Three combinations have shown excellent first-line effi-
cacy in phase III trials - IFL with bevacizumab, FOLFOX,
and FOLFIRI - however, neither of these combinations is
clearly superior. Our clinical practice in Japan has been
guided in a major way by extrapotation [rom the results of
clinical trials conducted mainly in Western countries. To
evaluate the value of FOLFOX regimens in the treatment
of refractory or advanced CRC, a retrospective analysis
study was designed Lo assess the feasibility (toxicities) and
efficacy of combining oxaliplatin with the LVSFU2 sch-
edule in a Japanese population. We herein report our
experience with two FOLFOX regimens (FOLFOX4 and
modified [m] FOLFOXG6) in patients with advanced CRC,
specifically, the toxicities and objective lumor response
rates obtained.

Patients and methods

A retrospective analysis study was conducted at Kinki Uni-
versity Haspital in 51 consecutive patients with histologi-
cally confirmed metastatic colon or rectum cancer who were
treated between April 2005 and March 2006. The primary
objectives were (o assess the feasibility (toxicities) and efli-
cacy ol twa FOLFOX regimens (FOLFOX4 and mFOLF-
0OX6) in a Japancse population. FOLFOX4 is a regimen
comprising oxaliplatin 83 mg/m’ as a 2-b infusion (day 1):
LV 100/m’ per day as a 2-h infusion (days 1 and 2); (ollowed
by a SFU bolus 400 mg/m’ per day and SFU 600 mg/m’ per
day as a 22-h infusion (days | and 2). mFOLFOX6is a regi-
men also comprising oxaliplatin 85 mg/m® as a 2-h infusion
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(day 1), LV 200mg/m’per day as a 2-h infusion (day 1), (ol
lowed by a SFU bolus 400 mg/m’ (day 1) and SFU 2400 mg/
m’ per day as a 46-b infusion (days | to 2). These therapics
were administered on day 1 and repeated on day 2 of a 14-
day treatment cycle. Routine antiemetic prophylaxis with a
serotonin (5-HT3) antagonist (granisetron) and dexameth-
asone was given (Fig. 1). The use of implantable ports and
infusion pumps allowed chemotherapy to be administered
on an oulpaticat basis in some cases. Treatment was con-
tinued until either disease progression, the occurrence of
unacceptable toxicity, or the patient refused further treat-
ment. Toxicity was graded according to the Common Ter-
minology Criteria {for Adverse Events (CTCAE) version
3.0 regarding toxicities other than peripheral sensory
nearopathy and by following the oxaliplatin-specific scale
(DEB-NTC). The dcfinitions in the oxaliplatin-specific
scale, which was developed as a specific scoring scale for
oxaliplatin-inducing peripheral sensory ncuropathy, arc as
follows: grade 1, transient dysesthesia and/or paresthesia
tasting for less than 7 days; grade 2. transient dysesthesia
and/or paresthesia lasting for 7 days or longer: and grade 3,
dysesthesia and/or paresthesia with pain or function impair-
ment that interferes with activities of daily living (such as
difficulty with fastening buttons and writing). The response
of measurable target lesions lo (reabment was objectively
evalualed according 1o the Response Evaluation Criteria in
Solid Tumors (RECIST) criteria after cach four cycles of
treatment. Complete response (CR) was defined as the dis-
appearance of all discasc. Partial response (PR) was defined
as at teast a 30% reduction in the sum of the longest diam-
cters of all measured lesions by at least 4 weeks. Progressive
disease (PD) was defined as an increase in lestons by 20%

Fig. 1. Treatment schema for
FOLFOX4 and mFOLFOX6 regi- 5-FU bolus 5-FU bolus
mens. L.V, leucavorin: 3-FU. 3- 400mg/m? 400mg/m?
fluorouracil: L-OHP. oxaliplating
.4, continuous infusion Day 1 Day 2 every 2weeks
_ LV 5-FU c.i. Lv 5-FU c.i.
SHT3 smtagenist 100mg/m? . 600 mg/m? 100mg/m? 600 mg/m?
Dexamethasone L-OHP
85mg/im?
30min 2hr 22hr 2hr 22hr
FOLFOX4
5-FU bolus
400mg/m?
Day 1 1 Day 2 every 2weeks
L Lv 5-FU c.d. L
surs‘.:;ugsnf;. 200mg/m? . .2400 mg/m? - -
Dexamathasone L-OHP
202 85mgim?
30min 2hr 46hr
mFOLFOX6
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or greater, or the appearance of new lesions. Responses not
falling into any of these categories were classified as stable
discasc (SD).

Results
Patient characteristics

A total of 51 patients with a median age of 61 years (range,
34-78 years) with refractory or advanced CRC were retro-
spectively analyzed. The patients’ characteristics are listed
in Table |. Patients were treated with the FOLFOX4 (39%)
or mFOLFOX6 regimens (61%). Twenty-cight patients
{55%: FOLFOX4, 9. mFOLFOX6. 19) were treated in a
first-line sctting. and 23 paticnts {(45%; FOLFOX4, 11:
mFOLFOX6, 12) were (reated in a sccond-line setting.
Since April 2003, 4 months prior to beginning this study. we
have used the FOLF(OX4 regimen for inpatients, and from
that time we selected the mFOLFOX6 regimen (or all pa-
lients in the oulpatient setting. The (otal number of chemo-
therapy cycles administered was 384, with a median of 8
cycles per patient (range, 1-12 cycles). The median dose
intensity (actual/planned dose) was 93.4% [or oxaliplatin
and 100% for SFU in the FOLFOX4 group and 91.2% for
oxaliplatin and 94.8% for 5FU in the mFOLFOX6 group.
The median dose intensily of oxaliplatin was 37 mg/m’® per
week (range, 31-42mg/m’ per week) in the FOLFOX4
group and 3dmg/m’ per week (range. 23-42mg/m’ per
week) in the mFOLFOX6 group.

Hematological toxicity

Several pertinent hematological toxicities are listed in
Table 2, shown with numbers of patients who experienced

them. The onset of neutropenia typically occurred between
10 and 14 days afler treatment. Grade 3 and 4 neutropenia
was obscrved in 20% of paticnts, with neutropenic fever
being uncommon. Neutropenia often caused delay in the
start of a subsequent treatment course. Tn all, 88 (23%) of
384 cycies were delayed due o toxicity. most commonly
hematotogical: 64 (17%) lor neutropenia and 24 (6%) for
neurotoxicity. Using our administration schedule. no throm-
bocytopenia of over grade 3 was observed (o develop. Tn
addition, only one patient developed grade 3 anemia with
transfusion.

Nonhematological toxicity

The most common neshematological adverse effects of
the FOLFOX regimens were peripheral neuropathy and
lethargy (fatiguc). These effects are listed in Table 3. Two
patients experienced grade 2 hypersensitivity reactions
(rash/hives, erythema, and one patient also cxperienced
vomiting) during the administration of oxaliplatin. The
symploms rapidly resolved, in a few minutes, on symptom-
atic treatment ((ermination of infusion, use of steroids. and
antagonists ol (ype 1 and 2 histamine veceplors). In using
successful strategies over the next treatment courses (slow-
ing the infusion rate, increasing the doses of steroids, and
dose reduction of oxaliplatin), both patients were able to
tolerate rechallenge of oxaliplatin, and one patient achicved
a partial response. Peripheral neurotoxicity, characterized
by paresthesia in a symmetric. glove-and-stocking distribu-
tion, occurred in 40 (78%) paticnts and there was no grade
over 3.

Whenever the number of (reatment cycles increascs,
neuropathy, within grade 2 level, tends {o increase. The in-
cidence ol neurotoxicity atong with the number of treat-
ment cycles is listed in Table 4. Cold-related dysesthesia

Table 1. Characteristics of the study patients

Characteristics n =3l
Sex, maleflemale 28123
Age, years, median (range) 61(34-78)
Performaace status(ECOG), 0712 192577
Primary tumor, colon/rectum/rectosigmoid 28/20/3
Adjuvant therapy. +/- 18/33
Previous irinotecan therapy. +/— 15/36

Site of metastases, lungfliver/LN/peritoneum 222817
FOLFOX4mFOLFOXa6 20/31
First-line/second-line 28/23
Dose reduction: +/- 7144

ECQG. Eastern Cooperative Oncology Group: LN. distant lymph nodes

Table 2. Hematological toxicity (CTCAE V3.0

=351

Grade I Grade2 Grade3  Graded  Allgrades  Grade 23
Leucocytopenia 17 16 | 0 67% 2%
Neutropenia 18 15 9 I 84% 20%
Ancmia 19 8 1 0 55% 2%
Thrombocytopenia 23 5 0 0 55% 0%
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Table 3. Nonhematological toxicity (CTCAE VA.0)

=31
Grade t Grade 2  Grade3 Graded  All grades Grade 23

Anorexsia 16 2 2 0 39% 4%

Nausea 13 2 2 0 33% 4%

Vamiting s 2 2 0 18% 4%

Mucositis 10 { 2 0 23% 4%

Febrile neuwropenia - - ] 0 0% -

Hand-foot syndrome 2 0 0 0 4% -

Pigmentation 4 ] - - 7% ~

Allergy 0 2 ~ - 4% -

Lethargy I3 4 0 1] 33% -

AST/ALT clevation 22 2 0 0 47% -

Diarrhea 8 2 2 0 23% 4%

Sensory neuropathy 3t 9 V] 0 78% -

“Other than sensory neuropathy
Table 4. Incidence of nearotoxicity in FOLFOX regimens

-4 Cycles (n=9) 58 Cycles (1= 28) 9-12 Cycles (1 = 14} All cycles (= 51)
Grade t 2 3 1 2 3 I 2 3 ! 2 3
Sensory 5 0 0 19 2 0 7 7 0 31 9 0
neuropathy 56% 0% 0% 68% 7% 0% 0% 50% 0% - 60% 18% 0%
Grade The oxaliplatin-specific scale (DEB-NTC)
0 t 2 3

Dysesthesia and/or  No Transient dysesthesia andfor  Transient dysesthesia and/or - Dysesthesia and/or paresthesia with pain

paresthesia abnormality parcsthesia lasting less than

7 days

parcsthesia lasting
7 days or more

or function impairment that
interferes with activities of daily
living

was reported in 31 paticots (61%). Taresthesia lasting 7
days or longer (grade 2) occurred in 9 patients (18%).
Peripheral ncuropathy appeared in two forms. In the first
form, an acute, transient, cold-exacerbated dysesthesia or
paresthesia oceurred shortly after the administration of
oxaliplatin; it atfected the hands. feet, perioral arca. and
throat: and (ypically lasted for several days alter drug
administration. In the second form, a delayed-onset, cu-
mulative, dose-related peripheral neuropathy was charac-
terized by paresthesias affecting the hands and feet that
did not remit between cycles of treatment. Investigators
also reported pharyngolaryngeal dysesthesia in only one
patient: however. no patients had a laryngospasm-like
syndrome.

Overall, 7 of the 51 patients (14%) required dose modi-
fication during treatment: dosc reduction was required tor
oxaliplatin alone in 4 patients, for SFU alone in 2 patients
and for both agents in 1 patient. The majority of dose reduc-
tions were by one level (reduction to 65mg/m’ oxaliplatin
and/or 75% of the starting dose ol SFU). No patients re-
quired a second-level dose reduction. The adverse events
most commonly leading to dose reduction were neuro-
toxicity (1 patient in FOLFOX4 and 3 patients in mFOLF-
0OX6) and diarrhea (2 patients in mFOLFOX6). In addition,
2 patients in the mFOLFOXG6 setting underwent a dose
reduction of oxaliplatin due to allergic reaction. The
most common reason for (reatment discontinuation was
PD.

Antitumor activity

All 51 patients were able (o be cvaluated for response.
Objective responses are listed in Table 5 and Table 6. There
was no complete response. The overall objective response
rates (in those who underwent first-line or sccond-line ther-
apy) were 50.0% and 8.7%, respectively (Table 6). Stable
discase was achicved in 49% of paticnts. The tumor control
rate (PR + S12) was 80.4%.

Discussion

The recent advent of several new agents for the treatment
of metastatic CRC has markediy enhanced the therapeutic
armamentarium for this disecase. Oxaliplatin in combination
with infusional SFU in the FOLFOX regimens has been
shown to be effective in achieving improved response rate,
time to progression. and survival time compared with SFU/
LV. In addition, recent large clinical phase III studics
(N9741, EFC4384, GERCOR) showed that combination
chemotherapy regimens, including irinotecan and oxalipla-
tn, markedly improved response rates and prolonged me-
dian survival over those scen with SFU/LV),"™" and these
combination chemotherapy regimens have supplanted SFU/
LV as a standard systemic approach for metastatic CRC.
The median survival time (MST) has been gradually pro-
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Table 5. Objective responses - (1)

FOLFOX4 {n =20)

CR PR sSD PD NE
0 5(253%) 12 (60%) 3(15%) ]
First-line, 3;
second-line, 2
mFOLFOXG6 (1 = 31)
0 H(35.5%) 13 (41.9%) 7 (22.6%) {)

First-line, 11:
second-line, 0

CR, complete response; PR. partial response: SD. stable disease; PD. progressive discase: NE,

not evaluable

Table 6. Objective responsces - (2)

First-tine (17 = 28)

CR PR SD PD NE
0 14 (50%) 11 (39.3%) 3(10.7%) 0
FOLFOX4, 3;
mIFOLFQOX6. 11
Second-line (n = 23)
0 2 (8.7%) 14 (60.9%) 7 (30.4%) 0

FOLF(X4. 2

CR. complete response: PR, partial response: ST, stable disease; PD, progressive disease: NE,

not evaluable

longed through the use of SFU/LV with irinotecan and ox-
aliplatin. Currently. with the addition of molecular tarected
agents, an MST of over 20 months has been reported.

Since April 2005, and the approval of oxaliplatin in Ja-
pan, clinical practice in this country has been conducted in
a major way by extrapolation from the results of clintcal
trials conducted mainly in large Western phase 11 studies.
The results of the present retrospective study demonstrate
the efficacy and [easibility of FOLFOX regimens (FOLF-
OX4 and mFOLFQOXG6) as treatment for patients with ad-
vanced CRC in the Tapanese population, as has been shown
in Western populations. In this retrospective analysis study
in a lapanese population, neutropenia grade 3/4 accurred
in 20% of the patients who werce assigned to receive oxali-
platin, but it was nonfebrile, whereas grade 3/4 vomiting
and mucositis affected only 4% of the patients. while diar-
rhea affected 4%.

Lethargy has been deseribed as the most frequent ad-
verse event of the mFOLFOX6 regimen in a recent report
by Braun et al."” In our study. 17 (33%) patients experi-
enced lethargy similar Lo general fatigue symploms.

The cumulative dosc-limiting toxicity of oxaliplatin is
peripheral sensory neuropathy. which veportedly occurs in
about 70%-80% of patients; it typically resolves a few
months after discontinuation of treatment, and may be ex-
acerbated by cold stimulation. In our series. paresthesia
lasting 7 days or longer was observed in 18% of patients
and led to an oxaliplatin dose reduction for four patients
after they had received a minimum of seven cycles (or at
lcast 4 months) of chemotherapy.

The mechanism of this neurotoxicity has been elucidated
to be as follows: the increased neuronal excitability is duc
to the action of oxaliplatin on voltage-gated sodium chan-
nels through the chelation ol calcium by the oxaliplatin

metabolite. The prevention of this neurotoxicity is a major
goal, taking in to account the wide indications of this drug.
Various different approaches have been either previously
studied or are now being evaluated, based on pathogenic or
practical concepts: (1) modification of the administralion
schedule; (2) substances acting upon sodium channels. such
as calciwm-magnesium, carbamazepine, gabapentine, venla-
laxine: (3) detoxilying agents and antioxidants, such as glu-
tathione, amifostine. alphalipoic acid, tocopherol: (4)
substances used in other kinds of neuropathy, such as
glutamine and alphalipoic acid; (3) neurotrophic factors,
such as nerve growth factor (NGF), LIF; and (6) oxaliplatin
analogs, with a DACH platin, without oxalate. Calcium-
magnesium infusion appears to be an efficient and safe
approach.

In this study, after September 2003, 32 patients (63%)
were administered calcium-magnesium infusion for the pre-
vention of the oxaliplatin-related neurotoxicity. Further
studies are necessary lor a better understanding and pre-
veation of this potentially severe neurotoxicity,

In terms of antitumor activity, although the response
rate (RR) in our population was slightly tower in compari-
son to thal in previous Western clinical studies,"™"* both of
the oxaliplatin-based regimens demonstrated a promising
objective RR in the first-line setting (50.0%) and in the
tumor control rate (80.4%).

In a GERCOR swudy, the median survival was 215
months in 109 patients allocated to FOLFIRT then
FOLFOX6 versus 20.6 months in 111 patents allocated to
FOLFOX6 then FOLFIRT (7' = 0.99). In Grst-linc therapy,
FOLFIRI achieved a 56% RR and 8.5-month median
PFS. versus FOLFOX6, which achicved a 34% RR and
8.0-month median PFS (P = 0.26). Second-line FOLFIRT
achicved a 4% RR and 2.5-month median PTS, versus
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FOLFOX6, which achieved a 15% RR and 4.2-month PFS."
Although our study could not evaluate enough data for
PFS and MST due to the short obscrvation period after
the approval of oxaliplatin in Japan, both the FOLFOX
regimens we used scem to be beneficial as first-line and
second-line therapy [or refractory or advanced CRC in a
Japanese population. with an overall response rate which is
comparable to Western figures regarding first-line and
second-line therapy. FOLFOXG6 is the most uselul ol the
FOLFOX regimens because it is simple and can be admin-
istered on an outpaticnt basis. When we use oxaliplatin in
FOLFOX regimens, because 85 mg/m’ is the approved dose
for usage in Japan, the treatment is adapted for this dose,
even in the mFOLFOXG6 regimen.

In conclusion, the FOLFOX regimens we used were
found to demonstrate good cfficacy as chemotherapy regi-
mens in our population, with an acceptable overall toxicity
profile. However, atteation must be paid to the occurrence
of peripheral sensory neuropathy. which may influence a
patient’s quality of life, while also limiting the continuation
of such treatment.
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perspectives
Introduction

A personalized medicine approach uses appropriate bio-
markers to select treatments best suited for an individual
patient and disease phenotype. A multiple hiomarker approach
(e.g.. proteomics) has the advantage over conventional single
hiomarkers of combining many different pieces of information.
Here, we review the key leatures ol stale-of-the-art proteomic
profiling and introduce recent analytic developments to build
a proteomic toalkit for use in personalized medicine, and we
describe how these may be applied in a viable method for
exploiting predictive proteomic {fingerprints in the clinic. The
polential of our proteomics toolkit hopefully brings us one step
closer to a practical personalized medicine.

Cancer therapy is moving toward individually selected
treatments, chosen not only according to wmor cell type but
also based on the patient's predicted responsiveness to different
classes of therapy or susceptibility to therapeutic adverse
events. This emerging personalized medicine approach draws
on both genotype and phenotype information, including
protein expression. To implement personalized medicine, we
need o develop elfective biomarker tests predictive of response
Lo treatment or susceplibility o adverse events. The benefits
of personalized medicine are exemplified by considering
interstitial lung disease (ILD) among non-small cell ung cancer
(NSCILC) patients, which is associated with various kinds of
chemotherapy treatment. A personalized medicine approach,
using a simple blood test to predict those NSCLC patients at
risk of developing 1133, would clearly he of great value.

We review current thinking and present some novel devel-
opments in a number of arcas that have (0 be integrated to
develop and then practically apply such tests in a clinical
selting:

e The large scale collection of reliable and high quality
phenotypic and clinical data and blood samples.

« Protein analysis in blood.

« Data acquisition, handling, combining and analysis.

« Interpretation and utilization ol results (n a clinical setting.

Clinical Background

A Motivating Example: Gefitinib (IRESSA) Treatment of
NSCLC. The concepts of proteomics-based personalized medi-
cine discussed in this article are very generally applicable. A
motivating example that we will refer to in order to illustrate
the potential benefits of personalized medicine is ongoing work
in attempting to develop a simple blood test to address the
potential occurrence of TLD in seriously il NSCLC palients, the
‘target group for the NSCLC treaiment gefitinib.

Gefitinib is a “small molccule” inhibilor of the cnzyme
tyrosine kinase of the epidermal growth factor receptor (EGFR)
family. such as erbB1. Tt is an approved therapy for advanced
NSCLC in many countries aud offers important clinical benefits
(wumor shrinkage and improvement in disease-related symp-
toms) for “end-stage” patients. The large phase 1T ISEL (IRESSA
Survival Evaluation in Lung Cancer) trial demonstrated some
improvement in survival with gefitinib which failed to reach
statistical significance compared with placebo in the overall
population and in patients with adenocarcinoma.! However,
in preplanned subgroup analyses, a significant increase in
survival was shown with gefitinib in patients of Asian cthnicity
and in patients who had never smoked.!

Analysis of the biomarker data from a subset of patients in
the ISEL study suggested that patients with pretreated advanced
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NSCLC who have tumors with a high EGER gene copy number
(detected by fluorescent in situ hybridization [FISH]) have a
higher likelihood of increased survival when treated with
gefitinib compared with placeho.? Increased HER2 gene copy
number has also been seen in tumors irom padents who are
responsive to gefitinib.® Somatic-activating mutations of EGI'R
in tumor tissue have also been associated with increased
gefitinib responsiveness in patients with NSCLC.™7 Such muta-
lions are more commonly found in twmor samples from
patients of Asian origin and non-smokers.*?

Following the ISEL subgroup analyses, and the biomarker
cvidence, it has become important w clarify which patients
are more suitable [or treatmeot with gelitinib. Analyses for both
somaltic-activating mutations and gene copy number reguire
wmor tissue, which is not always available from the time of
diagnasis; therefore, a blood Lest may represent a more versatile
option and be of great value o clinicians.

With respect to tolerability, the search for a blood tesl
that might include both genetic and proteomic biomarkers to
define patients at risk of adverse cffects from a drug, for
example interstitial fung disease with gefitinib, is a focus of
research.

Interstitial Lung Disease as a Complication in NSCLC
Patients. I1.D) is a disease that afflicts the parenchyma or
alveolar region ol the lungs.? The alveolar septa (the walls of
the alveoli) become thickened with fibrotic tissue. Associated
with drug use, it can present precipitously with acute diffuse
alveolar damage (DAD). The lungs show so-called "ground
glass™ shadowing on chest radiology. and patients complain
of severe breathlessness. There are no effective treatments but
patients can be supported by oxygen supplementation, corti-
costeroid herapy, or assisted ventiladon. The process of
alveolar damage is however fatal in some patients. TLD is a co-
morbidity in patients with NSCLC.'*"'% Both discases are
associated with cigarette smoking,'*"*" and 11D is also consid-
ered 10 be associated with various kinds ol lung cancer
chemotherapy.? -2

In the ISEL study of gefitinib in NSCLC mentioned above,
1LD-tvpe events occurred in 1% of both placebo and gefitinib-
treated patients.! Most [LD-type events occurred in patients
of Asian origin, where placebo and treated patients had similar
prevalences of respectively 4% and 3%. The rate observed in
the gefitinib-treated arm was in line with carlier safety data
from Japan and a large gefitinib post-marketing surveillance
study in Japan (3322 patients), where the reported rate of [LD-
type events was 5.8%.%7

A simple blood lest to predict the potential occurrence of
LD in sertously ill NSCLC padents before initiating (reatments
would clearly be ol greal vatue. This article describes the
personalized medicine approach, which could be used (o
provide such a test. Consequently, the proteomics objectives
of the preliminary phasc of the study we describe were 1o verify
the protein expression alterations in blood plasma from case
patients (who developed 11.D) and control patients (without
11.D) treated by gefitinib, using a liquid chromatography—mass
spectrometry/mass spectrometry {(LC—MS/MS) protecmics
platform.

Data and Sample Collection

To develop a personalized medicine test, it is essential to
have access to an adequately sized collection of high quality
tissue samples on which to perform proteomics analysis, with
corresponding reliable diagnostic and clinical data.



Personalized Medicine and Proteontics—Lessons from NSCLC

Patient complains of:
» worsening of breathlessness

andor

perspectives

On examination, patient has:
+ ‘crackles’ on chest

+ increasing cough
« fever

swme o oooy --.. . . Check chest X-ray :

No parenchymal
shadows

. Investigate cause of typical
- parenchymal shadows with
the foliowing tests

increased respiratory rate
« increased temperature

* reduced arterial oxygen
saturations <90% on air

- Parenchymal
shadows

" Check high-resolution :
CT scan

- Confinned typical parenchymal shadows
{especially ground glass shadcws andjor linear opacities)

Suspected or
probable LD

Elevated — ! Identification of

w8sC - 7 apathogen
Treat with
broad-spectrum
antibiotics
Faled
response

)

Highly probable
ILD diagnoses

+

-——— No evidence of Left ventncular Pulmonary
caranomatos:s. failure andfor embolus
pathogens or ischemic hearl seen
granulomas disease
Treat with -
heart failure
Failed therapy Treatas a
responsé pulmonary embolus

Failed
response

Figure 1. Algorithm for diagnosis of interstitial lung disease (ILD} in non-small cell lung cancer {NSCLC) patients.

As an example, in our work with gefitinib, samples were
laken alter obraining informed consent from a nested case-
control study, i.c., a case-control study performed within a
prospective pharmacoepidemiological cohort of several thou-
sand patients with advanced or recurring NSCLC who had
received at least one prior chemotherapy regimen, and who
were to be (reated with gefitinib or chemotherapy. The main
objective of this study was 10 measure the relative risk of ILD
in Japanese patients with NSCLC using gefitinib compared with
conventional therapy, with the associated aims of determining
the incidence rate of TLD in late stage NSCLC patients and the
principal risk factors for this complication.

Central to both the case-control study and the proteomics
analysis was the usce of internationally agreed criteria for (he
diagnasis of IL.D and an algorithm of diagnostic tests 1 exclude
alternative diseases.” Principal investigators in the study were
asked to assess all patients [or possible LD using the diag-
nostic algorithm (Figure 1). Two case review boards of experts
from oncology, radiology, and pulmonary medicine were set
up to independently establish a consistent (inal diagnosis of
ILD. In addition, extensive standard clinical and demographic
risk factor data were collected on all vegistered cases and
conirols.

This degree of rigor in establishing accurate phenotypic
diagnosis is critical Lo develop a robust and reliable personal-
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ized medicine test, as inaccuracies at this stage will aflect all
subsequent data analyses. The availability of clinical and risk
factor data, and arigorous epidemiological study design setting
for the collecton of proteomics samples is also of great value

to fine-tunce the statistical analysis.

Is Proteomics Ready for Personalized Medicine
Applications?

The Human Protecome Map in Plasma. The impetus to
develop personalized medicine based on blood samples has
encouraged proteomic profiling that identifies individual pro-
eins and multiple “lingerprint” protein pattens. A remaining
limitation has been the lack of inlegration ol the technology
of protein separation with bioinformatics and statistical meth-
ods. Extensive national and international?® collaborations ave
being implemented w address some of thesc neceds. An
important component in this development is the Human
Proteome Organization (1TUPO; www HHUPO.org), a scientific
consorium that supporls various programmes to map the
proteins expressed in various human tissues, discase stales,
et One of these is the Plasma Proteome initative started
in 2002, aiming (o annotate and catalog the many thousands
ol proteins and peptides®=3* of the human plasma proteome.
Recently results from the pilot phase with 35 collaborating
taboratories from 13 countries’® = and multiple analytical
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groups were made publicly available on the Internet
(www.bioinformatics.med.umich.edu/hupo/ppp; www.ebiac.uk/
pride). The combined efforts have generated 15 710 different
MS/MS datasets that were linked to the lnternational Protein
ndex {IPI) protein IDs, and an integration algorithm applied
to muitiple matches of peptide sequences yielded 9504 [PI
proteins identified with one or more peptides® and character-
ized by Gene Ontology, InterPro, Novartis Atlas, and OMIM.
Such advances provide an important platform [or transforming
proteomics from a technology to a useful biomarker tool
applicable to personalized medicine.

Protein Analysis in Blood—The Methods. With respect to
automated studics, multidimensional chromatography is (he
main (echnology used for protein analysis in biood. It is
coupled 10 mass spectrometry cither by electrospray ionization
(ESD) for analysis in solution or matrix assisted laser desorption/
fonization (MALDD in solid phase applications. 394143547 Alter-
natively, ion-trap mass spectrometers are gaining recognition
for high-throughput sequencing. =5 Linking a Fourier trans-
form ion cyclotrone resonance (FTICR) unit to the linear trap
can increase the resolution profoundly, =13 one of several
novel principles for strengthening the assignment of protein
annotlations with the most commonly used protein search
sngines 4761 for protein annotation, the recent develop-
ment of a human protein reference dacabase complements
these technologies.™ Studies of protein expression in a variety
of biological compartments ranging from sub-cellular to whole
organisms have beenundertaken with theseanalyticapproaches 8-
Some key findings from the HUPO initiatives that impact on
methodotogy include:

« For studics using blood samples, plasma rather than serum
is preferred, with ethylenediaminetetraaceric acid (EDTA) as
an anticoagulant.¢

« The abundant proteins in plasma should be depleted prior
to analysis.

o Acceptance of protein annotation, i.c., accepted protein
identities™* should use standard criteria. These include having
twa identified peptide sequences lrom each protein, both with
a statistical significance score high enough (0 ensure a correct
sequence confirmation when compared with the corresponding
gene sequence entity. ™

Despite the advances in methodology. important hurdles to
using proteomics in a personalized medicine context remain.

Protein Expression Analysis in Blood—Some Important
Hurdles. Although protein profiling technology is highly au-
tomated and interfaced with database scarch engines to relate
peplide sequences to protein identities and function, 3% there
are many practical reasons why determining the relative
abundance of proteins relevant for prediction purposes is
difficult:

« About 90% of proteins arc belicved to be present only in
low copy numbers, i.e., at medium and low abundance levels.

« There can be variation both in the guantity and form of
protein expression within normal physiological function.

« Between 300 000 and 3 million human protein species exist
as direct gene products or post-translational modifications.*

= The relative abundance of the post-translational modifica-
tions occurring within the cell is catled a Cell-Protein-Index
Number (CPIN).?9 As an example, if one considers that there
are 30 types ol phosphorviation variants of a single phospho-
protein, and a hundred possible fold forms of glycosylation of
a single glycoprotein, the theoretical CPIN varies considerably
depending on the sample complexity.
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» The dynamic range of protein cxpression within celis,
between levels of most and least abundant proteins, is in the
order of 10#—1010.34~36

« In a typical clinical proteomics study the total cellular
protein material in a sample seldom exceeds 16—20 milligrams.
Therefore. the least abundant proteins would be present at
starting levels not exceeding picograms.

+ Recent studies use technology that can idenlify several
thousand proteins in plasma samples,™ but this siill probably
only represents a small {raction of the intermediate and
processed protein forms. This is duae to the current limitation
of mass spectrometry not being able to ionize all amino acid
sequences and protein modifications with equal efficiency. In
most situations, a limited region of the [ull length protein is
sequence annotated,

» The detection of differences in protein expression between
groups ol interest (e.g., cases and controls) takes place against
a background of high variation between individuals within a
group. within individuals over time and possible analytic run-
to-run variation. Any method used (o address his hurdle
(which will involve “alignment” for spectral methods) directly
impacts the ability to find good protein biomarkers.

Beyond the hurdles above, the fundamental challenge of
protein biomarkers is (o link the relative abundance of single
markers or a fingerprint to clinically important biological
processes based on some direct or indirect cause-eflect link®
related 1o normal or aberrant biological pathways.'"#? In the
lollowing sections, we present the approach used Jor the
identification of protein biomarkers polentially associated wilh
development of ILD in NSCLC patients within the case-conirol
study used as our motivating cxample. We build on the
foundations described above and introduce further anatytic
developments and ideas relating (o proteomic dala generation,
assaying and alignment o build a proteomics toolkit that can
be applied wday for personalized medicine approaches.

A State of the Art Clinical Biomarker Analysis System

In the previous section, we described several challenges in
proteomic analysis. Here we describe a system and analysis
approaches that we have successlully implemented to address
some ol these issues.

The Components of the Analysis System. The analysis
system (Figure 2) uses liguid chromatography-based high-
resolution separadion of peptices with an interface to tandem
MS/MS, a weehnology which has been attracting great atiention
as the “shotgun” method of proteome analysis. ¥~ With this
technology, after depletion of albumin and immunoglobulin
G (1gQ), all extracted plasma proteins are digested into their
specific peptide components by proteolyiic enzyme treatment.

The generated peptides are subjected to capillary reverse-
phase submicro- to micro-flow liquid chromatagraphy (capil-
lary RP #(C), separated by retention times due to their
physicochemical properties, and then detected and sequenced
by a linear ion-trap tandem mass spectrometer’! (LTQ, Thermo
Fisher Scientific, San Jose, CA) interfaced with a spray needle
tip for LS of peptides.™ A twvo-dimensional quadrupole ion
trap mass spectrometer’ is used, operated in a data-dependent
acquisition mode with operational mn/z range limits set at 450~
2000 (Figure 3, graphs A and B). Automatic switching to MS/
MS acquisition mode is made in 1-second scanning cycles,
controlled by the XCalibur software. The actual dilferences
between annotated peptide fragment peaks shown in Figure
3, graph C, correspond (o the amino acid residue mass, i.c.,
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identily the correct amino acid sequence. Internal standards
are uscd for alignment of retention-times.

How the Methodology Overcomes Some of the Hurdles.
The system described above addresses some of the hurdies
noted previously. The digestion of all extracted plasma proteins
into peptides will reduce the complexity by combining high-
vesolution nanoflow chromatographic fractionation with the
separation power of modern mass spectrometry, performing
automated and unattended shotgun sequencing in plasma.®
Peptides are also more soluble and casier 10 handle than
intact proteins. In addition, the two-dimensional quadrupole
ion trap mass spectrometer’ operates with a high-volumne
quadrupole clectric field that malkes it highly cificient (o rap
ions. The result is high sensitivity, high scanning speed, and
better quantification over a wide dynamic range in com-
parison with the conventional three-dimensional ion-trap
insuruments.

Finding signals against a background of high variation is a
further challenge, and the next section describes some ap-
proaches for addressing these.

Initial Data Handling, Processing, and Analysis

Pratcomic data analysis process can be considered as consis-
ting of two components (Figure 4). Quantitative analysis is used
to discover significant differences in peptide signal intensities
by comparing two (or more) sample groups, This process uses
data collected from an entire MS run to quantfy the amount
ol peptide ions by their respective ion signal intensity. Qualita-
tive analysis is used to identify the amino acid sequence of each
peptide ion. from the respective product ion spectra. To
maximize their value, the results from the two component
analyses should be considered in combination.

A typical quantitative analysis may consist of several steps:

1. Normalization: To account for differences in the original
sample concentrations. Typically, the total signal intensity is
scaled to a constant value for each analyzed sample.

2. Alignment: Correcting for nonlinear fluctuation in reten:
tion time between different samples. A variety of methodologies
are available [or aligning LC~MS dala sets. We have found the
i-OPAL algorithm (Patent # WO 20047090526 Al), which is based
on Lhe single linkage clustering algorithm™ and which makes
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use of internal standard signals, to perform well, Other align-
ment algorithms include xems, ™

3. Peak picking or signal detection: Identifying individual
peptide ions within the data.

4. Identify discriminating peptides: A number of methods
can be used, often in combinadon. A common approach is (o0
apply a Student’s #-test and select peptides which are signifi-
cant, i.e., with a p-value less than the chosen cutolf, and which
also show a lold-change or intensity ratio greater than another
criterion. Further developments ol this aspect are discussed
in the Principled Statistical Analysis section.

A popular choice for qualitative analysis is the MASCOT MS/
MS ion scarch program.™ This may be run against a number
ol different peptide sequence databases, for example the NCRI
Nr, Refseq, Gene Ontology, HUGO, and Swiss-Prot sequence
databases. The results of the quantitative analysis can then be
combined with the qualitative analysis so that, for example, a
peptide must be both discriminating and have annotation—
i.e., have achieved a high MASCOT score showing confidence
in identification—to be considered a candidate biomarker.

The approaches we have discussed above are locused on
finding potentially discriminating proteins of clinical utility. In
the following section, we describe the next stage in our
thinking, namely how we could rapidly deploy in the clinic a
viable method for exploiting a predictive proteomic tingerprint.

A Proposal for Proteomics in the Clinical Setting: Mass
Spectrometric Biomarker Assays - MSBA

Although today’s technology allows for high-throughput
analyses of many proteins vather than a single protein,® the
details ol how such multiplexing assays will be adapted for
clinical use have not been well clarified. The Mass Spectro-
metric Biomarker Assay (MSBA) platform described here was
conceived as onc example of a rapid and scamless method (o
progress [rom identification of a diagnostic more directly to a
clinically useful test. MSBA requires only a minute sample
amount (5=20 «1) (o obtain a read-oul from a handful of
quantified protein biomarkers (lypically 3—35) and automati-
cally analyzes proteins using liquid-phase separation and
tandem mass spectrometry with simultaneous quantiration and
identification,
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The MSBA builds on 4 pre-defined Multiplex Biomarker list,
which is stored within the MSBA database. Each marker enity
has the values of masses and the retative retention time index
with tolerance parameters. In running a patient sample, Lhe
predefined biomarker list is scanned to pick up patient sample
signals that match with one of the predefined biomarker signals
by satislying the tolerance criteria (in general £1 for 1m/z value
and =2% for relative retention lime index). The selected
candidate signals are further confirmed using the product ion
spectrum, That is, the product ion specorum is represented as
a vector by binning (grouping) the m/z ratio values. Using the
cosine correlation between the sample vectors and the refer-
ence vectors, we can confirm whether the selected candidate
signals are truly assigned as targel biomarkers. (A standard
threshold value of the cosine correlation is 0.8.)

The process steps within the MSBA cycle are outined in
Figure 5. The calcutation of the final multiplex biomarker assay
read-out from all of the individual markers can be performed
by a varicty of applications, as discussed in more detail in the
Principled Stauistical Modcling Approach scction. Figures 6A
and B iltustrate onc approach, calculating a distance score
which indicates to what extent a measured sample is distant
from the case or control template in terms of predefined
mutltiplex biomarkers.
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I( the ratio of Seawe and Sconuot €Xceeds an MSBA (hreshold
parameter, then the test sample is predicted to be a patient
susceptible to develop LD (ILD case); if not, the test sample is
predicted (0 be a non-susceptible patieni (control). We are
currently evaluating the MSBA approach in practice.

A Principled Statistical Medeling Appreach

We have described an analytical approach based on pro-
teomic data, with various novel developments. Towever, ad-
ditional insight is needed (o further improve model discrimi-
nation and o broaden the focus from the proteomic data 1o
the ultimate goal ol prediction using combinations of data.
Statistical analysis can be used to provide further refinement
by combining information from the full clinical and laboratory
datasets.

An advantage ol a muliiple biomarker approach (e.g., pro-
teamics) compared with standard single biomarker develop-
ment is the capabilily to combine information lrom many
different entities. An example is illustrated in Figure 7A.
Considering each biomarker alone fails to separate the two
groups of subjects, as there is considerable overlap for both
biomarkers. Use of two biomarkers in combination completely
separates the two groups. '

We can also use clinical variables to advantage in the analysis
of the peplide patterns. For example, the efficacy of gelitinib
appears to be greater in non-smokers, women, patients of Asian
origin, and patients with adenocarcinomas.® Figure 7B il
lustrates how, instead of two protein biomarkers, the combina-
tion of clinical data (e.g., age) and a proteomic biomarker is
able to separale two groups.

On this basis, we propose using a principled statistical
analysis approach o [irst explore and understand the data and
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then ro model it and understand the quality of any models
produced. A first step is 1o perform exploratory data analysis
(EDA), for example using principal components analysis (PCA),
to understand the major sources of data vatiation and the
covariation between clinical paramceters and protcin intensity
measures. The next step is univariate modeling {or cach protein
marker individually, for example using analysis of covariance
(ANCOVA), and an assessment of the effect of clinical param-
eters across the whole set of protein biomarkers using, for
example, the False Discovery Rate as a tool.” This provides an
understanding ol key clinical variables and sources of variation
within the data.

The next swep is to perform multivariate predictive modeling
using the proteins and clinical variables identified as being
polentially iimporiant. There are a number of mathematical
methods described in the literature for performing supervised
classification, for example Supporl Vector Machines,® Random
Forests,’” PAM, all of which have been successfully applied
to high dimensional genomics data.™ It remains an important
unanswered question which modeling approach, or combina-
tion of modeling approaches, will generate the most predictive
and robust models for data generated using this technology
wilhin a prospective study of this design.
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Finally, 1o confirm that we have a practical prediction, the
predictive power of a model must be assessed on a different
set of patients (rom that used lo generate the model. There
are a number of approaches for external validation given a
limited size dataset, for example the sequential approach of
building a model based upon currently available dala and
testing on data from new patients when they become available,
or withholding an arbitrary selection of subjects [tom the
modeling as a (est set and testing the model on these subjects.
Internal validation approaches such as cross-validation or
related bootstrapping methods may also be uselul 1o assess
the maodel sclection procedure, but tend to overestimate the
performance of a specific predictive maodel in subscquent
external validation.®# The key propertics (o consider when
selecting an assessment method are to ensure that it will
provide both precise and unbiased information regarding the
prediction error rate of the potential model to be tested for
clinical use. As well as assessing an overall predictive rate, it is
also uselul to separately assess the predictive rate for both the
cases and controls and to consider the relative costs of making
these false predictions within a clinical setting. Finally, the
prevalence of the condition in question (here TLD) is also a
critical factor in estimating what proportion of people predicied
to be at risk are truly at risk, and this should also be borme in
mind when evaluating a modet (or potential clinical use. The
recently published FDA concept paper on drug-diagnostic co-
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Figure 7. (A) Hypothetical example of the combined disease-
linkage effect of two protein biomarkers. {Stars signify affected
case individuals, circles non-affected control individuals). (B)
Hypothetical example of the combined disease-linkage effect of
a hiomarker and a clinical variable. (Stars signify affected case
individuals, circles non-affected control individuals).



Personalized Medicine and Proteomics—Lessons from NSCLC

perspectives

5 — % S3fple preparation ~
'
~v ¥
s
Clirical
sarples 1S and
28:337 B

Tl

End-user web
browser

KRl shivig

Proteinpeplide
sequence & structure
mass annotation

Clustering & PCA  Statistical amalysis

Figure 8. illustration of the bicinformatics and data processing structure within which MSBA {Mass Spectrometric Biomarker Assays)

data are captured, modified and analyzed.

development discusses many ol the issues around validating
predictive biomarkers.*

Finally, it is preferable to be able to assign a biologicat
rationale to the biomarkers. Confidence in the reliability of a
biomarker is greatly enhanced if we can correcly under-
stand how it relates (o the mechanism and progression of the
disease of interest. Figure 8 illustrates a bioinformaltics and
data processing structure that we have developed (o allow us
to both conduct interactive exploratory and statistical analyscs,

and also investigate the disease and patbway linkage ol

discovered biomarker proteins through direct access to refer-
ence databases.

Future Perspectives

Within rhis paper we have discussed many of the issues that
need o considered in developing a persenalized medicine
approach. A key starling point is that rigarous steps are taken
0 ensure accurate diagnosis and the careful gathering of both
clinical and proteomic data to [acilitate the search for peptide
patlerns.

There are many challenges in performing protein analysis
in blood, but mass spectrometry equipment and methods can
now be used to generate peptide data with high sensitivity, high
scanning speed, and improved quaniification. Data handling
and processing techniques {or steps such as peak alignment
and the subsequent methodologices for statistical modeling and
analysis are now far enough developed to generate high qualily
data and robustly analyze these data with confidence.

We have provided details of the MSBA method that can be
used to easily translate protein intensities into a practical
multiplex assay which can be exploited in the clinic without
the need o develop anti-bodies {or ELISA. We have also
described how an expanded statistical analysis can be used Lo
allow for the individual variance of protein expression to enable
us to focus on the proteomic patterns that are actually related
to TLD. Finally, we have emphasized the impartance of validat-
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ing the predictive power of a biomarker tool in a way that
reflects the real-life setting of intended clinical use.
(lopcfully, this combination of developments over a range
of dilTerent arcas brings us one step closer 0 a praciical
personalized medicine.
IRESSA s a trademark of the AstraZeneca group of
companics.
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Pharmacokinetics of Gemcitabine in Japanese
Cancer Patients: The Impact of a Cytidine

Deaminase Polymorphism

Emiko Sugiyama, Nahoka Kaniwa, Su-Ryang Kim, Ruri Kikura-Hanajiri, Ryuichi Hasegawa, Keiko Maekawa,
Yoshiro Saito, Shogo Ozawa, Jun-ichi Sawada, Naayuki Kamatani, Junji Furuse, Hiroshi Ishii,
Teruhiko Yoshida, Hideki Ueno, Takuji Okusaka, and Nagahiro Saijo
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Purpose

Gerr’:lcitabine is rapidly metabolized to its inactive metabolite, 2’,2'-difluorodeoxyuridine {dFdU), by
cytidine deaminase (CDA). We previously reported that a patient with homozygous 208A alleles of
CDA showed severe adverse reactions with an increase in gemcitabine plasma level. This study
extended the investigation of the effects of CDA genetic polymorphisms on gemcitabine
pharmacokinetics and toxicities.

Patients and Methods

Genotyping of CDA was performed by a direct sequencing of DNA obtained from the peripheral
blood of Japanese gemcitabine-naive cancer patients (n = 256). The patients recruited to the
association study received a 30-minute intravenous infusion of gemcitabine at a dose of either 800
or 1,000 mg/m?, and eight blood samples were periodically collected (n = 250). Plasma levels of
gemcitabine and dFdU were measured by high-performance liquid chromatography. Plasma CDA
activities toward cytidine and gemcitabine were also measured {n = 121).

Results

Twenty-six genetic variations, including 14 novel ones and two known nonsynonymous single
nucleotide polymorphisms (SNPs), were detected. Haplotypes harboring the nonsynonymous
SNPs 79A>C (Lys27GIn) and 208G>A {Ala70Thr} were designated *2 and *3, respectively. The
atlelic frequencies of the two SNPs were 0.207 and 0.037, respectively. Pharmacokinetic
parameters of gemcitabine and plasma CDA activities significantly depended on the number of
haplotype *3. Haplotype *3 was also associated with increased incidences of grade 3 or higher
neutropenia in the patients who were coadministered fluorouracil, cisplatin, or carboplatin.
Haplotype *2 showed no significant effect on gemcitabine pharmacokinetics.

Conclusion

Haplotype *3 harboring a nonsynonymous SNP, 208G>A (Ala70Thr), decreased clearance of
gemcitabine, and increased incidences of neutropenia when patients were coadministered
platinum-containing drugs or fluorouracil.

J Clin Oncol 25:32-42. © 2007 by American Society of Clinical Oncology

Gemgitabine is transported into cells by con-
centrative and equilibrative nucleoside transporters,™™

Gemcitabine (2',2-diflucrodeoxycytidine) is a nu-
cleoside anticancer drug that has a broad spectrum
of antitumor activity against various solid tumors,
such as non-small-cell lung cancer and pancreatic
cancer.' In a randomized clinical trial, gemcitabine
was confirmed to provide a survival advantage over
fluorouracil in addition to symptom-relieving ben-
efits jn patients with advanced pancreatic cancer.’
On the basis of these results, gemcitabine has gener-
ally been accepted as a standard chemotherapeutic
agent for advanced pancreatic cancer.

where it is phosphorylated to its monophosphate
form by deoxycytidine kinase. Gemcitabine triphos-
phate, an active form of gemcitabine, is incorpo-
rated into an eclongating DNA strand, and is
followed by the addition of another deoxynucle-
otide that leads to the halt of DNA synthesis.”!"
Another mode of action in solid tumors, associ-
ated with the inhibition of ribonucleotide reduc-
tase, has also been suggested."'

Gemicitabine is rapidly metabolized to an inac-
tive metabolite, 2°,2’-difluorodcoxyuridine (dFdU)

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on February 25, 2008 from .
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CDA Polymorphism and Gemcitabine PK

Table 1. CDA Haplotypes

Estimated in This Study

flegion 5'-Flanking

Exon i (5"-UTR)

Exon t intron 1 Exon 2 Intron 2

SNPID CDAOGY CDAGO2 | CDACO3 CDAQD4 | CDA0DS

CDAGO7 | CDADOS | CDAQI0 | CDAD11 | CDAOYZ | CDADIS | CDAOIS CDAOY?

Nucleatide change -A51C>T | ~208C>G | -182G-A | —~116G>A | —92AG

-33.-31

Vs2
+87_+38
msTCAT

WSi+37
G>A

V82 +242
A>G

. . . S2+296
delC. 79A=C 208G-A | 210T>C TSA

Amuno acid change

Lys27Gin Ala70Thr { Ala70Al2

Haplotypes

‘12

1b

“Ic

“id

‘Im

‘in

Qther *1

*22

"2

*2c

“2d

Other =2

32

3

not shown in the row of nuclotide change. White, major allele; gray, minor allele.

{continued on next page)
NOTE. The haplotypes were descrived as 8 number plus 8 small alphabetical letter. Four single nuclectide polymorphisms {SNPs) (CDAQOQG, 008, 013, 015) were
found only in the very rare ambiguous * 7 haplotypes. Since these ambiguous haplotypes were grouped and described as “Other *#” in this table, the four SNPs are

by cytidine deaminase (CDA),” and most of an administered dose is
recovered as dFdU in the urine.’* CDA is expressed at varying levels in
the human tissues,'* and the rapid clearance of gemcitabine can be
attributed to its plentiful occurrence in the liver.™ Two single nucleo-
tide polymorphisms (SNPs), 79A>C (Lys27Gln) and 435T>C
(Thr145Thr), have been discovered in CDA, the CDDA-encoding gene
in humans.'>'* The 79A>C SNP reportedly reduces the deamination
activity (maximum velocity/Kin) toward 1-beta-D-arabinofuranosyl
cytosine (cytarabine),'® and increases Km toward gemcitabine,'” in
vitro. A recently discovered third SNP, 208G> A (Ala70Thr) displayed
a decrease in deamination activity of 60% for cytidine and 68% for
cytarabine when introduced into a CDA-null yeast strain.’®

Toxicity of gemcitabine is generally mild,'*?° but unpredictable
severe toxicities such as myelosuppression are occasionally experi-
enced.?*? Our previous case report described a patient with homozy-
gous 208A alleles of the CDA gene who showed severe adverse
reactions with increased plasma gemcitabine levels.?? In addition,
there has been controversy over the relationship between cellular CDA
activity and the clinical effects of cytarabine.?*"*” This study cxamined
the relationship between CDA polymorphisms, and the pharmacoki-

s jeo.org

netics of gemcitabine, plasma CDA activity, or adverse reactions in
Japanese cancer patients.

Gemcitabine and dFdU for analytic standards were supplied by Eli Lilly Japan KK.
(Kobe, Japan). Tetrahydrouridine, 3’-deoxy-3"-fluoro-thymidine (3'-dF1), cyti-
dineand uridine (Sigma-Aldrich Chemical Co, St Louts, MO) were purchased. All
other chemicals were of highest grade available,

Patients

The participants in this study consisted of 256 Japanese patients with
carcinoma, including six patients described in a previous report,™ at the
National Cancer Center Hospital (Tokyo, Japan) and National Cancer Center
Hospital East (Kashiwa, Japan). Two hundred fifty-one patients received a
30-minute intravenous infusion of gemcitabine at a dose of cither 800 or 1,000
mg/m?, and five patients received a fived dose-rate (10 mg/m¥min} infusion
ata dosc between 1,600 and 1,500 mg/m?. The eligibility criteria for the study
were as previously reported.” The ethics committees of the National Cancer
Center and the National Institutes of Health Sciences approved this study.
Written informed consent was obtained from each participant.

Information downloaded from jco.ascopubs.org and provided by KOKURITSU GAN CENTER on February 25, 2008 from .
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Tabie 1. CDA Haplotypes Estimated in This Study {continued)

Intron 3 Exon 4 Exon 4 {3-UTR)
coaoie COAOTS CDA020 | cDAO21 | cpae22 | cDA23 €DAO24 COA02S CDAOZ6
v - ;sizY_SE rgy | VSIB6 | VSIIG | WSS | gasesy [ 50069 ('?3;:'6?:7) (-‘;2"3?3:
>C insAlu G=a G=A e=7 6= insC ASG
Thria5Thr

No. Frequency
175 0.342

63 0.123

52 0.102

17 0.033

13 0.025

12 0.023

12 0.023

¥ 0021 | o786
8 0.016

5 0.010

4 0.008

P 0.008
2 0.004
1 0.002

8 0.015

84 0.164

" 0.021

5 0010 | 0207
3 0.006

3 0.006

18 oms | o
1 0.002

512 1000 | 1000

Monitoring and Toxicities

A complete medical history and data on physical examinations were
recorded before the gemcitabine therapy. CBC and platelet counts, as well as
bloed chemistry, were measured once a week during the fivst 2 months of
gemcitabine treatiment. Toxicities were graded according to the National Can-
cer Institute Common Toxicity Criteria, version 2.

DNA Sequencing

Allfour exons and the 5 -upstream region (approximately 800 base pairs
[bp} from the translation initiation codon) of CDA were amplified from
100 ng of DNA extracled from peripheral blood, and sequenced along both
strands. Polymerase chain reaction (PCR) primers®® and sequencingand PCR
conditions®® were described previously. For detection of an approximately
300-bp Alu insertion (IVS$3-194_-193insAlu), PCR was performed using a
specific primer set (5'- TTGTCATAGCAGAAGGAGGTT-3" and 5'- TCAG
CICTCCACACCATAAGG-3") and 100 ng of DNA as a template. Then, sizes
of theamplified fragments were determined by 1% agarose gel clectrophoresis.
NT_004610.17 (GenBank, National Center for Biotechnology Information,
Bethesda, MD) was used as the reference sequence.

Linkage Disequilibrium and Haplotype Analyses
Hardy-Weinberg equilibrium and linkage disequilibrium (LD} analyscs
were performed by SNPAlyze software (Dynacom Co, Yokobama, Japan}. All
of the detected variations were found to be in Hardy-Weinberg cquilibrium
(P = .05), except for the SN IVS1+37G>A (P = .002). Sonie of the haplo-

3

types were unambiguously assigned from subjects with homozygous varia-
tions at all sites or a heterozygous variation at only one site. The diplotype
configurations (a combination of haplotypes) were separately inferred by
LDSUPPORT software,*® which determines the posterior probability distribu-
tion of the diplotype configuration for cach subject based on the estimated
haplotype firequencics, The diplotype configurations of all but 11 subjects were
inferred with probability of more than 0.93. All haplotypes inferred in single
subjects wete gathered as the groups “Other *I” and “Other *2" in Table 1.

Pharmacokinetic Study

Five patients with fixed dose-rate infusion and one patient with intcrrup-
tion of infusion for more than 15 minutes were excluded from the pharmaco-
kinetic analysis described herein. Heparinized blood was collected before
adiministration of gemcitabine and used to measure plasma CDA activity. Five
milliliters ofheparinized bood was also sampled for pharmacokinetic analysis
before the first gemcitabine administration, and at 0, 15, 30, 60, 90, 120, and
240 minutes after the termination of the infusion. Fifty microliters of 1%
tetrahydrouridine was immediately added to these samples to prevent ex vivo
deamination. Plasma levels of gemcitabine and dFdU were determined using
the high-performance liquid chromatography method previously reported.™
The area under the curve (AUC) and mean residence time from 0 to infinity,
peak concentration (C, ... ), clearance (CL/m?) and distribution volume based
on the terminal phase (Vz/m*®) were calculated using WINNonlin (Scientific
Consultant, Apex, NC) version 4.01. (Pharsight Corporation, Mountain View,
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CA). AUC and C,,,,,, were corrected for dose, assuning that all patients re-
ceived 1,000 mg/m* of gemcitabine.

CDA Activities in Plasma

Determination of CDA activitics was performed using the method
by Richards et al*® with slight modifications (modifications are as follows:
gemcitabine was used as a substrate as well as cytidine, internal standards
tor analysis [3’-dFT for gemcitabine or dFdU for cytidine] were added to
the mixtures at the beginning of the reaction, and high-performance liquid
chromatography was used for detection of reaction products). CDA activ-
ity was expressed by unit, and one unit of enzyme activity was defined as the
concentration that produces 0.1 nmol of dFdU or uridine per minute per
millifiter of plasma.*®

Statistical Analysis

Kruskal-Wallis, Mann-Whitney, and Pearson’s correlation tests were
performed using the JMP software (SAS Institute Inc, Cary, NC). Two ordi-
nally scaled categoric data were subjected to x* analysis for a correlation test. A
significance level of .05 was applicd to all two-tailed and correlation tests.
Multiplicity was adjusted by the false-discovery rate,”' if necessary.

Genetic Variations and Haplotype Structures of CDA

Twenty-six (14 novel) genctic variations were detected in the
256 Japanesc cancer paticnts cnrolled onto this study (Table 2).
Three of the novel variations were found in the 5’ -untranslated region,
one in exon 2, three in the 3’-untranslated region and seven in the
introns. Three known SNPs in the coding region of CDA were also
detected. Among these, the nonsynonymous SNPs, 79A>C
(Lys27Gln) and 208G> A (Ala70Thr), exhibited allelic frequencies of
0.207 and 0.037 (Table 2), respectively, and they were comparable to
those reported previously.'® One patient was found to be homozy-
gous for the 208A polymorphism. A novel insertion of an approx-
imately 320-bp Alu clement (1VS53-194_-193insAlu) was newly
found in intron 3.

The detected variations were used to analyze LD (Fig 1). Four
novel variations (IVS3-56G>A, 1V83-36G>>A, 1VS3-23C>T and

Table 2. Variations of the CDA Gene Found
SNP ID Position
From the Transiational Antino
NCBI Initiation Site or From Wugleotide Change and Flenking Acid Allete
This Sty {dhSNP) JSNP Location NT_004610.17 the Nearest Exon Sequences (5 to 3} Change Frequency
MPJE_CDAOOT1 15532645 s ‘;340%7 67 §'-Flanking 3739514 ~451% TGCCTCCTGCCTC/TGGGATGCCGCAG 0.190
MPJG_CDAOD2  rs603412 IST%?)%‘I o8 $'-Flanking 3739760 ~205% CACACGTAGGCAC/GTGTCTTACACCA 0.266
MPJB_CDAOD3 512726436 §'-Fianking 3739783 —182¢ CACACCTGCTGAG/ATCCAAACCATGG 0.061
MPIS_CDANDE" Ex«(arq l'JTR) 3739849 ~116¢ CYGAGAGCCTGCG/AGTCTGGCTGCAG 0.059
5
MPJG_CDAOUS  rsB02950 Ex:)sn ey RIS e - - GGGACACACCCAA/GGGGGAGGAGCTG 0.208
MPJ6_CDAOOS" ék?sn. L " 3733884 Zgs | AMGGGGAGGAGCT/CGCAATCGTATCT 0.002
MPJ6_COAQO7 53215400 IMS- Exon 1 -3739934 T =-33_-31% :GCTCCTGITTCCC/-GCTGCTCTYGCTG 0.451
JST076938 {5-UTR) .
MPJG_CDAGOS" Exg} 6 - 2739957 -8 TGCCTGCCCGGGG/ATACCAACATGGC 0.002
MPJ6_CDAGO9T 152072671 5 1'('33‘3769 Exon 1 3740043 79t CAGGAGGCCAAGA/CAGTCAGCCTACT Lys27Gin 0.207
MPJ6_CDAGI10 512059454 Intron 1 3740155 VS1+437 CCCAGCCCAGCAG/ACCTGGGIGGTGG 0.184
MPJ6_COACITT Exon 2 3755816 208% . GCTGAACGGACCG/ACTATCCAGAAGSG Ala?QThr Q.037
MPJS_CDAO12' Exon 2 3755818 210¢ TGAACGGACCGCT/CATCCAGAAGGCC Na70Ala 0.004
MPJ6_CDAQ13" LIntron2 .- - 3765932 .. .. - IVS2+588 .- 1 GCCAACATCTTCC/YTTACACATATTA 0.002
MPJG_CDAO14" Intron 2 3755981_3755962 IVS2187_488 TCATTCATTCAT-/TCATCTGACATATGTY 0.135
MPJ6_CDAO15" - Intron 2 3756043 - V82+169 ‘ATAAGGAGATAAA/GTAAGAAATGGAG 0.002
MPJS_CDADIE  rs10916825 fntron 2 3756116 WS24.242 CATACAAGGGCCA/GGTATGCCCCTGT 0.289
MPJ6_CDAO17 15818194 . tntron 2 .. 3756170 -« IVS2+296 - GTCCTACAAGATI/ATAACAGAAAGGC 0217
MPJ6_CDAOI8  (s373B130 Js.‘_lg/é%& " Intron 3 3764805 W83+71 AGCCACGCCAAGT/ECTGCAGGCATGGC 0.053
MPJB_CDAD19” Intron 3 3769093 3769094 - .-1VS3-184_-193 . . CYGTICAGTTTC-/{Alu)SACAGCATICTITT 0.293
MPJB_CDA020" Intron 3 3769231 - V$3-56 CAGACCCAGTCCG/ATCTCAGCCCCCT 0.293
MPJS_CDAO2Y* - Intcon 3 - -3769251 .. 1v$3-36 -~ CCCCTCAGCCACG/ACTGTGTCTCTCA 0.293
MPJ6_CDA022° Intron 3 A3769264 IV83-23 . CTYGTGTCTCTCAC/TGCCAGETTTIGCC 0.292
MPJG_CDAO23t 1517846527 {-Exond . 0.0 i3769397 oo iU 438t oo - - CCTGCAGAAGACC/TCAGTGACAGCCA  ThildSTnr 0.293
MPJS_CDAO247 Exg\_ ﬁ _— 3769472 510" 69)% CTCACAGCCCTIGG/IGGACACCTGCCC 0.002
MPJG_CDAO25° . Ex?:;} GTR) 3760599 3769600 637_638(°195_1974+  ACCGCCGCCCCC-/CTGCCCCACCTTT 0.293
MPJE_CDANZ6" Exon 6 R 3769638 676 (*235)% -GGGCCCT CTTTCA/GAAGTCCAGCCTA 0.010
{3 }
“Novel variations detected in this study.
tYue et al.'® .
1A of the transtation initiation codon ATG is numbered 1, and the number with ~ in parentheses indicates the position from the termination codon TGA.
§The sequence of the Alu insertion was 8s follows: 5 - (MNGAGACGGAGTCTCGCTGTCGCCCAGGCTGGAGTGCAGTGGCGCAATCTCGGCTCACTGCAGGCTCCG
CCCCCTGGGGTTCACGCCATICTCCTGCCTCAGCCTCCCGAGTAGCTGGGACTACAGGCGCCCGECCACCTCGCCCGGCTAATTTTTTGTATTTTTAGTAGAGACGGGGTT
TCACCGTGTTAGCCAGGATGGTCTCGATCTCCTBACCTCGTGATCCOCCCGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGCGCCCGGCCCACTG
TTCAGTTTC-3' (n = approximately 25).

WWWL 2,018
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