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Abstract 
 

Vincristine is a naturally occurring alkaloid derived from the leaves 

of Cantharanthus roseus with a potent clinical activity against a wide 

variety of human carcinomas. The medicinal values of vincristine have 

been known since from the 17
th

 century. However, its first successful 

clinical use was reported in 1962 for the treatment of acute leukemia. 

Subsequently, vincristine has become an integral part of chemotherapy 

regimens for the treatment of a variety of cancers. Currently, vincristine 

plays a key role in the treatment of hematologic malignancies and solid 

tumors. It induces cytotoxicity through the interference with microtubule 

formation and mitotic spindle dynamics, as well as the disruption of 

intracellular transport and decreased tumor blood flow with the latter 

probably as a consequence of anti-angiogenesis. The antitumor activity of 

vincristine is dependent on dose and duration of exposure. Vincristine 
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binds to spindle microtubules and disrupts spindle structure and function 

in a dose dependent manner. However, this cytotoxic drug has several 

pharmacological limitations. 

It has a bi-exponential pharmacokinetic profile with a very short and 

extensive initial distribution half-life followed by a longer elimination 

half-life. In addition, vincristine has a large volume of distribution, 

suggesting diffuse distribution and perhaps extensive tissue binding. 

These pharmacological properties may limit its optimal clinical benefit by 

limiting plasma and cancer tissue maximum concentration and cancer 

tissue drug exposure. Cytochrome P450 enzymes and concomitant drugs 

such as corticosteroids and other drugs are known to influence the 

vincristine pharmacokinetics. 

Clinically, vincristine is administered intravenously as an infusion 

for the treatment of various cancers. Early studies using a single-agent 

therapy reported mixed findings on the effectiveness of vincristine. In 

children with relapsed acute lymphoblastic leukemia (ALL), vincristine 

monotherapy resulted in 50% complete remission rates. However, other 

studies indicated that vincristine had no advantage over a placebo in 

remission maintenance. When administered in association with 

prednisolone, vincristine improved the disease-free survival of children 

with ALL. 

Currently, vincristine is a critical component of various 

chemotherapy regimens for the treatment of Hodgkin's lymphoma, non-

Hodgkin's lymphoma, ALL, and nephroblastoma. It is used in 

combination with prednisone to treat childhood leukemia. Vincristine is 

also used in combination with dexamethasone and L-asparaginase for the 

treatment of ALL. 

Despite numerous studies, vincristine dosing in multi-agent 

chemotherapy is not fully understood. The dose limiting toxicity of 

vincristine consists of a peripheral neuropathy characterized by 

progressive motor, sensory, and autonomic involvement in varying 

combinations. To optimize its therapeutic index, liposomal vincristine 

formulation has been developed and is currently being evaluated in 

clinical trials. Recently, the liposomal vincristine formulation received 

accelerated approval by the United States Food and Drug Administration 

(FDA) for a narrow indication: the treatment of adult patients with 

Philadelphia chromosome (Ph)-negative ALL in second or greater relapse 

that has progressed after 2 or more lines of anti-leukemia therapy. 

In addition, multi-modality regimens containing liposomal 

vincristine formulation are clinically effective in patients with non-

Hodgkin‟s lymphoma. New clinical research efforts to maximize the 

therapeutic ratio of liposomal vincristine formulations are being explored 

and several clinical trials are underway to evaluate the clinical 

effectiveness of liposomal vincristine for the treatment of a variety of 

cancers. 
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Introduction 
 

Vincristine remains a potent and widely used anti-tumor agent for the 

treatment of a variety of neoplasms including acute lymphoblastic leukemia 

(ALL), Hodgkin‟s disease, non-Hodgkin‟s lymphomas (NHL), multiple 

myeloma, neuroblastoma, breast cancer, urothelial carcinoma, soft tissue 

sarcomas, Wilms‟ tumor, and small cell and non-small cell lung cancers 

(Boman et al., 1998; Waterhouse et al., 2005). It is also used in some non-

malignant conditions, such as idiopathic thrombocytopenia and hemangiomas 

(Ahn et al., 1974; Moore and Pinkerton, 2009). Vincristine received its first 

approval by the United States Food and Drug Administration (FDA) in 1963, 

under the trade name Oncovin, at a dose of 1.4 mg/m
2 

for the treatment of 

acute leukemia in children (Liesveld and Asselin, 2013; Waterhouse et al., 

2005). Since then, Vincristine has become one of the most commonly used 

antitumor drugs. Vincristine is rarely used as a single agent for the treatment 

of cancer. However, this cytotoxic agent is an essential component of other 

chemotherapy regimens; for instance, Cyclophosphamide, Hydroxy-

daunorubicin, Oncovin (vincristine), Prednisone or Prednisolone (CHOP) for 

the treatment of lymphomas (Shipp et al., 1995; Tirelli et al., 1998). Thus, this 

cytotoxic drug remains a universal component of induction therapy, 

intensification (remission consolidation), remission maintenance, and salvage 

therapies for ALL. Although vincristine has a broad spectrum of applications 

and history of clinical use for more than 50 years, much remains unknown 

about this important cytotoxic drug. 

 

 

History of Vincristine 
 

Vincristine is a member of the vinca alkaloids family of anti cancer 

agents. It has potent clinical activity against a wide variety of human 

carcinomas. It is a naturally occurring alkaloid extracted from the leaves of 

widely cultivated white- or pink-flowered Madagascar periwinkle plant 

Catharanthus roseus (formerly known as Vinca rosea Linn) (Johnson et al., 

1963; Svoboda et al., 1962). Vincristine is a vesicant which means it can cause 

serious damage to the tissue if the medication leaks out of the vein. Although 

vincristine was introduced successfully as a cytotoxic agent in 1962, its 

medicinal values have been described since the 17
th
 century (Gidding et al., 

1999a; Moore and Pinkerton, 2009). 
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In folklore medicine, the medicinal values of the extracts from the plant 

Catharanthus roseus have been described as being effective for the treatment 

of hyperglycemia, hemorrhage, scurvy, toothache, wound healing, and diabetic 

ulcers (Cervantes et al., 1980; Nayak and Pinto Pereira, 2006; White, 1925). 

These medicinal uses of the Catharanthus roseus described in folklore 

medicine have led to the screening of various fractions of this plants extracts 

for their hypoglycemic activity, which turned out to be of little importance. 

Although vincristine was found to be an ineffective oral anti-diabetic drug, the 

periwinkle extract was effective in inhibiting leukocyte production and 

maturation (Johnson et al., 1963; Noble, 1990; Sampey, 1964; Silverman and 

Deitcher, 2013). Further research revealed that vincristine was one of the few 

clinically valuable extracts of the Catharanthus roseus (Neuss et al., 1964; 

Noble et al., 1958). The first successful clinical use of vincristine, then called 

leurocristine, was reported in 1962 for the treatment of acute leukemia (Costa 

et al., 1962; Karon et al., 1962). Subsequently, vincristine has become an 

integral part of chemotherapy regimens for the treatment of a variety of 

cancers. 

 

 

Molecular Characteristics of Vincristine 
 

In general, the vinca alkaloids including vincristine have a large dimeric 

asymmetric structure (Figure 1) composed of a dihydroindole nucleus 

(vindoline), which is the major alkaloid in the periwinkle, linked by a carbon-

carbon bond to an indole nucleus (catharanthine), which is found in much 

lower quantities in the plant. During the extraction from Catharanthus roseus, 

sulphate salt is added at the ratio of 1:1 to yield vincristine sulphate. The 

molecular characteristics of vincristine are listed in Table 1.The molecular 

formula of vincristine sulphate is C46H56N4O10H2SO4 and its molecular weight 

is 923.1 kDa. Vincristine sulphate is soluble in water (1 in 2), ethanol (1 in 

600), chloroform (1 in 30) and methanol (Knottnerus, 2007). In its pure form, 

vincristine is a solid white to off-white powder with a melting temperature 

between 218°C and 220°C (Waterhouse et al., 2005). In its solid white to off-

white powder form, vincristine is stable for 2 years at -20℃, but in the soluble 

form (dissolved in dimethyl sulfoxide), it is stable for one week at -4℃ and 

one month at -80℃ (Knottnerus, 2007). Vincristine is sensitive to hydrolysis, 

oxidation and heat. It is a lipophilic amine, a weak base, with pKas at 5.0–5.5 
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and 7.4 and a partition coefficient (P) between octanol and water of log P ¼ 

2.82 (Leo et al., 1971). 

 

 

Figure 1. Molecular Structure of Vincristine. 

Table 1. Key Properties of Vincristine 

 

Molecular formula C46H56N4O10H2SO4 

Molecular weight 923.1 kDa 

Melting temperature 218°C - 220°C 

Mechanism of action 

Low concentrations inhibit microtubule dynamics 

(dynamic instability and treadmilling) High 

concentrations inhibit polymerization of tubulin 

Standard dosage 1.0 to 1.4 mg per m
2
 every week 

Administration Intravenous infusion 

Principal toxicity Peripheral neurotoxicity 

Other toxicities Infusion site reactions, constipation, 

Precaution 
Patients with abnormal liver function should be 

treated with caution. 

Indication 

Leukemia, Hodgkin‟s and NHLs, multiple myeloma, 

neuroblastoma, breast cancer, urothelial carcinoma, 

soft tissue sarcomas, Wilms‟ tumor, and small cell 

and non-small cell lung cancers 

 

 

Clinical Pharmacology of Vincristine 
 

Despite significant advances, the pharmacokinetics of vincristine is not 

well established. Since the drug is poorly absorbed if administered orally, it is 

Complimentary Contributor Copy



G. Kesava Reddy and Mark A. D‟Andrea 38 

administered intravenously as a bolus injection (push from a syringe over 

approximately 5 minutes) or as an infusion from a mini-bag over 

approximately 10 minutes. Earlier studies have been evaluated the 

pharmacokinetics of vincristine in both pediatric and adult patients. After an 

intravenous injection, the pharmacokinetics of vincristine are characterized by 

large inter- and intra-patient variations in parameters such as clearance, 

volume of distribution, and elimination half-life (Gidding et al., 1999a). 

Following an intravenous bolus administration, vincristine has a rapid 

initial decline in plasma concentrations (initial half-life of 5 to 10 minutes), 

followed by a prolonged terminal elimination phase with a half-life of more 

than 12 hours (Crom et al., 1994; de Graaf et al., 1995; Rahmani and Zhou, 

1993; Sethi et al., 1981; Sethi and Kimball, 1981). This reflects the rapid 

cellular uptake and extensive tissue binding of vincristine after an intravenous 

injection. Peak plasma concentrations of 100 - 400 nM are briefly achieved 

with the t1/2α (initial or elimination half-life) of approximately 8 minutes due to 

the rapid cellular uptake and extensive tissue binding of the drug (Moore and 

Pinkerton, 2009). 

Indeed, in most pediatric patients the plasma levels of vincristine fall 

below 5 nM by 60 minutes with the long t1/2β (half-life of the terminal phase of 

elimination) of over 14 hours indicating that plasma levels of 1 -2 nM are 

maintained for relatively long periods of time (de Graaf et al., 1995; Moore 

and Pinkerton, 2009). 

In general, the clearance of vincristine is greater in children compared 

with infants; however, it is not very clear whether there is an association of 

vincristine clearance with age during childhood (Crom et al., 1994; Gidding et 

al., 1999b). Moreover, no clear relationship exists between systemic exposure 

of vincristine and its toxicity. 

Vincristine clearance is more rapid in children than in adults, and adults 

have a more than 2 fold longer terminal half-life (Crom et al., 1994; de Graaf 

et al., 1995). The cerebrospinal fluid (CSF) penetration of vincristine is yet to 

be determined in children, but in adults the vincristine levels of the CSF are 20 

to 30 fold lower compared with concurrent corresponding plasma 

concentrations (Rowinsky and Donehower, 1996). Liver metabolism and 

biliary excretion are the principal routes for elimination of vincristine. Studies 

using radiolabeled dose of vincristine reveal that 70% to 75% of the 

radioactivity appears in the feces by 72 hours, and 10% of the radioactivity is 

excreted in the urine (Bender et al., 1977; Jackson et al., 1978; Owellen et al., 

1977). Half of the radiolabeled material in urine and feces represents 
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metabolites. The metabolism of vincristine and other vinca alkaloids is 

mediated by hepatic cytochrome P450 isoenzymes in the CYP 3A subfamily. 

Evidence from multiple studies concluded that the CYP3A family of 

enzymes is responsible for the metabolism of the vinca alkaloids (Dennison et 

al., 2007; Dennison et al., 2006; Gidding et al., 1999a). CYP3A5 is believed to 

mediate 80% of the CPY3A metabolism of vincristine for individuals with 

high CYP3A5 expression, which may in part explain the large inter-patient 

variability in vincristine pharmacokinetics (Dennison et al., 2008). 

 

 

Clinical Use of Vincristine 
 

Since its introduction in 1963, vincristine sulfate, commonly known as 

vincristine, has been widely used as a therapeutic agent in both malignant and 

non-malignant diseases. 

 

 

Vincristine Use in Malignant Disease 
 

Vincristine has been used for a variety of malignancies including acute 

ALL, Hodgkin‟s and NHLs, multiple myeloma, neuroblastoma, breast cancer, 

urothelial carcinoma, soft tissue sarcomas, Wilms‟ tumor, and small cell and 

non-small cell lung cancers. Vincristine has been used more frequently and 

more effectively in children than in adults with cancer. This could be due to 

the fact that vincristine exhibits a higher level of sensitivity and better 

tolerance with relatively higher doses in pediatric patients than in adult 

patients. 

 

 

Vincristine Monotherapy for Malignant Disease 
 

Early studies have focused mostly on the single agent activity of 

vincristine in various malignancies (Table 1). Research supporting the activity 

of single agent vincristine therapy was mostly performed in the 1960s and 

early 1970s. 

In the pediatric oncology setting, vincristine was first used as a single 

agent therapy with high response rates in the 1960s for childhood 

malignancies that were refractory to conventional therapy consisting of 

steroids, methotrexate, mercaptopurine, and alkylating agents. In general, its 
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clinical effectiveness was stronger in hematological malignancies compared 

with the solid tumors. 

However, the responses were often incomplete and remissions were 

mostly brief (DeConti and Creasey, 1975; Livingstone and Carter, 1970). In 

adult oncology, vincristine was first used as a single agent therapy during the 

1960s for neoplasms that were refractory to other agents. Similar to the 

pediatric oncology setting, the clinical effectiveness of vincristine was higher 

in hematological malignancies than those of solid tumors (DeConti and 

Creasey, 1975; Livingstone and Carter, 1970). 

 

 

Combination Chemotherapy with Vincristine 
 

Currently, vincristine is part of multi-agent or multi-modality 

chemotherapy regimens used in treating many childhood hematological and 

solid malignancies (Rowinsky and Donehower, 1991). Vincristine continues to 

be an important component of multi-agent chemotherapy regimen with high 

response rates in pediatric blood cancers such as ALL, NHL or Hodgkin‟s 

disease. Vincristine combined with actinomycin-D has been used successfully 

in children with Wilms‟ tumors (D'Angio et al., 1976). In addition, vincristine 

is routinely used as a part of multimodality therapy in the front-line treatment 

of rhabdomyosarcoma, Ewing sarcoma, and neuroblastomas in children. 

Furthermore, Vincristine has been used effectively in the treatment of brain 

tumors in pediatric patients. Moreover, vincristine in combination with other 

active drugs is clinically effective for the treatment of childhood 

retinoblastoma (Doz et al., 1994; Pratt et al., 1985). 

Although vincristine plays a limited role solid malignancies in adults, it is 

a component of multi-modality chemotherapy regimens in treating newly-

diagnosed ALL in adult patients (Rowinsky and Donehower, 1991). However, 

the clinical effectiveness of vincristine is relatively lower in adult ALL 

patients compared with the pediatric ALL patients (DeConti and Creasey, 

1975). Vincristine combined with other chemotherapy drugs is effectively 

used in adult patients for the treatment of chronic myeloid leukemia (CML), 

and during their maintenance therapy (Griffin et al., 1983; Rosenthal et al., 

1977). Among other vinca alkaloids, vincristine is used routinely in adult 

patients as a component of multi-modality chemotherapy regimen for 

Hodgkin‟s disease (Rancea et al., 2013; Townsend and Linch, 2012). 

Vincristine in combination with other chemotherapy agents such as 

mechlorethamine, procarbazine, and prednisone was a significant 
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breakthrough that improved the survival outcomes for patients with advanced 
Hodgkin's disease (Straus, 1989). 

Similarly, vincristine in combination with other chemotherapy agents is 

the treatment of choice for NHL in adults (Shankland et al., 2012). Over the 

years, vincristine has been used in combination with several chemotherapy 

agents in the treatment of progressive multiple myeloma in adults (Hansen et 

al., 1985; MacLennan and Cusick, 1985; San Miguel et al., 2012). A staged 

approach using vincristine combined chemotherapy with adriamycin and 

dexamethasone has proven to be effective in improving overall response rates 

and prolonging overall survival rates in newly diagnosed multiple myeloma 

patients (Chim et al., 2010). Vincristine in combination with melphalan, 

cyclophosphamide and prednisolone is effective in refractory or recurrent 

multiple myeloma (Kabir et al., 2012). 

Vincristine is also a component of multi-modality chemotherapy regimens 

used for the treatment of several solid tumors (Aapro and Wildiers, 2013). In 

small cell lung cancer combination chemotherapy with vincristine and other 

agents produced similar survival rates compared with the newer regimens 

without vincristine (Bilgi et al., 2010; Pallis et al., 2010; von Pawel et al., 

1999). Vincristine when combined with doxorubicin and ifosfamide has shown 

to be effective in the treatment of adult rhabdomyosarcoma (Hays, 1993; 

Ogilvie et al., 2010). 

Vincristine is often included in the treatment of brain tumors in adults if 

combination chemotherapy is required, however, its effects on overall survival 

appear to be minimal (Fewer et al., 1972). In breast cancer treatment, the 

clinical effectiveness of vincristine is limited (Aisner et al., 1995; Lichtman et 

al., 1991; Segaloff et al., 1985). 

In other solid tumors such as cervical carcinoma, non small cell lung 

cancer, and malignant melanoma, vincristine monotherapy was found to be 

clinically effective but appears to have no survival benefit when combined 

with other agents as a combination therapy. However, as a multi-drug 

chemotherapy, vincristine was used successfully in the treatment of AIDS 

associated Kaposi‟s sarcoma (Gill et al., 1990; Gill et al., 1992; Kaplan et al., 

1986). 

 

 

Vincristine Use in Non-Malignant Disease 
 

Vincristine has been used effectively in the treatment of hemangiomas, 

(including hemangioendothelioma and Kaposi form haemangioendothelioma), 
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particularly those complicated by the Kasabach–Merritt syndrome of 

thrombocytopenia and consumptive coagulopathy. 

An enriched tubulin content of endothelial cells along with the 

proliferating nature of hemangiomas makes vincristine a logical agent to be 

used for the treatment of these lesions (Perez et al., 2002; Perez Payarols et al., 

1995). Vincristine also has been used successfully for the treatment of 

thrombocytopenia (Bobbio-Pallavicini et al., 1994; Thabet et al., 2013). 

 

 

Vincristine Toxicity 
 

Since the mechanism of action of vincristine is not confined selectively to 

tumor cells, toxic adverse effects are inevitable in patients receiving 

vincristine treatment. The organs most affected by vincristine therapy are the 

nervous system structures, lungs, the liver, and the kidneys. 

 

 

Neurotoxicity 
 

Neurotoxicity is a dose-limiting toxicity of vincristine and occurs most 

commonly in patients who are receiving vincristine on a weekly treatment 

schedule. Vincristine induced neurotoxicity is characterized by peripheral, 

symmetric mixed sensory-motor, and autonomic polyneuropathy (Gidding et 

al., 1999a; Gomber et al., 2010; Kassem et al., 2011; Warrier et al., 1992). 

Manifestations of the peripheral sensory and motor neuropathy include loss of 

deep tendon reflexes, neurogenic pain (muscular cramping, jaw pain), 

paresthesias, and wrist and foot drop. 

The primary neuropathological effects of vincristine include axonal 

degeneration and reduced axonal transport as a result of interference with the 

axonal microtubule functions. Cranial motor nerves may be affected, and 

autonomic nerve involvement may be responsible for constipation, paralytic 

ileus, and urinary retention (Dixit et al., 2012). In most cases, these symptoms 

are reversible on withdrawal of the drug (Kassem et al., 2011). 

Several factors such as the patients‟ age, the dosage regimen, and 

concomitant drug therapy, may contribute the incidence and severity of 

vincristine induced neuropathy. Hepatic dysfunction and obstructive liver 

disease also increases the risk of developing severe neuropathy (Rowinsky, 

2003). 
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Other Toxicities of Vincristine 
 

Hematological toxicity of vincristine is rare, however, mild and readily 

reversible myelosuppression with leukopenia and anemia have been previously 

reported in (Gidding et al., 1999a; Holland et al., 1973). Higher doses of 

vincristine have been shown to induce severe myelosuppression (Kaufman et 

al., 1976). In some cases, vincristine causes thrombocytopenia. Other adverse 

events reported in association with vincristine therapy include alopecia, 

myocardial infarction, gastrointestinal ulceration and necrosis with 

perforation, fever, and skin rash (Gidding et al., 1999a; Rowinsky and 

Donehower, 1991). 

 

 

Inadvertent Intrathecal Vincristine 
 

Inadvertent intrathecal administration of vincristine has been shown to be 

lethal in several cases (Reddy et al., 2011). When administered intrathecally, 

vincristine causes severe and irreversible central nervous system toxicity and 

motor dysfunction followed by progressive ascending radiculomyelo-

encephalopathy, coma and death (Gilbar and Carrington, 2004). The true 

incidence of inadvertent intrathecal vincristine administration is not known. 

Some of these incidents, particularly lethal events, prompt publication and 

others are reported to organizations such as the Institute for Safe Medication 

Practices. Nearly all instances of inadvertent intrathecal vincristine 

administration have resulted in death within days despite therapy with an 

exception of one patient who was in a coma for one year. In other instances 

where treatment was administered immediately after an intrathecal injection of 

vincristine, patients have survived with paraparesis or tetraparesis following 

supportive care therapy. To our knowledge, there have been only 6 cases 

reported in the literature where a patient has not died as a consequence of this 

medication error (Reddy et al., 2011). Therefore, effective measures for 

prevention of these medication errors need to be developed and incorporated 

as worldwide standard practice. 

 

 

Strategies to Reduce Vincristine Toxicity 
 

Since vincristine has a very narrow therapeutic index with little separation 

between therapeutic and toxic doses, standard vincristine dose escalation could 
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not be achieved for its optimal use. Despite an approved dosage of 1.4 mg/m
2
 

for adult patients, most regiments with vincristine are routinely capped at 2.0 

mg/m
2
 to minimize vincristine induced neurotoxicity. Thus, this dose capping 

combined with the rapid plasma clearance limit vincristine‟s delivery to the 

target tissues and its efficacy optimization regardless of the patients size. 

Moreover, dose-density and cumulative doses of vincristine increases the 

toxicity leading to dose reductions, dose delays or complete discontinuation of 

the drug in certain instances. Regardless of the dosing schedule, unacceptable 

toxicity associated with vincristine has prohibited dose escalation and target 

delivery to the tumor cells. To achieve the optimal dose delivery of vincristine 

to the tumor cells, liposomal formulations have been developed by 

encapsulating vincristine within the aqueous core of unique, nanoparticle, 

sphingomyelin and cholesterol liposomes. The liposomal formulation is 

distinct from alternate liposomes used in other approved pharmaceutical 

products and is uniquely suited to contain, deliver, and allow an increased dose 

intensification of vincristine. Compared to standard vincristine, the liposomal 

formulation of vincristine has a higher maximum tolerated dose, superior 

antitumor activity and higher amounts of active drug delivery to target tissues 

(Silverman and Deitcher, 2013). 

An early phase I trial found that the maximum tolerated dose of 

sphingosomal vincristine was 2.4 mg/m
2
. In a phase II trial, sphingosomal 

vincristine at a dose of 2.0 mg/m
2
 was associated with dose limiting toxicities 

of pain and constipation (Gelmon et al., 1999). A review by Boehlke and 

Winter (Boehlke and Winter, 2006) included seven trials involving patients 

with ALL, Hodgkin disease, NHL, and solid tumors, the authors concluded 

that sphingosomal vincristine treatment resulted in an acceptable safety profile 

with better responses in heavily pre-treated patients. These authors also found 

excellent clinical outcomes in studies that used sphingosomal vincristine as 

part of a multi-drug regimen such as CHOP or Rituximab-CHOP (R-CHOP) 

therapy for NHL. Subsequently, Bedikian and coauthors (Bedikian et al., 

2008; Bedikian et al., 2006) reported that vincristine sulphate liposome 

infusion at 2.0 mg/m
2
 vincristine without an upper dose cap was well tolerated 

in 27 patients with metastatic melanoma. 

On August 9, 2012, the FDA approved the vincristine sulfate liposome 

injection for weekly dosing at 2.25 mg/m
2
 for the treatment of Philadelphia 

chromosome (Ph) –negative ALL. Recently, a pivotal phase II open-label trial 

by O‟Brien et al. (O'Brien et al., 2013) demonstrated that vincristine sulfate 

liposome injection administered at 2.25 mg/m
2
 weekly resulted in meaningful 

clinical outcomes including durable responses with an acceptable toxicity in 
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heavily pretreated adults with advanced, relapsed or refractory B-or T-lineage 

Ph-negative ALL. The most common adverse events associated with the 

vincristine sulfate liposome injection were febrile neutropenia, pyrexia, 

hypotension, respiratory distress, and cardiac arrest. A larger phase III 

confirmatory trial (HALLMARQ) is comparing the new liposomal product 

with standard vincristine in the front-line setting in adults with newly 

diagnosed Ph-negative ALL. 

A pivotal phase II trial by Rodriguez et al. demonstrated that vincristine 

sulfate liposome injection administered at 2 mg/m
2
, every 2 weeks, for a 

maximum of 12 cycles or until toxicity or disease progression was effective 

and tolerated safety in heavily pretreated patients who had aggressive NHL 

(Rodriguez et al., 2009). 

Recently, a long-term phase II study by Hagemeister and co-investigators 

(Hagemeister et al., 2013) demonstrated that vincristine sulfate liposome 

injection, when substituted for non-liposomal vincristine in CHOP with or 

without rituximab, produced a response rate of 96% with an overall survival 

rate of 77% in patients with untreated aggressive NHL. Currently, vincristine 

sulfate liposome injection is being investigated in phase II trials of relapsed 

ALL, metastatic malignant uveal melanoma, and relapsed/ refractory NHL. In 

addition, a phase III trial of R-CHMP versus R-CHOP in elderly patients with 

untreated diffuse large B-cell lymphoma is ongoing. 

 

 

Conclusion 
 

Vincristine continues to be an integral component of multi-drug regimens 

for the treatment of a variety of cancers. However, its narrow therapeutic 

window and dose limiting toxicity of neuropathy has limited its potential 

leading to an empiric dose capping at 2.0 mg/m
2
. Questions remain concerning 

the clinical scope of vincristine neuropathy. Thus, many patients with various 

malignant diseases receive sub-optimal doses of vincristine which may lead to 

poorer prognosis and outcomes for diseases where this agent plays a key role 

in the treatment of certain malignant diseases, especially ALL. 

Despite the significant advances over the past decade, many questions and 

controversies surrounding vincristine dosing still persists. Clinical trials of 

multi-agent chemotherapy involving vincristine have not addressed its dosing. 

Many questions still remain regarding the clinical scope of vincristine induced 

neuropathy. The incidence of long-term sequelae is unclear as is the 

involvement of the central nervous system. 
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New clinical research efforts to maximize the therapeutic ratio of 

vincristine are being explored and vincristine sulfate liposome injection has 

been developed recently. Clinical trials are underway to evaluate the clinical 

effectiveness of liposomal vincristine for the treatment of a variety of cancers. 

 

 

References 
 

Aapro, M. S. and Wildiers, H. 2013. Chemotherapy in older ddults with 

cancer. In: Bellizzi, K. M. and Gosney, M. A. (eds) Cancer and Aging 

Handbook: Research and Practice. Wiley - Blackwell- A John Wiley and 

Sons, Inc., Hoboken, NJ, pp 205-219. 

Ahn, Y. S., Harrington, W. J., Seelman, R. C., and Eytel, C. S. 1974. 

Vincristine therapy of idiopathic and secondary thrombocytopenias. N. 

Engl. J. Med. 291: 376-380. 

Aisner, J., Cirrincione, C., Perloff, M., Perry, M., Budman, D., Abrams, J., 

Panasci, L., Muss, H., Citron, M., Holland, J., and et al. 1995. 

Combination chemotherapy for metastatic or recurrent carcinoma of the 

breast--a randomized phase III trial comparing CAF versus VATH versus 

VATH alternating with CMFVP: Cancer and Leukemia Group B Study 

8281. J. Clin. Oncol. 13: 1443-1452. 

Bedikian, A. Y., Papadopoulos, N. E., Kim, K. B., Vardeleon, A., Smith, T., 

Lu, B., and Deitcher, S. R. 2008. A pilot study with vincristine sulfate 

liposome infusion in patients with metastatic melanoma. Melanoma Res. 

18: 400-404. 

Bedikian, A. Y., Vardeleon, A., Smith, T., Campbell, S., and Namdari, R. 

2006. Pharmacokinetics and urinary excretion of vincristine sulfate 

liposomes injection in metastatic melanoma patients. J. Clin. Pharmacol. 

46: 727-737. 

Bender, R. A., Castle, M. C., Margileth, D. A., and Oliverio, V. T. 1977. The 

pharmacokinetics of [3H]-vincristine in man. Clin. Pharmacol. Ther. 22: 

430-435. 

Bilgi, O., Karagoz, B., Alacacioglu, A., Ozgun, A., Tuncel, T., and Gokhan-

Kandemir, E. 2010. Irinotecan and cisplatin vs. cyclophosphamide, 

doxorubicin, and vincristine as second-line treatment after platinum and 

etoposide in small-cell lung cancer. J. BUON 15: 395. 

Bobbio-Pallavicini, E., Porta, C., Centurioni, R., Gugliotta, L., Vianelli, N., 

Tacconi, F., Billio, A., and Ascari, E. 1994. Vincristine sulfate for the 

Complimentary Contributor Copy



Clinical Role of Vincristine 47 

treatment of thrombotic thrombocytopenic purpura refractory to plasma-

exchange. Eur. J. Hematol. 52: 222 -226. 

Boehlke, L. and Winter, J. N. 2006. Sphingomyelin/cholesterol liposomal 

vincristine: a new formulation for an old drug. Expert Opin. Biol. Ther. 6: 

409-415. 

Boman, N. L., Cullis, P. R., Mayer, L. D., Bally, M. B., and Webb, M. S. 

1998. Liposomal Vincristine: The Central Role of Drug Retention in 

Defining Therapeutically Optimized Anticancer Formulations. In: 

Woodle, M. C. S., G. (ed) Long Circulating Liposomes:Old Drugs, New 

Therapeutics. Springer-Verlag New York. 

Cervantes, F., Montserrat, E., Rozman, C., Diumenjo, C., Feliu, E, and 

Granena, A. 1980. Low-dose vincristine in the treatment of corticosteroid-

refractory idiopathic thrombocytopenic purpura (ITP) in non-

splenectomized patients. Postgrad. Med. J. 56: 711-714. 

Chim, C. S., Lie, A. K., Chan, E. Y., Leung, Y. Y., Cheung, S. C., Chan, S. Y., 

Liang, R., and Kwong, Y. L. 2010. A staged approach with vincristine, 

adriamycin, and dexamethasone followed by bortezomib, thalidomide, and 

dexamethasone before autologous hematopoietic stem cell transplantation 

in the treatment of newly diagnosed multiple myeloma. Ann. Hematol. 89: 

1019-1027. 

Costa, G., Hreshchyshyn, M. M. and Holland, J. F. 1962. Initial clinical 

studies with vincristine. Cancer Chemother. Rep. 24: 39-44. 

Crom, W. R., de Graaf, S. S., Synold, T., Uges, D. R., Bloemhof, H., Rivera, 

G., Christensen, M. L., Mahmoud, H., and Evans, W. E. 1994. 

Pharmacokinetics of vincristine in children and adolescents with acute 

lymphocytic leukemia. J. Pediatr. 125: 642-649. 

D'Angio, G. J., Evans, A. E., Breslow, N., Beckwith, B., Bishop, H., Feigl, P., 

Goodwin, W., Leape, L. L., Sinks, L. F., Sutow, W., Tefft, M., and Wolff, 

J. 1976. The treatment of Wilms' tumor: Results of the national Wilms' 

tumor study. Cancer 38: 633-646. 

De Graaf, S. S., Bloemhof, H., Vendrig, D. E., and Uges, D. R. 1995. 

Vincristine disposition in children with acute lymphoblastic leukemia. 

Med. Pediatr. Oncol. 24: 235-240. 

DeConti, R. C. and Creasey, W. A. 1975. Clinical aspects of the dimeric 

catharanthus alkaloids. In: Taylor, W. I. (ed) The Catharanthus Alkaloids. 

Marcel Dekker, New York, pp 237-278. 

Dennison, J. B., Jones, D. R., Renbarger, J. L., and Hall, S. D. 2007. Effect of 

CYP3A5 expression on vincristine metabolism with human liver 

microsomes. J. Pharmacol. Exp. Ther. 321: 553-563. 

Complimentary Contributor Copy



G. Kesava Reddy and Mark A. D‟Andrea 48 

Dennison, J. B., Kulanthaivel, P., Barbuch, R. J., Renbarger, J. L., Ehlhardt, 

W. J., and Hall, S. D. 2006. Selective metabolism of vincristine in vitro by 

CYP3A5. Drug Metab. Dispos. 34: 1317-1327. 

Dennison, J. B., Mohutsky, M. A., Barbuch, R. J., Wrighton, S. A., and Hall, 

S. D. 2008. Apparent high CYP3A5 expression is required for significant 

metabolism of vincristine by human cryopreserved hepatocytes. J. 

Pharmacol. Exp. Ther. 327: 248-257. 

Dixit, G., Dhingra, A. and Kaushal, D. 2012. Vincristine induced cranial 

neuropathy. J. Assoc. Physicians India 60: 56-58. 

Doz, F., Khelfaoui, F., Mosseri, V., Validire, P., Quintana, E., Michon, J., 

Desjardins, L., Schlienger, P., Neuenschwander, S., Vielh, P., and et al. 

1994. The role of chemotherapy in orbital involvement of retinoblastoma. 

The experience of a single institution with 33 patients. Cancer 74: 722-

732. 

Fewer, D., Wilson, C. B., Boldrey, E. B., Enot, K. J., and Powell, M. R. 1972. 

The chemotherapy of brain tumors. Clinical experience with carmustine 

(BCNU) and vincristine. JAMA 222: 549-552. 

Gelmon, K. A., Tolcher, A., Diab, A. R., Bally, M. B., Embree, L., Hudon, N., 

Dedhar, C., Ayers, D., Eisen, A., Melosky, B., Burge, C., Logan, P., and 

Mayer, L. D. 1999. Phase I study of liposomal vincristine. J. Clin. Oncol. 

17: 697-705. 

Gidding, C. E., Kellie, S. J., Kamps, W. A., and de Graaf, S. S. 1999a. 

Vincristine revisited. Crit. Rev. Oncol. Hematol. 29: 267-287. 

Gidding, C. E., Meeuwsen-de Boer, G. J., Koopmans, P., Uges, D. R., Kamps, 

W. A., and de Graaf, S. S. 1999b. Vincristine pharmacokinetics after 

repetitive dosing in children. Cancer Chemother. Pharmacol. 44: 203-209. 

Gilbar, P. J. and Carrington, C. V. 2004. Preventing intrathecal administration 

of vincristine. Med. J. Aust. 181: 464. 

Gill, P., Rarick, M., Bernstein-Singer, M., Harb, M., Espina, B. M., Shaw, V., 

and Levine, A. 1990. Treatment of advanced Kaposi's sarcoma using a 

combination of bleomycin and vincristine. Am. J. Clin. Oncol. 13: 315-

319. 

Gill, P. S., Bernstein-Singer, M., Espina, B. M., Rarick, M., Magy, F., 

Montgomery, T., Berry, M. S., and Levine, A. 1992. Adriamycin, 

bleomycin and vincristine chemotherapy with recombinant granulocyte-

macrophage colony-stimulating factor in the treatment of AIDS-related 

Kaposi's sarcoma. AIDS 6: 1477-1481. 

Gomber, S., Dewan, P. and Chhonker, D. 2010. Vincristine induced 

neurotoxicity in cancer patients. Indian J. Pediatr. 77: 97-100. 

Complimentary Contributor Copy



Clinical Role of Vincristine 49 

Griffin, J. D., Todd, R. F., 3
rd

, Ritz, J., Nadler, L. M., Canellos, G. P., 

Rosenthal, D., Gallivan, M., Beveridge, R. P., Weinstein, H., Karp, D., 

and Schlossman, S. F. 1983. Differentiation patterns in the blastic phase of 

chronic myeloid leukemia. Blood 61: 85-91. 

Hagemeister, F., Rodriguez, M. A., Deitcher, S. R., Younes, A., Fayad, L., 

Goy, A., Dang, N. H., Forman, A., McLaughlin, P., Medeiros, L. J., Pro, 

B., Romaguera, J., Samaniego, F., Silverman, J. A., Sarris, A., and 

Cabanillas, F. 2013. Long term results of a phase 2 study of vincristine 

sulfate liposome injection (Marqibo) substituted for non-liposomal 

vincristine in cyclophosphamide, doxorubicin, vincristine, prednisone 

with or without rituximab for patients with untreated aggressive non-

Hodgkin lymphomas. Br. J. Haematol. 

Hansen, O. P., Clausen, N. A., Drivsholm, A., and Laursen, B. 1985. Phase III 

study of intermittent 5-drug regimen (VBCMP) versus intermittent 3-drug 

regimen (VMP) versus intermittent melphalan and prednisone (MP) in 

myelomatosis. Scand. J. Haematol. 35: 518-524. 

Hays, D. M. 1993. Rhabdomyosarcoma. Clin. Orthop. Relat. Res.: 36-49. 

Holland, J. F., Scharlau, C., Gailani, S., Krant, M. J., Olson, K. B., Horton, J., 

Shnider, B. I., Lynch, J. J., Owens, A., Carbone, P. P., Colsky, J., Grob, 

D., Miller, S. P., and Hall, T. C. 1973. Vincristine treatment of advanced 

cancer: a cooperative study of 392 cases. Cancer Res. 33: 1258-1264. 

Jackson, D. V., Jr., Castle, M. C. and Bender, R. A. 1978. Biliary excretion of 

vincristine. Clin. Pharmacol. Ther. 24: 101-107. 

Johnson, I. S., Armstrong, J. G., Gorman, M., and Burnett, J. P., Jr. 1963. The 

Vinca Alkaloids: A New Class of Oncolytic Agents. Cancer Res. 23: 

1390-1427. 

Kabir, A. L., Rahman, M. J., Begum, M., Dipta, T. F., Baqui, M. N., Aziz, A., 

Rahman, F., Debnath, R. C., and Habib, M. A. 2012. Response of 

vincristine, melphalan, cyclophosphamide and prednisolone in refractory 

multiple myeloma. Mymensingh Med. J. 21: 114-119. 

Kaplan, L., Abrams, D. and Volberding, P. 1986. Treatment of Kaposi's 

sarcoma in acquired immunodeficiency syndrome with an alternating 

vincristine-vinblastine regimen. Cancer Treat. Rep. 70: 1121-1122. 

Karon, M. R., Freireich, E. J. and Frei, E. I. 1962. A preliminary report on 

vincristine sulfate; a new active agent for the treatment of acute leukemia. 

Pediatr. 30: 791-802. 

Kassem, L. A., Gamal El-Din, M. M. and Yassin, N. A. 2011. Mechanisms of 

vincristine-induced neurotoxicity: Possible reversal by erythropoietin. 

Drug Discov. Ther. 5: 136-143. 

Complimentary Contributor Copy



G. Kesava Reddy and Mark A. D‟Andrea 50 

Kaufman, I. A., Kung, F. H., Koenig, H. M., and Giammona, S. T. 1976. 

Overdosage with vincristine. J. Pediatr. 89: 671-674. 

Knottnerus, J. A. 2007. Health Council of the Netherlands. Vincristine sulfate; 

Evaluation of the carcinogenicity and genotoxicity. The Hague: Health 

Council of the Netherlands. Publication Number 2007/10OSH. www.gr. 

nl/sites/default/files/200710OSH.pdf (Accessed April 2013). 

Leo, A., Hansch, C. and Elkins, D. 1971. Partition coefficients and their uses. 

Chem. Rev. 71: 525–616. 

Lichtman, S. M., Budman, D., Bosworth, H., Allen, S., Schulman, P., 

Weiselberg, L., Weiss, R., Lehrman, D., and Vinciguerra, V. 1991. 

Adjuvant therapy of stage II breast cancer treated with CMFVP, radiation 

therapy and VATH following lumpectomy. A pilot trial. Am. J. Clin. 

Oncol. 14: 317-321. 

Liesveld, J. and Asselin, B. 2013. It's ALL in the Liposomes: Vincristine Gets 

a New Package. J. Clin. Oncol. 31: 657-659. 

Livingstone, R. and Carter, S. 1970. Single agents in cancer chemotherapy. In: 

Livingstone, R. B. and Carter, S. K. (eds). IFI/Plenum, New York:, pp 

308-317. 

MacLennan, I. C. and Cusick, J. 1985. Objective evaluation of the role of 

vincristine in induction and maintenance therapy for myelomatosis. 

Medical Research Council Working Party on Leukaemia in Adults. Br. J. 

Cancer 52: 153-158. 

Moore, A. and Pinkerton, R. 2009. Vincristine: Can its therapeutic index be 

enhanced? Pediatr. Blood Cancer 53: 1180-1187. 

Nayak, B. S. and Pinto Pereira, L. M. 2006. Catharanthus roseus flower extract 

has wound-healing activity in Sprague Dawley rats. BMC Complement 

Altern. Med. 6: 41. 

Neuss, N., Johnson, I. S., Armstrong, J. G., and Jansen, C. J. 1964. The Vinca 

Alkaloids. Adv. Chemother. 12: 133-174. 

Noble, R. L. 1990. The discovery of the vinca alkaloids--chemotherapeutic 

agents against cancer. Biochem. Cell. Biol. 68: 1344-1351. 

Noble, R. L., Beer, C. T. and Cutts, J. H. 1958. Role of chance observations in 

chemotherapy: Vinca rosea. Ann. N Y Acad. Sci. 76: 882-894. 

O'Brien, S., Schiller, G., Lister, J., Damon, L., Goldberg, S., Aulitzky, W., 

Ben-Yehuda, D., Stock, W., Coutre, S., Douer, D., Heffner, L. T., Larson, 

M., Seiter, K., Smith, S., Assouline, S., Kuriakose, P., Maness, L., Nagler, 

A., Rowe, J., Schaich, M., Shpilberg, O., Yee, K., Schmieder, G., 

Silverman, J. A., Thomas, D., Deitcher, S. R., and Kantarjian, H. 2013. 

High-dose vincristine sulfate liposome injection for advanced, relapsed, 

Complimentary Contributor Copy



Clinical Role of Vincristine 51 

and refractory adult Philadelphia chromosome-negative acute 

lymphoblastic leukemia. J. Clin. Oncol. 31: 676-683. 

Ogilvie, C. M., Crawford, E. A., Slotcavage, R. L., King, J. J., Lackman, R. 

D., Hartner, L., and Staddon, A. P. 2010. Treatment of adult 

rhabdomyosarcoma. Am. J. Clin. Oncol. 33: 128-131. 

Owellen, R. J., Root, M. A. and Hains, F. O. 1977. Pharmacokinetics of 

vindesine and vincristine in humans. Cancer Res. 37: 2603-2607. 

Pallis, A. G., Shepherd, F. A., Lacombe, D., and Gridelli, C. 2010. Treatment 

of small-cell lung cancer in elderly patients. Cancer 116: 1192-1200. 

Perez, J., Pardo, J. and Gomez, C. 2002. Vincristine--an effective treatment of 

corticoid-resistant life-threatening infantile hemangiomas. Acta Oncol. 41: 

197-199. 

Perez Payarols, J., Pardo Masferrer, J. and Gomez Bellvert, C. 1995. 

Treatment of life-threatening infantile hemangiomas with vincristine. N. 

Engl. J. Med. 333: 69. 

Pratt, C. B., Crom, D. B. and Howarth, C. 1985. The use of chemotherapy for 

extraocular retinoblastoma. Med. Pediatr. Oncol. 13: 330-333. 

Rahmani, R. and Zhou, X. J. 1993. Pharmacokinetics and metabolism of vinca 

alkaloids. Cancer Surv. 17: 269-281. 

Rancea, M., Engert, A., von Tresckow, B., Halbsguth, T., Behringer, K., and 

Skoetz, N. 2013. Hodgkin's Lymphoma in Adults: Diagnosis, Treatment 

and Follow-up. Dtsch. Arztebl. Int. 110: 177-183. 

Reddy, G. K., Brown, B. and Nanda, A. 2011. Fatal consequences of a simple 

mistake: how can a patient be saved from inadvertent intrathecal 

vincristine? Clin. Neurol. Neurosurg. 113: 68-71. 

Rodriguez, M. A., Pytlik, R., Kozak, T., Chhanabhai, M., Gascoyne, R., Lu, 

B., Deitcher, S. R., and Winter, J. N. 2009. Vincristine sulfate liposomes 

injection (Marqibo) in heavily pretreated patients with refractory 

aggressive non-Hodgkin lymphoma: report of the pivotal phase 2 study. 

Cancer 115: 3475-3482. 

Rosenthal, S., Canellos, G. P., Whang-Peng, J., and Gralnick, H. R. 1977. 

Blast crisis of chronic granulocytic leukemia. Morphologic variants and 

therapeutic implications. Am. J. Med. 63: 542-547. 

Rowinsky, E. K. 2003. The Vinca Alkaloids. BC Decker;, Hamilton (ON). 

Rowinsky, E. K. and Donehower, R. C. 1991. The clinical pharmacology and 

use of antimicrotubule agents in cancer chemotherapeutics. Pharmacol. 

Ther. 52: 35-84. 

Rowinsky, E. K. and Donehower, R. C. 1996. Antimicrotubule agents. In: 

Chabner, B. A. and Longo, D. L. (eds) Cancer Chemotherapy, 

Complimentary Contributor Copy



G. Kesava Reddy and Mark A. D‟Andrea 52 

Biotherapy: Principles and Practice. Lippincott-Raven Philadelphia, pp. 

263-296. 

Sampey, J. R. 1964. Use of Alkaloids of Vinca Rosea in Acute Leukemia. J. S. 

C. Med. Assoc. 60: 378-380. 

San Miguel, J. F., Mateos, M. V., Ocio, E., and Garcia-Sanz, R. 2012. 

Multiple myeloma: treatment evolution. Hematology 17 Suppl. 1: S3-6. 

Segaloff, A., Hankey, B. F., Carter, A. C., Escher, G. C., Ansfield, F. J., and 

Talley, R. W. 1985. An evaluation of the effect of vincristine added to 

cyclophosphamide, 5-fluorouracil, methotrexate, and prednisone in 

advanced breast cancer. Breast Cancer Res. Treat. 5: 311-319. 

Sethi, V. S., Jackson, D. V., Jr., White, D. R., Richards, F., 2
nd

, Stuart, J. J., 

Muss, H. B., Cooper, M. R., and Spurr, C. L. 1981. Pharmacokinetics of 

vincristine sulfate in adult cancer patients. Cancer Res. 41: 3551-3555. 

Sethi, V. S. and Kimball, J. C. 1981. Pharmacokinetics of vincristine sulfate in 

children. Cancer Chemother. Pharmacol. 6: 111-115. 

Shankland, K. R., Armitage, J. O. and Hancock, B. W. 2012. Non-Hodgkin 

lymphoma. Lancet 380: 848-857. 

Shipp, M. A., Neuberg, D., Janicek, M., Canellos, G. P., and Shulman, L. N. 

1995. High-dose CHOP as initial therapy for patients with poor-prognosis 

aggressive non-Hodgkin's lymphoma: a dose-finding pilot study. J. Clin. 

Oncol. 13: 2916-2923. 

Silverman, J. A. and Deitcher, S. R. 2013. Marqibo((R)) (vincristine sulfate 

liposome injection) improves the pharmacokinetics and pharmaco-

dynamics of vincristine. Cancer Chemother. Pharmacol. 71: 555-564. 

Straus, D. J. 1989. Treatment of advanced Hodgkin's disease. Hematol. Oncol. 

Clin. North Am. 3: 287-302. 

Svoboda, G. H., Johnson, I. S., Gorman, M., and Neuss, N. 1962. Current 

status of research on the alkaloids of Vinca rosea Linn. (Catharanthus 

roseus G. Don). J. Pharm. Sci. 51: 707-720. 

Thabet, A. F., Saleh, M. A. and Sayed, M. M. 2013. Role of vincristine in 

treatment of refractory idiopathic thrombocytopenic purpura (Itp). IOSR 

Journal of Environmental Science, Toxicology and Food Technology 3: 

15-27. 

Tirelli, U., Errante, D., Van Glabbeke, M., Teodorovic, I., Kluin-Nelemans, J. 

C., Thomas, J., Bron, D., Rosti, G., Somers, R., Zagonel, V., and 

Noordijk, E. M. 1998. CHOP is the standard regimen in patients > or = 70 

years of age with intermediate-grade and high-grade non-Hodgkin's 

lymphoma: results of a randomized study of the European Organization 

Complimentary Contributor Copy



Clinical Role of Vincristine 53 

for Research and Treatment of Cancer Lymphoma Cooperative Study 

Group. J. Clin. Oncol. 16: 27-34. 

Townsend, W. and Linch, D. 2012. Hodgkin's lymphoma in adults. Lancet 

380: 836-847. 

Von Pawel, J., Schiller, J. H., Shepherd, F. A., Fields, S. Z., Kleisbauer, J. P., 

Chrysson, N. G., Stewart, D. J., Clark, P. I., Palmer, M. C., Depierre, A., 

Carmichael, J., Krebs, J. B., Ross, G., Lane, S. R., and Gralla, R. 1999. 

Topotecan versus cyclophosphamide, doxorubicin, and vincristine for the 

treatment of recurrent small-cell lung cancer. J. Clin. Oncol. 17: 658-667. 

Warrier, R. P., Tan, T., Patel, Y., Yu, L. C., Quarls, K., and Shenoy, S. 1992. 

Vincristine neurotoxicity. Indian Pediatr. 29: 370-373. 

Waterhouse, D. N., Madden, T. D., Cullis, P. R., Bally, M. B., Mayer, L. D., 

and Webb, M. S. 2005. Preparation, characterization, and biological 

analysis of liposomal formulations of vincristine. Methods Enzymol. 391: 

40-57. 

White, C. T. 1925. Vinca rosea; a reputed cure for diabetes. Queensland Agric. 

J. 410: 598-600. 

 

Complimentary Contributor Copy


