the treatment groups (x}=0.7; P=.39;
HR, 0.94 [95% CI, 0.81-1.08]).

Progression-Free Survival

Six hundred eighty-eight patients (63%)
developed local recurrence, metasta-
ses, or both; of these, 597 had died. Two
hundred forty-four patients (22%) were
alive and progression [ree. Progression-
[ree survival analysis was based on all
patients, of whom 844 (78%) had either
progressive disease or died. The me-
dian progression-[ree survival was 14.3
(95% CI, 13.5-15.1) months, with 12-
month and 24-month rates of 58.7%
(95% Cl, 55.7%-61.6%) and 30.1%
(95% CI, 27.3%-32.9%), respectively.
The median progression-free survival
for patients treated with fluorouracil
plus folinic acid was 14.1 (95% CI, 12.5-
15.3) months and 14.3 (95% CI, 13.5-
15.6) months for patients treated with
gemcitabine (Figure 2).

Survival estimates at 12 and 24
months were 56.1% (95% Cl, 51.8%-
60.3%) and 30.7% (95% CI, 26.7%-
34.6%), respectively, for the [luoroura-
cil plus folinic acid group and 61.3%
(95% CI, 57.1%-65.5%) and 29.6%
(95% Cl, 25.6%-33.5%) for the gem-
citabine group. Log-rank analysis re-
vealed no statistically significant dil-
ference in progression-free survival
estimates between the treatment groups
(x}=0.40; P=.53; HR, 0.96 [95% CI,
0.84-1.10)).

Toxicity

Patients receiving fluorouracil plus fo-
linic acid had significantly increased
grade 3/4 stomatitis (P <.001) and di-
arrhea (P<.001), whereas patients re-
ceiving gemcitabine reported signifi-
cantly increased grade 3/4 hematologic
toxicity (P=.003) (TABLE 2). One hun-
dred seventeen patients (11%) re-
ported 149 treatment-related serious ad-
verse events, the majority attributable
to inpatient hospitalization. Seventy-
seven patients (14%) receiving fluoro-
uracil plus folinic acid reportéd 97 treat-
ment-related serious adverse events,
corﬁparcd with 40 (7.5%) receiving
gemcitabine, who reported 52 events
(P<.001).

©2010 American Medical Association. All rights reserved.
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Table 1. Patient Characteristics at Randomization (continued)

No. (%)
T 1
Fluorouracil + Folinic Acid ~ Gemcitabine Total
Characteristic (n = 551) (n= (N =1088)

Extent of resection

Standard 364 (73) 364 (74) 728 (73)

Radical 102 (20) 82 (16) 184 (19)

Extended radical 36 (7) 47 (10) 83 (8
Venous resection®

No 430 (84) 435 (87) 865 (85)

Yes 83 (16) 67 (13 150 (15)
Cholecystectomy

No 122 (24) 117 (23) 239 (23)

Yes 396 (76) 391 (77) 787 (77)
Local invasion

No 308 (58) 284 (57) 587 (57)

Yes 216 (42) 218 (43) 434 (43)
Other operative finding

No 442 (85) 432 (87) 874 (86)

Yes 75 (15) 66 (13) 141 (14)
Postoperative complications

No 405 (78) 372 (74) 777 (76)

Yes 112 (22) 131 (26) 243 (24)

CA19-9 antigen 19-9; IOR,

mittee on Cancer (seventh edition, 2010) stage IIB.

Ainternational Union Against Cancer (ifth ecition, 1997) s

ile range.
tages Iil and IVa are both equivalent to American Joint Com-

'Superior mesenteric vein or hepatic portal veirvsuperior mesenteric vein confluence.

Figure 2. Survival Results by Randomized Treatment

Overall survival

Survwal, %

Log-rank ¢* = 0.7

HR, 0.94 (95% Cl;
0 12 24 3% 48 6
Time From Resection, mo
No. at risk
Flworouracil 651 413 249 100 36 15
+folinic acid
Gemcltabine 537 415 251 103 42 13

Progression-free survival

100

751 Log-rank ' = 0.40; P = 53;
3 HR, 0.96 (95% CI; 0.84-1.10)
T s
H
3

25

Do Bt
0 12 24 36 48 60

Time From Resection, mo
206 160 64 23 11

319 152 68 22 1"

Clindicates confidence interval; HR, hazard ratio.

Prognostic Factors

for Overall Survival

Univariate survival analysis of categori-
cal variables revealed that not smok-
ing, World Health Organization per-
formance status 0, negative resection
margins, negative lymph node status,
well-differentiated tumors, stage I dis-
ease, and tumors with no local inva-
sion were associated with improved sur-
vival (TABLE 3 and eFigure 1 and
eFigure 2, available at http://www.jama
.com). The increased risk of death in

with C

patients with positive margins com-
pared with patients with negative mar-
gins was 35% (log-rank x}=16.3;
P<.001; HR, 1.35 [95% CI, 1.17-
1.561). There was no significant differ-
ence in the elfect of treatment across
subgroups according to R status (test
of heterogeneity, x{=0.3, P=.56). The
continuous covariates of tumor diam-
eter (Wald x{=10.1, P=.001) and post-
operative CA19-9 level (Wald x3=126.6,
P<.001) were also each significantly
associated with survival at univariate
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Table 2. Reported Toxicity

Reported NCI CTC Version 2 Toxicity®

Fluorouracil + Folinic Acid Gemcitabine
= (n =537)

Toxicity T 17 1. P

Variable  Grade 1/2, No.  Grade 3/4, No. (%) Grade 1/2, No. Grade 3/4, No. (%) Value®
WBC count 154 32 (6) 262 53 (10) .01
Neutrophils 180 121 (22) 270 119 (22) .94
Platelets 57 0 170 8(1.5) .003
Nausea 292 19(3.5) 282 13(2.5) .37
Vomiting 159 17@) 131 1@ .34
Stomatitis 304 54 (10) 96 1(0) <.001
Alopecia 189 1(0) 135 1(0) .99
Tiredness 340 45 (8) 351 32(6) 16
Diarrhea 333 72(13) 194 129 <.001
Other 262 67 (12) 290 43 (8 .03

Abbreviations: CTC, Common Terminology Criteria; NCI, National Cancer Institute; WBC, white blood cell,
Toxicity grades defined per CTC Version 2.0.%
bFrom Fisher exact test with significance level set to P<.005 and with Bonferroni adjustment to account for multiple

testing.

analysis but not age (Wald x}=0.7,
P=.40).

Factors with a log-rank significance
of P<.10 were considered for inclu-
sion in the Cox proportional hazards
[railty modeling: sex, smoking, perfor-
mance status, grade of disease, lymph
node status, stage (I/11 vs 111/1V), and
local invasion. The continuous covar-
iates tumor size and postoperative
CA19-9 level were included under non-
linear transformations. Stratification
factors (country [random effect] and re-
section margin status) and treatment
group were included in all models.

A model based on 766 patients with
complete data (545 deaths) identified
grade of disease (Wald x3=28.8,
P<.001), nodal status (Wald x{=19.1,

Table 3. Univariate Survival Analysis of Categorical Variables?

No. Survival Rate, %
T L 1 Survival, Median Log-Rank P
Factor Patients Deaths 12mo 24 mo (95% Cl), mo HR (95% CI) \? Value
Sex
Men 508 427 78.7 46.4 217 (20.3-24.2) 1 [Reference) 34 6
Women 490 326 80.1 51.3 24.9 (22.7-27.5) 0.87 (0.76-1.01) ) )
Smoking status
Never 396 271 828 52.6 25.5(22.6-20.2) 1 [Reference]
Past 399 281 783 48.0 229 (21.1-259) 112 (0.95-1.32) :I 8.1 02
Present 165 128 758 42.0 204 (17.6-23.8) 1.36 (1.10-1.67)
Performance score '
0 371 243 80.7 54.4 25.8(23.6-28.6) 1 [Reference] .
1 589 418 799 47.1 122.6(21.1-24.9) 1.20 (1.03-1.41) 85 02
2 128 92 721 38.2 19.2(16.9-22.6) 1.37 (1.08-1.74)
Resection margins
Negative 704 460 82.8 514 24.7 (22.8-26.9) 1 [Reference] 163 <004
Positive 384 203 73.0 434 19.9 (17.7-23.0) 1.35 (1.17-1.56) i e
Tumor grade
Well differentiated 147 86 90.7 57.3 27.9(23.9-36.1) 1 [Reference]
Moderately differentiated 663 457 81.7 514 24.7 (22.6-26.4) 1.31 (1.04-1.65) } 24.2 <.001
Poorly differentiated 260 199 66.6 365 17.1(15.3-20.1) 1.79 (1.39-2.31)
Lymph nodes
Negative 307 161 86.1 63.1 35.0 (20.4-40.6) 1 [Reference] - -
Positive 778 589 76.7 43.2 21.0(19.4-22.3) 1.89 (1.59-2.26) :
Tumor stage®
| 104 53 87.0 57.0 32.8 (22.3-%) 1 [Reference]
] 298 186 83.6 58.0 28.1(24.8-31.7) 1.31 (0.96-1.77) 318 0]
0 622 468 76.2 42,9 20.7 (18.8-22.3) 1.88 (1.41-2.50) ’ i
Va 42 31 73.2 432 22.6(15.1-27.0) 1,75 (1.13-2.73)
Local invasion
No 587 397 805 515 24.8(22.3-27.1) 1 [Reference] 68 -
Yes 434 326 775 4.7 21.8(19.9-23.8) 121 (1.05-1.40) i
Treatment
Fiuorouracil + folinic acid 551 388 78.5 481 230 (21.1-25.0) 1 [Reference] 074 -
Gemgitabine 537 365 80.1 49.1 23.6(21.4-26.4) 0.94 (0.81-1.08) : )

Abbreviations: Cl, confidence interval; HR, hazard ratio

aReporting where log-rank P-<

<.10
binternational Union Against Cancer (fith ed, 1997) stages il and Va are both equivalent to American Joint Committee on Cancer (seventh ed, 2010) stage 1IB.
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P<.001), and CA19-9 level (Wald
Xxi=110.4, P<.001) as significant in-
. dependent prognostic factors of over-
all survival (TABLE 4). To maximize the
data for modeling, further analysis ex-
cluding CA19-9 level, which was asso-
ciated with a substantial amount of
missing data (321 patients), resulted in
a model based on 1030 patients with
complete data (715 deaths). This con-
firmed grade of disease (Wald x3=25.2,
P<.001), nodal status (Wald xi=41.7,
P<.001), performance status (Wald
" x3=10.9, P=.004), tumor size (Wald
Xxi=8.9, 003), and smoking status
(Wald x3=9.2, P=.03) as significant in-
dependent prognostic factors of over-
all survival. :
Tests of heterogeneity within patho-

ADJUVANT THERAPY AFTER PANCREATIC CANCER RESECTION

linic acid improved overall survival but
chemoradiotherapy did not.%'2 The fail-
ure of adjuvant chemoradiotherapy to
enhance survival was also reflected in
the results of the EORTC multicenter
prospective randomized trial.> The Ra-
diation Therapy Oncology Group
(RTOG) 9704 trial randomized 538 pa-
tients to receive either prechemoradia-
tion and postchemoradiation gemcitab-
ine or prechemoradiation and
postchemoradiation fluorouracil.” The
median survival in the 451 eligible pa-
tients was 16.7 and 18.8 months, re-
spectively (P=.34), and in the 388 pa-
tients with cancer of the pancreatic head

was 20.5 months vs 16.9 months, re-
spectively (P=.09).” The primary end
pointin the CONKO-001 trial was dis-
ease-free survival."’ This was 13.4
months for gemcitabine and 6.9 months
for surgery alone (P<.001), while the
median overall survival was 22.1
months and 20.5 months, respectively
(P<.06)."

The ESPAC-3 trial found a median
survival of 23.0 months for patients
treated with fluorouracil plus folinic
acid and 23.6 months for those treated
with gemcitabine and a median pro-
gression-free survival of 14.1 months
and 14.3 months, respectively. Tumor

Table 4. Cox Proportional Hazards Models?

. - f Wald P
log{Lal (eFigure 3) or d'cmographlc . HR (85% G ) "
(cFigure 4) subgroups did not reveal p
AP . 1 Including CA19-9
any significant findings. Country (19 RE) NA 0.7 52
) . Resection margins (negative vs positive) 1.18 (0.99-1.40) 3.3 07
Quality of Life Treatment (fluorouracil + folinic acid 0.88(0.75-1.05) 21 15
Five hundred sixty-five patients (280 vs gemitabine)
" A : Tumor grade
Fﬂ:‘.d(.)mu?g o r?cslavsc fluoroulracnl plus Wor Sferentated 1 eterencel
© 'rl”,': R . dlo I’E;:lelvc %EI"F Moderately differentiated 1.72 (1.27-2.32)
cita )I.nt) c-ompALlc dqua “)[;—o'-]‘l e Poorly differentiated 2.32(1.683.20). 28.8 <001
qucsl.mnnz‘ure.sr,hlncls ing a bascline Missing 112 (0‘53-2'36)
questionnaire. The su ,E'-“L“PS WEre 'cg' Lymph nodes (negalive vs positive) 1.60 (1.29-1.97) 19.1 ~001
resemauveof;')aucnlsml e main study CA19.9° NA 104 Z 007
based on patient characteristics. Of Excluding CATS-9°
these, 438 completed 3-month ques- Country (19 RE) NA 08 41
tionnaires, 417 completed 6-month Resection margins (negative vs positive) 1.17(1.01-1.37) 4.1 .04
questionnaires, and 307 completed 12- Treatment (fluorouracil + folinic acid 0.90 (0.78-1.04) 1.9 16
month questionnaires. Standardized = Ao gem:tabme)
K R umor grade
AUQ scores are base@ on average stan: Wel differentiated 1R
dardized scores ranging b'eAlween 0 and Moderately differentiated 1271001, 61)
100. There were no significant differ- Poorly diferentiated 1.81(1.89-2.36) 25.2 001
ences in mean st}andardized AUC for Missing 117(0.56-2.22)
global quality-of-life scores across treat- Lymph nodes (negative v posiiive) 1,82 (152-2.18) "7 001
ment groups conditional on patient sur- Performance stalus
vival; mean standardized AUC was 43.6 0 1[F
(SD, 20.1) for patients receiving [luo- 1 1.22(1.03-1 43) 10.9 004
rouracil plus folinic acid, compared 2 1.49 (1.16-1.92)
with 46.6 (SD, 19.7) for those receiv- Maximum tumor size? 1.25 (1.08-1.45) 8.9 003
i itabi P=.08). Smoking
ing gemcitabine (P=.08) ohing, 1 Reerencel
COMMENT Past 1.08 (0.91-1.29) gp &
Present 1.38(1.11-1.71)
There have been [ew large random-
ized lled trials of adjuvant treat. Missing 1.22 (0.94-1.59)
1zedcontrollediiria's olacjuvant treat- jons: CA19:9, anligen 19-9; CI, interval: HR, hazard ralo; NA, not appicabie; RE,
ment following resection in pancre-  random effects.

atic cancer. The first of these, the
ESPAC-1 trial *'* concluded that che-
motherapy with fluorouracil plus fo-

©2010 American Mcdical Association. All rights reserved.

“Su Table 3 for numbers of patients, numbers of deaths, and 12-month and 24-month survival rates.
|

d-degres fractional
°Pauems=|oao deaths=715,

applied: CA199-0.5) +I0g(CA199).

Log transformation applied; HR based on a 1-unit increase in log(tumor size).
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grade, nodal status, tumor size, post-
operative serum CA19-9 levels, perfor-
mance status, and smoking were all in-
dependent prognostic factors of overall
survival. Although resection margin sta-
tus was significant on univariate analy-
sis, this was not so on multivariate
analysis, confirming the previous re-
sults of ESPAC-1 that primary tumor
characteristics dominate outcome.?

The prognostic signilicance of
CA19-9 level in ESPAC-1 mirrored that
in the RTOG trial, with both studies
using postresectional values.** This is
important: preoperative levels are ar-
tificially elevated in the presence of ob-
structive jaundice, because CA19-9 is
excreted in bile and there is no simple
correction factor. In the CONKO-001
trial, patients with CA19-9 levels greater
than 2.5 times the upper limit of nor-
mal were excluded, indicating that in
that study there was a bias toward pa-
tients with a more favorable progno-
sis."” That tobacco smoking allected
long-term outcome was a novel find-
ing and should add further weight
against the use of tobacco.

The absence of an overall survival dif-
ference between postoperative adju-
vant [luorouracil plus [olinic acid com-
pared with gemcitabine contrasts with
the findings of a much smaller study in
patients with nonresected advanced
pancreatic cancer that showed a sur-
vival benelit with gemcitabine as com-
pared with fluorouracil."® The fluoro-
uracil regimen used in that trial (600
mg/m? bolus once weekly without fo-
linic acid) was less intensive than that
used in ESPAC-3." This fluorouracil
regimen may be less efficacious than the
Mayo Clinic regimen, but there are no
large randomized trials that have di-
rectly compared these 2 treatments in
pancreatic cancer.

In conclusion, gemcitabine did not
result in improved overall survival com-
pared with fluorouracil plus folinic acid
in patients with resected pancreatic can-
cer. Asalogical progression from these
data we have designed the ESPAC-4
trial, currently in progress, to com-
pare combination chemotherapy with
gemcitabine plus capecitabine, an orally

1080 JAMA, September 8, 2010—Vol 304, No. 10 (Reprinted with Corrections)

active fluoropyrimidine,?” with gem-
citabine alone.
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—Arthur Schopenhauer (1788-1860)

1f we have made obvious mistakes, we should not try,
as we generally do, to gloss them over, or to find some-
thing to excuse . . . them; we should admit to our-
selves that we have committed faults, and open our
eyes wide to all their enormity, in order that we may
firmly resolve to avoid them in the time to come.
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Abstract

Purpose  Triple-negative breast cancers (TNBCs) do not
derive benefit from molecular-targeted treatments such as
endocrine therapy or anti-HER2 therapy because they lack
those molecular targets. On the other hand, TNBCs have
been shown to respond to neoadjuvant chemotherapy
(NAC). In this study, we analyzed TNBC patients who
were treated with NAC at Osaka National Hospital over a
recent S-year period to clarify the predictive factors for
NAC and prognostic factors.

Patients and methods ~ Thirty-three TNBC patients under-
went sequential NAC with anthracycline (FEC100: SFU
500 mg/m?, epirubicin 100 mg/m?, and cyclophosphamide
500 mg/m*/q3w, 4 courses) and taxanes (paclitaxel 80 mg/
m¥/qw, 12 courses or docetaxel 75 mg/m%/q3w, 4 courses)
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from May 2003 to July 2008. Pre-therapeutical and surgical
specimens were studied for expressions of ER, PgR,
HER-2, EGFR, cytokeratin 5/6, Ki-67, p53 and androgen
receptor by immunohistochemistry (IHC). We analyzed
clinicopathological factors and molecular markers in regard
to the response to NAC and prognosis.

Results  Pathological complete response (pCR) was
achieved in 12 TNBC patients (36%). The pCR rate in
the basal-like phenotype was significantly lower than in the
non-basal-like phenotype (23 vs. 64%, respectively:
P =0.02). High pre-operative expressions of Ki-67 (>50%)
and HER-2 (2+) were considered as predictive factors for a
better response from NAC. Pre-operative Ki-67 expression
showed a significant correlation with disease-free survival
(DFS) and a lower expression of Ki-67 (<50%) after NAC
was favorable for DFS among non-pCR patients.
Conclusions A non-basal-like phenotype and higher
expressions of Ki-67 and HER-2 (2+) were favorable fac-
tors for NAC. However, a higher expression of Ki-67 on
the surgical specimen after NAC was also a poor prognostic
factor. '

Keywords Triple-negative breast cancer - Neoadjuvant
chemotherapy - Pathological complete response - Ki-67 -
Basal-like phenotype

Abbreviations

TNBC Triple negative breast cancer
NAC  Neoadjuvant chemotherapy

pCR  Pathological complete response
ER Estrogen receptor

PgR Progesterone receptor

AR Androgen receptor

EGFR Epidermal growth factor receptor
CK Cytokeratin
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Introduction

Triple-negative breast cancers (TNBCs) are characterized
) by the lack of expression of estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth factor
receptor 2 (HER-2). These cancers occur in ~20-25% of
all breast cancers and are associated with an unfavorable
prognosis. They derive no benefit from molecularly tar-
geted treatments such as endocrine therapy or trastuzumab
[1]. Therefore, identifying appropriate treatments for
TNBC is an important issue.

Recent precise gene expression analysis revealed that
TNBC is a heterogeneous group of tumors. One of the sub-
groups is a basal-like subtype, which is characterized by
similar gene expression as the basal/myoepithelial cells of
the normal breast [1-5]. Basal-like breast cancer has also
been identified with immunohistochemical (IHC) staining
of basal markers, such as cytokeratins (CKs) and epithelial
growth factor receptor (EGFR). TNBCs without these basal
markers are classified as non-basal-like subtypes, which are
rare breast cancers, and classifications based on gene
expression have not been clarified yet. Non-basal-like
tumors are also reported to have a better prognosis than
-basal-like phenotypes [6, 7]. Because of the lack of targeted
therapies and their aggressive clinical behaviors, TNBCs
are relevant groups to be investigated for their characteris-
tics. Though TNBC:s are considered to have poor prognosis
generally, TNBCs have been shown to be chemosensitive.

Neoadjuvant chemotherapy (NAC) in primary breast
cancers has been shown to produce an outcome equivalent
to that of adjuvant chemotherapy [8, 9]. Patients who show
a pathological complete response (pCR) in the primary
tumors after NAC have a better prognosis [10]. The patho-
logical responses are important prognostic parameters and
can be used as surrogate parameters for clinical outcome, so
we analyzed the effects of clinicopathological factors as
well as immunohistochemical factors on pathological
responses after NAC. However, the paradox that TNBC
and HER-2 positive subtypes showed higher chemosensi-
tivity but worse survival due to higher relapse after chemo-
therapy is also known well [10, 11].

Several biological markers have been proposed as prog-
nostic characteristics in breast cancers. ER, PR and HER-2
are such biological markers as well as being therapeutic
markers and Ki-67, p53 and androgen receptor (AR) are
shown to be associated with prognosis [12-16]. AR is
known to be present in the majority of primary and meta-
static invasive breast tumors and is often co-expressed with
ER and PR in these tumors. Though little is known about
the role of AR in hormonal response, AR expression has
been shown to be associated with a better outcome for
untreated breast cancer patients [14]. Ki-67 is a nuclear
antigen expressed in the G1, S, and G2 phases but not in the

@ Springer

GO or resting phase of the cell cycle. Ki-67 has been estab-
lished as a proliferation marker in breast cancers and high
proliferation activity has been found to have predictive
value for the response to NAC [17]. Also p53 expression
status has been used as a predictive factor for response to
systemic therapy, because tumor cells with non-functional
p53 do not respond to systemic therapy due to a failure in
apoptosis [13, 15].

Because chemotherapy is the only treatment other than
surgery for TNBC, the definition of clinical markers in
regard to chemotherapeutic response and prognosis is very
important. However, there are still few studies focusing on
TNBC. In this study, we analyzed clinicopathological fac-
tors, phenotypes, and molecular markers of TNBC in
regard to the response to NAC and prognosis.

Patients and methods

Patients and neoadjuvant chemotherapy

One hundred and 63 breast cancer patients underwent
NAC with a sequential regimen containing anthracycline
(FEC100: S5FU 500 mg/m?, epirubicin 100 mg/m?, cyclo-
phosphamide 500 mg/m?/q3w, 4 courses) and taxanes (pac-
litaxel 80 mg/m%qw, 12 courses or docetaxel 75 mg/m%
q3w, 4 courses) at Osaka National Hospital (Osaka, Japan)
from May 2003 to July 2008. The criteria for entry were
invasive breast cancer patients from 20 to 70 years old with
any T and NO-2 disease, who were diagnosed histologi-
cally, weie absent from distant metastasis and with normal
organ functions. Thirty-three patients (20%) among 163
breast cancer patients were identified as TNBCs. The clini-
cal evaluation of the response to NAC was determined by
clinical findings, CT and MRI examinations according to
RECIST. All patients were included in clinical trials
approved by an institutional review board and asked for
written informed consent.

Immunohistochemistry

Pre-therapeutical specimens were obtained by the 14G-nee-
dle biopsy in all cases and pathological examinations using
standard hematoxylin and eosin staining were carried out.
Immunohistochemical evaluation for ER, PgR, HER-2,
EGFR, CKS5/6, Ki-67, p53 and AR in tissue sections were
detected using antibodies (ER:Cat.No. 760-25961, PgR:
760-2816, HER-2:760-2901, EGFR:790-2988, CK5/6:960-
4253, Ki-67:760-2910, p53:760-2912, Ventana Japan,
Yokohama, Japan, AR:M3562, Dako Japan, Tokyo, Japan).
Visualization of the bound antibodies was performed using
a DAKO EnvisionTM + System (Dako Japan Inc., Tokyo,
Japan) according to the manufacturer’s instructions, Positive
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cell rates (%) of ER and PgR were determined as a ratio of
positive cells to total cancer cells and a value of 10% or
higher were rated as positive [18, 19]. HER-2 expression
was defined as (0) to (3+) based on positive cell rates and
the intensity of IHC staining. Tumors showing weak over-
expression (2+) of HER-2 were also tested by the fluores-
cence in situ hybridization (FISH) method to clarify the
gene amplification of the HER-2 gene. The HER-2 gene is
visualized as green fluorescent grains and a control of cen-
tromere 17 is visualized as orange fluorescent grains (Path
Vysion, Abbott, IL, USA). Thus, HER-2 positives were
either strong positives (3+) from IHC or positive for gene
amplification from FISH analysis.

TNBCs are negative for ER, PgR and HER-2 as
described earlier. Among TNBCs with 1-9% of ER and/or
PgR expression were defined as hormone receptor (HR)
weak and analyzed separately. TNBCs with HER-2 (2+)
and that were FISH negative were also analyzed separately.

Proliferative activity was determined by IHC for the

Ki-67 antibody. Ki-67 values were expressed as the percentage

of positive cell counts among at least 100 tumor cells in
each case. Patients with positive staining of Ki-67 at 50%
or more were defined as high Ki-67 patients. AR and p53
were defined as positive if tumor cells showed positive
staining regardless of rate. Basal-like subtype was defined
as CK5/6 positive and/or EGFR positive in 5% or more
cells.

Surgical treatment

All patients underwent surgical treatment after NAC.
Breast conservative therapy or a mastectomy with or
without axillary dissection was performed according to the
decision of the surgeons’ conference. Surgical specimens
were histologically analyzed again, and the pathological
response for NAC was evaluated. When no residual inva-
sive tumor cells were found, tumors were identified as path-
ological complete response (pCR). Surgical specimens
from non-pCR patients were analyzed for expressions of
Ki-67, p53 and AR as described earlier.

Statistics

A univariate analysis of the pCR rate was carried out by the
¥* test, and a multivariate analysis was done by multiple
logistic regression analysis. The patients’ survival was cal-
culated from the first date of treatment until the date of
death or the end of follow-up. A univariate analysis of dis-
ease-free survival (DFS) was done using the Kaplan-Meier
method with a log-rank test, and a multivariate disease sur-
vival analysis was carried out under the Cox proportional
hazards model. All data were analyzed with JMP for Win-
dows (SAS Institute, Tokyo, Japan).

Results
Relationship between pCR and clinicopathological factors

Thirty-three patients were identified as TNBCs, and the
patients’ data are shown in Table 1. The age of the patients
ranged from 30 to 68 years old (median 50.0) and 21
patients had clinically positive nodes. Clinical response
after NAC was rated as clinical complete response for 14
patients (42%), a clinical partial response for 14 patients
(42%), a clinical stable disease for 3 patients (9%), and as a
clinical progress disease for 2 patients (6%). Also pCR was
achieved in only 12 patients (36%).

The correlations between clinicopathological factors
such as tumor size, lymph nodal metastasis, age, histologi-
cal grade, and pCR rate were analyzed (Table 2). However

Table 1 Patients’ characteristics

Variables No (%)
Total 33
Age: years-old 30-68 (SO £ 11.1)
Histology )
Papillo-tubular 4(12)
Solid tubular 14 (42)
Schirrous 11(33)
Special type 4(13)
T
1 1(3)
2 24(72)
3 6(18)
4 2(6)
N
0 12(36)
1 17(52)
2 4(12)
Histological grade . .
1 1(3)
2 4(12)
3 27(81)
Unknown 1(3)
HER-2
0 18 (55)
1+ 11(33)
2+ 4(12)
HR (hormone receptor)
Negative 26(79)
Weak 7(21)

T and N were defined by the criteria of UICC-breast

HR weak is a tumor with low levels of ER and/or PgR determined by
THC (1-9% weakly positive cells)
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Table 2 pCR ratio based on clini ) and i histo-
chemistrical factors
Variables Number (%) PCR (%) P volume Odd
Age (years old)
<50 18(55) 6(33) 0.69
50< 15 (45) 6 (40)
Size (cm)
<5 25(76) 11 (44) 0.09 55
5< 8(24) 1(13)
N
Positive 21 (64) 8(38) 0.78
"Negative 12(36) 4(33)
Histological grade
1-2 5(15) 3 (60) 0.26
3 27 (84) 9(33) .
HR
Negative 26(79) 10 (38) 0.95
Weak 7@21) 2(28)
HER-2
0, 1+ 29 (88) 9(31) 0.08 6.67
2+ 4(12) 3(75)
p53
Positive 21 (64) 8(38) 0.78
Negative 12(36) 4(33)
Ki-67
50< (high) 20(61) 10 (50) *0.04 55
<50 (low) 1339 2(15)
AR
Positive 6(18) 3(50) 0.45
Negative 27(82) 9(33)
Basal-like”
Positive 22(67) 5(23) *0.02 59
Negative 11(33) 7 (64)
CK5/6
Positive 14(42) 2(14) *0.02
Negative 19 (58) 10 (53)
EGFR
Positive 18 (55) 4(22) 0.06
Negative . 15 (45) 8(53)

* Statistically significant
*# Basal-like subtype is defined as CK5/4 positive and/or EGFR posi-
tive. Thus, CK5/6 was not used for multivariate analysis

these clinicopathological factors did not show any correla-
tion with the pCR rate.
Relationship between pCR, and molecular markers

Next, the correlation between molecular markers and the
pCR rate was also analyzed. HER-2 (2+) tended to show a
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higher pCR rate than HER-2 negative (0 or 1+; 75 and
31%, respectively). In this study, basal markers of CK5/6
and EGFR were evaluated with 22 of 33 patients (67%)
diagnosed with basal-like phenotype, and eleven patients
(33%) diagnosed with the non-basal-like phenotype. The
PCR rate for the basal-like phenotype was significantly
lower than in the non-basal-like phenotype (23 and 64%,
respectively: P =0.02; Table 2). Ki-67 was also considered
as a predictive factor for NAC response, because the pCR
rate reaches 50% among high Ki-67 (>50%) patients, while
it was 15% in low Ki-67 patients (P = 0.04). The expres-
sions of HR, p53 and AR were not correlated with pCR in
this study. Multivariate analysis showed that only high Ki-
67 was a significant factor for the prediction of pCR
(Table 3). The classification of basal-like or non-basal-like
phenotypes was negative for multivariate analysis, proba-
bly because high Ki-67 and non-basal-like were strongly
correlated with each other; high Ki-67 accounted for 33%
in the basal-like and 75% in the non-basal-like phenotype.

Relationship between pCR and disease-free survival

All patients underwent surgical resection after NAC and
non-pCR patients were histologically evaluated. The aver-
age observation period after surgery was 2 years and eight
patients (24%) showed distant metastasis during the obser-
vation period. Seven out of 8 patients had been defined as
non-pCR and only one patient obtained pCR after NAC.
Non-pCR patients showed a worse DFS compared with
pCR patients, but it was not statistically significant
(Fig. 1a). Basal-like phenotype and other clinicopathologi-
cal factors such as age, tumor size and lymph nodal
involvement failed to show a correlation with DFS
(Table 4). Ki-67 before NAC showed a significant correla-
tion with DFS and high Ki-67 patients showed a poor prog-
nosis (Fig. 1b).

Disease-free survival among non-pCR patients

Among non-pCR patients, only 7 patients (29%) showed a
recurrence. We analyzed clinicopathological and IHC fac-
tors for better prognosis among non-pCR patients. The
immunohistological changes of tumors after NAC were

Table3 Multivariate analysis of pCR and immunopathological
factors

Variables Odds P value
Non-basal-like 39 0.13
HER2 (2+) 10.2 0.12
High Ki-67 8.4 0.03*

* Statistically significant
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10 Table 4 Multivariate analysis of disease-free survival and patients’
0.9 characteristics
08 Variables Hazard ratio P value
e >50 years-old 0.39 02
L >5cm 22 0.3
g 05 N positive 4.2 0.11
04 HR positive 32 0.1
03 HER-2 (24) 32 0.56
02 Non-basal 1.4 0.6
o ) p=0.32 High Ki-67 5.95 0.04%
wl? P53 positive 0.48 03
1008 2008, AR positive 0.000 0.054
DAYS Non-pCR 37 0.16
" . High Ki-67 post-NAC* 132 0.0029%
09 | * Data among non-pCR patients
—_—— e " istically signifi
0.8 pre Ki-67 <50% Statistically significant
0.7:
06 Table 5 The correlation between Ki-67 expression, PCR and the
2 os 7 2! change of Ki-67 expression among non-pCR patients
& pre KI-67 250%
04 TNBC (n = 33) Non-pCR pCR
o~ Post-NAC Ki-67
02
ol p p=0.04 High Low
o - o e Pre-NAC Ki-67
DAYS High 7 3 10
Low 1 10 2
10 T
0.9 — el e A e 2w .
os post Ki-67 <50% showed a recurrence and Ki-67 values after NAC were sig-
i nificantly correlated with DFS (Fig. Ic). The expressions of
% p53 and AR after NAC were not correlated with DFS (data
@ not shown).
& os
04
post Ki-67 250%
s Discussion
02
1] ¢ . P=0.002 TNBC is defined by the lack of ER, PgR and HER-2
o — P pry T e expressmn.'Because targetedithemples are n9t useful, che-
DAYS motherapy is the only systemic treatment option for TNBC

Fig. 1 Disease-free survival (DFS). a DFS of pCR and non-pCR pa-
tients after NAC. Non-pCR patients showed worse disease-free sur-
vival compared with pCR patients, but it was not statistically
significant (P = 0.32). b DFS based on Ki-67 expression of pre-chemo-
therapy. High Ki-67 (=50%) patients showed significantly worse dis-
ease-free survival than low Ki-67 (<50%) patients (P = 0.04). ¢ DFS
based on Ki-67 expression of post-NAC among non-pCR patients.
Non-pCR patients who had high Ki-67 expression after NAC showed
a poor prognosis (P = 0.002)

evaluated. Among non-pCR patients, 10 patients showed
high Ki-67 before chemotherapy and 7 patients still showed
high Ki-67 after NAC (Table 5). Among these patients, 6

[1-5]. Thus, a comprehensive examination of the clinical
phenotypes of TNBCs which respond to chemotherapy is
important. TNBCs are a heterogeneous group and generally
divided into two subtypes; basal-like phenotype and non-
basal-like phenotype [6]. The basal-like phenotype is char-
acterized as having a high expression of keratins, laminin,
and EGFR.

Many data indicated that the pCR rate is higher in TNBC
compared with other phenotypes [10]. A pathological eval-
uation after NAC is very important because pCR after NAC
indicates better survival [8, 9]. Our data showed the pCR
rate in TNBCs was 36%, which is consistent with previous
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reports which stated 22-45% [10, 20]. This study hypothe-
sized that non-basal-like phenotype, HER-2 (2+), and high
Ki-67 could be predictive factors for pCR achievement, but
multivariate analysis revealed that only Ki-67 was a signifi-
cant factor for the prediction of pCR. This is probably
because the non-basal-like phenotype showed a signifi-
cantly higher Ki-67 expression compared with the basal-
like phenotype. This study is consistent with previous stud-
ies which showed that Ki-67 indicates proliferation and
high level of proliferation activity are associated with
chemosensitivity [14]. Additionally, there are many reports
that showed that the basal-like phenotype has a positive
correlation with pCR [20]. Rouzier etal. reported that
basal-like subtypes were more sensitive to NAC than lumi-
nal and normal-like cancers, but normal-like subtypes clas-
sified based on gene expression profiles are quite different
from non-basal-like phenotypes based on IHC, because
normal-like subtypes involved 60% of ER positive samples.
Because classification based on gene expression is difficult
for clinical use, our data based on IHC classification are
quite useful. There are some reports that non-basal-like
tumors showed better prognosis than basal-like phenotypes
[6, 7]. Though the pCR rate was significantly higher in non-
basal-like tumors, there was no difference in DFS between
the two groups in this study.

Our study failed to show the significant benefit of pCR
on DFS. That is probably because of the small number of
the patients included or the short duration after surgical
treatment in this study. Most cases which showed a recur-
rence in such a short period were non-pCR patients, and
the only recurrent case in the pCR group was a patient
with an intraductal residual after NAC and who showed
brain metastasis within a year. In this study, Ki-67 was the
only significant factor which was proved to affect DFS.
Pre-NAC high Ki-67 was a poor prognostic factor in spite
of the positive correlation with pCR. The post-NAC status
of Ki-67 was also correlated with recurrence. High Ki-67
expression post-NAC showed a very poor prognosis and
low Ki-67 post-NAC showed better survival even in the
non-pCR group. The contradiction of high Ki-67 tumors,
which showed a high chemosensitivity and high pCR rate
but poor prognosis, may indicate the diversity of these
tumors. As shown in Table 4, most high Ki-67 patients
who could not achieve pCR kept a high expression of
Ki-67 after NAC. Tumors which maintained high Ki-67
expression may indicate that the cellular activity is not
suppressed by NAC. All of these facts showed that high
Ki-67 tumors should be divided into two groups: tumors
which show a high sensitivity to current chemo-drugs and
a good prognosis and the tumors which continue to have
high cellular activity after NAC and show a poor progno-
sis. Further study is needed to find other treatments for the
latter.
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Though many reports defined 20-30% of Ki-67 labeling
index as a threshold [21), 50% was used for categorization
in this study because most TNBCs are positive for Ki-67
and a 50% threshold at 50% was shown to be useful to pre-
dict both chemosensitivity and prognosis in TNBC patients.

The prognosis of HER-2 positive breast cancer has been
proved by the usage of trastuzumab. The criteria of HER-2
positive are defined as a strong positive IHC or gene ampli-
fication in FISH [22]. HER-2 (2+) breast cancers without
gene amplification are generally included in TNBC but
HER-2 (2+) breast cancers showed higher chemosensitivity
in this study and HER-2 (3+) breast cancers have been
reported to be chemosensitive. The criteria of HER-2 posi-
tivity might be a moot point if TNBCs with HER-2 (2+)
show a different cancer biology from TNBCs with negative
HER-2.

Less than 10% of hormone receptor positivity had been
considered as uncertain endocrine responsiveness or poten-
tial resistance [18, 19]. Though tumors with less than 10%
hormone receptor positivity were included in TNBCs, we
classified those with 0% staining both ER and PgR as HR
negative and those with 1-9% as HR weak in this study.
But the expressions of HR were not correlated with pCR.
Moreover, tumors with any ER positive staining of at least
1% are recommended to be treated with endocrine therapy
in latest reports [21, 23]. The categories of highly endo-
crine responsive and incompletely endocrine responsive
are not relevant to the decision for endocrine therapy, but
those categories are still important for the decision of che-
motherapy.

In this study, we found that the pCR rate for the non-
basal-like phenotype was significantly higher than that in
the basal-like phenotype, though that difference was nega-
tive for multivariate analysis. This is because the positivity
of Ki-67 was higher in the non-basal-like phenotype
tumors. These data based on classification by IHC are very
interesting and informative in a clinical setting because
there are some discrepancy between criteria by gene
expression profiling and those by IHC. Some previous
papers were confused about classification by gene expres-
sion and by IHC. Non-basal-like subtype is a term corre-
lated with THC classification and difficult to adapt to criteria
of gene expression. There are few reports focused on the
non-basal-like phenotype. Our data may insinuate that non-
basal-like subtypes are well adaptive to current chemother-
apy and basal-like subtypes need another therapeutic agent.
Because our data was based on a small number of patients,
further examinations based on IHC classification are
needed.

Our study indicated that TNBCs which were found to be
‘non-pCR with high Ki-67 expression after NAC had a poor
prognosis. How to treat these TNBCs will be a most impor-
tant subject for future study. Only chemotherapy is a
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proven treatment for TNBCs, but chemotherapy based on
anthracyclins and taxanes has not been shown to be
enough. There are several studies which showed the
efficacy of new chemotherapeutic agents such as carbo-
platin, bavasituzumab and poly (ADP-ribose) polymerase-1
'(PARP-]) inhibitor in TNBCs [24-26]. Studies of NAC
with these agents are expected to improve the treatment of
TNBCs.
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The development of a new plasma biomarker for early detection
would be necessary to improve the overall outcome of colorectal
cancer. Here we report the identification and validation of the
ninth component of complement (C9) as a novel plasma biomarker
for colorectal cancer by cutting-edge proteomic technologies.
Plasma proteins were enzymatically digested into a large array of
peptides, and the relative quantity of a total of 94 803 peptide
peaks was compared between 31 colorectal cancer patients and 59
age/sex-matched healthy controls using 2D image-converted anal-
ysis of liquid chromatography and mass spectrometry. The
selected biomarker candidates were validated in 345 subjects (115
colorectal cancer pati and 230 age/ hed healthy con-
trols) using high-density reverse-phase protein microarrays.
Plasma levels of Apo Al and C9 in colorectal cancer patients signifi-
cantly differed from healthy controls with P values of 7.94 x 10
and 1.43 x 107" (Student's t-test), respectively. In particular, C9
was elevated in patients with colorectal cancer, including those
with stage-l and -l diseases (P =3.01x 107 and P = 1.13 x 1075,
respectively). Although the significance of the present study must
be validated in an independent clinical study, the increment of
plasma C9 may be applicable to the early detection of colorectal
cancer. (Cancer Sci, doi: 10.1111/j.1349-7006.2010.01818.x, 2010)

C olorectal cancer is the third most common cancer world-
wide, with an estimated one and half million newly diag-
nosed cases every year.’ In Japan, colorectal cancer is
currently the third cause of cancer death in men and the first
in women, but its incidence is predicted to increase and
become the leading cause by 2015, most likely due to chz\n%-
ing dietary habits as well as environmental conditions.*”
Successful prevention of death from colorectal cancer depends
on its early detection. The surgical management of early stage
colorectal cancer without metastasis is relatively uncompli-
cated. There is a significant level of evidence that the applica-
tion of the fecal occult blood test to mass screening reduces
the risk of colorectal cancer death, but its sensitivity and
specificity, especially for early stage colorectal cancer, seem
to be insufficient. Barium enema, flexible sigmoidoscopy/
colonoscopy and '*F-fluorodeoxyglucose positron emission
tomography have higher specificity, but may not be cost- and
labor-effective for mass screening of the asymptomatic general
population.

doi: 10.1111/.1349-7006.2010.01818
© 2010 Japanese Cancer Association

The circulating blood proteome holds great promise as a
reservoir of disease information, and a large variety of plasma/
serum proteins have been used as disease biomarkers. Carcino-
embryonic antigen (CEA) is a serum biomarker most widely
used for colorectal cancer. However, the serum level of
CEA often does not elevate in patients with colorectal cancer
in the early stages and cannot be applicable to early detection of
the disease.” We therefore have been searching for new serum/
plasma biomarkers that can be used for mass survey of colorec-
tal cancer.

Recently, various mass spectrometry (MS)-based proteomic
technologies have been applied to clinical samples in the hope
of identifying new discase biomarkers.®™® Among those tech-
nologies, shotgun proteomics has been considered the most
promising because of its high sensitivity and protein identifica-
tion capability: protein samples are enzymatically digested into
a large array of peptides with uniform physical characteristics,
and every peptide fragment is analyzed by liquid chromatogra-
phy (LC) and MS. However, the number of samples that can be
compared by shotgun proteomics is usually limited because iso-
tope labeling is necessary to give a quantitative dimension to
shotgun proteomics. The protein contents of each human sample
vary significantly among individuals, and biomarker candidates
can be distinguished from simple personal heterogeneity only
by comparing a sufficient number of cases and controls. To
overcome this limitation, we developed a software named 2D
image converted analysis of liquid chromatography and MS
(2DICAL),*'® which enabled accurate quantitative comparison
across a theoretically unlimited number of LC-MS data without
isotope labeling."® Using this powerful software we success-
fully identified biomarkers that can predict the hematological
toxicities and survival of pancreatic cancer patients receiving
gemcitabine.' 12

In the present study we searched for a biomarker that can be
used for the early detection of colorectal cancer using 2DICAL.
We carefully selected cases and controls to be compared by
matching their age and gender distributions, as well as residen-
tial areas. We identified the significance increment of comple-
ment component C9 in the sera of patients with colorectal
cancer, and its significance was validated in a large cohort using
another innovative proteome technology, high-density reverse-
phase protein microarray (RPPM).

12To whom e should be add . E-mail: go.jp
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Materials and Methods

Patients and plasma samples. Plasma samples (n = 345) were
collected from 115 patients diagnosed with colorectal cancer
and 230 healthy volunteers matched with cancer patients by sex,
age and residential area (two controls for each cancer patient;
Table 1) between October 1998 and March 2002 with informed
consent, as described previously."® Thirty-one cancer patients
and 59 controls were randomly selected and subjected to
2DICAL analysis.

Another set of plasma samples were collected prospectively
from 378 individuals including healthy volunteers and newcom-
ers mainly to the Department of Gastroenterology at the
National Cancer Center Hospital (Tokyo), Osaka National Hos-
pital (Osaka), Jichi Medical School Hospital (Shimotsuke),
Osaka Medical College (Osaka), Tokyo Medical University
Hospital (Tokyo), Osaka Medical Center for Cancer and Cardio-
vascular Diseases (Osaka), and Fukuoka University Hospital
(Fukuoka). This multi-institutional study was conducted as part
of the ““Third-Term Comprehensive Control Research for Can-
cer’’ conducted by the Ministry of Health, Labour and Welfare
of Japan. Written informed consent was obtained from every
individual, and the study protocol was approved by the ethics
committee of each participating institution.

Sample preparation and LC-MS. Twelve abundant plasma pro-
teins including albumin, IgG, ol-antitrypsin, IgA, IgM, transfer-
rin, haptoglobin, al-acid glycoprotein, a2-macroglobulin, Apo
Al, apolipoprotein AIl and fibrinogen were deduced from
plasma samples using IgY-12 spin columns (Beckman Coulter,
Fullerton, CA, USA) prior to MS analysis."” The deduced sam-
ples were precipitated with acetonitrile, dried and digested to
peptide with modified trypsin. LC-MS and data acquisition were
performed as described previously.(' Briefly, MS spectra were
acquired using nano-electrospray ionization (nano-ESI)-quadru-
ple time-of-flight (QTOF) MS (QTOF Ultima; Waters, Milford,
MA, USA) every second for 60 min in the 250~1600 m/z range.

The MS peaks of each sample with the same m/z were extracted
every | m/z and aligned. Peak lists were created using the Mass-
Navigator software package (version 1.2; Mitsui Knowledge
Industry, Tokyo, Japan). Targeted tandem MS (MS/MS) data
were analyzed with the Mascot software package (version 2.2.1;
Matrix Sciences, London, UK) against the NCBInr database
(NCBInr_20070419. fast).

Antibodies. Anti-Apo Al rabbit polyclonal antibody was pur-
chased from Calbiochem (Darmstadt, Germany), anti-C9 mouse
monoclonal antibody from AntibodyShop (Gentofte, Denmark)
and anti-a2-macroglobulin mouse monoclonal antibody from
R&D Systems (Minneapolis, MN, USA).

Immunoblot analysis. Protein was separated by SDS-PAGE
and transferred to Polyvinyldene difluoride membrane, as
described previously.""”” The membrane was incubated with
anti-Apo Al anti-C9 or anti-a2-macroglobulin (loading control)
and then with relevant horseradish peroxidase (HRP)-conjugated
secondary antibody. Blots were detected by ECL western blot-
ting detection reagent according to the manufacturer’s instruc-
tion (Amersham Biosciences, Buckinghamshire, UK).

RPPM. Plasma samples were serially diluted using PBS con-
taining 0.01% triton X with or without 1% bovine serum albu-
min (BSA). The diluted plasma samples were printed onto slide
glasses coated with ProLinker (ProteoChip; Proteogen, Seoul,
Korea)'*'” using a protein microarrayer equipped with 32
stainless steel pins of 100 pm diameter (Kakengeneqs, Mat-
sudo, Japan) at 4°C. Printed microarray slides were incubated
overnight at 37°C and stored at 4°C under desiccation. After
returning to room temperature, the array slides were blocked
with PBS containing 0.5% casein for 30 min and hybridized
overnight with the first antibodies at 4°C. After washing, the
array slides were hybridized with relevant biotinylated second
antibodies (Vector Laboratories Inc. Burlingame, CA, USA) for
I'h and subsequently with avidin~-HRP conjugated reagent
(Amersham Biosciences) for 30 min. The fluorescent CyS5 sig-
nals were amplified using the tyramide signal amplification sys-

Table 1. Clinicopathological characteristics of individuals examined in the present study

All cases (n = 345)

Cases analyzed
by 2DICAL (n = 90)

Cancer (n=115)  Healthy (n =230) Pvalue Cancer (n = 31)  Healthy (n=59) Pvalue

Age (mean = SD) (years) 593 +89 59.4 +89 0.93% 56.8+9.9 56.4+ 9.8 0.79%
Gender

Male Kl 142 0.92§ 20 36 0.75§

Female 44 88 1" 23
Primary site

Cecum 6 0

Ascending colon 27 9

Transverse colon 8 4

Descending colon 5 3

Sigmoid colon 18 5

Rectum 51 10
Clinical staget

0 17 5

I 35 10

1} 28 7

1 25 6

1\ 10 3
Histology

Well-differentiated adenocarcinoma 74 21

Moderately differentiated adenocarcinoma 37 8

Poorly differentiated adenocarcinoma 2 1

Others 2 1

tAccording to TNM Classification of Malignant Tumors (International Union Against Cancer), 6th Edition. $Student’s t-test. §Chi-square test.

doi: 10.1111/1.1349-7006.2010.01818.x
© 2010 Japanese Cdncer Association

—133—



400 500 @00 700

Peak ID 3961: Apo A1
516 m/z, RT 48.7 min

800 900

L
1200 1300 1400 1500 1

1000 1100

mz

Peak ID 3510: C9
622 m/z, RT 56.8 min

Cancer

Control

Cancer

Control

<@ 71 kDa

ot | <@ 170 kDa

Fig. 1. Plasma biomarker discovery by 2D image converted analysis of liquid chromatography and mass spectrometry (2DICAL). (a) Two-
dimensional display of >90 000 peaks of a representative sample with retention time (RT; in minutes) along the vertical (X) axis and with mass to
charge (m/z) ration value along the horizontal (Y) axis. (b) Peptide peaks derived from apolipoprotein Al (Apo Al; left; ID 3961) and
complement component C9 (C9; right; ID 3510) in a representative colorectal cancer patient (Cancer) and a representative healthy individual
(Control). (c) Detection of Apo Al, C9 and a2-macroglobulin (22-MG, loading control) in plasma samples of four representative colorectal cancer

patients and four healthy controls by immunoblotting.

tem (Perkin Elmer, Boston, MA, USA) according to the manu-
facturer’s instructions. Counterstaining was performed with
Alexa 488-labeled anti-human IgG antibody (Invitrogen, Carls-
bad, CA, USA). Dual-color fluorescent signals (green and red)
were detected with a confocal laser microarray scanner (Inno-
Scan 700 AL; Innopsys, Carbonne, France). The median signal
intensity of quadruplicates was calculated using the Mapix soft-
ware (Innopsys).

Murakoshi et al.

Measurement of CEA. The plasma level of CEA was deter-
mined using the CEA Enzyme Immunoassay kit (Hope Labora-
tories, Belmont, CA, USA) according to the manufacturer’s
instruction.

Statistical analysis. Statistically significant differences were
detected using Paired r-test and Student’s r-test. Interquartile
range (IQR), receiver operator characteristics (ROC) and arca
under the curve (AUC) analyses were performed using the

Cancer S | 2010 | 3
© 2010 Japanese Cancer Association

—134—



AW UORURIRI ‘LY DAIND JBPUN BAJE DNV 1533} PRJIedt ‘QS F ueaw se pajussaid ale eleqy

YILIMIANNLY
YAISSITVOVSSVSSSSYASSDODDOVY
HINDASIONINSTIAY

YLVVVAAVSSAASIOSINGI

YdVSVYSYOSLOAdYVVVIVIANYSILYIddED

YISOANVIITLAAGIT

. pELERER) T
-YDAAADIIANDANMNdddY

204aq1AdOA

HIAAAAALYIT

AAININALLST

YASIINIAQIIVY

HYATIWITOM

Y13V

HTOHIMSAITAITONI
YN33DTdST

Y13ASAAVTHL

902000

S0000°0

£1000°0

010000

LEOLDO

100000

800000
661200

S0000°0

2200070

£0000°0

000000

0v000°0

£9000°0

¥6000°0

900000

8€000°0

LLo

8L°0

LLo

99°0

LL0
SL0

640

LLo

SLO

9,0

LLo

6L°0

180

LLO

6'Sl

2091

[¥4°1%

6v91

[4vx:18

[42¥4

96°€C
1A 74

L'sz

[4314

Ly9Z

x4

LS€E

S'Sy

v0'9v

80°6%

1885

S0°S F 65Vl

6¥°L F (89

6S°L F LSL

EELLF LYLY

6TTF6L8

L8°LF8L'1T

66°SL F €6'60L
8L'E ¥ 186

LZ’'S9 ¥ 0988

8L°€L * 00°ST

06°8 * 87’8l

ELY FLLSL

S9V9 T SL6L

LSVL F LE9T

SL°OL F 19%C

EVLFCELL

68'Ly ¥ 97709

9LTF0L0L
LV'S ¥ 66'6
LSS FELOL

v0'8L F 6ELL

LEV F LS'LL

716 ¥ 96'SC

08'VE ¥ EL'SS
SL'YLF 56791

€6'SC ¥ 8T'SY

65V F EL'SL
88'8L ¥ 9EVE

8¥'8 ¥ 00T
8E'LT F BE'LY

0Z'LF 9591

68°EC F 997
SEEFOVLL

VEBL F LOYE

(-'8°£°z D3) @sesajsuesy
Aursyizauedoydsoyd
-aseusboipAyap
apAysp|elwas-a1edipeourwy-1
0SYOVVIX

uz10.d pazuapeseypun

v Bojowoy

Z ursroud bundessul-odsiq
0LaLDy uteroid
Buiuieiuod-ulewop zod/ 418
(wa104d panejas

-ZANS/ZIMS ea 00vd) (-'1°9°E
23) 00vd uraroud Butpuig-vi3
(Q 490d) Josindaid

Q 403} YImoub panuiap-1ajareld
([zvz-1] I-v uioidodijode
suteuo) (|-yody) (v-ody)
Josindaud |-y uieloidodijody
(91Ufs) 91-uixeuhs

([zve-1] I-v uRioadodijode
suleluod) (|-yody) (1v-ody)
Josundaud |-y

Josindaud |-y utazoudo

’ (962 wauodwod
Juawa|dwod ‘eg) Juauodwod
wawa|dwod :suleuod) Josindaid
62 Wauodwod Juawa|dwor)
(962 wauodwod

Juawsa|dwod ‘eg) uauodwod
awa|dwod :sureluod) Josindasd
62 uauodwod Juawa|dwo)
([zvz-1] IV ur0udodijode
isutejuo) (j-yody) (1v-ody)
Josindaid |-y uRioidodijody
([zvz-1] I-v uroudodijode
isuleluo)) (|-yedy) (1v-ody)
Josindaud |-y uaoidodijody
(9y1) Josimdaud
u13104d0dA|6-z-eydje ypu-audna
([zvz-1] I-v uioidodijode
:sulejuod) (|-yody) (Iv-ody)
Josindaud |-y uiRiosdodijody
([eve-1] I-v uisioudodijode
isuteyuod) (-yody) (1v-ody)
Josunda.d |-y uterosdodijody

NYWNH™LddaV
NVINNH 0950
NVWNHvzdia

NYWNHT0LadX

NYINNHT00vd3

NYWNH™a49ad

NVWNHLYOdY
NVINNHT9LXLS

NYWNHTLVOdY

NVWNHTLVOdY

NYINNHT60D

NYINNHT60D

NVWNHLVOdVY

NVYANHTIVOdY

NYWNHT192V

NVNNHLVYOdY

NVANHTLYOdY

L9y

L9y

Sv9v

1009

9T'8Y

8V°LS

VL9
bT4:14

LL0S

90°6S

SL9S

LS

L0Cs

LISy

ov'e9

| 74:14

8L9p

€EC99

86708

L8708

SrLY6

L0°2s0L

EETT9

98519
VOEVL

8979

9€'819

88179

LE'8TL

LETY9

18905

€0°ZE9

8L9LS

EE°LS9

6VLL

L62L

8LL9

(3744

SLylL

995

E13:13

£6€

Love

OLSE

68VS

918

618C

v8ET

L96€

99

bas~dad

Fanjen-q

onv

2405~ dad

+jonuo)

4iadued

Jsapjoud

2ej0ud

1y

/W

al

s1043u0 Ayjeay pue s3usned Jadued 332.0(00 UBIMIS] BIUBISHIP JuedUBIS i syead spidad 4o UOHEDLIUSP! UIIOIY

'z 3|qeL

doi: 10.1111/j.1349-7006.2010.01818.x

© 2010 Japanese Cancer Association

—135—



components  available in R-project (http:/www.r-project.
org/)."" A composite index of two markers was generated using
the results of multivariate logistic regression analysis, which
also enabled calculation of the ROC curve.

Results

Identification of biomarker candidates. We compared plasma
proteome data between 31 colorectal cancer patients and 59
healthy volunteers (Table 1) using 2DICAI. A total of 94 803
independent peptide peaks were detected across the 90 cases
(Fig. 1a) and numbered from ID1 to ID94803. Ninety MS peaks
showed a statistically significant difference between healthy
controls and colorectal cancer patients (maximum mass peak
intensity > 10 [arbitrary unit] and P < 0.0001 [Paired r-test] or
AUC 2 0.75). Twenty-nine peaks were further selected by
visual inspection (Fig. 1b) and subjected to MS/MS analysis.
MS/MS spectra obtained from 17 peptide peaks matched 10
proteins deposited in the NCBInr database (Table 2). We
selected two proteins, Apo Al and C9, for further analyses
because the same protein annotation was obtained from at Ieast
two independent peaks.

Identification and differential expression of Apo Al and C9
were confirmed by immunoblotting plasma samples of represen-
tative cases (Fig. Ic). Apo Al was downregulated in cancer
patients, while C9 was upregulated.

Establishment of RPPM. For the rapid selection and valida-
tion of plasma biomarker candidates, we established a high-
density protein microarray platform. Plasma samples were
serially diluted and printed in quadruplicate onto a hydropho-
bic glass surface in a format of 6144 spots within an area of
17.65 x 34.57 mm. The location of each spot was visualized
by staining human IgG (green), and the relative amounts of
Apo Al and C9 proteins were quantified by hybridization
with antibodies (red). Fluorescent signal intensity showed lin-
earity in the plasma dilution range of x32 to x4096 in a
quality control experiment (Fig. 2a) and was highly reproduc-
ible among four independent experiments (Fig. 2b). Over
78% of spots showed coefficients of variation (CV) values of
< 0.1 (Fig. 2¢).

Validation of biomarker candidates. In order to examine the
significance of Apo Al and C9 in a larger cohort, we used
RPPM, onto which plasma samples were spotted in a high-
density manner. The plasma samples were serially diluted
and randomly printed four times onto a microarray. Fig-
ure 3a depicts the entire image of RPPM stained with anti-
C9 antibody. Representative blots of colorectal cancer and
control samples are shown in Figure 3b. The RPPM revealed
that Apo Al was downregulated in colorectal cancer patients
compared with healthy controls, and the difference between
colorectal cancer and healthy controls was statistically signif-
icant (P = 0.000794; Fig. 3c). C9 was significantly upregulat-
ed in colorectal cancer (P =1.43x 10~ Fig. 3d). The
results of RPPM were well correlated with those of immu-
noblot assay (Fig. S1), thus confirming the preciseness of
RPPM.

The AUC values of Apo Al and C9 were 0.621 and 0.730,
respectively (Fig. 3e.f). Although the level of plasma Apo Al
was significantly different between colorectal cancer patients
and healthy controls, the utility of Apo Al as a biomarker of
colorectal cancer seems to be limited due to its relatively
low AUC value. Statistically significant differences for upreg-
ulation of C9 were observed in patients with stage I, II, III
and IV'"® colorectal cancer (P =3.02x 107, 1.13 % 107,
522 x 107 and 3.45 x 107, respectively; Fig. 3g). The AUC
values of C9 for the early (stages 0-1I) and advanced (stages
I and 1V) colorectal cancer patients were 0.667 and 0.862,
respectively.

Murakoshi et al.
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Fig. 2. Reproducibility of reverse-phase plasma microarray (RPPM).
(a) Linearity of RPPM. A plasma sample was serially diluted from 32 to
4096 folds and spotted onto a ProteoChip glass. The glass was stained
with anti-apolipoprotein Al antibody as described in the Materials
and Methods. The mean fluorescence intensity of quadruplicates
(vertical axis in arbitrary units) is plotted against plasma dilution
(horizontal axis). (b) Reproducibility of RPPM. A plasma sample was
serially diluted from 16 to 32 768 folds and processed as described
above. The same experiment was conducted four times (Experiments
1-4), and their dilution curves overlapped. The dots represent the
median intensity of quadruplicates. Bars represent interquartile
ranges (IQR). (c) Distribution of the coefficients -of variation (CV)
values among quadruplicates in the 6144 spots (1536 quadruplicates)
of RPPM stained with anti-Apo Al antibody. The dotted line
represents cumulative frequency (%; right vertical axis label).

We measured the plasma level of CEA in 42 samples (20
healthy controls and 22 colorectal cancer patients: stage 0
[n=2], stage 1 [n=35], stage 1I [n =5], stage 1II [n=5]
and stage IV [n = 5]), for which the residual sample volume was
sufficient for the measurement with enzyme-linked immunosor-
bent assay (ELISA). The AUC values of CEA for the early -
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Fig. 3. Validation of altered plasma apolipoprotein Al (Apo Al) and C9 in colorectal cancer by reverse-phase plasma microarray (RPPM). (a)
Dual-color scanning image of RPPM, on which serially (64- to 512-fold) diluted plasma samples of colorectal cancer patients (n = 115) and
healthy controls (n = 230) were randomly spotted in quadruplicate. The RPPM was stained with anti-complement component C9 (red) and anti-
human IgG (green) antibodies, as described in the Materials and Methods. (b) Representative spots of colorectal cancer patients (CRC) and
healthy controls (Cont). (c) Distribution and median values (vertical bars) of the plasma Apo Al level (in arbitrary units) measured by RPPM. A
statistically significant difference was recognized between healthy controls and colorectal patients (P = 0.00794, Student's t-test). (d) Distribution
and median values (vertical bars) of plasma C9 level (in arbitrary units) measured by RPPM. Statistical significance was recognized between
healthy controls and colorectal patients (P = 1.43 x 107", Student’s t-test). (e) Receiver operator characteristic (ROC) analysis of Apo Al. AUC,
area under the curve. (f) ROC analysis of C9. (g) Box-and-whisker diagram showing the different plasma levels of C9, determined by RPPM for
healthy controls and each clinical stage of colorectal cancer. Boxes represent the median values and the 25-75 percentile ranges. Whiskers
indicate the most extreme data point, which are no more than 1.5 times the interquartile ranges from the boxes.

(stages 0-11) and advanced (stages 11l and 1V) colorectal cancer Alterations of Apo Al and C9 in other cancers. Finally, we
patients over healthy individuals were 0.594 and 0.810, respec-  measured the level of Apo Al and C9 in 378 plasma samples
tively, indicating its inferiority to C9 in detecting early stage  collected prospectively from different medical institutions using
colorectal cancer. RPPM. The observed alterations of plasma Apo Al and C9

6 doi: 10.1111/.1349-7006.2010.01818.x
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Table 3. Alterations of plasma Apo Al and C9 in various diseases

Apo Al

()

Averaget SD

P valuet Averaget SD P valuet

4679.5
23184
2812.0
2621.6

Healthy control 109
Colorectal cancer 100
Gastric cancer 105
Hepatocellular - 14
carcinoma

Esophageal cancer 10
Pancreatic cancer 14
Cholangiocarcinoma 18
Pancreatitis 8

3265.6
2015.0
2357.5
2260.8

3074.6
29343
1674.6.
1925.9

1572.6
2214.8
1377.0
1970.3

527.2

1792.7

16296
477.0

674.7
1628.1
1533.9

3324

1.71x107°
3.00 x 107
0.007

382x 107"
331x 107"
0.651

0.014
0.016
1.26 x 107®
0.005

1639.1
1436.8
25196
1564.4

1036.7
11256
2086.8
1502.5

0.008
0.010
0.001
0.093

tDetermined by RPPM (in arbitrary units). +Compared with healthy controls (student's t-test).

proteins in colorectal cancer patients were reproducible, even in
this independent cohort (Table 3). The reduction of plasma Apo
Al protein seems not to be specific to colorectal cancer, and
was observed in patients with various cancers as well as chronic
pancreatitis. The increment of plasma C9 protein was also not
specific to colorectal cancer patients; patients with gastric can-
cer, esophageal cancer, pancreatic cancer and. cholangiocarci-
noma also showed a statistically significant increase of plasma
C9 protein. The AUC value of C9 for colorectal cancer patients
over healthy individuals (0.796) was higher than that of CEA
(0.762; Fig. 4). The combination with C9 improved the AUC
value of CEA from 0.762 to 0.852.

Discussion

The context of circulating blood proteins may represent underly-
ing physiological and pathogenic conditions. Therefore, the
blood proteome is considered an ample source of biomarker dis-
covery. In order to identify a new biomarker that can be used for
a non-invasive and inexpensive blood test of colorectal cancer,
we first compared plasma proteome data using 2DICAL. We
found that 10 proteins showed statistically significant differ-
ences between colorectal cancer patients and controls (Table 2).
The differences of Apo Al and C9 were then verified by immu-
noblotting with relevant antibodies (Fig. Ic). Apo Al is the
major protein component of plasma high density lipoprotein.'>
Apo Al has been repeatedly reported to be downregulated in the
plasma samples of patients with various cancers including ovar-
ian and pancreatic cancers.?*2"

Any biomarker candidates identified by genomic or proteomic
approaches must be validated in a statistically sufficient number
of cases and’ controls using a different quantitative method
before being considered for clinical application.®** Accord-
ingly, we determined the relative plasma levels of Apo Al and
C9 in 345 individuals using RPPM (Fig. 3) and confirmed the
results in an independent cohort consisting of 378 plasma sam-
ples collected from healthy controls and patients with various
diseases (Table 3). The collection and storage of all the plasma
samples were performed under the same protocol to exclude any
sampling biases. Conventionally, ELISA has been used for such
validation, but the standard sandwich ELISA assay requires two
antibodies that do not interfere with each other. As a result, the
development of ELISA usually takes several months for every
biomarker candidate protein. And more importantly, ELISA
requires a relative large volume (~100 pL) of samples. Because
the supply of clinical materials is often limited, it may be unfa-
vorable to use hundreds of microlitters of precise samples for
preliminary experiments. Our high-density RPPM requires a
minimal sample volume of the nanoliter order and one antibody.
RPPM is an altermnative validation method that can determine the

Murakoshi et al.
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Fig. 4. Confirmation in an independent cohort. (a) Receiver operator
characteristic (ROC) analysis of apolipoprotein Al (Apo Al; colorectal
cancer patients [n = 100] over healthy controls [n = 109]). AUC, area
under the curve. (b) ROC analysis of carcinoembryonic antigen (CEA),
plasma complement component-9 (C9) and their combination
(colorectal cancer patients [n = 100] over healthy controls [n = 109]).

clinical utility of candidate biomarker protein in a single experi-
ment.'?

Although protein microarray is a newly established technique
and slillmrequires improvement regarding validity and standardi-
zation,®® it has been successfully used for anagzing clinical
specimens of prostate cancer,” breast cancer,*® rhabdomyo-
sarcoma®” and acute- myeloid leukemia.®**> More recently,
Grote et al.®” used protein microarrays for the measurement of
serum and plasma CA19-9. They printed a total of 149 sera and
plasma samples obtained from pancreatic cancer patients,
patients with chronic pancreatitis and healthy controls onto
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nitrocellulose-coated slide glasses and obtained results compara-
ble to conventional ELISA. They used 200-um pins, and signals
were detected using diaminobenzidine as a chromogen. We were
able to spot as many as 6144 protein samples into a glass slide
using a 100-pm innovative screw-shaped pin and hydrophobic
surface technologies. The hydrophobic surface of microarrays
mediates tight interaction with proteins and prevents protein
spot diffusion."®'” Only with all these cutting-edge technolo-
gies was this level of high-density spotting of adhesive protein
samples possible. Fluorescence immunostaining of our RPPM
provided wide dynamic range and high reproducibility (Fig. 2).
The linearity of fluorescence intensity was obtained in a wide
range, and over 78% of quadruplicate showed a CV of < 0.1
(Fig. 2c). All these make our RPPM a reliable tool for biomar-
ker validation.

The ninth component of complement (C9) is one of five
component proteins (C5b, C6, C7, C8 and C9) of the mem-
brane attack complex (MAC),"’”j The MAC attaches to the
surface of target cells and forms a pore across the cell mem-
brane resulting in complement-dependent cytotoxicity (CDC).
Aberrant activation of MAC has been implicated in the patho-
genesis of various autoimmune and infectious diseases. We
previously identified the significant increase of complement
components C3 and C4A in the sera of endometrial cancer
patients. In the present study we found the plasma level of
C9 was significantly elevated in colorectal cancer patients,
including those with stage I and II diseases. The expression of
membrane-bound CD46, CD55 and CD59 protects cancer cells
from CDC,®*? but the precise role of complements and these
modifiers in the process of carcinogenesis has not been fully
established. Further efforts will be necessary to clarify the
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biological significance of increased circulating C9 in patients
with colorectal cancer.

In the present study we identified and validated C9 as a
plasma biomarker potentially useful for the detection of early
stage colorectal cancer using the combination of innovative pro-
teomic technologies. Although the clinical significance of C9
must be clarified in an independent clinical study, we were able
to demonstrate the utility of the combination of 2DICAL and
RPPM in biomarker discovery and validation. The combination
is a rapid approach that could be applicable to the discovery of
biomarkers for any types of human malignancy.
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