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— Chapter 1 -

Introduction

1.1 Introduction

Colorectal cancer (CRC) is one of the most prevalent and deadly tumor types
with the mortality rates continuing to rise worldwide. World Health Organization
reported CRC incidence approximately 1.36 million new cases and 0.69 million
deaths in 2012.(1) In Thailand, the crude rate of CRC was 9 per 100,000 in men and
7 per 100,000 in women. Half of the patients presented with advanced stage (28.9%
with TNM stage 3 and 38.8% TNM stage 4, respectively). Nearly 90% of patients in
early diagnosed and optimized therapy will survive 5 years while overall survival rate
of metastatic colorectal cancer (mMCRC) patients is only 5%.(2)

Chemotherapy is the main treatment option in mCRC.(3) The backbone of the
palliative treatment of mMCRC is currently formed by the combination of the classic
chemotherapy based on the fluoropyrimidin derivative (5-fluorouracil) with folinic
acid and irinotecan or oxaliplatin in combination with monoclonal antibody directed
against vascular endothelial factor such as bevacizumab or epidermal growth factor
receptor such as cetuximab or panitumumab. Anticancer drug, irinotecan,
topoisomerase-I inhibitor is approved for the mCRC treatment in combination with
5-fluorouracil and folinic acid in the first line treatment setting or as monotherapy in
the second line setting. Overall response rate of irinotecan-based regimens was
around 30-50%.(4, 5) While severe adverse events such as diarrhea (20%) and
neutropenia (34%) lead to dose reduction, early stop treatment or death.(6)

The severity of these adverse events was related to high concentration of 7-
ethyl-10-hydroxycamptothecin (SN-38), irinotecan’s active metabolite. There
occurrence were the rationale of many studies conducting to explain factors to predict
adverse events of irinotecan. One of very well-known factor was genetic
polymorphisms of Uridine 5’-diphosphate-glucuronosyltransferase  (UDP-
glucuronosyltransferase or UGT), phase Il drug metabolizing enzyme involved in
SN-38 detoxification which found associated with difference toxicity rate from



irinotecan-based regimen. Higher incidence in severe neutropenia was found in
patients with homozygous UGT1A1*28 similar to UGT1A1*6 which more common
among Asians.

In addition to UGT1A polymorphisms, other genes play different role in the
irinotecan metabolic pathway. ABCC2 and SLCO1B1 are the genes those control
activities of SN-38 cellular efflux and influx. Some studies revealed that ABCC2
polymorphisms also affected on area under the curve (AUC) between SN-38 plasma
level and time.(7) While SLCO1B1 polymorphism was involved with reduced
hematologic toxicity.(8, 9)

In Asian, prevalence of ABCC2 and SLCO1B1 polymorphisms were reported as
0.205 and 0.64, respectively.(10) Genetic polymorphisms are different among ethnics
and it could be the reasons for different treatment responses from irinotecan-based
regimen. It is essential to conduct the study to evaluate whether ABCC2 and
SLCO1B1 polymorphisms had any impact on treatment responses in Thai mCRC
patients who treated with irinotecan or not.

1.2 Rationale

Recent advances in knowledge about anticancer drug metabolizing enzyme
polymorphisms are very important. Irinotecan is anticancer which used widely in
combination chemotherapy for mCRC. Irinotecan is a prodrug which changed by
carboxylesterases into its active metabolite, SN-38, then inhibits topoisomerase |
activity in DNA replication. SN-38 is mainly detoxified by UGTs to form the SN-38G
that is removed by the biliary tract.

Patients who receive irinotecan-based chemotherapy often have severe
neutropenia and diarrhea that can affect the course of treatment and patients’ quality of
life. Many irinotecan-related pharmacogenomics studies have demonstrated that
UGT1Al polymorphism are associated with irinotecan-related toxicity.(11) The
consistent predictor of severe neutropenia is the UGT1A1*28/*28 which related to
reduced SN-38 glucuronidation, exposure to SN-38.(12, 13) Patients with this genotype
have higher risk of toxicity because of reduced UGT1ALl function. Other UGT variants
such as the UGT1AL*6 (211G>A, rs4148323) is commonly found in East Asians while



rarely detected in Caucasians and Africans that associated with reduced UGT1A
enzyme function and linked to an increased incidence of severe neutropenia.(14)

Regulatory status of irinotecan treatment based on cumulative evidences
associated with UGT1A1 genotypes and risk of severe toxicities, especially neutropenia
has led to the clinical use of a diagnostic kit for the UGT1A1*28 in the US (August
2005).(15) Subsequently, the diagnostic kit of UGT1A1*28 and *6 was implement in
Japan (March 2009).(16) Although variability in irinotecan pharmacokinetic and
pharmacodynamic has been partially described by UGT1A variants, the unanswered
questions for non- carrier patients who experience irinotecan-induced toxicities and
variation in treatment responses are still available further pharmacogenomic study.

In addition to the UGT family, many enzymes involve in irinotecan metabolism.
Among those enzymes, the ATP-binding cassette (ABC) and solute- carrier( SLC)
family of transporters are also the key modulator of irinotecan PK/PD effect. Irinotecan,
SN-38 and SN-38G transport out of the cell into bile by members of the ABC
transporter family especially ABCC2 which also known as canalicular multispecific
organic anion transporter (MRP2). While SLCO1B1 is a major influx transporter,
associated with uptake of SN-38 from the blood into the liver. Therefore, single
nucleotide polymorphisms of ABCC2 gene and SLCO1B1 gene are suspected to
influence inter-individual variability on chemotherapy responses and risk of severe
toxicity.

Previous pharmacogenetic studies had demonstrated that ABCC2 polymorphism
was associated with pharmacokinetic of SN-38 may account for irinotecan related
overall response rate. Almost 20% of mRNA level was reduced activity in variant
ABCC2 gene when compared with normal tissue.(17) Area under the curve (AUC)
between time and concentration of SN-38 was statistically significant increase in the
group with ABCC2 polymorphism.(7) Genetic polymorphism of ABCC2 also effect to
significantly increased overall response rate and median progression-free survival
(PFS) in patient with CC genotype(10) However, conflicting data in Singaporean
nasopharyngeal carcinoma patients with CC genotype of ABCC2 tended to had reduced
AUC of irinotecan were reported.(18)

For SLCO1B1*1b polymorphism, it involved with increased the function which

leads to hepatic uptake of SN-38 from plasma to human hepatocytes.(19) Previous



study reported that the SLCO1B1 polymorphism (rs2306283) was significantly
increased the tumor response and presented a rapid response rate in patients with
GA/AA genotype.(20) While the other study was found that patients with G/G genotype
had significantly increased PFS compared with wild-type patients.(21) Two studies had
reported that patients with SLCO1B1 variant (*1b; 388A> G) was associated with an
increased risk of severe gastrointestinal toxicity.(22, 23)

At present, there is no information in prevalence of ABCC2 and SLCO1B1
polymorphisms in Thai and there was no data that explore the association between
ABCC2 and SLCO1B1*1b polymorphisms on treatment response and risk of severe
toxicity in Thai mCRC patients treated with irinotecan-based chemotherapy. Therefore,
we need to determine the prevalence of ABCC2 and SLCO1B1 polymorphisms in Thai
and investigate the impacts of ABCC2 and SLCO1B1 polymorphisms on treatment
responses and risk of severe toxicity of irinotecan-based chemotherapy in Thai mCRC

patients.

1.3 Research Questions

In Thai mCRC patients treated with irinotecan-based chemotherapy;

1. Are there any differences in treatment response rate among patients with
different ABCC2 and SLCO1B1 genotypes?

2. Are there any differences in toxicity rate among patients with different
ABCC2 and SLCO1B1 genotypes?

1.4 Objectives

1. To investigate the impacts of ABCC2 and SLCO1B1 polymorphisms on
treatment responses of irinotecan-based chemotherapy in Thai mCRC patients
2. To investigate the impacts of ABCC2 and SLCO1B1 polymorphisms on

severe toxicities of irinotecan-based chemotherapy in Thai mCRC patients



1.5 Hypothesis

1. ABCC2 polymorphism is associated with treatment response in Thai mCRC

patients treated with irinotecan-based chemotherapy

2. ABCC2 polymorphism is associated with severe toxicities in Thai mCRC

patients treated with irinotecan-based chemotherapy

3. SLCO1B1 polymorphism is associated with treatment response in Thai

mMCRC patients treated with irinotecan-based chemotherapy

4. SLCO1B1 polymorphism is associated with severe toxicities in Thai mCRC

patients treated with irinotecan-based chemotherapy



1.6 Conceptual Framework
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Figure 1 Conceptual framework




1.7 Operational Definition

1. ABCC2 polymorphisms was founded on chromosome 10g24, the mutation of
cytosine to thiamine on genomic location g.99782821 (-24C>T) rs717620.

2. SLCO1B1 polymorphisms was founded on chromosome 12p12, the mutation
of adenine to guanine on genomic location 21176804 (¢c.388A>G) rs2306283.

3. Treatment response was objective tumor response which was classified by

Response Evaluation Criteria in Solid tumors (RECIST) criteria version 1.(24)

Response of treatment was evaluated after completely at least 3 cycles by

doctor. There are four categories of response as mention below

Table 1 Definition of treatment response by Response Evaluation Criteria in Solid

tumors (RECIST) criteria version 1.

categories

definition

1. Complete response (CR)

Disappearance of all target lesions. Any
pathological lymph nodes must have

reduction in short axis to < 10 mm.

2.Partial response (PR)

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

baseline sum diameters.

3. Progressive disease (PD)

At least 20% increase in sum of diameters of
target lesions. In addition to the relative
increase of 20 percent, the sum must also
demonstrate an absolute increase of at least 5
mm. The appearance of one or more new

lesion is also considered progression.

4. Stable disease (SD)

Neither sufficient to qualify for Partial
response or Progressive disease, compared to

the sum of the smallest diameters at baseline.




4. Responder is patient who has PR+CR and the others patients have PD+SD
are classified to non-responder. Response of treatment is assessed by doctor and
recorded in patient profile.

5. Toxicities are adverse events caused by irinotecan-based chemotherapy occur
after the first cycle of treatment chemotherapy. Adverse events assess according
to Common Terminology Criteria for Adverse Events version 4.03 (CTCAE) at
every cycle.(25)

6. Grade 3-4 toxicity was considered as severe.

7. Outcomes are treatment response of patients classified by genotypes and
proportion of patients in each genotype who have severe toxicities due to
chemotherapy.

8. Clinical benefit is treatment response which is classified by RECIST criteria
version in patients who have PR+CR+SD.(26)



- Chapter 2 —

Literature review

2.1 Colorectal cancer

Colorectal cancer (CRC) represents as one of the most prevalent and deadly
tumor types with the mortality rates continuing to rise all over the world. Estimated
incidence of CRC patients approximately 95,520 (colon cancer only) new cases and
50,260 (colon and rectal cancers combined) deaths in the United States in 2017.(27)
In Thailand, the crude rate of colorectal cancer was 16 per 100,000. Nearly 90% of
patients in early diagnosed and optimized therapy would be survived 5 years while
overall survival rate of metastatic colorectal cancer (MCRC) patients was only 5%.(2)

Colorectal cancer is cancer that starts in the colon or rectum. The colon and the
rectum are parts of the large intestine, which is the lower part of the body’s digestive
system. The colon is almost 5 feet long. Its four part are the ascending. transverse,
descending, and sigmoid colon. The wall of the colon has four main layers that inner
layer has contact with stool is called the mucosa. Together, the rectum and anal canal
make up the last part of the large intestine and are about 6-8 inches long.

Colorectal cancer often begins as a growth called a polyp, which may form on
the inner wall of the colon or rectum. Some polyps become cancer over time. Most
colorectal cancers are adenocarcinomas. More than 90% of colorectal carcinomas are
adenocarcinomas originating from epithelial cells of the colorectal mucosa. Other rare
types of colorectal carcinomas include neuroendocrine, squamous cell,
adenosquamous, spindle cell and undifferentiated carcinomas. Conventional
adenocarcinoma is characterized by glandular formation, which is the basis for
histologic tumor grading. In well differentiated adenocarcinoma >95% of the tumor
is gland forming. Moderately differentiated adenocarcinoma shows 50-95% gland
formation. Poorly differentiated adenocarcinoma is mostly solid with <50% gland
formation. In practice, most colorectal adenocarcinomas (70%) are diagnosed as
moderately differentiated. Well and poorly differentiated carcinomas account for
10% and 20%, respectively. (28)
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Clinical symptoms are present as a change in bowel habits, blood (either bright
red or very dark) in the stool, constipation, and diarrhea, or feeling that the bowel
does not empty all the way, Stools that are narrower than usual, Frequent gas pains,
bloating, fullness, or cramps, weight loss for no known reason, feeling very tired,
vomiting.

Colon cancer often occurs for unknown reasons. Among the risk factor that
increases chance of getting a disease; increasing age is the most important risk factor
for most cancers. Screening for colon cancer should be a part of routine care for all
adults aged 50 years and older, especially for those with first-degree relatives with
colorectal cancer.

Approximately 20% of cases of colon cancer are associated with familial
clustering, and first-degree relatives of patients with colorectal adenomas or invasive
colorectal cancer are at increased risk for colorectal cancer. Genetic susceptibility to
colorectal cancer includes well-defined inherited syndromes, such as Lynch
syndrome (also known as hereditary nonpolyposis colorectal cancer) and familial
adenomatous polyposis. Therefore, it is recommended that all patients with colon
cancer be queried regarding their family history and considered for risk assessment,
as detailed in the NCCN guidelines for colorectal cancer screening. Other risk factor
that is individuals with inflammatory bowel disease (i.e. ulcerative colitis, Crohn’s
disease) is at an increased risk for colorectal cancer. Other possible risk factors for
the development of colorectal cancer include smoking, the consumption of red and
processed meats, alcohol consumption, diabetes mellitus, and low levels of physical
activity, metabolic syndrome, and obesity.

Tests that examine the colon and rectum are used to find and diagnose colon
cancer such as physical exam and history, digital rectal exam, fecal occult blood test
(FOBT), barium enema, sigmoidoscopy, colonoscopy, and virtual colonoscopy
biopsy. The following tests and procedures may be used in the staging process such
as CT scan, MRI, PET scan, chest x-ray, surgery, lymph node biopsy, complete blood
count (CBC), and carcinoembryonic antigen (CEA) assay.

In addition, type and stage of colorectal cancer influence how to plan for
treatment decision. The staging in colon cancer is based on the TNM (tumor, node,

metastases) system that NCCN refers to American Joint Committee on Cancer
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(AJCC). (29) A cancer stage is a rating by doctor of the extent of the cancer. In the
AJCC system edition 7" the letter T, N, and M describe the areas of cancer growth.
The T score describes the growth of the primary tumor. The N score describes nearby
cancer growth within the colon or lymph nodes. The M score tells if the cancer has
spread to distant sites. The T, N, and M scores are combined to assign the cancer a

stage.

Table 2 Colon cancer stages

Stage Defined
Stage 0 (Carcinoma in | These cancers are also called carcinoma in situ of the
Situ) colon. The cancer has not grown beyond the first layer of

the colon wall. It is a noninvasive cancer. More treatment
may not be needed if all the cancer was removed during an
endoscopic polypectomy.

Stage | The cancer has grown into either the second or third layer
of the colon wall. There is no cancer in nearby or distant
sites.

Stage Il The cancer has grown into the fourth layer of or outside

the colon wall. There is no cancer in nearby or distant sites

Stage 111 The cancer has spread from the colon to nearby lymph
nodes or there are tumor deposits. Tumor deposits are
small secondary tumors within the colon.

Stage IV The colon cancer has spread to distant organs. Common
distant sites include your liver and lungs.

2.2 Treatment of colorectal cancer

Surgery, radiation, and chemotherapy are recommended to treat patients with
colorectal cancer. In terms of mMCRC, chemotherapy is recommended as the first line
treatment. The treatment of colorectal cancer is classified by stage of disease as mention
below(27):

e Treatment of stage O (carcinoma in situ) may include the following types

of surgery includes local excision or simple polypectomy and resection
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and anastomosis. This is done when the tumor is too large to remove by
local excision.
e Treatment of stage | colon cancer usually includes resection and
anastomaosis.
e Treatment of stage Il colon cancer may include resection and
anastomosis
The potential value of adjuvant chemotherapy for patients with stage Il colon
cancer remains controversial. Although subgroups of patients with stage 1l colon cancer
may be at higher-than-average risk for recurrence (including those with anatomic
features such as tumor adherence to adjacent structures, perforation, and complete
obstruction) evidence is inconsistent that adjuvant 5-FU-based chemotherapy is
associated with an improved overall survival (OS) compared with surgery alone.
Features in patients with stage Il colon cancer that are associated with an
increased risk of recurrence include the following:
« Inadequate lymph node sampling.
o T4 disease.
e Involvement of the visceral peritoneum.
e A poorly differentiated histology.
The decision to use adjuvant chemotherapy for patients with stage Il colon
cancer is complicated and requires thoughtful consideration by both patients and their
physicians. Adjuvant therapy is not indicated for most patients unless they are entered

into a clinical trial.

Stage 111 colon cancer denotes lymph node involvement. Studies indicated that
the number of lymph nodes involved affects prognosis; patients with one to three
involved nodes have a significantly better survival than those with four or more
involved nodes. Standard treatment options for stage Il colon cancer include the
following: surgery and adjuvant chemotherapy. Surgery for stage Il colon cancer is
wide surgical resection and anastomosis. Adjuvant chemotherapy regimens after 2000,
Capecitabine is an oral fluoropyrimidine that undergoes a three-step enzymatic
conversion to 5-FU with the last step occurring in the tumor cell. For patients with
metastatic colon cancer, the equivalence of capecitabine to 5-FU/LV. For patients with
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stage Il colon cancer, capecitabine provides equivalent outcome to intravenous 5-
FU/LV.

For the stage IV colon cancer, approximately 50% to 60% of patient diagnosed
with colorectal cancer develop colorectal metastases, and 80% to 90% of these patients
have unsectable metastatic liver disease. Metastatic disease most frequently develops
after treatment locoregional colorectal cancer, with the liver being the most common
site of involvement. Studies of selected patients undergoing surgery to remove
colorectal liver metastases have shown that cure is possible in this population. The
majority of patients diagnosed with metastatic colorectal disease have unresectable
disease. However, for those with liver-limited unresectable disease that because of
involvement of critical structures, cannot be resected unless regression is accomplished,
chemotherapy is being increasingly considered in highly selected cases in an attempt to
downsize colorectal metastases and convert them to a resectable status. In patients
undergoing liver or lung resection to increase the likelihood that residual microscopic
disease will be eradicated. The total duration of perioperative systemic therapy should
not exceed 6 months. Treatment options for stage IV and recurrent colon cancer include

the following:

e Surgical resection of locally recurrent cancer.

e Surgical resection and anastomosis or bypass of obstructing or bleeding
primary lesions in selected metastatic cases.

e Resection of liver metastases in selected metastatic patients (5-year cure
rate for resection of solitary or combination metastases exceeds 20%) or
ablation in selected patients.

e Resection of isolated pulmonary or ovarian metastases in selected patients

¢ Palliative radiation therapy.

o Palliative chemotherapy.

e Targeted therapy.
e Clinical trials evaluating new drugs and biological therapy.

e Clinical trials comparing various chemotherapy regimens or biological

therapy, alone or in combination.
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In Thailand, the National Cancer Institute recommended chemotherapy for

colorectal cancer as presented in table 3.(30) This recommendation is for treatment of

patient with colorectal cancer, including the following:

Table 3 Drug combinations used to treat colon cancer

Mayo regimen

Bolus or infusional 5-FU/leucovorin

- Leucovorin 20 mg/m2/day IV bolus, days 1-5
- 5FU 375-425 mg/ m2/day 1V bolus after Leucovorin, days 1-5

- Repeat every 4-5 weeks for 6 cycles

Capecitabine

- 2,000 mg/ m2 /day divided into 2 doses, days 1-14, followed by 7
days rest
- Repeat every 3 weeks for 8 cycles

- contraindication: Capecitabine in patient with Glomerular filtration
rate (GFR) < 50 ml/min.

Roswell Park Leucovorin 500 mg/m 2 IV weekly for 6 wk over 2 h followed by 5-
regimen FU 500 mg/m 2 IV bolus weekly for 6 wk; repeat cycle every 8 wk
de Gramont - Leucovorin 200 mg/ m2/day IV infusion over 2 hours, days 1 and
(LV5FU2) 2
- 5FU 400 mg/m2 1V bolus, then 600 mg/m2 IV over 22 hours
continuous
infusion, days 1 and 2
- Repeat every 2 weeks for 12 cycles
UFT/Leucovor | - UFT 300 mg/m2/d PO day 1-28 (4 wks stopl wk)
in (every 5 .
\I/ve(elzls) y - Leucovorin 90 mg/d PO day 1-28 (4 wks stopl wk)
FOLFOX 4 FOLFOX 4
/ mFOLFOX6 | - Oxaliplatin 85 mg/ m2/ day 1V over 2 hour, day 1 simultaneously

with

- Leucovorin 200 mg/ m2/ day IV over 2 hours, days 1 and 2

- 5FU 400 mg/ m2/ day IV bolus, then 600 mg/ m2/ day IV over 22
hours

continuous infusion, days 1 and 2

- Repeat every 2 weeks for 12 cycles

mFOLFOX6

- Oxaliplatin 85 mg/ m2/ day 1V over 2 hour, day 1 simultaneously
with

- Leucovorin 400 mg/ m2/ day IV over 2 hours, day 1
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- 5FU 400 mg/ m2/ day IV bolus day 1, then 2,400 mg/ m2 IV
continuous
infusion over 46 hours

- Repeat every 2 weeks for 12 cycles

FLOX

- Oxaliplatin 85 mg/ m2/ day 1V over 2 hour, day 1, 15, 29
- Leucovorin 500 mg/ m2/ day IV days 1, 8, 15, 22, 29 and 35
- 5FU 500 mg/ m2/ day days 1, 8, 15, 22, 29 and 35

- Repeat every 8 weeks for 3 cycles

Capecitabine/
Oxaliplatin
(CapeOx)

- Capecitabine 2,000 mg/ m2/ day PO divided into 2 doses, days 1-
14, followed

by 7 days rest

- Oxaliplatin 130 mg/m2 1V infusion over 2 hour, day 1

- Repeat every 3 weeks

Capecitabine

- Capecitabine 2,500 mg/ m2/ day PO divided into 2 doses, days 1-
14, followed

by 7 days rest

- Repeat every 3 weeks

FOLFIRI 1. Irinotecan 180 mg/ m2 1V infusion over 2 hours, day 1
- Leucovorin 200mg/ m2 IV infusion over 2 hours prior to 5-FU,
days 1
and 2
- 5FU 400 mg/ m2 1V bolus, then 600 mg/ m2 IV over 22 hours
continuous
infusion, days 1 and 2
- Repeat every 2 weeks
2. Irinotecan 180 mg/ m2 IV infusion over 90 minutes, day 1
- Leucovorin 2 400mg/ m2 IV infusion over 2-hour infusion during
irinotecan, day 1
- 5-FU 400 mg/ m2 1V bolus, then 2,400 mg/m2 IV continuous
infusion over
46 hours
- Repeat every 2 weeks

Irinotecan Irinotecan 100-125mg/ m2 1V infusion over 90 minutes, once a
week for 4 weeks
- Repeat every 6 weeks

FOLFOXIRI - Irinotecan 165 mg/ m2 1V infusion over 60 minutes, day 1

- Oxaliplatin 85 mg/m2 1V infusion over 2 hour, day 1

- Leucovorin 400 mg/m2 IV infusion over 2 hours, days 1
- 5FU 3,200 mg/m2 IV continuous infusion over 48 hours
- Repeat every 2 weeks

5-FU = fluorouracil; AlO = Arbeitsgemeinschaft Internistische Onkologie; bid = twice a day;
IFL = irinotecan, 5-FU, and leucovorin; IV = intravenous; LV = leucovorin.
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2.3 Monitoring and evaluation of treatment

In patient has lung or liver metastasis should be considered Chest x-ray or CT
chest and CT abdomen every 3-6 months for 2 years and every 6-12 months until 5

years.

2.4 Irinotecan
Irinotecan ( Camptosar or CPT- 11) is a semi- synthetic derivative of

camptothecin, an alkaloid extract from Camptotheca acuminate. It is metabolized to

SN-38. Irinotecan and SN- 38 bind to topoisomerase I, preventing the enzyme from
repairing the broken DNA strand as a result, the cell is unable to divide lead to cell

death.

Irinotecan is mainly indicated in mCRC. It was found to be effective in other
solid tumors as well such as lung, cervical, ovarian cancer, neuroendocrine tumors, and

glioblastoma. As single- agent therapy, irinotecan is administered by intravenous
infusion over 30-90 minutes at a dose of 350 mg/ m?, once every 3 weeks. It is also
administered as a 90 minutes intravenous infusion at a dose of 125 mg/ m?, weekly for
4 weeks, repeatedly every 6 weeks. Irinotecan is also approved in combination with
other chemotherapy agents, at doses usually comprised between 180 and 240 mg/ m?

every 2 weeks. However irinotecan treatment has been associated with severe adverse

effects, mainly neutropenia and diarrhea. Together with variability in treatment

outcomes of irinotecan therapy, these adverse effects represent major clinical problems.

2.5 Metabolic pathways of irinotecan

The metabolic pathway of irinotecan was shown in figure 1. In summary,
irinotecan is hydrolyzed by carboxylesterases enzyme (CES) which can be divided into
2 isoforms, CES1 and CES2. These enzymes are the most commonly found in liver,
blood, small intestine and tumor tissue. The active metabolite, SN-38 which is 100 to

1,000 times more active than its substrate. Irinotecan is also undergoes oxidative
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metabolism by cytochrome P450, CYP3A4/5 enzymes to form the 7-ethyl- 10- [ 4- N-
(5-aminopentanoic acid)-1-piperidino]-carbonyloxycamptothecin (APC) and 7-ethyl-
10- [ 4- amino- 1- piperidino] - carconyloxycamptothecin (NPC). Both of these are
inactive metabolites. NPC can be further metabolized by carboxylesterases into SN-38

and increased SN-38 in blood. Although CYP3A polymorphisms were correlated with
enzyme function, but it was thought that the influence of other confounding factors such

as liver function, co-medication, or nutrition was stronger than genetic factors.

SN-38 was cleared via formation of SN-38 glucuronide (SN-38G) by Uridine
diphosphate- glucuronosyltransferase 1A family of enzyme (UGT1Al, UGT1A7 and
UGT1A9) isoform in human liver. SN-38 is conjugated with glucuronic acid by hepatic
and extra hepatic UGTs changing SN-38 to SN-38G, inactive metabolite of irinotecan.
Irinotecan and SN-38G were excreted 10-20% in urine and approximately 52-64% in
bile (31-34). Therefore, the efficiency of SN-38 glucuronidation and transport relies
heavily on UGT1A enzymes and drug transporter activity. Consequently, SN-38G is
excreted in bile via small intestine and reabsorbed by bacterial endogenous B-
glucuronidases lead into prolong its bioavailability and direct intestinal mucosa injury
or late-onset diarrhea. The median onset time is 5-7 days after chemotherapy was given
(35). Discover studies have reported which increased SN- 38 and irinotecan exposure
are associated with lower absolute neutrophil counts (ANC) and failure of intestinal
cell wall lining.

Research has been overemphasized on the role of UGT1AL in influencing the

pharmacokinetics of irinotecan and the progress of toxicities, essentially neutropenia

and severe diarrhea. The best of study UGT1A polymorphism, UGT1A1* 28
(rs8175347), founding a seven thyamine-adenine (TA) repeat in the promoter region,
has been associated with increased irinotecan and SN-38 exposure as well as severe

irinotecan- induced toxicities in Caucasians, due to reduced glucuronidation capacity.

UGT1A1*28 shows high frequencies in Africans (35-56%) and Caucasians (26-39%)
but lower frequencies in East Asians (7-16%) (16-20). Moreover, another variant
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UGT1A1*6 (211G>A, rs 4148323) is commonly found in East Asians (13-24%) but
rarely detected in Caucasians and Africans(17-19,21) and associated with reduced
UGT1A enzyme function. This variant shows marked inter-ethnic variability in Asian
with homozygous carries displaying higher SN- 38 levels than non- carries and higher

risks of neutropenia. Regulatory status and current issues of irinotecan therapy based

on cumulative evidence of association of UGT1A1 genotypes with severe toxicities,
especially neutropenia, after irinotecan therapy, has led to the clinical use of a
diagnostic kit for the UGT1A1*28 in the US (August 2005). Subsequently, in Japan
considering the clinical use of a diagnostic kit for UGT1A1*28 and *6 (March 2009).
Furthermore, in Singapore where three Asian ethnic groups (i.e., Indians, Malays and

Chinese) has recommended updating the label for irinotecan considering the increased
risk for serious adverse reaction associated with patients who are carries of either *28
or *6 in 2010.

Although variability in irinotecan pharmacokinetic (PK) and pharmacodynamic
(PD) had been partially described by UGT1A variants, they do not explain the reason
for the subgroup of non-carrier patients who may experience irinotecan-induced
toxicities. Apart from drug-metabolizing enzymes, the ATP-binding cassette (ABC)
and solute-carrier (SLC) family of transporters can also modulate irinotecan PK/PD
effects. The clinical significance of drug transporter genetic polymorphisms had been
investigating in various ethnic groups, and these studies had also revealed distinct

ethnic differences in transporter polymorphisms.
In addition, the intracellular/extracellar of irinotecan, SN-38 and SN-38G were
determined by the coordinated activity of uptake carrier, solute carrier organic anion

transporter family member 1B1 (SLCO1B1) and efflux carrier. ATP-binding cassette

(ABC) transporter family including ABCB1, multi- drug resistance associated protein
1 (MRP1 or ABCC1), multi-drug resistance associated protein2 (MRP2 or ABCC2)

and ABCG2. Irinotecan, SN-38 and SN-38G were transported out of the cell into bile

by members of the ATP-binding cassette transporter family, especially ABCC2. On the
other hand, SLCO1B1 is a major influx transporter. SLCO1B1 is associated with uptake
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of SN-38 from the blood into the liver. For this reason, the transportation of irinotecan,
SN-38 and its glucuronides across cellular membranes is highly dependent on the
functionality of these transporters. In fact, the inter-individual variability displayed in
patient populations could be the result of genetic polymorphisms in these transporter-

coding genes.
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Figure 2 Irinotecan (CPT-11) metabolism and transport pathway (36).

2.6 Irinotecan and ABCC2 polymorphism

Irinotecan, SN-38 and SN-38G are transported out of cells by ABCB1 ( multi-
drug resistance protein [MDR1]; P-glycoprotein [P-gp]), ABCC1 (multi-drug resistance

protein [ MRP1]), ABCC2 (canalicular multispecific organic anion transporter[ C-
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MOAT]; MRP2) and ABCG2 (breast cancer resistance protein [ BCRP]), specifically
ATP-binding cassette, sub-family C, number 2 (ABCC2)(37, 38).

ABCC2 gene is founded on chromosome 10qg24, Genomic location
g.99782821C>T, rs717620 and encodes a 1,545-aminoacid polypeptide, like several
other transporters of the ABC superfamily. The ABCC2 gene is the most commonly
express in the canalicular membrane of the hepatocyte. Furthermore, the ABCC2 gene
is founded on the apical membrane of polarized cells in the liver, kidneys, and small
intestines and endogenously in the canalicular membrane of hepatocytes.
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Figure 3 Schematic showing localization of ABC and SLC transporters involved in

pharmacokinetics (39).

ABCC2 is responsible for the biliary excretion of carboxylate forms of
irinotecan and SN-38 and the carboxylate and lactone forms of SN-38G. The ABCC2
polymorphism decreases the transport of irinotecan into the bile leads to increased
hepatic metabolism, increased transport of irinotecan into the bile by ABCBL1 or
ABCG2, increased transport back into the circulation by ABCCL. Biliary excretion of
irinotecan and its metabolites were first observed to be significantly lower in ABCC2
variant rats (Chu et al., 1997a, 1997b). As one of the transporters involved in drug efflux
into the bile, irinotecan pharmacokinetic may be modulated by polymorphisms in
ABCC2 gene. The ABCC2 variants identified, the best studied polymorphism is ABCC2
-24C>T(rs717620) and ABCC2-24C>T is commonly found in all ethnic groups (18-
25%)(21,29-33) The study found that almost 20% of MRNA levels was reduced activity
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in variant ABCC2 gene when compared with normal tissue (17). Moreover, patients
with CT or TT genotype (heterozygous and homozygous variant of ABCC2
polymorphism) might be decreasing clearance of irinotecan and systemic of irinotecan
slower than patients whom with CC genotype (wild type).

The effects of ABCC2 polymorphism on the pharmacokinetic of irinotecan in
31 mCRC Japanese patients who were given irinotecan plus infusional 5-
fluorouracil/leucovorin  (FOLFIRI) found that patients with C/T genotype
(heterozygous) or T/T genotype (homozygous) variant had significant increased AUC
of SN-38 higher than patients with C/C genotype group (P = 0.026) (7). Akiyama et al.
reported result from study of 61 Japanese mCRC patients who received first-line
chemotherapy FOLFIRI. The allele frequency of ABCC2 (-24C>T) was 0.344 and
patients with CC genotype at -24 in ABCC2 significantly increased overall response
rate more than the CT plus TT genotype (52.5% and 23.8%), relatively. (P = 0.0313)
odd ratio = 3.54(95% CI=1.09-11.5). Patients with CC genotype had the longest median
progression-free survival (PFS) of 7.9 months, followed by patients with C/T genotype
was 6.5 months and T/T genotype was 3.0 months (P = 0.00910). In contrast of the
other study in Singaporean nasopharyngeal carcinoma patients, which study found that
ABCC2 polymorphism at -24C>T tended to had reduced AUC of irinotecan. Patients
with CC genotype (wild type) was the lowest AUC of irinotecan in comparison with
patients whom with C/T and T/T (18).

In term of toxicities, it was found that ABCC2 polymorphism at -24C>T
significantly reduced risk of grade 3/4 neutropenia compared with wild-type patients
(odd ratio (OR) =0.22, 95% CIl=0.06-0.85). The C/T genotype significantly decreased
the risk of neutropenia. Howerve, patients with T/T genotype had significantly
decreased PFS and lowered response rates (HR=0.62, 95% CI1=0.40-0.95)(37).

2.7 Irinotecan and SLCO1B1 polymorphism

In human, there are more than 300 individual proteins that are organized into 47
families of SLCs. The SLC families encode membrane proteins that have been
identified as passive transporters, ion coupled transporters, and exchangers. Particular

focus has been applied to the organic anion transporting polypeptides (OATP) and
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the gene family that encodes them, SLCO (previously called SLC21). OATPs mediate
the sodium-independent transport of a wide range of amphipathic organic
compounds, including steroid conjugates, anionic oligopeptides, thyroid hormones,
bile saltses, xenobiotic, and pharmaceuticals.

Solute carriers account for variable pharmacokinetics of irinotecan for example,
SLCO1B1 which has major role for influx transporter expressed on the basolateral
membrane of human hepatocytes. SLCO1B1*1b gene is founded on chromosome 12,
genomic location 21176804 A>G, rs2306283. Some studies found that single
nucleotide polymorphism SLCO1B1*1b was involved with increased the function
which leads to hepatic uptake of SN-38 from plasma to human hepatocytes. Therefore,
polymorphisms of SLCO1B1 genes might be important factors to explain the
interpatient variability in disposition of irinotecan (19).

Some studies reported the association between SLCO1B1 polymorphism and
tumor responses. In 137 Chinese mCRC patients who were given irinotecan-based
chemotherapy such as FOLFIRI or mCapelRI (irinotecan plus capecitabine). The allele
frequency of SLCO1B1 (A>G) was 0.22.The results showed patients with GA/AA
genotype of the SLCO1B1 gene (rs2306283) significantly increased in tumor response
and presented a rapid response rate (response within 12 weeks of chemotherapy) higher
than whom with G/G genotype (odds ratio [OR] =3.583, 95%CI =1.301-9.871, P =
0.011). Furthermore, the GA/AA genotype was also an independent prognostic factor
of longer progression-free survival (PFS) (hazard ratio =0.402, 95%CI = 0.171-0.945,
P = 0.037) (20). The other study found that patients with SLCO1B1 (388G/G)
homozygous significantly increased PFS compared with whom with wild-type
(HR=1.60, 95% CIl=1.04-2.46) (21).

The association of irinotecan toxicities and genetic polymorphisms of SLC
transporter had been reported. Almost 50% of patients whom with SLCO1B1*1b
polymorphism had higher absolute neutrophil count (ANC) at nadir when compared
with others (8). The other study found that patients with SLCO1B1*1b significantly
increased the ANC nadir (9).

Similar to hematologic toxicities, SLCO1B1 polymorphism was found to relate
with GI toxicity. The reported from 26 mCRC patients who had undergone to

irinotecan-based chemotherapy showed significant difference between patients whom
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with G/A genotype at 388G>A) and other groups. Three out of nine patients with G/A
genotype had grade > 3 Gl toxicity while 14 of 17 patients in other group had no
Gl toxicity (P = 0.0277). Hence, SLCO1B1 transporter genes were associated with
Gl toxicity induced by irinotecan-based chemotherapy in mCRC patients. (22) In
addition, data from 81 Korean with advanced non-small cell lung cancer (NSCLC)
presented significant association between the SLCO1B1 polymorphism and irinotecan
toxicities, G/G genotype of SLCO1B1 was associated with >3 grade Gl toxicity (P =
0.046). (23)
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- Chapter 3 -
Patients and Methods

3.1 Research design

The design of this study was prospective cohort.

3.2 Scope of research

All metastatic colorectal cancer patients receive irinotecan-based chemotherapy
at out-patient department, King Chulalongkorn Memorial hospital (KCMH), Bangkok,
Thailand.

3.3 Population and sample

3.3.1. Target Population: all metastatic colorectal cancer patients received
irinotecan-base chemotherapy at KCMH

3.3.2. Sample: all metastatic colorectal cancer patients received irinotecan-base
chemotherapy at out-patient department, KCMH during January 2017 — June 2017 or 6
months after ethical approval were included in to this study and all patients signed

written informed consent. The sampling technique was purposive sampling.

Inclusion criteria
Patients who were included into this study must be met all criteria as listed below
1. Had confirmed histopathology or cytology for metastatic colorectal cancer and
received irinotecan-based chemotherapy
Older than 18 years
Lesions can be assessed for chemotherapy treatment response
Had Eastern Cooperative Oncology Group(ECOG) performance status of 0-2
Absolute Neutrophil Count (ANC) >1500 /mm?
Platelet count >80,000/mm?®
Serum creatinine <1.25 upper limit normal(ULN)

Total bilirubin <1.25 ULN

© N o o B~ DN
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9. Alanine aminotransferase(ALT) and Aspartate aminotransferase(AST) <2.5
ULN (< 5SULN with liver metastasis)
10. Signed written informed consent.

Exclusion criteria
Patients were excluded from the study if
1. Received irinotecan-based chemotherapy less than 2 cycles.
2. Were given co-medication which could interact with irinotecan such as
ketoconazole, carbamazepine, phenobarbital and phenytoin during treatment

chemotherapy.

Sample size and calculation
From previous study, allele frequency of ABCC2 polymorphism reported in

Japanese mCRC patients was 0.205(10). Patients with wild type had higher chance in
treatment response 2.20 times compared with variants resulted in 134 cases for this
study.(40)

Set: p1=incidence of treatment response in patients whom with ABCC2
polymorphism = 0.238 Zp=0.10, Z, /2=1.96, Zp=1.28, RR= 2.2, P= (p1 (1+R))/2
=0.380, 1-P=0.619

____________________________________________________________

n/group = [Zu2y/2P(1 —P) + ZB/p1(1 + R — p1(1 + R2)]

(p1 (1-R))*

3.4 Methods

1. Patients who accomplish inclusion criteria were invited to participate the study when
they arrived to outpatient department for chemotherapy or follow-up. The investigator
explained benefits/risks and answered the questions until patients fully understood.
Patient freely decided whether to participate or not before signing inform consent.

2. The demographic and clinical data were collected from medical records.
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3. After inform consent were given, 5-10 milliliters of peripheral blood were drawn
from each patient by a professional nurse and stored in EDTA tubes.

4. Genomic DNA was extracted from blood sample using Qaigen blood kit at
laboratory, department of Medicine, Faculty of Medicine, Chulalongkorn University.
5. Variations in the ABCC2 and SLCO1B1 genotyping were analyzed with real-time
polymerase chain reaction (RT-PCR) system according to Tagman genotyping assay at
laboratory, GENE PLUS Company Limited, Ratchadaphisek Rd. Huaikhwang,
Huaikhwang Bangkok, Thailand.

6. Treatment responses were evaluated after at least 3 cycles according to imaging study
per RECIST criteria by patients’ attending physician.

7. Toxicities were assessed at every cycle by patients interviewing and laboratory
results evaluation.

8. All data were performed statistical analysis by SPSS version 22.0 (SPSS. Co., Ltd.,
Bangkok, Thailand).

Participants with mCRC

Inclusion criteria

Signing inform consent

Blood sample and demographic data collecting

A\ 4 A\ 4

DNA extraction and Assessment of clinical outcomes
genotyping
After 3 cycles Each cycle
completion or treatment
termination
A 4 A 4
Response Toxicity
v l l

Evaluation of the effect of genotypes on treatment response and
toxicities

Figure 4 Procedure of methodology
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3.5 Buffy coat extraction

QlAamp DNA Blood Mini Kits provided fast and easy methods for purification
of total DNA for reliable PCR. Total DNA was purified from whole blood. Whole blood
was drawn from patients before chemotherapy administration approximately 5-10
milliliter and collected in vacutainer tube (purple-stopper) containing EDTA.

Buffer coat is a leucocyte-enriched fraction of whole blood which is a source of
DNA. Preparing a buffy coat by centrifuging whole blood at 2,500 x g for 10 minutes
at room temperature (15-25°C). After centrifugation, 200 microliter of buffy coat was
pipette into microcentrifuge tube size 1.5 ml and stored in freezer at -80°C until
extracted DNA with the use of a QlAamp blood kit (QAIGEN Gmbh, Hilden,

Germany).

3.6 DNA extraction

Buffy coat was used for DNA extraction by ultilzing QlAamp® DNA Blood
Mini kit per following protocol;

1. Equilibrated buffy coat to room temperature

2. Pipetted 20 microliter QIAGEN protease into a 1.5 ml microcentrifuge tube

containing buffy coat 200 microliter.

3. Added 200 microliter Buffy AL to tube. Mix by vortex mixer for 15 seconds.

4. Incubated at 56°C for 10 minutes

5. Added 200 microliter of 100% ethanol to sample, and mixed again by vortex

mixer for seconds.

6. Carefully applied the mixture to QlAamp mini spin column (in a 2 ml

collection tube) without wetting the rim. Closed the cap, and centrifuged at 6000

X g (8000 rpm) for 1 minute. Placed the QIAamp mini spin column in a 2 ml

clean collection tube, and discarded the tube containing the filtrate.

7. Carefully opened the QIAamp Mini spin column and added 500 microliter

buffer AW1 without wetting the rim. Closed the cap and centrifuged at full

speed (20,000 x g; 14,000 rpm) for 3 min.
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8. Carefully opened the QlAamp Mini spin column and added 500 microliter

buffer AW2 without wetting the rim. Closed the cap and centrifuged at full

speed (20,000 x g; 14,000 rpm) for 3 min.

9. Placed the QlAamp Mini spin column in a new 2 ml collection tube and

discarded the old collection tube with the filtrate. Centrifuge at full speed for 1

min.

10. Placed the QlAamp Mini spin column in a clean 1.5 ml microcentrifuge

tube, and discarded the collection tube containing the filtrate. Carefully opened

the QlAamp Mini spin column and added 200 microliter Buffer AE. Incubated

at room temperature (15-25°C) for 1 min, and then centrifuged at 6000 x g (8000

rpm) for 1 min.

After DNA extraction were done, Thermo Scientific NanoDrop 2000c
spectrophotometer was use for measuring the concentration and purity of DNA

samples.

3.7 ABCC2 and SLCO1B1 genotyping

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

1. ABCC2 polymorphism (C>T), Assay ID: rs717620

2. SLCO1B1 polymorphism (388A > G), Assay ID: rs2306283

ABCC2 polymorphism (C>T, rs717620) and SLCO1B1*1b (388A > G,
rs2306283) was analyzed by the polymerase chain reaction (PCR)-restriction fragment
length polymorphism method. the primers and probes were commercially
available(applied Biosystems Inc., Foster city, CA USA).The reaction mixture
consisted of DNA template 2 pl (10 ng/1pul of genomic DNA) + nuclease-free water 7
ul + TagMan® Universal master mix 10 pl + TagMan® probe with primers 1pl in a final
volume of 20 pl was performed by following program: An initial denaturation at 60°C
for 30s then 95°C for 10 min was followed by 40 cycles of 15s at 95°C, 1 min at 60°C
and 30s at 60°C. After PCR amplification, perform an endpoint plate read on a
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StepOnePlus Real time PCR System (Applied Biosystem Inc., Foster City, CA USA).
Using the fluorescence measurements made during the plate read, the SDS software
plots Ry values based on the fluorescence signals from each well, then determines which

alleles are in each sample.

3.8 Research related documents

Data collection form, Information for Attendees research and Inform consent
of this study.

1. Data collection form (appendix A)

2. Information for Attendees research (appendix B)

3. Inform consent of this study (appendix C)

3.9 Data analysis

Statistic was calculated by SPSS version 22.0 data analysis. Demographic data
such as sex, extent of diseases, and location of primary tumor, ECOG performance
status score, and previous treatment were presented as percentage. Continuous variable
such as age, tumor marker levels, baseline sum of longest diameter, and disease free

survival were presented as mean * standard deviation (SD) or median and inter quartile
range (IQR).

Table 4 Data analysis

Hypothesis Variable statistics
1. ABCC2 Independent : ABCC2 genotypes | Chi-squared test
polymorphisms is (categorical variable) or Fisher’s exact
associated with response CC,CTand TT. test and

of irinotecan base P- values < 0.05

Dependent: treatment response,

chemotherapy in mCRC Responder = PR or CR,

atients.
P Non-responder = PD or SD.

(categorical variable)
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associated with response
of irinotecan-based
chemotherapy in mCRC

(categorical variable)
GG, GA, and AA.

Dependent: treatment response,

Hypothesis Variable statistics
2.SLCO1B1 Independent : Chi-squared test
polymorphisms is SLCO1B1 genotypes or Fisher’s exact

test and

P- values < 0.05

polymorphisms is
associated with severe
toxicities of irinotecan-
based chemotherapy in
mCRC patients.

(categorical variable)
CC,CTand TT.
Dependent : toxicity rate

(categorical variable)

patients. Responder = PR or CR,
Non-responder = PD or SD.
(categorical variable)
3. ABCC2 Independent: ABCC2 genotypes Chi-squared test

or Fisher’s exact
test, odd ratio

and

P- values < 0.05

4.SLCO1B1
polymorphisms is
associated with severe
toxicities of irinotecan-
based chemotherapy in

mCRC patients.

Independent:

SLCO1B1 genotypes
(categorical variable)
GG, GA, and AA.
Dependent : toxicity rate

(categorical variable)

Chi-squared test
or Fisher’s exact
testand P-
values < 0.05

3.10 Ethical consideration

The study was reviewed and approved by ethics committee, Institutional

Review Board Faculty of Medicine, Chulalongkorn University. The approval number

was 699/59.
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- Chapter 4 —

Results

4.1 Patients’ characteristics

The study was prospective cohort study, 56 participants with mCRC received
irinotecan-based chemotherapy during January to June 2017 at the oncology
department, King Chulalongkorn Memorial Hospital (KCMH) were enrolled. Two
participants were admitted because of infection and 3 participants were awaiting for
evaluation of response by doctor. Thus, 51 participants were evaluated for tumor
response.

Thirty-six male patients accounted for 64.28% as the major genders groups. The
mean age was 59.91+11.67, ranging from 26 to 81 years-old.

Adenocarcinoma with moderated differentiated histology was the most
common in 25 patients (44.64%). Twenty-one patients (37.50%) had primary tumor
site at colon. Fourteen patients (25.0%) had metastasis to lung and liver. Most of
patients received irinotecan-base chemotherapy as second line treatment (38 patients,
67.86%). Twenty-three patients (41.07%) had number of metastatic site at one organ.
Almost of participants were in good performance status represented by ECOG score 0
and 1. Most of patients had surgical resection and chemotherapy (35 patients, 62.50%)

as previous treatment. All basic clinical data was shown in Table 5

Table 5 Patients’ characteristics

Characteristic N (%)
Total number of participants 56
Age 59.91+11.67(26,81)
Characteristic N %
Gender
= Male 36 64.28
= Female 20 35.72
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Characteristic

N (%)

Performance status

= ECOG score=0 4 7.14
= ECOG score=1 52 92.85
Histology
= well differentiated 22 39.29
= moderately differentiated 25 44.64
= poorly differentiated 6 10.71
= No data 3 5.36
Primary tumor site
= colon 21 37.50
= sigmoid colon 18 32.14
= rectum 17 30.36
Metastastic site
= liver 14 25.0
= lung 6 10.71
= other? 8 14.29
= lung and liver 14 25.0
= liver or lung and other? 14 25.0
Treatment line
= first line 8 14.29
= Second line 38 67.86
= >second line 10 17.85
Number of metastatic site
LI | 23 41.07
= 2 20 35.72
. >2 13 23.21
Previous treatment
= chemotherapy 5 8.93
= surgery+chemotherapy 35 62.50
= surgery+radiotherapy+chemotherapy 12 21.43
= radiotherapy+chemotherapy 4 7.14
Treatment regimen
= Irinotecan 5 8.93
» |rinotecan+capecitabine 13 23.21
= |FL 33 58.93
= Irinotecan+other(eg. cetuximab, 5 8.93

bevacizumab)
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Characteristic N (%)
Alcohol Status
= Never 33 58.93
= Ever 23 41.07
Smoking status
= Never 35 62.50
= Ever 21 37.50

Abbreviation: ECOG= Eastern Cooperative Oncology Group.
2 Includes peritoneal,pelvic,bladder,ovarian,spleen,ovary,bone

The data for genotype frequencies were presented in Table 6. For ABCC2

polymorphism, (C>T, rs717620) was found the wild type (C/C), heterozygous variant
(C/T) and homozygous variant (T/T) at 66.07 %, 32.14 %, 1.79 %, respectively. For
SLCO1B1 polymorphism, (A>G, rs2306283) was found the wild type (A/A),
heterozygous variant (A/G) and homozygous variant (G/G) were 12.50 %, 21.43 %,

66.07 %, respectively.

Table 6 Genotype frequency

Total number of participants = 56 N %
ABCC2 genotype
= Homozygous wild genotype (C/C) 37 66.07
= Heterozygous variant genotype (C/T) 18 32.14
= Homozygous variant genotype(T/T) 1 1.79
SLCO1B1 genotype
= Homozygous wild genotype (A/A) 7 12.50
= Heterozygous variant genotype (A/G) 12 21.43
= Homozygous variant genotype(G/G) 37 66.07

4.2 Prevalence

Genotype distributions were checked for agreement with those expected under

Hardy-Weinberg Equilibrium (HWE) by means of 2 test, which required a P<0.05 for

statistical significance. HWE was the relationship between allele frequencies and
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genotype frequencies in populations. HWE was usually described using a trait for which
there are two allele presents at the locus of interest.
Allele frequencies equation — p+g=1
Genotype frequencies equation- p?+2pg+g’=1
The prevalence of ABCC2 polymorphism were p allele frequency equal to
0.8214 and q allele frequency equal to 0.178 (y 2 test = 0.118. P-value = 0.731).
The prevalence of SLCO1B1 polymorphism were p allele frequency equal to
0.2321 and q allele frequency equal to 0.767 (y 2 test =4.654. P-value = 0.030).
Allele frequencies of ABCC2 polymorphism, (C>T, rs717620) was found at
17.86 % and allele frequencies of SLCO1B1 polymorphism, (A>G, rs2306283) was
found at 76.79 %, as shown in Table 7.

Table 7 Allele frequency

Total number of participants 56
56 x 2 )
Gene Allele allele Genotype | N % Predicted

N % (HWE)

ABCC2 C 92 | 82.14 ce 37 | 66.1 37.78
CT 18 | 32.1 16.43

T 20 | 17.86 TT 1 1.8 1.79

SLCO1B1 A 26 | 23.21 AA 7 | 12,50 3.02
AG 12 | 21.43 19.96

G 86 | 76.79 GG 37 | 66.07 33.02

4.3 Tumor response

Fifty-six participants who received irinotecan-based chemotherapy were
enrolled to this study. Two participants were admitted because of infection and 3
participants were pending for evaluation of response by doctor. Therefore, fifty-one
participants treated with irinotecan-based chemotherapy were evaluated tumor
response. The proportion of progressive disease (PD) and stable disease (SD) were the
same, at 43.1%, while partial response (PR) was equal at 13.7%. None of patient had

complete response (CR) were showed in Table 8.
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Total number of participants 51

Response N %
Partial response(PR) 7 13.72
Stable disease (SD) 22 43.14
Progressive disease (PD) 22 43.14

There were no statistically significant difference in the overall response rate in

each gender, age, histology, primary tumor site, metastatic site, treatment line, and

number of metastatic site, previous treatment, performance status, alcohol status,

smoking status, (N=51). These factors were not associated with overall response were

showed in Table 9.

Table 9 Association between factor and overall response

Total number of participants

=51

Overall response

SD+PD | y?value | P-value
Factor N PR (%) (%)
Gender 0.20 0.686
= Male 33 | 4(12.12) | 29 (87.88)
= Female 18 | 3(16.67) | 15(83.33)
Age 2.27 0.221
= <60 years 28 2 (7.14) 26 (92.86)
= >60 years 23 | 5(21.74) | 18(78.26)
Performance status 0.46 0.457
= ECOG score=0 4 1(25) 3(75)
= ECOG score=1 47 | 6(12.77) 41(87.23)
Histology 2.99 0.393
= Well differentiated 20 4 (20) 16 (80)
»= Moderately 22 2 (9.09) 20(90.91)
differentiated
= Poorly differentiated 6 0(0) 6(100)
= Nodata 3 | 1(33.33) | 2(66.67)
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Total number of participants =51
Overall response
Factor N SD+PD | y2value | P-value
PR (%) (%)
Primary tumor site 0.05 0.975
= colon 20 3(15) 17(85)
* sigmoid 15 | 2(13.33) 13(86.67)
» rectum 16 | 2(12.50) 14(87.50)
Metastatic site 4.92 0.295
= liver 11 | 3(27.27) 8(72.73)
= Jung 6 0(0) 6(100)
= other? 8 0(0) 8(100)
» lung and liver 14 | 3(21.43) 11(78.57)
= liver or lung+other? 12 1(8.33) 11(91.67)
Treatment line 1.53 0.465
= first line 7 2(28.57) 5(71.43)
= second line 34 | 4(11.76) 30(88.24)
= >second line 10 1(10) 9(90)
Number of 0.39 0.823
metastatic site
LI | 20 3(15) 17(85)
= 2 19 | 3(15.78) 16(84.22)
. > 12 1(8.33) 11(91.67)
Previous treatment 1.36 0.714
= Chemotherapy 4 1(25) 3(75)
= Surgery+ 32 | 5(15.63) 27(84.37)
chemotherapy
= Surgery+ 11 | 1(9.09) | 10(90.91)
radiotherapy+
chemotherapy
» Radiotherapy+
chemothere?gy 4 0(0) 4(100)
Alcohol Status 1.37 0.402
= Never 32 3(9.38) 29(90.62)
= Ever 19 | 4(21.05) 15(78.95)
Smoking status 0.33 0.673
= Never smoker 34 | 4(11.76) 30(88.24)
= Ever smoker 17 | 3(17.65) 14(82.35)

Abbreviation: ECOG= Eastern Cooperative Oncology Group.
2 Includes peritoneal,pelvic,bladder,ovarian,spleen,ovary,bone
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The significant differences in treatment response were found in each treatment
regimen and irinotecan dose levels (P=0.005 and P= 0.009, respectively). The results
showed that patients who received irinotecan plus cetuximab or bevacizumab regimen
were higher overall response than other regimen. According to the Table 10, the highest
percentage of overall response in each irinotecan dose levels was patient with irinotecan
dose equal 180 mg/m? when compared with 150 mg/m? and 100-125mg/m? at 66.67%,
17.39% and 4%, relatively. In group of patients were received irinotecan dose equal
180 mg/m?, 2 participants were patients who received irinotecan plus capecitabine

regimen and 1 participant was received single irinotecan regimen.

Table 10 Association between chemotherapy regimens and irinotecan dose with

overall response

Total number of participants =51
g Overall response 2 p.
Factor PR SD +PD | value value
(%) (%)
Treatment regimen 12.88 | 0.005*
* Irinotecan 5 0(0) 5(100)
= Irinotecan+capecitabine 11 | 4(36.36) | 7(63.64)
= IFL 31 | 1(3.23) | 30(96.77)
= Irinotecan+other(eg. 4 2(50) 2(50)
cetuximab, bevacizumab)
Irinotecan dose 9.359 | 0.009*
= 100-125mg/m? 25 1(4) 24(96)
= 150mg/m? 23 | 4(17.39) | 19(82.61)
= 180mg/m? 3 |2(66.67) | 1(33.33)

*P-value of < 0.05 was considered statistically significant

The overall response rates in patients with chemotherapy delayed schedules or
reduced dose were by any causes were shown in Table 11. These factors were not
associated with overall response. Postpone of chemotherapy was counted in patient who
received chemotherapy delay from schedule more than 1 week and these data were

recorded in patients’ profile by doctor.
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The non-response group were higher percentage of postponed chemotherapy
than response group at 12/15 (80%) and 3/15 (20%). However, there was no significant
effect on overall response, P=0.406. The reasons of postpone were 2 participants feel
characterless, 3 participants had diarrhea, 3 participants had infection and 4 participants
had ANC level less than 1500/mm?,

Patients in non-response group were higher percentage of dose reduction than
patients in responder group at 90.90% and 9.10%. The reasons of reducing the dose
were 1 participants had impair liver function test at after cycle 1, 1 participants had
diarrhea, 7 participants had ANC level less than 1500/mm?,1 participant had severe

neutropenia and 1 participant was reduced dose without record of the reason.

Table 11 Association between factor and overall response

Total number of participants =51
!
) Overall response 2 p.
Factor PR SD +PD value value
(%) (%)
Postpone of chemotherapy 0.706 0.406
" Yes 15 3(20) 12(80)
= No 36 | 4(11.10) | 32(88.90)
Reduced dose 0.254 1.000
= Yes 11 1(9.10) | 10(90.90)
= No 40 6(15) 34(85)

Differences in overall response rate among genotypes of ABCC2 and SLCO1B1
were described in Table 12. The results showed one patient with heterozygous variant
type (T/T) of ABCC2 was the highest of overall response rate. When combined effect
of C/T genotype and T/T genotype was evaluated, patients with homozygous wild type
(C/C) had higher rate of overall response when compared with C/T plus T/T genotypes
(17.65% vs. 5.88%). However, there were no statistically significant differences.
(P=0.401). For SLCO1B1 polymorphism, patients with G/G genotypes had higher rate
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of overall response (17.14% vs.6.25%) when compared with A/A and A/G genotypes.

Similar to ABCC2’s effect, the differences was not at a statistically significant level.

Table 12 Association between genetic polymorphisms and overall responses

Overall response

2 P-
Gene Genotype N PR (%) SD + PD t)fast value
(%)
ABCC2 9.27 0.010*
CcC 34 | 6(17.65) 28(82.35)
CT 16 0(0) 16(100)
1T 1 1(100) 0(0)
ABCC2
CcC 34 | 6(17.65) 28(82.35) 1.32 0.401
CT,T/IT 17 1(5.88) 16(94.12)
SLCO1B1 1.34 0.512
AA 5 0(0) 5(100)
AG 11 1(9.09) 10(90.91)
GG 35 | 6(17.14) 29(82.86)
SLCO1B1
AA AG 16 1(6.25) 15(93.75) 1.10 0.410
GG 35 | 6(17.14) 29(82.86)

*P-value of < 0.05 was considered statistically significant

In term of clinical benefit, patients with variant type (C/T, T/T) of ABCC2 had

higher rate of clinical benefit (70.59% vs. 50%) when compared with C/C genotype
(P=0.233). For SLCO1B1 polymorphism, patient with G/G genotype had higher rate of
clinical benefit (57.14% vs. 56.25%) when compared with patient with at least one wild

type allele (A/A, A/G). However, neither of them associated with clinical benefit at a

statistically significant level, as shown in Table 13.
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Clinical benefit
Gene Genotype N PR + SD X2 -
%) PD (%) test value
ABCC2 2.33 | 0311
CcC 34 17(50) 17(50)
CT 16 | 11(68.75) | 5(31.25)
TT 1 1(100) 0(0)
ABCC2 1.95 | 0.233
CcC 34 17(50) 17(50)
CT,T/T 17 12(70.59) | 5(29.41)
SLCO1B1 0.787 | 0.678
AA 5 2(40) 3(60)
AG 11 7(63.64) 4(36.36)
GG 35 20(57.14) | 15(42.86)
SLCO1B1 0.004 | 1.000
AA AG 16 9(56.25) 7(43.75)
GG 35 20(57.14) | 15(42.86)

In this study, majority of patient (31, 63.3%) received IFL regimen. When
focusing in this subgroup, the patient with homogenous wild type of ABCC2 had higher
overall response when compared with others. For SLCO1B1 polymorphism, patients
with G/G genotype had higher overall response when compared with A/G, A/A
genotypes. However, there were no significant relationship between overall response

and both genes, as shown in Table 14.
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Table 14 Association between genetic polymorphisms and overall response in patient

who received IFL regimen

Total number of participants 31

Overall response 95% CI
Gene | Genotype | N PR | SD+PD v;l-Je OR | Lo- [ Up-
(%) (%) wer | per
ABCC2 CC 19 | 1(5.3) | 18(94.7) | 1.000 | 0.94 | 0.85 | 1.05

CT+TT | 12 0(0) 12(100)

SLCO1BL | AA+AG | 9 | 0(0) 9(100) | 1.000 | 1.04 | 0.95 | 1.14
GG |22 | 1(45) | 21(95.5)

For the clinical benefit, patient with C/T, T/T genotypes of ABCC2 had higher
clinical benefit (58.3% and 36.8%) than patient with C/C genotypes (P=0.288). For
SLCO1B1 polymorphism, patients with A/A, A/G genotypes had higher clinical benefit
(55.6% vs. 40.9%) when compared with G/G genotype (P=0.693). Similar to overall
response, there were no relationship between clinical benefit and both genes as shown
in Table 15.

Table 15 Association between genetic polymorphisms and clinical benefit in patients

received IFL regimen

Total number of participants 31
Clinical benefit P 95% CI
Gene | Genotype | N | PR+ PD OR | Lo- | Up-
value
SD (%) (%) wer | per
ABCC2 cC 19 | 7(37) 12(63) | 0.288 | 0.41 | 0.09 | 1.82
CT+TT | 12 7(58) 5(42)
SLCO1B1 9 5(56) 4(44) 0.693 | 1.80 | 0.37 | 8.64
AA(;+(;AG 22 | 9(a1) | 13(59)

In this study, majority of patient (11, 21.56%) received IFL regimen at
irinotecan dose levels equal 150 mg/m?. In this subgroup, patients with homogenous

wild type of ABCC2 had higher overall response when compared with others at 25%
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and 0%. For SLCO1B1 polymorphism, patients with G/G genotype had higher overall
response when compared with A/G, A/A genotypes at 16.70% and 0%. Though, there
were no significant relationship between overall response and both genes, as shown in
Table 16

Table 16 Association between genetic polymorphisms and overall response in patient
who received IFL regimen at irinotecan dose levels equal 150 mg/m?.

Total number of participants 11
Overall response 95% CI

Gene | Genotype | N PR SD +PD v;[Je OR | Lo- | Up-

(%) (%) wer | per

ABCC2 CcC 4 1(25) 3(75) 0.364 | 0.75 | 042 | 1.32
CT 7 0(0) 7(100)

SLCO1B1 | AA+AG | 5 0(0) 5(100) 1.000 | 1.20 | 0.83 | 1.71
GG 6 | 1(16.70) | 5(83.30)

For the clinical benefit, patients with CC genotypes of ABCC2 had higher
clinical benefit (75% and 57.10%) than whom with CT plus TT genotypes (P=1.000).
For SLCO1B1 polymorphism, patients with A/A, A/G genotypes had higher clinical
benefit (80% and 50%) when compared with G/G genotype (P=0.545). There were no
relationship between clinical benefit and both genes as shown in Table 17.

Table 17 Association between genetic polymorphisms and clinical benefit in patients
received IFL regimen plus irinotecan dose levels equal 150 mg/m?.

Total number of participants 11
Clinical benefit P 95% CI
Gene Genotype | N PR + PD OR | Lo- | Up-
value
SD (%) (%) wer | per
ABCC2 cC 4 3(75) 1(25) 1.000 | 2.25 | 0.14 | 33.9
CT+TT | 7 | 4(57.10) | 3(42.90)
SLCO1B1 | AA+AG | 5 4(80) 1(20) 0.545 | 4.00 | 0.26 | 60.3
GG 6 3(50) 3(50)
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When combined effect of both genetic polymorphisms was evaluated, there was
no significant difference in overall response as presented in Table 18. Conversely, the
trend in differences of clinical benefit rate was found while effects of both genetic
polymorphisms were combined. As described in Table 19, patients with at least one
variant allele of ABCC2 and one wild type allele of genotype of SLCO1B1 had higher

clinical benefit rate (P=0.031).

Table 18 Association between genetic polymorphisms and overall response in
combined genotype (ABCC2 and SLCO1B1*1b)

Total number of participants 51
SLCO1BL | ABCC?2 \ Overall response .2
allele allele g SD+PD | value | P-value
PR (%) (%)
AA+AG CcC 10 1(10) 9(90) 2.29 0.513
AA+AG | CT+TT | 6 0(0) 6(100)
GG CcC 24 5(20.83) 19(79.17)
GG CT+TT | 11 1(9.09) 10(90.91)
GG and CC 24 5(20.80) 19(79.20) | 1.93 0.232
other 27 2(7.40) 25(92.60)

Table 19 Association between genetic polymorphisms and clinical benefit in
combined genotype (ABCC2 and SLCO1B1*1b)

Total number of participants 51
SLCO1B1 | ABCC2 N Clinical benefit 2 P—
allele allele PR + SD (%) PD (%) value | value
AA+AG CC 10 3(30) 7(70) 7.53 | 0.057
AA+AG CT+TT | 6 6(100) 0(0)
GG CC 24 14(58.33) 10(41.67)
GG CT+TT | 11 6(54.55) 5(45.45)
AA+AGand CT+TT 6 6(100) 0(0) 5.15 | 0.031*
other 45 23(51.10) 22(48.90)

*P-value of < 0.05 was considered statistically significant
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Similar patterns were found in patients received IFL regimen as shown in Table
20. No difference of overall response rate but trend of difference for clinical benefit
rate was found in combined effect of both genetic polymorphisms. Patients with at
least one variant allele of ABCC2 and one wild type allele of genotype of SLCO1B1
had tended to gain more clinical benefit (P=0.096).

Table 20 Association between genetic polymorphisms and overall response in
combined genotype in IFL regimen (ABCC2 and SLCO1B1*1b)

Total number of participants 31
Overall response
SLCO1BL | ABCC2 | P o P.
allele allele PR SD+PD | value | value
(%) (%)
AA+AG CC 5 0(0) 5(100) 1.25 | 0.740
AA+AG CT+TT 4 0(0) 4(100)
GG CC 14 1(7.14) 13(92.86)
GG CT+TT 8 0(0) 8(100)

Table 21 Association between genetic polymorphisms and clinical benefit in
combined genotype in IFL regimen (ABCC2 and SLCO1B1*1b)

Total number of participants 31
SLCO1B1 | ABCC2 N Clinical benefit 12 P-
allele allele value
PR + SD o | Value
(%) (%)
AA+AG CcC 5 1(20) 4(80) 6.35 | 0.096
AA+AG CT+TT | 4 4(100) 0(0)
GG CC 14 6(42.86) 8(57.14)
GG CT+TT | 8 3(37.50) 5(62.50)
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4.4 Genetic polymorphisms and toxicities

Anemia was the most common adverse events found in this study (38 patients,
67.86%), followed by delay diarrhea (15 patients, 26.79%), thrombocytopenia (9
patients, 16.07%) and neutropenia (5 patients, 8.93%). Incidences of toxicities were

listed in Table 22. Grade and distribution of toxicities was shown in Appendix F.

Table 22 Overall toxicities

Total number of participants 56
All grades Grade
Toxicities N (%), after Cyclel | Grade O | Grade 1-2 | Grade 3-4
Anemia 38/56 (67.86) 18(32.14) | 36 (64.29) | 2 (3.57)
Diarrhea 15/56(26.79) 41(73.21) | 14(25) 1(1.79)
Thrombocytopenia 9/56 (16.07) 47(83.93) | 8(14.28) 1(1.79)
Neutropenia 5/56 (8.93) 51(91.07) | 3(5.36) 2 (3.57)

There were no statistically significant difference in anemia each gender, age,
histology, primary tumor site, metastatic site, treatment line, number of metastatic site,
previous treatment, performance status, treatment regimen and irinotecan dose levels.
These factors were not associated with anemia, neutropenia, and thrombocytopenia and
delay diarrhea. The significant differences in delay diarrhea were found in each
histology and previous treatment (P=0.037 and P=0.016), relatively. The data were
described in Appendix G.

4.4.1 Hematologic toxicities

To compare differences in toxicities among various genotypes precisely, we
decided to evaluate rate of toxicity after each cycle of chemotherapy was given. Table
23 showed the effect ABCC2 and SLCO1B1 polymorphisms on anemia, the risk of
severe anemia after cycle 2 of chemotherapy were higher in patients with homozygous
wild type (A/A) of SLCO1B1 (16.67% vs. 0%) than other genotypes (P=0.016).
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Anemia was analyzed in patient who had reducing in hemoglobin level, taking as

reference the baseline before start chemotherapy cycle 1 follow by CTCAE criteria.

Table 23 Association between genetic polymorphisms and anemia

Anemia 95% CI
Oc-;zr?:/i) Grade x 2 P- OR Lo- | Up-
Gene | Genotype | N 3-4 (%) | test | value wer | per
anemia after chemotherapy cycle 1
ABCC2 1.06 | 0.587 | 1
cC 37 | 35(94.59) | 2(5.41)
CT 18 | 18(100) 0(0)
TT 1 1(100) 0(0)
CTTT 19 | 19(100) 0(0) 1.06 | 0.544 | 0.9 | 0.8 | 1.0
SLCO1B1
AA 7 6(85.71) | 1(14.29) | 285 | 0.239 | 1
AG 12 12(100) 0(0)
GG 37 | 36(97.30) | 1(2.70)
AAAG 19 | 18(94.74) | 1(5.26) | 0.23 | 1.000 | 0.5| 0.0 | 8.4
anemia after chemotherapy cycle 2
ABCC2 053 [0.764 |1
CcC 36 | 35(97.22) | 1(2.78)
CT 18 | 18(100) 0(0)
TT 1 1(100) 0(0)
CTTT 19 | 19(100) 0(0) 0.53 | 1.000 | 09| 0.9 | 1.0
SLCO1B1 8.31 | 0.016"
AA 6 5(83.33) | 1(16.67)
AG 12 12(100) 0(0)
GG 37 | 37(100) 0(0)
AAAG 18 | 17(94.44) | 1(5.56) | 2.09 | 0.327 | 0.9 | 0.8 | 1.0
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anemia 95% CI
Gene | Genotype | N O?Zra(zj/i) Grade t)éjt v;;e OR | Lo- | Up-
3-4 (%) wer | per
anemia after chemotherapy cycle 3
ABCC2 098 |0.613 |1
cC 34 132(94.12) | 2(5.88)
CT 15 | 15(100) 0(0)
TT 1 | 1(100) 0(0)
CT,TT 16 | 16(100) 0(0) 0.98 | 1.000 {09 |08 |1.0
SLCO1B1 3.89 [0.143 |1
AA 5 |4(80) 1(20)
AG 11 | 11(100) | 0(0)
GG 34 |33(97.06) | 1(2.94)
AAAG 16 | 15(93.75) | 1(6.25) |0.31 |0.542 |04 (0.0 [7.7

*P-value of < 0.05 was considered statistically significant

Similar to anemia, rate of severe neutropenia after cycle 2 of chemotherapy also
found higher in rate patients with homozygous wild type (AA) of SLCO1B1 (16.67%
and 0%) than patient with other genotypes (P=0.016) as presented in Table 24. Both

ABCC2 and SLCO1B genetic polymorphisms did not affect on differences in rate of

severe thrombocytopenia as seen in Table 25.

Table 24 Association between genetic polymorphisms and neutropenia

neutropenia 95% ClI
Gene | Genotype | N Grade Grade x 2 P- |OR | Lo- | Up-
0-2(%) | 3-4(%) | test | value wer | Per
neutropenia after chemotherapy cycle 1
ABCC2 03210850 | 1
CcC 37 | 36(97.30) | 1(3.70)
CT 18 | 17(94.44) | 1(5.56)
T 1 1(100) 0(0)
CTTT 19 | 18(94.74) | 1(5.26) | 0.23 | 1.000 | 2.0 | 0.1 | 33.
1 85
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neutropenia 95% CI
Grade
Grade Y2 P- | OR | Lo- | Up-
Gene | Genotype | N | 0-2(%) 3-4 (%) | test | value wer pgr
SLCO1B1 2.85 (0239 | 1
AA 7 | 6(85.71) | 1(14.29)
AG 12 | 12(100) 0(0)
GG 37 |36(97.29) | 1(2.71)
AAAG | 19 | 18(94.74) | 1(5.36) | 0.23 | 1.000 | 0.5 | 0.03 | 8.46
neutropenia after chemotherapy cycle 2
ABCC2 209 {0351 | 1
CC 36 | 36(100) 0(0)
CT 18 | 17(94.44) | 1(5.56)
1T 1 1(100) 0(0)
CTTT 19 | 18(94.74) | 1(5.26) | 1.93 | 0.345 | 1.0 | 0.94 | 1.17
SLCO1B1 8.31 | 0.016" | 1
AA 6 | 5(83.33) | 1(16.67)
AG 12 | 12(100) 0(0)
GG 37 | 37(100) 0(0)
AAAG | 18 | 17(94.44) | 1(5.56) | 2.09 | 0.327 [ 0.9 | 0.84 | 1.05

*P-value of < 0.05 was considered statistically significant

Table 25 Association between genetic polymorphisms and thrombocytopenia

thrombocytopenia 95% CI
Grade Grade | %2 P- Lo- | Up-
Gene | Genotype N 0-2(%) | 3-4 (%) | test | value OR wer | per
Thrombocytopenia after chemotherapy cycle 1
ABCC2 2.14 | 0.341 | 1.0
CcC 37 37(100) 0(0)
CT 18 | 17(94.44) | 1(5.56)
T 1 1(100) 0(0)
CT,TT 19 | 18(94.74) | 1(5.26) | 1.98 | 0.339 | 1.0 | 09 | 11
SLCO1B1 0.52 | 0.770
AA 7 7(100) 0(0)
AG 12 12(100) 0(0)
GG 37 | 36(97.30) | 1(2.70)
AAAG |19 19(100) 0(0) 052 | 100 10|09 | 10
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After cycle 1 chemotherapy was given, the risk of severe diarrhea were found
higher in patients with homozygous wild type (A/A) of SLCO1B1 (14.29% vs. 0%) than

patient with other genotypes (P=0.028).

Table 26 Association between genetic polymorphisms and diarrhea

diarrhea 5 p. 95% CI
Gene | Genotype | N Grade Grade t)fast value OR | Lo- | Up-
0-2(%) | 3-4 (%) wer | per
diarrhea after chemotherapy cycle 1
ABCC2 0520770 | 1
cC 37 | 36(97.30) | 1(2.70)
CT 18 | 18(100) 0(0)
TT 1 1(100) 0(0)
CTTT 19 | 19(100) 0(0) 0.52 | 1.000 | 097 | 0.9 | 1.0
SLCO1B1 712 |1 0.028" | 1
AA 7 6(85.71) | 1(14.29)
AG 12 | 12(100) 0(0)
GG 37 | 37(100) 0(0)
AAAG 19 | 18(94.74) | 1(5.26) |1.98 | 0.339 | 094 | 0.8 | 1.0
diarrhea after chemotherapy cycle 2
ABCC2 20410360 | 1
CcC 36 | 32(88.88) | 4(11.12)
CT 16 | 16(100) 0(0)
TT 1 1(100) 0(0)
CTTT 17 | 17(100) 0(0) 20410293 (088 | 0.7 | 0.9
SLCO1B1 046 | 0.794 | 1
AA 5 5(100) 0(0)
AG 11 | 10(90.91) | 1(9.09)
GG 37 | 34(91.89) | 3(8.11)
AAAG 16 | 15(93.75) | 1(6.25) | 0.05 | 1.000 | 1.32 | 0.1 | 13.7
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diarrhea 5 p. 95% CI
Gene | Genotype | N Grade Grade t)fast value OR | Lo- | Up-
0-2(%) | 3-4 (%) wer | per
diarrhea after chemotherapy cycle 3
ABCC2 0980613 | 1
cC 34 | 32(94.12 | 2(5.88)
)
CT 15 | 15(100) 0(0)
TT 1 1(100) 0(0)
CTTT 16 | 16(100) 0(0) 0.98 | 1.00 | 094 | 0.86 | 1.0
SLCO1B1 098 | 0613 | 1
AA 5 5(100) 0(0)
AG 11 | 11(100) 0(0)
GG 34 | 32(94.12 | 2(5.88)
)
AAAG 16 | 16(100) 0(0) 098 | 1.00 | 1.06 | 097 | 1.1

*P-value of < 0.05 was considered statistically significant

When combined genotypes were determined for association between genetic
polymorphism and risk of severe anemia, severe neutropenia, and thrombocytopenia
and delayed diarrhea (N=56). Results presented that there were no statistically
significant differences in the risk of toxicity between the each group of combined
genotype (ABCC2 and SLCO1B1). Association between genetic polymorphisms and
severe anemia in combined genotype (ABCC2 and SLCO1B1*1b) were described in
Appendix H.

In subgroup received IFL regimen, there was no statistical association between
ABCC2 and SLCO1B1 polymorphisms and the risk of toxicity, nevertheless it was
found that the risk of severe neutropenia were higher in patient with homozygous wild
type (A/A) of SLCO1B1 polymorphism (33.33% vs. 0%) than patient with other
genotype (P=0.006). When considering combined genotype of both genes in IFL
regimen (N=33) on the risk of toxicity (severe anemia, severe neutropenia, severe
thrombocytopenia, and diarrhea), the results showed that there was no statistical
association between ABCC2 and SLCO1B1 polymorphisms and the risk of toxicity.
Association between genetic polymorphisms and severe anemia in combined genotype
in IFL regimen (ABCC2 and SLCO1B1*1b) were described in Appendix I.
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Table 27 Association between genetic polymorphisms and neutropenia in subgroup
analysis of IFL regimen

Gene | Allele | N neutropenia r? P- | OR 95% CI
Grade Grade | valu | value Lo- | Up-
0-2(%) 3-4 (%) € wer | per
neutropenia after chemotherapy cycle 1
ABCC2 CcC 19 | 18(94.74) | 1(5.26) | 0.05| 1.000 | 1.38 | 0.07 | 24.2
CT 14 | 13(92.86) | 1(7.14)
TT 0 0(0) 0(0)
CT+TT | 14 | 13(92.86) | 1(7.14) | 0.05 | 1.000
SLCO AA 2 | 2(100) 00) [452]0104] 1
1B1 AG 8 | 8(100) 0(0)
GG 22 | 21(95.46) | 1(4.54)
AG+GG | 11 | 10(90.91) | 1(9.09) |0.26| 1 |947 | 0.02 | 8.41
neutropenia after chemotherapy cycle 2
ABCC2| cCC 19 | 19(100) 000) [1.40]0424[107]093 [ 1.24
CT 14 | 13(92.86) | 1(7.14)
TT 0 0(0) 0(0)
CT+TT | 14 | 13(92.86) | 1(7.14) | 1.40
SLCO AA 3 | 2(66.67) | 1(33.33) | 10.3 | 0.006" | 1
1B1 AG 8 8(100) 0(0)
GG 22 | 22(100) 0(0)
AG+GG | 11 | 10(90.91) | 1(9.09) | 2.06 | 0.333 | 091 | 9,75 | 1.09

*P-value of < 0.05 was considered statistically significant
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- Chapter 5 -

Discussion

The main objective of this prospective cohort study was to evaluate impact of
ABCC2 and SLCO1B1 polymorphisms on treatment responses and toxicities in Thali
MCRC patients treated with irinotecan-based chemotherapy. Our study was the first in
reporting prevalence of ABCC2 and SLCO1B1 polymorphisms in Thai. Both genetic
polymorphisms were quite common. Moreover, there were some interesting findings in
the differences of treatment responses as well as rate of toxicities among different
genotypes.

PART |  Prevalence of ABCC2 and SLCO1B1 polymorphisms

The prevalence ABCC2 of allele C>T (rs717620) was found around 15-32% in
Caucasians while none of polymorphism was found in African.(8, 41). In Asians,
Akiyama reported variant allele frequency in advanced colorectal cancer as 20.50%
which comparable to our finding at 17.86 %.(10)

For SLCO1B1*1b, allele frequency of A>G (rs2306283) were reported in
Caucasians at around 45% which less than presented in Japanese advanced colorectal
cancer patients as 64.7-75% (6, 20). In our study, variant allele was found at 76.79%
which similar to previously reported in Japanese.

In this study ABCC2 genotype distributions followed the HWE law, except for
SLCO1BL1 genotype rs2306283 was significantly departed from the HWE, (P=0.030).
The reason might be limited sample size or that this SNP was associated with risk of
colorectal cancer. But there was no report this SNP was associated with the incidence

of colorectal cancer.
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PART Il Effect of ABCC2 and SLCO1B1 polymorphisms on treatment responses to

irinotecan-based chemotherapy

The previous publications stated that ABCC2 and SLCO1B1*1b polymorphisms
contributed to various responses to irinotecan-based chemotherapy in mCRC
patients.(10, 20) We hypothesized that genetic polymorphisms were associated with
treatment responses. The results (N=51) was found patients with GG of SLCO1B1 plus
CC of ABCC2 genotype had higher overall response than other genotype (20.80% vs.
7.40%), (P=0.232). However, our results indicated neither of them associated with
treatment responses but combined effect of ABCC2 and SLCO1B1 polymorphisms were
associate with clinical benefit in term of partial response (PR) and stable disease (SD)
(P=0.031).

In term of clinical benefit or disease control rate (DCR) defined as the
percentage of patients with metastatic cancer who have achieved CR, PR and SD to a
therapeutic intervention of anticancer agent.(26) Disease stabilization, neither sufficient
to qualify for PR or PD, has often been viewed as an equivocal result and is therefore
of unclear clinical value. Conversely, tumor growth has been associated with worse

outcomes and early death.

Some study suggested that DCR (CR+PR+SD) was a more strong predictor of
subsequent survival than the traditional response rate (CR+PR) in patients receiving
platinum-based chemotherapy for advanced stage NSCLC,(N=984). The reduction in
the risk of death was substantially more significant for DCR (P <0.0001) than it was
for standard CR+PR rate alone. DCR at week 8 was also associated with longer
survival, with an HR of 0.45 (95% ClI, 0.39 to 0.52; P <0.0001). Patients with SD had
significantly longer survival times than did those with PD, median survival times
among patients with SD and PD were 12.0 and 6.4 months, (P <0.0001. Thus, DCR
may serve as a surrogate for survival after systemic therapy. Our study (N=51) was
found patients with AG, AA genotype plus CT, TT genotype had higher clinical benefit
than other groups, (100% vs. 51.10%), P=0.031). (42)

The results of treatment responses to irinotecan-based chemotherapy in term of
treatment response (CR, PR) was seen in 51 participants (13.72%) and clinical benefit
(CR+PR+SD) was seen 56.86%. According to the evidence, in the latest guideline
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update, the National Comprehensive Cancer Network (NCCN) recommended FOLFIRI
or FOLFOX plus cetuximab chemotherapy regimen as the first-line treatment in
KRAS/NRAS wild-type mCRC patients.(43) Since we include patients from out-
patients setting, patients treated with these regimen were not include to our study. It

might be cause of founding low percentage of patients with response group in this study.

e Effect of ABCC2 polymorphism on treatment responses

ABCC2 controls drug efflux into the bile. Haenisch (2006) revealed that
polymorphism at -24(C>T) was related with lower mRNA levels in normal tissue and
with almost 20% reduced activity in vitro.(17) The reduced transportion of irinotecan
into the bile by ABCC2 polymorphism leaded to increased hepatic metabolism,
increased transport of irinotecan into the bile by ABCB1 or ABCG2, or increased
transport back into the circulation by ABCC1. Patients with variant ABCC2 had
decreased clearance of irinotecan and slower systemic irinotecan metabolism which

could influence outcomes of irinotecan-based chemotherapy.

The relationship between ABCC2 polymorphism and overall response rate were
explained in previous studies. Fujita K (2007) presented the effects of ABCC2
polymorphism on pharmacokinetic of irinotecan. It was found that patients with C/T
genotype or T/T genotype had significant increased SN-38 AUC than patients with C/C
genotype group (P = 0.026) (7). Akiyama (2012) also reported the relationship between
ABCC2 polymorphism and overall response rate on the efficacy of first-line FOLFIRI
regimen (irinotecan dose 180mg/m?), patients with C/C genotype had significantly
increased overall response rate than patients with the C/T plus T/T genotype (52.5% vs.
23.8%), relatively, N=61 (P = 0.0313). Similar to our finding , patients with
homozygous wild type (CC) had higher rate of overall response (17.65% vs. 5.88%)
than patient with C/T and T/T genotypes even if it was not at a statistically significant
level (P=0.401). Our finding that the irinotecan dose was associated with treatment
response, (P=0.009). These results suggested that irinotecan dose and variety regimen
might be related to the treatment response and majority of patients received irinotecan
dose 100-150mg/m2 (94.12%) might be a reason of difference of our results and
Akiyama (2012).
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The results revealed that patient with heterozygous variant type (T/T) of ABCC2
was the highest of overall response rate who was received irinotecan-based
chemotherapy, cetuximab 400 mg/m? intravenous infusion on day 1; irinotecan 150
mg/m?, 90 min intravenous infusion on day 1; leucovorin (LV) 20 mg/m? intravenous
infusion on day 1; fluorouracil 500 mg/m? Intravenous bolus on day 1; repeated every
2 weeks. Previous study suggest cetuximab plus irinotecan were improve PFS and
response rate.(44) This reasons might be caused of patient with heterozygous variant
type (T/T) was the highest of overall response rate.

e Effect of SLCO1B1*1b polymorphism on treatment responses

SLCO1B1 control a major influx transporter expression on the basolateral
membrane of human hepatocytes that SN-38 disposition which transports a variety of
drugs and their metabolites from blood to liver in human. SLCO1B1*1b polymorphism
was involved with the increased function leaded to hepatic uptake of SN-38 from
plasma to human hepatocytes. The association between SLCO1B1 polymorphism and
tumor response were reported in previous study. Patients with GA/AA genotype had
significant higher tumor response rate and presented a rapid response rate than whom
with G/G genotype (P = 0.011).(20). In contrary to our finding, we found higher overall
response rate in patients with G/G genotype than in patients with A/G, A/A genotype
but not statistically significance. Similar to report of Teft (2015) who found that
patients with SLCO1B1 (388G/G) had significantly increased PFS compared with
whom with wild type. (HR=1.60, 95% CI1=1.04-2.46).(21)

e Combined effect of ABCC2 and SLCO1B1 polymorphisms on treatment

responses to irinotecan-based chemotherapy

This was the first time that ABCC2 and SLCO1B1 polymorphisms considered
together. In short, polymorphism of ABCC2 which resulted in lower irinotecan
exposure in term of AUC, should lead to more treatment response. While SLCO1B1
polymorphism impacted on increased function of hepatic uptake of SN-38 from plasma
to human hepatocytes which should result in better drug response. Therefore we
hypothesized that patients with wild type of ABCC2 and variant of SLCO1B1 were
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favorable genotype. We did not found significant difference in term of response rate

but the trend in clinical benefit rate was found in our study.

PART IIl Effect of polymorphisms and toxicities of irinotecan-based chemotherapy

Irinotecan-based chemotherapy related toxicities were assessed according to
Common Terminology Criteria for Adverse Events version 4.03 (CTCAE). Recent
publications discovered that polymorphisms of ABCC2 and SLCO1B1*1b were related
to toxicities of irinotecan-based chemotherapy. We as well found some interesting
findings in terms of relationship between genetic polymorphism and toxicities in Thai

mMCRC patients treated with irinotecan-based chemotherapy

e Effect of ABCC2 polymorphism and toxicities

It was found in previous study that patients with heterozygous ABCC2
polymorphism (C/T) at -24C>T had significantly reduced risk of severe neutropenia
when compared with wild-type patients (odd ratio (OR) =0.22, 95% CIl= 0.06-
0.85).(21) While Han (2007) indicated that ABCC2, —24C > T was not associated with
severe neutropenia and severe diarrhea in advanced non-small cell lung cancer patients
(44). We found no statistically significant difference in hematologic toxicities and non-

hematologic toxicities consistent with earlier reports (P > 0.05).

e Effect of SLCO1B1*1b polymorphism and toxicities

Few publications demonstrated the correlation with toxicities and SLCO1B1*1b
polymorphism in mCRC patients. However, there were discrepancies in previous
studies. Innocenti F (2009) and Crona DJ (2016) indicated that almost 50% of patients
with SLCO1B1*1b polymorphism had higher absolute neutrophil count (ANC) at nadir
when compared with wild type (8, 9). While the other study found that patients with
SLCO1B1*1b polymorphism had significantly increased the ANC nadir (9). Di Martino
MT (2011) found that 3/9 patients with G/A genotype was with grade > 3 Gl toxicity
while 14 of 17 patients in other group had no Gl toxicity (P = 0.0277).(22) Similar to
this study, it was found that the risk of severe anemia were higher in patients with

homozygous wild type (AA) of SLCO1B1 polymorphism than patients with other
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genotypes at a statistically significant level (P=0.016). The SLCO1B1 polymorphism
had impact on severe neutropenia that was significantly higher in patient with
homozygous wild type (AA) than patient with other genotype (P=0.006). One patient
with A/A genotype had severe neutropenia that these results might be related to dose

reduction and non-response in chemotherapy treatment.

For non-hematologic toxicities, the SLCO1B1 polymorphism was associated
with severe diarrhea that was significantly higher in patient with homozygous wild type
(AA) than patient with other genotype (P=0.028). Inconsistent to report of Han JY
(2008) which significantly association between the SLCO1B1 polymorphism and
irinotecan toxicities were found. Patients with G/G genotype of SLCO1B1*1b was
associated with >3 grade Gl toxicity in Korean patients with NSCLC (P= 0.046).(23)

The strength of our study was prospective design which minimizes recall bias
and incomplete medical record which gathering into patients’ interview. We also used
standard commercial essay for genotyping evaluation. All treatment responses were
objectively evaluated by attending physician for each patient per routine standard
practice without recognizing patients’ genotypes. Nonetheless, relatively small sample
size of this study could have a small number of patients in each genotypes accounting
for under power of statistic testing. Furthermore, heterogeneous irinotecan treatment
regimen and dosing level might be important confounding factors to weaken
polymorphism effect. Future studies with larger sample size and more homogeneous
treatment pattern should be conducted to elucidate the significance of these genetic
polymorphisms on treatment response prior to summarize whether these genetic

polymorphisms impact on treatment outcomes.

Conclusion

Results from this study indicated ABCC2 (rs717620) and SLCO1B1*1b
(rs2306283) genetic polymorphisms in Thai mCRC patients. Prevalence of ABCC2
(rs717620) and SLCO1B1*1b (rs2306283) polymorphisms were 17.86% and 76.79%,
respectively. We also found possibility of association between treatment responses and
genetic polymorphism in mCRC patients. Our results indicated that combined effect of

both genes were associated with rate of clinical benefit from irinotecan. In term of
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toxicity, SLCO1B1 polymorphism were associated with dose reduction which can lead
to treatment failure. Therefore, single nucleotide polymorphism of ABCC2 and
SLCO1B1*1b might be factors influence inter-individual variability on chemotherapy
response of irinotecan-based chemotherapy in Thai mCRC patients.
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Appendix D

Allelic Discrimination Plot ABCC2 polymorphisms(C>T), Assay ID: rs 717620

Allelic Discrimination Plot
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Allelic Discrimination Plot SLCO1B1*1b (388A > G), Assay ID: rs2306283

Allelic Discrimination Plot
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Appendix E

Common Terminology Criteria for Adverse Events version 4.03 June 14, 2010)

Common Terminology Criteria for Adverse Events

Adverse 1 2 3 4 5
Event
Blood and lymphatic system disorders
1. Anemia Hemoglobin | Hgb <10.0 - | Hgb <8.0 Life- Death
(Hgb) 8.0 g/dL; g/dL; threatening
<LLN-10.0 <6.2-4.9 <4.9 mmol/L; | consequenc
g/dL; mmol/L; <80 g/L; es;
< LLN-6.2 <100 - 80g/L | transfusion yrgent _
mmol/L; indicated Intervention
<LLN- indicated
100g/L
2.Neutropeni | <LLN - <1500 - <1000 - <500/mm?3; | -
a, 1500/mm?3; | 1000/mm?3; | 500/mm?; <05 x 10°
Neutrophil <LLN-15 |<15-10 <1.0-0.5 /L
count x10° /L x10° /L x10° /L
decreased
3.Thrombocy | <LLN - <75,000 - <50,000 - <25,000/m |-
topenia, 75,000/mm?; | 50,000/mm?3; | 25,000/mm?3; | m3;
Platelet count | <LLN -75.0 | <75.0-50.0 | <50.0-25.0X | <25.0x 10°
decreased x 10° /L x 10° /L 10° /L /L
4.Febrile - - ANC< Life- Death
neutropenia 1,000/mm3 threatening
with a single | consequenc
temperature | es; urgent
of >38.3 intervention
degrees C or | indicated
a sustained
temperature
of >=38
degrees C for
more than
one hour
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Common Terminology Criteria for Adverse Events

Adverse 1 2 3 4 5
Event
Gastrointestinal system
5.Diarrhea Increase of Increase of 4 | Increase of 7- | Increase of | Death
<4 stools per | - 6 stools per | 9 stools per >=10 stools
day over day over day over per day
baseline baseline baseline over
baseline
Life-
threatening
consequenc
es
6.Nausea Loss of Oral intake Inadequate - -
appetite decreased oral caloric
without without or fluid
alteration in | significant intake; tube
eating habits | weight loss, | feeding,
dehydration | TPN, or
or hospitalizatio
malnutrition | n indicated
7.Vomiting 1-2 3-5 >=6 episodes | Life- Death
episodes episodes (separated by | threatening
(separated by | (separated by | 5 minutes) in | consequenc
5 minutes) in | 5 minutes) in | 24 hrs; tube | es;
24 hrs 24 hrs feeding, TPN | urgent
or intervention
hospitalizatio | indicated
n indicated
8. Abdominal | Mild pain Moderate Severe pain; | - -
pain pain; limiting self-
limiting care ADL
instrumental
ADL
Metabolism and nutrition disorders
9.Increased >ULN-15x|>15-30x |>3.0-10.0x |>10.0x -
blood ULN ULN ULN ULN
bilirubin
10.Increased | >ULN-3.0x | >3.0-5.0x |>5.0-20.0x |>20.0x -
alanine ULN ULN ULN ULN

aminotransfer
ase (ALT)
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Common Terminology Criteria for Adverse Events

Adverse 1 2 3 4 5
Event
Metabolism and nutrition disorders
11.Increased >ULN-3.0 | >3.0-5.0x |>5.0-20.0x |>20.0x -
aspartate x ULN ULN ULN ULN
aminotransfera
se (AST)
12.Alkaline >ULN-25 [>25-50x |>5.0-20.0x |>20.0x -
phosphatase x ULN ULN ULN ULN
increased
13.Dehydration | Increased IV fluids IV fluids or Life- Death
oral fluids | indicated hospitalizatio | threatening
indicated:; n indicated consequenc
dry mucous es; urgent
membranes intervention
: indicated
diminished
skin turgor
14.Anorexia Loss of Oral intake | Associated Life- Death
appetite altered with threatening
without without significant consequenc
alteration significant weight loss es; urgent
in eating weight loss | or intervention
habits or malnutrition | indicated
malnutrition; | (e.g.,
oral inadequate
nutritional oral caloric
supplements | and/or fluid
indicated intake); tube
feeding or
TPN
indicated
15.Weight loss | 5t0 <10 % | 10 - <20% >=20% from | - -
from from baseline; tube
baseline; baseline; feeding or
interventio | nutritional TPN
n not support indicated
indicated indicated
16.Increased >1-15x >15-3.0x |>3.0 >6.0 x ULN | -
creatinine baseline; baseline; baseline;
>ULN - >1.5-3.0x >3.0-6.0 x
15x ULN | ULN ULN




Grade and distribution of toxicities

Appendix F
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Toxicities No. of cycles No. of Grade Grade Grade
patients | 0, N (%) | 1-2, N (%) | 3-4, N (%)
Anemia After Cycle 1 56 18(32.14) | 36(64.29) 2(3.57)
After Cycle 2 55 23(41.82) | 31(56.36) 1(1.82)
After Cycle 3 50 23(46) 25(50) 2(4)
After Cycle 4 44 15(34.09) | 26(59.09) 3(6.82)
After Cycle 5 36 9(25) 26(72.22) 1(2.78)
After Cycle 6 31 9(29.03) | 21(67.74) 1(3.23)
After Cycle 7 27 11(40.74) | 16(59.26) 0(0)
After Cycle 8 20 6(30) 13(65) 1(5)
After Cycle 9 17 5(29.41) | 11(64.70) 1(5.89)
After Cycle 10 13 5(38.46) | 8(61.54) 0(0)
After Cycle 11 11 4(36.4) 8(63.6) 0(0)
Toxicities No. of cycles No. of Grade Grade Grade
patients 0, N (%) | 1-2, N(%) | 3-4, N(%)
Neutropenia | After Cycle 1 56 51(91.07) | 3(5.36) 2(3.57)
After Cycle 2 55 49(89.1) 5(9.1) 1(1.8)
After Cycle 3 50 46(92) 4(8) 0(0)
After Cycle 4 44 42(95.45) | 2(4.55) 0(0)
After Cycle 5 36 35(97.22) | 1(2.78) 0(0)
After Cycle 6 31 28(90.32) | 3(9.68) 0(0)
After Cycle 7 27 25(92.59) | 2(7.41) 0(0)
After Cycle 8 20 18(90) 2(10) 0(0)
After Cycle 9 17 12(70.59) | 3(17.65) | 2(11.76)
After Cycle 10 13 12(92.30) | 1(7.70) 0(0)
After Cycle 11 11 8(72.73) 1(9.09) 2(18.18)
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Toxicities No. of cycles | No. of Grade Grade Grade
patients | O,N(%) | 1-2, N(%) | 3-4,N(%)
Thrombocyto- After Cycle 1 56 47(83.93) | 8(14.29) 1(1.78)
penia After Cycle 2 55 47(85.45) | 8(14.55) 0(0)
After Cycle 3 50 43(86) 7(14) 0(0)
After Cycle 4 44 37(84.09) | 7(15.91) 0(0)
After Cycle 5 36 32(88.89) | 4(11.11) 0(0)
After Cycle 6 31 26(83.87) | 5(16.13) 0(0)
After Cycle 7 27 22(81.48) | 5(18.52) 0(0)
After Cycle 8 20 13(65) 6(30) 1(5)
After Cycle 9 17 13(76.47) | 4(23.53) 0(0)
After Cycle 10 13 9(69.23) | 4(30.77) 0(0)
After Cycle 11 11 8(72.73) | 3(27.27) 0(0)
Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Headache After Cycle 1 56 54(96.43) 2(3.57)
After Cycle 2 53 49(92.45) 4(7.55)
After Cycle 3 50 46(92.0) 4(8.0)
After Cycle 4 44 40(90.91) 4(9.09)
After Cycle 5 34 33(97.0) 1(3.0)
After Cycle 6 31 30(96.77) 1(3.23)
After Cycle 7 27 25(92.59) 2(7.41)
After Cycle 8 20 19(95) 1(5)
After Cycle 9 17 15(88.23) 2(11.77)
After Cycle 10 13 13(100.0) 0(0.00)
After Cycle 11 11 10(90.91) 1(9.09)
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Adverse event No. of cycles No. of patients Grade Grade
0,N(%) 1-4,N(%)
Dizziness After Cycle 1 56 46(82.14) | 10(17.86)
After Cycle 2 53 46(86.79) 7(13.21)
After Cycle 3 50 44(88.0) 6(12.0)
After Cycle 4 44 36(81.82) 8(18.18)
After Cycle 5 34 31(91.18) 4(8.82)
After Cycle 6 31 28(93.33) 3(6.67)
After Cycle 7 27 23(85.19) 4(14.81)
After Cycle 8 20 19(95) 1(5)
After Cycle 9 17 16(94.12) 1(5.88)
After Cycle 10 13 12(92.30) 1(7.70)
After Cycle 11 11 9(81.81) 2(18.19)
Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Fatigue After Cycle 1 56 41(73.21) 15(26.79)
After Cycle 2 53 39(73.58) 14(26.42)
After Cycle 3 50 44(88) 6(12)
After Cycle 4 44 30(68.18) 14(31.82)
After Cycle 5 34 27(79.42) 7(20.58)
After Cycle 6 31 26(83.87) 5(16.13)
After Cycle 7 27 20(74.07) 7(25.93)
After Cycle 8 20 16(80) 4(20)
After Cycle 9 17 13(76.47) 4(23.53)
After Cycle 10 13 10(76.92) 3(23.08)
After Cycle 11 11 10(90.91) 1(9.09)




Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Nausea After Cycle 1 56 40(71.43) 16(28.57)
After Cycle 2 53 39(73.58) 14(26.42)
After Cycle 3 50 40(80) 10(20)
After Cycle 4 44 33(75) 11(25)
After Cycle 5 34 25(73.52) 9(26.48)
After Cycle 6 31 26(83.87) 5(16.13)
After Cycle 7 27 20(74.07) 7(25.93)
After Cycle 8 20 16(80) 4(20)
After Cycle 9 17 12(70.58) 5(29.42)
After Cycle 10 13 10(76.92) 3(23.08)
After Cycle 11 11 10(90.91) 1(9.09)
Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
\omiting After Cycle 1 56 52(92.86) 4(7.14)
After Cycle 2 53 49(92.45) 4(7.55)
After Cycle 3 50 48(96) 2(4)
After Cycle 4 44 40(90.91) 4(9.09)
After Cycle 5 34 31(91.17) 3(8.83)
After Cycle 6 31 26(83.87) 5(16.13)
After Cycle 7 27 26(96.30) 1(3.70)
After Cycle 8 20 18(90) 2(10)
After Cycle 9 17 15(88.23) 2(11.77)
After Cycle 10 13 11(84.61) 2(15.39)
After Cycle 11 11 11(100) 0(0)
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Adverse event | No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Constipation After Cycle 1 56 47(83.93) 9(16.07)
After Cycle 2 53 44(83.02) 9(16.98)
After Cycle 3 50 41(82) 9(18)
After Cycle 4 44 39(86.64) 5(11.36)
After Cycle 5 34 27(79.41) 7(20.59)
After Cycle 6 31 28(90.32) 3(9.68)
After Cycle 7 27 23(85.19) 4(14.81)
After Cycle 8 20 19(95) 1(5)
After Cycle 9 17 15(88.23) 2(11.77)
After Cycle 10 13 10(76.92) 3(23.08)
After Cycle 11 11 9(81.81) 2(18.19)
Adverse event | No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Diarrhea After Cycle 1 56 41(73.21) | 15(26.79)
After Cycle 2 53 36(67.92) | 17(32.08)
After Cycle 3 50 38(76) 12(24)
After Cycle 4 44 33(75) 11(25)
After Cycle 5 34 26(76.47) 8(23.53)
After Cycle 6 31 27(87.09) 6(12.91)
After Cycle 7 27 20(74.07) 7(25.93)
After Cycle 8 20 15(75) 5(25)
After Cycle 9 17 12(70.58) 5(29.42)
After Cycle 10 13 10(76.92) 3(23.08)
After Cycle 11 11 8(72.73) 3(27.27)
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Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Abdominal pain | After Cycle 1 56 48(85.71) 8(14.29)
After Cycle 2 53 49(92.45) 4(7.55)
After Cycle 3 50 46(92) 4(8)
After Cycle 4 44 40(90.91) 4(9.09)
After Cycle 5 34 30(88.23) 4(11.77)
After Cycle 6 31 28(90.32) 3(9.68)
After Cycle 7 27 23(85.19) 4(14.81)
After Cycle 8 20 20(100) 0(0)
After Cycle 9 17 17(100) 0(0)
After Cycle 10 13 12(92.30) 1(7.70)
After Cycle 11 11 10(90.91) 1(9.09)
Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Mucositis After Cycle 1 56 49(87.50) 7(12.50)
After Cycle 2 53 48(90.57) 5(9.43)
After Cycle 3 50 43(86) 7(14)
After Cycle 4 44 38(86.36) 6(13.64)
After Cycle 5 34 32(94.11) 2(5.89)
After Cycle 6 31 31(100) 0(0)
After Cycle 7 27 26(96.30) 1(3.70)
After Cycle 8 20 18(90) 2(10)
After Cycle 9 17 15(88.24) 2(11.76)
After Cycle 10 13 13(100) 0(0)
After Cycle 11 11 11(100) 0(0)
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Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Alopecia After Cycle 1 56 44(78.57) 12(21.43)
After Cycle 2 53 41(77.36) 12(22.64)
After Cycle 3 50 37(74) 13(26)
After Cycle 4 44 34(77.27) 10(22.73)
After Cycle 5 34 25(73.52) 9(26.48)
After Cycle 6 31 25(80.65) 6(19.35)
After Cycle 7 27 22(81.48) 5(18.52)
After Cycle 8 20 15(75) 5(25)
After Cycle 9 17 14(82.35) 3(17.65)
After Cycle 10 13 13(100) 0(0)
After Cycle 11 11 11(100) 0(0)
Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
Somnolence After Cycle 1 56 48(85.71) 8(14.29)
After Cycle 2 53 45(84.90) 8(15.10)
After Cycle 3 50 42(84) 8(16)
After Cycle 4 44 36(81.82) 8(18.18)
After Cycle 5 34 29(85.29) 5(14.71)
After Cycle 6 31 25(80.65) 6(19.35)
After Cycle 7 27 23(85.19) 4(14.81)
After Cycle 8 20 19(95) 1(5)
After Cycle 9 17 14(82.35) 3(17.65)
After Cycle 10 13 10(76.92) 3(23.08)
After Cycle 11 11 9(81.81) 2(18.19)




Adverse event No. of cycles | No. of patients Grade Grade
0,N(%) 1-4,N(%)
MP rash After Cycle 1 56 54(96.43) 2(3.57)
After Cycle 2 53 52(98.11) 1(1.89)
After Cycle 3 50 49(98) 1(2)
After Cycle 4 44 41(93.18) 3(6.82)
After Cycle 5 34 34(100) 0(0)
After Cycle 6 31 29(93.55) 2(6.45)
After Cycle 7 27 27(100) 0(0)
After Cycle 8 20 20(100) 0(0)
After Cycle 9 17 17(100) 0(0)
After Cycle 10 13 13(100) 0(0)
After Cycle 11 11 10(90.91) 1(9.09)
Adverse event No. of cycles | No. of patients Grade Grade
0, N (%) 1-4, N (%)
Cholinergic After Cycle 1 56 43(76.79) 13(23.21)
syndrome After Cycle 2 53 41(77.36) | 12(22.64)
After Cycle 3 50 39(78) 11(22)
After Cycle 4 44 36(81.82) 8(18.18)
After Cycle 5 34 29(85.30) 5(14.70)
After Cycle 6 31 29(93.54) 2(6.46)
After Cycle 7 27 22(84.62) 4(15.38)
After Cycle 8 20 12(60) 8(40)
After Cycle 9 17 13(76.48) 4(23.52)
After Cycle 10 13 12(92.30) 1(7.70)
After Cycle 11 11 8(72.72) 3(27.28)
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Adverse event No. of cycles | No. of patients Grade Grade
0, N (%) 1-4, N (%)
Weight loss After Cycle 1 56 55(98.21) 1(1.79)
After Cycle 2 53 49(92.45) 4(7.55)
After Cycle 3 50 44(88) 6(12)
After Cycle 4 44 39(88.64) 5(11.36)
After Cycle 5 34 30(88.24) 4(11.76)
After Cycle 6 31 28(90.32) 3(9.68)
After Cycle 7 27 25(92.59) 2(7.41)
After Cycle 8 20 18(90) 2(10)
After Cycle 9 17 15(88.24) 2(11.76)
After Cycle 10 13 11(84.61) 2(15.39)
After Cycle 11 11 10(90.91) 1(9.09)
Adverse event No. of cycles | No. of patients Grade Grade
0,N (%) | 1-4,N (%)
AST increasing | After Cycle 1 56 53(94.64) 3(5.36)
After Cycle 2 53 47(88.68) 6(11.32)
After Cycle 3 50 47(94) 3(6)
After Cycle 4 44 39(88.64) 5(11.36)
After Cycle 5 34 34(100) 0(0)
After Cycle 6 31 29(93.55) 2(6.45)
After Cycle 7 27 25(92.59) 2(7.41)
After Cycle 8 20 19(95) 1(5)
After Cycle 9 17 15(88.24) 2(11.76)
After Cycle 10 13 12(92.30) 1(7.70)
After Cycle 11 11 10(90.91) 1(9.09)
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Adverse event | No. of cycles | No. of patients Grade Grade
0,N (%) | 1-4,N (%)
ALT increasing | After Cycle 1 56 53(94.64) 3(5.36)
After Cycle 2 53 50(94.34) 3(5.66)
After Cycle 3 50 48(96) 2(4)
After Cycle 4 44 42(95.45) 2(4.55)
After Cycle 5 34 32(94.12) 2(5.88)
After Cycle 6 31 28(90.32) 3(9.68)
After Cycle 7 27 25(92.60) 2(7.40)
After Cycle 8 20 19(95) 1(5)
After Cycle 9 17 15(88.24) 2(11.76)
After Cycle 10 13 12(92.30) 1(7.70)
After Cycle 11 11 10(90.91) 1(9.09)
Adverse event | No. of cycles | No. of patients Grade Grade
0,N (%) | 1-4, N (%)
ALP increasing | After Cycle 1 56 53(94.64) 3(5.36)
After Cycle 2 53 48(90.57) 5(9.43)
After Cycle 3 50 49(98) 1(2)
After Cycle 4 44 43(97.73) 1(2.27)
After Cycle 5 34 34(100) 0(0)
After Cycle 6 31 28(90.32) 3(9.68)
After Cycle 7 27 27(100) 0(0)
After Cycle 8 20 20(100) 0(0)
After Cycle 9 17 13(76.47) 4(23.53)
After Cycle 10 13 13(100) 0(0)
After Cycle 11 11 10(90.91) 1(9.09)
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Adverse event No. of cycles | No. of patients Grade Grade
0, N (%) 1-4, N (%)
Cr increasing After Cycle 1 56 55(98.21) 1(1.79)
After Cycle 2 53 51(96.22) 2(3.78)
After Cycle 3 50 50(100) 0(0)
After Cycle 4 44 43(97.73) 1(2.27)
After Cycle 5 34 34(100) 0(0)
After Cycle 6 31 31(100) 0(0)
After Cycle 7 27 27(100) 0(0)
After Cycle 8 20 20(100) 0(0)
After Cycle 9 17 17(100) 0(0)
After Cycle 10 13 13(100) 0(0)
After Cycle 11 11 11(100) 0(0)
Adverse event No. of cycles | No. of patients Grade Grade
0,N (%) | 1-4, N (%)
Bilirubin After Cycle 1 56 53(94.64) 3(5.36)
increasing After Cycle 2 53 50(94.34) | 3(5.66)
After Cycle 3 50 48(96) 2(4)
After Cycle 4 44 43(97.73) 1(2.27)
After Cycle 5 34 33(97.05) 1(2.95)
After Cycle 6 31 29(93.54) 2(6.46)
After Cycle 7 27 27(100) 0(0)
After Cycle 8 20 20(100) 0(0)
After Cycle 9 17 17(100) 0(0)
After Cycle 10 13 13(100) 0(0)
After Cycle 11 11 11(100) 0(0)
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Total number of participants =56

Anemia after cycle 1 y2 P-
Factor N Grade 0-2 Grade3-4 | value | value
(%) (%)
Gender 1.152 | 0.532
= Male 36 34(94.44) 2(5.56)
= Female 20 20(100) 0(0)
Age 0.024 | 1.000
= <60 years 31 30(96.77) 1(3.23)
= >60 years 25 24(96) 1(4)
Performance status 5.744 | 0.139
= ECOG score=0 4 3(75) 1(25)
= ECOG score=1 52 51(98.08) 1(1.92)
Histology 3.927 | 0.269
= Well differentiated 22 22(100) 0(0)
* Moderately 25 24(96) 1(4)
differentiated
= Poorly 6 5(83.33) 1(16.67)
differentiated
* Nodata 3 3(100) 0(0)
Primary tumor site 1.247 | 0.536
= colon 21 21(100) 0(0)
* sigmoid 18 17(94.44) 1(5.56)
= rectum 17 16(94.11) 1(5.89)
Metastatic site 2.074 | 0.722
= liver 14 13(92.86) 1(7.14)
= lung 6 6(100) 0(0)
= other? 8 8(100) 0(0)
= lungand liver 14 14(100) 0(0)
= liver or lung+other® | 14 13(92.86) 1(7.14)
Treatment line 0.982 | 0.612
= first line 8 7(100) 0(0)
= second line 38 36(94.74) 2(5.26)
= >second line 10 10(100) 0(0)
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Anemia after cycle 1 X
Factor N Grade 0-2 | Grade3-4 | value P-
(%) (%) value
Number of metastatic site 0.640 | 0.726
= 1 23 22(95.65) 1(4.35)
= 2 20 19(95) 1(5)
. > 13 13(100) 0(0)
Previous treatment 4563 | 0.207
= Chemotherapy 5 4(80) 1(20)
= Surgery+ 35 34(97.14) 1(2.86)
chemotherapy
= Surgery+ 12 12(100) 0(0)
radiotherapy+
chemotherapy
= Radiotherapy+chem
otherapy Py 4 4(100) 0(0)
Treatment regimen 1039 | 0.792
* Irinotecan 5 5(100) 0(0)
» Irinotecan+ 13 12(92.30) 1(7.70)
capecitabine
= |FL 33 32(97) 1(3)
= Irinotecan+other 4 4(100) 0(0)
Irinotecan dose 2.228 | 0.328
= 100-125mg/m2 27 25(92.59) 2(7.41)
= 150mg/m2 26 21(100) 0(0)
= 180mg/m2 B 3(100) 0(0)
Abbreviation: ECOG= Eastern Cooperative Oncology Group.
2 Includes peritoneal,pelvic,bladder,ovarian,spleen,ovary,bone
Association between factor and neutropenia
Total number of participants =56
Neutropenia y2 P-
after cycle 1 value | value
Factor N Grade Grade
0-2 (%) 3-4 (%)
Gender 3.73 | 0.123
= Male 36 36(100) 0(0)
= Female 20 18(90) 2(10)
Age 0.02 | 1.000
= <60 years 31 | 30(96.77) 1(3.23)
= >60 years 25 24(96) 1(4)




101

Neutropenia after 12 P-
cycle 1 value | value
Factor N Grade Grade
0-2 (%) 3-4 (%)
Performance status 5.74 | 0.139
= ECOG score=0 4 3(75) 1(25)
= ECOG score=1 52 | 51(98.08) 1(1.92)
Histology 2.57 | 0.463
= Well differentiated 22 22(100) 0(0)
= Moderately differentiated 25 23(92) 2(8)
= Poorly differentiated 6 6(100) 0(0)
= No data 3 3(100) 0(0)
Primary tumor site 3.45 | 0.178
= colon 21 | 19(90.48) | 2(9.52)
» sigmoid 18 18(100) 0(0)
= rectum 17 17(100) 0(0)
Metastatic site 2.07 | 0.722
= iver 14 14(100) 0(0)
* lung 6 6(100) 0(0)
= other? 8 8(100) 0(0)
= lung and liver 14 | 13(92.86) 1(7.14)
= liver or lung+other? 14 | 13(92.86) 1(7.14)
Treatment line 2.32 | 0.314
= first line 8 7(87.50) 1(12.50)
= second line 38 | 37(97.37) 1(2.63)
= >second line 10 10(100) 0(0)
Number of metastatic site 1.61 | 0.447
LI | 23 23(100) 0(0)
= 2 20 19(95) 1(5)
. >? 13 | 12(92.31) 1(7.69)
Previous treatment 1.24 | 0.742
= Chemotherapy 5 5(100) 0(0)
= Surgery+chemotherapy 35 | 33(94.29) 2(5.71)
= Surgery+radiotherapy+ 12 12(100) 0(0)
chemotherapy
» Radiotherapy+ 4 4(100) 0(0)
Chemotherapy




102

Neutropenia 12 P-

after cycle 1 value | value
Factor N Grade Grade
0-2 (%) 3-4 (%)

Treatment regimen 1.446 | 0.695
» Irinotecan 5 5(100) 0(0)
= Irinotecan+capecitabine 13 | 12(92.31) 1(7.69)
= JFL 33 | 31(93.94) 2(6.06)
= Irinotecan+other 4 4(100) 0(0)

Irinotecan dose 2.393 | 0.302
= 100-125mg/m2 27 27(100) 0(0)
= 150mg/m2 26 | 24(92.30) 2(7.70)
= 180mg/m2 3 3(100) 0(0)

Association between factor and thrombocytopenia

Total number of participants =56
thrombocytopenia x> P-
Factor N after cycle 1 value | value
Grade Grade
0-2(%) | 3-4 (%)
Gender 1.833 | 0.357
= Male 36 36(100) 0(0)
* Female 20 19(95) 1(5)
Age 0.821 | 1.000
» <60 years 31 30(96.77) | 1(3.23)
= >60 years 25 25(100) 0(0)
Performance status 5.744 | 0.139
= ECOG score=0 4 4(100) 0(0)
= ECOG score=1 52 51(98.08) | 1(1.92)
Histology 1.574 | 0.665
= Well differentiated 22 21(95.50) | 1(4.50)
= Moderately differentiated 25 25(100) 0(0)
= Poorly differentiated 6 6(100) 0(0)
= No data 3 3(100) 0(0)
Primary tumor site 1.697 | 0.428
= colon 21 20(95.24) | 1(4.76)
= sigmoid 18 18(100) 0(0)
= rectum 17 17(100) 0(0)
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thrombocytopenia x> P-
Factor N after cycle 1 value | value

Grade Grade

0-2(%) | 3-4 (%)
Metastatic site 3.055 | 0.549

= liver 14 14(100) 0(0)

* Jung 6 6(100) 0(0)

= other? 8 8(100) 0(0)

= lungand liver 14 14(100) 0(0)

= liver or lung+other? 14 13(92.86) | 1(7.14)
Treatment line 0.482 | 0.786

= first line 8 8(100) 0(0)

= second line 38 37(97.37) | 1(2.63)

= >second line 10 10(100) 0(0)
Number of metastatic site 3.368 | 0.186

= 1 23 23(100) 0(0)

= 2 20 20 (100) 0(0)

. >2 13 12(92.30) | 1(7.70)
Previous treatment 0.611 | 0.894

= Chemotherapy 5 5(100) 0(0)

= Surgery+chemotherapy 35 34(97.14) | 1(2.86)

= Surgery+radiotherapy+ 12 12(100) 0(0)

chemotherapy
= Radiotherapy+ 4 4(100) 0(0)
chemotherapy

Treatment regimen 0.710 | 0.871

* Irinotecan 5 5(100) 0(0)

= Irinotecan+capecitabine 13 13(100) 0(0)

= IFL 33 32(96.97) | 1(3.03)

= Irinotecan+other 5 5(100) 0(0)
Irinotecan dose 1.175 | 0.556

= 100-125mg/m2 27 27(100) 0(0)

= 150mg/m2 26 25(96.15) | 1(3.85)

= 180mg/m2 3 3(100) 0(0)

Abbreviation: ECOG= Eastern Cooperative Oncology Group.
2 Includes peritoneal,pelvic,bladder,ovarian,spleen,ovary,bone
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Association between factor and diarrhea

Total number of participants =56
diarrhea
after cycle 1 $? P-
Factor N Grade Grade | value | value
0-2(%) | 3-4 (%)
Gender 0.566 | 1.000
= Male 36 | 35(97.22) | 1(2.78)
= Female 20 | 20(100) 0(0)
Age 0.821 | 1.000
= <60 years 31 | 30(96.77) | 1(3.23)
=  >60 years 25 | 25(100) 0(0)
Performance status 0.078 | 1.000
= ECOG score=0 4 4(100) 0(0)
= ECOG score=1 52 | 51(98.08) | 1(1.92)
Histology 8.485 | 0.037
= Well differentiated 22 | 22(100) 0(0)
= Moderately differentiated 25 | 25(100) 0(0)
= Poorly differentiated 6 | 5(83.33) | 1(16.67)
* No data 3 3(100) 0(0)
Primary tumor site 2.336 | 0.311
= colon 21 | 21(100) 0(0)
= sigmoid 18 | 18(100) 0(0)
* rectum 17 | 16(94.12) | 1(5.88)
Metastatic site 3.055 | 0.549
= liver 14 | 13(92.86) | 1(7.14)
= lung 6 6(100) 0(0)
= other? 8 8(100) 0(0)
= |ung and liver 14 | 14(100) 0(0)
= liver or lung+other? 14 | 14(100) 0(0)
Treatment line 0.482 | 0.786
= first line 8 8(100) 0(0)
= second line 38 | 37(97.37) | 1(2.63)
=  >second line 10 | 10(100) 0(0)
Number of metastatic site 1.46 | 0.482
= 1 23 | 22(95.65) | 1(4.35)
= 2 20 | 20 (100) 0(0)
. >2 13 | 13(100) 0(0)
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diarrhea

after cycle 1 $? P-

Factor N Grade Grade | value | value
0-2(%) | 3-4 (%)

Previous treatment 10.38 | 0.016*
= Chemotherapy 5 4(80) 1(20)
= surgery+chemotherapy 35 | 35(100) 0(0)
= Surgery+radiotherapy+ 12 | 12(100) 0(0)

chemotherapy

= radiotherapy+chemotherapy | 4 4(100) 0(0)

Treatment regimen 3.36 | 0.338
* Irinotecan 5 5(100) 0(0)
= Irinotecan+capecitabine 13 | 12(92.30) | 1(7.70)
= IFL 33 | 33(100) 0(0)
= Irinotecan+other 5 5(100) 0(0)

Irinotecan dose 1.09 | 0.579
= 100-125mg/m2 27 | 26(96.30) | 1(3.70)
= 150mg/m2 26 | 26(100)) 0(0)
= 180mg/m2 3 3(100) 0(0)

Abbreviation: ECOG= Eastern Cooperative Oncology Group.
2 Includes peritoneal,pelvic,bladder,ovarian,spleen,ovary,bone
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Appendix H

Association between genetic polymorphism and toxicity in combined genotype
(ABCC2 and SLCO1B1*1b)

Total number of participants 56
anemia after cycle 1
SLCO1B1 | ABCC2 N Grade Grade Y2
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CC 1.682 0.641
11 10(90.91) 1(9.09)
AA+AG
CT+TT | 8 8(100) 0(0)
CC
GG 26 25(96.20) 1(3.80)
GG CT+TT | 11 11(100) 0(0)
Total number of participants 55
anemia after cycle 2
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CC 4.58 0.205
10 9(90) 1(10)
AA+AG
CT+TT | 8 8(100) 0(0)
GG CC 26 | 26 (96.20) 0(0)
GG CT+TT | 11 11(100) 0(0)
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Total number of participants 56
anemia after cycle 1 95% CI
SLCO1B1 | ABCC2 Grade Grade P-
allele allele N 0-2 (%) | 3-4 (%) | value OR Lo- | Up-
wer | per
AA+AG and
CT+TT 8 8(100) 0(0) 1.000 | 0.958 | 0.90 | 1.01
other 48 | 46(95.80) | 2(4.20)
Total number of participants 55
anemia after cycle 2 95% CI
SLCO1B1 | ABCC2 Grade Grade P-
allele allele N 0-2 (%) | 3-4 (%) | value OR Lo- | Up-
wer | per
AA+AG and
CT +TT 8 8(100) 1.000 | 0.97 | 0.93 | 1.02
other 47 | 46(97.90) | 1(2.10)
Total number of participants 56
neutropenia after cycle 1
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
11 11(100) 0(0)
AA+AG
T+TT
C 8 7(87.50) 1(12.50) 5 67 0.445
CcC
GG 26 25(96.20) 1(3.80)
GG CT+TT | 11 11(0) 0(0)




108

Total number of participants 55
neutropenia after cycle 2
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CC
10 10(100) 0(0)
AA+AG
CT+TT | 8 7(87.50) 1(12.50) 598 0112
CC
GG 26 26(100) 0(0)
GG CT+TT | 11 11(100) 0(0)
Total number of participants 56
neutropenia after 95% CI
cycle 1
SLgl:l(leeBl ASEEZ N Grade Grade v;[Je OR | o | Lo
0-2 (%) | 3-4 (%) P
wer | per
AA+AG and 120.
CT +TT 8 | 7(87.50) | 1(12.50) | 0.268 | 6.71 | 0.37 0
other 48 | 47(97.90) | 1(2.10)
Total number of participants 55
neutropenia after 95% CI
cycle 2
SL;glleBl Aj’félcéz N Grade Grade v;;e OR Lo- | Up-
0-2(%) | 3-4 (%) P
wer | per
AA+AG and
CT +TT 8 | 7(87.50) | 1(12.50) | 0.145| 1.14 | 0.88 | 1.48
other 47 | 47(100) 0(0)
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Total number of participants 56
thrombocytopenia after
cycle 1 5
SL;ICe)IleBl AaBnCéEZ N Grade Grade tx ; pval
0-2 (%) 3-4 (%) es -value
AA+AG CcC
11 11(100) 0(0)
AA+AG
CT+TT | 8 8(100) 0(0) 416 0.244
CC
GG 26 26(100) 0(0)
GG CT+TT | 11 10(90.91) 1(9.09)
Total number of participants 56
thrombocytopenia 95% Cl
after cycle 1
SLgl:l(leeBl A:;IC‘;ICE:)Z N Grade Grade v;[Je OR | o | Lo
0-2(%) | 3-4 (%) P
wer | per
AA+AG and
CT +TT 8 8(100) 0(0) 1.000 | 0.97 | 0.94 | 1.02
other 48 | 47(97.90) | 1(2.10)
Total number of participants 56
diarrhea after cycle 1
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CC
11 10(90.91) 1(9.09)
AA+AG
CT+TT | 8 8(100) 0(0) 416 0.244
CC
GG 26 26(100) 0(0)
GG CT+TT | 11 11(100) 0(0)
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Total number of participants 53

diarrhea after cycle 2
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
10 9(90) 1(10)
AA+AG
+
CT+TT | 6 6(100) 0(0) 206 0.558
CC
GG 26 23(88.50) 3(1.50)
GG CT+TT | 11 11(100) 0(0)
Total number of participants 50
diarrhea after cycle 3
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
10 10(100) 0(0)
AA+AG
CT+TT | 6 6(100) 0(0) 5 95 0521
CC
GG 26 22(91.70) 2(8.30)
GG CT+TT | 11 10(100) 0(0)
Total number of participants 56
diarrhea after cycle 1 95% ClI
SLCO1B1 | ABCC2 Grade Grade P-
allele allele N 0-2 (%) | 3-4 (%) | value OR Lo- | Up-
wer | per
AA+AG and
CT +TT 8 8(100) 0(0) 1.000 | 0.97 | 0.94 | 1.02
other 48 | 47(97.90) | 1(2.10)




111

Total number of participants 53
diarrhea after cycle 2 95% CI
SLCO1B1 | ABCC2 Grade Grade P-
allele allele N 0-2 (%) | 3-4 (%) | value OR Lo- | Up-
wer | per
AA+AG and
CT +TT 6 6(100) 0(0) 1.000 | 0.91 | 0.83 | 0.99
other 47 | 43(91.50) | 4(8.50)
Total number of participants 50
diarrhea after cycle 3 95% CI
SLCO1B1 | ABCC2 Grade Grade P-
allele allele N 0-2 (%) | 3-4 (%) | value OR Lo- | Up-
wer | per
AA+AG and
CT +TT 6 6(100) 0(0) 1.000 | 0.95 | 0.89 | 1.01
other 44 | 42(95.50) | 2(4.50)
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Association between genetic polymorphisms and severe anemia in combined
genotype in IFL regimen (ABCC2 and SLCO1B1*1b)

Total number of participants 33

anemia after cycle 1
allele allele 0-2 (%) 0-2 (%) test P-value
AA+AG CC
S 5(100) 0(0)
AA+AG
CT+TT ) 6 6(100) 0(0) 140 | 0.706
CC
GG 14 13(92.90) 1(7.10)
GG CT+TT 8 8(100) 0(0)
Total number of participants 33
anemia after cycle 1 95% CI
SLCO1B1 | ABCC2 Grade P-
allele allele N 0-2 (%) | 3-4(%) | value OR Lo- | Up-
wer | per
AA+AG and
CT +TT 6 | 6(100) 1.000 | 0.96 | 0.89 | 1.03
other 27 26(09)6'3 1(3.70)
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Total number of participants 33
neutropenia after cycle 1
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
S5 5(100) 0(0)
AA+AG
CT+TT | 6 5(83.30) 1(6.70) 205 0.561
CC
GG 14 13(92.90) 1(7.10)
GG CT+TT 8 8(100) 0(0)
Total number of participants 33
neutropenia after cycle 2
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
S 5(100) 0(0)
AA+AG
CT+TT 6 5(83.30) 1(12.50) 4.64 0.200
CC
GG 14 14(100) 0(0)
GG CT+TT 8 8(100) 0(0)
Total number of participants 33
neutropenia after 95% Cl
cycle 1
SL;glleBl Aeﬁfe:iz N Grade Grade v;[Je OR |\ 0. | o
0-2 (%) | 3-4 (%) P
wer | per
AA+AG and
CT +TT 6 | 5(83.30) | 1(6.70) [0.335| 520 | 0.27 | 97.6
other 27 | 26(96.30) | 1(3.70)
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Total number of participants 33
neutropenia after 95% CI
cycle 2
SL;ICe)IleBl A:féliz N Grade Grade v;;Je OR | o | Up-
0-2 (%) | 3-4 (%) P
wer | per
AA+AG and
CT+TT 6 | 5(83.30) | 1(16.70) | 0.182 | 1.20 | 0.83 | 1.71
other 27 | 27(100) 0(0)
Total number of participants 56
thrombocytopenia after
cycle 1 5
SL;IZICe)IleBl Ajl(;liz N Grade Grade tX ; P-val
0-2 (%) 3-4 (%) es -value
AA+AG CcC
S 5(100) 0(0)
AA+AG
CT+TT | 6
o) 0(0) 322 | 0359
CC
GG 14 14(100) 0(0)
GG CT+TT | 8 7(87.50) 1(12.50)
Total number of participants 33
thrombocytopenia 95% Cl
after cycle 1
SnglleBl Aj’félcéz N | Grade Grade v;;e OR Lo- | Up-
0-2 (%) | 3-4 (%) P
wer | per
AA+AG and
CT +TT 6 6 0 1.000 | 0.96 | 0.89 | 1.03
other 27 26 0
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Total number of participants 31

diarrhea after cycle 2
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
S5 5(100) 0(0)
AA+AG
CT+TT | 4 4(100) 0(0) 5 59 0.458
CcC
GG 14 12(85.70) 2(14.3)
GG CT+TT 8 8(100) 0(0)
Total number of participants 29
diarrhea after cycle 3
allele allele 0-2 (%) 3-4 (%) test P-value
AA+AG CcC
S 5(100) 0(0)
AA+AG
CT+TT | 4 4(100) 0(0) 2 64 0.450
cC
GG 13 11(84.60) 2(5.40)
GG CT+TT 7 7(100) 0(0)
Total number of participants 31
diarrhea after cycle 2 95% CI
SLCO1B1 | ABCC2 Grade Grade P-
allele allele N 0-2 (%) | 3-4 (%) | value OR Lo- | Up-
wer | per
AA+AG and
CT+TT 4 4(100) 0(0) 1.000 | 0.92 | 0.83 | 1.03
other 27 | 25(92.60) | 2(7.40)
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Total number of participants 29
delay diarrhea after 95% Cl
cycle 3
SL;glleBl AaEIJICéIiZ N Grade Grade v;;Je OR | o | Up-
0-2 (%) | 3-4 (%) P
wer | per
AA+AG and
CT+TT 4 4(100) 0(0) 1.000 | 0.92 | 0.82 | 1.03
other 25 | 23(92) 2(8)
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