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Western patients in previous trastuzumab emtansine trials, those adverse events recovered without

special supportive treatment.
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Introduction

Approximately 15-20% of human breast cancers have gene amplifica-
tion or overexpression of human epidermal growth factor receptor 2
(HER2) (1). HER2 is a member of the epidermal growth factor recep-
tor family of tyrosine kinase transmembrane receptors, and overex-
pression of HER?2 is associated with aggressive tumor growth and
poor clinical outcomes (1-3). Trastuzumab is a recombinant huma-
nized monoclonal antibody targeted to the extracellular domain of
HER2, and has significantly improved survival in patients with HER2-
overexpressing metastatic breast cancer (MBC) (4, 5).

Trastuzumab emtansine (T-DM1) is a novel antibody—drug conju-
gate consisting of trastuzumab covalently bound via a thioether linker
to DM1, a maytansinoid drug that binds to microtubules. Maytansine
competes with vinca alkaloids for binding on the beta subunit of tubu-
lin, with activity that is 20-100 times as potent as that of vincristine
(6-8). In addition to its cytotoxic capabilities, T-DM1 retains the
properties of trastuzumab, namely it inhibits HER2 cell proliferation
signaling, and has antibody-dependent cellular cytotoxicity (9, 10).

In a Phase I study, the safety and tolerability of T-DM1 adminis-
tered every 3 weeks was evaluated in HER2-positive MBC with prior
trastuzumab treatment, and the maximum-tolerated dose (MTD) was
determined to be 3.6 mg/kg with Grade 4 thrombocytopenia identified
as the dose-limiting toxicity (DLT) (8). Based on results from that
Phase I study, Phase II study was conducted with T-DM1 administered
at 3.6 mg/kg every 3 weeks to patients with HER2-positive MBC who
had received prior HER2-directed therapies; that Phase II study de-
monstrated an objective response rate of 25.9% (95% CI, 18.4-
34.4%) (11). In another Phase II study, the ORR was 34.5% (95%
CI, 26.1-43.9%) in patients with HER2-positive MBC who have pre-
viously received at least two lines of therapy including trastuzumab
and lapatinib (12). A subsequent randomized Phase III study (EMI-
LIA) compared T-DM1 with the combination of lapatinib plus cape-
citabine in patients with HER2-positive MBC who had previously
been treated with trastuzumab and a taxane. Median progression-free
survival was 9.6 months with T-DM1 versus 6.4 months with lapati-
nib plus capecitabine; P <0.001), and overall survival at the second
interim analysis crossed the stopping boundary for efficacy (30.9
months versus 25.1 months, P < 0.001) (13).

The primary objectives of this study were to determine the MTD
and the recommend dose (RD) of T-DM1 in Japanese patients in
whom the disease had progressed despite chemotherapy containing
trastuzumab, the standard therapy for HER2-positive MBC.

Patients and methods

Patients
Eligible patients had histologically documented, inoperable advanced
or recurrent HER2-positive breast cancer (centrally confirmed by im-
munohistochemistry or fluorescence i# situ hybridization). All patients
had a history of progression during, or up to 60 days after, treatment
with a trastuzumab-containing regimen.

Additional eligibility criteria included the following: women aged
20 years or older; Eastern Cooperative Oncology Group (ECOG)

performance status of 0-2; adequate organ function [absolute neutro-
phil count, >1500/mm?; platelet count, >100 000/mm?; hemoglobin,
>9.0 g/dl; total bilirubin, <1.5 mg/dl; hepatic transaminases, <2.5
times the upper limit of normal (ULN) (<5 times the ULN if hepatic
or bone metastases were presence ); alkaline phosphatase (ALP),
<2.5 times the ULN (<5 times the ULN if bone metastases were
present); serum creatinine, <1.5 mg/dl; and creatinine clearance,
>60 ml/min]; no history of significant cardiac or hepatic disease; left
ventricular ejection fraction, >50%; cumulative anthracycline dose,
<360 mg/m? doxorubicin or equivalent (e.g. 720 mg/m? in the case
of epirubicin); peripheral neuropathy, Grade <1; no treatment con-
taining trastuzumab or lapatinib within 2 weeks of enrollment; no
experimental therapy within 4 weeks of enrollment; no requirement
for supplemental oxygen; and no history of Grade >3 hypersensitivity
to trastuzumab. All patients provided written informed consent. This
study was approved by the Institutional Review Board at each site
according to local clinical guidelines and was performed as a
registration-directed trial in accordance with the Good Clinical Prac-
tice guidelines laid down by the declaration of Helsinki, the study
protocol and the revised Pharmaceutical Affairs Act in Japan.

Study design and treatment

T-DM1 was administered by intravenous infusion every 3 weeks. Pre-
medications were not required prior to T-DM1 infusion. If an infusion
related reaction occurred, pre-medications (acetaminophen and di-
phenhydramine hydrochloride) could be given with subsequent cycles
per investigator discretion. The drug was infused over 90 min. If prior
infusions were well tolerated, subsequent infusions were shortened to
30 min.

When this Phase I study was planned, two of three patients en-
rolled in the 4.8 mg/kg cohort experienced dose-limiting Grade 4
thrombocytopenia and MTD of 3.6 mg/kg every 3 weeks had been
confirmed in the previous Phase I study. Therefore, a starting dose
of 1.8 mg/kg, which was half of the previous Phase I RD (3.6 mg/
kg), and three dose levels (Level 1, 1.8 mg/kg; Level 2, 2.4 mg/kg;
Level 3, 3.6 mg/kg) were selected for this study. The continual
reassessment method (CRM) with non-informative prior was used
to determine the dose for each patient in this study (14). The planned
maximum number of patients was 12. If the MTD was determined be-
fore the planned number of subjects was reached, enrollment was to be
stopped. The MTD was defined as the dose at which the estimated
probability of DLT was closest to 25 %, which is the target probability
of DLT. The probability of DLT at each dose was estimated using the
one-parameter logistic model. The probability of DLT at each dose
was estimated using the modified CRM.

DLTs were defined as any of the following adverse events (AEs)
that occurred during the DLT observation period (21 days from the
first infusion of the investigational product): (i) Grade >3 non-
hematologic toxicity (excluding therapy diarrhea, nausea and vomit-
ing manageable with standard support therapy); (ii) Grade >4
decreased platelet count; (iii) Grade >4 decreased hemoglobin; (iv)
Grade >4 decreased absolute neutrophil count lasting for >4 days or
accompanied by a fever of >38°C; (v) Grade >3 increased total
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bilirubin or increased aspartate aminotransferase (AST), alanine ami-
notransferase (ALT) or ALP; or (vi) Grade =3 cardiotoxicity. Hema-
tologic parameters and blood chemistry were tested on Days 1,2, 3, 5,
8, 11, 15 and 19 in Cycle 1. The severity of the AE was assessed in
accordance with the National Cancer Institute’s Common Termin-
ology Criteria for Adverse Events version 3.0 (15). Tumor responses
were evaluated by Response Evaluation Criteria in Solid Tumors (RE-
CIST) version 1.0 (16).

Pharmacokinetic studies

Whole-blood samples (3.5 ml tube for T-DM1 and total trastuzumab
in serum, and 2 ml heparinized tube for free DM1 in plasma) were
drawn before infusion (pre) and at 30 min, 4, 24, 48, 96 h, and 7,
10, 14, 17/18 days (+6 h) after the end of infusion at Cycle 1; pre
and 30 min after the end of infusion in subsequent cycles; and 4 h
after the end of infusion at Cycle 3 and at termination of the study.
Samples were inverted 5~10 times immediately, left 30 min at room
temperature, then centrifuged at 1500--2000 g for 10-15 min, and ali-
quots of the resultant serum and plasma were stored at =70°C until
analysis. Concentrations of T-DM1 and total trastuzumab in serum
were quantitated using validated enzyme-linked immunosorbent
assay methods by Genentech, Inc. (South San Francisco, CA, USA).
Concentration of free DM1 in plasma was quantitated using validated
liquid chromatography and tandem mass spectrometry by Quest
Pharmaceutical Services (Groningen, the Netherlands). The lower lim-
its of quantification were 40 ng/ml for T-DM1 in serum, 40 ng/ml for
total trastuzumab in serum and 0.737 ng/ml for free DM1 in plasma.

Each patient’s plasma concentration profiles of T-DM1, total
trastuzumab and free DM1 were used to estimate the terminal half-life
(t172), arca under the serum ( plasma) concentration-time curve (AUC),
total body clearance and volume of distribution (V) by a non-
compartment analysis using the Phoenix WinNonlin software (version
6.1, Pharsight Corp., CA, USA). The maximum concentration (Cpay)
of T-DM1, total trastuzumab and free DM1 was determined from the
actual measured values. The AUC was calculated by the trapezoidal
rule. The AUC;,¢ was obtained by summation of the AUC,_, and the
extrapolated area estimated by taking the ratio between the last meas-
urable concentration and the apparent elimination rate constant.
Regression analyses of each of individual C,,x, AUCy_,, and AUC;¢
values versus the dose were performed to evaluate the pharmacoki-
netic linearity. SAS software (version 9.2, SAS Institute, Inc., NC,
USA) was used for statistical analysis.

Whole-blood samples (5 ml tube containing EDTA-2Na) were col-
lected prior to the first dose for analysis of genetic polymorphisms
(FcyR, B1 tubulin). These were analyzed at Quest Diagnostics, Inc.
(CA, USA).

Whole-blood samples (3.5 ml) for detection of antitherapeutic
antibodies (ATA) were drawn at pre-dose in every cycle and at termin-
ation of the study. ATA was quantitated using validated enzyme-linked
immunosorbent assay at Genentech, Inc.

Results

Patient characteristics
Ten patients were enrolled from three centers in Japan between
September 2009 and July 2010, and all patients received at least
two cycles of T-DM1 (median, 7 cycles; range, 2-26 cycles). Patient
characteristics are shown in Table 1.

Of the 10 patients, 9 withdrew from this study but 1 patient was
still continuing as of the data cutoff date (29 July 2011). Of the

Table 1. Patient baseline demographics and disease characteristics
(N=10)

Characteristics

Age, years

Median 61.0
Range 36-76
ECOG PS (1)
0 N
1 5
ER-positive and/or PgR-positive (1) 3
No. of prior metastatic chemotherapy regimens
Median 4.5
Range 1-7
Time since last trastuzumab therapy, weeks
Median 14.5
Range 2.7-54.9
Received prior anthracycline therapy (1) 8
Received prior taxane therapy (1) 10
No. of distinct metastatic sites (1)
<3 7
=3
Metastatic sites (1)
Bone 2
Lung 4
Liver 4

ECOG, Eastern Cooperative Oncology Group; PS, performance status; ER,
estrogen receptor; PgR, progesterone receptor.

9 patients withdrawn, 6 patients were withdrawn because of disease
progression and 3 patients were withdrawn because of AEs (Grade 3
thrombocytopenia at 2.4 mg/kg, Grade 3 cholelithiasis at 2.4 mg/kg,
and Grade 2 ALP increased at 3.6 mg/kg).

Pharmacokinetic and immunogenicity analyses
Blood samples for pharmacokinetic analysis were available from all 10
enrolled patients in the first cycle. Serum concentration-time curves
are shown in Figs. 1 and 2, and pharmacokinetic parameters for
T-DM1 in serum are shown in Table 2. The serum T-DM1 in Cycle
1 showed a multiphasic elimination pattern, with peaks reached at
30 min and 4 h after the end of infusion, and rapid elimination from
Day 1 to Day 2 after infusion with gradual elimination thereafter.
Systemic clearance of T-DM1 was more rapid than clearance of
total trastuzumab: at the MTD (3.6 mg/kg), clearance of T-DM1
was 10.6 = 1.26 ml/day/kg and clearance of total trastuzumab was
5.45 +1.98 ml/day/kg. At the MTD, the terminal half-life of T-DM1
was 3.74 = 1.15 days and terminal half-life of total trastuzumab was
6.47 + 2.40 days. The AUC of free DM1 in plasma was <1/10 000
that of serum T-DM1 by mass and ~1/100 that of serum T-DM1 by
molar equivalent. The pharmacokinetics of T-DM1 was linear in the
range of 1.8-3.6 mg/kg.

Anti-T-DM1 antibodies were assessed for all enrolled patients.
In the 3.6 mg/kg cohort, one patient was positive for anti-T-DM1 anti-
bodies after the completion of Cycle 8. This patient, whose best re-
sponse was partial response, experienced no Grade >3 adverse events.

Toxicities

At least one drug-related all grade AE was reported in each of the 10
patients. Types and incidences of AEs are listed in Table 3. AEs (all
grades) observed in three or more patients were nausea and arthralgia
(n=7), fever (n = 6), fatigue and decreased appetite ( = 5), diarrhea,
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malaise, headache, and rash (7 = 4), and constipation, vomiting, myal-
gia, chills and cystitis (7 = 3). There were no deaths during the study
period. Drug-related alopecia and neuropathy were not reported.
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Figure 1. Pharmacokinetics of trastuzumab emtansine (T-DM1) by cohort.
Mean concentration-time curves of T-DM1 in serum for doses of 1.8-3.6 mg/kg.
Error bars show standard deviation. The measured values are displayed for the
dose of 1.8 mg/kg, because there was only one patient.
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Figure 2. Pharmacokinetics of T-DM1, total trastuzumab, and free DM1 at MTD.
Mean concentration-time curves of T-DM1 in serum, total trastuzumab in
serum and free DM1 in plasma after the first dose of T-DM1 administered at
MTD (3.6 mg/kg). Error bars show standard deviation.

Grade 3 or 4 AEs were observed in three of the four patients in the
2.4 mg/kg cohort (elevations of AST/ALT, cholelithiasis and thrombo-
cytopenia, respectively). None of the five patients in the 3.6 mg/kg co-
hort experienced any Grade 3 or 4 AEs. Serious AEs occurred in two
patients: one was cholelithiasis in the 2.4 mg/kg cohort, and the other
was gastric ulcer hemorrhage in the 3.6 mg/kg cohort. AEs that re-
sulted in discontinuation of treatment were thrombocytopenia (7 =1,
2.4 mg/kg cohort), cholelithiasis (7 = 1, 2.4 mg/kg cohort), blood ALP
increased (7 =1, 3.6 mg/kg cohort).

Dose modification due to elevation of AST/ALT was performed
in one patient in the 2.4 mg/kg cohort. In five patients, treatment
cycles were prolonged because of AEs (in the 2.4 mg/kg cohort,
one patient with thrombocytopenia, one patient with neutropenia
and elevation of serum amylase; in the 3.6 mg/kg cohort, one patient
with thrombocytopenia, one patient with elevation of total bilirubin
and gastric ulcer hemorrhage, and one patient with elevation
of ALP).

Determination of MTD

The one patient who was treated at the 1.8 mg/kg dose level did
not experience any grade >3 AE. Of the four patients in the
2.4 mg/kg cohort, one experienced Grade 3 elevation of AST/ALT
that met the definition of DLT in the first cycle. This patient contin-
ued the therapy without delay by dose reduction. Of the five patients
in the 3.6 mg/kg cohort, none experienced any Grade >3 AE.
The MTD was determined to be 3.6 mg/kg at the point when
the DLT evaluation period was completed in 10 patients because
MTD would be unchanged even if subsequent two patients were
enrolled.

Efficacy

The best overall response was determined in nine patients (one patient
was still continuing as of the cutoff date, 29 July 2011). No complete
response was observed. Partial response was observed in one patient in
the 3.6 mg/kg cohort. Stable disease was observed in six patients (three
in the 2.4 mg/kg cohort; three in the 3.6 mg/kg cohort), and progres-
sive disease was observed in two patients had (one in the 1.8 mg/kg
cohort; one in the 3.6 mg/kg cohort).

Discussion

In this Phase I study, we assessed the safety, tolerability, pharmacokin-
etics and efficacy of T-DM1 when intravenously infused every 3 weeks

Table 2. Pharmacokinetic parameters of T-DM1, total trastuzumab and DM1 in Cycle 1

Cnax (1g/ml) AUCe AUC ¢ Clearance
(ug-day/ml) (ug-day/ml) t12 (days) Vs (mlkg) (ml/day/kg)
Analyte Dose No. of Mean  SD Mean  SD Mean  SD Mean SD Mean  SD Mean  SD
(mg/kg) patients
T-DM1 1.8 1 35.3 139 141 2.39 571 12.9
T-DM1 2.4 4 43.4 152 203 69.9 204 70.5  2.88 0317  67.6 20.3 13.4 6.34
T-DM1 3.6 N 82.0 10.0 338 36.2 346 41.1 3.74 1.15 59.1 6.62 10.6 1.26
TTmab 3.6 S 118 38.1 665 236 761 347 6.47 2.40 44.4 558 545 1.98
DM1 3.6 5 3.41 115 3.49 213 828 363 3.12 1.28 - -

T-DM1, trastuzumab-DM1; TTmab, total trastumzumab; C,.y, maximum serum concentration; AUC,g, area under the serum concentration~time curve from
time zero to the last measurable concentration; AUC;y¢, area under the serum concentration—time curve from time zero extrapolated to infinity; #15, terminal half-life;

Vi, volume of distribution, steady state; SD, standard deviation.
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Table 3. Adverse events related to study drug reported in two or more of patients or at Grade >3

ALL (N=10) 1.8 mg/kg (n=1) 2.4 mglkg (n=4) 3.6 mg/kg (n=35)
MedDRA System organ class preferred term for AE Grade Grade Grade Grade
Al 1 23 Al 1 2 3 4 AL 1 2 3 4 Al 1 2 3 4

No. of patients with at least one AE 10 10 7 3 1 11 - - 4 4 2 3 - 3 5 4 - -
Gastrointestinal disorders

Nausea 7 7 - - 1 1 -~ - - 2 - - 4 4 - - -

Diarrhea 4 4 - - - | 1 - -« =~ 3 3 - - .

Constipation 3 21 - - T T | 1 - - -2 1 1 - -

Vomiting 3 3 - - - - - = = = - -~ - - 3 3 - - -
Musculoskeletal and connective tissue disorders

Arthralgia 7 6 1 - 1 1 - - -~ 3 3 -~ - - 3 2 1 - -

Myalgia 3 3 - - - - - - = 1 1 - - - 2 2 - - -

Musculoskeletal pain 2 2 - - - - - = = 1 1 - - - 1 1 - - -
General disorders and administration site conditions

Fever 6 s 1 - 1 T - - -2 1 - - 3 3 -~ - -

Fatigue 5 5 - - 1 1 - - - 1 1 - - - 3 3 - - =

Malaise 4 301 - - - - - -1 1 - - = 3 2 - =

Chills 3 2 1 - 1 1 - - - 2 11 - - = - - e -

Oedema peripheral 2 2 - - - - - - -1 1 - - - 1 - - =
Infections and infestations

Cystitis 3 3 - - - - - = - 1 1 - - - 2 2 - - -
Investigations

Aspartate aminotransferase increased 2 - 1 1 - - e e = 2 -1 1 - = - - - =

Alanine aminotransferase increased 2 - 1 1 - - e e -1 1 - - J

Blood alkaline phosphatase increased 2 11 - - - - - - 1 1 - - - 1 -1 - -
Respiratory, thoracic and mediastinal disorders

Dyspnea 2 2 - - - . | I -« -~ - 1 1 - - -

Oropharyngeal pain 2 2 - - - - - - = 1 1 - - - 1 1 - - =

Epistaxis 2 2 - - - - = =1 1 - - - 1 1 - - =

Rhinorrhea 2 2 - - - - - - -1 1 - - - 1 1 - - -
Nervous system disorders

Headache 4 2 2 - 1 - 1 - - 1 1 - - - 2 1 1 - -

Cardiac disorders

Pericardial effusion 2 2 - - - - - - - - - - - -2 2 - -
Metabolism and nutrition disorders

Decreased appetite N 4 1 - - - - - =1 - 1 - - 4 4 - - -
Skin and subcutaneous tissue disorders

Rash 4 4 - - - - - - =2 2 - - - 2 2 - - -
Blood and lymphatic system disorders

Thrombocytopenia 1 - - 1 - T | - - 1 - - - - e -

Hepatobiliary disorders

Cholelithiasis 1 - - 1 - - - - = 1 - -1 - - - - - -

AE, adverse event; MedDRA, medical dictionary for regulatory activities.

in Japanese patients with HER2-positive MBC. In the previous West-
ern first-in-human study (TDM3569g), the MTD was determined to
be 3.6 mg/kg (8). The MTD in Japanese patients was also estimated
to be 3.6 mg/kg, and this dose was generally well tolerated. In gener-
ally, dose escalation, 3 + 3 design case, the patient can be enrolled in
next cohort after DLT assessment of last patient at each cohort was
completed and six patients are required to move to next cohort or de-
termine MTD if a DLT is observed in the cohort. In this study, patients
can be enrolled more seamlessly by using CRM, and therefore study
period was shortened.

The pharmacokinetic profile of serum T-DM1 revealed moderate
interindividual variability. It was concluded that the pharmacokinetics
of serum T-DM1 is linear when the dose of T-DM1 is in the range of
1.8-3.6 mg/kg. Pharmacokinetic data do not suggest any apparent dif-
ference between Japanese patients and Western patients. The observed

pharmacokinetics profile of serum T-DM1 in the 3.6 mg/kg cohort
(Table 2) was similar to that seen in TDM3569g (C,ax: 82.0 versus
74.3 pg/ml; AUGC;, ¢ 346 versus 295.2 pg-day/ml; ty/5: 3.74 versus
3.5 days; Vi 59.1 versus 60 ml/kg; clearance: 10.6 versus 12.9 ml/
day/kg) (8).The Grade >3 AEs observed in this study were elevation
of hepatic transaminases, thrombocytopenia and cholelithiasis.
There were no cases presenting with clinically significant bleeding
events. The most frequent AEs were nausea, arthralgia, fever, fatigue
and decreased appetite (Table 3). Incidence of these common AEs was
a little different from that of TDM3569¢g (nausea: 25.0%; arthralgia:
8.3%; fever: 8.3%; fatigue: 37.5%; decreased appetite: 0%) (8); how-
ever, the severity of these AEs was generally mild (none of them were
Grade >3), and they were well managed by supportive treatments.
Gastrointestinal toxicities, especially nausea, were common but mild
(all events of nausea occurring in this study were Grade 1) and tended
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to persist for 1-3 days; 5 of 7 events of nausea first occurred in Cycle 1
(two events occurred within 24 h from T-DM1 administration). These
toxicities of T-DM1 were tolerable in Japanese patients. Hypokalemia
was not observed in Japanese patients, whereas in TDM3569g and the
Phase II study (TDM4258g and TDM4370g) in the USA, hypokal-
emia was reported in 4.2% (1 of 24 patients), 24.1% (27 of 112 pa-
tients) and 20.9% (23 of 110 patients), respectively. Hypokalemia was
not associated with vomiting, diarrhea or diuretic use, and the mech-
anism of the hypokalemia was unclear (8, 11, 12).

S One of the mechanisms of transient thrombocytopenia and hep-
atotoxicity is thought to be internalization of T-DM1 into Fc-gamma
receptor-bearing megakaryocytes and Kupffer cells with subsequent
release of free DM1 or DM1-related hepatic injury due to the low le-
vels of free DM1 (8). DM1 is a thiol-containing maytansinoid derived
from the naturally occurring ester ansamitocin P-3. The related plant
ester, maytansine, has been studied as a chemotherapeutic agent.
Gastrointestinal toxicities {nausea, vomiting and diarrhea) are com-
mon and are dose-limiting toxicities. A pattern of transient, but also
at times severe, hepatotoxicity has also been reported (17-22). In
this study, free DM1 in plasma was detected in low levels. Concentra-
tion of free DM1 in plasma reached a peak at 30 min after infusion
and decreased to below the limit of quantitation by Day 8 in the
3.6 mg/kg cohort (Fig. 2). Therefore, the cause of the common but
mild gastrointestinal toxicities and also the reversible thrombocyto-
penia and hepatotoxicity seen in this study may be possibly attributed
to transient and low levels of circulating DM1. Other mechanisms
may contribute to the occurrence of the other AEs.

In conclusion, this is the first trial of T-DM1 in Japanese patients
with HER2-positive MBC previously treated with chemotherapy con-
taining trastuzumab. The results of this study indicate that T-DM1
may be dosed similarly in Japanese and Western patients, and that
AFs are generally manageable. Transient thrombocytopenia and hep-
atotoxicity were observed in most cases. The different trends in sever-
ity and incidence rates of thrombocytopenia, hepatotoxicity and
hypokalemia are expected to be verified by the results of the Japanese
Phase IT study (JO22997) evaluating the efficacy and safety of T-DM1
in Japanese patients with heavily pre-treated HER2-positive MBC.
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Anti~Angiogenic Therapy in Breast Cancer: Ryota Tanaka and Kenji Tamura (Division of Breast and Medical Oncology,
National Cancer Center Hospital)
Summary

Angiogenesis is important for tumor growth and breast cancer development. Bevacizumab is a humanized monoclonal
antibody that targets vascular endothelial growth factor (VEGF)-A, and it is the only anti-angiogenic agent approved for
breast cancer treatment in Japan. In this article, we discuss the efficacy, tolerability, and potential future refinements for the
use of bevacizumab. Key words: Anti-angiogenesis therapy, Breast cancer, VEGF, Tyrosine kinase inhibitors, Corresponding
author: Ryota Tanaka, Division of Breast and Medical Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku,
Tokyo 104-0045, Japan

EE MEBEFEIAVPAOBBELRBUEELLZEFR- LTS, MEREMRERET VEGF-A X8+ 5 Mbe/
70— IgG PifETH % bevacizamab (Avastin) (3, FIFTHE—FHITRZENTWHIMEFEMEHCH S, RXBT

iE, bevacizumab & H I MIEFTEHEH OANABETOEIREBEIZOWTHRRS,
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L &I

factor: VEGF) &, BEOMEFEICI ) BE L EED
B SN THADHEELF ERITRELLH5TFTH
%, VEGF % /v L7z ML A H ER R TIC W, VEGF-
AR ae MEbE/ 7 a—F 1gG Ak TH % beva-
cizumab (Avastin) %, VEGFR % &&o & H4s 7F
VEBETLZIAVFXFF—EHERE (VEGFR-TKIs:
sorafenib, sunitinib, vandetanib, pazopanib, axitinib
L) G SNB,
I. BROBRK

1. ETHALDA

INETRITbNBRREBRO 2 & @I T, {L5%
#H~® bevacizumab O L4, EWMELEFHR
(progression-free survival: PFS) 2 Z%I% (overall re-
sponse rate: ORR) #EFETH L &R L. L L%
N5, PAHREORELE S gold standard TH 5 &4

TEHRE (overall survival OS) EEOHIHIZZ {, bev-
acizumab O LRI L ZEBROBHEBEE I E ML
721, %72, VEGFR-TKIs ?®.E3F4 %50l L 22 FRR &,
B X 5 AT TIE, ORR OHHEED/2H DD, PFS,
OS DWFHIUICH IERIGFEH S Y, BIRMEREEZR
FTICRE> TwhwYs L7zdo T, KT bevaci-
zumab OBIRE BEICOEHY LT 5,

bevacizumab (&, B2 SH 4 L2 MEONEMRE
TRMN-VAEEHI ETMERHEIE, NEMBEO
IR M kT 5 2 L THAMFOBREHEL T
WY, HIERREBRT, MEHEELPADEERER
RIS LA R EE 2 b - THY, VEGF MEHm
EHE HEBLUEBEBEZIHT LI LRI T
%57 85 1/ DA ClEBEE R OB AT L.
3,10, 20 mg/kg @ bevacizumab BHIRE 217 - 7242,
ORR 9.3%, 22 HH COEEHHAE 17%TH D, 10mg/
kg PHER IR Y,

2. HERZ BEOBR/GEUEADPAND—KAERE

E2100 38k (n=685)" Ti&, paclitaxel & bevacizu-
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mab BFHE IS paclitaxel BEAle 020X, PRS @LLE
(median 11.4 2 H vs 5.8 2 H) & ORR & (48.0%

Bt (n=736) & docetaxel 245 % bevacizumab (7.5,
15me/kg) LA A7V & 98 4Pk & WG L 72 BT
&Y. bevacizumab (15 mg/kg) TE7% placebo B & Ml
LTCPFS # 1.9 HEEE L7 (p=0.06). ORR & bev-
acizumab F3E3TEA placebo #E L D L 8 72 (place-
bo # 46% vs bevacizumab 7.5 mg/kg #F 55%, p=
0.07. bevacizumab 15 mg/kg £ 64%, p<0.001)",
RIBBON-1 @i (n=1,237) Ti&, capecitabine,
taxane-based, anthracycline-based chemotherapy (2%}
4 % bevacizumab O AR OMIEA T bII, &2
? bevacizumab-chemotherapy ¥ placebo-chemo-
therapy # & L% L C PRS OMLE & 8 7z, it h W% ©
& o 72D H* capecitabine PREFCH D, PFSIZ 5.7 0 H
P 8.6 ANEERE L (p=0.0002), F72, ORR b
£ % O bevacizumab-chemotherapy #EDF 5 A5 » -
Fro L L7adi s OS DA B il 7 o 7277
ATHENA i&E% (n=2,251) "Ti3 taxane-based chemo-
therapy & bevacizumab OUF IR EARGE S 7z, W
W o e fiiid bevacizumab §FFEE 6.2 20, fLaesf
RHAEEDT 4.2 H T » /2o intent-to-treat (ITT)
population AT T, MERTEIIN (time to progression:
TTP) 9.5 % [95% confidence interval (CI):9.1-9.9],
ORR 52% T - 72",
3. HER2 BHEOBR/EGBEASAND AR
RIBBON-2 #lB% (n=684) &, ZiKEHECTO bevaci-
zumab OLSEWEE & OGN T 270 & et
Beik L 7z LBk & bevacizumab O P I1X PFS %
S5 1AL 7T2HhRBIZEREL, BT AT % 22% WD
S (HR0.78, 95% CIL.0.64-0.93, p=0.0072),
ORR B 39.5% 12%) L placebo T 29.6% & §F A
DIED DE N D - 720, FEEE ko2
AVF2119g 3Bkt capecitabine & bevacizumab & O Pf
MR ERGEL 2P, FREFMEE CH 5 PFS DR
DD - 7z (hevacizumab/capecitabine §EEEE 4.9
7 H vs capecitabine ¥R 5 4.2 0B, HR:0.98)",
4. HER2 BGHOBR/GBEADAND—REE
AVEREL #B% (n=424) & trastuzumab/docetaxel
(TH) ~® bevacizumab (B) Ot HzhREEHIET 5 H
I THT P 4L72, investigator-assessed PFS (BTH #
16.5%5H vs TH# 13.7 7, HR:0.82, 95% CL 0.65~
1.02, p=0.08), ORR (BTH #¥ 74% vs TH # 70%, p=
0.3492), OS (HR:1.01, 95% CL.0.74-1.38, p=0.95)
T&H Y, bevacizumab fHHIC L 2 HE LW R IROL

S ALSHCE
e fe me
. BHADA
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HER2 Bt g &6 812 U< bevacizumab (15 mg/
kg) O LR A B L7z o 0T v & AL I
HREA AT 5o GeparQuinto 345 (n=1,948)"" ¢4,
taxane, anthracycline ~@ bevacizumab O L 3e-id &
PR Ch D pCR ¥ & L il 88 hd oz, T2, 4
DEAT U B A % S S b o 2T, 2721, sub-
population T&H 5 triple negative breast cancer (TNBC:
HERZ-negative, estrogen-/progesterone-receptor
negative) £ (n=663) Tix, pCR X LA L2 (27.9%
vs 39.3%, p=0.003)""s NSABP B-40 ikl (n=1,206)""
Tk, BEHRALSEHE L~ bevacizumab @ EERIZ LD
pCR #4x LA L7z (28.4% vs 34.5%, p=0.02), *L
T, FNERIVE VR THE T 72 (15.1% vs
23.2%, p=0.007). SO & H1I, H#Higifb ek ¢k
bevacizumab OPFHIZ L D pCR Hs LA L7 BETE %
BT LA TR Tw b, 72720, SO TRA»A
DT E A T K o Tl pCR HD R FH 0 Lo
EEE RS vl bH Y, o LReICX
D pCREENLH LA2E LCh, OSEHEBHLARVRS L
N, $72, XD AERR (ks FE
FEGERE, TINS, W) oG s Lz, TNBC &
LA & W BB C O L 72 BE O D O 43 F Y
TYATTHY, oY Ty 4T LI L THEY A Y
DEL, FHROLRRTH D LI THEY,

2. iR

BEATRICE &5 (n=2,590)* (L FAFIT ik 7 [IER2 K&
PR A BHE Gz b, EEEFEIEE % inva-
sive disease-free survival (IDFS) & LT, #lifa b2t
O LR AR L 2, R R R o 7
[chemotherapy alone vs bevacizumab 16% vs 14%.,
HR=0.87 (0.72-1.07), p=0.18]c FET#125200 & 7 -
72BED OS I2 b EIE Ao 7 [HR=0.84 (0.64-1.12),
p=0.23)s - CREFILL 22 HERROREEIX
bevacizumab L#eERETEA o7z [256 (20%) vs 30
(2%)1s # LT, bevacizumab Z#T#EAIBIERE: & L CE

BaNbVERIIE-S 72
. BEORZ
bevacizumab # 12 U & LzmEHEMEN 2 LY
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H=) BROF, TNCILEERRVFERLLHTH
%5 %®, AVADO 3Bk, AVEREL #ERTIL, M4EH®
VEGF-A OHEZEW LN 23T H ., base-line T VEGF-
A BEBIIEER & LB L T bevacizumab OFEHZIE
PECEIICH o 72 (REFENEEEIRE L), GO25632
(MERIDIAN) #Bcid, e o VEGF-A % B
L CTHRBEERI TN 5,

F 7z, HER2 %7k V€ ¥ RFRD status 12 & ) HHEE)
ROBVBHRELFE L, NREBEFEZRBILL 2BRRRE
BABEETFTHY, I TRETTIFbhBER
By 7 7N — T 2 T Ao

1. Y770 —T8#

1) TNBC &#&

E2100 B, AVADO #8% RIBBON-1 RETo
TNBC BH D * % 47 (bevacizumab-chemotherapy
B n=2363. chemotherapy alone #f n=258) Ti, bev-
acizumab-chemotherapy B WT, PFS OHERIE
EsE2HED .12 Hvs 545 H, HR0.63, p<
0.0001), ORR 3 HEIZE L2 (42% vs 23%, p<
0.0001)* -

ATHENA REECOBZEN LY 77V — TR Tid,
paclitaxel/bevacizumab OHHEH & Eh [TTP 7.2
7 (95% CL6.6-7.8), ORR 49%, CR 3 10%], OS x4
T 25.2 » B, TNBC subgroup18.3 228 (95% CL
16.4~19.7), non-"TNBC subgroup 27.3 23 TdH - 7-7,

RIBBON-2 B CO Y7 5 W — 7N TIL, bevaci-
zumab % & F R VLBEBEO - RIGFEE 1T o 2 HRIE
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R EZRL 6.008 vs 2.7 H, HR:0.494, 95%
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7 A, HR:0.624, 95% CL0.39-1.007, p=0.0534)"
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FEREPWRIFEEZRTIZIRE > TV ARV, bevaci-
zumah D{LEFE~O LFEEE, BITHLSAIIBNT
PFS % ORR # % #ET H Z L iR U7z, RMIFLASA T,
WAL EEARE: & OPFH C pCR O LH A sz
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BRIEF REPORTS

Desmoplastic Small Round Cell
Tumor With Sphere-like Clusters
Mimicking Adenocarcinoma

Yukinori Hattori, m.n.," Akihiko Yoshida, m.p., ph.D.,"

Naoshi Sasaki, c..,! Yasuo Shibuki, c.T., 1.A.C.,

Kenji Tamura, M.D., Pn.D.,2 and Koji Tsuta, m.D., Ph.D."*

Desmoplastic small round cell tumor (DSRCT) is a rare and
aggressive neoplasm that predominantly affects young men.
DSRCT often presents as multiple nodules on the serosal surface
and is histologically categorized as a small round cell tumor.
However, the cytological spectrum of DSRCT is not fully under-

stood because of its rarity. Here, we report an unusual case of

DSRCT that showed spheres of cells without stromal cores in
pleural fluid cytology material, a finding that is typically associ-
ated with metastatic adenocarcinoma and mesothelioma. The
specimen from a simultaneous needle biopsy showed the classic
histology of DSRCT, comprising nests of small round cells set in
desmoplasia. The diagnosis of DSRCT was further supported by
immunohistochemical coexpression of cytokeratin and desmin, as
well as Ewing sarcoma breakpoint region I gene rearrangement,
which was determined by fluorescence in situ hybridization. The
unusual cytological finding in this case illustrates a potential
pitfall of the cytological diagnosis of pleural fluid or ascites.
DSRCT should not be excluded from the differential diagnosis
when sphere-like round cell clusters are observed in pleural or
abdominal effusion, particularly in young male patients. Diagn.
Cytopathol. 2015;43:214-217.  ©2014 Wiley Periodicals, Inc.
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Desmoplastic small round cell tumor (DSRCT) is a rare
neoplasm, first described in 1989 by Gerald and Rosai.’ It
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predominantly affects young men, with a peak incidence in
the third decade of life.” The tumor mainly presents as mul-
tiple nodules on the peritoneum and tends to spread dif-
fusely over the peritoneal surface.? Various other primary
sites have been reported, such as the pleura, paratesticular
area, ovary, lung, intracranial area, head and neck areas,
pancreas, and kidney.”™ DSRCT is an aggressive neoplasm,
and most patients die within 2 years of diagnosis.*

Histologically, DSRCT is typically composed of small
round cells with hyperchromatic nuclei and scant cyto-
plasm. The cells are arranged within a desmoplastic
stroma in small nests or single files. However, approxi-
mately one-third of the tumors show various histological
features, such as gland-like structure, signet ring-like
morphology, rhabdoid cells, and spindling.> Immunohis-
tochemistry plays an important role in the diagnosis of
DSRCT; cytokeratin, and dot-like desmin expression are
characteristic.” Genetically, DSRCTSs have a specific chro-
mosomal translocation, t(11;22)(p13;q12), which results
in the fusion of the Ewing sarcoma breakpoint region 1
(EWSRI)gene and the Wilms’ tumor gene (WTJ ).2’4

Because of the rarity of DSRCT, its cytological features
have been described for only approximately 30 cases, mostly
in case reports and small series.>*™® A typical smear of fine-
needle aspiration biopsy material shows tumors cells in
loosely cohesive three-dimensional clusters with occasional
isolated cells. Some clusters may have a rosette-like appear-
ance.#1191 Tumor cells demonstrate high nuclear-
cytoplasmic ratios, round-to-oval or irregular nuclei with
granular chromatin, and inconspicuous nucleoli. Here, we
report a case of DSRCT that showed unique sphere-like
three-dimensional clusters in the cytology specimen. We
emphasize that this cytological finding is a potential diagnos-
tic pitfall because it is commonly interpreted as suggesting
metastatic adenocarcinoma or mesothelioma.
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Fig. 1. At low magnification of the pleural fluid smear, it is apparent
that tumor cells are organized in numerous sphere-like three-dimensional
clusters without stromal cores. Tumor cells are arranged in monolayered
sheets surrounding the central vacant space (Papanicolaou stain, 100X).
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.}

Fig. 2. Higher magnification of the pleural fluid smear reveals that
tumor cells have round-to-oval nuclei with finely granular chromatin,
inconspicuous nucleoli. and scant cytoplasm (Papanicolaou stain, 400X).
[Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Case Report

Presentation and Course

A 30-year-old man reported recent weight loss (from 64
to 60 kg) and night sweating. He had no personal or fam-
ilial history of malignancy. A computed tomography (CT)
scan revealed right pleural and abdominal effusion, multi-
ple tumor masses in the thoracic and abdominal cavities,
and many nodules in both lungs and in the liver. The
radiographic findings were consistent with the dissemina-
tion of a malignant neoplasm, but the CT scan did not

Fig. 3. A cell block specimen of the pleural fluid reveals that the tumor
cells form numerous hollow ring-like structures (hematoxylin and cosin
stain, 200X). [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

reveal any obvious primary site. Thoracentesis, abdomi-
nocentesis, and a CT-guided needle biopsy of the pleural
mass were performed. The patient continued to deterio-
rate, experienced multiorgan failure, and died 17 months
after he first experienced weight loss. An autopsy was not
performed.

Cytological and Cell Block Findings

Papanicolaou staining of the pleural fluid revealed a mod-
erate to high cellularity (Fig. 1). Tumor cells were
arranged in three-dimensional clusters, most of which
were less than 0.1 mm in diameter. Isolated tumor cells
were rare. The clusters did not have stromal cores, and
monolayered sheets of tumor cells surrounded the central
vacant space. Tumor cells were 2 to 4 times the size of
lymphocytes and had enlarged round-to-oval nuclei (Fig.
2). The nuclei contained finely granular chromatin and
had regular thin nuclear membranes, which appeared
slightly wrinkled in some cells. Many of the nuclei had
one small nucleolus. The cytoplasm was pale blue,
slightly i1l defined, and scarce. The nuclear-to-
cytoplasmic ratio was high. Mitoses were readily noted.
Unequivocal gland or rosette-like formations were not
observed. The background included a moderate number
of lymphocytes with a few mesothelial cells and macro-
phages. Necrotic debris was not seen.

A cell block of pleural fluid showed similar findings to
those in the smear (Fig. 3). Tumor cells formed hollow
ring-like structures. They were arranged in small nests
that surrounded vacant centers. They had enlarged nuclei
with slightly granular chromatin and a single small nucle-
olus. The background contained moderate quantities of
lymphocytes and macrophages. No necrotic debris was
found.
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Fig. 4. In the histological specimen, small round cells form well-defined
nests within a desmoplastic stroma. Tumor cells have small hyperchro-
matic nuclei and scant cytoplasm. This finding is typical of desmoplastic
small round cell tumor (hematoxylin and eosin stain, 100X). [Color fig-
ure can be viewed in the online issue, which is available at wileyonline-
library.com.]

Fig. 5. Immunohistochemical examination of the cell block specimen
reveals that the tumor cells show focal reactivity for desmin, partially in
a dot-like pattern (immunoperoxidase, 400X). Tumor cells also show
diffuse positivity for pan cytokeratin AE1/AE3 (data not shown). [Color
figure can be viewed in the online issue, which is available at wileyonli-
nelibrary.com.}

Histological, Immunohistochemical, and Cytogenetic
Findings

A CT-guided needle biopsy of the pleural mass revealed
small round tumor cells forming discrete nests in a des-
moplastic stroma (Fig. 4). Tumor cells showed slight
pleomorphism. Unlike the tumor cells in the cell block
specimen, those in the biopsy specimen did not form hol-
low ring-like arrangements. Immunohistochemical studies
performed on the cell block and needle biopsy specimens
showed identical results in both specimens. The tumor
was positive for pan cytokeratin AE1/AE3, desmin, and
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Fig. 6. A fluorescence in situ hybridization analysis of cell block speci-
men shows separation of the green and red signals, indicating break
apart rearrangement of the Ewing sarcoma breakpoint region 1 gene
(1000X). [Color figure can be viewed in the online issue, which is avail-
able at wileyonlinelibrary.com.]

vimentin. In the cell block specimen, desmin showed
focal dot-like reactivity (Fig. 5). Immunostaining for
Wilms® Tumor antigen 1 (WT1, to the N-terminus por-
tion), thyroid transcription factor-1, and cytokeratin 5/6
were npegative. A fluorescence in situ hybridization
(FISH) analysis performed on the cell block specimen
revealed EWSRI gene rearrangement (Fig. 6).

Discussion

In this report, we described a case of DSRCT that showed
sphere-like clusters, a finding that has not been reported
previously for this disease. These clusters had a typical
immunoprofile and EWSRI rearrangement (as assessed by
FISH), confirming that they represent an unusual growth
pattern of DSRCT. This cytological finding sharply con-
trasts with classic cytological descriptions of DSRCT, in
which loosely cohesive clusters are observed along with
occasional isolated cells. Instead, we observed tightly
packed, round-to-oval spheres without stromal cores,
which closely resembled the so-called “proliferation
spheres”™ %% that have been reported in effusions from
patients with metastatic breast carcinoma, metastatic ovar-
ian carcinoma, epithelioid mesothelioma, and poorly dif-
ferentiated small cell carcinoma,’**

The morphogenic mechanism of the proliferation
sphere-like clusters is not clear in this case. There are
two hypothesises. One hypothesis is that they could be
associated with tumor floating in the effusion. Indeed, in
carcinomas, proliferation spheres are generally believed
to form when tumor cells exfoliate into a cavity, reflect-
ing the ability of malignant cells to proliferate in the
nutrient-rich effusion.?! The other is that the presence of
proliferation sphere-like clusters in DSRCT may represent
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yet another facet of the histological diversity that is char-
acteristic of this tumor.” One limitation of our report was
that there was no excisional biopsy or autopsy performed
for precise histologic correlation. However, as there was
no gland component in the needle biopsy specimen, we
still believe that the former hypothesis is correct.

The differential diagnosis of multiple peritoneal or
pleural masses is broad. In older patients, it should cer-
tainly include carcinomatosis, lymphomatosis, and malig-
nant mesotheliomas, along with various infectious
etiologies. For young male patients, we suggest that the
differential diagnoses also include DSRCT despite its
overall rarity,” because DSRCT has a distinctive clinical
course that requires a specific management plan.

In conclusion, we have described a case of DSRCT
with previously unreported proliferation sphere-like clus-
ters in the cytology specimen. Although proliferation
spheres are classically associated with carcinomas or mes-
otheliomas, rare cases of DSRCT may present clusters
that have a similar appearance. This diagnostic pitfall
should be particularly remembered when diagnosing
young patients who have effusion with abdominal masses.
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Abstract

prognostic impact of NS in invasive breast cancers.

was an independent prognostic indicator.

Background: Recently, the cancer stem cell hypothesis has become widely accepted. Cancer stem cells are
thought to possess the ability to undergo self-renewal and differentiation, similar to normal stem cells.
Nucleostemin (NS), initially cloned from rat neural stem cells, binds to various proteins, including p53, in the nucleus
and is thought to be a key molecule for stemness. NS is expressed in various types of cancers; therefore, its role in
cancer pathogenesis is thought to be important. This study was conducted to clarify the clinicopathological and

Method: The correlation between NS immunoreactivity and clinicopathological parameters was examined in 220
consecutive surgically resected invasive breast cancer tissue samples by using tissue microarrays. The presence of
nuclear NS and p53 immunoreactivity in 10% or more of cancer cells was considered as a positive result.

Results: Among the 220 patients, 154 were hormone-receptor (HR)-positive, 22 HER2-positive/HR-negative, and 44
HR-negative/HER2-negative. One hundred and forty-two tumors (64.5%) showed NS positivity, and this positivity
was significantly correlated with estrogen receptor (ER) (P =0.050), human epidermal growth factor receptor 2
(HER2) (P=10.021), and p53 (P=0.031) positivity. The patients with NS-positive tumors showed significantly shorter
disease-free survival than those with NS-negative tumors. Furthermore, the patient group with NS- and p53-positive
tumors showed significantly poorer prognosis than other patient groups. Multivariate analysis showed that NS status

Conclusions: NS may play a significant role in the determination of breast cancer progression in association with p53
alterations. The NS status of patients with luminal and HER2 type breast cancers may be a useful prognostic marker.

Background

Breast cancer is one of the most prevalent diseases world-
wide. While most patients with early breast cancers are
cured with surgically resection followed by appropriate ad-
juvant drug and radiation therapy, approximately 30% of
these patients experience relapse and develop metastatic
disease [1]. In this metastatic stage, tumor cells frequently
acquire resistance to various drugs during intensive sys-
temic therapies, and eventually their aggressiveness and
growth become uncontrollable. Less than 5% of patients
with distant metastatic tumors live for 5 years [2].

* Correspondence: htsuda@ndmc.acjp

'Department of Basic Pathology, National Defense Medical College, 3-2
Namiki, Tokorozawa, Saitama 359-8513, Japan

Department of Pathology and Clinical Laboratories, National Cancer Center
Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

Full list of author information is available at the end of the article

g) ZioNied Central

Therefore, identification of potential targets with the
aim of developing interventional drugs is an important
area of research.

The hypothesis that various types of cancers, including
breast cancer, are generated by a limited number of cancer
stem cells has been widely accepted recently [3]. Cancer
stem cells, like normal stem cells, are thought to have
two important characteristics: the ability to undergo self-
renewal and the ability to undergo differentiation into dif-
ferent cell types [4]. Furthermore, these cells are thought
to be inherently resistant to various therapeutic drugs,
making the eradication of tumors containing cancer stem
cells with the use of the current treatment protocols diffi-
cult [5]. To overcome these obstacles, the development of
new therapeutic strategies to target cancer stem cells is
essential for the management of breast cancer.

© 2014 Kobayashi et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,

unless otherwise stated.
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Nucleostemin (NS) is thought to be a key molecule for
maintaining “stemness” [6]. NS was initially cloned from
rat neural stem cells and was found to contain two
GTP-binding motifs and an N-terminal basic domain,
which is essential for binding to p53 [6]. NS accumulates
mainly in the nucleoli and moves to the nucleoplasm
after binding with GTP. Interaction of NS with a multi-
tude of proteins in the nucleoplasm, including p53, may
play a significant role in self-renewal, cell cycle regula-
tion, apoptosis, and cell proliferation [7].

NS is expressed in central nervous system stem cells,
embryonic stem cells, and primitive cells in the bone
marrow and testes [6]. Furthermore, various types of
cancers, including the following, have been reported to
express NS: squamous cell carcinomas of the uterine
cervix; head, neck, esophagus, and renal cell carcinomas;
and prostate cancer [8-13]. Moreover, recent evidence
indicates that NS is involved in maintaining cancer stem
cells [14,15]. These findings suggest that NS may also
play an important role in cancer pathogenesis as well as
in cancer stem cell maintenance. However, no clinical
study has investigated the role of NS in breast cancer.

If NS is expressed in breast cancer stem cells and its ex-
pression is correlated with disease progression in breast
cancer, it may serve as a powerful prognostic marker for
clinical use. To test this hypothesis, we investigated the ex-
pression of NS in surgically resected invasive breast cancer
specimens from 220 patients by using immunohistochem-
istry. Furthermore, we examined the prognostic implica-
tion of the combination status of NS and p53 and the
significance of NS expression status among the three bio-
logical subtypes of breast tumors: (a) hormone-receptor
(HR) positive (luminal type); (b) human epidermal growth
factor receptor 2 (HER2) positive (HER2 type); and (c) HR
negative and HER2 negative (triple negative).

Methods

Patients and tumor specimens

The patient cohort used in the present study was the
same as the cohort reported in our previous study [16].
Briefly, formalin-fixed paraffin-embedded tissue blocks
of invasive breast cancer specimens from 220 consecu-
tive patients were used to construct tissue microarrays
(TMAs). All patients with unilateral invasive breast car-
cinoma underwent mastectomy or breast-conserving
surgery at the National Defense Medical College (NDMC)
Hospital, Tokorozawa, Japan from 1995 through 1999.
These patients had a median follow-up of 74 months after
surgery (range, 1-151 months), during which 58 patients
experienced relapse. Of the 220 patients, 218 were female
patients and 2 were male patients; 101 (45.9%) patients
had lymph node metastasis and 8 (3.6%) had distant me-
tastasis at the time of breast cancer diagnosis. In most
cases, patients with hormone receptor-positive tumors at
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the time of diagnosis were prescribed adjuvant endocrine
therapy (e.g., tamoxifen, toremifene, fadrozole, or LHRH
analogues) for two or more years. The patients with a
large tumor and/or four or more lymph node metastases
received one of the following adjuvant chemotherapy
regimens: cyclophosphamide-epirubicin-5-fluorouracil
(CEF), cyclophosphamide-adriamycin-5-fluorouracil (CAF),
cyclophosphamide-methotrexate-5-fluorouracil (CMF),
and oral fluoropyrimidines. Detailed patient and dis-
ease characteristics are documented in Table 1. Clinico-
pathological data were retrospectively obtained from
medical records [16].

This study was approved by the Medical Ethical
Committee of National Defense Medical College and by
the Institutional Review Board of National Cancer Center.

Tissue microarray construction

We constructed TMA blocks as previously described [16].
Briefly, double tissue cores with a diameter of 2 mm were
obtained from each donor block, and these core speci-
mens were transferred to a recipient block using a Tissue
Microarrayer (Beecher Instruments, Silver Spring, MD,
USA). One TMA block contained a maximum of 26
tumor samples, and 13 TMA sets were used in this study.

Immunohistochemistry

Immunohistochemistry was performed on TMA sections
of 220 patients. The antibodies used were mouse mono-
clonal anti-human NS (clone BL2858; Bethyl Laborator-
ies, Inc., Montgomery, TX, USA) and mouse monoclonal
anti-human p53 (clone DO-7; Dako, Carpinteria, CA,
USA). Formalin-fixed paraffin-embedded specimens on
the TMA were cut into 4 um-thick sections. The tissue
sections were deparaffinized twice in xylene for 10 min
and rehydrated through graded ethanol (99%, 90%, 80%,
and 70%) to water. Antigens were retrieved by micro-
wave heating for 30 min in 10 mM sodium citrate
(pH 6.0) for NS and by autoclaving for 15 min in
10 mM Tris—HCl (pH 9.0) for p53. To block endogen-
ous peroxidase activity, the sections were treated with
100% methanol containing 3% hydrogen peroxide for
5 min. Non-specific binding was blocked by incubation
in 2% normal swine serum (Dako) in phosphate-buffered
saline. The slides were incubated with primary anti-
bodies at 4°C overnight and then reacted with a dextran
polymer reagent combined with secondary antibodies
and peroxidase (Envision Plus; Dako) for 30 min at room
temperature. Specific antigen—antibody reactions were
visualized with 0.2% diaminobenzidine tetrahydrochlo-
ride and hydrogen peroxide. Counterstaining was per-
formed using Mayer’s hematoxylin. A separate assay was
run using a case of esophageal carcinoma as a positive
control for NS [17]. Reactions without the primary anti-
bodies were used as negative controls.
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Table 1 Correlation between nucleostemin expression
and clinicopathological variables in surgically resected
breast cancers

Variable Number of cases (%)
Nucleostemin expression
Total Positive Negative P-value
(n=220) (h=142) (n=78)

Age
Median (range) 52(30~82y)
=52 109 71 (65) 38 0.89
>52 m 71 (64) 40

Tumor size
<50 cm 174 108 (62) 66 0.21
250 cm 42 31 (74 i
Unknown 4 4(100) 0

Lymph node metastasis
Negative 115 70 (61) 45 0.39
Positive 101 68 (67) 33
Unknown 4 4 (100) 0

Distant metastasis
Negative 209 134 (64) 75 072
Positive 8 6 (75) 2
Unknown 3 2 (67) 1

Stage
lorll 179 111 (61) 68 0.13
llor v 37 28 (76) 9
Unknown 4 3(75) 1

Nuclear grade
1,2 137 86 (63) 51 048
3 83 56 (67) 27

ER status
Negative 88 50 (57) 38 0.050
Positive 132 92 (70) 40

PgR status
Negative 9% 57 (59) 39 0.16
Positive 124 85 (69) 39

HR (ER/PgR) status
Negative 66 40 (61) 26 042
Positive 154 102 (66) 52

HER2 status
Negative 190 117 (62) 73 0.02
Positive 30 25 (83) 5

pS3 status
Negative 143 85 (59) 58 003
Positive 77 57 (74) 20

Page 3 of 9

Table 1 Correlation between nucleostemin expression
and clinicopathological variables in surgically resected
breast cancers (Continued)

Histological type

Ductal 191 125 (65) 66 038
Lobular 10 5 (50) 5
Mucinous 6 6 (100) 0
Tubular 5 1(20) 4
Medullary 3 2 (67) 1
Other 5 3 (60) 2

Abbreviation: ER Estrogen receptor, PgR Progesterone receptor, HR Hormone
receptor.

NS and p53 expression was assessed according to the
proportion of nuclear staining area. Specimens with 10%
or more immunoreactive tumor cells were considered
positive, and those with less than 10% were considered
negative. Immunohistochemistry results were indepen-
dently evaluated by two observers (T.K. and H.T.), and
cases with discrepant grades were re-evaluated by dis-
cussion until consensus was achieved.

ER, PgR, and HER2 had already been immunohisto-
chemically re-assessed on new sections in our previous
study [16] by using mouse monoclonal anti-human ER
(clone 1D5, Dako), mouse anti-human PgR (clone PgR636,
DAKO), and rabbit polyclonal anti-HER2 antibody
(HercepTest kit, Dako) according to the methods recom-
mended by the manufacturer. ER and PgR were consid-
ered positive if the nuclear staining was observed in 10%
or more of tumor cells. Samples were considered hormone
receptor positive if they were ER and/or PgR positive and
hormone receptor negative if they were ER and PgR nega-
tive. HER2 results were considered positive if the IHC
score was “3+” or gene amplification was detected by FISH
according to the 2007 ASCO/CAP guideline [18].

Statistical analysis

Comparisons between groups were evaluated using chi-
squared test or Fisher’s exact test. Disease-free sur-
vival (DFS) curves of patients were drawn using the
Kaplan-Meier method and compared using the log-rank
test. Cox multivariate proportional hazards models were
used to explore the association of variables with DFS. For
all tests, P < 0.05 was considered to be statistically signifi-
cant. All analyses were performed using the software JMP
6.0 for Windows (SAS Institute Inc., Cary, NC, USA).

Resulits

Clinicopathological and prognostic implications of NS
expression for the entire patient cohort

Initially, the expression levels of NS were classified as nega-
tive (0%), weak (1% to <10%), moderate (10% to <30%), or
strong (30% or more). The number of cases categorized
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into the negative, weak, moderate, and strong groups was
62, 16, 55, and 87, respectively. From these results, we
judged that NS expression showed bimodal distribution
and used a 10% threshold for NS positivity between nega-
tive and positive groups.

NS protein was frequently detected in the nucleus of
breast cancer cells. Although strong immunoreaction
was observed in both the nucleoli and nucleoplasm of
cancer cells (Figure 1A), nuclear immunoreaction of NS
in some cases was limited to the nucleoli of cancer cells
(Figure 1B). Such cells were also judged as positive for
NS immunoreactivity. Cytoplasmic staining was not ob-
served. These findings are consistent with those of previ-
ous reports [6,17,19]. We found that 78 (35.5%) or 142
(64.5%) patients had NS-negative or NS-positive tumors,
respectively (Figure 1C). Unremarkable mammary glands
showed nuclear NS immunoreactivity in almost all lu-
minal epithelial cells (Figure 1D).

Tumors with NS positivity showed a higher frequency
of ER positivity, HER2 positivity, and p53 positivity
(P=0.050, P =0.021, and P =0.031, respectively), whereas
NS expression status was not correlated with tumor size,
lymph node metastasis, distant metastasis, tumor nu-
clear grade, or PgR positivity. NS expression was de-
tected at 50% or more in all histological types studied
except tubular carcinoma (20%), and the positive rate
was 100% (6 of 6) in mucinous carcinoma. Patients with
NS-positive tumors showed significantly shorter DFS
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time than those with NS-negative tumors (P =0.020,
Figure 2).

Prognostic implication of the NS and p53 combination
status for the entire patient cohort

Since it has been reported that physical and functional
interaction between NS and p53 appear to be essential
for self-renewal, cell cycle regulation, cell proliferation,
and apoptosis [7], we next examined the prognostic im-
plication of the combination status of NS and p53 for
the entire patient cohort. We found that 143 (65%) and
77 (35%) patients had p53-negative and p53-positive tu-
mors, respectively. The patients with p53-positive tu-
mors showed significantly shorter DFS time than those
with p53-negative tumors (P = 0.006, Figure 3A).

A striking stratification of relapse risk was identified
when three different combinations of NS and p53
status were evaluated: 57 cases with a combination of
NS-positive/p53-positive tumors (unfavorable group); 105
cases comprising 20 NS-negative/p53-positive tumors and
85 NS-positive/p53-negative tumors (intermediate group);
and 58 cases with NS-negative/p53-negative tumors
(favorable group). The unfavorable group had a 5-year
DES rate of 55%, compared with 75% in the intermediate
group and 86% in the favorable group (Figure 3B). The un-
favorable group had significantly shorter DFS time than
the intermediate and favorable groups (log-rank test
P =0.034 and P = 0.0007, respectively).

Figure 1 Nucleostemin (NS) expression in human breast cancer tissues. A. A NS-positive tumor. Aimost all cancer cells show NS immunore-
activity in both nucleoli and nucleoplasm. B. Another NS-positive tumor, NS immunoreactivity is limited to nucleoli in nuclei of cancer cells. Such
cancer cells are also judged as NS-positive. This case was also classified as NS-positive. C. A NS-negative tumor. D. An unremarkable mammary
gland shows nuclear NS immunoreactivity in almost all luminal epithelial cells.
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Figure 2 Prognostic impact of NS status in the patients with
primary breast cancer. This figure shows disease-free survival (DFS)
curves for the 142 patients with NS-positive tumors and for the

78 patients with NS-negative tumors. These two curves differ
significantly (P=0.020).
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Prognostic implication of NS among the three biological
subtypes of breast tumors

Currently, treatment strategies differ between the bio-
logical subtypes of breast tumors; therefore, we exam-
ined the prognostic implication of NS among three
groups of patients divided based on their biological sub-
type: 154 patients with luminal-type tumors (HR-posi-
tive); 22 patients with HER2-type tumors (HER2-positive
and HR-negative); and 44 patients with triple-negative
tumors (HR and HER2-negative). Eight patients with
HR-positive and HER2-positive tumors were included
and analyzed as luminal-type patients.

Among the patients with luminal-type tumors, pa-
tients with NS-positive tumors showed a significantly
shorter DFS time than those with NS-negative tumors
(P=0.033, Figure 4A). Among the patients with HER2-
positive tumors, patients with NS-positive tumors had a
5-year DFS rate of 28% compared with 100% in patients
with NS-negative tumors (Figure 4B). However, the
P-value was not calculated because there was no relapse
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2 04+
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Figure 3 Prognostic impact of the combination status of NS and p53 in the patients with primary breast cancer. A. Disease-free survival

(DFS) curves for the 77 patients with p53-positive tumors and for the 143 patients with p53-negative tumors. These two curves differ significantly
(P =0.006). B. This figure shows three disease-free survival (DFS) curves: for the 57 patients with NS-positive and p53-positive tumors (‘unfavorable
group)), for 105 patients comprising 20 NS-negative and p53-positive tumors and 85 NS-positive and p53-negative tumors (intermediate’ group),
and for 58 patients with NS-negative and p53-negative tumors (favorable’ group). The unfavorable group has significantly shorter DFS time than

the intermediate group or the favorable group (log-rank test £ =0.034 and P=0.0007, respectively).
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Figure 4 Prognostic impact of NS status in the three subgroups
of the different biological subtype tumors: luminal-type
tumors, HER2-type tumors, and triple-negative tumors.

A. Subgroup analysis of the 154 patients with luminal-type tumors
(HR-positive tumors). Two disease-free survival (DFS) curves, that for
the 102 patients with NS-positive tumors and that for the 52 patients
with NS negative tumors, differ significantly (P = 0.033). B. Subgroup
analysis of the 22 patients with HER2-type tumors (HER2-positive
and HR-negative tumors). In two disease-free survival (DFS) curves,
that for the 18 patients with NS-positive tumors and that for the 4
patients with NS-negative tumors, five-year DFS rates differ largely
(100% vs 28%). P-value was not available because there was no
relapse in the patients with NS-negative tumors. C. Subgroup
analysis of the 44 patients with triple-negative tumors (HR and HER2
negative tumors). The two curves do not differ significantly (P=041).

in the four patients with NS-negative tumors. Among
the patients with triple-negative tumors, there was no
difference between the survival curves for patients with
NS-positive tumors and those with NS-negative tumors
(P =041, Figure 4C).

Multivariate analysis of prognostic factors and evaluation
of NS

Univariate analysis showed that HR, HER2, nuclear
grade, tumor size, nodal status, distant metastasis, and
NS expression were significantly correlated with DFS.
When multivariate analysis was performed using these
seven factors, NS expression status was selected as an
independent prognostic factor (P =0.036), together with
nuclear grade, tumor size, lymph node status, and distant
metastatic status (P =0.0008, 0.0007, 0.0038 and <0.0001,
respectively; Table 2).

Discussion

In the present cohort, we found that the NS protein ex-
pression status was positively correlated with both ER
and HER2 status and was a powerful prognostic factor.
Patients with NS-positive breast tumors had a signifi-
cantly shorter DFS time than those with NS-negative tu-
mors (P =0.020, Figure 2), and multivariate analysis for
DES showed that NS positivity had an independent im-
pact as a prognostic indicator among breast cancer pa-
tients (P = 0.036, Table 2). To our knowledge, this is the
first report to show the clinical implication of NS pro-
tein expression in invasive breast cancers.

Although several studies have shown the important
roles of NS in the pathogenesis of various cancer types
[8-13] as well as the maintenance of cancer stem cells
[14,15], no direct’ evidence is yet available to support
that NS is a marker of cancer stem cells. Currently, mo-
lecules such as CD44, CD133, ALDH1, and CXCR4 have
been found to be potential markers of cancer stem cells
[20-25]. Furthermore, the expression of these stem cell
markers has been shown to be a poor prognostic
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