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Chapter 1

Introduction

1.1 Background and rational

Cholangiocarcinoma (CCA) is epithelial tumors presented with cholangiocyte
differentiation. They can be classified as intrahepatic (iCCA), perihilar (pCCA), or distal
(dCCA) by anatomic location. CCA has poor prognosis with a median survival of 24
months after diagnosis. The 5-year survival rate is only 5%-10%. The global incidence
of CCA during 1977 to 2007 varies by region, from rates of 85/100,000 in Thailand to
0.4/100,000 in some Western countries. Data from the several tumor registries in
Thailand during 1998 to 2000 have shown that the incidence rates of CCA are ranged
between 7.3/100,000 in Prachuap Khiri Khan and 113.4/100,000 in Udon Thani in men
and between 2.1/100,000 in Songkla and 49.8/100,000 in Udon Thani in women,
respectively. There are several risk factors for CCA, such as hepatobiliary fluke
infection, hepatolithiasis, primary sclerosing cholangitis, and hepatitis B virus [1-4].
Besides CCA, gallbladder cancer and ampullary cancer were included in bile tract
cancer. These two cancers were investigated with CCA in most of the studies
because anatomic relation, similar metastatic pattern and rarity [5].

Treatment options for CCA are limited and overall survival rates are low. The
only curative treatment option is surgical resection that provided not only 26 months
of disease- free survival, but also 60%-65% of recurrence rates for iCCA. Recurrent
factors include vascular invasion, lymph node metastasis, multiple tumors, and
cirrhosis. After resection, patients with iCCA showed higher 5-year survival rate than
patients with pCCA or dCCA. CCA is frequently diagnosed after metastatic or locally
advanced tumor infiltrations are already presented due to non-specific symptoms
and silent clinical characteristics. As a result, many patients are not candidates for
surgical resection. Locoregional therapy including transarterial chemoembolization
and radiofrequency ablation has only been investigated in small and mostly
retrospective trials. The standard of care for advanced stage CCA and gallbladder

cancer is systemic chemotherapy with gemcitabine and platinum [1, 2, 6].



Chemotherapy based on gemcitabine and platinum compound such as
cisplatin or carboplatin is commonly used and counted as the standard treatment for
unresectable CCA and the other bile tract cancer. A randomized phase Ill study
showed that gemcitabine and cisplatin chemotherapy significantly improved median
overall survival (OS) compared with single gemcitabine (11.7 vs 8.1 months,
respectively, p< 0.001) without addition toxicity [7]. Another phase Il trial
demonstrated 10.6 months of OS in advanced CCA and another bile tract cancer
patients treated with gemcitabine and carboplatin. The results are similar to the
study using gemcitabine and cisplatin [8].

Although gemcitabine and platinum, especially cisplatin, chemotherapy has
been considered as first line treatment in CCA patients, its efficacy is varies among
individual and still unsatisfactory [9, 10]. While many patients response, some
develop resistance to gemcitabine and cisplatin chemotherapy. Many researchers
attempt to improve the clinical outcome of cancer patients by identification of
biomarkers. Biomarkers with high predictive and prognostic value may maximize the
therapeutic benefit of chemotherapy. Clinical studies focused on the efficacy of
gemcitabine and cisplatin chemotherapy have revealed several candidate
biomarkers, including single nucleotide polymorphisms (SNPs) of ribonucleotide
reductase subunit M1 gene (RRM1), excision repair cross-complimentary groupl gene
(ERCC1), and copper transporterl gene (CTRI).

In previous studies, some researchers found that polymorphism of RRM1 at
position (-) 37 (rs12806698) and (-) 524 (rs11030918) are associated with response to
gemcitabine. For example, Kim and colleagues in 2008 found the association of
treatment response to gemcitabine and RRM1 polymorphisms in Korean patients with
non-small cell lung cancer (NSCLC) [11] and Yuan’s group in 2015 also found
relationship between RRM1 polymorphisms and outcome of gemcitabine and
cisplatin chemotherapy in Chinese patients with NSCLC [12]. In contrast, Feng and co-
workers in 2009 found that RRMI polymorphisms are not associated with treatment
response in NSCLC patients treated with gemcitabine and cisplatin [13].

Some studies suggest that polymorphisms of ERCCI (rs11615) and CTR1

(rs12686377) are related to response to the treatment with cisplatin. Several studies



found the association between ERCCI polymorphisms and the treatment response of
cisplatin-based chemotherapy in Chinese patients with NSCLC [14-16]. Palomba and
colleagues also reported the effect of ERCCI polymorphisms on overall survival in
breast cancer patients treated with platinum-based chemotherapy [17]. However,
many studies showed no effect of ERCCI polymorphism on response to treatment
and overall survival [18-20]. One study showed association between CTRI
polymorphism and clinical outcome in NSCLC patients treated with cisplatin [21]

To date, no published reports or studies provide information regarding to the
relationship between RRM1, ERCC1, and CTR1 polymorphisms and both response
and toxicities of gemcitabine-platinum chemotherapy in unresectable CCA patients.
The objective of this study is to investigate the impacts of RRM1, ERCC1, and CTR1
polymorphisms in unresectable CCA patients treated with gemcitabine-platinum
chemotherapy.

Findings from this study may provide more knowledge about impacts of those
drug metabolizing proteins’ polymorphisms on the treatment response and/or
toxicities. This knowledge could be used to consider the most effective and safest
treatment regimen for CCA patients.

1.2 Research question

Are there any differences in treatment response rate and toxicities among
CCA patients treated with gemcitabine-platinum chemotherapy in various

polymorphisms of RRM1, ERCC1, and CTR1?

1.3 Objective

To investigate the impacts of RRM1, ERCCI1, and CTRI polymorphisms on the
treatment response and toxicities from gemcitabine-platinum chemotherapy in

unresectable cholangiocarcinoma patients.



1.4 Hypothesis

1.

RRM1 polymorphism is associated with response of gemcitabine-platinum
chemotherapy.

RRM1 polymorphism is associated with toxicity of gemcitabine-platinum
chemotherapy.

ERCC1 polymorphism is associated with response of gemcitabine-platinum
chemotherapy.

ERCC1 polymorphism is associated with toxicity of gemcitabine-platinum
chemotherapy.

CTR1 polymorphism is associated with response of gemcitabine-platinum
chemotherapy.

CTR1 polymorphism is associated with toxicity of gemcitabine-platinum

chemotherapy.



1.5 Conceptual framework

Patient factors

-Sex

-Age

-Eastern Cooperative Oncology Group

(ECOG) performance status

) . Response and toxicity of
Genetic polymorphisms

-RRM1 rs12806698 and
unresectable CCA
rs11030918 =
-Tumor response
-ERCCI1 rs11615
-CTRI1 rs12686377

gemcitabine-platinum in

-Toxicity rate

Disease factors
Chemotherapy factors
. -Extent of disease
-Chemotherapy regimen
. -Location of primary tumor
-Dose adjustment

-Biliary drainage

Figure 1 Conceptual framework

1.6 Operational definition

1. Patients are patients with unresectable CCA, gallbladder cancer, and
ampullary cancer who have been treated at King Chulalongkorn Memorial
Hospital.

2. RRM1 polymorphism is variation in the nucleotide sequences of positions (-)
37 (dbSNP no. rs12806698) and (-) 524 (dbSNP no. rs11030918) of RRM1 gene.

Genotype (-) 37 was abbreviated as RR37CC (CC), RR37AC (AC), RR37AA (AA).



Genotype (-) 524 was abbreviated as RR524CC (CC), RR524CT (CT), RR524TT

(TT).

3. ERCC1 polymorphism is variation in the nucleotide sequences of position
19007 (dbSNP no. rs11615) of ERCC1 gene. Three genotypes are CC, CT, TT.

4. CTR1 polymorphism is variation in the nucleotide sequences of CTRI gene
(dbSNP no. rs12686377). Three genotypes are GG, GT, and TT.

5. Response is the best objective tumor response. Response is classified by
Response Evaluation Criteria in Solid Tumors or RECIST guideline version 1.1
[22]. There are four categories of response as mention below.

1) Complete Response (CR): Disappearance of all target lesions. Any
pathological lymph nodes must have reduction in short axis to <10 mm.

2) Partial Response (PR): At least a 30% decrease in the sum of diameters of
target lesions, taking as reference the baseline sum diameters.

3) Progressive Disease (PD): At least a 20% increase in the sum of diameters
of target lesions. In addition to the relative increase of 20%, the sum must
also demonstrate an absolute increase of at least 5 mm. The appearance
of one or more new lesion is also considered progression.

4) Stable Disease (SD): Neither sufficient shrinkage to qualify for PR nor
sufficient increase to qualify for PD, taking as reference the smallest sum
diameters recorded since the treatment started.

Patient who has CR or PR are classified into “responder”. Patient who has
PD or SD are classified into “non-responder”. Response of patients is
assessed by the physician and is recorded in patient profile.

6. Tumor control rate (TCR) refers to the total proportion of patients who
demonstrate a response to treatment. The TCR is the sum of complete

response, partial response, and stable disease.



7. Toxicities are adverse events caused by gemcitabine-platinum chemotherapy
and occur during the chemotherapy treatment. Adverse events are assessed
according to Common Terminology Criteria for Adverse Event (CTCAE) version
4.03 and are classified into grade 1-2 (mild), grade 3-4 (severe), and grade 5
(death) (appendix A) [23]. Adverse events are adverse events in blood and
lymphatic system, gastrointestinal system, liver, nervous system, and kidneys.
Adverse events in blood and lymphatic system are anemia, leukopenia,
neutropenia, and thrombocytopenia.

Adverse events in gastrointestinal system are constipation, dental caries,
diarrhea, mucocitis oral, nausea, and vomiting.

Adverse events in liver are increased blood total bilirubin (TB), increased
alanine aminotransferase (ALT), increased aspartate aminotransferase (AST),
increased alkakine phosphatase (ALP).

Adverse events in nervous system are peripheral motor neuropathy, peripheral
sensory neuropathy.

Adverse event in kidneys is increased creatinine.

Miscellaneous adverse events are fatigue, insomnia, and weight loss.

8. Gemcitabine-platinum chemotherapy is chemotherapy regimen which consists
of A) intravenous cisplatin 25 mg per square meter of body surface area
(mg/mz) followed by intravenous gemcitabine 1,000 mg/mz, each administered
on days 1 and 8 every 3 weeks or B) intravenous gemcitabine 1,000 mg/m? on
day 1 and 8, followed by intravenous carboplatin at a dose of area-under-the-
curve (AUC) 5on day 1 every 3 weeks.

Carboplatin dose calculation

Carboplatin dose = AUC x (GFR+25)

GFR= [(140-age (year)] x body weight(kg) / [72 x serum creatinine (mg/dL)]
(Multiply by 0.85 for women)



9. Single gemcitabine chemotherapy is intravenous gemcitabine 1,000 mg/m? on
day 1, 8, and 15 every 4 weeks.

Dosage regimen and administration date may be adjusted by patient status

and/or physician opinion.

1.7 Benefits from the study

1. Confirmation of association between genetic polymorphisms and treatment
response.

2. Confirmation of association between genetic polymorphisms and toxicities.

3. Prediction of treatment response and toxicities in specific patients group.

4. Extrapolation the result to other cancer types which is treated by

gemcitabine-platinum chemotherapy.



Chapter 2

Literature review

2.1 Cholangiocarcinoma

Cholangiocarcinoma (CCA), biliary malignancy, is the second most common
primary hepatic cancer and account for 10-20% of primary liver tumors. CCA is
originated from differentiation of cholangiocyte’s epithelium. CCA is classified
anatomically as intrahepatic (iCCA), and extrahepatic (eCCA). Furthermore, eCCA is
classified into perihilar/hilar (Klastkin tumors) and distal. In a group of CCA, hilar type
is the most found followed by distal type and iCCA [24, 25]. Besides CCA, there are
gallbladder cancer and ampullary cancer which were investigated with CCA in most
of the studies because anatomic relation, similar metastatic pattern and rarity [5]

Despite its relative low incidence, the rate of CCA varies broadly in different
geographic region. The crude incidence of eCCA and gallbladder cancer in Europe is
3.2 and 5.4/100,000 per year for male and female, respectively. The incidence of
iCCA is rising and may be estimated as 0.9-1.3 and 0.4-0.7/100,000 per year for male
and female, respectively. In south Italy where is high risk area in Europe, the
incidence is estimate to be 4.9-7.4 and 2.9-4.3/100,000 per year for male and female,
respectively. Data from the several tumor registries in Thailand during 1998 to 2000
have shown that the incidence rates of CCA are ranged between 7.3/100,000 in
Prachuap Khiri Khan and 113.4/100,000 in Udon Thani in men and between
2.1/100,000 in Songkla and 49.8/100,000 in Udon Thani in women, respectively [4].
Globally, the incidence of iCCA has rising over the past 30 years, while the incidence

of hilar and distal types has remained the same [1, 26].

Althousgh the etiology of CCA is not clearly established, there are many risk
factor for CCA. For example, infection with liver fluke Opisthorchis viverrini and
Clonorchis sinensis has been linked with development of CCA. Hepatolithiasis,

chronic biliary inflammation from calculi, Caroli’s disease, primary sclerosing



cholangitis, hepatitis B virus, hepatitis C virus, and cirrhosis have been stated as
potential etiology of CCA. Chronic cholecystitis and gall stones has been associated

with gallbladder cancer [1, 25].

The CCA patients are presented with nonspecific symptoms such as
abdominal pain, cachexia, malaise, fatisue, weight loss, and night sweat. For
laboratory results, increased cholestatic parameters such as serum bilirubin, liver
enzyme alkaline phosphatase, gamma-glutamyl transpeptidase, and transaminase
revealed jaundice and biliary tree involvement. Serum levels of tumor marker, CA 19-
9, can aid in diagnosis, but the assay has poor sensitivity. When clinical and
laboratory results suggest CCA, imaging modalities including computed tomography
(CT) and magnetic resonance imaging (MRI) support confirmation of diagnosis.
Magnetic resonance cholagiopancreatography (MRCP) is used to assess

resectability[25].

Surgical resection is the only potentially curative treatment for early stage
bile tract cancer. After surgical resection, the patients with iCCA had 26 months of
median time disease-free survival with 60% -65% of recurrence rate. Estimate 60% of
iCCA patients survived for 5 years. For perihilar CCA, rate of 5 years survival following
surgical resection with negative margin range from 11% to 41%. Only 27% of distal
CCA patients survived for 5 years after surgical resection that achieve negative margin

[1].

CCA is often diagnosis at advanced stage defined as unresectable (metastasis
or locally advanced). Most of patients are not candidate for surgical resection.
Contraindication for iCCA surgery is multifocal and for eCCA and gallbladder cancer
surgery are vascular invasion of main hepatic artery, portal vein encasement or
invasion of both branches of hepatic artery or portal vein, distant lymph nodes, and

obviously distant metastasis [25].
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For patients who are not suit for surgical resection, systemic chemotherapy is
recommended. Many chemotherapy regimens have activity on advanced CCA, but
evidence is inconsistent, particularly, because of small sample size and consist of
vary type of bile tract cancer, pancreatic cancer or hepatocellular cancer [2]. In
patients with CCA and gallbladder cancer, chemotherapy (5-fluorouracil (5-FU), folinic
acid (FA), and etoposide) provided longer overall survival than best supportive care
(BSC) (6 vs. 2.5 months, p<0.01) [27]. Another study showed the overall survival of
4.5, 4.6, and 9.5 months in gallbladder patients treated with BSC, 5-FU+FA, and
gemcitabine+oxaliplatin, respectively. Transaminitis was more prevalent in patients

treated with gemcitabine+oxaliplatin [28].

Gemcitabine is the main cytotoxic for some gastrointestinal cancer, especially
pancreatic cancer, as a result, gemcitabine has been extrapolated to treat CCA and
the other cancer in bile tract. To improve the treatment efficacy, gemcitabine is
often combined with cisplatin. A pool analysis of 104 trials of patients with advanced
biliary tract cancer demonstrated that the subgroup received a combination of
gemcitabine and platinum had the highest response rate and tumor control rate [29].
In randomized controlled trials, which compare efficacy between
gemcitabine/cisplatin and gemcitabine alone, demonstrated gemcitabine/cisplatin
improved overall survival and progression free survival more than gemcitabine alone.
Adverse events were similar in the two groups, except more neutropenia in the
gemcitabine/cisplatin group [7]. Base on the result, gemcitabine/cisplatin is
considered as the standard of care as first-line chemotherapy for CCA and

gallbladder cancer.
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2.2 Gemcitabine and RRM1 polymorphism

Gemcitabine is a pyrimidine antimetabolite that has an antitumor activity.
After enter into the cell, gemcitabine is metabolized to two active metabolites,
gemcitabine diphosphate and gemcitabine triphosphate. These two active
metabolites incorporate into DNA by replacing cytosine nucleotides; as a result, DNA
replication is interrupted. Gemcitabine also inhibits ribonucleotide reductase by
binding to ribonucleotide reductase subunit M1 (RRM1) which catalyzes the
production of deoxynucleotide triphosphates for DNA synthesis [7, 18, 30]. The
mechanism of gemcitabine was shown in figure 2 [31]. Theoretically, high activity of
RRM1 gene lead to high level of RRM1 protein expression and excess of

deoxynucleotide triphosphates cause competitive displacement of gemcitabine, and
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Figure 2 Mechanism of gemcitabine
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Gemcitabine is known as the chemotherapy for liver and biliary tract cancer
because of it is previously use in pancreatic cancer. As a single agent, gemcitabine
provide overall response rate of 8%-36% with median survival of 6.3-16 months in
patients with biliary tract cancer. Combination of gemcitabine and cisplatin have
demonstrated response rate of 21%-35% with median survival of 8.4-11 months [32].
The treatment with a single agent gemcitabine is still reasonable option for elderly

patients and patients with comorbidities or poor performance status [33].

Differences in treatment response rate of individuals are serious problem.
Some researchers have demonstrated that those response is a result of genetic
factor. The pharmacogenetics and genomics study proposed that the genetic
diversity of cells results in the heterogeneity of cancer cells and difference in
response and toxicity in individuals. Genetic predisposition as single nucleotide
polymorphism (SNP) or mRNA expression may be useful tool for selection of the
most effective treatment regimen. Genetic polymorphism of gene that code for drug
metabolizing enzymes may partly explain for variety of response in individuals [12,
34].

Bepler and colleagues had study RRM1 gene, especially at position (-) 37
(RR37) and (-) 524CT (RR524), and their promoter activity, polymorphism and effect
on clinical outcome. They found that polymorphism of RRM1 has been associated
with level of RRM1 expression and clinical outcome in patients with lung cancer [35].
Among the already known RRM1 polymorphisms, RR37 and RR524 seem to have the

greatest important as potential predictor of treatment regimen bases on gemcitabine.

Some studies have investigated the association between genetic
polymorphisms and drug response or toxicities in cancer patients receiving
gemcitabine. Two single-nucleotide polymorphisms at position (-) 37 (rs12806698)
and (-) 524 (rs11030918) are located in the promoter region of RRM1 gene and are
associated with prognosis [31]. In 2008, Kim and colleagues found an association
between RRM1 genotypes and clinical outcome in patients with NSCLC treated with
gemcitabine-based chemotherapy. The response rate was significantly higher in the

RR37AC-RR524CT group compared with the group containing other genotypes (65.5%
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vs. 42.6%, respectively, p=0.039) [11]. In 2015, Yuan and colleagues’ study of patients
with gemcitabine-cisplatin treated NSCLC, the response rate was also significantly
higher in the RR37AC-RR524CT group compared with the group contained other
genotypes (p=0.009) [12]. In contrast to the previous studies, Feng and co-workers in
2009 found no association between -37AC and -524CT genotype and response rate in
the group of Chinese patients receiving cisplatin and gemcitabine [13]. The same
result also found in the study of Mlak and colleague in Caucasian patients with
NSCLC [34]. In the term of toxicities, Yuan and colleague investigated the relationship
between RRM1 polymorphisms and toxicities, but no correlation was found [12].
Evidence for RRM1 polymorphisms associated with response rate is lacking and

controversial, therefore further studies are warranted.

2.3 Platinums and ERCC1 and CTR1 polymorphisms

Cisplatin, a platinum compound antitumor drug, enters the cell through both
passive uptake and active transport via the copper transporter. Its activity is a result
from interaction with tumor DNA and formation of crosslinks such as monoadducts,
intrastrand crosslinks, interstrand crosslinks, and DNA-protein crosslinks. DNA damage
results in inhibition of DNA replication and activation of apoptotic process; however,
the DNA crosslink are recognized and are eliminated by nucleotide excision repair
(NER) pathway. Excision repair cross-complementation group 1 (ERCC1) is the rate-
limiting protein in NER pathway which is responsible for detection and removal of
DNA adducts [36]. The pathway of cisplatin was shown in figure 3 [36].

Cisplatin is widely used for treatment of numerous human cancers including
testicular cancer, bladder cancer, ovarian cancer, and lung cancer [37]. In patients
with CCA, Valle and colleagues found that the median overall survival, median
progression-free survival and tumor response were significantly higher in the cisplatin-

gemcitabine group as compared with gemcitabine-only group [7].
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Figure 3 Pathway of cisplatin

Carboplatin, another platinum compound antitumor drug, was also
demonstrated in CCA patients. A phase Il single institution study conducted by
Williams and team showed that activity of combination of gemcitabine and

carboplatin are comparable to combination of gemcitabine and cisplatin [8].

In previous studies, some authors explained that patients’ response to
platinums chemotherapy was associated with SNP of ERCC1 gene (rs11615, 19007 CT)
[36]. In 2014, Lv’s group found that NSCLC patients carrying CC genotype showed
higher response rate to cisplatin-based chemotherapy as compared with CT+TT
genotypes carriers (51.11% vs. 23.91%, respectively, p=0.007) [15]. The same result
was found in two studies which NSCLC patients treated with platinum-based
chemotherapy were assessed [14, 16]. For long-term outcome, Palomba and
colleagues showed that the median overall survival (OS) of breast cancer patients
treated with platinum-based chemotherapy was significantly higher in patients with C
(CC+CT) genotype as compared with patients with TT genotype (131 vs. 66.5 months,
respectively, p=0.004) [17]. However, between 2013 and 2014, Mlak’s and Huang’s
group found no association between SNP of ERCCI gene and response to platinum-

based chemotherapy in NSCLC patients [18, 20]. Moreover, Moxley and colleagues
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also found no significant relationships between ERCCI genotype and OS in epithelial
ovarian cancer patients [19]. In the term of toxicities, Chen and team investigated the
relationship between ERCCI polymorphisms and toxicities, but no correlation was

found [38].

Another mechanism associated with decreasing cisplatin response is the
reduction of intracellular cisplatin level due to impaired import transporter, copper
transporterl (CTR1) [36]. Recent in vitro studies revealed association of CTR1 protein
with resistance to platinum antitumor drugs [39]. At present time, the clinical study
of association between CTRI polymorphisms (rs12686377) and cisplatin response is
limited. In NSCLC patients treated with cisplatin-based chemotherapy, Xu and group
found that two SNPs of CTRI, rs7851395 and rs12686377, were associated with both
response rate and overall survival (p<0.05) [21]. In another study, Xu’s group also
found that rs10981694 was associated with cisplatin-induced toxicity in NSCLC
patients [37]. More evidence is needed to explain the impact of CTRI polymorphisms

in cisplatin response.
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Chapter 3
Patients and Methods

3.1 Research design

This is a cohort study to assess the association between genetic
polymorphisms and both response and toxicities of gemcitabine-platinum
chemotherapy in unresectable cholangiocarcinoma patients. All enrolled patients in
this study were recorded with basic clinical information. Written informed consents
were obtained from all patients for blood sample collection. DNA was extracted
from peripheral blood via the Qiagen blood kit. RRM1, ERCC1, and CTR!
polymorphisms were assessed by Tagman allelic discrimination assay. After complete
two or more cycles of chemotherapy, treatment response was evaluated according
to Response Evaluation Criteria in Solid Tumors Criteria (RECIST) version 1.1. The
responses were classified into four categories: complete remission (CR), partial
remission (PR), stable disease (SD), progressive disease (PD). All patients were divided
into two groups as responders (CR+PR) and non-responders (SD+PD). Toxicity was
assessed according to Common Terminology Criteria for Adverse Event (CTCAE)
version 4.03. Statistical analysis between genotypes and clinical responses or toxcities
were performed by Chi square test or Fisher’s exact test.

3.2 Scope of Research

This study is conducted in unresectable cholangiocarcinoma, gallbladder
cancer or ampullary cancer patients treated with gemcitabine-platinum
chemotherapy at King Chulalongkorn Memorial Hospital for 6 months after ethical
approval.

3.3 Population and Sample

3.3.1 Population
Unresectable cholangiocarcinoma, gallbladder cancer, or ampullary cancer
patients treated with gemcitabine-platinum chemotherapy at King Chulalongkorn

Memorial Hospital.
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3.3.2 Sample

Unresectable cholangiocarcinoma, gallbladder cancer, or ampullary cancer
patients treated with gemcitabine-platinum chemotherapy at King Chulalongkorn
Memorial Hospital during January 2016 to June 2016 or 6 months after ethical
approval. These patients also fulfilled inclusion/exclusion criteria. The sampling
technique was purposive sampling.

Inclusion criteria

1. Patients were histologically or cytologically confirmed cholangiocarcinoma,
gallbladder cancer, or ampullary cancer.

2. The lesion had to be unresectable with a measurable or assessable tumor
lesion.

3. Patients had an Eastern Cooperative Oncology Group (ECOG) performance
status of 0, 1, or 2.

4. Patients received or have been received gemcitabine/cisplatin or gemcitabine
/carboplatin regimens. Patients received or have been received single
gemcitabine, if patients were intolerant to platinum drug.

5. Patients were able to communicate about their symptoms of present illness.

6. Patients were willing to participate in the research.

Exclusion criteria

1. Patients have serious concomitant diseases, including uncontrolled
hypertension, cardiac arrhythmia requiring medical treatment, myocardial

infarction or active congestive heart failure in the last six months.

Sample size calculation

From the two previous studies, Kim et al. [11] and Yuan et al. [12], the
prevalence (P) of responders without RR37AC-RR524CT genotypes of RRM1 gene are
0.43 and 0.36, respectively. The relative risk (R) is between 1.54 and 2.09. Alpha-error

of 0.05 (two-sided) and beta error of 0.1 were set.
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2
Zo2Pq+Zg\p1[1+R—p (1+RD)] _ 1 o
_ ﬁ[p1(11—R)]2 : p = p1 (14R), q=1-p

n

196 2(0.55)(0.44)+1.28\/(0.4)[1+1.82—0.4(1+1.822)]2
"= [(0.4)(1-1.82)]2

n= 47 patients per arm

The required sample size is estimated as 94 patients, but the target sample

size is set at 105 patients (including 10% dropout).

3.4 Method

1.

Patients who fulfill inclusion/exclusion criteria were asked to participate the
study when they arrived to outpatient department for chemotherapy or
follow-up.

Patients and/or legal guardians were informed about the objective and study
protocol by the investigator. The investigator explained benefits/risks and
answered the question until patients fully understand. Patient was freely to
decide whether to participate or not before an informed consent was signed.
Detailed clinical information and five milliliter of venous blood were
collected.

Genomic DNAs were extracted according to protocol using QlAamp blood kit
at laboratory, Department of Medicine, Faculty of Medicine, Chulalongkorn
University.

The treatment responses were evaluated after complete two or more cycle
of chemotherapy by the physician. Chemotherapy-related toxicities were

assessed in every visit of drug administration. The disease progression data
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was collected form patient record and the patients were interviewed for
severity of toxicities.

6. Genotypes of RRM1, ERCC1, and CTRI genes were determined by the Tagman
allelic discrimination assay.

7. After laboratory procedure, biological samples were kept for 1 year for
validate checking and will be disposed by standard method (incineration).

8. Statistical analyses were performed using SPSS version 22.0.

3.5 Buffy coat extraction

Whole blood was drawn from patients before chemotherapy administration.
Five milliliter of blood was collected in Vacutainer® tube (purple-stopper) containing
EDTA.

Buffy coat is a leucocyte-enriched fraction of whole blood which is a source
of DNA. Preparing a buffy coat by centrifuging whole blood at 2,500 x ¢ for 10
minutes at room temperature (15-25 °C). After centrifugation, 3 difference fractions
are distinguishable: the upper clear layer is plasma, the intermediates layer is buffy
coat with concentrated leucocyte, and the bottom layer contains concentrated
erythrocytes. Two-hundred microliter of buffy coat was pipetted into microcentrifuge

tube size 1.5 ml and stored in freezer at -20 °C until extracted DNA.

3.6 DNA extraction

Buffy coat was used for DNA extraction by ultilizing QIAamp® DNA Blood Mini
kit. First, the buffy coat was equilibrated to room temperature. Then, 20 microliter
QIAGEN protease was pipetted into a 1.5 ml microcentrifuge tube containing buffy
coat 200 microliter. Then 200 microliter Buffer AL was added to tube and mixed by
vortex mixer for 15 seconds, and incubated at 56 °C for 10 minutes. The tube was

briefly centrifuged to remove drops from the inside of the lid. Next, 200 microliter of
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100% ethanol was added to sample, and mixed again by vortex mixer for 15
seconds. After mixing, the tube was briefly centrifuged to remove drops from the
inside of lid. The mixture was carefully applied to QlAamp Mini spin column (in a 2
mL collection tube) without wetting the rim. The tube was capped and centrifuged
at 6000 x g (8000 rpm) for 1 minute. The QlAamp Mini spin column was placed in a 2
ml clean collection tube, and discarded the tube containing the filtrate. The QlAamp
Mini spin column was carefully opened and 500 microliter Buffer AW 1 was added
without wetting the rim. The cap was closed and was centrifuged at full speed
(20,000 x g; 14,000 rpm) for 3 min. The QlAamp Mini spin column was carefully
opened and 500 microliter Buffer AW 2 was added without wetting the rim. The cap
was closed and was centrifuged at full speed (20,000 x g; 14,000 rpm) for 3 min. The
QlAamp Mini spin column was placed in a 2 ml clean collection tube, and discarded
the tube containing the filtrate. The tube was centrifuged at ful speed for 1 min
Finally, the QlIAamp Mini spin column was placed in a clean 1.5 ml microcentrifuge
tube, and discarded the collection tube containing the filtrate. The QlAamp Mini spin
column was carefully opened and 200 microliter Buffer AE was added. Incubated at
room temperature (15-25°C) for 1 min, and then centrifuged at 6000 x g (8000 rpm)
for 1 min. For long-term storage of DNA, eluting in Buffer AE and storing at -20°C.

3.7 Genotyping

The polymorphisms were genotyped using the 5’ nuclease assay for allelic
discrimination with commercially available TagMan® genotyping assays (Applied
Biosystems, USA) for amplifying and detecting specific SNP alleles in purified genomic
DNA samples. The assay IDs as followed:

1. Assay ID: C_ 2769831 10, rs12806698 for RRM1 (-) 37 polymorphism
2. Assay ID: C_ 2769829 10, rs11030918 for RRM1 (-) 524 polymorphism
3. Assay ID: C_ 2532959 1 ,rs11615 for ERCCI polymorphism

4. Assay ID: C_ 382585 10, rs12686377 for CTR1 polymorphism
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Genotyping reactions were performed in a volume of 20 microliter containing
3 microliter of 30 nanogram genomic DNA, 0.5 microliter of 40x SNP genotyping assay,
10 microliter of 2x TagMan Genotyping master mix, and 6.5 microliter of DNase-free
water in 96-well plate. Amplification by polymerase chain reaction was performed by
following program: 10 min at 95°C, followed by 40 cycles of 15 seconds at 95°C and
1 min at 60°C. After PCR amplification, perform an endpoint plate read on a
StepOnePlus Real time PCR System (Applied Biosystem Inc., Foster City, CA USA.
Using the fluorescence measurements made during the plate read, the SDS software
plots R, values based on the fluorescence signals from each well, then determines

which alleles are in each sample.

3.8 Data collection

Data was collected during January to July 2016. When patient arrived at
chemotherapy department, investigator approached for inform consent. Basic clinical
data such as demographic data, diagnosis, extent of diseases, location of primary
tumor, ECOG performance status score, previous treatment, chemotherapy regimen,
baseline complete blood count, and baseline liver function tests were recorded in
first time.

Patients were evaluated for response after 3" or 4™ cycle according to RECIST
version 1.1. by the physician. We reported only the response from first assessment, if
patients had more than one response results. Patients were classified into responder
(CR+PR) and non-responder (SD+PD) group. We also classified them into tumor
control group (CR+PR+SD) and progressive disease group (PD). In term of toxicities,
both subjective and objective data were collected in every visit for chemotherapy.
Information from patients record and interview was assessed and transformed into 0
to 4 grading score (0 is no symptom, 1-2 is mild, and 3-4 is severe). The highest grade
of toxicities was reported. Patients with previous abnormal objective data as low
complete blood count and/or high liver enzyme were defined as 0 because those

abnormalities were not the effect of chemotherapy treatment. These data was
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reassessed when laboratory result fluctuated to normal level. High liver enzyme with

progressive disease was not counted.

3.9 Data analysis

Statistical analyses were performed using SPSS version 22.0 (SPSS. Co., Ltd,
Bangkok Thailand).

Basic clinical information of patients such as sex, extent of diseases, location
of primary tumor, ECOG performance status score, and disease control rate were
expressed as percentage. Continuous variable such as age, tumor marker levels, time
to progression, and progression free survival were expressed as mean + standard
deviation (SD), or median and inter quartile range (IQR) or range.

Association of genetic polymorphisms with response and toxicities was
evaluated using chi-square test. In 2x2 table, if one or more cells has an expected

frequency of 5 or less, Fisher’s exact test was used.
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Hypothesis

Variable

Statistics

RRM1 polymorphism is
associated with response
to gemcitabine-platinum

chemotherapy.

Independent variable: genotypes

Dependent variable: response rate

Chi square test
or Fisher’s Exact

test

RRM1 polymorphism is
associated with toxicity of
gemcitabine-platinum

chemotherapy.

Independent variable: genotypes

Dependent variable: toxicity rate

Chi square test
or Fisher’s Exact

test

ERCC1 polymorphism is
associated with response
gemcitabine-platinum

chemotherapy.

Independent variable: genotypes

Dependent variable: response rate

Chi square test
or Fisher’s Exact

test

ERCC1 polymorphism is
associated with toxicity of
gemcitabine-platinum

chemotherapy.

Independent variable: genotypes

Dependent variable: toxicity rate

Chi square test
or Fisher’s Exact

test

CTR1 polymorphism is
associated with response
to gemcitabine-platinum

chemotherapy.

Independent variable: genotypes

Dependent variable: response rate

Chi square test
or Fisher’s Exact

test

CTR1 polymorphism is
associated with toxicity of
gemcitabine-platinum

chemotherapy.

Independent variable: genotypes

Dependent variable: toxicity rate

Chi square test
or Fisher’s Exact

test
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3.10 Ethical consideration

The study was approved by Institutional Review Board of Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand (COA No.154/2016).

The study was conducted in accordance with The Belmont Report which consists
of 3 basic ethical principles; Respect for Persons, Beneficence, and Justice.

Respect for persons- the investigator must give sufficient information on which to
decide whether or not to participate, including the study protocol, the objective,
benefits and risks, and a statement offering the subject the chance to ask questions.
Consent to participate must be voluntarily given.

Beneficence-patients may not have direct benefit, but societal benefits might be
gained from this study. Patients may have risk of pain, bleeding, bruise, and swelling
at blood collecting site. Patients’ data is confidential and case report form is unable
to identify patients.

Justice-Patients are enrolled into the study because of inclusion/exclusion
criteria. The risks and benefits of research are distributed equitably. Investigator takes
precaution not to systematically select subject simply because of the subjects’ easy

availability or their compromised position.
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Chapter 4

Results

4.1 Patients’ characteristics

A total of thirty-three patients were enrolled between January and June
2016. The patients’ characteristic and all basic clinical data were shown in table 2.
Nineteen female patients accounted for 57.57% as the major gender groups and 14
male patients accounted for 42.42%. The median age of them was 61 years old,
ranging from 38 to 89 years old. The number of cholangiocarcinoma, gallbladder
cancer, and ampullary cancer were 25 (75.75%), 4 (12.12%), and 4 (12.12%),
respectively. Almost half (16) of patients had metastatic stage while 10 (30.30%) and
7 (21.21 %) patients had locally advanced stage or mixed type, respectively. Eight
patients (24.24%) had recurrence after previously curative treatment. ECOG
performance score of 1 at baseline accounted for 84.84% of patients. Twenty-two
patients (66.66%) received gemcitabine/cisplatin, and six patients (18.18%) were
treated with gemcitabine/carboplatin, while the rest (5) of patients (15.15%)
underwent single gemcitabine. Three patients were switched from
gemcitabine/cisplatin to gemcitabine/carboplatin (two and one patients were
changed after first and second cycle, respectively) because of increasing creatinine
and severe vomiting. One patient was switched from gemcitabine/carboplatin to
gemcitabine/cisplatin after first cycle, but the reason was unknown. Previous therapy
as surgical resection, chemotherapy, or radiation were performed in 12 (36.36%), 10
(30.30%), and 7 (21.21%) patients, respectively. Biliary drainage as percutaneous
transhepatic biliary drainage and biliary stent was performed in 9 (27.27%) and 8
(24.24%) patients before start chemotherapy. Twenty-one (63.63%) patients had
grade 1 anemia before chemotherapy was started. All (4) of patients with gallbladder

cancer were female. All (4) of patients with ampullary cancer had single gemcitabine.
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Characteristic N (%)
No. of patients enrolled 33
Gender
Male 14 (42.42)
Female 19 (57.57)
Age (year)
Median (range) 61 (38-89)
Extent of disease
Locally advanced 10 (30.30)
Metastatic 16 (48.48)
Mixed 7(21.21)
Primary tumor site
Cholangiocarcinoma 25 (75.75)
Intrahepatic 9 (27.27)
Extrahepatic
Hilar 10 (30.30)
Distal 3(9.09)
Unspecific 3(9.09)
Ampulla 4(12.12)
Gallbladder 4(12.12)
Performance status
0 4(12.12)
1 28 (84.84)
2 1 (3.03)
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Characteristic N (%)
Chemotherapeutic regimens
Gemcitabine/Cisplatin 22 (66.67)
Gemcitabine/Carboplatin 6(18.18)
Gemcitabine 5 (15.15)
Previous therapy
Surgery 12 (36.36)
Chemotherapy 10 (30.30)
Radiation 7(21.21)
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4.2 Response

A total of 151 cycles of chemotherapy were given. The median numbers of
treatment cycles given to patients was 4 cycles, ranging from 1 to 8 cycles. Among
the 33 patients, 31 patients were evaluable for response, 1 patient postponed his
treatment because of cholangitis after chemotherapy, and 1 patient did not arrived
on follow-up. One patients (3.2%) ampullary cancer patient achieved complete
response (CR). Two (6.45%) patients achieved partial response (PR) were a male CCA
patient treated with gemcitabine/carboplatin regimen and a female CCA patients
treated with gemcitabine/cisplatin, respectively. The overall response rate (CR+PR)
for 31 eligible patients was 9.7%. Stable disease (SD) and progressive disease (PD) was
observed in 19 (61.3%) and 9 (29.0%) patients, respectively. The tumor control rate
(TCR, CR+PR+SD) was noted to be 71.0%. The data was shown in t