Redu'ction of CXCL7 in Pancreatic Cancer

Liquid chromatography/mass spectrometry

The HFM-treated samples were digested with sequen-
cing grade-modified trypsin (Promega) and analyzed in
duplicate using a nano-flow high-performance liquid
chromatography (HPLC; NanoFrontier nLC, Hitachi
High-technologies) connected to an electrospray ioniza-
tion quadrupole time-of-flight (ESI-Q-TOF) mass spectro-
meter (Q-Tof Ultima, Waters).

MS peaks were detected, normalized, and quantified
using the in-house 2DICAL software package, as
described previously (17). A serial identification (ID)

number was applied to each of the MS peaks detected
(1 to 53,009). The stability of LC-MS was monitored by
calculating the correlation coefficient (CC) and coefficient
of variance (CV) of every measurement. The mean CC.+
SD and CV & SD for all 53,009 peaks observed iri the 45
duplicate runs were as high as 0.946 + 0.042 and as low as
0.053 £ 0. 010 respectively.

] Protem xdenhflcahon by tandem MS (MS/MS)

Peak lists were generated using the Mass Navigator
software package (version 1.2; Mitsui Knowledge
Industry) and searched against the SwissProt database
(downloaded on April 22, 2009) using the Mascot soft-

~ ware package (version 2.2.1; Matrix Science). The search

parameters used were as follows. A database of human -

proteins was selected. Trypsin was designated as the
enzyme, and up to 1 missed cleavage was allowed. Mass

tolerances for precursor and fragment ions were + 0.6°
Da and + 0.2 Da, respectively. The score threshold was -

set to P < 0.05 based on the size of the database used in

‘the search. If a peptide was matched to multiple pro-
teins, the protein name with the highest Mascot score -

“was selected.

Western blot analysis
Primary antibodies used were a rabbit polyclonal
. antibody against platelet basic protem (PBP) precursor
(Sigma) and a mouse monoclonal antibody against
human complemer\t C3b-o. (PROGEN). The anti-PBP
antibody recognizes all the known cleaved forms of
- PBP including CTAP-III -and NAP-2. Six microliters of
1:10 diluted plasma sample was separated by SDS-
PAGE and electroblotted onto a polyvinylidene difluor-
ide (PVDF) membrane. The membrane was then incu-
bated with the primary antibody and subsequently with
the relevant horseradish peroxidase (HRP)-conjugated
anti-rabbit or anti-mouse IgG, as described previously
(26, 27). Blots were developed using an enhanced
chemiluminescence (ECL) detection system <(GE
Healthcare). ,

Reverse-phase protem microarray

'The plasma samples were passed through IgY microbe-
ads (Seppro-IgY12, Sigma-Aldrich) using an automated
Magtration System SA-1 (Precision System Science) in
accordance with the manufacturer’s - instructions to
reduce -the 12 most abundant plasma proteins. The

flow-through portion was senally dlluted 1:50, 1: 100
1:200, and 1:400 using a Biomek 2000 Laboratory Auto-
mation Robot (Beckman Coulter) and randomly plotted’
onto ProteoChip glass slides (Proteogen) in quadrupli-
cate in a 6,144-spot/slide format using a Protein Micro-
arrayer Robot (Kaken Genegs). The spotted slides were
incubated overnight with the anti-PBP precursor anti-

‘body and then with biotinylated anti-rabbit IgG (Vector
‘Laboratories). and subsequently with streptavidin-HRP

conjugate (GE Healthcare). The peroxidase activity was

- detected using the Tyramide Signal Amplification (TSA)

- Cyanine 5 System (PerkinElmer). The slides were coun-

 terstained with Alexa Fluor 546-labeled goat anti-human -
IgG (Invitrogen; spotting control).

The stained slides were scanned on a microarray scan-
ner (InnoScan 700AL; Innopsys). Fluorescence intensity,

* determined as the mean value of quadruplicate samples,
~ was determined using the Mapix software package
.(Innopsys). All determined intensity values were trans-

formed into logarithmic variables.

‘The reproducibility of the reverse-phase protem micro- -

array assay was determined by repeating the same

experiment, as reported previously (28). A plasma sam-

ple after reduction - of the 12 most abundant plasma
proteins was serially diluted within a range of 25- to

16,400~fold. Each diluted sample was spotted in quadru-

plicate onto glass slides and blotted with the anti-PBP
antibody. In a representative quiality control experiment,

the CC value was 0.980 between days and the median CV

was 0.047 among the quadruplicates.

Multiplex assay

The levels of CXCL7 in plasma samples were measured -

. using a Milliplex Human Cytokine/ Chemokine panel III

kit (Millipore) in accordance with the manufacturer’s
instructions.

 Statistical analysis

Statistical significance of intergroup differences was
assessed with the Wilcoxon test, Mann-Whitney U test,

Welch's ¢ test, or Fisher’s exact test, as appropriate. The

area under the curve (AUC) of the receiver-operating
characteristic (ROC) was calculated for each marker to

-evaluate its diagnostic significance. A composite index of

2 markers was generated using the results of multivariate

logistic regression analysis, which also enabled the cal-

culation of sensitivity, specificity, and the ROC curve.

" Statistical analyses were performed using an open-source

statistical language R (version 2. 70) with ‘the ophonal
module Design package.

Results

‘Plasma proteins associated with pancreatic cancer

A plasma sample from 1 healthy volunteer was pro-
cessed 3 times using the HFM filtration technique. The
concentration of B2-microglobulin before and after HFM
treatment was measured. The recovery rates were
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Figure 1. A, 2-dimensional display of all (>53,000) the MS peaks with m/z values along the x-axis and RT of LC along the y-axis. The peaks are displayed with a
bin size of 1.0 m/z. The 140 MS peaks whose mean intensity of duplicates that distinguished pancreatic cancer patients from healthy controls with AUC values
of greater than 0.800 are highlighted in red. B, CXCL7-derived MS peak {ID 54, at 863 m/z and 50.2 minutes) in representative patients from the cancer
and control groups. C, CXCL7-derived MS peak (ID 54) in 45 duphcate LC-MS runs [patients with pancreatic cancer (red) and healthy controls (blue)] aligned
along the RT of LC. Columns represent the mean intensity of duplicates (bottom). D, detection of CXCL7 and comp!ement Csb—oc (loading control) by Western
blottmg Multlpie bands for CXCL7 indicate the presence of proteolytic products. -

25.11%, 25.73%, and 29.16%, respectively. Although the
rates were seemingly low, the HFM treatment was highly
reproducible with a CV of 0.081 and the amount of p2-
microglobulin relative to total protein was mcreased 150
to 200-fold after HFM treatment.

To identify a diagnostic biomarker for pancreatic can-
cer, we compared the plasma LMW proteome between 24
patients with pancreatic cancer and 21 healthy controls
‘(training cohort) using 2DICAL. Among a total of 53,009
independent MS peaks detected within the range 250 to
1,600 m/z and within a time range of 20 to 70 minutes, we

found that 140 peaks had discriminatory ability with.

a AUC of above 0.800. Figure 1A is a representative

2-dimensional view of all the MS peaks displayed with -
. m/z along the x-axis and the retention time (RT) of LC

along the y-axis.

Twenty-five MS/MS spectra aéquired from those 140
peaks were recurrently matched to 10 proteins in the
database with a Mascot score of greater than 30 (Supple-

" mentary Table S1). Notably, one MS peak (ID 54) matched .

the amino acid sequence of the CXCL7 gene product
(Swiss-Prot_P02775) with the highest score of 99.6 (Sup-

plementary Fig. $2). Figure 1B shows the CXCL7-derived

MS peak (ID 54, at 863 -m/z and 50.2 minutes) that
appeared in a representative pancreatic cancer patient

" and a healthy individual. Figure 1C demonstratés the

distribution of the MS peak (ID 54) in patients with
pancreatic cancer (red) and healthy controls (blue) in
the training cohort (AUC = 0.839; P = 454-x 1075
Mann-Whitney U test). The differential expression and
identification of CXCL7 was confirmed by 1mmunoblot-

ting (Fig. 1D).
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Reduction of CXCL7 in Pancreatic Cancer

 Validation of reduced CXCL? in pémcreatic cancer
patients
Thelevel of plasma CXCL7 was quantified in 12 patients

with pancreatic cancer and 12 healthy individuals in the

training cohort using multiplex assay. Consistent with
2DICAL, CXCL7 was found to be significantly decreased
_ in patients with pancreatic cancer (mean = SD, 744 + 182
ng/mL) in comparison with healthy controls (1,355 4 386
ng/ mL; P = 0.0003). To further verify and validate the
_reduction of plasma CXCL7 in pancreatic cancer patients,
280 plasma samples [including 43 samples from the train-

ing cohort and new 237 samples (validation cohort)] were

randomly plotted into a reverse-phase protein microarray
and blotted with anti-PBP antibody (Fig. 2). Two samples
from healthy controls in the training cohort were excluded
due to an insufficient sample volume. Quadruplicate
spots for representative cases and controls with high
and low levels of CXCL7 are shown in the right panels
of Figure 2.

The results of reverse—phase protein microarray were

well correlated with those of multiplex assay (Pearson’s r
= 0.65; P = 0.0006; Supplementary Fig. $3). Microarray
analysis also showed a significant. reduction of the
plasma CXCL7 level in the pancreatic cancer patients
of the training cohort (P = 5.96 x 107°; Welch's t test;
~ Fig. 3A and Table 1) with an AUC value of 0.872 (95% CI:

0.732-0.951; Fig. 3B). The reduction of plasma CXCL7 was
further validated in a larger independent cohort (valida-
tion cohort; P = 1.40 x 107'¢; Fig. 3C and AUC value of
0.850, 95% CI: 0.792-0.895; Fig. 3B). Because there was a
difference in age distribution between the cancer patients
and healthy controls of the validation cohort (Table 1), we
performed a subgroup analysis of 79 pancreatic cancer

patients (median age, 61) and 20 healthy controls (median -

age, 60) aged 50 to 70 years. The reduction of plasma
CXCL7 in patients with pancreatic cancer was statistically
significant even in this subgroup (P = 0.0001), indicating
that the decrease of the CXCL7 level was not merely due
to the difference of age distribution between the pancrea-
tic cancer patients and controls.

CXCL7 was significantly reduced in patients with any
stage of pancreatic cancer (Table 2), including those with

stage I (<0.001) and II (<0.001) disease. The significant
_ alteration evident in early-stage patients indicated that

the reduction of plasma CXCL7 is an early event in
pancreatic carcinogenesis and may precede the develop-
ment of cancer. The persistent presence of inflammation
is known to promote carcinogenesis in various organs,
and chronic pancreatitis is suspected to be one a pre-
cancerous condition for pancreatic cancer, although opi-
nions on this issue vary. We measured the plasma level of
CXCL7in a small number of patients diagnosed as having
chronic pancreatitis (n = 10) using the reverse-phase
protein microarray (Table 1). The CXCL7 levels in
patients with chronic pancreatitis were significantly
lower than those in healthy controls (P = 0.0002), but
slightly higher than those in patients with pancreatic
cancer (P = 0.095; Fig. 3C).

Complementation of CA19-9 by CXCL7

CA19-9 is an established biomarker that has long been
used for the diagnosis of pancreatic cancer. We found that
the levels of CXCL7 and CA19-9 were not - ‘mutually
correlated (Pearson’s r = 0.289) and that combination
with CXCL7 significantly . improved the - ability of

CA19-9 to distinguish patients with pancreatic cancer

from healthy controls: the AUC value improved to
0.965 (95% CI:°0.865-0.994) in the training cohort (P =
0.026) and to 0.961 (0.932-0.979) in the validation cohort
(P = 0.002; Fig. 3D). The AUC values of CA19-9 in the 2
cohorts (Fig. 3D) were comparable with those reported
previously (29-31).

Even among individuals with normal levels of CA19-9
(<37 U/mL; a cutoff value widely used in clinical prac-

_tice), CXCL7 was significantly reduced in pancreatic

cancer patients in both the training [P.= 0.014 and
AUC = 0.853 (95% CI: 0.650-0.957; Fig. 4A and B)] and

validation [P < 0.0001 and AUC = 0.834 (95% CI: 0.747-

* 0.899; Fig. 4B and C)] cohorts.

Because of the low prevalence of pancreatlc cancer, any
screening biomarker must have high specificity (32). The
sensitivity/specificity of CA19-9 (cutoff: 37 U/mL) were
79%/89% in the training cohort and 79%/95% in the

~ validation cohort, consistent with previous reports (32).

If we defined the cutoff for CXCL?7 as a level at which 95%
of healthy individuals would be excluded, 83% of pan-
creatic cancer patients in the training cohort and 84% in
the validation cohort would be detected using the com-

bination of CXCL7 and CA19 9 (Supplementary

Table 52)

Dnscussson

Early detechon and subsequent radical surgical resec- v

tion would most likely provide a chance of cure for
patients with pancreatic cancer (7). However, patients
with early-stage pancreatic cancer are generally asymp-
tomatic and have little opportunity to undergo imaging
and/or other dlagnostlc procedures until their disease
becomes advanced. If a sensitive, but mmlmally invasive

. and cost-effective, plasma/serum’ test were available, it

would be effective for alerting patients with early pan-
creatic cancer and offer them a chance to receive prompt
and effective medical attention. In the present study, we
compared the plasma LMW proteome between patients
with pancreatic cancer and healthy controls using a new

proteome platform, 2DICAL (Fig. 1), and found a sig-

nificarit decrease of the plasma CXCLY7 level in patients
with pancreatic cancer (Fig. 1B and C). The result of
quantitative LC-MS was then verified using 3 different

‘methods:* immunoblotting (Fig. 1D), multiplex, and
.reverse-phase protein microarray (Figs. 2 and 3) assays.

We further validated the significant decrease of CXCL7 in

alarger independent cohort (validation cohort). The level

of plasma CXCL7 was confirmed to be decreased repro-

ducibly in patients with pancreatic cancer including those
with Stage I and II disease (Table 2). CXCL7 did not
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Figure 2. Image of a representative reverse-phase protein microarray slide stained with anti-PBP antibody (left). Samples were randomly assigned, and
quadruplicate spots from representative patients with high and low levels of CXCL7 were extracted (right).

surpass the sensitivity of CA19-9, but was able to supple-
ment it. Combination with CXCL7 significantly improved
the sensitivity of CA19-9 (Fig. 3D and Supplementary
Table 52).

In addition to 2DICAL, we utilized 2 state-of-the-art
proteome technologies. The proteome analysis of -
plasma/serum samples has been hampered by the pro-
minence of a handful of abundant proteins such as
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Reduction of CXCL7 in Pancreatic Cancer

Table

Pancreatlc cancer patients . )

1

2. Plasma CXCL7 kevei acco.dmo to chmoai stage of paﬂcreaw‘ cancer o

Healthy controls

Stage | Stage Ht Stage Il Stage IV C
‘ : i
Trainingv cohort : ;
No. of cases 1 ‘ 6 -4 13 . 19°
CXCL7%, mean (SD) 3.67 (9 3.93 (0.24) - 3.75 (0.17) 3.82(0.33) . 4.14 (0.18)
P (vs. healthy controls) 0.01 0.01 ) <0.001 <0.001
; Validation cohort - v , :
! No. of cases 5 25 40 70 87
! CXCL7%, mean (SD) 3.89 (0.34) 3.96 (0.25) 4.02 (0.18) 3.86 (0.32) 4.18 (0.14)
P (vs. healthy controls) <0.001 <0.001 <0.001 '<0.001

#Measured using reverse-phase protein microarrays.

albumin and immunoglobulin. It is anticipated that the
remaining proteins contain an unexplored archive of
disease-driven information, but account for only about
1% of the entire human plasma proteome (24). To reduce
the complexity of the plasma proteome, we used HFM
filtration technology. Our HFM devise can separate.and
‘concentrate LMW plasma proteins in a fully automated
- manner (22) and allows identification of any biomarker
candidate that is present at a level of 1 pug/mL. This
discovery justifies the future application of the HFM
system to more detailed proteome studies aimed at
_plasma/serum biomarker discovery. The other technol-
ogy we employed is high-density reverse-phase protein
microarray. The protein content of any human sample
varies according to the individual, and therefore it is
essential to distinguish biomarker candidates from sim-
© pleinterindividual heterogeneity. However, such distinc-
tion is possible only by comparing a statistically sufficient
number of cases and controls. Our high-density protein
microarrays require. a minimal sample volume of the
nanoliter order and make it possible to measure the
quantity of any candidate biomarker protein in a statis-
tically sufficient number of cases and controls (>300
samples; ref. 28) for judgment of its clinical potential i in.
a single experiment.

LMW chemotactic cytokines have been implicated in-
various b1olog1cal processes, such as leukocyte migration,
angiogenesis, hematopoiesis, atherosclerosis, and cancer
migration and metastasis. CXCL7, also known as PBP, is
one of the mémbers of the angiogenic ELR™ CXC che- -
mokine family (33). It is reportedly produced and stored
in platelets, monocytes, neutrophils, and megakaryo-
cytes. Secreted CXCL7 binds to CXC chemokine receptor
2(CXCR2) on endothelium and mediates angiogenesis
through activation of the Ras/Raf/mitogen-activated
protein kinase (MAPK) and PI3K/AKT/mTOR signaling
pathways (33, 34). The histology of pancreatic.ductal

NOTE. Welch's ¢ test was applied to assess' differences in values.

bTwo pahents whose samples were hot available for reverse-phase protem mxcroarrays were excluded. |

-adenocarcinoma is often characterized by hypovascular-

ization. The reduction of circulating CXCL?7 in patients

with pancreatic cancer iay play a certam role in the
_suppression of angiogenesis.

Recently, reduction in the level of serum CXCL7 has

been reported to be a biomarker for advanced myelo-

dysplastic syndromie - (35). In contrast, CXCL7 is
increased in the pulmonary venous blood of lung cancer

‘patients and is significantly decreased after curative

surgical resection of the lung lesions. Of particular

_interest is the fact that the increment of CXCL7 is
detectable several months before diagnosis of lung -

cancer (36). We observed a reduction of CXCL7 in 10
patients with chronic pancreatitis; but, examination of a
larger number of patients will be needed before any
definite conclusion can be reached.

CXCL7 is N-terminally truncated by cathepsin G like
enzymes and converted to other types of chemokines
with distinct functions such ‘as connective tissue-activat-
ing peptide IIT (CTAP-IIT) and neutrophil-activating pep-
tide 2 (NAP-2; refs. 37, 38). One possible explanation for
the reduction of plasma CXCL? in patients with pancrea-
tic cancer is degradation by certain exoproteases -(39).
Matrix metalloproteinase-9 (MMP9) has been reported to

“degrade CXC chemokines (40). MMP9 is often upregu-

lated in pancreatic cancer cells and secreted into plasma

_(41). However, in this study, the precise molecular

mechanisms behind the reduction of plasma CXCL7 in
patients with pancreatic cancer remained unexplained.
Because the process of pancreatic carcinogenesis is

probably mediated by various molecular pathways (42), = -

the diagnosis of pancreatic cancer using a single bio-
marker may not be realistic," and a combination  of

- different biomarkers with distinct spectra would appear

to be a more realistic alternative. CA19-9 is the most

widely used serum biomarker for pancreatic cancer;

but, its sensitivity and specificity have been recognized
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Figure 3. A and C, plasma levels (in arbitrary units) of CXCL7 in healthy controls, patients with pancreatic cancer, and patients with chronic pancreatitis in the
training (A) and validation (C) cohorts. Horizontal fines represent the average levels of CXCL7. B, ROC analyses for the discriminatory value of CXCL7 in the
training (dotted line) and validation (solid line) ¢ohorts. D, ROC analyses for the discriminatory value of CA19-gand the composite index of CA1 9-8 and CXCL7

in the training and validation cohorts.

to be unsatisfactory for pancreatic cancer screening
(7, 12). We demonstrated that CXCL7 mgmﬁcantly
improved the discriminatory ability of CA19-9, and
this improvement was reproducibly validated in a large

multi-institutional cohort. However, further indepen- - '
_dent validation by other investigators is still man-
datory before its clinical application can be warranted
(15, 29-31, 43). '
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The primary goal of-the present study was to dis-
cover new biomarkers useful for the early detection of
pancreatic cancer in an asymptomatic population.
Aberrations of circulating CXCL7 have also been
reported in other premalignant conditions. The present
study has not only explored the utility of CXCL7 as a
biomarker, but also provided a novel insight into the
chemokine-mediated reactions that occur during early
carcinogenesis. -
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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 patients and 230.age/sex-matched healthy con-
trols) using high-density reverse-phase protein microarrays.
Plasma levels of Apo Al and €9 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 = 3.01 x 10> and P = 1.13 x 107>,
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.1349-7006.2010.0181 8.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 changj) '

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/].1349-7006,2010.01818.5(
© 2010 Japanese Cancer Association

- used for colorectal cancer.

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
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 proteomxc
technologies have been applied to c]mlcal samp]es 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 theoretncally unlimited number of LC-MS data without
isotope labeling.'” Using this powerful software we success-
fully identified biomarkers that can predict the hemfltologm'ﬂ
toxicities and survival of pancreatic cancer patients receiving
gemcitabine.('"1?

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 correspondence should be addressed. E-mail: tyamada@ncc.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, al-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 (QqTOF) 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-o2-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. 15" The membrane was incubated with
anti-Apo Al, anti-C9 or anti-o2-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 um diameter (Kakengenegs, 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
1 h and subsequently with avidin~HRP conjugated reagent
(Amersham Biosciences) for 30 min. The fluorescent CyS5 sig-
nals were amplified usinig the tyramide signal amplification sys-

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

All cases (n = 345)

Cases analyzed
by 2DICAL (n = 90)

Cancer (n = 115)  Healthy (n =230) P value Cancer (n=31) Healthy (h=59) Pvalue

Age (mean x SD) (years) 59.3 8.9
Gender
Male 71
Female 44
Primary site '
Cecum .6
Ascending colon 27
Transverse colon 8
Descending colon : -5
Sigmoid colon ) 18
Rectum : 51
Clinical staget .
0 : 17
! 35
1 ’ 28
i ) 25
v ' 10
Histology ’
Well-differentiated adenocarcinoma 74
Moderately differentiated adenocarcinoma | 37
Poorly differentiated adenocarcinoma 2
Others 2

59.4+89

142 0.92§ 20 ) 36
88 1 23

0.93% 56.8 + 9.9 56.4 + 9.8 0.79+

0.75§

- _
OV WwWwhwo

w o N owum

N
N =S

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

doi: 10.1111/].1349-7006.2010.01818.x
© 2010 Japanese Cdncer Association
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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). {¢) Detection of Apo Al, C9 and a2-macroglobulin (:2-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 area
under the curve (AUC) analyses were performed using the

Cancer Sci | 2010 | 3
© 2010 Japanese Cancer Association
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Table 2. Protein identification of peptide peaks wi{h_significant difference between colorectal cancer patients and healthy controls

D M/Z- RT prot_écc prot_desc  Cancert’ Controlt - pep_score AUC  P-valuet pep_seq

664 651.33 46.18 APOA1_HUMAN' Apolipoprotein A-1 precursor 34.01 = 18.34 60.26 + 41.89 58.87 0.77 0.00038 THLAPYSDELR
: (Apo-Al) (ApoA-l) {contains: .
apolipoprotein A-f [1-242])
3961 516.78 48.71 APOA1_HUMAN Apolipoprotein A-l precursor 11.40 =.3.85 17.32 £ 7.43 49,08 0.81 0.00006  LSPLGEEMR
) (Apo-Al) (ApoA-l) (contains:
apolipoprotein A-l [1-242]) ) ] ’
2384  632.03 - 63.40 A2GL_HUMAN  Leucine-rich alpha-2-glycoprotein  42.66 = 23.89  24.61 = 10.75 46.04 0.79 0.00094 ENQLEVLEVSWLHGLK
precursor (LRG) . -
2819 506.81 45.11 APOA1_HUMAN Apolipoprotein A-l precursor 16.56 + 7.20 26.31 + 14.57 45.5 0.77 0.00063 AKPALEDLR
(Apo-Al) (ApoA-l) (contains: ' ' .
. apolipoprotein- A-f [1-242]) _
516 642.31 52.07 APOA1_HUMAN Apolipoprotein A-l.precursor 41.38 £ 21.38 79.15 = 64.65 33.51 0.76  0.00040 WQEEMELYR
(Apo-Al) (ApoA-l) (contains: :
. apolipoprotein A-l [1-242]) . . Ny .
5489 728.37 57.22 COS9_HUMAN Complement component C9 22.00 = 8.48 15.71 = 4.73 323 0.75 0.00000 AIEDYINEFSVR
: precursor (contains: complement :
component C9; complement
’ . . component C9b)
3510 621.88 56.75 CO8_HUMAN Complement component C9 34.36 + 18.88. 18.48 = 8.90 26.47 0.77  0.00003  LSPIYNLVPVK
' : precursor (contains: complement ' '
component C9a; complement
component C9b) . . ) s )
" 3401 618.36 58.06 APOA1_HUMAN Apolipoprotein A-l precursor 15.13 = 4.59 25.00 = 13.78 25.32 0.77 0.00022 DLATVYVDVLK
(Apo-Al) (ApoA-)) (contains: . . ' :
. o apolipoprotein A-l [1-242]) ) : ) :
393 626.82 50.77 APOA1_HUMAN Apolipoprotein A-l precursor 4528 + 2593~ 88.60 = 65.21 25.1 ©0.79 0.00005 VQPYLDDFQK
A . (Apo-Al) (ApoA-l) (contains: : '
: apolipoprotein A-1 [1-242]) . .
3615 743.04 4825 STX16_HUMAN  Syntaxin-16 (Syn16) 16.95 +'14.15 9.81 = 3.18 24.74 0.75 0.02199 . RPPPKWVDGVDEIQYDVGR-
348 615.86 61.43 APOA1_HUMAN Apolipoprotein A-i precursor 55.73 = 34.80 109.93 + 75.99 23.96 0.77 0.00008 QGLLPVLESFK ’
(Apo-Al) (ApoA-]) (contains: .
~ apolipoprotein A-l1 [1-242])

5664 622.33 . 57.48 PDGFD_HUMAN Platelet-derived growth factor D 25.96 £9.12 21.18 £ 7.81 21.52 0.66  0.00001 LIFVYTLICANFCSCR
) ) precursor (PDGF D) :
11415 1057.01 48.26 EP400_HUMAN E1A-binding protein p400 (EC 11.57 = 4.37 8.79 £ 2.29 18.02 0.75 ~ 0.01037 GRPPIATFSANPEAKAAAAPFQTSQASASAPR

3.6.1.-) (p400 kDa SWI2/SNF2-
related protein)

2259 941.45 60.01 KCD10_HUMAN  BTB/POZ domain-containing 71.39 £ 18.04 61.47 + 17.33 16.49 0.66 0.00010 EEMSGESVVSSAVPAAATR
protein KCTD10 : ' .
6778 804.81 46.45 DIP2A_HUMAN Disco-interacting protein 2 10.73 = 5.51 7.57 = 1.59 16.21 0.77 0.00017 KAVLSMNGLSYGVIR
homolog A - i )
7297 804.98 46.47 K0460_H’UMAN Uncharacterized protein 9.99 = 5.47 6.87 = 1.49 16.02 0.78 0.00005 AAGGGGGSSKASSSSASSAGALESSLDR
o KIAAQ460
7749 662.33 46.17 ADPPT_HUMAN t-Aminoadipate-semialdehyde 10.70 = 2.16 14.59 + 5.05 15.92 0.77 0.00206 FTNKEWETIR
dehydrogenase- . )

phosphopantetheinyl ‘
transferase (EC 2.7.8.-)

+Data are presented as mean = SD. fPaired t-test. AUC, area under curve; RT, retention time.



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 2DICAIL A total of 94 803
independent peptide peaks were detected across the 90 cases
(Fig. la) 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 = 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 least
two independent peaks.

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

Establishment of RPPM. For the rapid selection and valnda-
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 senally diluted
and randomly prmted 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 sngmﬁcantly upregulat-
ed in colorectal cancer (P =1.43x 107'%; Fig. 3d). The
results of RPPM were well correlated with those of immu-
noblot assay (Fig. S1), thus conﬁrmmg 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, I, III
and IVU'® colorectal cancer (P =3. 02x 1073, 1.13x 107
5.22 x 10™® and 3.45 x 107, respectively; Fig. 3g). The AUC
values of C9 for the early (stages 0-II) and advanced (stages
I and IV) 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). (¢) 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 Il [n=35], stage HI [n=15]
and stage IV [n = 51), 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 III and IV) 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 c9
n
Averaget SD P valuet Averaget SD " Pvaluet

Healthy control 109 4679.5 3265.6 527.2 674.7
Colorectal cancer . 100 23184 2015.0 1.71x 107° 1792.7 1628.1 3.82x 10"
Gastric cancer 105 2812.0 12357.5 3.00 x 1078 1629.6 1533.9 331x107°
Hepatocellular ° 14 2621.6 2260.8 0.007 477.0 . 3324 0.651
carcinoma } :
Esophageal cancer- 10 30746 1572.6 0.014 1639.1 1036.7 0.008
Pancreatic cancer 14 2934.3 2214.8 0.016 1436.8 1125.6 0.010
Cholangiocarcinoma 18 1674.6. 1377.0 1.26 x 1078 25196 2086.8 0.001
Pancreatitis 8 1925.9 1970.3 0.005 1502.5 0.093

1564.4

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

proteins in colorectal cancer patients were réproducible, 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 from0.762 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."”

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.‘22'23) 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 alternative validation method that can determine the

Murakoshi et al.

@ 2

0.4

" AUC=0.77

‘Sensitivity

0.2

0.0

00 02 04 06 08 10
1-Specificity

0.8

Sensitivity
0.4

CEA

AUC=0.76
AUC=0.80
AUC=0.85

N c9
o
C9 + CEA

0.0

00 02 04 06 08 1.0
1-Specificity

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 tarcinoembryonic 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 still requires improvement regarding validity and standardi-
zation,® it has been successfully used for anal%/zing 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

Cancer Sci | 2010 | 7
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nitrocellulose-coated slide glasses and obtained results compara-
ble to conventional ELISA. They used 200-pm pins, and signals
were detected using diaminobenzidine as a chromogen. We were
able to spot as many as 6144 protein samp]es into a glass slide
using a 100-pm innovative screw-shaped pin and hydrophobic
surface technologies. The hydrophobic surface of microarrays
mediates tight mteractlon with proteins and prevents protein
spot diffusion. U817 Only with all these cutting-edge technolo-
gies was this level of high-density spotting of adhesive protein
samples possible. Fltlorescence 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. 2¢). All these make our RPPM a rehab]e 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)( 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.®
C9 was significanily 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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plasma biomarker potentially useful for the detection of early
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Erlotinib combined with gemcitabine has not been evaluated in
Japanese patients with unresectable pancreatic cancer. This two-
step phase Il study assessed the safety and pharmacokinetics of
erlotinib 100 mg/day (oral) plus gemcitabine 1000 mg/m? (i.v. days
1, 8, 15) in a 28-day cycle in the first step, and efficacy and safety
in the second step. The primary end-point was safety. One hun-
dred and seven patients were enrolled (first step, n = 6; second
step, n = 101). The most common adverse event was RASH (com-
piled using the preferred terms rash, acne, exfoliative rash, derma-
titis acneiform, erythema, eczema, dermatitis and pustular rash) in

93.4% of patients. One treatment-related death occurred. While

interstitial lung disease-like events were reported in nine patients
(8.5%; grade 1/2/3, 3.8/2.8/1.9%), all patients recovéred or
improved. The median overall survival, the 1-year survival rate and

median progression-free survival were 9.23 months, 33.0% and

3.48 months, respectively. The overall response and disease
control rates were 20.3% and 50.0%, respectively. In Japanese
patients with unresectable pancreatic cancer, erlotinib plus
gemcitabine. had acceptable toxicity and efficacy that was not
inferior to that seen in Western patients. (Cancer Sci 2011; 102:
425«431) .

Appro;(imate]y 232 000 individuals are diagnosed with’

pancreatic cancer worldwide each year, with an annual
death rate estimated at 227 000." In Ja%)an approximately
22 000 new cases were reported in 2005. @ Furthermore, data
from 2007 show that around 24 000 individuals in Japan died
from pancreatic cancer, making thxs tumor type the fifth leading
cause of cancer-related death.”” The majority of pancreatic
cancer cases are diagnosed at an unresectable stage when prog-
nosis is extremely poor.

Current treatment for advanced pancreatic cancer is based on
systemic chemotherapy with gemcitabine. Single-agent gemcita-
bine has been shown to extend median overall survival (OS) to
5.65 months in chemonaive patients compared with 4.41 months
in patients who received fluorouracil.” Addition of other cyto-
toxic agents to gemcitabine has not demonstrated survival bene-
fits over gemcitabine alone. =13 The potential of combining
gemcitabine with biological agents in patients with advanced

pancreatic cancer has also been evaluated in several phase -

studies, but these trials failed to show a survival benefit. (141
Epidermal growth factor receptor (EGFR)-mediated signaling

is associated with various cellular processes, and the dxsregula-‘

tion of these processes is common in tumorigenesis.
thermore, EGFR is overexpressed in many tumors and its

doi: 10.1111/.1349-7006.2010.01810.x
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overexpression is often associated with poor prognosis.**=2%

EGFR tyrosine-kinase inhibitors (TKI, such as erlotinib) are
used in the treatment of various types of solid tumors.

Erlotinib has demonstrated antitumor activity in pancreatic
cell lines®” and was subsequently assessed as a potential thera-
peutic agent in pancreatic cancer. In the PA.3 study (n = 569),

+ the risk of death with erlotinib plus gemcitabine was reduced by

18% versus gemcitabine alone (hazard ratio [HR], 0.82; 95%
confidence interval [CI], 0.69-0.99; P = 0.038 after adjustment
for stratification factors), with a median OS of 6.24 months vs
5.91 months, respectively. Erlotinib plus gemcitabine combina-
tion therapy provided significant improvements in the [-year
survival rate (23% vs 17%; P =0.023) and progrcssmn -free
survival (PFS; HR 0.77; 95% CI, 0.64-0.92; P = 0.004).*® As
a result, this combination was approved for use.in pancre.mc
cancer in many countries.

In Japanese patients with non-small-cell lung cancer
(NSCLC), a phase 1I study has specifically shown that erlotinib

'monother Py is well tolerated and has promising antitumor

actnv:ty However, there are no data on the use of erlotinib
combined with gemcitabine in Japanese patients with pancreatic
cancer. This phase II study evaluated the safety and efficacy of
erlotinib in combination with gemcitabine in Japanese patients
with unresectable locally advanced or metastatic pancreatic
cancer.

Methods

Patients. Patients aged 20-80 years with histological/cyto-
logical evidence of unresectable locally advanced or metastatic
adenocarcinoma/adenosquamous carcinoma of the pancreas
were eligible for inclusion in the present study. Patients were
required to have an Eastern Cooperative Oncology Group

- (BCOG) performance status (PS) of 0-2, adequate hematologi-

cal, renal and hepatic function and a life expectancy of at least
2 months. No more than one prior regimen for pancreatic cancer
was permitted. Patients who had received prior gemcitabine

“and/or a TKI were excluded from participation, as were those

who had previously been exposed to a human epidermal
growth factor receptor 2 (HER2) or EGFR inhibitor. Other key

’

4To whom corfespondence should be addressed.
E-mail: tokusaka@ncc.go.jp

" Clinical trial registry: JAPIC Clinical Trials Information (see links below). http://

rctportal.niph.go.jp/examDetail.php?center=3&center_seq=698 http://www.clinical
trials.jp/user/cteDetail.jspclinicalTrialld=839&language=ja. Trial regrstrat:on num-

ber: JapicCTI-060337.
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exclusion criteria were: symptomatic cerebral metastases; a con-
current lung disorder (such as idiopathic pulmonary fibrosis,
interstitial lung disease [ILD] or pneumoconiosis) concurrent or
previous drug-induced pneumoma or a hnstory of radiation to
the chest.

The study complied with the Declaration of Helsinki and
Good Clinical Practice guidelines. Informed consent was
obtained from all patients, and the protocol was approved by
ethics committees at all participating institutions.

Study design and treatment. This was a phase II, multicentre,
open-label, two-step study. In the first step, six patients were
enrolled into - the study and treated with oral erlotlmb
100 mg/day on days 3-28, plus i.v. gemcitabine 1000 mg/m?
on days 1, 8 and 15 in a 28-day cycle. The starting doses of erl-
otinib and gemcitabine were chosen in reference to the PA.3
study. Dose-limiting toxicities (DLT) were assessed in these
study participants using the National Cancer Institute Common
- Terminology Criteria for Adverse Events v3.0 (NCI-CTCAE,
‘National Cancer Institute, Bethesda, MD, USA). Dose-limiting
tox:cmes were defined in conformity to the Plb study as fol-
Tows:®9 (i) grade 4 decrease (i.e. to '<500/mm°) in neutrophll'
count >5 days; (ii) grade 23 decrease (i.e. to <1000/mm?) in
neutrophil count with associated fever (238.5°C); (iii) grade 4
decrease in platelet count (i.e. to <25 000/mm®); (iv) any grade
ILD; (v) grade 4 elevation of alanine transaminase (ALT)/aspar-
tate transaminase (AST) levels, or grade 3 elevation of
ALT/AST levels >7 days; (vi) grade 23 non-hematological tox-
icity (excluding rash, hyperglycemia, y-GTP and events that

were judged to be transient/had no effect on study continua-'

tion); and (vii) dose-reduction/interruption required due to per-
sistent adverse events (AE), which meant that the 'second cycle
could not be started. )

If treatment-related DLT occurred in no more than two of the
six patients, transition to the second step of the study was per-
missible with approval of the Data Safety and Monitoring Com-
mittee (DSMC). If DLT occurred in three or more patients,
transition to the second step was limited to those cases that were
judged to be safe for this study after the DSMC had evaluated
the safety data of the patients with a DLT. In the second step, it

was planned that 94 patients would be treated with the same

dose as the first step. Treatment was continued until disease pro-
gression, death, unacceptable toxicity or patient/investigator
request.

The primary end-point of the study was safety, with second-
ary end-points including OS, I-year survival rate, PFS, overall
response rate (ORR), disease control rate (DCR = complete
response [CR] + partial response [PR] + stable disease), phar-
macokinetics (PK) and correlation of EGFR mutation status
with outcomes..

Toxxc:ty evaluation. Adverse events were momtored and
graded using NCI-CTCAE v3.0. Clinical and laboratory assess-
ments were conducted throughout the study. Adverse events pre-
specified in the study to be monitored carefully were rash,
diarrhea, vomiting, liver dysfunction and ILD-like events. Chest
X-ray examination to assess pulmonary toxicity was conducted
weekly until week 4 and every 2 weeks thereafter. In addition,

chest computed tomography (CT) scan was performed every -
- 4 weeks. The DSMC reviewed the images and clinical data

associated with all potential ILD-like events. All ILD-like
events were reported to be serious AE (SAE), regardless of the
rade.
s Efficacy evaluation. The tumor response was assessed usmg
Response Evaluation Criteria in Solid Tumors (RECIST) in
patients who had at least one measurable target lesion. Tumors
were measured using computed tomography (CT) at baseline
and on day 22 of every two cycles thereafter. Median PFS, ORR
and DCR were estimated by the extramural review. The rela-

tionship between efficacy and the severity of RASH (compiled
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using the preferred terms rash, acne, exfoliative rash, dermatitis
acneiform, erythema, eczema, dermatitis and pustular rash) was
also examined.

Pharmacokinetic evaluation. Pharmacokinetic evaluation of
erlotinib and its O-desmethylated metabolite (OS1-420) was per-
formed in the six patients enrolled in the first step of the study.
Venous blood samples were taken prior to erlotinib dosing on
day 3 and day 8 of cycle 1 at 0.5, 1, 2, 4, 6, 8 and 24 h after erl-
otinib administration. Samples were also taken prior to gemcita-
bine infusion on days 1 and 8 at 0.5, 0.75, I, 1.5, 2.5 and 4.5 h
after dosing.

The plasma concentrations of erlotinib, OSI-420 and gemcita-
bine were measured by liquid chromatography, tandem mass
spectrometry (LC-MS-MS). The LC-MS-MS analytical methods
have been described previously.*'*? Derived PK parameters
included the maximum plasma drug concentration (C.y), time
t0 Crax (fmax), area under the plasma drug concentration-time
curve to the last plasma sample (AUCIN) terminal half-life (1)
and oral clearance (CI/F).

Biomarker analysis. EGFR mutations were assessed in
patients with available tumor tissue specimens, which were for-
malin fixed and paraffin embedded. Samples were analyzed at a
central Jaboratory where DNA was extracted and exons 18-21
sequenced using a nested PCR.

Statistical analysis. Progression-free survival and OS were
estimated using the Kaplan-Meier method in all patients who
received at least one dose of the study treatment, with 95% CI
for the median duration calculated using Greenwood’s formula.
The Clopper—Pearson method was used to calculate the 95% CI
around the ORR, DCR and AE rate. Multivariate analyses were
performed for the occurrence of ILD-like events using the logis-
tic regression model. Baseline characteristics investigated for
this analysis included gender, age, lung metastasis, emphysema
and various baseline laboratory values. The target enrollment
was 100 patients, as thxs was required to evaluate the safety of
erlotinib.

‘Results

Patient characteristics. Between December 2006 and October
2007, a total of 107 patients were enrolled (first step, n = 6; sec-

~ond step, n = 101) from 12 institutions (Fig. 1). One patient

who enrolled into the second step did not receive treatment due
to deterioration in PS prior to the start of treatment. A total of
106 patients were evaluable fm safety (safety population, full
analysis set).

The patient demographics and baseline characteristics are
shown in Table 1. The median age was 62 years (range, 36-78)
and 52.8% of patients were male. Almost all patients were che-
monaive (95.3%). The majority (75.5%) of- patients had an
ECOG PS of 0 and most (83.0%) had metastatic disease. Over
half (63.2%) of the patients had a history of current or past
smoking. .

Toxicity and dose modifications. The median duration of erl-
otinib exposure was 102.5 days and its median dose intensity
was 100.0 mg/day, with the majority of patients (78.3%) receiv-
ing more than 90% of the relative dose intensity. The median
duration of gemcitabine treatment was 4.0 cycles and its median
dose intensity was 688.0 mg/m2 per week, with approximately
half of the patierits (51.4%) receiving more than 90% of the rela-
tive dose intensity.

As only one patient had a DLT (grade 3 diarrhea) in the first
step, the second step of the study was initiated. One hundred
and six patients received at least one dose of erlotinib; these
patients were assessable for toxicity. Treatment-related AE and
treatment-related changes in laboratory values are summarized
in Table 2; most of these were mild to moderate in severity. The
most frequently reported AE was RASH. which occurred in
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