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Abstract

Purpose There is some unknown reason Ewing family of
tumors (EFTs) is much less common on Asia and Africa
than in the Western Caucasian population. This study ana-
lyzed the prediction of response and prognostic factors for
Ewing family of tumors (EFTs) in an Asian population with
a low incidence.

Methods We retrospectively reviewed 94 patients with
EFTs between 1978 and 2006. Fifteen patients received
local therapy only. Statistical analyses were performed for
79 patients, including those who received systemic chemo-
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therapy, to identify factors related to chemotherapy respon-
siveness, event-free survival, and overall survival.

Results Of the 79 patients whose records were analyzed,
the 5-year event-free rate and overall survival (OS) rate
were 41 and 54%, respectively. The response rate to first-
line chemotherapy was 61% in 70 patients with assessable
lesions. A significant predictor of response was existence of
a non-pelvic primary tumor (P = 0.04). Significant prog-
nostic factors for OS were age, performance status, and
metastases at the time of diagnosis (P < 0.01, respectively).
Fifty-four patients had disease progression or recurrence
after first-line treatment. The time to progression was
3.4 months after salvage treatment. Progression during
first-line treatment was significantly associated with time to
progression after salvage treatment (P = 0.01). All patients
treated without chemotherapy in first-line treatment were
recurred with poor prognosis.

Conclusion A non-pelvic primary tumor was a favorable
predictor of responsiveness to chemotherapy. Chemo-
resistant patients might less benefit from second line
chemotherapy. Chemotherapy in first-line treatment should
not be omitted, even if primary tumor was extirpated com-
pletely.

Keywords Ewing family of tumors - Predictive factor -
Prognostic factor - Response - Chemotherapy -
Asian population

Introduction
The Ewing family of tumors (EFTs) is a group of rare
malignant tumors that mostly arise in bone, although a

significant proportion of patients have soft tissue prima-
ries. EFTs share histological, immunohistochemical and
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cytogenetic characteristics; in the past, they have also
been identified as Ewing sarcomas of bone or soft tissue,
malignant peripheral primitive neuroectodermal tumors,
primitive necuroepitheliomas or Askin tumors. (Miser
etal. 1987) The vast majority of these tumors arise in
children and young adults. The treatment of EFTs consists
of a multidisciplinary approach including surgery, radio-
therapy, and combination chemotherapy. During the past
three decades, the prognosis of patients with EFTs has
improved considerably, as shown in several clinical trials,
mainly because of improved chemotherapy regimens
(Burgert et al. 1990; Grier et al. 2003; Jurgens ct al. 1988;
Nesbit etal. 1990; Paulussen etal. 2001; Sluga et al.
2001).

For reasons that remain unknown, EFTs rarely occurs in
Asian and African-American populations. The incidence
of EFTs in Asian populations is lower than in Western
populations (Guo et al. 1999) According to the Japanese
Musculoskeletal Tumor Committee, 473 patients with
EFTs of bone were registered during 1972-2003, the
population of Japan is 120 million (The JOA Musculo-
Skeletal Tumor Committee 2003a) Registration of malig-
nant soft tissue tumor had starting from 2003, and 11
patients with EFTs of extra-osseous primary were regis-
tered in 2003. (The JOA Musculo-Skeletal Committee
2003b) Only three reports on the clinical outcome of Japa-
nese patients with EFTs have been made (Obata et al.
2007; Ozaki et al. 2002; Yamada et al. 2006). It is contro-
versy that the prognosis of patients with EFTs were rela-
tively poorer compared with the major Euro-American
studies. However, the recent report described the clinical
outcome of patients with localized EFTs of bone were
virtually equivalent (Obata et al. 2007).

Several clinical and biologic characteristics can assist
in determining the prognosis and directing the intensity
of therapy. These characteristics include age, primary
tumor location and size, the presence or absence of
metastases, the serum lactate dehydrogenase level, and
the response to therapy (Bacci et al. 2000; Catterill et al.
2000; Obata et al. 2007; Rodriguez-Galindo et al. 2003;
Sluga et al. 2001). Although chemotherapeutic regimens
and treatment strategies based on prognostic factors
have been advanced, previous reports from developing
countries indicate that similar results were not obtained
in non-western population (Cardenas-Cardos et al. 1999;
Jenkin et al. 2002; Villarroel et al. 1997) Thus, previ-
ously reported prognostic factors may not have the same
influence on clinical outcome in patients belonging to
populations with a low incidence, even if developed
countries.

The aim of this study was to analyze the clinical charac-
teristics and prognostic factors of EFTs in an Asian popula-
tion with a low incidence.

@ Springer

Methods
Patients

We retrospectively reviewed the records of 94 patients with
EFTs; all records were retrieved from a database of patients
treated at the National Cancer Center Hospital (Tokyo,
Japan) between September 1978 and April 2006. Two
experienced musculo-skeletal pathologists (T.H. or K.S.)
had diagnosed or reviewed all biopsy or surgical specimens
after performing histological or immunohistochemical
examinations. Molecular genetic studies such as PCR or
FISH had been performed in cases with available speci-
mens (Yamaguchi et al. 2005).

Treatment

In the present study, all the patients had received single
modality therapy or various combinations of multi-modality
therapy. Therapy for local control was individualized: sur-
gery alone, radiation therapy alone or a combination of sur-
gery and radiotherapy was performed, as suitable. Various
systemic chemotherapy regimens were used. The 94 patients
were classified into four groups according to their first-treat-
ment systemic therapy regimen: group I consisted of patients
treated with systemic chemotherapy, including vincristine,
doxorubicin, and cyclophosphamide with or without acti-
nomycin D; group TI consisted of patients treated with
multi-drug chemotherapy regimens, including vincristine,
doxorubicin, actinomycin D and ifosphamide (VAIAdr) or
vincristine, doxorubicin, and cyclophosphamide, alternating
with ifosfamide and ctoposide (VAdrC/IE); group IIT con-
sisted of patients treated with systemic treatment including
various chemotherapy regimens (Meyers ct al. 1995, 1998)
(T9 protocol, n = 1; T11 protocol, n = 3; T12 protocol, n = 1;
vincristine plus etoposide plus cyclophosphamide plus
cisplatin, n =2; vincristine plus ifosfamide plus cisplatin,
n = 1; doxorubicin plus cisplatin, n = 2; and ctoposide plus
cisplatin, n=1); group IV consisted of patients receiving
local therapy, including surgery or radiotherapy, without sys-
temic chemotherapy. Some patients received high-dose
consolidation therapy and peripheral blood stem cell trans-
plantations or autologous bone marrow transplantations.
Salvage treatment after recurrence was classified in the same
manner as the first-line treatments.

RCSpOﬂSC assessment

Objective responses were evaluated according to the WHO
criteria (World Health Organization 1979) Patients with no
bidimensionally measurable lesions were considered ineli-
gible for the objective response evaluation and were classi-
fied as not cvaluable (NE). Systemic chemotherapy was
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discontinued if clinical or radiological evidence of progres-
sion was present.

Statistical analysis

Event-free survival was measured from the first day of
treatment until the observation of evidence of the first local,
regional, or distant recurrence or progression of the tumor
or the final day of follow-up without recurrence. Time to
progression was measured from the first day of salvage
treatment until disease progression or the final day of fol-
low-up without discase progression, and the overall sur-
vival was measured from the first day of treatment until
death or the final day of follow-up. '

After excluding patients treated with local therapy only,
pretreatment and treatment variables were investigated for
their relation to event-free survival, and overall survival
using both univariate and multivariate Cox regression anal-
yses. The variables were selected after considering the pos-
sible effects on prognosis indicated by our experience and
previous investigations (Bacci etal. 2000; Catterill et al.
2000; Obata et al. 2007; Rodriguez-Galindo et al. 2003;
Sluga et al. 2001). The variables were followed as: gender
(male versus female), age (<15 years vs. 15<), Eastern
Cooperative Oncology Group performance status (0 vs.
1<), primary tumor type (bone versus soft-tissue), primary
tumor site (non-pelvic as extremities or axial sites versus
intra-thoracic or abdominal), primary tumor size (<8 cm
vs. 8<), disease type (localized versus metastatic), serum
lactate dyhydrogenase level (elevated vs. normal or
unknown), serum neuron-specific enolase level (elevated
vs. normal or unknown). The median event-free survival,
time to progression, and overall survival were estimated
using the Kaplan-Meier method. We used univariate and
multivariate logistic regression analysis to assess the rela-
tionship between pretreatment and treatment variables and
the response to chemotherapy. A statistical analysis was
also performed to identify factors associated with the time
to progression in patients treated with salvage therapy. The
statistical analyses were performed using SAS, version
9.1.3 (SAS Institute, Cary, NC, USA), and the significance
level was set at P = 0.05 (two-sided).

Results
Patient characteristics

Fifty-five men and 39 women with a median age at the time
of diagnosis of 22 years (range 2-70 years) were enrolled
in this study. The median Eastern Cooperative Oncology
Group performance status was O (range 0-2). Forty-nine
patients (52%) had primary tumors in bone and the others

had primary tumors in soft tissue. The primary tumor sites
are listed in Table |. Sixty-four primary tumors (68%) were
located in the trunk, and the remaining 30 tumors were
located in extremities. The median largest dimension of the
primary tumor was 7 cm (range 1.5-29 cm). Twenty-two
patients had metastasis at the time of diagnosis. The median
number of sites involved in each of the 22 patients with
metastases was 2 (range 1-4).

Treatment

Of the 94 patients, 79 had received chemotherapy as their
first-line treatment and the remaining 15 patients had been
treated without chemotherapy (2 patients had undergone a
combination of surgery and radiation therapy, 11 patients
had undergone surgery, and 2 patients had undergone radi-
ation therapy). When grouped according to their chemo-
therapy regimen, 4 patients received group I treatments, 62
patients received group Il treatments, and 13 patients
received group TIT treatments. Twenty-two patients received
high-dose chemotherapy as their first-line chemotherapy
treatment (1 patient in group I, 20 patients in group I1, and 1
patient in group III). Among the patients that received
chemotherapy, 9 patients received chemotherapy in an
adjuvant setting (7 patients in group II, including 2 patients
who received high-dose chemotherapy; and 2 patients in
group III). Among the 79 patients who received chemother-
apy, 23 patients also underwent a combination of surgery
and radiation therapy, 26 patients underwent surgery, 17
patients underwent radiation therapy, and 13 patients did
not undergo local therapy.

Response to chemotherapy

The response rate of 70 patients whose response to chemo-
therapy was assessable was 61% [95% confidence interval

Table 1 Sites of primary

tumors in 94 patients with EFT Tumor location N %
Osseous 49
Skuil 3 32
Trunk 13 138
Pelvic 14 149

Upper extremities 8 8.5

Lower extremities 11 11.7

Extra-osscous 45

Head and neck 4 4.2

Trunk 8 8.5

Intra-thoracic S 5.3
" Intra-abdominal 17 18

Upper extremilics 3 3.2

Lower extremities 8 8.5
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(CD): 50 0 73%; 6 complete responses (CR), 37 partial
responses (PR), 17 no changes (NC) or NE, and 10 progres-
sive diseases (PD)]. Performance status, primary tumor
size, and primary tumor site were significantly associated
with response in univariate analysis. A multivanate logistic
regression analysis indicated that the only significant pre-
dictor of response was a non-pelvic primary tumor [hazard
ratio (HR), 3.01; 95% CI, 1.02-8.91; P = 0.04).

Outcome

Of the 79 patients, the 5-year event-free rate and overall
survival rate were 4] and 54%. The median event-free sur-
vival and overall survival were 2.0 and 6.1 years, respec-
tively (Fig. 1). Among the 57 patients without metastasis,
the 5-year event-free rate and overall survival rate were 47
and 68%, respectively. And the 22 patients with metastasis,
the 5-year event-free rate and overall survival rate were 30
and 37%, respectively. Age, primary tumor size, primary
tumor site, and disease type were significantly associated
with event-free survival in univaliate analysis. And a multi-
variate Cox regression analysis disclosed that metastasis at
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Fig. 1 Kaplan—Meier analysis of event-frec survival (dotted line) and
overall survival (solid line) in 79 patients who reccived chemotherapy.
The vertical bars indicate censored cases

the time of diagnosis was a significant adverse prognostic
factor of event-free survival (P =0.02, Table 2). Age, pri-
mary tumor size, performance status, and disease type were
significantly associated with OS in univariate analysis. And
Cox regression analysis disclosed significant adverse prog-
nostic factors for OS were an age > 15 years, a performance
status >1, and metastasis at the time of diagnosis, respec-
tively (P < 0.01, Table 2).

Salvage treatment

Of the 94 patients, 54 had received second line treatment
for disease progression or recurrence. The median number
of disease sites was 1 (range 1-3). The most common dis-
ease sites were the lung (n = 24), bone (n = 15), primary
tumor site (n = 11), lymph node (n = 7), liver (n = 5), peri-
toneum (n = 4), soft-tissue (n =4), and brain (n=2). The
majority of patients (85%) had received chemotherapy, and
eight patients had received local therapy—including one
patient who had undergone surgery. When grouped accord-
ing to their chemotherapy regimen, 4 patients received
group I treatments, 21 patients received group I treatments,
and 21 patients received group IIT treatments, including 5
patients who received high-dose chemotherapy as a second
line treatment (2 patients in group II, 3 patients in group
III). The time to progression was 3.4 months after second *
line treatment. Progression during first-line treatment was
significantly associated with time to progression after sec-
ond line treatment (HR, 2.56; 95% CI, 1.21-.39; P = 0.01).
The duration of the event-free survival was not significantly
associated with the time to progression.

After second line treatment, 53 patients had developed
progression. In these patients, 37 patients had received third
line treatment including 20 patients had been treated by
chemotherapy, 1 patients received group I treatments, 3
patients received group II treatments, and 16 patients
received group III treatments. The other 17 patients had
been treated by local therapy, 13 patients received radiation
therapy, 4 patients received surgery. After third line treat-
ment, 12 patients had been treated with chemotherapy and
7 patients had received local therapy in forth line treatment.
Although 5 paticnts had received further treatment, all
heavily treated patients had died.

Table 2 Multivariate analyses

. . . Variables Event-free survival Overall survival
in 79 paticnts treated with che-
motherapy HR 95% C1 P value HR 95% CI P valuc
Metastasis at the 2.34 1.164.72 0.02 271 1.31-5.65 <0.01
time of diagnosis
HR Hazard ratio, 95% CI, 95% Age > 15 - - - 476 1.60-14.2 <0.01
confidence interval, PS ECOG PS> 1 _ _ _ 291 1.55-5.43 <0.01

performance status
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Paticnts treated without chemotherapy in first-line
treatment

In this study, 15 patients did not receive chemotherapy as
part of their first-line treatments. The median age of these
patients was 39 years (range 20-53 years). None of these
paticnts had metastasis, and most of the patients (87%) had
extra-osseous primary tumors. Two-thirds of the patients
had a primary tumor size <80 mm. Nine patients had pelvic
primary tumors, and only two patients had primary tumors
in their extremities. A univariate analysis indicated that
age, percentage of extra-osseous primary tumor sites, and
percentage of pelvic primary tumor sites were significantly
different among these 15 patients, compared with the other
79 patients. Two-thirds of these cases were admitted during
the last 5 years of the study period. Regrettably, all patients
had recurred, 13 patients had developed systemic recur-
rence and the other had local recurrence. The median time
to recurrence was 9.4 months. The most common systemic
disease sites was lung (n= 6), liver (n=35), bone (n=4),
lymph nodes (n=3), and miscellaneous (n=2). In 13
patients with systemic recurrence, all patients had received
group IT treatment, including 5 patients had received addi-
tional local therapy (3 patients in radiation therapy and 2
patients in surgery). Despite chemotherapy in group I was
performed for systemic recurrence, 12 of 13 patients had
died and only 1 patent survived over 2 years after systemic
recurrence. In patients with local recurrence (intra-thoracic
and lower extremities in each patient), they had received
group TI treatment. Although patient with intra-thoracic
tumor had progression again, the patient treated with group
IIT treatment and survives over 2 years after local recur-
rence. The other patient survives over 1 year without recur-
rence. The median overall survival of these patients was
2.9 years, significantly shorter than that of .the other 79
patients (P = 0.03, log-rank test).

Discussion

This retrospective study revealed that predictive factor of
response in first-line chemotherapy and the progressive
disease in first line chemotherapy was associated with out-
come of second line treatment. The prognostic factors and
prognosis in EFTs patients with low incidence may be
similar to that of patients in previous reports. This study
suggested that appropriate timing of systemic chemother-
apy was important to achieve good prognosis, even if local
therapy as surgery had successful in patients with localized
disease of EFTs. '

The incidence of EFTs in Asian countries is generally
lower than that of Caucasian populations (Guo etal.
1999). Previous studies have described the background

characteristics and treatment results in Japanese popula-
tions, which have a low incidence of EFTs (Obata et al.
2007; Ozaki et al. 2002; Yamada et al. 2006). Two studies
of EFTs were small sample size less than 20 patients, and
the largest study of EFTs of bone included 243 patients.
Recent study suggested the there was no considerable
differences in clinical background in patients with EFTs of
bone. (Obata etal. 2007) When comparing the present
study with reports from Western countries, the present
study showed a higher frequency of soft-tissue primary
tumors. Our hospital is a specialist orthopedic cancer refer-
ral center, and the present study describes no small sample
to be reported in an Asian population. Differences among
populations are difficult to judge because of selection
biases. Previous studies reporting different frequencies of
genetic aberrations may explain the different incidences and
prognoses among populations (de Alava et al. 1998; Ozaki
et al. 2002). We had insufficient material for statistical anal-
yses of any possible relation between genetic alteration in
our patients’ tumors and their prognosis.

Limitations of this study were retrospective nature and
the considerable heterogeneity of the treatment regimens.
However, the majority of the patients had received multi-
drug-chemotherapy regimens consisting of VAIAdr or
VAdrC/IE. Thus, the treatment outcome among the patients
who received chemotherapy, adjusted for the presence of '
metastasis, was probably representative.

Advances in systemic chemotherapy have generally con-
tributed to the improvement of treatment results (Sluga
ct al. 2001). In the present study, some of the patients were
treated without chemotherapy, within the last 5 years.
These patients were relatively older and had higher inci-
dences of soft-tissue and pelvic primary tumors. Although
none of these patients had metastatic disease at the time of
their diagnosis, the prognosis of the patients without che-
motherapy was clearly poorer. Present study demonstrates
that even in patients with small primary tumors had been
completely extirpated with sufficient margin, appropriate
timing of systemic chemotherapy has an important role for
cure. Population with low incidence leads to less experi-
enced physicians. However, EFTs arouses from various site
and adult patients with atypical primary tumors have a par-
ticularly poor prognosis. Therefore, promoting of multimo-
dality treatment strategy and education for physicians will
improve clinical outcome.

Although it is not a true prognostic factor that can be
assessed at the time of diagnosis, the radiologic response to
initial chemotherapy appeared to be a strong predictor of
overall survival. (Sluga et al. 2001) The present study indi-
cated that patients with non-pelvic primary tumors
responded well to chemotherapy. Thus, this favorable sub-
set of patients with EFTs may have a better prognosis. Pre-
vious report attributed the poor prognosis in pelvic primary
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tumors to difficulties in local therapy, especially surgical
rescction (Catterill et al. 2000). This problem associated
with primary site will not be solved easily. Biological and
molecular characteristics may be explored among patients
with pelvic primary tumors, and new molecular targeted
therapy should be developed to prolong survival in this
group.

The prognosis of patients with relapsed discase is poor.
Many reports have investigated chemotherapy regimens
that can be effective in producing temporary disease control
in second line settings (El Weshi et al. 2004; Shankar et al.
2003) In addition, high-dose chemotherapy and peripheral
blood stem cell transplantation have been studied as second
line treatments for patients with relapsed EFTs (Burdach
etal. 1993; Stewart et al. 1996). Although a subgroup of
patients benefit from these treatments, both the role and
indications for second line treatment remain uncertain. A
previous study reported that patients with a short first
remission derived little benefit from second line therapy.
(Shankar et al. 2003) Although the duration of remission
was not associated with the time to progression in the pres-
ent study, the patients who had progressive diseases during
their first-line treatments were significantly associated with
a poor outcome after second line treatment. Therefore,
patients with these poor prognostic factors should receive
palliative therapy, rather than aggressive second line treat-
ment.

Previous reports mostly including EFTs of bone have
analyzed prognostic factors such as metastatic disease,
patient age, tumor size, and pelvic primary turnor location
(Bacci et al. 2000; Catterill et al. 2000; Obata et al. 2007,
Rodriguez-Galindo et al. 2003; Sluga et al. 2001). Although
the outcome of treatment in the present study was slightly
worse than that reported in Western populations, the prog-
nostic factors for event-free and overall survival identified
in the present report were similar to those mentioned in
previous reports. The current staging system (localized or
metastatic) is clearly important for categorizing patients. In
addition, risk-adapted strategies using prognostic factors
should help to clarify the best treatment strategy in each
risk group.

Much remains to be done to improve the outcome of
patients with EFTs, especially in countries with low inci-
dences. Because of the difficulty of conducting clinical tri-
als in populations with low incidences, joining nationwide
treatment study or international study group would be
important to develop a common staging system and com-
mon treatment guideline in worldwide.

Acknowledgments This study was supportcd by grants from the
Ministry of Health, Labour and Welfare and Takeda Science Founda-
tion. The authors thank Eisuke Kobayashi, Makoto Endo, Yoshiyuki
Suchara, (Orthopedic Division, National Cancer Center Hospital),
Naoko Tsuji, and Hiroshi Kawamoto, (Pediatric Division, National

&) Springer

Cancer Center Hospital), Kunihiko Seki (Clinical Laboratory Division,
National Cancer Center Hospital) for their assistance in the present
study.

References

de Alava E, Kawai A, Healey JH, Fligman I, Meyers PA, Huvos AG,
Gerald WL, Jhanwar SC, Argani P, Antonescu CR, Pardo-
Mindan FJ, Ginsberg J, Womer R, Lawlor ER, Wunder J, Andru-
lis T, Sorensen PH, Barr FG, Ladanyi M (1998) EWS-FL1 fusion
transcript structure is an independent determinant of prognosis in
Ewing’s sarcoma. J Clin Oncol 16:1248-1255

Bacci G, Ferrari S, Bertoni F, Rimondini S, Longhi A, Bacchini P,
Forni C, Manfrini M, Donati D, Picci P (2000) Prognostic factors
in nonmetastatic Ewing’s sarcoma adjuvant chemotherapy:
analysis of 359 patients at the Instituto Ostopedico Rizzoli. J Clin
Oncol 18:4-11

Burdach S, Jurgens H, Peters C, Nurnberger W, Mauz-Korholz C,
Korholz D, Paulussen M, Pape H, Diloo D, Kascielniak E, Gadner
H, Gobel U (1993) Myeloablative radiochemotherapy and
hematopoietic stem-cell rescue in poor-prognosis Ewing’s
sarcoma. J Clin Oncol 11:1482-1488

Burgert EO Jr, Nesbit ME, Garnsey LA, Gehan EA, Herrmann I, Vietti
TJ, Cangir A, Tefft M, Evans E, Thomas P, Askin FB, Kissane
JM, Prichard DJ, Neff J, Makley T, Giula L (1990) Multimodal
therapy for the management of nonpelvic, localized Ewing’s sar-
coma of bone: Intergroup study IESS-II. J Clin Oncol 8:1514—
1524

Cardenas-Cardos R, Rivera-Luna R, Lopez-Facundo NA, Leal-leal C,
Gomez-Martinez R, Catellanos-Toled A (1999) Ewing’s sar-
coma: prognosis and survival in Mexican children from a single
institution. Pediatr Hematol Oncol 16:519-523

Catterill SJ, Ahrens S, Paulussen M, Jurgens HF, Voute PA, Gadner H,
Craft AW (2000) Prognostic factors in Ewing’s tumor of bone:
analysis of 975 patients from the European intergroup cooperative
Ewing’s sarcoma study group. J Clin Oncol 18:3108-3114

El Weshi A, Memon M, Raja M, Bazarbashi S, Rahal M, El Foudeh M,
Pai C, Allam A, El Hassan I, Ezzat A (2004) VIP (etoposide, if-
osfamide, cisplatin) in adult patients with recurrent or refractory
Ewing sarcoma family of tamors. Am J Clin Oncol 27:529-534

Grier H, Krailo M, Tarbell N, Link MP, Fryer CJ, Prichard DJ, Geb-
hardt MC, Dickman PS, Perlman EJ, Meyers PA, Donaldson SS,
Moore S, Rausen AR, Vietti TJ, Miser JS (2003) Addition of if-
osfamide and etoposide to standard chemotherapy for Ewing ‘s
sarcoma and primitive neuroectodermal tumor of bone. N Engl J
Med 348:694-701

Guo W, Xu W, Huvos AG, Healey JH, Feng C (1999) Comparative
frequency of bone sarcomas among different racial group. Chin
Med J 112:1101-1104

Jenkin DR, Al-Fawaz I, Al-Shabanah M, Allam A, Ayas M, Khafaga
Y, Memon M, Rifai S, Shultz H, Younge D (2002) Localised
Ewing sarcoma/PNET of bone prognostic factors and interna-
tional data comparison. Med Pediatr Oncol 39:586-593

Jurgens H, Exner U, Gadner H, Harms D, Michaelis J, Sauer R,
Treuner J, Voute T, Winkelmann W, Winkler K, Gobel U (1988)
Multidisciplinary treatment of primary Ewing’s sarcoma of bone.
A 6-year experience of a European Cooperative Trial. Cancer
61:23-32

Meyers PA, Wunder J, Healey J, Paulian G, Huvos A (1995) Ewing’s
sarcoma/primitive neurolectodermal tumor of bone: histological
response to pre-operative chemotherapy predicts event free sur-
vival. Proc Meet Am Soc Clin Oncol 14:A1407

Meyers PA, Gorlick R, Heller G, Casper E, Lane J, Huvos AG, Healey
JH (1998) Intensification of preoperative chemotherapy for



J Cancer Res Clin Oncol (2008) 134:389-395

)
O
(73

osteogenic sarcoma: results of the Memorial Slone-Kettering
(T12) protocol. J Clin Oncol 16:2452-2458

Miser IS, Kinsella TJ, Triche TJ, Steis R, Tsakos M, Wesley R,
Harvath K, Belasco J, Longo DL, Glatstein E, Israel MA (1987)
Treatment of ncuroepiethelioma in children and young adults.
J Clin Oncol 5:1752-1758

Nesbit ME Jr, Gehan EA, Burgert EO Jr, Vietti TJ, Cangir A, Tefft M,
Evans R, Thomas P, Askin FB, Kissane JM, Prichard DI,
Herrmann J, Neff J, Makley JT, Gilula L (1990) Multimodal
therapy for the management of primary, nonmetastatic Ewing’s
sarcoma of bone: long-term follow-up of the First Intergroup
study. J Clin Oncol 8:1664-1674

Obata H, Ueda T, Kawai A, Ishii T, Ozaki T, Abe S, Tanaka K,
Tsuchiya H, Matsumine A, Yabe H (2007) Clinical outcome of
patients with ewing sarcoma family of tumors of bone in Japan.
Cancer 109:765-775

Ozaki T, Schaefer KL, Wai D, Yokoyama R, Ahrens S, Diallo R,
Hasegawa T, Shimoda T, Hirohashi S, Kawai A, Naito N,
Morimoto Y, Inoue H, Boecker W, Juergens H, Winkelmann W,
Dockhorn-Dworniczak B, Premba C (2002) Population-based
genetic alterations in Ewing’s tumors from Japanese and
European Caucasian patients. Ann Oncol 13:1656-1664

Paulussen M, Ahrens S, Dunst J, Winkelmann W, Exner GU, Katz R,
Amann G, Dockhorn-Dwarniczak B, Harmas D, Muller-Weihrich
S, Welte K, Kornhuber B, Janka-Schaub G., Gobel U, Treuner J,
Voute PA, Zoubek A, Gadner H, Jurgens H (2001) Localized
Ewing tumor of bones: final results of the cooperative Ewing’s
Sarcoma Study CESS 86. J Clin Oncol 19:1818-1829

Rodriguez-Galindo C, Spunt SL, Pappo AS (2003) Treatment of Ew-
ing sarcoma family of tumors: current status and outlook for. the
future. Med Pediatr Oncol 40:276-287

Shankar AG, Ashley S, Craft AW, Pinkerton CR (2003) Outcome after
relapse in an unselected cohort of children and adolescents with
Ewing sarcoma. Med Pediatr Oncol 40:141-147

Sluga M, Windhager R, Lang S, Heinzl H, Krepler P, Mittermayer F,
Dominkus M, Zoubek A, Kots R (2001) A long-term review of
the treatment of patients with Ewing’s sarcoma in one institution.
Eur J Surg Oncol 27:569-573

Stewart DA, Gyonyor E, Paterson AHG, Arthur K, Temple W,
Schachar NS, Klassen J, Brown C, Russell JA (1996) High-dose
melphalan =+ total body irradiation and autologous hematopoietic
stem cell rescue for adult patients with Ewing's sarcoma or
peripheral neuroectodermal tumor. Bone Marrow Transplant
18:315-318

The JOA Musculo-Skeletal Tumor Committee (2003a) Bone tumor
registry in Japan. National Cancer Center, Tokyo, pp 28-29

The JOA Musculo-Skeletal Tumor Committee (2003b) Malignant soft
tissue tumor registry in Japan. National Cancer Center, Tokyo, pp
14-15

Villarroel M, Tordecilla J, Salgado C, Luo X, Messen S, Rayo Y,
Zolezzi P, Rojas ] (1997) Multimoda! therapy for children and
adolescents with Ewing sarcoma: results of the first national
Chilean trial. Med Pediatr Oncol 29:190-196

World Health Organization (1979) WHO Handbook for reporting re-
sult of cancer treatment: offset publication 48, World Health
Organization, Geneva

Yamada K, Sugiura H, Takahashi M (2006) Single center experience
of treatment of Ewing’s family of tumors in Japan. J Orthop Sci
11:34-42

Yamaguchi U, Hasegawa T, Morimoto Y, Tateishi U, Endo M,
Nakatani F, Kawai A, Chuman H, Beppu Y, Endo M, Kurotaki H,
Furuta K (2005) A practical approach to the clinical diagnosis of
Ewing’s sarcoma/primitive neuroectodermal tumour and other
small round cell tumours sharing EWS rearrangement using new
fluorescence in situ hybridisation probes for EWSR1 on formalin
fixed, paraffin wax embedded tissue. J Clin Pathol 58:1051-1056

@ Springer



Jpn J Clin Oncol 2008;38(3)172—175
doi: 10.1093/jjco/hyn001

Clinical Efficacy of S-1 in Pretreated Metastatic Breast Cancer

Patients

Tadahiko Shien', Chikako Shimizu?, Sadako Akashi-Tanaka', Kan Yonemori?, Tsutomu Kohno?,
Takashi Hojo!, Masashi Ando?, Noriyuki Katsumata2, Takayuki Kinoshita' and Yasuhiro Fujiwara?

'Division of Surgical Oncology and ®Division of Medical Oncology, National Cancer Center Hospital, Chuo-ku,

Tokyo, Japan

Received August 10, 2007; accepted December 26, 2007; published online February 22, 2008

Background: S-1, an oral fluoropyrimidine carbamate, is an active and well-tolerated agent
against solid cancer. However, the clinical efficacy of S-1 in patients with metastatic breast
cancer has not been determined.

Methods: We retrospectively evaluated the efficacy of S-1 and identified its adverse effects
in patients with metastatic breast cancer who had failed to respond to prior chemotherapy
regimens. All'the patients were treated at the National Cancer Center Hospital and received
S-1 twice daily at a dose of 80 mg/m? for 4 weeks, followed by a 2-week rest interval,
Results: Between 2003 and 2007, 37 women with metastatic breast cancer received S-1 as
a third line or greater chemotherapy regimen. All the patients had been previously treated
with both anthracyclines and taxanes prior to S-1 chemotherapy. The median order of S-1
administration was as a fifth-line treatment, and 23 patients (62%) received S-1 as their final
anticancer drug. One (3%) partial response and two (5%) stable diseases were observed.
The median time to progression (TTP) was 84 days. Grade 2 adverse events, such as
diarrhea, stomatitis and neutropenia occurred in 5 (16%), 1 (3%) and 1 (3%) patients,
respectively.

Conclusions: S-1 was safety administered to heavily treated metastatic breast cancer
patients with limited efficacy. Further evaluation of S-1 is necessary to elucidate its clinical
role in breast cancer treatment.

Key words: S-1 — metastatic breast — cancer — chemotherapy

INTRODUCTION

Treatment of patients with metastatic breast cancer (MBC)
aims to prolong survival while relieving symptoms and
maintaining a good quality of life (QOL).

Capecitabine is an orally administered fluoropyrimidine
that has been reported to be effective in both monotherapy
and combination therapy regimens. Capecitabine as a single
agent produced an overall response rate (RR) of 29% and a
median time to disease progression of 4.6 months in large
phase 11 trials in taxane-pretreated MBC patients (1-3).
Since capecitabine can sustain the QOL of MBC patients, it
has been widely used as a third-line or subsequent che-
motherapy regimen for heavily treated patients.

On the other hand, S-1 is another orally administered
fluorinated pyrimidine that has been reported to be a well-

For reprints and all correspondence: Chikako Shimizu, Division of Surgical
Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo
104-0045, Japan. E-mail: cshimizu@ncc.go.jp

tolerated and active agent against solid cancers. In a phase II
study of S-1, the RR was 41.7% and the median survival
time was 872 days among taxane-pretreated patients with
MBC; S-1 has been approved in Japan as a salvage che-
motherapy for patients who have received anthracycline and
taxane (4,5). In addition, S-1 has been used mainly for the
treatment of cancers of the digestive tract (6—8), and its effi-
cacy is well known. However, the clinical usefulness of S-1
in patients with MBC is uncertain. Here, we describe the
efficacy and tolerability of S-1 in a clinical setting.

PATIENTS AND METHODS
PATIENTS

A retrospective analysis was performed on patients with
MBC who received S-1 monotherapy between January 2003
and December 2006 at the National Cancer Center Hospital
(NCCH). The patient population was identified from a

© The Author (2008). Published by Oxford University Press. All rights reserved



database at the NCCH. All the patients had received che-
motherapy previously. They were followed up until death or,
if they were still alive, to their last visit prior to March 2007.

The best response for each patient was assessed according
to the WHO criteria (8). A complete response (CR) was
defined as the disappearance of all clinical and radiographic
evidence during two observations performed at least 4 weeks
apart. A partial response (PR) was defined as a decrease of
30% or more in the sum of the products of the biperpendicu-
lar diameters of measurable lesions. Stable disease (SD) was
defined as a <30% decrease and a <25% increase in the
sum of the products of the biperpendicular diameters of
measurable lesions and no appearance of new lesions; these
conditions had to be maintained for at least 12 weeks.
Progressive disease was defined as a greater than 25%
increase in the sum of the products of the biperpendicular
diameters of measurable lesions or the appearance of new
lesions. The clinical benefit rate was defined as the pro-
portion of patients who achieved either a CR, PR or SD. The
National Cancer Institute common toxicity criteria (9) were
adopted to determine toxicity.

TREATMENT

S-1 was administered orally twice daily (80 mg/m?) for 28
days followed by 14 days of rest. Treatment was continued
until disease progression, unacceptable adverse effects or
withdrawal of the patient’s consent. In the case of Grade 2 or
worse toxicity, S-1 administration was interrupted and
not resumed until the toxicity had resolved or improved to
Grade 1.

The time to progression (TTP) was calculated from the
day of commencement of S-1 administration until the day of
documented progression. Overall survival (OS) was calcu-
lated from the start date of S-1 to the date of death from any
cause. TTP and OS were analysed according to the Kaplan—
Meier estimates.

RESULTS

Thirty-seven patients received S-1 as a greater than second-
line chemotherapy for MBC between January 2003 and
December 2006 at NCCH. Table 1 shows the patient’s
characteristics. The median age was 49 (28—70) years. The
Eastern Cooperative Oncology Group (ECOG) performance
statuses of the patients were all <2. The sites of metastatic
disease were the bone and/or soft tissue in only six patients
(16%) and involved visceral sites in 31 patients (84%).
Table 2 shows the chemotherapy regimens that were admi-
nistered prior to S-1. The median number of chemotherapy
regimens used before the administration of S-1 including
adjuvant and neoadjuvant treatments, was 4, and 23 patients
(62%) received S-1 as their final chemotherapy regimen. All
the patients had previously received both anthracyclines
and taxanes, 13 patients (35%) had received vinorelbine and
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Table 1. Patient characteristics

No. of - % of

patients patients
(n=137)
Median age (years; range) 49 (28-70)
Metastatic sites involved
Bone/Soft tissue 6 16
Visceral 31 84
Oestrogen receptor
Positive 16 43
Negative 21 57
Progesteron receptor
Positive 17 46
Negative 20 54
HER2/neu status
Positive 13 35
Negative 24 65

11 patients (30%) had received oral SFU-derivatives prior
to the administration of S-1. All the patients who had
responded to treatment had exhibited adequate progression-
free intervals from the prior taxane administration until the
subsequent taxane administration. Three patients received
the same taxane regimen twice, once as adjuvant chemother-
apy and the second time in combination with Trastuzumab
after recurrence. Prior oral SFU-derivatives included in other
regimens were CMF (five patients), UFT (five patients),
5'DFUR (five patients) and CPT-11 (one patient). Sixteen
patients (43%) with ER-positive diseases had received
hormone therapy, and 13 patients (35%) with HER2-positive
diseases had received Trastuzumab as a monotherapy or in
combination with taxane or vinorelbine.

Table 2. Prior chemotherapy

Prior chemotherapy No. of patients % of

(n=237) patients

No. of regimens used

2/3/4/5/6/7/8 4/10/10/4/2/0/3
Median (range) 4 (2-8)
Neoadjuvant 6 16
chemotherapy
Adjuvant 17. 46
chemotherapy
S-1 was the last 23 62
regimen
Prior chemotherapy
Anthracycline 37 100
Taxane 37 100
Vinorelbine 13 35

w
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The median number of administration days was 70 (6—
415 days). The RR was 3%, with no cCR and 3% (1/37) PR.
The overall clinical benefit rate (CR, PR and SD for more
than 6 months) was 8% (3/37). The median TTP was 84
days (range, 6—415) (Fig. 1; note that a colour version of
this figure is available as supplementary data at http:/www.
jjco.oxfordjournals.org). The median OS from the start of
S-1 treatment was 284 days (range, 14—1511), and six
patients (16%) were still alive at the last follow-up. Nine
patients (24%) received S-1 for more than 100 days. Six out
of these nine patients had visceral involvement. Two out of
seven patients had oestrogen receptor-positive diseases and
four of them were HER2-positive.

Overall, S-1 was well tolerated. Table 3 shows the adverse
events in response to S-1 chemotherapy. Toxicities of Grade
3 or more were not reported. The most common toxicities
arising from S-1 administration were diarrhea (33%) and
nausea (30%). Most of the adverse events were Grade 1, and
none of the S-1-related adverse events were fatal. The most
frequent reasons for treatment discontinuation were disease
progression (30 patients, 81%) and adverse event (seven
patients, 19%). The adverse events that were encountered
were Grade 2 diarrhea (five cases), Grade 2 stomatitis (one
case) and Grade 2 neutropenic fever (one case).

DISCUSSION

The number of patients with MBC who have been pretreated
with anthracyclines and/or taxanes are increasing. However,
the optimal chemotherapy for patients with MBC who have
been pretreated with both anthracyclines and taxanes has not
been determined. These patients require palliative therapy
that offers a chance of prolonging life with minimal toxicity
according to the antitumor response and the alleviation of
tumor-related symptoms.

In this study, S-1 chemotherapy produced a 3% RR and
an 8% rate of clinical benefit in previously treated patients
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Figure 1. Kaplan—Meier curve for time to progression (TTP). Median TTP
was 84 (range 6—415) days.

Table 3. Treatment-related adverse event of TS-1

Gradre Grade

1 (%) 2(%)
Diarrhea 7(19) 5(14)
Stomatitis 5(14) 1(3)
Nausea/vomitting 11 (30) 0(0)
Neutropenia 1(3) 1 (3)
Disorder of liver function 2(6) 0(0)

with MBC who were refractory to both anthracyclines and
taxanes. The median TTP was 84 days, and 24% of the
patients received S-1 for more than 100 days. These results
were worse than those reported in clinical trials. This discre-
pancy is probably because 11 patients had received other
SFU-derivatives prior to S, the median order of S-1 admin-
istration was fifth line (most of the patients received S-1 che-
motherapy as their final treatment), and most of the patients
had multiple metastatic sites (84% had visceral metastases).
The toxicity of S-1, however, was mild in these heavily
treated patients, and S-1 is considered to be a feasible pallia-
tive chemotherapy in heavily treated MBC patients.

Several oral 5FU-derivatives have been used to treat
MBC, but only S-1 and capecitabine have been tested in
taxane-refractory MBC patients (10). The treatments were
administered based upon physictans’ decisions, but the
reason why S-1, and not capecitabine, was selected in this
study population is unclear. S-1 is a fluoropyrimidine that
consists of 1-(2-tetrahydrofuryl)-5-fluorouracil (FTO), a
pro-drug of 5-FU, and two other compounds, 5-chloro-2, 4-
dihydroxypyrimidine (CDHP; gimestat) and potassium
oxonate (OXO; otastat), in molar proportions of 1:0.4:1.
CDHP is an inhibitor of dihydropirimidine dehydrogenase
(DPD), which degenerates 80% of 5-FU in the liver and
maintains the 5-FU level above a minimal effective concen-
tration level. On the other hand, capecitabine is converted to
5’-DFUR either by human carboxyesterase (CE) or cytidine
deaminase (CD), which is mainly localized in the human
liver. 5’-DFUR is converted to the active form of 5-FU by
thymidine phosphorylase (dThdPase) in human tumors. Low
CE and CD activity levels are thought to protect the diges-
tive wall and bone marrow from capecitabine toxicity.

Clinically, the reported RRs of capecitabine and S-1 in
taxane-pretreated MBC patients are similar, but the toxicity
profile seems to be different. Relatively severe diarrhea
(14%, Grade 3) and hand-foot syndrome (10%, Grade 3)
were observed in a phase 1T study for capecitabine (2,3),
whereas the incidence of Grade 3 or severe diarrhea was
relatively low (0.9%) and no hand-foot syndrome was
observed in a phase II study of S-1 for MBC (4). A direct
comparison of capecitabine and S-1 monotherapy is surely
necessary, and since the antitumor activity of capecitabine
might be relatively low in tumor cells with high DPD levels,
an evaluation of the efficacy of S-1 after progression with



capecitabine or in tumors with high DPD expression levels
is warranted.

Moreover, while the efficacy of capecitabine in combi-
nation therapy with other cytotoxics (11—16) or as first-line
chemotherapy (17) has already been reported, few evidence
of the efficacy of S-1 in combination therapy or first-line
chemotherapy is available (18,19). The efficacy and safety of
S-1 in combination with molecular-targeted drugs, such as
antibodies and small molecule tyrosine kinase inhibitors, are
also unknown. Further studies are thus required to elucidate
the clinical role of S-1 in the management of breast cancer
patients.
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Synergistic antitumor activity of the novel SN-38-incorporating polymeric micelles,
NKO012, combined with 5-fluorouracil in a mouse model of colorectal cancer,
as compared with that of irinotecan plus 5-fluorouracil
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The authors reported in a previous study that NK012, a 7-ethyl-
10-hydroxy-camptothecin (SN-38)-releasing nano-system, exhib-
ited high antitumor activity against human colorectal cancer xeno-
grafts. This study was conducted to investigate the advantages of
NKO012 over irinotecan hydrochloride (CPT-11) administered in
combination with S5-fluorouracil (SFU). The cytotoxic effects of
NKO012 or SN-38 (an active metabolite of CPT-11) administered in
combination with SFU was evaluated in vitro in the human color-
ectal cancer cell line HT-29 by the combination index method. The
effects of the same drug combinations was also evaluated in vivo
using mice bearing HT-29 and HCT-116 cells. All the drugs were
administered i.v. 3 times a week; NK012 (10 mg/kg) or CPT11
(50 mg/kg) was given 24 hr before SFU (50 mg/kg). Cell cycle anal-
ysis in the HT-29 tumors administered NK012 or CPT-11 in vivo
was performed by flow cytometry. NK012 exerted more synergis-
tic activity with SFU compared to SN-38. The therapeutic effect of
NKO012/5FU was significantly superior to that of CPT-11/5FU
against HT-29 tumors (p = 0.0004), whereas no significant differ-
ence in the antitumor effect against HCT-116 tumors was
observed between the 2-drug combinations (p = 0.2230). Cell-
cycle analysis showed that both NK012 and CPT-11 tend to cause
accumulation of cells in the S phase, although this effect was more
pronounced and maintained for a more prolonged period with
NK012 than with CPT-11. Optimal therapeutic synergy was
observed between NK012 and 5FU, therefore, this regimen is con-
sidered to hold promise of clinical benefit, especially for patients
with colorectal cancer.

© 2008 Wiley-Liss, Inc.

Key words: NKO12; SN-38; 5-fluorouracil; drug delivery system;
colorectal cancer

The S-year survival rates of colorectal cancer (CRC) have
improved remarkably over the last 10 years, accounted for in large
part by the extensively investigated agents after 5-fluorouracil
(5FU). Trinoetcan hydrochloride (CPT-11), a water-soluble, semi-
synthetic derivative of camptothecin, is one such agent that has
been shown to be highly effective, and currently represents a key-
drug in first- and second-line treatment regimens for CRC. CPT-
11 monotherapy, however, has not been shown to yield superior
efficacy, including in terms of the median survival time, to bolus
5FU/leucovorin (LV) alone.! In 2 Phase III trials, the addition of
CPT-11 to bolus or infusional SFU/LV regimens clearly yielded
greater efficacy than administration of SFU/LV alone, with a dou-
bling of the tumor response rate and prolongation of the median
survival time by 2--3 months."-

CPT-11 is converted to 7-ethyl-10-hydroxy-camptothecin (SN-
38), a biologically active and water-insoluble metabolite of CPT-
11, by carboxylesterases in the liver and the tumor. SN-38 has
been demonstrated to exhibit up to a 1,000-fold more potent cyto-
toxic activity than CPT-11 against various cancer cells in virro.?
The metabolic conversion rate is, however, very low, with only
<10% of the original volume of CPT-11 being metabolized to
SN-38*%; conversion of CPT-11 to SN-38 also depends on genetic
interindividual variability of the activity of carboxylesterases.®

@ uicc Pubtication of the International Union Against Cancer
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Direct use of SN-38 itself for clinical cancer treatment must be
shown to be identical in terms of both efficacy and toxicity.

Some drugs incorporated in drug delivery systems (DDS), such
as Abraxane and Doxil, are already in clinical use.”® The clinical
benefits of DDS are based on their EPR effect.” The EPR effect is
based on the pathophysiological characteristics of solid tumor tis-
sues: hypervascularity, incomplete vascular architecture, secretion
of vascular permeability factors stimulating extravasation within
cancer tissue, and absence of effective lymphatic drainage from
the tumors that impedes the efficient clearance ot macromolecules
accumulated in solid tumor tissues. Several types of DDS can be
used for incorporation of a drug. A liposome-based formulation of
SN-38 (LE-SN38) has been develo(g)ed, and a clinical wnal to
assess its efficacy is now under way.'*"!

Recently, we demonstrated that NKO12, novel SN-38-incorpo-
rating polymeric micelles, exerted superior antitumor activity and
less toxicity than CPT-11."2 NKO12 is characterized by a smaller
size of the particles than LE-SN38; the mean particle diameter of
NKO012 is 20 nm. NKO12 can release SN-38 under neutral condi-
tions even in the absence of a hydrolytic enzyme, because the
bond between SN-38 and the block copolymer is a phenol ester
bond, which is stable under acidic conditions and labile under
mild alkaline conditions. The release rate of SN-38 from NKO012
under physiological conditions is quite high; more than 70% of
SN-38 is released within 48 hr. We speculated that the use of
NKO12, in place of CPT-11, in combination with SFU may yield
superior results in the treatment of CRC. In the present study, we
evaluated the antitumor activity of NK012 administered in combi-
nation with SFU as compared to that of CPT-11 administered in
combination with 5FU against CRC in an experimental model.

Material and methods
Cells and animals

The human colorectal cancer cell lines used, namely, HT-29
and HCT-116, were purchased from the American Type Culture
Collection (Rockville, MD). The HT-29 cells and HCT-116 cells
were maintained in RPMI 1640 supplemented with 10% fetal bo-
vine serum (Cell Culture Technologies, Gaggenau-Hoerden, Ger-
many), penicillin, streptomycin, and amphotericin B (100 units/
mL, 100 pg/mL, and 25 pg/mL, respectively; Sigma, St. Louis,
MO) in a humidified atmosphere containing 5% CO- at 37°C.

BALB/c nu/nu mice were purchased from SLC Japan (Shi-
zuoka, Japan). Six-week-old mice were subcutaneously (s.c.)
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inoculated with 1 X 10° cells of HT-29 or HCT-116 cell line in
the flank region. The length () and width (b) of the tumor masses
were measured twice a week, and the tumor volume (TV) was cal-
culated as follows: TV = (¢ X b"’)/2. All animal procedures were
performed in compliance with the Guidelines for the Care and Use
of Experimental Animals established by the Committee for Ani-
mal Experimentation of the National Cancer Center; these guide-
lines meet the ethical standards required by law and also comply
with the guidelines for the use of experimental animals in Japan.

Drugs

The SN-38-incorporating polymeric micelles, NK012 and SN-
38 were prepared by Nippon Kayaku (Tokyo, Japan).'* CPT-11
was purchased from Yakult Honsha (Tokyo, Japan). SFU was pur-
chased from Kyowa Hakko (Tokyo, Japan).

Cell growth inhibition assay

HT-29 cells were seeded in 96-well plates at a density of 2,000
cells/well in a final volume of 90 pL. Twenty-four hours after
seeding, a graded concentration of NKO12 or SN-38 was added
concurrently with 5FU to the culture medium of the HT-29 cells
in a final volume of 100 pL for drug interaction studies. The cul-
ture was maintained in the CO, incubator for an additional 72 hr.
Then, cell growth inhibition was measured by the tetrazolium salt-
based proliferation assay (WST assay; Wako Chemicals, Osaka,
Japan), WST-1 labeling solution (10 pL) was added to each well

and the plates were incubated at 37°C for 3 hr. The absorbance of

the formazan product formed was detected at 450 nm in a 96-well
spectrophotometric plate reader. Cell viability was measured and
compared to that of the control cells. Each experiment was carried
out in triplicate and was repeated at least,3 times. Data were aver-
aged and normalized against the nontreated controls to generate
dose-response curves.

Drug interaction analysis

The nature of interaction between NKO12 or SN-38 and 5FU
against HT-29 cells was evaluated by median-effect plot Amlyseb
and the combination index (CI) method of Chou and Talalay
Data analysis was performed using the Calcusyn software (Bio-
soft, NY, USA). NKO12 or SN-38 was combined with 5FU at a
fixed ratio that spanned the individual 1Cso values of each drug.
The 1Csq values were determined on the basis of the dose-response
curves using the WST assay. For any given drug combination, the
CI is known to represent the degree of synergy, additivity or an-
tagonism. It is expressed in terms, of fraction-affected (Fa) values,
which represents the percentage of cells killed or inhibited by the
drug. Isobologram equations and Fa/CI plots were constructed by
computer analysis of the data generated from the median effect
analysis. Each experiment was performed in triplicate with 6 gra-
dations and was repeated at least 3 times. The resultant dose-
response curves were averaged, to create a single composite dose-
response curve for each combination.

In vivo analysis of the effects of NKOI2 combined with 5FU
as compared to those of CPT-11 combined with 5SFU

When the mean tumor volumes reached ~93 mm?®, the mice
were randomly divided into test groups consisting of 5 mice per
group (Day 0). The drugs were administered i.v. via the tail vein
of the mice. Tn the groups administered NKO12 or 5FU as single
agents, the drug was administered on Days 0, 7 and 14. In the
combined treatment groups, NKO12 or CPT-11 was administered
24 hr before SFU on Days 0, 7 and 14, according to lhc prevnously
reported combination schedule for CPT-11 and 5FU.' Complete
response (CR) was defined as tumor not detectable by palpation at
90 days after the start of treatment, at which time-point the mice
were sacrificed. Tumor volume and body weight were measured
twice a week. As a general rule, animals in which the tumor vol-
ume exceeded 2,000 mm? were also sacrificed.
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Experiment 1. Evaluation of the effects of NKOI2 combined
with SFU and determination of the maximum tolerated dose
(MTD) of NK0i2/SFU. By comparing the data between NKO012
administered as a single agent and NK012/5FU, we evaluated the
effects of the combined regimen against the s.c HT-29 tumors. A
preliminary experiment showed that combined administration of
NKO12 15 mg/kg + 5FU 50 mg/kg every 6 days caused drug-
related lethality (data not shown). To determine the MTD, there-
fore, we set the dosing schedule of the combined regimen at 5 or
10 mg/kg of NKO12 + 50 mg/kg of SFU three times a week.

Experiment 2. Comparison of the antitumor effect of NKOI12/
SFU and CPT- ]1/5FU Based on a comparison of the data
between NK012/5FU and CPT-11/5FU against the s.c. HT-29 and
HCT-116 tumors, we investigated the feasibility of the clinical
application of NKO12/5FU for the treatment of CRC. CPT-11/
5FU was administered three times a week at the respective MTDs
of the 2 drugs as previously reportcd that is, CPT11 at 50 mg/kg
and 5FU at 50 mg/kg, respectively.'"* NK012/5FU was adminis-
tered once three times a week at the respective MTDs of the
2 drugs determined from Experiment 1.

Cell cycle analysis

Samples from the HT-29 tumors that had grown to 80-100 mm®
were removed from the mice at 6, 24, 48, 72 and 96 hr after the
administration of NKO12 alone at 10 mg/kg or CPT-11 alone at
50 mg/kg. The samples were excised, minced in PBS and fixed in
70% ethanol at —20°C for 48 hr. They were then digested with
0.04% pepsin (Sigma chemical Co., St Lous, MO) in 0.1 N HCL
for 60 min at 37°C in a shaking bath to prepare singie-nuclei sus-
pensions. The nuclei were then centrifuged, washed twice with
PBS and stained with 40 pg/mL of propidium iodide (Molecular
Probes, OR) in the presence of 100 pg/mL RNase in 1 mL PBS
for 30 min at 37°C. The stained nuclei were analyzed with B-D
FACSCalibur (BD Biosciences, San Jose, CA), and the cell cycle
distribution was analyzed using the Modfit program (Verity Soft-
ware House Topsham, ME).

Statistical analyses

Data were expressed as mean = SD. Data were analysed with
Student’s ¢ test when the groups showed equal vanances (F test),
or Welch's test when they showed unequal variances (F test). p <
0.05 was regarded as statistically significant. All statistical tests
were 2-sided.

Results
Antiproliferative effects of NKOI2 or SN-38 administered
in combination with SFU

Figure 1a shows the dose-response curves for NKOI2 alone,
5FU alone and a combination of the two. The ICs, levels of
NKO012 and 5FU against the HT-29 cells were 39 nM and | pM,
respectively, and the 1Csq level of SN-38 was 14 nM (data not
shown). Based on these data, the molar ratio of NKO12 or SN-
38:5FU of 1:1,000 was used for the drug combination studies.

Figures 15 and 1¢ show the median-etfect and the combination
index plots. Combination indices (Cls) of <1.0 are indicative of
synergistic interactions between 2 agents; additive interactions are
indicated by CIs of 1.0, and antagonism by Cls of >1.0. Figure 1¢
shows the combination index for NK012 and 5FU, when 2 drugs
are supposed to be mutually exclusive. Marked synergism was
observed between Fa 0.2 and 0.6. Theoretically, the Cl method is
the most reliable around an Fa of 0.5, suggesting synergistic
effects of the combination of NKO12 and SFU. This synergistic
effect was more evident than that of SN-38/5FU (Fig. 14d).

In vivo effect of combined NKO12 und 5SFU

Experiment 1. Dose optimization and effect of combined NK012
and 5FU against HT-29 tumors. Comparison of the relative tu-
mor volumes on Day 40 revealed significant differences between
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FiGurk 1 — Interaction of NKO12 and 5FU in vitro. (a) Dose-response curves for NK0O12 alone (B), SFU alone (A) and their combination ([J)
against HT-29 cells. HT-29 cells were seeded at 2,000 cells/well. Twenty-four hours after seeding, a graded concentration of NKOI2 or 5FU
was added to the culture medium of the HT-29 cells. Cell growth inhibition was measured by WST assay after 72 hr of treatment. Cell viability
was measured and compared with that of the control cells. Each experiment was carried out independently and repeated at least 3 times. Points,
mean of tripricates; bars, SD. (b) Median etfect plot for the interaction of NK012 and 5FU. (c, d) Combination index for the interaction as a
function of the level of effect (fraction effect = 0.5 is the 1Csy). The straight line across the CI value of 1.0 indicates additive effect and Cls
above and below indicate antagonism and synergism, respectively. The molar ratio of NKO12/5FU (c) or SN-38/5FU (d) at 1:1,000 was tested
by CI analysis. Black circles represent the Cls of the actual data points, solid lines represent the computer-derived Cls at effect levels ranging
from 10 to 100% inhibition of cell growth, and the dotted lines represent the 95% confidence intervals.

those in the mice administered NKO12 alone and those adminis-
tered NKO12/5FU at 5 mg/kg of NKO12 (p = 0.018) (Fig. 2a).
Although there was no statistically significant difference in the rel-
ative tumor volume measured on Day 54 between the mice admin-
istered NKO12 alone and NKO12/5FU at 10 mg/kg of NKOI12 (p =
0.3050), a trend of superior antitumor effect was demonstrated in
the group treated with NKO12/5FU at 10 mg/kg of NKO12 (Fig.
2a). The CR rates were 20, 40 and 60% for 5 mg/kg NKO12 +
50 mg/kg 5FU, 10 mg/kg NKO12 alone and 10 mg/kg NKO12 +
50 mg/kg 5FU, respectively. The schedule of 10 mg/kg NKO12 +
50 mg/kg SFU resulted in no remarkable toxicity in terms of body
weight changes, and these doses were determined as representing
the MTDs (Fig. 2b).

Experiment 2. Comparison of the antitumor effect of combined
NKOI2I5FU and CPT-11/5FU against HT-29 and HCT-116
tumors. The therapeutic effect of NKO12/5FU on Day 60 was sig-
nificantly superior to that of CPT-11/5FU against the HT-29
tumors (p = 0.0004) (Fig. 34). A more potent antitumor effect,
namely, a 100% CR rate, was obtained in the NKO12/5FU group
as compared to the 0% CR rate in the CPT-11/5FU group.
Although no statistically significant difference in the relative tu-
mor volume on Day 61 was demonstrated between the NK012/

5FU and CPT-11/5FU in the case of the HCT-116 tumors (p =
0.2230), a trend of superior antitumor effect against these tumors
was observed in the NKO12/5FU treatment group (Fig. 3b). The
CR rates for the case of the HCT-116 tumors were 0% in both
NKO012/5FU and CPT-11/5FU groups.

Specificity of cell cycle perturbation

We studied the difterences in the effects between NKO12 10
mg/kg and CPT-11 50 mg/kg on the cell cycle (Fig. 4a). The data
indicated that both NK012 and CPT-11 tended to cause accumula-
tion of cells in the S phase, although the effect of NKO12 was
stronger and maintained for a more prolonged period than that of
CPT-11; the maximal percentage of S-phase cells in the total cell
population in the tumors was 34% at 24 hr after the administration
of CPT-11, whereas it was 39% at 48 hr after the administration of
NKO12 (Figs. 4b, and 4¢).

Discussion

Our primary endpoint was to clarify the advantages of NK01{2
over CPT-11 administered in combination with SFU. We demon-
strated that combined NK012 and 5FU chemotherapy exerts more
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FiGURE 2 — Effect of NKO12 alone or NKO12 in combination with
SFU against HT-29 tumor-bearing mice. Points, mean; bars, SD. (a)
Antitumor effect of each regimen on Days 0, 7 and 14. (O) control,
() 5FU 50 mg/kg alone, ($) NKOI2 5 mg/kg alone, (#) NKOI12
5 mg/kg 24 hr before SFU 50 mg/kg, (A) NKO12 10 mg/kg alone, (A)
NKO012 10 mg/kg 24 hr before SFU 50 mg/kg. (b) Changes in the rela-
tive body weight. Data were derived from the same mice as those used
in the present study.

synergistic activity in vitro and significantly greater antitumor ac-
tivity against human CRC xenografts as compared to CPT-11/
5FU. The combination of NKO12 and 5FU is considered to hold
promise of clinical benefit for patients with CRC.

CPT-11, a topoisomerase-I inhibitor, and 5FU, a thymidilate
synthase inhibitor, have been demonstrated to be effective agents
for the treatment of CRC. A combination of these 2 drugs has also
been demonsirated to be clearly more etfective than either CPT-
11 or SFU/LV administered alone in vivo and in clinical set-
tings."'*'* Administration of SFU by infusion with CPT-11 was
shown to be associated with reduced toxicity and an apparent
improvement in survival as compared to that ot administration of
the drug by bolus injection with CPT- 11.'% This syncrglsuc
enhancement may result from the mechanism of action of the
2 drugs; CPT-11 has been reported to cause accumulation of cells
in the S phase, and 5FU infusion is known to cause DNA damage
specifically in cells of the S phase.'® On the basis of this back-
ground, our results suggesting the more pronounced and more pro-
longed accumulation of the tumor cells in the S phase caused by
NKO12 as compared with that by CPT-11 may explain the more
eftective synergy of the former administered with SFU infusion.
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Ficure 3 — Eftfect of NK012/5FU as compared with that of CPT11/
SFU against HT-29 (a) or HCT-116 (b) tumor-bearing mice. Antitu-
mor effect of each schedule on Days 0, 7 and 14, (O) control, (X)
CPT-11 50 mg/kg 24 hr before SFU 50 mg/kg, (A) NKO12 10 mg/kg
24 hr before SFU 50 mg/kg. Points, mean; bars, SD.

This may be attributable to accumulation of NK012 due to the
enhanced permeability and retention (EPR) effect.’ It is also
speculated that NKOI2 allows sustained release of free SN-38,
which may move more freely in the tumor interstitium.'> Other-
wise NKO12 itself could internalize into cells to localize in several
cytoplasmic organelles as reported by Savic et al.'® These charac-
teristics of NKO12 may be responsible for its more potent antitu-
mor activity observed in this study, because CPT-11 has been
reported to show tlme -dependent growth-inhibitory activity
against the tumor cells.'

The major dose-limiting toxicities of CPT-11 are diarrhea and
neutropenia. SN-38, the active metabolite of CPT-11, may cause
CPT 11-related diarrhea as a result of mitotic -lnhlbnory activ-
ity.'® Because it undergoes significant blllary excretion, SN-38
may have a potentially long residence time in the gas[romtes(mal
tract that may be associated with prolonged diarrhea. %20 1n our
previous report, we evaluated the tissue distribution of SN-38 after
administration of an equimolar amount of NK012 (20 mg/kg) and
CPT-11 (30 mg/kg) and found no dlfference in the level of SN-38
accumulation in the small intestine.'> A significant antitumor
effect of NKO12 with a lower incidence of diarrhea was also dem-



2152

NAKAJIMA ET AL,

a . ;
o NKO012 24hr o NEKO12 96hr
3 87
" “ ]
8 g & o
E 31 g =+ ]
Z
8]
g CONTROL ;
& E
5 8 © Jhut 1
2 o 0 50 100 150 200 250 0 50 100 150 200 250
5 2 Charmels (FL2-A-FL2-Area) Chanmnels (FL2-A-FL2-Area)
§1
& f 3
5 ] CPl‘ll 8“- CPT]I %hl‘
o) 27 81
0 50 100 150 200 25 “ ] ]
Channels h’l.ZAFIzAreaS v ] 0]
E §- E ¢
: o]
: 8 i &7
o] %J{”ﬁ,/,/,.,,..,,”,,] o Het A P I e
0 50 100 1 200 250 0 50 100 150 200 250
Channels (FL2-A-FL2-Area) Channels (FL2-A-FL2-Area)
b 90 ¢4 i ¢ eofy ]
80 i 8oF o ‘ T
0[] - 70? )
© 50"? [ o sl i ; ‘
'g’ 50 fv g 50 f . i
?‘g 40K i ’ = 40/.'i i /
ol — * W T B
10§ 10} % _, i 7)
N / % 0 vi ] L - F
24hr 48hr 12hr Ohr 24hr 48hr T2hr 96 hr
0 Gl 67.78 | 5682 | 8564 OGwl { 8077 | 58.25 | 57.18 | 58.83 | 67.07
8s 2742 | 392 26.72 as 14.96 | 3408 | 3047 | 29.84 | 925.85
B GUM 4.65 497 1.63 WGyM| 4.25 7.67 12.32 11.12 7.65
time course

tame course

FiGURE 4 — Cell cycle analysis of HT-29 tumor cells collected 24, 48, 72 and 96 hr after administration of NK012 at 10 mg/kg alone or CPT-11
at 50 mg/kg alone using the Modfit progrum (Verity Software House Topsham, ME). (a) Cell cycle analysis of HT-29 tumor cells 24 and 96 hr atter
administration of NKO12 at 10 mg/kg or CPT-11 at 50 mg/kg, respectively. (h) Cell cycle distribution of tumor cells 0, 24, 48, 72 and 96 hr after
treatment with NK012 at 10 mg/kg. (¢) Cell cycle distribution of tumor cells 0, 24, 48, 72 and 96 hr after treatment with CPT-11 at 50 mg/kg.

onstrated as compared to that observed with CPT-11 in a rut mam-
mary tumor model.”’ Combined administration of CPT-11 with
SFU/LV infusion appears to be associated with acceptable toxicity
in patients with CRC. In addition, no significant ditference in the
frequency of Grade 3/4 diarrhea was noted between patients

treated with FOLFIRI (CPT-11 regimen with bolus and infusional
S5FU/LYV) and those treated with FOLFOX6 (oxaliplatin regimen
with bolus and infusional SFU/LV).*>** Qur in vivo data actually
revealed no severe body weight loss in the NKO12/5FU group.

Consequently, we expect that the NK012/5FU regimen, especially
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with infusional 5FU, may be an attractive arm for a Phase I trial
in CRC, with CPT-11/5FU as the control arm. We have already
initiated a Phase I trial of NK012 in patients with advanced solid
tumors based on the data suggesting higher efficacy and lower tox-
icity of this preparation than CPT-11 in vivo.'?

References

Saliz LB, Douillard JY, Pirotta N, Alak! M, Gruia G, Awad L, Elfring
GL. Locker PK, Miller LL. Irinotecan plus fluorouracil/leucovorin for
metastatic colorectal cancer: a new survival standard. Oncologist
2001;6:81-91.

Douitlard JY, Cunningham D, Roth AD, Navarro M, James RD, Kara-
sek P, Jandik P, Iveson T, Carmichael J, Alakl M, Gruia G, Awad L,
et al. Irinotecan combined with fluorouracil compared with fluoroura-
cil alone as first-line treatment for metastatic colorectal cancer: a mul-
ticentre randomised trial. Lancet 2000;355:1041-7.

Takimoto CH, Arbuck SG. Topoisomerase 1 targeting agents: the
camptothecins. In: Chabner BA, Lango DL, eds. Cancer chemother-
apy and biotherapy: principal and practice, 3rd ed. Philadelphia, PA:
Lippincott Williams and Wilkins, 2001. 579-646.

Slatter JG, Schaaf LJ, Sams JP, Feenstra KL, Johnson MG, Bombardt
PA, Cathcart KS, Verburg MT, Pearson LK, Compton LD, Miller LL,
Baker DS, et al. Pharmacokinetics, metabolism, and excretion of iri-
notecan (CPT-11) following 1.V. infusion of [(14)CICPT-11 in cancer
patients. Drug Metab Dispos 2000;28:423-33.

Rothenberg ML, Kuhn JG, Burris HA, TII, Nelson J, Eckardt JR,

Tristan-Morales M, Hilsenbeck SG, Weiss GR, Smith LS, Rodriguez -

GI, Rock MK, Von Hoft DD. Phase I and pharmacokinetic trial of
weekly CPT-11.J Clin Oncol 1993;11:2194-204.

Guichard S, Terret C, Hennebelle T, Lochon I, Chevreau P, Fretigny
E, Selves J, Chatelut E, Bugat R, Canal P. CPT-1{ converting
carboxylesterase and topoisomerase activities in tumour and normal
colon and liver tissues. BrJ Cancer 1999;80:364-70.

Gradishar WJ, Tjulandin S, Davidson N, Shaw H, Desai N, Bhar P,
Hawkins M, O’Shaughnessy J. Phase ITI trial of nanoparticle albumin-
bound paclitaxel compared with polyethylated castor oil-based pacli-
taxel in women with breast cancer. J Clin Oncol 2005;23:7794-803.
Muggia FM. Liposomal encapsulated anthracyclines: new therapeutic
horizons. Curr Oncol Rep 2001;3:156-62. .

Matsumura Y, Maeda H. A new concept for macromolecular thera-
peutics in cancer chemotherapy: mechanism of tumoritropic accumu-
lation of proteins and the antitumor agent smancs. Cancer Res
1986;46:6387-92.

. Zhang JA, Xuan T, Parmar M, Ma L, Ugwu S, Ali §, Ahmad 1. Devel-

opment and characterization of a novel liposome-based formulation
of SN-38. Int J Pharm 2004;270:93-107.

. Kraut EH, Fishman MN, LoRusso PM, Gorden MS, Rubin EH, Haas

A, Fetterly GJ, Cullinan P, Dul JL, Steinberg JL. Final result of a
phase T study of liposome encapsulated SN-38 (LE-SN38): safety,
pharmacogenomics, pharmacokinetics, and tumor response [abstract
2017]. Proc Am Soc Clin Oncol 2005;23:139S.

. Koizumi F, Kitagawa M, Negishi T, Onda T, Matsumoto S, Hamagu-

chi T, Matsumura Y. Novel SN-38-incorporating polymeric micelles.

2153

In conclusion, we demonstrated that combined NKO12 and 5FU

chemotherapy exerts significantly greater antiturmor activity
against human CRC xenografts as compared to CPT-11/5FU,
indicating the necessity of clinical evaluation of this combined
regimen.

NKO12, eradicate vascular endothelial growth factor-secreting bulky
tumors. Cancer Res 2006;66:10048-56.

. Chou TC, Talalay P. Quantitative analysis of dose-effect relation-

ships: the combined effects of multiple drugs or enzyme inhibitors.
Adv Enzyme Regul 1984;22:27-55.

Azrak RG, Cao S, Slocum HK, Toth K, Durrani FA, Yin MB, Pen-
dyala L, Zhang W, McLeod HL, Rustum YM. Therapeutic synergy
between irinotecan and 5-fluorouracil against human tumor xeno-
grafts. Clin Cancer Res 2004;10:1121-9.

. Jain RK. Barriers to drug delivery in solid tumors. Sci Am 1994,

271:58-65.

Savic R, Luo L, Eisenberg A, Maysinger D. Micellar nanocontainers
distribute to defined cytoplasmic organelles. Science 2003;300:615~
18.

. Kawato Y, Aonuma M, Hirota Y, Kuga H, Sato K. Intracellular roles

of SN-38, a metabolite of the camptothecin derivative CPT-11, in the
antitumor effect of CPT-11. Cancer Res 1991;51:4187-91.

. Slater R, Radstone D, Matthews L, McDaid J, Majeed A. Hepatic

resection for colorectal liver metastasis after downstaging with irino-
tecan improves survival. Proc Am Soc Clin Oncol 2003;22(abstract
1287).

Araki E, Ishikawa M, Tigo M, Koide T, Ttabashi M, Hoshi A. Rela-
tionship between development of diarrhea and the concentration of
SN-38, an active metabolite of CPT-11, in the intestine and the blood
plasma of athymic mice following intraperitoneal administration of
CPT-11. Jpn J Cancer Res 1993;84:697-702.

Atsumi R, Suzuki W, Hakusui H. Identification of the metabolites of
irinotecan, a new derivative of camptothecin, in rat bile and its biliary
excretion. Xenobiotica 1991;21:1159-69.

. Onda T, Nakamura I, Seno C, Matsumoto S, Kitagawa M, Okamoto

K, Nishikawa K, Suzuki M. Superior antitumor activity of NKO12,
7-ethyl-10-hydroxycamptoyhecin-incorporating micellar nanoparticle,
to irrinotecan. Proc Am Assoc Cancer Res 2006;47:720s(abstract
3062).

2. Tournigand C, Andre T, Achille E, Lledo G, Flesh M, Mery-Mignard

D, Quinaux E, Couteau C, Buyse M, Ganem G, Landi B, Colin P,
et al. FOLFIRI followed by FOLFOX6 or the reverse sequence in
advanced colorectal cancer: a randomized GERCOR study. J Clin
Oncol 2004;22:229-37.

. Colucci G, Gebbia V, Paoletti G, Giuliani F, Caruso M, Gebbia N,

Carteni G, Agostara B, Pezzella G, Manzione L, Borsellino N, Misino
A, et al. Phase 11l randomized trial of FOLFIRI versus FOLFOX4 in
the treatment of advanced colorectal cancer: a multicenter study of
the Gruppo Oncologico Dell’ltalia Meridionale. J Clin Oncol 2005;
23:4866-75.



Int.J. Cancer: 122, 1530-1538 (2008)
© 2007 Wiley-Liss, Inc.

Matuzumab and cetuximab activate the epidermal growth factor receptor but fail
to trigger downstream signaling by Akt or Erk
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Molecular inhibition of the epidermal growth factor receptor
(EGFR) is a promising anticancer strategy, and monoclonal anti-
bodies (mAbs) to EGFR are undergoing extensive evaluation in
preclinical and clinical trials. However, the effects of anti-EGFR
mAbs on EGFR signaling have remained unclear. We have now
examined the effects of 2 anti-EGFR mAbs, matuzumab
(EMD72000) and cetuximab (Erbitux), both of which are cur-
rently under assessment for treatment of various cancers, on
EGFR signal transduction and cell survival in nonsmall cell lung
cancer cell lines. Similar to EGF, matuzumab and cetuximab each
induced phosphorylation of EGFR at several tyrosine phosphoryl-
ation sites as a result of receptor dimerization and activation of
the receptor tyrosine kinase. In contrast to the effects of EGF,
however, EGFR activation induced by these antibodies was not
accompanied by receptor turnover or by activation of downstream
signaling pathways that are mediated by Akt and Erk and are im-
portant for regulation of cell proliferation and survival. In addi-
tion, clonogenic survival assays revealed that matuzumab and
cetuximab reduced the survival rate of H292 cells, in which they
also inhibited the EGF-induced activation of Akt and Erk.
Although we have examined only a few cell lines, our results indi-
cate that the antitumor effects of matuzumab and cetuximab
depend on inhibition of EGFR downstream signaling mediated by
Akt or Erk rather than on inhibition of EGFR itself.

© 2007 Wiley-Liss, Inc.

Key words: EGF receptor; signal transduction; matuzumab; cetuximab;
nonsmall cell lung cancer

The epidermal growth factor receptor (EGFR, also known as
ErbB1), a member of the ErbB family of receptor tyrosine kinases,
is a 170-kDa plasma membrane glycoprotein composed of an
extracellular ligand binding domain, a transmembrane region and
an intracellular tyrosme kinase domain with a regulatory COOH-
terminal segmem Binding of ligand to EGFR induces receptor
dimerization, activation of the receptor kinase and autophospho-
rylation of specific tyrosine residues within the COOH-terminal
region of the protein.' These events trigger intracellular signaling
pathways that promote cell proliferation and survival 2?

EGFR is frequently overexpressed in many types of human
malignancy, with the ex[ent of overexpression being negauvely
correlated with prognosls > Recognition of the role of EGFR in
carcinogenesis has prompted the development of EGFR-targeted
therapies that include both small-molecule tyrosine kinase inhibi-
tors (TKIs) that target the intracellular tyrosine kinase domain and
monoclonal antibodies (mAbs) that target the extracellular do-
main.>® Among EGFR-TKIs, gefitinib and erlotinib have been
extensively evaluated in nonsmall cell lung cancer (NSCLC), and
sensitivity to these drugs has been correlated with the presence of
somatic mutations in the EGFR kinase domain or with EGFR gene
(EGFR) ampllﬁcanong' Among anti-EGFR mAbs, cetuximab
(Erbitux), a chimeric mouse-human dntlbody of the |mmunoglobu—
lin (Ig) G1 subclass, has proved efﬁcacnous in the treatment of iri-
notecan-refractory colon cancer'” and was recently approved by
the U.S. Food and Drug Administration for the treatment of patients
with head and neck squamous cell carcinoma.'® Several clinical
studies of anti-EGFR mAbs such as matuzumab (EMD72000,
humanized IgG1) and cetuximab are ongoing for other types of can-
cer including NSCLC. 19-24 Anti-EGFR mAbs bind to the extracel-
lular ligand binding domain of the receptor and are thereby thought
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to block ligand binding.'s'25 The antitumor effects of these mAbs
are thus thought to be attributable to inhibition of EGFR signaling
as well asto olher mechanisms such as antibody-dependent cellular
cytotoxicity.'#%¢ However, the detailed effects of anti-EGFR mAbs
on EGFR signaling have remained unclear. 21-30

We have now examined in detail the effects on EGFR signal
transduction of 2 anti-EGFR mAbs, matuzumab and cetuximab,
both of which are used clinically, to provide insight into the mech-
anisms of their antitumor effects.

Material and methods

Cell culture and reagents

The human NSCLC cell lines NCI-H292 (H292), NCI-H460
(H460) and Ma-1 were obtained as previously described’' and
were cultured under a humidified atmosphere of 5% CO, at 37°C
in RPMI 1640 medium (Sigma, St. Louis, MO) supplemented with
10% fetal bovine serum. Matuzumab and cetuximab were kindly
provided by Merck KGaA (Darmstadt, Germany) and Bristol
Myers (New York, NY), respectively; gefitinib was obtained from
AstraZeneca (Macclesfield, UK); and trastuzumab (Herceptin;
Genentech, South San Francisco, CA) was obtained from Chugai
(Tokyo, Japan). Neutralizing antibodies to EGFR (clone LAl)
were obtained from Upstate Biotechnology (Lake Placid, NY).

Immunoblot analysis

Cell lysates were fractionated by SDS-polyacrylamide gel elec-
trophoresis on a 7.5% gel, and the separated proteins were trans-
ferred to a nitrocetlulose membrane. After blocking of nonspecific
sites, the membrane was incubated consecutively with primary and
secondary antibodies, and immune complexes were detected with
the use of enhanced chemiluminescence reagents, as described pre-
viously.?! Primary antibodies to the specific intracellular phospho-
rylation sites of EGFR (pY845, pY1068 or pY1173), to Erk, to
phospho-Akt and to Akt were obtained from Cell Signaling Tech-
nology (Beverly, MA); those to the extracellular domain of EGFR
(clone 31G7) were from Zymed (South San Francisco, CA); those
to the intracellular domain of EGFR (EGFR 1005) and to phospho-
Erk were from Santa Cruz Biotechnology (Santa Cruz, CA); and
those to B-actin (loading control) were from Sigma. Horseradish
peroxidase-conjugated goat antibodies to mouse or rabbit IgG were
obtained from Amersham Biosciences (Little Chaifont, UK).

Chemical cross-linking assay

Cells wcrc incubated first with | mM bls(sulfosuccmlmldyl) su-
berate (BS Pierce, Rockford, IL) for 20 min at 4°C and then with

Abbreviations: EGFR, epidermal growth factor receptor; TKI, tyrosine
kinase inhibitor; mAb, monoclon.xl antibody; NSCLC, nonsmall cell lung
cancer; Ig, immunoglobulin; BS, bis(sulfosuccinimidyl) suberate; PE, R-
phycoerythrin; PI3K, phosphomosmdc 3-kinase.
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Ficure 1 — EGFR phosphorylation induced by matuzumab or cetuximab as a result of receptor dimerization and activation of the receptor ty-
rosine kinase. («¢) H292 cells were deprived of serum overnight and then incubated for 15 min in the absence (Control) or presence of matuzu-
mab (200 nM), cetuximab (100 nM), neutralizing antibodies to EGFR (80 nM), trastuzumab (50 nM) or EGF (100 ng/ml). Cell lysates were
subjected to immunoblot analysis with antibodies to the Y 1068-phosphorylated form of EGFR (pY 1068) and to total EGFR (the extracellular
domain). (b) H292 or H460 cells were deprived of serum overnight and then incubated for 15 min in the absence or presence of matuzumab
(200 nM), cetuximab (100 nM) or EGF (100 ng/ml). Cell lysates were subjected to immunoblot analysis with antibodies to the Y845-, Y1068-
or Y1173-phosphorylated forms of EGFR and to total EGFR (the extracellular domain). (¢) H292 cells were deprived of serum overnight and
then incubated for 15 min in the absence or presence of matuzumab (200 nM), cetuximab (100 nM), EGF (100 ng/ml) or gefitinib (10 uM), as
indicated. Cell lysates were subjected to immunoblot analysis with antibodies to the Y 1068-phosphorylated form of EGFR and to total EGFR
(the extracellular domain). (d) H292 cells were deprived of serum ovemight and then incubated for |5 min in the absence or presence of matuzu-

mab (200 nM). cetuximab (IOO nM), neutralizing antibodies to EGFR (80 nM) or EGF (100 ng/ml). The cells were then washed and exposed to
the chemical cross-linker BS® after which cell lysates were subjected to immunoblot analysis with antibodies to EGFR (the intracellular do-
main). The positions of EGFR monomers and dimers as well as of molecular size standards are indicated.

250 mM glycine for 5 min at 4°C to terminate the cross-linking  Immunofluorescence analysis

reaction, as described previously.”' Cell lysates vgerc resolved by Celis were grown to 50% confluence in 2-well Lab-Tec Cham-
SDS-polyacrylamide gel electrophoresis on a 4% gel _and sub-  ber Slides (Nunc, Naperville, IL), deprived of serum ovemight,
jected to immunoblot anulysis with rabbit polyclonal antibodies to  and then incubated with 200 nM matuzumab or EGF (100 ng/ml)
the intracellular domain of EGFR (EGFR 1005). for 4 hr at 37°C. They were fixed with 4% paraformaldehyde for



