Dofequidar and CAF in Breast Cancer
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Fig 3. Subgroup enalysss. (A) Progression-free survivel in premenopaussl petients (P = .0486). (B) progresmon-frea surviva in patiants who had no prior therapy
(P = 0007, (Ci progression-free survival in patients who were stage IV st disgnosis with an intact primary Tumor (# = 017); and (D) overall survnal in patiens who

had ro pricr therapy (P = .0034)

with advanced disease."? Significantly increased expression of P-gp
and MRP-1 has also been reported in an immunohistochemical study
of patients treated with preoperative chemotherapy, whereas pretreat-
ment expression of MRP-1 was associated with significantly shorter
PFS in patients.*® In @ more recent study, MRP-1 expression was
shown to be an independent predictor for shorter relapse-free survival
and overall survival, after adjuvant CMF treatment, in premeno-
pausal, hormone receptor—positive patients.”” However, MRP-1 ex-
pression did not affect patients’ response to adjuvant tamoxifen plus
goserelin treatment.””

These findings and our results support the view of Leonard et
al? who indicate that future patients will need to be carefully
selected for the identification and development of effective drug-
resistance modulators. Patient populations who may derive
maximal benefit from MDR inhibition, for example, the no-prior-
therapy, advanced-disease, or premenopausal patient group in the
present study, could quite easily be overlooked or lost within a large,
heterogeneous trial population.® Furthermore, by refining future clinical
trials to incorporate specific disease and patient characteristics, a clearer
picture of drug resistance in cancer will be obtained and the most effective
MDR inhibitor/chemotherapeutic agent(s) selected.

Many MDR inhibitors have required high serum concentrations
for MDR reversal, which resulted in unacceptable toxicity, thereby
limiting their clinical impact.”#**? Although more recent agents have
shown improved tolerability profiles, this has been countered by un-
predictable pharmacokinetic interactions with other transporter mol-
ecules (eg, cytochrome P450-mediated drug metabolism and
excretion, necessitating dose reductions in chemotherapy agents and
leading to inconsistent chemotherapy dosingamong patients).'* Sim-
ilarly, the addition of the MDR-modulating agent valspodar (PSC
833) to chemotherapy agents did not improve treatment out-
come. ™ Toxicity was increased in the valspodar-treated group com-
pared with diemommpy agents alone, despite the reduction of
chemotherapy doses in the valspodar-containing regimen. In our study,
dofequidar was well tolerated, with no indication of the unacceptable
toxicity associated with early MDR inhibitors. Importantly, dofequidar
did not affect the plasma concentrations of doxorubidin in patientsduring
the study and displayed an acceptable pharmacokinetic profile.

In conclusion, this study suggests that treatment with dofequidar
resulted in possible clinical benefit for patients who had not received
prior therapy, who were premenopausal, or who were stage TV at
diagnosis with an intact primary tumor. Dofequidar was also well
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Fig 4. Piasma levels of doxcrubicin in patients receiving dofequider or plecebo
CAF, cyclophosphamide, doxorubicin, and fluorouracil,

tolerated in the clinical setting and had no impact on doxorubicin
pharmacokinetics. Further studies are merited to assess the effect of
dofequidar in specific patient populations with breast cancer.
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We examined the expression of sSVEGFR1 in colorectal cancer tissue
and corresponding normal colorectal mucosa to assess the dlinical
significance of sVEGFR1 in colorectal cancer. We also assessed the
relationship between sVEGFR1 levels and various clinicopathologic
factors and prognoses. sVEGFR1 and VEGF levels were measured in
fresh-frozen tumor extracts from B4 primary colorectal cancer
tissues and 27 corresponding normal mucosa using ELISA. Mean of
sVEGFR1 levels were 3.17 ng/mg protein, sVEGFR1 levels increased
significantly in cancer tissue compared with normal mucosa.
Although VEGF levels increased in cancer tissues, the ratio of
sVEGFR1/VEGF in cancer tissue was significantly lower than that in
normal tissue, No significant correlation between sVEGFR1 or VEGF
levels and any clinicopathologic parameter was found. Overexpression
of sVEGFR1 was significantly associated with a favorable prognesis.
Based on sVEGFR1 levels in colorectal cancer without distant meta-
stases, patients with higher sVEGFR1 levels (21.5 ng/mg protein)
demonstrated significant longer recurrence-free survival than
patients with lower sVEGFR1 levels (<1.5 ng/mg protein) (P = 0.0017).
Multivariate analysis showed that the sVEGFR1 levels in cancer
tissue were an independent prognostic indicator of disease progression,
sVEGFR1 expression was significantly elevated in colorectal
cancer tissue compared with normal mucesa and the intratumo-
ral balance between sVEGFR1 and VEGF was significantly different
between tumor tissue and normal controls. Furthermore, sVEGFR1
levels showed a significant prognostic value, Further studies
concerning the biologic and therapeutic significance of sSVEGFR1
in colorectal cancer are warranted. (Cancer Sci 2007; 98: 405-410)

ascular endothelial growth factor, also known as VEGF-A,
is one of the most important angiogenic factors.” It has been
reported that overexpression of VEGF is an independent factor
preﬁjcri.n% poor prognosis in various of malignant
tumors.”" VEGF binds to VEGFR1 and VEGFR2, which are
tyrosine kinase receptors.®® VEGFR1 mediates critical effects
on physiologic and pathologic neovascularization; however, the
function of VEGFR1 in the process of angiogenesis remains
unclear. Some authors have reported that VEGFRI1 functions as
a positive regulator of angiogenesis,’”'? whereas others have
reported that it is a negative regulator of angiogenesis.""*** In
contrast, VEGFR2 is widely accepted as an angiogenic receptor.
VEGFR2 activates a phospholipase C gamma-protein kinase C-
Raf-MAP kinase signaling pathway, which results in endothelial
cell migration, proliferation, and vascular permeability,”®
In addition to these receptors, a natural soluble form of the
VEGF receptor (sVEGFR1) has been identified."®” sVEGFR1,
which was first cloned from the human umbilical vein endothe-
lial cell cDNA library, is an alternative splicing variant of the

dol: 10.1111/.1345-7006.2007.00402.%
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VEGFRI gene. It binds to VEGF with high affinity and inhibits
its mitogenic response. Not only VEGF-A, but also other VEGF
family ligands such as placenta growth factor, have the ability to
bind to sVEGFR1."% sVEGFR1 is believed to be a modulator of
or negative regulator of VEGF activity. Recently it has been
reported that sVEGFR] is expressed in breast cancer and astro-
cytic tumors."** In these tumors, sVEGFRI correlated signifi-
cantly with tumor growth and prognosis. In animal experimental
models, transfer of sVEGFR! genes resulted in suppression of
angiogenesis and regression of tumors.”*" Experimental data
indicate strongly that sVEGFR1 is an important and intrinsic
counterpart of VEGF and of angiogenesis, and the clinical
impontance of serum sVEGFRI1 levels has been reported in some
kind of tumors, including leukemia, lung cancer, and colorectal
cancer,®*) However, the clinical significance of sVEGFRI
level in colorectal cancer tissue is largely unknown. We investi-
gated the expression of sVEGFR] in human colorectal cancer,
as well as normal colorectal mucosa and explored the clinical
significancs of this receptor,

Materials and Methods

Patient population. We randomly selected tissue from 84 patients
with operable colorectal cancer who underwent surgical resection
at the Tokyo Metropolitan Komagome Hospital from January to
December 2003, As controls, we obtained corresponding normal
mucosa from 27 colorectal cancer patients. All patients signed
an informed consent according to a protocol approved by the
ethics committee of the hospital. Representative samples of
tumor specimens and normal mucosa tissue were immediately
frozen in liquid nitrogen after surgical resection and stored at
—80°C until preparation for ELISA, Pathologic examinations
were carried out on formalin-fixed, paraffin-embedded specimens.

Histopathologic analysis. Representative sections from all
primary tumors were reviewed and analyzed by pathologists,
Morphologic features examined included grade, lymph vessel/
blood vessel involvement, and number of lymph nodes involved.

Sample preparation. Colorectal tumor tissue and normal mucosa
samples were treated as previously reported.®” Briefly, tissue
samples were homogenized in a solution of 10 mM Tris-HCI
buffer (pH 7.4) containing 15mM NaCl, 1.5mM MgCi2,
30 uM potassium phosphate, and a protease-inhibitor cocktail.
The supematants were then stored at —80°C until use.-The

To whem d. E-mall: maktoi77@ws2 so-netne jp
Abbrevistions: ELISA, enzyme-linked immunosorbent assay; PIGF, placental growth
factor; sSVEGFR1, scluble vascular endothelial growth factor receptor 1; VEGF, vas-

cular endothelial growth factor,
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protein concentration of the supemnatant extracted from tumor
tissues was determined using a DC protein assay kit (Bio-Rad
Laboratories, Hercules, CA, USA).

EUSA. Total VEGF protein concentrations in the tumar
cylosols were measured using VEGF ELISA kits (R&D
Systems, Minneapolis, MN, USA). Measurements were made
according to the methods recommended by the manufacturer.
The minimal detection limit for total VEGF was 31 pg/ml.

ELISA for sVEGFR1 was carried out as previously reported.®
A human sVEGFR1 ELISA kit (Bender MedSystems, Vienna,
Austria) was used according to the manufacturer’s protocol. The
minimum detection limit was 100 pg/mL.

All protein level measurements made by ELISA were carried
out in duplicate.

Statistical analysis. The cormrelation between two factors was
evaluated using the Spearman’s correlation coefficient by rank.
Differences between groups were evaluated using the Student's
t-test for continuous variables and the Kruskal-Wallis test for
categorical values. Fisher's exact test was used to evaluate the
relationship between two discrete and dichotomous variables.
The analysis of disease-free survival was intended for colorectal
cancer patients without distant metastases at the time of their
operation. Survival curves were drawn using the Kaplan-Meier
method and the log-rank test. Multivariate analyses were per-
formed using logistic regression analysis. Significance was
defined as a P < 0.05, All statistical evaluations were carried out
by StatView (Abacus Concepts, Inc., Berkley, CA, USA),

Results

Clinicopathologic characteristics. Clinical and pathologic char-
acteristics of the patients are shown in Table 1. All patients
underwent surgical resection of the primary tumor and the
diagnosis of adenocarcinoma was made microscopically, Of the
84 patients, 10 had distant metastases, including six with liver
metastases, four with distant lymph node metastases, one with
peritoneal dissemination, and one with lung metastases. Two
patients had more than one distant metastasis, Of the 74 patients
without distant metastases, 21 received adjuvant chemotherzpy.
The median follow-up period for all patients was 29.6 months
(range, 1.0-35.3 months),

SVEGFR1 and VEGF concentrations. sVEGFR1 levels were detectable
in 82 of 84 colorectal cancer tissues and ranged from 0.00 to
7.11 ng/mg protein. Mean sVEGFR1 and VEGF concentrations
in colorectal cancer tissue were 3,17 ng/mg protein and 1.26 ng/
mg protein, respectively, compamd with 0.93 ng/mg protein and
0.25 ng/mg proiem respectively, in normal mucosa (P < 0.0001
for both comparisons, Wilcoxon signed rank test; Fig. 1a,b). The
median sVEGFR1/VEGF ratio was 3.6 in colorecial cancer
tissue and 11.8 in normal mucosa with a significant difference
between groups (P = 0.018, Wilcoxon signed rank test; Fig. Ic).
There was a significant correlation between sVEGFR1 and
VEGF levels in colorectal cancer tissue (p =0.52, P <0.0001,
Spearman’s rank correlation test), whereas no correlation
was seen between sVEGFR1 and VEGF levels in normal
mucosa (p=0.24, P=0.23, Spearman’s rank correlation fest;
Fig. 2ab).

Pradictive factor for recurrence of colorectal cancer. Table 2 shows
the results of univanate znalyses of angiogenic factors in
colorectal cancer without distant metastases. SVEGFRI levels
were significantly higher in tissue from patients with colorectal
cancer who did not experience a recurrence, compared with
tissue from patients with colorectal cancer who did expcﬂeuce a
recurrence (P = 0.038). However, there was no significance in
VEGF levels between tissue from patients with colorectal
cancer who did or did not experience a recurrence (P = 0.46),
Based on recurrence stams, lymph node metastases and
sVEGFRI1 levels were significantly different in tissues from

Table 1. Clini hological ch

Characteristics Frequencies Percentage (%)
Age
Mean (years) 64 (37-83)
Gender
Male ag 571
Female 36 429
Location
Colon 4 488
Rectum 43 512
T factor
m 3 36
i 1Al 131
T3 54 643
T4 16 1%.0
Skze
Mean (cm) 4.8 (1.8-11.5)
Lymph node status
Negative 46 548
Positive 38 45.2
Differentiation
well 38 452
non-well 48 54.8
Dukes stage
A 12 143
B 33 393
c 29 345
D 10 1.9
Chemotherapy
Negative 53 83.1
Positive 31 E%-]
Recurrence
Negative 54 BES
Fositive 10 135

patients with colorectal cancer that recurred and tissue from
patients with colorectal cancer that did not recur (P = 0.011 and
P =(0.038, respectively; Tuble 3). However, there was no comrelation
between VEGF levels and recurrence status (P = 0.46).

To assess the predictive value of sVEGFRI1 status, we
determined a cut-off level according to a step-wise method that
provided the optimal separation berween a low and high
risk of recurrence. Table 4 shows the relationship between the
increasing cut-off level and the statistical prognostic value by
logrank test. The cut-off value of sSVEGFR1 was determined as
1.5 ng/mg protein. When we compared recurrence-free survival
based on sVEGFR1 levels in colorectal cancer, patients with
higher sVEGFR1 levels (1.5 ng/mg protein) demonstrated
significant longer recurrence-free survival than patients with
lower sSVEGFR1 levels (<1.5 ng/mg protein) (P = 0.0017;
Fig. 3).

In the multivariate analysis, lymph node status and sSVEGFR1
levels were independent predictive factors of recurrence in
colorectal cancer (Table 5).

We investigated the correlation between angiogenic factors
and overall survival in colorectal cancer. The two-year survival
was 94.2% in the patients with high sVEGFR1 levels and 80.0%
in patients with low sVEGFR1 levels. There was no significant
correlation between the two groups (P = (.25).

Discussion

Vescular endothelial growth factor overexpression is known to
be associated with the progression of cancer. In many types of

dol: 10.1111/],1342-7006.2007.00402.x
© 2007 Japanese Cancer Association
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Fig. 1. Comparison of the concentration of soluble vascular endothelial
growth factor receptor 1 (sVEGFR1) and vascular endothelial growth
factor (VEGF) in colorectal cancer and normal mucosa. sVEGFR1 and
VEGF levels were significant higher In colorectal cancer than in
normal mucosa (Wilcoxon signed rank test; P < 0.0001; Fig. 1a,b). The
SVEGFR1/VEGF ratlo was significant lower in colorectal cancer than in
normal mucosa (Wileoxon signed rank test; P= 0.018; Fig. 1¢).

human cancers, VEGF concentrations increase significantly in
tumor tissues and correlate with prognosis. In this study, we
found that sSVEGFRI levels were elevated in colorectal cancer
tissue compared with corresponding normal mucosa. Previously,
we reported that the means of VEGF and sVEGFRI levels in
breast cancer tissue were 0.53 ng/mg protein and 0.95 ng/mg
protein, respectively.® Comparing those data with the current
data measured by the same method, both VEGF and sVEGFRI
levels are significantly higher in colorectal cancer than breast
cancer (P < 0.001 and P <0.001, respectively). On the other
hand, it has been reported that serum sVEGFR] level was more
often elevated in breast cancer than colorectal cancer.®* The
reasons for the difference between breast cancer and colorectal
cancer and between tissue and serum levels are not clear, yet.
Further studies are required to clarify the difference. In addition,
there is a significant correlation between VEGF expression and
sVEGFR1 expression in colorectal cancer tissues. The finding that
VEGF and its intrinsic negative counterpart, sVEGFR1, tend to
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Fig. 2. Correlation between soluble vascular endothelial growth factor
receptor 1 (SVEGFR1) and vascular endothelial growth factor (VEGF)
concentrations in colorectal cancer (Fig. 2a) and in normal mucosa
{Fig. 2b). There was a significant correlation between sVEGFR1 and
VEGF levels in colorectal cancer (Spearman’s rank correlation test:
p=0.52, P<0.0001). There was no significant correlation between sVEGFR1
and VEGF levels in normal mucosa (Spearman’s rank correlation test
p=0.24, P=0.23). ®, no recurrence; O, recurrence.

be coexpressed in a positive association was also observed in a
study of primary breast cancer.™ These similar findings indicate
a possibility that a common regulatory mechanism exists between
these molecules and that the mechanism is activated in the
process of carcinogenesis or cancer progression. Interestingly,
the ratio of SVEGFR1 and VEGF was significantly lower in
cancer tissue compared with normal tissue, although litle is
known about the mechanism of this finding. According to
accumulated experimental and clinical data, it is likely that the
induction of sVEGFR1 in mumor tissue inhibits VEGF-induced
tumor angiogenesis and retards umor growth,!'&!71%3% Thus, it
is speculated that the shift in the tumor microénvironment from
a sVEGFRI-dominant state to a relatively VEGF-dominant state
helps tumors form new vessels, grow, and progress.

In terms of the up-regulation mechanism of sVEGFRI,
Barleon er al. showed that media conditioned by various cancer
cell lines grown under hypoxic conditions were able to up-
regulate gpression of VEGFRI and sVEGFR1 but not of
VEGFR2.%% Theses effects were completely inhibited by VEGF-
neutralizing extracellular VEGF receptor domains, indicating that
expression of SVEGFR1 might be regulated by VEGF. Consequently,
VEGF as well as hypoxia might play a significant role in the regula-
tion of sVEGFR1 expression in the tumor microenvironment.
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Table 2. The quantitation of soluble vascular endothelial growth
factor receptor 1 (SVEGFR1) and vascular endothelial growth factor

Table 3. The differences of dlinicopathological factors in colorectal
cancer patients with according 1o their

(VEGF) in cok tal cancer with distant metastases recurrence status
" sVEGFR1 VEGF Absence of Presence of
Characteristics (ngfmg protein) P-value (hgima protein) Paalue  Characteristics Segspiitin Pualue
Age Age
<60 3482162 0.37 1.06£1.08 0.34 <60 25 4 »0.99
60 3Nnz179 1.38+1.54 »>60 39 6
Gender Gender
Male 346154 0.30 1.40 £ 1,65 0.36 Male 2 7 0.32
Femnale 303191 1.10£0.99 Female 2 3
Location Location
Colon 312183 0.49 144 +1.83 0.24 Colon 32 >0.99
Rectum 340+ 1.64 1.07£1.07 Rectum 32 5
T factor Depth of invasion
m 2901053 0.76 1.08=0.66 077 T 3 0 0.26
T2 3292231 1.33£1.09 nr” 1 0
T3 3132156 L12£1,18 3 42 7
T4 3884205 1.82£2.35 T4 8 3
Lymph node status Size
i 3442170 0.25 1.35£1.48 0.47 Mean (cm) 45+20 55+2.1 0.19
Positive 2974176 11122 Lymph node status
Differentiation Negative 43 2 o.on
well 3.38%1.89 0.56 1.50 21,67 0.15 Positive 21 B
non-well 3152159 1.04£1.04 Differentiation
Dukes stage well 13 2 0.097
A 3272201 0.44 1.27£0.96 038 non-well i B
B 350+1.61 1.38+1.64 Dukes stage
C 297£1.76 1112122 A 12 0 0.015
Adjuvant therapy B n 2
Negative 337179 0.36 1.29£0.36 0.77 [« 2 B
Positive 2972155 0.18%0.47 Adjuvant therapy
Recurrence Negative 45 19 o7
Negative 3422173 0.038 1.30+1.35 0.48 Positive 8 2
Positive 2214132 0.96x1.59 SVEGFR1
tnm"m,?':led "':f”“ and VEGF mll?ﬂm 4 ﬁ!ﬂ'ﬂi Mrg hyﬂm = VE'::m (na/ma protein) 3424173 2214132 o.038
n n nosorba
:n::rT;qu and ::a!ue Th:t:;m!’;‘glmLM) . rﬁ:;:h“ ical Mean (ng/mg protein) 130+ 1.35 0.96+ 159 048

factor and clini | par ters were y using
Student's t-test and Krudcul—Wa!lis test. The data shown are the
mean values £ standard deviation,

Recently, circulating sVEGFR1 levels were discovered to
increase remarkably in patients with preeclampsia.”” Tt is
thought that sVEGFRI1 1s made by the placenta and acts by neu-
tralizing VEGF and PIGF. Higher concentration of sVEGFRI
and lower concentrations of PIGF and VEGF have been
observed in the serum of patients with preeclampsia. Therefore,
a reciprocal regulatory mechanism can be considered not only in
the preeclampsia state, but also in malignant tumors,

There were two opposite reports regarding the serum
SVEGFR1 levels in colorectal cancer patients. Kumar et al.
reported that sVEGFR1 was detected in the serum of colorectal
cancer patients, and after surgery, it was markedly decreased.
On the other hand, Chin et al. showed that serum sVEGFR1 lev-
els in colorectal cancer patients befare surgery were signifi-
cantly lower than those in normal controls, and after curative
surgery, serum sVEGFRI1 levels became equivalent to those in
normal controls.®™ As in our study sVEGFR] levels were
significantly higher in colorectal cancer tissue than in normal
mucosa, our data su d the former report.

To our knowledge, the current study is the first to show the
clinical significance of sVEGFR1 ex ion in colorectal can-
cer tissue and normal mucosa. VEGF and sVEGFRI levels had
no correlation with any clinical or pathologic factors in color-

The Fisher's exact test was used to evaluate the relationship between
two discrete and dichotomy variables, and the Student's t-test was
used to evaluate the differences between the two groups for
continuous variables. sVEGFR1, soluble vascular endathelial growth
factor receptor 1; VEGF, vascular endothelial growth factor.

ectal cancers; however, overexpression of sVEGFR] was signi-
ficantly associated with of recurrence. Intratumoral
VEGF concentrations showed no prognostic value in this study.
Several reports have failed to demonstrate the prognostic value
of tumor VEGF expression,™*” whereas many other studies
have shown that VEGF has a significant value as a prognostic
marker,®-¥*) This discrepancy might be due to the difference
in the measurement methodology of VEGF. We measured
VEGF protein concentrations in fresh-frozen tumor materials
by ELISA after confirming a significant relationship between
VEGEF protein levels measured by ELISA and those measured
by Western-blot analysis.®

To characterize the prognostic value of sVEGFRI1, we
assessed a cut-off value and the ratio between sVEGFR1 and
VEGF levels. A significant prognostic value was observed
between 1.0 ng/mg protein and 2.0 ng/mg protein, and the
highest value was seen at 1.5 ng/mg protein; thus, we used
1.5 ng/mg protein as the cut-off value for prognostic assess-
ment. Patients with high sVEGFRI levels (21.5 ng/mg protein)
showed a significantly favorable prognosis compared with those
with low sVEGFR1 levels (<1.5 ng/mg protein). In the analysis

dol: 10.1111/.1345-7005.2007.00402.x
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Table 4. Univariate prognostic value of soluble vascular endothelial Table 5. Multivariate analysis for recurrence-free survival

growth factor recaptor 1 (SVEGFR1)

Cut-off level (ng/mg protein) Pvalue
1.0 0.0161
1.1 0.0161
1.2 0.0161
13 0.0181
14 0.0181
15 0.0017
1.6 0.0057
1.7 0.0087
1.8 0.0532
1.9 0.0110
2.0 0.0201
2.5 0.1242
3.0 0.0655
35 0.1531
40 0.1704
4.5 0.1974
5.0 N.D.

sVEGFR1 status showed a significant statistical prognostic value by
univariate analysis. The cut-off value of sVEGFR1 was determined as
1.5 ng/mg protein. N.D., not determined

100 -
9
= 804
£ e 'I_
§ - 7
40
20 ;
—— sVEGFR1 21.5 (ng/mg protein) (n = 65)
s SVEGTR1 <15 (ng/mg protein) (n=9)
u .
0 1 2 k]
Year after operation (years)

Fig. 3. Kaplan-Meier curve for recurrence-free survival in patients with
colorectal cancer by soluble vascular endothelial growth factor receptor
1 (SVEGFR1) level. When we compared recurrence-free survival based
on sVEGFR1 levels in colorectal cancer, patients with higher sVEGFR1
levels (1.5 ng/mg protein) demonstrated significant longer recurrence-
free survival than patients with lower sVEGFR1 levels (<1.5 ng/mg
protein) (log-rank test; P = 0.0017).
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Recently, bevacizumab, which is a recombinant humanized
monoclonal antibody of VEGF, has been demonstrated to
improve the survival of metastatic colorectal cancer patients
undergoing chemotherapy.® Bevacizumab blocks VEGF by
inhibiting the VEGF signaling pathway, resulting in suppression
of tumor angiogenesis and in retardation of tumor growth.
Nevertheless, a recent report showed that VEGF levels had
no significant correlation with the therapeutic effect of bevaci-
zumab plus chemotherapy.® In a future srudy, it might be
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treatments.

Various types of antiangiogenic therapies are being tested
clinically. In the future, more novel agents and new combina-
tions will be examined in clinical trials. Combinations consist-
ing of multiple antiangiogenic agents might be also investigated
based on preclinical studies that demonstrate additional or
synergistic effects. To create more effective antiangiogenic
therapies and optimize treatment for patients, it is critical to
study cancer biology further, with a particular emphasis on
tumor angiogenesis. Because VEGF is regarded as the most
important therapeutic target in an antiangiogenesis strategy, it
will be important to pay an attention to sVEGFR1 expression
in cancer tissues. It would also be interesting to study what
regulates the balance between sVEGFR1 and VEGF levels in
cancer tissues and in circulation. These investigations could help
lead to an efficient individualized antiangiogenesis therapy
for cancer.
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Although overexpression of human epidermal growth factor
receptor 2 (HER2) protein, amplification of the gene or both are
associated with poor prognosis in breast cancer, trastuzumab
has clearly provided clinical benefits in metastatic breast cancer,
adjuvant treatment settings and primary systemic therapy. However,
even In those HER2 overexpressors, the majority of patients who
achieve an initial response generally acquire resistance within
1year, Therefore, it is critical to elucid L] hanism of
resistance and to search for better combination treatments with
chemotherapeutic agents or other novel modalities. Here, we
discuss both clinical and preclinical data regarding thesa Issues.
(Cancer 5ci 2007; 98: 767-771)

Ovemxpmssion of human epidermal growth factor receptor 2
(HER2) protein, amplification of the gene or both occurs
in approximately 20-30% of primary breast cancers, and the
beneficial effects of trastuzumab treatment are seen only in
patients with HER2 overexpression. However, less than 35%
of patients respond to trastuzumab as & single agent. Furthermore,
the majority of the patients who achieve an initial response
generally acquire resistance within 1 year.™ To improve the
efficacy of trastuzumab in breast cancer patients, it is critical to
elucidate the mechanism of resistance of these tumors and
develop better combination treatments with chemotherapeutic
agents or other novel modalities.

Efficacy of trastuzumab in breast cancer patients

Metastatic breast cancer. Although 68% of the patients in a
previous study were treated with anthracycline agents as adjuvant
treatment after surgery, trastuzumab alone produced a response
rate of only 26% in first-line treatment. To improve this, the
investigators tesied 2 combination of chemotherapeutic agents
with trastuzumab and showed additive-to-synergistic effects with
cisplatin, carboplatin, cyclophosphamide, docetaxel, paclitaxel,
vinorelbine, doxorubicin and epirubicin, among others,”®
An artenuation of DNA repair activity was reported as the
mechanism for synergy between trastuzumab and platinum
salts (cisplatin and carboplatin).’ Pegram et al, reported that
the combination of docetaxel plus trastuzumab increased antitumor
efficacy against MCF7/HER2-overexpressing xenografis compared
with the combination of paclitaxel plus trastuzumab.” The
mechanism behind the unique interaction berween trastuzumab
and docetaxel has yet to be defined, but at least five differences
between paclitaxel and docetaxel might explain the observed
interaction. First, docetaxel has more potent cytotoxic antitumor
effects than paclitaxel on an equimolar basis.”™ Second, docetaxel
achieves higher intracellular concentrations with less cellular
cfflux of the drug.” Third, docetaxel has a higher affinity for
microtubules than paclitaxel does.™!" Fourth, coincubation of

doi: 10.1111/.1343-7006.2007.00455.x
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docetaxel with trastuzumab results in increased apoptosis in SK-
BR-3 cells compared with that caused by equimolar concentra-
tions of paclitaxel." Fifth, docetaxel is associated with increased
phosphorylation of Bcl-2, leading to increased aPoptosis at
lower concentrations of docetaxel than paclitaxel.”* Given that
the combination of trastuzumab plus the chemotherapeutic
agents described gbove showed synergistic antmumor effects,
many clinical trials have been conducted and have revealed an
increase in response rate, up to 50-90%."*'%

Adjuvant treatment

HERA trial. In the third phase Il trial (HERA) (Table 1),
patients were randomized after adjuvant (or neoadjuvant)
chemotherapy, with or without radiation, to receive trastuzumab
every 3weeks for | year or for 2 years, or to receive no
trastuzumab therapy (control group)."” An interim analysis was
conducted after 475 events at a median follow-up period of
1 year. The analysis included 3387 patients in the 1-year
trastuzumab arm plus the control group in whom a total of 347
events were reported (127 events in the trastuzumab group and
220 in the control group). Data from the 2-year trastuzumab arm
were not included in the interim snalysis. Disease-free survival
rates 2 years after randomization were 86 and 77% for patients
in the 1-year trastuzumab group and those in the control group,
respectively (hazard ratio [HR] 0.54, P <0.0001). The study
included patients of any nodal status, and patients were required
to be HER2-positive by immunochistochemistry (IHC) at the 3+
level and/or by fluorescence in situ hybridization (FISH).

NSABP-B31 (N9831). After a median follow-up period of 2 years,
a joint interim analysis of data from 3351 patients in two
cooperative group studies from the USA (NSABP-B31 and
NCCTG N9831) showed significant improvements in the
primary endpoint of disease-free survival and secondary
endpoint of overall survival with paclitaxel plus trastuzumab
compared with paclitazel alone (both following anthracycline
plus cyclophosphamide)."® Three years after randomization,
disease-free survival was 87% among patients in the paclitaxel
plus trastuzumab group compared with 75% in the paclitaxel
group (HR 0.48, P <0.0001). After 3 years, there was also a
33% relative reduction in the number of deaths with the addition
of trastuzumab (62 vs 92 deaths; HR 0.67, P =0.015).

BCIRG 006. Interim results of the fourth phase T trial (BCIRG
006) in 3222 patients with HER2-positive early stage breast
cancer showed that, compared with a control adjuvant regimen
of doxorubicin plus cyclophesphamide followed by docetaxel,
there was a 51% reduction-in the risk of disease recurrence with
doxorubicin plus cyclophosphamide followed by docetaxel
plus trastuzumab, and a 39% reduction when adjuvant therapy
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Table 1. Summary of adjuvant trastuzumab trials
Investigational Contrel HR for DFS
Study traatment treatment i (35% Cn) Faplue
Romond et al."® ACPH AC—P 3351 0.48 {0.39-0.55) 2x10%
Piccart-Gebhart et al,"™ Chemotherapy-+H Chemotherapy 3387 0.54 (0.43-0.67) <0.0001
Slamon et al™™ AC—TH AC—T 3222 0.45 (0.37-0.65) 48x%107
TCH 0.51 (0.47-0.79) 0.00015
Joensuu et al.™= TH-s CEF T+ CEF 232 0.46 {0.21-0.83) 0.0078
VH—CEF V- CEF

AC, doxoprubicin and cydophosphamide; CEF,

ide, eplirubicin and S-fluorouracil; Cl, confidence interval; DFS, disease-free survival,

cyclophospham
H, trastuzrumab; HR, hazard ratlo; P, paclitaxel; T, docetaxel; TCH, docetaxel, carboplatin, and trasuzumab; V., vinorelbine,

Table 2. Summary of neoadjuvant trastuzumab trials

Study Regimen of primary systemic therapy pCR rate Clinical OR
Bines et al =" Doc 36 mg/m? g1 week x 12 (over 14 week) + Tra q1 week x 14 13 72
Burstein et al,5® Pac 175 mg/m’ g3 week <4 + Tra q1 week » 12 18 75
Buzdar et al. ™ Pac 225 mg/m* g3 week x4 + Tra q1 week x 12 then FECx 4 + Tra q1 week x 12 65 96
Pac 225 mg/im® g3 week x 4 then FECx 4 26 95
Coudert etal.®® Doc 100 mg/m® q3 week x 6+ Tra q1 week x 18 36 96
Harris et al & Vin 25 bg/m® q1 week + Tra q1 week x 12 21 92
Hurley et al,™® Dot 70 ma/m?® + Cis 70 mg/m? q3 week x 4 + Tra q1 week x 12 21
Van Pelt et al,®" Dot 100 mg/m* g3 week x4 + Tra g1 week = 12 T
Kelly et al.9® AC g3 week x 4 then Tra + Pac q1 week x 12 19 86

AC. doxorubicine + cyclophosphamide; Cis, cisplatin: Doc, docetaxel; FEC, S-fluorouracil + epirubicin + cyclophosphamide; OR, overall response; Pac.
paclitaxel; pCR, pathological complete response; Vin, vinorelbine; gewk, svery x weeks,

comprised docetaxel, carboplatin and trastuzumab.”” Results for
both trastuzumab-containing trealment arms were statistically
siginificant versus the control arm (HR 0.49, P = 0.00000048;
HR 0.61, P=0.00015). The second interim analysis, BCIRG
006, presented at the San Antonio Breast Cancer Symposium
2006 showed that compared with a control adjuvant regimen
of doxorubicin plus cyclophosphamide followed by docetaxel,
there was a 39% reduction in the risk of disease recurrence with
doxorubicin plus cyclophosphamide followed by docetaxel
plus trastuzumab, and a 33% reduction when adjuvant therapy
comprised docetaxel, carboplatin and trastuzumab,' Results for
both trastuzumab-containing tregtment arms were again statisti-
cally significant versus the control arm (HR 0.61, P =0,000011;
HR 0.67, P = 0.00028). In the subset analysis, it was shown that
coamplification of topoisomerase Ml may confer a therapeutic
advantage to an an line-based regimen.

FinHer Study. A smaller adjuvant therapy trial from Finland,
FinHer, showed a significant advantage in the use of trastuzumab
for only 9 weeks in the adjuvant therapy setting (in combination
with docetaxel or vinorelbine).* The study involved 1010 patients
randomized to docetaxel every 3 weeks for three doses versus
9 weeks of vinorelbine followed, in both groups, by three 3-week
cycles of cyclophosphamide, epirubicin and 3-fluorouracil
(CEF). The 232 patients found to have HER-2/neu-positive
breast cancer by chromogenic in situ hybridization (CISH) were
randomized to receive weekly trastuzumab for 9 weeks along
with docetaxel and vinorelbine. At & median follow-up of
2 years, adjuvant trastuzumab was effective in preventing breast
cancer recurrences (HR 0.46; P = 0.0078).

Primary systemic therapy. Several phase II trials have evaluated
the use of trastuzumab in the neoadjuvant serting.?"*" Although
not always explicitly stated, pathological complete response
was the primary endpoint in most of these studies. Various
preoperative regimens that included trastuzumab patients with
early stage HER2-positive breast cancer have shown promising
results, as outlined in Table 2. The rates of pathological complete

768

response ranged from 13 to 65% and those for clinical overall
response ranged from 72 to 96%, with the majority being clinical
complete responses.

One phase ITI trial with a planned sample size of 164 patients
was halted early because an interim analysis showed a statistical
u.dvmugc for trastuzumab plus ch:mothcrapy versus chemo-
therapy alone in terms of the pathological complete res rate,
which was the primary endpoint of this study.”” Pathological
complete response rates were 63 versus 26% (P = 0.016) among
42 randomized patients. Although clinical overall response rates
were similar between the groups (96 vs 95%), clinical complete
response rates were numerically higher with the trastuzumab-
containing regimen (87 vs 47%). In addition, trastuzumab
was generally well tolerated when used concurrently with the
anthracyeline-containing regimen in this study; however, as
mentioned in a comment by Ahluwalia and Daw,” the addition
of trastuzumab to anthracycline-based chemotherapy should
not be used on a routine basis for the treatment of operable
breast cancer. Further research is required, particularly to further
establish the long-term cardiac safety of this regimen.

Mechanism of action of trastuzumab

Trastuzumab has been shown to have multiple mechanisms of
action based on in virro studies (Fig. 1). (1) The antibody binds to
the extracellular domain of Her-2/neu and inhibits the downstream
signaling cascade, resulting in growth inhibition of Her-2/
neu-overexpressing tumor cells. This inhibitory capacity was
found to be associated with intemalization of the receptor-
antibody complex and movement into endocytic vesicles.™
(2) Treamment of HER2-overexpressing breast cancer cell lines
with trastuzumab results in induction of p27KIP] and the
Rb-related protein pl130, which in tum significantly reduces
the number of cells undergoing the transition to S-phase (G,
arrest),”" (3) HER2 undergoes proteolytic cleavage that results
in release of the extracellular domain and production of the

dol: 10.1111/].1349-7006.2007 00455 x
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Fig. 1. The mechanisms of action of trastu-
zumab, Direct activity (induction of apoptosis:
phosphatidylinositol-3-kinass [PI2K]-Akt pathway)
and antigen-dependent cellular cytotoxicity (ADCC).
The mechanisms of resistance: Downregulation of
p27, loss of PTEN activity and activation of insulin-
like growth factor (IGF)-l signaling. Lapamycin,
IGF-binding protein-3, protecsome Inhibitor or
LY284002 might restore the resistance of
trastuzumab. ADCC, antigen-dependent cellular
cytotoxicity; HER, human epidermal growth
factor receptor; IGF, insulin-like growth factor;
NEK, natural killer.

truncated membrane-bound fragment p95. This HER2
shedding is activated by 4-aminophenylmercuric acetate, a
well-known matrix metallopratease activator, in HER2-
overexpressing breast cancer cells. The HER2 p93 fragment is
phosphorylated and has kinase activity. Trastuzumab inhibits
basal and induced HER2 cleavage and, as a consequence, the
generation of phosphorylated p95.%" (4) Antigen-dependent
cellular cytotoxicity (ADCC), a lytic attack on antibody-targeted
cells, is triggered following binding of the Fc region of an
antibody to the Fcy receptor I1la (FeyRITTa) expressed on natural
killer {NK) cclls. The clinical importance of ADCC was finst
demonstrated with rituximab (Rituxan), an anti-CD20 chimeric
antibody epproved for non-Hodgkin’s lymphoma treatment in
1998,%%*) These studies have focused on the relationships
berween the clinical response and FeyRIlla gene (FCGR3A)
functional polymurphi*;m that generales either phenylalanine (F)
or valine (V) at amino acid position 158, with significantly
better clinical responses for patients having FCGR3A-158 V
allele associated with strong IgG binding to the receptor and
ADCC activarion.®*” Mare recently, ADCC involvement in the
clinical response was also suggested for trastuzumab therapy
with methods seemingly more direct than FCGR3A genotyping.
Gennari ef al. showed a significant correlation between clinical
responses and ADCC-mediated Lﬂlmg by patients’ peripheral
blood mononuclear cells (PBMC).* Furthermore, Amould
el al. showed an increased infiltration of NK cells into tumor tissue
of rastuzumab-responding patients.” These reports support an
in vive role for ADCC in trastuzumab therapy, (5) Inhibition of
angiogenesis has also been reported.””

Mechanism of resistance

Although trasmuzumab provides important clinical benefits for a
substantial proportion of HER2-positive breast cancer patients
with well-defined HER2 overexpression or gene amplification,
many patients do not respond to trastuzumab, thus underscoring
the importance of determining the mechanisms of clinical
sensitivity versus resistance. Currently, there is no clinically
verified factor that can be used to predict trastuzumab resistance.
However, possible mechanisms of resistance have been reported.

Eijl Suzuki and Masakazu Toi

(1) Nahta eral. created two trastuzumab-resistant (TR) pools
from the SKBR3 HER2-overexpressing breast cancer cell line
and demonstrated that the cyclin-dependent kinase inhibitor
p27"%'" was decreased in the TR cells and cyclin-dependent
kinase activity was increased,"" Exogenous addition of p27%'
increased trastuzumab sensitivity and the resistant cells displayed
heightened sensitivity to proteasome inhibitor MG132, which
induced p27°" expression. Thus, it is suggested that trastuzumab
resistance may be associated with decreased p27*%' levels and
may be susceptible to treatments that induce p2?'““1 expression.*!
} PTEN {\1I'IAC113LP} is a dual pnt’.hp& atase that I

dephmphoryta::s position D3 of membrane phmphaud\lmnsuut-
3,4,5 wiphosphate (PI3,4,5P3), which is the site for recruiting
the plecstrin-homology domain of Akt to the cell membrane. As
phosphatidylinositol-3-kinase (PI3K) catalyzes the production
of PI3,4,5P3, PTEN antagonizes this PI3K function and
negatively regulates Akt activities. Trasmuzumab treatment quickly
increases PTEN membrane localization and phosphatase activity
by recruiting PTEN tyrosine phosphorylation via Sre inhibition.
Reducing PTEN in breast cancer cells by antisense oligo-
nucleotides confers trastuzumab resistance in virro and in vive.
Partients with PTEN-deficient breast cancers had significantly
poorer responses to trastuzumab-based therapy than those with
normal PTEN., Interestingly, LY294002, PI3K inhibitors rescued
PTEN loss-induced trastuzumab resistance, suggesting that
PI3K-targeting therapies could overcome this resistance."®
(3) Trastuzumab inhibited the growth of MCF-7/HER2-18 cells,
which overexpress HER2/neu receptors and exprens insulin-like
growth factor (IGF)-I receptors (IGFIR), In 1% fetal bovine
serum (FBS), trastuzumab reduced cell proliferation by 42%:;
however, in 10% FBS or IGF-I, trastuzumab had no effect on
proliferation. In SKBR3 cells, which overexpress HER2/neu
receptor but express few IGFIR, trastuzumab reduced proliferation
by 42% regardless of IGF-I concentration. When SKBR3 cells
were genetically altered to overexpress IGFIR and were cultured
with IGF-I, trastuzumab had no effect on proliferation. However,
the addition of IGF-binding protein-3, which decreased IGFIR
qigndlin!, restored trastuzumab-induced growth inhibition. Thus,
it is suggested that strategies that target IGFIR signaling may
prevent or delay de\elopmcm of resistance to trastuzumab."
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Possibilities of improving the efficacy of
trastuzumab therapy

Lapatinib. Lapatinib is an oral receptor tyrosine kinase inhibitor,
targeting both epidermal growth factor receptor (EGFR) and
HER2. Preclinical invirro and in vivo models indicate that
lapam‘ublsacuvcnsnmmomuapv synergistically in combination
with trastuzumab, and in trasmzumab-resistant cell lines,
Konecny et al. tested the therapeutic potential of lapatinib in a
pancl of 31 characterized human breast cancer cell lines,
including mastuzumab-conditioned HER-2-positive cell lines, and
reported that for the combination of lapatinib plus trastuzumab,
synergistic drug interactions were observed in four different
HER-2-positive cell lines. Moreover, lapatinib retzined in vitro
activity against cell lines selected for long-term outgrowth in
trastuzumab-containing culture medium. Thus, these findings
might provide a biological rationale to test lapatinib in com-
bination with trastuzumab in HER-2-overexpressing breast
cancer and in patients with clinical resistance to trastuzumab,“"
There has been one phase I trial of lapatinib plus trastuzumab
in metastatic breast cancer’® and two phase IT trials of single-
agent Illntim'b in patients with refractory metasiatic breast
cancer.6*

Pertuzumab. Pertuzumab, the recombinant humanized mono-
clonal antibody 2C4, binds to a different epitope on erbB2
than trastuzumab, and inhibits both homodimerization and
hererodimerization with other erbB recepiors and blocks ligand-
activated signaling from HER-2/EGFR and HER-2/HER-3
heteredimers.”" The combination of trastuzumab and pertuzumab
synergistically m.biblts the survival of BT474 breast cancer cell
lm:s. in part because of i apoptosis. Trastuzumab
increases 2C4-mediated disruption of erbB2 dimerization with
EGFR and erbB3. Combination drug treatment reduced levels of
total and phosphorylated erbB2 protein and blocked receptor
signaling through Akt, but did not affect MAPK. These results
suggest that combining erbB2-targeting agents may be a more
effective therapeutic strategy in breast cancer than treatment
with & single erbB2 monoclonal antibody.“"’ A phase II trial
with tastuzumab and portuzumab in patients with HER2-
overexpressed locally advanced and metastatic breast cancer has
been conducted. ™

M lian target of rapamycin ist. Mammalian target
of rapamycin antagonist [mTOR] is @ serine-threonine kinase
member of the cellular PI3K pathway that is involved in
multiple functions such as transcriptional and translational

control. Activation of mTOR as a consequence of nutrients and -

growth factors results in the phosphorylation and activation of
the 40S ribosomal protein S6 kinase and the eukaryotic
initiation factor 4E-binding protein-1. These proteins play a key
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role in ribosomal biogenesis and cap-dependent translation,
which result in increased translation of mRNA that is important
to the control and progression of the cell cycle. mTOR is a
downstream mediator in the PI3K-Akt signaling pathway and
plays 2 critical role in cell survival. In breast cancer the PI3K-
Akt pathway can be activated by membrane receptors, mc!ud.u:F
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cell survival and resistance to chemotherapy, trastuzumab and
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trastuzumab-resistant breast cancer,”™®

Fucose-negative trastuzumab. It was reported that removal of
fucose from antibody cligosaccharides attached to Asn™ of the
heavy chain (defucosy!mon) significantly enhanced ADCC
compared to the conventional antibody.”** Thus, this modulation
of antibody could be one of the most powerful approaches to
improve efficacy in cancer antibody therapy, and we evaluated
the ADCC of commercial trastuzumab (fucosylated) and its
fucose-negative version using PBMC drawn from the voluntesrs
as effector cells and two breast cancer cell lines with different
HER?2 expression levels as target cells. ADCC was significantly
enhanced with the fucose-negative antibody compared to the
fucose-positive antibody. This pre study suggests that
the use of fucose-negative antibodies may :mpw\n: the therapeutic
effects of anti-HER?2 therapy in breast cancer.”

Future perspectives

Despite significant improvements in the analysis of mechanisms
of action and resistance and clinical outcome with trastuzumab,
it is still necessary to resolve the following questions. (1)
Optimal timing for the induction of trastuzumab: The results of
trastuzumab-based treatment in an adjuvant seiting are more
impressive than those in melastatic breast cancer. It might be
better to start trastuzumab treatment earlier, such as in a primary
systemic therapy setting, although neoadjuvant chemotherapy
did not show clinical benefit when compared with an adjuvant
serting. (2) Optimal duration: Final results from the HERA
trizl could reveal the optimal duration of trastuzumeb treatment
(1 vs 2 years). (3) Optimal combination treatment: In addition to
chemotherapeutic agents or honmonal treatment, novel molecular
targeting therapies, such as lapatinib or bevacizumab, could
show clinical benefits. (4) Search for the prediction marker for
responder: PTEN could be a promising marker for selecting
responders to trastuzumab. Having & clinically useful prediction
marker to select responders to trastuzumab is very important
for improving health economics because of the high cost of
trastuzumab treatment.
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Imaging, Diagnosis, Prognosis

Cytokeratin-18 Is a Useful Serum Biomarker for Early Determination
of Response of Breast Carcinomas to Chemotherapy

Maria Hagg Olofsson,’ Takayuki Ueno,' Yang Pan, Ren Xu,? Feng Cai,? Heiko van der Kuip,*
Thomas E. Muerdter,* Maike Sonnenberg,* Walter E. Aulitzky,* Stephan Schwarz,! Elina Andersson,’
Maria C. Shoshan,' Aleksandra Mandic Havelka,' MasakazuToi,%® and Stig Linder’

Abstract Purpose: With a widening arsenal of cancer therapies available, it is important to develop

therapy-specific predictive markers and methods to rapidly assess treatment efficacy. We hera
evaluated the use of cytokeratin-18 (CK18) as a serum biomarker for monitoring chemathera-
py-induced cell death in breast cancer.

Experimantal Design: Different molacular forms of CK18 (caspase cleaved and total) were
assessed by specific ELISA assays. Drug-induced release of CK18 was examined from breast
carcinoma cells and tissue. CK18 protein composition was examined in serum. CK18 levels were
determined in serum from 61 breast cancer patients during docetaxal or cyclophosphamide/
epirubicin/B-fluorouracil (CEF) therapy.

Results: Caspase-cleaved CK18 molecules were released from monolayer cultures and tumar
organ cultures to the extracellular compartment. CK18 was present in complexes with other cyto-
keratins in serum, Such CK18 protein complexes are remarkably stable, leading to favorable
performance of CK18 biomarker assays for clinical investigations. Docetaxel induced increased
levels of caspase-cleaved CK18 in serum from breast cancer patients, indicating apoptosis. CEF
therapy led to increases predominantly in uncleaved CK18, indicating induction of necrotic cell
death in many tumors, The increase in total CK18 at 24 h of the first treatment cycle correlated to
tha clinical response to CEF therapy (P < 0.0001).

Conclusions: Induction of necrotic cell death may explain the clinical efficacy of anthracycline-
based therapy for breast carcinomas with defective apoptosis pathways. We suggsst that CK18
biomarkers are useful for early prediction of the responsa to CEF therapy in breast cancer and may

be useful biomarkers for clinical trials.

Chemmherapy induces multiple effects on tumor cells,
including apoptosis, necrosis, autophagy, mitotic catastrophe,
and senescence (1). The cellular outcome is dependent on
several factors, including the type of drug used, the concentra-
tion of drug that will reach the umor cells, and the properties
of the tumor and its microenvironment Apoptosis is a
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commonly described cellular outcome of treatment with many
anticancer drugs (2, 3), and defects in the apoptotic machinery
are believed to contribute to therapy resistance (4, 5). However,
whether apoptosis is the primary antiproliferative mechanism
of anticancer drugs in solid wmors is controversial (6). Other -
cell death modes than apoptosis are also possible. DNA-
damaging agents have been reported to induce a necrotic
response, due to hyperactivation of poly(ADP)ribase polymer-
ase and depletion of cytosolic NAD (7), Photodynamic therapy
has also been reported to induce necrosis (8). Various agents
may also induce improper segregation of chromosomes during
mitosis, leading to mitotic catastrophe (1, 9). Mitotic catastro-
phe is not a form of cell death per se, but rather a trigger for cell
death by various mechanisms (9). Different classes of
chemotherapeutic agents and jonizing radiation induce long-
term growth arrest reminiscent of replicative senescence (10).
An understanding of the mechanisms underlying these different
outcomes is imporant to understand the antiproliferative
activity of anticancer drugs and for understanding resistance
to therapy.

Determining the mode of cell death is not trivial for cultured
cells and is very difficult in tumor tissue. We have developed a
method based on measurements of different molecular forms
of CK18 that can be used to investigate cell death modes of
epithelially derived cells in vitro and in vivo (11). This method is
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Clinical variable n Total CK18

Table 1. Characteristics of patients treated with nzoadjuvant chemotherapy

Cleaved CK18

Median (25th-75th), units/L

P Median (25th-75th), units/L P

Tumaor size (em)

<2 6 338 (276-401)
2-5 22 333 (309-383)
>5 15 437 (356-1,115)
Estrogen receptor
+ 27 343 (307-493)
- 13 363 (306-391)
Unknown 3 437 (375-457)
Progesterone receptor
+ 28 381 (308-397)
- 12 346 (305-525)
Unknown 3 437 (375-457)
Metastasis
No. nodes
0 21 322 (263-391)
1-3 14 388 (339-401)
>4 8 436 (359-635)
Bone matastasis
+ 3 1,871 (759-2641)
- 40 351 (308-410)

114 (111-117)
110(110-116)
140 (115-243)

0.0044 0.005

114 (114-134)
NS 112 (106-131) NS
118 (102-130)

114 (111-122)

NS 113 (104-138) NS
118 (102-130)

115 (107-124)

0.0046 113 (109-128) NS
118 (90-157)
276 (138-295)

0.028 114 (106-127) NS

Abbreviation: NS, not significant.

based on the measurement of different molecular forms of
cytokeratin 18 (CK18) released from dead cells, whereas
apoptosis will result in the release of caspase-cleaved CK18
fragments; necrosis will result in release of uncleaved CK18
(11). These forms can be conveniently distinguished by the use
of the monoclonal antbody M30, which recognizes a neo-
epitope of CK18 generated during apoptosis (12). CK18 is
therefore potentially both a quantitative and qualitative
biomarker for cell death in vivo. Previous investigations have
provided evidence that serum CK18 is derived from tumor cells
(11, 13) and have been encouraging with regard to the
usefulness of serum CK18 as a dinically useful biomarker
(13-16). However, a number of issues with regard to the
release of CK18 from cells into serum and the clinical utility of
CK18 as a response marker remain to be answered. In this
study, we examined treatment responses of breast carcinoma to
paclitaxel and anthracycline-based therapy in vitro and in vivo.
We provide evidence that increases of serum CK18 during
cyclophosphamide/epirubicin/5-fluorouracil (CEF) therapy are
associated with clinical responses to CEF therapy, Furthermore,
we found that CEF therapy induces a heterogeneous response
in vivo with regard to cell death mode.

Materials and Methods

Cell culture. MDA-MB-231 breast carcinoma cells were maintained
in DMEM supplemented with 10% FCS, t-glutamate, penicillin, and
streptomycin at 37°C in 5% CO,. Tissue culture reagents were obtained
from Life Technalogies Cell Culture Products, Cells were treated with
doxorubicin (Sigma Chemical Company), staurosporine (Sigma), or
paclitaxel (Calbiochem) as indicated.

Tissue slice preparation and culture. Primary breast tumors >3 cm
were obtained from patients at the Robert Bosch Hospital, Stutigan,
immediately afier surgical resection and maintained in organ transpor-
tation medium (Euro-Collins) on ice until use. Tissue cores (5 mm in
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diameter) were prepared using a hand-held coring tool. From the
cylinders, tissue slices with a thickness of 200 pm were prepared in cold
PBS using a precision cutting tissue slicer (Krumdieck, Alabama
Research and Development Corp.). Slices were then individually
submerged in supplemented mammary epithelial growth medium as
described (17). Incubation was done in 24.well plates at 37°C in a
constant atmosphere of 5% CO; on a shaking platform. Treatment with
drugs started after a recovery period of 24 h and was done for additional
72 h as described (17), In preliminary evperiments, dene in a panel of
breast cancer samples, we found a higher mitochondrial tetramethyl-
thodamine methyl ester accumulation in the tumor cell companment
after a recovery period of 24 h.

CYTOKERATIN-18
e ——— ]

CASPASE-CLEAVED CYTOKERATIN-1E
N _____ W ___J} R
238 306
396

M5 M30

M30-ELISA

396

M5S-ELISA Yo

| e e e S ——
o

M5 M6

Fig.1. CK18 is cleaved a1 Asp™® and Asp™®® by caspases during spoptosis. The
M30-Apop ELISA assay ibady M30, which detects a neo-epitope of
CK18 formed after caspase cleavage at Asp™® (12, 17). The ME5-ELISA assay will
detect all CK18 fragments that contain epitopes in the 300 to 390 amino acid region of
the pratein (11).

Clin Cancer Res 2007;13(11) June1, 2007



ELISA assays. Caspase-cleaved cylokeratin-18 (CK18-Asp™™) was
determined by the M30-Apaptosense ELISA (ref. 18; PEVIVA AR), The
M65-ELISA assay (PEVIVA AB)] was used to measure total soluble
CKI18. ELISA tests for measuring cytokeratin complexes were done by
coating different capture antibodies on 96.well Nunc Immuno
Module plates overnight at 4°C in PBS at various concentrations,
The capture antibodies used for the mixed ELISA assays were
purchased from the following commerdial sources monoclonal
antibodies for human CK7 (clone 4A39) and CKB8 (cone 4A42) from
US Biological, and moneclonal antibody for human CK19 (clone 17)
from Abcam. The plates were washed thrice with PBST (PBS + 0.1%
Tween 10) before incubation with human serum samples for 2 h at
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room temperature. Horseradish peroxidase-conjugated monocional
antibody M30 or M5 from the M30 and M6&5 ELISA kits were used as
detection antibody, 3,3°5.5 -Tetramethyl-benzidine was used as the
substrate. The intensity of the signal was determined by measuring the
absorbance a1 450 nm using the SpecroMax M5 microplate reader
(Molecular Device).

Gel filtration. Serum from patients with breast cancer was
fracionated on a Superose G200 column in PBS/10% horse serum
Similarly, medium from apoptotic MDA-MB-231 cells was collected
and subjected 1o gel filration. Fraciions were collected and assayed for
caspase-cleaved CK18 and CK18 by ELISA.

Patients. Sera were collected from 61 patients with primary breast
cancer treated with chemotherapy (preoperative necadjuvant chemo-
therapy for 43 patients and postoperative adjuvant chemotherapy for
18 patients) at the Tokyo Metropolitan Komagome Hospital from
1997 to 2003. The characteristics of the patients are shown in Table |
Tumor sizes were determined by palpation. Patients were treated with
CEF (600 mg, 60 mg and 600 mg/m?, respectively; average 3.8
cycles). Cyclophosphamide and 5-fluorouracil were given as 45 to 60
min infusions and epirubicin as a bolus injection. The chemotherapy
was administered every 3rd week. Sera from cancer patients were
collected before each cycle and at various times after each cycle of
weatment. Patients with liver and renal dysfunction and other
complications were excluded. For all patients, liver, lung, and distant
lymph node metastases were diagnosed using computed tomographic
scan, and bone metastases were diagnosed using X-ray or bone
scintigraphy. For patients with stage 11 or more, brain metastasis was
examined using computed tomographic scan. OF the 43 patients who
received necadjuvant chemotherapy, three patients had bone metas-
tasis and none had other distami metastases. In 18 patients who
received adjuvant chemotherapy, major metastatic sites were lung for
seven patients, bone for three, liver for three, pleura for one, and
lymph node for four. Clinical responses to were evaluated
according to the Union Internationale Contre le Cancer criteria.
Informed consent was ob 1 from all § and the study was
approved by the local institutional review board.

Statistical analysis. Patients’ data are presented as median (25th-
75th percentile) and graphically displayed by box plots. The Mann-
‘Whitney U method was used to test for difference berween two groups.
The Wilcoxon matched pair signed ranks test was used to examine
whether the members of pairs differ in size. The survival analysis was
done by the log-rank test and the Cox proportional hazards model. All
1ests were done using a two-sided x level of 0.05.

Fig. 2. Releass of CK18-Asp™ from carcinoma cells, 4, specificity of tha
M30-ELISA for caspase-cleaved CK18. Mausa ambryo fibrablasts wers tranafectad
wnh a cDNA expression plasmid and traatad with pachitaxel s indicated. Note that

arirnl.m increases in CK18-Asp™™ in transfectad cells. B distribution
otcma Asp™™ epitopes barween the insoluble (INSOL ) cytoskeleton and the
madium after induction of apoptasis. MDA-MB-231 cells wers treated with
staurnsporine (200 rtnolfl.) ioc 16 h and 1he medium was collected. The insoluble
fraction was pellatad by ion and hed thrice in PBS/0.5% NP40. The
binding of the M30 antibody to the insoluble, nuclear/cyloskeletal fraction was

by Incut wﬁh ! i pamndase coWTad anﬂbon‘\.r

followed by d d incubation with t
and sxprassed in total units {U'), The total number of units released into the
madium was detsrminad by ELISA (U/L corected with total volume). € and O
time-dependant increases in release of CK18-Asp™® from breast tumer organ
cultures. Tumor tissue shices were treated with doxorubicin (1 ug/mL) or pacitaxel
(6.8 pg/mL) and CK18-A5p™™ was detarmined in the tissue culture medivm.
C. release of CK18 (open columns) and CK18-Asp™® (filled calumns) from tumar
tissue shices of MDA-MB-231 wmors from severe combinad mmunodaficient mice
{mean values from three slides) Dored line, hasaline acthvity of tissue culture
madium. D, release of CK18-Asp™™® fram tumor Tissue shces from human breast
i Slices from savan different breast carcinomas were cultured in the
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presance or absance of drugs (concentrations as in C) in witro, and medium was
harvestad a1 the inchcated times. Points, mean from tnplicate determinations.
CK18-Asp™® madian lavels wers 203, 544, and 2,056 units/L in control,
pachitaxel-treated, and doxorubicin-treated cultures at 72 h,
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Results
A CULTURE SLIPERNATANT

Release of caspase-cleaved CK18 molecules from drug-treated o o B i
cells and twmor tissue. CKI18 is a major companent of the
intermediate filament system of simple epithelial cells. During
apoptosis, CK18 is cleaved by caspases at Asp™® and at Asp™*®
(refs. 12, 19, 20; Fig. 1). CK18 molecules cleaved by caspases at
Asp?® (CK18-Asp™®) react with the M30 monoclonal antibody
and soluble CK18-Asp®®® molecules are detected by the M30-
Apoptosense ELISA (Fig. 1). Such caspase-cleaved CK18 frag-

] 1 I

CK18-Asp306 (A450]

ments are convenient biomarkers for apoptosis of epithelially S ——— :._. - I
derived cells (11, 18, 21). To formally prove that detection of e
apoptosis by the M30 ELISA requires CK18 expression, we m:“"*-"" c:ﬁmmmrimsezuu G

transfected mouse embryo fibroblasts with a CK18 expression
plasmid. As expected, paclitaxel stimulated increases in CK18-
Asp™® in transfected, but not in untransfected, mouse embryo
fibroblast (Fig. 2A). Induction of activity in the assay was
blocked by a caspase inhibitor (data not shown; ref. 11).
CK18 is a constituent of the insoluble cytoskeleton and only
a minor fraction is soluble (20). To examine whether most
caspase cleavage events will generate soluble CK18 fragments,
the fraction of CK18-Asp®®® epitopes was determined in the
insoluble and soluble fractions afier induction of apoptosis in
a human breast carcinoma cell line, We found that >90% of
the CK18-Asp®® epitopes were present in the soluble fraction

020 L TSP TR |

CK18-AspI96 [A450)

CK1B [A450]

(Fig. 2B).
To further study the release of CK18 from tumor cells B
exposed to cytotoxic agents, we examined organ cultures of L] e 5
MDA-MB-231 breast tumors from severe combined immuno- 500
deficient mice. Tumor tissue slices were cultivated in the Ay = 1000
presence or absence of a taxane (paclitaxel) or an anthracycline f;:' e 5
(doxorubicin) for 3 days (17). Release of CK18-Asp**® frag- £ w0 E s J
ments to the culture medium was observed from untreated 2
organ cultures, suggesting spontaneous apoptosis (Fig. 2C).
Approximately 2-fold higher levels of CK18-Asp®®® were 200 2o
observed in doxorubicin-treated cultures at 72 h, whereas 3% s 120 10 T
paclitaxel induced weaker increases (Fig. 2C). Similar patterns MINUTES HOURS
of release were observed when total CK18 was measured (using
the MG5-ELISA). ke it
The release of CK18-Asp™® fragments from organ cultures of i CEcKoAma® | .. e
different clinical cases of breast carcinoma treated with i u
paclitaxel or doxorubicin was examined (Fig. 2D). The median
level of CK18-Asp®®® was 2,056 units/L after 72 h of B =
doxorubicin treatment, compared with 203 units/L in untreated o8 %y 6 T T

control (P < 0.05, Wilcoxon two-sample test), demonstrating {ag antibody/welll {ug antibody/wel)
that doxorubicin induced apoptosis in the argan cultures, The

median level of CK18-Asp*®® in paclitaxel-treated cultures was & Chrdlithopid | Krckin
a3
o2 a3
8] a1
Fig. 3. CK18 complexes released from cells into circulation. 4, Superose G200 gel

=

filtration of tissue culture medium from apoptotic cells or patient serum (fop) 0 5 2 1 o5 I 5 2 1 08
CK18-Asp™® is prasent in the 10 to 20 kDa and 50 16100 k Da range in tissue culturs (g antibody/well) {11 antibody/well)
medium from apoptotic MDA-MB-231 cells; CK18-Asp™® (middlle) and CK18

(bottorn) is present in the 50 16 100 kDa range in sarum from a human breast cancer 020 030

patiant. 8 (top). plasma lovels of the CK18 4. 35, Iragmant after injaction into CK15-CK18Asp29e oaca
mice, The fragment was synthesized in Escherichia coll and injscted i.v. imo mice, e 813

Bottom, plasma was collected aftar different timas and assayed for CK18 (using 010 010

the ME5-ELISA assay): The CK18 254.0e) fragment was incubated in mouse plasma

a1 37°C for the indicated times, and CK18 levels were examined using the oos 0.0%

MES-ELISA assay, €. CK18 is present in complexes with other cytokerating in

sarum, Patisnt serum was analyzed by ELISA using plates coated with increasing 10 313 11 036 10 33 1.1 036
amounts (in pg) of CK 8 (top), CK7 (middle), and CK19 (bottam) antibodies. {4g antibody/wall {ug antivady/well

d"‘;‘,{"’m"d"’” ~conjugated M30 or MS antibodies were used 1o show
CK18-Asp™" or CK18 in the complexes.
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Table 2. Assay pracision for the M30 and M65 ELISA

M30 ELISA ME5 ELISA
Serum sample  Average absorbance CV% No. assays Serum sample Average absorbance CV% No. assays
BRHE43B4 0.77 17.9 33 BRHB4358 0.93 9.16 28
BRHBOE78 0.57 12.58 28 BRHB4384 0.44 11.74 28
BAHS4400 0.16 14.03 27 BRHB4400 0.21 17.49 23
rCK18 Control 0.68 9.48 36 rCK18 Control 0.48 6.79 26

standard Included in each assay kit.

NOTE: Data were generatad over a 8-mo period from two manufacturer’s lots using various normal sera as well as the recombinant CK18

not significantly different from control cultures a1 72 h. Similar
pattemns of release were observed when total CK18 was
measured (not shown).

We considered the possibility that soluble CK18-Asp®™®
fragments may be trapped in tumor tissue. Extensive digestion
of tissue organ slices with collagenase did not, however, release
significant amounts of activity detected by ELISA (data not
shown).

Caspase-cleaved CK18 molecules are present as protein
complexes in serum. The molecular composition of soluble
proteins containing the M30 epitope was examined. Fraction-
ation of medium from apoptotic cells on Superose G200
revealed one peak in the 10 to 20 kDa region and another in a
higher molecular weight region (Fig. 3A, top). This partern was
distinct from that observed in sera of cancer patients where the
M30 epitope was only found in the 50 to 100 kDa region
(Fig- 3A, middle). Total CK18 (detected by the M65-ELISA) was
found in the same fractions as CK18-Asp®®® (Fig. 3A, bottom).

A 13-kDa CK18 form (CK18 residues 284-396) has been
deseribed in culture medium from apoptotic cells (22).
consistent with the present findings. Injection of a recombi-
nant 13 kDa fragment iv. in mice showed a half-life of
~ 30 min (Fig. 3B, top). In contrast, incubation of the 13-kDa
fragment in mouse plasma at 37°C in vitro showed a half-life
of ~48 h (Fig. 3B, bottom), CK18 is a 45-kDa protein and the
higher molecular weight material in serum were assumed to
represent protein complexes. Using the same type of
monoclonal CK18 antibodies both on solid phase and for
detection in ELISA assays (M5-M5 or M30-M30), signals were
detected using serum samples but not using recombinant

CK18 (data not shown), consistent with CK18-CK18 com-
plexes in serum. Signals were also observed in sera using
mixed ELISA assays based on antibodies to different cytoker-
atin types (Fig. 3C). The results show that CK18 (and the
CK18-Asp*™ epitope) can be detected in complexes with CK7,
CK8, and CK19 in serum, whereas CK18-CK14 complexes
were not detected (not shown), A recombinant CK8 protein
was tested in the CK8-CK18 ELISA but did not generate a
signal (not shown). These findings suggest that small caspase-
cleaved CK18 fragments are rapidly cleared from the
circulation and that caspase-cleaved CK18 molecules are
present as protein complexes in serum.

Caspase activity has been detected in circulation in patients
with malignancies (23). A concern in the analysis of caspase-
cleaved fragment in blood as a measure of cellular apoptosis is
that cleavage of CK18 might occur in circulation, We
addressed this issue using CK18-positive serum samples.
Incubation with 1,000 units/mL recombinant caspase-3 for
4 h did not increase the levels of fragments containing the
CK18-Asp®”® epitope (data not shown). Control experiments
showed that caspase-3 was active in serum under these
conditions (data not shown).

Performance of CK18 assays. The clinical utility of the M30
and M65 ELISAs was investigated and qualified according to
available bioassay validation guidelines established by a
pharmaceutical industry consontium (24, 25), In brief, ELISA
sensitivity, precision, specificity, assay range, reagent stability,
sample stability, and variations from multiple blood draws of
the same donor were investigated and determined. For
example, assay precision profiles for the M30 and M65 ELISA

Table 3. Human serum sample freeze/thaw stability

Freeze thaw cycle M30 (absorbance/% to control) MES (absarbance/% to control)
BRH84384 BRHB0O678 BRHB4400 BRH84358 BRHB4384 BRHB84400
1 0.82/100% 0.58/118% D.13/87% 0.84/105% 0.38/112% 0.14/108%
2 0.83/101% 0.57/116% 0.13/87% 0.86/108% 0.38/112% 0.14/108%
i 0.81/99% 0.56/114% 0.13/87% 0.87/109% 0.38/112% 0.14/108%
4 0.84/102% 0.59/120% 0.13/87% 0.83/104% 0.36/106% 0.13/100%
5 0.89/109% 0.61/125% 0.13/87% 0.80/100% 0.36/106% 0.13/100%
] 0.80/98% 0.56/114% 0.13/87% 0.79/99% 0.35/103% 0.12/92%
Control 0.82/100% 0.45/100% 0.15/100% 0.80/100% 0.34/100% 0.13/100%

NOTE: Serums samples for this study were generated by thawing at room temperature and refreezing for 24 h at-70°C for each cycle. Controls
were the same samples taken directly from -70°C without any freeze-thaws.
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assays are shown in Table 2. Both assays were run repeatedly
using normal human serum controls of variable basal levels of
intact and caspase-cleaved CK18 over a period of 8 months,
The assay variability (CV9%) ranged from 7% to 18% from two
manufacturer’s lots. Stability of native caspase-cleaved and
intact CK18 proteins were also tested under repeated freeze-
thaw conditions. Both forms of CK18 proteins were stable
through six freeze-thaw cycles (Table 3). These data show an
adequate performance of the assays for dinical studies.
Because of the difference between the recombinant CK18
control (amino acids 284-396) and naturally existing serum
CK18 analytes discussed above, the quantitation of CK18
should ideally be measured in absorbance instead of the unit
based on the standard curve. In the following, CK18 unit is
used to describe clinical data as nominal value to be
consistent with conventional ELISA assay format so that the
ELISA data here are comparable with data from other
publications,

Serum CK18 levels during cancer treatment. The levels of
total and cleaved CK18 were determined in blood during

treatment of 61 patients with breast cancer (patient character-
istics, see Table 1). The patients received either anthracycline-
based therapy (CEF) or the semisynthetic taxane docetaxel.
Blood samples were collected before each cycle of treatment
and at 1 and 3 days after treatment. Examples of data from
patients are shown in Fig. 4A. The levels of serum CK18-Asp®”®
and total CK18 increased between 24 and 72 h after initiation
of treatment with docetaxel (Fig. 4B and C; Table 4). CK18-
Asp*®® levels at 72 h showed a larger spread than the values at
0 and 24 h showing a heterogeneous response between
patients. CEF therapy induced more rapid increases in serum
CK18-Asp®®® and total CK18 levels compared with docetaxel.
The median levels of total CK18 had increased with 114 units/L
(32.7%) at 1 day, whereas CK18-Asp® only increased with
13 units/L (12.99%).

The predominant increases in uncleaved CK18 during
CEF therapy indicates a substantial component of caspase-
independent cell death in some tumors. As shown in Fig. 4D,
a heterogeneous response was observed with regard to the
ratio of CK18-Asp®®® to total CK18 in different patients; some
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