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Abstract 

Irinotecan (CPT-11) is a semisynthetic derivative of the antineoplastic agent camptothecin used in a wide 

range as an anti-cancer agent in many solid tumors because of its cytotoxic effect through the interaction with the 

topoisomerase I enzyme. The major limiting factors for irinotecan treatment are its association with potentially 

life-threatening toxicities including neutropenia and acute or delayed-type diarrhea, results from distinct 

interindividual and interethnic variability due to gene polymorphism. 

This is a cross sectional pharmacogentics study was conducted on 25 cancer patients to estimate the prevalence 

of UGT1A1*93 and ABCC5 allele single nucleotide polymorphism (SNP) in Iraqi cancer patients treated with 

irinotecan-based therapy at Middle Euphrates Cancer Center. Four drops of venous blood was drawn for each 

patient and was applied onto the FTA classic card to perform a genotyping assay for the 2 SNPs. After DNA 

isolation and purification, real time PCR was performed to detect the SNPs of each gene. 

Results of this study showed the prevalence of one allele variant (heterozygous mutation) of UGT1A1*93 was 

64% compared to 36% of patients were wild type to this SNP. No patient (0%) could be detected with homozygous 

polymorphism of the UGT1A1*93. For the ABCC5 polymorphism, results revealed that 32% of patients have one 

polymorphic allele (heterozygous), while 28% of them have two polymorphic alleles (homozygous mutation). 

Wild type ABCC5 gene constitutes 40% of patients.   As a conclusion, high prevalence of UGT1A1*93 and 

ABCC5 polymorphic alleles were detected in patients at Middle Euphrates Cancer Center which may explain the 

high toxicity features associated with irinotecan therapy.   
Keywords: Irinotecan, UGT1A1*93, ABCC5, Polymorphism.  

 

لدى مرضى السرطان  ABCC5و  UGT1A1*93 تقيم نسبة انتشار الطفرة الوراثية في الموروثتين

 الذين يتعاطون علاج الايرينوتكان في النجف الاشرف  
 **  سرمد هاشم الخطيب  و   1،*احمد فلاح الطالقاني 

 
 .العراق ،كربلاء ،العميدجامعة  ،كلية الصيدلةفرع الصيدلة السريرية،  *
 .العراق ،بغداد ،جامعة بغداد ،كلية الصيدلة والسموم، فرع الادوية**

 

 الخلاصة
علاج الايرينوتيكان هو مشتق  م  الكامتقوييشتي  الشتتة عتناعا و الست يسقفدم فا علاج العديد م  الاواام الصلتة و للد لهداتى علع من  

. م  اعظم الاستتتتتام المعرلالة لاستتتتقفدامى هو اتتتتنوا اعراح جانتية مصتتتتا تة لى مدلا نهصتتتتا  عدد العدلا  الدموية 1ايزوميريز -انزيم ال توبو

نية بي  يبالااتافة الع الاستتنال بنوعية ل ال اد و الم(جلال القا يقعقهد ان اتنواوها المقتاي  لدم المراتتع يعقمد  علع ا قلافا  فا المواويا  ال 

و  DNAو م  يم اسقفدامنا لاسقفلاص ال  FTAلاطرا  دم م  الاوادة الطرفية و واعنا فا بطالاا  ال  4س ب  المراتع او بي  الم قمعا .

 لاكقشاف وجود الطفرا  فا المواويا  ال ينية. PCRدها بدء الدواا  ال رااية فا ال بع

الطفرة الواايية المقغايرة ل الضتتتتتتاهرلا فا الاليلا الوا دل ها الستتتتتتتائدة مهاانقة بال الطفرة الواايية المقمايلة ل الضتتتتتتتاهرلا فا ايلا   اظنر  النقائج

م  المراتتتع ي ملون  %32م  المراتتتع ي ملون افرا  واايية مقغايرة و  %23مهابلا ان . بالUGT1A1*93المواويةل فيما يفص المواوية 

و   UGT1A1*93ان النستة العالية لاتشاا الطفرا  المواايية فا المواويقي   الاستقنقاج.ABCC5افرا  واايية مقمايلة فيما يفص ال مواوية 

ABCC5 لدم المراع لاد تفسر النستة العالية لضنوا الاعراح ال انتية المصا تة لعلاج الايرينوتيكان. 

 .  UGT1A1*9  ،ABCC5  اختلاف في الموروثات الجينية، الكلمات المفتاحية :

Introduction 
Toxicity and efficacy as a result of the 

administered drugs is the field of interest for any 

health care providers (HCP) during the patients 

follow up.  

 

There is an evidence suggesting that the 

effectiveness and toxicity of any drug may be 

affected, at least in part, by a genetic polymorphism 
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(changes in the genetic code that found in more than 

1% of the human population) responsible for drug 

metabolism or drug targets(1). Pharmacogenetics is 

the filed that interest in the study of how genetic 

variation affects individuals’ response to drugs(1,2). 

This inter-individual variation can range from 

inadequate therapeutic efficacy to serious, 

potentially life-threatening adverse drug 

reactions.(2,3) The clinical use of this field aims to 

reduce the potential for adverse drug reactions and 

maximize drug response by matching the best 

available drug or dose to an individual’s genomic 

profile(4–6). 

Irinotecan (CPT-11) is a semisynthetic 

derivative of the antineoplastic agent camptothecin. 

Is water-soluble and derives its name from the 

Camptotheca tree where it was first isolated. (7) 

Irinotecan is a pro-drug, and it activated through a 

hydrolysis reaction catalyzed by two isoforms of 

carboxylesterases enzyme (CES1 and 2) in vivo to 

active metabolite 7-ethyl-10-hydroxycamptothecin 

(SN-38) through cleavage of the ester-bond at 

C10(8,9). Its active metabolite SN-38 is 100–1000 

times more potent than its parent drug. SN-38 is 

actively transported into the hepatic cells by the 

organic anion transporting polypeptide (OATP) 1B1 

transporter (i.e., SLCO1B1). Then it is further 

conjugated and detoxified in the hepatic cells by 

UDP-glucuronosyltransferase (UGT) 1A1 and 1A9 

enzyme and extrahepatic by UGT1A7 enzyme to 

yield its h-glucuronide, SN-38 G.(10) SN-38 and SN-

38G are substrates for protein pumps, responsible 

for a unidirectional compound efflux from 

hepatocytes into bile and urine [ATP binding 

cassette (ABC) transporters] to be eliminated. (11) 

Irinotecan used in a wide range as an anti-

cancer agent in many solid tumors because of its 

cytotoxic effect through the interaction with the 

topoisomerase I enzyme.(12) It is approved 

worldwide for first-line therapy in combination with 

5-fluorouracil and leucovorin for patients with 

metastatic colorectal cancer and as a single agent for 

second-line therapy of fluorouracil refractory 

metastatic colorectal cancer(13). In addition, 

irinotecan-based therapy is effective in the lung, 

pancreatic, esophageal and ovarian cancers. The 

major limiting factors for irinotecan treatment are its 

association with potentially life-threatening 

toxicities include neutropenia and acute or delayed-

type diarrhea, with distinct interindividual and 

interethnic variability as a result of the unique 

pharmacogenetic profile of each patient and/or 

ethnicity.(14) screen patients for DNA variations 

prior to selecting irinotecan therapy or dose can 

guide the decision-making process in terms of 

individually tailored irinotecan dose adjustments 

with subsequent toxicity risk reduction while 

maintaining therapeutic benefits.(15). 

In June 2005, the FDA changed the 

irinotecan package insert for UGT1A1*28 

pharmacogenetics testing in patients, 

recommending reduced irinotecan doses in 

homozygous UGT1A1*28 carriers, without 

specifying the extent of reduction(16). This irinotecan 

label revision based on genetic studies have been 

established that patients who are UGT1A1*28/*28 

allele carrier are at the highest risk of developing 

severe toxicity of irinotecan(14). Recently, and after 

identifying the irinotecan pharmacology in many 

studies,  a series of genes has investigated for their 

possible contribution to the variability in irinotecan 

disposition and adverse effects.(17,18) Other 

polymorphisms in metabolizing enzymes  

(UGT1A1, UGT1A7, UGT1A9, and CES) and 

transporters [ATP-binding cassette (ABC) and 

SLCO1B1] genes extensively studied in relation to 

pharmacodynamics and pharmacokinetics of 

irinotecan(11,19–21). UGT1A1*93 (rs569189,-

3156C>T) and ABCC5 (rs562, 1243T>C) show a 

significant relation with irinotecan-induced 

neutropenia and diarrhea respectively in many 

recent studies(22-24). In this study, we will determine 

the prevalence of these polymorphisms in Middle 

Euphrates Cancer Center patient who received 

irinotecan as a preliminary study to demonstrate 

their relation with irinotecan toxicity in future work. 
 

Patients and Methods 
Patient selection and study design 

Twenty-five cancer patients at Middle 

Euphrates Cancer Center were selected to 

participate in the current cross-sectional study and 

were all on irinotecan monotherapy or irinotecan-

based regimen therapy. Four drops of venous blood 

were drawn for each patient and applied onto FTA 

classic card to perform a genotyping assay for the 2 

genes. Toxicity features were graded according to 

the National Cancer Institute (MD, USA) – 

Common Terminology Criteria for Adverse Events 

(CTCAE) Version 5.0(25). Ethical approval was 

obtained from the department of clinical pharmacy 

at the college of the pharmacy and from the center 

management. Singed informed consent from all the 

patients were also obtained. 

A total of 25 patients were included in the 

study. The age distribution of the patients was 16% 

with an age of (20-39 years), 68% with an age of (40 

-59 years) and the remaining 16% with an age of 

≥60 years. Males included in the study were (72%) 

and females (28%). The higher percentage of the 

population in this study were from Al-Najaf 

governorates (44%), while the rest distributed from 

the neighboring governorates. The majority of the 

patient were Arab (96%). The demographic data and 

the patient characteristics are illustrated in table 1. 
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Table 1. Demographic data and patient characteristics 

Variable Category Number  Percent 

Age Group 20-39 y 4 16.0% 

40-59 y 17 68.0% 

≥ 60 y 4 16.0% 

Sex Male 18 72.0% 

Female 7 28.0% 

Province Babil 3 12.0% 

Baghdad 1 4.0% 

Diwania 3 12.0% 

Muthanna 3 12.0% 

Najaf 11 44.0% 

Ninava 1 4.0% 

Thiqar 1 4.0% 

Wasit 2 8.0% 

Ethnicity Arab 24 96.0% 

Kurd/ Turkmen 1 4.0% 

 
Genotyping  

Genomic DNA was isolated from venous 

blood according to the protocol of ReliaPrep™ 

Blood gDNA Miniprep System (Promega, USA). 

From National Center of Biotechnology 

Information (NCBI) database rs562 and rs569189 

information was obtained, and specific primers 

designed in order to make specific assay for allelic 

detection using amplification refractory mutation 

system–polymerase chain (ARM system –PCR). 

Primer sequence listed in table 2. Real time  

 

 

PCR was performed in a 10µl total reaction 

mixture containing 1 µl (10-30 ng) of DNA 

template, 0.5µl (10 µM) of each primer, 5µl of 

GoTaq qPCR master mix (Promega, USA). After 

several trails for optimization, PCR conditions 

consisted of an initial melting step of 10 minutes at 

95°C (initial denaturation); followed by 40 cycles 

of 10 sec. at 95°C (denaturation), 10 sec. at 60°C 

(annealing) and 72 C for 20 sec. (extension). 

Melting curves were constructed by increasing the 

temperature from 70°C to 95°C (0.3 C/sec).  

 

Table 2. Primers sequences and annealing temperature 

Gene 

polymorphism 

Primer Name 

 

Sequences Annealing 

temperature 

ABCC5 rs562-inner-F 5`-CACGACATGCAACGCTGACCATTCCAT-3`  

 

 

60oC 

rs562-inner-R 5`-AGGTGGGCGTGGTCACTGCTGTCATAAG-3` 

rs562-outer-F 5`-CCCTTGCAACCAACCAGCTTTGCTACCA-3` 

rs562-outer-R 5`-CCGCAGTCGTCGCACAGTCTCTCTCTCT-3` 

UGT1A1*93 rs569189-inner-F 5`-GACATTTCTGGACACACCCTGGGCAAT-3` 

rs569189-inner-R 5`-CCAGTACTGGGCCTTTTCATCCAAGGAAG-3` 

rs569189-outer-F 5`-CCGTCCCATAACCCTTGTCTGCACAGTT-3` 

rs569189-outer-R 5`-CCACCACAGCTGGAAATGTGCTGAGTCT3` 

 

Statistical Analysis 

Statistical package for social sciences 

version 24 (SPSS v24) was used to analyze data. 

Continuous variables presented as means with 

standard deviation and discrete variables presented 

as numbers and percentages.  

 
 
 

Results 
Clinical characteristics of patients 

Thirty two percent of pateints have positive 

family history for the occurance of cancer 

distributed as 16% for their father and 16% for their 

siblings. Non-pharmacological treatment for both 

radiotherapy plus surgery constitue (36%).  
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Irinotecan dose modification (dose 

reduction) was done for 12%. The most common 

toxicity associated with irinotecan included diarrhea 

(grade 3 and 4) (54.2%), vomiting (16.7%), severe 

neutropenia toxicity (grade 3 and 4) 20.8%, and 

toxic alopecia (25%). The clinical characteristics of 

the patients are shown in table 3. 

 

Table 3. Clinical characteristics of patients. 

Variable Category Number Percent  

Positive family history of malignancy  Father 4 16.0% 

 Mother 0 0.0% 

 Sibling 4 16.0% 

Adjuvant non-pharmacological treatment  None 8 32.0% 

 Surgery 8 32.0% 

 Radiotherapy 0 0.0% 

 Both 9 36.0% 
aDose modified   Yes 3 12.0% 

 No 22 88.0% 
bSever toxicity features    Alopecia 6 25.0% 

  Neutropenia 5 20.8% 

 Diarrhea 13 54.2% 

 Vomiting 4 16.7% 

a: irinotecan dose reduction (25% -35%)                          b: grade 3 and 4 toxicity  

 

Prevalence of UGT1A1*93 and ABCC5 single 

nucleotide polymorphism: 
Genotyping assay of UGT1A1*93 SNP 

revealed that patient have one allele polymorphism 

(heterozygous mutation) constitute 64% compared 

to 36% of patient were wild type for this SNP. No 

patient has homozygous mutation could be detected 

in the studied population (Table 4). 

Concerning ABCC5 genotyping, results 

showed that the one allele variant (heterozygous 

mutation) prevalence calculated as 32%, while the 

homozygous mutation 28%. Patients carried wild 

type ABCC5 gene comprised 40% (Table 4). 

 

Table 4. prevalence of studied mutation in patients  

Gene Allele Number Percent  

UGT1A1*93 T/T 9 36.0% 

T/C 16 64.0% 

C/C 0 0.0% 

ABCC5 C/C 10 40.0% 

C/T 8 32.0% 

T/T 7 28.0% 

 

Discussion  
Up to our knowledge, this study is considered 

the first study that estimate the prevalence of the 

UGT1A1*93 and ABCC5 polymorphisms in Iraq. 

There are no other studies in the neighboring 

countries that could be compared to the results 

reported in this study; however we compared the 

findings of this study to studies conducted on 

American, European and African populations. 

It was found that the heterozygous variant of 

the UGT1A1*93 detected in (64%) of the study 

population, while there was no homozygous variant 

could be detected. Innocenti et al. study which was 

conducted in the USA on African American patients 

in which no homozygous polymorphism was 

detected (21). Other studies reported the prevalence 

of homozygous variant in American Whites (13%), 

France (7%) and United kingdom (7%)(21,22,26).  

 

Another study measured variant alleles frequency in 

European, Asians, and Africans reported a 

prevalence of 26%, 8% and 36% respectively (17). 

The reasons for the recorded variation between the 

present study and other studies are not clear, but 

could be attributed to ethnicity-related variations, 

and/or due to low sample size of the studied 

population(26,28). 

Many patients participated in this study were 

complaining from several severe toxicity features 

including diarrhrea, vomiting, neutropenia, and 

alopecia (Table 3). These adverse effected reported 

in the study could be attributed to the presence of 

polymorphism in genes sequences that are 
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responsible for the metabolism of irinotecan (27). 

This finding was consistent with Li et al. and Crona 

et al studies, who postulated that a polymorphism of 

UGT1A1*93 was a strong predictor of irinotecan 

induced neutropenia, that is associated with higher 

SN-38 AUC and lower absolute neutrophils3 counts 

(ANC) nadirs. (11,29) 

The ABCC5 transporter function was unclear 

until recently, in which it was found that ABCC5 

transporter plays a role in the transport of cyclic 

nucleotides and platinum-based and nucleoside-

based analog used in anticancer treatment (e.g. 

irinotecan and its active metabolite SN-38).(18) 

Among ABCC5 gene was detect that (40%) of 

studied patients carried a wild type allele, the 

homozygous mutation represent (32%) and (28%) of 

them with a homozygous mutation. Di Martino et al. 

study which was conducted in Italy metastatic 

colorectal cancer patients showed that the 

polymorphic allele (T) frequency was (51%) while 

the (C) allele detected in (48%) of the patient, with 

homozygous mutation (5/26) and (14/26) of the 

patient a heterozygous carrier(23). Another study 

measured variant alleles frequency in Asians breast 

cancer patient reported that (T) allele carried by 

(60%) of the patient and only (40%) of them was 

carried (C) allele. The genotyping assay through Lal 

et al. was showed that (17%) of the patient with 

homozygous mutation and (43%) with heterozygous 

mutation.(30) This high polymorphic allele frequency 

incidence in Iraqi patient could be attribute the high 

sever GI toxicity among them (Table 3). This 

finding was consistent with Chen et al., who assume 

that a polymorphism of ABCC5 was a strong 

predictor of irinotecan induced Diarrhea. (18) 
 

Conclusion   
A high prevalence of UGT1A1*93 and 

ABCC5 polymorphic alleles were detected in 

patients at Middle Euphrates Cancer Center. Further 

studies should be conducted in multicenter all 

around Iraq to evaluate the effects of such gene 

variants on irinotecan associated toxicity features 

and to maximize the treatment efficacy.      
 

Acknowledgement  
Special thanks to Middle Euphrates Cancer 

Centers employees. We are appreciative to Dr. Ali j. 

Hekmt for his help in accomplishing the research.  
 

References  
1. Osanlou O, Pirmohamed M, Daly AK. 

Pharmacogenetics of adverse drug reactions. 

Advances in Pharmacology. 2018; 1st ed. (83), 

155-190 p.  

2. Weinshilboum RM, Wang L. 

Pharmacogenomics: Precision medicine and 

drug response. Mayo Clinic Proceedings. 

2017;92(11):1711–22.  

3. Pirmohamed M. Pharmacogenetics: Past, 

present and future. Drug Discovery Today. 

2011;16(19–20):852–61.  

4. Mroziewicz M, Tyndale RF. 

Pharmacogenetics: A tool for identifying 

genetic factors in drug dependence and 

response to treatment. Addiction science and 

clinical practice 2010;17–29.  

5. Haddy CA, Ward HM, Angley MT, et al. 

Consumers’ views of pharmacogenetics-A 

qualitative study. Research in Social and 

Administrative Pharmacy. 2010;6(3):221–31.  

6. Shin J, Kayser SR, Langaee TY. 

Pharmacogenetics: From discovery to patient 

care. American Journal of Health-System 

Pharmacy. 2009;66(7):625–37.  

7. Palmirotta R, Carella C, Silvestris E, et al. SNPs 

in predicting clinical efficacy and toxicity of 

chemotherapy : walking through the quicksand. 

Recent Results in Cancer Research. 

2018;9(38):25355–82.  

8. Sanghani SP, Quinney SK, Fredenburg TB, et 

al. Hydrolysis of irinotecan and its oxidative 

metabolites , 7-ethyl-10- [ 4- n - ( 5- 

aminopentanoic acid ) -1-piperidino ] 

carbonyloxycamptothecin and 7- 

carboxylesterases ces1a1 , ces2 , and a newly 

expressed carboxylesterase isoenzyme , CES3. 

Drug Metabolism and Disposition. 

2004;32(5):505–11.  

9. Santos A, Zanetta S, Cresteil T, et al. 

Metabolism of irinotecan ( CPT-11 ) by 

CYP3A4 and CYP3A5 in humans . Clinical 

Cancer Research. 2012;   

10. Marsh S, Hoskins JM. Irinotecan 

pharmacogenomics R eview. 

Pharmacogenomics 2010;11:1003–10.  

11. Li M, Seiser EL, Baldwin RM, et al. Original 

Article ABC transporter polymorphisms are 

associated with irinotecan pharmacokinetics 

and neutropenia. Pharmacogenomics Journal. 

2018;(May 2016):35–42.  

12. Ahn KRKH, Olff JAJW, Olesar JILLMK. 

Pharmacogenetics and irinotecan therapy. Am J 

Health-Syst Pharm. 2006;63:2211–7.  

13. Hoskins JM, Marcuello E, Altes A, et al. Cancer 

therapy : clinical irinotecan pharmacogenetics : 

Influence of pharmacodynamic Genes. 

2008;14(6):1788–97.  

14. Fujita K, Sparreboom A. Pharmacogenetics of 

irinotecan disposition and toxicity : A Review. 

current Clinical Pharmacology 2010; 5, 209-

217.  

15. Campbell JM, Bateman E, Peters MDJ, et al. 

Irinotecan-induced toxicity pharmacogenetics : 

An umbrella review of systematic reviews and 

meta-analyses. Pharmacogenomics Journal 

2016;17(1):21–8.  

16. Chen S, Laverdiere I, Tourancheau A, et al. A 

novel UGT1 marker associated with better 

tolerance against irinotecan-induced severe 

neutropenia in metastatic colorectal cancer 



Iraqi J Pharm Sci, Vol.28(2) 2019                                                                               Prevalence of UGT1A1*93 and ABCC5                                                                   

 

29 

 

patients. Pharmacogenomics Journal 

2015;(January):513–20.  

17. Fujiwara Y, Minami H. An overview of the 

recent progress in irinotecan pharmacogenetics 

R eview. Pharmacogenomics 2010;11:391–

406.  

18. Chen S, Villeneuve L, Jonker D, et al. ABCC5 

and ABCG1 polymorphisms predict irinotecan-

induced severe toxicity in metastatic colorectal 

cancer patients. 2015;573–83.  

19. Adam Paulík1 JN. Irinotecan toxicity during 

treatment of metastatic colorectal cancer: focus 

on pharmacogenomics and personalized 

medicine. Journal, Tumori. 2018;  

20. Man FM De, Goey AKL, Schaik RHN Van. 

Individualization of irinotecan treatment : A 

review of pharmacokinetics , 

pharmacodynamics , and pharmacogenetics. 

Clinical Pharmacokinetics. 2018;57(10):1229–

54.  

21. Innocenti F, Kroetz DL, Schuetz E, et al. 

Comprehensive pharmacogenetic analysis of 

irinotecan neutropenia and pharmacokinetics. 

Journal of Clinical Oncology 2009;27(16).  

22. Côté J, Kirzin S, Kramar A. UGT1A1 

polymorphism can predict hematologic toxicity 

in patients treated with irinotecan reated with 

irinotecan. Clinical Cancer Research 

2007;3269–75.  

23. Teresa M, Martino D, Arbitrio M, et al. ABCG1 

transporter genes correlate to irinotecan- 

associated gastrointestinal toxicity in colorectal 

cancer patients : A DMET microarray profiling 

study Single nucleotide polymorphisms of 

ABCC5 and ABCG1 transporter genes 

correlate to irinotecan-associated. Cancer 

Biology and Therapy 2011;4047.  

24.  Aliaa Abdul sattar, Sarmed Kathem. The 

protective effect of ethanolic extract of mentha 

spicata against irinotecan-induced mucositis in 

mice. Iraqi J Pharm Sci 2019;28(1):37-44 

25. National Cancer Institute. Common 

Terminology Criteria for Adverse Events 

(CTCAE). National Institutes of Health 

Publication. 2009;Versão 4.0:194.  

26. Horsfall LJ, Zeitlyn D, Tarekegn A, et al. 

Prevalence of clinically relevant UGT1A alleles 

and haplotypes in African populations. Annals 

of Human Genetics 2011;236–46.  

27. Ferraldeschi R, Minchell LJ, Roberts SA, et al. 

UGT1A1*28 genotype predicts gastrointestinal 

toxicity in patients treated with intermediate-

dose irinotecan Aims: Future Medicine. 

2009;10:733–9.  

28. Premawardhena A, Fisher CA, Liu YT, et al. 

The global distribution of length 

polymorphisms of the promoters of the 

glucuronosyltransferase 1 gene (UGT1A1): 

Hematologic and evolutionary implications. 

Blood Cells, Molecules, and Diseases. 

2003;31(1):98–101.  

29. Crona DJ, Ramirez J, Qiao W, et al. Clinical 

validity of new genetic biomarkers of irinotecan 

neutropenia: An independent replication study. 

Pharmacogenomics Journal. 2016;16(1):54–9.  

30. Lal S, Sutiman N, Ooi LL, et al. 

Pharmacogenetics of ABCB5 , ABCC5 and 

RLIP76 and doxorubicin pharmacokinetics in 

Asian breast cancer patients. 

Pharmacogenomics Journal 2016;17(4):337–

43.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Baghdad Iraqi Journal Pharmaceutical Sciences by bijps is licensed under a Creative Commons Attribution 4.0 

International License.  Copyrights© 2015 College of Pharmacy - University of Baghdad. 

http://bijps.uobaghdad.edu.iq/index.php/bijps.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

