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CHAPTER 1
INTRODUCTION

1.1 Background and rationale

Cancer remains a major public health problem worldwide, the second
leading causes of morbidity and mortality globally, about 9.6 million people died in
2018 (1). The new cases and deaths trend to increase because of many cancer risk
factors, such as aging, tobacco and alcohol use, unhealthy diet, physical inactivity,
overweight, pollutions and some chronic infections. Specifically, lung cancer is the
most cause of cancer death, accounting for 1.76 million deaths. It is the highest cause
of cancer death in male and the second highest in female (1, 2). The major pathologic
type of lung cancer is non-small cell lung cancer (NSCLC) approximates 85% (3, 4).
Similarly, in Thailand, the rate of deaths per hundred thousand with lung cancer
patients was 18.48. As for the lung cancer continues the most common cause of cancer
death among male and 4™ highest in the female (5-7). According to the high death rate
of lung cancer patients due to the fact that early stage of lung cancer has no symptom
until they have spread. Symptoms that lead to the first time of diagnosis are unclear
and non-specific. Then lung cancer patients present with locally advanced or
metastatic disease up to 70% at first diagnosis (3). As a result of late diagnosis and
treatment, they have poor prognostic and low survival rate. Although, mostly the

patients are treated with chemotherapy which is beneficial.

The appropriate treatment of advanced or metastatic NSCLC patients with
inefficacious targeted therapies is systemic chemotherapy (8). The first-line treatment
for patient with good performance status is platinum-based chemotherapy plus one
of new generation anti-cancer agents, such as paclitaxel, docetaxel, gemcitabine, and
vinorelbine. This combination of two agents or doublet regimens is widely accepted
because they have more efficacious and safer than single-agent therapy (8, 9).
Moreover, these doublet regimens have no significant differences between advantage

and disadvantage (10, 11).



There are many factors influence to treatment response of NSCLC patients,
such as disease factors, pharmacokinetics and pharmacodynamics properties of
treatment agents, and patient characteristic. For example, treatment response is
effected by age, gender, performance status, smoking, organ dysfunction and genetic
polymorphisms. Recently, it is widely accepted that genetic variation of patients is a
major factor that causes interindividual differences in clinical responses and adverse

events/toxicities for the patient.

This study interested in advanced NSCLC patients treated with paclitaxel-
based chemotherapy. Paclitaxel is widely used to treat various solid tumors including
NSCLC. It can use as a single agent or combination therapy with platinum compounds
(8, 9). Although paclitaxel is an effective chemotherapy agent, it still has limitation.
Clinical outcomes of paclitaxel vary in relation to the genetic variation that has effects
on pharmacokinetic changes. As for treatment responses and adverse events are
unpredictable due to interindividual variability of drug transporter single nucleotide
polymorphism (SNP) (9-20). Therefore, patients who treated with paclitaxel-based

chemotherapy have to be monitored closely.

There are many SNPs had involved metabolic pathway of paclitaxel (13). This
study is interested in three SNPs, which are associated with pharmacokinetic of
paclitaxel, in the pathway. The two SNPs are drug transporter SNPs, SLCOI1B3 and
ABCB1. And the last one SNP is CYP3A5 that relate to drug metabolism enzyme. The
evidence suggests that in vitro study paclitaxel is significantly transported by OATP1B3,
which is an organic anion transporting polypeptide (OATP) related to SLCO1B3 gene
(16, 20, 21). A study found the variant of SLCO1B3 gene 699G>A, which is stably
transfected into MDCKI, lead to increase transporter function (21). Whereas other study
found that variant of SLCO1B3 699G>A on oocyte’s membrane is significantly reduced
transportation of paclitaxel. In addition, patients with homozygous wild-type of this

gene had higher incidence of severe anemia than others patients (17).

The genetic polymorphism of ABCBI gene effects to clinical response and

toxicity of paclitaxel chemotherapy treatment. In NSCLC patients several studies found



the association between genetic polymorphisms of ABCBI and important toxicities,
such as neutropenia and neuropathy. Furthermore, genetic variation of ABCBI is
associated with progression-free survival and overall survival (18, 22). According to Park
et al., patients with G/G, G/A and A/A genotypes of ABCB1 2677G>T/A showed lower
PFS than other genotypes (17). While others studies observation found no association
(23, 24). Similarly, genetic polymorphism of CYP3A5 is extensively studying that effect
to drug pharmacokinetic and clinical outcomes. The role of this gene relates to the
metabolism of many drugs, including paclitaxel. Patient with polymorphism of CYP3A5
gene is a non-expresser enzyme. The researcher found that NSCLC patients who have
CYP3A5*3/%3 treating with paclitaxel-based chemotherapy have a significantly higher
overall survival than others genotypes (25). In contrast, a study did not found the
relationship between genetic polymorphism of CYP3A5 and pharmacokinetic of
paclitaxel describe as a cause of interindividual variability (24). Moreover, Leskela et
al.,, found that the non-expressers have lower neurotoxicity risk of paclitaxel than the
expressors (23). The allele frequency of SLCO1B3, ABCBI and CYP3A5 are
approximately 80%, 60% and 50%, respectively (16, 18, 22).

However, the knowledge about associations of these genes are still
controversial, maybe limitations of studies. For example, the sample of some studies
had limitations, or some studies were retrospective studies that may have more bias,
or the studies may have differences in confounding control or factors management is
incomprehensive. And the major factor that leads to the different results is probable

ethnicity.

In conclusion, there are no published data regarding the prevalence of
SLCO1B3, ABCB1 and CYP3A5 polymorphisms in Thai advanced NSCLC patients. And
previous studies have yet to demonstrate the relationship between these genetic
polymorphisms and clinical outcomes, such as clinical response and adverse events
in Thai advanced NSCLC patients who treated with paclitaxel. In consequence, this
study is interested to investicate the effect of SLCO1B3, ABCB1, and CYP3A5

polymorphisms in efficacy and safety of paclitaxel-containing chemotherapy regimen



in Thai advanced non-small-cell lung cancer patients. The results of this study may
support the information related to predictive biomarkers in order to use paclitaxel in
advanced NSCLC patients. Our finding may help to manage treatment and adverse
events of paclitaxel in each patient for the most effective treatment and the fewest

toxicities that can improve quality of life in the patients.

1.2 Research question

How are differences in terms of clinical response and toxicity among Thai
advanced non-small-cell lung cancer patients, who treated with paclitaxel containing
chemotherapy regimen, having various genetic polymorphisms of SLCO1B3, ABCBI,
and CYP3A5?

1.3 Objectives

1. Primary objective: To investigate the effects of SLCO1B3, ABCBI, and
CYP3A5 polymorphisms on clinical response of paclitaxel containing
chemotherapy regimen in Thai advanced non-small-cell lung cancer
patients.

2. Secondary objective: To investigate the effects of SLCO1B3, ABCB1, and
CYP3A5 polymorphisms on toxicity of paclitaxel containing chemotherapy

regimen in Thai advanced non-small-cell lung cancer patients.

1.4 Hypotheses

1. SLCO1B3 polymorphism is associated with clinical response and adverse events
of paclitaxel-containing chemotherapy regimen in advanced NSCLC patients.

2. ABCBI polymorphism is associated with clinical response and adverse events
of paclitaxel-containing chemotherapy regimen in advanced NSCLC patients.

3. CYP3A5 polymorphism is associated with clinical response and adverse events

of paclitaxel-containing chemotherapy regimen in advanced NSCLC patients.



1.5 Conceptual Framework

Genetic polymorphisms Clinical outcomes
- SLCO1B3, rs7311358 l - Clinical responses
- ABCB1, rs2032582 - Adverse events

- CYP3A5, rsT776746

Patient factors
- Gender Disease factors
- Age - Histology
- Smoking status - Staging
- Performance status - Duration of illness
- Weight loss

Chemotherapy factors

- Regimens - Number of cycles
- Cumulative dose - Treatment
schedule

Figure 1 Conceptual Framework

1.6 Operational Definition

1. Participant is an advanced NSCLC patient treating with paclitaxel-base

chemotherapy.



10.

11.
12.
13.

Advanced NSCLC patient is a NSCLC patient with stage IlIB or IV staging follows
AJCC 7™ edition.

Paclitaxel-based chemotherapy is defined as a regimen which consists of
paclitaxel alone or paclitaxel with others agents.

SLCO1B3 polymorphism is a variation of SLCO1B3 gene in 699G>A, rs7311358.
ABCB1 polymorphism is a variation of ABCBI gene in 2677G>T/A, rs2032582.
CYP3A5 polymorphism is a variation of CYP3A5 gene in 6986A>G, rs776746.
Response is an outcome of the treatment. Responses are observed from tumor
response using the measurement of lesions follow Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1. The RECIST criteria classified tumor
response for 4 categories such as, Complete response (CR), Partial response
(PR), Progressive disease (PD) and Stable disease (SD).

Responder is defined as patients, who have complete response (CR) and/or
partial response (PR) using RECIST criteria version 1.1.

Non-responder is defined as patients, who have progressive disease (PD) and/or
stable disease (SD) using RECIST criteria version 1.1.

Toxicity is defined as adverse events (AEs) that caused by paclitaxel-based
chemotherapy and occur during chemotherapy treatment. These AEs are
assessed using the Common Terminology Criteria for Adverse Events (CTCAE)
version 4.03. CTCAE criteria classified AEs for each symptom with 5 grades of
severity. Grade 1 is mild, grade 2 is moderate, grade 3 is severe or medically
significant, grade 4 is life-threatening and grade 5 is death related to AEs.

Mild toxicity is toxicity grade 0-2

Severe toxicity is toxicity grade 3-4

Clinical benefit is an indicator for treatment response that defined as non-
progression disease or CR+PR+SD categories classifying by RECIST criteria

version 1.1



1.7 Benefits from the study

1.

Identification of the association between genetic polymorphisms of SLCO1B3,
ABCB1 and CYP3A5 and clinical outcomes, such as treatment response and
toxicities, from paclitaxel-based chemotherapy in Thai advanced NSCLC

patients.

Enhance treatment method selection in terms of drug’s type and dose that
suit with patient. Also, to manage toxicity or adverse events from paclitaxel in

each patient.

The results of this study may confirm the association of genetic polymorphism
with clinical response and toxicity that related to predictive biomarkers in order

to use paclitaxel in advanced NSCLC patients.

The conclusion of this study may assist the health’s management organization
in order to establish the most effective and suitable chemotherapy treatment

for each advanced NSCLC patients which have SLCO1B3, ABCB1 and CYP3A5

polymorphisms.



CHAPTER 2
LITERATURE REVIEWS

2.1 Non-small-cell lung cancer (NSCLC)

Lung cancer is the most of death cancer among cancers around the world,
accounting for 1.69 million deaths in 2015 (26). Worldwide, lung cancer is the highest
cause of cancer death in male and the second highest in female (2). Whereas, it is the
highest rates of death both male and female. Estimated new cases and estimated
deaths are 222,500 and 155,870 respectively in USA, 2017 (27). Similarly, Thailand in
2009 reported that lung cancer was a major of cancer among cancers in male and 4"
highest in female. And between 2010 and 2014 rate of deaths per hundred thousand
with lung cancer was 18.48 which was the most second of cancer death in Thai patients
(5-7). The United Nations, World Population Prospects, the 2012 revision estimated
number of new lung cancer cases and numbers of lung cancer deaths in 2020 about
2.26 million cases and 1.97 million cancer deaths worldwide, respectively. While
estimated new cases and cancer deaths from lung cancer in 2020 for Thailand are
24,811 cases and 22,500 cancer deaths respectively. It seems that both of incidence
and mortality of lung cancer are still increasing around the world with reduced rate
(27).

Lungs are the major organ of the respiratory system. Their main function is a
gas exchange, extracting oxygen from air and deliver to blood circulation. Lung cancer
is a disease that abnormal cell of lung cell growing rapidly out of control. They can
turn to a tumor cell and invade neighboring areas, then spread to others organs. The
uncontrolled spreading or metastasis of lung cancer leads to death in patients. Lung
cancer is usually found in the elderly which two-thirds of lung cancer patients are over
65 years old. For general people, men have more the opportunity to develop lung
cancer than women. Whereas, women who smoke have a higher risk of lung cancer
than men for 3 folds (9, 27, 28)

The major type of lung cancer is non-small-cell lung cancer (NSCLC) accounting

for about 75-85% of all lung cancer cases (3, 4) and approximately 90% for Thai



patients (29). The others are small-cell lung cancer, is about 10-15% of lung cancers
cases but this type tends to grow and spread rapidly. And the last type is lung carcinoid
tumor that less than 5% of all cases. Moreover, NSCLC is classified into many subtypes
with a difference of lung cell types. The two major subtypes of NSCLC are
adenocarcinoma and squamous cell carcinoma or epidermoid carcinoma, and others
types, such as a large cell or undifferentiated carcinoma, adenosquamous carcinoma
and sarcomatoid carcinoma, are rarely found. In recently, adenocarcinoma is a major
subtype of NSCLC accounting for approximately 40% of all NSCLC cases. They usually
develop in the outer part of the lung. Squamous cell carcinoma or epidermoid
carcinoma is about 25-30% of NSCLC cases. They form in a squamous cell inside the
line of the respiratory tract. This type relates to the history of smoking. The large cell
or undifferentiated carcinoma accounting for about 10-15% of NSCLC cases (2, 4).

The most important risk factor for lung cancer is tobacco use causing death of
lung cancer approximately 80%. The risk for lung cancer in smoker is higher than a
non-smoker, and others factors that increase higher risk are a longer duration of
smoking, a higher amount of packs per day and cigar/pipe using. In addition, second-
hand smoke or passive smoking is a risk of NSCLC in non-smoker that relative risk
between 1.14 and 5.20. The risk of childhood is higher than adulthood for 3.6 times.
Moreover, the risk factors are occupational exposures, such as radon, asbestos, metals,
organic chemical, radiation, and air pollution, alcohol use, low intake vitamin
supplements, low physical activity and genetic susceptibility (2, 4, 9). NSCLC can
prevent by avoiding some risk factors, such as tobacco use and passive smoker,
occupational exposures or increase consumption healthy diet and vitamin
supplements, regular exercise. Whereas genetic variation related to NSCLC or response
to treatment is unchanged or prevent.

The early stage of lung cancer is asymptomatic until they have spread.
Symptoms that lead the patients to the first time of diagnosis, including cough, weight
loss, weak, coughing up blood, chest pain, and hoarseness, are an unclear sign and
non-specific symptom. Mostly, lung cancer patients present with locally advanced or
metastatic disease up to 50-70% at first diagnosis (3). When patients present with the

late stage of NSCLC that means they will have poor prognostic and low survival rate.



10

After NSCLC is diagnosed, staging of lung cancer is important to determine
appropriate treatment for patients. Early stages of NSCLC, such as stage I, Il and IlIA
benefit from surgical treatment or radiation. While systemic chemotherapy is beneficial
for patients with late-stage or locally advanced stage of NSCLC. Survival rates related
to the stage of lung cancer at the first diagnosis. The patient who has found cancer at
an early stage has a chance to cure. In the contrary, a patient who diagnosed with late-
stage has a poor prognosis and very low survival rate. Shown in the table 1 patient
with stage IA have 5 years survival up to 49%, while patient with stage IV have a chance

to survive only 1% in 5 years (30, 31)

Table 1 Anatomic stages and prognostic groups according to the AJCC TMN staging
system, 7" ediition (30, 31)

Stage T N M 5 years survival (%)
Occult X NO MO -
carcinoma
Stage 0 Tis NO MO NE
Stage 1A Tla, Tlb NO MO 49
Stage 1B T2a NO MO a5
Stage IIA T2b NO MO 30
Tla, Tlb N1 MO
T2a N1 MO

Stage IIB T2b N1 MO 31
T3 NO MO
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Table 1 Anatomic stages and prognostic groups according to the AJCC TMN staging

system, 7™ edition (continue) (30, 31)

Stage T N M 5 years survival (%)
Stage IIIA Tla, Tlb, N2 MO 14
T2a, T2b

T3 N1, N2 MO
T4 NO, N1 MO

Stage B T4 N2 MO 5
Any T N3 MO

Stage IV Any T Any N M1la, M1b 1

Definition of T, N, and M of staging (30)

T: Primary Tumor (explained about size of tumor)

X

TO
Tis
T1

Tla
Tib
T2

Primary tumor cannot be assessed, or tumor proven by the presence of
malignant cells in sputum or bronchial washings but not visualized by imaging
or bronchoscopy

No evidence of primary tumor

Carcinoma in situ

Tumor < 3 cm in greatest dimension, surrounded by lung or visceral pleura,
without bronchoscopic evidence of invasion more proximal than the lobar
bronchus (i.e., not in the main bronchus)

Tumor < 2 cm in greatest dimension

Tumor > 2 cm but < 3 cm in greatest dimension

Tumor > 3 cm but < 7 cm or tumor with any of the following features (T2
tumors with these features are classified T2a if < 5 cm):

Involves main bronchus, > 2 cm distal to the carina



T2a
T2b
T3

T4
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Invades visceral pleura

Associated with atelectasis or obstructive pneumonitis that extends to
the hilar region but does not involve the entire lung
Tumor > 3 cm but < 5 cm in greatest dimension
Tumor > 5 cm but < 7 cm in greatest dimension
Tumor > 7 cm or one that directly invades any of the following: Chest wall
(including superior sulcus tumors), diaphragm, phrenic nerve, mediastinal
pleura, parietal pericardium; or tumor in the main bronchus < 2 cm distal to
the carina but without involvement of the carina; or associated atelectasis or
obstructive pneumonitis of the entire lung or separate tumor nodule(s) in the
same lobe
Tumor of any size that invades any of the following: mediastinum, heart,
great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body,

carina; separate tumor nodule(s) in a different ipsilateral lobe

N: Nodes (explained about spreading to regional lymph nodes)

NX
NO
N1

N2
N3

Regional lymph nodes cannot be assessed

No regional lymph node metastasis

Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and
intrapulmonary nodes, including involvement by direct extension

Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or

contralateral scalene, or supraclavicular lymph node(s)

M: Metastases (explained about spreading to others organs)

MX
MO
M1
M1la

M1b

Distant metastasis cannot be assessed

No distant metastasis

Distant metastasis

Separate tumor nodule(s) in a contralateral lobe; tumor with pleural nodules
or malignant pleural (or pericardial) effusion

Distant metastasis
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2.2 Treatment of advanced non-small-cell lung cancer

Treatment of lung cancer is based on tumor characteristics, such as types of
cancer cell, stage of disease, and molecular characteristic of cancer. The treatments
of NSCLC are surgery, radiation therapy, chemotherapy, targeted therapy,
immunotherapy and palliative treatment. Surgery is a treatment of choice in stage |, Il
and A ineligible patient. Surgery types are selected based on tumor size and tumor
location. Radiation therapy using depends on the stage of NSCLC. It can use alone or
combined with chemotherapy, before or after surgery, and palliative treatment for
relieving symptoms of metastatic NSCLC. And chemotherapy used as neoadjuvant
therapy, adjuvant therapy and concurrent therapy with radiation. The others treatment
including targeted therapy and immunotherapy are new agents that were designed for
impact on specific tumor cells. Although these treatments are beneficial, they are new
and very expensive. A lot of patients in developing countries and lower economies
cannot absorb the cost of this therapy. Palliative care is used to relieve symptoms and
increase quality of life for cancer patients in advanced stage who unable to respond
or treat with others treatment.

Systemic chemotherapy is an appropriate treatment for advanced or metastatic
NSCLS patients who have a good performance status and age under 70 years old.
Recently, combination therapy of the 2 anti-cancer drugs is recommended for
treatment while single agent chemotherapy may use in elderly patients who cannot
tolerate toxicities of combination regimen. But the combination of two agents or
doublet regimens is widely accepted because they have more efficacious and safer
than single-agent therapy (8, 9). As for the standard regimen of advanced NSCLC is
platinum-based chemotherapy plus one of new generation anti-cancer agents, such as
paclitaxel, docetaxel, gemcitabine, vinorelbine, and irinotecan. Moreover, these
doublet regimens have no significant differences between advantage and disadvantage
(10, 11).

National Comprehensive Cancer Network (NCCN) guidelines version 2.2018
recommended platinum-based chemotherapy plus another agent (doublet regimen)

for initial chemotherapy regimen in advanced NSCLC patients who had negative results
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of genetic mutation. Selection of chemotherapy regimens depends on histology of
NSCLC. Survival of NSCLC patient related to the predictive prognostic factors, such as
early-stage of disease at first diagnosis, good performance status ECOG PS 0-2, weight
loss does not exceed 5% and female gender. Paclitaxel is an anti-cancer agent that
used as single agent and combined agent in chemotherapy regimen treating all
histological types of metastatic lung cancer (8). Also, ESMO guidelines 2017
recommend systemic therapy for stage IV NSCLC patients with ECOG PS 0-2. Doublet
regimens of platinum-based chemotherapy are the first-line treatment for NSCLC.
Carboplatin plus paclitaxel or nab-paclitaxel are recommended for patients who have
PS 0-1 and age not exceed 70 years old. Bevacizumab adds to paclitaxel/carboplatin
improved survival in NSCLC patients with ECOG PS 0-1 (9).

For Thailand, the National Health Security Office (NHSO) recommenced
platinum-based chemotherapy regimens as first-line treatment for stage IV NSCLC
patients who have performance status 0-1. Elderly patients who over 70 years old
should consider for single-agent chemotherapy. Selection of treatment for stage IV
NSCLC patients with performance status 2 should consider depending on performance
status. Radiological evaluation and performance status are used to assess and follow-
up patients. The maximum of chemotherapy is 6 cycles.

First-line drugs for stage IV NSCLC patients who have performance status 0-1 of
NHSO are three regimens including the following:

1. PE regimen is cisplatin plus etoposide
2. CGregimen is cisplatin plus gemcitabine

3. CbPac regimen is carboplatin plus paclitaxel

carboplatin can be used instead of cisplatin in patient who has precaution to the use
of cisplatin, such as restrictive volume of hydration, renal dysfunction, and severe
nausea/vomiting. Second-line drug for advanced NSCLC patients is docetaxel. Table 2
shown chemotherapy regimens for advanced NSCLC patients who have performance

status 0-1 following NHSO 2013 (32).
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Table 2 Chemotherapy regimens (first line drugs) in stage IlIB and IV NSCLC, Thailand

2013 (32)
Dose and Dose
Regimen Frequency Drug ) Day | cycle
administration | (mg/m°/day)
1A | PE q2ld 80 mg/m2 Y% 80 1 4-6
Cisplatin
D1
100 mg/m” IV 100 3
Etoposide
D1,2,3
1B | carboplatin g2ld AUC Maximum 1 4-6
etoposide Carboplatin 5-6mg/mUi/min total dose
D1 750 mg
100 mg/m’ IV 100 3
Etoposide
D1,2,3
2A | CG q2ld 80 mg/m2 \Y 80 1 4-6
Cisplatin
D1
1,000 mg/m? IV 1000 2
gemcitabine
D1,8
2B | Carboplatin q2ld Maximum 1 4-6
AUC 5
Gemcitabine carboplatin/ total dose
mg/ml/min D1
750 mg
1,000 mg/m* IV 1000 2
gemcitabine
D1,8
3 | CbPac gq2ld AUC Maximum 1 4-6
Carboplatin 5-6mg/mi/min total dose
D1 750 mg
200 mg/m” IV 200 1
Paclitaxel
D1

One of the important factors for predict survival of advanced NSCLC patients

is the Eastern Cooperative Oncology Group (ECOG) scale of performance status that is

a standard criterion for assessing the functional status of patient and patient’s

prognosis. It describes diseases affect the ability of patient’s activities daily living in

terms of ability to care for themselves, daily activity, and physical ability, such as

walking and working. The scale is 0-5 that 0 is mean patient performs daily activities
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fully, without restriction. And patient’s functioning reduces respectively levels 1-4.

Then level 5 is dead (33). Table 3 described the level of ECOG PS scale

Table 3 Eastern Cooperative Oncology Group (ECOG) scale of performance status (33)

Grade ECOG Performance Status

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry
out work of a light or sedentary nature, e.g., lisht housework, office work

2 Ambulatory and capable of all self-care but unable to carry out any work
activities; up and about more than 50% of waking hours

3 Capable of only limited self-care; confined to bed or chair more than 50%
of waking hours

il Completely disabled; cannot carry on any self-care; totally confined to bed
or chair

5 Dead

2.3 Response evaluation

The assessment of treatment outcomes is an important point of cancer

therapy. NCCN guidelines have recommended tumor response evaluation in advanced

NSCLC patients after 2 cycles receiving systemic chemotherapy. If patient responses or

stable disease then continue chemotherapy, tumor response evaluation will repeat

every 2 cycles total 4-6 cycles with CT scan (8). Tumor response is an objective

response that based on anatomical tumor burden. Response evaluation criteria in solid

tumors (RECIST) is a standard criterion to assess the size of tumor changing compared

at baseline and after treatment. Imaging-based evaluation is appropriate to measure

and determine lesions. RECIST version 1.1 has been widely used in clinical cancer trials

that primary endpoint is tumor response. It classified tumor response of target lesions

into 4 groups that shown in table 4 (34).
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Tumor response

Definition

Complete Response (CR)

The disappearance of all target lesions. Any
pathological lymph nodes must have a reduction in

short axis to <10 mm.

Partial Response (PR)

At least a 30% decrease in the sum of diameters of
target lesions, taking as reference the baseline sum

diameters.

Progressive Disease (PD)

At least a 20% increase in the sum of diameters of
target lesions, taking as reference the smallest sum on
study including the baseline sum if that is the
smallest on study. 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 lesions is also considered progression.

Stable Disease (SD)

Neither sufficient shrinkage to qualify for PR nor
sufficient increase to qualify for PD, taking as
reference the smallest sum diameters while

treatment.

2.4 Paclitaxel and advanced non-small-cell lung cancer

Paclitaxel is widely used in the treatment of many solid tumors, such as ovarian

cancer, breast cancer, lung cancer, head and neck cancer, and AlD-related Kaposi's

sarcoma. The combination regimens between paclitaxel and platinum compounds are

effective treatment for various tumors.

As for, paclitaxel has been approved as a single agent and combination therapy

for advanced NSCLC. Clinical studies demonstrated that paclitaxel as a single agent in

advanced NSCLC patients using both every 3 weeks and weekly doses can improve
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median overall survival for 6-10 months, response rate about 21.6% - 56% and 1-year
survival rate 22% - 53%. In addition, myelosuppression, such as neutropenia and
granulocytopenia, peripheral neuropathy and myalgia/arthralgia were often observed.
Patients tolerated for weekly paclitaxel more than every 3-week regimen. All studies
were demonstrated for advanced NSCLC patients with performance status 0-2 (35-38).
As for the combination between paclitaxel and platinum-based chemotherapy is
acceptable higher than single-agent therapy in advanced NSCLC treatment. Phase |I
clinical studies suggested that these combinations had a better efficacy and well
tolerated compared with a single agent. Response rate of combination therapy was
between 28% - 55%, median survival about 12.3 — 14.8 months and 1-year survival
rate 52% - 56% (39, 40). Paclitaxel is a third-generation chemotherapy agent improving
survival in NSCLC patient compared with the second generation. A study showed
paclitaxel plus cisplatin had significantly better response than etoposide plus cisplatin
in NSCLC patients with stage IlIB and IV. Paclitaxel containing regsimen had median
survival times 9.9 months and 1-year survival rate 38.9%, while combined etoposide
regimen had median survival times 7.6 months and 1-year survival rate 31.8%. On the
other hand, paclitaxel-containing regimens increased granulocytopenia, myalgia, and
neurotoxicity but not significantly different among the regimens (41). Moreover, efficacy
and safety of paclitaxel combined with platinum compounds in advanced NSCLC were
not different from the combination of others third-generation agents, such as
gemcitabine and docetaxel. A large number of study suggested that the combination
therapy of paclitaxel and cisplatin was similar to combination therapy of cisplatin with
gemcitabine or cisplatin with docetaxel or carboplatin with paclitaxel, in terms of
response rate, median survival, and 1-year survival rates. Whereas, carboplatin plus
paclitaxel regimen had lower toxicity than others (11). A randomized phase Ill study
that compared efficacy and toxicity of platinum-based combination with irinotecan,
paclitaxel, gemcitabine, and vinorelbine in advanced NSCLC patients. The response
rate, median survival time, and 1-year survival rate were similar among four groups but
toxicity profiles were different. Toxicity of carboplatin/paclitaxel combination were
grade 3/4 neutropenia, leucopenia, febrile neutropenia and anemia were 599%, 309%,

12% and 10%, respectively (10). Furthermore, paclitaxel/carboplatin plus a



19

monoclonal antibody; bevacizumab, can increase median survival for 12.3 months
compared with 10.3 months in chemotherapy-alone group. The median progression-
free survival and response rate were significantly higher in group of chemotherapy plus
bevacizumab. But, this regsimen possibly increased the risk of pulmonary hemorrhage
and treatment-related deaths (42).

Although, paclitaxel has clinical benefit in advanced NSCLC patients. Toxicities
of paclitaxel are considerable and cautious. The common toxicities of paclitaxel are
myelosuppression  (neutropenia, thrombocytopenia, leucopenia and anemia),
neurotoxicity (peripheral neuropathy), cardiotoxicity (hypotension, bradycardia),
dermatologic toxicities (alopecia, rash, nail and skin change), gastrointestinal toxicities
(nausea, vomiting, mucositis, diarrhea), musculoskeletal toxicities (arthralgia/myalgia),
hypersensitivity reactions, infection, and elevation of aspartate aminotransferase (AST),
alkaline phosphatase (ALP) and bilirubin (43). Peripheral neuropathy is the dose-limiting
toxicity of paclitaxel in a portion of patients. It seems to depend on dose per treatment

cycle, the schedule of treatment and the duration of infusion (44).

2.5 Paclitaxel and Genetic polymorphisms

Paclitaxel is an antitumor agent which was extracted from the bark of the
western yew (Taxus brevifolia). Plants were found at the seashore of the Northwest
United State by Monroe Wall and collaborators since 1971. The molecular structure

of paclitaxel was defined as C47H5:NO14 (45).

[« 1LY N

Figure 2 Molecular structure of Paclitaxel
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Chemical structure of paclitaxel was a complex diterpene with taxane ring
system that has a four-membered oxetane ring and ester side chain at C-13 which
necessary for activity in mammalian cells. Productivity from natural sources was
limited, therefore, available commercial products were from semi-synthesis. Paclitaxel
is a strongly hydrophobic molecule, then, available products were prepared in
polyethoxylated castor oil (Cremophor® EL) and dehydrated alcohol and the latest
formulation is polymeric micelle nanoparticles bound to albumin or Nab-paclitaxel.

Paclitaxel inhibited cell in late G2/M phase of cell cycle. Paclitaxel specifically
bound to the B-subunit site of tubulin in microtubules and interrupted the dynamic
equilibrium of microtubules by enhanced the polymerization of tubulins to stable
microtubules and stabilized microtubules led to decrease of depolymerization. These
mechanisms lead to cell death. Furthermore, paclitaxel can bind to an apoptosis
stopping protein called Bcl-2 and induces phosphorylation and apoptosis in cancer
cells. The anticancer activity of paclitaxel depended on drug concentration. Paclitaxel
completely blocked mitotic progression in the G2-M phase at high concentration (= 9
nM) leading to apoptosis of cancer cell, whereas lower concentrations of paclitaxel
were caused an abnormal mitosis and microtubule reassembled suppression, resulting
in forming of the multinucleated cell, stopping DNA synthesis and cell death,
subsequently (46, 47). Intravenous administration over 1 - 96 hours of paclitaxel have
pharmacokinetic characteristics following extensive tissue distribution, high protein
binding is about 90% - 95% primarily albumin, average clearances 87 - 503 ml/min/m?
(5.2 to 30.2 L/h/m?) in variable systemic clearance and renal excretion of parent drug
less than 10% (48). Paclitaxel is mostly metabolized in the liver by the cytochrome
P450. CYP3A and CYP2C subfamilies are important participated in hepatic metabolism
of paclitaxel. The three primary metabolites from hydroxylation reaction are 60-
hydroxypaclitaxel by CYP2C8, p-3’-hydroxypaclitaxel by CYP3A4/5, and 60-p-3’-
dihydroxy paclitaxel by further metabolism of CYP3A4/5 and CYP2C8, respectively.
Paclitaxel and metabolites are eliminated by protein transporters, such as P-
glycoprotein and MRP2, through biliary

excretion via feces (13).
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Figure 3 Intracellular metabolic pathway of paclitaxel (14)

OATP1B3: organic anion transporter polypeptide family member 1B3;6C0OH-pac: 60-hydroxypaclitaxel;

p30H-pac: p-3’-hydroxypaclitaxel; diOH-pac: 60-p-3’-dihydroxypaclitaxel; MRP2: multidrug resistance-

associated protein 2 (ABCC2)

Paclitaxel is a substrate of organic anion transporter polypeptide family

member 1B3 (OATP1B3) and P-glycoprotein (P-gp). The organic anion transporter

polypeptide family member 1B3 (OATP1B3) or solute carrier organic anion transporter

family member 1B3 is a sodium-independent mediator that uptakes organic anion

compounds including paclitaxel into cells. They are specifically expressed in the

basolateral (sinusoidal) membrane of hepatocytes that involved with hepatic

elimination and pharmacokinetics of paclitaxel (20, 21). The distribution of SLCO1B3

polymorphisms were significant differences among five different ethnics. The

Caucasian, Han Chinese, and Mexican groups were found higher variant alleles
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(approximately 80%) than African-American and Ghanaian groups (approximately 40%).
And in vitro, paclitaxel was significantly transported into cells by SLCO1B3 (16, 20).
Whereas, according to Smith and colleagues investigated the relationship of paclitaxel
pharmacokinetic with three non-synonymous SNPs in SLCOI1B3, such as 334T>G,
699G>A, and 1564G>T. The association of paclitaxel pharmacokinetics with these SNPs
and haplotypes were not found (16). However, mutations of SLCO1B3 gene affected
uptake transport activity of OATP1B3 protein influencing hepatic uptake and
hepatobiliary elimination. It would lead to interindividual variability of paclitaxel
response in patients (17, 19, 20). The evidence suggested that SLCO1B3 mutations
associated with toxicity of paclitaxel. Patients who had homozygous variant of
SLCO1B3 (334T>G, 699G>A) polymorphisms had anemia grade 3/4 more than other
types, significantly (17).

As for P-gp is a drug efflux pump that located in normal tissues, including liver,
kidney, intestinal epithelium and endothelial cell of blood-brain-barrier. P-gp is
encoded by ABCBI gene. The genetic variant of ABCBI is possibly impacted by
treatment response and toxicity of anti-cancer including taxane. A small study of 54
Han Chinese participants demonstrated that the homozygous wild-type of ABCBI
2677G>T/A and 3435C>T was significantly associated with a better response to
docetaxel treatment in stage llIB and IV NSCLC patients compared with heterozygous
and homozygous variants. And the 2677G-3435C haplotype had a significantly
associated with a better response as well. The genetic polymorphism of ABCB1 2677
and 3435 had a poorer response outcome caused the overexpression of P-gp (49). The
overexpression of P-gp can increase drug elimination through bile excretion that is one
important mechanism of paclitaxel resistance.

The drug resistance of paclitaxel is one of major problems to cancer treatment.
The true mechanism of resistance to paclitaxel is unknown. While, the evidence
supported three major mechanisms of paclitaxel resistance are overexpression of
transmembrane efflux transporters, mutations of tubulin or changing of the B-tubulin

binding site, and reduction of apoptosis protein function, such as Bcl-2 and p53 (50).
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The evidence suggested genetic polymorphism of gene in paclitaxel’s pathway
is an important factor that influence treatment outcomes both clinical response and
toxicity in advanced NSCLC patients. Lamba and colleagues assessed 63 SNPs within
29 genes involved in paclitaxel and platinum pathways in 86 patients with stage IlIB or
IV NSCLC. The significant association of PFS and OS were found with SNPs in drug efflux
transporters, such as ABCBI, ABCC1, and ABCG2. Moreover, thrombocytopenia was
significant associated with ABCB1 rs2235015 (p-value = 0.04). Nausea was significant
associated with ABCG2 rs2231142 (p-value = 0.045), and ATP7B rs1801244 (p-value =
0.027). And sensory neuropathy was significant associated with ABCGZ2 rs13120400
(p-value = 0.027) (22).

The evidence suggested that ABCB1 2677G>T/A SNP related with efficacy and
toxicity of paclitaxel treatment. Park et al. reported that 194 Korean patients with
advanced non-small-cell lung cancer who treated with first-line paclitaxel and
carboplatin chemotherapy and present GG/GA/AA genotypes of ABCBI1 2677G>T/A
showed shorter PFS compared with TT/TG/TA genotypes, the median PFS 3.6 months
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versus 4.2 months (hazard ratio 1.49, P-value = 0.017). In addition, genetic
polymorphisms of SLCO1B3, 334T>G and 699G>A, were significantly associated with
grade 3 or 4 anemia in homozygous-variant patients. The researchers suggested that
genetic polymorphism of SLCO1B3 699G>A is related to increase of paclitaxel toxicity
due to paclitaxel uptake was significantly reduced in 699G>A variant of SLCO1B3 (17).
It seems ovarian cancer that ABCB1 2677G>T/A polymorphism was associated with the
response of paclitaxel. Greén et al. and Johnatty et al. evaluated the relationship
between ABCB1 polymorphisms and clinical response of paclitaxel chemotherapy in
ovarian cancer patients. They found significantly better clinical outcomes, more
response, and less relapse, in patients carrying 2677 variant compared to wild-type (51,
52).

Furthermore, adverse events of paclitaxel were associated with genetic
polymorphism of ABCBI gene. Sissung et al. demonstrated in advanced solid tumors
patients treated with paclitaxel, the patients having variant both 2677G>T/A and
3435C>T had a higher percent decrease of absolute neutrophil count at nadir than
other patients as 1.5 folds, median 79.7%, range 74.2-83.1%, and p-value = 0.02.
Whereas, variation of ABCB1 was not associated with plasma concentration of
paclitaxel (53). As Kim et al. determined the effect of genetic polymorphism on clinical
outcomes in 118 Korean epithelial ovarian cancer patients. This study found
homozygous variants of ABCB1 2677G>T/A polymorphism, T/T or T/A or A/A, were risk
factors for grade 3/4 hematological toxicities, such as anemia, leukopenia, and
neutropenia, adjusted OR, 3.08; 95% Cl, 1.12-8.43. Moreover, a genetic variant of ABCB1
2677G>T/A was associated with gastrointestinal toxicities including nausea, vomiting,
constipation, and diarrhea (54).

Paclitaxel is mainly metabolized by hydroxylation by cytochrome P450
enzymes including CPY2C8, CYP3A4 and CYP3A5 were encoded by CPY2C8, CYP3A4,
and CYP3A5 genes, respectively. The variant of these genes may impact on
interindividual differences of patients treated with paclitaxel. The genetic
polymorphism of CPY2C8 and CYP3A4 are rare in Asian population. While the
CYP3A5*3/%3 allele lacking enzymatic activity was found about 50% of Asian
population (55, 56). Although, CYP3A5 is interrelated functions with CYP3A4. It is an
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important gene that has a role in the metabolic pathway of paclitaxel. Three
prospective phase Il trials including Four-Arm Cooperative Study, LC00-03, and S0003
that performed on advanced NSCLC patients treating with paclitaxel 225 mg/m? plus
carboplatin AUC 6 in Japanese and US population were conducted to determine
different outcomes in patients. The CYP3A5*3C, CYP3A4*1B, CYP2C8 R139K, ERCC1 118,
and ERCC2 K751Q were found significantly different genotypic distribution between
two ethnic difference. CYP3A5 polymorphism was found tendency to relate with
patient outcomes, overall survival (hazard ratio (HR), 1.64; 95%Cl, 0.95 to 2.86; p =
0.07) and PFS (HR, 1.56; 95%Cl, 0.93 to 2.63; p = 0.09) (18). According to Leskela et al.
that investigated the relationship of genetic polymorphism in paclitaxel elimination
and neurotoxicity in 118 Spanish cancer patients receiving paclitaxel. This study found
the association of CYP2C8*3, CYP2C8 haplotype C, and CYP3A5*3 with paclitaxel
neurotoxicity that p-value was 0.049, 0.049 and 0.010, respectively. Moreover, they
recommended that CYP3A5*3 allele was a significant protective factor for neurotoxicity
(HR, 0.51; 95%Cl, 1.05 to 2.82; p = 0.032) and the increased neurotoxicity of paclitaxel
was correlated with allele increasing metabolism of paclitaxel (23). The association
between CYP3A5 polymorphism rs776746 and clinical response in NSCLC patient
treated with paclitaxel was showed in a study of Jiang and colleagues that investigated
the effect of CYP3A5 polymorphism rs776746 on the NSCLC prognosis. The non-
expresser of the CYP3A5 enzyme, who were encoded by CYP3A5%*3/*3, presented a
significantly better clinical response than CYP3A5 expresser patients (56.45% vs
17.78%; p < 0.001). The overall survival of patients with *3/*3 allele was longer than
patients with *1/*1 and *3/*3 alleles (22.6 months vs 14.4 months, p = 0.042).
Paclitaxel-chemotherapeutic effectiveness was lower in CYP3A5 expresser than non-
expresser (odd ratio (OR), 0.167; 95%Cl, 0.067 to 0.416; p < 0.001) (25).

On the other hand, the association between genetic polymorphisms and
paclitaxel pharmacokinetic were not found the statistically significant difference. A
cohort study in 97 Caucasian cancer patients treating with paclitaxel showed
dissociation of CYP2C8, CYP3A4, CYP3A5 and ABCBI genetic variants with an unbound
clearance of paclitaxel. They indicated that variant alleles of these genes could not

explain the interindividual variability of cancer patients in paclitaxel pharmacokinetics
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(24). Correspond with the Scottish Randomized Trial in Ovarian Cancer (SCOTROC)
phase Il trial that investigated 27 polymorphisms of 16 genes in taxane and platinum
pathways from 914 ovarian cancer patients. No reproducible significant association was
found between variant genotypes of these genes including CYP3A5 and ABCB1 and
clinical outcomes or adverse events (57).

The interindividual differences of patients in clinical responses and adverse
events/toxicities are limitations of treatment by paclitaxel. As mention above, the
factors may influence treatment response of NSCLC patients treated with paclitaxel-
containing chemotherapy are disease factors (stage and histology), patient
characteristics, such as age, gender, performance status, and smoking status,
pharmacokinetics and pharmacodynamics properties of paclitaxel and especially
genetic polymorphism of genes involving in paclitaxel metabolism. On the contrary,
the association between these genetic polymorphisms and treatment response are
controversial. Further study in different ethnic populations and more sample size are

required.
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CHAPTER 3
METHODOLOGY

3.1 Research design

This study was a prospective cohort study to investigate the association
between genetic polymorphisms and clinical outcomes, in terms of response and
adverse event, in advanced NSCLC patients who treated with paclitaxel-containing
chemotherapy regimen.

3.2 Scope of research

AWl Thai advanced non-small-cell lung cancer patients who treated with
paclitaxel-containing chemotherapy regimen at King Chulalongkorn Memorial Hospital
(KCMH), Bangkok, Thailand.

3.3 Population and Sample

3.3.1 Target population

All Thai advanced NSCLC patients having stage IlIB and IV that treated with
paclitaxel-based chemotherapy at KCMH.
3.3.2 Sample

Thai advanced NSCLC patients who treated with paclitaxel-containing
chemotherapy regimen at King Chulalongkorn Memorial Hospital (KCMH), Bangkok,
Thailand during June 2018 to December 2018. The sampling technique was purposive
sampling. All patients were included in this study met the following eligibility criteria

and signed written informed consent before blood collection and interview.

Inclusion criteria

1. Patients had histological and cytological confirmation of advanced or
metastatic NSCLC (stage lIB or IV, AJCC 7 edition).

2. Patients were received paclitaxel-based chemotherapy.
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3. Patients who an Eastern Cooperative Oncology Group (ECOG) performance
status 0-2

4. Patients who age = 18 years

5. Patients were able to communicate.

6. Patients presented with measurable disease.

7. Patients were willing to participate in this study and signed written informed

consent.

Exclusion criteria

1. Patients who withdrew consent.
2. Patients who lost follow up or died or discontinued paclitaxel-based

chemotherapy before clinical outcome evaluation.

Sample size and calculation

According to Pan and colleagues, polymorphisms of ABCBI 2677 G>T/A gene

had an effect on clinical response in Han-Chinese NSCLC patients treating with a

taxane. Patients with homozygous wild-type (G/G) had a better response rate than

variants with 2.02 folds. Proportion of response in patients with ABCB1 2677G>T/A was
0.286. (49).

In this study, sample size calculation was used G*power version 3.1.9.2.

We defined effect size w = 0.38, significance level of test (Q) = 0.05, and power (1—[3)

= 0.80. The total sample size was calculated for 55 patients. The final sample size

including 10% dropout was 61 patients.

3.4 Method

1.The researcher recruited patients who visited at outpatient chemotherapy
department to the study with purposive sampling technique after doctor assessed and
planned for chemotherapy treatment. Then the patients met the inclusion/exclusion
criteria were provided information of the study. Patients who willingly participated

signed a written informed consent before they were enrolled into the study.
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2. The researcher collected and assessed patient’s data by patient’s interview
and patient’s medical record.

3. Patients were drawn 10 milliliters of peripheral venous blood by the
professional nurse before receiving chemotherapy. Then, peripheral-blood samples
were kept in EDTA anticoagulation tubes and stored in a freezer at - 80 degree Celsius
until analysis.

4. The QIAGEN® DNA Mini Kit was used for genomic DNA isolation from
peripheral-blood samples according to manufacturer’s instructions. This step follows
laboratory procedures of Department of Medicine, Faculty of Medicine, Chulalongkorn
University.

5. Genotyping SNPs of SLCO1B3, ABCB1, and CYP3A5 genes were analyzed by
real-time polymerase chain reaction (RT-PCR) method according to TagMan® Drug
Metabolism Genotyping Assays (Applied Biosystems). This processing performed at the
laboratory of GENE PLUS Company Limited, Ratchadaphisek Road, Huai Kwang,
Bangkok, Thailand.

6. Researcher collected and evaluated clinical responses and toxicities in
patients receiving paclitaxel-based chemotherapy

6.1 Patient’s clinical responses were evaluated after patient received at
least 2 cycles of chemotherapy using the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1(33) by physician’s opinion from the medical record.

6.2 Patient’s adverse events were assessed using the Common
Terminology Criteria for Adverse Events (CTCAE) version 4.03(57) at every cycle of
chemotherapy by patient’s interview and laboratory results.

7. All data were analyzed by SPSS version 22.0 (SPSS Co., Ltd., Bangkok,
Thailand).

8. The researcher interpreted, discussed and concluded the results of the

study, then reported and presented to the committee.
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Patients with advanced NSCLC

Met eligible criteria
\ 4

Signing a written informed consent

4

Collection of patient’s data and blood sample

,, l

DNA extraction and Assessment of clinical

genotyping outcomes

After 2 cycles
or treatment Each cycle

termination
\4 v

Clinical response Adverse event

v v \ 4

Evaluation the effect of genotypes on clinical response and toxicity

Figure 5 Procedure of methodology

Genotyping

Single nucleotide polymorphisms were analyzed by using TagMan® 5 -nuclease
allelic discrimination assay for amplifying and detecting specific polymorphisms in
purified genomic DNA samples. TagMan® genotyping assay was a product of Applied
Biosystems Inc., Foster City, CA, USA. The assay IDs were used in this study, in the list
below

1. Assay ID: rs7311358 for SLCO1B3 polymorphism (699G>A)
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2. Assay ID: rs2032582 ABCB1 polymorphism (2677G>T/A)
3. Assay ID: rs776746 CYP3A5 polymorphism (6986A>G)

The polymerase chain reaction (PCR)-restriction fragment length polymorphism
method was used to analyze SNPs polymorphism. The primers and probes were
available products of Applied Biosystems Inc. (USA). The reaction mixture was prepared
from 2 microliters DNA template that consists of genomic DNA sample 10 nanograms
per 1 microliter and 7 microliters of nuclease-free water and 10 microliters of TagMan®
Universal master mix and TagMan® probe added 1 microliter of primer then adjust to
total volume 20 microliters. PCR amplification was performed by StepOnePlus Real-
time PCR system following program; pre-PCR plate read at 60 degrees Celsius for 30
seconds. Then, holding the state of thermal cycling at 95 degrees Celsius for 10
minutes. The next, cycling stage at 95 degrees Celsius for 15 seconds and 60 degrees
Celsius for a minute, repeat 40 cycles. The post-PCR plate read was performed at 60
degrees Celsius for 30 seconds. After PCR amplification and allelic discrimination plate
read, the SDS software operated for plots R, values using the fluorescence
measurement. The allelic discrimination was analyzed to determine the allele type in

sample.

3.5 Research related documents

1. Patient’s data and Medical record documentation
2. Adverse events record form
3. Information for Attendees research

4. Inform consent of the study

3.6 Data analysis

All statistical analyses were operated using the SPSS version 22.0 (SPSS. Co.,
Ltd, Bangkok Thailand). Demographic data and clinical information of patients such as
sex, ECOG PS, smoking status, previous treatment, histology, staging, regimens,
treatment schedule, number of cycles and clinical response were presented as

percentages or proportions. While continuous variable such as age, baseline summary
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of lesion diameter, percent of weight loss, duration of illness and cumulative dose
were presented as mean + standard deviation (SD) or median + interquartile range
(IQR). Association between genetic polymorphisms and outcomes, clinical responses
and toxicities, were analyzed by using chi-square test or Fisher’s exact test. P-value

was less than 0.05.

Table 5 Hypotheses and Statistics

Hypothesis Variable Statistic
1. SLCO1B3 polymorphisms are Independent: SLCO1B3 | Chi-square or test
associated with clinical response polymorphisms Fisher’s exact test
and adverse events of paclitaxel- | (categorical variable) P-value < 0.05

containing chemotherapy regimen | Dependent: clinical
in advanced NSCLC patients. response/AEs

(categorical variable)

2. ABCB1 polymorphisms are Independent: ABCB1 Chi-square or test
associated with clinical response polymorphisms Fisher’s exact test
and adverse events of paclitaxel- | (categorical variable) P-value < 0.05

containing chemotherapy regimen | Dependent: clinical
in advanced NSCLC patients. response/AEs

(categorical variable

3. CYP3A5 polymorphisms are Independent: CYP3A5 Chi-square test or
associated with clinical response polymorphisms Fisher’s exact test
and adverse events of paclitaxel- | (categorical variable) P-value < 0.05

containing chemotherapy regimen | Dependent: clinical
in advanced NSCLC patients. response/AEs

(categorical variable)

3.7 Ethical consideration

This study performed on stage llIB and IV NSCLC patients suffered from illness.
The researcher concerned about the patient’ sickness and mental status. Researcher

explained the information of the study and performed with the patient carefully. The
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patients could stop and withdraw informed consent whenever they required. The
researcher carried out the study with respect and concern for the human welfare and
dignity of everyone. The researcher operated in compliance with the International
guidelines for human research protection as Daclaration of Helsinki, The Belmont
Report, CIOMS Guidel ine and International Conference on Harmonization in Good
Clinical Practice (ICH-GCP). The study protocol was approved by the ethics committee,
The Institutional Review Board of the Faculty of Medicine, Chulalongkorn University,

Bangkok, Thailand. The approval number was IRB No. 233/61
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CHAPTER 4
RESULTS

4.1 Patient’s characteristics

Thai advanced non-small-cell lung cancer patients, treated with paclitaxel-
containing chemotherapy regimen at KCMH, Bangkok, Thailand, during June 2018 to
December 2018, were recruited by using purposive sampling technique. Sixty-two
patients met the eligibility criteria. Four patients were excluded because of their refusal
and loss to follow-up after first cycle chemotherapy. Therefore, a total of 58 patients

were enrolled to the study.

62 Thai advanced NSCLC patients with
paclitaxel-based chemotherapy were recruited

using purposive sampling technique

2 patients refused to participate in study

A4

2 patients were loss to follow-up

v

58 patients were evaluated association between

genetic polymorphisms and outcomes.

Figure 6 Patient enrollment
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Characteristics

Number (%)

Patients 58
Age (years) [median (range) 60 (28,80)
[Average] 58.86 + 8.81

Gender

Male 28 (48.3)

Female 30 (51
Initial stage

b 11 (19.0

\Y, a7 (81
ECOG performance status

0 2(3.4)

1 52 (89.7)

2 4(6.9)
Histology

Adenocarcinoma 51 (87.9)

Squamous cell carcinoma 3(5.2)

Large cell/undifferentiated carcinoma 2 (3.45)

Others 2 (3.45)
Smoking status

Smoker 27 (46.6

Non-smoker 31 (534
Family history

Yes 15 (25

No 43 (74.2
Regimen

Paclitaxel/Carboplatin 49 (84.5)

Paclitaxel/Carboplatin/Bevacizumab 2(3.4)

Paclitaxel weekly 7(12.1)
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The average age of the patient was 58.86 + 8.81 years old. The median age of

them was 60 years old (range, 28 - 80 years). The proportion of female resembled
male. Thirty females accounted for 51.7% and 28 males accounted for 48.3%. Most of
patients had stage IV NSCLC (47 patients or 81.0%). Almost patients (54 patients) had
good performance status (ECOG PS score 0-1). The most common histological type in

this study was adenocarcinoma which found in 51 patients (87.9%). Thirty-one patients
were non-smoking, accounted for 53.4% similar to smoking patients. One quarter of
patients had family history with cancer. The most commonly used regimen was

paclitaxel 175-200 mg/m? combined with carboplatin AUC 5-6 mg/ml/min every 3

weeks (49 patients or 84.5%). Patient’s characteristics and clinical information were
shown in Table 6.
Most of patients received 4 cycles of chemotherapy. And the second was 6

cycles, as shown in table 7.

Table 7 Number of chemotherapy cycles

Number of cycles N %
2 4 6.9
3 2 3.4
q 22 37.9
5 6 10.3
6 19 32.8
7 1 1.7
8 2 3.4
9 2 3.4

4.2 Tumor response

The primary endpoint in this study was a tumor response that classified by
using Response Evaluation Criteria in Solid Tumors (RECIST). Fifty-eight patients were
evaluated for tumor response. The stable disease had the highest proportion that was

found in 24 patients or 41.4%. Then, partial response and progression disease were
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found in 18 and 16 patients or 31.0% and 27.6%, respectively. While no patient had

complete response.

Patients were classified into 2 groups based on their clinical response as

responder and non-responder. The responder was a patient who had CR or PR. And

the non-responder was a patient who had SD or PD. Of the 58 patients, the overall

response rate of this study was 31.0%. 18 (31.0%) patients were responder and 40

patients (69.0%) were non-responder. In term of clinical benefit, outcome that defined

as non-progression disease or CR+PR+SD categories, 42 (72.4%) patients achieved

clinical benefit. Sixteen (27.6%) patients had disease progression. The data were shown

in table 8.

Table 8 Tumor response

Response N % Clinical response | Clinical benefit
N % N %
Complete response (CR) 0 0.0
18 31.0
Partial response (PR) 18 31.0 a2 72.4
Stable disease (SD) 24 41.4
40 69.0
Progression disease (PD) 16 27.6 16 27.6

There were no significantly differences in clinical response rates among

patients’ characteristic factors such as gender, age, ECOG PS, initial stage, smoking

status, family history, and regimen. Furthermore, clinical benefit was not significantly

associated with any factors. The information was displayed in table 9 and 10.
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Table 9 Association between patients’ characteristic and clinical response

Characteristics N Clinical response xz P-value
CR+PR (%) | SD+PD (%) | value
Gender 0.031 0.860
Male 28 9(32.1) 18 (67.9)
Female 30 9 (30.0) 21 (70.0)

Age 0.153 0.695
< 60 years 28 8 (28.6) 20 (71.4)
= 60 years 30 10 (33.3) 20 (66.7)

ECOG PS 0.073 0.787
0-1 54 | 17(31.5) | 37(68.5)

2 4 1 (25.0) 3(75.0)

Initial stage 1.319 0.251
lilb 11 5(45.5) 6 (54.5)
\Y a7 13 (27.7) 34 (72.3)

Smoking status 0.047 0.829
Smoker 27 8 (29.6) 19 (70.4)
Non-smoker 31 10 (32.3) 21 (67.7)

Family history 0.180 0.671
Yes 15 4 (22.7) 11 (77.3)

No 43 14 (43.8) 29 (56.2)

Histology 2.535 0.111
Adenocarcinoma 51 14 (27.5) 37 (72.5)
Non-adenocarcinoma 7 4(57.1) 3(42.9)

Regimen 0.895 0.344

Paclitaxel/Carboplatin 49 14 (28.6) 35(71.4)

(175 mg/m?, AUC5-6)
Others 9 4 (44.4) 5 (55.6)
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Characteristics N Clinical benefit xz P-value
CR+PR+SD (%) | PD (%) | Value

Gender 0.026 0.871
Male 28 20 (71.9) 8 (28.6)
Female 30 22 (73.3) 8 (26.7)

Age 0.563 0.453
< 60 years 28 19 (67.9) 9(32.1)
> 60 years 30 23 (76.7) 7(23.3)

ECOG PS 0.014 0.905
0-1 54 39 (72.2) 15 (27.8)
2 a4 3 (75.0) 1 (25.0)

Initial stage 0.601 0.438
Ilfe} 11 9 (81.8) 2(18.2)
\% a7 33 (70.2) 14 (29.8)

Smoking status 0.835 0.361
Smoker 27 18 (66.7) 9 (33.3)
Non-smoker Shl 24 (77.4) 7 (22.6)

Family history 1.561 0.212
Yes 15 9 (60.0) 6 (40.0)

No 43 33 (76.7) 10 (23.3)

Histology 3.033 0.082
Adenocarcinoma 51 35 (68.6) 16 (31.4)
Non-adenocarcinoma 7 7 (100.0) 0(0.0)

Regimen 0.176 0.675

Paclitaxel/Carboplatin 49 36 (73.5) 13 (26.5)

(175 mg/m?, AUC5-6)
Others 9 6 (66.7) 3(33.3)
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In this study, there were 49 patients treated with paclitaxel (175
mg/m?)/carboplatin (AUC5-6) regimen. The results showed that patient with a family
history of cancer had significantly greater disease progression compared with patients
with no family history of cancer 6.75 times (95% Cl 1.67-27.34, P-value = 0.005). Data
was presented in table 11
Table 11 Association between patient’s characteristic and clinical benefits in patients

treated with paclitaxel (175 mg/m?)/carboplatin (AUC5-6) (N = 49)

Clinical benefit
95% ClI
Characteristics CR+PRIQR o Odas "
N (%) N (%) Ratio | | ower Upper value
Gender
male 16 (69.6) 7 (30.4) 146 | 0.41 5.21 0.75
female 20 (76.9) 6 (23.1) 1
Initial stage
b 6 (100.0) 0 (0.0) N/A N/A N/A 0.12
\% 30 (69.8) 13 (30.2)
ECOG PS
0-1 33(71.7) 13 (28.3) N/A N/A N/A 0.28
2 3 (100.0) 0(0.0)
Histology
Adenocarcinoma 31 (70.5) 13 (29.5) N/A N/A N/A 0.37
SCC 2 (100.0) 0(0.0)
Others 3(100.0) 0 (0.0)
Smoking status
Smoker 14 (63.6) 8 (36.4) 251 | 0.68 9.25 0.20
Non-smoker 22 (81.5) 5(18.5) 1
Family history
Yes (50.0) 9 (50.0) 9 6.75 | 1.67 | 27.34 | 0.005*
No 27 (87.1) 4(12.9) 1
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4.3 Genotypic distribution

Genetic polymorphisms of SLCO1B3, ABCBI1, and CYP3A5 were analyzed from
58 patient’s DNA. Allele frequencies, genotypic frequencies and test of Hardy-Weinberg
equilibrium were reported in table 12.

SLCO1B3 polymorphism 699G>A (rs7311358), allele frequency of A was 72.4%.
For genotype frequency, we found the homozygous wild type (GG), heterozygous
variant (GA) and homozygous variant (AA) at 5.2%, 44.8%, and 50.0%, respectively.

ABCB1 polymorphism, 2677G>T (rs2032582), allele frequency of T was 40.5%.
We found only 3 genotypes of ABCB1 polymorphism which were homozygous wild
type GG (37.9%), heterozygous variant GT (43.1%) and homozygous variant TT (19.0%).

CYP3A5 polymorphism 6986A>G (rs776746), allele frequency of G was 67.2%.
For genotype frequency, we found the homozygous wild type (AA), heterozygous
variant (AG) and homozygous variant (GG) at 6.9%, 51.7%, and 41.4%, respectively.

In this study, the genotypic distribution of SLCO1B3 699G>A, ABCB1 2677G>T,
and CYP3A5 polymorphism 6986A>G were in Hardy-Weinberg equilibrium. The

expected genotype frequencies were nearly observed genotype frequencies.



Table 12 Allele frequency and genotype frequency

a2

58 * 2 allele Expected
Gene Allele Genotype | N % P-value
N % (HWE)
SLCO1B3 G 32 27.6 GG 3 52 4.4 P =0.353
GA 26 | 44.8 23.2
A 84 72.4 AA 29 | 50.0 30.4
ABCB1 G 69 59.5 GG 22 | 379 20.5 P =0.420
GT 25 | 43.1 28.0
T ar 40.5 7T 11 | 19.0 9.5
GA 0 0 0
A 0 0 TA 0 0 0
AA 0 0 0
CYP3A5 A 38 32.8 AA a4 6.9 6.2 P =0.328
AG 30 | 51.7 25.6
G 78 67.2 GG 24 | 414 26.2

4.4 Effect of genetic polymorphisms and clinical response

The association between genetic polymorphisms and clinical response was

evaluated in 58 patients. For SLCO1B3, patient with heterozygous variant (GA) had

higher clinical response rate compared with other genotypes (42.3% vs 0.0% vs 24.1%),

but there was no significantly association between SLCO1B3 polymorphism and clinical

response. Similarly, clinical response rate of CYP3A5 polymorphism was higher in

patient with heterozygous variant compared with other genotypes (33.3% vs 25.0% vs

29.5%), whereas statistical association between CYP3A5 polymorphism and clinical

response was not found. Furthermore, genetic polymorphism of ABCB1 did not impact

on clinical response. Though patient with homozygous wild type of ABCB1 2677G>T

represented better clinical response rate compared with variants (40.9% vs 20.0% vs

36.4%). The information presented in table 13.



Table 13 Association between genetic polymorphisms and clinical response (N=58)

a3

Clinical response v
Gene Genotype N P-value
CR+PR (%) | SD+PD (%) | value

SLCO1B3 GG 3 0 (0.0) 3(100.0) 3.538 0.170
GA 26 11 (42.3) 15 (57.7)
AA 29 7 (24.1) 22 (75.9)

GA+AA 55 18 (32.7) 37 (67.3) 1.424 0.233

GG+GA 29 11 (37.9) 18 (62.1) 1.289 0.256

ABCB1 GG 22 9 (40.9) 13 (59.1) 2.570 0.277
GT 25 5 (20.0) 20 (80.0)
1T 11 4 (36.4) 7 (63.6)

GT+TT 36 9 (25.0) 27 (75.0) 1.615 0.204

GG+GT a7 14 (29.8) 33 (70.2) 0.180 0.671

CYP3A5 AA a 1(25.0) 3 (75.0) 0.181 0.913
AG 30 10 (33.3) 20 (66.7)
GG 24 7 (29.2) 17 (70.8)

AG+GG 54 17 (31.5) 37 (68.5) 0.086 0.769

AA+AG 34 11 (32.4) 23 (67.6) 0.067 0.796

In term of clinical benefit, patients with homozygous variant of SLCO1B3

polymorphism had worse disease progression rate compared with patient with other

genotypes (34.5% vs 0.0% vs 23.1%). Similar to ABCBI polymorphism which

homozygous variant carriers had the highest disease progression rate compared with

other genotypes (36.4% vs 27.3% vs 24.0%). However, the significantly association

between both genetic polymorphisms and clinical benefit were not observed.

Moreover, clinical benefit was not associated with CYP3A5 polymorphism. The disease

progression rate of CYP3A5 expressers and CYP3A5 non-expressers were 29.4% and

25.0%, respectively, as shown in Table 14.
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Table 14 Association between genetic polymorphisms and clinical benefit (N=58)

Clinical benefit
Gene Genotype N v? value | P-value

CR+PR+SD (%) | PD (%)

SLCO1B3 GG 3 3 (100.0) 0(0.0) 2.098 0.350
GA 26 20 (76.9) 6 (23.1)
AA 29 19 (65.5) 10 (34.5)

GA+AA 55 39 (70.9) 16 (29.1) 1.205 0.272

GG+GA 29 23 (79.3) 6 (20.7) 1.381 0.240

ABCB1 GG 22 16 (72.7) 6 (27.3) 0.586 0.746
GT 25 19 (76.0) 6 (24.0)
T 11 7 (63.6) 4 (36.4)

GT+TT 36 26 (72.2) 10 (27.8) 0.002 0.967

GG+GT a7 35 (74.5) 12 (25.5) 0.524 0.469

CYP3A5 AA q 3(75.0) 1 (25.0) 0.181 0.913
AG 30 21 (70.0) 9 (30.0)
GG 24 18 (75.0) 6 (25.0)

AG+GG 54 39 (72.2) 15 (27.8) 0.004 0.951

AA+AG 34 24 (70.6) 10 (29.4) 0.137 0.711

In addition, the combinations of genetic polymorphisms were investigated for
clinical outcomes. We did not find any significant association between combined

genetic polymorphisms of these genotypes with treatment response or clinical benefit.

4.5 Adverse events

All patients were evaluated for adverse events after chemotherapy. Four (6.9%)
patients had delayed schedule of chemotherapy. Three of them had severe
neutropenia. This adverse event had occurred after 2 cycles (1 patient) and 5 cycles
(2 patients). And a patient had upper gastrointestinal bleeding (UGIB) with decreased
hematocrit. Nevertheless, all of them could continue chemotherapy. Because of

adverse events such as neuropathy, weight loss, hypersensitivity reaction and fatigue,
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six (10.3%) patients were reduced dose of chemotherapy. However, delayed schedule

and reduced dose of chemotherapy were not associated with response outcomes as

presented in table 15 and 16.

Table 15 Association between chemotherapy factors and clinical response

Treatment Response
Factor N v? value | P-value

CR+PR (%) | SD+PD (%)

Delayed schedule 0.676 0.584
of chemotherapy

Yes 4 2 (50.0) 2 (50.0)

No 54 16 (29.6) 38 (70.4)
Reduced dose of 0.010 1.000
chemotherapy

Yes 6 2(33.3) 4 (66.7)

No 52 16 (30.8) 36 (69.2)

Table 16 Association between chemotherapy factors and clinical benefit

Clinical benefit

Factor N x? value | P-value
CR+PR+SD (%) | PD (%)

Delayed schedule 1.536 0.335

of chemotherapy
Yes a4 4 (100.) 0(0.0)
No 54 38 (70.4) 16 (29.6)

Reduced dose of 0.170 1.000
chemotherapy
Yes 6 4 (66.7) 2(33.3)
No 52 38 (73.1) 14 (26.9)




Table 17 Incidences of adverse events and grading
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All grade Grade
Adverse event N (%) 1IN(%)] | 2N (%)] | 3N (%)] | 4 [N (%)]

Hematologic adverse event

Anemia 40 (69.0) | 19 (47.5) | 14 (35.0) 7(17.5) 0(0.0)
Neutropenia 24 (41.4) | 9(37.5) | 10(417) | 4(16.7) 1(4.2)
Thrombocytopenia 10(17.2) | 9(90.0) 0(0.0) 1(10.0) 0(0.0)
Leukopenia 10(17.2) | 4(40.0) 6 (60.0) 0(0.0) 0(0.0)
Non-hematologic adverse event

Peripheral neuropathy | 38(65.5) | 31(81.6) | 5(13.2) 2(5.3) 0(0.0)
Nausea and vomiting 17(29.3) | 10(58.8) | 7(41.2) 0(0.0) 0(0.0)
Weight loss 16 (27.6) | 13(81.2) | 2(12.5) 1(6.2) 0(0.0)
Hypersensitivity 7(12.1) 5(71.4) 2 (28.6) 0 (0.0) 0 (0.0
Rash 7(12.1) 6 (85.7) 1(14.3) 0 (0.0) 0 (0.0)
Myalgia 7(12.1) 7 (100.0) 0(0.0) 0 (0.0) 0 (0.0)
Oral mucositis 3(5.2) 3 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Alopecia 3(5.2) 3 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Gastric hemorrhage 1(1.7) 0(0.0) 0(0.0) 1(100.0) | 0(0.0)
Fatisue 1(1.7) 1 (100.0) 0 (0.0) 0 (0.0) 0(0.0)
Anorexia 1(1.7) 1(100.0) | 0(0.0) 0(0.0) 0(0.0)
Pain 1(1.7) 1 (100.0) 0 (0.0) 0 (0.0) 0(0.0)
Hiccup 1(1.7) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)
Fever 1(1.7) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0)

The incidences of adverse event and toxicity grading were summarized in table

17. The symptoms of adverse events were assessed after first cycle of chemotherapy

by using laboratory results and patients’ interview. The CTCAE version 4.03 was used

as criteria for severity evaluation. In this study, anemia was the most common of

hematologic adverse events. All grade anemia had occurred 69%, and 7 (17.5%)

patients had grade 3 anemia. Then, the incidence of all grade neutropenia,
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thrombocytopenia and leukopenia were 41.4%, 17.2% and 17.2%, respectively. Severe
neutropenia was found in 5 (20.9%) patients among 24 patients and one (4.2%) of
them experienced grade 4 neutropenia. In addition, 1 (10%) out of 10 patients had
grade 3 thrombocytopenia. While, all cases of leukopenia were mild toxicity.

For non-hematologic adverse event, the highest incidence was peripheral
neuropathy. It was observed in 38 (65.5%) patients, and 2 (5.3%) patients out them
had severe peripheral neuropathy (grade 3). The second was nausea and vomiting,
which found in 17 (29.3%) patients with mild symptoms. Sixteen patients (27.6%) had
weight loss, 1 of them reached grade 3 severity. Hypersensitivity reactions, rash and
myalgia were similarly found as mild adverse event in 7 (12.1%) patients. Oral mucositis
was the same incidence as alopecia that they were recorded in 3 (5.2%) patients. While
uncommon non-hematologic adverse events as bleeding, fatigsue, anorexia, pain,
hiccup and fever were similarly found in 1 (1.7%) patient. Moreover, a patient with

grade 3 gastric hemorrhage had delayed schedule of chemotherapy.

4.6 Association between patients’ characteristics and adverse events

Patients” characteristics and the occurrence of adverse events were explored
for the association. Peripheral neuropathy was associated with initial stage (95%Cl
1.770-34.169, P=0.005) and smoking status (95%Cl| 1.028-9.864, P=0.041). Initial stage IV
and non-smoker were risk factors for peripheral neuropathy. Likewise, nausea and
vomiting significantly associated with smoking status (95%Cl 1.156-14.924, P=0.024) and
gender (95%Cl 1.274-16.525, P=0.015). Female and non-smoker had higher risk for
emetic adverse event. Regimen, paclitaxel 175 mg/m? plus carboplatin AUC5-6 every 3
weeks, was related to incidence of leukopenia (95%CI 1.195-27.500, P=0.039) compared

with other regimens. Results of association are presented in table 18.



Table 18 Association between patients’ characteristic and adverse events
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Neuropathy P- Odds 95% CI
Characteristic N
No (%) | Yes (%) | value | Ratio | lower | Upper
Initial stage
b 11 8(72.7) 3(27.3) | 0.005% | 7.778 | 1.770 | 34.169
/ a7 | 12(255) | 35(74.5)
Smoking status
Smoker 27 | 13(48.1) | 14(519) | 0.041* | 3.184 | 1.028 | 9.864
Non-smoker 31 7(22.6) 24(77.4)
Nausea and
vomiting
No (%) | Yes (%)
Smoking status
Smoker 27 | 23(85.2) | 4(14.8) | 0.024% | 4.153 | 1.156 | 14.924
Non-smoker 31 18(58.1) | 13(41.9)
Gender
Male 28 | 24(85.7) | 4(143) | 0.015*% | 4.588 | 1.274 | 16.525
Fermale 30 17(56.7) | 13(43.3)
Leukopenia
No (%) | Yes (%)
Regimen
Paclitaxel/Carboplatin 49 | 43(87.8) | 6(12.2) | 0.039* | 5.733 | 1.195 | 27.500
(175 mg/m?, AUC5-6)
Others 9 | 5(55.6) | 4(44.4)

4.7 Effects of genetic polymorphisms and adverse events

The association between polymorphism of SLCO1B3, ABCB1 and CYP3A5 and

adverse events in advanced NSCLC patients

treating with paclitaxel-based

chemotherapy was explored. Genetic polymorphism of ABCBI was related to adverse
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events. The occurrence of hematologic toxicity and gastrointestinal toxicity were
significantly associated with ABCBI polymorphism. Patient with GG/GT genotype
(36.2%) had higher emetic rate compared with homozygous variant TT genotype (0.0%)
(P=0.024). Similarly, incidence of anemia was statistically greater in patient with GG/GT
genotype (76.6%) compared with homozygous variant TT genotype (36.4%) (P=0.025).
Whereas, SLCO1B3 and CYP3A5 polymorphism were not associated with the rate of
adverse events such as hematologic adverse events, gastrointestinal adverse events,

peripheral neuropathy, and weight loss as presented in table 19-25.

Table 19 Association between genetic polymorphisms and anemia

Anemia P- Odds 95% ClI

Gene Genotype | N
No (%) | Yes (%) |value | Ratio | lower | Upper

SLCO1B3 GG 3 0(0.0) | 3(100.0) | 0.168 N/A N/A N/A
GA 26 | 6(23.1) | 20(76.9)
AA 29 | 12(41.4) | 17 (58.6)

GA+AA | 55 | 18(32.7) | 37(67.3) | 0.545 N/A N/A N/A

GG+GA | 29 | 12(41.4) | 17(58.6) | 0.089 | 0.370 | 0.115 | 1.183

ABCB1 GG 22 | 4(18.2) 18(81.8) | 0.026* | N/A N/A N/A
GT 25 7(28.0) 18(72.0)
T 11 7(63.6) 4(36.4)

GT+TT | 36 | 14(38.9) | 22(61.1) | 0.098 | 2.864 | 0.801 | 10.237

GG+GT | 47 | 11(23.4) | 36(76.6) | 0.025% | 0.175% | 0.043 | 0.709

CYP3A5 AA 4 2(50.0) 2(50.0) | 0.695 N/A N/A N/A
AG 30 9(30.0) | 21(70.0)
GG 24 7(29.2) 17(70.8)

AG+GG | 54 | 16(29.6) | 38(70.4) | 0.395 | 0.421 | 0.054 | 3.255

AA+AG 34 | 11(32.4) | 23(67.6) | 0.796 | 1.161 | 0.373 | 3.618




Table 20 Association between genetic polymorphisms and neutropenia
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Neutropenia P- Odds 95% ClI
Gene Genotype | N
No (%) | Yes (%) | value | Ratio | lower | Upper
SLCO1B3 GG 3 2(66.7) | 1(33.3) | 0.792 | N/A N/A N/A
GA 26 | 14(53.8) | 12(46.2)
AA 29 | 18(62.1) | 11(37.9)
GA+AA 55 | 32(58.2) | 23(41.8) | 1.000 | N/A N/A N/A
GG+GA 29 | 26(55.2) | 13(44.8) | 0.594 | 0.752 | 0.264 | 2.145
ABCB1 GG 22 | 15(68.2) | 7(31.8 | 0.508 | N/A N/A N/A
GT 25 | 13(52.0) | 12(48.0)
T 11 | 6(54.5) | 5(45.5)
GT+TT 36 | 19(52.8) | 17(47.2) | 0.248 | 0.522 | 0.172 | 1.583
GG+GT a7 | 28(59.6) | 19(40.4) | 0.760 | 1.228 | 0.327 | 4.607
CYP3A5 AA 4 3(75.0) | 1(25.0) | 0.484 | N/A N/A N/A
AG 30 | 19(63.3) | 11(36.7)
GG 24 | 12(50.0) | 12(50.0)
AG+GG 54 | 31(57.4) | 23(42.6) | 0.491 | 0.449 | 0.044 | 4.602
AA+AG 34 | 22(64.7) | 12(35.3) | 0.263 | 1.833 | 0.632 | 5.320




Table 21 Association between genetic polymorphisms and thrombocytopenia
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Thrombocytopenia P- 95% (I
Gene Genotype | N OR
No (%) | Yes (%) | value lower | Upper
SLCO1B3 GG 3 | 3(100.0) 0(0.0) | 0.192 N/A N/A | N/A
GA 26 | 19(73.1) | 7(26.9)
AA 29 | 26(89.7) | 3(10.3)
GA+AA 55 | 45(81.8) | 10(18.2) | 0.417 N/A N/A | N/A
GG+GA 29 | 22(75.9) | 7(24.1) | 0.164 | 0.363 | 0.084 | 1.572
ABCB1 GG 22 | 17(77.3) | 5(22.7) | 0.236 N/A N/A | N/A
GT 25 | 20(80.0) | 5(20.0)
T 11 | 11(100.0) | 0(0.0)
GT+TT 36 | 31(86.1) | 5(13.9) | 0.481 | 1.824 | 0.462 | 7.201
GG+GT a7 | 37(78.7) | 10(21.3) | 0.093 N/A N/A | N/A
CYP3A5 AA 4 | 4(100.0) 0(0.0) | 0.369 N/A N/A | N/A
AG 30 | 23(76.7) | 7(23.3)
GG 24 | 21(87.5) | 3(12.5)
AG+GG 54 | 44(81.5) | 10(18.5) | 1.000 N/A N/A | N/A
AA+AG 34 | 27(79.4) | 7(20.6) | 0.422 | 0.551 | 0.127 | 2.391

OR; Odds Ratio




Table 22 Association between genetic polymorphisms and leukopenia
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Leukopenia P- Odds 95% ClI
Gene Genotype | N
No (%) | Yes (%) | value | Ratio | lower | Upper
SLCO1B3 GG 3 | 3(100.0) | 0(0.0) | 0.192 | N/A N/A N/A
GA 26 | 19(73.1) | 7(26.9)
AA 29 | 26(89.7) | 3(10.3)
GA+AA 55 | 45(81.8) | 10(18.2) | 1.000 | N/A N/A N/A
GG+GA 29 | 22(75.9) | 7(24.1) | 0.164 | 0.363 | 0.084 | 1.572
ABCB1 GG 22 | 17(77.3) | 5(22.7) | 0.236 | N/A N/A N/A
GT 25 | 20(80.0) | 5(20.0)
T 11 | 11(100.0) | 0(0.0)
GT+TT 36 | 31(86.1) | 5(13.9) | 0.481 | 1.824 | 0.462 | 7.201
GG+GT a7 | 37(78.7) | 10(21.3) | 0.182 | N/A N/A N/A
CYP3A5 AA 4 | 4(100.0) | 0(0.0) | 0.338 | N/A N/A N/A
AG 30 | 26(86.7) | 4(13.3)
GG 24 | 18(75.0) | 6(25.0)
AG+GG 54 | 44(81.5) | 10(17.2) | 0.344 | N/A N/A N/A
AA+AG 34 | 30(88.2) | 4(11.8) | 0.189 | 2.500 | 0.620 | 10.073
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Table 23 Association between genetic polymorphisms and peripheral neuropathy

Peripheral
p- | Odds 95% ClI
Gene Genotype | N neuropathy
value | Ratio

No (%) | Yes (%) lower | Upper

SLCO1B3 GG 3 | 1(33.3) | 2(66.7) | 0.999 | N/A N/A N/A
GA 26 | 9(34.6) | 17(65.4)
AA 29 | 10(34.5) | 19(65.5)

GA+AA 55 | 19(34.5) | 36(65.5) | 1.000 | N/A N/A N/A

GG+GA 29 | 10(34.5) | 19(65.5) | 1.000 | 1.000 | 0.339 | 2.953

ABCB1 GG 22 | 9(40.9) | 13(59.1) | 0.643 | N/A N/A N/A
GT 25 | 7(28.0) | 18(72.0)
T 11 | 4(36.4) | 7(63.6)

GT+TT 36 | 19(52.8) | 17(47.2) | 0.248 | 0.522 | 0.172 | 1.583

GG+GT a7 | 16(34.0) | 31(66.0) | 0.884 | 0.903 | 0.230 | 3.550

CYP3A5 AA 4 | 2(50.0) | 2(50.0) | 0.409 | N/A N/A N/A
AG 30 | 12(40.0) | 18(60.0)
GG 24 | 6(25.0) | 18(75.0)

AG+GG 54 | 18(33.3) | 36(66.7) | 0.499 | 0.500 | 0.065 | 3.845

AA+AG 34 | 14(41.2) | 20(58.8) | 0.202 | 2.100 | 0.666 | 6.625
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Table 24 Association between genetic polymorphisms and nausea and vomiting

Nausea/vomiting P- Odds 95% ClI
Gene Genotype | N
No (%) | Yes (%) | value | Ratio | lower | Upper
SLCO1B3 GG 3 | 3(100.0) | 0(0.0) | 0.111 | N/A N/A N/A
GA 26 | 15(57.7) | 11(42.3)
AA 29 | 23(79.3) | 6(20.7)
GA+AA 55 | 38(69.1) | 17(30.9) | 0.548 | N/A N/A N/A
GG+GA 29 | 18(62.1) | 11(37.9) | 0.149 | 0.427 | 0.132 | 1.376
ABCB1 GG 22 | 14(63.6) | 8(36.4) | 0.060 | N/A N/A N/A
GT 25 | 16(64.0) | 9(36.0)
T 11 | 11(100.0) | 0(0.0)
GT+TT 36 | 27(75.0) | 9(25.0) | 0.356 | 0.583 | 0.185 | 1.843
GG+GT a7 | 30(63.3) | 17(36.2) | 0.024* | N/A N/A N/A
CYP3A5 AA 4 1(25.0) | 3(75.0) | 0.114 | N/A N/A N/A
AG 30 | 22(73.3) | 8(26.7)
GG 24 | 18(75.0) | 6(25.0)
AG+GG 54 | 40(74.1) | 14(25.9) | 0.071 | 8571 | 0.823 | 89.301
AA+AG 34 | 23(67.6) | 11(32.4) | 0.545 | 0.697 | 0.216 | 2.247




Table 25 Association between genetic polymorphisms and weight loss
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Weight loss P- Odds 95% ClI
Gene Genotype | N
No (%) | Yes (%) | Value | Ratio | lower | Upper
SLCO1B3 GG 3 | 3(100.0) | 0(0.0) | 0.185 | N/A N/A N/A
GA 26 | 16(61.5) | 10(38.5)
AA 29 | 23(79.3) | 6(20.7)
GA+AA 55 | 39(70.9) | 16(29.1) | 0.554 | N/A N/A N/A
GG+GA 29 | 19(65.5) | 10(34.5) | 0.240 | 0.496 | 0.152 | 1.614
ABCB1 GG 22 | 15(68.2) | 7(31.8) | 0.709 | N/A N/A N/A
GT 25 | 18(72.0) | 7(28.0)
T 11 | 9(81.8) | 2(18.2)
GT+TT 36 | 14(38.9) | 22(61.1) | 0.098 | 0.349 | 0.098 | 1.248
GG+GT a7 | 33(70.2) | 14(29.8) | 0.701 | 0.524 | 0.100 | 2.741
CYP3A5 AA 4 3(75.0) | 1(25.0) | 0.357 | N/A N/A N/A
AG 30 | 24(80.0) | 6(20.0)
GG 24 | 15(62.5) | 9(37.5)
AG+GG 54 | 39(72.2) | 15(27.8) | 0.905 | 0.867 | 0.083 | 8.999
AA+AG 34 | 27(79.4) | 7(20.6) | 0.156 | 2.314 | 0.717 | 7.473

SLCO1B3 polymorphism was associated with grade 3 or 4 anemia, patients with

AA genotype had lower rate of severe anemia compared with other genotypes (P=0.44)

which were presented in table 26. Additionally, table 27 presents the association

between CYP3A5 polymorphism and severe peripheral neuropathy. The incidence of

grade 3 or 4 peripheral neuropathy was higher in patient with homozygous wild-type

(25%) compared with heterozygous variant (3.3%) and homozygous variant (0.0%)

(P=0.040).



Table 26 Association between SLCO1B3 polymorphism and severity of anemia

Toxicity grade of

SLCO1B3 Anemia P- Odds 95% CI
N
Genotype 0-2 34 value | Ratio
N (%) | N (%) lower | Upper

GG+GA 29 | 23(79.3) | 6(20.7) | 0.044* | 0.137 | 0.015 1.220

AA 29 | 28(96.6) | 1(3.4)

Table 27 Association between CYP3A5 polymorphism and severity of peripheral

neuropathy
Toxicity grade of
CYP3A5 Neuropathy P- Odds 95% Cl
Genotype N 0-2 3-4 value | Ratio
N (%) N (%) lower | Upper
AA a4 3 (75.0) 1(25.0) | 0.040* | N/A | N/A N/A
AG 30 | 29(96.7) 1(3.3)
GG 24 | 24 (100.0) 0 (0.0)
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CHAPTER 5
DISCUSSIONS

The primary objective of this cohort study was to investigate the effects of
SLCO1B3, ABCBI1, and CYP3A5 polymorphisms on clinical response of paclitaxel
containing chemotherapy regimen in Thai advanced non-small-cell lung cancer
patients. For the secondary objective, the researcher interested in adverse event that

associated with these genetic polymorphisms.

5.1 Prevalence of genetic polymorphism
Prevalence of SLCO1B3 polymorphism rs7311358 (699G>A)

Previous reports showed that allele A frequency of Asian, Caucasian and
Mexican were approximately 80% (16, 49) whereas African-American and Ghanaian
groups were approximately 40% (16). This study found that the prevalence of SLCO1B3
699G>A, allele A frequency, was 72.4%. Similar to previous studies in Asian, Han-
Chinese population and Korean population which reported allele A frequency as 72.5%
(58) and 71.1% (17). Moreover, we found frequency of homozygous wild-type,
heterozygous variant and homozygous variant at 5.2%, 44.8% and 50.0%, respectively.

This is the first report of SLCOI1B3 polymorphism in Thai NSCLC.

Prevalence of ABCB1 polymorphism rs2032582 (2677G>T/A)

The prevalence of ABCB1 2677G>T/A which found in this study was not
different from previous studies in Thai patient. We found the frequency of T allele was
40.5% and this study did not find an allele A. Similarity, Chaikan and colleagues
reported T allele proportion was 45.0% and A allele was not reported (59). Sudchada
and colleagues found A allele frequency at 3.5% (60). Whereas, Nuntamool and
colleagues indicated that proportion of T allele and A allele were 36.6% and 11.0%

(61). When compared with other ethnics, Wolking and colleagues indicated that
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proportion of T allele in Asian, Caucasian and African-American were 45.0%, 46.4% and
10.0%, respectively. Prevalence of ABCB1 polymorphism 2677G>T/A in Thai, Asian and
Caucasian were similar. Whereas, this variant allele frequency was higher compared to
African-American. In addition, we found frequency of homozygous wild-type,

heterozygous variant and homozygous variant at 37.9%, 43.1% and 19.0%, respectively.

Prevalence of CYP3A5 polymorphism rs776746 (6986A>G)

Many previous publications reported the prevalence of CYP3A5 6986A>G in
Thai population. Supanya and colleagues demonstrated that the frequency of allele
G in Thai population was 66% (56) similar to our study. We found the frequency of
variant allele G was 67.2%. The frequency of allele G or CYP3A5*3 in Asian population
including Japan and Chinese were 79.4% (18) and 73.8% (25) which close to this study
finding. A lot of evidences were shown that variant of CYP3A5 gene vary depending on
ethnicity. The Caucasian showed higher prevalence of CYP3A5*3 which approximately
90% (18, 23, 62). Whereas, the alleleic frequency of CYP3A5*3 in African-American was
lower which approximately 33% (62). Moreover, we found frequency of homozygous
wild-type, heterozygous variant and homozygous variant at 6.9%, 51.7% and 42.4%,
respectively. Our result presented that CYP3A5 non-expresser, the patient with
homozygous variant of CYP3A5*3 decreasing CYP3A5 function, was found 42.4% similar
to previous reports that CYP3A5 non-expresser in Thai, Chinese and Japanese were
46% (56), 58% (25) and 68.5% (18), respectively, which differed from Caucasian and

African-American.

5.2 Effect of genetic polymorphisms on response outcomes
Treatment response

In this study, clinical response is a primary outcome that classified using RECIST
criteria. Among 58 advanced NSCLC patient with paclitaxel-based chemotherapy
treatment, 18 responders achieved partial response. The response rate was 31.0%

similar to 29.9% in Korean advanced NSCLC treating with paclitaxel plus carboplatin
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(17). Whereas, in Han Chinese, study found higher response rate at 40.2% (25).
Furthermore, previous study reported response rate in Caucasian was 36% (23). Our
results found that stable disease was the highest proportion (41.4%) while no patient
had a complete response. It might be due to most of patients in this study were stage
IV (87.8%) patients, who had more severe disease. For clinical benefit that defined as
CR+PR+SD, 72.4% of advanced NSCLC patients with paclitaxel-based chemotherapy
achieved benefit in current report.

We did not find the association between patients’ factors and response
outcomes. Interestingly, in subgroup of patient treated with paclitaxel 175 mg/m2 plus
carboplatin AUC 5-6 demonstrated that patient with a family history of cancer had
significantly greater disease progression 6.75 times compared with patient with no

family history of cancer.

SLCO1B3 polymorphism rs7311358 (699G>A)

Among 58 patients were evaluated for SNPs in SLCOIB3 699G>A which
mutation might affect to hepatic uptake of paclitaxel transportation. In vitro, SLCO1B3
polymorphism significantly impacted on transport activity of paclitaxel (20, 21). Some
studies reported that SNPs in SLCO1B3 polymorphism impacted on clinical outcomes
(16, 21, 63). However, our study did not find the association between SLCO1B3
polymorphisms and clinical response/clinical benefit in accordance with Smith and
colleagues which suggested that pharmacokinetic of paclitaxel was not associated with
SNPs and haplotypes in SLCO1B3 polymorphism (16). Moreover, Park and colleagues
did not find the association neither (17). Although, patient with GA genotype showed
higher clinical response rate compared with other genotypes, there was no statistically
association. It seemed that polymorphism of SLCO1B3 699G>A could not predict

clinical response in advanced NSCLC.

ABCB1 polymorphism rs2032582 (2677G>T/A)

Several publications reported that variant of ABCB1 2677G>A is possibly impact
on clinical response and pharmacokinetics of paclitaxel (17, 22, 51, 52, 54, 64, 65) .
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This study, we did not find the association of ABCBI polymorphism with clinical
response or clinical benefit. Although, evidence suggests that ABCB1 2677 G>T/A SNP
related with efficacy and toxicity of paclitaxel treatment. According to Park and
colleagues indicated that advanced NSCLC patient treating with first-line paclitaxel and
carboplatin with GG/GA/AA genotype of ABCB1 2677G>T/A had shorter PFS compared
with TT/TG/TA genotypes (17). Moreover, Greén et al. and Johnatty et al. they found
significantly better clinical outcomes, more response and less relapse in patients
carrying ABCB1 2677G>T/A variant compared to wild-type (51, 52). Seemingly, patient
with variant SNPs in ABCBI1 2677G>T/A had better clinical response compared
homozygous wild-type due to the lower mRNA expression and decresed P-gp activity
(17, 52, 65).

On the other hand, some reports indicated conflicting results that GG genotype
of 2677G>T SNPs was found a decrease of mRNA expression (49, 66). Han Chinese
advanced NSCLC patients with the homozygous wild-type of ABCBI1 2677G>T/A was
significantly associated with a better response compared with variants (P=0.035). And
the 2677G-3435C haplotype had a significantly associated with a better response
compared with other haplotypes (P=0.015) (49). These findings were concordant with
our result that patient with GG genotype of ABCBI 2677G>T represented better clinical
response rate compared with variants likewise TT genotype showed higher progression
disease rate compared with others. However, in this study did not find the effect of

ABCB1 polymorphism on clinical response and clinical benefit.

CYP3A5 polymorphism rs776746 (6986A>G)

In this study, the homozygous variant of CYP3A5*3 polymorphism carriers had
a lower clinical response rate compared with other genotypes. In contrast, previous
study of Jiang and colleagues (25) demonstrated that CYP3A5 non-expressers patient
presented a significantly better clinical response than CYP3A5 expresser (56.45% vs
17.78%; P < 0.001). The patient with GG genotype of CYP3A5*3 polymorphism showed
a longer overall survival than patients with other genotypes (22.6 months vs 14.4

months, P = 0.042). Moreover, patient with GG genotype would benefit from paclitaxel-
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based chemotherapy more than patient with AA and AG genotypes (95% Cl 0.067-
0.416; P<0.001). And they suggested that patient with stage Ill had a greater response
rate than patient with stage IV (OR 3.741, 95% Cl 1.612-8.685; P=0.003) (25). In this
study 81% of patient were stage IV while patient with stage IV in study of Jiang et al
was 66.4%. These could explain the difference of result. In addition, CYP3A5
polymorphism was found tendency to relate with patient outcomes, overall survival
(hazard ratio (HR), 1.64; 95%Cl, 0.95 to 2.86; P = 0.07) and PFS (HR, 1.56; 95%Cl, 0.93 to
2.63; P =0.09) (18).

However, the association between CYP3A5 polymorphism rs776746 and clinical
response in advanced NSCLC patient treated with paclitaxel was not found in this

study.

5.3 Effects of genetic polymorphism on adverse events
Adverse events

58 advanced NSCLC patients were evaluated for adverse event of paclitaxel-
based chemotherapy using CTCAE criteria. Our data showed that anemia was the most
common hematologic adverse event (69.0%). Grade 3 or 4 anemia were found 12.1%
which higher than previous reports. According to Park and colleagues revealed that
grade 3 or 4 anemia in South Korean advanced NSCLC patient was found 5.2% (17).
This might be due to some patient in our study had previously been treated with other
regsimen including oral tyrosine kinase inhibitors, while Park et al. studied in naive
patient. Furthermore, grade 3 or 4 neutropenia were found 8.6% which is less than
previous study (22.2%)(17). And we had not found severe leukopenia. It is possible that
complete blood count test in our study was a routine test which test after nadir period
and white blood cell level recovered. For grade 3 or 4 thrombocytopenia was found
1.7% similar to 1.5% in previous report (17).

For non-hematologic adverse event, this study found grade 3 or 4 peripheral
neuropathy at 3.4%. Then grade 3 weight loss and grade 3 gastric hemorrhage were

found at 1.7%, equally.
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SLCO1B3 polymorphism rs7311358 (699G>A)

We did not find the association of polymorphism of SLCO1B3 699G>A and the
occurrence of adverse events including hematologic adverse event and non-
hematologic adverse event. While, the evidence suggested that SLCO1B3 mutations
associated with toxicity of paclitaxel which increasing toxicity due to paclitaxel uptake
was significantly reduced in variant of SLCO1B3 699G>A (16, 17, 20, 21). Additionally,
patients with homozygous variant of SLCO1B3 (334T>G, 699G>A) polymorphisms had
anemia grade 3 or 4 more than other types, significantly (17). Opposite of this study
that the AA genotype had a lower incidence rate of severe anemia compared with
other genotypes. This might be due to patients in this study had previously received
other treatment such as targeted therapy that affected to incidence rate of severe
anemia. Our result found the incidence rate of severe anemia was higher than previous
study (12.1% vs 5.2%).

However, our study indicated that SNPs in SLCOI1B3 polymorphism was
significant associated with grade 3 or 4 anemia. The publication focuses on this gene

in Thai population remain to be investigated

ABCB1 polymorphism rs2032582 (2677G>T/A)

The adverse events of paclitaxel were associated with genetic polymorphism
of ABCB1 gene (52, 53, 57, 65). According to Sissung et al. demonstrated that the
patients having variant both 2677G>T/A and 3435C>T had a higher percent decrease
of absolute neutrophil count at nadir than other patients (p-value = 0.02)(53). Whereas,
this study showed that incidence of anemia was significantly associated with SNPs in
ABCB1 polymorphism (P=0.026) and incidence of anemia was statistically greater in
patient with GG/GT genotype (76.6%) compared with homozygous variant TT genotype
(36.4%) (P=0.025). Similarity, Kim et al. reported that homozygous variants of ABCBI
2677G>T/A polymorphism, T/T or T/A or A/A, were risk factors for grade 3/4
hematological toxicities, such as anemia, leukopenia, and neutropenia, adjusted OR,
3.08; 95% Cl, 1.12-8.43. SNPs in ABCB1 polymorphism was significantly associated with

the incidence of nausea and vomiting (P=0.024). Patient with homozygous variant had
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no incidence of nausea and vomiting. In the same way. the patient with GG/GT
genotype (36.2%) showed higher emetic rate compared with homozygous variant TT
genotype (0.0%) (P=0.024) similar to previous study that genetic variant of ABCB1
2677G>T/A was associated with gastrointestinal toxicities including nausea, vomiting

(54).

CYP3A5 polymorphism rs776746 (6986A>G)

The evidences suggested that the CYP3A5 polymorphism impact on CYP3A5
functions that influence adverse events (25, 55, 57, 62, 67). In this study indicated that
CYP3A5 polymorphism was statistically associated with incidence of severe peripheral
neuropathy. Patients with homozygous wild-type had greater incidence of grade 3 or
4 peripheral neuropathy compared with heterozygous and homozygous variant (25%
vs 3.3% vs 0.09%; P=0.040). Additionally, the result was confirmed in subgroup of patient
with peripheral neuropathy that patient with AA genotype was significantly associated
grade 3 or 4 peripheral neuropathy compared with AG and GG genotype (50.0% vs
5.6% vs 0.0%; P=0.011). The previous publications recommended that it might be the
effect of paclitaxel metabolites in neurons (23, 67) . According to Leskeld et al. that
found the association of CYP3A5*3 with paclitaxel neurotoxicity (P=0.010) and they
recommended that CYP3A5%3 allele was a significant protective factor for neurotoxicity
(HR, 0.51; 95%Cl, 1.05 to 2.82; p = 0.032) and the increased neurotoxicity of paclitaxel
was correlated with allele increasing metabolism of paclitaxel (23). On the other hand,
hematologic adverse event such as anemia, neutropenia and thrombocytopenia were

not significantly associated with CYP3A5 polymorphism in this study.

5.4 Conclusion

We assessed SNPs of SLCOIB3 rs7311358 (699G>A), ABCB1 rs2032582
(2677G>T/A) and CYP3A5 rs776746 (6986A>G) genes in Thai advanced NSCLC for the
association with clinical response and adverse event. Our results showed that SNPs of
these genes individually or in combination was not affect to response outcome.

However, we found the association between ABCBI polymorphism was significantly
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associated with anemia and nausea/vomiting. SNPs in SLCO1B3 was significantly
associated with grade 3 or 4 anemia. And CYP3A5 polymorphism was associated with
grade 3 or 4 peripheral neuropathy. In addition, patient’s factor, smoking status
associated with neuropathy and nausea/vomiting whereas gender associated with
nausea/vomiting. Initial stage is a disease factor that associated with neuropathy. And
chemotherapy regimen was significantly associated with neutropenia.

This study indicated that genetic polymorphism of SLCO1B3, ABCB1 and
CYP3A5 gene associated with hematologic and non-hematologic adverse events in Thai

advanced NSCLC patient.
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APPENDIX A

Patient’s data and Medical record documentation
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. Treatment regimen
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. Histological type 1) Adenocarcinoma
2) Squamous cell carcinoma
3) Large cell/undifferentiated carcinoma
4) Adenosquamous carcinoma
5) OtNEIS oo
. Staging 1) 1B 2) IV
. Metastasis sites 1) Brian 2) Bone 3) liver 4) Others.........
. Previous treatment
1) Yes 1) Surgery 2) Radiotherapy 3) Chemotherapy.....
2) No

74



8. Chemotherapy schedule
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Cyclel | Cycle 2 | Cycle 3 Cycle 4 Cycle 5 Cycle 6

Data | ... [od | . [ed | . [oid i | [id o | e [ooid i | e id ..
Weight(kg)
Height(cm)
BSA(M?)
ECOG PS

Dosage regimen

Pre-med

Home-med

Infusion reaction
(How/

Management)

Delay schedule
(Why)
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C1 c2 C3 cd C5 cé6
Lab test Normal range

Hb M 13-17 g/dL

W 12-15 g/dL
Hct M 39-51%

W 36-45%
WBC 4,500-11,000
PMN 40-70.9%
ANC 1,800-7,800
Platelet 150,000-

450,000
TB 0.2-1.2 mg/dL
DB < 0.5 mg/dL
AST 5-35 U/L
ALT 0-40 U/L
ALP 40-120 U/L
BUN 7-20 meg/dL
Cr 0.7-1.2 mg/dL
Lymphocyte | 22.2-43.6%
Albumin 3.5-5.0 mg/dL




4. ANINDUAUDIRDNITINYN

PAI9INNS RS UE AT U

NAUIZIIUNTNOUAUDINDNITTNY Cycle Cycle Cycle
Juil Fuil Fuil
1) Complete response (CR)
2) Partial response (PR)
3) Stable response (SD)
4) Progression disease (PD)
5. NAN19M599 Genotype
14. Polymorphism of SLCO1B3 gene in 699G>A, rs7311358
1) GG 2) GA 3) AA
15. Polymorphism of ABCB1 gene in 2677G>T/A, rs2032582
1) GG 2) GT 3) GA a) TT 5) AA 6) AT

16. Polymorphism of CYP3A5 gene in 6986A>G, rs7T76746

1) *1/%1

2) *1/*3

3) *3/*3

14



Adverse events record form

APPENDIX B
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Symptom

Adverse event grade

Cycle 2

Cycle 3

Cycle 4

Neutropenia

Thrombocytopenia

Anemia

Febrile neutropenia

Infections

Bleeding

Dyspepsia

Nausea

Vomiting

Diarrhea

Abdominal pain

Fatigue

Mucositis

Anorexia

Weight loss

Dizziness

Head ache

Seizure

Edema

Pain

Alopecia
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Symptom

Adverse event grade

Cycle 2

Cycle 3

Cycle 4

Injection site

reaction

Infusion reaction

Allergic reaction

Anaphylaxis

Peripheral motor

neuropathy

Peripheral sensory

neuropathy

Myalgia

Arthralgia

Constipation

Insomnia

AST increased

ALT increased

ALK increased

Bilirubin increased

Creatinine increased
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Classified grade of toxicity
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Common Terminology Criteria for Adverse Events (CTCAE) version 4.03

neutropenia

with a single
temperature of >
38.8 degree C or

a sustained

temperature of >

38 degree C for

more than 1 hour

Grade
Adverse Event
1 2 3 aq
1. Neutropenia, | Neutrophil Neutrophil Neutrophil Neutrophil
Neutrophil < LLN to <1500 to <1000 to <500 /mm’
count decrease | 1500/mm’ 1000 /mm’ 500 /mm’
2. Thrombocyto- | Platelet Platelet Platelet Platelet
penia, Platelet < LLN to <75,000 to <50,000 to <25,000/m
count decrease | 75,000/mm? | 50,000/mm’ | 25,000/mm’ m’
3. Anemia Hemoglobin = | Hemoglobin | Hemoglobin Life-
< LLN to 10.0 | < 10.0t0 8.0 | < 8.0 g/dl threatening
g/dl g/dl consequenc
e; urgent
intervention
indicated
4. Febrile - - ANC < 1000/mm” | Life-

threatening
consequenc
e; urgent

intervention

indicated
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Common Terminology Criteria for Adverse Events (CTCAE) version 4.03

Grade
Adverse Event
1 2 3 aq
5. Infection Asymptomatic | Moderate; Severe or Life-
or mild minimal, local | medically threatening
symptoms; or noninvasive | significant but consequenc
Clinical or intervention not immediately | e; urgent
diagnostic indicated,; life-threatening; | intervention
observations limiting age- hospitalization indicated
only; appropriate or prolongation
intervention instrumental of existing
not indicated ADL hospitalization
indicated;
disabling;
limiting self-care
ADL
6. Bleeding, - Laboratory Laboratory Life-
hemorrhage, findings with findings with threatening
disseminated no bleeding bleeding consequenc
intravascular e; urgent
coagulation intervention
indicated
7. Dyspepsia Mild Moderate Severe -
symptoms; symptomes; symptomes;
intervention medical surgical

not indicated

intervention

indicated

intervention

indicated




Common Terminology Criteria for Adverse Events (CTCAE) version 4.03
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Grade
Adverse Event
1 2 3 a4
8. Nausea Loss of Oral intake Inadequate -
appetite decreased oral caloric or
without without fluid intake;
alteration in | significant tube feeding,
eating weight loss, TPN or
habits dehydration | hospitalization
or indicated
malnutrition
9. Vomiting 1-2 3-5 episodes | = 6 episodes Life-threatening
episodes (separated by | (separated by | consequence;
(separated | 5 minutes) in | 5 minutes) in urgent
by 5 24 hours 24 hours; tube | intervention
minutes) feeding, TPN or | indicated
in 24 hours hospitalization
indicated
10. Diarrhea Increase of | Increase of Increase of Increase of 2 10
< 4 stools 4-6 stools per | 7-9 stools per | stools per day
per day day over day over over baseline
over baseline baseline Life-threatening
baseline on sequence;
urgent
intervention
indicated
11. Abdominal | Mild pain Moderate Severe pain; -
pain pain; limiting | limiting self-
instrumental | care ADL

ADL
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Common Terminology Criteria for Adverse Events (CTCAE) version 4.03

malnutrition;
nutritional
supplements

indicated

oral caloric
and/or fluid
intake); tube
feeding or TPN

indicated

Grade
Adverse Event
1 2 3 a4
12. Fatigue Fatigue Fatigue not Fatigue not -
relieved by relieved by relieved by
rest rest; limiting rest; limiting
instrumental instrumental
ADL ADL
13. Mucositis Asymptomatic | Moderate pain; | Severe pain; Life-
or mild not interfering | interfering with | threatening
symptoms; with oral oral intake consequenc
intervention intake; e; urgent
not indicated modified diet intervention
indicated indicated
14. Anorexia Loss of Oral intake Associated Increase of
appetite altered with significant | = 10 stools
without without weight loss or | per day over
alteration in significant malnutrition (| baseline
eating habits weight loss or | e.g. inadequate | Life-

threatening
consequenc
e; urgent

intervention

indicated

15. Weight loss

5to <10%
from baseline;
intervention

not indicated

10 to <20%
from baseline;
nutritional
support

indicated

>20% from
baseline; tube
feeding or TPN

indicated




Common Terminology Criteria for Adverse Events (CTCAE) version 4.03

Grade
Adverse Event
1 2 3 4
16. Dizziness Mild Moderate Severe -
unsteadiness unsteadiness unsteadiness
or sensation of | or sensation of | or sensation of
movement movement; movement;
limiting limiting self
instrumental care ADL
ADL
17. Headache | Mild pain Moderate pain; | Severe pain; -
limiting limiting self
instrumental care ADL
ADL
18. Seizure Brief partial Brief Multiple Lift-
seizure; no generalized seizures threatenin
loss of seizure despite g; prolong
consciousness medical repetitive
intervention
19. Localized Localized to Moderate Severe -
edema dependent localized localized
areas, no edema and edema and
disability or intervention intervention
function indicated,; indicated;
impairment limiting limiting self
instrumental care ADL

ADL
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Adverse Event

Grade

1 2 3
20. Pain Mild pain Moderate pain; | Severe pain;
limiting limiting self care
instrumental ADL
ADL
21. Alopecia Hair loss <50% | Hgir loss >50% -

of normal for
that individual
that is not
obvious from a
distance but
only on close
inspection; a
different hair
style may be
required to
cover the hair
loss but it
does not

required a wig

of normal for
that individual
that is readily
apparent to
others; a wig or
hair piece is
necessary if the
patient desires
to completely
camouflage the
hair loss;
associated with

psychosocial

impact
or hair piece to
camouflage
22. Insomnia Mild difficulty | Moderate Severe difficulty
falling asleep, | difficulty falling | in falling asleep,

staying asleep
or waking up

early

asleep, staying
asleep or waking

up early

staying asleep or

waking up early




Common Terminology Criteria for Adverse Events (CTCAE) version 4.03
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itching)

indicated

Grade
Adverse Event
1 2 3 a4
23. Infusion Mild transient | Therapy or Prolong ( e.g. Life-
related reaction; infusion not rapidly threatening
reaction infusion interruption responsive to consequenc
interruption indicated but | symptomatic e; urgent
not indicated; | responds medication intervention
intervention no | promptly to and/or brief indicated
indicated symptomatic interruption of
treatment (e.g. | infusion);
antihistamines, | recurrence of
NSAIDS, symptoms
narcotics, IV following initial
fluids); improvement;
prophylactic hospitalization
medications indicated for
indicated for < | clinical
24 hours sequelae
24. Injection Tenderness Pain; Ulceration or Life-
site reaction with or without | lipodystrophy; | necrosis; threatening
associated edema; severe tissue consequenc
symptoms(e.g., | phlebitis damage; e; urgent
warmth, operative intervention
erythema, intervention indicated
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Common Terminology Criteria for Adverse Events (CTCAE) version 4.03

Grade
Adverse Event
1 2 3 a4
25. Allergic Transient Intervention Prolonged Life-
reaction flushing or or infusion (e.g. not rapidly threatening
rash, drug interruption responsive to consequen
fever < 38 indicated,; symptomatic ce; urgent
degree G; responds medication and/or interventio
intervention | promptly to | brief interruption of | n indicated
not symptomatic | infusion); recurrence
indicated treatment of symptoms
(e following initial
antihistamine | improvement;
s, NSAIDS, hospitalization
narcotics); indicated for clinical
prophylactic | sequelae (e.g. renal
medications | impairment,
indicated for | pulmonary
< 20 hours infiltrates)
26.Anaphylaxis - - Symptomatic Life-

bronchospasm, with
or without urticarial;
parenteral
intervention
indicated; allergic-
related
edema/angioedema;

hypotension

threatening
consequen
ce; urgent

interventio

n indicated
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intermittent
symptoms;
occasional use
of stool
softeners,
laxatives, dietary
modification, or

enema

symptoms with
regular use of
laxatives or
enemas;
limiting
instrumental

ADL

with manual
evacuation
indicated;
limiting self

care ADL

Grade
Adverse Event
1 2 3 a4
27. Peripheral | Asymptomatic; Moderated Severe Life-
motor clinical or symptom; symptoms; threatening
neuropathy diagnostic limiting limiting self consequen
observations instrumental care ADL; ce; urgent
only; ADL assistive interventio
intervention not device n indicated
indicated indicated
28. Peripheral | Asymptomatic; Moderate Severe Life-
sensory loss of deep symptoms; symptoms; threatening
neuropathy tendon reflexes | limiting limiting self consequen
or paresthesia instrumental care ADL ce; urgent
ADL interventio
n indicated
29. Myalgia/ Mild pain Moderate pain; | Severe pain; -
Arthralgia limiting limiting self
instrumental care ADL
ADL
30.Constipation | Occasional or Persistent Obstipation Life-

threatening
consequen
ce; urgent

interventio

n indicated
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Inform consent of the study
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