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A Nonfucosylated Anti-HER2 Antibody Augments Antibody-
Dependent Cellular Cytotoxicity in Breast Cancer Patients

Eiji Suzuki,' Rinpei Niwa,” Shigehira Saji,' Mariko Muta,' Makiko Hirose,' Shigeru lida,? Yukimasa Shiotsu,?
Mitsuo Satoh,? Kenya Shitara,? Masahide Kondo,® and MasakazuToi'

Abstract Purpose: Removal of fucose residues from the oligosaccharides of human antibody is a powerful

approach to enhance antibody-dependent cellular cytotoxicity (ADCC), a potential important
antitumor mechanism of therapeutic antibodies. To provide clinically relevant evidence of this
machanism, we investigatad ADCC of a fucose-negative version of trastuzumab [anti — human
epidermal growth factor receptor 2 (HER2) humanized antibody] using peripheral blood mono-
nuclear cells (PBMC) from breast cancer patients as effector cells,

Experimental Design: Thirty volunteers, including 20 breast cancer patients and 10 normal
healthy control donors, were recruited randomly, and aliquots of peripheral blood were collected.
ADCC of commercial trastuzumab (fucosylated) and its fucose-negative version were measured
using PBMCs drawn from the volunteers as effector cells and two breast cancer cell lines with
different HER2 expression levels as target cells. Relationships between cytotoxicity and character-
istics of the patients, such as content of natural killer cells in PBMCs, type of therapy, FCGR3A
genotypes, etc. were also analyzed.

Results: ADCC was significantly enhanced with the fucose-negative antibody compared with
the fucose-positive antibody using PBMCs from either normal donors or breast cancer patients.
Enhancement of ADCC was observed irrespective of the various clinical backgrounds of the
patients, even in the chemotherapy cohort that presented with a reduced number of natural killer
cells and weaker ADCC.

Conclusions: This preliminary study suggests that the use of fucose-negative antibodies may
improve the therapeutic effects of anti-HER2 therapy for patients independent of clinical back-

grounds.

Human epidermal growth factor receptor 2 (HER2) is a key
contributor to normal cell growth and differentiation (1).
However, when overexpressed, it is associated with neoplastic
ransformation of cells. Approximately 15% to 20% of breast
cancers show HER2 overexpression and/or HER2 gene ampli-
fication. Clinical benefit has been shown either as monotherapy
with trastuzumab (Herceptin), a humanized anti-HER2 mono-
clonal antibody of human IgG1/x isotype, or in combination
with chemotherapy (2-8). Trastuzumab is known to show
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efficacy only in breast cancer patients with tumors strongly
overexpressing HER2, graded 3+ by immunohistochemistry, or
graded 2+ with HER2 gene amplification as determined by
fluorescence in situ hybridization (9); however, even in those
HER2 overexpressors, some of the patients do not achieve
clinical benefits with trastuzumab, Therefore, search for the
prediction marker, which can select patients who would have
better clinical benefits by trastuzumab, is important. On the
other hand, 1o achieve better clinical outcome on HER2
overexpressors bur with less efficacy, improvemen: of potential
efficacy of conventional trastuzumab could be one of the
important options,

Trastuzumab has been shown 1o have multiple mechanisms
of action based on in vire studies: antibody-dependent
cellular cytotoxicity (ADCC) and direct growth inhibition of
wmor cells (10-15). ADCC, a lytic antack on antibody-
targeted cells, is triggered following binding of the Fc region of
an antibody to the Foy receptor [11a expressed on natural killer
(NK) cells. The clinical importance of ADCC was first shown
with miuximab (Rituxan), an anti-CD20 chimeric antibody
approved for non-Hodgkin's lymphoma treatment in 1998
(16-18). These studies have focused on the relationships
between the clinical response and Fcy receptor Illa gene
(FCGR3A) functional polymorphism that generates either
phenylalanine (F) or valine (V) at amino acid position 158,
with significantly better clinical responses for patients having
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FCGR3A-158V allele associated with strong IgG binding to the
receptor and ADCC activation (19, 20). More recently, ADCC
involvement in the clinical response was also suggesied for
trastuzumab  therapy with methods seemingly more direct
than FCGR3A genotyping Gennari et al. (21) showed a
significant correlation between clinical responses and ADCC-
mediated killing by patients’ peripheral blood mononuclear
cells (PBMC). Furthermore, Amould et al. {22) showed an
increased infiltration of NK cells into tumor tissue of
trastuzumab-responding patients. These reports support an
in vivo role of ADCC in wrastuzumab therapy and imply that
ADCC enhancement could be a potental approach 1o
improve its efficacy.

We and others reported that removal of fucose from
antibody oligosaccharides attached to Asn®™” of the heavy
chain (defucosylation) significantly enhanced ADCC compared
with that of conventional antibody (23-27). Thus, this
modulation of antibody could be one of the most powerful
approaches 1o improve efficacy in antibody therapy. One
possible problem is that all these studies used PBMCs from
normal healthy donors as effector cells. It is unclear whether
this activity is also functioning for PBMCs from cancer patients
whose immune system could be impaired either by the
therapeutic agent used or by the immunosuppressing activity
of tumor cells,

In this study, using PBMCs from breast cancer patients as
effector cells, we evaluated ADCC of a defucosylated trastuzu-
mab compared with commercial trastuzumab, which contained
highly fucosylated oligosaccharides. In addition, relationships
between ADCC and various clinical backgrounds of the patients
were also analyzed.

Materials and Methods

Blood samples. From April 1o Ociober 2005, blood samples were
randomly collected from both breast cancer patients (n = 20) who
underwent various types of treatment, including surgery, chemothera-
py. radiotherapy, hormonal therapy, and antibody treatment trastuzu.
mab, and healthy volunteers (n = 10) registered at Breast Group,
Komagome Hospital, Tokyo Metropalitan Cancer and Infectious
Discases Center (Tokyo, Japan). The numbers of patients compasing
each classification are shown in Table 1. The protocol of this study was
approved by Instiutional Review Board All patemis and healhy
volunteers signed written informed before pl
were laken and analyzed.

Cell lines. Human breast adenocarcinoma cell lines MCF-7 and
SK-BR-3 were purchased from the American Type Culture Collection
(Manassas, VA).

Anti-HER2 humanized anttbodies. Trastuzumab (Herceptin) IgG1/
k-type anti-HER2 humanized antibody was purchased from Chugai
Pharmaceutical Co. Lid. (Tokyo, Japan) For the generation of the
nonfucosylated version of wrastuzumab, the cDNA sequences of the V1.
and VH region were designed as the same with that of trastuzumab (2)
and constructed by PCR-based method. The expression plasmid was
constructed using hy d 1gG1 expression plasmid pKANTEX93
(28) by joining the VL and VH cDMNAs with human » and 41 constant
region ¢cDNASs, respectively. The expression vector was then introduced
into a-1,6 fucosyltransferase gene knockout Chinese hamster ovary cells
(29) via electroporation, and transfectant clones were selected in
medium lacking hypoxanthine and thymidine as described previously
(29). High-producing clones were selected by comparing 1gG amounts
in culture supernatants using an IgG-detecting ELISA method (28).
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Table 1. Patients’ characteristics

Patients’ characteristics

Age (median), vy 37-73 (55)
Total no. patients 20
HER2 status
IHC 3+ 4
IHC O, 1+ 14
Unknown 2
Hormone receptor status
ER" and/or PgR* 12
Disease progression status
Recurrence
Primary
Metastatic site
Lung
Liver
Bone
Lymph nodes
Brain
Soft tissue
Treatment status
Chemotherapy
EC, AC
FEC
Paclitaxel
Docataxel
MMC + MTX
Capecitabine
Hormonal therapy
Tamoxifen
Aromatase Inhibitor
Medroxyprogesterone
Trastuzumab

=
-- R X}

M= NGO WL;

Lo SN N

[ X ]

Abbreviations: IHC, immunahistochemistry; ER, estrogen recep-
tor; PgR, progesterone receptor; EC, epirubicin + cyclophospha-
mide; AC, doxorubicin + cyclophosphamide; FEC, 5-FU +
epirubicin + cyclophosphamide; MMC, mitomycin C; MTX, meth-
otrexate.

Antibody was then purified from supemnatant of confluent transfectant
clone cultured in Excell 301 Medium (JRH Biosciences, Lenexa, KS)
using protein A-Sepharose (Millipore, Billerica, MS),

Oligosaccharide analysis of anti-HER2 humanized antibodies. N.
linked oligosaccharides were released by digestion of the antibodies
with N-glycosidase F (Takara, Shiga, Japan). The released carbohydrates
were analyzed by marrix-assisted laser desorption/ionization time-
of-flight mass specromeuy with positive ion mode as described
previously (30)

Analysis of HER2 expression in breast tumor cell lines.  Expression of
cell surface HER2 molecules was determined by flow cytometry. Tumor
cells (2 » 10%) were stained with 10 pg/mL trastuzumab for 1 h on ice
in the presence of 250 pg/ml human IgG (Welfide, Osaka, lapan) as
blocking reagent. FITC-conjugated anti-human IgG (H+L; R&D
Systemns, Minneapolis, MN) was used as the secondary reagent. The
stained cells were analyzed using an EPICS XL-MCL flow cytometer
(Beckman Coulter, Tokyo, Japan).

ADCC assay. Cytotoxicity was determined by the lactate dehydro-
genase release assay as described previously (29), using human PBMCs
as effecior cells and either MCF-7 cells or SK-BR-3 cells as target cells
at an ET ratio of 15:1. Briefly, target cells (1 * 10*) and effector cells
(15 x 10%) were distributed into 96-well U-boromed plates and
incubated with serial dilutions of antibodies for 4 h at 37°C. PBMCs
were purified from peripheral blood using Lymphoprep (Axis-Shield,
Dundee, United Kingdom). The supernatamt lactate dehydrogenase
activity was measured using a nonradioactive cytotoxicity assay kit
(Promega, Madison, WI). Percentage cytotoxicity was calculated
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according 1o the formula: cnotoxicity (%) = 100 = (E - S — 51) [ (M —
5¢), where E is the experimental release. S¢ is the spontancous release of
effector cells, Sy is the spontaneous release of target cells, and M is the
maximum release of target cells lysed with 9% Triton X-100. ADCC was
calculated according to the formula: ADCC (%) = cytoloxicity (%) —
antigen-independent cellular cytotoxicity (AICC: %), where AICC is the
nonspecific cytotoxicity in the absence of antibody. In some experi-
ments, ADCC was normalized to the number of NK cells (10* cells) by
the following equation: ADCC/10* NK (%) = ADCC (%) x 10* / [ET
raio target cell ber in an exp I well (10') x NK
percentage in PBMC].

Fey receptor I11a-158F(V genotyping.  Genotyping of the Foy receptor
Ia [FCGR3A)-158V/F polymorphism was done by PCR-based allele-
specific restriction analysis assay using genomic DNA prepared from
aliquots of peripheral blood as described previously (19)

Quantitation of effector cell proportions in PBMC. Quantitation of
the NK cells in PBMCs were determined by flow cytometric analysis as
follows: PBMCs (1 = 10%) were incubated on ice for 30 min with
both FITC-labeled anti-CD3 antibody and PE-labeled anti-CD56
antibody (Beckman Coulter] in the presence of 3.8 mg/ml human
1gG as blocking reagent After incubation, cells were washed wice
with PBS and analyzed using FACSCalibur flow cytometer (Beckion
Dickinson, Mountain View, CA). The CD56°CD3™ cells were defined
as NK cells

Staristical analysis, Data comparing differences between two groups
and three groups were assessed using unpaired Student’s  test and two-
way ANOVA, respectively, Multivariate analysis of patient clinicopath-
ologic factors affecting the ADCC activity was done using a stepwise
linear regression model Differences were considered significant when
P < 0.05. Statistical analysis was conducted using the StatView 5.0 for
Windows program.

Results

Generation and characterization of humanized anti-HER2
antibodies. A fucose-negative variant of trastuzumab was
produced with a-1,6 fucosyltransferase gene (FUTS )-knockout
Chinese hamster ovary cells (FUT8™/~ Chinese hamster ovary
cells) transfected with the expression plasmid encoding heavy
and light chain sequences identical to those of trastuzumab
(2). The antibody purified from the culture supernatant,
designated dFu-«HER2, has an identical amino acid sequence
to commercially available trastuzumab. Consequently, the two
antibodies showed similar binding activities to the surface
of HER2™ tumor cell lines confirmed by flow cytometry (data
not shown),

Oligosaccharide analysis revealed that Asn?””-linked oligo-
saccharides of dFu-aHER2 were of a complex-biantennary type
and completely defucosylated (1009 nonfucosylated), whereas
a large fraction of oligosacchanides of trasmuzumab were
fucosylated (90,09 fucosylated).

FCGR3A genotyping of the patients. 1t has been known that
FCGR3A gene allelic polymorphism correlates with ADCC
intensity, with higher activity for individuals having FCGR3A-
158V allele via strong binding of this variant on NK cells to
the antibody Fc region (19, 20, 27). Hence, FCGR3A-158F/
158V genotyping was conducted for the 20 patients recruited
in this study. The number of patients with F/F genotype was
11, 7 patients had F/V genotype, and 2 patients had V/V
genotype. The allelic frequency calculated was 0.725 for
FCGR3A-158F allele and 0.275 for FCGR3A-158V allele. The
distribution observed was similar 1o that in previous reports of
the Japanese population (allelic frequency of FCGR3A-158F
was 0.72-0.74; refs, 31, 32). The distribution of FCGR3A
genotype among various subgroups based on clinical back-
grounds is shown in Fig. 1. The chemotherapy cohort (n = 14)
included 12 patients with recurrent disease and their profile
was composed of six F/F, four F/V, and two V/V genotypes of
FCGR3A gene. The remaining two patients, without recurrent
tumor, underwent neoadjuvant chemotherapy and were
shown to possess the F/V genotype. The nonchemotherapy
cohort (n = 6) included four patients that had received
hormonal therapy all having F/F genotype and two patients
(one F/F and one F/V) that had undergone trastuzumab
monotherapy.

Enhanced cytotoxicity of fucose-negative variant of trastuzumab
mediated by patient’s PBMCs. We compared the cytotoxic
activities mediated by either commercial trastuzumab or its
fucose-negative counterpart, using PBMCs derived from the 20
cancer patients as effector cells (Fig. 1). Two breast cancer cell
lines were chosen as the target cells: MCF-7 with low HER2
expression (~2 x 10" molecules per cell; ref. 33) and SK-BR-3
with high HER2 expression (~1 % 10° molecules per cell;
Fig. 2A; ref. 33). Cytotoxicity was measured by adding effector
cells, target cells (ET ratio, 15:1). and either ant-HER2
antibody at various concentrations or medium alone. AICC is
mainly triggered by interaction of NK receptors expressed on
NK cells and MHC-like ligands on tumor cells (34, 35). AICC is
experimentally determined as percentage tumor lysis in the
presence of tumor cells and PBMCs (without antibody). ADCC

Disease status | Recurrent
H 12 NAC* Adjuvant
& 6
Therapeutic type Chemaotherapy™

: 14

FCGR3A genatype FF [ O~

B 4 2 2

Fig. 1. Diagram of d of FCGR3A g yPEs among Distrib of disease status, therapeutic type, and FCGR34 ganclype amang the 20 patients

recruited in this study. These classifications l:orrupmd wncah with dashed Iu'u for example, 14 patients undargoing r.-hemtrwaw includa 12 patiants with recurrent

chisaasa mmposed of six F/F, four F/V, and twa V[V genatypes of FCGR34 geu

indi number of p

=+, includi ion with b therapy (four recurrant patients); and **

www.aacrjournals.org

1877

in each group. *, necadjuvant chamotharapy.

*, trastuzumab monotherapy.
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was calculated by subtracting AICC from cytotoxicity in the
presence of antibody. Tumor lysis was calculated by a lactate
dehydrogenase release method (29). As shown in Fig. 2B,
augmentation of ADCC by fucose-negative antibody (dFu-
aHER2) was detected in 18 patients for MCF-7 and in all
patients for SK-BR-3 at the concentration of 1 ng/mL as
representative data. Overall, the use of fucose-negative antibody
showed significant enhancement of cytotoxicity in most of
the cancer patients tested. This was seen previously using
healthy donors (23-27). In both breast cancer group and
healthy donors, augmentation of ADCC by dFu-aHER2 was
more pronounced against MCF-7 target cells than against SK-
BR-3 target cells. In this regard, the fucose-negative antibody
always exhibited enhanced ADCC on MCF-7 at all concen-
trations; however, enhancement of ADCC with the fucose-
negative antibody on SK-BR-3 was evident at the lower
concentrations, but not at the higher levels of antibody tested
(Fig. 2C).

Comparison of antibody-independent and antibody-dependent
¢ytotoxicity according to various characteristics and backgrounds
of the patients. Unlike healthy blood donors, the immune
effector cells might be augmented or inhibited by the various
types of therapy. Therefore, we reanalyzed the data obtained
above to investigate whether various variables (normal or
patient, type of therapy, NK percentage in PBMCs, recurrence
or primary, HER2 index of the primary mumor tissues,
FCGR3A genotype, and age) affect the ADCC of each cohort.
The results of ADCC and AICC in each cohort are summarized
in Table 2. Values of ADCC at the concentration of 1 ng/mL
of either fucose variant antibodies were chosen as represen-
tative data. Fourteen patients who had undergone chemother-
apy (including 4 patients of combination with hormone

therapy) showed lower AICC in MCF-7 as target cells and
ADCC (for both two fucose variants) in SK-BR-3 as target cells
than those in 6 patients who had received other types of
therapy (4 for hormone therapy and 2 for trastuzumab
monotherapy). These data suggested that the type of treatment
might modulate cytotoxic activity, including AICC and ADCC.
NK cells are thought to be principle mediators in ADCC; thus,
activity or the number of NK cells and FCGR3A genotype on
the cells possibly affecc ADCC activity (27). Multivariate
stepwise linear regression analyses showed that ADCC activity
significantly depended on the NK percentage in PBMCs, which
also significantly depended on the therapy type, such as
hormonal treatment or chemotherapy (Table 3).

To provide additional evidence of the effect of treatment
type on ADCC, we further compared 10 patients who received
chemotherapeutic agent alone and 4 patients who received
hormonal treatment alone, each extracted from chemotherapy
cohort and other therapy cohort, respectively. Consequently,
ADCCs of chemotherapy alone cohort were significantly lower
than those of hormone therapy cohort and normal cohort,
indicating that the type of therapeutic agent could be an
important factor that affects ADCC (Fig. 3). Interestingly, the
degree of ADCC enhancement by fucose removal in this case
seemed to compensate for the ADCC impairment by
chemaotherapy; percentage ADCC with dFu-aHER2 by PBMCs
of chemotherapy alone was comparable with that with
trastuzumab by PBMCs of hormone therapy for SK-BR-3
targets (35 £ 12% and 38 + 16%, respectively) or even higher
for MCF-7 targets (16 = 11% and 6.8 + 5.2%, respectively;
Table 2).

Inconsistent with earlier reports using healthy PBMC donors
(23-27). no apparent difference on ADCC was found in any

A B Cc
MCE-7 MCF-7 Patients (n=20) Normal (n = 10)
SINGLE PARAMETER o 0
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z w o i T
= i 0 1
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8 7 1 1w mem g 20
£ 8 T
2 SK-BR-3 < ; 60 : +
= SnNOLE PARAMETER 50
3 9(| 40 4
| E 30
@ 20
| » 0
| ) & o
| ) Py ol 1 10 100 01 1 L[ T ]
41 i 0 8 g Concentration (ng/mL)
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Fig. 2. ADCC of anti-HER 2 antibodies against breast cancer cell lines mediated by PBMCs from patients. 4, HER2 expression in MCF-7 cells (rop) and SK-BR-2 cells
(bottom) as shown by trastuzumab binding using flaw cytométes, B ADCC of trastuzumab and dFu-aHER2 (1ng/mL each) in the presence of patient PEMCs as effector cells
determined by 4-h lactate dehydrogenase release assay. Target cell lines used are shown above each panel. The plots of the same donar are connected with solid lines.

€. mean ADCC of patients (n = 20; fefr) and that of healthy normal donors (n = 10, right). Targat cell ines used (faft), ***, P ¢ 0,0001,

ically significant diff

between ADCC of the two antibadies, as determined by two-tailed paired ¢ test (8 and C). 1, P € 0007 t 1. P {0.0001, the enhancement of cytotoxicity faund by two-way

ANGVA (C).
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Table 2. Percentage of NK cells and cytotoxicity separated by various clinical variables

Index Cohort n  NK% 9% Cytotoxicity (target: MCF-7) % Cytotoxicity (target: SK-BR-3)
AlCC ADCC(+fuc)” ADCC(-fuc)’ AICC  ADCC(+fuc)” ADCC(-fuc)’
Status Patient 20 11+74° 70+15 7.1+59" 20 + 14' 32283 213214 43 + 18'
Normal 10 13248 5.5+ 14 1246 24 £ 6.0 44289 30+12 49 + 22
Therapy type' Chemotherapy 14 9.0 :6.2° -1.0+7.1' 65+58' 17 = 11° 1079 16+ 10* 36 + 12™
Others & 15:88 25+ 13 8.4+63 26 + 17 82474 32+16 S8 + 20
Chemo or Chemoalone 10 B.0 £+ 43 34247 6.4+ 46" 16 2 11" -1.8 ¢ 5.3 152 11 35+ 12
hormane!
Hormonaalons 4 18+95 23+ 16 6.8 £5.2 27 £ 16 11437 38 + 16 €8 + 14
Disease Primary 8 13:9.0 18+ 17" 74257 22217 50+87" 26417 50 & 23'
status’
Recurrent 12 10463 -02+76 6.8 =62 19+ 23 09+82 17+11 38 £ 12
HERZ Index! '* Negative 14 10+ 73" 3.2+ 14° 6.9+ 58’ 19 £ 13° 1.5+ 73" 21+ 16° 43 + 19’
(Oor1+)
Positive (3+) 4 15+7.6 19+ 12 76+72 23+ 16 6.4 412 19 + 5.8 43 + 15
FCGR3A FIF 11 12+78' 13 = 16" 5.0+ 45" 17 = 13" 56=87" 22+17 47 + 21"
genotype'
V/V + FIV 9 10%71 -0.2+94 10 £ 6,5 23+14 0.2+71 20+12 39+ 14
Age! Under 55 10 11266 13x11' 92:71' 23:13 3.7+10' 24%18' 45 + 20'
Over 55 10 11:8.4 13+ 17 4935 16 + 14 2660 19210 41417

NOTE: Percentage ADCC was calculated by subtracting AICC fram experimental cytotoxicity In the presence of antibody.
Abbreviation: fuc, fucose.

"Percentage ADCC of 1 ng/mL trastuzumab,

'Percentage ADCC of 1 ng/mL dFu-aHER2.

*Not significant.

\lndexes for patients.

‘P < 0.001 {two-tailed unpaired 1 test).

P < 0.05.

P < 0.01.

' Determined by immunahistochemistry.

genotypes of FCGR3A in the current study. Heterogeneous
background of the patients might mask the potential effect of
FCGR3A genotype on ADCC; for example, 158Val carriers (F/V
or V/V) associated with the strong ADCC induction were
apparently biased toward chemotherapy cohort, which was
shown to be associated with weak ADCC in this swudy,
although it is not clear whether this deflection was related or

not. Age of the patients and HER2 expression in primary tumor
tissues determined by immunohistochemistry did not affect NK
percentage, AICC, and ADCC.

Type of therapeutic agents might affect NK cell number in
PBMCs and thus affects ADCC. The type of therapeutic agent
seemed 1o have influence on NK cell number and ADCC. To
understand whether the change in NK cell number was the

Table 3. Multivariate analysis revealed the factor affecting ADCC activity

Therapy type (chemotherapy = 1; others = 0)

(A) Stepwise linear regression to ADCC

Step Variable added Coefficient SE F Adjusted R*
1 Fucose (+ = 1; - =0) -16.2 3.52 213 0.227

2 NK% 1.07 0.20 27.7 0.445

3 Target cell (MCF-7 = 1; SK-BR-3 = 0) -16.0 2.27 49.8 0.679
(B) Stepwise linear regression to NK%

Step Variable added Coefficient SE F Adjusted R?
1 Hormone alone (yes = 1; others = 0) 131 1.73 57.4 0.443

2 HER2 index (positive = 1; negative = 0) 8.51 1.24 46.9 0.633

3 10.9 1.69 41.1 0.787

NOTE: A: N = 70, forward selection method, critical £ = 4,0. Other variables considered: therapy type (chemotherapy = 1; others = 0), chemeo
alone (yes = 1; others = 0), hormane alone (yes = 1; others = (), disease status (recurrent = 1; primary = 0), HER2 index (positive = 1;
negative = 0), FCGR3A genotype (V/V+F/V = 1; FF = D), and age. B: N = 72, forward selection method, critical F = 4.0. Other variables
considered: Chemo alone (yes = 1; others = 0), disease status (recurrent = 1; primary = 0), FCGR3A genatype (V/V+F/V = 1; FF = 0), age,
fucose (+ = 1; - = 0), and target cell (MCF-7 = 1; SK-BR-3 = 0).
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major cause of modulation of cytotoxicity by therapeutic
agents, we first analyzed the relationships between NK per-
centage in PBMC and AICC or ADCC for all patients (Fig. 4A).
Although the relationship between AICC and NK percentage
was unclear with no significant correlation for MCF-7 target
and weak comelation for SK-BR-3 target (I’ < 0.05), ADCC
mediated by the two antibodies was strongly correlated with
NK percentage for both targets, suggesting that the change in
NK cell number by therapeutic agents might be one of factors
in the modulation of ADCC.

To further confirm this hypothesis, ADCC values were
recalculated by normalizing to a fixed number of NK cells
(10" cells). No significant difference on ADCC between
chemotherapy alone and hormonal therapy alone groups
(especially for SK-BR-3 target) was found afier the normaliza-
tion (Fig. 4B). This may support the hypothesis that the major
cause of the impaired ADCC in chemotherapy cohort was the
reduced number of NK cells.

Discussion

The current study indicates that enhancement of ADCC by
fucose removal from the structure of antibody molecules is
shown using PBMCs from both healthy donors and cancer
patients. Importantly, the defucosylated anti-HER2 antibody
required roughly 10-fold less amount of antibody to achieve
the comparable ADCC mediated by trastuzumab, as estimat-
ed from mean percentage cytotoxicity of all 20 patients
(Fig. 2C). In particular, the difference in the efficacy was

Trastuzumab dFu-aHER2

MCF-7

Mean total cytotoxicity (%)

SK-BR-3

o1 1 10
Concentration (ng/mL)

100 01 1 10 100

=8 == Hormone (n=4)
~8— —0— Chemo (n=10)
== =ore Normal (n=10)

Fig. 3. Cy aicity rding to the th stic types. Mean volue of the ADCC
of patients racaiving hormone agent alone (Harmone ), patients receiving
chematherapeutic agent alone (Chema), and healthy nomal donors (Nomal) are
separately plotied. Anti-HER 2 antibodies and target cell lines used are shown
above and left side of each panel, respectively, 1, P C0.0Y 11, P 0,00, statistically
significant differsnces of ADCC versus chemotherapy cohort lound by two-way
ANOVA,

Clin Cancer Res 2007:13(6) March 15, 2007

1880

more pronounced for MCF-7 cells with less HER2 expression,
with higher maximal (saturating) cytotoxicity for defucosy-
lated antibody. Although the experimental in vitro data on
augmentation of ADCC with fucose-negative trastuzumab
may have no relevance in clinical setting these data suggest
that fucose-negative version of wastuzumab might show
better clinical outcome in HER2-overexpressing breast cancer
patients.

The second interesting finding is that the type of therapeutic
agent might modulate ADCC. Patients who received chemo-
therapy alone (n = 10) showed reduced NK cell number and
this might consequently have impaired AICC and ADCC.
Fucose removal from trastuzumab could compensate for this
ADCC impairment by elevating ADCC of chemotherapy cohort
to the similar or higher level compared with that of hormonal
therapy cohort. Enhancement of ADCC by fucose removal from
the antibody structure may have some clinical impornance
because trastuzumab therapy is universally used in combina-
tion with chemotherapy and has been shown to exert clinical
benefit (4-8).

Using two target cell lines, it was shown that ADCC of
patients or healthy donors consistently showed higher level
against the HER2-overexpressing SK-BR-3 cells than for MCF-
7 cells, which express less HER2. Interestingly, ADCC activity
in MCF-7 treated with dFu-aHER2 was comparable with that
in SK-BR-3 treated with conventional trastuzumab, and this
tendency was seen for any grouping of the patients as shown
in Table 2. It is surprising because the difference in HER2
expression between both targets has been estimated to be two
orders of magnitude (~2 % 10* and ~1 x 10° molecules
per cell for MCF-7 and SK-BR-3, respectively; ref. 33). These
data might suggest that dFu-aHER2 could overcome hetero-
geneous efficacy of antibody therapy for breast cancer
depending on HER2 expression level, although it is unclear
whether the antigen expression level is the sole factor that
determines ADCC, and the use of target cell lines of different
origins may not be an adequate system to investigate the
quantitative relationships between antigen expression and
ADCC (36). The reduction of antigen amount necessary for
ADCC induction by fucose removal can be analyzed more
quantitatively by using experimental target cell clones with
different expression levels of exogenously transfected antigen
gene (36).

As for effect of FCGR3A genotvpe on ADCC, in contrast to
previous reports, in this study, variant of FCGR3A on PBMC did
not affect ADCC activity. This could be explained by
unexpected distribution of V carrier that is apparently biased
toward chemotherapy that would decrease ADCC activity.
Supporting this, after being normalized 1o NK cell number,
ADCC showed a tendency of V carrier > F/F (data not shown)
that is consistent with the fact that the presence of V allele is
associated with higher ADCC (19, 20).

In conclusion, removal of a fucose from the antibody
structure enhanced ADCC activity in wvitro against two breast
cancer cell lines with different HER2 expression levels as target
cells, This may result in an improvement in the clinical
effectiveness for therapeutic antibodies, although other effector
functions of antibodies, such as complement-mediated cyto-
toxicity and apoptosis induction, should be taken into account
to fully predict the clinical benefits. It is also suggested that
nonfucosylated antibodies are more potent in ADCC compared
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LA,
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with conventional fucosylated antibodies; therefore, the less
amount of antibody compared with conventional trastuzumab
may be required for treatment. Furure clinical studies should be

investigated to address these questions.
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Abstract The 21-gene reverse transcriptase-polymerase
chain reaction assay with a patented algorithm is validated as
a good predictor of prognosis and potential benefit from
adjuvant chemotherapy for lymph-node-negative, estrogen-
receptor-positive, early-stage breast cancer, while its high
cost raises concern about how to finance it. Cost-effective-
ness analysis comparing prevalent National Comprehensive
Cancer Network (NCCN) guideline/St Gallen recommen-
dation-guided treatment with the assay-guided treatment is
carried out with budget impact estimation in the context of
Japan’s health care system. Incremental cost-effectiveness
ratios are estimated as 2,997,495 ¥/QALY (26,065 USS/
QALY) in the comparison between NCCN guided-treatment
vs. the assay-guided treatment, and as 1,239,055 ¥/QALY
(10,774 USS/QALY) in the comparison between St Gallen
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guided-treatment vs. the assay-guided treatment. Budget
impact is estimated as ¥2,638 million (US$23 million) to
¥3,225 million (US$28 million) per year. The routine use of
the assay is indicated as cost-cffective. And the budget
impact could be judged as within fundable level.
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Introduoction

In recent years, the medical profession as well as the
general public have become to have high hopes for the
future of “tailor-made medicine”, which means individu-
alised treatment according to each patient’s pathology,
especially using gene diagnoses or biomarkers [1]. And this
is the case with cancer care in Japan, as well [2].
Regarding breast cancer care, the role of adjuvant che-
motherapy for lymph-node-negative, estrogen-receptor-
positive, early-stage breast cancer (LN—, ER+, ESBC) in
order to prevent or delay distant recurrence after primary
surgery has been debated [3-6], while the use of hormonal
therapy with tamoxifen or aromatase inhibitors in those
cases is established by several large randomised clinical
trials [7, 8]. Efforts to aggregate available evidences have
been made in order to best guide the clinical decision of
whether to add chemotherapy or not, which result in the
development of consensus guidelines, such as National
Comprehensive Cancer Network (NCCN) guideline [9, 10]
or St Gallen recommendation [5]. These guidelines eval-
uate patient’s risk of recurrence based on factors such as
age, tumour size and histology, and then suggest the indi-
cation for adjuvant chemotherapy to higher risk patients
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