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Introduction 

    Cancer is a class of diseases characterized by uncontrolled division of cells 

and the ability of these cells to invade other tissues, either by direct growth 

into adjacent tissue (invasion) or by implantation into distant sites 

(metastasis). This unregulated growth is caused by damage to DNA, resulting 

in mutations to genes that control cell division. Several mutations may be 

required to transform a normal cell into a malignant cell. These mutations are 

often caused by chemicals or physical agents called carcinogens. Some 

mutations occur spontaneously, or they can be inherited (germ line 

mutations)1.  

Using chemicals to treat cancer, it has played a major role in cancer treatment for 

half a century. Years of testing and research have provided chemotherapy to 

be an effective cancer treatment. It may be the only treatment, or it may be 

used in combination with other treatments, such as surgery and radiation 

therapy2. Chemotherapy works by killing rapidly divided cells. These cells 

include cancer cells, which continuously divide to form more cells, and 

healthy cells that divide quickly, such as those in bone marrow, 

gastrointestinal tract, reproductive system and hair follicles. So, 

chemotherapy does not know the difference between the cancerous cells and 

the normal cells. The normal cells will grow back and be healthy but in the 

meantime, side effects occur3. 
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Types of Chemotherapy 

Since the discovery of mustard gas, as the first anticancer agent4, many 

anticancer compounds with different modes of action have been discovered 

and studied. These agents can be roughly classified as follows5: 

• Alkylating agents. These medications interfere with the growth of 

cancer cells by blocking the replication of DNA. They contain chemical 

group that can form covalent bond with particular nucleophilic substance 

in the cell6. Most of cytotoxic anticancer alkylating agent are 

bifunctional (i.e., they have two alkylating groups)7. Some of the more 

common alkylating agents include Cyclophosphamide, Melphalan, 

Chlorambucil, Decarbazine, Procarbazine, Busulfan, and Thiotepa. 
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• Antimetabolites. These drugs block the enzymes needed by cancer 

cells to live and grow. They are usually closely related to the metabolite 

that is antagonized. These agents may have the capacity to combine with 

site of action as if they are substrates or cofactor8. Alternatively, they 

may bind to an allosteric regulatory site, especially when they resemble 

the end product of biosynthetic pathway under feed back control9. Some 

antimetabolites that inhibit DNA synthesis and DNA repair include: 

Cytarabine, Gemcitabine (Gemzar®), 6-mercaptopurine, 6-thioguanine, 

Fludarabine, and Cladribine. 
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• Anti-tumor antibiotics. These are a number of compounds which are 

first isolated from bacterial cultures to be used as antibacterial agents, 

but these compounds were originally rejected as antibacterial agents 

because of their cytoyoxicity10. Later, it was found that this toxicity 

could be turned to an advantage in chemotherapy of cancer11. They 

interfere with DNA, blocking certain enzymes and cell division and 

changing cell membranes12. Doxorubicine13 Mitomycine14 and 

Acivicin15  are examples of these antibiotics. 
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       Other types of anticancer agent include plant derivative (Vincristin, 

vinblastine)16, hormones (Tamoxifen17, Flutamide18) and nitrosoureas 

(Carmustine19, Lamustine20).      Chemotherapy medications, regardless of 

how they are given, generally travel in the bloodstream and throughout the 

entire body. The intravenous route is the most common, allowing 

chemotherapy drugs to spread quickly through the system. 

Chemotherapy goals 

One of chemotherapy's main advantages is that — unlike radiation, 

which treats only the area of the body exposed to the radiation — 
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chemotherapy treats the entire body. As a result, any cells that may have 

escaped from the original cancer are treated21. 

Chemotherapy used to: 

 Eliminate all cancer cells in the body, even when cancer is 

widespread.  

 Prolong the life by controlling cancer growth and spread.  

 Relieve symptoms and enhance the quality of life.  

Side effects of chemotherapy 
     Chemotherapy does not only target cancer cells, but any cells that divide 

rapidly. This includes those in the bone marrow and skin, hair-producing 

cells, and the cells that line the mouth and digestive system. Damage to these 

healthy cells may produce various temporary side effects, including22: 

 Mouth sores 

 Difficult or painful wallowing 

 Nausea and/or vomiting 

 Diarrhea or constipation 

  Fatigue 

 Bleeding 

 Susceptibility to infection 

 Infertility 

 Loss of appetite 

 Liver damage 

 Hair loss 

How long these temporary side effects last depends on what drug(s) were 

taking and for how long. Most side effects will subside shortly after stopping 

chemotherapy treatments. In addition, most short-term side effects can be 

minimized with medication. As people with cancer are living longer after 

treatment, doctors have discovered that some treatments cause long-lasting 

side effects or side effects that become apparent long after treatment ends. 

These long-term side effects are23: 

 Organ damage, including problems with the heart, lungs and kidneys  
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 Nerve damage  

 Blood in the urine (hemorrhagic cystitis)  

 Another cancer, including Hodgkin's disease and non-Hodgkin's 

lymphoma, leukemia and some tumors 

Improvement of current chemotherapies   
    Selective delivery of lethal concentrations of drugs to tumors, allowing the 

latter to be eradicated without damage to other tissues, continues to be a major 

goal in cancer chemotherapy24.     In order to improve the efficacy of current 

chemotherapeutic treatment and diminish side effects, prodrug strategies have 

evolved in an attempt to achieve site-specific delivery of cytotoxic anticancer 

agents. This strategy is based on the relative lack of toxicity of prodrugs in 

comparison to their anticancer (chemotherapeutic) drug counterparts25. Such 

strategies often take advantage of differences between tumor cells and 

"normal" healthy cells, based on tumor-associated factors, such as hypoxia, 

tumor-associated enzymes and receptors. 

Compartmental release of the drug inside cells can be achieved by designing 

the spacer so that it is stable outside the cells, but quickly degraded in the 

appropriate compartment. Two possible parameters to exploit include the 

difference in pH26  and presence of enzymes in endosomes and lysosomes27,28. 

Any of a number of non-toxic prodrugs may be converted to a toxic 

chemotherapeutic agent by the action of an enzyme. Exemplary enzymes that 

may be used to convert a prodrug into the form of an active chemotherapeutic 

agent include, but are not limited to, cytosine deaminase, nitroreductase, β-

glucuronidase, β-galactosidase, a carboxypeptidase, alkaline phosphatase and 

β-lactamase29. In addition, at least two carboxypeptidases have been used to 

convert a prodrug into a chemotherapeutic agent, e.g. the conversion of 

methotrexate-α-alanine to methotrexate30. Carboxypeptidase G2 used in a 

gene-directed enzyme prodrug therapy (GDEPT) system, for use in the 
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conversion of nitrogen mustard prodrugs into the corresponding active form31. 

Carboxypeptidase G2 finds utility in the cleavage of amidic, urethanic or 

ureidic bonds32.  

Polymeric drug delivery  

    Although increasing numbers of new pharmaceuticals are macromolecules, 

the vast majority of the current therapeutics consists of small molecular 

weight compounds.   Several advantages often lead to small molecules being 

chosen over macromolecules for new therapeutics. Combinatorial chemistry 

is well suited to produce a large number of derivatives of small molecules, 

reducing the time and cost to find an active agent33, 34. Once an active 

compound is discovered, a compromise between activity, solubility, and 

permeability must be found. Often, highly active agents are abandoned 

because simple chemical or formulation modifications cannot produce a 

compound with sufficient solubility and permeability while maintaining high 

activity. These and other potential problems can often be overcome by 

conjugating drugs to water-soluble polymers. Advantages of polymeric drug 

delivery include increased solubility of hydrophobic drugs; passive and active 

targeting; altered protein binding, biodistribution, pharmacokinetics, and 

pharmacodynamics; as well as controlled release of drugs35.   A suitable 

polymeric carrier can turn an unstable, insoluble, immunogenic drug with 

many toxic side effects into a highly specific and effective therapeutic agent. 

Polymeric controlled drug delivery systems 

     There are two main types of polymer drug delivery systems; polymeric 

controlled release systems and polymer-drug conjugates. Since the impetus of 

this thesis is polymer conjugates, polymeric controlled release systems will 

only be briefly reviewed. Polymers can be used to provide controlled release 

of drugs36, 37. The ideal controlled release system would maintain drug levels 

http://www.arjour.com/
http://www.arjour.com/archives/2017/Ahmed_Alshather/Cancer_and_chemotherapy
http://www.arjour.com/archives/2017/Ahmed_Alshather/Cancer_and_chemotherapy


 Advanced Research Journal 2017, 1(1), P.P. 1-22 
 

 
Advanced Research Journal 2017, 1(1), P.P. 1-22 

8 

in a therapeutically desirable range—whether that is at a constant level, 

rhythmic circadian levels, or responsive to specific conditions. This could 

greatly reduce side effects, effectively delivery drugs with short half- lives, 

potentially decrease the amount of drug needed, decrease the number of 

dosages, and increase patient compliance. This could not only save money, it 

could save lives. It was estimated that up to 15% of all hospital admissions, 

136 billion $ in health care costs, and 100,000 deaths in the US each year can 

be linked to adverse drug events. An additional 10% of hospital admissions 

are attributed to a lack of patient compliance. Side effects could also be 

decreased due to localized release of the drug. Several types of drug delivery 

strategies have been conceived to achieve controlled release of drugs such as 

thermo, chemical, and pH sensitive hydrogels; biodegradable polymer; drug 

coatings; liposomes; and osmotic pumps38. 

Polymer drug conjugates 

     Drugs can also be bound to polymers yielding polymer-drug conjugates. 

Conjugation of drugs to water-soluble polymers can overcome many different 

types of problems, including increasing the solubility, lowering the toxicity, 

improving the pharmacokinetics and pharmacodynamics through prolonged 

circulation times and an altered biodistribution, increasing the stability of the 

drug, decrease immunogenicity, and active and passive targeting of the 

conjugate39. 

      Drugs conjugated to macromolecules behave differently from the parent 

drug. Care must be taken in choosing the polymer with the correct properties 

to avoid interactions that may decrease efficacy as well as introduce other 

incompatibilities.   An example would be the conjugation of too many 

hydrophobic drugs resulting in intermolecular or intramolecular aggregation 

leading to altered solubility, biorecognition, and biodistribution40, 41. These 

can potentially result in a decrease in the therapeutic efficacy. Care must be 
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taken when choosing the polymer to avoid intrinsic effects as well as 

maximize delivery to the active site. Properties that should be considered 

include biocompatibility, toxicity, immunogenicity, solubility, 

biodegradability of the polymer, and ability of the drug to be released from 

the polymer42.  

     One of the most significant changes for a drug conjugated to a polymer is 

the biodistribution. For low molecular weight compounds, which are the 

majority of the current pharmaceuticals, the biodistribution is primarily 

controlled by diffusion, surface charge, and hydrophobicity. Polymers are 

typically much larger than the compounds they are attached to and mask out 

the properties of the small drug. Even when the drug is a macromolecule, 

such as a large protein, polymers conjugated to the drug will coat the surface 

and mask the drug's properties provided the density is sufficiently high. Thus, 

the properties of the polymer will most often dominate the polymer 

conjugate's properties resulting in changes in the biodistribution, 

pharmacokinetics, pharmacodynamics, etc.43.   The diffusion of 

macromolecules through biological membranes is severely limited and these 

compounds can typically enter cells only by endocytosis44. If the polymers are 

larger than the renal threshold (a hydrodynamic radius of approximately 45 

Ao)45, elimination via glomerular filtration is reduced or halted resulting in an 

increased blood half-life. 

         Many drugs have low water solubility. Conjugation to water soluble 

polymers increases their solubility—which can often be reason enough to use 

polymeric delivery. Polymer conjugation can also alter the amount of protein 

binding and other affinities. This can not only affect the blood half-life, but 

also lead to large changes in the tissue distribution. This, in turn, can change 

the severity, number, and types of side effects as well as the therapeutic 

effect35. 
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Drug targeting 

     Most drugs currently in use typically have a wide distribution throughout 

the body. To achieve a therapeutic concentration at the target compartment, 

large doses must be given with the majority of the drug residing in normal 

tissue.  The drug molecules interact with many organs and cells often 

triggering undesirable side effects.  Targeted drug delivery involves the 

selective accumulation of a compound in a pathological organ, tissue, or cell 

where it will have the greatest effect. This concept of a guided missile or a 

"magic bullet" in drug delivery was described by Ehrlich in 190646. In 1975, 

Ringsdorf first described a comprehensive rationale for the use of polymers as 

targetable drug carriers47. 

Targeting a drug or a drug delivery system results in a large change in 

the biodistribution—regardless of whether the targeting is active or passive. 

For toxic drugs, a reduction in side effects is often the greatest advantage of 

targeted delivery. The reduction in side effects is due to the targeted drug 

having a much higher chance of interacting with only its target coupled with a 

lower possibility of residing and interacting in nontargeted organs or 

compartments. Since a larger fraction of the administered dose reaches its 

target, lower doses can be given further reducing the possibility of side effects 

as well as reducing the cost of the expensive therapies35, 38. 

    The various methods for targeting polymers will be briefly reviewed and 

can be grouped into four main ways: 

(1) Direct application of the drug to the affected site48.  

(2) Physical targeting based on properties such as abnormal pH or 

temperature49, 50 or magnetic targeting51, 52 via paramagnetic drug carriers, 

(3) Passive accumulation. 
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(4) Active targeting using ligands or other vectors. 

In this research Passive accumulation will be considered.   Passive 

targeting involves changing the distribution of a compound without the use of 

a specific targeting moiety. The altered distribution is due to a change in the 

size, charge and hydrophobicity from that of the parent compound, the 

Enhanced Permeability and Retention (EPR) effect is an example of passive 

targeting (Fig.1).   For polymers with a molecular weight >100,000, the 

extravasation of the polymer into normal tissue is limited. In contrast, tumors 

have blood vessels with increased permeability53, 54 as well as a defective 

vascuiature55, 56 that allows macromolecules to permeate into tumors. The size 

of material, which can penetrate this “leaky” vasculature, can vary and may 

depend on several other properties such as the charge and hydrophobicity / 

hydrophilicity57.  Extensive angiogenesis also results in increased tumor 

vascuiature density58, 59.   These factors combine to result in enhanced 

permeability of 

macromolecules in 

the tumor. 

Fig.1. Schematic 

illustration of the EPR 

effect principle. 

Angiogenesis and 

enhanced vascular 

permeability of tumor 

capillaries and impaired 

or missing lymphatic 

clearance of 

macromolecules result 

in accumulation of 

macromolecules 
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(polymers) in tumor tissue. 

 

    Inflamed tissue also has increased permeability, but macromolecules and 

lipids in the interstitial space are rapidly cleared via the lymphatic system. 

Tumors have a defective lymphatic drainage which results in very slow 

clearance of macromolecules and lipids from the tumor interstitium60. The 

slow clearance of macromolecules is termed "enhanced retention" and when 

combined with the enhanced permeability yield an increased distribution of 

macromolecules in tumors compared to other tissue. 

Thus, by simply increasing the molecular weight of the anticancer drugs 

via polymer conjugation, passive targeting is achieved. 

    Other way to target a nonspecific drug is by binding of a ligand or other 

vector capable of specific recognition of the target site. 

Numerous targeting, homing device (Fig. 2), moieties can be used 

including antibodies and antibody fragments, mono-, oligo-, and poly-

saccharides, lectins, lipoproteins, hormones, other proteins, charged 

molecules, and some low molecular weight ligands such as folate49. The 

efficacy of the targeting system depends upon the binding constant and the 

distribution of the receptors throughout the body.  

 

Fig. 2. Scheme of a polymer prodrug. 
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Care must be taken to assure that high drug loading does not result in 

aggregation or reduced activity. Conjugating the drugs to the polymers via 

biodegradable bonds allow release of the drugs .If the targeting moiety is an 

antibody or antibody fragment, binding it to a polymer often lowers its 

immunogenicity61, 62. 

Properties of polymeric carrier 

In general, the polymer should be easy to synthesize and characterize. The 

polymer and its metabolites should be nontoxic and nonantigenic. Its 

molecular weight and structure should protect the drug from fast elimination 

processes (urinary excretion, hepatic uptake), it should contain functional 

groups permitting covalent binding of the drug and targeting moiety, it should 

be watersoluble, biocompatible, nonimmunogenic, the spacer (and possibly 

also the polymer) has to be biodegradable and the synthesis should be 

reproducible and inexpensive. Polymers suitable for preparation of polymer 

prodrugs can be categorized according to their origin (natural or synthetic), 

chemical nature (vinyl and acrylic polymers, poly ethylene glycol, 

polysaccharides, poly amino acids, etc.) and the backbone stability (stable or 

biodegradable). The biodegradable spacer has to be tailor-made either as a 

substrate for any lysosomal enzyme (lysosomotropic drugs) or susceptible to 

chemical hydrolysis63.  

    The water-soluble polymer-based drug carrier systems enable reduction of 

renal excretion of drugs and hence their better bioavailability, passive 

accumulation in solid tumors and, in the optimum case, controlling the 

locality and rate of drug release. A large variety of anti-cancer drugs have 

been covalently attached to many natural or synthetic water-soluble polymers 

using acid-sensitive linkage. Among natural polymers, polysaccharides such 

as dextran, inulin, pullulan or chitosan, proteins such as human and bovine 

serum albumin, transferrin or selected glycoproteins have been most 
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frequently employed as drug carriers64. The advantage of natural 

macromolecules is their low toxicity, biodegradability and availability. 

 A certain drawback consists in their poor batch-to-batch reproducibility, in 

some cases immunogenicity and changes in their biodegradability and other 

properties after chemical modification. Synthetic polymers are a second group 

of drug carriers characterized by broad structure variability, good 

reproducibility of their synthesis and easy modification. In some cases, 

nondegradability could be a disadvantage of such carriers65.  
Acid-sensitive polymer–drug conjugates 

The hydrazone bond formed between the C13 carbonyl group of 

anthracyclines (Dox, daunomycin (Dau)) and polymer hydrazides66, 67, or 

amide bond of a cis-aconityl residue containing spacer68  have been most 

often used for preparation of polymer–drug conjugates. Also there has been 

the use of spacers containing substituted trityl, acetal or imino groups69. 

Shen and Ryser70  were one of the first who elaborated the concept of pH 

controlled drug release using modified polyacrylamide beads via cis-aconityl 

spacers. The greatest challenge of the acid-sensitive spacer was achieving 

relative stability at pH = 7.4, but quickly degrading at a pH between (5 – 6) to 

allowing a chance for hydrolysis in cancer tissue that have acidic environment 

(pH= 5.5-6.5)71.  

Polymer-drug conjugates in clinical development 
 

Conjugates 
that have 
entered clinical 
trials are listed 
in table (1)72. 

 
 

 
Table 1. Polymer 
drug conjugate in 
early clinical trial 
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as anticancer agents 
 

 
HPMA copolymer-doxorubicin (PK1, FCE28068) 

The first synthetic polymer-drug conjugate to enter clinical evaluation 

was N-(2-hydroxypropyl)methacrylamide (HPMA)  copolymer-Gly-Phe-Leu-

Gly-doxorubicin (PK1, FCE28068) in 199473. The homopolymer poly- 

HPMA was originally developed in the Czech Republic as a plasma 

expander8. It was nontoxic in preclinical tests at doses up to 30 g/kg, did not 

bind blood proteins, and was not immunogenic. Phase I/II clinical trials 

involving N-(2-hydroxypropyl)methacrylamide (HPMA) copolymer-

doxorubicin (PK1; FCE28068) showed a four- to fivefold reduction in 

anthracycline-related toxicity. Despite, cumulative doses up to 1680 mg/m2 

(doxorubicin equivalent), no cardiotoxicity was observed. Antitumour activity 

in chemotherapy-resistant/refractory patients (including breast cancer) was 

also seen at doxorubicin doses of 80–320 mg/m2, consistent with tumour 

targeting by the enhanced permeability (EPR) effect.  

  
 

http://www.arjour.com/
http://www.arjour.com/archives/2017/Ahmed_Alshather/Cancer_and_chemotherapy
http://www.arjour.com/archives/2017/Ahmed_Alshather/Cancer_and_chemotherapy


 Advanced Research Journal 2017, 1(1), P.P. 1-22 
 

 
Advanced Research Journal 2017, 1(1), P.P. 1-22 

16 

 

HPMA copolymer-doxorubicin-galactosamine (PK2, FCE28069) 

PK2, FCE28069 was the second compound emanating from CRC-funded 

research program. FCE28069 contains doxorubicin bound to the polymer 

backbone via a Gly-(D,L)Phe-Leu-Gly linker and it also contains 

galactosamine, included to promote liver targeting. Endocytic uptake by 

hepatocytes after interaction with the asialoglycoprotein receptor (ASGR) 

leads to lysosomal trafficking and their subsequent degradation. PK2 was 

designed with the aim of improving treatment of primary hepatocellular 

carcinoma and metastatic liver disease74. 

 

 
PK2, FCE 2806 

 
 

HPMA copolymer-paclitaxel (PNU166945) 

The poor water solubility of paclitaxel combined with hypersensitivity 

reactions associated with the standard ethanol and cremophor formulation 

made it a good candidate for polymer conjugation. Pharmacia developed an 

HPMA copolymer conjugate of paclitaxel, with the aim of improving drug 
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solubility and subsequent “controlled release” of paclitaxel.  The resulting 

conjugate (PNU166945) was more soluble than paclitaxel (more than 2 

mg/mL conjugate compared to 0.0001 mg/mL paclitaxel) and had a drug 

content of approximately 5% w/w. This loading is low considering the 

decreased potency of paclitaxel compared to doxorubicin. Theoretically, 

paclitaxel or peptidyl derivatives will be released from the polymer by 

hydrolytic or enzymatic (esterase) degradation of the ester bond, or by 

proteolytic cleavage of the peptidyl linker. In the phase-I study, PNU166945 

was administered by a 1-hour infusion every three weeks75. 

 

HPMA copolymer-camptothecin (MAG-CPT; PNU 166148) 

Camptothecins have poor solubility and their nonspecific toxicity has 

made them attractive candidates for polymer conjugation. 

The drug conjugation was an ester linkage. Camptothecin is released from this 

conjugate either by chemical or by esterase-mediated hydrolysis76. 

 

HPMA copolymer-platinate (AP5280) 

A library of HPMA copolymer-platinates synthesized as “cisplatin” or 

“carboplatin” mimetics have produced a clinical candidate. These conjugates 

were prepared from HPMA copolymer precursors containing either -Gly-Gly-

ONp or Gly-Phe-Leu-Gly-ONp side chains (5 or 10 mol %). The side chains 

were modified by hydrolysis (-COOH) or aminolysis with ethylenediamine , 

aminomalonate, or aminoaspartate to provide the terminal ligands for 

platination. An HPMA copolymer Gly-Phe-Leu-Gly-en-Pt required lysosomal 

activation to release active platinum species, and this was confirmed by the 

observation that conjugates containing the nondegradable linker -Gly-Gly-en-

Pt were completely inactive in vivo. Whereas the -COO-Pt released platinum 

species much too rapidly for useful delivery (i.e., it would simply fall apart in 

plasma after injection), the malonate derivative showed a slower, more useful 
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rate of hydrolysis. Access Pharmaceuticals selected this compound for 

preclinical development77. 

 

  
 

HPMA copolymer conjugation to adriamycin considerably decreased 

its toxicity against hematopeietic precursors in bone marrow in vitro and 

decreased its cardiotoxicity in rats78.  

 

Poly(L-glutamic acid)—paclitaxel (CT-2103, XYOTAX) 

The use of poly(L-glutamic acid) (PG) as an anticancer carrier was first 

proposed in the 1980s, but the PG-doxorubicin conjugate synthesized at that 

time did not progress to clinic. Use of this carrier was successfully revisited in 

the 1990s by Wallace et al.79, and a PG paclitaxel conjugate (acquired by Cell 

Therapeutics, Inc.), CT-2103, has been advancing successfully and very 

rapidly through an early clinical development program. In CT-2103, the 

paclitaxel is linked through the 2’ position to the ester bond to the carboxylic 

acid of PG. The conjugate has a molecular weight of approximately 40,000 

and contains 37 wt% paclitaxel. Moreover, it is 80,000 more soluble than 

paclitaxel. This conjugate has the advantage of a biodegradable PG polymer 
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backbone, and it has been found that exposure to cathepsin B results in 

liberation of diglutamyl-paclitaxel. Remarkable antitumor activity was seen in 

a variety of in vivo tumor models that, together with evidence of tumor 

targeting by the EPR effect, paved the way for clinical testing80. Interestingly, 

it has been shown in preclinical studies combining conjugate administration 

with radiation treatment that tumor targeting of PGpaclitaxel by the EPR 

effect is significantly increased, leading to enhanced antitumor activity. This 

has important implications for possible clinical development of this and other 

polymer-drug conjugates.  

 

Poly(L-glutamic acid)-camptothecin (CT-2106) 

Cell Therapeutics Inc. is also developing a camptothecin conjugate using the 

same PG polymeric carrier. Conjugates containing different linkers including 

-Gly, -Glycolic acid, Δ-Glu and b-Ala have been described81.  

  
 

Polyethylene glycol-paclitaxel 

In May 2001, Enzon82  reported the start of a phase-I clinical trial using a 

PEG-paclitaxel conjugates. The protocol has been designed to determine the 

safety, tolerability, and pharmacology of PEG-paclitaxel in patients with 

advanced solid tumors and lymphomas. 
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Dextran-doxorubicin (AD-70, DOX-OXD) 

Polysaccharides have long been a popular choice for synthesis of polymer-

drug conjugates2. Dextran (mainly Δ-1,6 polyglucose, with some Δ-1,4 

branching) has been particularly popular owing to its clinical approval for use 

as a plasma expander. A dextran-doxorubicin conjugate (AD-70) was tested 

clinically. A dextran polymer with a molecular weight of approximately 

70,000 was used to prepare the conjugate. Drug conjugation seemed to be by 

Schiff base formation using oxidized dextran also modified with glycine, as a 

pendant group for reaction with the anthracycline. The rationale of this 

conjugation approach was to utilize hypoxic conditions in the tumor to 

promote drug liberation83. 

IT-101 is a camptothecin–polymer conjugate prepared by linking 

camptothecin (CPT) to a hydrophilic, cyclodextrin-based, linear polymer 

through ester bonds. These polymer conjugates with high molecular weights 

(90 000) have shown significant antitumor effects against human colon 

carcinoma xenografts. 

The studies indicate that intravenous administration of IT-101, a cyclodextrin 

based polymer–CPT conjugate, gives prolonged plasma half-life and 

enhanced distribution to tumor tissue when compared to CPT alone. The data 

also show that active CPT is released from the conjugate within the tumor for 

an extended period. These effects likely play a significant role in the 

enhanced antitumor activity of IT-101 when compared to CPT alone84. 

In the view of these findings, we planed to design and synthesize new 

polymeric derivative as possible Prodrugs for some well-known anticancer 

agents (e.g. Chlorambucil, guanazole and cytarabine). 
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