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CHAPTER |
INTRODUCTION

Background and rationale

Lung cancer is the most common cancer related to mortality. Each year 1.59
million people die from lung cancer, accounting for 12.5% of all cancer deaths in
South East Asia. " Histological classification has been identified types of lung cancer.
There are two main forms of the disease, non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC). Approximately 85 % of all patients represent NSCLC.”
T At the time of diagnosis, patients usually appeared with stage IlIB — IV, locally
advanced or metastasis disease.”

The National Comprehensive Cancer Network (NCCN) recommended doublet
chemotherapy regimens for locally advanced or metastatic NSCLC, of which
platinum-based regimen is the first line therapy.[é] Platinum-based regimen shows
several benefit to prolong survival, to improves clinical symptoms, and to increases
quality of life. Platinum agents such as cisplatin, carboplatin, and oxaliplatin prohibit
proliferating cells by disturbing DNA synthesis, converting cell into apoptosis.m
Cisplatin—the most commonly used platinum for NSCLC—and others platinum
agents have similar mechanism of action.” Furthermore, platinum agents induce
cytotoxicity that not only disturbs tumor cells but also affects normal cells with
active DNA replication. Cisplatin induces DNA damage by acting on monoadduct,
inter and intra-strand cross links, disturbing DNA helix and inhibiting DNA replication
that kill tumor cells death. Cytotoxicity and adverse effects of cisplatin are resulted
from the oxidative damage on cell membrane and changes of energy metabolism.
Patients who received platinum-based regimen usually had adverse drug events (AEs)
such as nausea, vomiting, bone marrow suppression, nephrotoxic effect and
neurotoxicity.[g] Although cisplatin enhances response rate, median survival rate, and

time to progression, but the five-year survival rate is still less than 20%. Several



factors influence platinum agents resistance; in particular, genetic factor appears as
an interesting issue.[lo]

Strong evidences support that the genetic factor affects disease progression
and patient response to cisplatin therapy. Genetic polymorphisms may be one of
prognosis markers for cisplatin response and overall survival of NSCLC patients.
Cisplatin resistance has been elucidated by three different pathways involving in
cellular mechanism to decrease platinum accumulation in cytoplasm, increase
intracellular detoxification, and increase DNA repair capacity.[lo_lz]

Nucleotide excision repair (NER), a DNA repair system, displays an important
role in DNA repairing by removing the damage. Several publications emphasize NER
protein levels may change cisplatin responses, especially by excision repair cross-
complementation group 1 gene (ERCCI). ERCCI manage interstrand and intrastrand
cross-links caused by cisplatin therapy by forming complex with xeroderma
pigmentosum complementation group F (XPF) then eliminating the damage lesion.”
Previous studies showed that polymorphisms in ERCCI were related to cisplatin
response and survival outcome, and probably are affected by differences of
individual protein activity. For example, two SNPs, wild type rs11615 C/C and variant
homozygous 153212986 A/A, in ERCCI had shown significant enhancing in response
and survival than other harboring genotypes.[m_m

The glutathione S-transferase (GST) family involved in detoxification of
cisplatin by catalyzing platinum-glutathione conjugates in phase II metabolizing
process. This conjugation has increased solubility and can be excreted through ATP-
binding cassette."” GSTP1 is the abundant GST isoform in lung tissues. These SNPs in
GSTP1 rs1695 and rs1138272 were found to associate with different clinical outcome
and toxicities. For instance, GSTP1 rs1695, patients who had variant genotypes (A/G
or G/G) were more likely to respond to cisplatin treatment than wild type.[zo_m A
number of studies revealed correlation variant genotypes and beneficial clinical
outcome in patients receiving cisplatin.

The noticeable contributing factors to platinum response are platinum

between cellular uptake and accumulation. A reduce in the intracellular

accumulation and a decrease of platinum in cellular diminish cytotoxic effect,



resulting in platinum resistance. In vivo and in vitro studies indicated that copper
transporter 1 gene (CTRI) played important role in cisplatin influx mechanism. This
gene establishes protein human copper transporter 1 (hCTR1), which related to
copper transportation pathway through intracellular, and platinum agent expected to
be found in cellular in a similar condition as copper transportation.[lo] Moreover,
some studies explained an association between CTRI polymorphism, three SNPs at
rs7851395, rs12686377 and rs10981694, and cisplatin response and ’co><icity.[2¢26J
Although pharmacogenetics have shown different genes that can affect
toxicity and clinical outcome, a number of trials reported inconsistent results of the
association between genotype polymorphisms and platinum response and overall
survival in NSCLC patients. Additional information is needed for more precise tools in
treatment selection. Therefore, a prospective study to explore association between
the 3 SNPs located in 3 major genes ERCCI, GSTP1 and CTRI polymorphism with

treatment response and toxicity of platinum-based chemotherapy in patients with

advanced NSCLC is needed.

Objective of the research

To investigate the effect of ERCCI, GSTP1 and CTRI polymorphisms on
treatment response and toxicity in advanced NSCLC patients treated with platinum-

based chemotherapy.

Research question

1. Do ERCCI polymorphisms affect treatment response and toxicity in advanced
NSCLC patients treated with platinum-based chemotherapy?

2. Do GSTP1 polymorphisms affect treatment response and toxicity in advanced
NSCLC patients treated with platinum-based chemotherapy?

3. Do CTR1 polymorphisms affect treatment response and toxicity in advanced

NSCLC patients treated with platinum-based chemotherapy?



Statement of hypothesis

1. There are differences in treatment response and adverse events among

different genotypes of ERCCI rs11615.

2. There are differences in treatment response and adverse events among

different genotypes of GSTP1 rs1695.

3. There are differences in treatment response and adverse events among

different genotypes of CTRI rs12686377.

Scope of the research

In this study, participants with advanced NSCLC receiving treatment with

platinum-based chemotherapy were enrolled from King Chulalongkorn Memorial

Hospital (KCMH).

Conceptual framework

Chemotherapy
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Figure 1 Conceptual framework




Operational definition

1.

10.

11.

12.

13.

14.

Participants were advanced NSCLC treated patients with platinum-based
chemotherapy.

Advanced NSCLC was pathologically diagnosed of stage IIIB - IV NSCLC.
Platinum-based regimen was an antineoplastic regimen which contains
cisplatin or carboplatin.

Second hand smoker was to define non-smoker who involuntarily or passively
inhaled smoke from cigarette by family member.

Clinical outcomes were responses to chemotherapy and adverse events.
Response to chemotherapy was the effect of platinum chemotherapy, that
the effects were defined as treatment response and disease control rate.
Treatment response was to evaluate participant outcome according to
response evaluation criteria in solid tumors (RECIST) version 1.1 as follow
complete response (CR), partial response (PR), stable disease (SD) and
progressive disease (PD).

Overall response (OR) was to define treatment response of the participants as
2 groups, response and non-response group.

Response group was to define participants who had CR and PR from
platinum-based regimen.

Non-response group was to define participants who had SD and PD from
platinum-based regimen.

Disease control rate (DCR) was to define treatment response of the
participants into progression group and non-progression group.

Progression group was to define participants who had PD from platinum-
based regimen.

Non-progression group was to define participants who had CR, PR and SD
from platinum-based regimen.

Adverse events (AEs) were toxicities resulting from platinum-regimen in each

cycle, classified by Common Terminology Criteria for Adverse Events (CTCAE)



15.

16.

17.

18.

19.

20.

21.

version 4.03 including emetic effect, hematological toxicity, nephrotoxicity
and neurotoxicity were defined as grade 1-4.

Toxicity was participants who received any g¢rade of toxicities from
chemotherapy.

Grade of toxicities was the highest grade of toxicities from total cycles of
chemotherapy.

Mild toxicity was participants with toxicity in grade 0-2.

Severe toxicity was participants with toxicity in grade 3-4.

Excision repair cross-complementation group 1 gene (ERCCI) polymorphism
was genetic polymorphism at chromosome19-rs11615.

Glutathione S-transferase 1 gene (GST1) polymorphism was genetic
polymorphism at chromosome 11-rs1695.

Copper transporter 1 gene (CTR1) polymorphism was genetic polymorphism

at chromosome9-rs12686377.

Expected benefit and application of the research

Findings from this study may lead to better understanding in factors

associated with platinum treatment response and tools for treatment selection in

patient with advanced NSCLC.

Limitation of the research

1.

2.

This study was limited to the length of follow up which cannot be observed
long-term survival or delayed toxicity.

This trial was investigated in only one center, hence small population.



CHAPTER Il

Literature Reviews

Lung cancer

Lung cancer is the most common cancer-related mortality. Each year 1.59
million people die from lung cancer, accounting for 12.5% of all cancer deaths in
South East Asia. In Thailand, it is the second most common cause of cancer-related
mortatity.m

As for respiratory system, the lungs are organs involving in gas exchange. Lung
cancer means irregular cell growth in tissue of the lungs. Clinical symptoms are
present as cough, fatigue, shortness of breath, and chest pain.[z] A number of factors
increase risks for lung cancer such as cigarettes and second-hand smoking, air
pollution, occupation exposure, and family history of lung cancer, but smoking
tobacco is the primary risk factor.” Histological classification has identified types of
lung cancer as two main forms of the disease, non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC). Approximately 85% of all patients represent
NscLe.””

NSCLC is classified into two major types, squamous cell carcinoma and non-
squamous cell carcinoma. Non-squamous cell carcinoma contains adenocarcinoma,
large cell carcinoma, and other cell types of which adenocarcinoma is the most
common type of lung cancers. In addition, type and stage of lung cancer influence
how to plan for effective treatment. The stage is classified by the tumor node
metastasis (TMN) staging system that NCCN refers to American Joint Committee on
Cancer (AJCC) 7" edition.”” [Appendix A] Regarding to stage of the disease, patients
with NSCLC early stage, stage |, Il, and IlIA have longer survival period than those with
advanced stage, but majority of patients at the time of diagnosis appeared with stage
B — 1V, locally advanced or metastasis disease.””

Surgery, radiation, and chemotherapy are recommended to treat patients

with NSCLC. These treatments can be used either separately or as a combination.



Concerning early stage, a surgery to remove some parts or the entire lung provides
the best chance for cure. Both radiation and chemotherapy are treatments to reduce
the size of tumors before surgery, or to remove any lung cancer cells that may still
be in the body after surgery. It also reduces the risk of recurrence and improves
suvival'® In terms of advanced NSCLC, doublet chemotherapy regimens are
recommended for first line treatment.

Patients” performance status is one important factor for treatment planning.
The Eastern Cooperative Oncology Group (ECOG) developed ECOG performance
status (PS) scale to explain the status of symptoms and functions regarding their
ability to care for themselves, daily activity, and physical ability (walking, working,
etc.).[ZS] The table shown below presents ECOG scores and the description of each

score.

Table 1 ECOG performance status”

Grade Description
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 house work, 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

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

5 Dead




Treatment of advanced NSCLC

NCCN recommended doublet chemotherapy regimens for locally advanced
or metastatic NSCLC, which platinum-based regimen is the first-line therapy.
Platinum-based regimen shows several benefits— it prolongs survival, improves
clinical symptom, and increases quality of life.” A meta-analysis of platinum-based
regimens versus non-platinum-based shows increase in response rate of 62% (OR,
1.62; 95%C| = 1.46 to 1.8; P < .0001) and increase in one-year survival rate of 5%
(34% v 29%; OR, 1.21; 95% Cl, 1.09 to 1.35; P = .0003) in patients who received
platinum-based regimens.m]

Platinum-based regimens are a combination of platinum agents (eg. cisplatin,
carboplatin) with taxane (eg, paclitaxel, docetaxel), vinorelbine, vinblastine,
etoposide, pemetrexed, or gemcitabine. These regimens produce one-year survival
rates of 30% to 40%, superior to a single agent. However, patients must have good
PS—ECOG score 0-1 in order to gain benefit from doublet chemotherapy. For
patients who have poor PS—ECOG score > 2, NCCN recommended a single-agent
chemotherapy due to toxicity concerns.””

In Thailand, the Nation Health Security Office (NHSO) recommended
chemotherapy for first-line drugs. This recommendation is for treatment of patient
with advanced NSCLC, including the following:

1. ECOG score 0 - 1: platinum-based doublet regimen

2. ECOG score 0 — 1 and age more than 70 years: single agent chemotherapy

3. ECOG score 2: single or double chemotherapy depends on individual

clinical symptoms.

4. Radiology and PS are the assessment of tumor response, and the goal is

to treat for four to six cycles unless otherwise specified.

Chemotherapy regimens, including platinum-based doublets, are as follows:

1. Regimen PE = cisplatin® plus etoposide

2. Regimen CG = cisplatin® plus gemcitabine

3. Regimen CbPac = carboplatin plus placlitaxel
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Note The replacement of cisplatin salvage therapy with carboplatin can
be considered as a safe therapeutic strategy in patients who cannot
continue to receive cisplatin due to chronic kidney disease, or severe

nausea and vomit.
Chemotherapy regimens for advanced NSCLC patient are shown in Table 2.
Docetaxel is recommended for second-line drug treatment in patients with advanced
NSCLC who received first-line drug and had PS 0-1. The dosage recommended

regimen of docetaxel is intravenous 60-75 mg/m2 every 21 days for 4-6 cycles.



Table 2 Chemotherapy regimens for advanced NSCLC patient

No. Regimen Medicine Regimen Dose Total
(mg/mz/day) (mg/mz)
1A PE cisplatin 80 mg/m” 80 320-480
IV day 1
etoposide 100 mg/m2 100 1,200-1,800
IV day 1,2,3
1B carboplatin/ carboplatin  AUC 5-6 maximum 3,000-4,500
etoposide mg/mU/min  total dose <
in day 1 750 mg
etoposide 100 mg/m2 100 1,200-1,800
IV day 1,2,3
2A  CG cisplatin 80 mg/m2 80 320-480
IV day 1
gemcitabine 1,000 1,000 8,000-
me/m’ IV 12,000
day 1,8
2B carboplatin/ carboplatin  AUC 5-6 maximum 3,000-4,500
gemcitabine mg/ml/min  total dose <
in day 1 750 mg
gemcitabine 1,000 1,000 8,000-
me/m’ IV 12,000
day 1,8
3 CbPac carboplatin  AUC 5-6 maximum 3,000-4,500
mg/mlU/min  total dose <
in day 1 750 mg
paclitaxel 200 mg/m’ 200 800-1,200

IV day 1

11
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Platinum agents

Platinum agents cisplatin, carboplatin, and oxaliplatin, have been used for
treatment of many types of solid tumor. In 1970, cisplatin was discovered as an
inhibitor of growth in Escherichia coli, and carboplatin was the second generation
analog. These agents which share the same mechanism of action, are completely
cross-resistant, and destroy the structure of DNAs. Oxaliplatin is another analog, but

its mechanism is difference from that of cisplatin.[g]

o
H.M\ /GI H,N\ /4:: N P/J o
H,N/H\C:I H,N/H\'D H;Nf o o
s
A B i

Figure 2 Chemical structure of platinum agents: [A] cisplatin, [B] carboplatin, [C]

oxaliplatinBO]

Cisplatin enters into the cell by passive diffusion and active pathway such as
copper transporter. Aquation and hydrolysis reactions perform aquated platinum
complexes which convert platinum agents into a reactive form. These complexes
forms are believed to bind to the nuclear DNA, react in the cytoplasm with thiol-
containing molecules—methionine, metallothioneins (MT) and glutathione (GSH).
Thus, only a portion of complex can bind to the nuclear DNA that urges cell to

. : [30]
apoptosis process, causing cell death.

Transport
(Import)

Transport
(Export) Metabolism

[ Plaznum "Weus
Excision -
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Figure 3 Cisplatins' mechanism of action
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Although the cisplatin motivates several signal transduction pathways, the
treatment thought to establish the cytotoxic effect by forming crosslink on DNA.
Cisplatin forms covalent bond to two adjacent guanines on the same strand of the
nuclear DNA, interrupting replication. Cisplatin and carboplatin can form three
different types of DNA lesions on purine bases: monoadducts, intrastrand crosslinks,
and interstrand crosslinks, leading to various cellular responses including replication
arrest, transcription inhibitor, cell-cycle arrest, DNA repair and apoptosis. Although
oxaliplatin forms fewer crosslink-DNA protein bound than other platinum agents, it is

can also break on DNA similarly to the other types of DNA adduct do.[g’ .

H,N
* Pt 2
H,N
/OH B /HSN
g G S
H;N H;N HSN\pt G H,N
HNT TG
DNA Monoadduct Intrastrand Crosslinks

/ \ .
G Pt
AN H

N

Interstrand Crosslink DNA-Protein Crosslink

Figure 4 Platinum agents adduct on DNA”

Cisplatin is associated with adverse events (AEs) on nervous system, the organ
of Corti, and the kidney. Nephrotoxicity and peripheral neurotoxicity are the most
common toxicities. Incidence of cisplatin-induced acute renal failure with the
cumulative dose is varying from 14 to 100% of patients.m’ = Approximately half of
patients have peripheral neurotoxicity, but the onset of toxicity is delayed until a
cumulative dose is more than 300 mg/mz.m In addition, nausea and vomit are the
most common symptoms found in patients who receive cisplatin whereas both
carboplatin and oxaliplatin cause less emetogenic effect.”

As for carboplatin, the major AE is myelosuppression involved in dose
dependent, characterized by thrombocytopenia and neutropenia. Moreover, almost

12% of carboplatin-treated patients’ develop hypersensitivity, but the use of
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cisplatin in patients who have developed hypersensitivity by carboplatin is not
recommended because of the feasibility of fatal cross—hypersensitivity.[9’ 23 study
showed association between gene polymorphisms and cisplatin toxicities, found in
CTRI1 rs10981694 patients carrying C allele who are less tolerant to ototoxicity (OR,
0.47; P < .01).””

Because of serious AEs involved in platinum agents, a third-generation drug
was developed to avoid substantial toxicity by other standard platinum regimens.
Although platinum-based regimens have higher response rates than third-generation
drugs (-6%, 95% Cl: -11% - 0%), there is non-statistic significant difference in 1-year
survival rate (3%, 95% CI: -3% - 10%)." "

Treatment outcomes of cancer can be evaluated according to the response
evaluation criteria in solid tumors (RECIST) version 1.1%" which by determining the

same method and technique to characterize each identified lesion, and imaging base

evaluation at baseline and during follow-up as 4 types including:

Table 3 Treatment responsem]

Response Definition

1. complete response (CR) Disappearance of all target lesions

2. partial response (PR) At least a 30% decrease in the sum of the longest
diameter (LD) of target lesions, taking as reference the

baseline sum LD

3. stable disease (SD) Neither sufficient shrinkage to qualify for PR nor
sufficient increase to qualify for PD, taking as reference

the smallest sum LD since the treatment started

4. progressive disease (PD) At least a 20% increase in the sum of the LD of target
lesions, taking as reference the smallest sum LD
recorded since the treatment started or the

appearance of one or more new lesions.
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One of the major problems found in patients receiving platinum regimens is
that tumors become resistant. Strong evidences also support that the genetic factor
possibly affects disease progression and patient response to cisplatin therapy.
Genetic polymorphisms may be one of prognosis markers for cisplatin response and
overall survival of NSCLC patients. Three different pathways involved in cellular
mechanism resistance are decreased platinum accumulation in cytoplasm, increased
intracellular detoxification, and increased DNA repair capacity.[m

A large number of research reported that polymorphisms in ERCC1, GSTP1
and CTR1 genes which have demonstrated various clinical response, are resulted
from genetic variances. Literatures involve in genetic polymorphisms affecting clinical
outcomes are gathered. These selected SNPs of three genes ERCCI rs11615, GSTP1
rs1695, and CTRI rs12686377 that polymorphisms showed significant different tumor
response and toxicity were reviewed

Platinum agents induce cell death by creating platinum-DNA adducts.
Nucleotide excision repair (NER) is a DNA repair system that removes such DNA
adducts. ERCCI gene in NER pathway is perhaps a major component which affects
platinum-resistance through the process of elimination of the DNA lesion. Previous
research revealed the relationship between genetic polymorphisms and a response
of platinum chemotherapy in advanced NSCLC patients. A variety of genotypes had
influences on platinum-response. Participants with C/C genotype of ERCCI C118T
had better treatment outcomes from platinum therapy. Zhao et al. conducted a
study in 192 Chinese patients and found that patients with C/C genotype had
significant higher response rates than those with T/T genotype (OR = 0.27, 95%C| =
0.10 - 0.71, P = 0.003), while patients with T/T genotype showed a significant
increase in risk of death compared to those with C/C genotype (HR = 2.38, 95%CI =
1.03 - 6.13, P = 0.04).[171 Cheng and colleagues also showed that C/C genotype
patients had a 2.04-fold higher positively short-term response rates than those with
combined C/T and T/T cases (OR = 2.041, 95%Cl = 1.065 - 3.910, P = 0.032).
Moreover, Cheng et al. found that C/C genotype improved the long-term survival as
measured by median progression free survival (PFS) and overall survival (OS) rates in

a group of 142 Chinese patients.m However, in a study of 187 Mongolians with
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advanced NSCLC stage llIA-IV, polymorphisms were not associated with either tumor
response or clinical outcomes.” Similar results from a study of Krawczyk et al.
performed in 115 Caucasians found no significant response to platinum-based
regimen, and a study of Mlak and colleagues in 62 Caucasians found that there was
no statistically significant relationship between SNPs and the response to therapy or
prs. Krawczyk et al. also reported that results of 43 Caucasians with C/C and
C/T genotypes had significantly higher median of PFS than T/T genotype (4 vs 0.3
months, HR = 0.438. 95%Cl| = 0.084 - 0.881, P = 0.03). Furthermore, C/C and C/T
genotype patients had one-year overall survival longer than T/T genotypes patient,
but there was no statistic significant difference (50% vs. 28.6%, P = 0.531).[42]
However, inconsistent data was also reported as Sullivan et al. studied 162
Caucasians and found that patients with T/T genotype or those harboring T allele
(T/T or T/C) showed significantly higher response rates (RR) than those with a C/C
genotype (83.9% vs. 50.0%; OR = 0.11; 95% Cl = 0.01-0.66; P = 0.015 in a recessive
model). Otherwise, PFS, OS and toxicity were not significant differences.””
Furthermore, Ren and colleagues studied 388 Chinese patients and found those
patients with C/T or T/T elucidated longer median survival rates than those with C/C
allele (18 vs. 13.8 months, P = 0.014). Moreover the study also showed that in the
elder group (age > 70 years) with C/C genotype had poorer prognosis than patients
with harboring T allele (12.5 vs. 28.5; P = 0.022)."” In addition, Li et al. found that the
response rate of C/T and T/T was higher than that of C/C genotype, but there was no
statistic significant difference (OR = 1.997, 95%CI = 0.778-5.062, P = 0.145; adjusted
OR = 1.892, 95%Cl = 0.728-4.915, P = 0.191).* In terms of toxicity, Powrozek et al.
found no association between SNPs in ERCCI rs11615 and toxicity resulting from
platinum therapy in 55 Caucasians.”

When platinum agents enter into cell cytoplasm, the aquated platinum
complexes create more reactive specie to bind DNA. Conjugated with glutathione
enhances solubility, that causing chemoresistance. GSTPI is the crucial isoform of
GSTs family in lung tissues which responsible for detoxification of platinum agents
regarding to phase Il metabolism. A number of information demonstrated the

association between tumor response and SNPs of GSTPI rs1695. ADA et al. reported
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that in 138 Turkish, GSTPI polymorphisms were related to survival. ™ Patients with
variant genotypes (A/G and G/G genotype) had higher response rates to platinum
therapy than wild type patients. Han et al. discovered in 325 Mongolian patients and
found that the GSTPI polymorphism significantly associated with response rates to
chemotherapy, patients with A/G and G/G genotypes exhibited higher response rates
than patients carried A/A genotype (OR = 2.31, 95%Cl = 1.35-3.95 and OR = 5.68,
95%Cl = 1.61-30.46, respectively). In terms of survival rates, patients with G/G
genotype had longer survival time compared to those with A/A genotype (54.50 vs
22.20 months, HR = 0.36, 95%C| = 0.11-0.98, P = 0.03).[21] Similar to the study in 116
Chinese patients by Zhou and colleagues which found that SNPs of GSTPI were
significant associated with tumor response. Patients who carried at least one allele of
G (A/G or G/G) were more responding than those with A/A genotype (OR = 3.961,
950Cl = 1.531-10.245, P = 0.05)."” Sun et al. also noted that 113 of the Han Chinese
patients harboring variant allele (A/G or G/G) had higher response rates to platinum
chemotherapy than wild type (A/A) patient. After adjusting by logistic regression, the
OR for response were 2.881, and the 95%Cl| were between 1.167 and 7.113 (P =
0.022)””

On the other hand, Deng and colleagues studied 97 Han Chinese patient, and
found that those with A/A genotype had higher tumor response rates than A/G and
G/G (OR = 4.302, 95%Cl = 1.193-15.515, P = 0.026). Moreover, patients with A/A
carriers had longer disease control rate (DCR) than those with other carriers, A/G and
G/G (OR = 3.740, 95%Cl = 1.238-11.298, P = 0.019).”" Indeed, Pillot et al. informed
that 42 Caucasian patients with A/A genotype had more responses to platinum-based
regimen than patients with A/G and G/G, but the difference was not statistically
signiﬂcant.[%] Nonetheless, Booten and colleagues showed no significant relationships
between different genotypes and response to chemotherapy in 433 Caucasians.” "

Platinum agents enter into the cell by passive diffusion and active pathway.
Regarding active pathway, human copper transporter 1 (hCTR1) is an essential protein
for uptaking platinum agents into intracellular encoded by CTRI. Xu et al. reported

that 282 Han Chinese patients with T/T genotype were more likely to be resistant to
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platinum-based chemotherapy (OR = 0.41, 95%C| = 0.21 - 0.78, P = 0.01). However,
the difference in survival rates was not signiﬂcant.[ZS]

These findings are inconsistent in terms of impacts of drug metabolizing
enzyme polymorphisms on survival and toxicity. More information is needed to
create more precise tool for polymorphisms influencing on tumor response and

toxicity resulted from platinum-based chemotherapy.



CHAPTER 1lI
RESEARCH METHODOLOGY

This research was conducted during January 2016 to July 2016 at out-patient
department, King Chulalongkorn Memorial Hospital (KCMH), Bangkok, Thailand.

PART I  Methodology

1. Research design

A prospective cohort study was conducted. Participants’ demographic data
and blood samples were collected and then genotypic analysis was performed.
Medical record review and patients interview were done to collect information
of treatment responses and toxicity evaluation. The effects of ERCCI rs11615,
GSTP1 rs1695 and CTRI rs12686377 polymorphisms on treatment outcomes in
advanced NSCLC patients treated with platinum-based chemotherapy were
evaluated.

2. Patients

2.1 Population and sample
1. Population
The patients who were pathologically diagnosed with advanced
NSCLC in stage llIB — IV at KCMH.
2. Sample
Participants with stage llIB and IV of NSCLC, treated with platinum-
based chemotherapy during study period were recruited.
2.2 Inclusion criteria
1. Age > 18 years old.
2. Participants who were diagnosed with histologically or cytologically

documented advanced NSCLC stages of llIB and IV disease.
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3. Participants with Eastern Cooperative Oncology Group (ECOG, PS)
status 0-2.

4. Participants who were planning to be treated with platinum-based
chemotherapy for at least two cycles.

23 Exclusion criteria

1. Participants who were pregnant or lactating.

2. Participants who were received surgery or radiation for lung cancer
treatments, or any chemotherapy regimen other than platinum-
contained agents.

3. Participants who disagreed to sign informed consent.

2.4 Sample size calculation
To estimate numbers of participants in this study, previous studies were
report the prevalence of responder, there were 0.44 and 0.78, while the relative
risk were 0.28 and 0.59. These were reported by Sullivan and colleague and
Krawczyk and team.”” ¥ Expected dropout rate around 20%, and given alpha-
error as 0.05. As for precision, that allowable error as 0.1, so in this trial required
number approximately 70 of participants.

The following term were defined as

n = sample size

Z, T 1.96

Z, = 1.28

P, = the prevalence of responder
R = relative risk

E = allowable error
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n= {Zay/DA+Zg/p1[1+R—p; (1+R?)]}?
p1(1-R)2

~ 1 ~ ~
p=5 (p)(1+R), g=1-p

{1.96,/2(0.44)(0.57) + 1.28 J (0.61)(1 + 0.61 — (1 + 0.442))}?
(0.61)(1 — 0.44)2

3. Study protocol

This prospective cohort study enrolled participants with advanced NSCLC

who received platinum-based regimen for 6 months after Ethic Committee approved

at KCMH.
1.

Study protocol was approved by Institutional Review Board, Faculty of
medicine, Chulalongkorn University, Bangkok, Thailand, IRB number
598/58.

Participants were selected according to inclusion and exclusion criteria.
Participants signed in the informed consent form at Wongwanich building
4th floor. Participants have the free choice, based on sufficient and timely
information concerning the benefits and disadvantages of the project, of
whether and how these activities occur, according to their systems of
customary decision-making.

Baseline characteristics and clinical information were collected. The
information was collected from participants’ medical record as follow:
age, sex, weight, performance status (PS), histological types and TMN
stage. For smoking history and symptoms related to adverse events (AEs),
participants were interviewed by investigator.

Before participants received platinum-based regimen, participants’
baseline were collected from participants’ medical record. As regarding
laboratory tests, there were including complete blood count (CBC) and

renal function tests. In terms of CBC, there were collected follow as: Red
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blood cell (RBC), Hemosglobin (Hgb), Hematocrit (Hct), White blood cell
(WBQ), neutrophils, lymphocyte, monocyte and eosinophil. With regarding
renal function tests, serum creatinine, blood urea nitrogen (BUN) and
proteinuria were collected.

Blood sampling were processed for DNA extraction and genotyping. For
the isolated of DNA from peripheral blood lymphocytes, Qiagen blood
mini kit (Qiagen, German) were using by the manufacture’s protocol.
Analysis genotypes of ERCCI rs11615, GSTP1 rs1695 and CTRI rs12686377
were performed by using real time polymerase chain reaction restriction
(gPCR): Tagman® assay. The specimens were stored for 1 year after the
study completion date. After that, the specimens would be destroyed by
facilities; the facilities must provide certification of destruction of each
individual sample, or a batch of sample as a whole, in writing to the
principle investigation.

At visit 2-7 of chemotherapy, participants were evaluated for AEs
according to Common Terminology Criteria for Adverse Events (CTCAE)
version 4.03. [Appendix B] Adverse events of chemotherapy of participants
with irregular baseline characteristics were evaluated when changing the
grade.

At visit 3-7, participants were evaluated for treatment response following
to response evaluation criteria in solid tumors (RECIST) version 1.1 into 4
types including: complete response (CR), partial response (PR), stable
disease (SD) and progressive disease (PD). Then, participants were defined
as 2 groups follow as: “responders” who with CR and PR and “non -
responders” who with SD and PD.

Genotypes of ERCCI, GSTP1 and CTRI genes were analyzed related to
demographic, treatment response and toxicity resulting from
chemotherapy. Statistical analysis of the results performed using the

computer software SPSS version 22.
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Participants with advanced NSCLC

Meet inclusion criteria

A

Informed consent obtaining

Blood sample and demographic data collecting

v \ 4

DNA extraction and genotyping Observation of clinical outcomes

After 2 cycles completion
Each cycle

or treatment termination v v

Response Toxicity

A 4 A 4 A\ 4

Evaluation of the effect of genotypes on treatment response and toxicities

Figure 5 Procedure of methodology
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4. Bio-analysis

4.1 Plasma extraction

1.
2.

EDTA tube contained 5 ml of blood sample.

Blood tube was centrifuged for 10 minutes at 2500 x ¢ at room
temperature (15-25 °C).

This gave three layers: the upper clear layer is plasma; the
intermediate layer is buffy coat, containing concentrated leukocytes;
concentrated erythrocytes in the bottom layer.

Carefully aspirated the buffy coat and pooled into a centrifuge tube

and stored at —20 °C.

4.2 DNA extraction

Equilibrate samples to room temperature (15-25°C).

Pipet 20 microliter QIAGEN Protease (or proteinase K) into the bottom
of a 1.5 ml microcentrifuge tube.

Added 200 microliter sample to the microcentrifuge tube. Used up to
200 microliter whole blood, plasma, serum, buffy coat, or body fluids,
or up to 5 x 106 lymphocytes in 200 microliter PBS.

Added 200 microliter Buffer AL to the sample. Mix by pulse-vortexing
for 15s.

Incubated at 56°C for 10 min.

Briefly centrifuged the 1.5 ml microcentrifuge tube to remove drops
from the inside of the lid.

Added 200 microliter ethanol (96-100%) to the sample, and mix again
by pulse-vortexing for 15 s. After mixing, briefly centrifuged the 1.5 ml
microcentrifuge tube to remove drops from the inside of the lid.
Carefully applied the mixture from step 6 to the QlAamp Mini spin
column (in a 2 ml collection tube) without wetting the rim. Closed the

cap, and centrifuged at 6000 x ¢ (8000 rpm) for 1 min. Placed the
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QlAamp Mini spin column in a clean 2 ml collection tube (provided),
and discarded the tube containing the filtrate.

Carefully opened the QlAamp Mini spin column and added 500
microliter Buffer AW1 without wetting the rim. Closed the cap and
centrifuged at 6000 x ¢ (8000 rpm) for 1 min. Placed the QlAamp Mini
spin column in a clean 2 ml collection tube (provided), and discarded
the collection tube containing the filtrate.

Carefully opened the QlAamp Mini spin column and added 500
microliter Buffer AW2 without wetting the rim. Closed the cap and
centrifuge at full speed (20,000 x ¢; 14,000 rpm) for 3 min.
Recommended: Placed the QlAamp Mini spin column in a new 2 ml
collection tube (not provided) and discarded the old collection tube
with the filtrate. Centrifuged at full speed for 1 min.

Placed the QlAamp Mini spin column in a clean 1.5 ml microcentrifuge
tube (not provided), and discarded the collection tube containing the
filtrate. Carefully opened the QlAamp Mini spin column and added
200 microliter Buffer AE or distilled water. Incubated at room
temperature (15-25°C) for 1 min, and then centrifuged at 6000 x ¢
(8000 rpm) for 1 min.

4.3 Genotyping

1.
2.

Created and set up a sequence detector plate document.

Prepared the reaction plate using reaction mix per well plate
following:

- 10 microlitre of 2x TagMan Universal PCR Master Mix

- 6.5 microlitre of DNase-free water

- 3 microlitre of 30 nanogram genomic DNA sample

- 0.5 microlitr of 40x Primer and TagMan Probe (FAM) dye mix
Ran the plate on an ABI PRISM® Sequence Detection System or Real-
Time PCR System using the following thermal cycling conditions:
Amplification by polymerase chain reaction for 10 minute at 95°

followed by 40 cycles of 15 seconds at 95°C and 1 min at 60°C.
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4. Generated a standard curve to quantify the amount of DNA in each
sample.

After PCR amplification, performed an endpoint plate read on a
Realtime PCR instrument. Using the fluorescence measurements made
during the plate read, the SDS software plots R, values based on the
fluorescence signals from each well, and then determined which alleles
are in each sample.

5. Tools

1. Data collecting sheet [Appendix C]
2. Information sheet [Appendix D]
3. Consent form [Appendix E]

6. Data collection

Table 4 Time schedule for information collecting

Time Data

Visit 1 Demographics; age, sex, weight, height, body surface area (BSA),
performance status (PS), smoking history, histological types,
chemotherapy treatment regimen and TMN stage at entry

Visit 2 -7 Adverse events resulting from chemotherapy; emetic effect,
hematological toxicity, nephrotoxicity and neurotoxicity

Visit 3 -7 Response to chemotherapy

PART Il Data analysis and statistics

Statistical analysis of the results was performed using the computer software
SPSS version 22 (SPSS. Co., Ltd., Bangkok, Thailand). All tests were 2 - sides and
difference was considered as statistic significant when P value was less than 0.05.

1. Demographic

The baseline characteristics were performed using mean + standard deviation
(SD) for continuous variables and number of participants (%) for category

variables.
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2. Clinical outcomes

The clinical information on toxicity and response was compared across

genotype by performed Xz or Fisher exact test for categorical variables. In

terms of OR and DCR were expressed as number of participants (%).

Table 5 Statistic method for analyzing data

Hypothesis Variable (¥*) Statistic
1. There are differences in Independent variables XZ or Fisher
treatment response among (category data) exact test
different genotypes of ERCC1 wild type (0)
rs11615, GSTP1 rs1695, and variant heterozygous (1)
CTR1 rs12686377. variant homozygous (2)

Dependent variables

(category data)

responders (0)

non - responders (1)
2. There are differences in Independent variables XZ or Fisher
adverse events among (category data) exact test
different genotypes of ERCC1 wild type (0)
rs11615, GSTP1 rs1695, and variant heterozygous (1)
CTRI1 rs12686377. variant homozygous (2)

Dependent variables

(category data)

not found (0)
grade 1 (1)
grade 2 (2)
grade 3 (3)
grade 4 (4)

(*) The number used instead the variables in statistical analysis.
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PART Il Ethical consideration

In this study, all participants will sign an informed consent form for their
medical information and blood sample collection. This study will be submitted for
approval by the Ethics Committee of the Faculty of Medicine, Chulalongkorn
University and will perform in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki.

Respect for person

Researcher will clearly described the research protocol, involving in benefit
and harm that participants may entail. Participants must be completely independent
to give informed consent and to refuse to participate in the study or to withdraw
consent to participate at any time without reprisal. Data or material identification
must be confidential disclosure in study report and publication.

Beneficence/ non - beneficence

Participants will not receive any direct benefit, but in the future more
information may be enhance efficacy and safety in patients who treated with
platinum - base regimen. In this study, participants may have pain and bruise while
blood sample collected. Participants will not earn any payment, but this trial
supports 300 Baths for travelling expenses.

Justice

In this study, researchers will concern the equality of age, sex and race.
Inclusion and exclusion criteria will be explicit. There are several widely accepted
formulations of just ways to distribute burdens and benefits. Each formulation
mentions some relevant property on the basis of which burdens and benefits should
be distributed. These formulations are (1) to each person an equal share, (2) to each
person according to individual need, (3) to each person according to individual effort,
(4) to each person according to societal contribution, and (5) to each person

according to merit.



CHAPTER IV
RESULTS

PART | Patient characteristics

In this study, 74 participants with advanced NSCLC who met inclusion criteria
were enrolled from KCMH during January to July 2016. Five cases were excluded due
to alteration of performance status contributed to the modification of chemotherapy
regimens in three participants. One of participant was referred to other hospital, and
another one participant was dead prior to receive the treatment. Thus, present study
had 69 participants for evaluation of tumor response, and two participants had

chronic kidney disease (CKD) which could not evaluate for hematological toxicity.

74 participants who received platinum-based regimen were recruited.

3 participants were modified chemotherapy regimen.

A 4

A 4

1 participant was referred to other hospital.

A 4

1 participant was dead before receiving chemotherapy.

\ 4

69 participants were evaluated tumor response and toxicities.

2 participants had CKD.

A 4

67 participants were evaluated hematological toxicity.

Figure 6 Participant enrollment
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Seventy-four participants were included. The proportion of male and female
was nearly equal. Thirty-four participants (45.9%) were male and 40 participants

(54.1%) were female, their mean age was 61.45 + 11.57 years, as shown in Table 6.

Table 6 Participants characteristics

Total number of participants 74

Age (mean + SD) 61.45 + 11.57
Age range (min, max) 28, 87
Characteristic N %
Gender

Male 34 45.9

Female a0 54.1
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When genetic polymorphism at ERCCI rs11615, GSTPI rs1695 and CTRI
rs12686377 were analyzed the genotypic frequency of ERCCI rs11615 as CC, CT and
TT were 52.7%, 39.2%, and 8.1%, respectively. As for GSTP1 rs1695, the frequency of
genotype was found as AA, AG and GG at 55.4%, 39.2% and 5.4%, respectively.
Regarding to CTRI rs12686377, genotypic frequency was found as GG, GT, and TT at
62.2%, 31.1% and 6.8%, as shown in table 7.

Table 7 Genotype frequency

Total number of participants 74

Gene Genotype N %
ERCC1 CcC 39 52.7
cT 29 39.2
T 6 8.1
GSTP1 AA 41 55.4
AG 29 39.2
GG a4 54
CTR1 GG 46 62.2
GT 23 31.1

yTolTe 5 6.8
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Allele frequency of polymorphism at ERCCI rs11615, GSTPI rs1695 and CTR!
rs12686377, ERCCI polymorphism C>T, GSTPI polymorphism A=2G and

polymorphism G=2>T were 27.7%, 25%, and 22.3%, respectively, as shown in Table 8.

Table 8 Allele frequency

Total number of participants 74

Gene Allele 74x2allele Genotype N %  Predicted

N % (HWE)
ERCC1 C 107 723 cC 39 527 38.7
cT 29 39.2 29.6
T 41 27.7 TT 6 8.1 5.7
GSTP1 A 11377,05.0 AA 41 554 41.6

AG 29 39.2 27.8
G 37 25.0 GG 4 54 4.6

CTR1

(@)

115 77.7 GG a6 62.2 aat
GT 23 31.1 25.6
T 33 223 1T 5 638 3.7

As mention earlier, only 69 participants were evaluated for association
between polymorphism and tumor response. Thirty-two participants, or 46.4% were
male and 37 participants (53.6%) were female, average mean age were 61.86 + 11.76
years old. Their average mean body weight was 54.23 + 9.65 kilograms and average
mean body surface area was 1.54 + 0.17 m’. As regard complete blood count
baseline, average hemoglobin was 12.05 + 1.97 ¢/dL, average neutrophil was 5,934.74
+ 3,585.26 cel/mm’ and average platelet was 317.33 + 114.85 x 10° cellVmm”. More
than half of them or 39 participants (56.5%) were 4 cycles of chemotherapy. With
regarding to smoking status, nearly half of all or 28 participants (40.1%) had smoker.
As for histology, almost of them or 61 participants (88.4%) had adenocarcinoma.
Almost all of participants, or 58 participants (84.1%) had clinical stage IV. Nearly all of

participants were in good performance status represented by the ECOG score 0 in 10
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participants or 14.5% and ECOG score 1 (56 participants or 81.2%). In terms of

chemotherapy regimen, the participants received carboplatin with gemcitabine,

paclitaxel, pemetrexed and single agent carboplatin were 31 (44.9%), 24 (34.8%), 9

(13%), and 5 (7.2%), respectively. Characteristic of 69 cases are shown in Table 9-11.

Table 9 Participants characteristics

Total number of participants 69

Characteristic

Mean = SD min, max
Before received chemotherapy
Age (year) 61.86 + 11.76 28, 87
Body weight (kilogram) 54.23 + 9.65 34, 74
Body surface area (m’) 1.54 + 0.17 1.17,1.91
Hemoglobin (g/dL) 12.05 £ 1.97 7.2,17.00
Neutrophil (ceLl/mm3) 5,934.74 + 3,585.26 1,400, 20,420
Platelet (x 10° cell/mm’) 317.33 + 114.85 118, 698
Serum creatinine (mg/dL) 0.84 + 0.32 0.38, 1.84
Table 10 Number of chemotherapy cycle
Total number of participants 69
Characteristic N %
Number of chemotherapy cycle
2 7 10.1
3 6 8.7
a4 39 56.5
5 9 13.0
6 8 11.6




Table 11 Participants characteristics

Total number of participants 69

Characteristic N %
Gender
Male 32 46.4
Female 37 53.6

Smoking Status

Smoker 28 40.1
Non smoker 26 37.7
Second hand smoker 15 21.7
Histology
Adenocarcinoma 61 88.4
Squamous cell carcinoma a4 58
Not specified 2 2.9
Other 2 29

Clinical Stage

B 10 14.5
\Y4 58 84.1
Other 1 1.4

Performance status

ECOG score = 0 10 14.5
ECOG score = 1 56 81.2
ECOG score = 2 3 4.3

Chemotherapy Regimen

Carboplatin/Gemcitabine 31 44.9
Carboplatin/Paclitaxel 24 34.8
Carboplatin/Pemetrexed 9 13.0

Single agent carboplatin 5 7.2
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Genetic polymorphisms of 69 cases were reported in Table 12. Genotypic
frequency at ERCCI rs11615 was CC, CT and TT 50.7%, 40.6%, and 8.7%, respectively.
As for GSTP1 rs1695, the frequency of genotype was found as AA, AG and GG 53.6%,
40.6% and 5.8%, respectively. With regarding to CTRI rs12686377, genotypic
frequency was found as GG, GT, and TT 59.4%, 33.3% and 7.2%.

Table 12 Genotype frequency

Total number of participants 69

Gene Genotype N %
ERCC1 C@ 35 50.7
cT 28 40.6
T 6 8.7
GSTP1 AA 37 53.6
AG 28 40.6
GG q 5.8
CTR1 GG 41 59.4
GT 23 33.3

I 5 7.2
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Treatment responses were presented in Table 13. None of participants had
complete response (CR), whereas 9 participants (13%) had partial response (PR) to
platinum-based chemotherapy. 87% of participants did not response to the
chemotherapy, 42 participants (60.9%) had stable disease (SD), and 18 participants
(26.1%) had progressive disease (PD).

Table 13 Tumor response

Total number of participants 69

Response N %
PR 9 13.0
SD a2 60.9
PD 18 26.1

There was no difference in response rate in each chemotherapy regimens, as
shown in Table 14. Gender, smoking status, histology, clinical stage and performance
status, number of cycles, age, body weight and body surface area, were not

associated with overall response, as shown in Table 15-16.

Table 14 Association between chemotherapy regsimens and overall response

Total number of participants 69

Regimen N Overall response Overall P

CR+PR(%) CR+PR(%) response value

Carboplatin/Gemcitabine 31 2(6.5) 29 (93.5) 5.776 0.123
Carboplatin/Paclitaxel 24 6 (25.0) 18 (75.0)
Carboplatin/Pemetrexed 9 0 (0) 9 (100)

Single agent carboplatin =~ 5 1 (20.0) 4 (80.0)
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Table 15 Association between patients’ characteristic and overall response

Total number of participants 69

Factor N Overall response XZ P

CR+PR(%) SD+PD(%) value Value

Gender 0.708 0.400
Male 32 3(9.9) 29 (90.6)
Fermale 37 6 (16.2) 31 (83.8)
Smoking Status 3.732 0.155
Smoker 26 5(19.2) 21 (80.8)
Non smoker 28 1(3.6) 27 (96.4)
Second hand smoker 5 3 (20.0) 12 (80.0)
Histology 3.835 0.147
Adenocarcinoma 61 6(9.8) 55(90.2)
Squamous cell 4 0 (0) 4 (100)
carcinoma
Other 2 1 (50.0) 1 (50.0)
Clinical Stage 0.625 0.732
1B 10 2 (20.0) 8 (80.0)
\Y, 58 7(12.1) 51(87.9)
Other 1 0(0) 1 (100)
Performance status 1.185 0.553
ECOG score = 0 10 1(10.0) 9 (90.0)
ECOG score = 1 56 7(12.9) 49 (87.5)
ECOG score = 2 3 1(33.3) 2 (66.7)
Number of cycles 3.176  0.529
2 7 0(0) 7 (100)
3 6 0 (0) 6 (100)
4 39 6 (15.4) 33 (84.6)
5 9 1(11.1) 8 (88.9)
6 8 2 (25.0) 6 (75.0)




Table 16 Association between age, body composition and overall response
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Total number of participants 69

2

Factor N Overall response X P
CR+ PR (%) SD+PD (%) value Value
Age 0.708 0.400
< 62 year 32 3(9.4) 29 (90.6)
> 62 year 37 6 (16.2) 31(83.8)
Body weight 0.097 0.756
< 54 kg 34 4(11.8) 30 (88.2)
> 54 kg 35 5(14.3) 30 (85.7)
Body surface area 0.562 0.453
<154m° 31 3(9.7) 28 (90.3)
>154m° 38 6 (15.8) 32 (84.2)

As regard to toxicities, most frequent adverse event found in this study was

anemia (69.6%). Follow by nausea and vomit (58%) and neutropenia (44.9%), other

adverse events were shown in Table 17.

Table 17 Toxicities

Total number of participants 69
Toxicities All grades Grade

N (%) | Il Il \Y
Anemia 48 (69.6) 17 (35.4) 19 (39.6) 12(25.0)
Nausea and vomit 40 (58.0) 15(37.5) 21(52.5) 4(10.0)
Neutropenia 32(47.8) 11(34.4) 11(24.4) 10(31.3)
Peripheral neuropathy 21 (30.4) 14 (66.7) 6(28.6) 1(4.8)
Thrombocytopenia 17(245) 13(76.5) 1(59) 2(11.8) 1(5.9)
Weight loss 11(15.9) 8(72.7) 3(27.3)
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According to the toxicity outcome, no statistical significant difference was
observed between toxicities and chemotherapy regimens.  Also, confounders
involving in gender, smoking status, histology, clinical stage and performance status
was not associated with toxicities. These findings were similar the response to

chemotherapy outcome.

PART Il Association between genetic polymorphisms and treatment responses

For ERCC1, participants with homozygous wild type (CC) had higher rate of
overall response (17.1% vs. 10.7% and 0%) when compared with other genotypes.
While opposite pattern was discovered in GSTPI, participants with homozygous
variant type (GG) tended to have higher response rate. Similar pattern was found in
CTRI polymorphism, higher response rate were found in variant genotype (GT).
However, there was no statistical association between genetic polymorphisms with
treatment response either in overall response rate or disease control rate as

elaborated in Table 18 and 19.

Table 18 Association between genetic polymorphisms and overall responses

Total number of participants 69

Gene Genotype N Overall response XZ value P value

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

ERCC1 CcC 35 6(17.1) 29 (82.9) 1.553 0.460
cT 28 3(10.7) 25(89.3)
6 (100)

-
(@)Y
(@)
S

GSTP1 AA 37 5(13.5) 32(86.5) 0.645 0.724
AG 28 3(10.7) 25(89.8)
GG 4 1 (25.0) 3 (75.0)

CTR1 GG a1 5(12.2) 36 (87.8) 1.159 0.560
GT 23 4(17.4) 19 (82.6)
TT 5 0 (0) 5 (100)
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Table 19 Association between genetic polymorphism and disease control rate

Total number of participants

69

Gene Genotype N Disease control rate XZ value P value
PR+ SD (%) PD (%)
ERCC1 CcC 35  28(80.0) 7 (20.0) 2.542 0.281
cT 28 20(71.4) 8 (28.6)
1T 6 3(50.0) 3(50.0)
GSTP1 AA 37 28(75.7) 9 (24.3) 0.152 0.927
AG 28 20(71.4) 8 (28.6)
GG 4 3 (75.0) 1 (25.0)
CTR1 GG 41 29(70.7) 12(29.3)  0.537 0.765
GT 23 18(78.3) 5(21.7)
T 5 4 (80.0) 1 (20.0)

As in this study, majority of patients (N = 31) received carboplatin and

gemcitabine regimen. This subgroup was analyzed to explore the association

between genetic polymorphisms and between treatment responses. it could be seen

that participants with allele C of ERCCI had more disease control rate than

participants with allele T (P = 0.029), patients with harboring T at ERCCI rs11615 was

a 6.5-fold higher poor prognosis than patients with CC genotypes, 95% confidence

interval (Cl) had between 1.09 and 38.63. In contrast, there was no relationship

between disease control rate and SNPs in GSTPI (P = 0.88) and CTR! (P = 0.50), as

shown in Table 20.



41

Table 20 Association between genetic polymorphism and disease control rate in

patient who received carboplatin/gemcitabine regimen

Total number of participants 31

Gene Genotype N Disease control rate P value Odds 95% Cl

PR+ SD (%) PD (%) Ratio Lower Upper

ERCC1 CcC 15 13(86.7) 2(13.3) 0.029* 1
CT+TT 16 8 (50.0) 8 (50.0) 6.5 1.09  38.63

GSTP1 AA 13 9(69.2) 4(30.8) 0.88 1

AG+GG 18 12(66.7) 6(33.3) 1.125 0.243  5.207
CTR1 GG 19 12(63.2) 7(36.8) 0.50 1
GT+TT 12 9 (75.0) 3(25.0) 0571 0.115 2845

The second most common used chemotherapy regimen in this study was
carboplatin and paclitaxel, 24 participants were given this regimen. However, the
association between genetic polymorphisms was not seen when subgroup analysis

was performing as described in table 21.

Table 21 Association between genetic polymorphism and disease control rate in

patient treated with carboplatin/paclitaxel regimen

Total number of participants 24

Gene Genotype N Disease control rate P value Odds 95% ClI

PR+ SD (%) PD (%) Ratio Lower Upper

ERCC1 cC 12 8 (66.7) 4(33.3) 0.653 1
CT+TT 12 9 (75.0) 3(25.0) 0.667 0.113 3.930

GSTP1 AA 14 9 (64.3) 5(35.7) 0.404 1

AG+GG 10 8 (80.0) 2(20.0) 0.450 0.068 2.998
CTR1 GG 15 10(66.7) 5(33.3) 0.562 1

GT+TT 9 7(77.8) 2(2.2) 0.571 0.085 3.883
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When considering combined genotype (homozygous wild type and variant
genotype) of each gene, it could be seen that there was not statistically significantly
related to each genotype of three genes and disease control rate, as shown in Table

22 - 24.

Table 22 Association between genetic polymorphism and disease control rate in

combined genotype (ERCCI and GSTP1)

Total number of participants 69

allele allele N  Disease control rate P Odds 95% Cl
ERCC1 GSTP1 PR+ SD (%) PD (%) value Ratio Lower Upper
cC AA 17 15(88.2)  2(11.8) 0.237 1

AG + GG 18 13 (72.2) 5(27.8) 2885 0477 17.454

CT+TT AA 20 13 (65.0)  7(35.0) 0.693 1
AG + GG 14 10(71.4)  4(28.6) 0.743 0.169  3.262

Table 23 Association between genetic polymorphism and disease control rate in

combined genotype (ERCCI and CTRI)

Total number of participants 69

allele allele N Disease control rate P Odds 95% Cl
ERCC1 CTR1 PR+ SD (%) PD(%) value Ratio Lower Upper
CcC GG 23 18 (78.3) 5(21.7) 0.722 1

GT+TT 12 10 (83.3) 2 (16.7) 0.720 0.177 4.412

CT+TT GG 18 11 (61.1) 7(38.9) 0.388 1
GT+TT 16 12 (75.0) 4 (25.0) 0.524 0.120 2.292
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Table 24 Association between genetic polymorphism and disease control rate in

combined genotype (GSTP1 and CTRI)

Total number of participants 69

allele allele N Disease control rate P value Odds 95% Cl
GSTP1  CTR1 PR + SD (%) PD (%) Ratio Lower Upper
AA GG 21 15(71.4) 6(28.6) 0.490 1

GT+TT 16 13(81.3) 3(18.8) 0.588 0.120 2.780
GG GG 20 14(70.0) 6(30.00 0.761 1

GT+TT 12 9 (75.0) 3(25.0) 0.778 0.154 3.927

PART Il Effect of genetic polymorphisms and toxicities

The association between genetic polymorphisms and toxicities were
presented in Table 25 - 30. According to the results, the polymorphisms were
negatively correlated with nausea and vomiting, peripheral neuropathy, anemia and
thrombocytopenia. On the contrary, GSTP1 polymorphism was statistically significant
related to neutropenia (P = 0.03), patients with variant genotypes had approximately
2.8-fold higher neutropenia than a AA genotype (95% Cl, 1.033 - 7.614). Similarly,
CTR1 rs12686377 was found to be association with weight loss (P = 0.01).



Table 25 Association between genetic polymorphism and anemia

a4

Total number of participants 67
Gene  Genotype N Anemia XZ P Odds 95% Cl
No Yes  value Value Ratio Lower Upper
(%) (%)
ERCC1 CcC 34 13 21 3.323  0.190 1
(38.2) (61.8)
cT 27 5 22
(18.5)  (81.5)
T 6 1 5
(16.7)  (83.3)
CC+TT 33 6 27 3315 0.069 2786 0906  8.563
(18.2)  (81.8)
GSTP1 AA 38 10 28 2.380 0.304 1
(26.3)  (73.7)
AG 25 9 16
(36.0)  (64.0)
GG a4 0 4
(0) (100)
AG + GG 29 9 20 0.180 0.671 0.794 0.273  2.309
(31.0)  (60.0)
CTR1 GG a1 13 28 0.759 0.684 1
(31.7)  (68.3)
GT 23 5 18
(21.7)  (78.3)
T 3 1 2
(33.3)  (66.7)
GT+TT 26 6 20 0.583 0.445 1548 0.503 4.766
(23.1)  (76.9)
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Table 26 Association between genetic polymorphism and neutropenia

Total number of participants 67
Gene  Genotype N  Neutropenia XZ P Odds 95% ClI
No Yes  value Value Ratio Lower  Upper
(%) (%)
ERCC1 CC 34 17 17 0.199  0.905 1
(50.0) (50.0)
cT 27 15 12
(55.6) (44.4)
T 6 3 3
(50.0) (50.0)
CT+7TT 33 18 15 0.139 0.710 0.833 0319 2176
(54.5) (45.5)
GSTP1 AA 38 24 14 6.751 0.034* 1
(63.2) (36.8)
AG 25 8 17
(32.0) (68.0)
GG a4 B 1
(75.0) (25.0)
AG + GG 29 11 18 4.195 0.041* 2805* 1.033 7614
(37.9) (62.1)
CTR1 GG a1 22 19 0.463 0.793 1
(53.7) (46.3)
GT 23 12 11
(52.2) (47.8)
T 3 1 2
(33.3) (66.7)
GT+TT 26 13 13 0.085 0.770  1.158  0.433  3.097
(50.0) (50.0)




46

Table 27 Association between genetic polymorphism and thrombocytopenia

Total number of participants 67

Gene Genotype N Thrombo- X P Odds 95% Cl
cytopenia value Value Ratio
No Yes Lower Upper

(%) (%)

ERCC1 cC 34 22 12 3.259 0.196 1
(64.7)  (35.3)
cT 21 20 7
(74.1)  (25.9)
T 6 6 0
(100)  (0)
Cr+Tr 33 26 T 1.635 0.201 0.494 0.166 1.470

(78.8) (21.2)

GSTP1 AA 38 25 e 1.522 0.467 1
(65.8) (34.2)
AG 25 (320 5
(80.0)  (20.0)
GG 4 3 1
(75.0)  (25.0)
AG+GG 29 23 6 1.480 0.244 0.502 0.164 1.539

(79.3)  (20.7)

CTR1 GG 41 29 12 2680 0.262 1
(70.7)  (29.3)
GT 23 18 5
(78.3)  (21.7)
1T 3 1 2
(33.3)  (66.7)
GT+TT 26 19 7 0.043 0.836 0.890 0.297  2.667

(73.1)  (26.9)
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Table 28 Association between genetic polymorphism and nausea and vomit

Total number of participants 69
Gene  Genotype N Nausea X2 P Odds 95% Cl
and vomit value Value Ratio
No Yes Lower Upper
(%) (%)
ERCC1 CcC 35 13 22 1.846  0.397 1
(37.1)  (62.9)
cT 28 12 16
42.9) (57.1)
T 6 a4 2
(66.7) (33.3)
CT+7TT 34 16 18 0.696  0.404 0.665 0.254 1.738
@7.1) (52.9)
GSTP1 AA 38 18 20 1.197  0.550 1
@4r.4) (52.6)
AG 27 10 i
(37.0) (63.0)
GG aq 1 3
(25.0) (75.0)
AG+GG 31 11 20 0990 0320 1.636 0.618 4.330
(35.5) (65.4)
CTR1 GG 41 16 25 0.478  0.788 1
(39.0) (61.0)
GT 23 11 12
(478) (52.2)
T 5 2 3
(40.0)  (60.0)
GT+TT 28 13 15 0374 0541 0.738 0.279 1952
(46.4) (53.6)
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Table 29 Association between genetic polymorphism and peripheral neuropathy

Total number of participants 69
Gene Genotype N Peripheral XZ P Odds 95% ClI
neuropathy value Value Ratio
No Yes Lower  Upper
(%) (%)
ERCC1 CC 35 28 7 3921 0.141 1
(80.0)  (20.0)
cT 28 17 11
(60.7)  (39.3)
T 6 3 3
(50.0)  (50.0)
CT+7TT 34 20 14 3.653 0.056 2.800 0957  8.192
(58.8) (41.2)
GSTP1 AA 38 25 155 0.571 0.752 1
(65.8)  (34.2)
AG 27 20 =
(74.1)  (25.9)
GG a4 3 1
(75.0)  (25.0)
AG + GG 31 23 8 0.570  0.450 0.669 0.235  1.906
(74.2)  (25.8)
CTR1 GG 41 30 11 4.287 0.117 1
(73.2)  (26.8)
GT 23 13 10
(56.5)  (43.5)
T 5 5 0
(100) (0)
GT+TT 28 18 10 0.620 0.431 1515 0.537  4.273
(64.3)  (35.7)
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Table 30 Association between genetic polymorphism and weight loss

Total number of participants 69

Gene  Genotype N Weight loss XZ P Odds 95% Cl

No Yes value Value Ratio  Lower Upper

(%) (%)

ERCC1 CcC 35 28 7 1.003  0.605 1
(80.0)  (20.0)
cT 28 25 3
(89.3) (10.7)
1T 6 5 il
(83.3) (16.7)
Cr+Tr 34 30 4 0.873 0350 0533 0.141 2021

(88.2) (11.8)

GSTP1 AA 38 34 1 4.428 0.109 1
(89.5) (10.5)
AG 21 22 5
(81.5) (18.5)
GG a4 2 2
(50.0)  (50.0)
AG+GG 31 24 7 1.851 0.174 2470 0.652 9.421

(77.4)  (22.6)

CTR1 GG 41 30 11 8.937 0.011* 1
(73.2)  (26.8)
GT 23 23 0
(100)  (0)
T 5 5 0
(100) (0
GT+TT 28 28 0 8.937 0.003* N/A N/A N/A

(100)  (0)
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As for severe toxicity, only ERCCI polymorphism was related to severe
neutropenia (P = 0.045), as shown in Table 31. When analyzing participants with
thrombocytopenia at visit 2-3, GSTP1 was statistically significantly associated with
severe thrombocytopenia (P = 0.04), as shown in Table 32. No significant difference

was observed between CTRI polymorphism and any severe toxicity.

Table 31 Association between genetic polymorphism and severe neutropenia

Total number of participants 67

ERCC1 N neutropenia Xz P Odds 95% Cl
Grade 0-2 Grade 3-4  value Value Ratio Lower Upper
(%) (%)
CcC 34 26 (76.5) 8 (23.5) 4.025 0.045% 1
CT+7TT 33 31(93.9) 2(6.1) 0.210 0.041 1.075

Table 32 Association between genetic polymorphism and severe thrombocytopenia

at visit 2-3

Total number of participants 11

GSTP1 N Thrombocytopenia XZ P Odds 95% Cl
Grade 1-2 Grade 3-4  value Value Ratio Lower Upper
(%) (%)
AA 7 7 (100) 0 (0) 11.00 0.004* N/A  N/A N/A
AG 3 3(100) 0 (0)

GG 1 0 (0) 1 (100)
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Toxicities at visit 2-3 shown in Table 33-34, GSTPI polymorphisms were
significantly correlated with neutropenia (P = 0.048), and weight loss (P = 0.007),
participants with variant allele genotype of GSTPI rs1695 (AG + GG) presented 8.88-
fold higher weight loss than whom with homozygous wild type (AA) (P = 0.021, 95%Cl
= 1.007-78.317) Moreover, SNPs in CTRI was found to be associated with weight loss,
homozygous wild type of CTRI (GG) had higher incidence weight loss than variant
genotypes (GT + TT) (P = 0.021, 95%Cl = 0.722-0.953). Whereas there was no
relationship between ERCCI polymorphism and toxicities at visit 2-3.

Table 33 Association between genetic polymorphism and neutropenia at visit 2-3

Total number of participants 67

Gene  Genotype N  Neutropenia XZ P Odds 95% Cl

No Yes value Vvalue  Ratio Lower  Upper

(%) (%)

GSTP1 AA 38 29 ) 6.085 0.048* 1

(76.3) (23.7)

AG 25 13 12
(52.0) (48.0)

GG a4 4 0
(100)  (0)

AG + GG 29 17 12 2393 0122  2.275 0.795  6.509
(58.6) (41.4)
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Table 34 Association between genetic polymorphism and weight loss at visit 2-3

Total number of participants 69
Gene  Genotype N Weight loss XZ P Odds 95% Cl
No Yes value Value Ratio  Lower Upper
(%) (%)
GSTP1 AA 38 37 1 9.969  0.007* 1
(97.4)  (2.6)
AG 21 23 a4
(85.2) (14.8)
GG aq 2 2
(50.0)  (50)
AG+GG 31 25 6 5238 0.022* 8.880* 1.007 78.317
(80.6) (19.4)
CTR1 GG a1 34 7 5320 0.070 1
(73.2)  (26.8)
GT 23 23 0
(1000  (0)
T 5 5 0
(100) (0)
GT+TT 28 28 0 5320 0.021* 0.829* 0.722 0.953

(100)

(0)
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Combined genotypes and toxicities were analyzed, as shown in Table 35 and
36. Concerning genotype of ERCCI and GSTPI, participants with CC genotype of
ERCCI and AG + GG genotype of GSTPI associated with high of risk of neutropenia (P
= 0.039). Participants with this haplotype were 4.4-fold higher incidence of
neutropenia than a CC genotype of ERCCI and AA genotype of GSTPI (95%Cl =
1.041-18.599). In terms of weight loss, Both CC and CT + TT genotypes of ERCCI and
either GG or GT + TT genotype of CTRI showed relationship with weight loss.

Table 35 Association between genetic polymorphism and neutropenia in combined

genotype (ERCCI and GSTPI1)

Total number of participants 67

allele allele N Neutropenia P Odds 95% Cl
ERCC1 GSTP1 No (%) Yes (%) value Ratio Lower Upper
CC AA 18 12(66.7) 6(33.3) 0.039* 1

AG+GG 16 5(31.3) 11(68.8) 4.400* 1.041 18.599
CT+TT AA 20 12(60.0) 8(40.0) 0.435 1

AG+GG 13 6(46.2) 7(53.8) 1.750 0.427 7.171

Table 36 Association between genetic polymorphism and weight loss in combined

genotype (ERCCI and CTRI1)

Total number of participants 69

allele allele N Weight loss P value Odds 95% Cl
ERCC1 CTR1 No (%) Yes (%) Ratio Lower Upper
cC GG 23 16(69.6) 7(30.4) 0.033* 1

GT+TT 12 12(100) 0 (0) N/A N/A N/A
CT+TT GG 18 14 (77.8) 4(22.2) 0.045* 1

GT+TT 16 16(100)  0(0) N/A N/A N/A
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As for genotypes of GSTP!1 and CTRI gene was shown in Table 37,
participants with AG + GG genotype of GSTPI gene and GT + TT of CTRI genes was
found to be correlated with weight loss (P = 0.017). No other significant difference in

toxicities with other genotypes was observed.

Table 37 Association between genetic polymorphism and weight loss in combined

genotype (GSTP1 and CTRI1)

Total number of participants 69

allele allele N Weight loss P value Odds 95% Cl
GSTP1 CTR1 No (%) Yes (%) Ratio Lower Upper
AA GG 22 18(81.8) 4(18.2) 0.071 1

GT+TT 16 16(100) 0(0) N/A  N/A N/A
AG + GG GG 19 12(63.2) 7(36.8) 0.017* 1

GT+TT 12 12(100) 0(0) N/A  N/A N/A
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The Table 38 showed the association between genetic polymorphism and
toxicities in participant who received carboplatin/gemcitabine, the results indicated
that participants carrying at least one T allele in CTRI gene was statistically

significantly related to higher incidence of nausea and vomit (P = 0.014).

Table 38 Association between genetic polymorphism and nausea and vomit in

subgroup analysis of carboplatin/gemcitabine

Total number of participants 31

Gene Allele N Nausea and Xz P Odds 95% Cl
vomit value Vvalue Ratio
No Yes Lower Upper
(%) (%)
CTR1 GG 19 2 Iige 5985 0.014* 1
(10.5)  (89.5)
GT+TT 12 6 6 0.118 0.018 0.749

(50.0)  (50.0)
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Subgroup analysis in carboplatin/paclitaxel regimen was performed was
shown in Table 39 - 40. Allele C of ERCC1 was found to be associated with anemia
(P =0.041). Alike, allele G of CTR1 was correlated with weight loss (P = 0.028).

Table 39 Association between genetic polymorphism and anemia in subgroup

analysis of carboplatin/paclitaxel

Total number of participants 24

Gene Allele N Anemia Xz P Odds 95% Cl

No Yes value Vvalue Ratio Lower Upper

(%) (%)

ERCC1 cC 12 8 q 4.196 0.041* 1
(66.7)  (33.3)
CT+TT 12 3 9 6.000 1.018 35.374

(25.00  (75.0)

Table 40 Association between genetic polymorphism and weight loss in subgroup

analysis of carboplatin/paclitaxel

Total number of participants 24

Gene Allele N Weight loss XZ P Odds 95% Cl

No Yes  value Vvalue Ratio Lower Upper

(%) (%)

CTR1 GG 15 9 6 48 0.028* N/A
(60.0)  (40.0)
GT+TT 9 9 0

(100) (0)
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The participants treated with carboplatin/pemetrexed were presented in
Table 41. Incidence of nausea and vomit symptoms was higher in participants with

allele A of GSTP1 (P = 0.018) and allele G of CTR1 (P = 0.016).

Table 41 Association between genetic polymorphism and nausea and vomit in

subgroup analysis of carboplatin/pemetrexed

Total number of participants 9

Gene Allele N Nausea and vomit XZ P Exact test

No (%) Yes (%) value Value 2sided 1 sided

GSTP1 AA 6 5(833) 1(16.7) 5625 0.018* 0.048*  0.048*
AG+GG 3 0 (0) 3 (100)

CTR1 GG 4 4 (100) 0 (0) 5760 0.016* 0.048*  0.040%
GT+TT 5 1(20.0) 4(80.0)




PART |

1.

CHAPTER V
DISCUSSION AND CONCLUSION

Prevalence of genetic polymorphisms

Prevalence of ERCC1 rs11615

The prevalence of allele C2T was found approximately 30-40% in
Asian population. Ren and colleague demonstrated that allele T frequency in
Chinese patient was made up 40.29% of total.”” Likewise, the frequency of
allele T was accounted for 32.89% of Mongolian advanced NScLC.™ As
regards Caucasian, allele C was minor allele in ERCCI at rs11615. The
frequency of allele T was reported by Mlak and coworker, allele C was
contributed 66.13% to NSCLC patients in Poland, as same as Sullivan and
team revealed 76.1% of allele C in Spain population.[lg’ T Thailand, the
data were alike other Asian population. Kaewbubpa and colleague presented
that the allele frequency in Thai NSCLC patients was found 45% of totalmg],
but our results was found that lower prevalence of allele C2T which

accounted for 27.7%.

Prevalence of GSTP1 rs1695

Previous publications reported the prevalence of allele A= G in

[20, 21, 23] . .
Two studies similarly showed

Asian was around 14% - 32% of total.
frequency of allele G in Thailand. Khansakorn and coworker showed that the
prevalence of allele G was 23.92% to general population, alike Pongteerat
and team reported that allele frequency of G was responsible for 19% of
breast cancer patients.mg’ 1 Allele frequency founded in our study in
advanced NSCLC patients was accounted for 25% which was close to
previous studies and lower prevalence while compared with Caucasian

population which found approximately 35%. (a6, a7]
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3. Prevalence of CTR1 rs12686377

Only one study reported the prevalence of CTRI at rs12686377,
Chinese NSCLC patients was account for 46.3% of allele c=>T1.% According
to our results, the frequency of allele G was found 22.3% which was less than

the earlier research.

PART Il Effect of polymorphisms and treatment responses to platinum-based

chemotherapy

Previous publications reported that ERCCI, GSTP1 and CTRI polymorphisms
contributed to various responses and toxicities to platinum-based chemotherapy in
NSCLC patient. Our study was the first to investigate the effect of GSTPI rs1695 and
CTR1 rs12686377 and treatment response in Thailand. We hypothesized that genetic
polymorphisms were associated with differences in treatment responses. However,
the significant differences in treatment responses among genotypes of ERCC1, GSTP1

and CTR1 could not be seen in this study.

1. Effect of ERCCI polymorphism and treatment response

ERCC1 performs repairing the DNA damage lesion which is influence by
platinum therapy. Inconsistence with the association between chemotherapy
responses and genetic polymorphisms were found in previous studies. Our
negative findings paralleled with Du and colleague which noted that SNPs of
ERCC1 was not related to disease control rate (63.7% vs. 72.9%, P = 0.220, OR
= 0.655, 95%Cl = 0.332-1.290) as same as Huangs’ study represented that
there was no association between genetic polymorphism at rs11615 and
overall response (53.61% vs. 46.39%, P = 0.16, OR = 0.66, 95%Cl = 0.36-

1.23).[18’ > Although not statistically significant, our study revealed similar

direction of treatment response (17.1% vs. 10.7% vs. 0%, Xz = 1553 P =
0.460) concordant with result of Cheng and their team which discovered that

patient with a CC genotype more likely to get better response to platinum-
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based chemotherapy than those another genotypes (35% vs. 12%, X2 =
4.284, P = 0.038) and patients with C/C genotype was found to have a 2.04-
fold higher responses, involving in complete response and partial response (P
= 0.032, 95%Cl = 1.065-3.910), as same as Su and colleague discovered that a
CC genotype appeared to be more responders when compared to patient
with T allele (CT + TT) (76.9% vs. 23.1%, OR = 391, P = 0.012)."" " While
patients with T allele appeared to be higher response rate to platinum
therapy than who had C allele in Zhaos’ study which reported the difference
of response to chemotherapy was 71.84% vs. 28.16% (P = 0.001, OR = 0.50,
95%Cl = 0.32-0.78) similar to results of Sullivan and coworker which reported
that the difference was 83.9% vs. 50% (P= 0.015, OR = 0.11, 95%Cl| = 0.01-
0.66)."" "

Interestingly, our subgroup analysis demonstrated that participants
with allele C of ERCCI who received carboplatin and gemcitabine seemingly
had better disease control rate than participants with allele T (86.7% vs. 50%,
P = 0.029), patients with harboring T at ERCCI rs11615 likely to be a 6.5-fold
poorer prognosis than patients with CC genotypes (95%Cl = 1.09-38.63).

Effect of GSTPI polymorphism and treatment response

GSTP1 gene is the most abundant isoform in lung tissues. That gene
involves in detoxification of platinum agents by phase Il metabolizing process.

We found that genetic polymorphism was not related to response to

platinum-based regimen (13.5% vs. 10.7% vs. 25.0%, X2 = 0.645, P = 0.724).
This finding was consistent with Pillots’ (0% vs. 26%, P = 0.057) and Bootens’
(P = 0.93) reports. They noted that polymorphism of GSTPI at rs1695 was not
significantly associated with responses to platinum-based chemotherapy.[%’ 471
However, these results were opposite with previous studies. Their studies
findings were represented that patients carrying at least one variant allele

correlated with a higher response rates, in terms of CR and PR when

compared with homozygous wild type, which were conducted by Sun and

colleague (P = 0.010, OR = 3.030, 95%CI = 1.282-7.194), Zhou and team (XZ =
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8.013, P = 0.005, OR = 3.961, 95%Cl| = 1.531-10.245) and Han and coworker
(38.6% vs. 50.44% vs. 10.96%, P < 0.05, OR = 2.32; 95%C| = 1.35-3.95 and

2 our finding was contradictory, we found that

5.68; 95%Cl = 1.61-30.46)
homozygous wild type AA had higher response to the treatment.

3. Effect of CTRI polymorphism and treatment response

Platinum agents enter the cell by hCTR1 protein which is encoded by
CTR1 gene. Our finding showed that polymorphism was not related to
differences in both overall response (12.2% vs. 17.4% vs. 0%, X2 = 1.159, P =
0.560) and disease control rate (70.7% vs 78.3% vs 80%, XZ = 0537, P =
0.765) which was opposite to the results from Xu and team which reported
that CTRI rs12686377 probably associated with platinum chemotherapeutic
response in NSCLC patients (13% vs. 29% vs. 7%, P = 0.01).>”

PART Il Effect of polymorphisms and toxicities of platinum-based

chemotherapy

Recent publications discovered that polymorphisms in SNPs of ERCCI
rs11615, GSTP1 rs1695, and CTR1 rs12686377 were related to toxicities of platinum-
based regimen. This was the first study in Thailand which examined whether
polymorphisms of the three genes in advanced NSCLC patient was correlated with
the risk of toxicities from platinum-based regimen or not.

1. Effect of ERCCI polymorphism and toxicities

A number of studies revealed that no association of ERCCI
polymorphism and toxicities in patient treated with platinum-based regimen.
KimCurran and colleague indicated that ERCCI was not statistically
significantly correlated with toxicities in Chinese population (P > O.O5).[521 In
the same way, no significant difference was observed between the risk of
toxicities from chemotherapy and polymorphic genotypes of rs11615, Chen
and team (P > O.OOS).[SB] Our findings were consistent with these reports (P >

0.005).
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2. Effect of GSTPI polymorphism and toxicities

Few publications demonstrated the correlation with toxicities and
SNPs of GSTPI in NSCLC patients. There were discrepancies in previous
studies. Pillot and colleague indicated that polymorphism in GSTP1 were not
related to toxicities after platinum-based chemotherapy (P > 0.05).[461 While
other publications were revealed that genetic polymorphism tended to
associated with hematological toxicities. Deng and team noted significant
difference with GSTP1 rs1695 in anemia (P = 0.046), but inconsistent with our
study, we did not find an association between GSTPI polymorphism and
anemia. These results may be due to different incidence of anemia in two
studies (70% vs. 10%).[20J Whereas Booten and coworker reported that grade
of neutropenia was significant difference in rs1695 genotypes of GSTPI1 gene
(P = 0.020). That result was consistent with current Study.[m We found the
relationship between neutropenia and GSTP1 polymorphism (XZ = 6.751, P =
0.034). Patients carrying at least one variant allele were at approximately
2.805-fold higher risk of neutropenia than those with homozygous wild type
(P =0.041, 95%Cl = 1.033-7.614).

3. Effect of CTR1 polymorphism and toxicities

We did not found the association between CTRI rs12686377 and
other toxicities including nausea and vomiting, peripheral neuropathy, anemia,
neutropenia and thrombocytopenia. Interestingly, we found that weight lost
was associated with CTRI rs12686377 polymorphism. Proportion of patients
with weight lost was higher in whom with GG genotype. Previous researches
reported that decreasing more than 5% of body weight was increased in the
relative risk of death.”" Moreover, the response to chemotherapy was more
likely found in patients who had no change in body Weight.w Although
several factors appeared to have an effect on body weight, but our findings
revealed that polymorphism of rs12686377 at CTR! gene was a one of

determining factors for weight loss in advanced NSCLC patient treated with



63

platinum-based chemotherapy (26.8% vs. 0%, X2 = 8.937, P = 0.003). After

considering baseline characteristics, we found performance status was also

associated with weight loss (P = 0.022). In addition, patients with ECOG score
= 1, weight loss showed a relationship with polymorphic CTRI rs12686377
gene (P = 0.31), homozygous wild type (GG) had higher incidence weight loss

when compared with variant genotype (GT + TT) (26.5% vs. 0%, X2 = 6.939, P

=0.008, OR = 0.735, 95%C| = 0.601-0.900).

Sample size in our study was relatively small (n = 69). Although genetic
polymorphisms of these three genes found in this study were quite common but
number of patients in each genotypes might be too small to generate statistically
differences in term of treatment responses. However, even with small number of
patients, impacts of genetic polymorphisms on some toxicities such as weight loss or
neutropenia can be observed in our study which indicated the importance of genetic
polymorphisms. Further study with larger sample size is needed to gain more
informative conclusion regarding to association between treatment outcomes and

these genetic polymorphisms.

Conclusion

Results from this study indicated that genetic polymorphisms of ERCCI
rs11615, GSTP1 rs1695 and CTR1 rs12686377 in Thai were not uncommon and
possibly explained the variation of platinum-based treatment response. Prevalence
of polymorphisms of ERCCI rs11615, GSTPI rs1695 and CTRI rs12686377genes were
27.7%, 25% and 22.3%, respectively. When only one genetic polymorphism was
taken into account, association with treatment response cannot be seen, while
toxicity in term of neutropenia and weight loss were significantly associated with
GSTP1 and CTRI polymorphisms. Subgroup analysis in patients received carboplatin
and gemcitabine (n = 31) were found association between treatment response and
genetic polymorphisms. Disease control rate in patients with homozygous wild type
ERCC1 (CC) was higher than in whom with variant genes (86.7% vs 50%, P = 0.029).

This finding supported the importance of ERCCI polymorphisms. When combined
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effects of genetic polymorphisms were considered, we could not see the significant
differences regarding to treatment response. However, the differences in toxicities
were strongly associated with genetic polymorphisms. Neutropenia and weight loss
which could lead to dose reduction or unfavorable prognosis were associated with
GSTP1 and CTRI1 polymorphisms. These adverse effects influenced to dose reduction
which can lead to treatment failure. Therefore, genetic polymorphism should be a
one of factors to consider in the selection of proper chemotherapy regimen in

advanced NSCLC patients.

Limitation

Due to a relatively small sample size of this study caused a small number of
patients in each genotype which accounted for under power of statistic testing.
Moreover, most of patients received combination chemotherapy which the effect of
combined drug such as gemcitabine, paclitaxel and pemetrexed can lessen the
impacts of genetic polymorphisms. Future studies with larger sample size and more
homogeneous treatment pattern should be conducted to elucidate the significance
of these genetic polymorphisms on treatment response and toxicity prior to
summarize whether these genetic polymorphisms impact on treatment outcomes or

not.
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APPENDIX A

TMN staging of lung cancer

7th EDITION

Lung Cancer Staging

.

Definitions

Primary Tumor (T)

TX Primary tumor cannot be assessed, or tumor T3 Tumor more than 7 cm or one that directly ANATOMIC STAGE/PROGNOSTIC GROUPS

proven by the presence of malignant cells invades any of the following: parietal | Occult Carcinoma wn W

in sputum or bronchial washings but not pleural (PL3), chest wall (including superior | Stage0 L
visualized by imaging or bronchoscopy sulcus tumors), diaphragm, phrenic nerve, Stage A 0w
10 No evidence of primary tumor mediastinal pleura, parietal pericardium; or - L
=y tumor in the main bronchus less than 2 cm | Stage 18 n_ w
. ‘ distal to the carina’ but without involvement Stage A oW
T1 Tumor 3 cm of less in greatest dimension, of the carina; or associated atelectasis of noow
surtounded by lung or visceral pleura, obstructive pneumonitis of the entire lung or LU
without bronchoscopic evidence of invasion separate tumor nodule(s) in the same lobe l MW
mme;:mxmmllfnﬂl!'-elabalhml't(husl T4 Tumor of any size that invades any of the Stage 18 now
{for example, not in the main bronchus)’ [
p following: mediastinum, heart, great vesseks, Ml N W

T1a Tumor 2 cm of less in greatest dimension rachea, tecurrent laryngeal nerve, esophagus, Soge
T1b Tumor more than 2 cm but 3 cm vertebral body, carina, separate tumor ‘ :
of less in greatest dimension nodule(s) in a different ipsilateral lobe )
T2 Tumor more than 3 cm but 7 cm or less or L)
tumor with any of the following features (T2 N w
:?m":;.)"ﬂ' lemlesa;dassﬁtdzlh Distant Metastasis (M) 0 W
«m of less): involves main bronchus, 2 cm N MO ‘

or more distal to the carina; invades visceral 0T Gt st [ Stage 18 . W
pleura (PLY or PL2); associated with atelectasis M1 Distant metastasis )
ot obstructive pneumonitis that extends to the Mia Separate tumor nodule(s) in a contralateral ® W
hilar region but does not involve the entire lung lobe, tumor with pleural nodules or N w
T2a Tumor more than 3 cm but 5 am malignant pleural (or pericardial) effusion BN W
o less in greatest dimension M1b Distant metastasis (in extrathoracic organs) W
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Table Classified grade of toxicity
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Adverse event Grade  Meaning
Nausea 1 Loss of appetite without alteration in eating
habits
2 Oral intake decreased without significant weight
loss, dehydration or malnutrition
3 Inadequate oral caloric or fluid intake; tube
feeding, TPN, or hospitalization indicated
a /
Vomit 1 1 - 2 episodes (separated by 5 minutes) in 24 hrs.
2 3 - 5 episodes (separated by 5 minutes) in 24 hrs.
3 > 6 episodes (separated by 5 minutes) in 24 hrs,;
tube feeding, TPN or hospitalization indicated
a4 Life-threatening consequences; urgent
intervention indicated
Weight loss 1 5 to <10% from baseline; intervention not
indicated
2 10 - <20% from baseline; nutritional support
indicated
3 > 20% from baseline; tube feeding or TPN

indicated




Table Classified grade of toxicity

Adverse event Grade  Meaning
Neutropenia 1 1,800 - 1,500 cell/mm3
2 < 1,500 - 1,000 cell/mm3
3 < 1,000 - 500 cell/mm3
q < 500 cell/mm3
Anemia 1 12 - 10 g/dL
2 <10.0 - 8.0 g/dL
3 Hgb <8.0 g/dL; transfusion indicated
a4 Life-threatening consequences; urgent
intervention indicated
Thrombocytopenia 1 150,00 - 75,000 cell/mm3
2 <75,000 - 50,000 cell/mm3
3 < 50,000 - 25,000 cell/mm3
4 < 25,000 cell/mm3
Peripheral 1 Asymptomatic; clinical or diagnostic observations
neuropathy only; intervention not indicated
2 Moderate symptoms; limiting instrumental ADL
3 Severe symptoms; limiting self care ADL; assistive
device indicated
a4 Life-threatening consequences; urgent

intervention indicated




APPENDIX C

Data collecting sheet

Table 1. Demographic data
No. Variables Categories Data
1 age (years) cont.
2. | sex (0) = male
(1) = female
3. | smoking history (0) = non smoker
(1) = smoker
(2) = second hand smoker
4. | histological (0) = adenocarcinoma
types (1) = squamous cell carcinoma
(2) = undifferentiated large cell
carcinoma
(3) = other types
5. | family history (0) = unknown
(1) = no

(2)

yes

76
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Table 2. Participants’ status

Variables Unit Before cycle
treatment 2 3 4

1. height cm.
2. weight ke.
3. body surface m’
area
4. performance 0-2
status
5. TMN staging
Table 3. Underlying and current diseases
No. Disease (ICD10) Treatment

1

2

3

a

5
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Table 4. Herbs and supplements

No.

List

Dosage

| R~ VDN

Table 5. Previous cancer treatment

Treatment Categories Date Data
1. Radiation (0) = no
(1) = yes
2. Surgery (0) = no
(1) = yes
Table 6. Current chemotherapy regimen
Medication List Data Dosage (mg)
Cl|C2|C3|Ca4a|C5]|Ceo
1. Platinum (0) = cisplatin
(1) = carboplatin
(2) = oxaliplatin
2. Other CTX. (0) = etoposide
(1) = gemcitabine
(2) = placitaxel

(3)

other




Table 7. Clinical outcomes

Variables status visit

1. treatment response | (0) = CR

(1) = PR

(2) = SD

(3) = PD
2. toxicity (0) = grade 1
2.1 emetic effect (1) = grade 2
2.2 hematological (2) = grade 3
2.3 nephrotoxicity (3) = grade 4
2.4 neurotoxicity (4) = grade 5

3. CEA

79



DATE .ot CHEMOTHERAPY CYCLE ..c.cooveree

1. Weight..ooooiirienee ke 4. NeurologiC SIGN....ccverereeeeeeeeenee
2. BSA.. m’ 5. NaAUSEA ..ottt
3. PS sCOre.nnn. 6. VOMItING .o times

Table 8. Laboratory tests

List Reference unit value

1. Hemoglobin (Hgb) > 10 g/dL
2. Hematocrit (Hct) 37-47 %

3. WBC > 3,000 cell/mL
4. PMN 50 - 60 %

5. ANC > 1,500 cell/mL
6. Platelet > 50,000 cell/mL
7. Serum Creatinine 05-13 mg/dL
8. CrCl > 50 ml/min
9. CEA Pe=b ng/mL
10. BUN 10 - 20 mg/dL

Table 9. Medications

No. Medication Unit Dosage

| NN A~V DN
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APPENDIX D

Information sheet
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APPENDIX E

Consent form
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Incidence of toxicity in each visit

APPENDIX F

Table Incidence of toxicity in each visit

88

Toxicity Visit N %

Anemia 1 0 0
2 31 44.30
3 33 47.83
a4 38 61.29
5 27 48.21
6 9 52.94
7 3 37.50

Neutropenia 1 0 0
2 19 27.54
3 9 13.04
a4 13 20.97
5 7 12.50
6 3 17.65
7 1 12.50

Thrombocytopenia 1 0 0
2 6 8.70
3 7 10.15
4 6 9.68
5 1 1.79
6 3 17.65
7 0 0




Table Incidence of toxicity in each visit

89

Toxicity Visit N %
Nausea and vomit 1 0 0
2 20 28.99
3 16 23.19
4 13 30.65
5 9 16.07
6 a4 23.53
7 2 25.0
Peripheral neuropathy 1 0 0
2 8 11.59
3 12 17.39
aq 14 22.58
5 8 14.28
6 3 17.65
7 0 0
Weight loss 1 0 0
2 5 7.25
3 % 2.90
a4 a4 6.45
5 1 1.79
6 0 0
7 0 0




Table Incidence of hematological toxicity each visit
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Toxicity Visit Grade (%)
| Il Il v

Anemia 1 0 (0) 0 (0) 0 (0) 0 (0)
2 17 (24.64) 9 (13.04) 5(7.25) 0 (0)
3 17 (24.64) 15 (21.74) 1(1.45) 0 (0)
4 15(24.19) 18(29.03) 5 (8.06) 0 (0)
5 10 (17.86) 13 (23.21) 4(7.14) 0 (0)
6 1 (5.88) 6 (35.29) 2 (11.76) 0 (0)
7 2 (25.0) 1 (12.50) 0(0) 0 (0)

Neutropenia 1 0 (0) 0 (0) 0(0) 0 (0)
2 5(7.24) 8(11.59) 6 (8.70) 0 (0)
3 3 (4.35) 4 (5.80) 2 (2.90) 0 (0)
4 6 (9.68) 4 (6.45) 3 (4.84) 0 (0)
5 2 (3.57) 4.(7.14) 1(1.79) 0 (0)
6 1 (5.88) 1 (5.88) 1 (5.88) 0 (0)
7 0 (0) 1(12.5) 0 (0) 0 (0)

Thrombocytopenia 1 0 (0) 0 (0) 0(0) 0 (0)
2 6 (8.70) 0(0) 0(0) 0 (0)
3 6 (8.70) 1(1.45) 0(0) 0 (0)
a4 5 (8.06) 1(1.61) 0(0) 0 (0)
5 1(1.79) 0(0) 0(0) 0 (0)
6 1 (5.88) 0(0) 1 (5.88) 1 (5.88)
7 0 (0) 0 (0) 0(0) 0 (0)




Table Incidence of non-hematological toxicity in each visit
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Toxicity Visit Grade (%)
| Il Il v
Nausea and vomit 1 0 (0) 0 (0) 0 (0) 0 (0)
2 9 (13.04) 9 (13.04) 2(2.90) 0 (0)
3 6 (8.70) 8 (11.59) 2(2.90) 0 (0)
4 5 (8.06) 7(11.29) 1(1.61) 0 (0)
5 4 (7.14) 5(8.93) 0(0) 0 (0)
6 2 (11.76) 2 (11.76) 0(0) 0 (0)
7 1(12.5) 1(12.5) 0(0) 0 (0)
Peripheral 1 0 (0) 0 (0) 0(0) 0 (0)
neuropathy 2 7(10.14) 1(1.45) 0(0) 0 (0)
3 9 (13.04) 2(2.90) 1(1.45) 0 (0)
4 12 (19.35) 1(1.61) 1(1.61) 0 (0)
5 6 (10.71) 2 (3.57) 0(0) 0 (0)
6 2 (11.76) 1(35.19) 0(0) 0 (0)
7 0 (0) 0(0) 0(0) 0 (0)
Weight loss 1 0 (0) 0 (0) 0(0) 0 (0)
2 4 (5.80) 1 (1.45) 0(0) 0 (0)
3 1(1.45) 1(1.45) 0(0) 0 (0)
a4 4 (6.45) 0 (0) 0(0) 0 (0)
5 0 (0) 1(1.79) 0(0) 0 (0)
6 0 (0) 0(0) 0(0) 0 (0)
7 0 (0) 0 (0) 0(0) 0 (0)
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Allelic Discrimination Plot
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