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PHASE I STUDIES

A phase I evaluation of the combination of vinflunine
and erlotinib in patients with refractory solid tumors
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Summary Purpose. Epidermal growth factor receptor
(EGFR) inhibition may overcome chemotherapy resistance
by inhibiting important anti-apoptotic signals that are
constitutively activated by an overstimulated EGFR path-
way. Methods. This phase I dose escalation trial assessed
the safety and efficacy of vinflunine, a novel vinca alkaloid
microtubule inhibitor, with erlotinib, an EGFR tyrosine
kinase inhibitor, in patients with refractory solid tumors.
Results. Seventeen patients were treated, 10 with continuous
erlotinib, and 7 with intermittent erlotinib. At dose level 1,
vinflunine 280 mg/m” IV day 1 and erlotinib 75 mg PO days
2-21 (“continuous erlotinib”) in 21 day cycles, two of four
patients experienced DLTs. At dose level —1 (vinflunine
250 mg/m2 every 21 days and erlotinib 75 mg/day), two of
six patients experienced DLTs. The study was amended to
enroll to “intermittent erlotinib” dosing: vinflunine day 1 and
erlotinib days 2-15 of a 21 day cycle. Two of seven
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experienced DLTs and the study was terminated. One patient
with breast cancer had a partial response; three had stable
disease >6 cycles. All were treated in the continuous
erlotinib group. Conclusions. Given the marked toxicity in
our patient population, the combination of vinflunine and
erlotinib cannot be recommended for further study with these
dosing schemas.

Keywords Influnine - Erlotinib - Phase I -
Safety and toxicity

Introduction

Vinflunine is a novel, semi-synthetic vinca alkaloid with
broad preclinical antitumor activity [1]. Like other vincas,
vinflunine exerts its antineoplastic effect through interference
with microtubule formation and function, leading to cell
cycle arrest at G2/M, and subsequent apoptosis. In contrast
to other vincas, vinflunine has a lower affinity for tubulin—a
characteristic postulated to reduce neurotoxicity [2].

Single agent phase I experiences identified vinflunine
350 rng/m2 IV every 21 days as the maximum tolerated
dose (MTD) [3]. Due to an excessive rate of hematologic
toxicity in early phase II trials, doses in the phase II and III
studies were 320 mg/m” every 21 days [4]. Common grade
3/4 adverse effects of vinflunine include neutropenia,
constipation, and fatigue [2].

Clinically relevant activity of single agent vinflunine
has been seen in platinum-refractory bladder cancer [5],
anthracycline and taxane pre-treated metastatic breast
cancer (MBC) [6], second-line therapy of non small cell lung
cancer (NSCLC) [7], and malignant pleural mesothelioma
[8], and vinflunine is now being evaluated in combinations in
these diseases [2].
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Epidermal growth factor receptor (EGFR) is over-
expressed in many solid tumors, including those in which
vinflunine has demonstrated activity. Furthermore, treatment
with vinca alkaloids increases the number of EGFRs on cancer
cells in vitro [9, 10]. Inhibition of the epidermal growth factor
pathway is known to sensitize tumors to chemotherapy,
particularly evident in colorectal cancer where treatment with
cetuximab and irinotecan can overcome irinotecan resistance
[11]. EGFR inhibition may overcome chemotherapy resis-
tance by inhibiting important anti-apoptotic signals that are
constitutively activated by an overstimulated EGFR pathway,
thus lowering the apoptotic threshold [12].

Erlotinib, an oral tyrosine kinase inhibitor (TKI) of
EGFR approved for use in NSCLC and pancreas cancer,
inhibits the intracellular phosphorylation of tyrosine kinase
[13]. Adverse effects include fatigue, rash, diarrhea, anorexia,
and mild dyspnea [13]. The differing adverse effect profiles
between erlotinib and vinflunine, potential for synergistic
activity, and anticipated activity in a number of tumor types
made this an attractive combination. Additionally, synergy
between vincas and other HER family members has been
demonstrated, specifically in MBC with vinorelbine and
trastuzumab (erb2/Her2 antibody) [14].

We undertook a phase I investigation of vinflunine and
erlotinib in combination in patients with refractory solid
tumors to determine the MTD and recommended phase II
dose for future studies.

Patients and methods
Eligibility

Patients had histologically confirmed advanced solid
tumors refractory to standard therapies, or for which no
standard therapy exists. Other eligibility criteria included: age
>18 years; >3 month life expectancy; Eastern Cooperative
Oncology Group (ECOG) performance status 0—2; measur-
able or evaluable disease by Response Evaluation Criteria in
Solid Tumors (RECIST); at least 4 weeks post chemotherapy,
investigational agent, or surgery; and adequate organ
function (bilirubin <I.5 mg/dL; transaminases <3 times
upper limit of normal (ULN), or <5 times ULN if known
liver metastasis; creatinine clearance >60 mL/min by
Cockcroft-Gault; platelets >100,000/uL; absolute neutrophil
count (ANC) >1,500/uL). Patients with brain metastases
were permitted only if they had undergone CNS directed
therapy at least 3 months earlier and had both clinically
and radiographically stable disease for at least 8 weeks.
Medications known to induce or inhibit cytochrome P450
3A4 (CYP3A4) were discontinued or required to be stable
doses for a minimum of 2 weeks prior to enrollment; strong
inhibitors (e.g. ketoconazole) and enzyme-inducing antiepi-

leptic drugs (e.g. phenytoin) were not permitted. Other
exclusion criteria included: prior allergic reaction to a vinca
alkaloid; New York Heart Association class III/IV heart
failure, unstable angina, myocardial infarction within
6 months; poorly controlled hypertension; uncontrolled
infection or severe illness; and pregnancy, refusal to use
contraception, or breastfeeding.

Written informed consent was obtained prior to treat-
ment or any study related procedures. This study was
approved by the Biomedical Institutional Review Board at
the University of North Carolina at Chapel Hill.

Dosing and trial design

A standard 3-patient cohort dose escalation scheme was
employed, whereby three patients began treatment at dose
level 1. If no dose limiting toxicities (DLTs) were observed
after completion of the 21 day cycle, three patients were
enrolled at the next dose level. However, if one patient
developed a DLT, three additional patients were enrolled at
that dose level, and if none of these developed a DLT (1 of
6 with DLT), enrollment proceeded at the next dose level. If
a second patient (2 or more of 6) experienced a DLT, that
dose exceeded the MTD and the dose recommended for
phase II trials, defined as the dose level below that which
induced DLT in one third or more of patients.

Dose level 1 was vinflunine 280 mg/m? IV day 1 and
erlotinib 75 mg PO days 2-21 (“continuous erlotinib”). MTD
was exceeded therefore enrollment continued with a prespe-
cified dose level —1 (vinflunine 250 mg/m* and erlotinib
75 mg/day). Because MTD was again exceeded, the study was
amended to enroll patients to a new dose escalation scheme:
vinflunine 280 mg/m” on day 1 and erlotinib 75 mg/day on
days 2-15 of a 21 day cycle (“intermittent erlotinib’’). This
regimen was based on data suggesting EGFR TKIs may
inhibit G1 cell cycle arrest, thus negating the M-phase effect
of vinflunine, while evidence was emerging supporting
“pulse” TKI regimens to overcome such effects [15-17].

Toxicity was graded according to the National Cancer
Institute Common Toxicity Criteria for Adverse Events version
3.0 (NCI CTCAE v3) [18]. DLTs were defined as any of the
following that occurred during cycle 1: any > grade 3 non-
hematologic toxicity except fatigue or constipation; > grade 3
constipation lasting > 7 days despite supportive management;
grade 3 rash unresponsive to supportive management; grade 4
fatigue; ANC <0.5 X10° cells/L lasting >5 days or associated
with fever or infection; or platelet <25 X10° cells/L of any
duration or <50 X10” cells/L with major bleeding. Toxicity
was assessed weekly during cycle 1 and every 3 weeks for
subsequent cycles.

Tumor response was assessed according to RECIST
criteria every two cycles with computed tomography (CT)
or magnetic resonance imaging scans (MRI) [19].
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Midazolam probe for CYP3A4

Vinflunine and erlotinib are both CYP3A4 substrates.
Given the known interperson heterogeneity of CYP3A4
activity, we sought to investigate the relationship between
CYP3A4 phenotype and toxicity from this combination.
CYP3A4 phenotyping has predicted toxicity with other
chemotherapeutics [20]. Clearance of midazolam, a CYP3A4
substrate, was used as a surrogate for CYP3A4 activity.
Midazolam 1 mg was bolused immediately following
vinflunine in the first seven patients. Thereafter midazolam
was administered 3 h before vinflunine. Venous blood
samples were collected prior to and at 5 min, 30 min, 1 h,
2h,3h,4h, 6h, and 8 h after the end of the midazolam
infusion. Samples were collected in EDTA tubes, centrifuged
to separate plasma, and stored at—80°C until analysis.
Sampling was performed for vinflunine PK analysis,
however due to processing errors, the samples could not be
reliably evaluated.

Plasma concentrations of midazolam were determined
using a modified, validated reverse-phase HPLC method with
mass spectrometric detection [21]. Individual midazolam
plasma concentrations were used to estimate PK parameters
using WinNonlin 4.0 (Pharsight Corp., Mountain View, CA).

Drug administration

Vinflunine was given day 1 of every 21 day cycle as an [V
infusion over 20 min with an infusion of 500 mL of 0.9%
normal saline. Ondansetron 24 mg PO was given 30—
60 min before vinflunine. Erlotinib was started day 2 of
each cycle and continued until day 21 in the continuous
dosing group and until day 15 in the intermittent group
taken 1 h before or 2 h after meals.

Patients who experienced a DLT during cycle 1 under-
went a dose reduction of vinflunine only for subsequent
cycles. Grade 3 or 4 non-hematologic toxicity and grade 4
hematologic toxicity in subsequent cycles resulted in a 25%
dose reduction of vinflunine. Erlotinib dose was decreased
to the next level only for grade 3 rash (e.g. from 75 mg to
50 mg). Patients continued treatment until progressive
disease, excessive toxicity, or patient preference.

Results

Patient characteristics

Seventeen patients (ten continuous erlotinib, seven intermit-
tent erlotinib) were treated at a single institution between
October 2006 and March 2008. All patients received at least

one dose of vinflunine and are included in the toxicity
assessment. The median age was 59 years (range 40 to 81),
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with 8 men and 9 women (Table 1). Most patients received
prior chemotherapy, with a median of three prior treatments
for metastatic disease.

Dose limiting toxicity and adverse events

In the continuous erlotinib cohorts, 60 cycles of therapy
were delivered, with a median of 5 cycles per patient (range
1-13). DLTs observed at continuous dose level 1 (two of
four patients) were unstable angina in a patient with known
coronary artery disease, and grade 3 asthenia and mouth
pain (Table 2). The other two patients continued for 3 and
13 cycles, respectively. The unstable angina event occurred
on cycle 1 day 1, prior to the first dose of erlotinib, and was
managed medically; he was considered not evaluable due to
the use of the study drug vinflunine. DLTs on dose level —1
(two of six patients) were grade 3 nausea and vomiting
(despite adequate symptomatic treatment) in one patient,
and grade 4 neutropenia lasting longer than 5 days with
grade 3 fatigue in another.

In the intermittent erlotinib cohorts, 16 cycles were
delivered, with a median of two cycles per patient (range
1-5). One DLT occurred in the first six patients at dose level 1
(grade 3 dehydration and mouth pain, grade 4 abdominal pain
and fatigue). To ensure safety, this cohort was expanded. The
next patient enrolled experienced DLT (grade 3 dehydration
and mouth pain, grade 4 myalgias) for DLT in two of seven
patients leading to study termination.

The most frequent adverse events (all grades and
regardless of attribution) observed were leucopenia (n=13),
neutropenia (n=11), nausea (n=8), vomiting (»=8), and

Table 1 Patient characteristics

Number treated patients (#) 17
Age, median (range) 59 (40-81)
Tumor Type, n

Breast

Colorectal

Adenoid cystic carcinoma of head and neck

Parotid (1 adenocarcinoma, 1 squamous cell carcinoma)
Lung (adenocarcinoma)

Esophageal (squamous cell carcinoma)

Gastroesophageal junction (adenocarcinoma)

N T R e

Mesothelioma
Sex

Male

Female

8 (47%)
9 (53%)
Race

Caucasian 14
African American 3

Number of prior therapies, median (range) 3 (0-5)
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Table 2 Dose escalation

scheme and dose limiting Dose level # treated patients # DLT
toxicities
Continuous Level 1 4 2
V 280 mg/m2 - unstable angina
E 75 mg/day - asthenia, mouth pain
Continuous Level —1 6 2
V 250 mg/m2 - nausea, vomiting
E 75 mg/day - neutropenia, fatigue
Intermittent Level 1 7 2
V 280 mg/m2 - dehydration, mouth pain, abdominal pain, fatigue
E 75 mg/day - dehydration, mouth pain, myalgias

fatigue (n=7) (Table 3). Treatment-related grade 3—4 toxic-
ities were leukopenia, neutropenia, anemia, fatigue, hypoka-
lemia, abdominal pain, and myalgias. These toxicities did not
appear to be dose or schedule related.

Of the seven patients who received more than one cycle
of vinflunine with continuous erlotinib, five had grade 3 or
4 toxicity. These were predominantly bone marrow sup-
pression, including grade 4 neutropenia in three patients. Of
the six patients that received more than one cycle of
intermittent erlotinib, two had grade 3 or 4 toxicities.

Table 3 Most frequent adverse events

Constipation and sensory and motor neuropathy, which
are common toxicities of vinka alkaloids, were uncommon
occurrences in this trial, affecting 24% and 19% of patients
respectively, all of which were grade 2 or less.

Clinical benefit
Three patients in the continuous erlotinib cohorts withdrew

following DLTs, and one patient in the intermittent arm
withdrew to have a lung lobectomy for a stable lung nodule

Patients affected,
all grades # (%) (n=17)

Adverse event

# Patients with grade 3
or 4 as highest toxicity

# Cycles Affected,
all grades (n=76 cycles)

# Cycles affected,
grades 3 and 4

Leukopenia 13 (76%)
Neutropenia/ granulocytopenia 11 (65%)
Nausea 8 (47%)
Vomiting 8 (47%)
Fatigue (asthenia, lethargy, malaise) 7 (41%)
Anemia 6 (35%)
Pain (Bone, head, abdomen) 6 (35%)
Anorexia 5 (29%)
Diarrhea 5 (29%)
Pain—Other 5 (29%)
Hypokalemia 5 (29%)
Transaminitis 4 (24%)
Constipation 4 (24%)
Pain—Oral cavity 4 (24%)
Rash/desquamation 4 (24%)
Hyponatremia 4 (24%)
Hyperbilirubinemia 3 (18%)
Dehydration 3 (18%)
Dermatology/Skin—Other 3 (18%)
Hypernatremia 2 (12%)
Myalgias/ muscle weakness 2 (12%)
Dysphagia 1 (6%)

Pain—Cardiac/heart 1 (6%)

Hypophosphatemia 1 (6%)

8 19 9
8 14 8
3 10 3
2 8 2
5 10 5
1 8 1
3 9 3
0 5 0
0 6 0
0 5 0
3 9 5
0 6 0
0 4 0
0 4 0
0 5 0
2 6 2
0 3 0
1 3 1
0 3 0
1 2 1
2 2 2
1 1 1
1 1 1
1 1 1
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following cycle one. These four were not evaluable for
clinical response.

In the continuous dosing cohort at dose level 1, one
patient with MBC had a partial response lasting 13 weeks.
Five patients had stable disease (range 3-19 weeks).
Prolonged stable disease (>6 cycles) occurred in three
patients: a patient with adenoid cystic carcinoma who
withdrew for symptomatic deterioration without radio-
graphic evidence of progression after 13 cycles, and two
patients with parotid carcinoma treated with 9 and 11 cycles
respectively. One patient had primary progressive disease.

In the intermittent dosing cohort, one patient with colon
cancer had stable disease for five cycles. The other five
patients had primary progressive disease, including one
patient with symptomatic brain metastases.

CYP3A4 phenotyping

Midazolam probe PK was performed for CYP3A4 activity
in the first ten patients. In an exploratory analysis of the
association between midazolam clearance and toxicity,
ANC nadir correlated with rate of clearance such that those
patients with slower clearance had a lower ANC nadir
(Spearman’s correlation coefficient 0.49).

Discussion

In this phase I study of vinflunine and erlotinib in combina-
tion, the MTD was exceeded even at dose level —1 in which
vinflunine was given at 75% and daily erlotinib at 50% of the
commonly used anti-tumor doses. MTD was also exceeded in
the first dose cohort of vinflunine with intermittently dosed
erlotinib. Given the marked toxicity in our patient population,
this combination cannot be recommended for further study
with these dosing schemas, though several patients had
prolonged periods of stable disease including one with MBC
and three with head and neck cancers. Another recent study
combining a vinca alkaloid with an EGFR inhibitor also
demonstrated unacceptable toxicity [22], whereas gefitinib +
vinorelbine in a Chinese population had minimal toxicity
and the combination demonstrated improved progression
free survival [23].

The extent of toxicity observed was not anticipated.
Though limited by small sample size, we explored several
variables thought to contribute to chemotherapy toxicity:
neither age, nor gender, nor extent of prior therapy appeared
related to toxicity. The toxicity may be in part explained by drug
interaction of these CYP3A4 substrates. However, administer-
ing erlotinib intermittently to avoid competitive CYP3A4
inhibition did not mitigate the toxicity. Unfortunately, samples
collected to measure vinflunine pharmacokinetics could
not be processed, and thus we cannot comment on

@ Springer

whether our patients had higher than expected vinflunine
exposure as would be expected if toxicity resulted from
an erolotinib-vinflunine interaction.

To date, vinflunine has demonstrated single agent
activity in pretreated NSCLC, bladder, and MBC, and
combination therapies are being further evaluated in these
first line settings [2]. A phase III study of vinflunine versus
best supportive care in second line transitional cell
carcinoma of the urothelium demonstrated no survival
benefit by intention to treat, but a statistically significant
2 month benefit in the eligible population [24]. Other
combination studies with vinflunine have been reported
using both conventional chemotherapeutics and targeted
therapies. Our phase I trial of pemetrexed and vinflunine
demonstrated that this combination is safe, and two patients
had prolonged stable disease (lung and breast cancer) [25].
Phase II combination studies are in progress. In second-line
NSCLC, vinflunine with cetuximab produced partial responses
in three of 13 patients and stable disease in five patients [26].
Other studies evaluating TKIs and vinflunine have not been
reported.

This phase I study demonstrated that combination
vinflunine and erlotinib in continuous or intermittent dosing
schedules is poorly tolerated. Other combination therapy
trials could investigate alternate dosing regimens and avoid
CYP3A4 substrates or inhibitors/inducers.
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Genentech; General Clinical Research Centers Program of Division
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K12 (RR025746 to H.K.S.); Alberta Heritage Foundation for Medical
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Medical Oncology Fellowship (JMD).

References

1. Kruczynski A et al (1998) Preclinical in vivo antitumor activity of
vinflunine, a novel fluorinated Vinca alkaloid. Cancer Chemother
Pharmacol 41(6):437—447

2. Bennouna J et al (2008) Vinflunine: a new microtubule inhibitor
agent. Clin Cancer Res 14(6):1625-1632

3. Bennouna J et al (2003) Phase I and pharmacokinetic study of the
new vinca alkaloid vinflunine administered as a 10-min infusion
every 3 weeks in patients with advanced solid tumours. Ann
Oncol 14(4):630-637

4. Yun-San Yip A, Yuen-Yuen Ong E, Chow LW (2008) Vinflunine:
clinical perspectives of an emerging anticancer agent. Expert Opin
Investig Drugs 17(4):583-591

5. Culine S et al (2006) A phase II study of vinflunine in bladder
cancer patients progressing after first-line platinum-containing
regimen. Br J Cancer 94(10):1395-1401

6. Campone M et al (2006) Vinflunine: a new active drug for
second-line treatment of advanced breast cancer. Results of a
phase II and pharmacokinetic study in patients progressing after
first-line anthracycline/taxane-based chemotherapy. Br J Cancer
95(9):1161-1166



Invest New Drugs (2011) 29:978-983

983

7.

10.

11.

12.

13.

14.

15.

Krzakowski M et al (2007) Phase III study of vinflunine versus
docetaxel in patients (pts) with advanced non-small cell lung
cancer (NSCLC) previously treated with a platinum-containing
regimen. J Clin Oncol 25(18S): (abstr 7511)

. Talbot DC et al (2007) Phase II study of vinflunine in malignant

pleural mesothelioma. J Clin Oncol 25(30):4751-4756

. Hanauske AR et al (1994) Effects of the microtubule-disturbing

agents docetaxel (Taxotere), vinblastine and vincristine on
epidermal growth factor-receptor binding of human breast cancer
cell lines in vitro. Eur J Cancer 30A(11):1688—-1694

Depenbrock H et al (1995) Effects of vinorelbine on epidermal
growth factor-receptor binding of human breast cancer cell lines in
vitro. Invest New Drugs 13(3):187-193

Cunningham D et al (2004) Cetuximab monotherapy and
cetuximab plus irinotecan in irinotecan-refractory metastatic
colorectal cancer. N Engl J Med 351(4):337-345

Huang SM, Harari PM (1999) Epidermal growth factor receptor
inhibition in cancer therapy: biology, rationale and preliminary
clinical results. Invest New Drugs 17(3):259-269

Genentech (OSI) Oncology (2004) FDA package insert Tarceva
(erlotinib). November 18

Burstein HJ et al (2003) Trastuzumab and vinorelbine as first-line
therapy for HER2-overexpressing metastatic breast cancer: multi-
center phase I trial with clinical outcomes, analysis of serum tumor
markers as predictive factors, and cardiac surveillance algorithm. J
Clin Oncol 21(15):2889-2895

Mabhaffey C et al (2007) Schedule-dependent apoptosis in K-ras
mutant non-small-cell lung cancer cell lines treated with docetaxel
and erlotinib: rationale for pharmacodynamic separation. Clin
Lung Cancer 8(9):548-553

. Solit DB et al (2005) Pulsatile administration of the epidermal

growth factor receptor inhibitor gefitinib is significantly more
effective than continuous dosing for sensitizing tumors to
paclitaxel. Clin Cancer Res 11(5):1983-1989

. Davies AM et al (2006) Pharmacodynamic separation of epider-

mal growth factor receptor tyrosine kinase inhibitors and

18.

19.

20.

21.

22.

23.

24.

25.

26.

chemotherapy in non-small-cell lung cancer. Clin Lung Cancer 7
(6):385-388

Cancer Therapy Evaluation Program (2006) Common termi-
nology criteria for adverse events, version 3.0, DCTD, NCI,
NIH, DHHS. 2003 March 13 (http://ctep.cancer.gov), Publish
Date: August 9

Therasse P et al (2000) New guidelines to evaluate the response to
treatment in solid tumors. European Organization for Research
and Treatment of Cancer, National Cancer Institute of the United
States, National Cancer Institute of Canada. J Natl Cancer Inst 92
(3):205-216

Hirth J et al (2000) The effect of an individual's cytochrome
CYP3A4 activity on docetaxel clearance. Clin Cancer Res 6
(4):1255-1258

Kanazawa H et al (2004) Determination of midazolam and its
metabolite as a probe for cytochrome P450 3A4 phenotype by
liquid chromatography-mass spectrometry. J Chromatogr A
1031:213-218

Pujol JL et al (2006) Gefitinib (IRESSA) with vinorelbine or
vinorelbine/cisplatin for chemotherapy-naive non-small cell lung
cancer patients. J Thorac Oncol 1(5):417-424

Chen YM et al (2007) Phase II randomized study of daily gefitinib
treatment alone or with vinorelbine every 2 weeks in patients with
adenocarcinoma of the lung who failed at least 2 regimens of
chemotherapy. Cancer 109(9):1821-1828

Bellmunt J et al (2009) Phase III trial of vinflunine plus best
supportive care compared with best supportive care alone
after a platinum-containing regimen in patients with advanced
transitional cell carcinoma of the urothelial tract. J Clin
Oncol

Shah U et al (2008) A phase I trial of pemetrexed and vinflunine
(VFL). J Clin Oncol 26(May 20 suppl; abstr 13508)
Stinchcombe TE et al (2008) Preliminary safety and efficacy data
of a phase II trial of vinflunine and cetuximab in the second-line
treatment of patients with advanced non-small cell lung cancer. J
Clin Oncol 26(May 20 suppl; abstr 19100)

@ Springer


http://ctep.cancer.gov

	A phase I evaluation of the combination of vinflunine and erlotinib in patients with refractory solid tumors
	Abstract
	Introduction
	Patients and methods
	Eligibility
	Dosing and trial design
	Midazolam probe for CYP3A4
	Drug administration

	Results
	Patient characteristics
	Dose limiting toxicity and adverse events
	Clinical benefit
	CYP3A4 phenotyping

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


