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Abstract
Purpose—The primary aim of this study was to characterize the 6-month overall survival and
toxicity associated with second-line capecitabine treatment of advanced pancreatic cancer patients
harboring the TYMS *2/*2 allele. The secondary aim was to analyze the response rate and
pharmacokinetics of capecitabine-based therapy in this patient population. Lastly, TYMS, ATM
and RecQ1 single nucleotide polymorphism were analyzed relative to overall survival in patients
screened for study participation.

Methods—Eighty-two patients with stage IV pancreatic cancer were screened for the *2/*2
TYMS allele. Patients with the *2/*2 TYMS polymorphism were treated with capecitabine, 1000
mg/m2 twice daily for 14 consecutive days of a 21 day cycle. Screened patients not possessing
TYMS *2/*2 were monitored for survival. Pharmacokinetic analysis was done during Cycle 1 of
the therapy.

Results—Sixteen of the 80 screened patients tested positive for *2/*2 TYMS variant. Four out of
the 16 eligible patients were treated on study. The study was terminated early due to poor accrual
and increased toxicity. Three patients experienced grade 3 non-hematologic toxicities of palmer-
plantar erythrodysesthesia, diarrhea, nausea and vomiting. Grade 2 toxicities were similar and
occurred in all patients. Only 1 patient was evaluable for response after completion of 3 cycles of
therapy. The presence of the *2/*2 TYMS genotype in all of the screened patients trended toward
a decreased overall survival.

Conclusion—To our knowledge, this study represents the first genotype-directed clinical trial
for patients with pancreatic adenocarcinoma. Although the study was closed early, it appears
capecitabine therapy in pancreatic cancer patients harboring the TYMS *2/*2 variant may be
associated with increased non-hematologic toxicity. This study also demonstrates the challenges
performing a genotype-directed study in the second-line setting for patients with advanced
pancreatic cancer.
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Introduction
Adenocarcinoma of the pancreas remains a devastating disease. Pancreatic cancer is the 4th

leading cause of cancer-related mortality in U.S. annually. The estimated incidence for 2009
was 42,470 new cases and 35,240 anticipated deaths [1]. At the time of diagnosis, 80% of
patients have locally advanced or advanced disease for which no curative therapy exist.
Seventy to eighty percent of patients treated with curative intent pancreaticoduodenectomy
will recur within the first two years after surgical resection and will ultimately succumb to
their disease [2–4]. As a result, the overall 5-year survival rate for all patients diagnosed
with adenocarcinoma of the pancreas is less than 5%. Standard therapy for patients with
advanced disease or for those who recur after surgical resection has been limited to
gemcitabine, 5-fluorouracil (5-FU) and most recently erlotinib in combination with
gemcitabine [5–7]. Unfortunately, the use of these drugs as single agents or in combination
results in a median survival of less than 7 months. The increased understanding of pancreatic
ductal adenocarcinoma biology has led number of phase III clinical trials that have
combined gemcitabine with either biologic or modern cytotoxic agents but have not shown a
survival benefit when compared to gemcitabine except for the modest survival benefit with
the addition of capecitabine or erlotinib to gemcitabine [6–11]. These disappointing results
demonstrate the need for alternative approaches to the development of pancreatic cancer
therapy.

Pharmacogenomics represents a novel approach to drug development that it takes into
account the pharmacokinetic variability in drug metabolism amongst individuals as a
function of genetic polymorphisms in key drug metabolism genes, such as drug-metabolism
enzymes and transport proteins [12]. An initial example of the successful application of
pharmacogenomics to augment cancer therapy was demonstrated when this approach was
applied to 5-FU dosing in patients with colorectal cancer. Thymidine synthase (TS) is one of
the primary targets of the antimetabolite, 5-FU. It is a folate dependent enzyme that
catalyzes the conversion of doxyuridine-5′-monophosphate to deoxythymidine-5′-
monophosphate, representing the only de novo source of thymidine for DNA synthesis [13–
15]. TS regulation is quite complex, but appears to be partially controlled by a
polymorphism in the human TS gene enhancer region (TYMS). TYMS consists of variable
number of copies of a 28-bp tandem-repeat sequence [16]. Alleles with up to nine copies of
this 28-bp repeats have been described, with TYMS*2 [double tandem repeats (S/S)] and
TYMS*3 [triple tandem repeats (L/L)] alleles being the most common alleles in the patient
populations. The approximate frequency of the TYMS alleles are 20% (*2/*2), 30–55% (*2/
*3) and 20–40% (*3/*3). Recent reports identify a G → C single nucleotide polymorphism
(SNP) present within the upstream stimulatory factor (USF) consensus element present in
repeat 2 of TYMS*3 as highly prevalent in several ethnic groups (non-Hispanic whites 56%,
Hispanic whites 47%, African Americans 28%, and Singapore Chinese 37%) [17–19]. This
would lead to a decrease in TS transcription by altering USF protein binding to the USF
consensus element, functionally converting the *3 allele to a *2 allele. Genotyping of this
single nucleotide polymorphism, in addition to the TYMS 28-bp tandem-repeat
polymorphism, possess the potential to be a predictive marker of response and toxicity
associated with TS-targeted therapy [20,21].
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5-Fluorouracil forms the backbone of chemotherapy for colorectal cancer and is also
approved for use in pancreatic cancer. Overexpression of TS in colon cancer patients
correlates with primary resistance to 5-FU, poor prognosis and low response to therapy.
Colorectal cancer patients who are homozygous for the triple tandem repeats TYMS *3 have
significantly higher TS expression than patients who are homozygous for TYMS *2.
Patients carrying the *3/*3 polymorphism demonstrate a decreased response rate to 5-FU
therapy and have worse outcomes than those patients possessing TYMS *2/*2 alleles
[16,20]. More recently, TS polymorphisms have also been demonstrated to predict response
to capecitabine in colorectal cancer [21,22]. In this small retrospective analysis, Park et al.
reported a response rate in patients with *2/*2 alleles of 75% as compared to those with *2/
*3 or *3/*3 alleles (25% and 8%, respectively) [22]. However, patients with *2/*2 genotype
were also more likely to develop grade 3 toxicity after capecitabine administration than
patients with the other variants (100% versus 30–40%). Consistent with these finding,
homozygous TYMS*2 expression in patients undergoing neoadjuvant 5-FU based
chemoradiation is associated with 60% downstaging of tumors after neoadjuvant therapy
compared to TYMS*3 (22%) [21]. Based on these findings, a phase II clinical trial of
neoadjuvant chemoradiotherapy in rectal cancer patients was conducted in which
neoadjuvant therapy was stratified based upon the pharmacogenomics analysis of TYMS
with a primary endpoint of downstaging. Patients expressing either TYMS *2/*2 or *2/*3
‘Good risk’ were treated with infusional 5-FU plus 45 Gy radiation compared to those
patients expressing *3/*3 or *3/*4 ‘Poor risk’ who were treated with 5′FU, irinotecan and 45
Gy radiation. This study indicated that genotype-guided neoadjuvant therapy could improve
down-staging rate in both the ‘good risk’ and ‘poor risk’ patient populations. TYMS *3/*3
expression was associated with increased distant recurrence, demonstrating the innate
resistance of these cancer cells to 5-FU therapy [23,24]. This study demonstrated that phase
II genotype-directed clinical trials are feasible and may improve patient outcomes.

Capecitabine (Xeloda®) is an oral pro-drug that is absorbed unchanged in the GI tract and
subsequently undergoes a series of enzymatic conversions into 5-FU in tumor cells. It has
been approved for use in patients with metastatic breast, colon cancer, and pancreatic cancer
and is being investigated in numerous other malignant histologic subtypes. In addition to
simulating continuous infusion 5-FU, which has been shown to be superior to bolus dosing
in the post-operative setting, capecitabine has several properties that may enhance its
selectivity for tumor cells. Capecitabine has been shown to selectively upregulate thymidine
phosphorylase (TP), which in turn results in the final enzymatic conversion of capecitabine
to 5-FU [25]. Following administration of Capecitabine, 5-FU levels are on average 3 times
higher in tumor tissue than in surrounding healthy tissue [26]. In pancreatic cancer, single
agent capecitabine resulted in 7–8 % objective response rate and a 24 % clinical benefit
response [27]. A phase III study has been conducted comparing capecitabine plus
gemcitabine to gemcitabine alone and demonstrated a statistically significant survival
advantage for the combination with a median overall survival of 8.4 versus 7.2 months [6].
These data demonstrate that capecitabine does possess antitumor activity in pancreatic
cancer. Therefore we hypothesized that capecitabine treatment of TYMS genotype-selected
patients would improve the 6-month survival of patients with previously treated metastatic
pancreatic cancer. Gemcitabine is a prodrug that requires cellular uptake and intracellular
phosphorylation in order to exert its mechanism of action [28,29].

Gemcitabine is an antimetabolite and exerts its cytotoxic effect by incorporating into the
DNA strand as the active dFdCTP; thereby, inhibiting DNA synthesis. DNA repair plays an
important role in gemcitabine mediated cell death as it acts by inhibiting DNA synthesis.
Therefore single nucleotide polymorphisms in gene involved in the DNA repair mechanisms
have been evaluated as potential biomarkers of response to gemcitabine. Single nucleotide
polymorphisms in the DNA repair genes ATM, RecQ1 and Rad54L have been shown to be
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associated with improved overall survival in pancreatic cancer patients treated with
neoadjuvant gemcitabine based chemoradiation [30,31]. The ATM gene encodes a protein
kinase that plays a key role in the detection and repair of DNA double strand breaks and thus
maintenance of genome integrity. This gene is known to be activated by DNA damage and
involved in cell cycle arrest, apoptosis and DNA repair [32]. Polymorphisms in ATM gene
promote the development of lung cancer, breast cancer and radiosensitivity to radiation
[33,34]. Meanwhile, RecQ1 gene is a member of a family DNA helicases including RecQ5,
RecQ4, Bloom (BLM) and Werner (WRN) genes [35]. This family of tumor suppressor
genes is involved in DNA repair, s-phase checkpoint and telomere maintenance. The RecQ
family helicases interact with cellular topoisomerases, and together these heteromeric
complexes manipulate DNA structure to effect efficient DNA replication and genetic
recombination and function at the interface between DNA replication and DNA repair
[36,37]. Similarly, polymorphisms in the XRCC3 DNA repair gene have been demonstrated
to be associated with overall survival in non-small cell lung cancer patients treated with
gemcitabine and cisplatin [38]. Many groups have investigated the relationship between
DNA repair gene ERCC1 expression in tumors and survival and showed that tumors with
low expression are associated with improved survival in NSCLC patients treated with
cisplatin and gemcitabine [39]. Polymorphism is ATM G60A and RecQ1 A159C were
analyzed in a population of metastatic pancreatic cancer patients treated with gemcitabine in
attempt to confirm the previously reported association of ATM and RecQ1 to overall
survival in gemcitabine treated patients.

To our knowledge, this clinical trial represents the first genotype-directed clinical trial in the
advanced pancreatic adenocarcinoma patient population.

Methods
Patient and Study Design

Patient Selection—Patients were considered eligible for genetic TYMS screening if they
met all of the following criteria: Age 18 or older; histologically or cytologically confirmed
advanced or metastatic adenocarcinoma of the pancreas: no prior capecitabine therapy;
measurable disease; ability to give informed consent; no known second malignancies (other
than carcinoma-in-situ of the cervix, superficial skin cancer or superficial bladder cancer);
Eastern Cooperative Oncology Group (ECOG) performance status of 0, 1 or 2; adequate
hematologic (absolute neutrophil count (ANC) ≥ 1,500/mm3 and platelets ≥100,000/mm3),
hepatic (AST/ALT ≤ 2.5 × ULN [or ≤ 5 × ULN if attributable to liver metastases] and total
bilirubin ≤ 1.5 ULN) and renal function (creatinine within institutional limits of normal or
creatinine clearance [CrCl] > 50 mL/min calculated by the Cockcroft-Gault equation).
Screened patients possessing TYMS *2/*2 allele were consider eligible for the treatment
portion of the study with capecitabine if they had received at least one gemcitabine
containing regimen for metastatic disease; alternatively, patients relapsing within 6 months
of completion of gemcitabine-based adjuvant therapy were also eligible. Patients could not
have received prior 5-FU or capecitabine-based metastatic disease therapy. Patients must
have had adequate end organ function as noted above and have an ECOG performance
status of ≤ 2.

Study Design—This was designed as an open-label, non-randomized phase II study. The
study protocol was approved by the Johns Hopkins Hospital Institutional Review Board, and
all patients gave written consent before any study-specific procedures were preformed.
There were two different consent forms for screening and treatment. To avoid delays
between first- and second-line treatment, and allow for delays in screening results due to
technical and other factors, the screening population included both first- and second-line
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patients. Genetic screening was performed by testing DNA obtained from peripheral blood
mononuclear cells for the presence of the *2/*2 allele of the thymidine synthase enhancer
region. Those patients previously treated with gemcitabine who possessed the *2/*2 allele
were then eligible to be treated with capecitabine in 2nd line setting. Within 2 weeks prior to
capecitabine treatment initiation the patients were reconsented for treatment and underwent
a clinical screening assessments, including a medical history and physical examination,
ECG, chest x-ray and tumor measurements. Patients who underwent genetic screening and
were not homozygous for the TYMS *2/*2 allele were followed for survival, but received
treatment according to the management of their primary medical oncologist.

Patients were treated with oral capecitabine 1,000 mg/m2 administered twice daily (2000
mg/m2/d) on days 1 to 14 of a 21 day treatment cycle. Patients received a total of 3 cycles
prior to measuring response to therapy as outlined by RECIST criteria. A physical
examination, including an assessment of vital signs, physical measurements, and clinical
laboratory tests (hematology and blood chemistry), were also performed at all study visits.
Adverse events were monitored throughout the study and for 28 days after the last study
treatment.

Toxicity Assessment—Adverse events were graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse Events version 3.0. Toxicities were
identified by medical history, physical examination, and review of the laboratory studies
performed. Capecitabine administration was adjusted or interrupted for treatment related
adverse events of grade 2 or greater according to the capecitabine dose modification
algorithm in the package insert.

SNP Analysis—Genomic DNA was extracted from peripheral blood samples using the
EZ1 BioRobot (Qiagen, Valencia, CA). Amplification of the thymidine synthase
polymorphic region was carried out in 20 μl reactions using 1 μl DMSO and 1.5 U Taq Gold
polymerase (Applied Biosystems Inc., Foster City, CA). Primers were 5′ FAM-
GTGGCTCCTGCGTTTCCCCC 3′ (TS-F) and 5′ GAGCCGGCCACAGGCATG 3′ (TS-
R2). One microliter of amplification product was added to a mixture of diformamide and
ROX GS500 size standard (Perkin Elmer, Wellesley, MA) and denatured at 95o C for 2
minutes. Samples were then analyzed on an ABI 3100 Genetic Analyzer (Applied
Biosystems Inc, Foster City, CA,).

The ATM G60A and RecQ1 A159C polymorphisms were detected using TaqMan
genotyping assays (Applied Biosystems Inc, Foster City, CA). ATM (rs664143) reaction
consisted of 1X TaqMan Universal PCR Mast Mix (Applied BioSystems Inc, Foster City,
CA) and 1X ATM primer/probe mix (Applied Biosystems). RecQ1 (rs13035) reaction
consisted of 1X TaqMan Universal PCR Mast Mix, 0.9 μM primers (Forward:
CAATCTGGTTCTAAGAATACAGGAGCTA, Reverse:
GGCATATACATGCATAAACCATCTTT), 0.25 μM probes (C-Probe: FAM-
AGTAACAGTCATATCAGG-MGB, T-Probe: VIC-AGTAACATTCATATCAGGC-
MGB). Reactions were set up in a final volume of 25μl with 30 ng DNA in each reaction.
Thermal cycling consisted of an initial denaturation of 95°C for 10 minutes, followed by 35
cycles of 92°C for 15 seconds and 60°C for 1 minute, on TaqMan 7900 instrument (Applied
BioSystems Inc, Foster City, CA). Directly after amplification, plates were analyzed using
ABI Allelic Discrimination Plate Read and Analysis Software (Applied BioSystems Inc,
Foster City, CA). Five percent of the samples were subjected to cycle sequencing, and all of
the sequencing results were concordant with the TaqMan genotyping results. All specimens
were processed and analyzed in the CLIA approved pathology laboratory of Kathy Murphy
at Johns Hopkins University.
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Pharmacokinetic Analysis—Capecitabine pharmacokinetics studies were performed
during cycle 1. Blood samples were taken pre-treatment and post-treatment at 0.25, 0.5, 1, 2,
3, 4, 5, 6 and 8 hours. Trough levels were evaluated by obtaining samples within 30 minutes
prior to the dose administration on days 2, 8 and 15 of cycle 1. Blood samples were
processed by centrifugation at 1,000 g at 4°C for 10 minutes. For capecitabine samples,
tetrahydrouridine, a cytidine deaminase inhibitor, was added at a final concentration of 400
nM to increase the stability of capecitabine and metabolites in plasma during storage in the
freezer [40–42]. Analytical analysis of capecitabine and metabolites (5-fluoro-5′-
deoxycytodine (5′DFCR), 5-fluoro-5′-dexoxyuridines (5′-DFUR) and 5-FU) were
quantitated by LC/MS/MS over the range of 50 to 10,000 ng/mL of plasma [40]. Individual
pharmacokinetic parameters were estimated by standard non-compartmental analysis using
the WinNonlin version 5.0 (Pharsight Corporation, Mountain View, CA) (Gibaldi M, Perrier
D: Pharmacokinetics (ed 2nd). New York, NY, Dekker, 1982).

Statistics—Originally the study was designed to test the primary endpoint of increased 6-
month survival rate, compared to historical controls, for patients treated with capecitabine in
the second line setting. The planned sample size was 65 patients. With 65 patients, there was
a 96% chance of observing at least one occurrence of an adverse event if the true risk of that
event was 5% or greater. Assuming a frequency of the S/S variant of 15–20%, we expected
to screen approximately 500 patients in order to obtain 65 eligible patients for the treatment
portion of the study. Sixty-five treated patients were estimated to be sufficient to
demonstrate a 15% increase in 6-month survival rate in patients receiving second line
therapy for metastatic pancreatic cancer. The estimate was based on testing a null hypothesis
that the true survival rate at 6 months is 15% with a power of 90%, assuming a one-sided
exact test for a single proportion; this assumes that all patients will be followed for at least 6
months. Kaplan-Meier methods were planned to estimate the survival data of the patients
treated on the study. Unfortunately, due to small sample size the estimates of the survival
data were not appropriate. Kaplan-Meier methods were used to estimate the survival data in
the screened patient population. The association TYMS, ATM and RecQ1 polymorphism
relative to survival in the screened patient population was analyzed using Mantel-Cox log-
rank test. Ultimately, this study was closed early due to poor accrual and severe toxicity.

Results
Screened Patients Demographics

Between 1/1/05 and 1/1/08, a total of 80 patients with adenocarcinoma of the pancreas
underwent genetic screening to assess the presence of TYMS *2/*2 allele. All tests were
performed in a rapid manner with less than 2-week time period from obtaining sample to
completion of analysis. The screened patient characteristics can be found in table 1A. The
age of screened patients ranged from 42 to 81 years old (median 65) with an equivalent
male/female ratio, and performance status was ECOG ≤ 1 in 94% of patients. Sixteen
patients (20%) of the total 80 patients screened were found to possess the homozygous S/S
allele. Only 17% of screened patients had undergone a previous pancreaticoduodenectomy.
Thirty-seven patients (46%) and twenty-two patients (28%) possessed either the
heterozygous or homozygous TYMS*3 allele, respectively, resulting in the generation of a
triple 28-base pair repeat sequence (Table 2).

Capecitabine treatment of homozygous TYMS*2 patients
Four (25%) of the 16 patients expressing the homozygous *2/*2 TYMS allele were treated
with capecitabine in the second line setting. Twelve of the 16 eligible patients possessed
inadequate performance status to receive second line therapy, were treated on other
protocols available at the institution, or were treated by their primary oncologist off study.
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The four patients treated on study possessed good baseline performance status (Table 1B).
Three of the four patients had stage III disease at diagnosis. All of these patients had
received prior therapy with either radiation or surgery. Three of the four patients had
received prior adjuvant chemotherapy. One patient received adjuvant 5-FU and two were
treated with gemcitabine in this setting. All patients received an initial capecitabine dose of
1,000 mg/m2 twice daily for days 1 to 14 of a 21 day cycle. However, dose modification was
frequent due to toxicity (Table 3). The number of cycles on treatment varied from 1 cycle to
a maximum of 3 cycles in one patient. The median number of cycles administered to these
patients was 1.5. The daily dose administered ranged from 1,300 to 3,600 mg/day.
Pharmacokinetic exposure was analyzed for capecitabine and 5-FU in 2 of the 4 treated
patients. High inter-patient variability was observed for capecitabine and metabolite
pharmacokinetic parameters, which is consistent with previous literature (Table 4) (43–45).
Unfortunately, only one of the four treated patients were evaluable to assess the primary
endpoint of 6 month overall survival; thereby, an accurate estimate of the survival data was
untenable. However, there was a trend toward decreased median survival in patients with
homozygous TYMS*2 alleles when compared to patients with either TYMS*2/*3 or
homozygous TYMS*3 in the screened patient population of 82 7.2 months vs 9.6 months (p
0.08), respectively, figure 2.

Capecitabine-Induced Toxicity
The results of current clinical study are consistent with previous reports of increased risk of
toxicity associated with 5-FU therapy in patients possessing the homozygous TYMS*2
allele. The predominant grade 3 toxicities were non-hematologic (Table 3). Two of the four
patients treated developed grade 3 hand and foot syndrome. The other 2 patients developed
grade 3 diarrhea despite adequate supportive care. Three of the four patients developed
grade 2 stomatitis and nausea vomiting. Only one patient was treated beyond cycle 2. Two
patients were treated with only 1 cycle of chemotherapy due the development of grade 2 and
3 mucositis, vomiting and hand and foot syndrome resulting in hospitalization of one of
these patients for supportive care. Neither of these patients remained on study beyond day
15 of therapy. One patient was taken off study in cycle 1 due to a combination of disease
progression and toxicity, whilst the second patient withdrew consent to participate in the
study because of the development non-hematologic toxicity within a single cycle of
capecitabine dosing with dose modification. No grade 4 toxicities were observed.
Hematologic toxicity in study consisted primarily of grade 1 anemia occurring in 3 of 4
treated patients. One patient experienced grade 2 neutropenia (Table 3). In summary,
capecitabine dosing in this patient population produced more non-hematologic severe
toxicity than has previously been appreciated when dosing capecitabine in the unselected
pancreatic adenocarcinoma population.

Gemcitabine Response Associated SNPs
There was no significant difference in overall survival with respect to either G/G, G/A or A/
A genotypes of ATM G60A. Accordingly, the median survival 9.1, 9.6 and 9.0 months was
not significantly different amongst the three groups (p=0.8), respectively for the G/G, G/A
or A/A genotypes (data not shown). Next, RecQ1 A159C genotype was analyzed with
respect to patient overall survival. The results of this analysis were not dissimilar to those
obtained with the ATM G60A analysis. There was no association with RecQ1 A159C
genotype and survival in this patient population who were gemcitabine refractory.
Accordingly, the median survivals of 8.3, 9.0 and 10.1 months for the respective
RecQ1genotypes of A/A, A/C and C/C was not significantly different with a p-value of
0.832 (data not shown).
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Discussion
Pancreatic cancer remains a devastating disease despite advances in the genetic
characterization of the disease. 5-FU and gemcitabine remain the standard of care therapy
for this disease. The addition of both cytotoxic and molecular based chemotherapies to these
agents has resulted in minimal improvement in the clinical outcomes. These results suggest
that alternative strategies must be taken to improve upon the effectiveness of these therapies.
This clinical study represents the first attempt to use a genotype-directed strategy to improve
the clinical outcome of 5-FU based therapy for pancreatic cancer patients. This study used
the thymidylate synthase promoter TYMS*2 homozygous genotype to pre-select patients to
receive capecitabine. This strategy was adopted from the results of Park et al demonstrating
that the *2/*2 TYMS genotype was associated with both increased efficacy and toxicity of
5-FU therapy in colon cancer patients [22]. Further support for this strategy was
demonstrated by Parikh et al who used TYMS genotype-directed therapy to improve
pathologic downstaging of rectal cancer by stratifying the neoadjuvant therapy administered
based upon TYMS genotypes [24]. Despite the potential benefits demonstrated in colorectal
cancer patients, the use of this strategy in second-line pancreatic adenocarcinoma patients
proved to be very difficult. One of the primary problems associated with this approach was
obtaining appropriate patient enrollment to adequately perform the treatment portion of the
study. Unfortunately, of the 16 patients that possessed this genotype, only 4 patients were
enrolled in the study. The predominant difficulty associated with enrollment to the treatment
portion of the study was the extremely poor prognosis of pancreatic cancer patients requiring
second-line therapy. Many of the patients who progressed on gemcitabine were too ill to be
enrolled to the treatment portion of the study. Another issue was the number of additional
second-line clinical trials open at the institution during the period of patient enrollment onto
this study. Lastly, many patients were treated with capecitabine by their local oncologist
instead of enrolling on the clinical trial, since they could obtain the drug at their local
pharmacy without having to travel to a tertiary care center. While genotype-directed therapy
represents a novel approach to the treatment of pancreatic cancer patients, it is difficult to
conduct such a study in the second line setting for this patient population, especially with a
drug than can easily be used off-label. This strategy may prove to be a more useful treatment
strategy either in the adjuvant setting or for first-line metastatic disease.

Despite the small sample size of the treatment portion, the observed toxicity was impressive.
All subjects experienced significant grade 2 and 3 non-hematologic toxicity with exposure
to capecitabine. The predominant grade 2 and 3 toxicities were diarrhea, nausea/vomiting,
hand and foot syndrome and mucositis. One patient was hospitalized due to grade 3 nausea/
vomiting, hand and foot syndrome and diarrhea. This is not explained with patient fitness,
since all patients had a performance status of ECOG < 1 at time of study entry. In addition,
all patients except the 1 patient who died while on study were treated on subsequent clinical
trials. The limited data gathered in this study would suggest that pharmacokinetic variability
in the studied patient population compared to an unselected patient population did not
explain the increase observed toxicity. Exposure levels of capecitabine or 5-FU have not
been reported in previous studies evaluating the pharmacogenetics of TYMS as it applies to
various forms of 5-FU based chemotherapy. The findings of this study would suggest that
other factors such as additional polymorphisms involving other genes important for 5-FU
metabolism or pharmacodynamics may be interacting with the TYMS*2 to drive the
profound level of toxicity.

Gemcitabine represents the standard of care for patients with advanced pancreatic cancer.
The single nucleotide polymorphisms ATM G60A and RecQ1 A159C have previously been
demonstrated to be associated with poor overall survival in those patients receiving
neoadjuvant gemcitabine-based therapy for resectable early stage pancreatic
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adenocarcinoma [30,31]. Our finding attempted to extend these findings to the metastatic
disease setting, but no statistically significant relationship between ATM, RecQ1 and TYMS
genotypes and overall survival were observed. However, despite the limited number of
subjects, there did appear to be a trend toward poorer overall survival in patients with
metastatic pancreatic cancer possessing the TYMS *2/*2 genotype treated with gemcitabine.
This may be more reflective of TYMS genotype association with specific stages of
malignancy as has been shown for squamous cell carcinoma of head and neck, colon cancer
and non-small cell lung cancer than a direct impact on pathways responsible for gemcitabine
induced cell death [46–48]. Recently, SNPs involving a combination of genes involved in
gemcitabine transport and metabolism have been associated with survival in patients treated
with neoadjuvant gemcitabine-based chemoradiotherapy [49]. These results have not been
extended to the metastatic disease setting. These findings suggest that genotype-directed
therapy may have a role in determining which patients should receive gemcitabine
neoadjuvant therapy but cannot be extended to guide the use of gemcitabine in the
metastatic disease setting.

In summary, large studies of genotype-directed therapy for second-line pancreatic
adenocarcinoma therapy are difficult to perform successfully, particularly when the
investigational agent is available off-study. The poor natural history of this patient
population also presents a significant challenge. Therefore application of this strategy may
be better utilized in the adjuvant or first-line metastatic disease setting, or with an agent not
yet FDA-approved. Another significant limitation to this study was that it was performed as
a single institution study. A multi-institutional study would allow for the screening of a
larger number of patients, but obtaining funding for such studies can be challenging.
Overcoming these obstacles will be important for implementation of genotype-directed
therapy and other designs that ultimately may result in the realization of personalized
therapy for pancreatic cancer patients.
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Fig. 1.
Demonstrates the overall survival probability of all patients screened for the TYMS*2/*2
genotype. The overall survival probability of patients with the homozygous TYMS*2
genotype was analyzed in comparison to those with either the TYMS*2/*3 or homozygous
TYMS*3 genotype.
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Table 1

Patient Characteristic of all screened patients (A) and those treated in clinical trial (B).

A. Screened Patient Characteristic Number

Age

 Range 42–81

 Median 65

Sex

 Male 39

 Female 41

Race

 White 74

 African American 3

 Asian 2

 Hispanic 1

Stage at Diagnosis

 Stage I 1

 Stage II 5

 Stage III 8

 Stage IV 63

Performance Status (ECOG)

 0 32

 1 40

 2 5

B. Treated Patient Characteristic Number

Age (Yrs.)

 Range 55–78

 Median 76

Sex

 Male 2

 Female 2

Race

 Caucasian 4

 African American 0

 Asian 0

Stage at Diagnosis

 Stage I 0

 Stage II 0
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A. Screened Patient Characteristic Number

 Stage III 3

 Stage IV 1

Performance Status (ECOG)

 0 1

 1 3

Adjuvant Chemotherapy 3

 Gemcitabine 2

 5-FU 1

Radiation 3

Surgery 3

Chemotherapy Regimens (Metastatic)

 Gemcitabine 3
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Table 2

TSER genotype distribution

TSER Indeterminate TSER *2/*2 TSER *2/*3 TSER *3/*3

5(6%) 16 (20%) 37 (46%) 22 (28%)
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Table 3

Capecitabine induced hematologic toxicity (A) and non-hematologic toxicity (B)

A. Hematologic Toxicity

Grade 1 Grade 2 Grade 3

Anemia 3 0 0

Neutropenia 2 10 0

Thrombocytopenia 1 0 0

B. Non-hematologic Toxicity

Grade 1 Grade 2 Grade 3

Nausea/vomiting 0 1 1

Hand Foot syndrome 0 0 2

Hypoalbuminemia 1 0 0

LFTs 1 0 0

Fatigue 2 0 0

Diarrhea 0 0 2

Mucositis 0 2 0

Rash 1 0 0
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Table 4

Summary of pharmacokinetics parameters of capecitabine, ′DFCR, 5′DFUR, and 5FU.

Cmax (ng/mL) Tmax (hr) AUC (ng*hr/mL) T1/2 (hr)

Capecitabine

Current study 2467, 11261 1.00, 1.05 5390, 13767 0.43, 0.71

Historical Controls

Laheru et al.43 3808 ± 1896 (13) 1.00 (0.50–3.00;13) 5296 ± 1015 (13) 0.52 ± 0.17 (13)

Soepenberg et al.44 5651 ± 5360 (13) 1.00 (13) 6810±3904 (13) 0.98 ± 0.61 (11)

Pronk et al.45 N.R. N.R. 5660 ± 2380 (10) 0.70 ± 0.32 (10)

5′DFCR

Current study 4344, 5596 1.00, 1.05 10892, 17187 0.88, 1.30

Historical Controls

Laheru et al.43 N.R. N.R. N.R. N.R.

Soepenberg et al.44 4578 ± 2090 (13) 1.00 (13) 10299 ± 3663 (13) 0.99 ± 0.17 (13)

Pronk et al.45 N.R. N.R. 8230 ± 3950 (10) 0.87 ± 0.20 (10)

5′DFUR

Current study 2274, 9660 1.00, 1.05 8211, 16036 0.70, 1.16

Historical Controls

Laheru et al.43 5787 ± 3996 (13) 2.00 (0.50–4.00;13) 10228 ± 4263 (12) 0.72 ± 0.14 (13)

Soepenberg et al.44 4906 ± 2928 (13) 2.00 (13) 10519 ± 3533 (13) 0.81 ± 0.10 (10)

Pronk et al.45 N.R. N.R. 11800 ± 3780 (10) 0.71 ± 0.18 (10)

5-FU

Current study 156, 714 1.00, 1.05 1144 0.71

Historical Controls

Laheru et al.43 102 ± 96 (13) 2.00 (0.50–4.00; 13) 176 ± 62 (13) 0.73 ± 0.17 (13)

Soepenberg et al.44 211 ± 130 (13) 2.00 (13) 434 ± 161 (13) 1.04 ± 0.57 (10)

Pronk et al.45 N.R. N.R. 610 ± 310 (10) 0.72 ± 0.18 (10)

Abbreviations: AUC, area under the concentration–time curve; Cmax, maximal plasma concentration; N.R., not reported; Tmax, time of the
maximal plasma concentration; T1/2, terminal half-life. For the current study, the individual values are listed. For the historical controls, values are
reported as the arithmetic mean ± standard deviation (n). The Tmax is reported as the median (range; n) or as the mean (n) for the Soepenberg and
Pronk studies.

The following AUCs were reported: AUC0-inf, AUC0-inf, AUC0-10h, and AUC0-inf in the current, Laheru, Soepenberg, and Pronk studies.
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