastfeeding or non-use of
adequate birth control measures; (f) history of myocardial,
pulmonary, cerebral infarction, serious drug allergy, uncon-
trolled hypertension, hypersensitivity to any EPO agent or
any serious complication; and (g) tumor in the central
nervous system.

Stuoy Desion anp TREATMENT SCHEDULE

This multicentre, open-label study was conducted at 14 sites
in Japan.

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

The initial dose of epoetin beta (Chugai Pharmaceutical
Co., L1d. Tokyo, Japan) was 36 000 IU. and a once-weekly
treatment was administered subcutaneously for 12 weeks. If
the patient’s haemoglobin level did not increase by > 1.0 g/
dL from baseline after 6 weeks of treatment. or an RBC
transfusion was required between days 15 and 42, the dose
of epoetin beta was increased 10 54 000 IU weekly from the
subsequent week. If the haemoglobin level increased lo
>14.0 g/dL., epoetin beta was discontinued until the
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haemoglobin level decreased to <12.0 g/dL, and was then
restarted at two-thirds (24 000 U or 36 000 [U) of the pre-
vious dose (36 000 IU or 54 000 TU). RBC transfusion was
allowed a! the discretion of the investigator during the study.
An oral daily dose of 100200 mg elemental iron was rec-
ommended if the mean corpuscular volume was <80 pam’
or the iron saturalion was < 15.0%.

QOL was evaluated at haseline and week 12 using the
Japanese Functional Assessment of Cancer Therapy-Anaemia
{FACT-An) questionnaire (7,8), a well-validated instrument.
In this study, the FACT-An total fatigue subscale, which con-
sists of 13 fatigue related questions. was mainly analysed.
The FACT-An total fatigue subscale scores (FSS) mnge from
010 52, with higher scores indicating less faligue.

EvaLuaTion oF EFFICACY AND SAFETY

The American Society of Clinical Oncology/The American
Society of Hematology guidelines (9) stipulate that the cri-
teria for the haemopoietic effect should be an increase
in haemoglobin level >1.0-2.0g/dL in 6-8 weeks.
Furthermore, there are reports (2,6), which showed that QOL
is improved in patients with an increase in haemoglobin
level of >2.0 g/dL.

The primary endpoint of the study was the percentage of
patients achieving an increase in the haemoglobin level of
>2.0 p/dL from the baseline between ks 4 and 12, the
haemoglobin response rate, excluding the data within 28
days afler an RBC transfusion. The secondary endpoint was
the change in FSS after 12 weeks of treatment. The percen-
lage of patienis receiving RBC transfusions between day 28
and the end of the study was also assessed. It was not
expected that treatment with an EPO agenlt could influence
transfusion requirements before day 28,

Adverse events (AEs) were assessed during the 12-week
treatment period and during a l-week observation period
after the last dosing. Anti-erythropoietin antibodies were
measured by (he enzyme-linked immunosorbent assay and
radio-immunoprecipitation (RIP) assay, and detection by
either was judged as positive.

STATISTICAL ANALYSIS

We expected that 90 patients would need to be enrolled in the
study to obtain a haemoglobin response rate of 70 & 10%
(95% confidence interval [C1]). as the primary endpoint.
Patients who received ar least one dose of the study drug
comprised the safety population. For elficacy analysis, the
full analysis set (FAS) population was defined as eligible
patients who received at least one dose of the study drug
The changes in the haemoglobin level and FACT-An
scores were caleulated by subtracting each patient’s baseline
values from the last values. The rates of increase in hacmo-
globin before and after dose escalation were compared using
a linear mixed-effects model. The potential factors influen-
cing the change in FSS were examined by multiple
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regression analysis. Pearson correlation coefficients were cal-
culated to assess the association between changes in the hae-
moglobin level and FACT-An scores,

RESULTS
DemocrAPHICS AND Basiumng CHARANCTERISTICS

A total of 104 patients were enrolled in the study between
February and November 2004, Five patients discontinued the
study before the first dosing for the following reasons:
patient eligibility criteria violation, n = 3; patient denial,
n=1: and disease progression, n = 1. Thus. 99 patients
were administered epoetin beta. One patient was excluded
because of non-compliance with the eligibility criteria,
leaving 98 patients as the FAS population. Eighty-seven
patients (B8 %) completed all 12 weeks of (he study.
Eleven patients (11.2%) withdrew from the study. The
primary reasons for withdrawal were progressive disease and
ALEs.

The demographics and baseline charactenistics of the FAS
population are listed in Table 1. Common types of cancer
were breast (n = 25), malignant lymphoma (n = 21}, ovarian
(n=20) and lung (n = 15). The mean age was 58.4 years
(range: 23--78), and the mean body weight was 50.7 kg
(range: 31.7-74.0). Most of the patients had an ECOG PS of
0 or 1 and a tumour stage of 11l or IV. The main chemother-
apeutic agents used during the study were platinum for Jung
and other types of cancer, anthracycline for malignant lym-
phoma, taxane for breast cancer and platinum plus taxane for
ovarian cancer. All patients met the criterion that they
should not be iron-deficient at the time of enrollment.

HAEMOGLOBIN RESPONSE

The mean change in the haemoglobin level from baseline to
the end of the study was 2.47 g/dL (standard deviation [SD]:
2.09; range: —2.8 lo 6.0), as shown in Fig. 1. Figure |
shows the mean changes in haemoglobin levels by tumour
type. The pattern of changes in haemoglobin level was
similar for the different tumour types. The mean increase in
the haemoglobin level in patients with and without an initial
EPO level of =100 mIU/mL were | 76 g/dL (SD: 2.60) and
2.50 g/dL (SD: 1.85), respectively.

The haemoglobin response rates, defined as the percentage
of patients achieving an increase in haemoglobin level of
=2.0 g/dL from the baseline between weeks 4 and 12, are
listed in Table 2. The overall haemoglobin response rate was
66.3% (65 of 98 patients). The median time to the haemeo-
globin response was 56 days from the first dosing. analysed
by the Kaplan—Meier method. The percentage of patients
with a haemoglobin level of > 12.0 g/dL between weeks 4
and 12 was 59.2% (58 of 98 patients).

The percentage of p ts who required dose escalation to
54 000 1U was 39 8% (39 of 98 patients). In these patients.
the haemoglobin level increased afler dose escalation. and

the change in the hacmoglobin level was 1.23 g/dL (SD:
2.19) at the end of the study. The haemoglobin response rate
was 33.3% (13 of 39 patients) in patients who required dose
escalation. The mte of haemoglobin increase before and after
dose escalation was 0.023 g/dL'week (Weeks 0—6) and
0.266 g/dL/week (Weeks 7—12), respectively (P = 0.0055).

For three patients, the drug treatment was discontinued
when the haemoglobin level exceeded 14.0 g/dL, and was
restarted at a dose of 24 000 1U when the haemoglobin level
decreased to <12.0 g/dL.

Quavrry of Lire

Overall compliance in terms of the percentage of patients
who completed the FACT-An was 100% at baseline and
97% (95 of 98 patients) at the end of the study. For three
patients who dropped out due to progressive disease and
were regarded as missing not af random, the scores at the
end of the study were substituted with the minimum scores
for all patients, Two patients were excluded from the evalu-
ation of the change in the FSS because the responses to
some items were missing.

The mean baseline FSS was 31.8 (SD: 11.4, n=98)
points. At the end of the study, the mean change from base-
line was 0.3 (SD: 11.8, » = 96) points. The mean FSS
change in the patients with progressive disease, as judged by
each investigator, was — 3.8 (SD: 16.7, n = 15) points (hae-
moglobin change: 2.4 g/dL). On the other hand, the mean
change in patients without progressive disease was 1.9 (SD:
9.6, n = 78) points (hacmoglobin change: 2.3 g/dL). These
data indicared that progressive disease may be one ol the
independent variables affecting the change in FSS.

Revanonsur Berween HaemoaLosm Response
ann QOL Score

The results of a multiple regression analysis suggested that the
change in the haemoglobin level (P = 0.014), the FSS at the
initiation of dosing (P < 0.0001) and the PS at the end of the
study (P < 0.0001) largely contributed to the change in the
FSS. The correlation coefficient between the change in the
FSS and the changes in the haemoglobin level was 0,280,
indicating a significant correlation (P = 0.006, n = 96).

Patients who achieved an increase in the haemoglobin
level of >2.0 g/dL experienced a 3.2-point mean change
in FSS. On the other hand, patients who did not achieve an
increase in haemoglobin level of >2.0 g/dL experienced a
—3.4-point change (Fig, 2). There were no differences in the
FSS at the initiation of dosing between patients with and
without a change in haemoglobin level of =2.0 g/dL (32.0
versus 31.6). These data indicate that the change in FSS is
dependent on the change in the haemoglobin level,

Concerning the relationship between the FSS at the initiation
of dosing and the change in the FSS. patients with a baseline
FSS of <36.0 reported greater improvement (mean + SD:
1.6 + 13.0) in the FSS at the end of the study (Table 3).
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Mean (+5E) hasmaoglobin lovel (g/dL)
e & =

- o~
I

Figure 1. Change in haemoglobin level by wmor type. Mean weekly hae-
maglobin levels for the FAS population. Haemoglobin values within 28
days after RBC transfusion were excluded, FAS, full analysis set. RBC, red
hlood cell

RBC Transrusion REQUIREMENT

The percentage of patients who received RBC transfusions
between day 28 and the end of the study was only 6.1%
(6 of 98 patients). The mean pretransfusion haemoglobin
level at the time of the first transfusion was 6.2 g/dL. (range:
5.4-7.3 g/dL). The percentage of patients whose haemo-
globin level had decreased to <8.0 g/dL or who received an
RBC transfusion between day 28 and the end of the study
was 20.4% (20 of 98 patients).

SaFeTY

AEs reported by at least 20% of the patients are summarised
in Table 4. Death as a result of disease progression was not
reported as an AE. Adverse drug reactions reported by at
least 5% of patients are listed in Table 5. Among the 133

Table 2. H. lobi P rate by baseline | globin, tumour type
and dose escalation
“% g "

Response rale® 663 6598
Resp rte by baseline | globin, gidl

<100 6RA Ll

=100 618 21134
Response mie by humour type

Lung £0.0 1215

Maligrant lymphoma 06,7 1421

Breast 760 1925

Ovarian 650 13:20

Other types 412 717
Respouse rate by dose escalation

Yes 113 133y

No [N} 5249

*All paticnts, including those receiving transfusions

s

[

L{d

A4

&

FACT-An total fatigue subscale score
changa from baselinn (95% CI)
<

<20 >20
ne43 nws3

Haemaoglobin level change from basaline (ghdl)

Figure . Changes in the FACT-An 1ol fatigue subscale score by change
in haewmoglobin level. FACT-An, Functional Assessment of Cancer

Therapy-Anacmin

events in 48 patients (45.5%) that were considered related to
the study drug, Grade I1l events were headache, hyperien-
sion, diarrhea, decreased serum potassium, impaired con-
sciousness, anorexia and decreased serum phosphate. Three
events (3.0%) of hypertension were reported as possibly
related to epoetin beta treatment. An antihypertensive drug
was administered after the onset of hypertension in one
patient, who had hypertension as a comorbidity before the
study. One patient (65-year-old female with malignant lym-
phoma) experienced a thrombovascular event, a lacunar
infarction, at week 6. This event was evaluated as being
unrelated to epoetin beta and was attributed to aging.

The incidence and type of AEs in patients who required
dose escalation did not differ from those in patients who did
not.

In two patients with ovarian and gasiric cancer, anti-
erythropoietin antibodies were detected only by RIP assay.

Table 3. Changes in the FACT-Ax total fatigue subscale score by baseline
FSS and fmal PS

Time Baseline End of treatinent
period
o Mean #  Mean Mean change fromn

score (SD) score {SD)  baseline (SD)
Total 98 31E(11A4) 96 318(135) 03 (11.8)
Baseline FSS
<360 62 M4BT 62 26501200 L6 {13.00
>360 6 43940 M= 415(10 22 (RR)
Final S
a S MS(3 56 37410 24 (1029
I 3 274090 W 200(1L%5 L6122y
2 4 19394 4 11E(lLM 15009
k] 3 71590 i o ~8.7(13.8)
4 5 .31 H 5 LEXEAT] - 19.3 (6.4)

*Two patients missing F5S. Callected but could uot be calculated
FSS. FACT-An 10tal fatigne subscale score: PS, performance status
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Table 4. Frequencies of adverse events (1 = 991

Evemt " -~ Cipacde®
I n v v
Neutropenia B B3 3 11 M 45 0
Leukopenia i ME 2 16 41 19 0
Kausea ST 516 38 1 B 0 0
Thrombocytopenia S5 S56 N Y 24
Lymphopenia S5 ¥Es 0’18 W0 0
Angrexin 4 45 12 1 1 1 o
Fatigue ¥ W4 o 4 3 0 0
Vomiting 3% 34 8 160 2 0 0
Diarrhea 33 133 6 4 0 0
{ lnctate dehydog 32 N3 & K 00
Peripheral newropathy 26 w3 N § TR0
Fever 2% X3 I 7 00
Constipation H 42 3 13 T 1 b
d alanine fe 4 242 5 6 3 0 0
Alopecin 77 @3 Y IS & 0.0
*N | camcer | toxicity critena, version 2.0
Table §, Frequencies of sdverse dnig reactions (4 = 99)
Evemt " “ Grade*
1 1] o v v
Increased 10 101 9 1 0 L] 0
lactate
dehydmpenase
Headache 7 71 6 o 1 ] 0
Nausea 7 71 5 2 0 4 0
Rash L] 51 : | 2 0 o 1]
Back pun 5 51 5 0 a 0 0

*National cancer instimites common toxicity criterin, version 2.0,

Neutralisation of LPO activity was detected in neither
patient, and the haemoglobin level was elevated after dosing
with the study drug. The investigators judged thal the
antibody did not cause pure red cell aplasia.

‘When re-examined six months after the last observation.
one of these patients (ovarian cancer) was antibody negative,
whereas the other (gastric cancer) could not be re-examined.
having died of the underlying disease

DISCUSSION

Several studies have been conducted to assess the effects of
EPO agenis in anaemic cancer patients, and increased
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haemoglobin levels and improvement in QOL that correlated
with the increased haemoglobin level were reported (1,10).

The objectives of our study were to investigate the effects
of an initial once-weckly 36 000 IU dosc of epoctin beta on
haemoglobin levels and QOL in patients with non-myeloid
malignancy undergoing chemotherapy. The criterion for a
haemoglobin response, an increase in the haemoglobin level
of >2.0g/dL, was based on a report that symptoms of
anaemia assessed by the FACT-An are improved in patients
with a change in the haemoglobin level of >2.0 g/dL (2.6).
According to this index, the haemoglobin response rate in
the present study was 66.3% (65 of 98 patients). The
increases in haemoglobin levels that were observed were
independent of the tumour type or the baseline haemoglobin
level. None of the investigators performed a randomised
comparison of a dose increase versus an unchanged dose in
EPO low responders. In the p t study. there was an
increase m the mte of haemoglobin increase after dose esca-
lation to 54 000 IU, and the haemoglobin response rate for
patients who required a dose escalation was 33 3% (13 of 39
patients).

The secondary endpoint, the change in the FSS, showed
an increase of 0.3 points; however, in patients who showed
an increase in the haemoglobin level of >2.0 g/dL, the
FSS was increased by 3.2 points, which was significantly
higher than the —3.4-point change in patients whose hae-
moglobin level increased by <2.0g/dL. A 3.2-point
increase is comparable with the 3 points considered 10 be a
clinically significant change in FSS (11). In addition, the
mean change in FSS for patients with progressive diseases
(PD) was —3.8 points (median: —6.5 points, range: —37
to 35 points) even though correction of anaemia was
observed. In total, excluding PD cases, a 1.9- point
improvement was observed.

Investigating the relationship between the FSS at the
initiation of dosing and the change in the FSS showed that
greater improvements in FSS were observed in patients
with lower FS8. The FSS before treatment with epoetin
beta was 31.8 + 11.4 points, which is higher than the
scores (FSS: 22.1-29.7 points, change in FS§: 1.6-5.2
points) in cancer patients with anaemia reported in several
randomised trials (1,10,12—14). Nevertheless, the mean
initial haemoglobin level (9.3 g/dL) in the present study
was equal to the Jevels in the other trials (9.2-10.1 g/dL).
Since it has been reported that the FSS after freatment
with an EPO agent is aggravated in patients with an FS§
exceeding 36.0 at the initiation of dosing (15), the scores
were analysed after stratification at 36.0. This resulted in
improved scores (1.6 + 13.0 points) for those patients with
a baseline score of <36.0, when compared with patients
with a score >36.0 (2.2 & 8.8 points). The resulis of a
multiple regression analysis of the change in the FSS demon-
strated that the change in the haemoglobin level. the FSS at
the initiation of dosing and the PS al the end of the study
were factors that largely contributed 1o the change in the FSS.
A positive and significant association was observed between




