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 Glutathione S-transferase M1 and T1 (GSTM1 and GSTT1) are the enzymes that 
play a key role in the detoxification of a broad range of xenobiotics, including 
chemotherapeutic drugs. The deletion polymorphisms of GSTM1 and GSTT1 genes are 
associated with reduced enzyme activity that could be related to clinical outcomes of 
chemotherapeutic agents in breast cancer. However, they have yielded inconsistent results 
and there is limited information among Thai patients. Therefore, the objective of this 
research is to explore the role of GSTM1, GSTT1 polymorphisms on clinical outcomes 
among Thai patients with breast cancer treated with chemotherapy.  
 The retrospective study was conducted to evaluate the toxicity and survival among 
breast cancer patients with chemotherapy. Fifty six patients who had received complete 
course of anthracycline based chemotherapy were evaluated for hematotoxicity according 
to the CTCAE v3.0. The prevalence of the grades was as follows: 38 anemia (67.90%), 38 
leucopenia (67.90%), 10 neutropenia (17.90%) and 3 thrombocytopenia (5.40%) and grade 
4 hematotoxicity and toxic deaths were not observed in this study. There were no 
significant association between GSTM1 and GSTT1 polymorphisms and hematotoxicity 
(p = 0.36, 0.34, 0.25 and 0.19). With respect to survival study, the frequency of the GSTM1 
and GSTT1 null genotype in 198 breast cancer patients was 65.70% and 33.30%, 
respectively. The statistically significant association between the GSTM1 null genotype 
and the tumor stage was found after adjusted for age at diagnosis alone, progesterone 
receptor status alone and age at diagnosis and progesterone receptor status (P = 0.043, 
0.047, and 0.037). For GSTT1, statistically significant association between the GSTT1 null 
genotype and the tumor size was found (OR = 0.51, 0.03). The overall survival at 1, 3, 5 
years was 95.00%, 83.00%, 71.00% respectively. The log rank test and Cox proportional 
hazards revealed a significant different in the 5-year overall survival according to lymph 
node metastasis and tumor stage (P = 0.014 and P < 0.001). No associations between 
overall survival and GSTM1 or GSTT1 genotype were found in single genotype or 
combined genotypes analyses (P = 0.76, 0.15). This result provided the epidemiological 
and pharmacogenetic information to use in developing treatment guideline and prognostic 
of hematotoxicity and survival of chemotherapy. 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and Rationale 
 Breast cancer is a dangerous tumor that has developed from cells in the 

breast.  Usually breast cancer can starts at the epithelium cells of the lobules and/or the 

the mammary glands ducts and can invade nearby healthy breast tissue, lymph nodes, 

and other distant organs such as liver, bone and brain ( 1- 3) .  Therefore, breast cancer 

can cause a worse quality of life in patients ( 4,5) , a burden to their family, caregivers 

(6,7) and society, including national economic loss (8). 

 Globally, including Thailand breast cancer is the common cancer and one 

of the leading causes of mortality among female (9). In 2018, the GLOBOCAN project 

reported that there were 2,088,849 new cases and 626,679 deaths of breast cancer among 

women worldwide, which were a higher percentage than other types of cancer.  In 

Thailand, according to National Cancer Institute’  s data, breast cancer was the most 

leading cancer among women in 2017 follow by cervix uteri cancer. Mean annual age-

standardized incidence rate is 28.5 per 100,000 in women with breast cancer and 0.5 per 

100,000 in men (10). The overall survival rates at 1, 3 and 5 years were 83.3%, 59.9% 

and 42.9%, respectively (11). 

 To cope with breast cancer, there are many therapeutic methods such as 

chemotherapy, radiotherapy, hormone therapy and targeted therapy which are the 

general treatments.  Chemotherapy is usually used as a therapeutic method as 

neoadjuvant (before surgery of breast cancer) or adjuvant (after surgery of breast 

cancer). In breast cancer treatment, chemotherapy is the leading beneficial therapeutic 

method to stop the proliferation and growth of cancer cell ( 12) .  Unfortunately, many 

studies reports that there were a high incidence of adverse events (13,14). Consequently, 

adverse events may affect to home and work activities, they may interfered in survival 

and quality of life of breast cancer patients ( 15,16) .  However, clinical outcomes to 

chemotherapy is inconstant and cannot be predicted in patients with breast cancer. 



2 
 

Previous research reported that there were a high chemotherapy drugs resistance among 

patients with breast cancer and a risk of toxicity have been frequently occurred after 

chemotherapy treatment ( 17- 21) .  Therefore, the clinical outcomes prediction to 

chemotherapy treatment seem to be significant to successful method.  

 Genetic variations of drug metabolizing enzymes have been revealed to be 

related with the chemotherapy response. Glutathione S-transferase M1 and T1 (GSTM1 

and GSTT1)  are the enzymes that can detoxify the several xenobiotics, including 

chemotherapeutic drugs or their metabolites in human. The deletion polymorphisms of 

GSTM1 and GSTT1 genes are related with reduced enzyme function that may reduce the 

effectiveness of the cytotoxins detoxification created by chemotherapeutic agents in 

breast cancer treatment ( 22) .  Recently, several research indicated that the genetic 

polymorphisms of GSTM1, and GSTT1 provided a stronger scientific data for 

chemotherapy response (23-25). In addition many studies in vitro have showed that the 

expression of GSTM1, and GSTT1 had a crucial relation with chemotherapy resistance 

(26, 27) nevertheless, they have yielded inconsistent results (28-31). 

 Because of the limited information among Thai patients with breast cancer 

and controversial results on the association of GSTM1 and GSTT1 polymorphisms with 

clinical outcomes and toxicity among Thai patients with breast cancer patients treated 

with chemotherapy. Consequently, the objective of our research is to explore the role of 

GSTM1, GSTT1 polymorphisms on clinical outcomes among Thai patients with breast 

cancer. 

 

1.2 Research Questions 
 The research question guiding this study is the following: 

 How does the association between GSTM1 and GSTT1 polymorphisms and 

clinical outcomes among breast cancer patients? 
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1.3 Research Objectives   
 

 General Objective: 

 The objective of this research is to explore the role of GSTM1, GSTT1 

polymorphisms on clinical outcomes among Thai breast cancer patients with 

chemotherapy. 

 

 Specific Objectives: 

1. To determine the association of GSTM1 and GSTT1 polymorphisms with 

hematotoxicity among Thai breast cancer patients with chemotherapy 

2. To determine the association of GSTM1 and GSTT1 polymorphisms with 

survival among Thai breast cancer patients with chemotherapy 

 

 

1.4 Research Hypotheses  
1. GSTM1 and GSTT1 polymorphisms associate with hematotoxicity 

among Thai breast cancer patients with chemotherapy. 

2. GSTM1 and GSTT1 polymorphisms associate with survival among Thai 

breast cancer patients with chemotherapy. 
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1.5 Conceptual Framework 
 

 Independent Variables  Dependent Variables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Individual factors:  

- Age at diagnosis 

 

Clinicopathology 

characteristics: 

 
- Tumor size 

- Lymph node status 

- Tumor stage 

- Tumor grade 

- Hormone receptor 

status 

- HER2 status 

- Ki-67 

- p53 

Survival  

Genetic 
polymorphisms: 

 
- GSTM1  
- GSTT1 

Hematotoxicity 
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1.6 Operational Definitions 
1. Age at diagnosis  

 Age at Diagnosis is the age of the patient at diagnosis ( in number of years) 

determined by calculating the difference between date of birth and date of diagnosis. 

2. Tumor size 

 Size of breast cancer tumor represents the widest points of the breast cancer 

tumor.  It is used to indicate the stage of the breast cancer according to TNM 

classification and it will be estimated in millimeters (mm). According to TNM, tumor 

size can be classified in seven categories as following. 

 TX represents the tumor that can't be measured. 

 T0 represents no any evidence of the primary tumor. 

 Tis represents that the cancer is " in situ"  which is no cancer in the healthy 

breast tissue. 

 T1, T2, T3 and T4 represent the numbers that are depended on the tumor 

size and the extent to which it has grown into adjacent breast tissue.  The T4 shows the 

bigger cancer size and/ or the more it may have grown into the breast tissue more than 

T3, T2 and T1 respectively. 

3. Lymph node status 

 Lymph node status represents to the number of neighboring lymph nodes 

that invaded by cancer. According to TNM classification, lymph node status can be 

classified into five categories including NX, N0, N1, N2 and N3. 

 NX represents tumor in neighboring lymph nodes that cannot be determined. 

 N0 represents no cancer in adjacent lymph nodes. 

 N1, N2 and N3 represents to the number and site of lymph nodes that 

invaded by cancer. N3 shows the higher number and the more lymph nodes that invaded 

by cancer more than N2 and N1 respectively. 

 In this study, lymph node status was categorized into 2 groups including, 

none which mean there is no lymph node metastasis, and present which mean there are 

at least 1 lymph node metastasis. 

4. Tumor stage 

 Based on TNM classification, tumors are classified according to invasive 

tumor size (T), lymph node involvement (N) and distant metastases (M).  
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5. Tumor grade 

 Tumor grade is classified after observed under a microscope based on the 

abnormal of the tumor cells and the tumor tissue.  It can show of how rapidly grow and 

spread of tumor. The general system for a tumor grade is the following as below. 

 GX represents the grade that undetermined 

 G1 represents the well differentiated or low grade 

 G2 represents the moderately differentiated or intermediate grade 

 G3 represents the poorly differentiated or high grade 

 G4 represents the undifferentiated or high grade 

6. Hormone receptor status 

 Estrogen receptor positive (or ER+) cancer refers to breast cancers that have 

estrogen receptors determined by using the immunohistochemistry (IHC).  

Progesterone receptor positive (or PR+) cancer refers to breast cancers that 

have progesterone receptors determined by using the IHC. 

7. Human epidermal growth factor receptor 2 (HER2) status 

 HER2 gene involves in the breast cancer development.  The 

Immunohistochemistry test was used to examine the over express of HER2 protein level 

in tumor cells. The IHC test result can be 0 or negative, 1+ or negative, 2+ or borderline, 

or 3+ or positive (HER2 protein overexpression). 

8. Ki-67  

 The Ki-67 is a superb marker protein for cell growth in human body. It 

occurs while cells in body is in the active stage including G1, S, G2, and mitosis and 

miss while cells in the resting stage or G0 which makes it. Ki-67 as the proliferation 

marker of many tumors because involves in proliferation of cells. In this study, Ki-67 

was classified to + (positive) and - (negative). 

9. p53 

 p53 gene encodes for a tumor protein that operates the cell functions and 

cell cycle by suppression of cancer growth which is very important for multicellular 

organisms to suppress cancer by preventing genome mutation. In this study, p53 was 

classified to + (positive) and - (negative). 
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10. GSTM1, GSTT1 polymorphisms 

 Genotyping of GSTM, GSTT1 were performed using real time PCR and 

classified to GSTM1 present genotype or wild genotype, GSTM1 null, GSTT1 present 

genotype or wild genotype, and GSTT1 null. 

11. Hematotoxicity 

 The chemotherapy toxicity was assessed and graded following to the 

National Cancer Institute Common Terminology Criteria for Adverse Events ( NCI 

CTCAE) Version 3.0. Adverse events attribute to chemotherapy was recorded; consist 

of hematologic toxicities; anemia, leukopenia, neutropenia and thrombocytopenia. 

12. Survival 

 Cumulative 5-year survival and hazard ratios was determined starting from 

the diagnosis date by Cox’s proportional hazard and Kaplan-Meier survival analysis. 

 

 

1.7 Expected Outcomes 
 This research result provided the information to use in developing treatment 

guideline and prognostic of hematotoxicity and survival of chemotherapy and provide 

the basic for the further studies of epidemiological and pharmacogenetic on population 

diversity among Thai breast cancer patients for policy makers. 
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CHAPTER II 

LITERATURE REVIEW 

 

 
 In this part, the literature review provides related information of this 

research including the definitions of breast cancer, the burden situation in Thailand, 

chemotherapy treatment, clinicopathology characteristics, genetic polymorphisms and 

GSTM1, GSTT1 and clinical outcomes and setting in this study. 

 

 

2.1 Breast Cancer 
 Among women worldwide, breast cancer is the common cancer and the 
foremost causes of mortality, including Thailand.  Breast cancer is a tumor that 
originates from cells in the breast; start by cells in the mammary gland or ducts of the 
mammary gland.  It can invade nearby tissue, normal breast cell and metastasis to the 
lymph nodes and other distant organs in the patients; thus, this makes the symptoms 
worse and difficult to treat.  To cope with breast cancer, epidemiological data relate to 
the distribution of breast cancer and risk factors will be useful for planning programs or 
strategies to control breast cancer and as a basis for future research. 
 According to GLOBOCAN report, which collects epidemiological data 
about the importance of cancer in 185 countries throughout the world.  Breast cancer is 
the common cancer and the foremost causes of mortality associated to cancer in women 
worldwide in 2018. The new cases of breast cancer patients were 2,088,849 people. The 
number of people who die from breast cancer was 626,679 and the five-year prevalence 
of breast cancer was 6,232,108 people (36). 
 Globally, not only in developed but also developing countries, breast cancer 
is a crucial public health problem.  In the developing region, the number of new cases 
was 883,000 people, while the developed region was 794,000 people. The incidence of 
breast cancer is different almost four times over the world from 92 per 100,000 
population in North America and 27 per 100,000 population in Africa, the Middle East 
and East Asia (37). 
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 Respect with woman, breast cancer is the most common cancer and the 

leading cause of cancer death, followed by lung cancer and colorectal cancer. However, 

depending on the economic development status, social and life style factors affect to the 

extremely differ over countries and within each county (36).  

 

2.2 Breast Cancer in Thailand 
 With respect to the report from the National Cancer Institute in 2015, cancer 

with the high incidence rate among men were liver and intrahepatic bile ducts cancer, 

trachea, bronchus and lung cancer, and colon and rectum cancer, respectively.  While 

among women, cancer with the highest incidence rate was breast cancer followed by 

liver and intrahepatic bile ducts cancer, cervix uteri cancer and colon and rectum cancer, 

respectively. Among men, incidence rate of breast cancer was very low (0.5 per 100,000 

population)  (38).  Breast cancer had the highest incidence of women at 2015 and is 

expected to remain the highest in 2025 (39). 

 The breast cancer’s incidence rate varied by geography in Thailand.  The 

highest age- standardized incidence rate per year was in the central region ( 33. 9 per 

100,000 population) , followed by the East ( 33. 4 per 100,000 population) , the North 

(32.4 per 100,000 population), South (27.4 per 100,000 population) and the Northeast. 

(19.4 per 100,000 population) , respectively.  In Bangkok, incidence rates standardized 

average age per year was 35. 1 per 100,000 population.  The province with the highest 

incidence rate standardized average age per year was Chonburi ( 36. 0 per 100,000 

population) while Ubon Ratchathani was the lowest incidence rate standardized average 

age per year in Thailand (17.0 per 100,000 population) (38). 

 Considering the age of the women in Thailand, the incidence of breast 

cancer began at 15 years old and increased with increasing age. Among 50-70 years old 

of Thai women, the breast cancer’s incidence rate per year is relatively high and varied 

by regions.  In addition, the study of the distribution of age in breast cancer among the 

population from the register since the 2002- 2011 period, showed that during 10 years, 

the number of breast cancer patients was 7,711 people; in addition, the incidence of 

breast cancer under 40 years old was relatively low ( 4. 13 per 100,000 population) ; in 

contrast, the breast cancer incidence at 40 years old and older was relatively high (39.2 

per 100,000 population) (10). 
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 Respect with the tissue type of breast cancer, the almost tissue type were 

ductal carcinoma ( breast cancer cells caused the cells lining the milk ducts) , follow by 

lobular carcinoma ( cancer cells in the mammary gland that arise from the epithelial 

cells) and other tissue types. Considering the stage of breast cancer, that can be divided 

into three stages; including, the local stage ( cancer cells locate within the breast) , 

regional stage (cancer cells invade to the adjacent lymph nodes in the human body such 

as the axillary lymph nodes) , and distance stage ( cancer cells spread to other organs in 

the body). The breast cancer stage differs across the province in Thailand. The majority 

of breast cancer stage were in the regional stage and there were some patients who do 

not know in any stage (38). 

 

2.3 Breast Cancer Treatment  
 Breast cancer is primarily treated with surgery, either by means of modified 

radical mastectomy, whereby the complete breast is removed, or by means of breast-

conservative surgery, whereby only part of the tissue is removed. In addition, there are 

other therapeutic methods such as radiotherapy, hormone therapy, chemotherapy and 

targeted therapy are the common treatment in breast cancer (40-43).  

 

 Chemotherapy 

 Chemotherapy is the leading  and useful treatment method not only before 

breast cancer surgery (neoadjuvant chemotherapy) but also after breast cancer surgery 

(adjuvant chemotherapy) and it play a crucial role to suppress the proliferation and growth 

of breast cancer cell (12). 
 

 Adjuvant chemotherapy 

 Chemotherapy will be used as an adjuvant treatment ( ATC)  in early stage 

of cancer after primary breast cancer surgery.  Adjuvant cytotoxic chemotherapy 

regimens have developed from single chemotherapy agents to polychemotherapy 

regimens consolidating anthracyclines and/or taxanes. Since predicting usefulness from 

chemotherapy has been more aspiring, adjuvant treatments are guided by some 

predictive factors. Previous studies show the progression to use several parameter gene 
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expression assays that may more accurate to select patients for benefit from adjuvant 

chemotherapy (24, 44, 45). 

 Generally, several reports reveal a high incidence of toxicity of chemotherapy 

(13, 14). Consequently, adverse events may directly interfere home and work life, they 

may involve in quality of life and survival of patients with breast cancer ( 15, 16) . 

However, clinical response, toxicity, and treatment outcome to chemotherapy is differ 

in individual patient and do not predictable the outcomes for breast cancer patients. 

Several studies show that there are a crucial risk of toxicity and higher risk of 

chemotherapy drug resistance in breast cancer patients ( 17- 21) .  Consequently, the 

predictors of clinical response, toxicity, and treatment outcome to chemotherapy could 

be importance for successful individualizing treatment.  

 

 Chemotherapy regimens  

 Chemotherapy drug such as anthracycline-based chemotherapy (epirubicin or 

doxorubicin). In this study, anthracycline-based chemotherapy composes of doxorubicin and 

cyclophosphamide.  

 

 Doxorubicin 

 Doxorubicin was the first anthracycline to be used in clinical practice and 

epirubicin was the 4'- epi- isomer of doxorubicin.  Doxorubicin counteract to DNA by 

inhibits topoisomerase II, consequently, inhibit DNA replication and ultimately, 

interfering with RNA and protein synthesis.  Furthermore, it also produces toxic free-

radical intermediates and involves lipid peroxidation (14). There are many adverse drug 

events of anthracycline; however, cardiotoxicity has been a major concern (14,46). 

 

 Cyclophosphamide 

 The mechanism of action of this agent for anticancer activity is an alkylating 

agent.  The phosphoramide mustard, the active metabolite of cyclophosphsmide, forms 

a highly reactive cyclic aziridinium cation, which can react with the N of the guanine 

and with cytidine from the DNA.  Moreover, its mechanism of action was cell cycle 

independent.  Nevertheless, same as all alkylating agents, quickly proliferating breast 

cancer cells are sensitive to cyclophosphamide. In addition,  another mechanism was an 
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immunosuppressive effect which suppress the natural immune response of cancer 

patients (47, 48). There were several adverse effects of cyclophosphamide administration 

including gastrointestinal side effects. Nausea and vomiting are common adverse effects with 

intermediate and high doses.  Furthermore, there are several toxicities include 

hematologic toxic, cardiac toxic, gonadal toxic, bladder toxic had also been associated 

with cyclophosphamide therapy (48). 

 

2.4 Clinicopathology Characteristics 
 Clinicopathology characteristics include tumor stage, tumor size, lymph 

node status, histological grade, age at diagnosis, human epidermal growth factor 

receptor type 2, Ki-67 status, p53 status, and hormone receptor factors (estrogen 

receptor, and progesterone receptor). 
 

 Tumor stage 

 With respect to TNM classification (49), tumors are classified according to 

the tumor size, lymph node status and distant metastases.  T0 represents no sign of 

primary tumor.  T is stands for carcinoma in situ. It is a pre- invasive cancer where the 

cancer cells are proliferating in an uncontrolled manner but have not invaded through 

the basal membrane into the surrounding normal tissue. T1-3 represents different sizes 

of the tumor and T4 represents a tumor that has grown into the chest wall or involves 

the skin, independently of its size.  Tumor size can be utilized as a significant predictor 

in breast cancer patients for 15-year survival. An increase of tumor size was significantly 

associated with the increasing in breast cancer mortality (50). N0 represents no spread to 

the lymph nodes. N1 tumors have spread to the axillary lymph nodes. Distant metastases 

are denoted by M, where M0 represents no distant metastases and M1 distant metastases. 

Breast cancer can be classified in four main stages based on the TNM classification, but 

the use of this classification varies from country to country and the cancers are sometimes 

referred to as early-  and later- stage breast cancer, or simply node- negative or node 

positive.  
  

 Tumor grade 

 The histological grade of the tumor is based on the evaluation of tubular 

differentiation, nuclear pleomorphism, and mitotic count.  The score of each three 
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morphologic characteristics is in between 1 and 3.  By sum-up the score of each three 

characteristic, the overall histological grade is obtained which have the total score in 

between 3 and 9.  A score of between 3 and 5, between 6 and 7 and between 8 and 9 

denotes a tumor grade 1, grade 2 and grade 3, respectively. The histological grade is 

representative of the aggressiveness of the tumor, grade 1 tumor seem to be less 

aggressive than grade 2 and grade 3 tumors.  To cope with breast cancer, the grade is 

very important to guide for choosing the treatment options in breast cancer patients (51). 

 

 Age at diagnosis 

 Age is a significant risk factor in breast cancer.  The older breast cancer 

patients show less severity of disease than the younger patients. For overall survival and 

breast cancer specific survival, middle- aged patients show higher survival than young 

and elderly patients; however, after adjustments for confounders breast cancer specific 

survival rates are similar to those of young patients. One of the important independent 

predictor for a poor prognosis was an age of 60 years or more (52). 

 

 Human epidermal growth factor receptor type 2 (HER2) 

 In breast cancer, a tyrosine kinase receptor; HER2, can be found to be 

overamplified about 20- 30% .  The patients with breast cancer with HER2 positive 

generally have more severity of disease, higher recurrence rate and mortality rate. It is 

not only a prognostic but also a treatment predictive factor for the response to the 

monoclonal antibody trastuzumab which is the standard treatment of HER2 positive 

breast cancer (53). Lapatinib which has the mechanism of action to inhibit both ErbB1 

(EGFR) and ErbB2 (HER2) receptor tyrosine kinases has been used orally for metastatic 

breast cancer treatment.  In trastuzumab- refractory MBC, Lapatinib can consider to be 

used with an acceptable adverse event profile (54). 

 

 Estrogen receptor (ER) and progesterone receptor (PR) status  

 ER and PR are weak prognostic factors.  In the luminal B HER2 negative 

group, ER-  or PR-negative subgroup indicated the worse prognosis than ER-  and PR-

positive subgroup so the negativity of ER or PR could be considered as prognostic 

marker in luminal B HER2- negative subtype of breast cancer ( 5 5 ) .  They are mainly 
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treatment predictive factors.  Receptor- positive tumors are more sensitive to endocrine 

treatment. Breast cancer patients with ER- or PR-positive subgroup could have the long-

term benefit from adjuvant tamoxifen (56). 

 

2.5 Genetic Polymorphisms  
 Recently pharmacogenomic studies have revealed that the genetic variation can 

influence on chemotherapy response, therefore, giving a scientific basis to optimize the 

chemotherapy treatment for individual patient with breast cancer (19, 57-60). 

 Glutathione S-transferases gene (GSTs) are the member of a superfamily of 

ubiquitous, multifunctional dimeric cytosolic enzymes which function by conjugating 

reactive intermediates with glutathione to produce less reactive water-soluble compounds 

which is the process of human biotransformation Phase II pathway and can protect cell 

damage against a wide array of xenobiotic, chemotherapeutic agents  and carcinogens as 

show in figure 1 (61, 62).  

 In human, GST enzymes have been identified and characterized into eight 

classes based on the homology of sequences and the specificity of substrate. The eight 

classes compose of alpha (α), mu (μ), omega (ω), pi (π), sigma (σ), theta (θ), zeta (ς) 

and kappa Κ (κ). Each classes is encoded by a separate gene or gene family (respectively 

are GSTA, GSTM, GSTO, GSTP, GSTS, GSTT, GSTZ and GSTK genes) (62).  

 There are several studies focus on GSTT1, GSTP1, and GSTM1 showed the 

potential of those genetic polymorphisms to benefit for various diseases (63) including 

breast cancer. It can imply that there is not only an relation between GST polymorphism 

and the breast cancer risk but also the relation between GST polymorphism and 

chemotherapeutic drugs response. GSTs polymorphism may also affect to breast cancer 

risk in certain ethnic groups (28, 64, 65). 
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Figure 2.1 Phase I and phase II xenobiotic metabolism  

Source: https://en.m.wikipedia.org/wiki/File:Xenobiotic_metabolism.png 

 

 Glutathione-S-transferase T1 

 GSTT1 gene is a haplotype- specific and placed at chromosome 22q11. 2 

which translate to enzyme called glutathione S-transferase theta 1 (GSTT1). It is also a 

member of a superfamily of GST that catalyze the conjugation reaction to transform 

glutathione to electrophilic and hydrophobic compounds.  There are many subtypes of 

GSTT such as GSTT1, GSTT2, and GSTT2B. Both GSTT1 and GSTT2/GSTT2B subtypes 

share more than 50%  of amino acid sequence identity which involve in human 

carcinogenesis.  The GSTT1 gene is absent from 38%  of the population and there are 

several transcript variants happen after having the alternative splicing of GSTT1. GSTT1 

gene is a polymorphic and shows two alleles, GSTT1* 1 wild type and the GSTT1*0 

mutant gene or null genotype.  GSTT1 null gene is a non-  functional allele because of 

null genotype or wild type cannot synthesis the GSTT1 enzyme (66). The frequency of 

GSTT1 null genotypes is vary across country in in Asians ( 35- 48% )  Europeans 

(13.31%) and Africans (14-57%) (67-70). 

 

 Glutathione-S-transferase M1 

 The GSTM1 gene is placed at chromosome 1p13. 3.  Interestingly, the fully 

gene is homozygous deleted ( null polymorphism)  cause the complete absence of the 
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GSTM1 enzyme activity varying in the different populations.  There are three 

polymorphisms; GSTM1*0 or null genotype is a deletion variant that results in a lack of 

functional enzyme and the other two polymorphisms are GSTM1a and GSTM1b diverge 

by a Cytosine →  Guanine substitution at base position 534, resulting in a Lysine → 

Asparagine by replacement at amino acid 172 position. With regard to vary ethnicities, 

a wide range of variation in GSTM1 null polymorphism are vary globally approximately 

20- 67%  ( 6 1 ) .  The GSTM1 null alleles distribute mostly in Asians ( 41- 63% )  and 

Europeans (42-60%) followed by Africans (16-36%)(68-70). Therefore the absent of 

functional GSTM1 enzyme, the null allele cannot function efficiently to the 

biotransformation reaction and the succeeding elimination of toxic metabolites by bile 

and urine; subsequently, the accumulation of toxic products in cells will lead to 

carcinogenesis (28,71). 

 

2.6 GSTM1, and GSTT1 and Chemotherapy  
 Several evidences have revealed that drug- metabolizing enzymes function 
an crucial part in therapeutic response variations among in interindividual breast cancer 
patients (72). The glutathione S-transferases (GSTs) are a superfamily of enzyme that 
play a key role in detoxifying by catalyzing the reduction reaction of chemotherapeutic 
drugs or their metabolites by the way of their conjugation with glutathione.  Therefore 
the GSTT1 and GSTM1 genetic polymorphisms could decrease the effectiveness of the 
detoxification of xenobiotics and cytotoxic agents generated by chemotherapeutic drugs 
in the breast cancer treatment ( 22) .  Many research have showed the relation between 
GSTT1 and GSTM1 and overall survival ( OS)  of patients with breast cancer, but they 
have produced inconsistent results (30, 31, 73). For instance, in China, the study aimed 
to determine the function of GSTM1 polymorphism, GSTT1 polymorphism and GSTP1 
IIe105Val polymorphism in the clinical outcome to chemotherapy and survival of breast 
cancer patients found that there is no significant relation of the GSTT1 and GSTP1 
polymorphisms and chemotherapy response and OS in breast cancer patients by using the 
Cox proportional hazard model. The hazard ratio for overall survival (OS) in patients with 
breast cancer harboring the GSTM1 null genotype was 0.57, 95%CI 0.32-0.98 by the non-
null genotype as the reference factors (74).  
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2.7 Setting 
 The National Cancer Institute of Thailand (NCI) is under the Department of 

Medical Services under the Ministry of Public Health.  NCI is accountable for 

technology in cancer treatment include examine, investigate, analyze, develop and 

expand the cancer therapeutic agents. Moreover, provide the training for healthcare 

professionals.  Moreover, this setting is also function for diagnostic and treatment 

services of all cancer types that will help to do research and gain the knowledge for 

coping cancer burden in Thailand. In addition, NCI provides the monograph “Cancer in 

Thailand”, which contains the available up-to-date data on incidence and distribution of 

different cancers starting from the first volume in 1993. Therefore, an up-to-date picture 

of the cancer situation in Thailand will be useful for planning and monitoring cancer 

control strategies as well as for different areas of cancer research in Thailand.  

 NCI is located on Bangkok, center of Thailand, NCI provides many services 

as follows: 

1. Screening cancer risk and cancer in early stage by health check- up 

service. 

2. Diagnosis of curious cancer symptoms for instances; 

- Abnormality in excretion including bleeding or black feces 

- Difficult to swallow, colic, or abdominal distension 

- Gruffness or chronic cough 

- Abnormal leukorrhoea, such as smelling or bleeding 

- Chronic wound 

- Abnormal in wart or mole 

- Cyst in the body part 

- Other curious symptoms  

3. Diagnostic of additional cancer for instance the gastrointestinal endoscopy and 

ultrasound. 

4. Monitor the prospective cancer patients for instance; patients with 

Hepatitis B Virus, patients with Human Papillomavirus, patients with abnormal changes 

in cervical cells. 

5. Treatment of cancer 

6. Hospitalization during and after treatments for instance; 
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- Pain Suppression Clinic 

- Nutrition Clinic 

- Rehabilitation 

 In this research, the association between GSTM1 and GSTT1 

polymorphisms and hematotoxicity and survival was determined among Thai patients 

with breast cancer. This study result provided the epidemiological and pharmacogenetic 

information to future research and policy makers to develop the treatment guideline and 

prognostic of hematotoxicity and survival of chemotherapy.  
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CHAPTER III 

MATERIALS AND METHODS 

 

 
 To investigate the prognostic role of GSTM1, GSTT1 polymorphism in the 

hematotoxicity and survival among Thai patients treated with chemotherapy.  In this 

study, the retrospective study was conducted to evaluate the hematotoxicity and survival 

among breast cancer patients.  

 Therefore, the processes were composed of three parts to find the 

appropriate information as follows: 

 Part 1: Study population 

 Part 2: Data collection 

 Part 3: Data analysis 

 In addition, this chapter provide information of study population, inclusion-

exclusion criteria, genotyping protocol, and ethical consideration as well. 

 

 

Part 1: Study Population 
 To evaluation the hematotoxicity and survival among breast cancer patients 

with chemotherapy, the retrospective cohort study was conducted based on data 

collected from hospital-based cancer registry of the National Cancer Institute, Thailand. 

The registry did regular follow- up of patients by 2 methods:  1)  passive follow up by 

patient revisit to the hospitals they were treated; 2)  checking against the death registry 

of the Ministry of Interior.  

 According to the 638 DNA available samples in this study, the total 

participants recruited in this study are 1 9 8  patients with breast cancer at the National 

Cancer Institute ( NCI) .  We recruited all patients who met in inclusion and exclusion 

criteria which more than the sample size that was calculated in Appendix A. The 

participants were divided in 2 groups; 5 6  participants for evaluating hematotoxicity of 

chemotherapy and 198 participants for evaluating survival as show in Figure 2.  All 
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patients were treated at NCI. The chemotherapy includes anthracycline-based chemotherapy 

consists of cyclophosphamide and doxorubicin.  

 This study was approved by the Ethical Review Committee of Human 

Research, Faculty of Public Health, Mahidol University (protocol number 179/2560) as 

show in Appendix B and the Research Committee of National Cancer Institute (project 

number 195_2017T_OUT525) as show in Appendix C.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1 Flowchart indicating the overall study plan for hematotoxicity and survival 

study 

  

 
638 DNA available samples 

Exclude 440 participants: 
- did not met the criteria  
- toxicity and survival data 

were not available 

 

56 participants were evaluated for 
hematotoxicity. 

 

198 participants were recruited.  

 
Survival of breast cancer patients 

 

198 participants were evaluated for 
survival. 
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 Study population for hematotoxicity study: 

 Breast cancer patients who were admitted and registered in NCI during 

January 1st, 2010 to December 31st, 2011.  

 Inclusion criteria: 

1. Women with age 18 years or older 

2. Newly diagnosis of breast cancer and histologically confirmed 

 Exclusion criteria: 

1. Previously diagnosed of other cancers  

2. Any serious concomitant systemic disorder 

3. Hematotoxicity data did not available 

4. Tissue or blood for genotyping are not available 

 

 Study population for survival study: 

 Breast cancer patients who were admitted and registered in NCI during 

January 1st, 2010 to December 31st, 2011.  

 Inclusion criteria: 

1. Women with age 18 years or older 

2. Newly diagnosis of breast cancer and histologically confirmed 

 Exclusion criteria: 

1. Previously diagnosed of other cancers  

2. Any serious concomitant systemic disorder 

3. Tissue or blood for genotyping are not available 

 

 

Part 2: Data Collection 
 Secondary data were collected. Demographic data and clinicopathology 

characteristics such as tumor size, tumor grade, tumor stage, HER2 receptor, Ki-67 

status, p53 status and hormone receptors were collected from hospital base registry data 

and medical records. 
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 Hematotoxicity 

 Hematotoxicity was assessed and graded according to the National Cancer 

Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) Version 3.0. 

Adverse events attribute to chemotherapy were recorded; consist of, 

- Hematologic toxicities: anemia, leukopenia, neutropenia, and thrombocytopenia 

 All patients were treated with combination chemotherapy containing an 

anthracycline drug; doxorubicin, along with cyclophosphamide. The highest-grade 

hematotoxicity that occurs during the course of treatment of an individual patient was 

used for the analysis. 
 

 Survival  

 Date of death was confirmed by hospital records and the national death 

registry.  Other medical data were available in cancer registry database.  In addition, 

genetic polymorphism data were obtained by real-time PCR after DNA extraction from 

collected participant’s blood or tissue. 

 

Part 3: Data Analysis 
 Descriptive statistics of patients were presented as mean and standard 

deviations for continuous measures, whereas frequencies were used for categorical 

measures.  The power of the study is set at 80 % .  The statistical significance of 

differences in genotype frequencies between participants were estimated by the Chi-

square (2) test. Binary logistic regression was used for all analysis variables to estimate 

risk as odds ratios (ORs) with 95 % confidence intervals (95 % CIs). ORs were adjusted 

for confounding variables like age, tumor stage, tumor grade, hormone receptor and 

HER2 status.  

 In calculating survival, cumulative 5- year survival rates were calculated 

starting from the date of diagnosis. Survival time was determined from cancer diagnosis 

to the end of follow-up, with vital status of alive or dead.  Cases whose vital status was 

unknown at 5 years after diagnosis was assumed to be alive as of the last known date of 

living.  Survival estimated was determined by Kaplan Meier method and differences in 

survival was compared by the log- rank test.  A Cox regression model was used to 
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calculate the hazards ratio of death, take into account the genetic polymorphism of 

GSTM1, and GSTT1 and other factors. 

 All the tests were set at significance level of 95% .  All statistical analysis 

was performed using SPSS version 10 (2007).  
 

 Genotyping Protocol 

 Genetic polymorphism data were obtained by real time PCR after DNA 

extraction from collected participant’s buffy coat or tissue.  
 

 GSTM1 and GSTT1 genotyping by multiplex qualitative real-time PCR 

method 

 The extracted DNA from buffy coat or paraffin embedded samples collected 

from 198 breast cancer patients were kept at - 80oC prior to analysis.  A multiplex 

qualitative real- time PCR method was used to detect the presence or absence of the 

GSTM1 and GSTT1 gene in the genomic DNA samples of the participants.  The assay 

was performed in the StepOnePlus Real-Time PCR System (Applied Biosystems, U.S.A.). 

The Express SYBR Greener qPCR Super Mix Universal (Invitrogen, U.S.A.) was used 

as the master mix.  All primers were ordered from Macrogen, Korea.  Determination of 

the null GSTM1 polymorphism was performed using the following primers 5'-  GAA 

CTC CCT GAA AAG CTA AAG C-3' and 5'- GTT GGG CTC AAA TAT ACG GTG 

G-3', for GSTT1, using primers 5'-TCT CCT TAC TGG TCC TCA CAT CTC-3', 5'-

TCA CCG GAT CAT GGC CAG CA- 3'.  The internal control was performed by the 

human β- globin using primers 5'- AAC TTC ATC CAC GTT CAC C- 3' and 5'- GAA 

GAG CCA AGG ACA GGT AC-3'. The protocol was slightly modified from previous 

study (14), briefly, the reaction mixture (10 µl) was incubated at 95˚C for 10 min prior 

to the PCR for 40 cycles at 95˚C for 10 sec, 58 ˚C for 5 sec and at 72˚C for 10 sec.  The 

amplicons were identified using melting curve analysis, by increasing the temperature 

of the reaction mixtures up to 95°C at a rate of 0. 1°C/ sec, starting at 68°C for 15 sec. 

The fluorescence signal of SYBR green in each reaction was measured at a wavelength 

of 530 nm.  Later, the melting curves were converted to display the first negative 

derivative (−dF/dT) versus the temperature. The amplicons of GSTM1, GSTT1 and β-

globin had melting points of 82. 5 and 87. 5˚C, respectively ( Figure 2) .  DNA of breast 
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cancer patient who has GSTM1+ /GSTT1+ was used as the positive control and DDW 

(UltraPure, Invitrogen, U.S.A.) was used as the negative control. 

 

 Ethical Consideration 

 For ethical consideration, this study protocol was submitted and obtained an 

approval from the Ethical Review Committee of Human Research, Faculty of Public 

Health, Mahidol University (protocol number 179/2560) as show in Appendix A and 

the Research Committee of the National Cancer Institute, Bangkok (project number 

195_2017T_OUT525) as show in Appendix B. The approval had to be obtained in order 

to protect the rights, comfort, and well- being of the participants as research subjects 

before data collection begin.  
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CHAPTER IV 

RESULTS 

 

 
 This chapter presented the results into 2 aspects as follows: 

4.1 Association between hematotoxicity of anthracycline based chemotherapy 

and GSTM1 and GSTT1 polymorphisms 

4.1.1 The distribution for general and clinicopathological 

characteristics of hematotoxicity data 

4.1.2 The distribution of GSTM1 and GSTT1 polymorphisms of 

hematotoxicity data 

4.1.3 Prevalence of hematotoxicity of anthracycline based 

chemotherapy 

4.1.4 Association between GSTM1 and GSTT1 polymorphisms 

and hematotoxicity data 

4.2 Association between survival of patients with breast cancer and GSTM1 

and GSTT1 polymorphisms 

4.2.1 The distribution for general and clinicopathological 

characteristics of survival data 

4.2.2 The distribution of GSTM1 and GSTT1 polymorphisms of 

survival data 

4.2.3 The association between GSTM1 and GSTT1 polymorphisms 

and clinicopathological characteristics 

1) The association between GSTM1 polymorphisms 

and clinicopathological characteristics 

2) The association between GSTT1 polymorphisms 

and clinicopathological characteristics 

4.2.4 Association between overall survival and clinicopathological 

characteristics among invasive ductal carcinoma 
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4.2.5 The Kaplan-Meier curve of overall survival by 

clinicopathological characteristics  

4.2.6 The association between survival and GSTM1 and GSTT1 

polymorphisms 

4.2.7 The Kaplan-Meier curve of overall survival by GSTM1 and 

GSTT1 polymorphisms 

 

 

4.1 Association between hematotoxicity of anthracycline based chemotherapy 

and GSTM1 and GSTT1 polymorphisms 
 

4.1.1 The distribution for general and clinicopathological characteristics of 

hematotoxicity data 

 Among the total participants in this study, there were 56 patients with breast 

cancer with primary invasive ductal carcinoma who had the completed data available 

for hematotoxicity evaluation as show in figure 3. The distribution of general and 

clinicopathological characteristics of 56 patients was shown in Table 4.1.  

 According to the general and clinicopathological characteristics of 

participants at diagnosis, there was 46.40% of participants who were above 50 years 

old, and age between 27 to 75 years old with a median age of 48.50 years. With regards 

to the tumor size, 40.90% of participants had a tumor with diameter 2.5 cm or less, while 

59.10% of participants had a tumor size larger than 2.5 cm. The result showed that 

62.50% of participants had lymph node metastasis. As regard to the tumor grade, there 

were 5.40 %, 33.90 % and 60.70% of participants who had tumor grade I, II, and III 

respectively. For tumor stage, mostly of participants were in stage I and II (67.90 %). 

 About hormone receptors status, participants had 58.90% estrogen receptor 

status positive and 36.40% progesterone receptor status positive. With regards to HER-

2 receptor status, there are 12.70% of participants who had HER-2 receptor positive. 

For the proliferation marker Ki-67 status and tumor suppressor p53 status in this study, 

there were 77.40% and 83.00% respectively. 
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 There were 4 groups with respect to treatment method, in this study, 

composed of participants who treat with chemotherapy alone, chemotherapy with 

hormone, chemotherapy with radiation, and chemotherapy with hormone and radiation 

which were 37.50%, 28.57%, 21.43% and 12.50%, respectively. 

Table 4.1 General and clinicopathological characteristics of hematotoxicity data (N = 56) 

Characteristics No. of patients Percent 

All patients   

 Median age = 48.50 

Range = 27 - 75 

56 100.00 

Age   

 < 50 years 

≥ 50 years 

30 

26 

53.60 

46.40 

Tumor size   

 ≤ 2.5 cm 

>2.5 cm 

18 

26 

40.90 

59.10 

LN metastasis   

 None 

Present 

21 

35 

37.50 

62.50 

Tumor Grade   

 I 

II 

III 

3 

19 

34 

5.40 

33.90 

60.70 

Tumor stage   

 I - II 

III - IV 

38 

18 

67.90 

32.10 

Estrogen receptor   

 Positive 

Negative 

33 

23 

58.90 

41.10 

Progesterone receptor   

 Positive 

Negative 

20 

35 

36.40 

63.60 
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Table 4.1 General and clinicopathological characteristics of hematotoxicity data (N = 56) 

(continued) 

Characteristics No. of patients Percent 

HER2 receptor   

 Positive 

Negative 

7 

48 

12.70 

87.30 

Ki-67   

 Positive 
Negative 

41 
12 

77.40 
22.60 

P53   

 Positive 

Negative 

39 

8 

83.00 

17.00 
 

4.1.2 The distribution of GSTM1 and GSTT1 polymorphisms of 
hematotoxicity data 

 
 The distribution of GSTM1 and GSTT1 polymorphisms 
 From peripheral blood leucocytes, the extracted DNA collected from 56 

breast cancer patients particularly invasive ductal carcinoma were performed in the 
StepOnePlusTM Real-Time PCR model (Applied Biosystems, U.S.A.). The median age 

of participants in this study was 48.50 years. Genotypes and allele distributions of 
GSTM1 and GSTT1 polymorphisms in patients with breast cancer are summarized as 

show in Table 4.2. The frequency of the GSTM1 and GSTT1 null genotype in breast 
cancer patients was 71.43% and 30.36%, respectively observed in this study.   
 

Table 4.2 Genotype and allele frequencies of glutathione S-transferase M1 and T1 genes 
polymorphisms in breast cancer patients for hematotoxicity data (N = 56) 

 

Genotype Frequencies N (%) 

GSTM1 Present 
Null 

16 (28.57) 
40 (71.43) 

GSTT1  Present 
Null 

39 (69.94) 
17 (30.36) 
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4.1.3 Prevalence of hematotoxicity of anthracycline based chemotherapy 

 In this study, all treatment regimen was anthracycline based chemotherapy 

as follows: cyclophosphamide 600 mg/m2 and doxorubicin 60 mg/m2 gave to all patients 

every 21 days, for 4 cycles. Prior each chemotherapy cycle was administered, physical 

examination and a full blood counts were collected. Moreover, renal function and 

hepatic function tests were examined before administered the first cycle of treatment as 

the baseline data as show in appendix A. Particular patients with breast cancer who had 

obtained complete course of chemotherapy were evaluated for hematotoxicity. 

Hematotoxicity was scored every 3 weeks based on the Common Terminology Criteria 

for Adverse Events v3.0 (CTCAE). 

 Respect with all hematotoxicity events that occurred this study, the 

prevalence and grade of hematotoxicity were summarized in Table 4.3. There were total 

214 hematotoxicities (all grade) occurred in this study composed of 115 anemia, 79 

leucopenia, 14 neutropenia and 6 thrombocytopenia. 

 For anemia, grade 1-2 and grade 3-4 toxicity were 110 and 5 events 

respectively and no toxicity was 109 events. 

 For leucopenia, grade 1-2 and grade 3-4 toxicity were 79 and 0 events 

respectively and no toxicity was 145 events. 

 For neutropenia, grade 1-2 and grade 3-4 toxicity were 13 and 1 events 

respectively and no toxicity was 210 events. 

 For thrombocytopenia, grade 1-2 and grade 3-4 toxicity were 6 and 0 events 

respectively and no toxicity was 218 events. 

 

Table 4.3 Prevalence and grade of all hematotoxicity events (N = 224)* 

 

Hematotoxicity N 

(%) 

Total 

No toxicity Grades 1-2 Grades 3-5 All grades 

Anemia 109 (48.67) 110 (49.11) 5 (2.23) 115 (51.34) 

Leucopenia 145 (64.73) 79 (35.27) 0 (0.00) 79 (35.27) 

Neutropenia 210 (93.75) 13 (5.80) 1 (0.45) 14 (6.25) 

Thrombocytopenia 218 (97.32) 6 (2.68) 0 (0.00) 6 (2.68) 

*based on the NCI- CTCAE Version 3.0 
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Respect with the highest-grade hematotoxicity events that occurs while 

individual patients were administer the course of treatment. 

 The result showed that all patients were evaluated for the hematotoxicity 

and were summarized in Table 4.4. Among patients who developed hematotoxicity, the 

prevalence of any grade was as follows: 38 anemia (67.90%), 38 leucopenia (67.90%), 

10 neutropenia (17.90%) and 3 thrombocytopenia (5.40%). 

 According to anemia, the most patients suffered grade1 toxicity (53.6%) 

follow by grade 2 (8.9%) and grade 3 (5.4%); likewise, leucopenia, the most patients 

experienced grade1 toxicity (58.90%) follow by grade 2 (8.9%).  

 In contrast to neutropenia, the most patients suffered grade 2 toxicity 

(12.50%) follow by grade 1 (3.60%) and grade 3 (1.80%). In this study, few patients 

experienced only grade 1 thrombocytopenia (5.40%); furthermore, grade 4 hematotoxicity 

and toxic deaths were not observed in this study. 
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Table 4.4 Prevalence and the highest-grade hematotoxicity events in an individual patient (N = 56)* 

 

Hematotoxicity N (%) Toxicity grade 

No toxicity 1 2 3 4 5 

Anemia 18 (32.10) 30 (53.60) 5 (8.90) 3 (5.40) 0 0 

Leucopenia 18 (32.10) 33 (58.90) 5 (8.90) 0 0 0 

Neutropenia 46 (82.10) 2 (3.60) 7 (12.50) 1 (1.80) 0 0 

Thrombocytopenia 53 (94.60) 3 (5.40) 0 0 0 0 

*based on the NCI- CTCAE Version 3.0 
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 4.1.4 Association between GSTM1 and GSTT1 polymorphisms and 

hematotoxicity data 

 Associations between GSTM1 and GSTT1 polymorphisms and hematotoxicity 

were reported as show in Table 4.5-4.8. There was no significant relation between 

GSTM1 and GSTT1 polymorphisms and hematotoxicity including anemia, leucopenia, 

neutropenia and thrombocytopenia.  

 In table 4.5, patients with breast cancer with GSTM1 present and GSTM1 

null genotype had the same probability of developing anemia in any grade (OR = 1.06, 

95% CI: 0.30-3.69, p = 0.928). On the other hand, patients with breast cancer with 

GSTT1 present genotype had a lower developing anemia risk than GSTT1 null genotype 

although there was no statistical significance difference (OR = 0.55, 95% CI: 0.15-2.01, 

p = 0.362). 

 In table 4.6, patients with breast cancer with GSTM1 present and GSTM1 

null genotype had the same developing leucopenia risk in any grade (OR = 1.06, 95% 

CI: 0.30-3.69, p = 0.928). On the other hand, patients with breast cancer with GSTT1 

present genotype had a higher developing leucopenia risk than GSTT1 null genotype 

although there was no statistical significance difference (OR = 1.78, 95% CI: 0.54-5.87, 

p = 0.339). 

 In table 4.7, patients with breast cancer with GSTM1 present genotype 

had a higher developing neutropenia risk than GSTM1 null genotype (OR = 3.18, 95% 

CI: 0.78-13.07, p = 0.129). Similarly, patients with breast cancer with GSTT1 present 

genotype had a higher developing neutropenia risk than GSTT1 null genotype although 

there was no statistical significance difference (OR = 4.80, 95% CI: 0.56-41.34, p = 

0.253). 

 In table 4.8, patients with breast cancer with GSTM1 present genotype had 

a higher developing thrombocytopenia risk than GSTM1 null genotype (OR = 5.57, 95% 

CI: 0.47-66.33, p = 0.193).  
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Table 4.5 Association among GSTM1, GSTT1 polymorphisms and risk of anemia of 

any grade (grade 1-5 vs no toxicity) (N = 56) 

 

Genotype 
Anemia 

No toxicity Toxicity OR 95% CI P valuea 

GSTM1 

Null 

Present 

 

13 

5 

 

27 

11 

 

reference 

1.059 

 

 

0.304-3.687 

 

 

0.928 

GSTT1 

Null 

Present 

 

4 

14 

 

13 

25 

 

reference 

0.549 

 

 

0.150-2.011 

 

 

0.362 
aP value from Pearson Chi-Square 

 

Table 4.6 Association among GSTM1, GSTT1 polymorphisms and risk of leucopenia 

of any grade (grade 1-5 vs no toxicity) (N = 56) 

 

Genotype 
Leucopenia 

No toxicity Toxicity OR 95% CI P valuea 

GSTM1 

Null 

Present 

 

13 

5 

 

27 

11 

 

reference 

1.059 

 

 

0.304-3.687 

 

 

0.928 

GSTT1 

Null 

Present 

 

7 

11 

 

10 

28 

 

reference 

1.782 

 

 

0.541-5.865 

 

 

0.339 
aP value from Pearson Chi-Square 
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Table 4.7 Association among GSTM1, GSTT1 polymorphisms and risk of neutropenia 

of any grade (grade 1-5 vs no toxicity) (N = 56) 

 

Genotype 
Neutropenia 

No toxicity Toxicity OR 95% CI P valuea 

GSTM1 

Null 

Present 

 

35 

11 

 

5 

5 

 

reference 

3.182 

 

 

0.775-

13.067 

 

 

0.129 

GSTT1 

Null 

Present 

 

16 

30 

 

1 

9 

 

reference 

4.800 

 

 

0.557-

41.341 

 

 

0.253 

aP value from Fisher’s Exact test 

 

Table 4.8 Association among GSTM1, GSTT1 polymorphisms and risk of thrombocytopenia 

of any grade (grade 1-5 vs no toxicity) (N = 56) 

 

Genotype 
Thrombocytopenia 

No toxicity Toxicity OR 95% CI P valuea 

GSTM1 

Null 

Present 

 

39 

14 

 

1 

2 

 

reference 

5.571 

 

 

0.468-

66.325 

 

 

0.193 

GSTT1 

Null 

Present 

 

17 

36 

 

0 

3 

 

- 

 

- 

 

- 

aP value from Fisher’ Exact test  
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4.2 Association between survival of breast cancer patients and GSTM1 and 

GSTT1 polymorphisms 
4.2.1 The distribution for general and clinicopathological characteristics of 

survival data 

 Total participants in this study included 198 patients with breast cancer with 

primary invasive ductal carcinoma who had admitted at the NCI, Thailand between 2011 

and 2013. The distribution of general and clinicopathological characteristics of survival 

data is shown in Table 4.9. On the day of the censored point which was May 31, 2018, 

it was found that 28.80%t of the total patients had died. As of May 2013, the median 

follow-up time was 60.89 months (SD = 19.76) with range 3.50 to 87.40 months.  

 According to the general and clinicopathological characteristics of participants 

at diagnosis, there was 57.00% of participants who were above 50 years old, and age 

between 24 and 84 years old with a median age of 50.50 years (SD = 11.77). With 

regards to the tumor size, 43.43% of participants had a tumor with diameter 2.5 cm or 

less, while 56.57% of participants had a tumor size larger than 2.5 cm. The result showed 

that 55.05% of participants had lymph node metastasis. As regard to the tumor grade, 

there are 6.06%, 48.48% and 45.46% of participants who had tumor grade I, II, and III 

respectively. For tumor stage, mostly of participants were in stage II (56.57%) and stage 

III (34.34%), the number of participants in each stage were shown in table 4.9. 

 About hormone receptors status, participants had 61.11% estrogen receptor 

status positive and 47.47% progesterone receptor status positive. Consider with HER-2 

receptor status, there are 15.66% of participants who had HER-2 receptor positive. For 

the proliferation marker Ki-67 status and tumor suppressor p53 status in this study, the 

frequency of Ki-67 positive and p53 positive were 74.24% and 68.69% respectively. 
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Table 4.9 General and clinicopathological characteristics of survival data (N = 198) 

Characteristics Number Percent 

Total 

Status (at the end of study) 

Dead 

Alive 

198 

 

57 

141 

100.00 

 

28.80 

71.20 

Age at diagnosis (years) 

< 40  

40 - 49  

50 - 59  

≥ 60  

Median = 51.50 SD = 11.77 

Range 24 - 84 years 

 

33 

52 

64 

49 

 

 

16.70 

26.30 

32.30 

24.70 

Tumor size 

≤ 2.5cm  

>2.5cm  

 

86 

112 

 

43.43 

56.57 

LN metastasis 

None 

Present 

 

89 

109 

 

44.95 

55.05 

Tumor grade 

I 

II  

III 

 

12 

96 

90 

 

6.06 

48.48 

45.46 

Tumor stage 

I 

II 

IIA 

IIB 

III 

IIIA 

IIIB 

IV 

 

18 

7 

68 

37 

4 

43 

21 

0 

 

9.10 

3.50 

34.40 

18.70 

2.00 

21.70 

10.60 

0.00 
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Table 4.9 General and clinicopathological characteristics of survival data (N = 198) 

(continued) 

Characteristics Number Percent 

Estrogen receptor 

Positive 

Negative 

Unknow 

 

121 

70 

7 

 

61.11 

35.35 

3.54 

Progesterone receptor 

Positive 

Negative 

Unknow 

 

94 

91 

13 

 

47.47 

45.96 

6.57 

HER-2 receptor 

Positive 

Negative 

Unknow 

 

31 

140 

27 

 

15.66 

70.71 

13.63 

Ki-67  

Positive 

Negative 

Unknow 

 

147 

24 

27 

 

74.24 

12.12 

13.64 

p53  

Positive 

Negative 

Unknow 

 

136 

27 

35 

 

68.69 

13.64 

17.67 

 

4.2.2 The distribution of GSTM1 and GSTT1 polymorphisms of survival 

data 

 From peripheral blood leucocytes collected from 198 breast cancer patients 

particularly invasive ductal, the extracted DNA were analyzed in the StepOnePlusTM 

Real-Time PCR System (Applied Biosystems, U.S.A.). The median age of participants 

in current study was 51.50 years. Among breast cancer patients, genotypes and allele 

distributions of GSTM1 and GSTT1 polymorphisms are summarized as show in Table 

4.10. The GSTM1 and GSTT1 null genotype frequency among breast cancer patients 

was 65.70% and 33.30%, respectively observed in this current study. The frequency of 
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GSTM1present/GSTT1present, GSTM1 present/GSTT1 null, GSTM1null/GSTT1present, 

and GSTM1null/GSTT1null were 22.20%, 12.10%, 44.40%, and 21.20% respectively. 
 

Table 4.10 Genotype and allele frequencies of GSTM1 and GSTT1 genes polymorphisms 

in patients with breast cancer (N = 198) 

Gene Frequencies N (%) 

GSTM1 Present 

Null 

 

68 (34.30) 

130 (65.70) 

 

GSTT1  Present 

Null 

 

132 (66.70) 

66 (33.30) 

 

GSTM1 and GSTT1 combined 

 

GSTM1+/GSTT1+ 

GSTM1+/GSTT1- 

GSTM1-/GSTT1+ 

GSTM1-/GSTT1- 

44 (22.20) 

24 (12.10) 

88 (44.40) 

42 (21.20) 

 

4.2.3 The association between GSTM1 and GSTT1 polymorphisms and 
clinicopathological characteristics 

1) The association between GSTM1 polymorphisms and clinicopathological 
characteristics 
 Among patients with breast cancer to determine the potential role of GSTM1 
null genotype in the breast cancer development and progression, the clinicopathological 
parameters of the breast cancer patients with GSTM1 null genotype and GSTM1 present 
genotype were revealed as show in Table 4.11.  
 The univariate analysis result showed that the association with all 
characteristics was no statistically significant such as the lymph node metastasis, 
histopathological grade, progesterone receptor status, estrogen receptor status, HER2 
receptor, p53 gene status and Ki-67 status. However, breast cancer patients harboring 
GSTM1 null genotype had higher tendency to be in stage III and IV than GSTM1 present 
genotype (OR = 1.85, P = 0.059). 
 Consider with the multivariate analysis, there was significant association 

between clinical stage of the cancer and the GSTM1 null genotype after adjusted for 

progesterone receptor status alone and age at diagnosis alone and simultaneous 
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progesterone receptor status and age at diagnosis (P = 0.043, 0.047, and 0.037) as show 

in Table 4.12.  

 After adjusted for progesterone receptor status and age at diagnosis, the 

result showed that breast cancer patients with stage III and stage IV had about 2-fold 

frequency of GSTM1 null genotype compare with GSTM1 present genotype (OR = 2.09, 

P = 0.037). In contrast, there was no statistically significant association according to the 

other characteristics including the histopathological grade, lymph node metastasis, 

progesterone receptor status, estrogen receptor status, HER-2 receptor, lymph nodes 

status, Ki-67 and p53 gene status. 

 

Table 4.11 Association of GSTM1 polymorphism and clinicopathological characteristics 

in breast cancer patients (N = 198) 

Parameters 
GSTM1 Univariate 

null present OR 95% CI P value 

Age 
< 50 years 
≥ 50 years 

 
60 
70 

 
25 
43 

 
ref 

0.678 

 
 

0.372-1.238 

 
 

0.205 

Tumor size 
 ≤ 2.5cm  
 >2.5cm  

 
61 
69 

 
32 
36 

 
ref 

1.005 

 
 

0.559-1.810 

 
 

0.986 

LN metastasis 
None 
Present 

 
55 
75 

 
34 
34 

 
ref 

1.364 

 
 

0.757-2.458 

 
 

0.301 

Tumor grade 
I 
II 
III 

 
7 
65 
58 

 
5 
31 
32 

 
ref 

1.498 
1.295 

 
 

0.440-5.097 
0.380-4.412 

 
 

0.518 
0.680 

Tumor stage 
I - II 
III - IV 

 
78 
52 

 
50 
18 

 
ref 

1.852 

 
 

0.974-3.522 

 
 

0.059 
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Table 4.11 Association of GSTM1 polymorphism and clinicopathological characteristics 

in breast cancer patients (N = 198) (continued) 

Parameters 
GSTM1 Univariate 

null present OR 95% CI P value 

Estrogen receptor 

Positive 

Negative 

 

79 

48 

 

42 

22 

 

ref 

0.862 

 

 

0.460-1.616 

 

 

0.643 

Progesterone receptor 

Positive 

Negative 

 

63 

61 

 

31 

30 

 

ref 

0.999 

 

 

0.541-1.845 

 

 

0.999 

HER2 receptor 

Positive 

Negative 

 

17 

109 

 

15 

50 

 

1.924 

ref 

 

 

0.890-4.158 

 

 

0.096 

Ki-67  

Positive 

Negative 

 

102 

14 

 

45 

10 

 

1.619 

ref 

 

 

0.669-3.919 

 

 

0.282 

p53  

Positive 

Negative 

 

88 

19 

 

48 

8 

 

ref 

0.772 

 

 

0.315-1.894 

 

 

0.571 

 

Table 4.12 Association of GSTM1 polymorphism and clinicopathological characteristics in 

breast cancer patients: multivariate analysis (N = 198)  

Parameters 
Univariate Multivariate 

OR 95% CI P value OR 95% CI P value 

Stage 

I - II 

III - IV 

 

ref 

1.852 

 

 

0.974-3.522 

 

 

0.059 

 

ref 

1.962 

2.004 

2.092 

 

 

1.023-3.766 

1.010-3.975 

1.047-4.179 

 

 

0.043 a 

0.047 b 

0.037 c 
a Adjusted for age at diagnosis  
b Adjusted for progesterone receptor status 
c Adjusted for age at diagnosis and progesterone receptor 
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2) The association between GSTT1 polymorphism and the clinicopathological 

characteristics  

 To examine the potential function of GSTT1 null genotype in the 

development and progression of breast cancer, the clinicopathological parameters of the 

breast cancer patients with GSTT1 null genotype were compared to the parameters of 

patients that had breast cancer with GSTT1 present genotype as show in Table 4.13.  

 The univariate analysis result revealed that there was statistically significant 

relation of the GSTT1 null genotype and the tumor size (OR = 0.51, P = 0.026). Patients 

with the size of tumor greater than 2.5 cm showed the lower proportion of GSTT1 null 

genotype than GSTT1 present genotype. Furthermore, there was no statistically 

significant association with the other parameters; for example, the histopathological 

grade, lymph node metastasis, progesterone receptor status, estrogen receptor status, 

HER-2 receptor status, lymph nodes status, Ki-67 and p53 gene status.  

 

Table 4.13 Association of GSTT1 polymorphism and clinicopathological characteristics 

in breast cancer patients (N = 198) 

Parameters 
GSTT1 Univariate 

null present OR 95% CI P value 

Age 

< 50 years 

≥ 50 years  

 

26 

40 

 

59 

73 

 

ref 

1.243 

 

 

0.382-2.269 

 

 

0.477 

Tumor size 

≤ 2.5cm  

>2.5cm  

 

36 

30 

 

50 

82 

 

ref 

0.508 

 

 

0.279-0.925 

 

 

0.026 

LN metastasis 

None 

Present 

 

32 

34 

 

57 

75 

 

ref 

0.808 

 

 

0.446-1.461 

 

 

0.479 

Tumor grade 

Grade 1 well diff 

Grade 2 mod diff 

Grade 3 poor diff 

 

4 

31 

31 

 

8 

65 

59 

 

ref 

1.048 

0.952 

 

 

0.293-3.749 

0.265-3.411 

 

 

0.942 

0.939 
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Table 4.13 Association of GSTT1 polymorphism and clinicopathological characteristics in 

breast cancer patients (N = 198) (continued) 

Parameters 
GSTT1 Univariate 

null present OR 95% CI P value 

Tumor stage 

I - II 

III - IV 

 

45 

21 

 

85 

47 

 

ref 

0.844 

 

 

0.450-1.583 

 

 

0.597 

Estrogen receptor 

Positive 

Negative 

 

42 

21 

 

79 

49 

 

ref 

1.241 

 

 

0.658-2.338 

 

 

0.505 

Progesterone receptor 

Positive 

Negative 

 

28 

33 

 

66 

58 

 

ref 

0.746 

 

 

0.403-1.379 

 

 

0.349 

HER-2 receptor 

Positive 

Negative 

 

20 

109 

 

12 

50 

 

1.333 

ref 

 

0.596-2.982 

 

0.483 

Ki-67  

Positive 

Negative 

 

48 

6 

 

99 

18 

 

1.455 

ref 

 

0.543-3.899 

 

0.455 

p53  

Positive 

Negative 

 

46 

7 

 

90 

20 

 

ref 

1.460 

 

 

0.576-3.705 

 

 

0.424 

 

4.2.4 Association of overall survival with clinicopathological characteristics 

among primary invasive ductal carcinoma  

 Cox’s proportional hazard model was employed for checking the effect of 

all prognosis clinicopathological characteristics on overall survival of breast cancer 

patients and to calculate the hazard ratios of all characteristics. Associations between 

overall survival and prognosis clinicopathological characteristics was showed in Table 

4.13. Among total, 57 deaths were determined in this study participants of 198 breast 

cancer patients. The probability of overall survival at 1, 3, 5 years was 0.95, 0.83, 0.71 

respectively. After analyzing by the log rank test and Cox’s proportional hazards model, 
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the results showed a significant different in the probability of overall survival at 5 years 

according to lymph node status and stage of tumor (P = 0.014 and P < 0.001). 

 Patients without lymph node involvement had better 5 years overall survival 

probability than patients with lymph node involvement (P = 0.014). The probability of 

survival at 5 years among patients without lymph node involvement and patients with 

lymph node status were 0.83 and 0.67, respectively. Moreover, after analyzing with 

Cox’s proportional hazard, patients with lymph node involvement had around 2-fold-

higher risk of death compared with patients without lymph node involvement (HR = 

2.105, 95% CI = 1.148 - 3.859, P = 0.016) as show in Table 4.14. 

 According to early-stage tumor (stage I and II) patients had greater overall 

survival probability at 5 years than patients with advanced-stage tumor (stage III and 

stage IV) (P < 0.001). The probability of survival at 5 years among patients with early-

stage tumor and patients with advanced-stage tumor were 0.80 and 0.56, respectively. 

Moreover, after analyzing with Cox’s proportional hazard, patients with advanced-stage 

tumor had nearly 3-fold-increased risk of death compared with patients with early-stage 

tumor (HR = 2.782, 95% CI = 1.587 - 4.875, P < 0.001). 

 With respect with p53 status, patients with p53 status positive had tendency 

better overall survival probability at 5 years than patients with p53 status negative 

although, there was no statistical significance different (P = 0.052). The 5 years 

probability of survival among patients with p53 status positive and patients with p53 

status negative were 0.75 and 0.54, respectively. Moreover, after analyzing with Cox’s 

proportional hazard, patients with p53 status negative had an almost 2-fold-increased 

risk of death compared with patients with p53 status positive although, there was no 

statistical significance different (HR = 1.960, 95% CI = 0.981 - 3.913, P = 0.057). 

 Furthermore, no significant association between survival probability at 5 

years and other characteristics such as age at diagnosis, tumor grade, tumor size, 

progesterone receptor status, estrogen receptor status, HER2 receptor status, Ki-67 and 

p53 status. 
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Table 4.14 Overall survival probability at 5 years by clinicopathological characteristics 

(N = 198) 

Characteristics 
No. 

of patients 

No. 

of deaths 

Probability of 

survival at 5 

years 

P valuea 

All patients 198 57 0.71 - 

Age 

< 50 years 

≥ 50 years 

 

74 

101 

 

21 

29 

 

0.72 

0.75 

 

 

0.830 

Tumor size 

≤ 2.5cm  

>2.5cm  

 

72 

103 

 

15 

35 

 

0.79 

0.66 

 

 

0.142 

LN metastasis 

None 

Present 

 

77 

98 

 

15 

35 

 

0.83 

0.67 

 

 

0.014 

Tumor gTrade 

I 

II - III 

 

10 

161 

 

1 

49 

 

0.90 

0.72 

 

 

0.170 

Tumor stage 

I - II 

III - IV 

 

112 

63 

 

22 

28 

 

0.80 

0.56 

 

 

<0.001 

Estrogen receptor 

Positive 

Negative 

 

111 

60 

 

28 

21 

 

0.75 

0.65 

 

 

0.123 

Progesterone 

receptor 

Positive 

Negative 

 

85 

80 

 

23 

24 

 

0.73 

0.70 

 

 

0.561 

HER-2 receptor 

Positive 

Negative 

 

28 

142 

 

10 

38 

 

0.64 

0.76 

 

 

0.288 
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Table 4.14 Overall survival probability at 5 years by clinicopathological characteristics 

(N = 198) (continued) 

 

Characteristics 
No. 

of patients 

No. 

of deaths 

Probability of 

survival at 5 

years 

P valuea 

p53  

Positive 

Negative 

 

119 

24 

 

30 

11 

 

0.75 

0.54 

 

 

0.052 

 

Ki-67  

Positive 

Negative 

 

130 

23 

 

37 

5 

 

0.72 

0.78 

 

 

0.560 
a P values from the log rank test 
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Table 4.15 Unadjusted hazard ratios by clinicopathological characteristics (N = 198) 

 

Characteristics 
Unadjusted HRa 

(95% CI) 
P value 

Age 

< 50 years 

≥ 50 years 

 

reference 

1.064 (0.606-1.865) 

 

 

0.830 

Tumor size 

≤ 2.5cm  

>2.5cm  

 

reference 

1.769 (0.966-3.240) 

 

 

0.065 

LN metastasis 

None 

Present 

 

reference 

2.105 (1.148-3.859) 

 

 

0.016 

Tumor grade 

I 

II - III 

 

reference 

3.651 (0.504-26.450) 

 

 

0.200 

Tumor stage 

I - II 

III - IV 

 

reference 

2.782 (1.587-4.875) 

 

 

<0.001 

Estrogen receptor 

Positive 

Negative 

 

reference 

1.558 (0.883-2.746) 

 

 

0.126 
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Table 4.15 Unadjusted hazard ratios by clinicopathological characteristics (N = 198) 

(continued) 

 

Characteristics 
Unadjusted HRa 

(95% CI) 
P value 

Progesterone receptor 

Positive 

Negative 

 

Ref. 

1.185 (0.668-2.103) 

 

 

0.562 

HER-2 receptor 

Positive 

Negative 

 

1.456 (0.725-2.925) 

Ref. 

 

 

0.291 

Ki-67  

Positive 

Negative 

 

1.319 (0.518-3.358) 

Ref. 

 

 

0.561 

p53  

Positive 

Negative 

 

Ref. 

1.960 (0.981-3.913) 

 

 

0.057 
a HRs from a Cox’ s proportional hazards model 
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4.2.5 The Kaplan-Meier curve of 5 years overall survival by 

clinicopathological characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 Kaplan-Meier curve of 5 years overall survival by age at diagnosis 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

age (< 50 years and ≥ 50 years). The median survival time could not observe because 

the 5 years overall survival was more than 50%. The 5 years overall survival among 

patients with breast cancer aged below 50 years and those 50 years and older were 72% 

and 71% respectively. The Kaplan-Maier curves for breast cancer patients aged below 

50 years and those 50 years and older were very close and did not differ significantly 

(HR = 1.064, p = 0.830).  
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Figure 4.2 Kaplan-Meier curve of 5 years overall survival by lymph node metastasis 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

lymph node metastasis (none and present). The median survival time could not observe 

because the 5 years overall survival was more than 50%. The 5 years overall survival 

among breast cancer patients who were none and present lymph node metastasis were 

83% and 67% respectively. The Kaplan-Maier curves for breast cancer patients who 

were none and present lymph node metastasis was significantly different (HR = 2.105, 

p = 0.016). The result showed that patients without lymph node metastasis had relatively 

better survival chance compared with patients with lymph node metastasis. 
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Figure 4.3 Kaplan-Meier curve of 5 years overall survival by tumor size 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

tumor size (≤ 2.5 cm and > 2.5 cm). The median survival time could not observe because 

the 5 years overall survival was more than 50%. The 5 years overall survival among 

patients with breast cancer aged below 50 years and those 50 years and older were 79% 

and 66% respectively. The Kaplan-Maier curves for breast cancer patients who had 

tumor size ≤ 2.5 cm and > 2.5 cm was significantly different. (HR = 1.769, p = 0.065). The 

curves showed that patients with tumor size ≤ 2.5 cm had relatively better survival 

chance compared with patient with tumor size > 2.5 cm.   
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Figure 4.4 Kaplan-Meier curve of 5 years overall survival by tumor grade 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

tumor grade (I and II - III). The median survival time could not observe because the 5 

years overall survival was more than 50%. The 5 years overall survival among breast 

cancer patients with tumor grade I and tumor grade II-III were 90% and 72% 

respectively. The Kaplan-Maier curves showed that patients with tumor grade I had 

relatively better survival chance compared with patient with tumor grade II - III but the 

different did not significantly different (HR = 3.651, p = 0.200). 
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Figure 4.5 Kaplan-Meier curve of 5 years overall survival by tumor stage 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

tumor stage (early-stage tumor and advance-stage tumor). The median survival time 

could not observe because the 5 years overall survival was more than 50%. The 5 years 

overall survival among breast cancer patients with tumor stage I - II (early-stage tumor) 

and stage III - IV (advance-stage tumor) were 80% and 56% respectively. The Kaplan-

Maier curves for breast cancer patients who had early-stage tumor and advance-stage 

tumor was significantly different. (HR = 2.782, p < 0.001). The result show that patients 

with early-stage tumor had relatively better survival chance compared with patient with 

advance-stage tumor.  
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Figure 4.6 Kaplan-Meier curve of 5 years overall survival by estrogen receptor status 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

estrogen receptor status (positive and negative). The median survival time could not 

observe because the 5 years overall survival was more than 50%. The 5 years overall 

survival among breast cancer patients with estrogen receptor positive and estrogen 

receptor tumor negative were 75% and 65% respectively. The Kaplan-Maier curves 

showed that patients with estrogen receptor positive had relatively better survival chance 

compared with patient with estrogen receptor negative but the different did not 

significantly different (HR = 1.558, p = 0.126). 
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Figure 4.7 Kaplan-Meier curve of 5 years overall survival by progesterone receptor 

status 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

progesterone receptor status (positive and negative). The median survival time could not 

observe because the 5 years overall survival was more than 50%. The 5 years overall 

survival among patients with breast cancer with positive progesterone receptor status 

and progesterone receptor status negative were 73% and 70% respectively. The Kaplan-

Maier curves showed that patients with positive progesterone receptor status had rather 

same survival chance compared with patient with negative progesterone receptor status 

but the different did not significantly different (HR = 1.185, p = 0.562). 
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Figure 4.8 Kaplan-Meier curve of 5 years overall survival by HER2 receptor status 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

progesterone receptor status (positive and negative). The median survival time could not 

observe because the 5 years overall survival was more than 50%. The 5 years overall 

survival among breast cancer patients with positive HER2 receptor status and negative 

HER2 receptor status were 64% and 76% respectively. The Kaplan-Maier curves 

showed that patients with negative HER-2 receptor status had a bit relatively better 

survival chance compared with patient with positive HER-2 receptor status but the 

different did not significantly different (HR = 1.456, p = 0.291). 
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Figure 4.9 Kaplan-Meier curve of 5 years overall survival by Ki-67 status 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

Ki-67 status (positive and negative). The median survival time could not observe 

because the 5 years overall survival was more than 50%. The 5 years overall survival 

among breast cancer patients with positive Ki-67 status and negative Ki-67 status were 

72% and 78% respectively. The Kaplan-Maier curves showed that patients with positive 

Ki-67 status had relatively same survival chance compared with negative Ki-67 status 

(HR = 1.319, p = 0.561). 
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Figure 4.10 Kaplan-Meier curve of 5 years overall survival by p53 status  
 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

p53 status (positive and negative). The median survival time could not observe because 

the 5 years overall survival was more than 50%. The 5 years overall survival among 

breast cancer patients with positive p53 status and negative p53 status were 75% and 

54% respectively. The Kaplan-Maier curves showed that patients with positive p53 

status had a relatively better survival chance compared with patient with negative p53 

status but the different did not significantly different (HR = 1.960, p = 0.057). 
 

4.2.6 The association between survival and GSTM1 and GSTT1 

polymorphisms 

 In table 4.16 and 4.17, there was no relations of overall survival and GSTM1 

or GSTT1 genotype in single genotype or combined genotypes analyses.  

 Regard with GSTM1 polymorphisms, breast cancer patients with GSTM1 

null genotype and patients with GSTM1 present genotype appeared to have almost the 

same survival. The probability of survival at 5 years among GSTM1 null genotype and 
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GSTM1 present genotype were 0.71 and 0.73 respectively (P value = 0.760). Likewise, 

after Cox’s proportional hazard analyzing, comparison of patients harboring GSTM1 

null genotype and patients harboring GSTM1 present genotype had same risk of death 

(HR = 1.097, 95% CI = 0.605 - 1.987, P = 0.761).  

Regard with GSTT1 polymorphisms, breast cancer patients who had GSTT1 

null genotype showed the improved survival compared with patients who had GSTT1 

present genotype. The probability of survival at 5 years among GSTT1 null genotype 

and GSTT1 present genotype were 0.78 and 0.68 respectively. This statistically 

insignificant difference (P = 0.151) was maybe because of the limited number of patients 

with the null genotype (n = 59). However, after Cox’s proportional hazard analyzing, 

patients harboring GSTT1 null genotype had a lower risk of death compared with 

patients harboring GSTT1 present genotype (HR = 0.632, 95% CI = 0.336 - 1.189, P = 

0.154). 

 With respect to combined genotypes analyses, the probability of survival at 

5 years among patients with GSTM1+/GSTT1+, GSTM1+/GSTT1-, GSTM1-/GSTT1+ 

and GSTM1-/GSTT1- were 0.72, 0.80, 0.69 and 0.81, respectively. This statistically 

insignificant difference (P = 0.459) was maybe because of the limited number of patients 

in this current study. Moreover, after Cox’s proportional hazard analyzing, the hazard 

ratios among patients with GSTM1+/GSTT1+, GSTM1+ /GSTT1-, GSTM1-/GSTT1+ 

compared with GSTM1-/GSTT1- were 1.481, 1.220 and 1.838 respectively nevertheless, 

there was no statistically significant difference (P = 0.398, 0.696, 0.132). Patients with 

both present genotypes had a greater risk of death compared with patients with both null 

genotypes (HR = 1.481, 95% CI = 0.595 - 3.681, P = 0.398), likewise, patients with 

GSTM1-/GSTT1+ had a greater risk of death compared with patients with both null 

genotypes (HR = 1.838, 95% CI = 0.832 - 4.063, P = 0.132). 

 Moreover, in this study, the Cox’s proportional hazard ratio was analyzed 

and calculated for adjusted hazard ratios as show in Table 4.18 and 4.19.  

 After adjusted for tumor grade and progesterone receptor status, patients 

harboring GSTT1 null genotype had a lower risk of death compared with patients with 

GSTT1 present genotype (HR = 0.630 and 0.612) nevertheless, there was no statistically 

significant difference (P = 0.152 and 0.143). 

With respect to combined genotypes analyses, after adjusted for progesterone 

receptor status, the hazard ratios among patients with GSTM1+/GSTT1+, GSTM1+ 
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/GSTT1-, GSTM1-/GSTT1+ compared with GSTM1-/GSTT1- were 1.837, 1.653 and 2.018 

respectively nevertheless, there was no statistically significant difference (P = 0.209, 

0.393, 0.104). Patients with both present genotypes had a greater risk of death compared 

with patients with both null genotypes (HR = 1.837, 95% CI = 0.712 - 4.743, P = 0.209), 

likewise, patients with GSTM1-/GSTT1+ had a greater risk of death compared with 

patients with both null genotypes (HR = 2.018, 95% CI = 0.866 - 4.698, P = 0.104). 

 

Table 4.16 Overall survival at 5 years by GSTM1 and GSTT1 polymorphisms (N = 198) 

 

Genotype 
No. 

of patients 

No. 

of deaths 

Probability of 

survival at 5 

years 

P valuea 

GSTM1 

Present 

Null 

 

59 

116 

 

16 

34 

 

0.73 

0.71 

 

 

0.760 

GSTT1 

Present 

Null 

 

116 

59 

 

37 

13 

 

0.68 

0.78 

 

 

0.151 

GSTM1 and GSTT1 

combined 

GSTM1+/GSTT1+ 

GSTM1+/GSTT1- 

GSTM1-/GSTT1+ 

GSTM1-/GSTT1- 

 

39 

20 

77 

39 

 

11 

5 

26 

8 

 

0.72 

0.80 

0.69 

0.81 

 

 

0.459 

a P values from the log rank test 
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Table 4.17 Unadjusted hazard ratios by GSTM1 and GSTT1 polymorphisms (N = 198) 

 

Genotype 
Unadjusted HRa 

(95% CI) 
P value 

GSTM1 

Present 

Null 

 

reference 

1.097 (0.605-1.987) 

 

 

0.761 

GSTT1 

Present 

Null 

 

reference 

0.632 (0.336-1.189) 

 

 

0.154 

GSTM1 and GSTT1 combined 

GSTM1+/GSTT1+ 

GSTM1+/GSTT1- 

GSTM1-/GSTT1+ 

GSTM1-/GSTT1- 

 

1.481 (0.595-3.681) 

1.250 (0.409-3.822) 

1.838 (0.832-4.063) 

reference 

 

0.398 

0.696 

0.132 

reference 
a HRs from a Cox’ s proportional hazards model 

 

 

 

Table 4.18 Adjusted hazard ratios by GSTT1 polymorphisms (N = 198) 

 

Genotype 
Adjusted HRa 

(95% CI) 
P value 

Adjusted HRb 

(95% CI) 
P value 

GSTT1 

Present 

Null 

 

reference 

0.630 

(0.335-1.186) 

 

 

0.152 

 

 

reference 

0.612 

(0.318-1.180) 

 

 

0.143 

a adjusted for tumor grade 
b adjusted for progesterone receptor status 
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Table 4.19 Adjusted hazard ratios by GSTM1 and GSTT1 combined polymorphisms (N 

= 198) 

 

Genotype 
Adjusted HRb 

(95% CI) 
P value 

GSTM1 and GSTT1 combined 

GSTM1+/GSTT1+ 

 

GSTM1+/GSTT1- 

 

GSTM1-/GSTT1+ 

 

 GSTM1-/GSTT1- 

 

1.837 

(0.712-4.743) 

1.653 

(0.521-5.539) 

2.018 

(0.866-4.698) 

reference 

 

0.209 

 

0.393 

 

0.104 

 

b adjusted for progesterone receptor status 
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4.2.7 The Kaplan-Meier curve of overall survival by GSTM1 and GSTT1 

polymorphisms 

 

Figure 4.11 Kaplan-Meier curve of 5 years overall survival by GSTM1 polymorphism 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

GSTM1 polymorphisms (null genotype and present genotype). The median survival time 

could not observe because the 5 years overall survival was more than 50%. The 5 years 

overall survival among breast cancer patients with GSTM1 null genotype and GSTM1 

present genotype were 71% and 73% respectively. The Kaplan-Maier curves indicated 

that patients with GSTM1 null genotype had a rather same survival chance compared 

with patient with GSTM1 present genotype (HR = 1.097, p = 0.761). 
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Figure 4.12 Kaplan-Meier curve of 5 years overall survival by GSTT1 polymorphism 

 

 This figure presents the univariate Kaplan-Maier curves for the dichotomized 

GSTT1 polymorphisms (null genotype and present genotype). The median survival time 

could not observe because the 5 years overall survival was more than 50%. The 5 years 

overall survival among breast cancer patients with GSTT1 null genotype and GSTT1 

present genotype were 78% and 68% respectively. The Kaplan-Maier curves showed 

that patients with GSTT1 null genotype had a relatively better survival chance compared 

with patient with GSTM1 present genotype but the different did not significantly 

different (HR = 0.632, p = 0.154). 
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Figure 4.13 Kaplan-Meier curve of 5 years overall survival by GSTM1 and GSTT1 

combined polymorphisms 

 

 This figure presents the univariate Kaplan-Maier curves for GSTM1 and 

GSTT1 combined polymorphisms. The median survival time could not observe because 

the 5 years overall survival was more than 50%. The 5 years overall survival among 

patients with breast cancer with GSTM1+/GSTT1+, GSTM1+/GSTT1-, GSTM1- 

/GSTT1+ and GSTM1-/GSTT1- were 72%, 80%, 69% and 81% respectively. The 

Kaplan-Maier curves showed that patients with both present genotypes had a greater 

risk of death compared with patients with both null genotypes (HR = 1.481, 95% CI = 

0.595 - 3.681, P = 0.398), likewise, patients with GSTM1-/GSTT1+ had a greater risk 

of death compared with patients with both null genotypes (HR = 1.838, 95% CI = 0.832 

- 4.063, P = 0.132).  
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CHAPTER V 

DISCUSSION AND CONCLUSION 

 

 
 This chapter discussed on research findings to cope with breast cancer as 

well as limitation of this study. The discussion of this study is divided into two parts as 

follows: 

5.1 The association of GSTM1 and GSTT1 polymorphisms with hematotoxicity 

among breast cancer patients with chemotherapy 

5.2 The association of GSTM1 and GSTT1 polymorphisms with survival 

among breast cancer patients with chemotherapy 

 

 

5.1 The Association of GSTM1 and GSTT1 Polymorphisms with 

Hematotoxicity Among Breast Cancer Patients with Chemotherapy 
 Anthracycline based chemotherapy regimen is generally used for treatment 

of breast cancer patients both in adjuvant and neoadjuvant chemotherapy. Anthracycline 

based chemotherapy regime that studied in this research composed of doxorubicin and 

cyclophosphamide. Doxorubicin inhibit topoisomerase 2 alpha and generate reactive 

oxygen species, which affects to cell apoptosis, while cyclophosphamide is an alkylating 

agent used to treat the several types of cancer. Glutathione S transferase (GSTs) 

crucially participate in a variety of drugs detoxification as well as anthracyclines. Inter-

individual variations in GSTs in the population may have a powerful effect on the 

treatment outcomes of breast cancer and toxicities. The absence of enzymes among 

GSTM1 null genotype and GSTT1 null genotype is related with the decreasing rate of 

metabolism and detoxification of doxorubicin and cyclophosphamide. Consequently, 

the absence of GSTs function affect the level of drug concentration in blood 

concentration to elevate and improve the therapeutic effect meanwhile, increase the risk 

of toxicity (75). 
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 Besides the objective of this study we also found (1) prevalence of 

hematotoxicity during treatment with anthracycline based chemotherapy regime and (2) 

potential associations between polymorphisms in genes encoding for GSTM1 and 

GSTT1 and hematotoxicity of anthracycline based chemotherapy regime in breast 

cancer patients.  

 Results showed the prevalence of hematotoxocity in any grade was as 

follows: 38 anemia (67.90%), 38 leucopenia (67.90%), 10 neutropenia (17.90%) and 3 

thrombocytopenia (5.40%). According to anemia and leucopenia, the most patients 

suffered grade1 toxicity 53.6% and 58.90%, respectively. In contrast to neutropenia, the 

most patients suffered grade 2 toxicity (12.50%) and few patients experienced only 

grade 1 thrombocytopenia (5.40%). In addition, grade 4 hematotoxicity and toxic deaths 

were not observed in this current study.  

 In conclusion, the present genotype of GSTM1 and GSTT1 trended to 

correlate greater risk of neutropenia and GSTM1 present genotype trended to correlate 

higher risk thrombocytopenia which was not expected as describe above although the 

different did not statistically significant. 

 Similarly, Tulsyan et al. (24) both GSTM1 and GSTT1, all hematotoxicities 

was often occurred among patients with present genotype, even though the differ did 

not statistical significance (p=0.269, p=0.397). Furthermore, they found the significant 

relation of Ile/Val and Ile/Val + Val/Val genotypes of the GSTP1 Ile105Val 

polymorphism with grade 2-4 anemia. 

 Khrunin et al. (76) determined about the side effect risk of cisplatin and 

cyclophosphamide treatment in ovarian cancer patients. The result showed that the 

GSTM1 null genotype can lower the risk of hematotoxicity such as thrombocytopenia, 

anemia and neurotoxicity compared with GSTM1 present genotype with statistically 

significant [OR = 0.13 for thrombocytopenia (95% CI = 0.03-0.62, P = 0.005) and OR 

= 0.29 for anemia (95% CI = 0.13-0.66, P = 0.003)]. 

 Tecza et al. (77) determined the clinical and genetic risk factors of 5-

fluorouracil, doxorubicin and cyclophosphamide (FAC). Among 324 breast cancer 

patients, specific genes and their polymorphisms such as GSTM1, GSTP1, GSTT1 and 

other genes were selected and examined for chemotherapy-related toxicities. They found 

that together with null genotype of GSTM1 and GSTT1 genes augmented the 
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nephrotoxicity risk and anemia, on the other hand, the independent gene, the present 

genotype of GSTM1 and GSTT1 genes increased the nephrotoxicity risk and anemia. 

 Because of limited published data considering GSTM1 and GSTT1 

polymorphisms and toxicity of chemotherapy. However several studies focused on the 

pharmacogenetic approach to chemotherapy toxicity in breast cancer patients (59,78–

82).  

 According to GSTs crucially participate in the detoxification of a variety 

drugs and one of them is anthracyclines. Therefore, it can imply that GSTM1 and GSTTI 

null genotypes have higher drug availability while having lower enzyme activity. 

Consequently, lead to improve clinical outcomes and maybe lead to higher risk of 

toxicities. However, the true significance of GSTM1 and GSTT1 polymorphisms in the 

toxicity prognosis to chemotherapy remains obscure because of the combination effect 

of these variants was not well evaluated. In addition, pharmacokinetic drug-drug were 

not taken into consideration, especially in the elderly, is due to the use of concomitant 

drugs such as antihypertensive drugs, antidiabetic drugs, and antihyperlipidemic drugs that 

could increase or decrease toxicity of chemotherapy (83). 

 

 

5.2 The Association of GSTM1 and GSTT1 Polymorphisms with Survival 

Among Breast Cancer Patients with Chemotherapy 
 In this study, the overall survival at 1, 3, 5 years was 95.00%, 83.00% and 

71.00% respectively. There were some studies conducted in Thailand to determine the 

survival of breast cancer patients. In 1995, Sriamporn et al., (84) indicated the 5 years 

survival of breast cancer from the population-based study in Khon Kaen province 

registered in the period 1985-1992 was 48.10%. Then in 2000, Amornsak et al. (11) 

conducted the study at a teaching university in northeast of Thailand among 340 female 

breast cancer patients and followed-up until the end of 2006 and the 5 years survival 

was 42.9%. Moreover, Apichat et al. (85) conducted the study in 1999-2009 to evaluate 

the relation of molecular subtypes and survival among breast cancer patients treated 

with radiotherapy and the 5 years overall survival was 59.2%. 
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 This could be explained that nowadays breast cancer patients in Thailand 

trended to improve the survival due to the early screening policy and/or the current 

standard treatment that allowed the effective treatment outcome and low toxicity. 

 The survival of breast cancer patients varied among countries (86-90). The 

survival of breast cancer patients in developed countries is higher than we found in this 

study. The SEER 5-year survival rate in United States (2008-2014) was 89.7% in 

females and 83% in males. The study in England & Wales reported by Cancer Research 

UK Cancer Survival Group indicated that the survival rate at 1 and 5 years were 96.0% 

and 86.6% respectively. Data collected in developing countries showed either the same 

or vary of the 5 years survival (91-94). The international diversity of survival in breast 

cancer was not easy to interpret may be due to many factors such as the knowledge and 

awareness of patients, the early detection, availability of effective treatment and health 

services accessibility which may be different between developed countries and 

developing countries.  

 Furthermore, in this study, Cox’s proportional hazards model and the log 

rank test results revealed a significant different in the 5 years overall survival probability 

according by lymph node metastasis and tumor stage (P = 0.014 and P < 0.001%). The 5 

years overall survival among breast cancer patients who have none and present lymph 

node metastasis were 83% and 67% respectively. Patients with lymph node metastasis 

had around 2-fold-higher risk of death compared with patients without lymph node 

metastasis (HR = 2.105, P = 0.016). Moreover, the overall survival at 5 years among 

breast cancer patients with tumor stage I - II (early-stage tumor) and stage III - IV 

(advance-stage tumor) were 80% and 56% respectively. patients with advanced-stage 

tumor had around 3-fold-higher risk of death compared with early-stage disease patients 

(HR = 2.782, P < 0.001).  

 A key prognostic parameter of patients with breast cancer survival is stage 

at diagnosis (95-98). Breast cancer patients with early-stage showed much higher 

survival rates than those with late-stage. Several studies showed that survival 

significantly diverged to stage at diagnosis. Walters et al. (99) investigated the 

differences in breast cancer survival in developed countries including Canada, 

Denmark, Norway, Sweden, and the United Kingdom according to the stage at 

diagnosis. The result showed that approximately 30.1% - 45.2% patients were diagnosed 

with tumor stage I, 39.0% - 47.7% with tumor stage II, 3.5% - 15.3% with tumor stage 
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III, and 2.9% - 6.9% with tumor stage IV. In our study population revealed a greater 

frequency of stage II (56.57%) and stage III (34.34%) compared with those in developed 

countries which may emphasize the importance for screening program for primary 

prevention.  

 Conform to several studies that focused on lymph node metastasis status as 

the predictive factors for breast cancer survival thus the lymph node metastasis is linked 

to distant recurrence and survival of patients (100-105). Respect to lymph node status, 

patients without lymph node metastasis had much greater survival rates than those with 

lymph node metastasis. In this study, lymph node metastasis was analyzed as the 

dichotomous variables; none and present, in contrast to some studies analyzed as the 

number of nodes involved or lymph node ratio (proportion of number of lymph nodes 

that are positive metastasis to the total number of lymph nodes evaluated). For instances, 

Mahmood et al. (103) observed that patients with less than 5 nodes metastasis survived 

for more than 10 years were 16.5% compare with patients with more than 9 nodes 

metastasis survived were only 5% therefore it can imply that survival decrease while 

number of nodes metastasis increase. Hung et al. (104) revealed that lymph node ratio 

was a proper prognosis factor of survival than TNM system from the American Joint 

Committee on Cancer (AJCC). 

 Breast cancer is the global public health problem including Thailand. The 

information about genetic variation in breast cancer in Thailand may be limited due to 

the small sample size. In this study, 198 breast cancer patients were genotyped, and the 

result showed that among Thai breast cancer patients, the frequency of the GSTM1 and 

GSTT1 null genotype was 65.70% and 33.30%, respectively. Several studies reported 

the frequency of the GSTM1 and GSTT1 null genotype in breast cancer patients. 

Nevertheless, Pongtheerat et al. (57) showed the frequencies of the GSTM1 and GSTT1 

null genotype in Thai patients with breast cancer was (14/40) 35.00% and (18/43) 

41.90%, respectively. The findings from our study showed the greater frequency of 

GSTM1 null genotype (65.70%) in breast cancer patients than the finding from the 

former study (35.00%). 

 Several evidences showed that the genetic polymorphisms of drug 

transporters, drug-metabolizing enzymes and drug targets are involved in inter-individual 

diversity of the efficacy and toxicity of chemotherapy and several medicines (106-114). A 

personalized chemotherapy is proposed to be a promising tool to increase chemotherapy 
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response, prevent the toxicity and elevate overall survival of patients with breast cancer. 

As we know that the GST super-family belongs to the phase II biotransformation 

enzymes, which function a crucial part in the biotransformation or detoxification of a 

variety of xenobiotics as well as chemotherapeutic agents. However there were several 

studies focused on the role of GSTs in chemotherapy efficacy and treatment outcome, the 

results of those studies have indicated the inconsistent association (22, 27, 29-31, 45, 72, 

115-119). The purpose of this study determined the association of GSTM1 and GSTT1 

polymorphisms and the clinical outcomes of chemotherapy in breast cancer patients. 

 This current study found that patients with breast cancer who harboring 

GSTM1 null genotype (71%) appeared to have same 5 years survival compared with 

patients who harboring GSTM1 present genotype (73%) (HR = 1.097, 95% CI = 0.605 - 

1.987, P = 0.761). Regard to GSTT1 polymorphisms, patients with breast cancer who 

harbored GSTT1 null genotype (78%) appeared to improve survival compared with 

patients who harbored GSTT1 present genotype (68%). (HR = 0.632, 95% CI = 0.336 - 

1.189, P = 0.154). Regard to combined genotypes analyses, the 5 years survival among 

patients with GSTM1+/GSTT1+, GSTM1+/GSTT1-, GSTM1-/GSTT1+ and GSTM1-

/GSTT1- were 72.0%, 80.0%, 69.0% and 81.0%, respectively. The hazard ratios among 

patients with GSTM1+/ GSTT1+, GSTM1+/GSTT1-, GSTM1-/GSTT1+ compared with 

GSTM1-/GSTT1- were 1.481, 1.220 and 1.838 respectively nevertheless, this difference 

was not statistically significant (P = 0.398, 0.696, 0.132). Patients with both present 

genotypes had a higher risk of death compared with patients harboring both null 

genotypes (HR = 1.481, 95% CI = 0.595 - 3.681, P = 0.398), likewise, patients with 

GSTM1-/GSTT1+ had a higher risk of death compared with patients harboring both null 

genotypes (HR = 1.838, 95% CI = 0.832 - 4.063, P = 0.132). 

 In multivariate analysis, after adjusted for tumor grade and progesterone 

receptor status, patients with GSTT1 null genotype had a lower risk of death compared 

with patients with GSTT1 present genotype (HR = 0.630 and 0.612) nevertheless, this 

difference was not statistically significant (P = 0.152 and 0.143). With respect to 

combined genotypes analyses, after adjusted for progesterone receptor status, the hazard 

ratios among patients with GSTM1+/GSTT1+, GSTM1+/GSTT1-, GSTM1-/GSTT1+ 

compared with GSTM1-/GSTT1- were 1.837, 1.653 and 2.018 respectively nevertheless, 

this difference was not statistically significant (P = 0.209, 0.393, 0.104). Patients with 

both present genotypes had a higher risk of death compared with patients harboring both 
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null genotypes (HR = 1.837, 95% CI = 0.712 - 4.743, P = 0.209), likewise, patients with 

GSTM1-/GSTT1+ had a higher risk of death compared with patients harboring both null 

genotypes (HR = 2.018, 95% CI = 0.866 - 4.698, P = 0.104). 

 Indeed, our results could not find the relation of GSTM1 and GSTT1 

polymorphisms and the overall survival among patients with breast cancer treated with 

chemotherapy. Conform to the result from Sarab et al. (119) which found that GSTM1 

polymorphism did not associate with clinicopathology characteristics, clinical outcomes 

of chemotherapeutic agents in advanced breast cancer. Moreover, Yang et al. (23) 

indicated that there was no relation to any of the GSTM1 or GSTT1 polymorphisms as 

potential role in prognosis to the clinical outcomes and overall survival of breast cancer 

patients after chemotherapy. On the other hand, some studies indicated the contrast 

results, Wang et al. (74) reported that the GSTM1 null genotype was related with a 

greater to chemotherapeutic agents response and the odds ratio was 1.78 (95% CI = 1.03 

- 3.08) and the hazard ratio for overall survival in patients with the GSTM1 null genotype 

was 0.57 (95% CI = 0.32 - 0.98) compare with GSTM1 present genotype. However, they 

indicated that there was no statistically significant relation of the GSTT1 polymorphisms 

and overall survival among breast cancer patients. Another study from China, Wang et 

al. (29) found that patients with GSTM1 null genotype related to worse overall survival 

of breast cancer patients treated with chemotherapy and the hazard ratio for overall 

survival was 2.00 (95% CI = 1.15 - 3.48). Furthermore, Bai et al. evaluated the 

prognostic role of GST gene polymorphisms among patients with breast cancer treated 

with neoadjuvant chemotherapy and the result showed that patients with the GSTM1 

null genotype had a better survival and statistical significantly lower risk of death than 

patients harboring GSTM1 present genotype (HR = 0.66, 95% CI = 0.31- 0.93). These 

differences results may be cause of methodology, study design, study population and 

sample size, genotyping methods or chemotherapy regimens.  

 This study, the retrospective study design and the small sample size are the 

main limitations of this current study. In retrospective study, toxicity data are less likely 

to be interpreted correctly than in a prospective study. To limit interpretation bias, we 

chose to observe only hematotoxicity as the main point. The small sample size in this 

research may lead to the lower statistical power. Other limitations in our study include, 

the low statistic power due to limited sample size and the patients from single center 

may not represent all breast cancer patients in Thailand therefore, further prospective 
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studies with larger sample size and multicenter should be study to validate these 

association. 

   

Recommendation for Policy Maker 
 Chemotherapy is used as the standard treatment for breast cancer and the 

heterogeneity in the response, toxicity and survival in breast cancer patients was unclear. 

The knowledge of pharmacogenetics function in chemotherapy biotransformation could 

describe the differences in breast cancer patients. These genetic polymorphiams could 

be used as biomarkers to predict the treatment outcome due to personalize chemotherapy 

regime, consequently, potentially improving the effectiveness and decreasing the 

chemotherapy toxicities and prolong overall survival of patients with good quality of life. 

We found no association between GSTM1, GSTT1 and hematotoxicity and survival among 

Thai breast cancer patients in this study. In the further study in the large sample size to 

validate the result and cost effectiveness analysis to determine the GSTM1 and GSTT1 

polymorphisms as the biomarkers to predict clinical outcomes in chemotherapy 

treatment should do for assure of the direction of standard treatment. 

 

Recommendation for the Further Studies 
 This study exposed some knowledges, but there are some limitations in this 

study as well. 

 

 For toxicity study  

 Pharmacokinetic drug-drug were not taken into consideration, especially in 

the elderly, is due to the use of concomitant drugs such as antihypertensive drugs, 

antidiabetic drugs, and antihyperlipidemic drugs that could increase or decrease toxicity 

of chemotherapy. In this study, the retrospective study design and the small sample size 

are the main limitations. In retrospective study, toxicity data are less likely to be 

interpreted correctly than in a prospective study. To limit interpretation bias, we chose 

to observe only hematotoxicity as the main point. The small sample size in this study 

may cause to the lower statistical power.  
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 For survival study 

 The participants included this study were those whom a data was available. 

The exclusion of participants with incomplete data is potential source of selection bias. 

The low statistic power maybe the due to limited sample size and the patients from 

single center may not represent all breast cancer patients in Thailand therefore, further 

prospective research with larger sample size and multicenter are necessary to validate 

these association. 
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APPENDIX A 

SAMPLE SIZE ESTIMATION 

 

 
 In this study, there are 2 outcomes including; hematotoxicity and survival. 

To calculate the sample size of this study, survival is the most importance outcome 

therefore the sample size estimation for survival is: 

  n =     (Zα/2 + Zβ)2 

         (log HR)2 π1 π2 

     = 99 

 

 Therefore, The total sample size of 99 participants required for this study. 

 Parameters description: 

 Zᵝ = standard normal variate for power  

              (for 80% power it is 0.842) 

 Zα/2 = standard normal variate for level of significance  

                (α = 0.05, Zα/2 = 1.96) 

 HR = The ratio of hazard functions, or the expected increased/decreased  

           likelihood to die of Group 1 versus Group 2  

         = 0.57 (65) 

 π1  = The proportion of the sample assigned to Group 1 

         = 0.5 

 π2  = The proportion of the sample assigned to Group 2 

         = 0.5  
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APPENDIX C 
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APPENDIX D 

HEPATIC AND RENAL FUNCTION TESTS BASELINE BEFORE 

ADMINISTERED THE FIRST CYCLE OF TREATMENT 

 

 
Parameter Normal Range Mean SD 

Body surface area, BSA (m2) - 1.60 0.17 

Body mass index, BMI (kg/m2) - 25.04 4.83 

Height (cm) - 155.20 6.20 

Weight (kg) - 60.16 12.53 

BUN (mg/dL) 9-20 11.36 4.62 

Creatinine (mg/dL) 0.5-1.2 0.77 0.22 

Aspartate transaminase, AST (U/L) 5-40 23.42 15.17 

Alanine aminotransferase, ALT (U/L) 5-40 23.35 22.62 

Alkaline phosphatase, ALP (U/L) 35-125 72.56 21.25 

White blood cell (103/µL) 5.2-12.4 7.59 2.51 

Red blood cell (103/µL) 4.2-5.4 4.54 0.53 

Hemoglobin, HGB (g/dL) 12-15 12.39 1.46 

Hematocrit, HCT (%) 38- 46 36.94 3.96 

Platelet, PLT (103/µL) 150-400 273.66 67.85 

Neutrophil (%) 5.2-12.4 56.89 9.41 

Lymphocyte (%) 4.2-5.4 41.80 57.22 

ANC (103/µL) > 1.5 4.46 1.90 
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APPENDIX E 

MULTIPLEX REAL-TIME PCR AMPLIFIED MELT CURVES 

 

 
 Multiplex-real-time PCR Amplified Products for GSTM1 and GSTT1. Beta-

globin was used as internal control. Melting point of GSTM1, beta-globin, and GSTT1 

were 80.94˚C, 85.91˚C, and 89.0˚C respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E1 is GSTM1-/ GSTT1+, melting point was found at 85.91˚C and 89.0˚C.   



90 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E2 is GSTM1+ / GSTT1+, melting point was found at 80.94˚C, 85.91˚C and 

89.0˚C.  
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Figure E3 is GSTM1+ / GSTT1-, melting point was found at 80.94˚C and 85.91˚C.  
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Figure E4 is GSTM1- / GSTT1-, melting point was found at 85.91˚C. 
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