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INTRODUCTION 
The basic treatments of colorectal cancer (CRC) 
include surgery, radiotherapy, and pharmacotherapy. 
Pharmacotherapy is divided into two classes as 
biologic agents and cytotoxic agents. The 
combination of biologic agents, such as bevacizumab 
(VEGF inhibitor), and cetuximab (EGFR inhibitor) 
have been some benefits on metastatic CRC. On the 
other hand, 5-fluorouracil (5-FU), irinotecan, 
oxaliplatin, and capecitabine are used as cytotoxic  
 

 
agents in CRC treatment (1). They work in 
conjunction with one another as combination therapy. 
For instance, FOLFIRI (5-FU/leucovorin/irinotecan), 
FOLFOXIRI (5-FU/leucovorin/oxaliplatin/irinotecan) 
FOLFOX (5-FU/leucovorin/oxaliplatin), and CAPOX 
(capecitabine/oxaliplatin) are FDA approved 
combination drugs and these agents can use with 
biological agents. Unfortunately, drug resistance can  
develop during to drug applications of CRC or other 
cancers, and this limits the effectiveness of drugs (2).  

ABSTRACT 
 
Standard treatment for colorectal cancer includes surgery, radiotherapy, and chemotherapy. Conventional 
chemotherapeutic agents used in colorectal cancer such as 5-fluorouracil, capecitabine which is oral form 
of 5-fluorouracil, irinotecan, and oxaliplatin. One of the major challenges in chemotherapy considered as 
drug resistance. Drug resistance occurs in many different mechanisms such as alteration in tumor 
microenvironment, growth kinetics, genetic variations, and tumor heterogeneity. These cytotoxic agents 
are used in combination form to overcome drug resistance on colorectal cancer. They can also be used in 
combination with cytotoxic agents as bevacizumab and cetuximab. Combination therapy depends on tumor 
burden, type, stage, and molecular characteristics. It is crucial to choose the combination therapy to be 
applied by taking these factors into consideration. In this review, current drug resistance mechanisms were 
discussed and then mechanisms of conventional chemotherapy related resistance were explained. 
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Drug resistance is the main handicap in the treatment 
of cancer or other diseases. There are many factors 
that trigger drug resistance. These factors affect drug 
pharmacokinetics such as drug inactivation, 
alteration of drug targets, escape from apoptosis, 
increasing DNA-damage repair mechanism etc. This 
resistance can classify into two main categories as 
intrinsic resistance and acquired drug resistance (3). 
Intrinsic resistance refers to inherent resistance that 
exists before drug treatment. Inherent genetic 
mutations, tumor heterogeneity, and some signal 
pathways that caused the inactivation of cancer drugs 
can be the main reason for intrinsic resistance (4). 
Acquired drug resistance can gradually develop 
during drug treatment, thus effectiveness of the drug 
reduces. The formation of new proto-oncogenes, 
mutations on the genes of drug targets and changes 
in tumor microenvironment can cause acquired drug 
resistance. In this review, we will explain of drug 
resistance mechanisms and mechanisms of using 
cytotoxic drugs in CRC treatment (4). 
 
DRUG RESISTANCE MECHANISMS 
 
Tumor Size and Growth Kinetics 
 
Nearly all solid cancer types have an inverse 
relationship between tumor size and curability. 
Enhancement of tumor size causes increase on 
metastatic character and drug resistance (5). Goldie-
Coldman hypothesis declares the relationship of 
curability and tumor size. According to this 
hypothesis, larger tumors are more capable to 
contain drug-resistant clones (6). Although, this 
hypothesis has not been confirmed on clinical 
approaches in uniform manner and further 
complications such as drug toxicity that is necessary 
to be considered. The relationship between tumor 
size and drug resistance is highly related to cell 
growth kinetics. One of the most important matter on 
tumor size and regression after treatment is the 
Norton-Simon hypothesis. The hypothesis suggests 
that solid cancer cells proliferate in a sigmoidal curve 
until they reach a certain size then proliferation rate 
reduces while tumor burden increases (7). 
Chemotherapeutic agents reduce tumor size and 
affect growth kinetics. Tumor size is reduced after the 
first dose of chemotherapy and also, the change of 
growth kinetics causes exponential growth in manner 
of time. From this point of view, effectiveness of 

chemotherapeutics is augmented by shortening the 
time between simultaneous doses.  
 
Tumor Heterogeneity 
 
Cancer cells keep evolving and changing even after 
malignant transformation. This molecular evolution 
causes to obtain heterogeneity and drug resistance of 
cancer cells via undergoing changes at various 
molecular levels. Tumor heterogeneity process 
involves several differentiations in terms of 
epigenetics and genetics these are cell morphology, 
metabolism, proliferation, motility (8). Tumor 
heterogeneity is subdivided into two classes called 
intratumoral and intertumoral heterogeneity. 
Intertumoral heterogeneity refers to genetic variations 
of a tumor tissue which has same histological feature 
on different patients (9). On the other hand, 
intratumoral heterogeneity involves a combination of 
cancer cells which evolved from primer cancer cell via 
genetic variations to gain metastatic character and 
develop drug resistance (10). Gausachs et. al shows 
that mutational heterogeneity in KRAS and APC 
could cause polyclonality in early colorectal 
carcinogenesis (11). Thus, polyclonality induces the 
possibility of drug-resistance clones in tumor tissue. 
 
Tumor Microenvironment 
 
Tumor microenvironment (TME) contains important 
components that provide nutrition and development 
of tumor tissue. These components include 
extracellular factors such as blood vessels, 
endothelial, myeloid, lymphoid, and growth factors, 
soluble factors, extracellular matrix, pH, oxygenation, 
and stromal cells. The effect of tumor 
microenvironment on drug resistance is highly related 
to the cancer cells and TME components responses 
to drugs (12). Thus, tumor-cancer cells, tumor-
stromal cells and tumor-ECM communication have an 
important effect on the development of drug 
resistance. Although, growth factors such as platelet 
- derived growth factors (PDGFs), fibroblast growth 
factors (FGFs), vascular endothelial growth factors 
(VEGFs), insulin-like growth factors (IGFs) play 
enormous role on drug resistance via providing 
essential signals for proliferation, hence play 
important role on tumor burden augmentation. 
Angiogenic factors also have a great influence on 
drug resistance. Pro-angiogenic factors such as  
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FGFs and PDGFs, create resistance to anti-VEGF / 
VEGFR drugs which are commonly used in renal 
carcinoma treatment. Hypoxic environment and 
inflammatory factors also have an important effect on 
tumor heterogeneity and cause drug resistance. 
Increased cancer associated fibroblasts (CAFs) 
cause drug resistance on cancer therapy via 
triggering accumulation of extracellular matrix, 
interleukin, and cytokines secretion. PI3/Akt, 
JAK/STAT and Ras-MAPK pathways are responsible 
on inhibition of apoptosis and increased interleukin 6 
secretion activates those pathways and causes drug 
resistance. Furthermore, non-cellular components of 
extracellular matrix such as low pH, hypoxia, stiffness 
of extracellular matrix and hypoxia play important role 
on drug resistance (13). 
 
DRUG RESISTANCE IN COLORECTAL CANCER 
 
5-fluorouracil, an effective antimetabolite and cell 
cycle targeting drug, is used in the treatment of many 
lots of cancer such as CRC, breast cancer, and 
pancreatic cancer (14). 5-FU inhibits the thymidylate 
synthase (TS) expression and arrests DNA 
replication via binding its metabolites to DNA [15]. 
Thus, it demonstrates the toxic effect on cancer cells. 
The resistance of 5-FU is closely connected to drug 
metabolism, drug absorption, and changed in TS 
expression (16). 
 
Overexpression of TS is one of the major 5-FU 
resistance reasons for in vitro and in vivo studies, as 
well as in clinic While the presence of pre-treatment 
high TS level causes internal resistance, the increase 
in gene amplification of TS and mutations in its 
structure during the treatment cause acquired 
resistance. After the 5-FU treatment, the overall 
survival rate of patients with an elevated level of TS 
is shorter than in a patient with a low level of TS (17). 
The other enzymes such as uridine kinase, orotate 
phosphoribosyltransferase (responsible for thymidine 
biosynthesis), and thymidine kinase are closely 
related to reverse the 5-FU resistance. In other 
words, the expression levels of these enzymes are 
lower in 5-FU resistance cells (18). Besides, 
decrease of monophosphate kinase expression 
(UMPK), which is involved in the activation of 5-
fluorouridine triphosphate (5-FUTP) and binds to 
RNA, was also observed in resistant cells (19). 
Thymidine phosphorylase (TP) has two important 
roles in metabolism. Primarily, TP converts thymidine 

to thymine and 2-deoxyribose-1-phosphate. Also, TP 
induces angiogenesis. Therefore, TP overexpression 
is related to malignancy, tumor aggressiveness, and 
poor prognosis (20). In this context, TP is regularly 
overexpressed in tumor tissue and some prodrugs 
such as capecitabine were developed for 
bioactivation of TP. Capecitabin is the first oral drug 
form for using CRC treatment. It is metabolized and 
transformed to 5’-deoxy-5- fluorouridine (5’-DFUR) 
and 5’-deoxy-5-fluorocytidine (5’-OFCR). Then, 5’-
DFUR is hydrolyzed to 5-FU via TP and performs 
cytotoxic effect on cancer cells. Drug resistance 
mechanism of 5-FU is similar to capecitabine (21). 
Notably, TP is an important enzyme for 
transformation of the capecitabine to 5-FU and it 
plays a key role on the drug resistance. The elevated 
expression of TP is related to better response to 
capecitabine while low expression of TP refers to 
drug resistance (22). 
 
Irinotecan (CPT-11) is a semisynthetic analog of 
camptothecin that is isolated from the Camptotheca 
acuminate tree. CPT-11 is used in treatment of many 
various cancer such as lung cancer, pancreatic 
cancer, and CRC (23). CPT-11 is not only used as a 
monotherapy in cancer treatment but also it is used 
with other cytotoxic agents like 5-FU and oxaliplatin. 
Therewithal, it also can be used with monoclonal 
antibodies such as bevacizumab and cetuximab (24). 
CPT-11 is a cytotoxic agent that inhibits 
topoisomerase I, selectively. CPT-11 is hydrolyzed to 
7-ethyl-10-hydroxycamptothecin (SN-38), which is 
the active form of CPT-11, via carboxylesterase. This 
biotransformation involves the elimination of the C10 
group from CPT-11 and then become SN-38 (21). 
SN-38 demonstrates a stronger cytotoxic activity than 
CPT-11 (25). CPT-11 or its active form SN-38 creates 
the TOPO I-irinotecan-DNA complex for breaking 
stranded DNA (26). 
 
Irinotecan has some drug resistance mechanism. 
These resistance mechanisms are changes in the 
expression levels of enzymes responsible for the 
transformation of irinotecan to its active form SN-38, 
increasing expression of drug efflux proteins, 
decreasing expression of topoisomerase 1, and 
occurring mutations in the structure of topoisomerase 
1 (27).  
 
Formation of the TOPO1-irinotecan-DNA complex 
causes DNA breaks. However, prevention of this 
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complex develops drug resistance. The mutations in 
the TOPOI, decreasing expression ofTOPO1, and 
interaction of TOPO1 with some proteins are the 
reasons for the resistance (28). CPT-11 is taken into 
the body passively and it is hydrolyzed to active 
metabolite form SN-38 by carboxylesterases 1 and 2 
(CES1-2) in the liver. CPT-11 can be converted into 
its inactive metabolites NPC (7-ethyl-10-(4-amino-1-
piperidino) carbonyloxycamptothecin) and APC (7-
ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino] 
carbonyloxycamptothecin) by cytochrome P450 
isoform enzymes (CYP3A4, CYP3A5). Decrease of 
CES1-2 and increase of CYP3A4/ 5 are related to 
resistance development to irinotecan. Increased 
CES1-2 enzyme activity increases SN-38 amount. 
However, increased CYP3A4/ 5 enzyme activity 
degrades irinotecan, resulting in formation of 
increased inactive form (23). At the same time, ATP-
cassette protein, ABCB1, P-glycoprotein, can pump 
the irinotecan and SN-38 outside of the cell which 
causes reduction of the drug accumulation in cancer 
cell (29). SN-38 is converted via uridine diphosphate 
glucuronosyltransferase 1As (UGT1As) to the 
inactive form SN-38-glucuronide (SN-38G). Then, it 
can be converted back into the active form by β-
glucosidase, a bacterial enzyme which is found in the 
gut (30). 
 
Oxaliplatin that is a third-generation platinum drug 
has 1,2-diaminocyclohexane (DACH) ligand and a 
separated oxalate group. Biotransformation of 
oxaliplatin occurs spontaneously and non-enzymatic 
reaction in the biological fluid. Firstly, the oxalate 
group replaces with H2O, Cl-, and HCO3- ions, and 
forming dichloro-, monochloro-, and diaquo-DACH 
platin active groups bind to DNA afterward. These 
active platin groups bind to guanine-guanine or 
adenine-guanine intrastrand adducts (31). 
The resistance mechanism of oxaliplatin is related to 
nucleotide excision repair (NER), drug efflux protein, 
glutathione metabolism, and copper transporter 
proteins. NER is the main mechanism in oxaliplatin 
resistance. While xeroderma pigmentosum group A 
(XPA) and excision repair cross-complementing 
group 1 (ERCC1) gene expression in the NER 
mechanism increases, the cytotoxic effect of 
oxaliplatin decreases (32).  
 
As the drug accumulation within the cell decreases, 
the sensitivity of the cells to the drug decreases and 
resistance develops. ABC-transporter proteins are 

mostly responsible for this resistance mechanism. 
When oxaliplatin conjugates with glutathione, the 
level of MRP2 expression increases. Therefore, 
MRP2 has an important role in drug resistance (33). 
Solid carrier membrane proteins are expressed to 
maintain metabolism balance of the cell by mediating 
the transport of exogenous and endogenous 
substances. Decreased expression levels of, 
hMATE1 (SLC47A1), hOCT3 (SLC22A3), and 
hMATE2-K (SLC47A2) are responsible from 
oxaliplatin transport, resulting in oxaliplatin resistance 
(34). Apart from the above, transforming growth factor 
β1 (TGF- β1) is secreted by cells within in tumor 
microenvironment. Excreted TGF-β1 induces drug 
resistance by helping epithelial to mesenchymal 
transition (35). 
 
CONCLUSION 
 
CRC cases are constantly increasing as much as 
other cancer types. In addition to surgery and 
radiotherapy, chemotherapeutics is also used for 
CRC treatment. However, intrinsic or acquired drug 
resistance are likely the most challenging factor in the 
chemotherapy process. There are lots of aspects 
included in drug resistance development. Drug 
inactivation, drug efflux proteins, drug target 
alteration, increase in DNA damage repair 
mechanisms, tumor microenvironment and tumor 
heterogeneity and growth kinetics of cancer cells are 
the main causes of drug resistance. Combination 
therapy is an effective method to overcome drug 
resistance. However, using drug combinations on 
cancer treatment involves handicaps such as genetic 
variations and tumor specificity for each individual 
patient. Combination therapy must occur minimum 
toxicity on healthy tissue while performing cytotoxic 
effect on tumor tissue. From this point of view, the 
mechanisms of candidate drugs and genetic 
variation, tumor microenvironment components, 
tumor burden, and growth kinetics of the tumor must 
be well-known.  
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