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              Preface 

   The reason for publishing a book on side effects of drugs 
used in oncology is the fact that numerous new drugs, mostly 
classi fi ed as “targeted therapy,” have different and very varied 
spectra of side effects. As standard chemotherapy drugs have 
not changed much over the years in their adverse effect 
pro fi les, oncologists are usually very familiar with these problems, 
especially because over the past 20 years only a few new 
 chemotherapeutic drugs have been marketed. 

 Another aspect of oncology that has changed over the past 
two decades is the fact that with the increase in life expec-
tancy, the median age at diagnosis of cancer has increased 
and is presently around 70 years. Therefore, comorbidities 
have become routine in oncological services, and many 
patients are being treated with multiple medications for 
other pathologies, which multiplies drug interactions and 
compliance problems. 

 Targeted drugs have  fl ooded the oncological literature, 
and their spectrum of side effects is increasing, especially 
since additional drugs become available every year and are 
being used in several malignancies. This change of spectrum 
of side effects is less and less organ-limited, and a physician 
specialized in, for example, gastrointestinal malignancies is 
now confronted with cardiac (trastuzumab in gastric cancer) 
or dermatologic (EGFR inhibitor in colorectal cancer) toxicity. 
Hence, in order to make it easy to look up a problem, overlaps 
are unavoidable. 

 In putting together the layout of a book on side effects of 
medical cancer therapy, several problems arose. Should the 
side effects be grouped by organ, by drug, by type of toxicity, 
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or by other factors? A compromise needed to be found. 
Therefore, the majority of the book is organ-oriented, with 
the exception of chapters on pharmacogenetic-pharmacokinetic, 
cardiac, dermatologic, and supportive care aspects. 

 I am grateful to the authors who spontaneously accepted 
the task of writing their respective chapters. Though most of 
them are prominent in their  fi elds, many realized only later 
that more than an update of a previously studied topic was 
required and that they had to start anew. I thank them for 
complying. 

 Special thanks to Diane Lamsback from Springer for her 
untiring help in the preparation of this book.   

 Mario A. Dicato 

Preface
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  Abstract   Drug interaction in cancer chemotherapy is one of the 
most common phenomena in cancer treatment. Cancer patients 
often take several medications at the same time, not only for 
treating their cancer, but also for side effects and other secondary 
illnesses. The number of comedications increases with age, and 
drug interactions are critical for elderly patients. Because of this, 
they can be at high risk for adverse drug interactions and dupli-
cate medications. Consequences of these interactions can range 
from inactivation of cancer- fi ghting medications to severe injury 
or death of the patient. Pharmacogenetics studies the relation-
ship between genetic polymorphisms and individual responses 
to drugs. In recent years, there has been great progress in our 
knowledge of the effects of drug-metabolizing enzymes and 
molecular target genetic polymorphisms on cancer chemother-
apy. Pharmacogenetics focuses on the prediction of drug ef fi cacy 
and toxicity based on a patient’s genetic pro fi le with routinely 
applicable genetic tests to select the most appropriate medica-
tion at optimal doses for each individual patient.  

    Chapter 1   
 Drug Interactions 
and Pharmacogenetics       
      François   Lokiec        

    F.   Lokiec ,  Ph.D., SciD   
     Department of Pharmacology ,  Institut Curie-Hôpital René Huguenin ,
  Saint-Cloud ,  France   
 e-mail:  francois.lokiec@curie.net   
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  Keywords   Anticancer drugs  •  Drug interactions  •  Pharma-
cogenetics  •  Pharmacodynamics  •  Pharmacokinetics  
 Cytochromes P450      

   Introduction 

 Drug interactions and pharmacogenetics seem to present two 
different problems for the side effects of cancer chemotherapy. 
In fact, we will see later in this chapter that these two 
approaches are not so different. 

 Drug interaction in cancer chemotherapy is one of the most 
common phenomena in cancer treatment. Drug interactions in 
oncology are of particular importance owing to the narrow 
therapeutic index and the inherent toxicity of anticancer 
agents. Interactions with other medications can cause small 
changes in the pharmacokinetics or pharmacodynamics of a 
chemotherapy agent that could signi fi cantly alter its ef fi cacy or 
toxicity. Evaluation of drug potential interactions should not 
be limited solely to the anticancer group. A drug interaction 
occurs whenever the effects of one drug are modi fi ed by the 
prior or concurrent administration of another pharmacologi-
cally active substance. Such interactions may result in an 
antagonistic, synergistic, or unexpected response  [  1  ] . 

 A drug interaction is de fi ned as the pharmacologic or  clinical 
response to the administration or co-exposure of a drug with 
another substance that modi fi es the patient’s response to 
the drug. It is reported that more than 20 % of all adverse 
reactions to drugs are caused by interactions between drugs  [  2  ] . 
This incidence increases among the elderly and patients 
who take two or more medications. Patients with cancer are 
 particularly at risk for drug interactions because they could 
be taking many different medications as part of their cancer 
treatment or for the management of other illnesses  [  3  ] . 

 Drug interactions can occur throughout the process of drug 
disposition as a result of endogenous and exogenous factors. 
Drug interactions can be the result of pharmacokinetic or phar-
macodynamic factors or a combination of mechanisms. 
Pharmacokinetic interactions involve one drug or substance 
altering the absorption, distribution, metabolism, or elimination 
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of another drug or substance. A common example of a pharma-
cokinetic interaction occurs when two drugs compete for the 
same metabolic pathway. When the pathway becomes saturated, 
neither drug can be metabolized fully, which results in higher 
serum concentrations of the agents and can lead to clinically 
unfavorable consequences. Pharmacodynamic interactions 
occur when two drugs or substances have similar molecular 
targets but do not affect the pharmacokinetic parameters of 
each other. When two or more drugs that have similar pharma-
codynamic activity are coadministered, the additive effects 
might result in an excessive response or toxicity. Pharmaco-
dynamic interactions between drugs with opposing effects can 
reduce the response to one or both drugs  [  4–  6  ] . 

 In this section, we have intentionally focused on the unex-
pected drug interactions that have been well documented in 
cancer patients. A special section describes interactions 
between anticancer drugs and resistance-modifying agents 
because although pharmacodynamic interactions are the aim 
of this kind of association, pharmacokinetic interactions can 
be the chief explanation for resistance reversal.  

   Principles of Drug Interactions 

   Physical Interactions or Chemical Incompatibilities 

 Cancer patients usually receive intravenous (IV) anticancer 
drugs plus other supportive treatment, such as antiemetics, 
antibiotics, and others. Special attention should be paid to the 
physical and chemical interactions that can occur when the 
drugs are given simultaneously  [  7  ] . 

 Cancer patients usually require multiple-drug therapy. In 
fact, the cancer chemotherapy regimen alone often consists of 
three or four agents. Supportive therapy adds more drugs to 
the overall regimen, resulting in the (perceived) need to 
administer several drugs simultaneously. Also, having a steep 
dose–response curve, low therapeutic index, and signi fi cant 
toxicity, anticancer agents are particularly critical drugs. Any 
deviation from the dose or concentration that produces optimum 
activity is bound to cause problems one way or another, either 
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through increased toxicity or loss of response. Either way the 
outcome may be fatal for the patient. Furthermore, one 
should keep in mind that chemical inactivation of anticancer 
drugs by the admixture of other drugs is not usually visible in 
terms of evident product degradation. In other words, even if 
an added drug does not cause clouding, precipitation, or a 
color change in the cytotoxic drug solution, you can never be 
sure that there will be no chemical inactivation. So make it a 
rule to always administer cytotoxic drugs alone  [  8  ] . 

 Selected examples are presented in the following sections. 

   pH Effects 

 Some cytotoxic drugs (e.g.,  fl uorouracil) dissolve only at 
extreme pH values. Adding other drugs may cause such a shift 
in pH that  fl uorouracil will  fl occulate.  

   Solubilizers 

 Other cytotoxic agents can be kept in solution only with the 
aid of solubilizers, which tend to be effective only within 
speci fi c concentration ranges. Outside these ranges, the drugs 
may crystallize (e.g., etoposide, teniposide, paclitaxel).  

   Plasticizers 

 Solubilizers may leach plasticizers from plastics, thus producing 
toxic effects (this is why PVC-free transfusion-giving sets must be 
used for paclitaxel infusions). Conversely, lipophilic cytotoxic 
drugs may be extracted by plasticizers from an aqueous solution.  

   Sorption 

 Protein sorption to glass surfaces has been described in the 
literature. This phenomenon may cause loss of activity of 
biologically potent drugs, which tend to be administered in 
minute amounts.   
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   Chemical Reactions 

 Of the broad spectrum of possible chemical reactions, here 
are a few examples:

   Hydrolysis (e.g., etoposide lactone ring cleavage in basic • 
pH range)  
  Redox reactions (e.g., platinum coordination complexes • 
and sul fi te, thiols)  
  Photolysis (e.g., carmustine [nitrosourea] or dacarbazine • 
[triazene])  
  Racemization (e.g., etoposide as CH-acid compound in • 
alkaline solution)  
  Formation of coordination complexes (e.g., platinum derivatives)     • 

   Denaturation 

 Many proteins are stable only at speci fi c pH values and ionic 
strengths ( fi lgrastim, for instance, is unstable in normal saline). 
Deviations may lead to denaturation, which will not necessarily 
be visible as  fl occulation in the case of biologically potent 
drugs (growth factors, interferon). Loss of biologic activity will 
then not be macroscopically evident.  

   Pharmacokinetic Interactions 

 Very few cytotoxic agents are administered by the oral route, 
but now with the tyrosine kinase inhibitor family, everything 
has changed; all the “small molecules” are orally administered. 
We should, therefore, take the pharmacokinetic interactions 
into consideration, including the absorption, distribution, 
metabolism, and elimination of anticancer drugs. 

   Absorption 

 Many factors are able to reduce the digestive absorption of a 
drug. These include the degree of ionization of the drug, its 
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contact with the digestive mucous (transit problems, defective 
digestive secretion), the gastric emptying, and gastrointestinal 
motility. Food delays gastric emptying, raises intestinal pH, 
increases hepatic blood  fl ow, and slows gastrointestinal tran-
sit, so it can signi fi cantly affect the pharmacokinetic pro fi le of 
some orally administered medications. Food–drug interac-
tions can have four pharmacokinetic effects on the bioavail-
ability of the orally administered anticancer agent: delayed, 
decreased, increased, or unaffected absorption. 

 Some orally administered anticancer agents are prodrugs, 
which require metabolic activation for cytotoxic activity 
through  fi rst-pass effects in the gastrointestinal tract and/or 
liver before they reach the systemic circulation. Capecitabine, 
altretamine, etoposide phosphate, and estramustine phos-
phate sodium are anticancer agents that are used in the treat-
ment of various solid tumors (including breast, colorectal, 
ovarian, lung, prostate, and testicular cancer) and require such 
activation. Therefore, factors that alter the absorption of these 
medications can have profound effects on their pharmacoki-
netics. A decrease in the rate and extent of absorption is noted 
when estramustine phosphate sodium is given with food or 
milk, and bioavailability has been reported to decrease by 36 
and 63 %, respectively  [  9  ] . Therefore, it is recommended that 
estramustine phosphate sodium be taken with water 1 h 
before or 2 h after a meal. By contrast, food has been shown 
to have only a minor effect on the pharmacokinetics of 
 fl uorouracil (5-FU). The rate of absorption of capecitabine 
(a 5-FU prodrug) is decreased in a fed state, which results in 
an increase in hepatic  fi rst-pass metabolism, which in turn 
reduces the extent of systemic absorption of the prodrug  [  10  ] . 
However, a greater effect is seen on the area under the con-
centration–time curve (AUC) of capecitabine as compared 
with 5 ¢ -deoxy-5 ¢   fl uorouridine (5 ¢ -DFUR), the precursor to 
the pharmacologically active compound 5-FU. So, the change 
in AUC of capecitabine is probably not clinically signi fi cant, 
as capecitabine itself is not the active compound. 

 The absorption of orally administered anticancer agents 
that are not prodrugs can also be altered by metabolism 
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within the gastrointestinal tract  [  11  ] . Evidence indicates that 
the activity of cytochrome P450 enzymes (CYP enzymes) 
in the gut wall is a signi fi cant factor that alters the bioavail-
ability of orally administered anticancer agents that are 
CYP3A substrates  [  12  ] . Drug–food, drug–herb, or drug–drug 
 interactions can occur when an orally administered CYP3A 
substrate is given concomitantly with an inhibitor or inducer 
of intestinal CYP activity. One of the best described examples 
of a food that alters intestinal CYP3A activity is grapefruit 
juice. Grapefruit juice is known to be a potent inhibitor of 
intestinal CYP3A4 and therefore increases the bioavailability 
of various drugs, such as the anti-in fl ammatory and immu-
nosuppressive agent cyclosporine and the calcium-channel 
blocker  nifedipine  [  13–  16  ] .  

   Ionization 

 Digestive absorption is complete when it is achieved by passive 
diffusion (e.g., in a non-ionized form). Most of the substances 
that are capable of ionizing a drug decrease its digestive 
absorption. Substances such as alkalinizing agents decrease the 
absorption of acid drugs, and acidifying drugs (citric and tartaric 
acid) decrease the alkaline drug absorption.   

   Complexation 

 This type of interaction occurs during the digestive process, 
when the drug forms (with another drug or any other substance) 
a nonresorbable complex (e.g., aluminum colloids combined 
with acid drugs). 

   Contact with the Digestive Mucosa 

 This kind of antagonism includes different physiopathologic 
circumstances, such as food attendance and lack of digestive 
secretion.  
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   Gastrointestinal Motility 

 Drugs are mainly absorbed at the intestinal level, where a wide 
mucous surface exists. Absorption at this level is affected all the 
more when gastric emptying is faster. Any substance that 
modi fi es the gastric emptying acts on the kinetics of the intestinal 
absorption of anticancer drugs. The anticholinergic substances 
slow down gastric emptying and delay the absorption of the 
drugs. On the other hand, metoclopramide accelerates gastric 
emptying and accelerates the absorption of associated drugs. 

   Modi fi cations in Drug Diffusion 

 These modi fi cations become apparent in either an increase in 
the concentration of the free active form of the drug or a 
decrease in this concentration.    

   Binding to Plasma Proteins 

 The competition of drugs for plasma proteins is one of the most 
common reasons for the occurrence of toxic side effects 
( methotrexate–aspirin  [  17,   18  ] , methotrexate–indomethacin 
 [  19  ] , methotrexate–trimethoprim–sulfamethoxazole  [  20,   21  ] , 
etc.). Clinicians should be very careful with the association of 
drugs that are highly bound to proteins (usually albumin) 
because the binding sites are the same and limited in number. 

   Modi fi cation of the Tissue Binding 

 This modi fi cation is the result of competition between two 
drugs for the same binding sites in a tissue. This kind of inter-
action is similar to the protein plasma binding but directly 
into the tissues. 

   Metabolic Interactions 

 The metabolic interactions mainly occur with drugs with 
hepatic metabolism. The anticancer drugs involved in meta-
bolic interactions with other drugs are those metabolized by 
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liver enzymes, which are induced or inhibited by the associated 
substances. The main metabolic inducers are rifampicin, 
spironolactone, and phenobarbital  [  22,   23  ] ; the main metabolic 
inhibitors are monoamine oxidase inhibitors, tricyclic antide-
pressants, phenothiazine neuroleptics, and allopurinol  [  24,   25  ] .  

   Modi fi cations in the Elimination 

 Drug interactions leading to changes in the elimination of anti-
cancer drugs mainly concern urinary drug elimination. 
Modi fi cations in urinary elimination are principally due to 
changes of the urine pH expressing a modi fi cation in the ion-
ization of the substances  fi ltered by the glomerulus and 
secreted at the proximal tubule level. An increase in the degree 
of ionization of the drug corresponds to an increase in the urinary 
elimination of the drug. On the other hand, a decrease in drug 
ionization leads to a decrease in its renal elimination.  

   Miscellaneous 

 We should always take into account the possibility that the 
patient is suffering from another disorder that could, by itself, 
interact with the pharmacokinetic behavior of the anticancer 
drug. For example, thyroid dysfunction may in fl uence drug 
pharmacokinetics, just as the cardiovascular and respiratory 
systems can.    

   Pharmacodynamic Interactions 

 Pharmacodynamic interactions involve the therapeutic power 
of the anticancer drug. They can enhance or decrease antine-
oplastic ef fi cacy and modify the importance of the drug’s 
toxic side effects. Pharmacodynamic interactions mainly concern 
the hematologic system, the liver, and the kidney. 

   Terminology 

 The anticancer drug alone is considered as reference for the 
therapeutic activity. The pharmacologic consequences of drug 
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interactions are always quantitative modi fi cations of one or 
more effects of the associated drugs. Either the intensity of an 
effect, its duration, or both can be affected. If it is a global 
increase of the effect, the interaction is either synergy or 
enhancement. If it is a decrease of the effect, the interaction 
is antagonism.  

   Synergy and Antagonism 

 Usually, we use the term “synergy” when two drugs have 
effects going in the same direction. The effect is additive when 
the observed effect is the sum of both effects. Synergy’s main 
characteristic is that it affects only the common effects of the 
drugs. According to the extent of the modi fi cations that occur, 
it can be described as partial, additive (the most frequent), 
and synergistic. Conversely, antagonisms can be observed 
when the effects of drug association produce a milder effect 
than the most active drug alone. The antagonism can be total 
or partial.  

   Enhancement and Antagonism 

 Enhancement is characterized by a special phenomenon in 
which the increased effects all belong to the same drug. Other 
substances in the association do not have these effects but are 
capable of increasing their intensity when associated with the 
drug. Antagonism also exists in such situations. 

 It is important to note that the term “antagonism” is used 
to describe two phenomena, which are the contrary of syn-
ergy and the contrary of enhancement. Usually, interaction 
between two drugs is not de fi ned by its mechanism but rather 
by its pharmacologic consequences. The interaction super-
vention supposes that the interaction is suf fi ciently intense to 
have a clinical translation. 

 It is relatively common to detect drug interactions in phar-
macokinetic terms with no pharmacodynamic repercussions.    
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   Interactions Between Anticancer Drugs 
and Other Active Substances 

 Very little study has been devoted to interactions between 
anticancer drugs and other active substances, which is quite 
surprising because cancer patients usually receive a large 
number of pharmaceuticals and the therapeutic margin for 
anticancer drugs is always narrow. Mostly, the drug interac-
tions have been reported case by case (Tables  1.1  and  1.2 ).   

   Table 1.1    Examples of drug–drug interactions between anticancer 
drugs and other active substances   
 Other active 
substances 

 Examples of 
interactions  References 

 Antiemetics  Metoclopramide 
might enhance the 
cisplatin and the 
epirubicin toxicity 

  [  26,   27  ]  

 Antiulcer drugs  Cimetidine increases 
cyclophosphamide, 
nitrosoureas, 
doxorubicin toxicities 

  [  28–  30  ]  

 NSAIDs  NSAIDs block the 
elimination of MTX 
through renal tubular 
secretion, leading 
to increase of MTX 
blood levels and 
toxicities 

  [  31–  34  ]  

 Antimicrobial agents  Penicillin delays 
MTX excretion 

  [  35  ]  

 Anticoagulants  Warfarin has been 
reported to be 
synergistic with 5-FU 

  [  36  ]  

 Psychiatric drugs  Benzodiazepines act 
on many anticancer 
drugs 

  [  37–  40  ]  
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   Antiemetics 

 Many anticancer drugs induce nausea and vomiting in cancer 
patients. For these reasons, antiemetics are usually used in 
combination with cancer treatments. The antiemetic drugs 
usually act at the level of the central nervous system through 
the dopamine or serotonin receptors. Among the antiemetics, 
chlorpromazine and metoclopramide seem to be the most 
involved in drug interactions. 

   Chlorpromazine 

 Chlorpromazine combined with caffeine enhances cytotoxicity 
of alkylating agents in some rodent transplantation tumors and 
in the human melanoma xenograft system in mice  [  43  ] . The 
mechanism of its action may be related to increased retention 
within the tumor cells, to  fi xation of DNA damage, or to a 
nonspeci fi c cytotoxicity. On the other hand, when chlorpromaz-
ine and caffeine have been used in patients with disseminated 
malignant carcinoma, no tumor cytotoxicity was enhanced  [  44  ] .  

   Metoclopramide 

 Metoclopramide might enhance antitumor activity of anticancer 
drugs because structurally related compounds (nicotinamide, 

   Table 1.2    Examples of drug–drug interactions between MTX and 
other anticancer drugs   
 Other active 
substances 

 Examples of 
interactions  References 

 Penicillin  Delay of MTX 
excretion 

  [  35,   41,   42  ]  

 Salicylates  Displacement of 
protein binding and 
increased MTX toxicity 

  [  17,   18  ]  

 NSAIDs  Decrease elimination 
of MTX and increased 
toxicity 

  [  31–  34  ]  
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benzamide, etc.) inhibit the chromatin-bound enzyme adenosine 
diphosphate ribosyl transferase  [  26  ] . This enzyme is activated by 
DNA-damaging agents and may play a role in DNA repair. This 
hypothesis was tested against a squamous cell carcinoma of the 
head and neck in xenografted nude mice. Metoclopramide was 
given at the same time as cisplatin and again 24 and 48 h later. 
Compared with mice not given metoclopramide, cisplatin anti-
tumor activity was doubled, with no other increase in cisplatin 
toxicity. In another study with metoclopramide and chlorprom-
azine, epirubicin cytotoxic activity was enhanced when tested 
against Chinese hamster  fi broblasts without any intrinsic cyto-
toxic activity  [  27  ] .  

   Granisetron and Ondansetron 

 Development of serotonin receptor antagonists gives a thera-
peutic class without the classic adverse reactions associated 
with dopamine receptor blockade, such as severe sedation or 
extrapyramidal side effects. Finally, of the selective 5HT3 
receptor antagonists, both granisetron and ondansetron have 
been tested for their potential to affect drug cytotoxicity. No 
evidence was found that these two compounds antagonize or 
enhance the antitumor properties of anticancer drugs such as 
cisplatinum  [  45,   46  ] .   

   Antiulcer Drugs 

 Cimetidine and ranitidine are histamine H2 antagonists used 
for the treatment of diseases caused by gastric hyperacidity. 
Evidence has accumulated that cimetidine can alter drug 
metabolism through the ability to inhibit the hepatic microsomal 
cytochrome P450 enzyme system  [  47  ] . Ranitidine binds less 
avidly to microsomal enzymes and, in clinical dosage, does not 
appear to signi fi cantly alter microsomal metabolism  [  47  ] . Ranitidine 
when associated with cyclophosphamide does not change the 
pattern or degree of cyclophosphamide-induced leukopenia or 
granulocytopenia. Ranitidine administration has no signi fi cant 
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effect on the area under the curve values for the two major 
oncolytic cyclophosphamide metabolites 4-hydroxycyclophos-
phamide and phosphoramid mustard; nevertheless, ranitidine 
administration is associated with signi fi cantly prolonged plasma 
terminal half-life and increases area under the curve for the 
parent drug that is not active  [  48  ] . 

 Several anticancer drugs, including cyclophosphamide, the 
nitrosoureas, doxorubicin, procarbazine, and hexameth-
ylmelamine, undergo metabolism through the hepatic oxidative 
microsomal enzyme system  [  28–  30  ] . 

 The result of the interaction between cimetidine and the 
former anticancer agents is a decrease of the antineoplastic 
agent clearance, leading to an increase in their activities and 
toxicities by typical pharmacokinetic interaction  [  49–  51  ] .  

   Analgesics (Nonsteroidal Anti-in fl ammatory 
Drugs) 

 Many cases of drug interactions between nonsteroidal anti-
in fl ammatory drugs (NSAIDs) and anticancer drugs have 
been reported. There have been fatal interactions between 
methotrexate and naproxen  [  52  ]  as well as clinical and phar-
macokinetic evidence of life-threatening interactions between 
methotrexate and ketoprofen  [  31  ] . In the latter chapter, no 
abnormalities in methotrexate kinetics or toxicity were noticed 
when ketoprofen was given at least 12 h after completion of 
high-dose methotrexate. The kidney was suggested to be the 
site of drug interaction. 

 A probable interaction between methotrexate and/or 5-FU 
and indomethacin has been reported  [  32  ] . This NSAID is 
known to enhance cell killing by methotrexate in vitro. Other 
mechanisms than renal damage are of importance in the 
explanation of indomethacin–methotrexate interaction such 
as displacement and increased transport into malignant cells  [  33  ] . 
Inhibition of prostaglandin synthesis seems to participate in 
the effect of indomethacin on methotrexate cytotoxicity. 
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 Pharmacokinetic interaction between cisplatinum and 
indomethacin has been reported in vitro and in vivo  [  34  ] . The 
result of this interaction was an increase in free cisplatinum 
concentrations due to the fact that both indomethacin and 
cisplatinum are highly protein-bound. 

 Morphine, cocaine, and atropine stimulated transport of 
choline and nitrogen mustard into L5178Y lymphoblasts  [  53  ]  
and into leukemic white blood cells  [  54  ] , which is interesting 
since the accumulation of alkylating agents is of importance 
for their cytotoxicity.  

   Antimicrobial Agents 

 Antimicrobial therapy is quite common for patients treated for 
hematologic malignancies or solid tumors. For this reason, 
extensive studies have been published on the effects of antican-
cer agents on the antibacterial activity of antibiotics  [  55  ] . 
However, the effects of antibiotics on the antineoplastic activity 
of anticancer drugs have been considerably less discussed. 

 Nevertheless, there are some reports on the effects of anti-
biotics on the toxicity of anticancer drugs. Penicillin in combi-
nation with furosemide impaired methotrexate renal secretion 
and caused increased toxicity  [  41  ] . Penicillin also inhibits 
accumulation of methotrexate in renal slices of rabbit and 
monkeys and delayed the elimination of methotrexate  [  35  ] . 
Decreased methotrexate antitumor effect has been reported 
with kanamycin, neomycin, and penicillin due to a decrease of 
the cellular uptake of methotrexate  [  42  ] . The nephrotoxic 
antibiotics aminoglycoside gentamicin can enhance the toxic 
renal effects of methotrexate on the tubule  [  56  ] . 

 Trimethoprim–sulfamethoxazole and netilmicin enhance 
the epirubicin oxygen radical formation. 

 Antifungal drugs such as amphotericin B potentialize the 
cytotoxicity of many anticancer agents (doxorubicin, vincristine, 
CCNU) on leukemia cells of mice  [  57  ] . Amphotericin B has also 
been suggested to potentialize the effect of doxorubicin, cyclo-
phosphamide, and carmustine in human neoplasia  [  58  ] .  
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   Miscellaneous 

 Anticoagulants such as dicumarol increase the enzymatic 
activation of mitomycin C to reactive alkylating metabolites 
and cause a subsequent increased cytotoxicity  [  59  ] . Warfarin, 
another anticoagulant, retards the growth of Lewis lung 
 carcinoma in mice and small cell carcinoma of the lung in 
humans  [  60  ] . A synergistic action between 5-FU and warfarin 
has been also reported  [  36  ] . 

 Psychiatric drugs are quite widely used in elderly patients 
being treated for cancer. The use of these psychopharmaceuticals 
has an in fl uence on the activity of the antineoplastic agents. 
Diazepam blocks the cells in pre-S-phase and induces mitotic 
arrests at prometaphase by inhibiting centriolar separation  [  37,   38  ] . 
Diazepam also causes an enhancement of doxorubicin and 
mitoxantrone cytotoxicity  [  39  ] . Amitriptyline, a tricyclic antide-
pressive, modi fi es the blood–brain barrier and enhances the 
penetration of drugs into the central nervous system  [  40  ] . 

 Bronchodilators are often indicted in patients with a irway 
obstruction or prominent wheezing. The main classes of 
 bronchodilators, (beta) b -adrenoceptor agonists, and meth-
ylxanthines raise the level of 3 ¢  5 ¢  cyclic AMP in mast cells 
and bronchial smooth muscles, thereby inhibiting mediator 
 production and reducing muscle contractility. 

 As cyclic AMP is a second messenger in other cellular 
events, it is evident that bronchodilators might in fl uence 
tumor cells and interact with cancer treatment  [  61  ] . The inter-
action of cyclic AMP on the cytotoxic effect of doxorubicin 
has been suggested  [  62  ] .   

   Anticancer Drug–Anticancer 
Drug Interactions 

 The interactions among anticancer drugs are of importance 
because the chemotherapeutic protocols include at least 
three different antineoplastic drugs. This is why the possibility 
of drug interactions should be known and taken into account. 
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Two aspects of drug interactions are concerned. Drug 
 interaction may be desired for clinical modulation of an anti-
cancer agent or undesired. 

   Modulation 

 The modulation of an anticancer agent is accomplished by a 
compound that modi fi es some aspect of the biochemical 
pharmacology of the anticancer drug to improve its thera-
peutic index. The best example of clinical anticancer drug 
modulation is that of 5-FU modulation by leucovorin, which 
is discussed in another chapter of this book. 

 Another example of 5-FU modulation is the combination of 
methotrexate (MTX) and 5-FU  [  63  ] . The interaction of MTX 
and 5-FU is complex, and theoretical models for both antago-
nism and synergy have been postulated. By altering reduced 
folate pools involved in ternary complex formation, MTX may 
be expected to hinder 5-FU inhibition of thymidylate synthase 
 [  64,   65  ] . By inhibiting de novo purine synthesis, there is also 
less nucleic acid synthesis available for  fl uoropyrimidine nucle-
otide incorporation. However, the net balance of potential 
negative and positive effects appears to favor synergy. The 
most plausible mechanism of MTX/5-FU interaction appears 
to be through increased levels of phosphoribosylpyrophos-
phate, an intermediate needed in de novo purine synthesis, 
resulting from inhibition of purine synthesis  [  66  ] .  

   Undesired Drug Interactions 

 The undesired anticancer drug–anticancer drug interactions 
are probably fairly frequent because more than 800 poly-
chemotherapeutic protocols have been recorded (hemato-
logic malignancies plus solid tumors). In theory, it would seem 
to be an impossible task in a limited space to develop the sub-
ject of drug interactions when anticancer drugs are combined, 
but this is not the case in practice. In fact, very few interactions 
among the anticancer drug group have been reported in the 
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literature. For this reason, it is more important to give the 
philosophical criteria for planning a polychemotherapeutic 
protocol. 

 In order to obtain a better antitumor response with drug 
association than with each drug alone, an association should 
discriminate between tumor sensitivity and toxic side effects. 
In other words, a drug association should combine the antine-
oplastic properties of each drug without adding their toxic 
side effects. One of the fundamental principles of drug com-
bination is to combine drugs that do not have the same toxic 
effects. 

 Some impossible associations due to the same toxic effects, 
such as methotrexate with cisplatinum for renal toxicity, have 
led to second-generation drugs that do not have the same 
toxicities. For example, carboplatin and trimetrexate are free 
of the renal toxic effect of their corresponding  fi rst-generation 
drugs, due to the fact that the association of cisplatin with 
trimetrexate  [  67  ]  and carboplatin with methotrexate  [  68  ]  are 
possible and safer.   

   Drug Interactions Between Anticancer Drugs 
and Resistance-Modifying Agents 

 Several systems exist by which tumor cells resist cancer che-
motherapy. Numerous resistance-modifying agents are used 
in clinics in order to circumvent multidrug resistance (MDR), 
which is one of the most frequent reasons for chemotherapy 
failure. To reverse MDR, the combination between antican-
cer agents and resistance-modifying agents leads to pharma-
cologic interactions  [  69  ] . 

 Pharmacodynamic interactions could be de fi ned as desirable 
interactions, but the question is as follows: Are the pharma-
codynamic direct interactions in target organs or are they due 
to pharmacokinetic modi fi cations of the anticancer agent? In 
other words, the maximum tolerated dose of the antineoplastic 
agents when administered without the modulator is usually 
well established, but this is not the case for the maximum 
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tolerated dose of the anticancer drugs when associated with 
the MDR-modulating drug. Clinicians should be very careful 
when they initiate a protocol that associates anticancer 
 chemotherapy and MDR modulators.  

   Pharmacogenetics 

 Pharmacogenetics relates variation in gene structure to varia-
tion in phenotypes associated with therapeutic or toxic 
responses to drugs and other foreign chemicals in human 
populations  [  70  ] . Methods of study in pharmacogenetics 
include the correlation of observed variation in drug pharma-
cokinetics or pharmacodynamics with allelic variation in 
individual genes encoding proteins that act as targets of drug 
action or mediators of drug elimination, the elucidation of 
biochemical and molecular mechanisms that produce vari-
able protein function, the development of probe drug-testing 
procedures and predictive animal models to more precisely 
de fi ne the role of genetics in producing variable drug 
response in human populations, and the development of 
simple genetic tests to predict unexpected drug responses 
and thus to guide the clinician in the selection of appropriate 
drugs and drug doses  [  71–  73  ] . 

 Personalized medication management, including DNA 
testing, is extremely important for the proper treatment of 
cancer because  fi nding the right drug and dose is so vitally 
important. This is not surprising to people that study genetics. 
Research shows that of all the clinical factors that alter a 
patient’s response to drugs, such as age, sex, weight, general 
health, and liver function, genetic factors account for a 
signi fi cant proportion  [  74–  76  ] . 

 Early in the development of irinotecan, researchers 
observed that the active metabolite of the drug, SN-38, was 
cleared from the body through a process called glucuronida-
tion  [  77  ] . A gene called UGT1A1 was responsible for sticking 
that glucuronide group onto the drug  [  78,   79  ] . Once glucuronide 
was on a compound, it was easily excreted by the bile. So, for 
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example, bilirubin and a number of estrogen molecules in the 
body are glucuronidated. Irinotecan is one of several anticancer 
drugs that also undergo this process. Researchers found that a 
subset of the population, about 10 %, has a genetic change in 
the UGT1A1 gene that hinders their ability to perform this 
glucuronidation process  [  80  ] . This change does not have an 
apparent phenotype; it is something that could be detected by 
the usual bilirubin test or by some outward manifestation of 
the patient. When patients with the genetic change in UGT1A1, 
called UGT1A1*28, receive a standard dose of irinotecan, 
they have a very high risk of severe or even fatal neutropenia, 
a condition that drastically lowers the ability of the body to 
 fi ght off infection. This UGT1A1*28 genetic change is respon-
sible for Gilbert’s syndrome, which is a lack of bilirubin 
glucuronidation  [  81,   82  ] . In 2004, the FDA reviewed the data 
on UGT1A1*28 and decided that this genetic change should 
be included in the insert for irinotecan as a risk factor for 
severe toxicity. (TA)6/(TA)6 is the normal genotype; gener-
ally, there is no change in the administered dose of irinotecan 
provided that no other agents known to interact with irinote-
can are also administered. Patients with the (TA)6/(TA)7 
heterozygous genotype have intermediate UGT1A1 activity 
and may be at increased risk for neutropenia; however, clini-
cal results have been variable, and such patients have been 
shown to tolerate normal starting doses. Patients with the 
(TA)7/(TA)7 homozygous genotype should have their start-
ing dose reduced by at least one level of irinotecan  [  83  ] . 
However, the precise dose reduction is not known, and subse-
quent dose modi fi cations should be considered based on the 
individual patient’s tolerance to treatment. 

 Recent research has shown that up to 35 % of women with 
estrogen receptor (ER)-positive breast cancer may fail tamox-
ifen treatment because of drug interactions and their genetic 
makeup  [  84  ] . The ability of these women to convert tamoxifen 
to the active compound endoxifen is compromised, resulting 
in a greatly increased risk of relapse  [  85  ] . DNA testing and 
careful analysis of overall drug regimens in these patients 
provide evidence that can be used to improve their chances of 
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survival. With more than 500,000 women currently taking 
tamoxifen, this research has wide-reaching implications. 

 Tamoxifen is a prodrug widely used to treat, and as pro-
phylaxis for, ER-positive breast cancer. Out of the approxi-
mately 120,000 new ER-positive breast cancer patients per 
year in the IS, 41,000 of whom will die; 42,000 are predicted 
to fail tamoxifen treatment because of 2D6 poor metabolizer 
phenotype. “Hot  fl ashes,” a common side effect, is typically 
treated with selective serotonin reuptake inhibitors (SSRIs), 
many of which are potent inhibitors of CYP2D6, phenol-
converting intermediate metabolizer patients into 2D6 poor 
metabolizers, now demonstrated as crucial to the activation 
of tamoxifen to endoxifen. Endoxifen has a 100 times greater 
receptor af fi nity than tamoxifen and is 30–100 times more 
effective. CYP2D6 genetically normal metabolizers also taking 
an inhibitor had 58 % lower endoxifen levels and are likely 
to be in the group of ~35 % of patients who do not respond 
to tamoxifen. CYP2D6 frank poor metabolizers, homozy-
gous for *3, *4, *5, and *6, had endoxifen levels 26 % of 
WT. CYP2D6*4/*4 poor metabolizers had a 3.12 hazard 
ratio for breast cancer relapse. Two-year relapse-free sur-
vival is 68 % in patients with the 2D6 PM phenotype and 
98 % in normal metabolizers  [  85,   86  ] . This suggests that 
widespread genotyping and therapeutic drug monitoring 
could result in successful outcomes for many of the 35 % 
of ER-positive breast cancer patients who currently fail 
tamoxifen treatment  [  87  ] . 

 Dihydropyrimidine dehydrogenase (DPD) is the rate-limiting 
enzyme in the degradation of pyrimidine bases like  thymidine 
and uracil  [  88  ] . DPD is also the main enzyme involved 
in the degradation of structurally related compounds like 
5- fl uorouracil (5-FU), a widely used anticancer drug  [  89,   90  ] . 
In 5-FU-based cancer chemotherapy, severe toxicities are 
observed at higher rates in patients who are heterozygous for 
a mutant DPYD allele, compared with toxicities in patients 
who are homozygous for the wild DPYD allele. The adverse 
effects of 5-FU are often lethal for patients homozygous for 
the mutant DPYD allele  [  91,   92  ] . 
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 On the basis of catalytic activity and on the basis of the 
mutation frequency, a 3 % frequency for heterozygotes (−/+) 
to DPD was predicted, projecting a 1:1,000 homozygote (+/+) 
for this mutation across racial lines. 

 The DPD test for 5-FU is considered appropriate for any 
person who is taking or considering 5-FU-based chemother-
apy. It is recommended that this screening be accompanied by 
direct measurement of DPD activity prior to 5-FU treatment 
in cancer patients. Although this test looks for the most fre-
quent genetic variation that causes DPD enzyme de fi ciency, 
this does not rule out the possibility of a decrease in DPD 
activity due to other factors or genetic variations  [  93,   94  ] .  

   Summary 

 Drug–drug interactions with the pharmacologic results are a 
really important factor. More oncologists are usually aware 
of antineoplastic drug associations because they know the 
toxic side effects of each of the associated components, but 
they are much less aware of the pharmacologic effects of 
anticancer drugs and other medical treatments. 

 The availability of potent and reliable genetic techniques 
can change the way patients will receive chemotherapy in 
the near future. With this perspective in mind, oncologists 
and clinical pharmacologists should prompt the inclusion 
of pharmacogenetic investigation and DNA collection into 
early phases of clinical drug development. Recurrent, even 
after dose reduction, or unexplainable toxicity can be induced 
by genetically reduced drug inactivation/elimination. When 
polymorphic genes involved in the systemic disposition of a 
new agent are identi fi ed, prospective phenotype/genotype 
correlation analysis should be performed in phase I–II clini-
cal trials, following the example of two recent phase I and 
pharmacogenetic studies. Pharmacogenetics has emerged as 
a novel and challenging area of interest in oncology.      
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  Abstract   The appropriate selection of medical therapeutic 
interventions in breast cancer patients is a daily challenge for 
medical oncologists and takes into account disease character-
istics such as stage at diagnosis, age and menopausal status, 
aggressiveness of the disease, and presence or absence of key 
therapeutic targets such as hormonal receptors and HER2. 
Knowledge of treatment-related toxicities as well as patient’s 
comorbidities, preferences, age, and so on is a critical component 
of an optimal estimation of the bene fi t versus harm ratio of a 
speci fi c therapy. 
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 This chapter reviews the side effects of the four main 
medical treatment modalities for breast cancer: chemo-
therapy,  endocrine therapy, biologic agents, and bone-modifying 
therapeutics in terms of frequency, monitoring, and practical 
management.  

  Keywords   Breast cancer  •  Cytotoxic chemotherapy  •  Endocrine 
treatment  •  Targeted agents  •  Bone-modifying agents  •  Side 
effects      

   Introduction 

 Appropriate selection of medical therapies for women 
with breast cancer requires a careful evaluation of patient 
and disease characteristics. The former includes age, func-
tional status, and comorbidities, while the latter consists of 
stage of the disease (early vs. metastatic breast cancer), 
presence of treatment targets such as hormone receptors 
and HER2 overexpression or ampli fi cation, previous ther-
apies and their effectiveness, extent and location of disease 
sites (visceral vs. bone and soft tissues), and time course of 
disease. 

 The main objective of  adjuvant  medical treatment is to 
eradicate micrometastatic disease – that is, breast cancer cells 
that have escaped the breast and regional lymph nodes but 
have not yet formed a detectable metastatic deposit. 

 Once a patient has metastatic disease, medical treat-
ments are essentially palliative in nature and are directed 
at providing symptomatic relief from disease-related symp-
toms and extending progression-free survival and overall 
survival. 

 Once patients have progressed through  fi rst-line therapy, 
their management becomes more challenging, because the 
probability of response to subsequent therapies decreases. 
This is true for sequential endocrine, anti-HER2, or chemo-
therapy-based approaches. 
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 As a general rule, combination therapies have a tendency 
to be more highly ef fi cacious in comparison to single-agent 
therapies, but this comes at a risk of signi fi cant toxicity. 

 At each stage of the disease, a careful assessment of bene fi t 
versus harm from a treatment modality is needed for each 
individual patient. Knowledge of treatment-induced side 
effects and serious toxicities is an essential component of this 
evaluation. 

 In this chapter the main side effects of cytotoxic chemo-
therapy, endocrine therapy, targeted agents, and bone-modifying 
agents are reviewed.  

   Chemotherapy 

   Classes of Chemotherapy and General Toxicities 

   Antimicrotubule Agents (Taxanes, Ixabepilone, 
Eribulin, and Vinca Alkaloids) 

 Antimicrotubule agents form a large proportion of the chemo-
therapy agents prescribed in breast cancer patients and either 
promote microtubule polymerization, stabilizing microtubules 
and increasing the polymer mass (antimicrotubule stabilizing 
agents, e.g., taxanes, ixabepilone), or inhibit microtubule polym-
erization, destabilizing microtubules and decreasing microtu-
bule polymer mass (antimicrotubule destabilizing agents, e.g., 
eribulin, the vinca alkaloid vinorelbine)  [  1  ] . These agents share the 
toxicities of peripheral neuropathy and myelosuppression.  

   Anthracyclines (Doxorubicin, Epirubicin, 
Mitoxantrone, Liposomal Doxorubicin, 
Non-pegylated Liposomal Doxorubicin) 

 Anthracyclines inhibit topoisomerase II, an enzyme involved 
in relaxing, disentangling, and cleaving of DNA, and thereby 
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inhibiting DNA transcription and replication. Further, anthra-
cyclines can cause partial unwinding of the DNA helix 
through intercalation between base pairs and can lead to the 
formation of free radicals, which in turn have negative effects 
on the cell membrane  [  2  ] . These agents share the toxicities of 
cardiac injury, myelosuppression, and emesis.  

   Antimetabolites (5-Fluorouracil, Methotrexate, 
Capecitabine, Gemcitabine, Pemetrexed) 

 Antimetabolites have structural similarity to precursors 
of pyrimidine or purines, which are the building blocks 
for DNA. Therefore, antimetabolite agents interfere with 
the synthesis of DNA by not allowing these molecules to 
be incorporated into DNA. In addition, folate and folate-
derived cofactors are essential in these pathways, and 
antagonists to folate also provide useful cytotoxics. Three 
classes exist: nucleoside analogues, thymidylate synthase 
inhibitors, and dihydrofolate reductase inhibitors. They tend 
to convey greatest toxicity to cells in S-phase  [  3  ] , and they 
have common toxicities that include mucositis, diarrhea, and 
myelosuppression.  

   Alkylating Agents (Cyclophosphamide, Cisplatin, 
and Carboplatin) 

 Alkylating agents are cell-cycle nonspeci fi c agents. They form 
covalent bonds with bases in DNA. This leads to cross-linkage 
of DNA strands or breaks in DNA as a result of repair efforts. 
Broken or cross-linked DNA is unable to complete normal 
replication or cell division. Furthermore, broken or cross-
linked DNA is an activator of cell-cycle checkpoints, and the 
cell signaling that results can precipitate apoptosis  [  4  ] . As a 
class, they share similar toxicities: myelosuppression, gonadal 
dysfunction, and, rarely, pulmonary  fi brosis. They also hold the 
ability to cause “second” neoplasms, particularly leukemia. 



33Chapter 2. Breast Cancer

 Table  2.1   provides a detailed review of the side effects of 
breast cancer chemotherapy toxicities. 

 The following section outlines some of the common  toxicities 
associated with breast cancer chemotherapy and their 
management.   

   Incidence and Management of Selected 
Chemotherapy Toxicities 

 Many of the frequent toxicities induced by cytotoxic drugs 
commonly prescribed to breast cancer patients, such as 
myelosuppression and gastrointestinal toxicity, are reviewed 
in other chapters of this book. Only a few toxicities are dis-
cussed in detail below. 

   Febrile Neutropenia 

 Febrile neutropenia is a life-threatening condition of a 
number of chemotherapy regimens, and its proper preven-
tion and/or management is described in another chapter in 
this book. As far as breast cancer chemotherapy is con-
cerned, particular attention needs to be paid to patients 
receiving docetaxel, as the rate of febrile neutropenia of 
15–20 % is associated with docetaxel at 100 mg/m 2  or 
anthracyclines plus taxane combinations (rates of febrile 
neutropenia exceeding 30 %)  [  31  ] . For the latter, prophy-
lactic granulocyte colony-stimulating factors (G-CSF) are 
highly recommended. 

 The commonly prescribed FEC regimen (5- fl uorouracil, 
epirubicin, cyclophosphamide) induces febrile neutropenic 
episodes in about 10 % of patients when the epirubicin 
dose is 100 mg/m 2 . Febrile neutropenia is less common with 
other “popular” breast cancer chemotherapy regimens such 
as CMF (cyclophosphamide, methotrexate, 5- fl uorouracil), 
weekly paclitaxel, weekly vinorelbine, or capecitabine.  
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   Table 2.1    Side effects of chemotherapy   

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Antimicro tu-
bule: stabilizer 

 Paclitaxel  [  5  ]   A/M (any line)  Nil  Hypersen sitivity  Nil 

 IV dose: 
80–90 mg/m 2  
weekly or 175 mg/
m 2  D1 q 3 weekly 
in metastatic 
setting only 

 Arthralgia/ myalgia  Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Premedication with 
corticosteroids 
with or without 
antihistamines (H1 
and H2 antagonists) 

 Stop infusion  Reduced clearance  Hepatic 
cytochrome 
P450 enzymes, 
primarily 
CYP2C8/9 
and 
CYP3A4 

 Biliary  No 

 Supportive therapy 
with 
oxygen and 
hydration if 
hypotension 

 Administer IV 
corticosteroids 
and antihistamines 

 Infusion can be 
recommenced 
at slower rate if 
symptoms 
are mild and 
complete 
recovery has occurred 

 Treat anaphylaxis if 
it occurs 

 Prophylaxis prior 
to next 
infusion with 
premedication: 
IV corticosteroids 
and 
antihistamines. Slow 
infusion 

 Patients should 
not be 
rechallenged if 
anaphylaxis 
has occurred 

 Nil  Symptomatic 
treatment 
with paracetamol, 
NSAIDS, gabapentin, 
and prednisone 
(if severe cases) 

 In the curative 
setting, dose 
reduction not 
recommended 

(continued)



36 P.G. Aftimos et al.

Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Peripheral 
neuropathy (sensory) 

 Neurological 
assessments 

 Bradycardia and 
hypotension 

 Monitor vital signs 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Previous neurotoxic 
chemotherapies, 
frequency, and 
severity related to 
cumulative doses 

 Mostly sensory 
neuropathy. 
Toxicity may be dose-
limiting. 
Sensory 
manifestations 
usually 
resolve after 
several months of 
discontinuation 

 Grade 2 neuropathy: 
reduce 
paclitaxel by 25 % 

 Grade 3 and 4: omit 
paclitaxel 

 Nil  These are usually 
minor 
and occur during 
administration 
and do not require 
treatment 

 Rare severe 
cardiac conduction 
abnormalities have 
been 
reported, and 
appropriate 
therapy should be 
administered 
with continuous 
cardiac 
monitoring 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Antimicro-
tubule: 
stabilizer 

 Docetaxel  [  6  ]   A/M (any line)  Nil  Hypersen sitivity  Nil 

 IV dose: 
75–100 mg/m 2  D1 
q 3 weekly 

 Fluid retention  Nil 

 Peripheral 
neuropathy (sensory) 

 Neurological 
assessments 

 Alopecia  Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Premedication with 
corticosteroids 
with or without 
antihistamines (H1 
and H2 antagonists) 

 Stop infusion  Nil  CYP3A  Primarily biliary/
fecal 

 Low levels 
found in 
animal studies 

 Supportive therapy 
with oxygen 
and hydration if 
hypotension 

 Administer IV 
corticosteroids and 
antihistamines 

 Infusion can be 
recommenced 
at slower rate of 
infusion if symptoms 
are mild and 
complete recovery 
has occurred 

 Treat anaphylaxis if 
it occurs 

 Prophylaxis prior to 
next infusion with 
premedication: IV 
corticosteroids and 
antihistamines. Slow 
infusion 

 Sodium cromoglycate 
has been used in 
prophylaxis in severe 
reactions 

 Patients should not 
be rechallenged 
if anaphylaxis has 
occurred 

 Premedication with 
dexamethasone or 
methyprednisolone  [  7  ]  

 Slowly reversible 
if treatment is 
discontinued; 
however, early 
aggressive diuretic 
may be required or 
aspiration of  fl uid 
in pleural space 
for symptomatic 
treatment 

 Nil  Usually cumulative 
doses >600 mg/m 2  

 Grade 2 neuropathy: 
reduce docetaxel 
by 25 % 

 Grade 3 and 4: omit 
docetaxel 

 Nil  Self-limiting. Poor 
hair regrowth or 
persistent hair loss 
occasionally reported 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Rash/pruritus  Nil 

 Nail changes  Nil 

 Hand-foot syndrome  Nil 

 Teary/watery eyes  Nil 

 Arthralgia/myalgia  Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Avoid perfumed skin 
products 

 Self-limiting 

 Antihistamines for 
pruritus 

 Some bene fi t from 
application of dark 
nail varnish 

 Cold-induced 
vasoconstriction by 
wearing frozen gloves 
during treatment may 
reduce nail toxicity 

 Cosmetic changes 
disappear once 
treatment is 
withdrawn 

 Nailbed infections 
are treated with 
topical antibiotics 
or antifungals, if 
necessary 

 Nil  May respond to 
administration of 
pyridoxine 

 Nil  Associated with 
cumulative dosing 
and occurs after a 
median of 400 mg/m 2  

 Treatment with 
arti fi cial tears 
or other ocular 
moisturizers may 
ameliorate symptoms 

 In the case of severe 
symptoms, lacrimal 
duct obstruction must 
be ruled out  [  8  ]  

 Nil  Symptomatic 
treatment with 
paracetamol, 
NSAIDS, gabapentin, 
and prednisone (if 
severe cases) 

 In the curative 
setting, dose 
reduction is not 
recommended 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Antimicro-
tubule: 
stabilizer 

 Nano particle, 
albumin-bound 
paclitaxel; nab-
paclitaxel; protein-
bound paclitaxel  [  9  ]  

 M  After failure 
of combination 
chemotherapy for 
metastatic disease 
or relapse within 6 
months of adjuvant 
chemotherapy 

 Peripheral 
neuropathy 

 Neurological 
assessments 

 IV dose: 300 mg/
m 2  D1 q 3 weekly 
or 100–150 mg/m 2  
weekly 

 Prior therapy 
should have 
included an 
anthracycline 
unless clinically 
contraindi cated 

 Ocular/visual 
disturbance 

 Nil 

 Myelosup pression 
(neutropenia) 

 Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 In fl uenced by prior 
and/or concomitant 
therapy with 
neurotoxic agents 

 Grade-3 drug 
interruption until 
resolution followed 
by dose reduction for 
subsequent cycles 

 Improved compared 
to paclitaxel 

 Liver 
(primarily 
via CYP2C8, 
minor 
CYP 34A) 

 Extensive 
nonrenal 

 No information 
available 

 Dose-dependent  Severe symptoms of 
sensory neuropathy 
improve with a 
median of 22 days 
after treatment 
interruption  [  10  ]  

 Higher than 
recommended doses 

 Most commonly 
reversible keratitis 
and blurred vision 

 Rare persistent 
optic nerve damage 
reported 

 Administration of 
granulocyte-colony-
stimulating factor 
(G-CSF) 

 Usually rapidly 
reversible 

 Do not give therapy 
if neutrophil count is 
<1.5 × 109/L 

 Antimicrobials should 
be commenced for 
evidence of fever, 
and patients with 
febrile neutropenia 
should be treated 
with appropriate 
antibiotics 

 Dose reductions 
for neutropenia 
lasting >1 week for 
subsequent cycles 

(continued)
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 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Antimicro-
tubule: 
stabilizer 

 Ixabepilone  [  11  ]   M  Monotherapy: after 
failure of taxane, 
anthracycline, 
and capecitabine 
chemotherapy 

 Peripheral 
neuropathy 

 Neurological 
assessments 

 IV dose: 40 mg/m 2  
D1 q 3 weekly 

 Combination 
therapy with 
capecitabine: after 
failure of taxane 
and anthracycline 
chemotherapy 

 Myelosup pression 
(neutropenia) 

 Monitor blood 
count 

 Hypersen sitivity  Nil 

Table 2.1 (continued)
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Patients with 
diabetes mellitus or 
preexisting peripheral 
neuropathy may be 
at increased risk of 
severe neuropathy 
Prior therapy 
with neurotoxic 
chemotherapy agents 
did not predict the 
development of 
neuropathy 

 Sensory 
manifestations 
usually resolve to 
baseline or grade 
1,within 12 weeks 
upon treatment 
discontinuation 

 No effects, but 
limited experience in 
clinical trials 

 Liver via 
CYP3A4 

 Feces  No information 
available 

 Do not give therapy 
if neutrophil count is 
<1.5 × 109/L 

 Delay administration 
of and reduce 
subsequent doses 
in patients who 
experience severe 
neutropenia or 
thrombocytopenia 

 Risk factor 
hypersensitivity 
reactions to 
polyoxyethylated 
castor oil or its 
derivatives 

 Stop infusion 

 Premedication with 
IV corticosteroids 
and antihistamines 
(H1 and H2 
antagonists) 

 Supportive therapy 
with oxygen 
and hydration if 
hypotension 

 Administer IV 
corticosteroids and 
antihistamines 

 Infusion can be 
recommenced 
at slower rate if 
symptoms are 
mild and complete 
recovery has occurred 

 Treat anaphylaxis if 
it occurs 

 Prophylaxis prior to 
next infusion with 
premedication: IV 
corticosteroids and 
antihistamines. Slow 
infusion 

 Patients should not 
be rechallenged 
if anaphylaxis has 
occurred 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Antimicro-
tubule: 
destabilizer 

 Eribulin  [  12  ]   M (Third line and 
beyond) 

 Prior therapy 
should have 
included an 
anthracycline and 
a taxane in either 
the adjuvant or 
metastatic setting 

 Myelosuppression 
(neutropenia) 

 Monitor LFTs and 
blood counts 

 IV dose: 1.4 mg/
m 2  D1,8 q 3 
weekly 

 Peripheral 
neuropathy 

 Neurological 
assessments 

 QT prolongation  ECG monitoring 
in patients with 
congestive 
cardiac failure, 
bradyarrhythmias, 
drugs known to 
prolong the QT 
interval, including 
Class Ia and III 
antiarrhythmics, 
and electrolyte 

 Antimicro-
tubule: 
destabilizer 

 Vinorelbine  [  13  ]   M (First line and 
beyond) 

 NA  Acute dyspnea and 
severe bronchospasm 
 [  14,   15  ]  

 Nil 

 IV dose: mostly 
used at 20–25 mg/
m 2  weekly 

 Constipation/ileus 

 Neuropathy  Nil 

 Chest pain  Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Elevated liver 
transaminases (>3x 
ULN) and bilirubin 
>1.5xULN 

 Delay administration 
of and reduce 
subsequent doses 
in patients who 
experience febrile 
neutropenia or grade 
4 neutropenia lasting 
longer than 7 days 

 No effects, but 
limited experience in 
clinical trials 

 Feces  Feces  No information 
found 

 Do not give therapy 
if neutrophil is count 
<1.5 × 109/L 

 Nil  Withhold in patients 
who experience grade 
3 or 4 peripheral 
neuropathy until 
resolution to grade 
2 or less 

 Avoid in high-risk 
patients 

 Correct hypokalemia 
or hypomagnesemia 
prior to initiating 
therapy, and monitor 
these electrolytes 
periodically during 
therapy 

 Avoid in patients 
with congenital long 
QT syndrome 

 Risk factors 
include concurrent 
mitomycin 

 May respond to 
   bronchodilators 

 Hepatic 
cytochrome 
P450 enzymes 

 Biliary  Brain and 
plasma 
levels are 
comparable in 
animal studies 
 [  16  ]  

 Subacute 
pulmonary reactions 
characterized by 
cough, dyspnea, 
hypoxemia, and 
interstitial in fi ltration 
may respond to 
corticosteroid 
therapy, and oxygen 
may provide 
symptomatic relief 

 Prior treatment with 
other neurotoxic 
chemotherapies may 
result in cumulative 
toxicity 

 Mild to moderate 
peripheral 
neuropathy is usually 
reversible upon 
discontinuation 

 Also can cause severe 
constipation (G3-
4), paralytic ileus, 
intestinal obstruction, 
necrosis, and/or 
perforation 

 Nil  Cardiovascular 
disease or tumor 
within the chest is a 
risk factor 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Pain in tumor-
containing tissue 

 Nil 

 Anthracyclines  Doxorubicin/
epirubicin  [  17,   18  ]  

 A/M  N/A  Cardiotoxicity: acute, 
chronic, and delayed 

 Cardiac assessment 
at baseline 
with clinical 
examination, 
ECG, and of 
LVEF assessment 
with    radionuclide 
angiography 
(MUGA 
scan) or serial 
echocardiogram 

 IV doses: 
50–60 mg/m 2 , 
75–100 mg/m 2  
3 weekly for 
doxorubicin 
and epirubicin, 
respectively, 
when used in 
combination 

 Once cumulative 
dose has surpassed 
threshold, 
regular cardiac 
assessment should 
be completed as 
described above, 
and monitor for 
clinical symptoms 
of CHF prior 
to each cycle of 
anthracycline 

 Hyperuricemia (rare)  Baseline and 
monitor EUC 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Nil  Acute pain syndrome 
within 30 min of 
infusion can occur 
at the tumor site 
after the  fi rst dose. 
It usually lasts from 
1 h to several days. 
Management is with 
corticosteroids and 
narcotic analgesia, if 
necessary 

 Cumulative doses 
must be calculated, 
and monitoring is as 
per cumulative dose 
(see table) 

 A reduction in LVEF 
of 10 % to below the 
lower limit of normal, 
20 % reduction at any 
level, or an absolute 
LVEF  £  45 % 
indicates 
deterioration in 
cardiac function 

 Doxorubicin: no 
information 

 Doxorubicin: 
in the liver and 
other tissues 
by an aldo-
keto reductase 
enzyme 

 Doxorubicin: 
predominately 
bile 

 No 

 The gold standard 
for diagnosis of 
anthracycline-induced 
cardiotoxicity is 
endomyocardial 
biopsy. However, it is 
rarely performed due 
to its invasive nature 

 Epirubicin: clearance 
may be decreased 

 Epirubicin: 
extensive 
hepatic 
metabolism 
also 
metabolized by 
other organs 
including 
RBC 

 Predominately 
hepatobiliary; 
rapid elimination 
of parent 
compound from 
plasma 

 Management of 
congestive cardiac 
failure This can 
include low-salt 
diet, diuretics, 
ACE inhibitors, 
or angiotensin 
receptor blockers, 
inotropes, and cardiac 
transplantation 

 Prophylactic 
treatment for high-
risk patients includes 
aggressive hydration 
and discontinuation 
of drugs that causes 
hyperuricemia (   e.g., 
thiazide diuretics) 
or acidic urine (e.g., 
salicylates); monitor 
electrolytes and 
replace as required; 
alkalinize the 
urine, allopurinol/
rasburicase orally 

 Treatment of tumor 
lysis syndrome 
includes maintaining 
aggressive hydration 
with target urine 
output >100 ml/h, 
maintenance of 
urine pH at 7.0 with 
administration of 
sodium bicarbonate, 
allopurinol, 
or rasburicase 
monitoring, 
replacement, and 
maintenance of serum 
electrolytes (calcium, 
phosphate, renal 
function, LDH, and 
uric acid) 

 Note: allopurinol 
can be given IV 
for patients not 
tolerating oral 
medications 

 Hemodialysis, if 
necessary 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Local extravasation  Monitor infusion 
site For patients 
with dif fi cult 
venous access, 
consider central 
venous access 
device (CVAD) 
and contrast study 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Ensure adequate 
peripheral access 

 Management of 
extravasation: 

 Administration time 
15–20 min 

 Stop the injection/
infusion and 
disconnect the 
intravenous tubing 

 Monitor for 
erythematous 
streaking along vein 
and/or facial  fl ushing 

 Withdraw as much of 
the drug as possible, 
via existing cannula 
or CVAD. Mark 
area of skin with 
indelible pen. Take 
a photograph of 
the area as soon as 
possible 

 Elevate and apply 
compression to 
the limb 

 If appropriate, 
remove the 
peripheral cannula 
(do not remove the 
CVAD) 

 Utilize extravasation 
kit 

 Apply cold pack 

 Apply 98–99 % 
dimethyl sulfoxide 
(DMSO) topically 
to the skin within 
10–25 min following 
local protocols 

 Urgent assessment by 
plastic surgeon 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Anthracyclines  Pegylated liposomal 
doxorubicin  [  19  ]  

 M  EMA but not FDA 
approved indication 

 Acute infusion 
reactions 

 Monitor  fi rst 
infusion 

 IV dose: mostly 
used at 40–45 mg/
m 2  D1 q 4 weekly 

 Palmar-plantar 
erythrodysesthesia 
(PPE) 

 Monitor patient 
for symptoms 
(numbness or 
tingling) 

 Stomatitis  Monitor patient 
for symptoms each 
cycle 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Administer initial 
dose no faster than 
1 mg/min 

 Slow or interrupt the 
rate of infusion 

 No pharmacokinetics 
effect on drug 

 As per 
doxorubicin 

 As per 
doxorubicin 
but signi fi cantly 
slower, allowing 
for approximately 
two to three 
orders of 
magnitude larger 
AUC than for 
a similar dose 
of conventional 
doxorubicin 

 No 

 Antihistamines 

 H2 blockers 

 Steroids 

 If symptoms are 
present, consider 
increasing the dosing 
interval 

 Mild reactions 
resolve independently 
within 1–2 weeks 

 Pyridoxine (50–
150 mg/day) may be 
used for prophylaxis 
without affecting the 
antitumor activity 

 More severe 
reactions may require 
a discontinuation 
of therapy, and 
corticosteroid 
use may assist in 
resolution  Prophylactic 

corticosteroids may 
be of bene fi t  [  20  ]  

 Avoidance of skin 
stressor/pressure 
measures to decrease 
PPE following 
infusion (e.g., 
avoidance of tape on 
skin, sun exposure, 
hot water, pressure, 
or friction on skin) 

 Generally associated 
with higher doses, 
prior alcohol and 
tobacco use, poor 
nutritional status, 
and dental hygiene 
and concomitant use 
of antihistamines, 
anticholinergics, 
phenytoin, and 
steroids 

 Dose modi fi cation 
as per guidelines of 
institution 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Cardiotoxicity: acute, 
chronic, and delayed 

 Cardiac assessment 
at baseline 
with clinical 
examination, ECG 
and of LVEF 
assessment with 
radionuclide 
angiography 
(MUGA 
scan) or serial 
echocardiogram 

 Once cumulative 
dose has surpassed 
(see table) 
the threshold, 
regular cardiac 
assessment should 
be completed as 
described above, 
and monitor for 
clinical symptoms 
of CHF prior 
to each cycle of 
anthracycline 

 Anthracyclines  Non-pegylated 
liposomal 
doxorubicin  [  21  ]  

 M  First line in 
combination with 
cyclophosphamide 

 Cardiotoxicity  Cardiac assessment 
at baseline 
with clinical 
examination, 
ECG, and of 
LVEF assessment 
MUGA or serial 
echocardiogram 

 IV dose 
60–75 mg/m 2  D1 q 
3 weekly 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Occurs at lower 
frequency than 
conventional 
doxorubicin 

 Treatment for 
congestive heart 
failure is as per 
doxorubicin/
epirubicin 

 Care should be 
exercised in patients 
who have received 
prior anthracycline 
therapy or in 
those patients that 
have a history of 
cardiovascular 
disease. LVEF 
assessments should 
be performed more 
frequently in this 
patient population 

 Cumulative doses 
must be calculated 
and monitoring is as 
per cumulative dose 
(see table) 

 Occurs at lower 
frequency than 
conventional 
doxorubicin 

 Treatment for 
congestive heart 
failure is as per 
doxorubicin/
epirubicin 

 Cardiac safety 
comparable in 
patients <65 years 
and >65 years 

 Hepatobiliary  Hepatobiliary  No 
information 
available 

 Care should be 
exercised in patients 
who have received 
prior anthracycline 
therapy or in 
those patients that 
have a history of 
cardiovascular 
disease. LVEF 
assessments should 
be performed more 
frequently in this 
patient population 

 Cumulative doses 
must be calculated, 
and monitoring is as 
per cumulative dose 
(see table) 
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Antimetabolite  5-FU  [  22  ] /
capecitabine  [  23  ]  

 5-FU  Capecitabine 
monotherapy after 
failure of taxanes 
or anthracycline 
or where 
anthracyclines are 
contraindicated 

 Cardiotoxicity (acute 
myocardial infarction, 
angina, dysrhythmias, 
cardiac arrest, cardiac 
failure, and ECG 
changes) 

 Consider cardiac 
assessment for 
coronary ischemia 
in patients who 
are high risk 
(this may include 
cardiac stress test 
and coronary 
angiogram) 

 A 

 Dose: mostly 
used as IV bolus 
500–600 mg/m 2  

 Capecitabine 
combination 
therapy: after 
failure of 
anthracycline-
containing regimen 

 Capecitabine  Capecitabine: 
palmar-plantar 
erythrodysesthesia 
(hand-foot skin 
reaction) 

 Nil 

 M 

 Oral dose: 
2,000–2,500 mg/m 2  
divided equally 
between morning 
and evening 
D1-14 q 3 weeks 

 Hyperbilirubinemia  Monitor LFTs 

 Anti metabolite  Gemcitabine  [  24  ]   M (First line and 
beyond) 

 First line in 
combination with 
paclitaxel or single-
agent palliative 
therapy 

 Elevated liver 
enzymes 

 Monitor LFTs 

 IV dose: 
1,000 mg/m 2  D1, 8 
q 3 weekly 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Patient screening  Risk factors include 
prior history of 
coronary artery 
diseases 

 No clinically 
signi fi cant difference 
in PK, but side 
effects need to be 
carefully monitored 
in this population 
due to impaired 
renal function, which 
should lead to a 
dose reduction of 
capecitabine 

 Hepatic  Renal  Limited 
evidence in 
HER2 + BC in 
combination 
with anti-HER 
agents 

 Management includes 
discontinuation of 
5-FU/capecitabine. 

 Behavioral 
modi fi cations: avoid 
tight- fi tting shoes or 
repetitive rubbing 
pressure to hands and 
feet; apply lanolin-
containing creams to 
affected areas 

 Behavioral 
modi fi cations: 
reactions  ³  grade 2 
severity (skin changes 
with pain but not 
interfering with 
function), therapy 
should be interrupted 
and recommenced at 
a reduced dose when 
symptoms resolve to 
grade 1 

 Nil  If 
hyperbilirubinemia  ³  
grade 2 (serum 
bilirubin >1.5 
times the upper 
limit of normal), 
therapy should be 
interrupted until 
hyperbilirubinemia 
resolves, and 
subsequent dose 
reductions may 
be needed for 
subsequent dosing 

 Nil  Usually transient and 
reversible elevations 
of liver function 
enzymes in about 
two-thirds of patients 

 Decreased clearance 
and increased half-
life with increasing 
age 

 Intracellularly 
by nucleoside 
kinases 

 Renal  No 
information 
available 

 Increases are 
rarely of clinical 
signi fi cance, and there 
is no evidence of 
hepatic toxicity with 
longer duration or 
cumulative doses 
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Hemolytic uremic 
syndrome (HUS) 

 Monitor renal 
function and blood 
count 

 Pulmonary toxicity  Nil 

 Acute dyspnea and 
severe pulmonary 
toxicities (pulmonary 
edema, interstitial 
pneumonitis, and 
adult respiratory 
distress syndrome) 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Nil  Onset during 
and shortly after 
gemcitabine 
therapy (4–8 weeks 
postcompletion of 
therapy up to several 
months) 

 Monitor renal 
function closely, 
especially in patients 
with impaired renal 
function 

 Therapies can include 
immunocomplex 
removal 
(plasmapheresis, 
immunoadsorption, 
or exchange 
transfusion) 
antiplatelet/
anticoagulant 
therapies, 
immunosuppressive 
therapies, and plasma 
exchange 

 Rituximab has been 
successfully used 
in patients with 
chemotherapy-
induced HUS 

 Case fatality rate 
is high 

 Risk factors include 
prior irradiation to 
the mediastinum. 
Use caution when 
prescribing in this 
patient population 

 Acute dyspnea is 
usually self-limiting; 
symptomatic relief 
with oxygen 

 Severe pulmonary 
toxicities usually 
occur after several 
cycles but can occur 
after a single cycle 

 Discontinuation 
of drug and early 
supportive care with 
bronchodilators, 
corticosteroids, 
diuretics, and/or 
oxygen 

 Pulmonary toxicities 
may be reversible, 
but fatal recurrences 
have been reported in 
patients rechallenged 
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Fever/ fl ulike 
symptoms 

 Nil 

 Skin rash  Nil 

 Vascular toxicity 
(thrombotic 
microangiopathy, 
veno-occlusive 
disease, and digital 
ischemic changes and 
necrosis) 

 Nil 

 Antimetabolite  Methotrexate  [  25  ]   A/M  Nil  Hepatotoxicity  Monitor LFTs 

 IV dose: 40 mg/m 2  
D1,8 q 4 weekly 

 Pulmonary 
toxicity: acute, 
subacute, or chronic 
(in fl ammation, 
pulmonary infections, 
and pulmonary 
lymphoma  [  27  ] ) 

 Nil 

 Neurological toxicity 
(intrathecal and high-
dose methotrexate) 

 Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Nil  Symptoms are mild to 
transient and rarely 
dose-limiting 

 Acetaminophen may 
provide relief 

 Nil  Not dose-limiting 

 Responds to topical 
corticosteroids and 
antihistamines 

 Suggested to be 
more common after 
cumulative doses 
of 10,000 mg/m 2  
or in the setting of 
combination therapy 

 Treat as per type of 
vascular toxicity 

 Avoid alcohol, 
medications, or 
herbal supplements 
that may increase the 
risk of hepatotoxicity 

 Liver enzymes may 
increase with each 
cycle and return to 
pretreatment levels 
after discontinuation 
for 1 month 

 Hepatic and 
intracellular 

 Renal  Ratio of 10–30: 
1 for CNS 
concentration 
 [  26  ]  

 Note: cirrhosis 
usually occurs with 
chronic low dose, 
and if it occurs, it 
should be managed 
as per guidelines for 
cirrhosis management 

 Nil  Subacute toxicity 
includes dyspnea, 
nonproductive 
cough, fever, 
crackles, cyanosis, 
pulmonary  fi brosis, 
and pleural effusions. 
Treatment includes 
discontinuation 
of methotrexate 
and corticosteroid 
therapy. Rechallenge 
is not recommended 

 Pulmonary infections 
with opportunistic 
pathogens should be 
treated for individual 
pathogen 

 Pulmonary 
lymphoma regresses 
after discontinuation 
of methotrexate 
Rechallenge is not 
recommended 

 Intrathecal (IT) 
methotrexate 

 IT methotrexate 
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Aseptic meningitis: 
IT hydrocortisone or 
oral corticosteroids 

 Aseptic meningitis 
(onset hours): no 
treatment required. 
Patients can be 
rechallenged 

 Transverse 
myelopathy: risk 
factors include 
frequent IT 
methotrexate 
and concurrent 
radiotherapy 

 Transverse 
myelopathy (onset 
hours–days): no 
speci fi c intervention 
and recovery variable, 
and patients should 
not be rechallenged 

 Leukoencephalopathy: 
risk factors include 
whole brain 
radiotherapy and IV 
methotrexate 

 Leukoencephalopathy 
(onset delayed): 
there is no uniform 
therapeutic approach. 
Available therapies 
include corticosteroids 
and leucovorin 

 Note: other 
neurological 
sequelae include 
encephalopathy, 
seizures, neurological 
de fi cits, lumbosacral 
radiculopathy, 
neurogenic 
pulmonary edema, 
and sudden death 

 High-dose 
methotrexate 

 Acute neurotoxicity 
(onset within 24 h): 
usually spontaneous 
resolution 

 Rechallenge is 
possible 

 Subacute 
neurotoxicity – 
stroke-like syndrome 
(onset approx. 6 days 
after administration) 
resolves in minutes to 
days. Rechallenge is 
possible 

 Leukoencephalopathy: 
as above 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Alkylating 
agents 

 Cyclophosphamid 
 [  28  ]  

 A/M  Nil  Cardiac toxicity 
(ECG changes, 
elevation of cardiac 
enzymes, myocarditis, 
and myocardial 
necrosis) 

 Baseline ECG 

 IV dose: 500–
600 mg/m 2  D1 q 3 
weekly 

 Oral dose: 
100 mg/m 2  
daily D1-14 q 4 
weeks or 50 mg 
continuous daily 
dose 

 Hemorrhagic cystitis  Nil 



65Chapter 2. Breast Cancer

 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Risk factors include 
chest or mediastinal 
radiotherapy and 
anthracycline 
administration 

 Supportive treatment  No clinically 
signi fi cant difference 
in PK 

 Hepatic 
cytochrome 
P450 enzymes 
primarily 
CYP2B6  [  29  ]  

 Enzymatic 
oxidation 
to active 
and inactive 
metabolites 
excreted in urine 

 Penetration 

 Effect is not 
attributable to 
cumulative dosing 

 Occurs in high dose 
(60 mg/kg daily or 
120–270 mg/kg over a 
few days) 

 Risk factors include 
long-term use, high 
dose, rate of infusion, 
poor hydration 
status, decreased 
urine output, 
and concurrent 
exposure to other 
urotoxic drugs 
or genitourinary 
radiotherapy 

 Discontinuation of 
cyclophosphamide, 
increase  fl uid intake, 
and    maintenance 
of platelet count at 
>50,000/mm 3  

 Encourage oral 
intake of  fl uids in 
24–48 h prior to 
therapy and during 
therapy, frequent 
voiding. Drug 
administration should 
be completed early 
in the day to avoid 
the drug sitting in the 
bladder overnight 

 Cystitis    

 Other measures 
include 
administration 
of mesna (rarely 
needed for doses 
<2 g/m 2 ), catheter 
bladder drainage, 
bladder irrigation, 
intravenous 
hydration with 
diuresis, and 
hyperhydration 
(not routinely 
recommended) 

 First-line therapy: 
hyperhydration 

 Second-line therapy: 
bladder irrigation 

 Third-line therapy: 
prostaglandin into the 
bladder 

 Late-onset cystitis 
(usually due to 
secondary viral or 
bacterial infection) 

 Culture for 
bacterial pathogens, 
cytomegalovirus 
(CMV), and 
adenovirus 

 Hyperhydration +/− 
bladder irrigation 

 Treat pathogen if 
isolated 

(continued)
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Table 2.1 (continued)

 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Alkylating 
agents 

 Cyclophosphamide  A/M  Nil  Immunogenicity: 
reduced skin test 
antigens (e.g., 
tuberculin-puri fi ed 
protein derivative) 

 Nil 

 Interstitial  fi brosis  Nil 

 Nasal stuf fi ness or 
facial discomfort 

 Nil 

 Radiation recall 
reaction 

 Nil 

 SIADH  Nil 

 Secondary 
malignancies 

 Nil 

 Fluid retention 
and dilutional 
hyponatremia 

 Nil 
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Nil  Nil  No clinically 
signi fi cant difference 
in PK 

 Hepatic 
cytochrome 
P450 enzymes 
primarily 
CYP2B6 

 Enzymatic 
oxidation 
to active 
and inactive 
metabolites 
excreted in urine 

 Penetration 

 Risk factors 
include long-term 
exposure, exposure 
to other drugs with 
pulmonary toxicities, 
and pulmonary 
radiotherapy 

 Condition may be 
nonreversible and 
fatal 

 Discontinuation of 
drug and initiation of 
corticosteroids 

 Exclude other causes 
of pulmonary toxicity 
such as opportunistic 
infections 

 Associated with rapid 
injection 

 Analgesics, 
decongestants, 
antihistamines, 
intranasal steroids, or 
ipratropium 

 Slow the infusion rate 

 Intermittent infusion 
rather than IV bolus 

 Nil  Usually resolves after 
several days 

 Treatment may 
include topical 
steroids or 
nonsteroidal 
antiin fl ammatories 
for radiation recall 
dermatitis 

 More common with 
doses of >50 mg/
kg and aggravated 
by large volumes of 
hydration given to 
prevent hemorrhagic 
cystitis 

 Self-limiting 

 Diuretic therapy may 
be useful when the 
patient has stopped 
voiding 

 Nil  Treatment for 
individual malignancy 

 Associated with 
doses >30–40 mg/kg 

 Self-limiting within 
24 h of therapy 

(continued)
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 Mechanism 
of action  Drug 

 Context of 
prescription 
(NA/A/M) and 
usual dose 
schedule 

 Minimum 
requirements for 
prescription  SE speci fi c to agent 

 Standard special 
tests 
to modify SE 

 Alkylating 
agents 

 Carboplatin  [  30  ]   A/M  Adjuvant HER2+ 
patients or 
metastatic 

 Myelosuppression 
(most commonly 
thrombocytopenia, 
but leukopenia, 
neutropenia, and 
anemia can also 
occur) 

 Monitor blood 
count 

 IV dose: AUC 6 

 Hypersensitivity 

 Nephrotoxicity  Monitor renal 
function 

Table 2.1 (continued)
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 Risk factors and 
recommendation for 
prevention of SE 

 Recommendation for 
management of SE 

 In the elderly ( ³ 65 
years)  Metabolism  Excretion  Cross BBB 

 Risk factors include 
prior chemotherapy, 
poor performance 
status, increasing 
age, impaired 
renal function, 
and concurrent 
myelosuppressive 
therapy 

 Anemia may be 
corrected with 
transfusions 

 Clearance may be 
reduced due to age-
related renal function 
impairment 

 Intracellular  Renal  Yes 

 Dose-dependent and 
can be minimized 
by using the Calvert 
AUC-based dose 
formula 

 Dose as per Calvert 
AUC-based dose 
formula 

 Risk associated with 
repeated exposure 
to platinum agents 
especially with a 
second course of 
platinum therapy 

 Treatment of 
anaphylaxis if it 
occurs 

 Carboplatin therapy 
can be continued 
in some cases 
with prophylactic 
corticosteroid and 
antihistamine and/or 
desensitization 

 Dose as per Calvert 
AUC-based dose 
formula 

 Nil 
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   Chemotherapy-Induced Emesis 

 Management of chemotherapy-induced nausea and vomiting 
is an essential component in the care of all patients receiving 
breast cancer chemotherapy and is described in another 
chapter in this volume. Chemotherapy regimens used in 
breast cancer have different potentials to induce emesis 
(Table  2.2 )  [  32,   33  ] .   

   Peripheral Neuropathy 

 Several classes of chemotherapy agents can induce peripheral 
neuropathy (CIPN) (see Table  2.1  for a detailed review of 
agents inducing neuropathy, as well as prevention and manage-
ment of this side effect). Taxanes, ixabepilone, vinorelbine, and 
eribulin are the most likely cause of neuropathy in breast can-
cer patients. Comorbidities, such as diabetes and alcohol abuse, 
predispose patients to toxic nerve  fi ber damage from chemo-
therapy  [  34  ] . Common symptoms include burning sensation, 
tingling, loss of feeling, walking dif fi culties, trouble using  fi ngers, 
poor balance, sensitivity to temperatures, loss of re fl exes, and 
constipation. The development of CIPN is one of the most com-
mon reasons for discontinuation of chemotherapy, and its 
occurrence can affect the long-term quality of life of patients. 
Prevention of severe CIPN is the cornerstone of management. 
This requires regular neurological assessment of patients prior 
to each scheduled chemotherapy administration. CIPN usually 
resolves gradually over time, but it may be irreversible. 

 Various small studies evaluating agents such as calcium, 
magnesium, vitamin E  [  35  ] , glutamine  [  36  ] , and glutathione  [  37  ]  
have been conducted mostly in oxaliplatin and cisplatin-based 
chemotherapy regimens. While the administration of intrave-
nous calcium and magnesium in colon cancer patients receiving 
oxaliplatin appears to reduce the incidence of neuropathy while 
maintaining tumor response, more randomized controlled stud-
ies are required  [  38  ] . It is possible that pharmacogenetic studies 
will reveal particular genotypes at greater risk for CIPN  [  39  ] . 

 See Table  2.1  for detailed management.  
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   Table 2.2    Emetogenic potential of breast cancer chemotherapy agents   

 Level  Agents in breast cancer 

 High emetic risk 
(>90 % frequency 
of emesis without 
prophylaxis) 

 Combination doxorubicin/epirubicin 
with cyclophosphamide 

 Cyclophosphamide IV >1,500 mg/m 2  

 Doxorubicin > 60 mg/m 2  

 Epirubicin > 90 mg/m 2  

 Moderate emetic risk 
(30–90 % frequency of 
emesis) 

 Carboplatin 

 Cyclophosphamide IV  £ 1,500 mg/m 2  

 Cyclophosphamide oral ( ³ 100 mg/
m 2 /day) 

 Doxorubicin  £  60 mg/m 2  

 Epirubicin  £  90 mg/m 2  

 Methotrexates IV  ³  250 mg/m 2  

 Low emetic risk (10–30 % 
frequency of emesis) 

 Docetaxel 

 Liposomal doxorubicin 

 5-Flurouracil 

 Gemcitabine 

 Methotrexate >50 and <250 mg/m 2  

 Paclitaxel 

 Paclitaxel-albumin 

 Cyclophosphamide oral (<100 mg/
m 2 /day) 

 Methotrexate oral 

 Capecitabine 

 Eribulin 

 Ixabepilone 

 Minimal emetic risk 
(<10 % frequency of 
emesis) 

 Methotrexate < 50 mg/m 2  

 Vinorelbine 

  Adapted from  [  32,   33  ]   
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   Cardiac Failure 

 Anthracyclines are highly effective drugs in breast cancer but 
have the signi fi cant drawback of inducing cardiac failure. In a 
retrospective analysis of phase III trials ( n  = 613), the esti-
mated cumulative percentages of patients developing doxo-
rubicin-related congestive heart failure were 5 % at a 
cumulative dose of 400 mg/m 2 , 26 % at a dose of 550 mg/m 2 , 
and 48 % at a dose of 700 mg/m 2   [  40  ]  

 Due to the risk of cardiomyopathy, a lifetime maximum 
dose places limits on continued anthracycline administration 
(see Table  2.1 ). Acute, chronic, and delayed cardiotoxicities 
have been described. Acute cardiotoxicity is not dose-related, 
may occur immediately after a single dose of anthracycline, 
and usually involves ECG changes such as arrhythmias, 
T wave  fl attening, ST depression, and prolongation of QT 
interval. It is usually transient and does not require treatment 
intervention. Rarely, pericarditis, myocarditis, or cardiac fail-
ure occurs  [  41  ] . Chronic cardiac toxicity, in the form of irre-
versible cardiomyopathy, is dose-related and indolent in 
onset. It generally presents within 1 year of treatment with 
signs and symptoms of reduced left ventricular ejection frac-
tion. Delayed cardiotoxicity occurring many years after expo-
sure to anthracycline is also described and thought to be 
dose-related and irreversible. Table  2.1  describes the manage-
ment of anthracycline-induced cardiac failure. 

 Cardiotoxicity may occur at lower doses in patients with 
prior mediastinal/pericardial irradiation, concomitant use of 
other cardiotoxic drugs, doxorubicin exposure at an early age, 
and advanced age  [  42  ] . Data also suggest that preexisting 
heart disease is a cofactor for increased risk of anthracycline 
cardiotoxicity. Coadministration with anti-HER2 agents is 
associated with increased risk of cardiotoxicity and is dis-
cussed further in this chapter  [  43  ] . 

 Several approaches to reduce the cardiotoxicity of anthracy-
clines have been investigated. Anthracycline damage is pre-
sumed to result from the formation of anthracycline-iron 
complexes within myocardial cells. Dexrazoxane, a chelating 
agent, binds iron intracellularly. It is also thought to extract iron 
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from the anthracycline-iron complexes  [  44  ] . Unfortunately, a 
phase III trial evaluating this agent in 682 patients with advanced 
breast cancer therapy revealed a lower objective response rate 
(46.8 % vs. 60.5 %, 95 % CI: −25 % to −2 %;  P  = 0.019)  [  45  ] . 
ASCO guidelines 2008 do not recommend routine use of dexra-
zoxane in either the adjuvant or metastatic settings with initial 
doxorubicin-based chemotherapy, but it may be considered in 
metastatic breast cancer patients who have received more than 
300 mg/m 2  of doxorubicin and are thought to bene fi t from con-
tinued doxorubicin-containing therapy  [  46  ] . 

 The second approach involves altering the schedule of 
anthracyclines. A retrospective study revealed signi fi cant 
reduction in the probability of clinically overt cardiomyopa-
thy occurring at a cumulative dose of 550 mg/m 2  when doxo-
rubicin was given weekly as opposed to every 3 weeks  [  42  ] . 
A third approach consists in prolonging the anthracycline infu-
sion time: nonrandomized data from MD Anderson Cancer 
Center strongly suggest a cardioprotective effect in delivering 
anthracyclines as a 96-h infusion versus bolus doses  [  47  ] . 

 Two novel anthracyclines deserve speci fi c mention owing 
to their reduced cardiac toxicity pro fi le: pegylated liposomal 
doxorubicin (PLD) and non-pegylated liposomal doxorubi-
cin (non-PLD). Studies in the  fi rst-line setting have shown 
better cardiac toxicity pro fi le with similar antitumor effects 
for both agents  [  48,   49  ] .  

   Gastrointestinal Side Effects: Mucositis, Diarrhea, 
and Constipation 

 Diarrhea is a side effect of certain chemotherapy agents such as 
5- fl uorouracil (5-FU) and capecitabine. Diarrhea is associated 
with  fl uid and electrolyte loss as well as a decrease in the quality 
of life. Grade 3 or 4 toxicity may require dose reductions (which 
may affect the ef fi cacy of the chemotherapy regimens). Other 
causes of diarrhea, such as infections, should always be excluded. 

 Assessment should include a complete blood count, blood 
chemistry, and stool analyses for bacterial, fungal, and parasitic, 
or viral pathogens. Abdominal imaging, as well as occasionally 
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endoscopy, may be indicated to rule out confounding causes 
of diarrhea. 

 Treatment guidelines for patients with chemotherapy- 
induced diarrhea have been published  [  50  ] . The basis of man-
agement is  fl uid rehydration and electrolyte replacement, and 
antibiotics should be used for persistent diarrhea and/or for 
long-term neutropenic patients. Dietary modi fi cations such 
as avoidance of lactose, caffeinated beverages, and alcohol 
should be encouraged  [  51  ] . Pharmacological therapies for 
chemotherapy-induced diarrhea involve agents such as loper-
amide  [  52  ] . Other agents that show bene fi t include opioids 
and octreotide  [  53  ] . Grade 3 or 4 toxicity may also require 
chemotherapy dose reductions (see Table  2.1  for detailed 
management for individual chemotherapy agents). 

 Chemotherapy-induced mucositis can be a dose-limiting 
toxicity in treatment with anthracyclines, 5-FU, capecitabine, 
and methotrexate. Factors that may predict for oral mucositis 
are previous episodes of mucositis with previous treatment 
cycles. It is associated with a higher risk of infection and can 
severely compromise nutrition and quality of life  [  54  ] . Treatment 
is mostly supportive, with good oral hygiene, mouthwashes, 
and analgesia  [  55  ] . Small trials with agents such as glutamine 
 [  56  ] , AES-14  [  57  ] , and various growth factors  [  58–  60  ]  have 
been explored with inconclusive results. Athermic laser is 
effective in the prevention and management of mucositis  [  61  ] . 

 Constipation is often associated with concomitant medica-
tion use such as 5-HT3 antagonists, antidiarrheal agents, or 
opioid therapy. Sinister causes for constipation such as spinal 
cord compression or bowel obstruction due to malignancy 
should be excluded with imaging. Behavioral modi fi cations, 
such as increased dietary  fi ber, exercise, and increased  fl uid 
intake, should be encouraged. Pharmacotherapy with stool 
softeners may also be utilized.  

   Cognitive Dysfunction 

 Neurotoxicity of chemotherapy agents also extends to cogni-
tive function. Various terms have been used to describe this 
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phenomenon: “chemo brain” or “chemo fog.” Patients often 
describe a vagueness and dif fi culty in planning. A growing 
recognition of this occurrence has in turn resulted in extensive 
literature. A meta-analysis of six studies revealed that women 
who received adjuvant chemotherapy for breast cancer were 
affected by cognitive impairments  [  62  ] . Most studies tend to 
report a mixed diffuse cognitive pattern on neuropsychologi-
cal testing, with the most compromising functions being verbal 
learning and memory as well as attention and concentration, 
which are in line with front striatal dysfunction  [  63–  65  ] . This 
has been seen in breast cancer patients, and a study by Ahles 
et al. also described a dose-dependent effect with more cycles 
of chemotherapy linked to lower neuropsychological scores 
 [  66  ] . Cognitive dysfunction can persist for years after the 
completion of chemotherapy, and 5-FU has been implicated 
as a potential agent  [  67,   68  ] . To date there are no therapies for 
the prevention or management of this side effect. Patients and 
caregivers need to be educated about its occurrence, and 
behavioral modi fi cations need to be encouraged  

   Altered Body Image and Sexual Dysfunction 

 Other less recognized effects of chemotherapy include sexual 
dysfunction. Surgical interventions with mastectomy (with or 
without reconstruction) and lumpectomy have been associ-
ated with altered body image and sexuality  [  69,   70  ] . Women 
who undergo radiation therapy may be in fl uenced by radia-
tion tattoos, fatigue, or changes in breast sensation and arm 
mobility  [  71  ] . Chemotherapy has also been associated with 
sexual dysfunction  [  72  ] . In a study of 100 women, sexual dys-
function attributed to breast cancer or its treatment was 
assessed via a validated questionnaire, the female sexual 
function index (FSFI), and de fi ned as an FSFI score <26. 
Sexual dysfunction was reported by 75 % of the responders. 
Patients attributed their sexual dysfunction to chemotherapy 
in 83 % of cases. Other contributors to sexual dysfunction 
were felt to include anxiety (by 83 % of the patients) and 
change in relationship with a partner (by 46 % of patients). 
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Assessment of sexual symptoms throughout treatment and 
beyond may facilitate the use of potential and speci fi c inter-
ventions  [  73  ] .  

   Fertility 

 Adjuvant chemotherapy for breast cancer may render a pre-
menopausal patient either temporarily or permanently amen-
orrheic, thus affecting her fertility. For premenopausal women 
this can be a signi fi cant concern, causing distress and affect-
ing treatment-related decisions. Six hundred  fi fty-seven young 
women with breast cancer were surveyed in regards to fertil-
ity concerns; 57 % recalled substantial concern at diagnosis 
about becoming infertile with treatment, while 29 % of 
women reported that infertility concerns in fl uenced treat-
ment decisions  [  74  ] . Several options for potential preserva-
tion of fertility exist, such as ovarian tissue or embryo 
cryopreservation and luteinizing-hormone-releasing hor-
mone agonists administered during chemotherapy. They are 
discussed in Chap.   14    . Patients should be referred for fertility 
counseling to a multidisciplinary environment.  

   Secondary Malignancies 

 Adjuvant chemotherapy with anthracyclines and/or alkylat-
ing agents has been implicated as risk factor for the develop-
ment of secondary malignancies, mostly acute myeloid 
leukemia (AML) with or without preleukemic myelodysplas-
tic syndrome (MDS). Often the bene fi t of preventing relapse 
from an already existing malignancy overrides the small num-
bers of patients that will go on to develop a second malig-
nancy. A Danish survey  [  75  ]  identi fi ed  fi ve cases of AML in 
360 patients treated with epirubicin/cyclophosphamide, epi-
rubicin/cisplatin, or alkylating agents. In a meta-analysis of 19 
randomized  [  76  ]  controlled trials ( N  = 9,796) of patients 
treated with adjuvant epirubicin in early breast cancer, the 
8-year cumulative probability of AML/MDS was 0.55 % 
(95 % CI 0.33–0.78 %), and the risk increased in relation to 

http://dx.doi.org/10.1007/978-0-85729-787-7_14


77Chapter 2. Breast Cancer

the dose of epirubicin. Therefore, patients who receive 
 standard doses of chemotherapy have a relatively low risk of 
AML/MDS.    

   Endocrine Therapies 

 Endocrine therapy is the  fi rst “targeted” medical treatment in 
oncology with antitumor activity restricted to patients whose 
breast tumors express estrogen receptors (ERs) and/or pro-
gesterone receptors (PRs). It is an extremely powerful treat-
ment modality prescribed to two-thirds of the breast cancer 
population, both in advanced and early disease stages. 

 It is also recognized as an effective prevention approach of 
the disease but with a low uptake by women at risk in view of 
its side effects. 

 One distinguishes three main classes of endocrine agents, 
based on their mechanism of action:

   1.    The selective estrogen receptor modulators (SERMs), 
which bind the ER and interfere with its transcriptional 
activity  

   2.    The selective estrogen receptor downregulator fulvestrant, 
which binds the ER and accelerates its destruction  

   3.    The aromatase inhibitors, which inhibit the enzyme aro-
matase and, as a result, profoundly reduce estrogen levels 
in postmenopausal women     

  Tamoxifen  is the parent compound in the family of SERMs 
and has been in clinical use for more than 30 years. The rec-
ommended dose of tamoxifen is 20 mg daily, and its duration 
in the adjuvant setting is 5 years; extension beyond 5 years 
has no additional bene fi t in terms of overall survival and only 
modestly improves disease-free survival  [  77,   78  ] . Tamoxifen 
acts both as an estrogen agonist and antagonist, depending on 
the target organ. In breast tumor tissue, it is able to competi-
tively block the proliferative effect of estrogen. Conversely, it 
displays estrogenic effects in the bone, the uterus, and the 
cardiovascular system. 
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  Fulvestrant  (Faslodex, AstraZeneca, Wilmington, DE, 
USA) downregulates the estrogen receptor and lacks the 
partial agonist effects of tamoxifen. Its clinical use is limited 
to the advanced setting. The currently approved dose of ful-
vestrant is 500 mg by intramuscular injections on days 0, 14, 
and 28, followed by recycling every 28 days thereafter  [  79  ] . 

 Third-generation  aromatase inhibitors  (AIs) (exemestane, 
anastrozole, and letrozole) have shown superior control of 
advanced breast cancer when compared to tamoxifen, but no 
signi fi cant impact on overall survival. Adjuvant treatment 
with AIs in postmenopausal patients has been consistently 
associated with decreased risks of disease recurrence when 
used either upfront or after 2–3 years of tamoxifen, compared 
to tamoxifen alone given for 5 years  [  80–  83  ] . Their impact on 
overall survival, however, is of small magnitude. Aromatase 
inhibitors are prescribed today to many postmenopausal 
patients newly diagnosed with hormone receptor-positive 
operable breast cancer, particularly when their risk of relapse 
is from moderate to high. Their optimal timing and duration 
has not yet been fully elucidated. 

 Data on the relative ef fi cacy and toxicity of different AIs 
are beginning to emerge: the NCIC CTG MA.27 trial com-
pared adjuvant exemestane (steroidal AI) and anastrozole 
(nonsteroidal AI) in postmenopausal women with hormone 
receptor-positive primary breast cancer and showed similar 
control of disease with slightly different side effect pro fi les  [  84  ] . 
Hypertriglyceridemia and hypercholesterolemia were less 
likely to occur in patients receiving exemestane, and patients 
taking exemestane were less likely to report a new diagnosis 
of osteoporosis. Clinical fracture rates were similar in both 
study arms, however. The FACE trial comparing – head-to-
head – letrozole and anastrozole in about 4,000 women with 
ER-positive, node-positive breast cancer should also release 
its results soon. 

 Adverse effects of the three families of endocrine agents 
share common features, such as hot  fl ushes related to estro-
gen deprivation, but also show marked differences, which is 
largely explained by the distinct mechanisms of action. These 
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differences have been best studied in the very large adjuvant 
clinical trials that have compared, in more than 40,000 
women, tamoxifen to AIs or one AI versus another (two trials 
of a few thousand patients). For fulvestrant, comparisons to 
either tamoxifen or AIs are available only in the context of 
smaller randomized metastatic trials involving a few hundred 
patients  [  85–  87  ] . These toxicities are described in Table  2.3  
and are discussed in more detail below.  

   Gynecologic Side Effects 

 SERMs display estrogen agonist effects in some organs such 
as the uterus. Endometrial abnormalities include benign 
hyperplasia, benign uterine polyps, or endometrial carcinoma. 
The risk of endometrial cancer with long-term tamoxifen use 
is low and extends several years beyond treatment comple-
tion. Fewer gynecologic symptoms have been reported with 
fulvestrant than with tamoxifen (3.9 % vs. 6.3 %)  [  85  ] . 
Aromatase inhibitors are devoid of endometrial side effects, 
and it is therefore not surprising that gynecologic symptoms 
are signi fi cantly less common in patients receiving upfront AI 
compared to those receiving 5 years of tamoxifen in ATAC 
and BIG 1-98 trials  [  80,   81  ] . Fewer gynecologic symptoms are 
also reported in trials in which women take 2–3 years of 
tamoxifen in view of a switch to an AI compared to women 
who have pursued tamoxifen for 5 years  [  81,   82  ] . Currently, 
according to the recommendations of the American College 
of Obstetricians and Gynecologists, neither active screening 
by transvaginal ultrasound (TVS) nor endometrial biopsies 
are recommended in asymptomatic women on tamoxifen 
 [  88  ] . The routine follow-up of endometrial changes with TVS 
in 237 women taking tamoxifen found a high false-positive 
rate of the procedure, even with a cutoff value at 10 mm of 
endometrial thickness to trigger biopsy, and the price to pay 
was a high iatrogenic complication rate. To diagnose only one 
endometrial cancer in asymptomatic patients, 52 women had 
to undergo hysteroscopy and curettage, resulting in four uter-
ine perforations  [  89  ] . Therefore, routine annual gynecologic 
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examination is the preferred method of monitoring women 
on tamoxifen. Patients should be educated to report any 
abnormal vaginal bleeding, discharge, or spotting. Although 
endometrial cancer is a rare event, it can occasionally be fatal. 
Therefore, every abnormal gynecologic symptom should be 
investigated by diagnostic hysteroscopy and endometrial 
biopsy. If atypical endometrial hyperplasia develops, tamox-
ifen treatment should be discontinued  [  90  ] . Aromatase 
inhibitors in this case are an alternative for postmenopausal 
women, but they induce vaginal dryness, contributing to the 
loss of libido. Nonhormonal lubricants may be used to release 
symptoms. Due to the risk of systemic absorption, estrogen-
containing vaginal preparations should be avoided.  

   Thromboembolic Disease 

 Several adjuvant and prevention trials have demonstrated an 
increased risk for venous thromboembolic events during 
tamoxifen treatment. With adjuvant upfront AI treatment, the 
frequency of thromboembolic complications is signi fi cantly 
lower compared to patients treated with tamoxifen  [  80–  83  ] . 
At higher risk to develop this severe toxicity are women who 
need a prolonged immobilization for a surgical intervention; 
in this case, a treatment interruption for several weeks is 
highly recommended. Additionally, among patients diagnosed 
with tamoxifen-related venous thrombosis, the incidence of 
factor V Leiden mutation is nearly  fi ve times higher than in 
those who do develop this toxicity. Therefore, women harbor-
ing this genetic alteration are not candidates for tamoxifen 
 [  91  ] . A detailed personal and familial medical history in search 
of thromboembolic events is mandatory prior to initiating a 
SERM or fulvestrant. A complete blood coagulation work-up 
should follow in case of doubt and should consist of the fol-
lowing screening blood tests: resistance to activated protein C, 
antiphospholipid antibodies, antithrombin, and proteins C 
and S. Genotyping for factor V and prothrombin can be useful 
but should be discussed beforehand with the patient. 
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 In the head-to-head comparison between fulvestrant and 
tamoxifen, the risk of developing venous thromboembolic 
events was comparable with both treatments  [  85  ] . Thus, in 
women treated with fulvestrant, the same preventive mea-
sures should be considered as in those who are treated with 
tamoxifen.  

   Hot Flashes 

 Vasomotor symptoms are frequent complications consecu-
tive to estrogen depletion in women treated for breast can-
cer, producing impairment of quality of life and leading to 
noncompliance. This adverse event seems to occur slightly 
more often in patients treated with tamoxifen compared to 
AIs in adjuvant trials and compared to fulvestrant in treat-
ment of metastatic disease. The reported incidence across 
different studies is around 35–40 %  [  80–  83  ] . Successful man-
agement is challenging. Nonestrogenic pharmacological 
interventions, such as the selective serotonin-norepinephrine 
reuptake inhibitor venlafaxine, at 75 mg/day, and the antihy-
pertensive centrally acting adrenergic agonist clonidine, at 
0.1 mg/day, show some ef fi cacy in reducing hot  fl ashes in a 
recent trial  [  92  ] .  

   Eye Problems 

 The rate of cataract was signi fi cantly increased by tamoxifen 
compared to placebo in the large NSABP P-1 preventive 
study. This complication occurred in 2.77 % of women treated 
with tamoxifen, while the incidence of cataract surgery was 
1 %  [  93  ] . Women should be asked to report any visual abnor-
mality, and ophthalmological investigations should be ordered 
in symptomatic patients. Four cases of retinopathy were 
reported in 63 patients prospectively followed for ocular tox-
icity. Retinal opacities were not reversible with tamoxifen 
withdrawal  [  94  ] .  
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   Musculoskeletal Pain 

 According to toxicity data of multiple adjuvant trials, joint 
pain emerged as a prominent side effect of AIs, seen in about 
35 % of women and representing the  fi rst cause of noncom-
pliance. Patients should be reassured and told that symptoms 
can be managed, can improve over time, and are reversible 
upon treatment discontinuation. Patients should be encour-
aged to have regular physical exercise. Pharmacological 
interventions such as nonsteroidal antiin fl ammatory drugs 
(NSAIDs), cyclooxygenase-2 inhibitors, and the use of pain 
medications such as opioids can help to release symptoms  [  95  ] . 
A shift to another AI can be considered if pain treatment is 
unsuccessful, and, in the case of persisting disabling symptoms, 
tamoxifen might still be proposed as a suitable alternative.  

   Bone Loss 

 Estrogen deprivation at almost undetectable levels by AIs 
leads to an increased bone loss and an increased risk of frac-
tures. This is in sharp contrast to the protective effect of 
SERMs on bone. In the ATAC and TEAM trials, the inci-
dence of osteoporosis ranged from 10 to 11 % among women 
treated with 5 years of anastrozole or exemestane  [  80,   83  ] . In 
the sequential arms of the IES and TEAM studies (tamoxifen 
followed by 2–3 years of exemestane), only 6 % of patients 
experienced bone loss  [  82,   83  ] . 

 The reported fracture rate with 5 years of AI in the adjuvant 
setting ranges from 5 to 11 %  [  80,   81,   83  ] . Regarding fulves-
trant, osteoporosis was only reported in one patient receiving 
the dose of 500 mg  [  79  ] . 

 It is highly recommended that all women starting treat-
ment with an AI undergo a bone mineral density (BMD) 
measurement by dual-energy x-ray absorptiometry (DEXA) 
and a global assessment of risk factors for developing osteo-
porotic fractures such as age older than 65 years, low BMI, 
family history of hip fracture, personal history of fracture 
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under 50 years, current corticosteroid use, current smoking, 
and increased alcohol intake  [  96  ] . Those patients presenting 
baseline osteopenia or classi fi ed “high risk” should have their 
BMD monitored every 1–2 years. The implementation of 
lifestyle changes, and adequate supplementation of vitamin D 
( ³ 800 UI/day) and calcium (1,200–1,500 mg/day) should be 
considered to preserve bone health  [  97  ] . Current ASCO 
guidelines recommend the initiation of bisphosphonate treat-
ment in the case of osteoporosis (T score  £  2.5)  [  96  ] . Lately, 
twice-yearly administration of 60 mg of denosumab, a fully 
human antibody against RANK ligand, was associated with a 
signi fi cant increase of BMD in women receiving adjuvant 
aromatase inhibitor  [  98  ] .  

   Cardiovascular Events 

 Cardiovascular events include myocardial ischemia and 
strokes. Monitoring of the cardiovascular safety of aromatase 
inhibitors has been poorly standardized in trials; in addition, 
data might still be immature. Individual adjuvant trials did not 
identify a higher risk of developing cardiac events with 
upfront AI compared to tamoxifen alone  [  80,   81  ] . However, a 
recent meta-analysis of seven adjuvant trials including 30,023 
patients found that the risk of cardiovascular disease (includ-
ing myocardial infarction, angina, and cardiac failure) was 
signi fi cantly higher with AIs upfront compared to 5 years of 
tamoxifen or the switching strategy (4.2 % in the AI group vs. 
3.4 % in the tamoxifen group, OR = 1.26, 95 % CI = 1.10–1.43, 
 P  < 0.001)  [  99  ] . There is no evidence that tamoxifen increases 
the risk of ischemic heart disease compared to placebo in 
NSABP-P1 trial. Severe coronary syndromes ranged from 
0.94 to 1.12 % in this study  [  93  ] . The increase in serum choles-
terol level is a well-known phenomenon during AI therapy 
and could be one parameter for the increased risk to develop 
myocardial ischemia. Therefore, a regular screening for car-
diovascular risk factors is highly recommended in women 
treated with AIs. The prescription of an AI in postmenopausal 
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patients with a personal history of ischemic heart  disease 
should be considered after a careful evaluation of the indi-
vidual risk of breast cancer recurrence, and the sequential 
strategy might be preferred over upfront AI, especially for 
women at low or moderate risk of relapse.  

   Cognitive Dysfunction 

 Data from large adjuvant trials regarding cognitive function 
are quite limited and con fl icting. However, a BIG 1-98 sub-
study examined differences in cognitive function associated 
with each endocrine treatment after 5 years of treatment and 
1 year after treatment cessation. Patients taking letrozole had 
better overall composite cognitive scores than those treated 
with tamoxifen  [  100  ] . An improvement was noticed after 
treatment withdrawal. A cross-sectional study from the 
TEAM trial is consistent with these  fi ndings, suggesting a bet-
ter cognitive function with exemestane than tamoxifen  [  101  ] . 
These data are still too limited and immature to draw  fi rm 
conclusions and to make recommendations on how cognitive 
function impairment should be monitored during long-term 
hormonal treatment.   

   Targeted Agents 

 Trastuzumab (Herceptin, Genentech, South San Francisco, 
CA, USA) is a monoclonal IgG1 class humanized murine 
antibody that binds the extracellular portion of the HER2 
transmembrane receptor  [  102  ] . Since its launch in 1998, tras-
tuzumab has become the backbone of care of HER2 ampli fi ed 
breast cancer, both in the metastatic and early  disease set-
tings  [  103–  108  ] . 

 In 2007, a second targeted agent was approved for the 
treatment of HER2-positive breast cancer: lapatinib (Tykerb, 
GlaxoSmithKline, Philadelphia, PA, USA). This oral small 
molecule targets the tyrosine kinase activity of HER2 and 
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epidermal growth factor receptor (EGFR or    HER1). It is 
approved in combination with capecitabine or letrozole in 
the treatment of HER2-positive metastatic breast cancer and 
is currently evaluated in clinical trials in the adjuvant  setting 
 [  109,   110  ] . 

 A growing list of novel anti-HER2 agents is showing 
promising activity in women with HER2-positive disease. 
Pertuzumab is a monoclonal antibody that binds to the 
HER2 dimerization domain  [  111  ]  and, as a result, inhibits 
the formation of HER2 dimers, including the HER2/HER3 
heterodimer. Trastuzumab DM-1 is an antibody-drug conju-
gate linking trastuzumab with the fungal toxin maytansine 
(DM-1) that speci fi cally delivers the antimicrotubule agent 
(DM-1) to HER2-positive cells  [  112  ] . Neratinib (HKI-272) is 
a potent irreversible pan-HER kinase inhibitor with ef fi cacy 
shown in HER2-positive metastatic breast cancer  [  113  ] . 
Afatinib (Tomtovok, Boehringer Ingelheim, Ridge fi eld, CT, 
USA) is an oral, irreversible inhibitor of HER1/HER2 and 
is in trials in HER2-positive metastatic tumor breast cancer 
 [  114–  116  ] . 

 Of note, recent trials have shown promising results with 
“dual HER2 blockade” involving trastuzumab with either 
lapatinib  [  117  ]  or pertuzumab  [  118  ] . 

 Bevacizumab (Avastin, Genentech, South San Francisco, 
CA, USA) is the third targeted agent approved for the treat-
ment of metastatic breast cancer. Bevacizumab is a human-
ized monoclonal antibody against vascular endothelial growth 
factor (VEGF), which is a key angiogenic factor  [  119  ] . 
Bevacizumab is approved by EMA for the  fi rst-line treat-
ment of metastatic breast cancer in combination with pacli-
taxel or capecitabine. 

 Targeted therapies have toxicity pro fi les that differ from 
those of traditional cytotoxic chemotherapy. While the con-
cept of speci fi cally targeting malignant cells implies sparing 
normal cells, targeted agents have proved to have their share 
of side effects, often leading to dose reduction, treatment 
delays, and interruption. Side effects of targeted agents can 
be divided into “class”-speci fi c and “agent”-speci fi c. 
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 Monoclonal antibodies are known to generate immediate 
infusion reactions, but improvement in biotechnology has 
lead to a signi fi cant decrease in such events. 

 Small molecule inhibitors often cause diarrhea and skin 
rash. They are mostly metabolized by cytochrome P450 3A4 
and therefore are subject to multiple drug interactions, in 
contrast to monoclonal antibodies, which do not undergo 
hepatic metabolism. 

 All anti-HER2 agents can potentially cause left ventricu-
lar myocardial dysfunction, and caution is required when 
they are used in combination or sequence with cardiotoxic 
chemotherapy. 

 Toxicity of bevacizumab is typical of agents targeting the 
VEGF pathway and includes hypertension, bleeding, throm-
bosis, impaired wound healing, and, to a lesser extent, myo-
cardial dysfunction. 

 Table  2.4  summarizes the indications of targeted agents 
used in the treatment of breast cancer  [  51,   120–  151  ] , major 
side effects, and monitoring tests. Management algorithms for 
some key toxicities are presented in Figs.  2.1 ,  2.2 , and  2.3 .     

   Cardiovascular Toxicity 

 Cardiac dysfunction was the main adverse event in the  fi rst 
published phase III trial of trastuzumab combined with che-
motherapy in the treatment of advanced HER2-positive 
breast cancer  [  103  ] . Its incidence was as high as 27 % in the 
combination with anthracyclines. This unexpected  fi nding 
in fl uenced the design of the adjuvant trials that recruited 
more than 12,000 patients and adopted a sequential adminis-
tration of anthracyclines and trastuzumab with prospective 
cardiac function monitoring and stopping rules in the pres-
ence of prespeci fi ed drops in left ventricular ejection fraction. 
As a result, the observed incidence of cardiotoxicity was low – 
ranging from 0.4 to 3.6 % – and considered acceptable in 
view of the large reduction in breast cancer relapses and 
deaths  [  103–  106  ] . Even though its causes are not fully elucidated, 
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LVEF < 50

LVEF ≤ 44 LVEF 45–49

Hold trastuzumab
Repeat LVEF in 3 weeks

≥ 10 EF points from baseline
Hold trastuzumab

Repeat LVEF in 3 weeks

LVEF ≥ 50

Continue
trastuzumab

< 10 EF points
from baseline

Continue
trastuzumab

LVEF ≤ 44 or
LVEF 45–49 and
≥ 10 points from

baseline

LVEF 45–49 and
< 10 points from

baseline or
LVEF > 49

LVEF ≤ 44 or
LVEF 45–49 and
≥ 10 points from

baseline

LVEF 45–49
< 10 points from

baseline or
LVEF > 49

Stop
trastuzumab

Resume
trastuzumab

Stop
trastuzumab

Resume
trastuzumab

  Figure 2.1    Management of patients showing cardiac dysfunction on 
trastuzumab (Reprinted from Suter et al.  [  152  ] . Reprinted with  permission. 
© 2007 American Society of Clinical Oncology. All rights reserved)       

trastuzumab-related left ventricular systolic dysfunction 
(LVSD) is classi fi ed as type 2 chemotherapy-related cardio-
toxicity (CRCT). It is mediated by the blockade by trastu-
zumab of ErbB2-ErbB4 signaling in cardiac myocytes, 
a pathway thought to play a role in protecting cardiac myo-
cytes from stress conditions. At the opposite of type 1 CRCT 
that is exempli fi ed by anthracycline-related myocardial dam-
age, trastuzumab LVSD is not dose-related and potentially 
reversible with medical therapy, and rechallenge is possible 
 [  153  ] . Potential risk factors in fl uencing LVEF deterioration 
are older age, hypertension, and a baseline LVEF in the lower 
normal range  [  43,   103,   154  ] . Algorithms for initiation of 
therapy are proposed, as well as algorithms for monitoring 
and managing cardiac events (Fig.  2.1 ). Reporting of cardiac 
events in trastuzumab trials prompted close cardiac monitor-
ing of patients on lapatinib, neratinib, and afatinib. Incidence 
of cardiotoxicity was found to be less with these agents, even 
in patients pretreated with trastuzumab and anthracycline. 
Furthermore, most LVEF decreases were asymptomatic and 
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EVALUATION
• Obtain history of onset and duration of diarrhoea
• Describe number of stool as composition (e.g. watery, contain blood)
• Assess for fever, dizziness, abdominal cramping to rule out risk for
  sepsis, bowel obstruction and dehydration
• Dietary profile

Complicated grade 3–4 or grade 1–2 with
complicating features (cramping, nauseal
vomiting grade 2, decreased performance
status, fever, sepsis, neutropenia, frank
bleeding and/or dehydration)

Uncomplicated grade 1–2

Symptoms
persist

Re-assess 24 h later

Re-assess 24 h later

MANAGEMENT
• Hospitalisation for patients at risk for
  life-threatening complications (i.e. with
  GI syndrome)
• Patient must call physician immediately
  for any complicated, severe diarrhoea
  event
• Discontinue lapatinib and other cytotoxic
  treatment
• Hydration (intravenous fluids as needed);
  for severe dehydration administer octreotide

TREATMENT
• Initiate loperamide immediately
      – 4 mg initially, then 2 mg every 2 h or
         after every unformed stool
• Administer antibiotics as needed (especially
  if there is fever or grade 3–4 neutropenia or
  symptoms persists >24 h

MANAGEMENT
• Dietary modifications (stop all lactose-
  containing products; eat small meals)
• Hydration (drink 8–10 large glasses of clear
  liquids [Gatorade, broth] per day
• For grade 2 diarrhoea:
      – Consider holding lapatinib and other
         cytotoxic treatment
      – Consider lapatinib dose reduction

TREATMENT
• Administer standard loperamide dosing
  (especially in high-risk patients)
      – 4 mg initially, then 2 mg every 4 h
         or after every unformed stool

DIARRHOEA RESOLVING
• Continue instruction for dietary
  modification
• Gradually add solid foods to diet
• Discontinue loperamide treatment
  after 12-h diarrhoea-free interval

DIARRHOEA UNRESOLVED
Administer loperamide 2 mg every
2 h plus oral antibiotics

DIARRHOEA UNRESOLVED
Start second-line agents (otreotide,
budesonide or tincture of opium)

DIARRHOEA-FREE FOR 24 H
• Discontinue intervention
• Consider re-introducing lapatinib (and
  other cytotoxic therapy) at reduced dose

  Figure 2.2    Management of patients experiencing diarrhea on 
HER1/HER2 tyrosine kinase inhibitors (Modi fi ed from  [  146  ] )       

almost universally reversible  [  150  ] . Even though cardiotoxic-
ity of lapatinib seems to be type 2 CRCT, as with trastuzumab, 
theories are being developed to explain the lower incidence 
and include less potency in inhibiting the HER2/HER4 het-
erodimer signaling or ATP generation rather than ATP 
depletion  [  155  ] . 

 Left ventricular dysfunction is also a class toxicity of 
agents targeting the VEGF pathway, given that VEGF plays 
an important role in cardiomyocyte survival after stress or 
injury  [  156  ] . A meta-analysis of bevacizumab trials in meta-
static breast cancer demonstrated the increased incidence of 
congestive heart failure (CHF) in bevacizumab-treated 
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Dermatological reaction

Maculopapular Papulopustular

<50% BSA or
symptomatic NOT
affecting activities

of daily living

≥50% BSA or
symptoms

Continue treatment
+ topical
corticosteroids

HOLD treatment +
administer short
course of oral ortico-
steroids + re-evaluate
2 weeks later

<50% BSA
asymptomatic

<50% BSA
symptomatic

≥50% BSA
symptomatic

Continue treatment
+ topical
corticosteroids

Continue treatment
+ topical corticosteroids
+ oral semisynthetic
tetracyclines

HOLD treatment + topical
corticosteroids + oral
semisynthetic tetracyclines
+ re-evaluate 2 weeks later

Improvement in BSA
involvement or symptoms

Improvement in BSA
involvement or symptoms

Continue treatment Continue treatment

  Figure 2.3    Management of patients experiencing skin toxicity on 
HER1/HER2 tyrosine kinase inhibitors (Modi fi ed from  [  146  ] )       

patients when compared to controls. The overall incidence, 
however, remains low and is not dose-dependent; nor is it 
associated with type of concomitant chemotherapy. Early 
available data show recovery of cardiac function with inter-
ruption of treatment and introduction of cardiac medications 
 [  136  ] . Bevacizumab is also responsible for rare arterial and 
venous thromboembolic events  [  133  ] .  

   Hypertension 

 Hypertension is a known class effect of antiangiogenic agents. 
Causal hypotheses include bevacizumab effect on kidney 
vasculature as well as inhibition of the generation of nitric 
oxide  [  157  ] . Proactive monitoring and management with 
commonly used antihypertensive medications are required at 
each cycle. Bevacizumab discontinuation is warranted for 
uncontrolled hypertension as well as for neurological symp-
toms (headache, impaired vision, etc.) that can also be caused 
by the very rare reversible posterior leukoencephalopathy 
syndrome reported with bevacizumab therapy  [  126  ] .  
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   Infusion Reactions 

 Most cancer therapeutics, but most certainly monoclonal anti-
bodies, carry the risk of infusion reactions. These reactions 
develop during the infusion or shortly thereafter. They are 
mostly mild to moderate with various symptoms such as fever, 
chills, headache, nausea, pruritus, skin rash, and so forth. Severe 
cases are characterized by hypotension, urticaria, bronchos-
pasm, and, very rarely, cardiac arrest. Mechanisms by which 
they occur are immune-mediated – cytokine release and type 1 
hypersensitivity reactions mediated by IgE. New technology is 
helping engineer novel, fully humanized monoclonal antibodies 
in order to minimize immune reactions. Trastuzumab produces 
one of the highest incidences of infusion reactions among the 
monoclonal antibodies, but these reactions are largely mild to 
moderate. Most patients are rechallenged successfully, with 
permanent discontinuation considered only in case of anaphy-
laxis, angioedema, or acute respiratory distress syndrome. 

 Incidence of such reactions is lower with bevacizumab and 
approaches 3.1 % in a large adjuvant trial in colorectal cancer  [  158  ] . 
However, there are no data here concerning the safety of 
rechallenge in case of a severe reaction. Physicians and nurses 
should be prepared when these agents are to be infused, and 
epinephrine, corticosteroids, intravenous antihistamines, 
bronchodilators, oxygen, and vasopressors should be readily 
available.  

   Hepatotoxicity 

 Hepatobiliary adverse events (AEs) have been reported in 
patients treated with lapatinib. Hepatotoxicity is predomi-
nately hepatocellular injury  [  148  ] . A review of data from 16 
clinical trials yielded an incidence of 1.5 % for grade 3 ALT/
AST elevation and 0.3 % for liver injury with jaundice meet-
ing the Hy’s Law criteria     [  149  ] . One study reported four 
withdrawals from treatment and one toxic death by hepatic 
failure in 138 patients treated with lapatinib  [  159  ] . 
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 Mechanisms for severe liver toxicity are not fully under-
stood. There might be a role for immune-mediated hypersen-
sitivity reactions, and lapatinib has also been found to be an 
inactivator of CYP3A4  [  160  ] . Furthermore, recent pharmaco-
genetic evaluations have identi fi ed associations between lapa-
tinib-induced liver injury and 4 MHC class II alleles. A strong 
statistical association was observed with HLA-DQA1*02:01 
 [  148  ] . Management depends on the severity of toxicity. 
Differential diagnosis must include viral hepatitis, hemochro-
matosis, alpha-1 antitrypsin de fi ciency, and liver progressive 
disease. Clinicians must be aware of drug interactions and 
avoid CYP3A4 inducers as well as other hepatotoxic drugs 
such as paracetamol. Liver toxicity has been reported with 
other tyrosine kinase inhibitors  [  161  ] , and LFT elevations 
should alert one to possible liver toxicity of all small molecules 
used in breast cancer, including neratinib and afatinib.  

   Gastrointestinal Perforation, Wound-Healing 
Complications, and Bleeding 

 Gastrointestinal perforation, wound-healing complications, 
and bleeding are typical complications of antiangiogenic 
therapies, but their incidence is low in metastatic breast can-
cer patients treated with bevacizumab, who rarely present 
with bulky abdominal disease. Patients with CNS metastases 
are not excluded anymore from antiangiogenic therapy. It is 
recommended to hold bevacizumab 4 weeks prior to elective 
surgery and until at least 28 days after in order to minimize 
wound-healing complications.  

   Diarrhea 

 Diarrhea as an adverse event has been described through the 
entire spectrum of phase I to III trials with tyrosine kinase 
inhibitors. It is by far the side effect leading to most dose 
reductions and treatment discontinuations, and thus decreased 
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ef fi cacy of these small molecules  [  161  ] . Diarrhea with lapa-
tinib appears early, during the  fi rst days of treatment (before 
day 6). It is rarely severe and generally does not need inter-
vention. However, patient monitoring is crucial in order to 
prevent dehydration and electrolyte imbalance. 

 TKI-induced diarrhea responds well to conventional 
antidiarrheal agents. Patients should be encouraged to keep 
dietary measures and avoid drug interactions. Extreme cases 
require hospitalization for rehydration, octreotide adminis-
tration, and possibly antibiotics. 

 Differential diagnosis includes infectious colitis and malab-
sorption. Secretory diarrhea is implied by a high content of 
sodium and chloride and with no presence of mucus, blood, 
leukocytes, or  Clostridium dif fi cile  toxins. Diarrhea is also 
commonly described with neratinib and afatinib. The 
pathophysiological mechanism is secretory by inhibition of 
EGFR effects on chloride secretion  [  162  ] . Biopsy does not 
usually show mucosal damage, but analysis of tissue from a 
phase I trial with neratinib revealed mild duodenal mucosal 
gland dilatation and degeneration in the small intestine  [  163  ] . 

 Dual HER2 blockade, using either trastuzumab and lapa-
tinib or trastuzumab and pertuzumab, exacerbates diarrhea, 
which needs prompt and aggressive treatment. An algorithm 
(see Fig.  2.2 ) initially developed for management of chemo-
therapy-induced diarrhea is applicable once diarrhea occurs 
under pan-ERB TKI’s therapy  [  50  ] .  

   Skin Rash 

 Skin rash has been described as a class effect toxicity of 
ErbB1 targeting agents. As lapatinib and afatinib target 
EGFR as well as HER2, breast cancer patients treated with 
these agents often develop a characteristic acneiform erup-
tion that may resemble folliculitis. Rash is characterized by 
in fl ammatory papules and pustules that are found in areas 
with pilosebaceous glands, such as the face, scalp, chest, and 
back. The lack of comedones distinguishes this eruption from 
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acne vulgaris, and histologic sections will reveal suppurative 
folliculitis and super fi cial perifolliculitis  [  164  ] . Incidence of 
this adverse reaction is lower during lapatinib treatment 
compared to other ErbB1 inhibitors. About half of patients 
exposed to lapatinib experience skin toxicity in the  fi rst 2 
weeks of treatment. However, most are of low grade, resolve 
spontaneously, and almost never require interventions, dose 
reductions, or discontinuation. 

 Management depends on the type of lesions (pustular vs. 
papular) and extent of distribution. Therapy should be dis-
continued if more than 50 % of body surface is affected. An 
algorithm for management (see Fig.  2.3 ) has been developed 
 [  147,   165  ] . There is no clear evidence that the occurrence and 
severity of rash associated with agents used in breast cancer 
is correlated with tumor response or disease outcome, as is 
suggested with other anti-EGFR molecules such as cetux-
imab, erlotinib, and ge fi tinib  [  166,   167  ] . Further details on 
skin toxicity are considered elsewhere in this book.  

   Interstitial Pneumonitis 

 TKI-induced interstitial pneumonitis is a very rare adverse 
event that can be potentially fatal. It was described with the 
 fi rst approved tyrosine kinase inhibitor imatinib  [  168  ] . The 
majority of cases were described later on with anti-EGFR 
tyrosine kinase inhibitors mostly used in non-small cell lung 
cancer, namely, erlotinib  [  169,   170  ]  and ge fi tinib  [  171  ] , as well 
as with mTOR inhibitors such as everolimus. Few cases were 
fatal  [  171  ] , and the majority recovered with treatment inter-
ruption and corticosteroids  [  172  ] . Rechallenge is possible 
 [  171  ] . The mechanism involved in TKI-induced interstitial 
lung disease is unknown but is believed to be idiosyncratic, 
resembling hypersensitivity pneumonia, bronchiolitis obliter-
ans, or eosinophilic pneumonia  [  173  ] . Diagnosis is one of 
exclusion because symptoms mimic congestive heart failure, 
infection, and lymphangitic carcinomatosis. Fortunately, this 
complication is very rarely described with TKIs used in the 
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treatment of breast cancer. The best description comes from 
the expanded access program of lapatinib with 0.2 % of 
patients (7/4,283) developing pulmonary events: three patients 
experienced pneumonitis, two interstitial lung disease, and 
two lung in fi ltrations. Incidence of lapatinib-related intersti-
tial pneumonitis is 0.3 % (36/12,795) in the overall lapatinib 
program  [  174  ] . All cases were reversible. Other studies with 
lapatinib, neratinib, and afatinib report mainly episodes of 
dyspnea but not interstitial lung disease speci fi cally. One 
phase 1 study with afatinib  [  175  ]  reported one episode of 
reversible pneumonitis in 53 patients. Even though TKI-
induced pneumonitis is rare in breast cancer patients, it is a 
potentially dangerous complication that needs early recogni-
tion and management.   

   Bone-Modifying Agents 

 Breast cancer shows a high predilection to metastasize to the 
skeletal system, causing multiple morbid events such as pain, 
hypercalcemia, and fractures, which decrease quality of life. 
Bisphosphonates are established therapies for preventing 
skeletal-related events (SREs) from bone metastases. As a 
result, they are very often prescribed as supportive therapy in 
advanced breast cancer. Their use is expected to reach the 
adjuvant setting soon, given the recent demonstration of the 
ability of zoledronic acid to reduce breast cancer relapses in 
a low-estrogen environment – for example, in young women 
on a LHRH agonist combined with either tamoxifen or anas-
trozole in postmenopausal women older than 55 years on 
adjuvant endocrine therapy  [  176–  178  ] . 

 Denosumab is a fully human monoclonal antibody that 
speci fi cally binds human receptor activator of nuclear factor 
k-B ligand (RANKL). RANKL plays a stimulating role in 
osteoclast activity, thus promoting tumor cell proliferation, 
metastasis, and survival. By disrupting this activity, denosumab 
reduces bone resorption, tumor-induced bone destruction, and 
SREs  [  179,   180  ] . In this indication, denosumab is administered 
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subcutaneously every 4 weeks and proved superior to zole-
dronic acid in delaying or preventing SREs in patients with 
bone metastases from breast cancer  [  181  ] . The possible anti-
metastatic role of denosumab is currently under investigation. 

 Bisphosphonates and RANKL monoclonal antibodies 
have common toxicities with different incidences, which are 
reviewed in detail in Chap.   16    .      
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  Abstract   Lung cancer treatment strategy relies on an accurate 
staging of the disease and a careful evaluation of patient 
characteristics, including capability of undergoing and tolerating 
a de fi ned treatment plan. Therefore, a solid knowledge on 
all intervention-related adverse events and drug toxicities is 
essential for a reliable decision-making process. 

 Most lung cancer patients are diagnosed at an advanced 
stage of the disease, correlated with a dismal prognosis. 
Systemic therapy is the mainstay, and drug selection still 
strongly relies on expected toxicity pro fi le. This chapter  fi rst 
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describes the drug standard options and their respective toxicities 
in this context. Side effects of more complex multimodality 
combined treatments of early non–small-cell lung cancer as 
well as small-cell lung cancer, usually involving use of the 
same cytotoxic agents jointly with surgery and radiotherapy, 
are discussed in the second part of this chapter.  

  Keywords   Non–small-cell lung cancer  •  Small-cell lung cancer   
 Side effects  •  Tyrosine kinase inhibitor (TKI)  •  Platinum doublets  
 Combined modalities      

   Non–Small-Cell Lung Cancer 

 Lung cancer is the most common malignancy and the leading 
cause of human cancer deaths worldwide. Lung cancer deaths 
have begun to decline in men, re fl ecting a decrease in smoking; 
in contrast, it has become the main cause of cancer deaths in 
women in developed countries  [  1  ] . Seventy- fi ve percent of 
patients are symptomatic at the time of diagnosis. The majority 
of patients with non–small-cell lung cancer (NSCLC) present 
at an advanced stage of the disease, with a poor prognosis and 
the absence of any curative option. For earlier-stage disease, 
essentially stages I and II (cT1a cN0 to cT2b cN1, according 
to the seventh edition of the TNM staging system), upfront 
surgery, followed by adjuvant chemotherapy for stage II and 
selected IB patients, offers the best chances for long-term 
survival. In stage IV, systemic palliative treatment is recom-
mended with a series of targeted agents that constitute potential 
new treatment options, as they have shown promising results 
in a subset of selected NSCLC patients. 

   Systemic Therapy in Advanced NSCLC 

 Decisions regarding systemic therapy for advanced NSCLC have 
traditionally been based on performance status of the patients, 
comorbidities, expected toxicity pro fi le, and patient preferences. 
While this still holds true, recent developments mandate that one 
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take additional information into account, namely, tumor histology 
differentiating non-squamous from squamous cell lung cancer as 
well as molecular tumor characteristics. 

   First-Line Systemic Therapy for Advanced NSCLC 

   Adenocarcinoma 

 In the past few years, treatment of metastatic adenocarcinoma 
of the lung has changed remarkably. Until a few years ago, 
adenocarcinoma patients were treated with standard NSCLC 
chemotherapy, irrespective of any histologic consideration. 
Nowadays patient selection has become mandatory in order to 
customize treatment. For adenocarcinoma, the ESMO guide-
lines recommend the analysis of EGFR (epithelial growth fac-
tor receptor) mutational status before making decisions about 
the frontline therapy  [  2  ] . In the presence of activating muta-
tions, tyrosine kinase inhibitors (TKIs), namely, ge fi tinib  [  3,   4  ]  
or erlotinib  [  5–  7  ] , are recommended, because they have been 
associated with a higher response rate and a signi fi cantly better 
progression-free survival as compared to chemotherapy. 

 In the absence of activating mutations, a platinum-based 
combination with pemetrexed is preferred. Pemetrexed com-
bined with cisplatin was associated with a better tolerability 
and better overall survival compared to a gemcitabine com-
bined with cisplatin  [  8  ] . Cisplatin, if possible, should be pre-
ferred as frontline therapy owing to improved progression-free 
survival and overall survival when compared to carboplatin 
based on large meta-analyses  [  9  ] . A platinum-based doublet 
regimen with the addition of bevacizumab can also be 
 considered, particularly in combination with carboplatin and 
paclitaxel  [  10,   11  ] .  

   Squamous Cell Carcinoma 

 The combination of a platinum-based therapy with gemcitabine 
can be considered as a  fi rst choice, but other doublets appear to 
be equally effective  [  12  ] . Molecular analysis of squamous cell 
lung cancer has not yet entered routine practice.   
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   Second-Line Systemic Therapy for Advanced NSCLC 

 With the exception of patients with an EGFR-mutated tumor 
receiving  fi rst-line erlotinib or ge fi tinib, second-line therapy 
usually consists of monotherapy with either docetaxel or erlotinib 
or, for patients with non-squamous NSCLC, pemetrexed, if it 
is not administered as  fi rst-line therapy. For patients with 
adenocarcinoma and an ALK gene rearrangement, the 
tyrosine kinase inhibitor crizotinib is emerging as a promising, 
and probably future standard, option  [  13  ] .  

   Palliative Radiotherapy 

 Palliative radiotherapy might be required to treat painful 
metastasis (bone, skin, soft tissue) and local complications 
due to metastasis (e.g., CNS or spinal cord compression) or 
related to the primary tumor (hemoptysis, vena cava com-
pression, atelectasis due to bronchial obstruction). Usually, 
the relatively low dose delivered in this setting and the limited 
 fi eld extent strongly limits this strategy’s toxicity, which con-
sists mainly of local in fl ammation-related symptoms and 
fatigue. A rare side effect is the radiation recall syndrome 
(RRS), an in fl ammatory skin reaction that occurs in a previously 
irradiated body part following drug administration. This 
 phenomenon may occur from days to years following exposure 
to ionizing radiation.  

   Side Effects of Agents Used for the Systemic 
Treatment of Advanced NSCLC 

   Clinical Side Effects of Tyrosine Kinase Inhibitors 

 The currently used EGFR TKIs, erlotinib and ge fi tinib, may 
be given for long periods in patients with sensitizing EGFR 
mutations and therefore might be associated with chronic 
side effects. The most common are cutaneous and gastrointes-
tinal toxicities. Grade 1–2 cutaneous side effects have been 
reported in more than 60 % of patients, and grade 3–4 in 



123Chapter 3. Lung Cancer

about 15 % of patients. These include folliculitis, which can be 
treated, if moderate, with topical antibiotics and systemically 
with tetracyclines (e.g., doxycycline 100 mg/day) in case of 
widespread lesions. Other typical cutaneous side effects are 
hair changes (as trichomegaly) and paronychial in fl ammation. 
This disorder can progress from erythema to painful lateral 
nail fold pyogenic granuloma-like lesion. As prevention, the 
patient should be advised to avoid trauma to the parony-
chium. In case of advanced lesions, antiseptic treatments 
should be applied and bacterial cultures should be sampled, 
if a bacterial infection is suspected. The use of steroid for 
cutaneous side effects remains controversial  [  14  ] . 

 The most common gastrointestinal side effects of TKIs are 
diarrhea, described in about 10 % of patients and commonly 
treated with loperamide, and nausea  [  15  ] . Fatigue has been 
also reported in 5–15 % of patients  [  16  ] . Infrequent but 
potentially fatal complications include an acute interstitial 
lung disease (ILD) and acute hepatitis; treatment of these 
side effects includes high-dose steroids  [  17,   18  ] .  

   Clinical Side Effects of Chemotherapy 

   Cisplatin 

 The most common side effects of cisplatin include nausea and 
fatigue, as well as neurotoxicity and ototoxicity, which have 
been known to sometimes last several weeks or months after 
treatment; neurotoxicity potentially can worsen after the end 
of treatment. Myelosuppression due to cisplatin occurs in 
about 50 % of patients and is generally mild, with only 10 % of 
patients experiencing grade 3–4 toxicity  [  19,   20  ] . To date there 
is no indication for prophylactic antibiotics or granulocyte col-
ony-stimulating factor (G-CSF) therapy in patients receiving 
cisplatin-based chemotherapy. Nausea and vomiting occur very 
frequently; therefore, prophylactic therapy with a three-drug 
regimen including single doses of a 5-HT 3  receptor antago-
nist, dexamethasone, and aprepitant is recommended  [  21  ] . 
Ototoxicity characterized by a dose-dependent sensorineural 
hearing loss with tinnitus has been described to affect 15–20 % 
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of patients. Prevention of this complication includes a hearing 
assessment before treatment in order to exclude patients with 
hearing diseases from cisplatin-based chemotherapy. If it occurs 
during treatment, the recommendation is to discontinue cisplatin 
and to use alternative agents  [  22  ] . 

 Nephrotoxicity may result from a direct effect of cisplatin 
to tubular epithelial cells as well as from vasoconstriction in 
the renal microvasculature and proin fl ammatory effects, 
leading to a renal function impairment and electrolyte altera-
tion. In order to prevent this complication, intravenous isotonic 
saline before and after the treatment must be administered. 
Treatment of nephrotoxicity includes the discontinuation of 
cisplatin and the management of acute renal dysfunction or 
renal failure as for other diseases.  

   Carboplatin 

 Carboplatin was developed to provide a less toxic, more convenient 
alternative to cisplatin. However, hematologic toxicity is 
more pronounced than with cisplatin, including severe neu-
tropenia, anemia, and thrombocytopenia  [  9,   23  ] . The use of 
prophylactic G-CSF might be considered when carboplatin is 
combined with taxanes. Ototoxicity, neurotoxicity, and renal 
toxicity occur less frequently with carboplatin compared to 
cisplatin, but electrolyte disorders can occur in about 5 % of 
patients. Nausea or vomiting are largely less intense than with 
cisplatin; the combination of palonosetron plus dexametha-
sone prophylaxis is generally suf fi cient for prevention. Of 
note is the occurrence of allergic infusion reactions reported 
in up to 15 % of patients; interestingly, these develop more 
often in patients who have been extensively treated with this 
medication  [  24  ] . Recurrence of such reactions at readminis-
tration of carboplatin can be successfully prevented with 
desensitization procedures.  

   Pemetrexed  [  8,   25,   26  ]  

 Pemetrexed is generally part of the  fi rst-line treatment for 
adenocarcinoma. The most common side effect of pemetrexed 
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is myelotoxicity. The administration of vitamin B12 concurrent 
with folate acid has reduced its hematotoxicity to a very mod-
erate level, with grade 3 and 4 neutropenia occurring in only 
about 15 % of patients. Nausea and vomiting have been 
reported in less than 5 % of patients. A common grade 1–2 
side effect is constipation.  

   Bevacizumab  [  11  ]  

 The most common grade 3 or higher events reported with 
bevacizumab are thromboembolic events (5 %), bleeding 
(epistaxis, hemoptysis, CNS hemorrhage, 2–3 %), gastrointestinal 
perforation (1 %), hypertension (5–8 %), and proteinuria 
(3–6 %). Myelotoxicity is almost nonexistent as monotherapy; 
a slightly higher rate of neutropenia, febrile neutropenia, and 
thrombocytopenia has been reported when it is combined with 
chemotherapy as compared to chemotherapy alone  [  27,   28  ] . 

 Renal toxicity is a rare but possible fatal side effect due to 
renal thrombotic microangiopathy and interstitial nephritis, 
leading to proteinuria and acute kidney injury. Clinically, the 
most important side effect is hypertension due to the produc-
tion of nitric oxide as well as increase of vascular resistance 
through the inhibition of new blood vessel formation, as 
observed as a drug class effect also with other antiangiogenic 
molecules. Hypertension has been reported as grade 1–2 in 
about 15 % of patients and in 2–10 % as grade 3–4  [  29,   30  ] . 
To date, there are no guidelines for treatment of hyperten-
sion in these patients; however, there are controversies 
regarding the use of calcium antagonists in this setting  [  31,   32  ] . 
Determination and management of blood pressure during 
therapy, with a goal of less than 140/90 mmHg for most 
patients, in patients with speci fi c preexisting cardiovascular 
risk factors is recommended.  

   Gemcitabine  [  33,   34  ]  

 Toxicity of gemcitabine is generally mild and reversible after 
discontinuation of medication. The most common side effects 
are  fl u-like symptoms in about 50 % of patients, with fever or 
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arthralgia. Edema (e.g., ankles) is also often observed and 
does not correlate with renal or cardiac dysfunction  [  35  ] . 
Grade 3–4 myelosuppression occurs frequently, including 
anemia (5 %), thrombocytopenia (1 %), leukopenia (7 %), 
and neutropenia (22 %), rarely resulting in neutropenia-related 
infection. Grade 3–4 liver toxicity can be detected in up to 
10 % of patients. Nausea and vomiting often occur but are of 
low grade and can be prevented with a single antiemetic 
agent such as dexamethasone, a 5-HT 3  receptor antagonist, or 
a dopamine receptor antagonist. Of note are a few cases of 
severe lung toxicity, with a frequency varying in several 
reports from 0.1 to 5 %  [  36  ] .  

   Docetaxel  [  25,   37,   38  ]  

 The most common side effects of docetaxel are myelotoxicity 
and fatigue. The rate of grade 3 or 4 neutropenia due to docetaxel 
varies from 40 to 60 % (according to dosage), and the risk of 
neutropenic fever is described in 3 % of patients. These 
results led to the consideration of adopting a prophylactic 
therapy with G-CSF, which to date is recommended in 
patients who had experienced a clinically signi fi cant neutro-
penic event with a previous cycle. Nonhematologic toxicities 
included alopecia, mild nausea and vomiting, and allergic 
manifestations such as skin rash and pruritus; therefore, pre-
treatment with steroids is recommended. Rare hypersensitivity 
reactions to docetaxel can be overcome with desensitization 
procedures.     

   Treatment of Early NSCLC 

   Surgery 

 Lobectomy and systematic lymph node dissection is considered 
standard therapy for early (stage I and II) NSCLC. Sublobar 
resection in the form of anatomical segmentectomy may lead 
to equivalent survival rates among patients with stage I 
NSCLC less than 1 cm in size, and is associated with fewer 
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complications and better postoperative lung function  [  39  ] . 
Large wedge resections may be an option for patients who 
cannot tolerate a lobectomy because of severely compro-
mised pulmonary function, advanced age, or other signi fi cant 
comorbidity, but they do not represent a standard of care. 

 Thirty-day mortality rate after lobectomy is expected to be 
lower than 2 % in high-volume hospitals  [  40  ] . Pretreatment 
pulmonary functions tests are well-known predictors of surgi-
cal risk  [  41–  43  ] . 

 Anatomical resections are currently performed according 
to the Bolliger and Miller algorithms that are based on forced 
expired volume in 1 second (FEV1) and lung carbon mon-
oxide diffusion capacity (DLCO). Percentage of predicted 
FEV1 and DLCO values were shown to correlate with patient 
outcome (hospital and overall mortality) in patients under-
going resections. Postoperative complications and mortality 
were also shown to be correlated, even with a large variability, 
to hospital volume and surgeon skills  [  44  ] . Pneumonectomy is 
seldom indicated in stage I and II NSCLC, but it is associated 
with a higher operative mortality rate, especially for right 
pneumonectomy  [  45  ] . 

 Minimally invasive video-assisted lobectomy was shown to 
be equivalent to open lobectomy in terms of locoregional 
recurrences. Data suggest a reduced systemic recurrence rate 
and an improved 5-year mortality rate, but since most studies 
were not randomized, the effect of case selection is dif fi cult 
to ascertain, even if highly probable  [  46  ] . Complete mediasti-
nal lymphadenectomy adds little morbidity to a pulmonary 
resection for lung cancer and possesses a prognostic impact 
 [  47,   48  ] . 

 A consistent proportion of patients undergoing lung resec-
tion exhibit an important postoperative worsening in their 
QoL: 28 % in the physical component summary and 15 % in 
the mental component summary. Patients with a better preop-
erative physical functioning and those with worse mental 
health scores were those at higher risk of a relevant physical 
deterioration. Patients with a lower predicted postoperative 
forced expiratory volume in 1 second (ppoFEV1) and higher 
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preoperative scores of social functioning and mental health 
were those at higher risk of a relevant emotional deterioration. 
Compared with the general population, nearly half of the 
patients displayed a depressed physical and emotional status 3 
months after surgery  [  49  ] . The extent of resection, age, and 
adjuvant therapy was associated with a clinically relevant 
decline in the physical aspect of health-related quality of life 6 
months after surgery  [  50  ] .  

   Adjuvant Chemotherapy 

 Despite optimum surgical management, the 5-year survival rate 
of resected NSCLC ranges from 25 to 75 % according to patho-
logic stage. A large meta-analysis by the NSCLC Collaborative 
Group suggests an absolute improvement in 5-year survival with 
platinum-based chemotherapy of 5 % (2–7) for stage IB (from 
55 to 60 %), 5 % (3–8) for stage II (from 40 to 45 %), and 5 % 
(3–8) for stage III disease (from 30 to 35 %)  [  51  ] . Another large 
meta-analysis showed a detrimental effect of adjuvant chemo-
therapy in stage IA NSCLC  [  52  ] . The most commonly used regi-
mens are cisplatin in combination with vinorelbine or etoposide. 
Cisplatin and vinorelbine adjuvant chemotherapy is associated 
with frequent hematologic toxic effects, including high-grade 
neutropenia in 85 % of patients. Common nonhematologic 
effects include asthenia and nausea or vomiting. There are 
approximately 2 % treatment-related deaths, mainly from septic 
shock  [  53  ] . Overall, compliance and, as a consequence, dose-
intensity and total dose of adjuvant chemotherapy are disap-
pointing. Altogether, 59 % of patients receive at least 240 mg/m 2  
of cisplatin, this parameter being potentially more important 
than the choice of the second compound  [  52  ] . Regarding chemo-
therapy strategy, 14 % of patients received only one cycle and 
10 % only two cycles, mainly because of patient refusal (35 %), 
toxicity (34 %), and early death or progression (9 %). The 
median delay between surgery and the start of chemotherapy 
was 39 days (>60 days in 7 % of patients)  [  52  ] . 

 The bene fi cial effect of adjuvant chemotherapy on recur-
rences does not decrease with longer follow-up, and there is no 
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increase in the number of secondary malignancies potentially 
related to a carcinogenic effect of chemotherapy. However, the 
maintained bene fi cial effect of preventing lung cancer deaths 
contrasts with a probable chemotherapy-induced increase in 
non-lung cancer mortality after 5 years that can decrease but 
not nullify the bene fi cial effect of adjuvant therapy  [  54  ] . 
Statistically signi fi cant causes of non-cancer deaths after cispl-
atin-based chemotherapy in the non-lung cancer setting were 
infections and circulatory and respiratory diseases  [  55  ] .  

   Postoperative Radiotherapy 

 Postoperative radiotherapy has a deleterious effect on 
patients with early stages I and II  [  56,   57  ] . In contrast with N2 
disease, where the PORT-induced morbidity might be out-
weighed by the presence of residual microscopic disease, 
treated by radiotherapy, in patients with N0 and N1 disease, 
this bene fi t is not reproduced. With the limitation related to 
the availability of retrospective data only, where confounding 
factors in patient selection may have biased this interpreta-
tion, radiotherapy-related toxicity is probably one of the fac-
tors involved in this negative impact of PORT.    

   Small-Cell Lung Cancer 

 Small-cell lung cancer (SCLC) accounts for approximately 
15 % of primary lung carcinoma. It is invariably associated 
with tobacco exposure and is characterized by rapid tumor 
doubling time and early development of metastases. Less 
than 10 % of patients are asymptomatic at diagnosis. Of all 
histologic subtypes of lung cancer, SCLC is the most sensitive 
to chemotherapy and radiotherapy, but prognosis remains dis-
mal  [  58  ] . Staging of SCLC is made according to the 7th TNM 
classi fi cation and according to a two-stage system developed 
by the Veteran’s Administration Lung Cancer Study Group, 
dividing patients into limited (stages IA to IIIB) or extensive 
(stage IV) stage disease. Limited disease is thus de fi ned as 
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disease con fi ned to one hemithorax (i.e., disease that can 
be included in a “tolerable” radiation  fi eld). Approximately 
one-third of patients present with clinical de fi nition of “limited 
disease,” but most of these patients already present with sub-
clinical metastatic disease. 

   Extensive Disease 

 Chemotherapy is the mainstay of treatment for patients with 
SCLC because of this proclivity for early dissemination. 
Standard chemotherapy in Caucasian patients consists of 
cisplatin and etoposide, having been proven equivalent and 
more tolerable than older regimens such as cyclophosphamide, 
doxorubicin, and vincristine  [  59  ] . 

 Toxicity is mainly hematologic, especially neutropenia, 
30–40 % being grade 3–4. Granulocytopenia can be effectively 
prevented with recombinant granulocyte colony-stimulating 
factor (G-CSF). Nonhematologic toxicity is essentially gastro-
intestinal, with little high-grade nausea or vomiting. All other 
clinically signi fi cant nonhematologic toxicities, excluding alopecia, 
were present in fewer than 4 % of patients.  

   Limited Disease 

 The standard treatment for limited disease SCLC is combined-
modality therapy consisting of thoracic radiotherapy and systemic 
chemotherapy. Two meta-analyses have shown an improve-
ment of survival in patients who received chest irradiation in 
addition to chemotherapy compared to those receiving chemo-
therapy alone  [  60,   61  ] , with an aim for long-term remission for 
a small fraction (15–25 %) of these patients. The optimal timing 
of radiotherapy, either concurrent or sequential, remains 
somehow unsettled, with compelling evidence that early radio-
therapy concurrent with platinum-based chemotherapy is 
superior to sequential radiotherapy  [  62,   63  ] . 

 The addition of concurrent radiotherapy to chemotherapy 
results in more increased myelosuppression than that 
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observed with sequential treatment, with 88 versus 54 % 
high-grade leukopenia, respectively  [  64  ] . 

 G-CSF has been controversial in this setting, with some 
authors advocating that primary prophylaxis with G-CSF is 
not indicated during chemoradiotherapy to the chest due to 
the increased rate of bone marrow suppression associated 
with an increased risk of complications and death  [  65  ] . 
Nonhematologic toxicities are similar, with a trend toward 
more infections and esophagitis. The incidence of severe 
pneumonitis is not signi fi cantly different between early and 
late chest radiotherapy, ranging between 2 and 17 % in stud-
ies with platinum-based chemotherapy. Treatment of choice 
consists of oral corticosteroids. The fractionation of radio-
therapy might also play a role, with one trial showing a survival 
advantage with twice-daily versus once-daily radiotherapy, 
albeit with unequal biologic effective dose  [  66  ] . Hyper-
fractionated radiotherapy resulted in signi fi cantly more 
esophagitis than once-daily fractionation and may occasionally 
mandate tube feeding.  

   Prophylactic Cranial Irradiation 

 Patients responding to  fi rst-line treatment, irrespective of 
stage, are usually offered prophylactic cranial irradiation 
(PCI), which has been shown to increase survival and markedly 
reduce the cumulative incidence of brain metastases both in 
patients with limited or extensive stage disease  [  67,   68  ] . 

 PCI results in signi fi cantly more early and late (at 6 weeks 
and 3 months, respectively) fatigue, early and late appetite loss, 
nausea and vomiting, and early and late leg weakness  [  68  ] . 

 Long-term toxicities and particularly cognitive de fi cits are 
dif fi cult to assess, and trials yield con fl icting results. A higher 
total dose of 36 Gy resulted in signi fi cant deterioration in 
neurologic function (de fi ned as a decrease in any neuropsy-
chological test) and increased chronic neurotoxicity (de fi ned 
as deterioration in at least one neurocognitive test without 
documentation of brain metastases) as compared to a lower 
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total dose of 25 Gy – without any bene fi t in terms of mortality 
and a higher incidence of subsequent brain metastases  [  69  ] . 
Other trials reported a negative impact on early quality of life 
and a limited negative impact on functioning scales of PCI, with 
a maximum difference in role, emotional, and cognitive func-
tioning between 6 weeks and 3 months, then decreasing  [  70  ] .  

   Second-Line Therapy 

 Relapsing patients are offered second-line chemotherapy 
with the goal of survival improvement and preservation of 
quality of life. Oral and intravenous topotecan are classical 
compounds in the second-line setting. Oral topotecan extends 
overall survival even in patients with short (<60 days) treat-
ment-free interval and delays deterioration of quality of life 
as compared to placebo  [  71  ] . Toxicity from oral topotecan is 
mainly hematologic, with 60 % of patients presenting with 
high-grade neutropenia. The most frequent nonhematologic 
toxicities are diarrhea and fatigue. There were fewer early 
deaths (<30 days) and greater likelihood of achieving symp-
tom improvement for all symptoms, including shortness of 
breath, sleep interference, and fatigue.       
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  Abstract   The chemotherapeutic options have increased 
dramatically in patients with gastrointestinal cancer and 
have led to an improved outcome. With this, an in-depth 
understanding of the side effects of chemotherapy is becoming 
increasingly important in order to minimize the negative 
impact of the use of these agents. Chemotherapeutic agents 
have a long list of potential side effects. In this chapter, we 
focus speci fi cally on some of the more common and/or more 
relevant and challenging side effects related to frequently 
used agents in gastrointestinal cancer. The  fl uoropyrimidines 
may cause cardiac toxicity, most frequently angina-like chest 
pain. The knowledge of the catabolism of  fl uorouracil has led 
to the possibility of testing for dihydropyrimidine dehydro-
genase (DPD) in order to avoid serious  fl uorouracil-related 
toxicity in patients with DPD de fi ciency. Oxaliplatin-induced 
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neurotoxicity is probably the most important clinical problem 
associated with the administration of oxaliplatin. With the 
increasing use of oxaliplatin, hypersensitivity reactions are 
more frequently reported and become challenging in clinical 
practice. The introduction of the targeted agents in colorectal 
cancer led also to speci fi c problems: the anti-VEGF-related 
side effects, of which gastrointestinal perforation, although 
relatively rare, is very relevant for the patient, and the anti-
EGFR-related side effects, including skin rash, hypomag-
nesemia, and allergic reactions, are common. Understanding 
the underlying causes, mechanisms, risk factors, and developing 
treatment guidelines has made these side effects often more 
acceptable for many patients. However, the side-effect pro fi le 
always has to be balanced against the activity and bene fi t of 
the anticancer agents.  

  Keywords   Fluorouracil  •  DPD  •  Oxaliplatin  •  Irinotecan  
 VEGF  •  EGFR  •  Bevacizumab  •  Cetuximab  •  Panitumumab      

   Fluoropyrimidines: Fluorouracil and 
Capecitabine 

 Since the late 1950s,  fl uorouracil (5-FU) has been used as a 
cytotoxic chemotherapeutic agent to treat various types of 
solid malignancies originating from breast, esophagus, larynx, 
and gastrointestinal and genitourinary tracts. Because of its 
variable gastrointestinal absorption and rapid degradation, 
5-FU must be administered intravenously  [  1  ] . We have 
learned to use the most optimal regimens of 5-FU: it has been 
shown that infusional regimens lead to less adverse events 
compared to bolus regimens of 5-FU. Capecitabine (Xeloda, 
Roche Pharmaceuticals, Nutley, NJ, USA), an oral prodrug of 
5-FU, shows a favorable toxicity pro fi le and comparable 
ef fi cacy end points in gastric and colorectal cancer  [  2  ] . 
Capecitabine undergoes a three-step enzymatic conversion 
to 5-FU that occurs primarily in the liver and tumor cells, 
thereby achieving high intratumoral drug concentrations. 
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 Adverse events of  fl uorouracil and its prodrug capecitabine 
are summarized in Table  4.1 . Fluorouracil-related severe 
adverse events can cause substantial morbidity and also very 
occasionally death, suggesting an important role for pharma-
cogenomics in identifying patients at risk for increased toxicity. 
Fluoropyrimidine-induced cardiotoxicity is relatively infre-
quent and generally reversible on treatment discontinuation. 
However, this complication can be life-threatening, and fatal 
outcome has been described.  

   Fluorouracil-Induced Cardiac Toxicity 

 The incidence of 5-FU-related cardiac toxicity varies broadly 
throughout the literature, ranging between 1.2 and 18 %  [  3  ] . 
In fact, the real incidence may be even higher, as asymptom-
atic ischemic electrocardiography (ECG) changes do occur 
also  [  4  ] . This side effect may occasionally be fatal  [  3  ] . Angina-
like chest pain is the most frequent presenting symptom of 

   Table 4.1    Common side effects of frequently used cytotoxic agents 
in GI cancer   
 Fluorouracil (5-FU)  Capecitabine 

 Hematologic  Hematologic 

 Mucositis/diarrhea  Mucositis/diarrhea 

 Stomatitis  Hand-foot syndrome 

 Hand-foot syndrome 

 Cardiac adverse events 

 Oxaliplatin  Irinotecan 

 Hematologic  Hematologic 

 Nausea/vomiting  Nausea/vomiting 

 Neurotoxicity  Mucositis/diarrhea 

 Infusion reactions  Fatigue 

 Alopecia 
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cardiac toxicity, and it is reported in up to 89 % of patients 
with cardiac toxicity  [  3  ] . Less common symptoms include 
palpitations, malaise, numbness of arm or neck, and loss of 
consciousness. Clinical pictures of congestive heart failure, 
cardiogenic shock, cardiac arrest, and sudden death have 
been reported. ECG  fi ndings may include myocardial ischemia, 
myocardial infarction, and cardiac arrhythmias  [  5  ] . Serum 
cardiac enzyme levels are usually normal, and echocardiography 
can reveal transient local or, more frequently, global, myocar-
dial hypokinesia compatible with myocardial stunning  [  3  ] . 
Usually no signi fi cant coronary atherosclerosis is found when 
coronary angiography is performed. Most events occur dur-
ing or within several hours after  fl uorouracil treatment, since 
the serum half-life of 5-FU is very short  [  3  ] . Symptoms are usu-
ally fully reversible shortly after treatment discontinuation. 

 Pathophysiologic mechanisms involved in  fl uorouracil-
associated cardiotoxicity remain incompletely understood and 
are probably multifactorial. Based on the characteristic clinical 
and ECG presentation in the absence of relevant coronary 
stenosis, this phenomenon is historically attributed to 
 fl uorouracil-induced coronary vasospasm  [  6  ] . However, other 
mechanisms have been proposed. Data from animal models 
and echocardiographic studies suggest a direct toxic effect of 
5-FU metabolites on the myocardial cells, resulting in toxic 
myocarditis and cardiomyopathy  [  4,   5  ] . Risk factors for devel-
opment of  fl uorouracil-induced cardiotoxicity have not been 
speci fi ed. The impact of preexisting heart disease remains con-
troversial  [  3  ] . Previous or current radiation involving the heart 
may promote cardiac toxicity. The toxic effect of 5-FU/capecit-
abine on the myocardium is schedule-dependent. Cardiac 
symptoms occur more frequently with the use of continuous 
5-FU infusion, when compared to a short (bolus) administra-
tion of 5-FU  [  5  ] . Pharmacokinetics of capecitabine are compa-
rable to that of continuous 5-FU infusion, and incidence of 
cardiotoxicity is reported to be similar to that of 5-FU  [  7  ] . 

 Baseline ECG testing before starting a treatment with 
5-FU-based chemotherapy could be helpful in future assessment 
of cardiotoxicity. Baseline echocardiography is recommended for 
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patients with a history of heart disease  [  3,   4  ] . Patients in whom 
cardiotoxicity is suspected should receive cardiac monitoring 
because of the possible risk of life-threatening heart failure 
and malignant arrhythmias. Fluorouracil administration should 
be stopped immediately. Symptomatic treatment with nitrates 
and/or calcium antagonists is recommended  [  3  ] . However, the 
reported therapeutic ef fi cacy of these drugs is inconsistent, and 
no prospective trials are available. The risk of relapse when 
patients are reexposed to 5-FU following previous cardiac incidents 
is very high, up to 82–100 %  [  3  ] . Whether the use of prophylactic 
antianginal medication can reduce the recurrence risk has 
not been established, but it is often done in patients with mild 
 symptoms when the continuation of the  fl uoropyrimidine is 
advisable. Administration of raltitrexed (Tomudex, TDX, ZD 
1694, AstraZeneca, Wilmington, DE, USA) as an alternative 
for 5-FU, in case of major intolerance, is suggested, although the 
evidence is limited  [  8  ] .  

   Dihydropyrimidine Dehydrogenase De fi ciency 

 Dihydropyrimidine dehydrogenase (DPD) is the primary 
rate-controlling enzyme in  fl uoropyrimidine catabolism. Over 
the last two decades, the association between DPD-enzyme 
de fi ciency and the occurrence of severe  fl uorouracil-related toxicity 
has been extensively studied. Patients receiving 5-FU-based 
chemotherapy may develop severe to life-threatening adverse 
events, including neutropenia, neutropenic infections, stomatitis, 
diarrhea, and alopecia, and it is estimated that DPD de fi ciency 
accounts for 50–75 % of the cases of severe side effects  [  9  ] . 

 The human dihydropyrimidine dehydrogenase (DPYD) 
gene, encoding DPD, is located on chromosome 1p22 and 
contains 23 exons. Loss-of-function mutations in this DPYD 
gene lead to a partial or complete lack of capacity to metabo-
lize 5-FU or its prodrugs, explaining the risk of increased 
toxicity. DPD-enzyme activity is highly variable within the 
normal population and differs substantially between ethnic 
subpopulations. The prevalence of partial DPD de fi ciency 
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(low DPD activity) is estimated to be 3–5 % in the overall 
population  [  10,   11  ] . Complete DPD de fi ciency was  fi rst 
described as an autosomal recessive disorder in pediatric 
patients with various neurological symptoms  [  10,   12  ] . 

 Over 50 genetic variants have been identi fi ed in the DPYD 
gene coding region – however, the majority without functional 
consequences on enzymatic activity  [  9,   10  ] . The most promi-
nent and most studied DPYD variant is a point mutation in the 
splice site of intron 14 (c.1905 + 1G>A, synonyms IVS14 + 1G>A 
or DPYD*2A), responsible for up to 29 % of reported grade 
III–V toxicities following  fl uorouracil administration  [  13  ] . 
Con fl icting results were seen in a more recent prospective trial, 
which concluded that severe toxicities could only be margin-
ally attributed to DPYD gene polymorphism  [  14  ] . Furthermore, 
it is suggested that additional enzymes and polymorphisms in 
various downstream acting genes may also play a role in 5-FU 
degradation and toxicity  [  9  ] . The pronounced variability in the 
DPYD coding sequence, together with contradictory results 
from genetic studies, causes marked dif fi culties in genotype-
phenotype correlations and presents a major limitation to the 
application of a genotype-based strategy to predict severe 
 fl uorouracil toxicity in daily practice  [  9  ] . 

 Alternatively, a number of screening tests assessing DPD 
functionality (phenotype-based strategy) have been developed 
to predict impaired  fl uorouracil metabolism  [  9,   10,   15  ] . 
Enzymatic activity can be measured ex vivo in peripheral 
mononuclear blood cells or can be estimated through analysis 
of the plasma or urine dihydrouracil/uracil (UH2/U) ratio. 
A noninvasive uracil breath test measuring exhaled  13 CO 2  after 
ingestion of 2- 13 C-uracil or administration of an infratherapeu-
tic 5-FU test dose followed by pharmacokinetic analysis are 
other possibilities for preliminary functional testing. Clinical 
data implementing systematic pretreatment functional DPD 
testing and subsequent DPD-based 5-FU dose tailoring are 
limited. However, these data suggest that this approach is fea-
sible, reducing treatment-related severe toxicities without a 
loss in treatment ef fi cacy  [  9,   16  ] . 

 Anticipating and preventing 5-FU-related severe toxicities 
has been suggested to be cost-effective, to enhance patient 
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quality of life, and to reduce chemo- or radiotherapy post-
ponement, thus improving patient outcome  [  9  ] . The exact 
relevance of systematic DPD testing and whether genetic or 
functional testing is more practical and predictive in daily 
practice are questions that remain to be answered. Therefore, 
routine screening for DPD de fi ciency is not performed in 
most institutions. However, if there is a clinical picture of very 
severe toxicity, especially early on in the treatment of a 
 fl uoropyrimidine, DPD testing is indicated and can avoid 
later life-threatening toxicity.   

   Oxaliplatin 

 Oxaliplatin (Eloxatin, Sano fi -Aventis, Bridgewater, NJ, USA), 
a third-generation platinum derivative, has been investigated 
in different types of malignancies and was shown to be particu-
larly ef fi cacious in the treatment of gastrointestinal neoplasms, 
including esophagogastric, pancreatic, and colorectal cancers  [  17  ] . 
Combinations of oxaliplatin with infusional  fl uorouracil/leuco-
vorin (FOLFOX) or capecitabine (XELOX) have emerged as 
important therapeutic options in the adjuvant as well as pallia-
tive treatment of colorectal cancer  [  18  ] . Oxaliplatin has proved 
to be an equivalent alternative for cisplatin, with a slightly 
favorable toxicity pro fi le, especially in terms of renal toxicity in 
gastric and pancreatic cancer. Common side effects are sum-
marized in Table  4.1 . Oxaliplatin-induced neurotoxicity and 
hypersensitivity infusion reactions are well-recognized dose-
limiting toxicities, often encountered in clinical practice, poten-
tially resulting in permanent discontinuation. 

   Oxaliplatin-Induced Neurotoxicity 

 Oxaliplatin-induced neurotoxicity (OXIN) is the most frequent 
clinically relevant adverse event associated with the use of 
oxaliplatin  [  18  ] . It is a cumulative and dose-limiting complica-
tion in which symptoms are typically triggered or worsened 
by exposure to cold. Common terminology criteria for 
adverse events (CTCAE) are often used for grading and 
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monitoring OXIN. Development of grade  ³ 2 neuropathy 
(CTCAE version 4.0) occurs in approximately half of treated 
patients, and 10–20 % of patients develop grade 3 neuropathy 
 [  19,   20  ] . In up to 90 % of patients, peripheral neuropathy 
reverses after oxaliplatin is discontinued – however, some-
times with a long delay. Symptom worsening is reported for 
up to 6 weeks after the last dose of oxaliplatin, also after sur-
gery, and in some cases neuropathy may persist for several 
months or even years. 

 Two distinct forms of OXIN are recognized: an acute type 
and a chronic type  [  17,   18  ] . Acute sensory and/or motor neu-
rotoxicity occurs during or within 1–2 days after oxaliplatin 
infusion. It shows a rapid onset and is characterized by par-
esthesia and dysesthesia affecting the acral segments of both 
upper and lower limbs; it is clearly exacerbated by cold expo-
sure. The perioral and laryngopharyngeal areas may be 
involved as well, possibly leading to an acute sensation of 
respiratory discomfort. Acute motor neuropathy is associated 
with symptoms of muscular hyperactivity, such as jaw tightness, 
cramps, and fasciculations, that affect legs, thighs, hands, and 
jaws, hampering movements. Acute symptoms usually resolve 
spontaneously within a week but usually relapse with each 
subsequent administration of oxaliplatin, often with slightly 
increasing intensity after each course. 

 Chronic oxaliplatin-associated neuropathy is a dose-limiting 
chronic sensory neuropathy that involves the extremities, 
possibly causing functional impairment and even gait ataxia 
with longer treatment exposure. It becomes worse with 
increasing cumulative doses of oxaliplatin. 

 The pathophysiological mechanisms responsible for the 
development of OXIN remain unclear. In the acute form, 
oxalate, a metabolic by-product of oxaliplatin, may cause a 
dysfunction of the neuronal voltage-gated calcium-dependent 
sodium channels, disrupting intracellular homeostasis and 
provoking neuronal hyperexcitability  [  21,   22  ] . In the chronic 
form, accumulation of platinum compounds in neurons may 
lead to neuronal atrophy. Several studies have tried to identify 
pharmacogenomic markers (single nucleotide polymorphisms, 
or SNPs) predisposing patients to severe neurotoxicity 
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 development; however, no such marker has been validated for 
clinical use to this date  [  23,   24  ] . 

 To avoid the occurrence of severe, long-lasting, and invali-
dating OXIN, gradual dose reductions and delay or discontinu-
ation of oxaliplatin administration are often necessary, without 
a clear impact on the overall outcome. Indeed, stop-and-go 
strategies have been developed in metastatic colorectal cancer, 
mainly as a consequence of this cumulative neuropathy  [  25,   26  ] . 
Several trials have investigated the neuroprotective potency of 
calcium and magnesium infusions. As oxalate chelators, they 
are thought to reduce the effect of oxalate on the voltage-
gated sodium channel, thereby reducing OXIN severity  [  27  ] . 
Although calcium and magnesium are frequently administered 
before and after oxaliplatin, the lack of standardization in the 
use and timing of objective neurotoxicity assessment and the 
lack of long-term neuropathy data in these studies prevent 
de fi nitive conclusions; further investigation is necessary  [  28  ] . 
The neuroprotective ef fi cacy of several pharmacologic agents, 
such as antidepressants and anticonvulsants, has been studied 
in a number of trials, which are nicely summarized in a recent 
review by Weickhart et al.  [  17  ] . Venlafaxine has been shown to 
reduce the incidence of acute and chronic peripheral neuropa-
thy in patients treated with oxaliplatin in a small phase III trial 
 [  29  ] . At the present time, however, no strong evidence is avail-
able supporting the systematic use of these agents in the pre-
vention or treatment of oxaliplatin-associated neuropathy. 
Acute oxaliplatin-induced neuropathy of the laryngopharyn-
geal area is often confused with allergic laryngeal angioedema 
but is usually manageable by prolonging oxaliplatin infusion 
time to 6 h, without speci fi c antiallergic premedication.  

   Oxaliplatin-Associated Hypersensitivity Infusion 
Reactions 

 Hypersensitivity to chemotherapy is historically de fi ned as an 
unexpected reaction, with signs and symptoms that are incon-
sistent with the drug’s usual toxicity pro fi le occurring during 
or immediately following the administration of that drug  [  30,   31  ] . 
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Due to the extensive use of oxaliplatin in cancer treatment 
over the last decade, the drug is increasingly recognized to 
cause hypersensitivity reactions similar to those seen with 
earlier generations of platinum-based compounds, at an overall 
incidence of 10–20 %  [  30–  32  ] . However, severe grade 3–4 
reactions are less common, occurring in 1.6 % of the patients, 
and severe anaphylaxis is reported rarely  [  30,   31  ] . Symptoms 
often develop acutely during oxaliplatin infusion or shortly 
afterward and usually occur within the  fi rst 24 h after infu-
sion. Mild hypersensitivity reactions are characterized by 
skin rash, urticaria,  fl ushing, palmar itching, burning, edema 
of face and hands, abdominal cramping and diarrhea, back 
pain, and pruritus  [  30  ] . More severe infusion reactions can 
present with the development of bronchospasm, tachycardia, 
hypo- or hypertension, angioedema, seizures, and chest pain. 
Hypersensitivity events are generally encountered after four 
to six oxaliplatin administrations  [  31  ] . 

 Most infusion reactions seem to be IgE-mediated (type I), 
but type II hypersensitivity with symptoms of hemolysis and 
thrombocytopenia or type III allergic reactions with develop-
ment of chronic urticaria, joint pain, and proteinuria have also 
been reported  [  30  ] . Furthermore, idiosyncratic reactions to 
oxaliplatin infusion, characterized by chills, fever, abdominal 
cramps, and chest tightness, have also been described. A recent 
retrospective study has identi fi ed the presence of a younger 
age, female sex, and the use of oxaliplatin as salvage therapy, as 
potential risk factors for development of oxaliplatin-associated 
infusion reactions  [  31  ] . However, the presence of prior allergies, 
disease type, and stage or treatment regimen did not seem to 
be associated with increased hypersensitivity. 

 When a hypersensitivity infusion reaction is diagnosed, the 
chemotherapy infusion should be interrupted promptly, fol-
lowed by infusion of normal saline and administration of oxygen, 
systemic antihistamines, and corticosteroids. Other supportive 
measures should be taken as indicated until complete resolution 
of symptoms. The main dilemma is whether oxaliplatin can be 
readministered in the future. The decision should be based on the 
severity of the  hypersensitivity reaction, on the patient’s general 
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condition, and the anticipated oncological bene fi t of oxaliplatin 
administration. In case of mild and moderate hypersensitivity 
reactions, reintroduction can be successful by prolonging the 
infusion time to 4–6 h and the use of premedication with hista-
mine receptor antagonists and corticosteroids  [  32  ] . Nevertheless, 
the risk of recurrence is estimated around 30–40 %. When the 
reaction is relatively severe (grade  ³  3), all platinum compounds 
should be excluded from future treatment options. Various 
desensitization protocols have been successfully implemented for 
cisplatin and carboplatin; however, oxaliplatin desensitization 
protocols have only been reported in a very small number of 
patients  [  30  ] .   

   Vascular Endothelial Growth Factor 
Inhibition: Bevacizumab 

 Neo-angiogenesis is crucial for tumor growth and malignant 
progression. In the majority of cancers, tumor vessels appear 
to be abnormal in structure and function, leading to a hostile 
microenvironment characterized by hypoxia, low pH, and high 
interstitial  fl uid pressure  [  33  ] . The spread of tumor cells, escap-
ing through these leaky vessels, is facilitated, while, on the other 
hand, transport and distribution of cytotoxics and oxygen to the 
tumor seems to be impaired. One of the main angiogenic fac-
tors is vascular endothelial growth factor (VEGF). Blockade of 
VEGF signaling by pharmacologic agents can transiently repair 
these vascular abnormalities, thus improving oxygenation and 
lowering interstitial  fl uid pressure. This process is referred to 
as vascular normalization  [  33  ] . The decrease in interstitial  fl uid 
pressure improves cytotoxic drug delivery to the targeted cancer 
cells. Bevacizumab (Avastin, Genentech, South San Francisco, 
CA, USA) is a recombinant, humanized monoclonal antibody to 
VEGF, which inhibits binding of VEGF to its receptors, hereby 
suppressing downstream signaling of the VEGF pathway. The 
combination of bevacizumab with standard chemotherapy 
(irinotecan/5-FU, oxaliplatin/5-FU, or a  fl uoropyrimidine alone) 
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has been shown to improve the clinical outcome in patients 
with metastatic colorectal cancer but not in the adjuvant setting 
 [  34,   35  ] . The clinical toxicities associated with bevacizumab use 
have been well described and are summarized in Table  4.2 . The 
side effects are class-related and are also seen with other anti-
VEGF targeting agents: the most important include arterial 
hypertension, proteinuria, mucosal bleeding, arterial thrombosis 
(especially in older patients with a history of arterial thrombo-
sis), wound healing complications, and gastrointestinal perfora-
tion. Serious adverse events are relatively uncommon, and side 
effects are generally manageable using standard treatment. 
Bevacizumab does not increase the typical chemotherapy-
induced side effects, such as diarrhea, stomatitis, neutropenia, 
and neutropenic infections, although other agents interfering 
with VEGF (a fl ibercept, VEGF tyrosine kinase inhibitors) have 
been reported to be associated with a higher incidence of the 
aforementioned chemotherapy-related side effects.  

   Table 4.2    Common side effects of frequently used biological agents 
in GI cancer   

  EGFR inhibition: cetuximab and panitumumab  

 Skin toxicity 

 Hypomagnesemia 

 Infusion reactions 

  VEGF inhibition: bevacizumab  

 Hypertension 

 Proteinuria 

 Delayed wound healing 

 Gastrointestinal perforation 

 Bleeding 

 Arterial thromboembolic events 
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   Bevacizumab-Associated Gastrointestinal 
Perforation 

 The occurrence of gastrointestinal (GI) perforation, a potentially 
life-threatening complication of bevacizumab treatment, has 
been reported in patients with various types of solid tumors, 
although it is typically more frequent, for reasons that are 
unclear, in the management of colorectal and ovarian cancer 
 [  36  ] . In pivotal clinical trials and two community-based observa-
tional studies that investigated bevacizumab combination with 
5-FU-based chemotherapy in advanced colorectal cancer, the 
estimated incidence of GI perforation was reported to be 
around 0–3.3 %  [  37  ] . Perforations seem to occur early in treat-
ment, usually within 6 months after the start of bevacizumab, 
and can be localized anywhere along the GI tract  [  37  ] . Surgical 
intervention may be required, but is not always necessary. 
Concerns about surgical wound and anastomotic healing under 
bevacizumab treatment can justify a conservative approach in 
stable patients. Perforation rate was higher when the primary 
tumor was still intact, when lower GI tract endoscopy had been 
performed within 1 month, or if a patient had received prior 
abdominal radiotherapy  [  37  ] . Other risk factors included the 
presence of peritoneal carcinomatosis, GI obstruction, gastric 
ulcer disease, acute diverticulitis, and chemotherapy-associated 
colitis  [  36,   37  ] . However, none of these risk factors have been 
validated in multivariate analysis. The contribution of VEGF 
inhibition to the development of GI perforation is incompletely 
understood. Several hypotheses have been proposed, but 
pathophysiological mechanisms are most likely multifactorial. 
Among others, VEGF inhibition can induce regression of 
 normal blood vessels in the GI tract and can cause a decreased 
splanchnic blood  fl ow due to a loss of nitric oxide release  [  38  ] . 
Delayed healing of chemotherapy-induced mucosal damage 
and development of cholesterol emboli syndrome may also be 
involved in pathogenesis  [  38  ] .   
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   Epidermal Growth Factor Receptor 
Inhibition: Cetuximab and Panitumumab 

 The epidermal growth factor receptor (EGFR, HER1, or 
ErbB1) is a glycoprotein receptor, comprising an extracellular 
ligand-binding domain, a transmembrane region, and an intra-
cytoplasmatic domain with tyrosine kinase activity. Ligand 
binding of the extracellular domain results in homodimeriza-
tion or heterodimerization with other members of the EGFR 
family (HER2, HER3, HER4) and subsequent initiation 
of downstream signaling pathways by autophosphorylation. 
These downstream signaling cascades include the mitogen-
activated protein kinase (MAPK) pathway and the phosphati-
dylinositol-3-kinase (PI3K) pathway. EGFR regulates cellular 
growth, differentiation, and survival, and abnormal EGFR 
activation can result in uncontrolled cell proliferation, which 
makes this receptor an attractive target for cancer treatment. 
 Anti- EGFR-targeted agents include antibodies and tyrosine 
kinase inhibitors. They play an important role in the treatment 
of various cancers, either as monotherapy or in combination 
with chemotherapy. In colorectal cancer, the tyrosine kinase 
inhibitors are not used, because of low or no activity. However, 
the anti-EGFR monoclonal antibodies cetuximab (Erbitux, 
ImClone Systems, New York, NY, USA) and panitumumab 
(Vectibix, Amgen, Thousand Oaks, CA, USA) are frequently used 
 [  39  ] . The clinically signi fi cant activity of cetuximab and panitu-
mumab in metastatic colorectal cancer has been demonstrated 
by a number of phase III clinical trials  [  40  ] . In pancreatic cancer, 
the anti-EGFR tyrosine kinase inhibitor erlotinib has been 
approved in combination with gemcitabine, but is not widely 
used in Europe. Class-related adverse events are summarized 
in Table  4.2  and further explained in the following sections. 

   EGFR Inhibitor–Associated Skin Toxicity 

 Dermatologic side effects are the most common class-speci fi c 
adverse event reported during anti-EGFR therapy. The rash 
has a typical appearance (acneiform eruption on face, scalp, 
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neck, shoulders, and upper trunk), is encountered most 
 frequently in about 50–100 % of treated patients, and occurs 
rapidly after starting the antibodies  [  41  ] . Other manifestations 
that usually occur later in the treatment include xerosis, leading 
to eczema and  fi ssures, teleangiectasia, hyperpigmentation, hair 
changes, and paronychia with pyogenic granuloma  [  41,   42  ] . 

 The pathophysiology remains largely elusive. Most likely, the 
underlying mechanism is based on inhibition of the EGF-
receptor in the skin. EGFR is expressed in the basal epidermal 
cells, sebaceous glands, and hair follicle outer root sheath and 
hair shaft  [  43  ] . There are a lot of data in different tumors with 
the different agents, suggesting a correlation between the severity 
of skin toxicity and the antitumor ef fi cacy of EGFR-targeted 
treatment  [  41,   44  ] . In the EVEREST trial in chemorefractory 
colorectal cancer, it has been suggested that a stepwise increase 
in the dose of cetuximab (from weekly 250 mg/m 2  till 500 mg/m 2 ) 
may lead to increased response rate, in patients with no or only 
a slight rash. However, additional prospective studies are 
needed before one can advise this as a standard recommenda-
tion in patients who do not develop rash. The EVEREST-2 trial 
is ongoing to elucidate this concept further  [  45  ] . 

 EGFR inhibitor–related skin toxicity often causes cosmetic 
discomfort, pruritus, or pain, thereby compromising a patient’s 
quality of life and potentially provoking noncompliance. 
Therefore, adequate treatment of skin symptoms is mandatory. 
Although we lack evidence-based data on the treatment, many 
experience-based guidelines have been published, which include 
topical treatment as well as systemic treatment with antihista-
mines and antibiotics  [  41,   42  ] . A multidisciplinary cooperation 
of the oncologist and dermatologist is necessary to provide an 
optimal treatment for each individual patient. Dermatologic 
symptoms induced by EGFR inhibitors are generally reversible 
after discontinuation of treatment.  

   EGFR Inhibitor–Induced Magnesium Wasting 

 In healthy subjects, serum magnesium (Mg 2+ ) levels are 
tightly regulated and kept within the 0.70–1.10 mmol/L range 
by variations in urinary Mg 2+  excretion in response to altered 
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intestinal Mg 2+  uptake. After ultra fi ltration in the kidney, 
magnesium is reabsorbed passively in the proximal tubule 
and the ascending limb of the loop of Henle. However, in the 
distal convoluted tubule, additional Mg 2+  reabsorption is 
mediated by an active transport process through the activity 
of the transient receptor potential cation channel TRPM6. 
Magnesium de fi ciency (serum Mg 2+  <0.70 mmol/L) may 
manifest with symptoms of muscle dysfunction (tetany, weak-
ness, ataxia, spasticity, tremor, and cramps), cardiovascular 
disorders (prolonged QT interval and cardiac arrhythmia), or 
neurocognitive dysfunction (convulsion, confusion, psychosis, 
agitation, delirium, and depression)  [  46  ] . 

 Clinical trials with EGFR-inhibiting monoclonal antibodies 
have demonstrated the occurrence of drug-induced electrolyte 
disorders, such as hypomagnesemia, and in patients with 
severe hypomagnesemia, also hypocalcemia  [  46  ] . It has been 
suggested that EGFR inhibition induces a TRPM6 dysfunc-
tion, comparable to the one seen in patients with hereditary 
loss of functional mutations in the TRPM6 gene, characterized 
by urinary magnesium wasting  [  47,   48  ] . 

 Most patients with grade 1–2 hypomagnesemia seem to be 
asymptomatic, although the interpretation is dif fi cult in these 
heavily pretreated patients with advanced cancer. Patients 
with severe hypomagnesemia can also develop secondary 
hypocalcemia through induction of parathyroid hormone 
(PTH) resistance or suppression  [  47  ] . A prospective analysis 
in patients with colorectal cancer treated with anti-EGFR 
antibodies showed a decrease in serum Mg 2+  concentrations 
in 97 % of patients during treatment  [  47  ] . The incidence of 
grade 3–4 hypomagnesemia varies between 4.5 and 27 %  [  46  ] . 
The median time to onset of hypomagnesemia is 99 days, and 
recovery of serum magnesium levels is usually achieved 4–6 
weeks after discontinuation of EGFR inhibitors  [  46,   47  ] . 
Longer treatment duration with EGFR-blocking agents is 
associated with a higher risk of developing more severe 
hypomagnesemia  [  47,   49  ] . Increasing age and higher baseline 
serum Mg 2+  levels seem also to be related to enhanced renal 
magnesium wasting  [  47  ] . The available data show no difference 
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in incidence and severity of hypomagnesemia between the 
cetuximab and panitumumab. The duration of treatment is an 
important factor that should be considered when evaluating 
the incidence in the different trials. The incidence of hypo-
magnesemia after a treatment with EGFR tyrosine kinase 
inhibitors seems to be very low, and this does not seem to be 
a clinical problem for the tyrosine kinase inhibitors. 

 Since symptoms of hypomagnesemia can easily remain unrec-
ognized, serum Mg 2+  levels should be measured regularly (every 
4 weeks?) in patients receiving anti-EGFR antibodies. The 
management is based upon the grade of severity  [  50  ] . However, 
oral magnesium supplementation is not well tolerated, owing 
to diarrhea, and is often ineffective  [  47,   50  ] . Therefore, grade 1 
hypomagnesemia requires no treatment, and it is suggested that 
only patients with grade 2 hypomagnesemia and risk factors 
such as age and a history of cardiac disease should be treated 
 [  50  ] . Patients should be treated with high doses of oral mag-
nesium supplementation or weekly intravenous replacement 
(4 g  magnesium sulfate). In patients with grade 3–4 hypomag-
nesemia, appropriate replacement therapy should be given due 
to the risk of cardiac arrhythmias  [  50  ] . This can be very challeng-
ing, since serum magnesium levels tend to fall back to the low 
values within 3–4 days after intravenous replacement and more 
frequent intravenous administration of magnesium sulfate is 
time-consuming and socially restricting  [  47,   50  ] . The best replace-
ment strategy has yet to be determined. Dose reduction of anti-
EGFR antibodies for hypomagnesemia has not been studied. 
A stop-and-go approach with anti-EGFR antibodies can be an 
alternative for patients with severe hypomagnesemia, without a 
large tumor burden  [  50  ] .  

   EGFR Inhibitor–Associated Hypersensitivity 
Infusion Reactions 

 Allergic and anaphylactic reactions during anti-EFGR antibody 
administration can cause severe morbidity and a risk for fatal 
outcome. They are encountered more frequently with the 
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chimeric antibody, cetuximab, than with the fully humanized 
antibody, panitumumab. In some colorectal cancer trials, up 
to 5 % of the patients treated with cetuximab developed rela-
tively severe hypersensitivity reactions, despite pretreatment 
with antihistamines  [  39  ] . In 0.1 % outcome was fatal  [  51  ] . The 
incidence of allergic reactions seen with panitumumab is 
much lower, with an overall incidence around 3 % and severe 
reactions in <1 %  [  39,   51  ] . Up to 90 % of severe reactions 
occur during the  fi rst dose of cetuximab  [  51  ] . More recently, 
it has been shown that premedication with antihistamines 
and corticosteroids, especially before the  fi rst administration 
of cetuximab, can reduce the incidence of severe infusion 
reactions. Therefore, prophylactic administration of antial-
lergic drugs is warranted prior to every cetuximab infusion, 
and patients should be monitored for at least 1 h after each 
cetuximab administration. Premedication before administration 
of panitumumab is not routinely recommended. The optimal 
prophylactic premedication to prevent hypersensitivity reactions 
remains unclear but probably includes a corticosteroid and 
an antihistamine  [  52  ] . 

 The pathophysiology of EGFR-associated hypersensitivity is 
incompletely understood. The presence of IgE-antibodies against 
the galactose- a  (alpha)-1,3-galactose oligosaccharide may play a 
role in rapid infusion reactions to cetuximab, but it does not 
explain the mechanisms in more delayed reactions  [  53  ] . There 
are no data on possible risk factors of hypersensitivity to anti-
EGFR antibodies. 

 In case of severe grade 3–4 hypersensitivity reactions, 
immediate interruption of the EGFR antibody is required, 
followed by supportive care with administration of oxygen, 
corticosteroids, and antihistamines  [  51  ] . In the presence of 
hypotension or bronchospasm, the use of vasopressors, epi-
nephrine, and bronchodilators may be necessary. In cases of 
mild to moderate grade 1–2 infusion reactions, infusion of 
anti-EGFR antibodies may be safely resumed at a slower 
infusion rate, after resolution of the allergic symptoms  [  54  ] . 
Because panitumumab has proven to be less allergenic compared 
to cetuximab, a switch to panitumumab could be a treatment 
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option for patients who developed severe  hypersensitivity reac-
tions to cetuximab. Theoretically, there should be no crossover 
effect because the severe allergic reactions to cetuximab are 
believed to be directed against its murine component  [  51  ] . 
However, only scarce case reports are available that suggest this 
approach to be feasible and safe  [  51,   52  ] .       
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  Abstract   Ovarian cancer is the second most common 
 gynecologic malignancy, with 204,000 new cases of ovarian 
cancer per year worldwide, including about 43,000 cases in 
Europe and 22,000 in the United States. In the industrialized 
world, a large number of these women will survive their cancer. 
There have been improvements in outcomes after surgery, 
chemotherapy, and radiation therapy; however, patients do 
experience signi fi cant treatment-related side effects. 

 Besides the classical cytotoxic agents and hormonal agents, 
now used for many years, the development of the newer 
molecular targeted agents is currently an exciting area of 
interest in the care of patients with gynecologic malignancies. 

 Angiogenesis seems to play an important role in gyneco-
logic cancer pathogenesis, and elevated levels of angiogenesis 
markers seem to be correlated with a worse outcome. Agents 
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that target single or multiple pathways alone or in combination 
with chemotherapy are currently under study. Bevacizumab, 
a monoclonal antibody targeting the vascular endothelial 
growth factor, and the oral tyrosine kinase inhibitors such as 
sorafenib, sunitinib, and pazopanib are under investigation, 
both in the primary disease setting and in the recurrent/metastatic 
setting. 

 Challenges are careful patient and drug selection for 
 optimizing the combination of drugs in order to obtain optimal 
ef fi cacy. The latter depends on several factors: (1) the drugs 
used must be active as single agents against the particular 
tumor; (2) the drugs should have different mechanisms of 
action to minimize emergence of drug resistance; (3) the 
drugs should have a biochemical basis of at least additive and 
preferably synergistic effects; (4) the drugs chosen should 
have a different spectrum of toxicity so they can be used for 
maximum cell kill at full doses; and (5) the drugs chosen 
should be administered intermittently so that cell kill is 
enhanced and prolonged immunosuppression is minimized. 
This chapter gives an overview of the currently used treatment 
modalities in gynecologic cancer, their side effects, and their 
management.  

  Keywords   Gynecologic cancer  •  Chemotherapy  •  Targeted 
therapy  •  Hormonal therapy  •  Side effects      

   Introduction 

 Systemic therapies are playing an important role in the 
 management of many patients with gynecologic malignancies. 
In this present chapter, we will highlight the development in 
systemic therapy in various tumor types, mainly focusing on 
what is standard, but touch on some new developments in 
each of them. In some of these malignancies, a new distinction 
has been made between different subtypes based on distinctive 
morphologic and molecular genetic features, which might 
lead to a more personalized treatment in the future. This 
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means that novel treatment strategies will be developed 
based on these characteristics (e.g., molecular targeted treatments), 
which will be accompanied by other and sometimes new 
forms of toxicity. To manage these new side effects, additional 
education and experience is essential.  

   Epithelial Ovarian Cancer 

 Epithelial ovarian cancer (EOC) is the most lethal gynecologic 
malignancy, with a mortality in the European Union of 
12/100,000  [  1  ] . Traditionally, EOC is classi fi ed into six major 
histotypes (serous, mucinous, endometrioid, clear cell, transi-
tional cell, and squamous, according to WHO); further, each 
of them is subdivided into benign, intermediate, and malig-
nant. More recently, however, a subdivision into type I and 
type II tumors has been proposed by Kurman et al., in which 
type I tumors include low-grade serous, low-grade endometrioid, 
clear cell, and mucinous carcinomas, and type II tumors 
include high-grade serous, high-grade endometrioid, and 
undifferentiated carcinomas, differing in molecular genetic 
features and morphology and sensitivity to platinum com-
pounds  [  2,   3  ] . FIGO staging is surgical (and most appropriately 
done by a well-trained gynecologic oncologist), separating 
early disease (stages I–IIA) from advanced disease (stages 
IIB–IV). Milestones in the treatment of EOC include (1) the 
application of surgical staging according to FIGO guidelines 
(i.e., at least lymph node sampling and peritoneal staging in 
early disease and upfront maximal debulking in advanced 
disease) and (2) the evolution in chemotherapy, with the 
introduction of the platinum compounds in the 1970s and the 
taxanes in 1990s  [  4  ] . 

   Cytotoxic Chemotherapy 

 EOC is a chemosensitive disease, and many cytotoxic agents 
from different classes of drugs are active in this disease, such 
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as alkylating agents (cyclophosphamide, ifosfamide, hexame-
thylmelamine), platinum compounds (cisplatin, carboplatin, 
oxaliplatin), taxanes (paclitaxel, docetaxel), anthracyclines 
(doxorubicin, epirubicin, pegylated liposomal doxorubicin 
[PLD]), antimetabolites (5- fl uorouracil, gemcitabine), vinca 
alkaloids (vinorelbine), topo-I inhibitors (topotecan, irinotecan), 
topo-II inhibitors (etoposide), and, more recently, the minor 
groove binder trabectedin. Early-disease patients who are at 
increased risk for recurrence should receive carboplatin (six 
cycles) alone or the paclitaxel/carboplatin (TC) combination 
(three to six cycles) after surgery  [  5,   6  ] . The standard chemo-
therapy approach for advanced disease is six cycles of TC. No 
other cytotoxic regimen has outperformed this regimen  [  7  ] , 
but based on pretreatment conditions, both docetaxel/carbo-
platin and carboplatin plus PLD could be considered an 
alternative to standard therapy  [  8,   9  ] . Recent data suggest 
that a dose-dense therapy using 3-weekly carboplatin and 
weekly paclitaxel might be superior than the standard TC 
regimen  [  10  ] . Three large randomized trials and several meta-
analyses have indicated that intraperitoneal chemotherapy is 
the preferred approach for patients with optimal debulked 
disease leading to a survival advantage of about 1 year com-
pared to the intravenous administration of the same drugs  [  11  ] . 
Many of the randomized trials performed nowadays include 
not only EOC but also primary peritoneal or fallopian tube 
cancers because these tumors behave in a similar way to systemic 
therapy as used so far.  

   Targeted Therapy 

 Based on current preclinical and clinical information, out of 
various targets of interest (growth factors and their receptors, 
angiogenic pathways and extracellular matrix, signal transduction 
pathways, cell survival pathways, and the proteasome), the 
angiogenic pathways and drugs targeting these pathways 
appear to offer the greatest chance of success. Activity of 
bevacizumab has been observed as a single agent in recurrent 
EOC; moreover, three studies have shown progression-free 
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survival (PFS) bene fi t when given in combination with cytotoxic 
chemotherapy, both in patients with platinum-sensitive 
 disease and in those with platinum-resistant disease  [  12,   13  ] . 
Two key  fi rst-line studies, Gynecologic Oncology Group 
(GOG) 218 and International Collaborative Ovarian 
Neoplasm (ICON) 7, showed signi fi cant improvement in PFS 
when bevacizumab was given concurrently with the TC regimen 
and for 16 cycles after TC. In an updated analysis of the 
ICON7 study at 42 months, high-risk patients (stage III and 
residual disease >1 cm after surgery and stage IV) also had a 
better median survival (36.6 months vs. 28.8 months)  [  14,   15  ] . 
Several other anti-VEGF agents are under study, both in 
phase II and III  [  16  ] . An important question is whether these 
agents are preferably used in  fi rst- or second-line treatment. 
Further studies on this question seem warranted, considering 
the costs of these agents. 

 Another group of agents of major interest are the anti-PARP 
agents. These drugs have an effect in tumors de fi cient in 
BRCA1 or BRCA2 or in tumors with a phenotype like that 
of familial BRCA cancers. The overall frequency of this so-
called BRCAness phenotype and homologous recombination 
dysfunction in ovarian cancer is unknown but is estimated to 
be up to 50 % of high-grade serous ovarian cancers. Signi fi cant 
improvement in PFS was observed in platinum-sensitive 
recurrences that were treated with olaparib as maintenance 
versus placebo  [  17  ] . Other PARP inhibitors are under study, 
both alone and in combination with cytotoxics and molecular 
targeted agents.   

   Non-epithelial Ovarian Cancer 

 These rare tumors are often dif fi cult to diagnose and therefore 
will be approached if they were EOC, unless tumor marker 
patterns ((beta) ß-hCG, AFP, LDH), clinical signs (pregnancy 
signs, virilization, blood loss), and clinical  fi ndings (e.g., ovarian 
mass and endometrial thickening) do suggest a germ cell 
tumor (~5 % of ovarian tumors, but >75 % in young patients) 
or a sex cord-stromal tumor (~5 % of ovarian tumors). 
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Considering the chemosensitivity of the germ cell tumors, 
fertility-sparing surgery is recommended. About two-thirds 
of cases are stage I, and in low-risk cases only careful follow-
up is required. In high-risk cases and in more advanced cases, 
the BEP (bleomycin, etoposide, cisplatin) regimen is recom-
mended. Also, sex cord-stromal tumors, which comprise a 
variety of different tumors, including granulosa cell tumors 
(adult and juvenile types) and the Sertoli-Leydig cell tumors, 
present in an early stage for which no adjuvant chemotherapy 
is recommended. In higher risk situations of granulosa cell 
tumors, such as a ruptured ovary or higher stage, adjuvant 
chemotherapy with EP or BEP might be considered  [  18  ] . In 
recurrent disease, the TC combination has shown activity, and 
early reports (mostly case reports) on the potential useful-
ness of bevacizumab and tyrosine kinase inhibitors (e.g., 
imatinib mesylate) are appearing. Hormonal therapies including 
tamoxifen, progestogens, LHRH analogues, and aromatase 
inhibitors have all been used with variable outcomes  [  18  ] . 
Carcinosarcomas previously called malignant mixed Müllerian 
tumors (MMMTs), which may occur in the ovary but also in 
the uterus, should be considered as malignant epithelial 
tumors, not as sarcomas, and treated as such. Adjuvant therapies 
are indicated in all cases, even in stage I. Based on the two 
components that are observed, there has been a debate about 
how to treat them with chemotherapy optimally – whether to 
use the TC regimen (as in EOC), which is reasonably well 
tolerated, or to use (also) anthracyclines and/or ifosfamide. 
The combination of cisplatin, ifosfamide, and doxorubicin 
(PIA) proved to be very active but too toxic for some of these 
patients  [  19  ] .  

   Cancer of the Uterine Body 

 Uterine fundal cancers comprise the great majority of epithelial 
tumors (90 %), including the typical endometrial adenocarci-
nomas (90 %), such as papillary endometrioid, papillary 
serous, clear cell, and mucinous tumors. The remaining 10 % 
consist of mesenchymal tumors (endometrial stromal sarcoma 
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[ESS], leiomyosarcoma [LMS], other nonspeci fi c sarcomas), 
mixed tumors (carcinosarcomas [previously MMMT] and 
adenosarcomas), and secondary tumors (metastases or direct 
local extension [cervix, ovary, colon]). 

 Cancer of the endometrium is the most common gynecologic 
malignancy in the industrialized world, occurring in 80–90 % of 
postmenopausal women (median age 63 years), with 5 % occur-
ring in women younger than 40 years old. The main etiologic 
factor is unopposed/excessive estrogen exposure, and predisposing 
factors include nulliparity, early menarche/late menopause, 
 obesity, diabetes mellitus, hypertension, and treatment with 
tamoxifen. Genetic susceptibility includes the Lynch type II syn-
drome. The two main types of endometrial carcinoma have been 
recognized on the basis of clinical, pathologic, and molecular 
features. Type I includes the endometrioid adenocarcinomas 
(80 %), and type II the papillary serous tumors and clear cell 
tumors, differing from each other in precursor lesions, hormone sen-
sitivity, grading, initial stage at presentation, behavior, and type of 
recurrence and outcome (5-year survival of type I is 85 %; of type 
II, 43 %). Moreover, these two types differ in molecular altera-
tions; type I frequently shows microsatellite instability and mutations 
of PTEN, K-RAS, PI3K, and (beta) ß-catenin genes, while type II 
tumors frequently have p53 mutations and overexpression or 
ampli fi cation of HER2 (serous types) and chromosomal instability. 
Type I tumors are typically estrogen related, comprise low-grade 
tumors, and most express either estrogen receptors (ER) and/or 
progesterone receptors (PR)  [  20  ] . 

 Contrary to the previously discussed EOCs, most of the 
patients with endometrial cancer are diagnosed in early 
stages because of abnormal uterine bleeding as the presenting 
symptom (90 % of cases). Similar to EOCs, endometrial cancer 
is surgically staged (which is not always possible due to medical 
reasons), but the therapeutic approach is determined by 
prognostic factors such as the spread of the disease, the size 
of the primary tumor, the degree of differentiation, and the 
patient’s performance status. Both hormonal treatment and 
cytotoxic chemotherapy are playing an important role, in 
particular when treating patients with more advanced disease 
or recurrent/metastatic disease. 
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   Hormonal Therapy 

 In the setting of advanced or recurrent/metastatic disease, 
progestins have been the mainstay of hormonal treatment for 
many years. They may induce responses in a substantial number 
of patients, particularly in patients with PR-positive disease 
(37 % vs. 8 %) in PR-negative cancers  [  21  ] , and overall the 
toxicity pro fi le of hormonal therapies is more favorable than 
that of cytotoxic chemotherapy. Contrary to cytotoxic chemo-
therapy, hormone therapy can be given for a longer period of 
time, generally without cumulative and increasing toxicity. It 
should therefore be considered  fi rst-choice treatment in 
recurrent/metastatic disease. Nevertheless, these agents some-
times can be associated with signi fi cant adverse effects (see 
later), which may have a negative impact on the quality of life 
of these patients. The type of progestin and the route of 
administration do not seem to be of major importance; in one 
GOG trial in which two dosages of orally administered 
medroxyprogesterone acetate were compared (200 mg vs. 
1,000 mg/day), the lower dose proved to be suf fi cient for an 
adequate antitumor effect  [  22  ] . Tamoxifen and aromatase 
inhibitors are good alternatives either as primary treatment 
or in those relapsing on progestins. There is suf fi cient literature 
data to discourage the use of hormonal treatment in the adju-
vant setting  [  23,   24  ] . 

 Cytotoxic chemotherapy is applied in patients failing hor-
monal treatment or in those with rapidly progressive disease or 
those known to have PR-negative tumors and poor grading. 
Among the different classes of cytotoxic agents, platinum com-
pounds, anthracyclines, and taxanes are most commonly used 
nowadays  [  20  ] . However, 5- fl uorouracil and ifosfamide (the 
latter signi fi cantly better than cyclophosphamide) also are 
active agents that can be used in appropriate cases. The TAP 
regimen (paclitaxel, doxorubicin, cisplatin) induces more 
responses and may lead to a better PFS but is too toxic for 
many patients. For that reason, the TC regimen (as used in the 
treatment of EOC) has gained popularity. It is presently the 
preferred regimen, both in the advanced and recurrent/metastatic 
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disease settings, and as adjuvant in high-risk patients with 
early disease (type II tumors) and is presently tested in the 
PORTEC 3 study, which includes not only all stages of 
serous and clear cell carcinomas but also endometrioid carci-
noma stage I grade 3 and stages II–III, comparing radio-
therapy alone versus radiotherapy plus concomitant cisplatin 
followed by four cycles of TC.  

   Targeted Therapy 

 As earlier mentioned, loss-of-function mutations of PTEN 
are common and appear to be important in the pathogenesis 
of type I endometrial carcinomas. Loss of PTEN causes 
deregulated phosphatidylinositol 3-kinase/serine-threonine 
kinase/mammalian target of rapamycin (PI3K/Akt/mTOR) 
signaling, which may provide neoplastic cells with a selective 
survival advantage by enhancing angiogenesis, protein trans-
lation, and cell cycle progression. Temsirolimus, an ester 
derivative of rapamycin that inhibits mTOR, was evaluated 
in this setting by Oza et al.  [  25  ]  and showed encouraging 
single-agent activity, particularly in chemo-naive patients. 
However, PTEN loss and molecular markers of the PI3K/
Akt/mTOR pathway did not correlate with the clinical out-
come in this study. Surely, further studies in this  fi eld seem 
warranted. 

 Uterine sarcomas, although far less common than endome-
trial carcinomas, exhibit two features that increase the need 
for systemic therapy – that is, a recurrence rate of at least 
50 %, even in stage I disease and a high propensity for distant 
failure  [  26  ] . The role of systemic therapy in patients with car-
cinosarcomas has been described in the section on non- 
epithelial ovarian cancer (see above). Numerous single agents 
have been tested in LMS. Chemotherapy regimens with 
ef fi cacy in treating advanced uterine LMS include gemcit-
abine-docetaxel and doxorubicin and ifosfamide  [  27  ] . There 
are no studies available in patients with LMS that suggest that 
systemic treatment should be used in the adjuvant setting. 
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A large proportion of ESS is ER-positive and PR-positive, 
and durable responses to progestins have been reported  [  24  ] . 
The high percentage of aromatase positivity in low-grade 
ESSs may have implications for the management of patients 
with such tumors (i.e., patients with metastatic ESS should be 
considered for treatment with an aromatase inhibitor).   

   Cancer of the Uterine Cervix 

 Cervical cancer is the second most common malignancy for 
women worldwide and represents the third most common cause 
of female mortality, responsible for about 274,000 deaths each 
year. High-risk persistent infection with sexually transmittable 
human papillomavirus is responsible for nearly all cases of cervi-
cal cancer. Therefore, risk factors for cervical cancer are the 
same as those for sexually transmitted disease, including early 
age at onset of sexual activity, multiple pregnancies, and multiple 
sexual partners. Also tobacco smoking is an important (co)fac-
tor for cervical cancer. In those countries where adequate 
screenings programs are in place, the incidence and mortality 
have markedly decreased. For this reason, the mortality is 10 
times higher in developing countries, where approximately 80 % 
of new cases occur  [  28,   29  ] . In those countries where adequate 
screening programs are available, squamous carcinoma of the 
cervix in particular has decreased in the past decades, while the 
number of adenocarcinomas has increased and now comprises 
20–25 % of all cervical cancers. Other epithelial tumors of the 
cervix are adenosquamous carcinoma, glassy cell carcinoma, 
adenoid cystic carcinoma, adenoid basal epithelioma (carci-
noma), neuroendocrine tumors, carcinoid tumors, and mixed 
epithelial and mesenchymal tumors and sarcomas (LMS and 
ESS), while primary cervical melanoma occurs rarely. FIGO 
staging system is based on clinical evaluation; roentgenographic 
examination of the chest, kidneys, and skeleton; and endocervi-
cal curettage and biopsy. In the last 20 years, numerous advances 
have been made in the medical management of cervical cancer, 
including preventive vaccination, and the integration of chemo-
therapy in the treatment of various stages of cervical cancer. 



173Chapter 5. Gynecologic Cancer

Patients with early disease (stages I–IIA) are treated by surgery 
(which can be conservative and fertility sparing in some and 
radical in others) or radiotherapy (depending on the expertise 
of the institute where the patient is treated), and patients might 
receive postoperative concurrent chemoradiation (using cispla-
tin as a radioenhancer) in case of positive lymph nodes found at 
surgery. Patients with bulky stage I (IB2), locally advanced dis-
ease (stages II–IVA), and basically any stage (except stage IVB) 
with positive lymph nodes are treated with concurrent chemora-
diation. For patients with recurrent and/or metastatic cervical 
cancer, several options are available (surgery, radiation, chemo-
therapy, or best supportive care only), depending on the speci fi c 
situation. However, treatment of metastatic disease so far has 
remained palliative at best  [  30  ] . 

 Treatment of high-risk patients changed dramatically 
when six randomized trials performed in the United States 
showed signi fi cant improvement in outcome when platinum-
based chemotherapy was added to the radiation program, 
leading in 1999 to a NCI clinical announcement that “based 
on these results the incorporation of concurrent cisplatin-
based chemotherapy with radiation therapy in women who 
require radiation therapy for cervical cancer should be 
strongly considered.” In 2001, a systemic review and meta-
analysis con fi rmed these data  [  31  ] . A further analysis showed 
that the absolute bene fi t at 5 years was 6 % (60 % → 66 %) 
but that the magnitude of bene fi t was signi fi cantly higher in 
stages I to IIB than in the higher stages  [  32  ] . The improve-
ment in stage III/IVA was only 3 %, while for stage I–IIA 
this was 10 %. The majority of recurrences after concurrent 
chemoradiation are at distant sites; only a small percentage 
fail only within the pelvis. Therefore, there was a clear indi-
cation to stimulate approaches to decrease distant metastases 
by using systemic therapy. New approaches include the 
following:

   1.    The use of other drugs alone or in combination to enhance 
the effect of radiation, such as taxanes (paclitaxel), topo-I 
inhibitors (topotecan), and gemcitabine or targeted therapies 
such as cetuximab or bevacizumab.  
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   2.    The use of neoadjuvant chemotherapy, which indeed in a 
meta-analysis showed bene fi t but was highly in fl uenced by 
the input of some trials from Argentina and Italy with neg-
ative other trials; therefore, it is still considered to be an 
experimental approach.  

   3.    The use of adjuvant chemotherapy. Support for that was 
found in the meta-analysis, showing that a larger survival 
bene fi t was observed in the two trials in which chemotherapy 
was administered after chemoradiation  [  32  ] . Support 
for that can also be found in the more recent study per-
formed by Dueñas-Gonzáles, presented at ASCO 2009  [  33  ] , 
treating patients during radiation with cisplatin and gem-
citabine and giving two cycles of gemcitabine/ cisplatin, 
leading to an improvement in 3-year survival of 9.1 % 
(69.2 % → 78.2 %). This certainly needs further study.  

   4.    The use of hyperthermia and radiation. Experimental work 
has shown that hyperthermia (arti fi cial elevation of tem-
perature to 40–45 °C) is an effective cell-killing agent, espe-
cially cells in a hypoxic, nutrient-deprived, and low-pH 
environment, conditions speci fi cally found in malignant 
tumors. The combination of radiotherapy with hyperthermia 
provides supra-additive cytotoxic effects  [  34,   35  ] . A random-
ized study, performed in the Netherlands, in 114 patients 
with locally advanced cervical cancer (stages IIB–IVA) 
treated with radiation alone or radiation with hyperthermia, 
showed that the addition of hyperthermia (given weekly) 
led to more complete responses (83 % vs. 57 %,  p  = 0.003), 
better local control rate (at 3 years 61 % vs. 41 %), and a 
better overall survival (at 3 years 51 % vs. 27 %,  p  = 0.009). 
Radiation toxicity was not enhanced by the hyperthermia, 
and the application of hyperthermia proved to be cost-
effective, with maximum discounted cost per life-year gained 
of about 4,000 euro  [  36  ] . An interesting observation com-
pared with chemoradiation is the fact that this gain in sur-
vival is obtained in a study population of more advanced 
disease, while the bene fi t with chemoradiation seems to be 
mainly seen in the earlier stages (see above).  

   5.    The use of methods to overcome hypoxia during radio-
therapy. An important aspect in the trials in cervical cancer 
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is the observation that keeping the hemoglobin level  during 
radiation above 12 g% seems to give better results than 
reduced levels, irrespective of the pretreatment level  [  37  ] .     

   Locoregional and Metastatic Recurrence 

 Pelvic surgery should be considered in selected cases of central 
pelvic recurrence, and salvage radiotherapy should be consid-
ered in patients with a pelvic recurrence without prior irradia-
tion. Systemic therapy (or only best supportive care) should be 
considered in the other cases. Lessons learned in the 1980s and 
1990s when chemotherapy was given to patients with recurrent/
metastatic cervical cancer indicated that platinum-based thera-
pies are most effective, that cisplatin seems more active than 
carboplatin or iproplatin, and that when higher dosages of plati-
num are used or combinations are used, this leads to more 
response, but also more toxicity, without an impact on survival; 
therefore, a dose 50 mg/m 2 , administered every 3 weeks, became 
standard. Other newer agents showing activity in this disease 
are the taxanes (paclitaxel and docetaxel), the topo-I inhibitors 
(mainly topotecan), the vinca alkaloids (vinorelbine), and the 
antimetabolites ( fl uorouracil, gemcitabine). In a direct com-
parison of cisplatin versus cisplatin plus paclitaxel (GOG study 
169), there was gain in PFS for the combination (not in overall 
survival), but when four different combinations were compared 
in GOG protocol 204 (cisplatin plus paclitaxel or topotecan, or 
vinorelbine or gemcitabine), paclitaxel/cisplatin showed a trend 
for having a better response and PFS, but no signi fi cant differ-
ences were observed  [  38,   39  ] . This led to further interest in tar-
geted therapies. Single-agent bevacizumab used in patients 
failing one or two cytotoxic regimens showed a PFS that was 
better than what was available on data with cytotoxic drugs in 
the GOG database and therefore of interest. Also, a random-
ized trial of pazopanib (that targets VEGFR, PDGFR, and 
c-Kit) versus lapatinib (an oral EGFR-TKI with HER2 activity) 
showed superiority of pazopanib with comparable toxicity. So, 
antiangiogenesis compounds seem to be of bene fi t in this 
 disease and need to be further explored  [  40  ] .   
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   Carcinoma of the Vulva 

 Malignant tumors of the vulva are rare (less than 5 % of all 
cancers of the female genital tract). The majority of malignant 
vulvar cancers are squamous cell carcinomas, but melanoma, 
basal cell carcinoma, adenocarcinomas, and sarcomas also may 
occur. Finally, the vulva may be secondarily involved with 
malignant disease originating in the bladder, anorectum, or 
other genital organs  [  41  ] . Treatment consists of radical surgery 
(or a more individualized therapy with less morbidity, but 
retaining the curative potential of the radical vulvectomy 
operation) and postoperative irradiation in selected patients at 
high risk for locoregional failure. The addition of chemotherapy 
concurrent to radiation therapy was heavily in fl uenced by 
advances in the treatment of cervical cancer (see above) and 
squamous cell carcinoma of the anal canal. For those patients 
who have unresectable primary disease or if nodes are palpably 
suspicious,  fi xed, and/or ulcerated preoperatively, chemoradia-
tion is the preferred option. Drugs that have been used for that 
are 5- fl uorouracil or cisplatin alone or combined. Such an 
approach is also attractive when it can be followed by tailored 
surgery, to avoid ultra-radical surgical procedures  [  42  ] . The role 
of chemotherapy in the metastatic disease setting is disappoint-
ing because of the fact that patients with vulvar cancer tend to 
be older, making them poor candidates for cytotoxic therapy, 
because of concomitant diseases that increase the likelihood for 
signi fi cant adverse effects. Nevertheless, two EORTC 
Gynecological Cancer Cooperative Group studies in the past 
showed therapeutic activity of the BMC regimen (bleomycin, 
methotrexate, and CCNU), inducing a response rate of the 
order of 60 % in the neoadjuvant setting  [  43,   44  ] .  

   Gestational Trophoblastic Disease 

 A recent review article on the current chemotherapeutic 
management of patients with gestational trophoblastic neopla-
sia (GTN) beautifully describes the chemosensitivity of this 
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 disease  [  45  ] . When in the 1950s the  fi rst patient with meta-
static choriocarcinoma was successfully treated with chemo-
therapy at the National Cancer Institute, the late Arthur T. 
Hertig, professor of pathology at Harvard Medical School, 
called this God’s  fi rst cancer and man’s  fi rst cure  [  46  ] . GTN 
comprises a heterogeneous group of interrelated lesions that 
arise from abnormal proliferation of placental trophoblast. 
GTN lesions are histologically distinct malignant lesions that 
include invasive hydatiform mole, choriocarcinoma, placental 
site trophoblastic tumor, and epithelioid trophoblastic tumor. 
GTN often arises after molar pregnancies but can also occur 
after any gestation, including miscarriages and term pregnan-
cies. In the United States, hydatiform moles are observed 
in approximately 1/600 therapeutic abortions and 1/1,000 
to 2,000 pregnancies  [  45  ] . The treatment of these patients 
should be individualized. Once the pretreatment evalua-
tion is completed and the extent of disease determined, the 
patient should be assigned a stage (FIGO stages I to IV) 
and a prognostic score, based on age, antecedent pregnancy, 
interval from index pregnancy, pretreatment serum hCG, 
largest tumor size, site of metastases, number of metasta-
ses, and whether or not the patient had failed on previous 
chemotherapy  [  47  ] . A FIGO score of 6 or less indicates low-
risk GTN, whereas a score of 7 or more identi fi es high-risk 
disease. In general, low-risk patients with both metastatic 
and non-metastatic disease usually respond to single-agent 
chemotherapy, whereby the most commonly used agents are 
sequential methotrexate (MTX) and actinomycin D (ACT-
D). In case of resistance, several combination regimens can 
be used, such as the MAC regimen (MTX, ACT-D, and cyclo-
phosphamide) or the EMACO regimen (etoposide, MTX, 
ACT-D, cyclophosphamide, and vincristine). The high-risk 
patients are to be treated from the start with combination 
chemotherapy; for stages II or III and a FIGO prognostic 
score  ³ 7 and stage IV, preferably initially with EMACO; and 
in case of resistance, with drug combinations including both a 
platinum agent and etoposide, with or without bleomycin or 
ifosfamide  [  48  ] .  
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   Cytotoxic Agents in Gynecologic Cancers 

 Cytotoxic agents used in gynecologic cancer are summarized 
in Table  5.5   [  49–  51  ] . 

   Alkylating Agents 

 Alkylating agents (Table  5.1 ) are so named because of their 
ability to alkylate many nucleophilic functional groups under 
conditions present in cells. They impair cell function by form-
ing covalent bonds with the amino, carboxyl, sulfhydryl, and 
phosphate groups in biologically important molecules. The 
most important sites of alkylation are DNA, RNA, and pro-
teins. The electron-rich nitrogen at the 7 position of guanine in 
DNA is particularly susceptible to alkylation. The alkylating 
agents depend on cell proliferation for activity but are not cell 
cycle phase speci fi c. A  fi xed percentage of cells are killed at a 
given dose.   

   Antitumor Antibiotics 

 There are many differing antitumor antibiotics (Table  5.2 ), 
but generally they prevent cell division in two ways: (1) bind-
ing to DNA, making it unable to separate, and (2) inhibiting 
ribonucleic acid (RNA), preventing enzyme synthesis.   

   Antimetabolites 

 Antimetabolites (Table  5.3 ) masquerade as purines (azathio-
prine, mercaptopurine) or pyrimidines, which become the 
building blocks of DNA. They prevent these substances from 
becoming incorporated into DNA during the “S” phase of 
the cell cycle, stopping normal development and division. 
They also affect RNA synthesis. Owing to their ef fi cacy, these 
drugs are the most widely used cytostatics. Antimetabolites 
have a nonlinear dose–response curve, such that after a certain 
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dose, no more cells are killed despite increasing doses 
( fl uorouracil is an exception).   

   Plant Alkaloids 

 These alkaloids (Table  5.4 ) are derived from plants and block 
cell division by preventing microtubule function. Microtubules 
are vital for cell division, and, without them, cell division cannot 
occur. The main examples are vinca alkaloids, taxanes, and 
podophyllotoxins.  

 Vinca alkaloids bind to speci fi c sites on tubulin, inhibiting 
the assembly of tubulin into microtubules (M phase of the 
cell cycle). They are derived from the Madagascar periwinkle, 
 Catharanthus roseus  (formerly known as  Vinca rosea ). 

 Podophyllotoxin is a plant-derived compound that is said 
to help with digestion. It is also used to produce two other 
cytostatic drugs, etoposide and teniposide. They prevent the 
cell from entering the G1 phase (the start of DNA replication) 
and the replication of DNA (the S phase). 

 The prototype taxane is the natural product paclitaxel, 
originally known as Taxol and  fi rst derived from the bark of 
the Paci fi c Yew tree. Docetaxel is a semisynthetic analogue of 
paclitaxel. Taxanes enhance stability of microtubules, preventing 
the separation of chromosomes during anaphase.  

   Topoisomerase Inhibitors 

 Topoisomerases (Table  5.5 ) are essential enzymes that maintain 
the topology of DNA. Inhibition of type I or type II topoi-
somerases interferes with both transcription and replication 
of DNA by upsetting proper DNA supercoiling. Type II 
topoisomerase inhibitor etoposide is extracted from the alka-
loids found in the roots of mayapple plants. They work in the 
late S and G2 phases of the cell cycle. Etoposide’s chemical 
makeup derives from podophyllotoxin, a toxin found in the 
American mayapple.   
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   Other Agents 

   Trabectedin 

 Trabectedin, a marine-derived antineoplastic agent initially 
isolated from the tunicate  Ecteinascidia turbinata , is currently 
produced synthetically. It binds covalently to the minor 
groove of DNA, bending DNA toward the major groove, and 
disrupts transcription, leading to G 2 -M cell cycle arrest and 
ultimately apoptosis. Unlike platinum compounds, trabecte-
din is more cytotoxic in cells with an ef fi cient transcription-
coupled nucleotide excision repair system. 

 Trabectedin is indicated in platinum-sensitive ovarian 
 cancer (recurrence > 6 months platinum-free interval) and 
sarcomas  [  52,   53  ] .  

   NKTR-102 

 NKTR-102 is a next-generation topoisomerase I inhibitor 
that has been engineered to provide a continuous concentra-
tion of active drug with reduced peak concentrations. NKTR-
102 was designed using Nektar’s Advanced Polymer Conjugate 
Technology platform. NKTR-102 is under investigation for 
platinum-resistant ovarian cancer  [  54  ] .    

   Side Effects of Systemic Therapy: Prevention 
and Treatment 

 Antineoplastic drugs are among the most toxic agents used in 
modern medicine. In the  fi rst-line setting, chemotherapy is 
often used with curative intent. Once the disease recurs 
locoregionally or at distant site, many times the main goal of 
cytotoxic treatment is the relief of disease-related symptoms 
and prolongation of PFS and overall survival while maintain-
ing quality of life as much as possible. 

 Many of the side effects, particularly those to organ sys-
tems with a rapidly proliferating cell population, are dose 
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related and predictable. In almost all instances, chemothera-
peutic agents are used in doses that produce some degree of 
toxicity to normal tissues. 

 Severe systemic debility, advanced age, poor nutritional status, 
or direct organ involvement by primary or metastatic tumor 
can result in unexpected severe side effects of chemotherapy. 

 At each stage of the disease, careful monitoring and 
assessment of bene fi t versus harm in each individual patient 
is a major responsibility of the physician dealing with cyto-
toxic agents  [  55,   56  ] . 

 The commonly used agents in gynecologic cancer, their 
main side effects, and their prevention and management are 
described in the sections that follow. 

   Chemotherapy 

   Platinum Agents 

 Platinum agents include cisplatin (Platinol, Bristol-Myers-
Squibb, Princeton, NJ, USA) and carboplatin (Paraplatin, 
Bristol-Myers-Squibb, Princeton, NJ, USA). 

 Platinum-based therapy plays an integral role in the  fi rst-
line treatment as well as in the recurrent disease setting in 
several gynecologic cancers (see introduction). 

 Cisplatin is associated with several cumulative toxicities, 
including dose-dependent renal tubule toxicity and neurotoxic-
ity. Extensive renal damage can occur before any detectable 
changes in serum creatinine levels. Renal impairment can 
lead to a reduction in the clearance of some co-administered 
cytotoxic agents and may potentially increase severe toxicities. 
Vigorous hydration with adequate diuresis is necessary during 
cisplatin administration to minimize the risk and severity 
of acute nephrotoxicity. Amifostine, a naturally occurring 
thiol that can protect cells from damage by scavenging 
o xygen-derived free radicals, may be considered for the 
 prevention of nephrotoxicity in patients receiving cisplatin-
based  chemotherapy  [  57  ] . 
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 Peripheral neuropathy, ototoxicity, and rarely retrobulbar 
neuritis and blindness are known side effects of cisplatin. 
High doses of cisplatin are particularly likely to produce a 
progressive and delayed peripheral neuropathy. This defect is 
characterized by sensory impairment and loss of propriocep-
tion, where motor strength generally is preserved. Progression 
of this neuropathy 1–2 months after cessation of high-dose 
cisplatin has been reported. Diagnosis of neuropathy is typi-
cally based on patient history, physical examination, and if 
necessary an electromyography. Permanent high-tone hearing 
loss can occur in up to 45 % of patients receiving cisplatin 
therapy  [  58–  61  ] . 

 There has been lack of good evidence for the routine use 
of neuroprotective agents such as vitamin E, amifostine, 
 amitriptyline, gabapentin, and other agents. Few treatment 
options for neuropathic pain are described, but those are not 
validated by large, randomized controlled trials. In small 
numbers of patients, gabapentin, 400 mg three times daily, 
and amitriptyline, 10–50 mg, have been shown to provide 
relief in severe neuropathic pain  [  57,   62  ] . 

 Hypersensitivity reaction resulting in rash, bronchospasm, 
urticaria, and hypotension increases with continued use of 
cisplatin. Prophylactic treatment with steroids and antihista-
mines and a slow infusion rate may minimize this risk  [  63  ] . 

 Gastrointestinal adverse events are also common with 
 cisplatin therapy and may be acute or delayed in onset. Nausea 
and vomiting are the major complaints among cisplatin-treated 
patients. Use of 5-hydroxytryptamine-3 inhibitors (granisetron, 
ondansetron, and tropisetron) in combination with corticosteroids 
and (fos)aprepitant (NK-1 receptor antagonist) can reduce the 
incidence and severity of these effects  [  64  ] . 

 Myelosuppression with leukopenia and anemia occurs in 
nearly half of cisplatin-treated patients with advanced ovarian 
cancer. Despite relatively high rates of low neutrophil counts 
when cisplatin is used, the rate of febrile neutropenia is low, 
especially when used in monotherapy. Treatment with 
hematopoietic growth factors such as granulocyte colony-
stimulating factor (G-CSF) can be useful in some cases. The 
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use of G-CSF for primary prophylaxis is only indicated in 
regimens with a risk of febrile neutropenia of 20 % (e.g., 
 cisplatin/paclitaxel). The use of G-CSF for the treatment of 
febrile neutropenia is not recommended, except in settings 
with increased morbidity and mortality, including sepsis, 
 tissue infection, and prolonged neutropenia  [  65  ] . 

 Anemia can lead to many symptoms, including fatigue, 
subsequently impacting on patients’ activities of daily living. 
The role of the erythropoietin-stimulating agents (ESAs) con-
tinues to be investigated. United States FDA labeling for 
ESAs contains a black box warning of adverse effects on sur-
vival, progression, and recurrence. Concerns regarding ESA 
use in a curative setting have been raised, but its use may be 
appropriate for patients in whom therapy is palliative  [  66  ] . 

 The cumulative and irreversible toxicities associated with 
cisplatin may reduce the potential options for future treat-
ment on relapse. Many new platinum-based formulations 
have been derived to minimize the severe toxicity pro fi les 
associated with cisplatin treatment. These compounds include 
carboplatin, which is approved for use in ovarian cancer, 
oxaliplatin, nedaplatin, satraplatin, and other investigational 
drugs  [  67  ] . 

 As mentioned in the introduction, the current standard of 
care for patients with advanced (stage IIB–IV) ovarian can-
cer is maximal cytoreductive surgery followed by administra-
tion of systemic chemotherapy. First-line therapy consists of 
platinum (cisplatin or carboplatin) in combination with pacli-
taxel. Carboplatin is preferred over cisplatin, based on the 
results of the phase III trial conducted by the Gynecologic 
Oncology Group (GOG 158). This trial showed that carbo-
platin/paclitaxel treatment offered ef fi cacy comparable with 
that of cisplatin/paclitaxel but did not exhibit the cumulative 
nephrotoxicity associated with cisplatin-based therapy. 
Furthermore, the International Collaborative Ovarian 
Neoplasm (ICON) Group studies suggested that the use of 
carboplatin as a single agent was an acceptable alternative 
 fi rst-line treatment for patients with advanced ovarian cancer 
 [  68–  70  ] . This may be true outside trials in certain patient 
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cohorts, but during the latest Ovarian Consensus Conference 
in June 2010, representatives of 23 cooperative research 
groups studying gynecologic cancers unanimously agreed 
that the basic minimum comparator in a phase III trial of 
advanced ovarian cancer must contain a taxane and a plati-
num agent given for six cycles  [  71  ] . 

 Carboplatin is an alternative for platinum therapy that 
exhibits considerably lower nephrotoxicity than cisplatin. 
However, renal function must be monitored when determining 
dosage regimens to avoid acute toxicity because the renal 
clearance is the primary means by which carboplatin is 
cleared from the body. Carboplatin can cause dose-limiting 
and cumulative myelosuppression. Thrombocytopenia is frequent 
and severe, and thrombocyte transfusions can be necessary. 
Other side effects of carboplatin administration are neuro-
toxicity and hypersensitivity reactions. Hypersensitivity to 
carboplatin was seen in 12 % of carboplatin-treated patients 
in a study conducted by  [  72  ] . Because of the possibility of 
fatal cross-hypersensitivity, the use of cisplatin in patients 
who have developed hypersensitivity to carboplatin is not 
recommended  [  72–  74  ] . 

 Platinum agents (i.e., cisplatin and carboplatin) are the 
drugs of preference for the treatment of concomitant chemo-
radiotherapy in cervical cancer. The treatment of choice is 
cisplatin, 40 mg/m 2 , administered weekly. Despite the fact 
that weekly cisplatin during radiation is well tolerated, its 
nephrotoxicity is of particular concern in a patient popula-
tion that frequently has renal dysfunction as a consequence 
of ureteral obstruction by the disease spreading to the pelvic 
wall or to the bladder. Carboplatin has fewer side effects than 
cisplatin with signi fi cantly less gastrointestinal, neural, and 
renal toxicity. The activity of carboplatin given concurrently 
with radiotherapy for cervical cancer has been reported and 
is attractive, especially in terms of toxicity  [  75  ] . 

 A particular advantage of concurrent chemotherapy with 
radiation is the enhancement effect on radiation, leading to 
better locoregional control, but an early effect on microme-
tastases might be an additional effect. It has been shown that 
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this cisplatin-based chemoradiation reduces the treatment 
failures compared to radiotherapy alone and improves cervical 
cancer survival by approximately 40 %  [  76–  78  ] . Patients are, 
however, likely to experience additive toxicities as a result of 
this combined treatment, and acute toxicities (hematologic 
toxicity, nausea, vomiting) are more common with chemora-
diation than with radiation alone. Acute gastrointestinal 
symptoms typically involve varying degrees of diarrhea, 
abdominal discomfort, cramping, nausea, and vomiting. High-
risk factors associated with radiotherapy complications are 
obesity, smoking, pelvic in fl ammatory disease, diverticulosis, 
treatment  fi eld, and dose  [  79  ] . 

 Late toxicities include small bowel obstruction secondary 
to radiotherapy  fi brosis, radiotherapy-induced hemorrhagic 
cystitis, urinary retention secondary to urethral stricture, com-
plex  fi stulae, and radiotherapy enteritis and pancreatitis. Some 
of these late toxicities necessitate surgical intervention  [  79  ] . 

 Chronic gastrointestinal toxicity usually occurs in the  fi rst 
2 years after treatment in about 10 % of patients, with an 
average interval ranging from 6 to 18 months  [  80  ] . Acute 
gastrointestinal side effects such as diarrhea and fecal incon-
tinence may become chronic. Acute toxicity is usually reversible, 
and most acute adverse events are self-limiting or resolve 
with medical management (hydration, loperamide, analge-
sics), while late effects are often permanent and affect the 
quality of life  [  81  ] .  

   Taxanes 

 Taxanes include paclitaxel and docetaxel. 
 Paclitaxel is a non-platinum-based cytotoxic agent 

approved for the  fi rst-line treatment of advanced ovarian 
cancer with high antitumor activity when used in combina-
tion with carboplatin (TC regimen). Also, in recurrent plati-
num-sensitive disease, this TC regimen seems to improve PFS 
and overall survival  [  68  ] . 

 Carboplatin could be safely combined with paclitaxel 
using a dose formula based on projected renal clearance. The 
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recommended outpatient regimen is carboplatin AUC 7.5 
and paclitaxel 175 mg/m 2  over 3 h without initial G-CSF. 
However, the use of paclitaxel may be limited by cumulative 
peripheral neurotoxicity, and a rapid-onset sensory neuropathy 
can occur. The peripheral neuropathy is due to axonopathy, 
and also the motor and autonomic nerves appear to be 
affected by paclitaxel. In this case, docetaxel can be an alter-
native for paclitaxel, since neurotoxicity is uncommon in the 
combination of carboplatin/docetaxel  [  82,   83  ] . 

 Docetaxel has been examined in several clinical trials for 
management of platinum-resistant and sensitive ovarian can-
cer, with an objective response rate of approximately 20–35 % 
being documented in this clinical setting. This level of activity 
is comparable to that of paclitaxel observed in a similar 
patient population. 

 The dose of single-agent docetaxel in these studies has 
been 100 mg/m 2 , delivered on an every-3-weeks schedule. It is 
not known if a lower dose regimen (e.g., 60 or 80 mg/m 2 ) 
might result in similar response rates with reduced toxicity. 
The drug is generally well tolerated in this setting, with the 
major toxicity being neutropenia and a capillary leak syn-
drome with  fl uid accumulation that is related to the cumula-
tive dose and number of cycles. 

 The toxicities caused by docetaxel use are more pro-
nounced in patients with elevated liver function tests (i.e., 
transaminase levels greater than 1.5 times the upper limit of 
normal and alkaline phosphatase levels greater than 2.5 times 
the upper limit of normal)  [  84  ] . 

 The comparison of docetaxel/carboplatin with the stan-
dard TC regimen has been studied in the SCOTROC trial, 
the Scottish Randomized Trial in Ovarian Cancer (paclitaxel 
175 mg/m 2  administered for 3 h or docetaxel 75 mg/m 2  admin-
istered for 1 h in combination with carboplatin AUC 5), given 
for six cycles every 21 days. The main differences in toxicity 
between the two regimens related to neurotoxicity and 
myelosuppression, with more neurotoxicity seen with the TC 
regimen and more myelosuppression seen in the docetaxel 
plus carboplatin combination  [  85,   86  ] . 
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 Arthralgias and myalgias are well-described toxicities 
associated with taxanes and can be very painful and at times 
disabling. The natural history is to improve with each course 
of treatment  [  87  ] . Arthralgias/myalgias are often dif fi cult to 
treat, and many patients do not respond to simple analgesics. 
In a phase II study reported by Markman et al., 46 patients 
with unacceptable myalgias and arthralgias, despite the use of 
nonsteroidal anti-in fl ammatory drugs, were treated with 
10-mg twice-daily oral prednisone for 6 days. They reported 
that 85 % of patients experienced relief of myalgias and arth-
ralgias  [  88  ] . Savarese et al. described a pilot study of  fi ve 
patients treated with oral glutamine 10 g three times a day in 
patients who had developed severe myalgias or arthralgias 
with their  fi rst cycle of paclitaxel. They reported that on glu-
tamine there were no myalgias or arthralgias reported  [  89  ] . 

 The acute dose-limiting toxicity of taxanes is the granulocy-
topenia. Other common side effects include alopecia, nausea, 
vomiting, diarrhea, mucositis, and hypersensitivity. To decrease 
the incidence and severity of hypersensitivity reactions, patients 
should receive pretreatment with steroids. In case of treatment 
with paclitaxel, the use of a H1 (promethazine or diphenhy-
dramine) and H2 (cimetidine or zantac) receptor antagonist 
besides corticosteroids is recommended one-half hour before 
the administration of paclitaxel  [  90  ] . Moreover, concomitant 
steroid therapy allows paclitaxel to be administered over a 3-h 
infusion period, which is less myelopsuppressive than the 24-h 
infusion  [  91,   92  ] . 

 Rarely, acute pneumonitis, as well as an isolated case of 
fatal pulmonary  fi brosis, has been seen with paclitaxel use. 
Close monitoring of patients with underlying pulmonary dis-
ease is mandatory, and if pneumonitis develops, treatment 
with steroids is appropriate  [  93  ] .  

   Topotecan 

 Topotecan has ef fi cacy in advanced ovarian cancer that is 
comparable with that of both paclitaxel and liposomal doxo-
rubicin. Compared with paclitaxel and liposomal doxorubicin, 
the majority of topotecan’s serious side effects are short-lived, 
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reversible, and noncumulative  [  94  ] . The traditional dose 
schedule is 1.5 mg/m 2 /day ×5 every 3 weeks, but more con-
venient weekly regimens are used also  [  95,   96  ] . In a random-
ized phase III trial, comparing topotecan with paclitaxel in 
recurrent EOC, Ten Bokkel et al. indicated that the most 
important adverse effect seen in all patients was myelosup-
pression. Grade 4 neutropenia was observed in 79 % of 
topotecan patients receiving second-line therapy and in 81 % 
of the patients who received third-line therapy. The highest 
incidence of grade 4 neutropenia was observed during the 
 fi rst course (57 % of all patients during second-line treatment 
and 59.3 % during third-line treatment), and this decreased 
in subsequent courses. Grade 4 thrombocytopenia was also 
higher in patients who received topotecan in both second-line 
and third-line treatment regimens. In the topotecan-treated 
group, myelosuppression was noncumulative, manageable, 
and resolved quickly (nadir 5–7 days). For the topotecan 
group, nonhematologic toxicity consisting primarily of gastro-
intestinal disturbances (nausea, vomiting, stomatitis, diarrhea, 
constipation) was generally mild or moderate (grade 1/2). 
Alopecia is the only cumulative toxicity reported during long-
term topotecan therapy. 

 No end-organ toxicities, such as cardiac, neurologic, skin, 
or ototoxicity, were observed, and all nonhematologic toxici-
ties were noncumulative  [  97  ] . 

 Topotecan is not associated with signi fi cant nephrotoxicity. 
However, prior treatments might have compromised renal 
function, and because this may in fl uence the renal clearance 
of topotecan (which correlates with the creatinine clearance), 
leading to more myelosuppression, assessment of the kidney 
function before the treatment with topotecan starts is essen-
tial. Also dose/schedule adjustments should be based on the 
patient’s treatment history with cytotoxic agents that have 
cumulative myelotoxicity (e.g., carboplatin) as well as the use 
of extensive prior radiotherapy  [  98  ] . Dose reductions have 
not shown to decrease response rates. Reducing the starting 
dose to 1.0 or 1.25 mg/m 2 /day ×5 is recommended, and this 
may reduce the incidence of severe myelosuppression in such 
patients  [  99  ] . Hematopoietic growth factors, transfusion 
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therapy, and schedule adjustments may also help manage 
myelosuppression  [  100  ] . Although the liver also contributes 
to the clearance of topotecan, no dose modi fi cations are nec-
essary in patients with impaired hepatic function  [  101  ] . As the 
thrombopenic effect of topotecan decreases with each next 
treatment cycle, even in patients who have been heavily pre-
treated, long-term use of topotecan as palliative therapy for 
the advanced ovarian cancer is feasible  [  102  ] .  

   Gemcitabine 

 Gemcitabine is a promising agent in combination with carbo-
platin in recurrent ovarian cancer  [  103  ] . Also, as a single 
agent in second-line treatment for advanced ovarian cancer, 
it is found to offer bene fi t. The response rates with single-
agent gemcitabine range from 13 to 24 %, both in previously 
treated and untreated patients  [  104  ] . Doublets consisting of 
gemcitabine-cisplatin or gemcitabine-paclitaxel, in previously 
treated patients, induce responses in 53 and 40 % of the 
patients, respectively. Triplet combinations have also shown 
to be effective in early-stage trials, although dose-limiting 
myelosuppression occurs with gemcitabine plus paclitaxel 
plus carboplatin  [  105,   106  ] . 

 Myelosuppression is the primary dose-limiting toxicity of 
gemcitabine, especially when given in combination with cispla-
tin or carboplatin because of their overlapping toxicity. Frequent 
monitoring of hematologic parameters and application of dose 
modi fi cations, if needed to manage the anemia, leukopenia, and 
thrombocytopenia, is recommended  [  107,   108  ] . 

 Other common adverse events are  fl u-like symptoms 
(fever, rigors, and malaise) and lethargia  [  109  ] . Less common 
is dyspnea, which must be distinguished from the symptoms 
of drug-induced pneumonitis and noncardiogenic pulmonary 
edema (NCPE), which are rare but life-threatening adverse 
events. Although the effects of NCPE are usually reversible 
with immediate intensive supportive therapy, gemcitabine 
should be stopped at the  fi rst sign of this complication  [  110,   111  ] . 
Other side effects of gemcitabine include grade 3 vomiting, 
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manageable fever, peripheral edema, and alopecia; no 
 cumulative hepatic or direct renal toxicities have been 
reported  [  109,   112  ] . 

 After extended gemcitabine use, the development of 
thrombotic microangiopathy and a life-threatening hemolytic 
uremic syndrome can occur  [  113  ] .  

   Oral Etoposide 

 Etoposide is active in malignant ovarian germ cell tumors 
and gestational trophoblastic neoplasms. The commonly used 
chemotherapy regimen in these tumor types is BEP (bleomycin, 
etoposide, and cisplatin)  [  114  ] . 

 The activity of prolonged oral administration of etoposide 
in second-line therapy for advanced ovarian cancer has been 
studied in a phase II trial by Rose et al. (GOG Group study). 
The same author studied this regimen in advanced recurrent 
LMS of the uterus and recurrent or advanced squamous cell 
carcinoma of the cervix but without success. In cervical can-
cer, prior radiation therapy limited the ability to deliver pro-
longed oral etoposide due to hematologic toxicity with grade 
4 neutropenia and thrombocytopenia occurring in resp. 33.3 
and 15 % of the patients  [  115–  117  ] . 

 Prolonged oral use of etoposide and higher cumulative 
doses in EOC have shown that there is an increased risk of 
developing secondary myelodysplasia and acute leukemias; 
therefore, this agent is mostly not used in the primary treat-
ment setting. Severe hematologic toxicities are common 
during long-term etoposide therapy. Grade 3/4 neutropenia 
and leukopenia occur in 45 and 41 % of etoposide-treated 
patients, respectively. Deaths from neutropenic sepsis have 
been reported. Thrombocytopenia and anemia occur at a 
lower incidence compared with neutropenia and leukopenia. 
Myelosuppression from etoposide is generally reversible with 
no cumulative bone marrow toxicity  [  118  ] . Regular blood 
count and support with hematopoietic growth factors will be 
useful. The treatment of neutropenic fever and sepsis will be 
highlighted in another chapter. 
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 Other manageable side effects are alopecia, nausea, vomiting, 
anaphylaxis, mucositis, and acute hypo- and hypertensive 
responses  [  119  ] .  

   Anthracyclines 

 Anthracyclines include doxorubicin and pegylated liposomal 
doxorubicin (PLD). 

 Doxorubicin is known to be an active agent in endome-
trial cancer and EOC, and it is often combined with a platinum 
compound  [  120–  122  ] . Unfortunately, the clinical use of 
doxorubicin is limited by its dose-related cardiomyopathy, 
which becomes more prevalent with increasing cumulative 
doses. Doxorubicin therapy can be associated with irrevers-
ible cardiotoxicity, which may manifest as life-threatening 
arrhythmias during the acute phase of treatment and leads to 
a high risk of congestive heart failure  [  123  ] . The side effects 
of anthracyclines and their management are extensively 
described in Chap.   2    . 

 PLD is a formulation of doxorubicin encapsulated in poly-
ethylene glycol (PEG)-coated liposomes associated with a 
dramatic alteration in pharmacokinetics characterized by a 
prolonged circulation time and a small volume of distribu-
tion. Liposomes can eventually extravasate through abnor-
mally permeable vessels, which are frequently associated with 
tumors, and can theoretically deliver high local levels of 
doxorubicin  [  124  ] . 

 PLD is approved for the treatment of advanced ovarian 
cancer in women refractory to both platinum- and paclitaxel-
based chemotherapy regimens. It has comparable ef fi cacy 
with other second-line or salvage regimens and conventional 
doxorubicin but has a more favorable toxicity pro fi le  [  125  ] . 

 PLD is associated with a dose-limiting hand-foot syn-
drome (or palmar-plantar erythrodysesthesia syndrome) 
characterized by painful erythema, peeling, and occasional 
blistering, which can generally be managed by prolongation 
of the treatment interval to 4 weeks and/or dose reduction 
and ultimately drug withdrawal. Almost 50 % of all patients 
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receiving PLD experience hand-foot syndrome (grade 3/4 in 
23 % of the patients). There is no established pharmacologic 
treatment for the hand-foot syndrome, and the use of salves 
and behavior modi fi cation to prevent cracking of the skin can 
help to improve the pain  [  122  ] . 

 The risk of cardiomyopathy with Doxil is reduced  compared 
to free doxorubicin. Histologic examination of cardiac biopsies 
from patients who received cumulative doses of Doxil from 
440 to 840 mg/m 2 , without prior anthracycline exposure, 
revealed signi fi cantly less cardiac toxicity than in matched 
doxorubicin controls. However, the cumulative cardiotoxicity 
of the liposomal formulation has not been established; there-
fore, extended use of liposomal doxorubicin in patients with 
impaired myocardial function is contraindicated  [  126  ] . 

 Other side effects of PLD are mucositis, hematologic tox-
icity, alopecia, acute nausea, and vomiting, all of which are 
manageable. In a phase III trial comparing carboplatin/PLD 
versus the standard TC regimen in patients with platinum-
sensitive recurrent EOC, the combination with carboplatin/
PLD was superior in terms of PFS and showed a better 
 therapeutic index  [  121  ] . 

 Unfortunately, PLD is currently unavailable for clinical use 
(as of October 2011). The supply of PLD has been limited 
because of production equipment failures at the contract manu-
facturing  fi rm Ben Venue Laboratories (a unit of Germany-
based Boehringer Ingelheim).  

   Vincristine/Vinblastine 

 Vinca alkaloids are mainly used in ovarian germ cell tumors 
(OGCT). The  fi rst effective combination chemotherapy for 
patients with OGCT was the VAC regimen (vincristine, 
actinomycin D, and cyclophosphamide). Since a remarkable 
improvement of survival in male testicular cancer patients 
treated with PVB polychemotherapy (cisplatin, vinblastine, 
and bleomycin), this regimen was also introduced in OGCT. 
The PVB regimen proved to be active and more effective 
than the VAC regimen  [  127  ] . 
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 Despite the fact that there is only a small structural difference 
between vincristine and vinblastine, they have signi fi cantly 
different antitumor spectrums and toxicity patterns. 
Vinblastine has myelosuppression as its primary toxicity, 
whereas the dose-limiting toxicity for vincristine is the 
peripheral neuropathy. Toxicity  fi rst appears as loss of deep 
tendon re fl exes with distal paresthesias. Cranial nerves can be 
affected, and the autonomic neuropathy can appear as a 
dynamic ileus, urinary bladder atony with retention, or 
hypotension. Older patients and patients who already have 
neuropathic symptoms due to diabetes mellitus, hereditary 
neuropathies, or earlier treatment with neurotoxic chemo-
therapy are thought to be more vulnerable for the develop-
ment of chemotherapy-induced peripheral neuropathy. 
Vincristine-induced neuropathy usually starts after a cumula-
tive dose of 5- to 6-mg vincristine (but autonomic neuropathy 
in particular can occur even after the  fi rst administration), 
and nearly all patients experience some degree of neuro-
pathic signs or symptoms. 

 Management mainly consists of (cumulative) dose 
 reduction or lower dose intensities, especially in patients 
who have a higher risk of developing neurotoxic side effects. 
Neuroprotective agents should ideally protect the nervous 
system without affecting the antitumor effect of the cytostatic 
agent. For many years now, potential neuroprotective agents 
(e.g., nerve growth factor, Org2766, glutamine, amifostine, 
glutamate, and vitamin E) have been studied, with different 
results. However, none of these agents can be recommended 
for standard use in daily clinical practice. Vincristine-induced 
neuropathy may persist for up to 40 months but in general 
has a good prognosis  [  128–  130  ] .  

   Ifosfamide 

 Ifosfamide is one of the best-known alkylating agents. In 
gynecologic cancer, mostly it is used in association with cis-
platin. In second-line therapy for ovarian cancer, it shows 
remarkable activity, even in patients refractory to cisplatin, 
with more severe, but always manageable toxicity  [  131  ] . 
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 In gynecologic sarcomas, ifosfamide is, together with doxo-
rubicin, an important component in the regimen  [  132,   133  ] . 
The combination of cisplatin, ifosfamide, and doxorubicin 
(PIA) proved to be very active but too toxic  [  19  ] . 

 The TIP (paclitaxel, ifosfamide, and cisplatinum) regimen 
is highly active (with response rates of 48 %) in locally 
advanced and relapsed/metastatic cervical cancer, although 
hematologic toxicity associated with this treatment is consid-
erable and supportive measures (hematopoietic growth factors) 
are needed  [  134,   135  ] . 

 The dose-limiting toxicities of ifosfamide are myelosup-
pression (especially leukopenia) and hemorrhagic cystitis. 
Hemorrhagic cystitis is a diffuse in fl ammation of the bladder 
leading to dysuria, hematuria, and hemorrhage. Acrolein, a 
metabolite of ifosfamide and cyclophosphamide, is the main 
molecule responsible of this side effect. Hemorrhagic cystitis 
can be prevented by the use of aggressive hydration and the 
use of mesna (2-mercaptoethanesulfonic acid), which neu-
tralizes the toxicity of the acrolein. Mesna binds acrolein and 
prevent its direct contact with uroepithelium  [  136  ] . 

 Other side effects are nausea, vomiting, alopecia, neurologic 
disorders, and elevated serum creatinine levels. Neurologic 
symptoms include episodes of somnolence, lethargy, ataxia, 
disorientation, confusion, dizziness, malaise, depressive psy-
chosis, and coma. These toxicities occur more frequently when 
ifosfamide is given over a 1-day period instead of 5 days. 
A total of 10–15 % of patients treated with ifosfamide develop 
an encephalopathy. The exact pathophysiologic mechanisms 
responsible for the development of ifosfamide-induced enceph-
alopathy are not known. However, accumulation of chloroac-
etaldehyde, toxic metabolite of ifosfamide, in the central 
nervous system is theorized to be the cause of the neurotoxic-
ity. The intravenous use of methylene blue in a dosage of 6 × 
50 mg/day for treatment and 4 × 50 mg/day, either intravenously 
or orally, for secondary prophylaxis of ifosfamide-induced 
encephalopathy is recommended  [  137  ] . 

 Syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH) is characterized by hyponatremia and high 
urinary osmolality (>100 mOsm/kg) due to inappropriately 
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high serum levels of arginine vasopressin in a clinically 
 euvolemic patient. Hypouricemia urinary sodium level 
>40 mEq/L and low blood urea nitrogen (BUN) may also indi-
cate diagnosis of SIADH. SIADH affects 1–2 % of all cancer 
patients and accounts for 30 % of hyponatremia in this popula-
tion. Ifosfamide has been reported as a cause of SIADH. 
Hypertonic saline, loop diuretics,  fl uid restriction, and deme-
clocycline are mainstays of therapy for SIADH  [  138–  140  ] .  

   Cyclophosphamide 

 Cyclophosphamide can be successfully used in ovarian cancer, 
soft-tissue sarcoma, and granulosa cell tumor. In ovarian cancer, 
the preferred regimen is the association with cisplatin. 
However, this regimen is less effective compared with the 
currently used TC standard regimen  [  141  ] . In soft-tissue 
 sarcoma and granulosa cell tumors, it is preferably combined 
with Adriamycin and cisplatin  [  142,   143  ] . 

 Side effects of cyclophosphamide include chemotherapy-
induced nausea and vomiting, bone marrow suppression, 
stomach ache, diarrhea, darkening of the skin/nails, alopecia 
(hair loss) or thinning of hair, changes in color and texture of 
the hair, and lethargy. Hemorrhagic cystitis is a frequent com-
plication that can be adequately prevented by suf fi cient  fl uid 
intake and mesna. 

 Cyclophosphamide is itself carcinogenic, potentially causing 
transitional cell carcinoma of the bladder as a long-term 
complication. Another serious side effect is acute myeloid 
leukemia, referred to as secondary AML. The risk of its devel-
opment may be dependent on dose and a number of other 
factors, including the condition being treated, other agents 
or treatment modalities used (including radiotherapy), treat-
ment intensity, and length of treatment. Cyclophosphamide-
induced AML, when it happens, typically presents some 
years after treatment, with incidence peaking around 3–9 
years. After 9 years, the risk has fallen to the level of the 
regular population. When AML occurs, it is often preceded 
by a myelodysplastic syndrome phase, before developing into 
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overt acute leukemia. Cyclophosphamide-induced  leukemia 
will often involve complex cytogenetics, which carries a worse 
prognosis than the de novo AML  [  144,   145  ] .  

   Bleomycin 

 Bleomycin,  fi rst isolated in 1966 by Umazawa and associates, 
is a cytotoxic antibiotic synthesized from  Streptomyces verticillus . 
It is used primarily in the therapy of lymphomas, squamous 
cell carcinomas, and germ cell tumors and has little myelo-
suppressive or immunosuppressive activity. 

 Bleomycin, etoposide, and cisplatin (BEP) regimen is a 
modi fi ed PVB regimen by substitution of etoposide for vin-
blastine in ovarian germ cell tumors (OGCT), since the BEP 
regimen proved to be equally active but less toxic  [  146  ] . 

 Bleomycin is an attractive addition to combination chemo-
therapy regimens because of its broad activity and low 
myelotoxicity. However, pulmonary toxicity is the major 
complication limiting its use. Bleomycin is inactivated by a 
hydrolase enzyme that is relatively de fi cient in lung tissue. 
This probably contributes to the sensitivity of lung tissue to 
the effects of bleomycin. Pulmonary toxicity can present 
either as an interstitial pneumonitis with progressive  fi brosis 
or, rarely, as an acute hypersensitivity reaction. In both syn-
dromes, the most common symptoms are dyspnea and a non-
productive cough. On examination of the chest, basal 
crepitations may be present, but often there are few abnor-
mal physical signs. The hypersensitivity reaction may be asso-
ciated with fever and eosinophilia. Several factors may 
contribute to the risk of development of bleomycin pulmo-
nary damage. Above a total dose of 450–500 mg, the inci-
dence of interstitial  fi brosis rises from 35 to 40 %, and this is 
associated with a higher mortality. However, cases of pulmo-
nary toxicity have been described in patients who have 
received less than 200 mg. The hypersensitivity reaction is not 
dose dependent. Concurrent or previous radiotherapy or 
therapy with other chemotherapeutic agents, especially cyclo-
phosphamide, and oxygen therapy during or up to 6 months 
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after the administration of bleomycin are additional risk factors. 
Renal failure may result in higher bleomycin serum levels. 
Concomitant cisplatin toxicity may contribute to the devel-
opment of renal failure. Bleomycin should not be given to 
patients with creatinine clearances <30 mL/min because of 
the altered pharmacology of the drug in that situation. 

 There are some reports of symptomatic and radiographic 
improvement with corticosteroid therapy, especially in the 
acute situation. However, no controlled studies have been per-
formed to test the role of steroids in treatment. In patients who 
seemed to improve on steroid therapy, the pulmonary function 
tests remained abnormal. As treatment of the progressive pul-
monary involvement appears relatively unsuccessful, the 
emphasis should be placed on prevention. All patients who 
receive bleomycin should have serial pulmonary function tests. 
If any of the aforementioned risk factors are present, a high 
index of suspicion should be maintained. It is recommended 
that further bleomycin therapy should be withheld if the DLco 
falls below 40 % of the initial value, the FVC decreases by 
20 %, or if any symptoms, signs, or chest radiograph features of 
toxicity appear  [  147–  150  ] .  

   Methotrexate 

 As mentioned in the introduction, single-agent methotrexate 
(MTX) is the  fi rst choice for the treatment of low-risk GTN. 
However, actinomycin D (ACT-D) can be used as a  fi rst-line 
agent in patients with hepatic dysfunction or who have a known 
adverse reaction to MTX  [  45,   151  ] . In case of disease resistant 
to single agents, the preferred combination chemotherapy regi-
men is often MAC (MTX, ACT-D, and cyclophosphamide) or 
EMACO (etoposide, MTX, ACT-D, cyclophosphamide, and 
vincristine). MAC is preferred as the initial combination che-
motherapy regimen since etoposide, which is a component of 
EMACO, is associated with an increased risk for secondary 
malignancies. Studies have shown that patients treated with 
more than 2 g/m 2  of etoposide had a relative risk of 16.6 for 
developing leukemia, 5.8 for breast cancer, 4.6 for colon cancer, 
and 3.4 for melanoma  [  152  ] . 
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 The most described side effects of MTX are mucositis 
 (20–60 % rates) with mucosal ulcerations, myelosuppression, 
hepatotoxicity, allergic pneumonitis, and, in case of intrathecal 
use, meningeal irritation. High-dose MTX for doses  ³ 500 mg/
m 2  is used in hematologic settings. These regimens deliver an 
otherwise lethal dose of MTX in a 4- to 36-h infusion, followed 
by a 2- to 3-day period of multiple leucovorin doses to termi-
nate the toxic effect of MTX (leucovorin “rescue”). Successful 
rescue by leucovorin depends on rapid elimination of MTX by 
the kidneys, which requires aggressive pretreatment as well as 
posttreatment hydration and urinary alkalinization. The main 
toxicities of high-dose MTX are elevated serum transaminase 
levels and renal insuf fi ciency, which can delay drug clearance. 
Doses between 50 and 500 mg/m 2 , as used for malignant gesta-
tional trophoblastic disease, are considered intermediate-dose 
MTX. In general, these patients do not require aggressive 
hydration or urinary alkalinization. Leucovorin rescue is rarely 
needed with doses  £ 250 mg/m 2  unless unexpected toxicity is 
encountered. When there is renal impairment, leucovorin 
should be repeated every 6 h until the serum level of MTX falls 
below 0.1 mmol/L. Alkalinization of urine helps in the excre-
tion of MTX, as MTX and its metabolites are poorly soluble in 
acidic pH. An increase in the pH of urine from 6.0 to 7.0 
increases the solubility of MTX and its metabolites by  fi ve to 
eight times. Aggressive hydration also helps with the renal 
excretion of MTX and its metabolites  [  153  ] . Attention has to 
be kept on concomitant medication, since many agents are 
known to prolong MTX elimination, including probenecid, 
salicylates, nonsteroidal anti-in fl ammatory drugs (NSAIDs), 
and weak organic acids  [  154  ] .  

   5-Fluorouracil 

 The use of 5- fl uorouracil (5-FU) has been studied in recurrent 
ovarian and cervical cancer, both in phase II trials  [  155,   156  ] . 
In both trials, the main side effects were myelosuppression 
and gastrointestinal toxicity. 

 The toxicity of 5-FU, which includes leukopenia, diarrhea, 
stomatitis, nausea, vomiting, and alopecia, differs with its 
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schedule of administration. Dose-limiting toxicities of bolus 
5-FU are diarrhea and myelosuppression. Hand-foot syn-
drome and stomatitis are also dose limiting with prolonged 
infusion. Coronary events induced by 5-FU are rare, but con-
sidering the potentially lethal nature of this toxicity, physi-
cians should be aware of this possible side effect  [  157  ] . 
Overall, toxicities associated with  fl uorouracil are more com-
mon and more severe in patients with dihydropyrimidine 
dehydrogenase (DPD) de fi ciency. Individuals with complete 
or partial DPD de fi ciency have a strongly reduced capacity to 
metabolize 5-FU and therefore experience severe, and some-
times life-threatening, toxic effects from the increased levels 
of active drug. However, the screening of patients for the 
presence of DPD de fi ciency prior to the start of treatment 
with  fl uoropyrimidines is not routinely recommended  [  158  ] . 

 Numerous approaches have been suggested for managing 
toxicities caused by 5-FU. The most obvious action would be to 
stop any further administration of 5-FU in case of severe gastro-
intestinal toxicity, this followed by aggressive supportive care. 
Antibiotic and antibacterial coverage may be used in treating 
potential bacterial and fungal infections resulting from the inva-
sion of enteric organisms through the weakened gut lining. 
Dehydration and hypotension may be treated with appropriate 
 fl uid and electrolyte support. In the most severe cases, hospital-
ization in the intensive care unit may be necessary. 

 In case of mucositis, general approaches include effective 
oral care, dietary modi fi cations, topical mucosal protectants 
(e.g., Caphosol), topical anesthetics, and systemic analgesics, 
if necessary. Chlorhexidine oral rinses, as a topical antimicro-
bial, may be an option to consider when treating an oral 
infection. Palifermin (keratinocyte growth factor-1) given 
intravenously has been studied in solid tumor cohorts but is 
currently not standard of care. One study suggested that pali-
fermin may be useful in a dose of 40 (mu) m g/kg/day for 3 days 
for prevention of oral mucositis in patients receiving bolus 
5-FU plus leucovorin. 

 Oral cryotherapy is recommended for prevention of oral 
mucositis in patients receiving bolus 5-FU chemotherapy  [  159  ] .  
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   Trabectedin 

 Trabectedin is indicated in platinum-sensitive ovarian cancer 
(recurrence >6 months platinum-free interval) and sarcomas. 
Its main dose-limiting toxicity is hepatotoxicity and myelo-
suppression. Premedication with dexamethasone can strongly 
reduce drug-induced hepatotoxicity and myelosuppression 
 [  160  ] . In a phase II trial in relapsed platinum-sensitive ovar-
ian cancer patients, both every-3-weeks trabectedin regimens, 
1.5 mg/m 2  24 h and 1.3 mg/m 2  3 h, were active and reasonably 
well tolerated. The most common trabectedin-related adverse 
events were nausea, vomiting, and fatigue, most of them 
being grade 2 or 3, which were transient, noncumulative, and 
usually without clinical relevance  [  161  ] . However, apart from 
the advantage of a shorter infusion time, a slightly better 
safety pro fi le was found for the 3-h schedule with respect to 
myelosuppression (neutropenia), fatigue, and vomiting. For 
management of myelosuppression and nausea/vomiting see 
previous section. The combination of PLD plus trabectedin 
(using the 3-h every-3-weeks regimen) has been evaluated 
versus PLD alone in patients with relapsed EOC in a recently 
 fi nished randomized phase III trial. The results of this phase 
III trial have shown a statistically signi fi cant and clinically 
relevant patient bene fi t when trabectedin is combined with 
PLD  [  52  ] .  

   NKTR-102 

 NKTR-102 has been studied in an open label, phase II trial in 
a patient population with advanced platinum-refractory ovar-
ian cancer (platinum-free interval <6 months). Median lines of 
prior therapy for women enrolled in the study were three, 
with 47 % of the women having failed prior treatment with 
pegylated liposomal doxorubicin. NKTR-102 was given either 
on a q14d or q21d regimen. Response rates were high, irre-
spective of the number of lines of prior therapy. Based on this 
highly promising data set, a phase III study is underway  [  54  ] . 
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 The most common grade 3 and 4 side effects were diarrhea, 
dehydration, hypokalemia, fatigue, nausea, and neutropenia, 
with most side effects being grade 3 in severity; all were 
 manageable with supportive care. One patient in each dose 
regimen died due to neutropenic sepsis (q21d) and prerenal 
azotemia (q14d).   

   Hormonal Therapy 

 Many gynecologic cancers, including epithelial and stromal 
ovarian cancers, endometrial carcinomas, and some gyneco-
logic sarcomas, in particular ESS, express ER and/or PR 
receptors. Hormonal therapy is in many ways more attractive 
than chemotherapy in recurrent or metastatic gynecologic 
cancers, since the objective of treatment is palliation and pro-
longation of survival rather than cure. 

 Endocrine therapy is not associated with the more severe, 
acute toxicities of chemotherapy and can be administered for 
prolonged periods with relatively little cumulative toxicity. 

 There are numerous case reports, retrospective studies, and 
small phase 2 studies using a variety of hormonal therapies in 
this patient population. The most commonly used agents 
include progestogens, tamoxifen, and luteinizing hormone-
releasing hormone (LHRH) agonists. More recently, aro-
matase inhibitors have also been prescribed  [  21,   162–  164  ] . 

 Although progestogens have been the mainstay of hor-
monal treatment in women with recurrent/metastatic endome-
trial cancer for many years, these agents can be associated with 
signi fi cant adverse effects, including weight gain, hypertension, 
 fl uid retention, increased blood sugar, insomnia, tremor, throm-
bosis, and pulmonary emboli. These can potentially worsen the 
quality of life and may be life-threatening  [  21  ] . 

 Many side effects of endocrine therapy, such as hot  fl ushes 
and mood disturbances, are related to estrogen deprivation 
and are common to tamoxifen and aromatase inhibitors 
(nonsteroidal: anastrozole and letrozole; steroidal: exemes-
tane). Tamoxifen has estrogenic effects that are bene fi cial in 
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some tissues; tamoxifen lowers serum cholesterol levels and 
protects against bone loss and cardiovascular disease but is 
also associated with potentially life-threatening side effects, 
such as thromboembolic disease (stroke or pulmonary embolism) 
and endometrial cancer  [  162  ] . Since aromatase inhibitors lack 
estrogenic activity, they are not associated with these serious 
adverse events. Aromatase inhibitors are also associated with 
a lower incidence of gynecologic symptoms (vaginal dryness, 
vaginal bleeding) and hot  fl ushes than tamoxifen. However, 
AIs are associated with musculoskeletal side effects, such as 
arthralgia, myalgia, and bone loss, but these events are pre-
ventable or manageable  [  164  ] . In case of hot  fl ushes nonphar-
macological approaches such as avoidance of foods or 
situations that trigger hot  fl ushes, wearing natural fabrics, and 
employing methods of rapid cooling, such as spray mists or 
moist wipes, can be effective. The potential bene fi ts of vita-
min E and therapies that contain iso fl avones have failed to 
demonstrate any bene fi t. Data from placebo-controlled clini-
cal trials indicate that the selective serotonin reuptake inhibi-
tors or SSRIs (paroxetine, venlafaxine) are the most effective 
agents available for the prevention of hot  fl ushes  [  165,   166  ] . 

 Vaginal dryness occurs as a result of estrogen depriva-
tion; it can cause pain during intercourse and, subsequently, 
contributes to loss of libido. Local lubricants can be used 
temporarily to alleviate symptoms. Topical vaginal estrogen 
preparations have been shown to relieve the symptoms of 
vaginal dryness  [  165,   166  ] . 

 In postmenopausal women with early breast cancer, post-
operative adjuvant AI therapy, which reduces circulating 
estrogen levels, has been associated with an increased inci-
dence of arthralgia and myalgia compared with tamoxifen or 
placebo. Although muscular and joint pains are common side 
effects of AIs, affecting up to 35 % of patients, and can be 
troublesome in some individuals, symptoms are rarely severe 
enough to necessitate treatment discontinuation, and they 
usually improve with time. Where necessary, management 
options are available to help patients to cope with joint and/
or muscle pains. Physical strategies, such as physiotherapy or 
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massage, can help to relieve symptoms. Pharmaceutical inter-
vention is limited to analgesics; nonsteroidal anti-in fl ammatory 
drugs, acetaminophen, or cyclooxygenase-2 inhibitors are 
effective in most patients, although stronger analgesics can be 
prescribed if necessary  [  167  ] . 

 Loss of bone mass is a well-recognized consequence of 
estrogen deprivation. The recommended treatment depends 
on the extent of bone loss and includes reassurance, advice on 
lifestyle changes to slow or prevent further bone loss, such as 
increasing weight-bearing physical activity and taking dietary 
supplements (calcium and vitamin D), and drug therapy (e.g., 
with bisphosphonates in case of severe bone loss). 

 Hypercholesterolemia and cardiovascular disease have 
been reported more frequently in patients taking an aro-
matase inhibitor, but there is evidence to suggest that at least 
some of these effects re fl ect the absence of tamoxifen’s 
bene fi cial estrogenic actions on these target tissues rather 
than a detrimental effect of the aromatase inhibitors. Patients 
taking an aromatase inhibitor should undergo regular screen-
ing for cardiovascular risk factors such as blood pressure 
monitoring and serum cholesterol measurements as part of 
routine health checks, but no speci fi c management strategies 
are required  [  168  ] .  

   Other Cytotoxic Treatment Modalities 

   Intraperitoneal Chemotherapy 

 The intraperitoneal (IP) delivery of cisplatin has been demonstrated 
in several evidence-based randomized phase 3 trials to 
improve overall survival when employed as  fi rst-line chemo-
therapy in patients with small-volume residual advanced ovar-
ian cancer. Despite this fact, the use of IP chemotherapy is still 
today not accepted by all clinicians as the treatment of choice 
for optimally debulked EOC. The latter is due to a signi fi cantly 
reduced quality of life during treatment with IV/IP versus IV 
chemotherapy. In the GOG 172 study, patients in the IP/IV 
group experienced signi fi cantly more neurologic side effects 
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and abdominal discomfort. Abdominal discomfort began to 
improve for both groups during treatment, and no differences 
in discomfort remained soon after the end of treatment. 
However, neurologic side effects remained worse in patients 
in the IP/IV group, even at 1 year after treatment  [  169  ] . 

 Substantial local toxicity with abdominal pain and adhe-
sion formation leading to bowel obstruction are of concern, 
as is the systemic toxicity associated with cisplatin, which 
remains an issue in case of IV/IP chemotherapy. The use of IP 
carboplatin is of particular interest, as it has been docu-
mented to have a more favorable toxicity pro fi le compared to 
cisplatin. Another attractive property of IP carboplatin is that 
its use makes it easier to deliver in the setting of a busy oncol-
ogy practice. Unfortunately, there are no comparison data of 
IP delivery of those two platinum agents showing their equiv-
alence. Currently, phase I studies are ongoing with the IP 
delivery of carboplatin or paclitaxel  [  170–  172  ] .  

   Hyperthermic Intraperitoneal Chemotherapy 

 For a discussion of hyperthermia in cervical cancer, see the 
introduction. 

 Locoregional treatments combining cytoreductive surgery 
and intraperitoneal chemohyperthermia (HIPEC) may 
improve survival for locoregional disease in recurrent ovar-
ian cancer  [  173,   174  ] . However, morbidity and mortality of 
this treatment modality are substantial, and rates between 10 
and 50 % have been reported in the literature. The most pub-
lished results come from observational case series, and phase 
III trials are lacking  [  175  ] . The complications that occur are 
related to the cytoreductive surgery and the delivered che-
motherapy. Postoperative complications can include respira-
tory failure, bacteremia, renal failure, pyelonephritis, 
pulmonary embolism, pneumonia, urinary infections, and 
pyrexia. Complications related to chemotherapy include tox-
icity of that particular drug (mainly cisplatin, oxaliplatin, 
mitomycin C). Iterative cytoreductive surgery with HIPEC 
can be performed; however, strict patient selection is essential, 
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taking into consideration the origin of carcinomatosis, length 
of recurrence-free interval, age, comorbidity, and likelihood 
of achieving complete cytoreduction  [  176  ] .    

   Side Effects of Targeted Agents 
in Gynecologic Cancer 

 Important molecular pathways that regulate independency 
and insensitivity to signal transduction, angiogenesis, apoptosis, 
invasion, and metastatic potential of cancer cells have been 
described in development of gynecologic cancers. Medications 
that target these pathways are being developed and tested in 
the treatment of gynecologic cancers. Some of them have 
made their entry in clinical practice. In this section, the focus 
is on the side effects of targeted agents used in the treatment 
of early and recurrent gynecologic cancers. 

   Ovarian Cancer 

 Several pathways have been identi fi ed in the genesis of ovarian 
cancer, and medication targeting the epidermal growth factor 
receptor (EGFR) and HER2 receptor, PARP repair mechanism, 
and angiogenesis are already in clinical testing or used in 
patients with ovarian cancer (Fig.  5.1 ). Most of these drugs 
are evaluated in recurrent or advanced disease, while one of 
them has been tested in adjuvant setting after primary debulking 
in combination with chemotherapy.  

   Epidermal Growth Factor Receptor–Targeting Drugs 

 In ovarian cancer, the EGFR is overexpressed in 10–70 % 
with an average of 48 % of ovarian tumors  [  178  ] . The EGFR 
can be in fl uenced by monoclonal antibodies (e.g., cetuximab) 
or small molecules (e.g., ge fi tinib, erlotinib, lapatinib), and 
they have been tested in several phase II studies with or without 
chemotherapy in patients with ovarian cancer  [  179  ] . 
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   Monoclonal Antibodies 

   Cetuximab 

 In several phase II studies, cetuximab scheduled as 400 mg/
m 2 /week followed by 250 mg/m 2 /week was combined with 
chemotherapy in patients with ovarian cancer. In a study 
combining cetuximab with carboplatin (area under the curve 
[AUC] 6) in 28 evaluable patients with EGFR-positive ovar-
ian cancer, the most commonly observed toxicities were 
grade 3 dermatologic toxicity (32 %), grade 3 thrombocy-
topenia (14 %), and metabolic toxicity (14 %). Hypersensitivity 
reactions occurred in 32 % of patients including 18 % grade 
3/4 reactions partly due to cetuximab  [  180  ] . Another study 
combining cetuximab, carboplatin (AUC 6), and paclitaxel 
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  Figure 5.1    Targeted therapy agents under evaluation in phase 
II–III trials of epithelial ovarian cancer.  EGFR  epidermal growth 
factor receptor,  HER2  human epidermal growth factor receptor 2, 
 Hsp  heat shock protein,  PARP  poly(adenosine diphosphate-ribose) 
polymerase,  PDGFR  platelet-derived growth factor receptor,  PKC  
protein kinase C,  VEGF  vascular endothelial growth factor,  VEGFR  
VEGF receptor (Reprinted with permission from Banarjee and 
Gore  [  177  ] )       
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(175 mg/m 2 ) in 40 evaluable patients had as grade 3/4 treatment-
related toxicities febrile neutropenia (12.5 %), rash (2.5 %), 
hypersensitivity reaction (7.5 %), and hypomagnesemia 
(12.5 %). Common grade 1/2 toxicities attributed to cetuximab 
included acneiform rash (82.5 %), hirsutism (7.5 %) or abnormal 
hair growth (25 %), and nail disorders (22.5 %)  [  181  ] .   

   EGFR Tyrosine Kinase Inhibitors 

   Ge fi tinib 

 Ge fi tinib 500 mg/day was given to 30 women with recurrent 
or persistent epithelial ovarian or primary peritoneal carci-
noma in a phase II study. The most commonly observed grade 
3 toxicities in 27 evaluable patients were dermatologic toxic-
ity (15 %) and diarrhea  [  182  ] . 
 Ge fi tinib 500 mg/day was given to 24 patients with recurrent 
ovarian cancer in another phase II trial. Adverse events 
observed in this trial were generally mild, and the most com-
mon adverse events  ³ 2 grade were diarrhea (33 %), nausea 
(12 %) and vomiting (12 %), fatigue (17 %), rash (12 %), and 
hypoalbuminemia (21 %). Grade 4 hyponatremia was 
reported in one patient with short bowel syndrome and 
underlying adrenal insuf fi ciency  [  183  ] . 

 The combination of ge fi tinib and tamoxifen 40 mg/day was 
also studied in 56 patients with ovarian cancer refractory or 
resistant to platinum- and taxane-based therapy. The dosage 
of ge fi tinib had to be decreased from 500 to 250 mg/day in 
14.9 % of patients, predominantly due to diarrhea (10.7 %). 
Most frequent drug-related adverse events were diarrhea and 
acne-like skin rash. Side effects were similar compared to 
ge fi tinib monotherapy, and the addition of tamoxifen did not 
increase toxicity  [  184  ] .  

   Erlotinib 

 In a phase II study in 34 patients with ovarian cancer, rash 
and diarrhea were the main toxicities when erlotinib 150 mg/
day was given as single agent  [  185  ] . When erlotinib 150 mg/
day was combined with carboplatin (AUC 5 every 3 weeks), 
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the toxicity pro fi le did not change importantly in 20 patients 
with ovarian cancer treated with up to two prior chemotherapy 
regimens, and no excessive toxicity was noted  [  186  ] . However, 
when the combination of erlotinib and carboplatin with doc-
etaxel followed by maintenance erlotinib was tested in 
patients with ovarian cancer, an unexpected high gastrointes-
tinal toxicity was observed  [  187  ] .  

   Lapatinib 

 Lapatinib, 1,500 mg/day orally, was tested as single agent in 25 
evaluable patients with recurrent ovarian cancer. Toxicities reported 
were one grade 4 fatigue and some grade 3 toxicities  [  188  ] . 

 The combination of oral lapatinib 1,250 mg/day with topote-
can 3.2 mg/m 2  intravenously on days 1, 8, and 15 and lapatinib 
1,250 mg PO daily, continuously in 28-day cycles, was tested in 
18 patients with platinum-refractory or platinum-resistant ovar-
ian cancer. This treatment resulted in signi fi cant grade 3/4 
hematologic and nonhematologic toxicity with neutropenia 
(56 %), thrombocytopenia (28 %), and diarrhea (22 %)  [  189  ] . 

 Drugs interfering with the EGFR seem not to be more 
toxic in patients with ovarian cancer. However, in combina-
tion with chemotherapeutic agents active in ovarian cancer 
such as topotecan, hematologic toxicity, although uncommon 
with this group of medication, may be a factor that should be 
taken into account.    

   HER2-Receptor–Targeting Drugs 

 HER2-receptor expression in ovarian cancer has been vari-
able and ranges from 1.8 to 35 %  [  179  ] . The HER2 receptor 
can be in fl uenced by monoclonal antibodies or tyrosine 
kinase inhibitors, and some have been tested in patients with 
ovarian cancer (e.g., trastuzumab, pertuzumab, lapatinib) 
with limited effect, although in patients with HER2 overex-
pression tumors, the results may be better. 

 For trastuzumab, the most frequent side effects reported in 
these phase II studies when used as single agent were anemia, 
gastrointestinal issues, neuropathy, and fatigue  [  190  ] ; for 
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 pertuzumab, diarrhea, abdominal pain, left ventricular ejection 
fraction (LVEF) decrease, atrial  fi brillation, pericardial effusion, 
and pneumonia  [  191  ] ; for lapatinib in combination with 
 chemotherapy, hematologic toxicity and diarrhea have been 
reported  [  189  ] .  

   PARP Repair Mechanism–Interfering Drugs 

 Poly(ADP-ribose) polymerases (PARPs) are a family of nuclear 
enzymes that regulates the repair of DNA single-strand breaks 
through base excision repair  [  192  ] . It is an important mechanism 
in DNA damage repair together with the BRCA complex. In 
patients with inactivating mutations in the BRCA genes, PARP 
is the remaining repair mechanism for homologous recombina-
tion. Up to 50–60 % of epithelial ovarian cancers are defective 
in their ability to repair DNA damage using homologous 
recombination, and patients with these tumors might bene fi t 
from PARP inhibitors  [  193  ] . Several phase II studies with 
PARP inhibitors showed activity in recurrent platinum-sensitive 
ovarian cancer in combination with chemotherapy or as single-
agent maintenance after chemotherapy  [  179  ] . 

   Olaparib 

 Olaparib is a competitive NAD + inhibitor that inhibits PARP 
activity. When used as single agent, olaparib 200 mg/day 
orally is generally well tolerated, and the most common drug-
related toxicities are mild gastrointestinal symptoms (6 % 
grade 3 nausea; 2 % grade 3 vomiting and diarrhea) and 
fatigue (4 % grade 3). There were no obvious differences in 
the pattern of toxicities experienced by patients with BRCA1- 
or BRCA2-mutated ovarian cancer or between BRCA and 
non-BRCA mutation carriers  [  194  ] . 

 Another phase II trial treated patients with BRCA1- or 
BRCA2-mutated ovarian cancer with single-agent olaparib 
in two different dosages (2× 100 mg daily and 2× 400 mg daily). 
In patients given olaparib 800 mg daily, the most frequent 
adverse events were nausea (42 % grade 1/2; 6 % grade 3/4), 
fatigue (30 % grade 1/2; 3 % grade 3/4), and anemia 
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(15 % grade 1/2; 3 % grade 3/4). The most frequent causally related 
adverse events in the cohort given 200 mg daily were nausea (29 % 
grade 1/2; 8 % grade 3/4) and fatigue (38 % grade 1/2)  [  195  ] . 

 Two different dosages of olaparib (400 and 800 mg daily) 
were compared with pegylated liposomal doxorubicin (50 mg/m 2  
intravenously every 28 days) in a randomized phase II trial in 
97 patients with recurrent ovarian cancer with BRCA1 or 
BRCA2 de fi ciency. The most common adverse effects in the 
olaparib groups were grade 2 fatigue, gastrointestinal symp-
toms, anemia, and rash and were more commonly observed in 
the 800-mg olaparib group. The incidence of grade 3/4 events 
was low, although grade 3 anemia was seen more frequently in 
patients receiving olaparib 800 mg (13 %)  [  196  ] . 

 PARP inhibitors are mostly well tolerated in patients with 
ovarian cancer, with gastrointestinal side effects and fatigue 
being the most frequently observed side effects.   

   Angiogenesis Inhibition 

 Angiogenesis is a complex mechanism with different actors 
involved. Hypoxia is one of the main determinants of angio-
genesis and is mediated by hypoxia-inducible factor (HIF). 
mTOR activates messenger RNA to produce HIF, which acts 
as a transcription factor that is in fl uenced by the von Hippel-
Lindau protein. On activation, HIF results in transcription of 
vascular endothelial growth factor (VEGF) which stimulates 
the endothelial cell to develop new sprouting vessels by acti-
vating the VEGF receptor (VEGFR). Molecules that act on 
all these factors have been tested in ovarian cancer. 

   PI3K-PTEN-Akt-mTOR Pathway–Interfering Drugs 

 The mTOR inhibitors temsirolimus and everolimus are being 
tested as single agent or in combination with chemotherapy 
in ovarian cancer in several phase II trials. Behbakht et al. 
tested weekly 25-mg/m 2  temsirolimus in 54 heavily pretreated 
patients with persistent/recurrent epithelial ovarian cancer/
primary peritoneal cancer, and grade 3/4 adverse events 
included metabolic (15 %) and gastrointestinal toxicities 
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(15 %), pain (11 %), and constitutional (9 %) and pulmonary 
(7 %) toxicities  [  197  ] . In six heavily pretreated Japanese 
patients with clear cell carcinoma, temsirolimus 10 mg/m 2 /
week in a 3-weeks-on, 1-week-off schedule, no toxicities 
greater than grade 3 or toxicity requiring discontinuation 
were observed  [  198  ] .  

   Vascular Endothelial Growth Factor–Interfering Drugs 

 VEGF can be in fl uenced by monoclonal antibodies against 
VEGF (bevacizumab) and VEGF trap (a fl ibercept), and both 
have been tested in patients with ovarian cancer. 

   Bevacizumab 

 In a phase III trial, 1,528 patients with ovarian cancer were, after 
debulking, randomized to 6 cycles of carboplatin and paclitaxel 
with or without bevacizumab (7.5 mg/kg) for 5 or 6 cycles, and 
bevacizumab could continue for 12 additional cycles or until 
disease progression. Bevacizumab was associated with more 
grade 3, 4, and 5 toxic effects than chemotherapy alone (66 % vs. 55 %). 
Five deaths related to treatment or to treatment and disease 
were reported: one in the chemotherapy-alone group due to 
central nervous system ischemia and four in the bevacizumab 
group (one each from gastrointestinal perforation, intracerebral 
hemorrhage, recurrent bowel perforation and ovarian cancer, 
and neutropenic sepsis). Bevacizumab treatment was associated 
with an increase in any bleeding (40 % vs. 12 %), hypertension 
of  ³ grade 2 (18 % vs. 2 %), thromboembolic events  ³ grade 3 
(7 % vs. 3 %), and gastrointestinal perforations (ten patients vs. 
three patients). In the bevacizumab group, the percentage of 
patients in whom abscesses,  fi stulas, or gastrointestinal perfora-
tions developed was similar in the group that received bevaci-
zumab with their  fi rst cycle of chemotherapy and in the group 
that did not (3 % vs. 4 %)  [  15  ] .  

   A fl ibercept 

 A fl ibercept has been tested as single intravenous agent in 
patients with recurrent ovarian cancer in phase I and phase II 
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studies  [  20,   199  ] . Most common toxicities included hyperten-
sion, proteinuria, headache, anorexia, and dysphonia; intesti-
nal perforation was also reported. In a randomized phase II 
trial comparing the effect of a fl ibercept with placebo in 
patients with ascites, most common grade 3 or 4 adverse 
events were dyspnea (20 % vs. 8 %), fatigue or asthenia 
(13 % vs. 44 %), and dehydration (10 % vs. 12 %). The fre-
quency of fatal intestinal perforation or intestinal  fi stula was 
higher with a fl ibercept (10 % vs. 4 %)  [  200  ] .   

   Endothelial Receptor Kinase Inhibitors 

 Sunitinib is an oral platelet-derived growth factor (PDGF) 
and VEGF receptor inhibitor that interferes with endothelial 
proliferation and has been tested in patients with recurrent 
pretreated ovarian cancer in phase II studies. 

 Dose reductions from 50 mg/day, 4 weeks on, 2 weeks off, 
had to be done due to  fl uid accumulation (ascites, effusions) 
during off-treatment periods, and the recommended dose in 
patients with pretreated ovarian cancer according to Biagi 
et al. is 37.5 mg/day  [  201  ] . The most common reasons for 
missed doses were mucositis and hand-foot syndrome. Other 
reasons at the 50-mg dosing were nausea and at the 37.5-mg 
dosing, granulocytopenia, fatigue, anorexia, and hypertension. 

 Other adverse effects were uncommon, but low-grade 
fatigue, mucositis, nausea, taste alteration, hand-foot syn-
drome, diarrhea, hypertension, skin discoloration, and pain 
have been reported. Thyroid-stimulating hormone (TSH) 
elevations were observed in 43 % of patients. No gastrointes-
tinal perforations were observed in this phase II study in 30 
patients  [  201  ] . 

 Another phase II study tested two different schedules of 
sunitinib (50 mg/day, 4 weeks on, 2 weeks off; and continuous 
37.5 mg/day) in 73 patients with platinum-resistant ovarian cancer. 
There were no differences between both treatment arms in rela-
tion to toxicity. Grade 3/4 toxicities occurring in more than 1 % 
of the patients were thrombocytopenia (1.6 % vs. 4.3 %), leuko-
penia (1.9 % vs. 2.3 %), neutropenia (3.9 % vs. 3.3 %), hypona-
tremia (0.6 % vs. 1.6 %), liver test disturbances ((gamma) g -GT 
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4.5 % vs. 6.1 %; ALT 1.0 % vs. 1.2 %), gastrointestinal syndrome 
(3 % vs. 1.5 %), and abdominal symptoms (1.1 % vs. 2.0 %)  [  202  ] .   

   Conclusion 

 Several targeted agents have been tested in patients with 
ovarian cancer in primary treatment and recurrent disease. In 
this patient population, similar side effects have been observed 
as in patients with other tumor types treated with these 
agents. Special attention should be given to their toxicity 
pro fi le when used in adjuvant setting or in selected groups of 
patients with high risk factors for complications.   

   Cervical Cancer 

 Although targeted therapies have been tested in cervical 
cancer, at the moment none of them made it into the clinic. 
Several monoclonal antibodies are tested in combination 
with chemotherapy or chemoradiation  [  203  ] . 

   Epidermal Growth Factor–Targeting Drugs 

 Since most cervical cancers are of spinocellular histology, 
combination of chemotherapy or radiotherapy with EGFR-
interfering drugs seems a logical approach. 

   Monoclonal Antibodies 

 Several monoclonal antibodies (cetuximab, panitumumab, 
nimotuzumab) are used in phase II studies in patients with 
locally advanced or recurrent/metastatic cervical cancer. 
Most studies are testing cetuximab in combination with cisplatin 
with or without radiotherapy. 

 When cetuximab (400 mg/m 2 /week followed by 250 mg/m 2 /
week) was used as single agent in 35 evaluable heavily pretreated 
women, no grade 4 adverse events were reported, while the 
most common grade 3 adverse events were rash (14 %) and 
gastrointestinal problems (11 %)  [  204  ] . 
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 In the same setting, the combination of cetuximab with 
cisplatin (30 mg/m 2  on days 1 and 8 in a 21-day cycle) in 69 
eligible and evaluable women induced grade 4 anemia (1 %), 
allergy (1 %), and metabolic (1 %) and vascular (1 %) toxici-
ties. The most common grade 3 toxicities were metabolic 
(22 %), dermatologic (12 %), fatigue (9 %), and gastrointes-
tinal (9 %)  [  205  ] . 

 The testing of a triple combination of cetuximab with cis-
platin (50 mg/m 2 /day day 1 q 3 weeks) and topotecan 
(0.75 mg/m 2 /day day 1–day 3 q 3 weeks) had to be stopped 
due to excessive toxicity. The most frequent adverse events in 
19 evaluable patients were severe myelosuppression with 
grade 3/4 neutropenia (72 %), grade 3/4 thrombocytopenia 
(61 %), and grade 3 anemia (44.5 %). Main grade 3/4 nonhe-
matologic toxicities were infection (39 %) and febrile neutro-
penia (28 %), skin reactions (22 %), renal toxicity (11 %), 
and pulmonary embolism (11 %). Five (28 %) patients died 
during the treatment, including three toxic deaths  [  206  ] . 

 These data show that skin-related and gastrointestinal 
toxicities are the most common side effects of cetuximab in 
this patient population. The combination with cisplatin was 
feasible, while a triple combination with cisplatin and topote-
can resulted in a too high toxicity pro fi le. 

 When cetuximab (400 mg/m 2  loading dose followed by 
250 mg/m 2 /week) was combined with weekly cisplatin (30 mg/m 2 ) 
and pelvic or extended- fi eld radiotherapy (EFRT) in a phase I 
study, the combination with pelvic irradiation was feasible, 
while EFRT resulted in a high incidence of gastrointestinal and 
hematologic toxicity. Cetuximab-related toxicities reported 
were hypersensitivity reactions and skin rash  [  207  ] .  

   EGFR Tyrosine Kinase Inhibitors 

   Lapatinib 

 Single-agent lapatinib 1,500 mg/day ( n  = 78) was tested in a 
randomized phase II trial and compared to pazopanib 800 mg/
day ( n  = 74) alone of the combination of both drugs (1,000-mg 
lapatinib + 400-mg pazopanib/day) ( n  = 98). In the lapatinib 
arm, the most common adverse events were diarrhea (58 %), 
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nausea (33 %), and anorexia (32 %), compared with diarrhea 
(54 %), nausea (36 %), hypertension (30 %), and anorexia 
(28 %) in the pazopanib arm and diarrhea (76 %), vomiting 
(42 %), and anorexia (38 %) in the combination arm. The 
percentages of patients experiencing grade 3/4 adverse events 
were 41 % in the lapatinib-only arm, 54 % in the pazopanib 
arm, and 45 % in the combination arm. In addition, 14, 19, and 
22 % of patients in the lapatinib, pazopanib, and combination 
arms, respectively, discontinued treatment due to adverse 
events, and the most common adverse events leading to dis-
continuation were dyspnea (5 %) and diarrhea (3 %) in the 
lapatinib arm, small bowel obstruction (3 %) and female geni-
tal  fi stula (3 %) in the pazopanib arm, and female genital 
 fi stula (3 %) in the combination arm. 
 In the lapatinib arm, 1 % of patients experienced absolute 
decreases in baseline LVEF compared with no patients in the 
pazopanib arm and 1 % of patients in the combination arm. 
Liver enzyme elevations from baseline were more frequent 
in patients receiving pazopanib than in patients receiving 
lapatinib or combination therapy  [  208  ] .    

   Angiogenesis Inhibition 

   VEGF-Targeting Agents 

 Single-agent bevacizumab (15 mg/kg q 3 weeks) was tested in 
46 women with recurrent cervical cancer. Five patients expe-
rienced a deep venous thrombosis, one with pulmonary 
embolus. There was one episode of grade 4 vaginal bleeding 
and one grade 4 urinary  fi stula. Other grade 3/4 events 
included hypertension (seven grade 3), cardiovascular (two 
grade 3), gastrointestinal (three grade 3; one grade 4), and 
genitourinary/renal (two grade 3; one grade 4  fi stula). There 
was one toxic death due to infection  [  209  ] . 
 The combination of bevacizumab with cisplatin and radiation 
was used as primary treatment for locally advanced cervical 
cancer  [  210  ] . In 49 evaluable patients, the most common 
adverse events were hematologic (80 %).  
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   VEGFR-Targeting Agents 

   Sunitinib 

 Sunitinib (50 mg/day 4 weeks on, 2 weeks off) was tested in a 
phase II study in 19 women with locally advanced or meta-
static cervical carcinoma who had received up to one prior 
line of chemotherapy for advanced disease. A higher rate of 
 fi stula formation (26.3 %) was observed and due to insuf fi cient 
activity in cervical cancer development as a single agent was 
stopped  [  211  ] .  

   Pazopanib 

 See paragraph on lapatinib. 
 These studies show that  fi stula development is a real con-

cern in patients with cervical cancer who are treated with 
angiogenesis-targeting agents. This should be taken into 
account when incorporating these agents in combination 
therapy.     

   Endometrial Cancer 

 Endometrial cancer comprises a heterogeneous group of 
tumors with distinct molecular characteristics. Two types of 
endometrial carcinoma (type I [endometrioid], type II [non-
endometrioid]) have been determined based on molecular 
pathology, although they are not taken into account for the 
development and testing of targeted therapies. 

 The identi fi cation of activating mutations of kinases (e.g., 
PIK3CA, FGFR2) and loss of function of genes related to 
DNA repair (e.g., PTEN) may lead to more biology-driven 
clinical trials. 

   Epidermal Growth Factor Receptor 

 Preliminary data did not show promising results in patients 
with endometrial cancer with EGFR tyrosine kinase inhibition. 
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Results of a phase II study with cetuximab in patients with 
endometrial cancer are awaited. 

   EGFR Tyrosine Kinase Inhibitors 

   Erlotinib 

 In a phase II study, patients with recurrent and or metastatic 
endometrial cancer were treated with erlotinib. The main 
toxicities were grade 1 or 2 rash (88 %), dry skin (61 %), and 
diarrhea (58 %), 13 % of which were of grade 3 severity. 
Other grade 3 toxicities included non-neutropenic infection 
and dyspnea, fatigue, arthralgia, keratitis/conjunctivitis, nausea, 
dehydration, and hypertension  [  212  ] .    

   HER2 

 HER2 ampli fi cation or overexpression has been demonstrated 
and linked to prognosis in endometrial cancer. Single-agent 
trastuzumab (4 mg/kg week 1, then 2 mg/kg weekly) was tested 
in 34 pretreated patients with HER2-positive endometrial car-
cinoma. Two deaths on treatment were considered possibly 
related to trastuzumab. One patient developed an infusion 
reaction and died from cardiac arrest 1 week after infusion, 
and the second patient suffered a myocardial infarction during 
her  fi rst course of therapy. Grade 3 toxicity consisted of gastro-
intestinal toxicity (three patients), anemia and pulmonary 
problems (two patients each), and metabolic disturbances and 
pain (one patient each)  [  213  ] .  

   Angiogenesis Inhibition 

   PI3K-PTEN-Akt-mTOR Pathway 

 Temsirolimus has also been tested in patients with endometrial 
cancer. When given to 33 women with chemotherapy-naive or 
chemotherapy-treated endometrial cancer in a weekly schedule 
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(25-mg temsirolimus), the most common adverse events were 
fatigue, rash, mucositis, and pneumonitis. Asymptomatic pneu-
monitis was common (42 %) but was grade 3 in only 8 % of 
patients. Hematologic adverse events were generally mild in 
severity in both groups, with lymphopenia as the most common 
hematologic toxicity. Rash, anorexia, nausea, and diarrhea 
were more frequently reported in the previously treated 
cohort and mucositis in chemotherapy-naive patients  [  25  ] . 

 The combination of weekly temsirolimus, 25 mg/day on 
days 1, 8, 15, and 22 every 4 weeks, and weekly topotecan, 1 mg/
m 2  on days 1, 8, and 15 every 4 weeks, was tested in patients 
with gynecologic tumors, including endometrial cancer, and 
dose-limiting toxicities were asymptomatic neutropenia and 
thrombocytopenia  [  214  ] .  

   Vascular Endothelial Growth Factor 

   Bevacizumab 

 Single-agent intravenous bevacizumab, 15 mg every 3 weeks, 
was tested in 52 evaluable patients with persistent or recur-
rent endometrial cancer after receiving one to two prior cyto-
toxic regimens. Adverse events were consistent with those 
expected with bevacizumab treatment. No gastrointestinal 
perforations or treatment-related deaths were reported. One 
patient had a grade 4 gastric hemorrhage, and another patient 
had a grade 3 rectal hemorrhage. Two patients had grade 3/4 
thrombosis/embolism. Two patients had grade 3/4 proteinuria, 
and four patients had grade 3 hypertension  [  215  ] .  

   A fl ibercept 

 Patients with a recurrent or metastatic gynecologic carcino-
sarcoma and uterine leiomyosarcoma were treated with single-
agent a fl ibercept without responses. Grade 3 or more toxicities 
were uncommon and included hypertension, fatigue, headache, 
and abdominal pain  [  216  ] .     
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   Treatment 

   EGFR-Targeting Agents 

 The side effects reported in patients with gynecologic cancers 
and treated with agents targeting the EGFR are similar to 
these described in other patient groups.

   Acneiform rash is one of the major skin toxicities with • 
agents targeting the EGFR. Preventive measures are pro-
tecting the skin with sunscreens, avoiding dry skin, and 
enhancing skin hydration with tocopherol oil or gel and 
avoiding tight shoes. Treatment depends on the grade of 
toxicity; for grade 1 no speci fi c measures are necessary, 
while for grade 2 topical antibiotic treatment with clindamy-
cin 1 % gel, erythromycin 3 % gel/cream, or metronidazole 
0.75–1 % cream/gel can be used. For pustules, oral semisyn-
thetic tetracycline (minocycline 100 mg/day, doxycycline 
100 mg/day) can be used for 4 weeks and until the rash is 
asymptomatic. For patients with grade 3, topical treatment 
together with systemic therapy with oral tetracycline and 
oral corticosteroids (methylprednisolone, 0.4 mg/kg; predni-
sone, 0.5 mg/kg) for up to 10 days can be combined. For 
highly symptomatic/nonresponsive patients, treatment with 
oral retinoids (isotretinoin 0.3–0.5 mg/kg), intravenous cor-
ticosteroids (methylprednisolone, dexamethasone), oral/
intramuscular/intravenous antihistamines (e.g., chlorphe-
namine, cetirizine), intravenous antibiotics (amoxicillin/cla-
vulanic acid, gentamicin), or hydration can be considered. In 
patients with grade 4 skin toxicity, topical treatment can be 
combined with systemic management with oral retinoids 
(isotretinoin, 0.3–0.5 mg/kg), intravenous corticosteroids 
(methylprednisolone, dexamethasone), oral/intramuscular/
intravenous antihistamines (e.g., chlorphenamine, cetirizine), 
intravenous antibiotics (amoxicillin/clavulanic acid, gen-
tamicin), and intravenous hydration  [  217  ] .  
  Diarrhea should be treated symptomatically with hydra-• 
tion and anticholinergic drugs (e.g., loperamide). However, 
anticholinergic drugs should be used with caution in 
patients with peritoneal metastasis because it can cause 



225Chapter 5. Gynecologic Cancer

and aggravate gastrointestinal obstruction.  
  The addition of anti-EGFR monoclonal antibodies to stan-• 
dard anticancer therapy signi fi cantly increases the risk of 
hypomagnesemia  [  218  ] ; with cisplatin pretreatment espe-
cially, this effect can be more pronounced. Asymptomatic 
hypomagnesemia can be treated with oral replacement 
therapy. Patients with clinical manifestations of hypomag-
nesemia should be treated with 50 mEq of intravenous 
magnesium given slowly over 8–24 h and repeated to main-
tain the plasma magnesium concentration above 1.0 mg/dL 
(0.4 mmol/L or 0.8 mEq/L).  
  The combination with chemotherapy and the  pretreatment • 
in most patients with platinum compounds may lead 
to a higher hematologic toxicity than in non-platinum 
 pretreated patients.     

   Angiogenesis-Interfering Agents 

   Monoclonal Antibodies 

    Hypertension (all grades) is one of the most common • 
side effects of bevacizumab or a fl ibercept. It can be ade-
quately controlled with oral antihypertensive drugs such 
as angiotensin-converting enzyme inhibitors, diuretics, 
and calcium channel blockers. The risk of bevacizumab- 
or a fl ibercept-associated hypertension does not correlate 
with the patients’ baseline characteristics, underlying 
disease, or concomitant therapy. For patients with uncom-
plicated hypertension, the target blood pressure level is 
<140/90 mmHg. In cancer patients with comorbidities 
such as chronic kidney disease, a target blood pressure 
level of <135/85 mmHg should be recommended. Lifestyle 
modi fi cations such as limiting intake of both saturated 
and unsaturated fats and salt (maximum 4 g/day) and 
increasing that of fruits, legumes, and vegetables without 
changing total caloric input should be encouraged. No 
clear recommendation for an antihypertensive agent can 
be made due to lack of studies addressing the subject. 
Antihypertensive medications that have been effectively 
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used are  angiotensin-converting enzyme inhibitors, diuretics, 
and calcium channel blockers or combinations of them  [  219  ] .  
  Proteinuria is also frequently observed in the treatment • 
with bevacizumab against VEGF in other tumor types and 
was observed in 5 % of patients with ovarian cancer  [  15  ] . 
It is due to interference of bevacizumab with VEGF-
dependent glomerular endothelial integrity and throm-
botic microangiopathy. Monitoring by use of dipstick 
urinalyses should be considered in patients treated with 
bevacizumab, and in case of a positive result, a 24-h urine 
total-protein collection should be performed. Bevacizumab 
should be interrupted if urine protein secretion exceeds 
2 g/24 h. After recovery, bevacizumab treatment may be 
restarted. There is no standard pharmacological treatment, 
but anti-angiotensin agents could be considered as  fi rst-line 
agents in the absence of renal failure, hyperkalemia, or 
renal artery stenosis  [  220  ] .  
  Venous and arterial thromboembolic events were seen in • 
the phase III trial in 7 and 4 %, respectively, and were 
higher than in the control group  [  15  ] . Arterial thromboem-
bolic events are a rare but serious complication and 
include myocardial or cerebrovascular events and periph-
eral vascular and mesenteric clots. Thrombotic prophy-
laxis, including low-molecular-weight heparin (LMWH), 
warfarin, or aspirin, may be considered in patients starting 
bevacizumab treatment. Both aspirin and LMWH have 
been used without increased bleeding complications, while 
warfarin translates in a higher bleeding complication rate 
compared to LMWH  [  220  ] . Patients with  ³ grade 2 arterial 
thromboembolic events should discontinue bevacizumab 
while in venous thromboembolic events. Treatment can be 
temporarily held for grade 3 or asymptomatic grade 4 tox-
icities. Treatment consists of full anticoagulation, and bev-
acizumab treatment should be discontinued until stopping 
anticoagulation.  
  Hemorrhage occurred in 40 % of patients treated with • 
the chemotherapy-bevacizumab combination compared 
to 12 % in the chemotherapy-alone arm and has an impor-
tant impact on complications depending on the location 
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(2 % central nervous hemorrhages)  [  15  ] . Bleeding is managed 
by standard supportive care, while bevacizumab treatment is 
discontinued  [  220  ] .  
  Gastrointestinal perforation has been described in 1–4 % of • 
patients with other tumor types. In the phase III study, gas-
trointestinal perforations were reported somewhat more 
often in the bevacizumab arm. Also, the rate of intra-
abdominal abscess and  fi stula was higher, but when bevaci-
zumab was given at the start of treatment, it did not lead to 
a higher complication rate  [  15  ] . In patients with recurrent 
ovarian cancer, risk factors for perforation were previous 
gastrointestinal surgery, carcinomatosis compromising over-
all bowel function, intermittent or chronic bowel obstruc-
tion, and poor nutrition. Nonsteroidal anti-in fl ammatory 
drugs should be avoided when considering bevacizumab 
treatment. Management of bowel complications after beva-
cizumab therapy is dif fi cult, and an operative intervention 
versus conservative management should be carefully con-
sidered. The initial management may consist of intravenous 
antibiotics, bowel rest with nasogastric tube placement, and 
percutaneous intraperitoneal catheter placement. Increased 
risk of wound-healing complications is an important consid-
eration when opting for an operative intervention. 
Bevacizumab treatment is stopped  [  220  ] . Similar precau-
tions should be taken with a fl ibercept.     

   VEGFR Tyrosine Kinase Inhibitors 

    While perforations are rarely seen with sunitinib, diarrhea • 
has been reported as a frequent side effect (50 %), and 
2–6 % of patients have grade 3/4 diarrhea. Oral hydration 
and antidiarrheal agents (e.g., loperamide) are the treat-
ments for grade 1 or 2 diarrhea. In patients with grade 3/4 
diarrhea, intravenous hydration and electrolyte correction 
are indicated, and treatment with sunitinib should be 
interrupted until the diarrhea resolves to  £ grade 1  [  220  ] .  
  Hand-foot syndrome is a frequent reason for dose reduc-• 
tion in the treatment of sunitinib and appears during the 
 fi rst 6 weeks of treatment. Immediate intervention is 
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advised because early symptoms often resolve quickly 
with minimum effort, allowing continuation of therapy 
without dose reduction. Pharmacologic interventions such 
as systemic corticosteroids, vitamin E, pyridoxine, and 
topical steroids or 99 % dimethyl sulfoxide have been 
reported to be successful. Rapid symptom improvement is 
observed with temporary cessation of therapy, allowing 
reinstitution of the drug within 3–14 days  [  220  ] .  
  The incidence of hypothyroidism necessitating thyroid • 
substitution is 12.1 per 100 person-years, and around 
13.7 % of patients treated with sunitinib will receive thy-
roid substitution therapy  [  220  ] . Therefore, TSH should be 
checked regularly and is indicated in case of clinical suspi-
cion of hypothyroidism  [  221  ] .        

   Summary 

 The activity of targeted agents in gynecologic cancers varies, 
while the toxicity pro fi le seems similar to that observed in other 
tumor types. Nevertheless, some cautions should be used in 
patients that have previously received radiotherapy to the pel-
vic area, since  fi stula formation has been reported in patients 
with recurrent disease in this area (e.g., cervical cancer). 

 The treatment of toxicities due to targeted agent is similar 
to that in other tumor types.      
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  Abstract   Genitourinary cancers represent 12.8 % of cancer 
in both sexes and 21.5 % in men, accounting for 7 % of 
cancer deaths in both sexes and 10.5 % in men. Prostate 
cancer and renal cell carcinoma share the characteristic of 
being largely chemoresistant, with the relative exception of 
taxanes docetaxel and cabazitaxel, which modestly increase 
overall survival in late-stage prostate cancer. Prostate cancer 
is primarily treated by hormonal therapy, either by androgen 
deprivation or antiandrogens, and renal cell carcinoma is 
nowadays treated with agents targeting survival and angio-
genesis pathways, including tyrosine kinase inhibitors (TKIs) 
sorafenib, sunitinib, and pazopanib; antivascular endothelial 
growth factor (VEGF) monoclonal antibody bevacizumab; 
and mammalian target of rapamycin (mTOR) inhibitors 
temsirolimus and everolimus. Neither hormone therapy nor 
targeted therapies eradicate prostate cancer and RCC but 
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rather switch them to a more chronic state. This means that 
these treatments are prescribed chronically for an extended 
period of time. In such conditions, even the least bother-
some side effect may profoundly alter the quality of life of 
patients. Ultimately, this is a threat to compliance and then 
to the chronic ef fi cacy of these treatments. In addition, many 
of the side effects of these drugs often overlap with common 
chronic illnesses such as diabetes, hypertension, hypercho-
lesterolemia, heart failure, and osteoporosis. An exhaustive 
knowledge of these side effects, proper monitoring, and in-
depth education of patients are key elements to secure the 
ef fi cacy of these treatments.  

  Keywords   Prostate cancer  •  Renal cell carcinoma  •  Androgen-
deprivation therapy  •  Tyrosine kinase inhibitors  •  mTOR 
inhibitors  •  Side effects      

   Introduction 

 Genitourinary cancers are the leading forms of cancer and can-
cer deaths. Based on data from GLOBOCAN 2008, 913,000 
prostate cancers, 386,000 bladder cancers, 271,000 kidney can-
cers, and 52,000 testis cancers have been reported, accounting 
for 12.8 % of cancer in both sexes and 21.5 % in men. Owing 
mainly to major improvements in treatment modalities, which 
include surgery, radiotherapy, and innovative systemic treat-
ments, genitourinary cancers account for only 7 % of cancer 
deaths in both sexes and 10.5 % of cancer deaths in men. 

 Two genitourinary malignancies, prostate cancer and renal 
cell carcinoma (RCC), are characterized by a limited usage of 
chemotherapy, in contrast to other cancer types. Prostate can-
cer is primarily treated by hormone therapy, mainly androgen-
deprivation therapy (ADT). Metastatic castration-resistant 
prostate cancer (mCRCP) was considered a lethal disease until 
the publication of the results of two large trials with docetaxel. 
More than the bene fi t of docetaxel itself in mCRCP, which is 
limited anyway, these publications have moved the treatment 



249Chapter 6. Genitourinary Cancer

of prostate cancer toward an era of  multidisciplinary collabo-
ration between specialties  [  1  ] . In contrast to many predictions, 
chemotherapy has never emerged as a major breakthrough 
treatment. It is only used in the late stages of the disease and 
with very modest overall survival bene fi t. Most studies assess-
ing the combination of docetaxel with other classes of agent 
have failed to demonstrate signi fi cant bene fi t, and studies 
assessing earlier use are not conclusive. In contrast, a new twist 
is given to hormone therapy with the recent publication of the 
results with abiraterone acetate, an androgen synthesis inhibi-
tor, and MDV3100, a novel antiandrogen. Both registration 
trials, conducted in a very late post-chemotherapy setting, have 
reported impressive bene fi t on overall survival. This demon-
strates that prostate cancer is primarily a disease driven by the 
androgen receptor and that hormonal treatments, traditional 
and older, will remain the cornerstone strategy for years to 
come. Because of the particular importance of androgen-
depriving therapies, a large part of this chapter will be devoted 
to the monitoring and prevention of side effects of hormone 
therapy. 

 Renal cell carcinoma, and especially its most frequent sub-
type clear cell carcinoma, is an even more peculiar disease, being 
both radio- and chemoresistant. Renal cell carcinoma was con-
sidered an immune-sensitive tumor as long as interferon-a 
(alpha)(IFN-a) and high-dose interleukin (HD-IL2) were the 
only available treatments. The concomitant understanding of the 
importance of the VHL/HIF hypoxia pathways and the devel-
opment of drug-targeting angiogenesis and survival pathways 
has revolutionized the approach to RCC. Today, six drugs have 
supplanted IFN- a  (alpha) and IL2, including sorafenib, suni-
tinib, temsirolimus, everolimus, bevacizumab, and pazopanib. 
And more are yet to come. Although many of these drugs confer 
little or no bene fi t on overall survival, they have been widely 
accepted, and it is estimated that overall life span of patients is 
extended. But new modes of action have brought new types of 
side effects, to which physicians and patients need to become 
accustomed. These will be reviewed in the second part of this 
chapter. 
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 Because several other chapters will address the toxicity of 
chemotherapy, we have chosen not to cover that topic and 
focus on hormone therapy of prostate cancer and targeted 
therapies of RCC.  

   Side Effects of Hormonal Treatments 
in Prostate Cancer 

 Androgen-deprivation therapy by means of surgical castration or 
estrogens has been the standard treatment of advanced symptom-
atic prostate cancer since the seminal work of Charles Huggins in 
the late 40s  [  2  ] . Although there is only little or no bene fi t on over-
all survival when used alone, ADT is increasingly being used in 
asymptomatic patients in earlier disease stages who are not can-
didates for local treatment  [  3  ] . ADT is also used concomitantly 
and adjuvant to external beam radiation therapy (EBRT), a setup 
that has shown the most potential to improve overall survival. 

 As a result many patients are receiving ADT for a pro-
longed period of time and will be exposed much longer to side 
effects. ADT is traditionally recognized through its acute and 
more obnoxious side effects, which include loss of libido and 
erectile dysfunction, hot  fl ushes, fatigue, and psychological side 
effects such as emotional instability, depression, or cognitive 
dysfunction  [  4–  6  ] . Since patients are treated earlier, more 
attention has been given recently to long-term toxicity, includ-
ing anemia, accelerated bone loss leading eventually to osteo-
porosis and fragility fractures, and sarcopenic obesity, which 
may lead to an increased risk of cardiovascular morbidity and 
mortality  [  7  ] . 

   Short-Term Adverse Events of ADT 

   Hot Flushes 

 Hot  fl ushes are described as sudden and uncomfortable heat 
sensations in the face, neck, upper chest, and back, lasting 
from seconds up to an hour. This side effect is one of the most 
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common, described by up to 80 % of patients  [  5  ] . It is also 
one of the most bothersome side effects of ADT and may 
largely disrupt everyday life. Hot  fl ushes are often triggered 
by stress, heat, sudden changes in body position, ingestion of 
warm or spicy food, or smoking  [  5  ] . 

 Management of hot  fl ushes includes informing patients to 
avoid triggering situations. If hot  fl ushes are very bothersome 
for patients, medical therapy can be considered. Hormonal 
agents such as megestrol acetate, medroxyprogesterone ace-
tate, cyproterone acetate, and low-dose diethylstilbestrol are 
very popular to treat bothersome hot  fl ushes  [  4–  6,   8  ] . Selective 
serotonin reuptake inhibitors (SSRIs) (i.e., venlafaxine or 
citalopram), (alpha)  a -adrenergic inhibitors (i.e., clonidine), 
and GABA analogue gabapentin are alternatives to hormonal 
agents, although their ef fi cacy is usually lower  [  9–  11  ] . 
Acupuncture and phytotherapy, especially sage extracts, can 
also be recommended to patients, despite lack of de fi nitive 
robust scienti fi c evidence  [  12,   13  ] .  

   Sexual Dysfunction 

 The negative impact of ADT on libido and sexual function is 
well known, including decrease of sexual desire and impo-
tence  [  14  ] . Patients and their partners should be informed 
about this, as it can cause anxiety for both. It should be 
stressed, however, that the extent of sexual dysfunction vary 
widely from one patient to another and that a satisfying sex-
ual and affective life is possible under ADT. From a historic 
review of the social and intellectual performances of eunuchs, 
Aucoin and Wassersug suggested that given the right cultural 
setting and individual motivation, ADT may actually enhance, 
rather than hinder, both social and sexual performance  [  15  ] . 
Traditional treatments of erectile dysfunction can be recom-
mended in ADT-treated patients, including intra-cavernous 
injections of prostaglandins and/or phospodiesterase-5 inhibitors. 
Physicians should always remember that ADT induces  fi rst a 
libido problem and that patient and partner counseling may 
prove as effective as medications.  
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   Fatigue 

 Fatigue is one of the most common side effects of ADT. 
Although fatigue is very dif fi cult to  fi ght, lifestyle changes and 
especially physical exercise may help to alleviate fatigue and 
improve quality of life. A systematic review on 34 trials exam-
ining the effectiveness of physical exercise in improving the 
physical functioning and psychological well-being of prostate 
cancer patients during and after treatment suggested that can-
cer patients may indeed bene fi t from physical exercise  [  16  ] . 
The Fresh Start trial has randomized 543 subjects with newly 
diagnosed locoregional breast or prostate cancer to receive a 
10-month-speci fi c program promoting diet changes and physi-
cal exercise or nonspeci fi c information. Although subjects in 
both arms signi fi cantly improved their lifestyle behavior, 
signi fi cantly greater improvement was observed in subjects 
receiving the diet- and exercise-speci fi c information  [  17  ] . 
Physicians should try to convince patients to adopt a healthier 
lifestyle including a healthy diet and physical exercise. Fatigue 
may be further aggravated by the sarcopenia (loss of skeletal 
muscle mass) resulting from ADT, which directly impacts on 
muscle strength and reduces physical activity  [  18  ] .  

   Psychological Side Effects 

 Androgen-deprivation therapy may have psychological side 
effects such as reduced cognitive function (e.g., reduced con-
centration and memory problems) and emotional instability or 
even depression  [  5,   6  ] . Patients and relatives should be informed 
about the likelihood of emotional changes and how to identify 
early signs of depression or decreased cognitive function in 
order to ensure rapid referral to a specialist. It is also important 
to explain these side effects to the patient’s family so that they 
understand their nature and origin and can help the patient 
adapt to them. Depression can be severe, so that an increased 
risk of suicide in the months following diagnosis of advanced 
prostate cancer has been reported, probably as a mixed effect 
of the cancer diagnosis and the initiation of ADT  [  19  ] .  
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   Adrenal Insuf fi ciency 

 Abiraterone acetate is a newly developed and approved 
androgen synthesis inhibitor that increases overall survival in 
mCRPC  [  20  ] . Abiraterone’s mode of action is different from 
LHRH agonists and antagonists since it targets CYP17, a key 
enzyme that mediates androgen synthesis in the testes and 
adrenal glands. Abiraterone not only inhibits the synthesis of 
androgens but also suppresses cortisol synthesis  [  21  ] . This 
induces a reciprocal increase in pituitary adrenocorticotrophic 
hormone (ACTH) and therefore an elevation of corticoster-
one. This may lead to  fl uid retention, hypokalemia, and hyper-
tension. To prevent these side effects, abiraterone must be 
combined with corticosteroids, prednisolone, prednisone, or 
dexamethasone, or mineralocorticoids such as eplerenone.   

   Long-Term Adverse Events of ADT 

   Anemia 

 In at least 90 % of ADT patients, hemoglobin level will drop on 
average by 10 %  [  22  ] . Anemia associated with ADT is usually 
normocytic, normochromic, and due to the lack of androgen 
stimulation of erythroid precursors and a decrease in erythro-
poietin production. Anemia worsens fatigue  [  5  ] . Physicians 
should closely monitor hemoglobin levels in patients treated 
with ADT. Anemia may be aggravated by extensive invasion of 
the bone marrow, which occurs frequently in mCRPC patients. 
Subcutaneous administration of recombinant human erythro-
poietin and/or transfusion may be required in severe cases.  

   Metabolic and Cardiovascular Side Effects 

   Physiopathology of Cardiovascular Toxicity 
in ADT-Treated Patients 

 Androgen-deprivation therapy causes changes in the patient’s 
body mass and composition  [  5,   18  ] . Suppression of testosterone 
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level causes a situation known as sarcopenic obesity, combining 
muscular atrophy and an increase in fatty tissue  [  23,   24  ] . By creating 
an imbalance between lean and fatty mass, sarcopenic obesity 
induces many of the phenotypic features of the metabolic syn-
drome, such as increased subcutaneous fat, increased total and 
high-density lipoprotein (HDL) cholesterol, and increased adi-
ponectin levels  [  25,   26  ] . The main cause of these metabolic changes 
is an increased peripheral resistance to insulin, leading to type 2 
diabetes  [  27  ] . These metabolic changes may be facilitated by 
reduced physical activity resulting from fatigue and depression.  

   Impact of Metabolic Changes on Cardiovascular Events 

 In a observational study on 37,443 men, Keating et al. 
reported that ADT signi fi cantly increases the risk of diabetes 
(hazard ratio [HR] 1.28; 95 % CI 1.19–1.38), coronary heart 
disease (CHD) (HR 1.19; 95 % CI 1.10–1.28), myocardial 
infarction (MI) (HR 1.28; 95 % CI 1.08–1.52), sudden death 
(HR 1.35; 95 % CI 1.18–1.54), and stroke (HR 1.22; 95 % CI 
1.10–1.36). Combined androgen blockade and orchiectomy 
further increased all risks; in contrast, pure oral antiandrogen 
monotherapy had no detectable impact  [  28  ] . Another study 
on 73,196 men from Surveillance, Epidemiology, and End 
Results (SEER) Medicare data ( n  = 73,196) has con fi rmed 
these data. GnRH agonists were associated with increased 
risk of diabetes (HR 1.44;  p     < 0.001), CHD (HR 1.16;  p  < 0.001), 
MI (HR 1.11;  p  = 0.03), and sudden cardiac death (HR 1.16; 
 p  = 0.004)  [  29  ] . Saigal et al. have examined the risk of cardio-
vascular morbidity in 22,816 men  ³ 65 years with newly diag-
nosed prostate cancer on ADT also using the SEER Medicare 
data. They found that men who received ADT had a 20 % 
higher risk of cardiovascular morbidity compared with simi-
lar men who did not receive ADT (HR 1.20;  p  < 0.05)  [  30  ] .  

   Does ADT Increase the Risk of Death 
from Cardiovascular Disease? 

 Three retrospective cohort studies have suggested a signi fi cant 
increase in the risk of cardiovascular-related mortality from 
ADT, with HR of respectively 1.16, 1.35, and 2.6  [  28,   31,   32  ] . 
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The study by Tsai et al. included 4,892 patients from the 
Cancer of the Prostatic Urologic Research Endeavor 
(CAPSURE) database and suggested that ADT increases 
cardiovascular mortality in the subset of men undergoing 
radical prostatectomy for localized prostate cancer (HR = 2.6; 
 p  = 0.002) but not in a subset of men treated with external 
beam radiation therapy (EBRT)  [  32  ] . 

 Not all published studies, however, have reported a relation-
ship between ADT and greater risk of cardiovascular death. 
Secondary analyses of four randomized controlled studies 
from the Radiation Therapy Oncology Group (RTOG) or 
European Organization for Research and Treatment of Cancer 
(EORTC) have found no association between neo-adjuvant or 
adjuvant ADT and cardiovascular-related mortality  [  33–  36  ] . It 
has to be noted that these studies were not primarily designed 
to speci fi cally assess cardiovascular mortality. A recent EORTC 
randomized study comparing EBRT plus 6 months or 3 years 
of ADT in patients with locally advanced prostate cancer 
showed no signi fi cant difference in the incidence of fatal car-
diac events at 5-year follow-up in patients receiving ADT of 
longer duration (4.0 % vs. 3.0 %, respectively)  [  37  ] . 

 Whether there is a causal relationship between ADT and 
cardiovascular morbidity and mortality remains controversial 
and continues to be studied. However, at this point in time, 
experts believe that it is reasonable to state that there may be 
an association between ADT and cardiovascular events and 
death because of the adverse effect of ADT on risk factors 
for cardiovascular disease  [  38  ] . On October 20, 2010, the US 
Food and Drug Administration (FDA) noti fi ed the manufac-
turers of the GnRH agonists of the need to add new safety 
information to the warnings and precautions section of the 
drug labels  [  39  ] . This new information warns about increased 
risk of diabetes and certain cardiovascular diseases (heart 
attack, sudden cardiac death, stroke) in men receiving these 
medications for the treatment of prostate cancer.  

   Risk Factors for Cardiovascular Events 

 The risk of cardiovascular disease is not correlated with the 
duration of hormone therapy. Previous longitudinal studies 
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have shown that 6 months of ADT was enough to induce 
metabolic changes causing the increase in cardiovascular risk 
 [  25,   26  ] . In the study reported by Keating et al., the increased 
cardiovascular risk was observed within the initial 12 months 
of ADT  [  28  ] . Age seems to be an important predictive factor. 
In the epidemiological survey by Tsai et al., the impact of 
ADT on cardiovascular risk was much higher for men >65 
years old than for younger men  [  32  ] . The 5-year cumulative 
incidence of cardiovascular mortality was 5.5 % for patients 
 ³ 65 years who received ADT and 2 % for non-ADT controls. 
For younger patients, the 5-year cumulative incidence of CV 
mortality was 3.6 % for those who received ADT and 2 % in 
those not treated with ADT. 

 In addition to age, preexisting comorbidities are very 
important. Nanda et al. reported the results of a retrospective 
study including 5,077 men with localized or locally advanced 
prostate cancer who were treated by EBRT with or without 
a median of 4 months of neo-adjuvant ADT  [  40  ] . They found 
that the use of neo-adjuvant ADT was associated with an 
increased risk of all-cause mortality among men with a his-
tory of coronary artery disease (CAD)-induced congestive 
heart failure (CHF) or myocardial infarction (MI) but not 
among men with no comorbidity or a single CAD risk factor. 
In the subgroup of patients with CAD-induced CHF or MI, 
26.3 % deaths were reported in ADT-treated patients and 
11.2 % deaths in non-ADT-treated controls (HR 1.96; 95 % 
CI 1.04–3.71;  p  = 0.04)  [  40  ] . D’Amico et al. have analyzed 
post-hoc pooled data on 1,372 patients from three random-
ized trials of EBRT with or without ADT for localized pros-
tate cancer  [  41  ] . They found a shorter time to fatal MI in men 
aged  ³ 65 years who received 6 months of ADT compared 
with men in this age group with no ADT use ( p  = 0.017). 
Additional evidence to support this result is needed.  

   Monitoring and Prevention of Cardiovascular Events 

 Physicians should carefully monitor the metabolic and cardio-
vascular parameters of patients treated with ADT, including 
blood pressure, serum lipid level, and hemoglobin and fasting 
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serum glucose levels  [  4–  6,   42,   43  ] . Physicians should encourage 
patients to adopt a healthier lifestyle, including an appropriate 
low-fat diet and regular physical exercise. Nobes et al. have 
investigated the effects of metformin and lifestyle changes on 
the development of ADT-related metabolic changes  [  44  ] . In 
total, 40 men scheduled to receive 6 months ADT have been 
randomized between standard care and 6 months of met-
formin, a low glycemic index diet, and an exercise program. 
After 6 months, signi fi cant improvements in abdominal perim-
eter, weight, body mass index, and systolic blood pressure were 
seen in the intervention arm compared to controls. 

 Resistance training is a form of strength training in which 
each effort is performed against a speci fi c opposing force gen-
erated by resistance. Resistance exercise is used to develop the 
strength and size of skeletal muscles. Properly performed, resis-
tance training can provide signi fi cant functional bene fi ts and 
improvement in overall health and well-being. A study con-
ducted by Galvão et al. demonstrated that 20 weeks of progres-
sive resistance exercise performed in a rehabilitation clinic 
increased muscle strength and endurance and preserved whole-
body lean mass with no change in fat mass  [  45  ] . Segal et al. 
demonstrated that men assigned to resistance exercise had less 
interference from fatigue on activities of daily living and a bet-
ter quality of life than untrained men  [  46  ] . The same group 
demonstrated that a combination of both resistance and aero-
bic exercise mitigates fatigue in patients treated by EBRT with 
or without ADT  [  47  ] . Resistance exercise generated longer-
term improvements and additional bene fi ts for quality of life, 
strength, triglyceride levels, and body fat. Baumann et al. have 
performed a meta-analysis of 25 randomized controlled trials 
regarding physical activities in prostate cancer patients, includ-
ing 21 investigating exercise interventions during the phase of 
medical treatment and 4 during the aftercare  [  48  ] . This meta-
analysis suggests that incontinence,  fi tness, fatigue, body consti-
tution, and also quality of life can be improved by clinical 
exercise in patients during and after prostate cancer treatment. 
Only four studies, all conducted during medical treatment, 
reached the level “1b” and concluded that “supervised” exercise 
is more effective than “non-supervised” exercise.   
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   Skeletal Complications of ADT 

   Cancer Treatment–Induced Bone Loss (CTIBL) and ADT 

 The association between surgical castration and accelerated 
bone loss, and the fact that administration of estrogens does 
not prevent this, was  fi rst described more than 15 years ago  [  49  ] . 
Longitudinal studies suggest that bone loss accelerates after 
the age of 70 years in men, probably related to the decrease 
in testosterone and estradiol levels observed in aging males 
 [  50–  52  ] . Prospective studies measuring bone loss associated 
with ADT have been performed for more than 10 years and 
have consistently observed a signi fi cant deterioration of bone 
mineral density (BMD) over time (Table  6.1 ). Substantial 
bone loss begins very early in the course of treatment with 
ADT. Mittan et al. reported that, in comparison to 15 age-
matched untreated controls, the concentration of urinary 
N-telopeptide (uNtx, a biomarker for bone resorption) in 

   Table 6.1    Prospective studies measuring bone loss associated with ADT   

 Study  Treatment 
 BMD decrease at 12 
months (%) 

 Eriksson et al. 
(1995)  [  49  ]  

 Orchiectomy  Hip: 9.6 

 Radius: 4.5 

 Maillefert et al. 
(1999)  [  53  ]  

 GnRH agonist  Hip: 3.9 

 Lumbar spine: 4.6 

 Daniell (1997)  [  54  ]   Orchiectomy  Hip: 2.4 

 GnRH agonist 

 Daniell et al. 
(2000)  [  55  ]  

 GnRH agonist  Hip: 0.6 

 Lumbar spine: 2.3 

 Higano et al. 
(2004)  [  56  ]  

 LHRH 
agonist + antiandrogen 

 Hip: 2.7 

 Lumbar spine: 4.7 

 Mittan et al. 
(2002)  [  57  ]  

 GnRH agonist  Hip: 3.3 

 Radius: 5.3 
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patients receiving ADT was signi fi cantly higher after 
6 months of treatment, indicative of early bone loss  [  57  ] .   

   ADT and Fragility Fractures 

 Several epidemiologic studies have con fi rmed that CTIBL 
increases the risk of fragility fractures (Table  6.2 ), which in turn 
may decrease survival. Several risk factors for fragility fractures 
have been identi fi ed, the most important being the duration of 
ADT. In a Cox proportional hazards analysis of Shahinian’s 
epidemiologic survey, there was a statistically signi fi cant rela-
tion between the duration of ADT and the subsequent risk of 
fracture  [  58  ] . The relative risk of any fracture was 1.07 for 
patients receiving 1–4 doses of trimonthly GnRH agonists, 1.22 
for 5–8 doses, 1.45 for  ³ 9 doses, and 1.54 for patients treated by 
orchiectomy. In addition to ADT duration, other risk factors for 
fracture include race and low body mass index (<25 kg/m 2 )  [  61  ] . 
In Alibhai’s survey, independent predictors of fragility and any 
fracture were increasing age, prior bone thinning medications, 
chronic kidney disease, prior dementia, prior fragility fracture, 
and prior osteoporosis diagnosis or treatment ( p  < 0.05)  [  60  ] .   

   Monitoring and Prevention of CTIBL 
in ADT-Treated Patients 

 Since bone loss occurs rapidly during ADT, physicians should 
inform patients and take all appropriate measures to monitor 
and minimize bone loss as early as possible during treatment. 
Early diagnosis of bone loss and treatment to improve bone 
health are important to protect patients from fractures, which 
are dif fi cult to heal in mature adults. 

 Dual-energy x-ray absorptiometry (DXA) should be used to 
monitor spine, hip, or total body BMD. The spine is the preferred 
site of densitometry for serial measurement of bone mass to 
monitor changes in BMD  [  62  ] . When spine measurements are 
technically invalid, especially in the presence of bone metastases, 
total hip BMD should be assessed  [  62  ] . Status of bone health is 
typically based on the T-score measurement that compares a 
patient’s BMD to that of a 30-year-old healthy person (baseline). 
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For every standard deviation below this baseline, the relative 
risk of fracture increases from 1.5- to 2.5-fold. A patient with a 
T-score above −1 is considered to have healthy bone, a score of −1 
to −2.5 is osteopenic, below −2.5 is osteoporotic, and a score 
below −2.5 with any associated fracture is considered severely 
osteoporotic  [  63  ] . A patient with a T-score below −2.5 has 
approximately an 11-fold increase in the risk of developing a 
fracture than a patient with normal BMD  [  64  ] . There is no uni-
form recommendation about when to perform the  fi rst DXA 
scan in patients treated with ADT. The European Association of 
Urology (EAU) guidelines recommend performing the  fi rst 
DXA scan before long-term ADT is initiated, but there is no 
cut-off duration de fi ning long-term ADT and no recommenda-
tion on scheduling of subsequent DXA scans  [  65  ] . Similarly, 
physicians should be attentive to the presence of additional risk 
factors, as highlighted by Ebeling (Table  6.3 )  [  63  ] .  

   Table 6.3    Risk ratio for hip fracture according to risk factors 
adjusted for age and bone mineral density in men and women   
 Risk factor for hip fracture  Adjusted risk ratio (95 % CI) 

  Low or high BMI  

 20 vs. 25  1.42 (1.23–1.65) 

 30 vs. 25  1.00 (0.82–1.21) 

 Prior fracture at >50 years of age  1.62 (1.30–2.01) 

 Parental history of hip fracture  2.28 (1.48–3.51) 

 Current smoking  1.60 (1.27–2.02) 

 Use of systemic corticosteroids 
for >3 months 

 2.25 (1.60–3.15) 

 Excessive alcohol use  1.70 (1.20–2.42) 

 Rheumatoid arthritis  1.73 (0.94–3.20) 

  Low testosterone  

 Hip fracture  1.88 (1.24–2.82) 

 Other non-vertebral fracture  1.32 (1.03–1.68) 

  Adapted from  [  63  ]   
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 In terms of prevention, patients should be encouraged to 
make speci fi c lifestyle changes: cessation of smoking, moderate 
alcohol and caffeine consumption, and regular weight-bearing 
exercises  [  5  ] . Patients should also be encouraged to consume a 
healthy diet of foods and beverages containing calcium (dairy) 
and vitamin D (fatty  fi sh). The recommended daily intake of 
calcium should be 1,200–1,500 mg, and serum levels of 
 hydroxyvitamin D should be maintained at  ³ 30 ng/mL  [  63,   66  ] . 
If necessary, supplementation with cholecalciferol at doses 
of 800–2,000 IU/day should be given. A systematic review of 
around 64,000 men and women showed that a daily intake of 
calcium ( ³ 1,200 mg) or calcium with vitamin D ( ³ 800 IU daily) 
reduced the frequency of osteoporotic fractures by 12 % in men 
and women aged  ³ 50 years  [  67  ] . Physical exercise is also a very 
important part of preventing bone loss. Resistance exercise is 
particularly favorable for maintaining or improving bone mass 
and architecture while also being safe for older people  [  68  ] .  

   Pharmacologic Prevention and Treatment of CTIBL 
in ADT-Treated Patients 

 The EAU guidelines acknowledge that patients with osteoporosis 
or severe osteoporosis should be treated with a bisphosphonates 
even though these agents are not approved for this indication 
 [  65  ] . The last posted version of the National Comprehensive 
Cancer Network (NCCN) guidelines on prostate cancer advises 
pharmacologic treatment for men when the 10-year probability 
of hip fracture is  ³ 3 % or major osteoporosis-related fracture is 
 ³ 20 %  [  69  ] . The NCCN guidelines recommend assessing frac-
ture risk using the FRAX algorithm (  www.shef.ac.uk/FRAX/
index.htm    ) by considering CTIBL as “secondary osteoporosis.” 
The FRAX algorithm, however, has never been prospectively 
validated on a cohort of ADT-treated men.   

   Bisphosphonates 

 Pamidronate (at a dose of 60 mg IV every 12 weeks) was the 
 fi rst bisphosphonate to be studied for the prevention of 
CTIBL in prostate cancer in a randomized controlled trial  [  70  ] . 

http://www.shef.ac.uk/FRAX/index.htm
http://www.shef.ac.uk/FRAX/index.htm
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After 1 year, BMD decreased by 3.3 % at the lumbar spine 
( p  < 0.001) and by 1.8 % at the hip ( p  > 0.005) in untreated 
patients. No change in BMD occurred in patients receiving 
pamidronate. Fracture rate was not reported. 

 Two double-blind, randomized, placebo-controlled clinical 
trials have evaluated the effect of zoledronic acid on BMD in 
ADT-treated patients with non-metastatic prostate cancer. In 
the  fi rst trial, patients received zoledronic acid, 4 mg, or pla-
cebo IV every 3 months for 1 year  [  71  ] . Mean lumbar spine 
BMD increased by 5.6 % in men receiving the bisphospho-
nate ( n  = 42) but decreased by 2.2 % in the placebo group 
( n  = 37) ( p  < 0.001). The second trial evaluated the ef fi cacy of 
a 4-mg annual zoledronic acid infusion  [  72  ] . Mean BMD of 
the lumbar spine increased by 4.0 % with the bisphosphonate 
and decreased by 3.1 % with the placebo ( p  < 0.001); the total 
hip BMD increased by 0.7 % with the bisphosphonate and 
decreased by 1.9 % with placebo and ( p  = 0.004). To date, 
none of the studies with zoledronic acid have demonstrated a 
bene fi t on fractures. 

 The oral bisphosphonate, alendronate, at the weekly dosage 
of 70 mg, has also been tested in 44 men, of whom 39 % had 
osteoporosis and 52 % had low BMD at baseline  [  73  ] . In men 
treated with alendronate, BMD increased over 1 year by 
3.7 % ( p  < 0.001) at the spine and 1.6 % ( p  = 0.008) at the 
femoral neck. Among men in the placebo group, there were 
reductions in BMD of 1.4 % ( p  = 0.045) at the spine and 
0.7 % ( p  = 0.081) at the femoral neck.  

   Low-Dose Denosumab 

 Denosumab is a fully human monoclonal antibody that 
speci fi cally inhibits RANKL, a critical mediator of osteoblast-
to-osteoclast crosstalk. Injection of denosumab results in a 
prolonged inhibition of bone remodeling in postmenopausal 
women  [  74  ] . The prospective, randomized, placebo-controlled 
hormonal ablation therapy (HALT) study has investigated the 
bene fi t of denosumab in the prevention of CTIBL and fractures 
in 1,400 patients with non-metastatic prostate cancer receiving 
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ADT  [  75  ] . To be eligible for the study, patients had to be 70 
years of age or older or alternatively had either a low BMD 
(T-score at the lumbar spine, total hip, or femoral neck of less 
than −1.0) at baseline or history of an osteoporotic fracture. 
Denosumab was administered every 6 months subcutaneously 
at a dose of 60 mg. After 24 months, BMD at the lumbar spine 
had increased by 5.6 % in the denosumab group as compared 
with a loss of 1.0 % in the placebo group ( p  < 0.001). Patients 
who received denosumab had a decreased incidence of new 
vertebral fractures at 36 months (1.5 % vs. 3.9 % with placebo) 
(relative risk: 0.38; 95 % CI 0.19–0.78;  p  = 0.006). The rates of 
adverse events were similar between the two groups. Recently, 
denosumab was approved for the management of bone loss 
associated with treatment of prostate cancer  [  76  ] .   

   Checklist for Monitoring Patients Receiving ADT 

 Before initiating treatment:

   Inform the patient about the occurrence of hot  fl ushes and • 
provide lifestyle recommendations to avoid excessive 
triggering.  
  Inform the patient and his partner about libido, mood, and • 
cognitive changes.  
  Encourage maintaining and even increasing social  activities • 
and networking, possibly referring to patient support 
groups.  
  Inform in due time the patient’s general practitioner, • 
 cardiologist, and endocrinologist about initiation of ADT. 
Advise the patient to schedule a follow-up visit with these 
specialists within 6 months.  
  Provide dietetic counseling and recommend resistance • 
exercise. This will be done optimally by referring the 
patient to a dietician and physical therapist or by adminis-
trating a speci fi cally designed coaching program.  
  Search for risk factors of bone loss, and perform an immediate • 
DXA scan, if they are present.    



265Chapter 6. Genitourinary Cancer

 During treatment:

   In addition to PSA and testosterone measurements and • 
imaging studies that are required for oncologic follow-up, 
it is recommended to measure weight and abdominal 
perimeter (or preferably body fatty tissue content by 
impedance technique), blood pressure, and dose hemoglo-
bin, fasting cholesterol (total and HDL), triglyceride, and 
glucose levels. In case of abnormalities, refer the patient to 
a specialist.  
  Advise a DXA scan after 1–2 years of ADT.      • 

   Side Effects of Targeted Therapies 
for Renal Cell Carcinoma 

 The treatment of RCC has been revolutionized by the 
 development in the early 2000s of six therapies targeting the 
VHL/HIF pathways. These belong to three different classes 
of drug: the tyrosine kinase inhibitors (TKIs), including suni-
tinib and pazopanib, and also the multikinase inhibitor 
sorafenib; the antivascular endothelial growth factor (VEGF) 
monoclonal antibody bevacizumab; and the mammalian target 
of rapamycin (mTOR) inhibitors temsirolimus and everolimus 
 [  77–  87  ] . Although most of these drugs have individually 
 demonstrated little bene fi t on overall survival, the prognosis 
for advanced RCC is shifting progressively toward that of a 
chronic treatable disease (Table  6.4 ). A result of this is that 
patients are nowadays treated for increasingly longer periods 
of time with these agents.  

 Because these drugs belong to new therapeutic classes, 
they cause class side effects that are new for physicians and 
have raised new challenges related to their management. 
Most of these side effects are not life-threatening but can 
severely hamper the quality of life of patients on the long run. 
Because it is very important to secure long-term compliance 
to oral drugs, it is critical that side effects are managed pre-
emptively and that patients are correctly informed and educated 
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about the preventive measures. There are many generic side 
effects associated with TKIs and mTOR inhibitors, including 
fatigue, hypertension, and diarrhea. In addition, there are sev-
eral agent-speci fi c side effects: proteinuria, with bevacizumab 
plus IFN; hypothyroidism, with sunitinib; hand-foot skin reac-
tion (HFSR), most often seen with sorafenib;  hepatotoxicity, 
most often seen with pazopanib; and  hyperlipidemia, most 
often seen with the mTOR inhibitors  [  77–  79,   87–  93  ] . These 
side effects and their respective frequencies are summarized 
in Table  6.5 .  

 The impact of side effects can be greatly limited if the 
patient is well informed and one encourages activating pre-
ventive measures. Even mild side effects may have a great 
impact on a patient’s quality of life and require temporary 
dose reduction or treatment discontinuation. Physicians 
should be aware of comorbidities such as diabetes and hyper-
tension that may also increase the risk of certain side effects. 
To ensure early detection and optimal management of side 
effects and to maximize patient bene fi ts and compliance, it is 
important that the physician be aware of the range of man-
ageable side effects associated with each agent and that this 
information is effectively communicated to the patients. 

   Life-Threatening Side Effects 

 In addition to these frequent side effects, potentially life- threatening 
or lethal adverse events have been reported in the Summary of 
Product Characteristics of the European Medicines Agency. 

  Sorafenib  has been reported to cause reversible posterior 
leukoencephalopathy, hypertensive crisis, cardiac ischemia 
and myocardial infarction, gastrointestinal perforation, and 
hemorrhage  [  88  ] . Pre-neoplasic skin lesions such as actinic 
keratosis and keratoacanthomas, but also squamous cell 
 carcinoma, have been reported. 

  Sunitinib  has been reported to cause life-threatening 
hematologic, cardiovascular, and venous thromboembolic 
events, pancreatic and hepatobiliary complications, gastroin-
testinal perforation, and hemorrhage  [  89  ] . 
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 The association of  bevacizumab  +  IFN -  a   has been reported to 
cause hypertensive encephalopathy, cardiac failure, thromboem-
bolic events, gastrointestinal perforation, and hemorrhage  [  91  ] . 

  Pazopanib  has been reported to cause gastrointestinal 
perforation and gastrointestinal  fi stula, arterial thrombotic 
events, hemorrhage, and severe hepatotoxicity  [  93  ] . 

  Temsirolimus  has been reported to cause hypersensitivity/
infusion reactions, intracerebral bleeding, bowel perforation, 
pericardial effusion, pneumonitis, renal failure, and delay 
wound healing  [  90  ] . 

  Everolimus  has been reported to cause noninfectious 
pneumonitis and infections  [  92  ] .  

   Prevention and Management of Most Common 
Side Effects 

   Dermatologic Side Effects 

 Early recognition of dermatologic complications is critical, 
and patients should be taught to report the development of 
any new skin lesions. 

  Rash  and  hand - foot skin   reaction  ( HFSR ) are among the 
most troubling and common side effect of TKIs. Hand-foot 
skin reaction occurs in 30–60 % of patients receiving sorafenib 
and 15–20 % of patients treated with sunitinib. Hand-foot skin 
reaction appears usually after 2–4 weeks of treatment. The 
onset and severity of HFSR appear to be dose-dependent and 
often disappear rapidly upon treatment discontinuation. The 
physiopathology of HFSR is unclear, although it is relatively 
infrequent with pazopanib. The severity of HFSR can range 
from minimal skin changes (grade 1) to painful ulcerative der-
matitis (grade 3) and often results in dose reduction. 

 There are no dedicated studies de fi ning the degree of 
bene fi t of commonly reported measures for the management 
of HFSR. Preventive measures for HFSR include removal of 
any existing hyperkeratosic areas and calluses beforehand  [  95  ] . 
It is important that pressure areas are protected and treated 
with moisturizing creams or ointments. During treatment, 
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care should be taken to reduce exposure of the hands and 
feet to hot water and to avoid constrictive footwear, friction, 
and trauma arising from exercise. Shoes with padded insoles 
(and possibly also gloves) can be worn. There may be bene fi t 
in sparingly applying moisturizing cream to the hands and 
feet and educating patients on the  fi rst signs of HFSR  [  96  ] . 
Wearing soft and not constrictive shoes and even gloves is 
recommended. Once it is present, HSFR should be managed 
with topical application of corticoids-containing cream. Dose 
reduction, interruption, and event discontinuation may be 
required for grade 2/3 toxicities. 

 Management strategies for rash require  fi rst differentiating 
nonserious rash, which is usually moderate and not associated 
with systemic symptoms, from more severe hypersensitivity 
reactions such as drug reaction with eosinophilia and systemic 
symptoms (DRESS) syndrome or Stevens–Johnson syndrome. 
These are usually associated with mucosal involvement, bullous 
lesions, and systemic and biological signs. Meticulous skin care, 
moisturizing cream, and urea-containing lotion are key pre-
ventive and therapeutic measures. They require immediate 
drug discontinuation and specialized dermatologic support.  

   Infections 

 Everolimus and temsirolimus have dose-dependent immuno-
suppressive properties and can therefore predispose patients 
to infections. In the temsirolimus phase III study, infections 
were reported in 27 % of patients (grade 3/4 in 5 %) receiv-
ing temsirolimus versus 14 % in the control arm  [  81  ] . In the 
everolimus phase III study, infections were reported in 13 % 
of patients (grade 3/4 in 4 %) versus 2 % (grade 3/4 in 0 %) 
in the control arm  [  82  ] . Physicians should be aware of this 
increased risk and should ensure that any preexisting infec-
tions are adequately treated before initiation of mTOR 
inhibitors. It is particularly important that patients with pul-
monary in fi ltrates or pulmonary symptoms, which are also 
frequent with mTOR inhibitors, are rigorously assessed for 
signs of infection, owing to the potential overlap between 
pulmonary infections and noninfectious pneumonitis.  
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   Gastrointestinal Side Effects 

   Diarrhea 

 Diarrhea is one of the most common side effects of anticancer 
therapy. It is not only inconvenient but also potentially life-
threatening if not suf fi ciently managed. There are a number of 
published clinical guidelines for the management of diarrhea in 
cancer patients that apply also to targeted therapies in RCC  [  97  ] . 
Patients must be advised to avoid foods that may aggravate diar-
rhea and favor foods that increase the consistency of stools. In 
case of persistent diarrhea, it is important to maintain abundant 
liquid and salt intake by using, for example, a WHO solution 
containing 30 mL (6 level teaspoon) of sugar and 2.5 mL (1/2 
level teaspoon) of salt, dissolved into 1 L of water. Loperamide 
is widely prescribed for anticancer therapy-related diarrhea. For 
grade 3 or 4 diarrhea, dose adjustments or even discontinuation 
may be required.  

   Oral or Upper Gastrointestinal Complications 

 Oral and upper tract gastrointestinal complications of targeted 
therapies are very common and include mucositis, stomatitis, 
dry mouth, and taste loss or disturbance  [  88–  93  ] . Mucositis is 
characterized by painful in fl ammation and ulceration of the 
mucous membranes lining the digestive tract, whereas stoma-
titis more speci fi cally refers to painful in fl ammation of the 
mucous lining of the mouth. A meta-analysis by Worthington 
et al. has evaluated the effectiveness of prophylactic agents 
for preventing stomatitis in patients receiving chemotherapy 
 [  98  ] . Results from their analysis suggest that amifostine, a 
Chinese medicine (that involved mixtures of 5 or 11 herbs, 
including honeysuckle  fl ower, licorice root, and magnolia 
bark), hydrolytic enzymes (pepsin, trypsin, and chymotrypsin, 
or Wobe-Mugos preparation of enzymes), and ice chips may 
be bene fi cial in preventing or reducing the severity of stoma-
titis. There is consistent evidence from small high-quality 
studies that red and infrared low-level laser therapy (LLLT) 
can partly prevent development of cancer therapy-induced 
oral mucositis. LLLT also signi fi cantly reduced pain, severity, 
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and duration of symptoms in patients with cancer therapy-
induced oral mucositis  [  99  ] .  

   Anorexia and Weight Loss 

 Anorexia may result as much from a loss of appetite caused by 
cancer as from treatment-related nausea, vomiting, oral pain, 
diarrhea, and loss or disturbance of taste. Anorexia-related 
symptoms, which include weakness, fatigue, depression, tooth 
loss, and organ damage, can have a negative impact on health-
related quality of life, can affect a patient’s ability to perform 
daily tasks, and can result in death in severe cases. Pharmacologic 
intervention may be required in case of severe cachexia; these 
include megestrol acetate  [  100  ] , eicosapentaenoic acid diester 
 [  101  ] , medroxyprogesterone acetate  [  102  ] , and mixtures of beta-
hydroxyl beta-methyl butyrate, glutamine, and arginine  [  103  ] .  

   Gastrointestinal Perforation 

 Gastrointestinal perforation is a rare but potentially fatal 
complication that has been reported in association with all the 
targeted agents except (to date) everolimus  [  88–  91,   93  ] . The 
highest rate is seen with bevacizumab as demonstrated in a 
meta-analysis of 17 randomized studies, including more than 
12,000 patients with various cancers, that reported an overall 
incidence of gastrointestinal perforation of 0.9 %  [  104  ] . Risk 
factors for gastrointestinal perforation include history of past 
diverticulitis or ulcers, radiation exposure, recent sigmoidos-
copy or colonoscopy, gastrointestinal obstruction, and multi-
ple previous surgeries. Gastrointestinal perforation is an 
indication for immediate discontinuation of anticancer ther-
apy and appropriate treatment of the perforation.   

   Metabolic Toxicities 

   Fatigue 

 Fatigue is a persistent, subjective sense of emotional, physical, 
and/or cognitive tiredness or exhaustion. Fatigue often results 
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from multiple causes. It can be a cancer-related side effect, an 
adverse event of the treatment, as well as the symptom of other 
conditions, including hypothyroidism, anemia, depression, sleep 
disturbances, or pain, that are often seen with targeted therapies 
 [  105  ] . Therefore, any underlying cause of fatigue should  fi rst be 
ruled out before making speci fi c recommendation to the patient. 
Patients should be encouraged to conserve energy, to reschedule 
activities to periods of peak energy, and to stay active in order to 
promote sleep. Alternative approaches such as stress manage-
ment, relaxation techniques, and nutritional support may be 
useful  [  106  ] .  

   Hypothyroidism 

 Hypothyroidism is a very common side effect of sunitinib  [  89  ] . 
Preexisting hypothyroidism should be detected and treated 
before starting sunitinib treatment, as recommended in the EU 
SmPC  [  89  ] . There is no consensus on the frequency of thyroid 
function monitoring under treatment, although initially monthly 
TSH dosage are advisable  [  107  ] . There is no clear recommenda-
tion whether these recommendations for thyroid function moni-
toring should be extended to all patients treated with TKIs.  

   Hyperglycemia 

 Hyperglycemia is a very common side effect of the mTOR 
inhibitors temsirolimus and everolimus  [  92,   93  ] . It is recom-
mended to monitor fasting serum glucose before initiating 
treatment with everolimus or temsirolimus and periodically 
thereafter. Hyperglycemia should be treated with dietary 
modi fi cations and an increase in the dose or initiation of insu-
lin and/or hypoglycemic agent therapy.   

   Cardiovascular Side Effects 

   Hypertension 

 Arterial hypertension is a common side effect of inhibitors of 
the VEGF pathway, reported at a frequency of between 12 
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and 41 % in patients treated with sorafenib, sunitinib, 
 bevacizumab + IFN- a  (alpha), or pazopanib  [  88–  91  ] . 
Management of angiogenesis inhibitor-related hypertension 
should follow the recommendations of the European Society 
of Hypertension. 

 Blood pressure (BP) monitoring is mandatory before and 
during therapy; however, there is general disagreement about 
when and how BP should be measured  [  94,   108,   109  ] . The routine 
use of home BP monitoring may be valuable in standard care 
for early detection and accurate assessment of BP changes 
 [  108,   109  ] . Home monitoring can be recommended, but then 
patients need to be provided with individualized thresholds for 
contacting their physician. When diagnosed, hypertension 
should be treated with standard antihypertensive therapy with 
a preference for angiotensin-converting enzyme (ACE) and 
inhibitors and angiotensin II receptor blockers (ARBs).  

   Cardiovascular Events 

 Initiation of TKIs and inhibitor of the VEGF pathway requires 
careful monitoring of cardiac effects. Generally, VEGF-
targeted agents should be used with caution in any patients 
with clinically signi fi cant cardiovascular disease or preexisting 
congestive heart failure, and these patients should be closely 
monitored for clinical signs of heart failure. Periodic measure-
ments of LVEF using echocardiography or magnetic reso-
nance imaging are the recommended methods for monitoring 
cardiac function during cancer treatment  [  110–  112  ] . Since 
cardiac dysfunction can be hampered by other side effects 
such as hypothyroidism or hypertension, these conditions 
should be carefully monitored and managed. Except for few 
anecdotal cases, if is not known whether left ventricular dys-
function is reversible upon treatment cessation.  

   Venous and Arterial Thromboembolism 

 Venous thromboembolism (VTE) is a common complication in 
cancer patients  [  113,   114  ] . Risk factors include age older than 65 
years, previous VTE events, and surgery. It is not clear whether 
targeted agents increased the risk of VTE. Although the EU 
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SmPC for bevacizumab does not mention VTE as a side effect, 
a meta-analysis of 15 studies investigating the treatment of vari-
ous solid tumors with bevacizumab suggested an increased 
incidence of VTE, 12 % for all grades and 6 % for high grade 
 [  115  ] . General recommendations on the prophylaxis and treat-
ment of thrombosis in cancer patients have been produced by 
ASCO and the American College of Chest Physician  [  116  ] . 
Anticoagulation prophylaxis is not recommended for ambula-
tory patients with cancer receiving systemic treatment, whether 
the increased risk of thrombotic events with some targeted 
agents warrants prophylaxis in ambulatory patients remains 
unclear. Especially, acetylsalicylic acid or other antiplatelet 
drugs should be used with caution in association with anti-
VEGF agents because of the increased risk of bleeding.   

   Wound Healing and Hemorrhage 

 Wound healing is one the most important challenge that sur-
geons face when confronted with RCC patients treated with 
targeted therapies. This has been well documented with beva-
cizumab so that the EU SmPC includes a black box warning 
recommending treatment discontinuation for at least 28 days 
in case of surgery. In case of elective surgery, treatment should 
be discontinued at least 3 weeks before  [  91  ] . Signs of wound 
dehiscence or infection should be regularly monitored. TKIs 
and mTOR inhibitors may also impair wound healing, although 
clear data and recommendations on the minimal duration of 
treatment interruption before or after surgery are still lacking, 
with suggestions ranging from 7 to 14 days. Of note, one study 
with TKIs found that in RCC patients undergoing cytoreduc-
tive nephrectomy or resection of retroperitoneal recurrence, 
rates of incision-related complications were similar between 
patients treated with preoperative sorafenib, sunitinib, or beva-
cizumab and those who underwent up-front surgery  [  117  ] . 

 Minor hemorrhagic events such as epistaxis are common in 
patients treated with bevacizumab, sunitinib, temsirolimus, and 
everolimus  [  89–  92  ] . The impact of minor bleeding events can be 
limited by good patient education. In contrast, severe life-
threatening events are more exceptional, mostly occurring with 
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bevacizumab. However, it has raised the concern of treating 
patients’ metastases of the central nervous system (CNS) with 
bevacizumab + IFN- a  (alpha). These patients were excluded 
from the registration trial. TKIs sorafenib and sunitinib can be 
safely administered to patients with CNS metastases that have 
been irradiated. One of the primary measures against bleeding 
is an optimal control of blood pressure to avoid hypertension.    

   Summary 

 The unique sensitivity of prostate cancer to hormone therapy 
and of kidney cancer to therapies targeting the VHL/HIF 
pathways is creating a unique therapeutic portfolio, which does 
not include chemotherapy. These classes of drugs share the 
particularities of having to be prescribed for extended periods 
of time because they do not eradicate the disease but rather 
switch it to a more chronic state. Emerging therapies generate 
the hope of multiple sequential treatments that will effectively 
prolong the duration of life. Most of their side effects are more 
bothersome than really morbid, but because these drugs are 
administered chronically, it may result in profound alteration 
of the patients’ quality of life. Ultimately, this is a threat to 
compliance and a danger hampering the chronic ef fi cacy of 
these treatments. In addition, the side effects of many of these 
drugs often overlap with common, widespread chronic ill-
nesses such as diabetes, hypertension, hypercholesterolemia, 
and heart failure. Therefore, the management of these side 
effects is of utmost complexity so that only a multidisciplinary 
preventive approach involving physicians, nurses, and properly 
educated patients will guarantee an optimal ef fi cacy.      
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  Abstract   Tumors of the central nervous system (CNS) differ 
in many ways from other tumors. First, these tumors are 
separated by an important natural barrier, the blood–brain 
barrier, with the aim of defending the CNS from external 
noxa but, in the case of cancer, limiting the ef fi cacy of 
therapy. Second, the tumors of the CNS are malignant not 
only because of their biological behavior but because of their 
localization. Even very small and slow-growing tumors local-
ized at important regions of the brain, like the brainstem, can 
have serious, deleterious, and fatal impact. Finally, tumors 
of the CNS have a very important impact on the quality of 
life of patients, with long-term disabling effects on everyday 
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life. Therefore, tumors of the CNS require early diagnosis 
and a rapid multidisciplinary approach to choose optimal 
treatment. In these cases, special attention must be taken to 
select chemotherapies and targeting agents that do cross the 
blood–brain barrier. 

 The focus of this chapter is side effects from chemotherapies 
used to treat a wide variety of tumors, from gliomas to meta-
static (meningeal disease) lesions from other organs. This chap-
ter will discuss the main complications from the treatment of CNS 
disease (glioma, medulloblastoma, and carcinomatous meningitis), 
speci fi cally from radiotherapy, from cytotoxic and targeted 
 anticancer therapy, and from supportive care measures.  

  Keywords   CNS  •  glioblastoma  •  Temozolomide  •  Bevacizumab  
 Intrathechal chemotherapy  •  Blood–brain barrier      

   Introduction 

 The focus of this chapter is on side effects of treatment of primary 
tumors of the central nervous system (CNS) and particularities 
of supportive care with tumor manifestations in the CNS. For 
the management of secondary (metastatic) tumor manifesta-
tions in the CNS, the reader should also refer to the respective 
chapters of the primary tumor of origin. As a general rule, 
brain metastases will respond in a similar manner to chemo-
therapy than other systemic disease, provided the agent crosses 
the blood–brain barrier and suf fi cient drug concentrations in 
the CNS can be achieved. This chapter will brie fl y discuss the 
main complications from the treatment of CNS disease, 
speci fi cally for radiotherapy, from cytotoxic and targeted anti-
cancer therapy, and from supportive care measures. 

 Classi fi cation of primary brain tumors according to the 
World Health Organization is based on their cell of origin. The 
most common malignant tumors in adults are glioma, which 
account for approximately 2 % of all cancers; in children and 
young adults, embryonic tumors in the CNS are among the 
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most frequent tumor manifestations. Primary CNS lymphoma 
is often (but not exclusively) associated with chronic 
immunode fi ciency (e.g., AIDS, after organ transplant). 

 Due to their in fi ltrative nature and their localization in the 
CNS, a complete resection of gliomas and other brain tumors 
is often not achievable. Even after macroscopic gross total 
resection, gliomas virtually always recur. Thus, additional 
therapy with radiation and/or chemotherapy is indicated. The 
blood–brain barrier, although often partially disrupted at the 
site of the tumor, is an obstacle to delivery of adequate con-
centrations of chemotherapy to the brain. The most com-
monly used agents in the treatment of primary CNS tumors 
are summarized in Table  7.1 .   

   Table 7.1    The most commonly used agents in CNS tumors   

 Temozolomide 

 Nitrosoureas 

  Carmustine (BCNU) 

  Lomustine (CCNU) 

  Fotemustine 

  Nimustine (ACNU) 

 Procarbazine 

 Vincristine 

 Bevacizumab 

 Irinotecan (CPT11) 

 Ifosfamide 

 Carboplatin 

 Etoposide 

 Cytarabine 

 Methotrexate 

 Thiotepa 
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   Radiotherapy 

 Historically, radiotherapy has been the sole treatment of malig-
nancies in the brain. The radiation  fi elds, the dose, and the frac-
tionation vary from precise stereotaxic irradiation (radiosurgery) 
to focal or whole brain radiotherapy. The primary determinants of 
toxicity are the administered cumulative dose, the dose of indi-
vidual fractions, and the irradiated volume. Vulnerability and 
radiosensitivity differ between the various structures of the CNS. 
In high-grade glioma, focal radiotherapy to the tumor with a 
safety margin of 1.5–2 cm up to a total dose of approximately 
60 Gy in 1.8- to 2-Gy fractions is commonly delivered. At doses 
above 60 Gy, the risk of long-term damage to the normal brain 
tissue increases exponentially, with no increase in ef fi cacy. For 
low-grade glioma doses of 50 Gy suf fi ce. For brain metastases 
with overall poor prognosis, a simpler hypofractionated regime 
of 10 × 3 Gy is frequently prescribed. The main side effects can 
be divided into reversible short-term and irreversible long-term 
toxicity (Table  7.2 ). Acute side effects are hair loss (may persist), 
fatigue, somnolence, and nausea and vomiting. Since radiother-
apy induces in fl ammation, the tumor- and mass effect-related 
symptoms like headaches, nausea and vomiting, and neurologic 
symptoms may temporarily increase during radiotherapy. The 
practice of routine prophylactic steroid administration during 
cranial irradiation has been abandoned, and steroids should be 
introduced in case of symptoms only. The major long-term side 
effect of irradiation of the brain is leukoencephalopathy, which 
is due to destruction of the myelin sheaths covering nerve  fi bers. 
The symptoms are greatly variable, from a frequent pure radio-
logic  fi nding without clinical symptoms to mild confusion and 
cognitive impairment to progressive invalidating dementia and 
functional de fi cits. Factors that contribute to the development 
of neurocognitive de fi ciency include volume of irradiation, 
patient’s age (brains of older patients are more vulnerable), 
tumor volume and localization, and genetic factors  [  1  ] . Because 
of the developing brain, children below the age of 3 years are 
particularly sensitive to radiotherapy. In adults, 26 % of patients 
develop leukoencephalopathy as early as 3 months after the 
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end of whole brain radiotherapy. After 3 months of whole brain 
radiotherapy. Preexisting leukoaraiosis seems to be a major 
determinant of long-term damage  [  2  ] .   

   Chemotherapy 

 Drug therapy is used alone, as single agents, or in combina-
tion regimens and concomitant with radiotherapy. In the fol-
lowing sections, the most commonly used agents are discussed, 
with speci fi c focus on dosing and toxicity when used for the 
treatment of brain tumors and CNS disease. 

   Table 7.2    Side effects of radiotherapy after brain or spinal cord 
irradiation   
 Time after irradiation  Symptoms 

  Brain  

 Acute (days)  Increased ICP, nausea and vomiting 

 Early delayed (weeks)  Somnolence syndrome, fatigue, hair 
loss, symptoms of tumor recurrence 

 Delayed (months–years) 

  (a) Necrosis  Dementia, symptoms of tumor 
recurrence 

  (b) Leukoencephalopathy  Dementia or asymptomatic 

  Spinal cord  

 Early delayed (weeks)  Lhermitte’s sign 

 Delayed (months–years) 

  (a) Necrosis  Transverse myelopathy 

  (b) Hemorrhage  Acute myelopathy 

  (c) Motor neuron disease  Flaccid paraparesis, amyotrophy 

  (d) Arachnoiditis  Asymptomatic 

  (e) SMART syndrome  SMART syndrome: stroke-like migraine 
attacks after radiation therapy 
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   Agents Commonly Used Against Glioma 

   Temozolomide (EU, Temodal; USA, Temodar) 

 Temozolomide (TMZ), an alkylating cytotoxic agent, is now-
adays the most commonly used drug in the treatment of 
malignant glioma  [  3  ] . It is used in a variety of different dos-
ages and regimens, usually either as a single agent or in com-
bination with concomitant radiotherapy (Table  7.3  and 
Fig.  7.1 )  [  9  ] . Since it is rapidly absorbed in the gut with almost 
100 % bioavailability, oral formulation is possible and per-
mits ease of administration and dosing. It readily crosses the 
blood–brain barrier, allowing for cytotoxic tumor tissue con-
centrations  [  10  ] .   

 TMZ is usually well tolerated. Gastrointestinal intolerance 
is the most common side effect, while myelosuppression is 
dose limiting. The severity of the observed toxicities is vari-
able, and the incidence depends on the dosing regimen. For 
the scheme of intermittent, once a day for 5 consecutive days 
administration, antiemetic prophylaxis is almost always 
required. Continuous low-dose and metronomic regimens 
often do not require any antiemetic drug beyond the  fi rst 2–3 
days of administration. Profound lymphocytopenia, on the 
other hand, is commonly observed with continuous dosing, 
while late thrombocytopenia is more frequent with the inter-
mittent regimen. 

 Table  7.4  presents the common side effects of TMZ, all 
grades, compared to radiotherapy.  

   Hematologic 

 Myelosuppression, in particular late occurrence (>21 days after 
treatment start) thrombocytopenia, is a side effect of TMZ. 

 During chemoradiotherapy, TMZ is given at a daily (7/7d) 
dose of 75 mg/m 2 , approximately, 1–2 h before irradiation 
(including weekends and days without radiotherapy), starting 
simultaneously with the  fi rst day of radiotherapy until the last 
day of irradiation, which is usually 30 fractions over 40–49 days 
max  [  5  ] . Although myelosuppression is rarely observed before 
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week 3, complete blood counts are to be performed weekly. Low 
blood counts may occur several weeks after the end of chemora-
diotherapy (continue to monitor CBC!). When the platelet count 
drops below 75 × 10 9 /L (grade 2) or the neutrophil count is <1 × 
10 9 /L (grade 3), chemotherapy should be temporarily suspended. 
It can be restarted once the values have recovered (neutrophils 
> 1.5, thrombocytes > 100, or toxicity grade < 2). Occurrence of 
toxicity during concomitant chemoradiotherapy is not a reason 
for not proceeding with standard adjuvant/maintenance chemo-
therapy after the end of the chemoradiotherapy. 

 With the standard 5-day, daily dosing regimen, the nadir com-
monly occurs after 3 weeks (days 21–28). During initial treatment 
cycles, blood counts should be checked on day 22 and day 29 (= 
day 1 of the subsequent cycle). Occasionally, patients require an 
additional delay of 3–14 days until blood counts recover. In case 
of severe myelosuppression (e.g.,  ³  grade 3 or delayed recovery), 
dose reduction by 50 mg/m 2  is recommended. In case of hemato-
logic toxicity during chemoradiotherapy, prudence is advised 
when dosing the initial cycle of subsequent adjuvant therapy 
(dose for cycle 1: 150 mg/m 2 /day for 5 days, to be escalated in the 
absence of signi fi cant hematologic toxicity to 200 mg/m 2 ). 

 Profound lymphocytopenia occurs frequently with the 
continuous TMZ regimen (e.g., during concomitant chemo-
radiotherapy) and may be further enhanced by the frequent 
administration of corticosteroids. These patients are at risk 
for  Pneumocystis jirovecii  pneumonia (PCP, formerly known 
as  Pneumocystis carinii ), and primary prophylaxis should be 

PcP prophylaxis

TMZ daily × 42d × 6 cycles5d 5d 5d4 weeks

1 6 10 14 18 22 week

RT; focal radiotherapy, 60 Gy over 6 weeks
to tumor volume + 2–3 cm margin

TMZ; temozolomdide (Temodal®, Temodar®)

RT 30 × 2 Gy

4 weeks

  Figure 7.1    Standard-of-care radiochemotherapy regimen.  TMZ  
temozolomide (Temodal®, Temodar®)       
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   Table 7.4    Common side effects of temozolomide (TMZ), all grades, 
compared to radiotherapy (RT) only   

 RT alone 
(%) 

 RT + TMZ 
(%) 

 Comment/treatment/
prevention 

 Nausea  16  36  5-HT3 agonist, 
domperidone, or 
metoclopramide, 
30 min before TMZ. 
Take caps on an empty 
stomach. Eat small, 
frequent meals 

 Vomiting  6  20  See above 

 Constipation  6  18  Laxatives; drink well; 
exercise, if possible 

 Headache  17  19  Painkillers 

 Fatigue  49  54  Rest 

 Convulsions  7  6  Optimize antiepileptic 
treatment. Interactions 
with TMZ and some 
antiepileptic drugs 

 Anorexia  9  19 

 Skin rash  15  19  Avoid sun exposure, 
especially when 
undergoing RT 

 Alopecia  63  69  RT, not TMZ, will 
induce alopecia 

 Infection  5  9 

 Leukopenia/
neutropenia 

 6  9  See paragraph on 
hematotoxicity 

 Thrombocytopenia  1  4  See paragraph on 
hematotoxicity 

  Table created with data from Cohen et al.  [  11  ]  and  [  5  ]   

considered (Table  7.5 ). Other complications associated with 
an immunosuppressed state are reactivation of herpes 
zoster infection, exacerbation of chronic hepatitis, and 
Kaposi sarcoma.   
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   Gastrointestinal 

 One of the most common side effects of TMZ is mild to moderate 
nausea and occasional vomiting that can be prevented by a 
low-dose prophylactic administration of 5-HT3 inhibitors 
(e.g., lower-dose ondansetron, 4 mg; granisetron, 1 mg) or 
metoclopramide in almost all patients. Because 5-HT3 antag-
onists are associated with their own toxicity, like constipation 
and headache, chronic repeated dosing is to be avoided. In the 
authors’ experience, a low dosage of the 5-HT3 antagonist 
during the  fi rst 2–5 days of a cycle is usually suf fi cient. With 
the continuous TMZ dosing regimens, a simple antiemetic 
prophylaxis with metoclopramide or domperidone will commonly 

   Table 7.5    Prophylaxis of Pneumocystis pneumonia   

 A high frequency of opportunistic infections was observed in the 
 fi rst trials using the continuous low-dose TMZ regimen  [  12,   13  ] , and 
a primary prophylaxis was introduced for subsequent clinical trials. 
The manufacturer’s recommendation is primary prophylaxis during 
TMZ/RT (see Temodal/Temodar package insert). Alternatively, some 
institutions follow on a regular basis the total lymphocyte and CD4-
positive lymphocyte count, and prophylaxis is proposed if the CD4 value 
is less than 200–250/mm 3  or the total lymphocyte count is <500 mm 3 . 
Commonly recommended prophylactic regimens are as follows: 

  Agent    Dose and 
frequency  

  Remarks  

 Pentacarinat 
(pentamidine) 

 300-mg inhalation, 
every 4 weeks 

 In the authors’ 
experience the preferred 
regimen 

 Trimethoprim-
sulfamethoxazole 
(Bactrim, Septra) 

 1 double-strength 
(160/800 mg) tablet 
3×/week (Monday, 
Wednesday, Friday) 

 Cave myelosuppression 
with sulfa drugs 

 Dapsone (Dapsone)  100 mg 1×/day  If intolerance to TMP-
SMX 



303Chapter 7. Central Nervous System

suf fi ce, and up to half of the patients may not need any anti-
emetic treatment beyond the  fi rst days of treatment.  

   Alopecia 

 TMZ does not induce alopecia; however, radiotherapy will. It 
can be partial or complete and is seen in up to 63 % of 
patients after radiochemotherapy.  

   Infection (Oral Thrush, Wound Infection, Herpes Simplex) 

 Immunosuppression (e.g., lymphocytopenia) induced by 
chronic TMZ administration (and often exacerbated by con-
comitant corticosteroids) will lead to oral candidemia, herpes 
reactivation, or wound infection. Other than consideration of 
PCP prophylaxis (as described earlier), prophylactic antibi-
otic therapy is not recommended.  

   Neurologic and Psychiatric 

 Side effects such as anxiety, sleeping disorder, emotional 
instability, drowsiness, dizziness, confusion, memory loss, 
blurred vision, and concentration dif fi culties have been 
observed. These side effects may be partly caused by TMZ, 
but they have also been observed in patients treated by radio-
therapy only and may be explained by the tumor itself or the 
frequent corticosteroid administration. 

 Before the widespread utilization of TMZ alone and con-
comitant with radiotherapy, the combination of procarbazine, 
lomustine (CCNU), and vincristine (known as the PCV 
regimen) has been used since the 1980s  [  14  ] . Due to ease 
of administration and overall excellent tolerance, TMZ has 
largely replaced the PCV regimen; superiority of either treat-
ment has never been formally investigated. The PCV regimen 
requires intravenous administration of vincristine, and the 
regimen is associated with a high incidence of myelosuppres-
sion, occasional infections, and frequent treatment delays.   
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   Nitrosoureas (Lomustine, Carmustine, Nimustine, 
and Fotemustine) 

 Lomustine (CCNU), carmustine (BCNU), nimustine 
(ACNU), and fotemustine are alkylating nitrosourea antican-
cer cytotoxic drugs  [  15  ] . They produce DNA and RNA alky-
lation. They are greatly soluble in lipids, which allows their 
passage through the blood–brain barrier. The main toxicities 
are hematologic and gastrointestinal. Myelosuppression is 
the dose-limiting side effect. Lomustine is the drug most com-
monly used for glioma therapy and is one of the components 
of the PCV regimen (Table  7.6 ). ACNU and fotemustine are 
used occasionally in some countries such as Germany and 
Japan (ACNU) and France and Italy (fotemustine). 
Carmustine was for long the standard of care in the United 
States  [  17  ] . As a single agent the standard dose of lomustine 
is 130 mg/m 2 ; however, in combination and in patients having 
received prior chemotherapy, only a reduced dose of 
90–110 mg/m 2  can be tolerated. In many countries, lomustine 
comes only in capsules of 40 mg, thus limiting dose titration. 
It is given by mouth once every 6–8 weeks.  

   Myelosuppression 

 The myelosuppression is dose dependent and cumulative and 
occurs late in the treatment cycle (nadir  fi fth week, occasionally 
even later). Thrombocytopenia observed around day 28 is 
often followed by neutropenia occurring after day 35. The 
leukopenia can persist up to 2–3 months after the end of the 
treatment.  

   Gastrointestinal System 

 Frequency of side effects is variable. Nausea and vomiting 
most often appears 4–6 h after administration and may persist 
for 24–48 h, associated with anorexia for 2–3 days. Antiemetic 
treatment usually has a good effect on nausea. Mild and clini-
cally nonsigni fi cant elevation of liver function tests is often 
observed. Stomatitis and diarrhea are often seen.  
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   Table 7.6    The PCV regimen   

 The PCV regimen was developed in the late 1970s  [  16  ] , aiming at a 
non-cross-resistant combination of three agents with activity against 
brain tumors. For vincristine, antitumor activity was assumed based on 
the neurologic toxicity induced by this agent. For over 20 years, this 
regimen was considered the most active treatment against malignant 
glioma and used in many large clinical trials. Unfortunately, a suf fi cient 
antitumor activity as adjuvant treatment in newly diagnosed glioma 
patients could never be established, albeit that antitumor activity 
was demonstrated in subgroup analyses. One reason for failure may 
have been the substantial toxicity, in particular the overlapping 
hematotoxicity induced by these agents, which led to frequent delays, 
early treatment discontinuations, or fatal complications. Several 
modi fi cations and variations of the regimen exist. 

  Agent    Dose  ( mg/m   2  )   Days of administration  

 Modi fi ed PCV 

  Procarbazine  60  8–21 

  CCNU  110  1 

  Vincristine  1.4  8, 29 

 British PCV 

  Procarbazine  100  1–10 

  CCNU  110  1 

  Vincristine  1.5  1 

   Neurologic System 

 When combining lomustine with other drugs, neurologic side 
effects such as apathy, confusion, stuttering, and disorienta-
tion have, in rare cases, been described.  

   Respiratory System 

 One of the limitations of nitrosourea therapy is idiopathic 
pulmonary  fi brosis, most commonly seen with carmustine. 
Moderate to severe respiratory insuf fi ciency is thus a relative 
contraindication to the treatment with nitrosoureas. If pulmo-
nary symptoms occur, presenting often with a diffuse in fi ltrate, 
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and once other causes have been ruled out, treatment is a 
prolonged course of corticosteroids  [  18  ] .   

   Procarbazine 

 Procarbazine is another alkylating agent causing DNA cross-
links followed by DNA breaks. Myelosuppression is the main 
side effect, with neutropenia and thrombocytopenia being dose 
limiting. Nausea and vomiting are common. Within the PCV regi-
men, the dosage is 60 mg/m 2  daily PO for 14 days (day 8–day 21); 
as a single agent, doses of 100–150 mg/m 2  for 14 days are usually 
well tolerated. Procarbazine comes as capsules of 50 mg each. 

   Hematologic 

 Toxicity (neutropenia, thrombocytopenia) may commence 1 
week after the beginning of the treatment, and it can persist 
up to 2 weeks after withdrawal.  

   Gastrointestinal 

 Nausea and vomiting can usually be prevented by standard 
antiemetic treatment.  

   Immunologic and Skin Rash 

 Hypersensitivity reactions with eosinophilia and fever are 
 common. The reactions can be IgE-mediated but are also asso-
ciated with a type III reaction manifested by pulmonary toxic-
ity and cutaneous reactions  [  19  ] . The higher frequency of 
hypersensitivity reactions in brain tumor patients has been 
associated with the concomitant administration of antiepileptic 
drugs  [  20  ] . A diffuse, pruritic, erythematous maculopapular 
rash has been reported in 12–35 % of glioma patients. Note that 
procarbazine inhibits alcohol dehydrogenase and may cause 
disul fi ram-like reactions when a patient consumes alcohol.  

   Neurologic 

 Drowsiness and peripheral neuropathy are regularly seen.  
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   Respiratory 

 Rare cases of pneumonitis (see immunologic) have been 
reported; it may be severe and irreversible. The treatment is 
procarbazine withdrawal and corticosteroid therapy  [  21  ] .  

   Hypertensive Crisis 

 Food containing high levels of tyramine (e.g., red wine, overripe 
bananas, mature cheese) may cause hypertensive crisis, since 
procarbazine is a monoamine oxidase (MAO) inhibitor.   

   Vincristine 

 Vincristine is a vinca alkaloid that binds to tubulin dimers, 
inhibiting microtubule assembly and in turn blocking cell 
division during the mitotic phase  [  22  ] . The side effects of vin-
cristine are dependent on the total dose given. The dose-limiting 
side effect is neurotoxicity. Recent studies have questioned 
whether vincristine suf fi ciently penetrates through the blood–
brain barrier, and it may not be an effective agent against 
brain tumors  [  23  ] . The standard weekly dose is 1.4 mg/m 2  
 (usually capped at a maximum dose of 2 mg), as part of the 
PCV regimen given on days 8 and 29. 

 The most common side effect is alopecia, while the most 
troublesome is neuromuscular adverse reactions. Leukopenia 
and severe myelosuppression are rare. Vincristine is metabo-
lized in the liver via the CYP3A4-mediated enzymes; it may 
thus increase metabolism of CYP3A4-dependent antiepileptic 
drugs. Caution is advised in patients with hepatic insuf fi ciency. 

   Alopecia 

 This is the most common side effect. Regrowth of hair usually 
happens 6 weeks after the interruption of treatment.  

   Neuromuscular 

 Frequently, a sequence in the development of the neuromuscular 
side effects can be observed with the treatment continuation. 
The initial sensory impairment and paresthesia are followed by 
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neuropathic pain, and  fi nally motor dif fi culties occur. No treatment 
that could reverse the neuromuscular manifestations has so far 
been reported.  

   Gastrointestinal 

 Constipation with or without pain has been regularly seen; 
therefore, prophylactic laxatives should be proposed. Rarely, 
paralytic ileus can be seen, especially in young and elderly 
patients, which upon withdrawal of vincristine can regress 
spontaneously.  

   Ocular 

 Rarely, visual side effects such as transient cortical blindness, 
optic nerve atrophy with blindness, and nystagmus can occur.  

   Neurotoxicity 

 Inadvertent intrathecal administration of vincristine can 
cause ascending radiculomyeloencephalopathy, which in most 
cases is fatal. Immediate cerebrospinal  fl uid aspiration must 
be followed by intrathecal irrigation, including intrathecal 
administration of fresh-frozen plasma that can eventually 
bind vincristine. A few cases of patients who received rapid 
supportive care and survived intrathecal vincristine have 
been reported  [  24–  26  ] .  

   Pulmonary 

 In rare cases administration of vincristine has led to bronchos-
pasm, especially when combined with mitomycin C. This can 
occur immediately after the administration or several hours 
later. In these cases vincristine should not be readministered.  

   Accidental Extravasation 

 It can cause severe local reaction and tissue necrosis. 
Hyaluronidase injection at the site of extravasation must be 
considered, since vincristine breaks down hyaluronic acid in 
the connective/soft tissue, allowing the further dispersion of 
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vincristine. Heat packs applied for 20 min QID during 3 days 
are recommended because this can lead to vasodilatation and 
consequently to diffusion and elimination of the drug from 
the site of injection  [  27  ] .   

   Bevacizumab (Avastin) 

 Bevacizumab is a monoclonal neutralizing antibody inhibit-
ing the growth factor VEGF-A, the ligand to the VEGF 
receptor, highly expressed on tumor-associated endothelial 
cells  [  28  ] . This is an attractive treatment target in patients 
with glioblastoma because this tumor is highly vascular and 
expresses high levels of VEGF-A. The commonly used dose 
of bevacizumab is 10 mg/kg every 2 weeks, although lower 
doses might be equally effective. Formal dose- fi nding studies 
in brain tumors were not conducted. Bevacizumab is approved 
in recurrent/relapsed glioblastoma in the United States and 
Switzerland. In many European countries, it is used regularly, 
although the extension of the indication to brain tumors was 
rejected by the European Medicines Agency due to the 
absence of any controlled ef fi cacy data. De fi nitive phase III 
trials are  fi nally ongoing. 

 While bevacizumab clearly allows the reduction of corti-
costeroid therapy and will lead to temporary neurologic 
improvement, particularly in patients with severe peritumoral 
edema, its effect on survival is less evident and contested. The 
possible modest bene fi t of bevacizumab has to be balanced 
against potential risks and toxicity and, ultimately, cost  [  29  ] . 

 The most common side effects are hypertension, asthenia, 
fatigue, vomiting, diarrhea, and abdominal pain, while the 
most serious side effects are gastrointestinal perforation, hem-
orrhage, and both arterial and venous thromboembolic events. 
There is no myelosuppression when used as a single agent. 

 It should be noted that administration of bevacizumab 
leads to a reduction in contrast enhancement, the standard 
metric of objective response, making the radiologic follow-up 
dif fi cult. Contrast-enhanced magnetic resonance imaging has 
revealed a signi fi cant reduction of the vascular supply, as evidenced 
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by a decrease in intratumoral blood  fl ow and volume. The 
vascular remodeling induced by anti-VEGF-A treatment 
leads to a more hypoxic tumor microenvironment. Concerns 
have been raised that the tumor’s remodeling may lead to a 
more aggressive tumor phenotype. A metabolic change in the 
tumor cells toward glycolysis leads to enhanced tumor cell 
invasion of the normal brain tissue  [  30,   31  ] . 

   Hypertension 

 Bevacizumab is thought to induce hypertension by decreasing 
nitric oxide production, resulting in vasoconstriction  [  32  ] . 
This also leads to increased sodium reabsorption in the kidney. 
Hypertension is a dose-dependent side effect; the frequency 
increases exponentially with increased doses  [  33  ] . With the 
commonly used high doses of bevacizumab (10 mg/kg), hyper-
tension of any degree has been observed in up to one-third of 
the patients; however, it was considered severe ( ³  grade 3, i.e., 
systolic blood pressure >180 mmHg and diastolic blood pressure 
>110 mmHg) in only 5 %  [  34  ] . Preexisting hypertension 
should be treated before initiation of bevacizumab. 
Hypertensive exacerbation will further increase the risk for 
intracranial hemorrhage. 

 Figure  7.2  shows the management of hypertension and 
proteinuria. The management of bevacizumab-induced hyper-
tension follows the general principles of hypertension treat-
ment  [  35  ] . In patients with cardiovascular risk factors, the 
treatment goal is 130/80; in others, 140/90. The antiangiogenic 
treatment should be withdrawn if clinically signi fi cant hyper-
tension persists despite proper management or in case of a 
hypertensive crisis or symptomatic hypertensive encephal-
opathy (headaches, attention disorder, confusion, or coma).  

 Patients with previous hypertension are, like all hypertensive 
patients, at higher risk of developing proteinuria. A potential 
mechanism for proteinuria is by the inhibition of VEGF on 
the podocytes leading to renal damage  [  36  ] . Urinary dipstick 
analysis should be performed before initiating and during the 
treatment. 
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 As long as proteinuria over 24 h is not less than 2 g, beva-
cizumab should not be given. Nephrotic syndrome occurs in 
0.5 % of patients, and treatment must be withdrawn. 
Proteinuria is seen less commonly in patients with CNS 
tumors than in other cancer types, likely explained by the 
shorter exposure to bevacizumab due to tumor progression 
occurring at a median of 4 months. Similar to patients with 
hypertension and proteinuria, agents such as angiotensin-
converting enzyme (ACE) inhibitors or angiotensin II receptor 
blockers (ARBs) are the  fi rst choice.  

   Arterial and Venous Thromboembolism 

 Patients with gliomas are at higher risk of venous throm-
botic events  [  37  ] , while the incidence of arterial throm-
boembolism is not known to be increased. Patients treated 
with bevacizumab are at higher risk of developing arterial 
and/or venous thromboembolism  [  38  ] . This includes stroke, 

Blood pressure
Systolic > 130 mmHg
or diastolic >80 mmHg
But Systolic < 140 mmHg
Diastolic <90 mmHg

Patients with
cardiovascular risk
factors?
(diabetes, chronic
kidney disease,
tobacco use,
family history,
hyperlipidemia,
obesity,
advanced age)

Yes: Treat risk factors.
Reduce salt intake,
alcohol, avoid
corticosteroids and
NSAIDs

No: No treatment.
Monitor BP at
subsequent cycles.

Blood pressure
Systolic >130 mmHg
or > diastolic 80 mmHg
and risk factors

Antihypertensive
treatment:
Amiodipine 5–10mg q.d.
Felodipine 5mg q.d.
or
ACE inhibitors (more
rapid onset and preferred
if proteinural)

Blood pressure
Systolic >140 mmHg
Diastolic >90 mmHg

Antihypertensive
treatment (see above)
and treat risk factors

Dipstick proteinuria <2+

Dipstick proteinuria ≥2+

Give bevacizumab

Give bevacizumab and
collect the urine during
24 hours

Proteinuria £2g / 24h:
Give next bevacizumab

Proteinuria >2g / 24h:
Omit bevacizumab

Readminister if protein
< 2 g/24-hour urine
before each next
scheduled dose

  Figure 7.2    Management of hypertension and proteinuria       
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transient ischemic attacks, myocardial infarction, deep venous 
thrombosis, and pulmonary embolism. Patients with a previ-
ous history of arterial thromboembolism or age older than 65 
are at higher risk of developing thromboembolic complica-
tions and must be carefully monitored. Bevacizumab therapy 
should be de fi nitively discontinued in patients having pre-
sented with an arterial thrombotic event. The presence of a 
venous thromboembolic event is a relative contraindication 
to continuation of bevacizumab therapy; risks and bene fi ts 
need to be evaluated individually. The requirement of sys-
temic anticoagulation may slightly increase the risk for an 
intracranial hemorrhage, a risk that is already more pro-
nounced owing to the presence of recurrent tumor in the 
brain (high vascularization of recurrent glioblastoma may 
lead to spontaneous bleeding) and further exacerbated by 
bevacizumab therapy. Nevertheless, current, albeit limited, 
experience indicates no substantial increase of serious intrac-
ranial hemorrhage when patients are treated simultaneously 
by systemic anticoagulation and bevacizumab  [  39  ] . Low 
molecular weight heparins (LMWH) are more often used 
than oral anticoagulants, since fewer drug interactions are 
expected with potentially improved ef fi cacy  [  40  ] .  

   Bleeding 

 Patients treated with bevacizumab have an increased risk of 
bleeding, especially at the tumor site  [  41  ] . Higher doses 
of bevacizumab increase the risk of bleeding. The mechanism of 
the bleeding is thought to be via inhibition of the endothelial 
cell survival and proliferation leading to damaged blood vessels. 
The most common type of bleeding is epistaxis, but more serious 
bleeding like intracerebral, gastrointestinal, or pulmonary 
can also be seen. If any grade 3 or 4 bleeding occurs, the treatment 
must be withdrawn. The risk of intracranial hemorrhage does 
not seem to be more elevated in patients with glioblastoma 
than in other patients treated with bevacizumab. Intracranial 
bleeding more frequently occurs during progression, regard-
less of bevacizumab use.   
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   Surgical Complications After Prior Bevacizumab 
Therapy 

   Wound Healing 

 Antiangiogenic therapy interferes with wound healing  [  42  ] . 
Vascular endothelial growth factor is essential for neovascular-
ization, and bevacizumab interferes with this mechanism. The 
long biological half-life of bevacizumab (median, 20 days; range, 
11–50 days) has led to the recommendation not to administer 
bevacizumab 4 weeks before and 4 weeks after undergoing 
major surgery or before complete healing of the wound. One 
study showed that bevacizumab interferes more with wound 
healing if it is given preoperatively than postoperatively  [  43  ] .  

   Gastrointestinal Perforation 

 In a large meta-analysis with 12, 294 patients, perforation was 
seen in 1 % of patients  [  44  ] . Most relevant risk factors in 
brain tumor patients are constipation, diverticular disease, 
peptic ulcers, and concomitant use of corticosteroids. In any 
case of gastrointestinal perforation, the treatment must be 
immediately withdrawn.  

   Heart Failure 

 In clinical trials, congestive heart failure has been seen in 
patients receiving bevacizumab. The symptoms are from 
asymptomatic reduction of left ventricle ejection fraction on 
cardiac ultrasound to symptomatic heart failure needing 
inpatient care. Many of these studies included breast cancer 
patients after prior exposure to anthracyclines and/or trastu-
zumab. One study suggests that the toxicity may be spontane-
ously reversible  [  45  ] .  

   Perfusion Reactions 

 Patients may develop hypersensitivity and infusion reactions. 
This is seen in less than 5 % of patients. The majority of reac-
tions are mild to moderate. More severe reactions were noted 
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in 0.2 % of patients. Premedication is not warranted. If a reac-
tion occurs, the infusion shall be stopped and symptoms treated. 
Rechallenging patients can be discussed, but it must be based 
on the goals of the therapy and the severity of the reaction.  

   Posterior Reversible Encephalopathy Syndrome 

 One of the infrequent but very serious side effects is posterior 
reversible leukoencephalopathy (PRLE)  [  46  ] . The differential 
diagnosis between PRLE and hypertensive encephalopathy 
can be dif fi cult. The main symptoms are headache, seizures, 
altered mental status, nausea, troubled vision, or cortical blind-
ness; most patients are markedly hypertensive. At CT/MR 
imaging the brain typically demonstrates focal regions of sym-
metric hemispheric edema. It is thought that the causes of 
PRLE can be failure of cerebral vasomotor autoregulation due 
to hypertension or primary endothelial damage. The mecha-
nisms resemble preeclampsia. The symptoms usually resolve 
with ef fi cient treatment of hypertension and with withdrawal 
of bevacizumab.   

   Irinotecan (CPT11) 

 Irinotecan is a semisynthetic derivative of camptothecin, 
which acts as a DNA topoisomerase I inhibitor  [  47  ] . It easily 
crosses the blood–brain barrier. Topoisomerase I is localized 
in the cell nucleus and regulates DNA topology, facilitating 
nuclear processes such as DNA replication, recombina-
tion, and repair. The active metabolite of irinotecan, SN-38, 
binds to the topoisomerase I-DNA complex. Topoisomerase 
I and II activities are signi fi cantly increased in malignant 
tumors due to DNA damage, thus making irinotecan an 
interesting drug for the treatment of gliomas. Irinotecan and its 
metabolites are secreted via the liver and depend on the P450 
enzyme complex  [  48  ] . As brain tumor patients commonly 
receive antiepileptic drugs, drug-drug interactions may occur. 
Notable are phenytoin, carbamazepine and derived sub-
stances, and the nowadays rarely used phenobarbital, which 
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will induce cytochrome P450 CYP3A4 enzymes,  leading to 
faster  clearance of irinotecan and thus diminishing or elimi-
nating its activity  [  49  ] . 

 Different dosing regimens of irinotecan have been established, 
initially for gastrointestinal cancer  [  50  ] . In brain tumors, irinotecan 
has been given as a weekly ×4 administration every 6 weeks at a 
dose of 125 mg/m 2  or in combination with bevacizumab every 2 
weeks at a 125-mg/m 2  dose. In our experience we commonly 
increase the dose up to 180 mg/m 2 , similar to the established gas-
trointestinal dose. Higher doses of up to 340 mg/m 2  have been 
suggested for patients taking enzyme-inducing antiepileptic drugs; 
however, it is much safer to switch patients to the well-established 
non-enzyme-inducing antiepileptic agents  [  51  ] . 

 The main side effects of irinotecan are diarrhea and 
hematotoxicity. 

   Gastrointestinal 

 Profound and delayed diarrhea is the dose-limiting toxicity of 
irinotecan. Diarrhea will occur in the majority of patients, 
being severe in up to 20 %. Diarrhea typically occurs in two 
phases: early, within the  fi rst 24 h, and late, after 5–7 days. 
Early diarrhea is due to the cholinergic toxic syndrome (see 
later section) and self-limiting. Patients having received 
radiotherapy on the pelvic region, patients with leukocytosis, 
performance status of two or more, and women are at a 
higher risk of developing diarrhea. Late diarrhea occurs sev-
eral days after irinotecan administration. Most common is the 
appearance of diarrhea on the  fi fth day in the case of a sched-
ule of every 2 weeks (high dosage) and on the eleventh day 
in case of the weekly treatment. Patients must be informed of 
this side effect; in case of diarrhea adequate oral rehydration 
is imperative. Loperamide, 4 mg as an initial dose and 2 mg 
with every loose stool, shall be given at the  fi rst signs of diar-
rhea, up to eight or more doses/24 h. Repeated loperamide 
administration every 2 h is recommended for another 12 h 
after the last episode of diarrhea, but total exposure should 
not exceed 48 h, thus avoiding consecutive paralytic ileus. 
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 Delayed diarrhea often coincides with myelosuppression; 
thus, patients at this stage are particularly vulnerable. Forced 
rehydration, if needed intravenous, should be considered, 
with low threshold to hospitalization in case of prolonged 
diarrhea, dehydration, or fever. 

 In patients with hyperbilirubinemia (1.5–3 times higher 
than the normal level), liver function tests must be surveyed 
weekly. Irinotecan is to be withdrawn if bilirubin is three 
times higher than normal. Prophylactic antiemetic drugs are 
to be given before each cycle to avoid nausea and vomiting, 
which are a common side effects.  

   Hematologic 

 Neutropenia has been seen in almost 80 % of patients treated 
by irinotecan monotherapy; severe neutropenia (<0.5 × 10 6  G/L) 
has been seen in 22 % of patients. The hematotoxicity is reversible, 
with a nadir around the eighth day and subsequent rapid 
 recovery. The neutropenia is not cumulative. Anemia is seen in 
58 % of patients. Thrombocytopenia is seen less frequently; 
approximately 10 % of patients will be seen with thrombocytes 
less than 100 × 10 6  G/L.  

   Dermatologic 

 Reversible alopecia is very common.  

   The Cholinergic Toxic Syndrome 

 This syndrome is speci fi c to irinotecan and can be seen in up 
to 42 % of patients treated with irinotecan; it can be severe in 
one-fourth of patients  [  52  ] . The main symptoms are diarrhea, 
abdominal pain, hypotension, shivering, dizziness, blurred 
vision, miosis, transpiration, and hypersalivation while receiving 
the chemotherapy or within the following 24 h. The symp-
toms can be relieved by premedication with 0.25–0.5 mg of 
atropine given subcutaneously.    
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   Other Commonly Used Agents 
in CNS Malignancies 

 For the treatment of germ cell tumors, primitive neuroectoder-
mal tumors (PNET), and medulloblastoma, combination regi-
mens including ifosfamide, cisplatin or carboplatin, and etoposide 
are frequently administered  [  53,   54  ] . The backbone of treatment 
of primary CNS lymphoma is high-dose methotrexate, either 
alone or in combination with cytarabine or ifosfamide (± the 
monoclonal antibody rituximab)  [  55,   56  ] . We brie fl y discuss 
ifosfamide; cytarabine and methotrexate are reviewed in the 
section on leptomeningeal disease. For the other agents the 
reader should refer to other sections of this book. 

   Ifosfamide 

 Ifosfamide is a nitrogen mustard alkylating agent and an ana-
logue of cyclophosphamide. First, ifosfamide is activated to 
4-hydroxyifosfamide in the liver, which is then transformed 
into the active compound isoaldophosphamide. In addition to 
myelosuppression, characteristic toxicities of this agent 
include hemorrhagic cystitis, renal insuf fi ciency, and ill-
de fi ned diffuse cognitive and cerebellar symptoms. Common 
dosing is 750–1,000 mg/m 2 /day as a continuous several-hour 
infusion for 4–5 days. The usual dose for medulloblastoma is 
900 mg/m 2 /day in a continuous infusion over 5 days  [  57  ] . 

   Gastrointestinal 

 Nausea and vomiting is seen in approximately half of 
patients. Usual antiemetic prophylaxis by 5-HT3 antagonists 
is recommended.  

   Dermatologic 

 Reversible alopecia is very common.  
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   Neurologic 

 Ten to twenty percent of patients will have symptoms of 
encephalopathy such as hallucinations, drowsiness, confusion, 
and depressive psychosis. Drowsiness is the most common 
symptom, and it can rapidly progress to coma. These symp-
toms are seen from a couple of hours to up to a couple of 
days after the administration of the drug. In any case, the 
drug should be immediately suspended. After halting the 
administration, the median duration of the symptoms is 3 
days. Interactions with other CNS-depressing drugs must be 
considered and the drugs withdrawn. High doses of  ifosfamide 
illogical truncation administered over a short time, preexist-
ing neurologic or renal dysfunction, and low serum albumin 
appear to be signi fi cant risk factors. In patients with grade 
3–4 encephalopathy, IV administration of methylene blue 
(50 mg every 4 h until symptoms resolve) may be considered. 
The pathophysiology of this encephalopathy is poorly under-
stood, but the cause seems to be due to chloroacetaldehyde 
accumulation in the nervous system. It can be (1) directly 
neurotoxic, (2) deplete CNS glutathione, and (3) inhibit mito-
chondrial oxidative phosphorylation, leading to impaired 
fatty acid metabolism. Methylene blue has a redox potential 
and restores mitochondrial respiratory chain function; it pre-
vents transformation of chloroethylamine into chloroacetal-
dehyde and restores hepatic gluconeogenesis  [  58  ] . Little 
evidence exists for the prophylactic use of methylene blue in 
combination with ifosfamide.  

   Kidneys and Bladder 

 Micro- or macrohematuria is seen very commonly. It is dose 
dependent and can be prevented and/or alleviated by simulta-
neous administration of mesna. Mesna is an organosulfur com-
pound. It is converted to an inactivated form in the blood and 
 fi ltered by the kidneys, where it is reactivated. Ifosfamide and 
cyclophosphamide, when given in high doses, produce the 
metabolite acrolein, which is toxic to the bladder. Mesna binds 
to and inactivates acrolein, consequently reducing local side 
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effects in bladder. If cystitis develops during ifosfamide admin-
istration despite correct mesna dosing, the treatment should be 
suspended until micro- or macrohematuria disappears. During 
ifosfamide infusion correct hydration is important, and the 
bladder must be emptied on a regular basis. Tubular damage 
has been proposed to be the cause of renal failure seen in some 
patients. Mesna does not protect against renal toxicity.  

   Hematologic 

 Patients pretreated with other chemotherapy regimens or 
radiotherapy and with preexisting renal insuf fi ciency are at 
increased risk of myelotoxicity, which can sometimes be very 
important. Leukopenia is seen more often than thrombocy-
topenia. The nadir is at 8–10 days and is usually normalized at 
3–4 weeks.    

   Treatment of Leptomeningeal Carcinomatosis 
(Carcinomatous Meningitis) 

 Melanoma, breast and lung cancer, and hematologic and lym-
phoid malignancies are the most common origins of leptom-
eningeal dissemination  [  59  ] . Localized metastases may be 
treated by focal irradiation, while diffuse meningeal involve-
ment requires intrathecal or high-dose systemic chemother-
apy. Ef fi cacy of intrathecal therapy may be limited by 
perturbed cerebrospinal  fl uid  fl ow. Occasionally, direct intra-
ventricular injection or access over a surgically implanted 
reservoir (Ommaya or Rickham) is preferred over adminis-
tration by lumbar puncture, thus allowing a more homoge-
nous distribution of the chemotherapeutic agent. The objective 
is to relieve and control symptoms, while often additional 
systemic therapy for adequate antitumor control is needed. 
In patients with high-risk hematologic malignancies, prophy-
lactic intrathecal chemotherapy is often recommended  [  60  ] . 
Nevertheless, literature on the value of intrathecal therapy 
remains scarce and lacks controlled trials. 



320 M. Mino et al.

 Three agents are used for intrathecal chemotherapy: 
cytarabine, methotrexate, and thiotepa. Adverse reactions are 
not uncommon. When administered intrathecally, chemical 
aseptic meningitis is the most common side effect seen in 
20–40 % of patients and is characterized by fever, nausea and 
vomiting, headache, back pain radiating to the extremities, 
and photophobia. This can be reduced by using preservative-
free diluent (saline) and preservative-free chemotherapy 
preparations. Late adverse events occurring more than 4–6 
months after treatment, such as leukoencephalopathy with 
symptoms such as dementia and ataxia, must not be forgotten. 
The incidence is probably underestimated; it is probably 
higher than 20 % in patients surviving more than 4 months. 

   Cytarabine 

 Cytarabine (araC) is an antimetabolic agent that damages 
DNA formation during the S phase of the cell cycle. The lipo-
somal formulation of cytarabine [...] is lipophilic and has a 
long half-life. Liposomal cytarabine (   DepoC    -> DepoCyte) 
is lipophilic long half-life. The liposomal formula maintains a 
therapeutic concentration in the CSF for 28 days, while the 
conventional form is entirely eliminated within 1–2 days  [  61  ] . 
Conventional intrathecal dose is 50 mg; with a short half-life, 
this should be repeated two times a week. In contrast, a lipo-
somal formulation of cytarabine for prolonged cytotoxic 
exposure exists, thus requiring one administration (50 mg) 
every 2 weeks only. Liposomal cytarabine is approved for 
leptomeningeal metastases of hematologic malignancies  [  62  ] . 

   Systemic Doses of Cytarabine 

 Cytarabine is the most frequently used agent against acute 
leukemia. For more detailed information the reader is 
referred to the chapter on hematologic malignancies.  

   Neurologic 

 In approximately 10 % of patients treated with high doses 
( ³ 3 g/m 2 ) administered intravenously every 12 h, an acute 
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cerebellar syndrome develops  [  63  ] . The initial symptom is 
somnolence. Cerebellar signs are then noted on neurologic 
examination, and patients may not be able to ambulate. In 
many patients the symptoms usually resolve after the with-
drawal of cytarabine, although prolonged and persistent 
symptoms have been observed. There is no speci fi c therapy 
other than suspending chemotherapy.  

   Hematologic 

 High doses of cytarabine will induce profound myelosuppression.  

   Gastrointestinal 

 Diarrhea, mucositis, intestinal ulceration, and ileus can be 
seen. The gastrointestinal side effects are often dose limiting.   

   Methotrexate 

 Methotrexate (MTX) is a folate antimetabolite, thus interfer-
ing with DNA synthesis, repair, and cellular replication. 
Methotrexate has been used for a wide variety of cancers 
(sarcomas, lymphomas, breast cancer) and also for autoim-
mune disorders. Methotrexate has a very good distribution in 
all tissues  [  64  ] . While passage through the blood–brain bar-
rier requires administration of high systemic doses to obtain 
adequate drug concentrations in the central nervous system, 
intrathecal administration will allow the use of lower doses 
for the control of leptomeningeal disease with less systemic 
toxicity. However, drug penetration is limited to the distribu-
tion of the cerebrospinal  fl uid. The dose of MTX varies 
greatly from oral weekly 10 mg/m 2  for rheumatoid arthritis 
 [  65  ]  to high-dose chemotherapy of  ³ 3 g/m 2  in primary brain 
lymphomas or up to 12 g/m 2  for osteosarcoma patients  [  66  ] . 
The commonly used dose for intrathecal administration is 
12.5–15 mg/dose, which is to be repeated once or twice per 
week until the CSF clears and then once a week or once a 
month for maintenance treatment. A more intensive regimen 
proposed is 15 mg/day for 5 consecutive days every 2 weeks 
 [  67  ] ; its relative ef fi cacy has not been formally investigated. 
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   Hematologic 

 Myelosuppression can be seen when administered intrathecally.  

   Transverse Myelopathy 

 An isolated spinal cord dysfunction develops rarely hours to 
days after the administration of MTX without compressive 
lesion. Patients develop back or leg pain followed by paraplegia, 
sensory loss, and sphincter dysfunction. The majority of patients 
recover, but further administration is contraindicated.  

   Acute Encephalopathy 

 Somnolence, confusion, and seizures are seen within 24 h 
after treatment; they usually resolve spontaneously.  

   Subacute Encephalopathy 

 After repeated injections of MTX, motor function impairments 
such as paraparesis/paraplegia, tetraplegia, cerebellar dysfunction, 
cranial nerve paralysis, and seizures can occur.  

   Methotrexate Administered in High Doses Intravenously 

 Intravenous administration of high doses (>3 g/m 2 ) of MTX 
may also be used in the treatment of meningeal  disease 
to achieve cytotoxic doses in the CNS. The incidence 
and severity of acute side effects are related to dose and 
 frequency of administration. In primary lymphoma of the 
central nervous system, high-dose IV MTX is the backbone 
of therapy. Methotrexate is also an active agent in systemic 
breast cancer and may allow the control of leptomeningeal 
disease. 

 Younger patients seem to better tolerate the high-dose 
MTX therapy, presumably due to better end-organ function 
and rapid elimination. Caution is to be used in patients with 
renal and hepatic insuf fi ciency. The common side effects of 
high-dose MTX are alopecia, neutropenia, renal toxicity 
(more commonly in older patients), nausea, diarrhea, and 
stomatitis. Hepatic toxicity with transaminitis is seen. 
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 The presence of third-space  fl uids is a contraindication to 
the administration of high-dose MTX. High concentrations 
of MTX can accumulate in these spaces, leading to a pro-
longed MTX exposure and increased toxicity. Drainage of 
ascites or pleural effusion must be done before introducing 
the drug. 

 The use of high-dose IV MTX has been associated with 
the development of chronic delayed leukoencephalopathy in 
patients with or without a history of craniospinal irradiation. 

 High-dose MTX is a potential lethal dose, and before leu-
covorin rescue was initiated as a standard part of the regimen, 
6 % drug-related death was noted, most frequently due to the 
immunosuppression. Therefore, high-dose MTX administra-
tion is followed by leucovorin rescue to inhibit the toxicity of 
MTX on the normal cells (Fig.  7.3 ). The timing of the rescue is 
important, since introducing too early the rescue leads to a 
diminished effect on the tumor cells. The administration of 
leucovorin can be delayed up to 24–36 h without, in general, 
important MTX toxicity. Several schedules of leucovorin res-
cue exist. If the concentration of MTX is higher than 1  m mol/L 
at 48 h, increasing the dose of leucovorin must be considered. 

Hydrate patients with 1 l iv fluid over 6 hours

Give methotrexate, continue hydration 3 l/24 hours

Give sodium bicarbonate (po/iv) to alkalinize urine >7 during methotrexate and leucovorin.

At least 24h after beginning of high-dose methotrexate, start rescue with leucovorin.

24 hours after initiating the treatment with methotrexate: measure S-methotrexate, continue 1×/24h
Adapt doses of leucovorin according to concentration of methotrexate: higher concentration: higher
dose. Control kidney and liver functions closely.

Give leucovorin at least 72h after initiation of methotrexate. Only stop when methotrexate
concentration is below 0.1μmol/l.

  Figure 7.3    Administration of high-dose methotrexate with leuco-
vorin rescue       
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The rescue must continue for at least 72 h and until the con-
centration of MTX is at a nontoxic level (0.01–0.1  m mol/L).  

 Methotrexate is principally excreted by the kidneys. 
A glomerular  fi ltration rate of 60 mL/min is in general 
 considered as a minimum for high-dose MTX administration. 
It should be noted that the presence of a normal serum crea-
tinine does not predict MTX toxicity  [  68  ] . A high urine  fl ow 
and an alkaline pH must be ensured to prevent precipitation 
of MTX in the urine, causing nephrotoxicity.   

   Thiotepa 

 Thiotepa is an alkylating agent. It crosses the blood–brain barrier 
well, achieving high concentrations and resulting in high levels 
of the active metabolite, TEPA. When administered intrathe-
cally, thiotepa is cleared from CSF within minutes and com-
pletely eliminated within 4 h. The initial dose is 10 mg twice 
weekly for 4 weeks followed by one injection per week for 
another 4 weeks, with maintenance with one injection per 
month. Due to its important hematotoxicity, intrathecal admin-
istration is preferred, because it is generally well tolerated  [  69  ] . 

   Hematologic 

 Systemic myelosuppression has been seen even with intrathecal 
administration. Systemic administration of thiotepa causes pro-
found bone marrow suppression, especially thrombocytopenia.     

   Supportive Care 

   Corticosteroids 

 The use of corticosteroids is the cornerstone for symptom 
relief in CNS tumors  [  70  ] . Primary or secondary malignancies 
arising in the brain perturb the normal vasculature and induce 
in fl ammation, with water extravasation leading to an increase 
of the intracranial pressure (ICP). The most important symptoms 
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of increased ICP are fatigue, headaches, nausea and vomiting, 
bradycardia, and bradypnea. If untreated, increased ICP will 
result in brain herniation and ultimately death. The rapid ini-
tiation of corticosteroids could potentially reduce edema and 
also the symptoms. The most frequently used corticosteroid is 
dexamethasone, which has less pronounced mineralocorticoid 
effects than other steroids. The initial dose of dexamethasone 
is a 10-mg IV bolus followed by 4 mg every 6 h (16 mg/day). 
Since this scheme does not follow the normal diurnal changes 
of blood corticoids, we prefer the scheme of 8 mg twice a day 
in the morning and at noon. This administration reduces 
insomnia induced by dexamethasone. In dose- fi nding studies 
dexamethasone had been increased up to 40 mg, but there was 
no evidence for improved effectiveness. Once the desired 
acute effect has been achieved, the dose of dexamethasone 
should be rapidly tapered in order to avoid long-term pertur-
bation of the hypothalamic-pituitary-adrenocortical (HPA) 
axis and toxicity from prolonged corticosteroid administra-
tion. Tapering consists in empiric reduction of 2–4 mg every 
2–3 days. While the initial reduction in doses – empiric reduc-
tion of 2–4 mg every 2–3 days – can be rapid, the  fi nal tapering 
before de fi nitive cessation of the treatment should be done 
more slowly, with decrements of 0.5–1 mg every 3–7 days, 
depending on the duration of prior steroid exposure. Common 
side effects are hyperglycemia, gastritis, gastrointestinal bleed-
ing, osteoporosis, immunosuppression, skin fragility and striae, 
obesity, psychosis and euphoria, or myopathy with weakness 
of the lower extremities and neck. Steroid-induced myopathy 
and secondary diabetes may be misleading of disease progres-
sion and need to be excluded. Restrictive steroid prescription 
and appropriate surveillance may prevent these frequent 
complications.  

   Antiepileptics 

 The most common side effects of antiepileptic drugs (AEDs) 
are gastrointestinal toxicity in the form of nausea, vomiting, 
and diarrhea, and skin rash. Further common side effects of 
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AEDs are sleepiness and unsteadiness. Carbamazepine, phe-
nobarbital, phenytoin, and sodium valproate could induce 
osteoporosis or osteomalacia. Furthermore, AEDs can 
in fl uence memory, especially when high doses are applied. In 
case side effects are detected, either dose reduction should be 
tried or a rotation should be proposed with an AED with a 
different class of effect. Antiepileptic drugs such as phenytoin, 
phenobarbital, and carbamazepine induce the hepatic enzyme 
P450 (enzyme-inducing antiepileptic drugs, EIADs). Several 
chemotherapeutic agents, including, irinotecan, lomustine, 
vincristine, and procarbazine, are metabolized by the cyto-
chrome P450. While patients with malignant gliomas are 
treated with these therapies, their metabolism can be increased 
and thus can lead to diminished ef fi cacy. Brain tumor patients 
treated with EIAEDs are recommended to change to third-
generation antiepileptic drugs like levetiracetam.       
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  Abstract   Anemia is a common manifestation in patients 
with cancer. Its cause can be multifactorial: the cancer itself, 
chemotherapy treatments, in fi ltration of bone marrow by 
cancer cells, hemolysis, nutritional de fi ciencies, blood loss, 
in fl ammation, and so forth. A major consequence of anemia 
is fatigue, a symptom that impacts the quality of life of cancer 
patients, and it can also compromise patients’ compliance 
with their treatments. A new generation of anticancer agents, 
antitargeted therapies, is widely used in oncology. Some of 
these new agents are associated with anemia, although their 
mechanism is not yet understood. 

 We now have different options to correct chemotherapy- 
or cancer treatment–induced anemia: red blood cell (RBC) 
transfusions, iron, and erythropoiesis-stimulating agents 
(ESAs). Their safety pro fi le is good if we know when and how 
to administer them. 

 Red blood cell transfusions are reserved for critical situa-
tions, when the patient presents with symptomatic severe 
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anemia. In addition to the possibility that the RBCs carry 
viruses and other pathogens, some new alarm signals associ-
ated with their use have been raised over the last few years 
and are currently being investigated. Of particular concern 
are RBCs that have been stored for more than 2 weeks in the 
blood banks. Apparently, they lose some of their oxygen-
carrying capacity and their ability to cross the capillaries. 

 Iron has long been an agent used to correct the anemia of 
blood loss. Recently, however, the administration of intravenous 
iron has become more popular, because the new preparations 
do not provoke the allergic and anaphylactic reactions seen with 
the old preparations. Intravenous iron is now being used in com-
bination with ESAs to produce faster and more robust correc-
tions of anemia in the so-called functional iron de fi ciency, a type 
of anemia associated with chronic diseases and in fl ammation. In 
this condition there is a need for soluble iron, because one of the 
factors released during in fl ammation is hepcidin, a peptide that 
blocks the absorption of oral iron in the duodenum. 

 Finally, oncologists can utilize ESAs (recombinant human 
erythropoietin) for chemotherapy-induced anemia. Although, 
they have been used for more than 20 years, over the last 5 years, 
several alarm signals have been associated with them. Their 
safety has been questioned after few clinical trial publications 
reported a poor outcome in patients receiving these agents in 
comparison to the control arm without ESAs. Many hypotheses 
have been suggested: ESAs would promote tumor growth via 
the presence of EPO receptors in cancer cells, a fact seriously 
questioned by recent publications; ESAs induce thromboembo-
lic events; and so on. Another adverse event associated with the 
use of ESAs is pure red cell aplasia, in which the ESA molecule 
undergoes some structural changes due to physical or chemical 
conditions, causing the development of anti-EPO antibodies. 
This situation has been described only in patients with chronic 
renal failure receiving ESAs. The latest meta-analysis on ESAs 
regarding adverse events concludes that as long as ESAs are 
being used according to registry speci fi cations in the setting of 
chemotherapy-induced anemia and the level of hemoglobin 
does not go beyond 12 g/dL, their use is safe.  
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   Frequency and Causes of Anemia in Oncology 

 Anemia is a common manifestation in patients with cancer. 
More than 80 % of cancer patients undergoing chemotherapy 
develop anemia (hemoglobin [Hb] level <12 g/dL)  [  1  ] . 
Information on the prevalence and effects of anemia can be 
found in the literature from clinical trials of anemia treat-
ments or chemotherapy  [  2–  7  ] . The data generated by these 
studies came from well-designed and selected populations of 
patients. However, little was known about what happens day 
to day in doctors’ of fi ces or hospitals until the European 
Cancer Anemia Survey (ECAS) study was published  [  1  ] . This 
study, in which 15,367 patients were evaluated, is probably 
the best ever performed to understand the incidence and 
prevalence of anemia in cancer patients. This prospective 
study demonstrated a prevalence of anemia at enrollment of 
39.3 % (Hb < 10.0 g/dL, 10 %) and 67.0 % during the survey 
(Hb < 10.0 g/dL, 39.3 %). Low Hb levels were found to cor-
relate with poor performance status. Incidence of anemia was 
53.7 % (Hb < 19 g/dL, 15.2 %). 

 Anemia in the cancer patient can be caused by a variety of 
conditions in what constitutes the so-called anemic syndrome, 
either caused by the same tumor or by the effects or compli-
cations of cancer treatments  [  1  ] . The causes of anemia are 
multifactorial: (1) bone marrow in fi ltration by cancer cells; 
(2) nutritional de fi cits such as vitamin B12, folic acid, or iron; 
(3) hemolysis; (4) myelosupression secondary to chemother-
apy or radiotherapy; (5) toxicity induced by the new antitar-
geted therapies; (6) low endogenous erythropoietin levels; 
and (7) anemia of chronic disease, also known as functional 
iron de fi ciency (Fig.  8.1 ). The unexpected  fi nding of low 
erythropoietin levels in cancer patients by Miller et al. in 1990 
 [  8  ] , together with the toxicity induced by chemotherapy, sets 
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the basis for the use of this agent in cancer patients. Vitamin 
B12, folic acid, and iron are necessary factors for red blood 
cell production. Blood loss can be a common association, 
particularly in colorectal cancer, endometrial cancer (bleeding), 
or lung cancer (hemoptysis). Anemia can be seen occasionally 
in cancer patients due to hemolysis secondary to particular 
chemotherapeutic agents. A short red blood cell half-life has 
also been reported  [  9  ] .  

 Anemia in cancer can also be caused indirectly by the 
same in fl ammatory process associated with the disease. In 
this case, cytokines are produced, with some of them having 
relevant biological effects with regard to anemia. Two of 
them, interleukin-1 (IL-1 a  [alpha],  b  [beta]) and tumor 
necrosis factor (TNF- a  [alpha]), are known to inhibit the 
production of erythropoietin by the kidneys. Another impor-
tant cytokine is IL-6, a proin fl ammatory factor that acts on 
the liver to induce the production of hepcidin, a small peptide 
that has an important role in iron metabolism  [  10,   11  ] . It is 
considered the most important factor in the anemia of 
chronic disease, also known as functional iron de fi ciency. 

The tumor itself

Myelosuppression by
chemotherapy/radiotherapy

Blood Loss

Anemia of Chronic Disease
Functional Iron Deficiency

Nutritional Deficits
(Iron, Vitamin B12, Folic acid)

Low Erythropoetin levels

Abnormal Iron
Metabolism

Hemolysis

Infiltration of the
Bone Marrow

Anemia

  Figure 8.1    Causes of anemia in the patient with cancer (Adapted 
from  [  2,   8,   9  ] )       
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Hepcidin induces the degradation of ferroportin, the iron 
transport protein from the gastrointestinal tract cells or from 
iron-storage pools in reticuloendothelial cells, mainly mac-
rophages. In other words, hepcidin works in the duodenum, 
inhibiting the oral absorption of iron, and in the bone mar-
row, blocking the release of the iron contained in the mac-
rophages. It is understandable that with this scenario, the red 
blood cells’ progenitors lack the two major sources of iron for 
new red blood cell formation: the gastrointestinal tract, where 
the enterocytes are unable to absorb either nutritional or 
therapeutic iron, and the bone marrow, where the mac-
rophages, scavenger cells, do not release the sequestrated 
iron obtained from the senescent red blood cells  [  12  ] . 

 The fact that chemotherapy agents induce anemia is well 
known. Because dividing cells are targets for these agents, we 
observed cytotoxicity on cancer cells as well as toxicity in bone 
marrow cells (myelotoxicity), since most of these cells are in a 
constant proliferative state. However, we are now facing a quite 
different scenario in treating cancer since the arrival to our hospital 
pharmacies of the new targeted agents (tyrosine kinase inhibitors, 
mTOR inhibitors, monoclonal antibodies, antiangiogenics, etc.). 
Interestingly, some reports recently published show some of 
these new agents causing grade 1–2 anemia (range: 15–30 %). 
Among the monoclonal antibodies, trastuzumab has been asso-
ciated with mild anemia, and bevacizumab has a reduced risk of 
anemia effect  [  13–  17  ] . The mechanism(s) of anemia are still 
unknown for all new targeted agents. Some recent publications 
established that many of these agents induce by themselves various 
degrees of fatigue, in some cases quite important, and indepen-
dently of the level of Hb of the patient.  

   The Therapy of Anemia 

   Red Blood Cell Transfusions 

 Prior to the introduction of human recombinant epoetins, 
there were no other treatment options for the correction of 
anemia than red blood cell transfusions or iron; in many 
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cases, the option was not to give anything. The AIDS epi-
demic puts blood transfusions under the magnifying glass, 
and although the safety of our modern blood banks has never 
been so good, still blood transfusions are associated with 
unwanted effects. A transfusion of red blood cells causes a 
sharp increase in Hb level as well as an increase in blood 
viscosity that varies with the number of units transfused. 
Interestingly, there has been no large clinical trial to demon-
strate an improvement in quality of life after blood transfu-
sions, as has been the case for epoetins.  

   Erythropoiesis-Stimulating Agents 

 Human recombinant epoetins were introduced in the early 
1990s. Initially there were epoetin alfa and epoetin beta. Both 
agents are similar to the endogenous molecule, erythropoietin. 
Ten years later, a new modi fi ed erythropoietin molecule was 
introduced in our pharmacies, darbepoetin alfa. Since the 
three molecules stimulate erythropoiesis, they are currently 
called erythropoiesis-stimulating agents (ESAs) (Table  8.1 ). 
Over the last 20 years, more than 15,000 cancer patients with 
anemia have been enrolled in multiple clinical trials of ESAs 
to assess the ef fi cacy, side effects, and quality of life. This mas-
sive clinical experience with ESAs has demonstrated that they 
are well tolerated and can effectively increase Hb levels and 
decrease transfusion use  [  3–  7,   9,   18,   19  ] . Initially, epoetins were 
administrated three times weekly following the pattern used 
for dialysis in chronic renal failure patients. Lately, once-a-
week administration has become the most popular schedule. 
In addition, darbepoetin alfa has an administration schedule 
of every 3 weeks, besides the once-a-week presentation  [  20  ] . 
In general, ESAs produce signi fi cant decreases in transfusion 
requirements and signi fi cant increases in Hb level (around 
1 g/dL in 4 weeks), with hematopoietic response rates ranging 
from 55 to 74 %  [  3–  7,   9,   18,   19  ] . In addition, correction of the 
anemia by ESAs has been correlated, in a signi fi cant way, with 
improvement in the quality of life of cancer-anemic patients. 
Fatigue is a major symptom of anemia. Cancer-related fatigue 
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has a profound effect on patient quality of life, affecting physical 
and emotional well-being, as well as relationships with family 
and friends. The greatest incremental improvement in quality 
of life occurs when the Hb level increases from 11 to 12 g/dL 
(range: 11–13 g/dL)  [  21  ] .  

 As a result of so many social and medical changes in attitude, 
anemia management practices have changed over the years. This 
is re fl ected by the guidelines for anemia treatment issued  fi rst by 
the American Society of Hematology (ASH) jointly with the 
American Society of Clinical Oncology (ASCO)  [  22  ] , by the 
National Comprehensive Cancer Network (NCCN)  [  23  ]  and, 
more recently, by the European Organisation for Research and 
Treatment of Cancer  [  24  ] . The three guidelines strongly recom-
mended ESA treatment for cancer patients with anemia receiv-
ing chemotherapy who have a Hb level <10 g/dL. However, the 
three guidelines differ somewhat regarding recommendations 
for treatment of patients with Hb levels of 10–12 g/dL. The correction 
of anemia should not go over 12 g/dL (Table  8.2 )  [  28  ] .  

 Recently, a new generation of ESA-like agents has been 
approved by the European Regulatory Agency (EMA). The loss 
of the patent of the originals has produced a new generation of 
similar but not identical agents. These are called biosimilars in 
Europe or follow-on biologics in the United States  [  29  ] . Among 
the biosimilars for anemia, there are already three approved 
agents: HX575, XM01 (in reality, this agent is an original if one 
follows its clinical development), and SB309. All these agents 
receive different trade names in occasions with the same agent. 
For instance, HX575 has been registered with three different 
names: Binocrit (Sandoz, Princeton, NJ, USA), Epoetina Hexal 
(Hexal Biotech, Germany), and Abseamed (Medice Arzneimittel 
Putter, Germany). Another biosimilar, SB309, has been regis-
tered as epoetin zeta and its trade names, Silapo (STADA, Bad 
Vilbel, Germany) and Retacrit (Hospira, Warwickshire, UK). 
The third biosimilar for anemia is epoetin theta. In fact, this agent 
is an original but generally is included in the biosimilar list, prob-
ably owing to the timing of its introduction to the market, the 
same as the real biosimilars. Its trade name is Eporatio 
(Ratiopharm-TEVA, Ulm, Germany)  [  29  ] . 
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 ESAs should be given to patients with chemotherapy-
induced anemia to reduce blood transfusions and to increase 
quality of life. ESAs should not be given when there are other 
treatable causes of anemia, such as iron de fi ciency anemia or 
vitamin de fi ciencies. ESAs should not be given in radiotherapy 
when this treatment option is the only anticancer treatment 
or in anemia associated with cancer in the absence of any 
active anticancer treatment.  

   Iron 

 It is well known that ESAs have a response rate that is suboptimal, 
ranging from 55 to 74 % in most published clinical trials  [  30  ] . 
Several explanations have been found, but in general it is 
accepted mostly due to functional iron de fi ciency. The remarkable 
improvement in the response rate observed with the concomi-
tant administration of intravenous iron to ESAs strongly sug-
gests this possibility. Functional iron de fi ciency (i.e., lack of 
bioavailable iron) is a clinical entity where erythropoiesis is 
impaired owing in part to the sequestration of iron  [  31  ]  by the 
macrophages and a blockage of enteral iron absorption mostly 
mediated by hepcidin  [  31  ] . In other words, oral iron is poorly 
absorbed or not absorbed at all, and bone marrow iron, 
although present in the bone marrow, is not available to the 
making of red blood cells. Parenteral iron therapy has subse-
quently become an important adjunct to obtaining and main-
taining adequate Hb levels in patients with cancer who are 
receiving chemotherapy. However, despite the good results 
observed with parenteral iron, many oncologists are still 
reluctant to use it because of the poor safety pro fi le observed 
in the past with the old iron preparations, particularly high 
molecular weight dextran (HMWD). The new intravenous 
preparations (ferric gluconate, ferric carboxymaltose, iron 
isomaltoside, iron sucrose) show not only a much better safety 
pro fi le but a much easier administration. 

 Over the last few years, seven studies on the use of intra-
venous iron supplementation have been conducted and their 
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results published. In all cases, intravenous iron was delivered 
concomitantly with ESAs in the treatment of anemia second-
ary to chemotherapy  [  32–  37  ] . Except in one study, the study 
by Steensma et al.  [  38  ] , all others were favorable to the arm 
of intravenous iron. In this study, the authors compared par-
enteral, oral, or no iron supplementation in patients with 
chemotherapy-associated anemia treated with darbepoetin 
alfa  [  38  ] . Interestingly, the results contrast with the other six 
other publications  [  32–  37  ]  and two reported clinical trials  [  39,   40  ]  
on the bene fi ts of supplementing iron intravenously in 
patients receiving a concomitant ESA. It is tempting to posit 
some potential explanations. The  fi rst likely explanation is 
that the total administered dose of iron seems to be low, 
approximately 650 mg total  [  41  ] , compared to the Bastit 
study  [  35  ] , which is very similar in design to the Steensma 
study  [  38  ] . In the former, the total iron dose delivered was 
400 mg higher  [  41  ] . This fact has to do with the design of this 
study, which planned a total iron dose of 937.5 mg iron, which 
represents the second lowest dose of iron among the pub-
lished trials (750–3,000 mg). Furthermore, it would be the 
lowest dose when calculated on a weekly basis (62.5 mg/week). 
This, by itself, may have limited the potential bene fi t of intra-
venous iron supplementation in this particular study. 

 According to some authors  [  41,   42  ] , the lack of response to 
intravenous ferric gluconate in the Steensma study  [  38  ]  may be 
attributed to a suboptimal dosing regime (i.e., a very low average 
dose but too high single doses) and a high proportion of drop-
outs rather than a lack of intravenous iron ef fi cacy. In this 
regard, it is interesting to analyze the results from two recent 
meta-analyses that con fi rm the superiority of parenteral intra-
venous iron over oral or no iron supplementation in terms of 
better hematopoietic responses and a reduction in blood trans-
fusions  [  43,   44  ] . These two meta-analyses had already included 
data of this trial as presented by Steensma et al. at the 2009 
American Society of Hematology (ASH) Congress  [  45  ] . 

 Many physicians are still reluctant to incorporate rou-
tine use of intravenous iron, largely because of poor under-
standing and misconceptions of the clinical nature of 
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adverse events reportedly in the past. All of these adverse 
events were associated with the administration of HMW 
intravenous iron dextran. Because of that, parenteral iron 
is therefore underused in oncology patients with anemia. 
A large body of clinical evidence, with more than 1,000 
patients evaluated in clinical trials involving the use of 
intravenous iron, demonstrates an excellent safety pro fi le 
and a substantial bene fi t with the new intravenous iron 
preparations. Interestingly, recently a few publications have 
reported that intravenous iron sucrose alone was given to 
patients with gynecological cancer who were receiving che-
motherapy; these patients achieved a higher Hb and hema-
tocrit than the control group  [  46  ]  and had less transfusions 
requirements  [  47  ]  and achieved correction of the anemia 
with ferric carboxymaltose alone  [  48  ] . Further research is 
required to elucidate a future role for intravenous iron in 
the management of chemotherapy-induced anemia in 
 cancer patients.   

   Side Effects of the Treatments of Anemia 

   Red Blood Cell Transfusions 

 Red blood cell transfusions are safer than ever. However, 
complications from blood transfusions still remain a major 
concern: infections (viral, bacterial contamination), acute 
and delayed hemolytic reactions, and acute lung injury are 
among the most frequent complications. Therefore, blood 
transfusions are reserved for critical situations but not for 
mild to moderate degrees of anemia  [  49  ] . Recently, some 
alarm signals have appeared with the use of red blood cell 
transfusions related to their storage time at the blood bank. 
Several publications, mainly in the  fi elds of intensive care, 
cardiology, and trauma, have reported on these complica-
tions  [  50–  52  ] . Most results imply the development of severe 
complications when blood is older than 2 weeks (see 
Table  8.3 )  [  55,   56  ] .   
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   Erythropoiesis-Stimulating Agents 

 Over the last 10 years, more than 15,000 patients have partici-
pated in clinical trials with different ESAs. The massive clinical 
experience with these agents has demonstrated that they are 
well tolerated and safe if used according to registry. Ef fi cacy 
has been proven in several randomized, placebo-controlled 
trials  [  57–  61  ] . These agents decrease the number of blood 
transfusions and improve the quality of life. All data have been 
collected and summarized in meta-analysis  [  62,   63  ] .  

   Pure Red Cell Anemia 

 A potential adverse event in the administration of biopharma-
ceuticals, due to their molecular complexity and their labori-
ous fabrication, is immunogenicity, the possibility of inducing 
antibody formation. This was the case with epoetin alfa (dur-
ing the years 1998 and 2003). Only chronic renal patients 
receiving epoetin alfa were affected  [  64  ] . No oncology patients 
were reported. The condition is called pure red cell anemia 
(PRCA), and it is caused by antibodies against endogenous 
erythropoietin. As expected, this medical condition results in 
no available erythropoietin, associated with severe anemia. 
The clinical course of antibody-mediated anemia is character-
ized by a sudden fall in hemoglobin concentration despite 
ESA therapy, with reticulocyte counts declining to very low 
levels < 20 × 10 9 /L. Affected patients, due to the severity of the 
anemia, rapidly become transfusion dependent. A bone mar-
row aspiration shows the absence or near absence of erythroid 
progenitor cells. The con fi rmation of PRCA is the detection in 
the serum of these patients of neutralizing antibodies that not 
only neutralize the biological activity of the exogenous ESA 
but also endogenous erythropoietin, thus preventing red cell 
production in the bone marrow. 

 PRCA related to ESA therapy is a very rare medical entity, 
with an exposure-adjusted incidence of 0.02–0.03 per 10,000 
patient-years  [  65  ] . The peak incidence of PRCA related to ESA 
therapy occurred during 2002 and 2003, following the report of 
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few cases of chronic renal patients  [  66  ] . The cause of this disease 
has remained elusive, although several factors are believed to 
have been implicated  [  64  ] . The initial most obvious cause was 
the removal of human serum albumin (HSA) from the epoetin 
alfa preparation (Eprex, Janssen-Ortho, Toronto, Canada), 
which was a requirement by the European authorities due to 
the concern about the transmission of Creutzfeldt-Jakob 
 disease (prions). HSA was replaced by polysorbate 80, and it 
was initially thought that this vehicle itself might be involved in 
PRCA development. Another hypothesis is the so-called rubber 
leachates. The company had introduced a preloaded syringe 
with a rubber stop. It was not until after the company replaced 
the rubber stop with one made of Te fl on that the cases began to 
decrease. A third hypothesis, very plausible at the time, was that 
it was due to a break in the cold storage chain, which rendered 
the protein molecule less stable. This fact leads to conforma-
tional changes in the tertiary structure of the molecule that was 
the ultimate cause for its immunogenicity. In total more than 
200 cases were reported.  

   Thromboembolic Events 

 The use of ESAs has been associated with a higher incidence 
of thromboembolic events (TEs). In general there is an 
increased risk of around 1.5–3 %  [  67,   68  ] . A recent meta-analysis 
of all randomized, controlled studies of epoetin beta ( n  = 12) 
 [  69  ]  evaluated the impact of therapy at different hemoglobin-
initiation levels and to different target Hb levels on overall 
survival, tumor progression, and TEs. An analysis of risk fac-
tors predisposing patients to TEs under epoetin beta therapy 
was also performed. A total of 2,297 patients were included in 
the analysis. The study showed a signi fi cantly increased TE rate 
with epoetin beta compared with control (0.22 events/patient-
year vs. 0.14 events/patient-year) and an increased risk of TEs 
with this agent. These results are  consistent with those reported 
by the meta-analyses of the Cochrane Collaboration  [  67,   68  ] . 
Subgroup analyses based on hemoglobin-initiation level  indicate 
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a correlation between hemoglobin-initiation level and risk of 
TE. This increased TE risk is seen in all of these agents, and it 
is adequately re fl ected in the product labeling for all approved 
ESAs. Among the several risk factors shown for TEs, the most 
relevant include increasing age (>65), prolonged immobility, 
malignant disease, multiple trauma, major surgery, previous 
venous TE, and chronic heart failure  [  70  ] . Another meta-analysis 
to evaluate venous TEs associated with ESA administration 
reviewed 38 trials including 8,172 patients and found a risk rate 
of 1.57 (CI 95 % of 1.31–1.87)  [  68  ] . A study-level and patient-
level meta-analysis on the bene fi ts and risks of using ESAs in 
lung cancer patients reported a 10.5 % for darbepoetin alfa 
versus 7.2 % for the placebo arm. The study evaluated nine 
( n  = 9) trials with a total of 2,342 patients  [  69  ] . A recent publica-
tion reported an association between RBC and platelet trans-
fusions and an increased risk of TEs and mortality in cancer 
patients  [  71  ] . Interestingly, another recent publication by 
Fujisaka et al.  [  72  ] , treating 186 patients with cancer receiving 
epoetin beta 36,000 IU or placebo weekly for 12 weeks accord-
ing to the European regulation, showed no signi fi cant differ-
ences in adverse events; the incidence of TE was 1.1 % in both 
groups. One has to be careful with these data owing to the low 
number of patients included in this study. A provocative expla-
nation for the high risk for thrombocytosis and venous throm-
boembolism in cancer patients with chemotherapy-induced 
anemia has been given recently by Henry et al.  [  73  ] . These 
authors suggest that these events may be related to ESA-
induced iron-restricted erythropoiesis, which, interestingly, is 
reversed by intravenous administration of iron. 

 Finally, it is worth noting the results of a prospective, 
multicenter observational study of venous TE in cancer 
patients receiving chemotherapy. It was observed that 
those patients with platelet counts  ³ 350,000/mm 3  were 
associated with a higher incidence of thrombosis indepen-
dent of recombinant EPO therapy  [  74  ] . These results sug-
gest that a high prechemotherapy platelet count could be a 
marker to identify patients at risk for venous thrombosis 
(Table  8.4 )  [  74  ] .   
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   Increased Mortality 

 In the early 2000s, two publications reported positive clinical 
outcomes in cancer patients receiving epoetins treated with 
chemotherapy. One clinical trial used epoetin alfa and the 
other used darbepoetin alfa; both were compared to a pla-
cebo arm  [  3,   60  ] . Although both trials did not have survival as 
an end point, both were highly favorable to the ESA arm in 
terms of survival. This fact reinforced many old theoretical 
arguments of the past that suggested that ESAs, by correcting 
the anemia, would improve tissue oxygenation. As a conse-
quence, tumor tissues would be rendered more sensitive to 
cancer treatments: radiotherapy and chemotherapy. The fol-
low-up of this rationale was that by maintaining higher Hb 
levels (higher oxygenation) during the course of the cancer 
treatment, one should expect better outcomes. This situation 
led to a series of clinical trials aimed not only at the correc-
tion of the anemia but to its prevention. Unfortunately, many 
of the trials were poorly designed, and soon some of these 

   Table 8.4    Adverse effects associated with erythropoiesis-stimulating 
agents   

 Thromboembolic events a  

 Arterial hypertension b  

 Pure red cell aplasia  c  

 Increased mortality d  

 Stroke,  a  seizures e  

 Pain and swelling at the site of administration f  

   a RR:1.67 (1.35–2.06) 
  b 0.02–0.03/10,000 patient-years (exposure-adjusted incidence) 
  c Overall survival (OS) HR: 1.08 (CI 95 %: 0.99–1.18)  [  68  ]  and OS 
HR:1.04 (95 % CI:0.97–1.11) and 1.10 (95 % CI: 0.98–1.24) for on-study 
mortality  [  62  ]  
  d  ³ 1/100 to <1/10 
  e  ³ 1/1000 to <1/100 
  f  ³ 1/10  
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newly designed clinical trials were showing, unexpectedly, 
better outcomes in the placebo arm. In particular, the results 
of two of them showed, for the  fi rst time, an association 
between erythropoietin treatment and increased mortality 
 [  75,   76  ] . The results raised concerns about the safety of ESAs 
when targeting high Hb levels (13–14 g/dL or higher). A criti-
cal analysis of these publications  [  75,   76  ]  presents serious 
methodological limitations. The  fi rst was an off-label use of 
epoetin beta using only radiotherapy for head and neck can-
cer achieving Hb levels of 14–15.5 g/dL and higher, and the 
second was an anemia-prevention study, also an off-label use, 
with epoetin alfa in breast cancer patients. The design of 
these two clinical trials could have confounded the results 
and probably in fl uenced the conclusions  [  77,   78  ] . In addition, 
three more studies have been recently published that report 
a detrimental impact of ESA treatment on survival  [  79–  81  ] . 
Many interpretations of these unexpected  fi ndings  [  82,   83  ]  
suggest that increased mortality may be because of a higher 
risk of TEs with the use of ESA therapy. These agents used 
off label may have caused blood hyperviscosity due to the 
high hematocrits achieved. Another explanation, very popu-
lar until recently, has been that ESAs may promote tumor 
growth through erythropoietin receptor (EpoR) activation 
and/or stimulation of angiogenesis  [  84–  87  ] . This issue has 
been and still is very controversial due to the detection by 
some authors  [  85  ]  of EpoRs on the surface of cancer cells 
using an anti-EpoR polyclonal antibody (A-20). Some recent 
publications argue against the validity of these data. One 
report suggested that the polyclonal antibody (A-20) recog-
nizes heat shock protein-70 (HSP-70) and not the real EpoR. 
The same authors have identi fi ed some genetic homologies 
between the two molecules  [  88  ] . The same authors have pub-
lished the results on a KO mouse for EpoR shows staining 
with the polyclonal antibody A-20 in both the KO mouse and 
in the control, which clearly suggests nonspeci fi c binding of 
A-20  [  88  ] . More recently, a monoclonal antibody against the 
EpoR (A82)  [  89  ]  has failed to identify any EpoR in 67 human 
cell lines of different tumor pathologies  [  90  ]  and in 182 fresh 
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human tissue samples from different patients with different 
types of cancer  [  91  ] . 

 In the last 7 years, there have been an important number 
of trials on ESAs in cancer patients with a variety of out-
comes. As a consequence, several meta-analyses have been 
performed to bring some light to the  fi eld. A meta-analysis 
published by Bohlius et al.  [  68  ]  collected the data of 57 trials 
and 9,353 cancer patients. The analysis included randomized, 
controlled clinical trials on treatment as well as on prophy-
laxis (off-label) and in cancer patients with anemia without 
concurrent anticancer treatment (off-label). The effect on 
overall survival gave an HR of 1.08 (95 % CI: 0.99–1.18). In 
2009, an individual patient-based meta-analysis was pub-
lished by Bohlius et al.  [  62  ] . The number of patients analyzed 
was 13,933 from 53 trials. The  fi nal results on overall survival 
resulted in a worse outcome for the patients enrolled in the 
ESA group (HR: 1.06; 95 % CI: 1.00–1.12). On-study mortal-
ity HR for the total group of patients was 1.17 (95 % CI: 
1.06–1.30). Interestingly, for the 10,441 patients who received 
only chemotherapy, the HR for overall survival was 1.04 
(95 % CI: 0.97–1.11). In their publication, the authors state 
that ESAs are safe for chemotherapy-induced anemia. Six 
other meta-analyses have been performed:  fi ve showing a 
neutral effect of the ESA group (no signi fi cant effect on over-
all survival)  [  63,   92–  95  ]  and one  [  96  ]  showing a worse overall 
survival in the group who received ESA. 

 Ross et al. analyzed 21,378 patients from 49 studies and found 
no differences in TEs or mortality between the ESA arm and 
the control arm  [  92  ] . Aapro et al.  [  93  ]  analyzed 1,413 patients 
from eight studies (epoetin beta,  n  = 800; control,  n  = 613). There 
was a signi fi cantly reduced risk of rapidly progressive disease for 
epoetin beta (RR 0.78; 95 % CI: 0.62, 0.99;  P  = 0.042).    Glaspy 
et al.  [  63  ]  evaluated 15,323 cancer patients with anemia receiving 
chemotherapy/radiotherapy, radiotherapy-only treatment or 
anemia of cancer receiving no treatment from 60 studies. Results 
indicated that ESA use did not signi fi cantly affect mortality (60 
studies: OR = 1.06; 95 % CI: 0.97–1.15) or disease progression (26 
studies: OR = 1.01; 95 % CI: 0.90–1.14). 
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 In a pooled analysis of individual patient-level data from 
all randomized, double-blind, placebo-controlled trials of 
darbepoetin alfa, Ludwig et al.  [  94  ]  found that this agent did 
not increase mortality and affected neither progression-free 
survival nor disease progression. Overall survival and pro-
gression-free survival seemed to be better in those patients 
who achieved Hb >12 or >13 g/dL as compared with those 
who did not  [  94  ] . The same authors investigated the effect of 
blood transfusions on rates of Hb increase. In the absence of 
transfusions, the percentage of patients with >1 g/dL in 14 
days or >2 g/dL in 28 days increase in Hb was 68.8 % for 
darbepoetin alfa and 52.3 % for placebo or 39.1 % for darbe-
poetin alfa and 19.2 % for placebo, respectively. Interestingly, 
the results show that an increase of 1 or 2 g/dL in Hb levels 
resulting from blood transfusions was associated with an 
increased risk of death and disease progression. Furthermore, 
when blood transfusions were excluded from the analysis, the 
increase in Hb rates was not associated with an increased risk 
for disease progression or death. In summary, blood transfu-
sions were associated with a greater risk for disease progres-
sion and death in both treatment arms and with a greater risk 
for embolism/thrombosis in the darbepoetin-alfa arm. 

 More recently, Aapro et al. reported results of an updated 
meta-analysis of 12 randomized, controlled studies of epoetin 
beta conducted in 2,301 patients undergoing cancer therapy 
 [  95  ] , including three recently completed trials with longer-
term follow-up in patients with head and neck cancer  [  75  ] , 
patients with metastatic breast cancer  [  97  ] , and patients with 
cervical cancer  [  98  ] . The results of this meta-analysis based on 
individual patient-level data showed no statistically signi fi cant 
difference between patients receiving epoetin beta and stan-
dard treatment in terms of overall survival. In fact, the 
authors describe a favorable trend with respect to the risk of 
disease progression for patients receiving this agent  [  95  ] . 
Bennett et al.  [  96  ]  reported a meta-analysis of phase 3 trials 
comparing ESAs with placebo or standard of care for the 
treatment of anemia among patients with cancer. A total of 
13,611 patients included in 51 clinical trials were evaluated 
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for survival. Patients with cancer who received ESAs had 
increased mortality risks (HR = 1.10; 95 % CI: 1.01–1.20) 
than the placebo or the standard of care arm. 

 Interestingly, over the last couple of years, several studies 
have been reported with a major aim being the safety of 
ESAs. Results show either a neutral clinical outcome or a 
bene fi cial one  [  19,   72,   99–  104  ] . 

 In any event, a major consequence of the safety concerns 
raised by some studies on ESAs in the treatment of cancer-
induced anemia has been the requirement, by the European 
regulatory authorities, to introduce a warning on the product 
labels for marketed ESAs to be restricted to a hemoglobin-
initiation level <10 g/dL and a Hb target not to exceed 12 g/
dL. However, the updated EORTC treatment guidelines rec-
ommend the initiation of ESA therapy at Hb levels between 
9 and 11 g/dL and the target for treatment with ESAs to 
achieve a Hb level of ~12 g/dL  [  105  ] . ASCO guidelines rec-
ommend the initiation of ESA therapy at Hb level <10 g/dL 
and to use ESA to achieve the lowest Hb concentration 
needed to avoid transfusions  [  22  ] . ESMO guidelines also rec-
ommend starting ESAs at Hb  £  10 g/dL and Hb target not to 
exceed 12 g/dL (see Table  8.4 )  [  25  ] . 

 Further research is required to elucidate these still unan-
swered issues regarding the safety of ESAs for correction of 
chemotherapy-induced anemia. Two large, multicenter, ongo-
ing clinical trials with a major aim in survival, one in breast 
cancer using epoetin alfa and the other on lung cancer using 
darbepoetin alfa, will bring, hopefully, the right answers.  

   Iron 

 The old preparations of intravenous iron, particularly high 
molecular weight dextran (HMWD), presented serious adverse 
effects ranging from allergies to anaphylactic reactions. This is 
the reason why many oncologists currently are reluctant to use 
it. The poor safety pro fi le observed in the past with the old iron 
preparations was well documented. The new intravenous 
preparations (ferric gluconate, ferric  carboxymaltose, iron 
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isomaltoside, iron sucrose) show not only a much better safety 
pro fi le but a much easier administration. Adverse effects are 
related to non-transferrin-bound iron (NTBI): toxicity occurs 
from the release of weakly bound iron. This is what occurred 
with the old preparations such as HMWD; the new prepara-
tions have a very strong iron-binding capacity that translates 
into much less free iron, the critical point for the serious events 
of the past, in particular anaphylaxis. The most common 
adverse effects of the new preparations are back pain, dyspnea, 
and hypotension  [  38  ] . Other adverse effects associated with 
intravenous iron in the past (e.g., myalgia, pruritus, rash) were 
not more common than with oral iron or placebo. 

 In seven published randomized trials, there was no differ-
ence in adverse events in the intravenous iron group com-
pared with the no iron or oral iron groups  [  32–  38  ] . There was 
no evidence for (1) increased risk of infection, (2) increase in 
cardiovascular morbidity, or (3) increase in tumor incidence 
or progression. The incidence of life-threatening adverse 
events with intravenous iron was <1:700,000 when high MW 
iron dextran was avoided  [  106  ] .       
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  Abstract   Chemotherapy-induced febrile neutropenia (FN) 
may lead to dose reductions and/or delays that may decrease 
the chances of curative or life-prolonging treatment and is 
related to increased patient mortality. While often associated 
with a need for hospitalization, this complication can also 
be treated in an outpatient setting in low-risk patients. 
Prophylactic treatment with granulocyte colony-stimulating 
factors (G-CSFs), such as  fi lgrastim (including approved 
biosimilars), lenograstim, or peg fi lgrastim, is available to 
reduce the risk of chemotherapy-induced neutropenia and 
its consequences, according to the European Organisation 
for Research and Treatment of Cancer (EORTC) and other 
guidelines. Prophylactic G-CSF is recommended in patients 
receiving a chemotherapy regimen with a risk of FN above 
20 %. Patient-related risk factors (in particular, elderly age 
[ ³ 65 years]) may increase the overall risk of FN and need to 
be evaluated to decide the use of prophylaxis for regimens 
with intermediate (10–20 %) risk of FN.  
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   Introduction 

 Chemotherapy-induced febrile neutropenia (FN) with infection 
may increase patient mortality, and both FN and mortality risk 
can be prevented with appropriate use of granulocyte colony-
stimulating factors (G-CSFs)  [  1  ] . Febrile neutropenia is seen 
most often during the  fi rst cycle of myelosuppressive therapy 
and has been documented to occur in 287/2,692 (10.7 %) of 
adult cancer patients during the  fi rst three cycles of chemo-
therapy  [  2  ] . Prevention of FN reduces hospital admissions, 
antibiotic usage, and the need for dose reductions or delays in 
chemotherapy administration, which are associated with a 
poorer cancer outcome, at least in curative settings  [  3  ] . 

 In 2010, a guidelines working party of the European 
Organisation for Research and Treatment of Cancer (EORTC) 
systematically reviewed available published data and derived 
evidence-based recommendations on the appropriate use of 
G-CSF in adult patients receiving chemotherapy  [  4  ] . These 
recommendations are very similar to those of other groups like 
the American Society of Clinical Oncology (ASCO)  [  5  ]  and 
the European Society for Medical Oncology (ESMO)  [  6  ] . 

 This chapter will discuss the six recommendations put 
 forward by the EORTC guidelines  [  4  ] .  

   De fi nition of Febrile Neutropenia 
and Complication Risk Assessment 

 Febrile neutropenia is de fi ned as an absolute neutrophil 
count (ANC) of <0.5 × 10 9 /L, or <1.0 × 10 9 /L predicted to fall 
below 0.5 × 10 9 /L within 48 h, with fever or clinical signs of 
sepsis. Currently, the ESMO de fi nes fever in this setting as a 
rise in axillary temperature to >38.5 °C sustained for at least 
1 h. It is suggested that therapy be initiated if a temperature 
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of >38.0 °C is present for at least 1 h or a reading of >38.5 °C 
is obtained on a single occasion  [  6  ] . 

 Recognizing patients at risk for complications of FN is of 
major importance in that it determines the possibility of out-
patient versus inpatient management of the event. This can 
be achieved using risk indices, and one of these has been 
developed by the Multinational Association of Supportive 
Care in Cancer (MASCC) (Table  9.1 )  [  7  ] . According to the 
MASCC score, patients with a score of 21 or more points are 
considered at low risk, while all other patients are considered 
at high risk of infectious complications.   

   Side Effects and Precautions for Use of G-CSF 

 Bone, joint, or muscle pain is a common (20 % incidence) 
adverse event associated with G-CSF treatment, occurring 
with the same frequency whether the agent is pegylated or not. 

   Table 9.1    Score derived from the logistic equation of the 
Multinational Association of Supportive Care in Cancer (MASCC) 
predictive model (1,386 patients with FN)   

 Determinant  Points 
 Burden of illness 

  No or mild symptoms  5 

  Moderate symptoms  3 

 No hypotension  5 

 No chronic obstructive pulmonary disease  4 

 Solid tumor or no previous fungal infection in 
hematologic cancer 

 4 

 Outpatient status  3 

 No dehydration  3 

 Age <60 years  2 

 Threshold: score  ³ 21 (maximum 26) predicting 
less than 5 % of severe complications 

  Adapted from  [  7  ]   
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It is generally easy to manage with standard analgesics. 
Leukocytosis (white blood cell count >100 × 10 9 /L) after 
G-CSF administration has been rarely observed and does not 
occur more frequently with peg fi lgrastim. G-CSFs can induce 
elevation of cancer antigen 15–3, which is used for monitoring 
breast cancers  [  8  ] . 

 G-CSF usage is contraindicated during chemoradiotherapy 
to the chest owing to an increased risk of complications and 
death, and there is also a risk of worsening thrombocytopenia 
when such agents are given immediately before or simultaneously 
with chemotherapy  [  6  ] .  

   Is There a Risk of Leukemia Related 
to G-CSF Usage? 

 Since the development of G-CSF, there has been a debate 
about the potential leukemogenic risk of the product. The 
Surveillance, Epidemiology, and End Results (SEER) analy-
sis of patients with breast cancer aged  ³ 65 years reported an 
incidence of myelodysplastic syndrome (MDS)/acute myeloid 
leukemia (AML) of 1.77 % among 906 patients receiving 
growth factor support compared with 1.04 % among the 
4,604 patients not receiving colony-stimulating factors. One 
has to note that patients receiving growth factor tended to 
have positive lymph nodes and received either more intense 
radiation therapy or high-dose cyclophosphamide treatment 
 [  9  ] . These  fi ndings did raise concern that G-CSF use in a high-
dose setting among breast cancer patients could be associ-
ated with a high risk of secondary MDS or AML. The report 
of a US registry data analysis has shown that the overall risk 
is small, even among elderly patients  [  10  ] . 

 A meta-analysis of randomized, controlled trials has 
shown that there is a modestly increased risk of AML/MDS 
(approximately 4 per 1,000 cases) associated with the use of 
particular chemotherapy schedules in combination with 
G-CSF support. Notably a signi fi cant increase in risk of 
AML/MDS was observed where G-CSF support was associated 
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with a greater total dose of chemotherapy (Mantel-Haenszel 
relative risk [RR] = 2.334,  P  = 0.009) but not when the planned 
total dose of chemotherapy with G-CSF was the same in each 
study arm, such as dose-dense schedules. Furthermore, all-
cause mortality was decreased in patients receiving chemo-
therapy with G-CSF support. Greater reductions in mortality 
were observed with greater chemotherapy dose intensity  [  1  ] . 

 Finally, one should mention the long-term observation of 
healthy donors whose progenitor cells were stimulated by 
G-CSF. The report concerns 2,408 unrelated PBSC donors 
prospectively evaluated by the National Marrow Donor 
Program (NMDP) between 1999 and 2004. Six percent of 
donors experienced grade III-IV CALGB toxicities, and 
0.6 % experienced toxicities that were considered serious 
and unexpected. Complete recovery was universal, however, and 
no late adverse events (AEs) attributable to donation have 
been identi fi ed. The authors concluded that peripheral blood 
stem cell collection in unrelated donors is generally safe, but 
nearly all donors will experience bone pain, one in four will 
have signi fi cant headache, nausea, or citrate toxicity, and a 
small percentage will experience serious short-term AEs  [  11  ] .  

   Why Not to Use Antibiotics to Prevent 
Febrile Neutropenia 

 The use of antibiotic prophylaxis to prevent infection and 
infection-related complications in cancer patients at risk of neu-
tropenia is not recommended by the EORTC guidelines. There 
was some suggestion of bene fi t in some analyses  [  12,   13  ] , but 
other groups discuss that the presently available evidence is too 
limited to allow conclusions to be drawn regarding the relative 
merits of antibiotic versus CSF primary prophylaxis  [  14–  16  ] . 

 In one study the cipro fl oxacin antibiotic prophylaxis was 
without ef fi cacy against FN in patients with breast cancer 
treated with docetaxel-based therapy, but some bene fi t is 
observed when it is added to peg fi lgrastim  [  17  ] . This recommen-
dation 1 of the EORTC working party takes into account the 
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 fi nding that, in randomized controlled trials in patients receiving 
chemotherapy, routine  fl uoroquinolone prophylaxis has been 
shown to lead to an increase in resistance among gram-positive 
and gram-negative isolates compared with non-prophylaxed 
controls in randomized controlled trials in patients receiving 
chemotherapy  [  13  ] . The clinical consequences of resistance 
development are a major concern nowadays, and it is important 
to avoid unwarranted use of antibiotics to lower the risk of drug 
resistance. 

 Finally, one may mention the potential bene fi t of G-CSF, 
which may help prevent or treat mucositis and stomatitis and 
decrease diarrhea in some studies  [  17–  19  ] . 

   EORTC Recommendation 1: Patient-Related 
Risk Factors for Increased Incidence of FN 

   Patient-related risk factors should be evaluated in the overall 
assessment of FN risk before administering each cycle of chemo-
therapy. Particular consideration should be given to the elevated 
risk of FN for elderly patients (aged 65 and over). Other adverse 
risk factors that may in fl uence FN risk include advanced stage of 
disease, experience of previous episode(s) of FN, lack of G-CSF 
use, and absence of antibiotic prophylaxis. However, please note 
that the indiscriminate use of antibiotic prophylaxis for patients 
undergoing treatment for solid tumors or lymphoma is not rec-
ommended, either by this working party or the EORTC Infectious 
Disease Group.  Recommendation grade :  B .  [  4  ]    

   Discussing EORTC Recommendation 1: 
Patient-Related Risk Factors for Increased 
Incidence of FN and Complications of FN 

 Older age (particularly  ³ 65 years) is the patient-related factor 
most consistently associated with an increase in FN risk, and this 
patient group consistently bene fi ts from G-CSF prophylaxis  [  20  ] . 

 Several investigators have developed models for predict-
ing neutropenia based on the current risk factors. Such mod-
els may prove to be invaluable clinical tools. A study has been 
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performed to develop and validate a risk model for neutro-
penic complications in cancer patients receiving chemother-
apy. The study population consisted of 3,760 patients with 
common solid tumors or malignant lymphoma who were 
beginning a new chemotherapy regimen. The risk of neutro-
penic complications was con fi rmed to be greatest in cycle 1. 
After adjustment for cancer type and age, major independent 
risk factors in multivariate analysis included prior chemo-
therapy, abnormal hepatic and renal function, low white 
blood count, chemotherapy, and planned delivery greater 
than 85 %  [  21  ] .   

   EORTC Recommendation 2: Chemotherapy 
Regimens Associated with Increased Risk of FN 

   Consideration should be given to the elevated risk of FN when 
using certain chemotherapy regimens, summarized in Table 5. 
 Recommendation grade :  A/B  (depending on the evidence for each 
chemotherapy regimen). It should be noted that this list is not 
comprehensive and there may be other drugs or regimens associ-
ated with an increased risk of FN.  [  4  ]    

   Discussing EORTC Recommendation 2: 
Chemotherapy Regimens Associated 
with Increased Risk of FN 

 The literature review by the EORTC committee provides a 
listing of chemotherapy regimens, which helps clinicians 
when evaluating the need for prophylactic intervention. An 
important consideration is that targeted agents may exacer-
bate the risk of myelosuppression. One has to consider that 
for many regimens the reporting of FN has been done with 
different de fi nitions of FN and in many cases may be under-
estimated. It is also important to realize that patients admit-
ted to protocols are subject to screening and various inclusion/
exclusion criteria and therefore often in a better general status 
than usual patients. Thus, the risk of FN is probably higher 
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than that observed in the study report. Finally, very often the 
use of prophylactic antibiotics or even G-CSF is not mentioned 
in the published papers.   

   EORTC Recommendation 3: G-CSF to Support 
Chemotherapy 

   In situations where dose-dense or dose-intense chemotherapy 
strategies have survival bene fi ts, prophylactic G-CSF should be 
used as a supportive treatment.  Recommendation grade :  A . 
 If reductions in chemotherapy dose intensity or density are 
known to be associated with a poor prognosis, primary G-CSF 
prophylaxis should be used to maintain chemotherapy. Examples 
of this could be when the patient is receiving adjuvant or poten-
tially curative treatment, or when the treatment intent is to pro-
long survival.  Recommendation grade A . Where treatment intent 
is palliative, use of less myelosuppressive chemotherapy or dose/
schedule modi fi cation should be considered.  Recommendation 
grade :  B .  [  4  ]    

   Discussing EORTC Recommendation 3: G-CSF 
to Support Intensive Chemotherapy Regimens 

 Intensi fi cation of chemotherapy regimens with dose-dense 
(increased frequency) or dose-intense (increased dose) 
 chemotherapy is increasingly used and has been shown in 
some situations to improve long-term clinical outcomes. 
Multiple studies have indicated that, because the time to 
neutrophil recovery is around 12 days, peg fi lgrastim can be 
safely administered after chemotherapy in patients receiving 
treatment at 14-day intervals, as demonstrated in a breast 
cancer study  [  22  ] . 

 Bene fi ts of growth factor administration to maintain 
intended dose frequency and intensity have been con fi rmed 
by a level I meta-analysis of nine randomized controlled trials 
(seven with G-CSF) in the setting of malignant lymphoma. 
Eight of the trials showed better dose intensity in the growth 
factor arm than in the control arm  [  23  ] . 
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 In another meta-analysis by Kuderer et al., ten trials were 
identi fi ed that used relative dose intensity (RDI) as an out-
come. The average RDI among control patients ranged from 
71.0 to 95.0 %, with a mean of 86.7 %. Among G-CSF-treated 
patients, the average RDI ranged from 91.0 to 99.0 %, with a 
mean of 95.1 %. None of the 10G-CSF treatment arms 
reported a mean RDI of <90 %, whereas six of ten control 
groups reported a mean RDI of <90 %, with four control 
arms averaging an RDI of  £ 85 %. This represents an 8.4 % 
increase in dose intensity. Average RDI was signi fi cantly 
higher in patients who received G-CSF compared with control 
patients ( P  < 0.001)  [  24  ] . 

 The lack of evidence that dose modi fi cations decrease 
the bene fi t of palliative treatments has lead the EORTC 
group not to recommend use of growth factors to sustain 
such regimens.   

   EORTC Recommendation 4: Impact of the Overall 
FN Risk on G-CSF Use 

   The risk of complications related to FN should be assessed indi-
vidually for each patient  at the beginning of each cycle . When 
assessing FN risk, the clinician should take into account patient-
related risk factors (recommendation 1), the chemotherapy regi-
men and associated complications (recommendations 2 and 3), 
and treatment intent (recommendation 3). Prophylactic G-CSF is 
recommended when there is  ³ 20 % overall risk of FN. When che-
motherapy regimens associated with an FN risk of 10 %–20 %, 
particular attention should be given to the assessment of patient 
characteristics that may increase the overall risk of FN. 
 Recommendation grade :  A .  [  4  ]    

   Discussing EORTC Recommendation 4: Impact 
of the Overall FN Risk on G-CSF Use 

 There is strong evidence supporting the use of G-CSF to prevent 
FN coming from three level I meta-analyses. It should, how-
ever, be noted that while the meta-analyses support the use 
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of G-CSF to reduce FN, some individual studies included in 
these publications did not  [  23–  25  ] . 

 In the lymphoma meta-analysis, with four studies ana-
lyzed, the underlying risk of FN (neutrophils below 1.0 × 10 9 /L) 
was at least 36 % and RR reduction with G-CSF was approxi-
mately 26 % (RR 0.74; 95 % CI 0.62, 0.89). In a review of 
solid tumors, the underlying FN risk was approximately 50 % 
and RR reduction with G-CSF was approximately 50 %. In 
the largest comprehensive meta-analysis of patients with 
lymphoma or solid tumors across 15 randomized controlled 
trials (nine trials with  fi lgrastim,  fi ve with lenograstim, and 
one with peg fi lgrastim), in which the overall underlying risk 
of FN was 37 %, the RR reduction with G-CSF was 46 % 
(RR 0.54; 95 % CI 0.43, 0.67;  P  = <0.001)  [  24  ] . 

 In summary, recommendations 1–3 of the EORTC identify 
a number of factors that should in fl uence the clinician when 
considering primary prophylactic G-CSF for patients sched-
uled to receive chemotherapy. Each of these factors should 
be incorporated into an assessment of the overall risk of FN 
for each patient on an individual, case-by-case basis.   

   EORTC Recommendation 5: G-CSF 
in Patients with Existing FN 

   Treatment with G-CSF for patients with solid tumours and malig-
nant lymphoma and ongoing FN is indicated only in special situ-
ations. These are limited to those patients who are not responding 
to appropriate antibiotic management and who are developing 
life-threatening infectious complications (such as severe sepsis or 
septic shock).  Recommendation grade :  B .  [  4  ]    

   Discussing EORTC Recommendation 5: G-CSF 
in Patients with Existing FN 

 There are no large randomized studies about the use of 
growth factors in patients with existing FN. One meta-analysis 
has presented evidence that when G-CSF or GM-CSF is used 
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therapeutically in conjunction with standard therapy (intra-
venous antibiotics and other supportive care) for patients 
with ongoing FN, there is a marginal but statistically signi fi cant 
improvement in FN-related events compared with standard 
treatment alone  [  26  ] . The authors of this meta-analysis do, 
however, indicate that this result requires further investiga-
tion as the analysis was not adequately powered to observe 
the impact of CSF use in patients with ongoing FN. 

 The EORTC recommendations are similar to those of 
ASCO and err on the side of caution, as it is clearly preferable 
to administer a drug that can enhance the activity and produc-
tion of leukocytes in a situation of high risk for the patient.   

   EORTC Recommendation 6: 
Choice of Formulation 

   Filgrastim, lenograstim and peg fi lgrastim have clinical ef fi cacy and 
we recommend the use of any of these agents, according to current 
administration guidelines, to prevent FN and FN-related compli-
cations, where indicated. Filgrastim biosimilars are now also a 
treatment option in Europe.  Recommendation grade :  A .  [  4  ]    

   Discussing EORTC Recommendation 6: 
Choice of Formulation 

 The EORTC guidelines do not suggest a preference for the 
type of G-CSF. Two biosimilars to daily  fi lgrastim have been 
approved in Europe and are marketed by various companies 
using different trade names: Ratiograstim ( fi lgrastim; XM02), 
Filgrastim Ratiopharm, Ratiopharm GmbH; Biograstim 
( fi lgrastim; XM02), CT Arzneimittel GmbH; Tevagrastim 
( fi lgrastim; XM02), Teva Generics GmbH;  fi lgrastim Zarzio 
(EP2006), Sandoz GmbH; and  fi lgrastim Hexal (EP2006), 
Hexal Biotech Forschungs GmbH. 

 The guidelines indicate that because biosimilar products 
are not generic products, a switch from  fi lgrastim to a biosimilar 
is considered a change in clinical management. To ensure 
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traceability and thus robust pharmacovigilance, clinicians are 
encouraged to identify a product by brand name and ensure 
that no changes in treatment are made without informing 
both physician and patient. We have discussed in a recent 
position paper on biosimilars  [  27  ]  the stringent criteria under 
which the products recognized by the European Medicines 
Agency are produced and alluded to the lower cost of bio-
similars that should allow clinicians to adhere to international 
guidelines  [  28  ] . 

 Unlike daily G-CSF, peg fi lgrastim is not eliminated  rapidly, 
and rates of turnover are regulated by neutrophil level. 
Active levels of peg fi lgrastim persist for approximately 14 
days or until neutrophil recovery is achieved. Several studies 
suggest that peg fi lgrastim might achieve a better protection 
from febrile neutropenia than  fi lgrastim, and meta-analyses 
con fi rm this impression  [  29  ] . Certainly the once-per-cycle 
administration of peg fi lgrastim can be of importance in many 
clinical settings. The EORTC guidelines group has, however, 
commented that except for one study the superiority of 
peg fi lgrastim was seen when  fi lgrastim was used for a 
 relatively short 5- to 7-day period, which does not comply 
with current guidelines. ESMO recommendations state that 
administration of daily G-CSF should start 24–72 h after 
 chemotherapy and continue until ANC recovery, which typically 
takes 10–11 days  [  6  ] .    

   Summary 

 In conclusion, the EORTC working party has produced 
 up-to-date recommendations for G-CSF use that are relevant 
to current European clinical practice, as summarized in 
Fig.  9.1 . Such guidance should improve patient management 
strategies in oncology across Europe. There are, however, still 
many areas where guidelines committees lack suf fi cient level 
I supportive evidence to clarify some recommendations, as 
discussed in this chapter.       
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  Abstract   Skin, hair, and nails are almost always modi fi ed 
by systemic cancer therapies. These changes can sometimes 
result in severe adverse events, but most of the patients present 
with light and moderate skin side effects. Nevertheless, 
these  dermatologic manifestations can signi fi cantly impact 
patients’ quality of life, especially in the case of new targeted 
agents that are sometimes prescribed continuously over long 
periods of time. 

 Patients have to be informed in advance about the skin 
symptoms that might occur during the course of their treat-
ments. Preventive and symptomatic measures can be advised 
or prescribed that might optimize treatment compliance and 
improve quality of life. 
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 Close interaction between oncologists and dermatologist 
is warranted in order to describe, characterize, and manage 
the numerous and sometimes new and original skin manifes-
tations of new cancer therapies. In this chapter, we will focus 
on the side effects associated with new targeted anticancer 
agents since oncologists and physicians are less informed 
about this  fi eld than they are about skin side effects of classical 
chemotherapeutic agents.  

  Keywords   Cancer treatment  •  Skin adverse events  •  Targeted 
agents  •  Hand-foot skin reaction  •  Folliculitis  •  Keratoacanthomas  
 • Skin squamous cell carcinoma  •  Hair changes  •  Paronychia      

   Introduction 

 Abnormalities leading to cell transformation and 
 unrestrained proliferation are usually linked to a deregula-
tion of the normal signaling pathways that control cell 
 differentiation and/or proliferation. New drugs targeting 
these pathways are being developed. They block more or 
less speci fi cally one or several enzymes, usually kinases, that 
are sequentially activated following a chain reaction, from 
the surface of the cell membrane after binding of a ligand to 
the corresponding cell surface receptor to the inside of the 
cell cytoplasm. 

 Targeted therapies that rely on the speci fi c inhibition of 
biological events implicated in oncogenic or proliferative 
processes are now commonly used and still actively being 
developed. Two types of molecules can be used to inhibit a 
protein kinase: (1) small molecules designed to inhibit the 
enzymatic activity of speci fi c kinases (the suf fi x “–ib” is usu-
ally used to name these molecules) and (2) larger molecules, 
monoclonal antibodies (mAb, suf fi x “–ab”) that bind to 
ligand or receptors to prevent their interaction and the sub-
sequent pathway activation. 

 When a skin modi fi cation occurs during the course of a 
cancer treatment, the  fi rst question to address is whether this 
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symptom is related to therapy or not.    Indeed, infectious, 
in fl ammatory, and speci fi c skin lesions as well as graft-versus-
host disease-related rash can also be observed in these 
patients and have to be identi fi ed. Sometimes, the patients 
are treated with multiple drugs, and it is not easy to know 
which one is responsible for the skin changes observed. 

 Second, it is critical to identify the serious hypersensitivity 
skin reactions that require treatment discontinuation and/or 
speci fi c management. The signs that suggest the possibility of 
a DRESS (drug reaction with eosinophilia and systemic 
symptom), Stevens-Johnson syndrome, or a TEN (toxic epi-
dermal necrolysis) include mucosal involvement, bullous 
lesions, and the association with clinical or biological systemic 
symptoms such as elevated temperature, transaminase eleva-
tion, or hypereosinophilia. 

 In this chapter, we will review the skin side effects of anti-
EGFR agents, anti-vascular endothelial growth factor 
(VEGFR), anti-kit, platelet-derived growth factor receptor 
(PDGFR) and bcr-abl inhibitors, RAF inhibitors, as well as 
the ones induced by mammalian target of rapamycin (mTOR) 
inhibitors. 

 Management of these numerous and various side effects 
associated with targeted agents will also be addressed, 
although they are still mostly empirical and rely on expert 
advices and consensus.  

   EGFR Inhibitors 

 The epidermal growth factor receptor (EGFR) belongs to 
the family of HER receptors, which comprises four mem-
bers: HER1 to HER4. HER1/EGFR is expressed by 
30–100 % of solid tumors, in which increased activity of this 
receptor is a poor prognostic factor. Several compounds, 
small molecule inhibitors or monoclonal antibodies, can 
speci fi cally block HER1 or HER2 or both. All agents target-
ing EGFR produce the same spectrum of skin side effects 
with a direct dose effect. 
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   Papulopustular Rash/Folliculitis 
of the Seborrheic Areas 

 Papulopustular rash/folliculitis of the seborrheic areas 
(Fig.  10.1a–c ) is the most common, the earliest, and the most 
impressive skin side effect of anti-EGFR agents, occurring in 
more than 75 % of patients after 1–2 weeks of therapy  [  1  ] . It 
is often described as acneiform, but in reality differs from an 
acne because although the lesions are follicular papulopus-
tules located in the seborrheic areas (face, scalp, trunk), no 
retentional lesions or comedones are present. The severity 
varies from a few lesions to a profuse eruption that is 
described as uncomfortable and sometimes even painful by 

a

c

b

  Figure 10.1    Papulopustular rash in a patient treated with EGFR 
inhibitor on the seborrheic areas of the trunk ( a ,  b ) and face ( c )       
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the patients. Durable pigmented postin fl ammatory maculae 
can be observed, especially in patients with pigmented skin.  

 Pathology shows nonspeci fi c aseptic suppurative folliculitis, 
but mononuclear cells are recruited at the early stages, before 
neutrophils are recruited. 

 The most commonly used classi fi cation is the CTCAE 
(common terminology criteria for adverse events) grading 
system version 4. Another classi fi cation, more adapted to the 
side effects of anti-EGFR, has been proposed. 

 Severe rashes (grade 3) occur in less than 10 % of patients 
 [  1,   2  ] . They require local and systemic treatment and some-
times a dose reduction and even temporary treatment discon-
tinuation. A progressive attenuation of the folliculitis is 
usually observed after several months  [  3  ] . 

 The mechanism underlying this folliculitis is related to the 
critical role of the EGF receptor in epidermal and piloseba-
ceous follicle homeostasis  [  4,   5  ]  involving primary cytokines 
like IL-1 a  (alpha) and TNF a  (alpha)  [  6  ] . 

 Interestingly, the occurrence and intensity of this eruption 
are associated with a better tumor response and overall sur-
vival of patients  [  7  ] . Several hypotheses can be formulated to 
explain this correlation. It has been suggested that some poly-
morphisms of EGFR might be associated with both the 
appearance of cutaneous signs and better antitumor responses 
 [  8  ] . This toxicity/ef fi cacy correlation could also be explained 
by better bioavailability of the drug in the skin and the tumor. 
However, other hypotheses cannot be excluded, such as that 
of a bene fi cial effect of the in fl ammatory/immune reaction in 
the skin and perhaps also in the tumor. 

 Management of this eruption relies, as usual, on a good 
information from the patient prior to treatment initiation as 
well as on symptomatic topical and/or systemic treatments, 
depending on the severity of the rash and the impact on the 
patient  [  1,   9–  11  ] . 

 Topical treatment ,  relying on local antibiotics (erythromycin, 
clindamycin, metronidazole) and copper- and zinc-based 
antiseptic creams, is usually suf fi cient in the case of a grade 1 
eruption. Patients are allowed and advised to camou fl age the 
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lesions with appropriate nonocclusive makeup (tested as 
noncomedogenic). Topical corticosteroids are usually effective 
when antibiotics are not suf fi cient  [  12  ] . 

 Systemic treatment is used when the lesions are extensive, 
profuse, or poorly tolerated by the patient (grades 2 and 3). 
Cyclines (doxycycline, 100–200 mg/day) are used as  fi rst-line 
therapy for 4–8 weeks and for longer periods of time, if 
needed. Cyclines are probably active in this indication 
through their anti-in fl ammatory action. Preventive treatment 
with tetracyclines has been evaluated in some prospective 
studies. These studies have shown that tetracyclines reduced 
both the intensity and impact of the eruption, but not the 
incidence of the rash  [  13,   14  ] . Patients should be advised to 
avoid sun exposure during tetracycline treatment because of 
the phototoxicity of this class of antibiotics. 

 Psychological management of patients should not be 
neglected, and it is critical to regularly tackle questions about 
the impact of the eruption on their socio-occupational and 
emotional lives. 

 Doses of anti-EGFR should be reduced if the skin reaction 
is severe or if the treatment is poorly tolerated by the patient 
(grade 3). The folliculitis is dose dependent and rapidly atten-
uates after the reduction or interruption of treatment. It does 
not necessarily recur upon resumption of therapy.  

   Paronychia 

 Paronychia (Fig.  10.2 ) is probably the most concerning side 
effect of EGFR inhibitors since it frequently has functional 
consequences and its treatment is dif fi cult. It presents as an 
in fl ammation of the periungual folds that resembles an 
ingrowing nail. In fact, it is a pyogenic granuloma that grows 
on top of the lateral fold of the nail. It more often affects the 
toes than the  fi ngers, and more speci fi cally the large toes, 
probably because it is the most frequently traumatized. 
Paronychia occurs later in the course of the treatment, after 
at least a month of treatment, and is less frequently observed 
than the folliculitis. It occurs in 10–25 % of patients  [  15  ] . The 
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impact on daily life can be major, as these lesions are painful 
and can prevent the patient from wearing shoes and interfere 
with their walking. As with folliculitis, the lesions are aseptic, 
but superinfections are common. Management is dif fi cult, 
and the aim is to reduce the extent of the granulation tissue 
or even destroy it completely by using either topical corticos-
teroids that can also be injected in the pyogenic granuloma 
(close monitoring is important as steroids promote superin-
fections) or by chemical cautery with liquid nitrogen, silver 
nitrate, or trichloroacetic acid. Surgical excision followed by 
the application of phenol can be necessary and is an effective 
treatment, but it must be performed by experienced physi-
cians. Indeed, it can induce periosteitis if phenol is too vigor-
ously applied. Prophylactic measures such as avoiding friction, 
traumas, and manipulations and wearing wide, open shoes 
minimize aggravating factors.   

  Figure 10.2    Paronychia of the right big toe in a patient treated with 
EGFR inhibitor       
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   Xerosis 

 Dry skin is reported in about one-third of the patients after 
1–3 months of treatment. It is, in reality, observed in almost 
all the patients treated with EGFR inhibitors. Xerosis is usually 
diffuse and easily controlled by emollients. They are more 
effective if applied after showering, on skin that is still humid. 
Long, hot baths should be avoided. Xerosis can also predomi-
nate on the extremities, where it can result in painful,  fi ssured 
dermatitis of the  fi nger pulp or heels that can have painful 
and functional impacts. Vitamin A- or urea-based ointments 
can help patients.  

   Hair Modi fi cation 

 Alopecia and a change in hair texture are observed after 2–3 
months of treatment in almost all of the patients treated 
(Fig.  10.3a, b ). Alopecia with hair loss in the temporal recesses 
and the frontal region resembling androgenic alopecia occurs 
frequently, as does modi fi cation of the hair texture, which 
becomes “straw-like,” dry, and  fi ne  [  1  ] .  

 Facial hypertrichosis is common, as is eyelash trichomeg-
aly, with  fi ne and wavy eyelashes, after several months of 
treatment. The eyelashes can curve back toward the conjunc-
tiva and cause keratitis. All these hair side effects are more 
readily apparent in women, who are inconvenienced more 
than men by these side effects  [  16  ] . 

 Patients can be advised to use hair conditioners, to wax 
their facial hair, and to regularly trim their eyelashes to prevent 
conjunctive complications.   

   kit and bcr-abl Inhibitors: Imatinib, Nilotinib, 
and Dasatinib    

 Imatinib (Gleevec, Novartis, New York, NY, USA), nilotinib 
(Tasigna, Novartis, New York, NY, USA), and dasatinib (Sprycel, 
Bristol-Myers Squibb, New York, NY, USA) inhibit c-kit, 
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PDGFR, and the bcr-abl fusion protein, characteristic for 
chronic myeloid leukemia (CML). The c-kit receptor (CD117) 
is activated by mutation in the majority of gastrointestinal 
stromal tumors (GIST), and the bcr-abl protein is the product 
of the translocation between chromosomes 9 and 22 found in 
chronic myeloid leukemia (CML). PDGFR a  (alpha) is involved 
in hypereosinophilic syndrome, and TEL-PDGFR b  (beta) is 
involved in chronic myelomonocytic leukemia (CMMoL). The 
loop, PDGFR/PDGFR, is involved in dermato fi brosarcoma. 

a

b

  Figure 10.3    Hair modi fi cation. Photo taken before ( a ) and 3 months 
after ( b ) initiation of treatment with anti-EGFR therapy       
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 Overall, these three drugs are well tolerated, and although 
skin manifestations are the most frequent nonhematologic 
AEs, they are rarely severe and usually do not require treat-
ment interruption. 

   Imatinib (Gleevec) 

 More information is available for imatinib than for other, 
more recent drugs targeting kit or PDGFR. Dermatologic 
manifestations of imatinib are common but rarely severe, 
with a prevalence ranging from 9.5 to 69 %  [  17–  23  ] . 

 Edema, predominating on the face and more visible on the 
periorbital areas in the morning and inferior parts of the 
body in the evening, is reported in 63–84 % of cases and 
appears, on average, 6 weeks after initiation of treatment 
 [  19–  24  ] . It can be severe, with substantial weight gain and 
even pleural and/or peritoneal effusions or cerebral edema 
 [  25  ] . The pathophysiology is unclear and is thought to be due 
to a modi fi cation of interstitial  fl uid homeostasis linked to 
PDGFR inhibition  [  1  ] . 

 Maculopapular eruptions are described in up to 50 % of 
the patients and appear, on average, 9 weeks after the initia-
tion of therapy  [  19,   24  ] . They are usually mild to moderate, 
self-limiting, or easily manageable with antihistamines or 
topical steroids  [  23  ] . Pathological studies demonstrate 
nonspeci fi c perivascular mononuclear cell in fi ltrates  [  19,   24  ] . 
More severe eruptions (grades 3 and 4) have rarely been 
reported  [  19  ] . 

 Several well-documented cases of Stevens-Johnson syn-
drome have been published  [  26–  31  ]  as well as several cases of 
acute generalized exanthematous pustulosis  [  32,   33  ]  and a 
case of DRESS (drug reaction with eosinophilia and systemic 
symptoms)  [  34  ] . 

 Nilotinib-associated rash is reported in 17–35 % of the 
patients, pruritus in 13–24 %, alopecia in 10 %, and xerosis in 
13–17 %. The majority of the cases are mild to moderate and 
dose dependent  [  35,   36  ] . 
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 The most frequently reported dermatologic side effects 
reported with dasatinib are localized or diffuse maculo-
papular rashes (13–27 %) that are often associated with 
 pruritus (11 %)  [  15  ] . 

 Exacerbations of psoriasis or psoriasiform eruptions have 
also been described  [  19,   37  ]  as well as follicular pustular erup-
tions similar to pustular psoriasis  [  37  ]  or eruptions resem-
bling pityriasis rosea  [  38,   39  ] . 

 Several cases of palmoplantar hyperkeratoses and nail 
dystrophies have also been reported  [  40  ] . 

 Lichenoid eruptions, sometimes associated with mucosal 
erosive or lichenoid intrabuccal lesions, have been reported 
 [  41–  47  ] . They usually present as red-purple papular lesions 
localized symmetrically on the trunk and limb. 

 Pigmentary changes (Fig.  10.4 ) – localized or diffuse pig-
mentation modi fi cations – have been frequently reported 
with imatinib, and rare cases have been reported with dasatinib 
and nilotinib. Homogeneous depigmentation has been 
observed, particularly in patients with pigmented black or 
tanned skin (phototypes 5–6), with a reported prevalence of 
16–40 %  [  19,   48,   49  ] . Conversely, cases of hyperpigmentation 
or even repigmentation of the skin and hair have been 
reported  [  19,   50,   51  ] . These pigmentary changes are reversible 
upon treatment discontinuation and might be due to the inhi-
bition of c-kit, whose involvement in melanogenesis via the 
transcription factor MITF is well established  [  52,   53  ] .  

 Several other various skin manifestations have been 
reported such as urticaria, neutrophilic dermatosis, vascular 
purpura  [  54  ] , pseudolymphoma  [  55  ] , and photosensitive 
eruptions  [  19,   56  ] . 

 Eruptions and edema seem to be dose dependent. Indeed, 
the prevalence of drug eruptions increases with the daily dos-
age  [  19,   21  ] . This suggests pharmacologic and not immuno-
logic mechanisms in the development of this type of 
manifestation  [  57  ] . 

 With dasatinib, mucosal involvement has also been 
reported with mucositis and stomatitis in 16 % of the patients 
 [  58,   59  ] .  
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   Management 

 Moderate periorbital edema does not require any treatment. 
Diffuse and/or severe edema can be alleviated by electrolyte 
monitoring and diuretics. 

  Figure 10.4    Hyperpigmented maculae in a patient treated with 
imatinib       
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 The majority of eruptions are easily managed with antihis-
tamines and topical treatments, emollients, and/or corticos-
teroids and do not require treatment discontinuation. 
However, since most of the reported side effects are dose 
dependent, in the case of severe or persistent manifestations 
uncontrolled by symptomatic treatments, a dose reduction 
can be done. Obviously, in cases of severe and potentially life-
threatening dermatologic adverse effects, treatment should 
be discontinued and not reintroduced.   

   Antiangiogenic Agents: Sorafenib, Sunitinib, 
and Pazopanib 

 Small molecule kinase inhibitors like sorafenib (Nexavar, 
Bayer, Wayne, NJ, USA), sunitinib (Sutent, P fi zer, New York, 
NY, USA), and pazopanib (Votrient, GlaxoSmithKline, 
Philadelphia, PA, USA) are antiangiogenic agents targeting 
VEGF receptors (VEGFR) as well as additional receptors like 
PDGF receptors, kit, Flt3, and RAF (for sorafenib). They are 
indicated in the treatment of renal cell cancer, hepatocellular 
carcinoma, or GIST. Antiangiogenic small molecule inhibitors 
have various and numerous adverse effects; however, mucocu-
taneous manifestations are usually the most preeminent of 
them and frequently impact quality of life of the patients, often 
threatening compliance to treatment  [  1,   60,   61  ] . On the other 
hand, another antiangiogenic agent, bevacizumab (Avastin, 
Genentech, South San Francisco, CA, USA), which is a mono-
clonal antibody binding VEGF and preventing its binding to 
its receptors, has few cutaneous side effects. 

 Some adverse effects, like hand-foot skin reaction, genital 
rash, and subungual splinter hemorrhages, are common to 
the three compounds sorafenib, sunitinib, and pazopanib. 
Some other manifestations are more speci fi cally observed 
with one or two of these drugs, as is the case for keratoacan-
thomas and squamous cell carcinoma of the skin, which 
occurs only in association of sorafenib and not with sunitinib 
or pazopanib. 
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   Hand-Foot Skin Reaction 

 Hand-foot skin reaction (HFSR) is frequent and usually occurs 
during the  fi rst weeks of treatment. It affects 10–63 % of 
patients treated with sorafenib (with 2–36 % of grade 3 sever-
ity)  [  62–  68  ] , 10–28 % of patients treated with sunitinib (4–12 % 
of grade 3)  [  69–  71  ] , and 11 % with pazopanib (2 % grade 3) 
 [  72–  74  ] . 

 It is different from the hand-foot syndrome seen with 
 classical chemotherapies like capecitabine, 5- fl uorouracil 
(5-FU) (Fig.  10.5 ), pegylated doxorubicin, or cytarabine chemo-
therapy  [  75–  77  ] . With VEGFR inhibitors, the lesions are pre-
dominantly located on pressure or friction areas (metatarsal 
heads, heels, sides of the feet, metacarpophalangeal joints) and 
rapidly become hyperkeratotic (Fig.  10.6 ). With classical che-
motherapies, hand-foot lesions are not limited to pressure areas 
and the lesions are in fl ammatory, erythematous, and possibly 
desquamative for several weeks. Hyperkeratosis can also occur 
but later after the beginning of the treatment. Hand and feet 
in fl ammation can also be seen with antiangiogenic agents, with 
erythema, desquamation, and even bullous lesions. An ery-
thematous ring surrounding the hyperkeratotic lesions is also 
quite common  [  1,   60,   78  ] . The HFSR is classically bilateral and 
symmetrical  [  79  ] . Areas of preexisting hyperkeratotic lesions 
seem to confer a predisposition for painful sole involvement 
 [  79,   80  ] . While not life-threatening, HFSR can be very painful, 
interfering with everyday activities such as walking or holding 
objects. Prodromal subjective symptoms with mild tingling and 
numbness of the hands and feet are frequent  [  78  ] .   

 The main pathological abnormalities observed in HFSR 
are keratinocyte degeneration with a perivascular lympho-
cytic in fi ltrate and sometimes eccrine squamous syringometa-
plasia  [  79,   81,   82  ] . Sequential pathological modi fi cations 
found during the course of the treatment are changes in the 
stratum spinosum/stratum granulosum during the  fi rst month 
and then in the superior layers of the epidermis, in the stra-
tum corneum with hyperkeratosis, and focal parakeratosis 
after the  fi rst month  [  82  ] . 
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  Figure 10.5    Grade 3 hand-foot skin reaction of a patient treated 
with 5- fl uorouracil       

 



396 C. Robert et al.

   Management 

 HFSR is clearly dose dependent and may improve with dose 
reductions or treatment interruptions. Management has not 
yet been evaluated by controlled studies and is currently 

  Figure 10.6    Grade 1 hand-foot skin reaction in a patient treated 
with sorafenib       
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based on prescribers’ experience and advice by experts’ 
 consensus  [  83  ] . Guidance can be split into preventive  measures 
and management strategies.  

   Preventive Measures 

 The patients must be clearly informed that an HFSR might 
occur; ideally, they should have their hands and feet exam-
ined prior to treatment initiation. A podiatric examination 
and preventive treatment of preexisting hyperkeratotic areas 
by mechanical or chemical keratolytic measures (topical 
10–50 % urea, 2–5 % salicylic acid ointments) seem helpful. 
Emollients can be used to prevent dryness and cracking. 
Prescription of orthopedic soles may also be helpful in 
patients with unbalanced sole pressure areas. 

 Patients should be advised to wear comfortable and  fl exible 
shoes and to avoid rubbing and trauma. As a memory aid, these 
measures can be referred to as the “3C” approach: control 
 calluses, comfort with cushions, and cover with cream  [  83  ] .  

   Treatment 

 Treatment is based on symptomatic measures and dose adjust-
ment. Therapeutic measures are proposed according to the 
three HFSR severity grades NCI-CTCAE classi fi cation V4:

   Grade 1: Supportive measures include using moisturizing • 
creams, keratolytic agents such as 40 % urea, and/or creams 
or ointments containing 1–10 % salicylic acid on the cal-
lused areas. Cushioning of the affected regions with gel- or 
foam-based shock absorber soles and soft shoes is recom-
mended. Treatment is maintained at the same dosage.  
  Grade 2: The same symptomatic measures as for grade 1 • 
should be initiated promptly; potent topical corticoster-
oids (clobetasol) can be prescribed on in fl ammatory 
lesions for a few days. Analgesic treatment should be con-
sidered, if needed. A dose reduction of 50 % should be 
considered until the HFSR returns to grade 0 or 1, particu-
larly in the event of a second episode of grade 2 HFSR. If 
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toxicity resolves to grade 0 or 1, reescalation to the initial 
dose should be done. Decision whether to reescalate the 
dose after the second or third occurrence of grade 2 HFSR 
should be based on clinical judgment and patient prefer-
ence. If toxicity does not resolve to grade 0 or 1 despite 
dose reduction, treatment should be interrupted for a 
minimum of 7 days and until toxicity has resolved to grade 
0 or 1. When resuming treatment after dose interruption, 
treatment should begin at reduced dose. If toxicity is main-
tained at grade 0 or 1 at reduced dose for a minimum of 7 
days, initial dose should be given.  
  Grade 3: Symptomatic measures as described for grade 2 • 
HFSR should be prescribed as well as antiseptic treatment 
of blisters and erosions. Treatment should be interrupted 
for a minimum of 7 days and until toxicity has resolved to 
grade 0 or 1. When resuming treatment after dose interrup-
tion, treatment should begin at a reduced dose. If toxicity is 
maintained at grade 0 or 1 at reduced dose for a minimum 
of 7 days, initial dose should be given again. On the second 
occurrence of grade 3 HFSR, decision whether to reesca-
late dose should be based on clinical judgment and patient 
preference. The same principle applies for the decision 
whether to discontinue therapy after the third occurrence 
of grade 3 HFSR.    

 No systemic therapy has demonstrated any bene fi cial 
effect until now.   

   Subungual Splinter Hemorrhages 

 Ranging from 3 to 70 %, depending on the series, subungual 
splinter hemorrhages occur with the three compounds 
(sorafenib, sunitinib, pazopanib), but their frequency is often 
underestimated because of their asymptomatic nature. They 
appear as painless longitudinal black lines beneath the distal 
part of the nail plate in the  fi rst weeks of therapy. They can be 
clinically identical to those observed in certain systemic dis-
eases such as rheumatoid arthritis, systemic lupus, or Osler’s 
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endocarditis, but they are not associated with distant embolic 
or thrombotic processes, unlike these conditions. Inhibition 
of the VEGF receptor coupled with local microtraumas could 
explain the symptom. They disappear progressively at the end 
of treatment and do not require any treatment  [  78,   80,   84  ] .  

   Erythematous Rash 

 Various erythematous rashes are observed with these three 
compounds – in 13–24 % of cases with sunitinib  [  85,   86  ] , in 
10–60 % with sorafenib  [  78,   85,   87  ] , and in 6–8 % with pazopanib 
 [  72–  74  ] . They usually appear during the  fi rst weeks of treat-
ment. They are usually minor, relatively asymptomatic maculo-
papular eruptions, but can sometimes be more severe and 
diffuse. They can predominate on the face, as is often the case 
in the  fi rst weeks of sorafenib therapy, where a mild  erythematous 
and desquamative facial rash, resembling seborrheic dermatitis, 
is frequently observed  [  78  ] . Rashes can disappear spontane-
ously despite continued treatment, but temporary discontinua-
tion of therapy may be necessary in some cases. A case of 
erythema multiforme has been published  [  88  ] , and signs of 
severity such as mucosal involvement, epidermal detachment, 
and general signs (fever, elevated hepatic enzymes) that can be 
associated with severe manifestations, toxic epidermal necroly-
sis, or a DRESS syndrome should always be evaluated  

   Hair Modi fi cation 

 Largely underreported in the literature, hair modi fi cations 
are almost always associated with these drugs. It can be only 
a minor texture change, with hair usually becoming dryer and 
curlier. Alopecia occurs in 21–44 % of patients on sorafenib 
 [  78,   89  ] . It occurs slightly less frequently with sunitinib 
(5–21 %) and pazopanib (8–10 %).  [  72–  74  ]  It is usually mod-
erate and develops gradually after several weeks or months. 
It can be associated with loss of hair in other hairy regions 
(trunk, arms, pubis). 
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 It is not unusual to see hair growing back even though 
patients are still on therapy with sorafenib. New-grown hair 
is usually curlier than it was before treatment. 

 Reversible hair depigmentation is seen frequently with suni-
tinib (7–14 %)  [  85,   90,   91  ]  and pazopanib (27–44 %)  [  72,   73  ] . 
With sunitinib, which is given 4 weeks on and 2 weeks off, char-
acteristic discoloration can occur, with successive depigmented 
bands related to periods of treatment and normally pigmented 
bands associated with periods off treatment  [  91,   92  ] . The under-
lying mechanism of the depigmentation is thought to be a mel-
anogenesis defect resulting from the inhibition of the c-kit 
pathway; however, this must not be a direct effect of kit inhibi-
tion since other kit inhibitors, such as imatinib, dasatinib, or 
nilotinib, do not induce such systematic hair depigmentation.  

   Xerosis 

 The skin becomes dryer with these treatments  [  1,   78  ] , and 
symptomatic emollient treatments are usually ef fi cient.  

   Genital Rash 

 Genital rash with erythematous, desquamative psoriasiform, 
or lichenoid lesions can be observed in the genital areas of 
both male and female patients (Fig.  10.7 )  [  61,   93  ] . Lesions can 
involve the vulvar or scrotal areas and extend to the inguinal 
region. It can occasionally result in phimosis. Histological 
analysis, when performed, revealed a psoriasiform or lichenoid 
pattern. Such genital rashes have been observed with 
sorafenib, sunitinib, and pazopanib  [  62  ] . Their real incidence 
is unknown. Careful and systematic questioning is necessary. 
Treatment with topical steroid can be proposed after ruling 
out a bacterial or fungal infection. A temporary dosage 
modi fi cation is sometimes necessary, resulting in a rapid 
improvement of the symptoms.   
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   Mucositis 

 Mucositis is characterized by painful in fl ammation and 
ulceration of the mucous membranes lining the  digestive 
tracts, whereas stomatitis more speci fi cally refers to 
in fl ammation of the mucosae lining the mouth, and cheili-
tis, to in fl ammation of the lips. These side effects can 
give rise to pain and dif fi culty with speaking or eating. 
Stomatitis and cheilitis have been reported in 19–35 % 
of sunitinib-treated patients and 19–26 % of sorafenib-
treated patients  [  71,   78,   85,   94  ] , usually during the  fi rst 
weeks of treatment. They are dose dependent and can 
require dose modi fi cations  [  85  ] .  

  Figure 10.7    Genital rash in a patient treated with sunitinib       
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   Adverse Effects Speci fi cally Related to Sunitinib 

   Skin Discoloration 

 A yellow appearance of the skin is seen with sunitinib. It is rapidly 
reversible and decreases during the 2 weeks off treatment. It is 
probably due to the bright yellow color of the drug itself  [  1  ] .  

   Facial Edema 

 A mild to moderate facial edema is seen in 4.5–24 % of patients 
treated with sunitinib  [  95  ] . Hypothyroidism, which is a frequent 
complication of sunitinib, can exacerbate this edema.  

   Xerostomia 

 Xerostomia is commonly seen with sunitinib and can result in 
dif fi culty with speaking and eating as well as in the occur-
rence of tooth cavities and vulnerability to mouth infection.   

   Adverse Effects Related Speci fi cally to Sorafenib 

   Eruptive Nevi 

 In patients treated with sorafenib, several cases of eruptive 
nevi have been observed on the face, trunk, or limbs, including 
the palmoplantar areas  [  89,   96  ] . Pathologically, the lesions that 
were biopsied presented as junctional nevi. Because of the pro-
senescence effect of BRAF protein in wild-type BRAF cells 
 [  97,   98  ] , it can be hypothesized that these nevi eruption could 
be linked to an “anti-senescence effect” with the appearance 
and the development of subclinical preexisting nevi.  

   Squamous Cell Proliferations: Keratoacanthomas 
and Squamous Cell Carcinomas 

 Over the last few years, several cases of skin tumors, keratoa-
canthomas (KA) (Fig.  10.8 ), and squamous cell carcinomas 
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(SCC) have been described during the course of sorafenib 
therapy  [  99,   100  ] . These lesions could be multiple and occurred 
several weeks to months after initiating the treatment with an 
estimated incidence of less than 10 %. Beside the contexts 
of uncommon genetic diseases like Ferguson-Smith or Muir-
Torre syndromes, KA is a rare lesion preferentially occurring 
on sun-exposed areas and presenting as a fast-growing, dome-
shaped nodule with a central keratotic crust. It does not give 
rise to metastases and can occasionally spontaneously regress. 
Pathologically, it is almost undistinguishable from a well-
differentiated SCC, with an exoendophytic proliferation and a 
crateriform zone of well-differentiated squamous epithelium 
surrounding a central keratotic plug. The existence of KA is 
still controversial since for some authors this entity should be 
assimilated to a well-differentiated form of SCC  [  101–  103  ] . 
In contrast to KA, SCC is a real malignant lesion that does 
not regress spontaneously and can give rise to metastases. 
It is a frequent skin tumor and most of the time related to 
sun exposure or to the existence of precancerous lesions like 

  Figure 10.8    Keratoacanthoma in a patient treated with sorafenib       
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actinic keratoses, for example. However, the SCC observed 
during sorafenib therapy do not appear as the typical and 
most frequently reported SCC. They all exhibit clinical and 
pathological aspects close to KA and are usually described 
pathologically as KA-like SCC with nest of atypical cells 
invading the dermis as well as a crateriform pattern with bulg-
ing borders reminiscent of KA. They are not always located 
on sun-exposed areas  [  99  ] . Until now, no metastatic evolution 
of any SCC induced by sorafenib has been reported, and they 
rather appear as low-aggressiveness skin tumors.  

 Looking at the molecules targeted by sorafenib, it could be 
deduced that this particular side effect was likely to be due to 
RAF inhibition. Indeed, no KA or SCC has ever been 
reported with drugs targeting the molecules inhibited by 
sorafenib in addition to RAF proteins – that is, PDGFR, 
FLT3, or VEGFR – like sunitinib (VEGFR, KIT, PDGFR, 
FLT3) or imatinib (kit, PDGFR), for example. This reasoning 
proved to be correct since similar tumors are now described 
with the use of two new drugs, presently in development, that 
ef fi ciently and speci fi cally target RAF proteins and more 
particularly the mutant form of BRAF: BRAF V600E . 

 BRAF is a serine/threonine kinase, downstream from the 
RAS proteins and upstream from MEK and ERK on the 
MAPK (mitogen-activated protein kinase) signaling pathway 
 [  104  ] . This pathway is constitutively activated in several cancers, 
including melanomas, favoring cell proliferation and survival. It 
is activated in more than 65 % of melanomas resulting from the 
recurrent BRAF V600E  mutation in 40–50 % of the cases and 
NRAS mutation in 15–20 % of the cases  [  105  ] . 

 The mechanism explaining the appearance of skin tumors 
with sorafenib and RAF inhibitors is probably due to a para-
doxical RAF-MEK-ERK signaling pathway activation via 
cells that do not harbor the BRAF mutation, especially if the 
cells have a mutant RAS protein, as was shown recently in 
several in vitro models  [  106–  110  ] . 

 Advice is given that patients’ skin should be carefully 
monitored and that KA and SCC should be removed. These 
lesions should be completely resected, and simple shaving of 
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the lesions, leading to partial resection only, should not be 
performed. 

 In addition to KA and SCC, more or less in fl ammatory fol-
licular cystic lesions are frequently observed in patients treated 
with sorafenib: keratosis pilaris  [  87  ] , microcysts, dystrophic fol-
licular cystic lesions, and perforating folliculitis  [  78,   87,   99  ] . 
Association of these lesions with KA and SCC in the same 
patients suggests that they could represent various aspects of a 
wide spectrum of lesions from benign cystic lesions to border-
line (KA) and malignant skin tumors (SCC)  [  99,   109,   110  ] .    

   RAF Inhibitors 

 BRAF is the most frequently mutated protein kinase in human 
cancer and is the target of several anticancer drugs. The potency 
and the speci fi city of BRAF inhibitors available on the market 
or under clinical development are variable. Sorafenib (Nexavar, 
Bayer/Onyx) is a pan-RAF inhibitor that also blocks vascular 
endothelial growth factor receptors (VEGFR)-2, VEGFR-3, 
platelet-derived growth factor receptor-b (PDGFR-b), fms-like 
tyrosine kinase 3 (FLT3), and kit. Conversely, vemurafenib 
(Zelboraf, Plexxikon/Roche) is highly selective and very potent 
BRAF inhibitor that is effective against tumors harboring 
BRAF mutations and dependent on the RAF/MEK/ERK 
pathway, like melanoma with V600E  BRAF  mutation. 

   Skin Neoplasms: Papillomas, Keratoacanthomas, 
Cutaneous Squamous Cell Carcinomas, and 
Melanomas 

 In spite of their variability in terms of BRAF selectivity and 
clinical activity, all RAF inhibitors are associated with one 
and the same intriguing cutaneous side effect, which is the 
emergence of borderline squamous cell neoplasms: skin pap-
illomas (Fig.  10.9 ), keratoacanthomas (KA), and squamous 
cell carcinomas (SCC).  
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 These paradoxical keratinocyte proliferations arise in less 
than 10 % of patients treated with sorafenib. They occur 
much more frequently with vemurafenib, having been 
described in 15–25 % of the patients  [  110,   111  ] . 

 Indeed, vemurafenib frequently induces multiple benign 
skin tumors resembling human papilloma virus–related pap-
illomas or warts, keratoacanthomas, and cutaneous skin car-
cinomas during the  fi rst weeks or months of treatment. Until 
now, no metastatic squamous cell carcinoma has been 
reported, and these skin neoplasms can easily be surgically 
excised or destroyed. 

 They are due to a paradoxical activation of the MAPK 
pathway in keratinocytes associated with BRAF/CRAF het-
erodimerization and subsequent CRAF activation. Additional 
somatic events such as a  HRAS  mutation or  EGFR  activation 
giving rise to MAPK pathway coactivation might be required 
for full transformation of keratinocytes  [  109,   112  ] . 

  Figure 10.9    Skin papilloma in a patient treated with vemurafenib       
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 Eruptive nevi and thin melanomas have rarely been 
reported with vemurafenib  [  113  ] . 

 They might be related to the same mechanism as keratinocyte 
proliferation or to an anti-senescence effect of vemurafenib. 

 The other skin side effects of sorafenib have been reviewed 
earlier in the antiangiogenic section of this chapter. We will 
now see the side effects associated with the speci fi c 
BRAFV600E inhibitor vemurafenib, which is authorized for 
the treatment of metastatic melanoma after a rapid clinical 
development reporting a rate of objective response around 
50 % and a bene fi t in terms of overall survival in this popula-
tion of patients  [  114–  116  ] . 

 Photosensitivity is frequently observed with vemurafenib in 
30–70 % of the patients. It can occur with moderate sun exposure, 
and patients have to observe strict photoprotection measures: 
clothes and potent sunscreen with UVA and UVB blockers. 

 Skin rash, that can present as maculopapular rash or as a kera-
tosis pilaris occur frequently, predominantly on the trunk and the 
extension parts of the limbs. Rashes are reported in up to 75 % 
of the patients but rarely impair treatment continuation. 

 Hair modi fi cation and alopecia similar to the ones that are 
induced by sorafenib are seen. 

 Hand-foot skin reaction with hyperkeratosis on pressure 
and rubbing areas, resembling the symptoms observed with 
VEGFR inhibitors, is associated with vemurafenib, although 
the symptoms are less severe than those seen with anti-VEGFR 
and very few patients present with severe in fl ammatory or 
bullous lesions (Fig.  10.10 ). Hyperkeratosis can also be seen on 
additional skin-rubbing areas like the nipples or the elbows.  

 Xerosis is reported in 15–20 % of patients and pruritus in 
10–30 %.   

   mTOR Inhibitors: Everolimus 
and Temsirolimus 

 These drugs inhibit the serine/threonine kinase mTOR 
(mammalian target of rapamycin), inducing downstream 
dephosphorylation of the mTOR molecular targets and ultimately 
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inhibiting the PI3K/AKT/mTOR signaling pathway. This par-
ticular signaling pathway plays a critical role in tumor cell 
biology, especially in regulating cell growth, survival, and 
proliferation and apoptosis mechanisms, and is also actively 
involved in angiogenesis  [  117–  119  ] . 

 Two compounds are approved in the treatment of advanced 
or metastatic renal cell cancer: temsirolimus (Torisel, Wyeth, 

  Figure 10.10    Grade 2 hand-foot skin reaction in a patient treated 
with vemurafenib       
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Madison, NJ, USA) and everolimus (A fi nitor, Novartis, New 
York, NY, USA). These drugs are associated with various side 
effects, among which mucocutaneous adverse effects are the 
most frequently represented. 

   Rash 

 Skin rash is reported in 25–61 % of patients on everolimus 
and 43–76 % of patients on temsirolimus. Usually mild to 
moderate (0–6 % of grade 3 or 4), it appears during the  fi rst 
weeks of treatment. It rarely requires dose modi fi cations or 
treatment interruption. The rash is not very well character-
ized and few series provide details on its clinical presentation. 
However, the rash is described as papulopustular or acnei-
form eruptions, in 30–40 % of the patients. There are no 
associated retention lesions (microcysts, blackheads), which 
distinguishes this rash from a true acne. A nonspeci fi c neutro-
philic dermoepidermal in fi ltrate has been found pathologi-
cally. Therapeutic management is currently, and by analogy, 
based on that proposed for anti-EGFR inhibitors.  

   Stomatitis and Oral Ulcerations 

 Stomatitis, mucositis, cheilitis, and oral ulcerations resembling 
aphthous ulcers are very common with both drugs: in up to 
40 % of patients with everolimus and 70 % with temsirolimus 
 [  117,   120–  126  ] . These side effects are dose dependent and can 
sometimes entail a dose reduction or treatment interruption, 
especially in the case of oral ulceration, which is often very 
painful and can impact patients’ food intake. 

 Xerostomia is reported in 5–11 % of patients treated with 
everolimus, and a dysguesia has been observed with both 
compounds  [  120,   121,   123–  125  ] . 

 Management of these side effects relies on symptomatic 
measures: topical or systemic analgesics or topical steroids. 
However, these palliative measures are frequently not effec-
tive enough, and dose modi fi cation, or temporary treatment 
discontinuation, is often necessary.  
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   Paronychia/Pyogenic Granulomas 

 Nail involvement, sometimes described as nail dystrophy or 
thickening of the nail table, has been reported sporadically 
with both compounds in 5–46 % of the cases. Paronychia and/
or pyogenic granulomas very similar to the lesions observed 
with EGFR inhibitors are also observed; their incidence is 
unknown. Management relies on symptomatic measures 
similar to the ones proposed for anti-EGFR. 

 Xerosis and pruritus seem common (20 and 30 %, respectively) 
and are sometimes associated. Pruritus is observed in 40 % of 
patients treated with temsirolimus with 1 % of grades 3–4. 

 Edema is also reported in up to 35 % of the patients 
 [  95,   122,   127  ] .   

   Summary 

 Systemic cancer, and especially new targeted agents, induces 
extremely frequent and various skin manifestations that can 
signi fi cantly impact a patient’s quality of life and compli-
ance with therapy. Potentially serious adverse events that 
can require treatment interruption have to be recognized 
early. Patients must be informed of the risk before the treat-
ments are initiated, and preventive measures can some-
times be advised. Optimal management of these skin side 
effects requires close interaction between prescribers and 
dermatologists.      
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  Abstract   Myeloid malignancies comprise the various myeloid 
proliferative stem cell disorders. In this chapter, the side 
effects of the currently used drugs are given as used in the 
general hematologic clinic. For the various disorders covered, 
the side effects of the medications are pleomorphic; therefore, 
for the tyrosine kinase inhibitors in chronic myeloid leukemia, 
a tabulated summary is given. Hematopoietic stem cells, autol-
ogous as well as allogeneic, are not covered. These treatment 
modalities are used in very specialized units, and the patient’s 
follow-up during the  fi rst few months is also done through 
these units, which are very familiar with the therapies.  
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   Myelodysplastic Syndrome 

   5-Azacytidine 

 5-Azacytidine  [  1–  6  ]  is a hypomethylating agent that has been 
approved in the treatment of myelodysplasia with low- 
intermediate and high-intermediate International Prognostic 
Scoring System (IPSS) in the United States. In the European 
Union, 5-azacytidine has been approved for myelodysplasia 
with high IPSS only. Some data about its ef fi cacy in chronic 
myelomonocytic leukemia or in acute myeloid leukemia with 
low blast count have also been noted. 

 The side effects of 5-azacytidine are listed below. Hematologic 
toxicity that results mainly in anemia or thrombocytopenia is 
observed in most patients. Leukopenia or grade III neutropenia 
occurs in about one patient out of  fi ve and may lead to febrile 
neutropenia or opportunistic infections. Invasive fungal infec-
tions remain an issue in patients receiving 5-azacytidine treatment; 
therefore, prophylactic antifungal treatment with activity 
against aspergillus should be discussed in selected patients. 

 Agranulocytosis or irreversible aplasia are exceptional but 
are a cause of infectious mortality. 

 Fever may occur at the time of injection but is mostly 
related to infection. Nausea and vomiting occur frequently 
but may be reduced with adequate antiemetic medication. 

 A recurring problem in patients receiving subcutaneous 
5-azacytidine is skin reaction at the infusion site. These reac-
tions can vary from rash to pruritic plaques. Most skin rashes 
disappear with topical antihistamines or anti-in fl ammatory 
creams. The injection technique, however, in fl uences the preva-
lence of skin lesions. Correct injection that avoids skin contact 
with the product lowers the occurrence of rash and pruritic 
plaques by more than a half. 

 The following are side effects of 5-azacytidine treatment:

  Hematologic 

  Very frequent (>50 % of patients): anemia, thrombocytopenia  • 
  Frequent (>20 % of patients): leukopenia, neutropenia  • 
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  Rare (5–10 % of patients): lymphadenopathies, hematomas  • 
  Very rare (<5 % of patients): agranulocytosis, aplasia, • 
splenomegaly   

  General 

  Very frequent (>50 % of patients): fever  • 
  Frequent (>20 % of patients): fatigue, anorexia, injection • 
site pain  
  Occasional (>10 % of patients): epistaxis, febrile neutropenia, • 
weight loss, sweating  
  Rare (5–10 % of patients): herpes simplex, hypotension  • 
  Very rare (<5 % of patients): anaphylactic shock, opportu-• 
nistic infections (blastomycosis, toxoplasmosis), dehydration, 
systemic in fl ammatory response   

  Gastrointestinal 

  Very frequent (>50 % of patients): nausea, vomiting  • 
  Frequent (>20 % of patients): diarrhea, constipation, • 
pharyngitis  
  Occasional (>10 % of patients): abdominal pain and tenderness  • 
  Rare (5–10 % of patients): stomatitis, oral petechiae, mouth • 
hemorrhage  
  Very rare (<5 % of patients): gastrointestinal hemorrhage   • 

  Renal 

  Rare (5–10 % of patients): dysuria, urinary tract infections  • 
  Very rare (<5 % of patients): renal failure, hematuria   • 

  Pulmonary 

  Frequent (>20 % of patients): cough, dyspnea  • 
  Occasional (>10 % of patients): chest pain, upper respira-• 
tory tract infection, pneumonia, rhinorrhea  
  Rare (5–10 % of patients): wheezing, pleural effusion   • 

  Cardiac 

  Rare (5–10 % of patients): tachycardia   • 
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  Cutaneous 

  Frequent (>20 % of patients): injection site erythema, • 
ecchymosis, petechiae  
  Occasional (>10 % of patients): pallor, generalized rash, • 
injection site bruising  
  Rare (5–10 % of patients): cellulitis, injection site pruritus, • 
injection site swelling, dry skin, skin nodules   

  Nervous System 

  Frequent (>20 % of patients): headache  • 
  Occasional (>10 % of patients): anxiety, depression, insomnia  • 
  Rare (5–10 % of patients): hypoesthesia  • 
  Very rare (<5 % of patients): confusion, convulsions, intrac-• 
ranial hemorrhage   

  Metabolic 

  Occasional (>10 % of patients): hypokalemia   • 

  Locomotor 

  Frequent (>20 % of patients): rigors, arthralgia, pain in • 
limb, back pain  
  Occasional (>10 % of patients): peripheral edema, myalgia    • 

 Teratogenic activity is proven in the animal model. An 
effective contraceptive method is recommended in patients 
undergoing 5-azacytidine treatment.  

   Decitabine 

 The use of decitabine  [  1,   2,   7  ] , an intravenous hypomethylating 
agent, is currently restricted to the United States. It is indicated 
in myelodysplasia, with low-intermediate or high-intermediate 
IPSS. 

 The most common side effects are hematologic, with anemia, 
thrombopenia, and neutropenia occurring in more than 50 % of 
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the patients. Febrile neutropenia occurs in about 20 % of patients. 
Opportunistic infections are rare occurrences. Fungal infections 
like invasive candidiasis    have been described in more than 10 % 
of patients. The issue of antifungal prophylaxis in patients receiving 
decitabine treatment remains an open question. 

 Metabolic side effects are rather common and consist 
mainly of hypoalbuminemia and hyperglycemia and eleva-
tion of liver enzymes. Close monitoring of glucose levels is 
therefore recommended. 

 The side effects encountered in patients receiving decitabine 
treatment are as follows:

  Hematologic 

  Very frequent (>50 % of patients): neutropenia, thrombo-• 
cytopenia, anemia  
  Occasional (>10 % of patients): lymphadenopathy  • 
  Rare (5–10 % of patients): thrombocythemia  • 
  Very rare (<5 %): bone marrow suppression, splenomegaly   • 

  General 

  Very frequent (>50 % of patients): pyrexia  • 
  Frequent (>20 % of patients): febrile neutropenia, peripheral • 
edema  
  Occasional (>10 % of patients): rigors, pain, lethargy, dehydration, • 
anorexia  
  Rare (5–10 % of patients): chest discomfort, catheter site • 
erythema, catheter site pain, injection site swelling   

  Gastrointestinal 

  Frequent (>20 % of patients): nausea, vomiting, constipation, diarrhea  • 
  Occasional (>10 % of patients): abdominal pain, oral • 
mucosal petechiae, stomatitis, dyspepsia, ascites  
  Rare (5–10 % of patients): gingival bleedings, hemorrhoids, loose • 
stool, tongue ulceration, dysphagia, lip ulceration, abdominal dis-
tension, abdominal pain, gastroesophageal re fl ux, glossodynia  
  Very rare (<5 %): cholecystitis   • 



426 L. Plawny

  Renal 

  Rare (5–10 % of patients): dysuria, urinary frequency   • 

  Pulmonary 

  Frequent (>20 % of patients): cough  • 
  Occasional (>10 % of patients): pharyngitis, respiratory crackles, • 
hypoxia  
  Rare (5–10 % of patients): postnasal drip   • 

  Cardiac 

  Rare (5–10 % of patients): pulmonary edema  • 
  Very rare (<5 % of patients): myocardial infarction, atrial • 
 fi brillation   

  Cutaneous 

  Frequent (>20 % of patients): ecchymosis, petechiae, pallor  • 
  Occasional (>10 % of patients): rash, skin lesions, pruritus, • 
alopecia  
  Rare (5–10 % of patients): urticaria, swelling face   • 

  Nervous System 

  Frequent (>20 % of patients): headache  • 
  Occasional (>10 % of patients): dizziness, hypoesthesia, • 
 insomnia, confusion, anxiety  
  Rare (5–10 % of patients): blurred vision   • 

  Metabolic 

  Frequent (>20 % of patients): hyperglycemia, hypoalbuminemia  • 
  Occasional (>10 % of patients): hyperbilirubinemia, hypo-• 
magnesemia, hyponatremia  
  Rare (5–10 % of patients): hyperkalemia   • 

  Locomotor 

  Frequent (>20 % of patients): arthralgia  • 
  Occasional (>10 % of patients): limb pain, back pain  • 
  Rare (5–10 % of patients): chest wall pain, myalgia   • 
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  Infectious 

  Frequent (>20 % of patients): pneumonia  • 
  Occasional (>10 % of patients): cellulitis, candidal infection  • 
  Rare (5–10 % of patients): catheter-related infections, urinary • 
tract infection, sinusitis, bacteremia  
  Very rare (<5 % of patients): Mycobacterium avium infection    • 

 Effective contraceptive methods are recommended for 
men and women during and for a minimum of 12 months 
 following therapy.   

   Acute Myeloid Leukemia 

   Cytarabine 

 Cytarabine  [  1,   2,   8–  10  ] , an intravenous antimetabolite cyti-
dine analogue, has been widely used as monotherapy or in 
combination with other agents on the induction of treatment 
for acute myeloid leukemia. It also has proven ef fi cacy in the 
treatment of lymphomas, especially mantle cell lymphomas, 
in which cytarabine-containing regimens have allowed longer 
progression-free survivals and higher remission rates. 
Cytarabine is also used in some ALL regimens, mainly in the 
consolidation phase. 

 The most common adverse effects are hematologic. 
Hematologic toxicity occurs regularly in patients receiving 
cytarabine and consists of deep bone marrow depression. 
Leukopenia typically follows a biphasic curve, with a  fi rst 
nadir at 7–9 days and a second more profound nadir at days 
15–24. Frequent bleeds have been described as a result of 
thrombopenia. 

 About 10 % of patients may experience cytarabine syn-
drome, which consists of fever, myalgia, chest pain, maculo-
papular rash, conjunctivitis, and malaise. Cytarabine syndrome 
can evolve to severe hypotension and requires corticosteroid 
treatment. Discontinuation of the treatment must be discussed 
according to the severity of symptoms. 

 Nausea and vomiting frequently occur and require pro-
phylaxis with antiemetic treatments. In patients receiving 
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high doses of cytarabine (more than 10 g/week), gastroen-
terologic side effects can be more marked and include diar-
rhea and severe colitis, ranging from neutropenic colitis to 
gastrointestinal bleeding. Rare cases of pancreatitis have 
been described with experimental doses of cytarabine. 

 Febrile neutropenia is a common  fi nding in patients receiv-
ing cytarabine-based regimens. If bacterial causes are the most 
frequent, invasive fungal infections are a frequent occurrence, 
especially in AML patients. In selected patients, antifungal 
prophylaxis active against aspergillosis must be considered. 

 Central nervous system toxicity occurs mostly in elderly 
patients receiving high-dose regimens. Cerebellar toxicity is 
the main feature in patients; it results in ataxia and slurred 
speech. Infrequently, patients can experience confusion or 
fatal encephalitis. The use of prophylactic pyridoxine treat-
ment has been debated. Conjunctivitis is also a frequent 
 fi nding in patients. Prophylactic topical corticosteroids may 
be useful in patients receiving high-dose cytarabine. 

 The following toxicities have been described with cytarabine:

  Hematologic 

  Bone marrow depression: anemia, leukopenia, thrombo-• 
penia  
  Thrombophlebitis (frequent)   • 

  General 

  Cytarabine syndrome.  • 
  Severe sepsis may occur from leukopenia.  • 
  Rare: allergic reaction, anaphylactic shock.   • 

  Gastrointestinal 

  Frequent: anorexia, nausea, vomiting, diarrhea, oral and • 
anal mucositis, hepatic dysfunction  
  Rare: esophageal ulceration, bowel necrosis, pancreatitis   • 

  Renal 

  Rare: renal dysfunction, urinary retention   • 
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  Pulmonary 

  Rare: pneumonia, interstitial pneumonitis   • 

  Cardiac 

  Rare: rapidly progressive pulmonary edema with cardiomegaly, • 
pericarditis   

  Cutaneous 

  Frequent : rash, alopecia (complete alopecia with high doses)  • 
  Rare: freckling, pruritus, urticaria, skin ulceration, hand-foot • 
syndrome, cellulitis at injection site   

  Nervous System 

  Rare: peripheral neuritis, headache, conjunctivitis, CNS • 
 toxicity, such as encephalitis and cerebellitis (CNS complica-
tions have been described in high-dose and very high-dose 
cytarabine)   

  Metabolic 

  Frequent: ASAT and ALAT  • 
  Rare: jaundice    • 

 Cytarabine may be used intrathecally. The toxicities of 
intrathecal medication are roughly the same as for intravenous 
use. Toxicity is, however, self-limiting. Neurologic complications 
include paraplegia, necrotizing leukoencephalopathy, blindness, 
and spinal cord necrosis. 

 Cytarabine displays teratogenic effect in animal models. 
Women of childbearing age should be advised against con-
ceiving a child during cytarabine therapy. An effective contra-
ceptive method is recommended in both men and women.  

   Idarubicin 

 Idarubicin  [  1,   2,   11–  13  ] , an anthracycline-type topoisomerase 
II inhibitor, has been recommended in combination with 
other drugs for the treatment of acute myeloid leukemia. 
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 The main side effects of idarubicin treatment involve 
hematologic toxicity. Severe myelosuppression is a constant 
and requires treatment with transfusions and granulocyte 
colony-stimulating factors. Severe febrile neutropenia may 
result from idarubicin-containing regimens. Idarubicin should 
be used with extreme caution in patients displaying cytopenias 
resulting from prior chemotherapies, as cases of permanent 
bone marrow suppression have been described. 

 Alopecia is a frequent complication of idarubicin-based 
chemotherapies. 

 Cardiac side effects occur frequently and mostly result from 
restrictive cardiomyopathy with a decline in left ventricle ejection 
fraction (LVEF). Decline of LVEF depends on the cumulative 
dose and the age of the patients. Caution should be applied in 
patients with preexisting cardiomyopathy or in patients who 
have been treated with anthracyclines previously. 

 Extravasation of anthracyclines may lead to extended skin 
necrosis, which may require surgery. In case of extravasation, 
intermittent cold packs should be applied and surgical advice 
should be taken. 

 Secondary neoplasias have been attributed to anthracyclines. 
 Side effects of idarubicin are as follows:

  Hematologic 

  Severe myelosuppression   • 

  Gastrointestinal 

  Frequent: grade I–III nausea, vomiting, mucositis abdomi-• 
nal pain, and diarrhea; grade IV complications are seen in 
less than 5 % of patients.  
  Rare severe enterocolitis with perforation.   • 

  Dermatologic 

  Frequent: alopecia.  • 
  Occasional: rash, urticaria, and bullous erythrodermous • 
rash of palms and soles. Dermatologic reactions are seen 
more frequently in patients receiving concurrent antibiotic 
therapy or with a history of radiotherapy.   
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  Cardiac 

  Congestive heart failure, serious arrhythmias, including • 
atrial  fi brillation, myocardial infarction   

  Neurologic 

  Very rare (<5 %): peripheral neuropathy, seizures, cerebellar • 
palsy   

  Pulmonary 

  Pneumonitis in less than 5 % of patients     • 

   Daunorubicin 

 Daunorubicin  [  1,   2,   11,   12  ]  is an intravenous anthracycline 
that is used in combination with other drugs for the treatment 
of acute myeloid leukemia. 

 Side effects of daunorubicin are roughly the same as for 
idarubicin. Oral mucositis, bone marrow depression, and 
decrease in left ventricular function, however, seem less 
severe than with idarubicin in patients older than 60 years 
of age. 

 The maximal cumulative dose of daunorubicin is 550 mg/
m 2 . Some authors propose the dose of 400 mg/m 2  in patients 
who have undergone radiotherapy encompassing the heart.  

   Amsacrine 

 Amsacrine  [  1,   2,   14  ]  has been approved for the salvage treatment 
of AML resistant to anthracyclines. In some European countries, 
amsacrine is used in the consolidation of AML. 

 Toxicity of amsacrine is essentially hematologic, resulting 
in constant pancytopenia requiring supportive treatment 
with red blood cell transfusion and platelet transfusion as 
well as granulocyte colony-stimulating factor. Amsacrine 
should not be used if the patient has previous profound 
chemo-induced pancytopenia. 
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 Gastrointestinal toxicity is frequent and ranges from simple 
diarrhea to grade IV neutropenic colitis. 

 Cardiologic side effects consist mostly of arrhythmias, 
which can be triggered by coexisting hypokalemia. Close 
monitoring of the electrocardiogram and of serum kalium 
levels is recommended if using amsacrine. 

 The side effects of amsacrine are as follows:

  Hematologic 

  Very frequent: pancytopenia  • 
  Frequent: febrile neutropenia  • 
  Rare: major hemorrhage   • 

  Gastrointestinal 

  Frequent: grade I–II nausea or vomiting, grade I–IV mucositis   • 

  Renal 

  Rare: renal dysfunction, anuria, acute renal failure   • 

  Hepatic 

  Elevation of serum liver tests, hyperbilirubinemia requiring • 
dose adaptation   

  Neurologic 

  Grand mal seizures in heavily pretreated patients with • 
preexisting neurologic conditions   

  Cardiac 

  Frequent: congestive heart failure, cardiac arrest, ventricular • 
tachycardia   

  Cutaneous 

  Reactions at injection site ranging from simple rash to • 
necrosis    

 Amsacrine has proven teratogenic in mice. Effective  methods 
of contraception are recommended in both men and women.  
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   Clofarabine (Intravenous) 

 Clofarabine  [  1,   2,   15–  17  ] , a purine nucleoside analogue, has 
been approved in the treatment of pediatric ALL. Some studies 
indicate a bene fi t in progression-free survival in combination 
treatment with other drugs in relapsed AML. 

 Toxicity is mainly hematologic, with febrile neutropenia 
occurring in about a half of the patients. 

 Gastrointestinal toxicity is frequent and may lead to 
severe abdominal pain in 35 % of the patients. 

 Palmoplantar erythrodysesthesia is a common occurrence 
and requires topical steroids or topical NSAIDS. Systemic corti-
costeroids have been discussed as prophylactic treatment. 

 The side effects of clofarabine are as follows:

  Hematologic 

  Frequent: bone marrow depression   • 

  Cardiologic 

  Tachycardia in about a third of the patients  • 
  Pericardial effusion in 35 % of patients   • 

  Gastrointestinal 

  Frequent: nausea, diarrhea, and vomiting in more than half • 
of the patients. Abdominal pain occurs in 35 % of patients.  
  Occasional: sore throat, constipation.   • 

  General Disorders 

  Fatigue pyrexia and rigors in more than one-third of the • 
patients.  
  Mucositis in 17 % of patients.  • 
  Anorexia occurs in 30 % of patients.   • 

  Hepatobiliary 

  Occasional: jaundice, hepatomegaly   • 
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  Infectious 

  Bacteremia, cellulitis, candidiasis, bacterial, and fungal • 
pneumonia   

  Neurologic 

  Headaches in 44 % of patients  • 
  Rare: somnolence, tremor, depression, anxiety   • 

  Respiratory 

  Frequent: epistaxis  • 
  Rare: respiratory distress, pleural effusion, cough   • 

  Cutaneous 

  Frequent: dermatitis, petechiae  • 
  Palmar planter erythrodysesthesia syndrome     • 

   Mylotarg (Intravenous) 

 Mylotarg  [  1,   2,   18,   19  ]  is a monoclonal anti-CD33 antibody 
(gemtuzumab) linked to ozogamycin. It has been used as 
single-agent treatment of elderly patients with CD33-positive 
AML. Gemtuzumab ozogamycin has been withdrawn from 
the market owing to an unfavorable risk-bene fi t ratio. 

 Acute infusion-related adverse reactions occur frequently 
and have led in some cases to grade IV adverse events. 
Frequent (>30 % of patients) side effects are fever, nausea, 
chills, vomiting, and headache. About 20–30 % of patients 
experience dyspnea, hypotension, or hypertension, in some 
cases with hemodynamic instability. Less frequent acute side 
effects upon injection may be hyperglycemia and hypoxia. 
Although no antibodies to gemtuzumab have been detected 
to date, some severe allergic reaction has been described. Two 
patients have developed antibodies against ozogamycin. 

 Hematologic toxicity results in profound neutropenia with a 
mean time to recovery of 40–43 days. Anemia and thrombopenia 
are longer lasting. Median time to recovery is 50–56 days. 
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 Hepatotoxicity is an issue in about one-third of patients 
undergoing treatment with gemtuzumab and ozogamycin 
and results in grade III–IV elevation of liver enzymes or 
hyperbilirubinemia. Veno-occlusive disease is a well-known 
but rare side effect of treatment with gemtuzumab and ozo-
gamycin, occurring in about 1 % of patients. Most cases, how-
ever, have been described in the context of allogeneic stem 
cell transplantation. 

 The delayed side effects are as follows:

  Hematologic 

     Very frequent: grade III–IV neutropenia with  • 
  Anemia and thrombopenia  • 
  More than 13 % of patients experienced grade III–IV bleedings   • 

  Infectious 

  Frequent: septic shock, pneumonia  • 
  Rare: stomatitis, herpes simplex   • 

  Hepatotoxicity 

  Grade III–IV increase of liver enzymes or hyperbilirubinemia  • 
  Rare: ascites  • 
  Veno-occlusive disease   • 

  Gastrointestinal 

  Frequent: constipation, anorexia, dyspepsia, nausea • 
stomatitis   

  Metabolic 

  Frequent: hypokalemia  • 
  Occasional: hyperglycemia, hypocalcemia  • 
  Rare: hypomagnesemia, hypophosphatemia   • 

  Respiratory 

  Frequent (>20 %): cough, dyspnea, epistaxis  • 
  Occasional (20–30 %): pneumonia, pharyngitis   • 
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  Cutaneous 

  Rare: pruritus, rash      • 

   Chronic Myeloproliferative Diseases 

 The drugs used here are the most common ones for poly-
cythemia vera, essential thrombocythemia, and chronic myeloid 
leukemia. For the latter disease, a compilation of the side 
effects is given in a tabulated form. 

   Hydrea 

 Hydroxyurea  [  1,   2,   20–  22  ]  is an oral inhibitor of nucleoside 
reductase and is widely used in melanoma, resistant chronic 
myeloid leukemia, recurrent carcinoma of the ovary, and 
myeloproliferative diseases (essential thrombocythemia, poly-
cythemia vera). 

 Bone marrow toxicity is the major side effect of hydroxyu-
rea. Treatment should not be initiated in patients displaying 
marked bone marrow depression. Recovery from leukopenia 
and thrombopenia is rapid after interruption of treatment. 

 Cutaneous toxicities are rare but may lead to skin ulcers. 
The development of ulcers requires interruption of hydroxyurea 
treatment. 

 In patients treated with hydroxyurea for myeloproliferative syn-
dromes, the rate of secondary leukemias seems slightly increased. 

 Side effects of hydroxyurea treatment are the following:

  Hematologic 

  Frequent: neutropenia, thrombopenia, megaloblastic anemia   • 

  Cutaneous 

  Exacerbation of postirradiation erythema in previously • 
irradiated patients.  
  Rare: vasculitic toxicities, ulceration, and gangrene are • 
seen in patients with myeloproliferative disease with a history 
of interferon.  
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  Rare: dermatomyositis-like skin changes, maculopapular rash.  • 
  Very rare: alopecia.   • 

  Renal 

  Dysuria.  • 
  Impairment of renal tubular function with hyperuricemia • 
and increase of creatinine levels. Renal insuf fi ciency 
should require dose reduction.   

  Gastrointestinal 

  Pancreatitis has been described in patients treated with • 
didanosine or stavudine.  
  Occasional: stomatitis, nausea, vomiting, diarrhea, constipation.   • 

  Neurologic 

  Rare: dizziness, headache, hallucinations, convulsions   • 

  Pulmonary 

  Very rare: pulmonary  fi brosis   • 

  Carcinogenesis 

  Secondary leukemias have been described in patients • 
receiving long-term treatment.   

  Laboratory 

  Spurious gamma-GT elevations are observed, probably • 
without any clinical consequences.    
 Multiple fetal malformations have been described in animal 

models. Men and women considering childbirth should be 
reassessed for the utility of their treatment, and treatment 
should be interrupted whenever possible.  

   Anagrelide 

 Anagrelide  [  1,   2,   22–  24  ]  is used in essential thrombocythemia 
to reduce platelet levels. 
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 Main side effects of anagrelide are cardiologic and consist 
of supraventricular tachycardia. Anagrelide should be used 
with caution in patients with preexisting heart disease and 
prescribed only if the potential bene fi t outweighs the risks. 

 Interstitial lung disease (allergic alveolitis, eosinophilic pneu-
monia, and interstitial pneumonitis), though a very rare occurrence, 
has been associated with anagrelide. Time of onset is between 1 
week and several years after initiation of therapy. 

 Side effects of anagrelide are the following:  

   Hematologic 

    Very rare (1–5 %): anemia, leukopenia, and thrombopenia • 
<100,000/uL. Thrombopenia recovers after treatment 
discontinuation.   

  General 

  Frequent (20–30 %): asthenia  • 
  Occasional (10–20 %): dizziness, pain, fever  • 
  Rare (5–10 %): malaise  • 
  Very rare (<5 %):  fl u-like symptoms, chills, photosensitivity, • 
thromboses   

  Cardiac 

  Frequent (20–30 %): palpitations, edema  • 
  Rare (5–10 %): tachycardia  • 
  Very rare (<5 %): arrhythmia, hypertension, orthostatic hypoten-• 
sion, angina pectoris, heart failure   

  Pulmonary 

  Interstitial lung diseases   • 

  Locomotor 

  Very rare: arthralgia, myalgia, cramps   • 
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  Cutaneous 

  Rare (5–10 %): pruritus  • 
  Very rare (<5 %): alopecia   • 

  Gastrointestinal 

  Occasional (10–20 %): nausea, abdominal pain,  fl atulence  • 
  Rare (5–10 %): vomiting  • 
  Very rare (<5 %): GI hemorrhage, melena, aphthous • 
stomatitis, constipation   

  Special Senses 

  Very rare (<5 %): amblyopia, abnormal vision, tinnitus, • 
diplopia, visual  fi eld abnormality    

 Some cases of pregnancies occurring while on anagrelide 
treatment have been described with no fetal harm. It is, how-
ever, recommended that treatment be stopped during preg-
nancy or if there is a desire to conceive.  

   Imatinib, Nilotinib, and Dasatinib  [  1,   2,   25,   26  ]  

 Tyrosine kinase inhibitors are indicated in the treatment of 
CML. Imatinib and dasatinib have shown ef fi cacy in GIST. 
Hypereosinophilic syndromes displaying FIP-1L1PDGFR-
alpha translocation are also responsive to imatinib. 

 The spectrum of side effects is comparable between the 
three molecules. However, the frequency of the respective 
side effects varies from one molecule to another and may 
in fl uence treatment decision. Table  11.1  compares the major 
side effects of imatinib, dasatinib, and nilotinib.  

 In 2011, a warning was issued by the FDA concerning the risk 
of pulmonary hypertension in patients receiving dasatinib. Caution 
is recommended in patients with previous pulmonary hyperten-
sion. Close monitoring by cardiac ultrasound is recommended.       
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  Abstract   Lymphomas are subdivided in Hodgkin’s disease 
(HD) and non-Hodgkin’s lymphomas (NHL). Essentially the 
medications used are of two types: monoclonal antibodies 
and chemotherapy. The side effects of treatment are grouped 
accordingly. The most commonly used treatment protocol in 
NHL is a combination of a monoclonal antibody with poly-
chemotherapy. Hence, this chapter is subdivided according to 
these two treatment modalities.  

  Keywords   Hodgkin’s disease  •  Non-Hodgkin’s lymphomas  
 Chemotherapy  •  Monoclonal antibodies      

   Introduction 

 Lymphoma has multiple subtypes. It is variable in its histopa-
thology, symptomatology, area of involvement, and prognosis 
and treatment. Lymphoma represents about 5 % of cancers 
and more than 55 % of hematologic cancers. 
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 Lymphomas are divided into two groups: the Hodgkin’s 
and the non-Hodgkin’s lymphomas. However, sometimes, it is 
not possible to classify lymphoma in one of those groups; 
these cases are labeled B-cell lymphoma unclassi fi able. 

 The classical chemotherapy schedule for a non-Hodgkin’s 
lymphoma is the CHOP (cyclophosphamide,    hydroxorubicin, 
Oncovin, and prednisone) regimen and its derivatives (CVP, 
CHOEP, COMP, etc.), but purine nucleoside-based combina-
tions are also possible. 

 More intensive schedules include ifosfamide, platins, 
 cytarabine, and melphalan. 

 Treatment of lymphoma is based on a combination of 
 chemotherapy, radiotherapy, and monoclonal antibodies or a 
monotherapy with either one of them. 

 In case of relapse or even for high-grade lymphomas in 
 fi rst remission, an intensi fi cation of the treatment can be 
done by means of high-dose chemotherapy followed by the 
infusion of stem cells. Mostly these are autologous stem 
cells, but allografting is a therapeutic option for a relapsing 
lymphoma. 

 On the other hand, there is also the treatment of second-
ary manifestations like pain, hypercalcemia, hyperuricemia, 
spontaneous tumor lysis, spinal cord compression, seizures, 
renal insuf fi ciency, anemia, thrombopenia, and so forth. These 
aspects are covered in other chapters of this book. 

 Lymphomatous meningitis is treated by high-dose intravenous 
chemotherapy (cytarabine or methotrexate) and intrathecal 
chemotherapy (methotrexate, cytarabine, hydrocortisone). 
More novel treatments include, for example, intrathecal 
rituximab.  

   Monoclonal Antibodies  [  1–  5  ]  

   Rituximab 

 Rituximab is one of the most commonly used intravenous 
drugs in the treatment of CD20-positive lymphomas. 
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 The possibility of severe or even fatal infusion reaction 
necessitates the use of adequate premedication (antipyretics, 
antihistamine, and glucocorticoid). Resuscitation equipment 
should be available, and close monitoring is indispensable, 
especially in patients with a preexisting cardiac condition. 

 The initial infusion rate (250 mg/h) has to be increased 
every 30 min to a maximum of 400 mg/h. If a severe reaction 
happens, stop immediately. In case of a less severe reaction, 
the diffusion rate is to be decreased. 

 Tumor lysis syndrome occurs frequently when there is a 
large tumor burden and necessitates adequate hydration, 
rasburicase, or allopurinol. 

 Because of suppression of the B-lymphocytes with increased 
sensitivity to infections, prophylaxis against pneumocystis and 
herpes may be necessary. 

 The most frequent side effects are fever, hypertension, peripheral 
edema, pain, rash, pruritus, nausea, diarrhea, cytopenia, arthralgia, 
cough, and weakness. 

 Less frequent adverse events include hypotension, anxiety, 
dizziness, hyperglycemia, progressive multifocal leukoencephal-
opathy (JC virus), bowel obstruction and perforation, ventricular 
tachycardia, viral reactivation, and mucocutaneous reactions. 

 Drug interactions with anticoagulants or antiplatelet 
agents, immunosuppressants, vaccines, and so forth need to 
be considered. 

 In order to prevent pregnancy, effective contraceptive 
methods, as discussed in another chapter in this book, are 
recommended during and for a minimum of 12 months fol-
lowing therapy.  

   Ibritumomab (Zevalin) 

 Ibritumomab is an intravenous radioimmunotherapy for 
CD20-positive lymphomas in relapsed or refractory setting 
or as a part of intensi fi cation. 

 The necessary premedication is similar to that for  rituximab, 
and serious fatal infusion reactions may occur (see section 
“ Rituximab ”). 
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 No administration should be considered if the platelets are 
below 100,000 cells/mm 3  or in case of 25 % bone marrow 
involvement because of the risk of prolonged cytopenia. 

 The most frequent side effects are fatigue, chills, fever, pain, 
headache, nausea and vomiting, diarrhea, abdominal pain, 
nasopharyngitis, cough or dyspnea, infection, and hematologic 
toxicity. 

 Less frequent adverse reactions occur as peripheral edema, 
  hypertension or hypotension,  fl ushing, pruritus, rash, myalgia or arth-
ralgia, melena, myelodysplastic syndromes, bronchospasm, and apnea. 

 There is a risk of formation of human antimouse antibodies 
(HAMA). 

 Severe mucocutaneous reactions or extravasation and 
radiation necrosis are possible. 

 Delayed radiation injury in the region of lymphoma can occur. 
 One should pay attention to drug interactions with anticoagu-

lants or antiplatelet agents, immunosuppressants, and vaccines. 
 The B-cell recovery starts only at 3 months and reaches normal 

range in 9 months.  

   Alemtuzumab 

 Alemtuzumab is an intravenous or subcutaneous drug with 
the following action: antibody-dependent lysis by binding the 
CD52 of B-cell chronic lymphocytic leukemia (CLL), T-cell 
lymphoma, and T-cell prolymphocytic leukemia. 

 In the beginning, dose escalation is required. Because of a possible 
infusion reaction, it is necessary to initiate effective antiallergic 
and antipyretic treatment before administration. There is a high 
infection rate if no prophylactic treatment is administered. 

 In case of subcutaneous injection, a local site reaction can be 
observed. 

 The most frequent side effects are hypotension, peripheral 
edema, hypertension, dysrhythmias, fever, fatigue, headache, 
dizziness, rash, urticaria and dizziness, nausea and vomiting, 
anorexia, rigors, myalgias, and skeletal pain. 
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 Less frequent side effect reactions include chest pain, pur-
pura, dyspepsia, positive Coombs’ test without hemolysis, 
autoimmune thrombocytopenia, and hemolytic anemia. 

 A serious and fatal cytopenia can occur, and transfusion 
with irradiated blood product is recommended because of 
the potential for graft-versus-host disease (GVHD) during 
lymphopenia.  

   Ofatumumab 

 Ofatumumab is a new intravenous drug for relapses of CD20-
positive lymphomas and leukemias after treatment with rituximab. 

 The possible adverse effects are  fl u-like signs, fatigue, nausea, 
diarrhea, infections, cough, temperature, mouth sores, anal itching, 
and dif fi culty speaking.  

   Tositumomab 

 Tositumomab is an intravenous radioimmunotherapeutic 
drug acting on depletion of CD20-positive cells by apoptosis, 
complement-dependent cytotoxicity, and antibody-dependent 
cellular cytotoxicity. 

 As for rituximab administration, premedication is neces-
sary to avoid infusion-related toxicity. 

 The administration of thyroid-protective agents is recom-
mended 24 h before administration of the dosimetric dose. 

 The most frequent adverse events are fever, pain, chills, 
headache, rash, hypothyroidism, nausea, anorexia, myelosup-
pression, myalgia, cough, dyspnea, and infections. 

 Less frequent side reactions can occur as hypotension, 
peripheral edema, dizziness, pruritus, arthralgia, rhinitis, and 
secondary malignancies. 

 Tositumomab should not be used in patients with impaired 
bone marrow reserve or marrow involvement over 25 %.  
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   Temsirolimus 

 Temsirolimus is a new intravenous drug in the treatment of 
mantle cell lymphoma. 

 Premedication with an H1 antagonist is indispensable. In case 
of a hypersensitivity reaction, the infusion rate should be slowed. 

 Drug interactions and concomitant administration of 
CYP3A4 inhibitors or inducers as well as anticoagulants and 
sunitinib should be avoided. The patient should also avoid 
drinking grapefruit juice. 

 This drug is contraindicated in moderate to severe hepatic 
dysfunction. 

 The dose must be adapted for hematologic toxicity. The 
dose may need to be adapted to the complete blood count. 

 The most frequent adverse reactions are edema, chest 
pain, fever, headache, insomnia, rash, hyperglycemia, hyperc-
holesterolemia, hypophosphatemia, hypokalemia, mucositis, 
nausea and anorexia, diarrhea, dyspnea, and infections. 

 Less frequent side effects are hypertension, venous throm-
boembolism, depression, acne, bowel perforation, hyperbili-
rubinemia, myalgia, interstitial lung disease, and seizure. 

 To prevent pregnancy, effective contraceptive methods for 
men and women during and for a minimum of 3 months follow-
ing therapy are recommended for all the aforementioned drugs.   

   Chemotherapy  [  2,   6  ]  

   Fludarabine 

 Fludarabine  [  7–  9  ]  is a widely used oral and intravenous treat-
ment in cases of CLL, acute leukemia, follicular lymphoma, 
Waldenström’s macroglobulinemia, and stem cell transplant. 

 An adjustment to renal creatinine clearance must be made. 
 A major problem can be hematotoxicity, with even very 

long cytopenias (2 months to 1 year), and common autoim-
mune effects such as hemolysis, ITP, Evans syndrome, and 
acquired hemophilia. These side effects may recur if the 
patient is given the drug again. 
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 Because of the frequent opportunistic infections, prophy-
lactic anti-infectives should be considered. 

 The most frequent adverse reactions are edema, fever, 
fatigue, rash, nausea, diarrhea, neuromuscular weakness, visual 
disturbance, paresthesia, cough, and pneumonia. Less frequent 
side effects include headache, neurotoxicity (coma, confusion, 
seizure, PML), arrhythmia, thromboembolic event, alopecia, 
hyperglycemia, stomatitis, dysuria, hearing loss, hematuria, 
allergic pneumonitis,  fl u-like syndrome, and cortical blindness. 

 Fludarabine should not be used in combination with pentosta-
tin because of the risk of severe or fatal pulmonary toxicity. 

 If transfusion is necessary, only irradiated blood products 
should be used because of the possibility of transfusion-
related GVHD. 

 The combination with alcohol can induce gastrointestinal 
irritation. 

 Drug interactions with trastuzumab, clozapine, immuno-
suppressants, and vaccines can occur. 

 In order to prevent pregnancy, effective contraceptive 
methods are recommended for men and women during and 
for a minimum of 6 months following therapy.  

   Chlorambucil 

 Chlorambucil is an old oral chemotherapeutic given to treat 
CLL, non-Hodgkin’s lymphoma, Hodgkin’s lymphoma, and 
Waldenström’s macroglobulinemia. 

 Frequent adverse events are drug fever, skin reaction (dis-
continue promptly), edema, syndrome of inappropriate antid-
iuretic hormone (SIADH) secretion, hematologic toxicity, 
hepatotoxicity, neuropathy, interstitial pneumonia, secondary 
malignancies, and seizures (especially if there is a history of 
seizure, nephrotic syndrome, or head trauma). 

 A dosage reduction is needed in case of hepatic impairment. 
 The absorption is reduced with food. 
 Drug interactions with trastuzumab, clozapine, immuno-

suppressants, and vaccines can occur. 



454 S. Cherrier-De Wilde

 It can affect human fertility and probably has mutagenic and 
teratogenic effects, which are covered elsewhere in this book.  

   Bleomycin 

 Bleomycin is a drug administered intravenously, intramuscu-
larly, subcutaneously, and intrapleurally for a wide range of 
indications, such as Hodgkin’s lymphoma, testicular cancer, 
ovarian germ cell cancer, malignant pleural effusion, and 
squamous cell carcinoma. 

 The best known toxicity is pulmonary, and this risk 
increases with cumulative lifetime dose (>400 mg). It is diag-
nosed as an interstitial pneumonitis and pulmonary  fi brosis, 
and the response to corticoids is variable. It is more frequent 
in the elderly, smokers, and patients with prior radiation 
therapy or who are undergoing oxygen therapy. Filgrastim 
may enhance the adverse effects and pulmonary toxicity. 

 There is a risk for an anaphylactoid reaction. It is contro-
versial whether an initial test dose should be given because of 
false-negative results. The onset may be immediate or delayed 
for several hours. 

 The dose must be adjusted in cases of renal impairment. 
 The most frequent adverse reactions are phlebitis, pain at 

tumor site, hyperpigmentation, alopecia, mucositis, anorexia, 
and acute febrile reactions. 

 Rare side effects include angioedema, chest pain, cerebro-
vascular accident (CVA), hepatotoxicity, Raynaud’s phenom-
enon, and thrombotic microangiopathy. 

 Women should avoid becoming pregnant during treatment.  

   Carmustine (BCNU) 

 Carmustine is an intravenous medication for Hodgkin’s lym-
phoma, multiple myeloma, brain tumors, non-Hodgkin’s 
lymphoma, glioblastoma, stem cell transplant, and mycosis 
fungoides. 
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 This product is an irritant at the injection site and should be 
prepared in glass or polyole fi n containers. The infusion must go 
slowly for 2 h to avoid  fl ushing, hypotension, and agitation. 

 The most frequent adverse events are arrhythmia, ataxia, 
headache, hyperpigmentation, vomiting, nausea, hematologic tox-
icity, hepatic toxicity, conjunctival suffusion, renal failure, intersti-
tial pneumonitis, and pulmonary  fi brosis (with delayed onset). 

 Melphalan favors the adverse effects and sensitizes patients 
to carmustine lung toxicity. 

 Attention needs to be paid to drug interactions with tras-
tuzumab, clozapine, immunosuppressants, and vaccines. 

 Women should avoid becoming pregnant while on treatment.  

   Dacarbazine 

 Dacarbazine is an intravenous chemotherapeutic drug for 
Hodgkin’s lymphoma, metastatic melanoma, and sarcoma. 

 In case of extravasation, immediately apply cold packs and 
protect the site of extravasation from daylight. 

 The most frequent adverse reactions are alopecia, nausea and 
vomiting, anorexia, myelosuppression,  fl u-like syndrome, hepatic 
necrosis, anaphylactic reactions, and renal and liver impairment. 

 One should pay attention to drug interactions with trastu-
zumab, clozapine, immunosuppressants, and vaccines; patients 
should avoid ethanol and St. John’s wort. 

 Because of its known carcinogenic and teratogenic effects, 
dacarbazine should be used in pregnancy only if the bene fi t 
outweighs the potential risk to the fetus.  

   Bendamustine 

 Bendamustine  [  4,   5,   10,   11  ]  is an old but newly available intra-
venous drug for CLL, non-Hodgkin’s lymphoma, mantle cell 
lymphoma, and multiple myeloma. 

 Its use is not recommended if moderate or severe hepatic 
insuf fi ciency is present or if clearance is under 40 mL/min. 
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Hypersensitivity reactions during infusion are possible (chills, 
pruritus, rash, fever, anaphylactic reactions). 

 The most frequent adverse events are peripheral edema, 
fatigue, fever, headache, chills, rash, nausea and vomiting, 
diarrhea, stomatitis, abdominal pain, myelosuppression, 
weakness, cough, and dyspnea. 

 Rare side effects can be tachycardia, anxiety, pain, chest 
pain, hypotension, xerostomia, increase in transaminases, 
infusion site pain, infection, and toxic skin reactions. 

 One should pay attention to drug interactions with clozapine 
and inducers or inhibitors of CYP1A2. 

 In case of possible pregnancy, effective contraceptive 
methods during and for a minimum of 3 months following 
therapy are recommended.       
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  Abstract   The treatment and prognosis of multiple myeloma 
have completely changed over the past decade with the advent 
of the new nonchemotherapeutic agents thalidomide, lenalido-
mide, and bortezomib. Their side effects are completely different 
from those seen with standard treatment. Some are common, 
like peripheral neuropathy for thalidomide and bortezomib, 
blood count changes for lenalidomide and bortezomib, or venous 
thromboembolic events for thalidomide and lenalidomide. These 
different toxicity pro fi les allow combinations and sequences of 
administration, thus avoiding cumulative toxicities.  

  Keywords   Myeloma  •  Plasma cell dyscrasias  •  Side effects   
 Thalidomide  •  Lenalidomide  •  Bortezomib      

   Introduction 

 With the availability over the past decade of three new 
drugs—thalidomide, lenalidomide, and bortezomib—multiple 
myeloma is one of the few instances in neoplastic diseases 

    Chapter 13   
 Multiple Myeloma       
      Mario   A.   Dicato           

    M.  A.   Dicato ,  M.D.   
     Department of Hematology-Oncology ,  Centre Hospitalier 
de Luxembourg ,   Luxembourg ,  Luxembourg   
 e-mail:  dicato.mario@chl.lu ,  mdicato@gmail.com   



460 M.A. Dicato

where a poor prognostic malignancy has been changed into a 
more chronic disease with a substantial improvement in qual-
ity of life and survival. 

 Before the availability of these agents, the side effects of 
chemotherapy were, and still are, those of bone marrow 
depression, which occurs with standard- and high-dose che-
motherapy, with and without autologous stem cell transplan-
tation. Chemotherapy’s side effects of anemia, neutropenia, 
and thrombocytopenia, as well as mucositis, hair loss, and so 
forth, are similar to those that occur in other oncological situ-
ations, namely, hypo-oxygenation, infections, and bleeding, 
and they are described elsewhere in this book. 

 These new nonstandard chemotherapeutic drugs have a 
different toxicity pro fi le that will be covered in this chapter. 
Various nonspeci fi c side effects, such as constipation and 
fatigue, are treated symptomatically.  

   Thalidomide 

 Thalidomide, which was used some 40–50 years ago to treat 
emesis in pregnancy and as a light sedative, was taken off the 
market because of its major teratogenic effect of phokomelia 
due to its antiangiogenic properties. By the end of the 1990s, 
thalidomide became available for multiple myeloma. Very 
rapidly, this drug was used fairly frequently at various dos-
ages as a primary treatment, as maintenance, and in combina-
tion with other treatments, such as chemotherapy, and also 
with lenalidomide, corticosteroids, and bortezomib. Several 
side effects are characteristic, but we will discuss peripheral 
neuropathy, which is a major side effect of this drug. The sec-
ond major side effect is the risk of venous thromboembolic 
events. This complication is the same as for lenalidomide, as 
discussed below. 

  Peripheral neuropathy  (PN) is one of the major side effects 
of this drug. The neuropathy is mostly sensorial with dysesthe-
sias and less frequently of the motor type. Often patients with 
myeloma already have some neuropathic symptoms owing to 
the disease itself, other medical problems like diabetes or alcohol 
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consumption, or to previous peripheral nerve-damaging treat-
ments like vincristine, which was part of the standard VAD 
therapy (vincristine, Adriamycin, and dexamethasone). The 
precise mechanism of thalidomide-induced PN is not estab-
lished. A dose-dependent neuropathy occurs frequently, and 
often this side effect becomes irreversible and may have a 
major negative impact on quality of life. EMG testing is not 
really useful, and early clinical diagnosis is of prime impor-
tance. One should ask the patient about early signs like dyses-
thesia, pain, and so forth in order to modify the dose, lengthen 
the interval of administration, or to stop the medication. Side 
effects may be alleviated by standard pain medication or 
gabapentin, pregabalin, and so on  [  1  ] . Vitamin B preparations 
have not been a major contribution to therapy.  

   Lenalidomide 

 Lenalidomide is of the same group as thalidomide, but it has 
a different toxicity pro fi le. The bone marrow toxicity of thali-
domide is very minor or nonexistent, but lenalidomide may 
present major hematologic toxicity. 

  Neutropenia  is common with lenalidomide when given as 
single agent, as, for instance, in maintenance therapy. However, 
the incidence of neutropenia is notably increased when 
lenalidomide is used in combination with chemotherapeutic 
agents  [  1  ] . Febrile neutropenia, on the other hand, is notably 
less frequent. Neutropenia may be such that treatment will 
have to be adapted, the more so when used in association 
with chemotherapeutic agents. 

  Secondary cancers  like myelodysplastic syndromes (MDS) 
and acute myeloid leukemia (AML) have been reported in 
about 6 % of patients, with an expected 2 % in the placebo 
group  [  2,   3  ] . The interpretation of this observation is dif fi cult, 
however. Of note, the same malignancies, MDS and AML, 
are also increased in untreated monoclonal gammopathies of 
unknown signi fi cance  [  2,   3  ] . For thalidomide, no increased 
risk has been reported  [  4  ] . 
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  Venous thromboembolic events  (VTE) are reported with 
both thalidomide and lenalidomide. The incidence is mark-
edly increased if patients are treated in combination with a 
corticosteroid, mostly dexamethasone, erythropoietin, and/or 
a chemotherapeutic agent. In these situations, the standard 
prophylaxis set forth in all guidelines for VTE in cancer 
patients is recommended  [  5  ] . In addition to these recommen-
dations, it is notable that prophylaxis with aspirin is useful 
and can be an option  [  6  ] . Skin rashes are seen occasionally 
with lenalidomide. Symptomatic treatment is advisable. Often 
dexamethasone can be added as antimyeloma therapy, and 
skin rashes may be controlled. 

 Lenalidomide does not have peripheral neuropathy as a 
side effect and can be an alternative to thalidomide or bort-
ezomib  [  7  ] . Renal failure can be induced or worsened by 
lenalidomide. A rare renal complication is  acute interstitial 
nephritis . A renal biopsy is necessary to diagnose this compli-
cation because in myeloma, renal failure can present due to 
other causes. Often myeloma patients are on bisphospho-
nates, including zoledronic acid; these nephrotoxic agents are 
covered in another chapter in this book. With these agents, 
accompanying lesions are tubular necrosis and not interstitial 
nephritis. In lenalidomide-induced interstitial nephritis, some 
authors presume the cause is immune mediated  [  8  ] .  

   Bortezomib 

 This proteasome inhibitor,  fi rst in class, has also been a major 
advance in treatment of myeloma. Side effects include also 
peripheral neuropathy. Usually PN is less severe than the one 
seen with thalidomide, and if the medication is stopped when 
not far advanced, this side effect is mostly reversible. 

 As with thalidomide, questioning the patient and paying 
attention to early clinical signs of dysesthesia can be helpful. 

 One major side effect is  thrombocytopenia . This is not due 
to bone marrow toxicity, as seen with chemotherapeutic 
agents, but is a transient effect on platelet release by mega-
karyocytes. It is advisable to stop or decrease the dosage 
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when platelet levels are below 50,000 mm 3 ; however, platelet 
transfusions are rarely necessary. 

  Herpes zoster-varicella  virus reactivation can occur with 
bortezomib and increase the incidence of debilitating pos-
therpetic neuralgia, especially when bortezomib is used in 
combination with high-dose dexamethasone. Acyclovir has to 
be considered as a prophylactic measure  [  9  ] . 

  Renal insuf fi ciency  is a frequent complication of myeloma. 
The incidence is about 20–40 % at presentation and can be 
50 % or more in the course of the disease. Renal failure can be 
induced or worsened with nonsteroidal anti-in fl ammatory 
drugs or bisphosphonates. Bortezomib has been shown to rap-
idly improve kidney function and may sometimes prevent or 
even reverse dialysis  [  10  ] . If for some reason bortezomib is not 
indicated, thalidomide or lenalidomide can be an option  [  11  ] .  

   Summary 

 Overall, in myeloma, the new agents, thalidomide, lenalidomide, 
and bortezomib, though they have a different pro fi le of side 
effects, are much easier to administer, and their side effects are 
less severe, resulting in a remarkably improved quality of life 
for the patient.      
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  Abstract   Preservation of fertility is a key determinant of long-term 
quality of life of adolescents and young adults treated for 
curable forms of cancer. The risk of developing primary or 
secondary infertility after completion of their treatment is 
variable and dif fi cult to predict. Moreover, evaluation of the 
extent and reversibility of gonadotoxicity of cancer therapies 
is currently imperfect, especially in young women. 

 The most established method of preserving fertility is sperm 
banking in men and embryo cryopreservation in young women 
who have a partner. However, many alternative, though still 
experimental, options are in development that can already be 
proposed to young patients in well-de fi ned conditions. 

 Despite the progress and re fi nement of fertility preservation 
techniques and the increase in educational resources, an infor-
mation gap between patients and healthcare teams still persists. 
As the new  fi eld of oncofertility goes forward, concerted efforts 
must be made to improve communication of information to 
patients by integrating these features in pretreatment discussion 
and in de fi nition of therapeutic strategies.  
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   Introduction 

 As the curability of most cancer subtypes in children and young 
adults has improved, preservation of an optimal quality of life 
has become a major issue and requires from oncologists an 
increasing acknowledgment and prevention of long-term adverse 
effects of their treatments. Among these, the loss of reproductive 
potential of cancer survivors has major repercussions on their 
quality of life  [  1–  4  ] . It is often reported by young women treated 
for breast cancer as one of the most devastating experiences, 
even more stressful than the diagnosis of cancer itself  [  5  ] . 

 Approximately 5–6 % of cancer patients are younger than 
40 years, and a large proportion of them have not completed 
their parenthood. About 50 % of current oncologic treat-
ments may have severe repercussions on their reproductive 
potential. Fertility items and potential fertility preservation 
(FP) modalities are challenging in young patients but much 
less complex in men than in women.  

   Fertility Preservation in Men 

   Risk Factors for Infertility 

 Cancer itself can be correlated with azoospermia in condi-
tions like Hodgkin’s disease and testicular cancer. Moreover, 
several surgical procedures (like pelvic surgery for testicular 
or prostate cancer) can cause severe damage, interfering with 
ejaculation. However, the primary threat for fertility in men 
is compromised sperm production, quality and mobility, and 
DNA damage secondary to chemotherapy and/or radiother-
apy exposure (Table  14.1 ).  

 If permanent infertility can result from quantitative and 
qualitative damage to spermatogenesis stem cells, more 
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 frequently, temporary impairment of spermatogenesis occurs 
with most cytotoxic agents, up to 2 years after completion of 
therapy, with a nadir in sperm count during the  fi rst 6 months. 
As in women, the extent of damage to gametogenesis 
depends on the age of the patient and on the type, the cumu-
lative dose, and the schedule of chemotherapy. 

 Radiotherapy, even at low dose, is toxic for developing 
sperm tissue; the delivery of high-dose pelvic irradiation 
(as required for prostate and rectal cancer or testicular semi-
noma) can induce permanent damage to testicular function 
and also possibly some level of erectile dysfunction.  

   Options to Preserve Fertility in Men 

   Sperm Banking 

 The best option for FP in males is cryopreservation of semen 
before treatment. Collection of three or four samples after an 
approximately 48-h period of abstinence between sampling 
(a total of more than 5 days) is ideal. Long-term follow-up 
studies of cryopreservation (up to 28 years) suggest a very 

   Table 14.1    Risk of azoospermia according to treatment regimen   

  Major  ( prolonged or   de fi nitive azoospermia ): 

 Total body irradiation 

 Testicular irradiation at a dose  ³  2.5 Gy 

 High-dose alkylating agents ± radiotherapy for transplant 
conditioning 

 Cyclophosphamide >7.5 g/m 2  (cumulative dose) 

 Cranial brain radiation ( ³ 40 Gy) 

  Intermediate  ( prolonged azoospermia ): 

 Uncommon at standard dose (BEP regimen for 2–4 cycles) 

 Cumulative cisplatin dose < 400 mg/m 2  or carboplatin < 2 g/m 2  

  Low risk  ( temporary azoospermia ): nonalkylating chemotherapy (ABVD) 

  Unknown : irinotecan, oxaliplatin, bevacizumab, cetuximab, erlotinib, etc. 
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prolonged conservability of sperm capacity for fertilization 
 [  6  ] . The signi fi cance of notifying the patient of potential risk 
(even if minimal) of iatrogenic infertility as early as possible 
remains critical. It is strongly advisable to complete sperm 
banking before starting therapy to avoid increased genetic 
damage in sperm collected after the start of therapy. 

 Limitations to this intervention include the inability to 
masturbate and/or ejaculate as a result of age, discomfort, or 
level of illness. In these rare situations, some alternative, 
though more invasive, procedures can be offered, such as 
electroejaculation under general anesthesia or microsurgical 
epididymal sperm aspiration.  

   Alternative Options 

 Cryopreservation of spermatogonial stem cells and testicular 
tissue is an outpatient procedure that can be considered for 
prepubescent boys or when sperm banking is impossible 
for any other reason. As for ovarian cortex cryopreservation 
in females, this method is still experimental (with no live 
births reported to date) and carries a theorical risk of con-
tamination of testicular tissue by cancer cells. 

 There is currently no substantial evidence supporting the 
use of hormonal suppression by LH-RH (luteinizing hor-
mone-releasing hormone) analogues together with chemo-
therapy in men for the purpose of FP. 

 The use of gonadal shielding during radiotherapy to reduce 
the dose of radiation delivered to the testis can be offered when 
feasible (eventually in combination with sperm banking).    

   Fertility Preservation in Women 

 The issue of FP is much more complex in young women than 
in men because simple, rapid, and validated procedures like 
sperm banking are not available. Moreover, reliable methods 
to predict and evaluate the gonadal toxicity of treatments in 
females are still lacking. 
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   Risk Factors and Evaluation of Gonadal 
Repercussions of Treatment 

 If the diagnosis of cancer itself does not seem to affect female 
fertility, most anticancer treatments may induce a variety of 
reproductive disorders, including immediate, de fi nitive infer-
tility, premature menopause, and compromized ability to 
carry a pregnancy due to uterine damage. The evaluation of 
risk of gonadotoxicity is hampered by several factors. First, 
long-term follow-up studies of reproductive function in 
female survivors are lacking, precluding the distinction 
between acute and permanent ovarian failure. Moreover, the 
assessment of secondary ovarian failure relies mostly on 
clinical parameters like the rate of prolonged chemotherapy-
induced amenorrhea (CIA) rather than on objective indica-
tors of ovarian reserve such as ultrasonic parameters (antral 
follicle counts or AFCs) or serum hormonal levels  [  7  ] . Some 
recent papers report on the value of anti-Müllerian hormone 
(AMH) assessment as a reliable predictor of primary follicle 
reserve before, during, and after chemotherapy, preferable in 
that setting to any other conventional dosage (estradiol, folli-
cle-stimulating hormone [FSH], and inhibin B)  [  8  ] . 

 The risk of secondary ovarian failure depends greatly on 
the age of the treated patient, on her pretreatment fertility 
status, and on the type and dose of chemotherapy (high dose 
of alkylating agents being the more toxic). De fi nitive infertil-
ity can also result from abdominal and/or pelvic radiotherapy 
(according to doses and  fi elds of irradiation) and obviously 
from most forms of nonconservative gynecologic surgery. 

 If the effects of cytotoxic regimens depend partly on the 
baseline ovarian reserve, they become particularly pro-
nounced by the time the patients reach 40 years of age. As 
young women have a large primordial follicle pool, they are 
less likely to lose all their reserves immediately after che-
motherapy, but even those women who resume regular 
menses after treatment will eventually experience prema-
ture ovarian failure as a consequence of a signi fi cant loss of 
primary follicles. 
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 Taken together, all these variables make any accurate pre-
diction or evaluation of the incidence and reversibility of 
iatrogenic infertility dif fi cult at an individual level. Table  14.2  
reports grossly on the rate of prolonged CIA during and after 
treatment, which is the only available (but quite imperfect) 
surrogate measure of impact on female fertility. However, 
these data are even lacking for many modern treatments 
already used in the routine.   

   Table 14.2    Risk of prolonged CIA in women   
 Degree of risk  Treatment protocol 
 High (>80 % CIA)  Whole abdominal or pelvic irradiation 

( ³ 6 Gy in adults) 

 Total body irradiation 

 Cyclophosphamide  ³  5 g/m 2  in 
women > 40 

 Any high cumulative dose of 
alkylating agent 

 Cranial radiation  ³  40 Gy 

 Intermediate (30–70 % CIA)  CMF, CEF, or CAF ×6 in women aged 
30–39 (breast cancer) 

 AC in women > 40 (breast cancer) 

 BEACOPP in women < 40 (Hodgkin’s 
disease) 

 Low risk (<20 % CIA)  AC in women aged 30–39 (breast 
cancer) 

 CMF, CEF, or CAF in women < 30 

 Nonalkylating chemotherapy (ABVD) 

 Unknown  Taxanes 

 Oxaliplatin 

 Irinotecan 

 Targeted therapies (bevacizumab, 
cetuximab, trastuzumab, erlotinib, 
imatinib, etc.) 
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   Options to Preserve Fertility in Women 

 Currently, the choices for FP in female patients undergoing 
chemotherapy are limited; most are still investigational, and 
highly variable success rates are reported. The potential 
bene fi ts and drawbacks of the four main FP methods in 
young women are summarized in Table  14.3 .  

   In Vitro Fertilization 

 In vitro fertilization (IVF) and embryo banking are the most 
successful and the only validated forms of FP with excellent 
chances of future pregnancy, with a success rate per embryo 
transfer of 15–45 % . The main downside of IVF in cancer 

   Table 14.3    Techniques of FP in young women   
 Options  Bene fi ts  Concerns 
 1.  IVF and embryo 

cryopreservation 
 Well-
established 
technique 

 Requires a male 
partner 

 Clinical 
availability 

 Ovarian stimulation 

 Delay 

 2.  Oocyte 
cryopreservation 

 No male partner 
required 

 Ef fi cacy unknown 

 Ovarian stimulation 

 Delay 

 3.  Cryopreservation 
of ovarian tissue 

 No male partner 
required 

 Pregnancy rate 
unknown 

 No ovarian 
stimulation 

 Potential malignant 
tissue grafting 

 No delay  Laparoscopy 

 4.  Ovarian 
suppression by 
LH-RH analogues 

 No male partner 
required 

 Unproven ef fi cacy 

 Noninvasive 
technique 

 Safety concerns 

 No delay 



472 D. Caroline and F. Ries

patients is that a single cycle can take up to 6 weeks from the 
 fi rst day of the menstrual cycle to complete; this includes a 
sequence of hormonal injections during 10–12 days to stimu-
late egg development and oocyte retrieval after a close moni-
toring of growth. In practice, it entails a delay in onset of 
cancer treatment that sometimes exceeds 2 months (e.g., if 
more than one cycle of IVF is needed). However, this can be 
signi fi cantly shortened by early referral of potential candi-
dates to reproductive specialists. For this reason, some 
authors suggest a global implication and awareness of multi-
disciplinary teams caring for young patients (like breast 
units) and a real shift in responsibilities. In the case of young 
breast cancer patients, a rapid referral of potential young 
candidates for FP techniques from surgeons and even from 
radiologists (instead of medical oncologists) to specialists in 
reproductive medicine could shorten this delay by 2–6 weeks. 
Another emerging approach that attempts to reduce the 
delays required by IVF is an emergency ovarian stimulation 
at a random cycle date without waiting for the spontaneous 
cycle to start  [  9  ] . 

 A second barrier to adopt IVF as a routine procedure of 
FP in breast cancer patients is the concern about estradiol 
peak (sometimes 30 times above baselines values) secondary 
to ovarian stimulation. Several alternative regimens of ovar-
ian stimulation can be proposed in that setting. Patients can 
undergo ovulation induction with the aromatase inhibitor 
letrozole, either as a sole agent or as an adjunct to standard 
stimulation protocols, to avoid an extreme rise in estradiol 
levels  [  10  ] . Up to now, preliminary data suggest comparable 
outcomes (recurrence of breast cancer and survival rate) in 
young women stimulated with this IVF regimen and a control 
group of unstimulated patients  [  11  ] .  

   Oocyte Banking 

 For many years, the fragility of mature oocytes compared to 
fertilized embryos has hampered the relative success of this 
procedure, mainly due to viability concerns after thawing. 
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This method is still experimental, but rapid advances are 
 currently being made in freezing-thawing protocols (like 
vitri fi cation methods) that should make it a more viable 
 alternative in the future. 

 Oocyte banking can be an option for single women who 
are not interested in using donor sperm, but, similarly to IVF, 
it requires an ovarian hyperstimulation followed by oocyte 
retrieval and entails a delay in treatment ranging from 2 to 6 
weeks.  

   Cryopreservation of Ovarian Tissue 

 Surgical excision of ovarian cortex tissue and freezing of 
 dissected slices have emerged as an innovative, promising, 
though still experimental, option for female FP. The theoretical 
advantages include the rapidity of this laparoscopic  procedure, 
which can provide a large number of follicles and oocytes at 
any time during the menstrual cycle and without any previous 
ovarian stimulation in young women but also in prepubertal 
young girls (the only option in this population). The ovarian 
tissue can be used for orthotopic transplantation, with a pos-
sibility to restore both endocrine function and egg production 
for spontaneous pregnancy but also for in vitro growth and 
maturation of oocytes as emerging options in the future  [  12  ] . 

 However, though highly publicized in the media since the 
 fi rst publication in 2004, the success rate of this attractive 
procedure is unknown; to date, fewer than 20 pregnancies 
have been reported after orthotopic transplantation of 
thawed ovarian tissue  [  13  ] . 

 Moreover, despite screening for tumor cells before freez-
ing and again before reimplantation with appropriate histo-
logic, immunologic, and molecular biology techniques, the 
risk of viable malignant cell contamination and restoration 
persists. This risk could be higher in leukemia patients than in 
patients with Hodgkin’s lymphoma or breast cancer  [  14,   15  ] . 

 Very active research tracks are ongoing in this domain, 
aimed at optimizing the ef fi cacy and safety of the procedure. 
Examples include avoidance of ischemic injury (transplantation 
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of whole cryopreserved ovary), isolated follicles transplant, 
in vitro follicular culture, pharmacological protection of 
oocytes, and new freezing-thawing techniques.  

   Ovarian Suppression by LH-RH Analogues 

 During the last two decades, animal studies and small obser-
vational series have suggested that LH-RH agonists, given 
together with chemotherapy, might offer protection against 
premature ovarian failure; however, no consistent explana-
tion nor biologic plausibility can be hypothesized, FSH recep-
tors being exclusively expressed on follicles during advanced 
stages of development. Speculative mechanisms of action 
include the reduction of blood  fl ow to the ovaries. 

 Monthly LH-RH injections (triptorelin or goserelin) have 
to begin at least 2 weeks prior to the  fi rst cycle of chemo-
therapy; this time is required to obtain hormonal suppression 
after an initial stimulatory “ fl are.” During this period of ovarian 
overactivity, the ovary would be placed at particular risk from 
the toxic effect of chemotherapy. 

 Recently, the results of three randomized controlled trials and 
one meta-analysis have been published, investigating the preven-
tive effect of LH-RH analogues given together with  chemotherapy, 
on ovarian failure, mostly in young women treated for breast 
cancer or lymphoma  [  16–  18  ] . In general, these studies have not 
provided consistent, reproducible evidence of the protective 
effect on ovarian function, especially when reliable indicators of 
ovarian reserve (like AMH levels or AFC at ultrasound) were 
evaluated  [  19  ] ; at best, available data suggest a certain degree of 
prevention on incidence and duration of CIA. 

 In breast cancer, this approach raises theorical safety 
 concerns, both as interfering with the ef fi cacy of systemic 
treatments and as a consequence of the initial  fl are effect 
(potential stimulatory effect and delay of at least 2 weeks in 
treatment onset). 

 In reality, the greatest danger in administering LH-RH 
analogues for the purpose of FP outside clinical trials is that 
it may divert patients from more relevant options.  
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   Other Options of FP in Females 

 Adapted surgical and/or radiotherapy procedures can be 
offered in selected cases of pelvic or abdominal tumors:

   Ovarian transposition (or oophoropexy): this intervention • 
can be done laparoscopically and allows the moving of 
ovaries as far as possible from the radiation  fi elds, though 
scatter radiation and alteration of ovarian blood supply 
can be reasons behind ovarian failure.  
  Gonadal shielding during radiation therapy.  • 
  Conservative gynecologic surgery, like trachelectomy in • 
early cervical cancer or limited surgical staging for border-
line or early ovarian cancer. These surgical approaches can 
be considered in very selected cases and after careful mul-
tidisciplinary discussion.    

 Donor embryos, donor eggs, gestational surrogacy, and 
adoption are other potential options subject to national bio-
ethics. Nevertheless, some evidence suggests that cancer sur-
vivors prefer biologic offspring over adoption and third-party 
reproduction opportunities and are rather interested in pro-
tecting their own reproductive capacity  [  2  ] .    

   Attitude Toward FP in Cancer Patients 

 When questioned speci fi cally on this issue, most young cancer 
patients manifest a huge interest in FP questions, as they pres-
ent, when feasible, a positive perspective for the future; however, 
these issues are still suboptimally approached by oncologists in 
daily practice, despite international guideline recommendations 
like the 2006 guidelines of the American Society of Clinical 
Oncology (Table  14.4 )  [  20  ] . Retrospective series report a consis-
tent proportion of 30–60 % of oncologists appropriately tackling 
these issues before treatment, even in male patients despite the 
wide and rapid accessibility to sperm banking  [  1–  3,   21,   22  ] .  

 The most apparent barriers to communicate in that  fi eld 
are as follows:
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   Lack of physicians’ knowledge about real risks of infertility • 
from their treatments, about FP techniques, and about 
inherent risks (mainly delay and stimulation of hormone-
responsive tumors)  
  Lack of appropriate collaboration with a team of fertility • 
specialists  
  Lack of time to discuss this issue and wrong appreciation • 
of patient’s interest for FP procedures according to her/his 
parenting or marital status  
  Anticipation of patient’s wish to begin the treatment rapidly • 
and to give priority to optimal chances of cure    

 The topic of FP may be understated when it is presented 
by oncologists along with a myriad of other potential, some-
times severe, adverse effects; additional educational material 

   Table 14.4    Summary of FP procedures: an algorithm   

 Evaluation of risk of gonadotoxicity 

 Discussion with the patient 

 ↓ 

 Interest and feasibility of FP techniques 

   

  Validated techniques    Experimental 
techniques  

    

 Males  Females  Cryopreservation 
of ovarian/testicular 
tissue 

 Sperm banking  IVF and 
cryopreservation 
of embryos 

 Cryopreservation 
of oocytes 

 Gonadal 
shielding 

 Ovarian suppression 
by LH-RH analogues 

 Oophoropexy 

  Adapted from  [  20  ]   
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(booklets, website, etc.) may be required to help facilitate 
conversation and decision making  [  23  ] . 

 Moreover, pretreatment fertility and FP counseling delivered 
not exclusively by an oncologist but also by a fertility specialist 
signi fi cantly improve long-term quality of life in reproductive-
age women with cancer  [  24  ] ; this issue has been evaluated by 
validated quality-of-life scales (like the Decision Regret 
Score), but most potential candidates, sometimes under pressure 
from their families or their physicians, believe they have no 
time to pursue such consultation. 

 In parallel to technical and practical issues, two major 
issues must be pointed out by oncologists early enough in the 
complex discussion about FP:

   It is mostly recommended to female patients to wait 2–5 • 
years after cancer treatment completion before trying 
to achieve spontaneous or medically assisted pregnancy. 
Recent data seem very reassuring about the outcome of 
breast cancer survivors who became pregnant after 
their treatment. There is even an observed lower risk of 
death compared with that of breast cancer patients who 
did not become pregnant, though selection bias partly 
could contribute to this decreased risk (“healthy mother 
effect”)  [  25  ] .  
  There is currently no evidence that a history of cancer, • 
cancer treatment, or fertility intervention increase the rate 
of congenital abnormalities or of cancer in the progeny 
compared to general population; the risk of miscarriage 
and of preterm delivery can be a concern, but it is limited 
to a small fraction of women who had radiation to their 
pelvic area or some fertility-sparing surgery.    

 Finally, as the FP decisions are made in the context of 
a life-changing and potentially life-threatening diagnosis, 
the broader application of FP techniques to young cancer 
patients will undoubtedly raise new dif fi cult ethical and 
legal problems in the future (like ownership of embryos 
after death of one partner, preimplantation genetic  diagnosis 
in  conjunction with IVF, reimplantation of embryos in 
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 oligometastatic setting). It could require an adaptation of 
 bioethical legislation to this speci fi c population. These problems 
are beyond the scope of this chapter.  

   Summary 

 Young patients confronted with a diagnosis of cancer have 
unmet needs for information about the potential risks of 
infertility and available options of FP. Although choices 
(at least for young women) are still limited, advances in 
both gamete and gonadal tissue cryopreservation as well 
as assisted reproductive technologies are quickly develop-
ing. Oncofertility has emerged as a new hybrid specialty, 
requiring from all oncologists minimal basic knowledge, 
communication skills, and effective collaboration with fertil-
ity specialists, as emergency decisions and measures have 
to be taken before any cytotoxic treatment. Basic informa-
tion delivered by oncology teams to their young patients 
can be relayed by educational material, but, more impor-
tantly, the potential candidates must be rapidly referred to 
reproductive medicine specialists for optimal individualized 
management. 

 On the other hand, young patients must be made aware of 
the limitations of the currently available FP techniques in 
order to establish reasonable expectations; sperm banking 
and embryo cryopreservation are actually considered the 
only standard procedures. Other new options, while promis-
ing, are still experimental and must be proposed as such. 
Patients must be informed of persisting uncertainties in up-
to-date knowledge about potential repercussions of modern 
therapies on their fertility, success rate of different proce-
dures, and possible additional risks from available options. 
However, a multidisciplinary approach that integrates both 
realism and medical progress should facilitate a meaningful 
discussion that assists young patients in making the parent-
hood decisions that are right for them.      
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  Abstract   Although outcomes in cancer patients have dramatically 
improved with the development of novel cancer chemotherapies 
and combination treatment, these developments are nonetheless 
associated with emerging concerns over drug-induced cardio-
toxicity. Moreover, recent incorporation of targeted therapies 
into therapeutic regimens has widened the cardiotoxic spectrum. 
Knowledge of these side effects and the main risk factors 
associated with cardiotoxicity in cancer patients is essential 
for adequate monitoring and early treatment of such events in 
these patients. This concern is re fl ected in drug development 
with an emphasis on improved characterization of potential 
cardiotoxicity of new compounds during the early phases of 
development and designing safer drugs. This chapter summarizes 
the major cardiotoxic effects and pathophysiology of a large 
number of antineoplastic treatments currently in use. Current 
recommendations for early treatment and future development 
are also described.  
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   Introduction 

 Oncologists are becoming increasingly concerned about the 
presence of cardiotoxicity associated with many antineoplastic 
agents currently used to effectively treat patients, particularly 
in light of the observation that such chronic adverse events 
may worsen the long-term outcomes of survivors  [  1–  4  ] . It is 
especially important given that the general population is 
aging and that cancer and cardiovascular diseases are com-
mon in this elderly population. In addition, novel mechanisms 
of cardiotoxicity associated with classic cytotoxics and new 
targeted therapies have been described. There is thus a need 
for cooperation between cardiologists and oncologists to 
improve prevention and management of cancer-associated 
cardiovascular events. Various authors have recently pro-
posed the need for a novel discipline that has been referred 
to as cardio-oncology or onco-cardiology  [  5  ] . 

 Cardiotoxicity is de fi ned by the National Cancer 
Institute (NCI) as “toxicity that affects the heart”  [  5  ] , 
which not only includes direct effects on the heart but 
also hemodynamic  fl ow alterations or thrombotic events 
associated with  cancer treatment. The most common com-
plications related to anticancer treatment include dilated 
cardiomyopathy due to myocardial necrosis, rhythm dis-
turbances, and angina or myocardial infarction secondary 
to vasoocclusion or vasospasm. Several drugs act via a 
combination of the underlying mechanisms that result in 
these conditions, but typically one is predominant in the 
clinical landscape for each drug  [  5–  7  ] . 

 The incidence of both cancer and heart disease increase with 
age. Additionally, the presence of an underlying heart condition 
increases the risk of cardiotoxicity of any kind  [  8  ] , leaving the 
elderly population more prone to developing cardiotoxicity.  
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   Cardiomyopathy: Left Ventricular 
Dysfunction 

 Anthracycline-related cardiomyopathy is the paradigm of 
chemotherapy-induced cardiotoxicity, but in recent years, 
other agents have also been shown to induce cardiomyopathy, 
such as trastuzumab and the tyrosine kinase inhibitors  sunitinib, 
lapatinib, and imatinib. 

 A classi fi cation of cardiomyopathy developed in asso-
ciation with an anticancer treatment has been proposed, 
based on its reversibility and observed pathological features 
(Table  15.1 )  [  9  ] , Type I agents, such anthracyclines, mitoxan-
trone, or cyclophosphamide, induce irreversible myocardial 
damage, which correlates with the cumulative dose. On the 
other hand, type II agents, such as trastuzumab or tyrosine 
kinase inhibitors, induce potentially reversible cardiomyo-
pathy without ultrastructural myocyte damage. Based on the 
transient nature of this cardiotoxicity, the anticancer agent 
may be resumed after recovery from toxicity, assuming an 
acceptable risk.  

   Table 15.1    Drug-induced ventricular dysfunction classi fi cation   
 Type I  Type II 

 Reversibility  No  Yes 

 Cumulative dose-related  Yes  No 

 Ultrastructural changes  Vacuoles, sarcomere 
disruption, necrosis 

 Not relevant 

 Drugs  Doxorubicin  Trastuzumab 

 Mitoxantrone  Sunitinib 

 Cyclophosphamide  Lapatinib 

 Imatinib 

 Bortezomib 
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   Anthracyclines 

 Anthracyclines, the cornerstone treatment of breast cancer, 
sarcoma, and hematological malignancies, can potentially 
induce cardiotoxicity as either an early event after adminis-
tration or as a chronic side effect  [  6–  8,   10  ] . 

 Acute/subacute cardiovascular complications include 
those occurring within the  fi rst 2 weeks after dosing. They 
consist of electrocardiographic abnormalities, supraventricular 
or ventricular arrhythmias  [  11  ] , or a pericarditis-myocarditis 
syndrome  [  12  ] . Chronic cardiotoxicity is manifested as clinical 
heart failure or subclinical decline in myocardial function. 
For some patients, this toxicity constitutes an early event 
(within the  fi rst year) after chemotherapy completion, while 
others experience it as a delayed effect manifesting more 
than 1 year after treatment completion  [  13  ] . 

 The main mechanism associated with anthracycline-related 
cardiotoxicity is oxidative stress, which generates free radicals 
that induce cellular membrane damage due to lipid peroxida-
tion  [  5  ] . Other proposed mechanisms include mitochondrial 
DNA mutations, calcium imbalance, direct DNA damage, and 
deregulation of cardiac transcription factors. Endomyocardial 
biopsies show several speci fi c features under electron micros-
copy such as vacuole formation, disarray of the contractile 
elements, and myocyte necrosis  [  14–  16  ] . Furthermore, these 
 fi ndings have been shown to correlate with cumulative dose, 
which is considered by some to be the main risk factor asso-
ciated with anthracycline-induced cardiomyopathy  [  10  ] . For 
instance, cumulative doxorubicin doses of 400–450 mg/m 2  
result in a 5 % likelihood of congestive heart failure  [  17  ] . An 
additional risk factor identi fi ed is the rate of infusion, with 
lower infusion rates appearing to be less harmful  [  17,   18  ] . 

 Various studies have observed anthracycline toxicity at 
lower cumulative doses than expected in speci fi c susceptible 
patient populations, based on the following risk factors: 
planned cumulative doxorubicin dose >300 mg/m 2   [  8,   19  ] , 
prior cardiac irradiation  [  20  ] , previous heart disease  [  21  ] , 
hypertension  [  21  ] , coronary artery disease  [  21  ] , and age 
greater than 65 years  [  17  ] . Patients can be strati fi ed according 
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to these risk factors in low-risk (no risk factors), moderate-risk 
(one to two risk factors), and high-risk (more than two risk 
factors) categories  [  8  ] . Evaluation of these risk factors, ade-
quate correction of reversible risk factors prior to anthracy-
cline treatment, and subsequent close monitoring of high-risk 
patients are paramount. 

 One approach to reducing anthracycline cardiotoxicity 
involves the development of new compounds and formula-
tions. Epirubicin and liposomal formulations are good exam-
ples. Epirubicin is a semisynthetic epimer of doxorubicin that 
induces less cardiotoxicity than doxorubicin at equivalent 
myelosuppressive doses, allowing administration of approxi-
mately one-third more equivalent treatment cycles  [  22–  25  ] . 
Liposomal formulations confer substantial cardioprotection, 
as they induce changes in the drug distribution pattern, 
achieving lower concentrations in the heart and higher con-
centrations in the tumor. Thus, pegylated liposomal doxorubi-
cin allows administration of twice as many cycles compared to 
the native compound  [  26,   27  ] . Moreover, high distribution to 
peripheral tissues has widened its oncological spectrum, lead-
ing to approval for use in ovarian cancer, multiple myeloma, 
and AIDS-related Kaposi’s sarcoma, in addition to breast 
cancer. Pegylated liposomal doxorubicin is thus a possible 
chemotherapeutic alternative in patients requiring anthracy-
cline treatment when a cardiac-sparing agent is sought.  

   Mitoxantrone 

 Structurally related to anthracyclines, mitoxantrone induces 
similar ultrastructural changes in myocytes. Its potential to 
induce cardiotoxicity is linked to its cumulative dose or of 
any other type I agents  [  28  ] .  

   Cyclophosphamide 

 This alkylating agent produces myocardial hemorrhagic necrosis, 
especially with high-dose regimens. Distinct from anthracyclines 
and mitoxantrone, cyclophosphamide-induced cardiotoxicity is 
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less dependent on the cumulative dose and more closely related 
to the dose administered in an individual cycle  [  29,   30  ] .  

   Trastuzumab 

 This humanized monoclonal antibody against HER2 tyrosine 
kinase receptor is effective in patients with HER2-positive 
breast cancers (20–25 % of all breast cancers). Trastuzumab 
induces left ventricular dysfunction, which mimics the stun-
ning or hibernation phenomenon described in myocardial 
ischemia  [  9  ] . Extensive data supporting the underlying mech-
anism for this toxicity have been published; HER2 is also 
expressed in the heart, and preclinical studies suggest that 
perturbation of downstream pathways affects cardiomyocyte 
survival and adaptation to stress. According to trastuzumab 
adjuvant trials  [  31–  33  ] , associated cardiotoxicity is not depen-
dent on cumulative dose, is reversible, and does not result in 
endomyocardial ultrastructural changes  [  9  ] . 

 A number of risk factors have been associated with higher 
incidence of trastuzumab-induced cardiotoxicity: age greater 
than 50 years, borderline left ventricular ejection fraction 
(LVEF) prior to trastuzumab treatment, history of cardiovas-
cular disease, cardiovascular risk factors (diabetes, dyslipi-
demia, or body mass index greater than 30), the sequence in 
which chemotherapy is administered, and prior anthracycline 
treatment (cumulative dose greater than 300 mg/m 2 )  [  6,   34–  38  ] . 
In a metastatic setting, the incidence of LVEF decrease or 
asymptomatic heart failure with single-agent trastuzumab was 
7 %, increasing to 13 % when administered concurrently with 
paclitaxel and to 27 % when administered sequentially with 
anthracyclines  [  38  ] . The synergistic toxicity seen with trastu-
zumab and anthracyclines, which was also observed in adju-
vant trials, may be related to two aspects of the regimen. 
Firstly, anthracyclines induce loss of cardiomyocytes, and thus, 
by the time trastuzumab is administered, several remodeling 
processes are underway. This favors anti-HER2 treatment-
induced toxicity  [  39  ] . Secondly, HER2 appears to be required 
for cell repair in the heart. Trastuzumab administration might 
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inhibit downstream pathways, leading ultimately to increased 
damage and myocyte death  [  36,   40,   41  ] . 

 It is important to note that a higher incidence of heart 
failure was observed in trials in which trastuzumab was 
administered concurrently with, or shortly after, anthracy-
cline treatment  [  38  ] . Results of the Breast Cancer International 
Research Group study (BCIRG-006) are of particular inter-
est. This study assessed the ef fi cacy and safety of trastuzumab 
combined with a non-anthracycline regimen (paclitaxel, 
cyclophosphamide, and trastuzumab) compared to sequential 
administration of trastuzumab in an anthracycline-containing 
group (four cycles of doxorubicin and cyclophosphamide, fol-
lowed by four cycles of docetaxel and trastuzumab) and in 
comparison to an anthracycline-containing regimen without 
trastuzumab  [  32  ] . In this trial, the risk of developing New 
York Heart Association (NYHA) class III or IV heart failure 
was signi fi cantly lower in the non-anthracycline arm (0.38 %) 
versus the anthracycline-containing arm (1.96 %).  

   Lapatinib 

 Lapatinib is an oral dual inhibitor of the epidermal growth fac-
tor receptor and of HER2. Pooled data from 44 studies suggest 
that 1.6 % of patients treated with lapatinib developed clinical 
failure or experienced an absolute LVEF decrease of  ³ 20 %  [  42  ] . 
In most cases cardiac events were reversible. The mechanism of 
toxicity is related to impaired myocyte response following 
injury secondary to inhibition of HER2 downstream pathways 
 [  36,   40,   41  ] . The reasons why the rates of cardiotoxicity induced 
by trastuzumab and lapatinib, both targeting HER2, are so different 
remain controversial.  

   Sunitinib 

 Sunitinib is an oral inhibitor of vascular endothelial growth fac-
tor receptors (VEGFRs) 1–3, platelet-derived growth factor 
receptors (PDGFRs)-(alpha) a  and (beta) b , KIT, fms-related 
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tyrosine kinase 3 (FLT3), colony-stimulating factor 1 receptor 
(CSFIR), and rearranged during transfection (RET). Chu et al. 
retrospectively analyzed the cardiotoxicity of this agent in 75 
patients with gastrointestinal stromal tumors enrolled in phase 
I and II trials using sunitinib. The incidence of LVEF decrease 
>10 % was 28 %, while the incidence of heart failure was 8 % 
 [  43  ] . LVEF signi fi cantly improved after sunitinib discontinua-
tion, and no cumulative dose relationship was observed. 

 It is thought that the underlying mechanism is a so-called 
“off-target” effect mediated by ribosomal S6 kinase inhibition, 
which causes ATP depletion and activates the intrinsic apop-
totic pathway  [  36  ] . In contrast to trastuzumab-induced cardio-
myopathy, some changes in myocardial biopsies, such as 
alterations in mitochondria, have been observed  [  43  ] . An addi-
tional potential mechanism is that sunitinib induces hyperten-
sion, but also impairs heart adaptation to pressure overload 
through VEGFR inhibition, as is the case for other antiangio-
genic treatments  [  36  ] . It is still unknown whether angiotensin-
converting enzyme inhibitors or beta-blockers, now commonly 
used to treat sunitinib-induced hypertension, have a role in 
preventing sunitinib-induced left ventricular dysfunction  [  8  ] .  

   Imatinib 

 This is a small molecule tyrosine kinase inhibitor of ABL, 
ABL-related gene (ARG), PDGFRs-(alpha) a  and (beta) b , 
and KIT. Peripheral edema has been described along with a 
0.6 % incidence of heart failure, usually in older patients with 
prior cardiovascular disease  [  44  ] . This toxicity is considered to 
be secondary to endoplasmic reticulum stress response activa-
tion, and it is mediated by PKR-like ER kinase (PERK)  [  45  ] .  

   Bortezomib 

 This proteasome inhibitor is associated with a 5 % incidence 
of heart failure  [  46  ] . It is believed that proteasome inhibition 
causes endoplasmic reticulum stress, leading ultimately to 
myocyte dysfunction  [  6,   47  ] .   
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   Coronary Artery Disease 

 Systemic anticancer treatments have been shown to induce 
coronary events, mainly via two different mechanisms: coro-
nary artery vasospasm and arterial thrombotic events. 
5-Fluorouracil is the most commonly used drug associated 
with the  fi rst mechanism, while antiangiogenic drugs are the 
archetype of the second. Additionally, other antineoplastic 
agents commonly linked to cardiac ischemia include purine 
analogues, topoisomerase inhibitors such as etoposide, and 
antitumor antibiotics. 

   Fluoropyrimidines 

 Treatment with 5- fl uorouracil and capecitabine may lead to 
cardiac ischemia, myocardial infarction, and malignant ven-
tricular arrhythmia through coronary vasospasm. The inci-
dence of 5- fl uorouracil-induced angina varies widely between 
studies, from as little as 1 % to up to 68 %  [  6,   48–  51  ] , with a 
mean onset of 72 h after treatment initiation  [  52  ] . The inci-
dence of capecitabine-induced toxicity ranges from 3 to 9 % 
 [  6,   49  ] , and its onset is typically in the range of 3 h to 4 days 
after treatment initiation. In a study of over 600 patients 
treated with 5- fl uorouracil, 4 % developed clinical symptoms, 
electrographic changes, or both  [  6,   53  ] . In most cases, patients 
had a prior coronary condition. Treatment with nitrates and 
calcium-channel blockers has successfully prevented new 
episodes of ischemia in these patients  [  51  ] . 5- fl uouroracil-
induced toxicity appears to be dose- and rate-dependent, 
with continuous infusion and high doses (>800 mg/m 2 ) associ-
ated with higher rates of toxicity  [  52  ] .  

   Antiangiogenic Therapies 

 One of the proposed mechanisms for antiangiogenic drug-
induced arterial thrombosis is mediated by inhibition of the 
vascular endothelial growth factor (VEGF), which may 
impair endothelial cell regeneration after incidental trauma, 
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leading to subendothelial collagen exposure followed by acti-
vation of tissue factors that ultimately induce arterial throm-
bosis. Interference with platelet aggregation has also been 
described as playing a role. A third mechanism associated 
with sorafenib-induced ischemia has been proposed, with 
RAF inhibition activating two proapoptotic kinases involved 
in oxidant stress-induced injury in cardiomyocytes, making 
them more prone to ischemic damage  [  54  ] . 

 The incidence of angina and myocardial infarction with beva-
cizumab, a monoclonal antibody against VEGF, varies in the 
literature from 0.6 to 1.5 %  [  55,   56  ] . This toxicity has not been 
shown to be dose-dependent, and the median time to a coronary 
event is 3 months. Proposed risk factors include age over 65 
years and previous history of arterial thrombotic event  [  55  ] . 

 Regarding antiangiogenic multi-targeted kinase  inhibitors, 
in an observational study of 86 patients with metastatic renal 
cell carcinoma treated with sunitinib or sorafenib, 33.8 % expe-
rienced a cardiovascular event, most of which were related to 
myocardial damage of varying degrees. Approximately half 
of the cases (16.2 % of the total  population) were asymptom-
atic and had cardiac enzyme elevations or electrocardiogram 
(ECG) changes. The remaining cases (17.6 % of the total 
population) experienced mild to life-threatening clinical 
symptoms. Seven patients (9.4 %) required intermediate or 
intensive care admission. As is  discussed later, a high propor-
tion of the patients in this study had at least one coronary 
artery disease risk factor  [  57  ] .   

   Cardiac Arrythmias 

 Cancer patients are prone to arrhythmic events, secondary to 
systemic treatment as well as to other conditions and con-
comitant medications  [  58–  60  ] . Fortunately, most arrhyth-
mogenic events are not clinically signi fi cant rhythm alterations; 
in some cases, however, life-threatening arrhythmias can 
occur. Their early identi fi cation and treatment as well as cor-
rection of the associated risk factors are essential  [  59,   60  ] . 
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   QT Interval and Prolonged QTc 
Interval-Associated Arrhythmias 

   QTc Interval Prolongation: De fi nition 
and Physiopathology 

 The QT interval is measured from the beginning of the QRS 
complex to the end of the T wave  [  61,   62  ]  (Fig.  15.1 ) and rep-
resents ventricular activation and recovery (depolarization 
and repolarization) on an ECG. Depolarization is a result of 
sodium and calcium in fl ux into the cardiomyocyte. Conversely, 
when potassium ef fl ux exceeds sodium and calcium in fl ux, 

Phase 1 Phase 2: Plateau
Ca inflow = K outflow

Phase 3
Final rapid repolarization
     K outflow

Phase 4

Phase 0
Depolarization
   Na inflow

RR

QT interval

  Figure 15.1    QT interval and its correlation with ventricular action 
potential. QT interval is measured from the beginning of the QRS 
complex to the end of the T wave; RR is the interval from the onset 
of one QRS complex to the onset of the next QRS complex. The 
lower part of the  fi gure shows the correlation between QT interval 
and ventricular action potential: phase 0 or depolarization is mainly 
caused by sodium in fl ux into the cells; while in phase 2 or plateau 
there is equilibrium between calcium in fl ux and potassium ef fl ux. 
Phase 3 or rapid  fi nal repolarization is caused by a potassium ef fl ux       
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repolarization occurs  [  61  ] . Any drug affecting these channels, 
especially hERG potassium channels involved in potassium 
ef fl ux during repolarization  [  63  ] , can potentially cause changes 
in the QT interval  [  64,   65  ] . Additionally, electrolytic disturbances 
may also interfere in the normal process of depolarization 
and repolarization  [  58,   59  ] .  

 The QT interval is prolonged with slower heart rates and 
shortened with faster rates. To avoid the variability associated 
with heart rate, several formulas have been developed that 
mathematically correct the QT interval, known as the QTc 
interval (Table  15.2 )  [  7,   58,   59,   61,   71  ] . This is the most com-
mon measurement used to evaluate the arrhythmogenic 
potential of a drug secondary to repolarization interference. 
There is currently no agreement regarding which is the most 
appropriate method. Automatic measurements usually pro-
vide QTc intervals adjusted according to the Bazett formula. 
This formula is known to overestimate QTc interval at high 
heart rates, while the Fridericia formula seems to be more 
accurate in this setting  [  72,   73  ] .  

 An international consensus regarding what can be consid-
ered as normal versus prolonged QTc intervals is also cur-
rently lacking.    Generally, QTc intervals  £ 430 for males and 
 £ 450 ms for females are considered normal, while QTc inter-
vals >450 ms in men and >470 ms in women are considered 
prolonged  [  58,   59  ] . These different values re fl ect the physio-
logical variation of the QTc interval between genders  [  74  ] . 
Based on experience in patients with congenital long-QT 

   Table 15.2    QTc interval correction formulas   
 References  Formula 
 Fridericia  [  66,   67  ]       1/3

FQT QT / RR=    

 Bazett  [  66,   68,   69  ]       1/ 2QTc QT / RR=    

 Framingham (Sagie)  [  70  ]       ( )LCQT QT 0.154 1 RR= + −    

   Abbreviation :  RR  interval from the onset of one QRS complex to 
the onset of the next QRS complex  
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syndrome, it is considered that the risk of ventricular arrhythmias, 
particularly Torsade des Pointes, is increased when the QTc 
interval exceeds 500 ms  [  73  ] ; however, there is no threshold 
below which the QTc interval prolongation is considered free 
of proarrhythmic risk  [  58  ] . 

 While several anticancer agents that induce QTc interval 
prolongation have been identi fi ed, a review of the literature 
shows other conditions with the potential to cause prolongation 
are commonly associated with cancer patients. This includes 
concomitant medications (Table  15.3 ), other comorbidities, and 
electrolytic disturbances (Table  15.4 )  [  59,   71,   73,   75  ] . Identi fi cation 
and correction of any reversible risk factors present in a patient 
are paramount to limiting additional  toxicity when prescribing 
drugs with the potential to prolong the QTc interval.   

   Table 15.3    Drugs inducing QTc interval prolongation   
 Drug class  Known drugs 
 Serotonin agonists/
antagonists 

 Cisapride, ketanserin, zimeldine 

 Antibiotics  Clarithromycin, erythromycin, 
gati fl oxacin, spar fl oxacin, pentamidine 

 Antifungal  Ketoconazole, miconazole, 
itraconazole 

 Antipsychotics  Phenothiazine, droperidol, haloperidol, 
pimozide, ziprasidone, olanzapine, 
risperidone 

 Antidepressants  Amitriptyline, clomipramine, 
desipramine, imipramine, sertraline, 
venlafaxine 

 Vasodilators  Bepridil, perhexiline 

 Antiarrhythmic drugs  IA: Procainamide, quinidine, amaline, 
disopyramide 

 IC: Flecainide, propafenone 

 III: Amiodarone, sotalol, dofetilide, 
ibutilide 

 Other  Methadone 
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 After the post-marketing withdrawal of several chemically 
unrelated drugs in the early 1990s due to their arrhyth-
mogenic risk secondary to QTc interval prolongation  [  76  ] , 
evaluation of drug-induced QTc interval changes became a 

   Table 15.4    Drug-induced QTc interval prolongation risk factors   
 Parameter  Risk factor 
 Gender  Female 

 Related to drug administration  High drug concentration 

 Rapid rate of intravenous 
infusion with a QT-prolonging 
drug 

 Electrolyte disturbances  Hypocalcemia 

 Hypokalemia 

 Hypomagnesemia 

 Previous cardiovascular disease  Myocardial ischemia 

 Cardiac hypertrophy 

 Congestive heart failure 

 Bradycardia 

 Atrioventricular block 

 Myocarditis 

 Baseline ECG alteration  Subclinical long-QT syndrome 

 Baseline QT prolongation 

 Endocrine disorders  Hyperaldosteronism 

 Hypothyroidism 

 Hyperparathyroidism 

 Neurologic disorders  Stroke 

 Subarachnoid hemorrhage 

 Intracranial trauma 

 Other diseases  Diabetes 

 Cirrhosis 
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clinical issue for both anticancer agents and other medica-
tions. The International Conference Harmonization Guideline 
for the clinical evaluation of QT interval prolongation and 
proarrhythmic potential for non-antiarrhythmic drugs (ICH E14) 
was published in 2005  [  66  ] . This guideline requires every new 
drug to undergo clinical assessment for its repolarization 
effects before entering phase II trials. Nonetheless, such 
guidelines have limitations when evaluating anticancer agents 
because in most cases, studies cannot be performed in healthy 
volunteers; thus, studies including placebo are likely to be 
unethical  [  58,   73,   77  ] . 

 Furthermore, the risk-bene fi t balance must be taken into 
account when evaluating anticancer drugs. Thus, while drugs 
such as terfenadine were removed from the market for induc-
ing a mean QTc interval prolongation of 6 ms, approval has 
been maintained for others with similar or longer intervals. 
Examples include the antiemetic granisetron, which induces 
a 5 ms mean QTc interval prolongation  [  73  ] , and drugs such 
nilotinib or romidepsin, approved on the basis of their 
ef fi cacy, despite inducing mean QTc interval prolongations of 
10 ms  [  78  ]  and 14 ms  [  79  ] , respectively.  

   Anticancer Agents Associated with QTc 
Interval Prolongation 

 Both classic chemotherapeutic agents and targeted therapies 
have been shown to induce QTc interval prolongation  [  80  ] . 
These are summarized in the following sections and in 
Table  15.5 .  

   Chemotherapeutic Agents 

 Anthracyclines have been associated with prolonged QTc 
intervals and an increased arrhythmogenic risk  [  83,   105,   106  ] . 
Even years after having received chemotherapy, women 
receiving anthracycline pretreatment for breast cancer have 
been observed to have longer baseline QTc and signi fi cant 
differences in QTc interval prolongation after iso fl urane 
anesthesia  [  107  ] . 
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 The chemotherapeutic agent most closely associated with 
QTc interval prolongation is probably arsenic trioxide. Its 
potential to induce QTc interval prolongation was  fi rst 
described in an acute promyelocytic leukemia study in which 
16 of the 40 enrolled patients experienced QTc interval pro-
longation >500 ms, accompanied in one case by a single, 
asymptomatic, brief, self-limited episode of Torsade de Pointes 
 [  108  ] . Pooled analysis of 99 patients enrolled in phase I and II 
trials with arsenic trioxide showed that 38 patients experi-
enced QT interval prolongation, 26 of whom experienced QT 
interval prolongation >500 ms. Arsenic trioxide-induced QTc 
interval prolongation is reversible before the following cycle, 
dose-dependent, and also more likely to occur in females, in 
patients with hypokalemia, or those with an underlying heart 
disease  [  81  ] . 

 Other chemotherapeutic agents associated with QTc inter-
val prolongation are amsacrine  [  80  ] , 5- fl uorouracil, generally 
in the context of a coronary event  [  109,   110  ] , and cyclophos-
phamide  [  111  ] . The magnitude of QTc interval prolongation 
associated with cyclophosphamide appears to correlate with 
further risk of heart failure.  

   Histone Deacetylase Inhibitors 

 Histone deacetylase (HDAC) inhibitors are a group of com-
pounds that modulate histone acetylation, which ultimately 
induces epigenetic changes in transcription. Several chemically 
unrelated HDAC inhibitors induce QTc interval prolongation. 
The  fi rst HDAC inhibitor that showed arrhythmogenic poten-
tial was romidepsin, also known as depsipeptide. A phase II 
study of romidepsin in metastatic neuroendocrine tumors was 
prematurely terminated because two patients experienced ven-
tricular tachycardia and a sudden death was described in a third 
patient  [  112  ] . Pooled analysis of NCI-sponsored clinical trials 
including more than 500 patients showed a 10 % incidence of 
QTc interval >480 ms  [  73  ] . Moreover, mean QTc interval pro-
longation in the cardiac substudy of a phase II trial of 
romidepsin in T-cell lymphoma was 14 ms  [  79  ] . Romidepsin, 
now approved for T-cell lymphoma, merits further development 
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that takes into account QTc data; Food and Drug Administration 
(FDA) approval includes several recommendations regarding 
QTc interval monitoring and management of its potential pro-
longation  [  113  ] . 

 Vorinostat, a phenylbutyrate-derived HDAC, led to a QTc 
interval >470 ms in 1 of 74 patients enrolled in a phase II study 
in refractory T-cell lymphoma  [  114  ] . The incidence of grade 2 
QTc interval prolongation according to CTCAE v3.0 was 1–3 %, 
and that of grade 3 was 0.8–4 %  [  84  ] . A dedicated phase I cardiac 
study in advanced solid tumors showed that a single overdose of 
vorinostat did not signi fi cantly increase QTc interval  [  84  ] . FDA 
approval includes a speci fi c recommendation for electrolyte 
monitoring prior to vorinostat administration to diminish the risk 
of QTc interval prolongation and arrhythmia  [  115  ] . 

 Another chemically unrelated molecule, panobinostat, 
showed dose- and schedule-related QTc interval prolonga-
tion, with a much higher incidence of grade 3 QTc interval 
prolongation observed following daily intravenous adminis-
tration compared to the intermittent schedule  [  85–  87  ] .  

   Multi-targeted Kinase Inhibitors 

 Several approved multi-targeted kinase inhibitors have the 
potential to induce QTc interval prolongation  [  59  ] , all of which 
have been shown preclinically to interact with HERG K +  chan-
nels. In the phase III randomized trial of vandetanib in medul-
lary thyroid cancer  [  116  ] , vandetanib induced a QTc interval 
prolongation of any grade in approximately 14 % of patients, 
but only 8 % had grade 3 QTc interval prolongations (i.e., which 
could potentially be serious)  [  117  ] . FDA approval of this drug 
incorporates speci fi c guidelines for QTc interval and electrolyte 
monitoring and dose adjustment in the event of QTc interval 
prolongation  [  117  ] . 

 FDA approval of sunitinib described a <0.1 % incidence of 
Torsade de Pointes risk in patients exposed to this drug  [  92  ] . For 
this reason, caution is recommended when administering it to 
any patients with electrolyte disturbances, previous history of QT 
interval prolongation, or other preexisting cardiac conditions. 

 Nilotinib and dasatinib, both ABL inhibitors, have been 
associated with heart failure and QTc prolongation 
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(see Table  15.5 ), with speci fi c guidelines for the management 
of this toxicity in the FDA approval  [  78,   94  ] .  

   Other Agents 

 Other agents such as vascular disruptors (lonafarnib  [  96  ]  and 
combretastatin A4 phosphate  [  97  ] ), protein kinase C inhibitors 
(enzastaurin)  [  98–  102  ] , or Hdm-2 inhibitors (serdemetan)  [  118  ]  
were shown to induce QTc interval prolongation in phase I 
clinical trials. Even hormonotherapy has been described as 
inducing QTc interval prolongation (see Table  15.5 )  [  104,   119  ] .    

   Other Chemotherapy-Induced Arrhythmias 

 Arrhythmias other than those associated with QTc interval 
prolongation have also been described. Post-chemotherapy 
arrhythmias are one of the most common reasons for cardiol-
ogy consultations in cancer centers  [  120  ] . A variety of types 
have been reported, mainly sinus bradycardia, atrioventricu-
lar block, atrial  fi brillation, or ventricular tachycardia; how-
ever, others have been described  [  60,   120  ] . 

 The chemotherapeutic agent most commonly associated with 
rhythm disturbances is paclitaxel. The most frequent events are 
asymptomatic sinus bradycardia (29 %) and  fi rst-degree atrio-
ventricular block (25 %)  [  121  ] . Fortunately, more severe conduc-
tion abnormalities are rare  [  122  ] ; among 3,400 patients in an 
NCI database, only four experienced second- or third-degree 
heart block  [  121  ] . The physiopathology of these rhythm distur-
bances is as yet unclear; it is unknown whether it is a direct toxic-
ity of paclitaxel on the Purkinje system, secondary to histamine 
release induced by the Cremophor EL vehicle, or both  [  121  ] . 
Paclitaxel itself might have some proarrhythmogenic potential. 
In the phase III randomized trial of nab-paclitaxel versus pacli-
taxel in metastatic breast cancer patients, bradycardia is described 
as an important, although infrequent (<1 %), side effect of 
 nab-paclitaxel, which does not require the Cremophor EL 
vehicle  [  123  ] . Other anticancer agents have been associated with 
rhythm disturbance, including 5- fl uorouracil, cisplatin, gemcit-
abine, IL-2, anthracyclines, and melphalan (Table  15.6 )  [  11  ] .    
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   Hypertension 

 Hypertension is one of the most common toxicities associated 
with VEGF pathway inhibitors for both monoclonal antibodies 
(such as bevacizumab) or multi-targeted tyrosine kinase 
inhibitors such as sunitinib, sorafenib, axitinib, cediranib, and 
telatinib, among others. Several mechanisms of action have 
been identi fi ed. First, inhibition of the VEGF pathway 
decreases nitric oxide levels, which leads to vasoconstriction. 
This might be responsible for the rapid increase in blood 
pressure after initiation of anti-VEGF therapy  [  142  ] . 
Additionally, sustained VEGF pathway inhibition induces 
endothelial cell apoptosis, which ultimately causes a reduc-
tion in the number of capillaries and increases overall vascular 
resistance. This second mechanism has been observed in 
patients treated with bevacizumab  [  143  ] , sunitinib  [  144  ] , and 
telatinib  [  145  ]  and appears to be reversible within 2 weeks of 
treatment discontinuation  [  146,   147  ] . 

 Incidence of drug-induced hypertension ranges from 15 to 
25 % with sunitinib  [  148,   149  ] , 20 % with sorafenib  [  150  ] , and 
up to 35 % with bevacizumab, all of which are dose-dependent 
 [  151,   152  ] . Serious complications have been reported, such as 
intracranial hemorrhage and hypertensive urgency. Prior 
uncontrolled hypertension is a relevant risk factor for 
 developing these complications; therefore, blood pressure 
 normalization prior to antiangiogenic treatment initiation is 
essential.  

   Venous Thromboembolic Disease 

   Chemotherapy and Other Drugs 

 A number of agents are associated with an increased inci-
dence of venous thromboembolic events, including cisplatin 
 [  153  ] , vorinostat  [  114,   154  ] , thalidomide  [  155,   156  ] , and erlo-
tinib  [  157  ] . Proposed mechanisms include alterations in plate-
let aggregation as well as direct effects on the endothelium  [  8  ] . 
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The role of prophylactic administration of aspirin or low-
molecular-weight heparin in this setting is uncertain and may 
bene fi t some high-risk patients  [  158  ] .  

   Hormonotherapy 

 Tamoxifen, an estrogen receptor antagonist, has shown an 
increased incidence of thromboembolic events  [  159  ]  and 
should be used cautiously in women with previous throm-
boembolic events. This higher risk has not been observed in 
the same patient population when treated with aromatase 
inhibitors, although a higher incidence of adverse cardiac 
events has been described  [  160  ] . Some data suggest a cardio-
protective role for tamoxifen, supporting these differences.   

   Radiation-Induced Heart Disease 

 Although it is not a systemic therapy, radiation therapy is 
included in the current review because it has been shown to 
increase toxicities secondary to systemic therapy. External 
radiation therapy to the mediastinum can induce toxicity in 
the pericardium, coronary arteries, heart valves, and myo-
cardium  [  161,   162  ] . A number of factors have been associ-
ated with cardiotoxicity risk – namely, radiation dose  [  4  ] , 
the heart volume exposed, radiation delivery technique, 
and patient’s age at the time of exposure, with patients 
under the age of 20 years apparently more susceptible to 
DNA damage  [  162,   163  ] . Two large studies of survivors of 
childhood cancer show an increased risk of cardiotoxicity 
after radiation therapy, with hazard ratios between 2 and 
25, depending on the radiation doses  [  4,   164  ] . The underly-
ing mechanism is microvascular destruction and apoptosis 
due to direct cellular injury, which produces  fi brosis in the 
years subsequent to therapy. Incidence of cardiac damage 
from radiation has been reducing with improvements in 
radiation techniques.  
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   Cardiotoxicity Prevention and Management 

 As described in Fig.  15.2 , several approaches are available to 
limit the occurrence of cardiotoxicity and to treat it optimally 
in the event that it does occur  [  5,   7,   165,   166  ] .  

   Prevention 

   Drug Development 

 Prevention of cardiotoxicity has been integrated into the early 
phases of drug development. Extensive efforts have been 
invested in the design of less cardiotoxic drugs. One of the  fi rst 
examples was the alternative formulations of anthracyclines; 
epirubicin is a semisynthetic epimer of doxorubicin with an 
improved cardiotoxic pro fi le, while liposomal anthracycline 
formulations diminish the distribution of the drug into the 
heart  [  27  ] . More recent examples are nab-paclitaxel, in which 
paclitaxel is associated with albumin in an attempt to improve 

Prevention

• Development of less cardiotoxic drugs
• Identification of high risk population
• Reversible cardiovascular risk factors treatment
• Early cardiologist involvement
• Primary prevention:

• Dexrazoxane
• ACE inhibitors, beta-blockers

• LVEF evaluation if risk of left ventricular dysfunction
• QTc monitoring for drugs at risk to induce QTc prolongation

• Discontinuation if cardiotoxicity
• Concomitant causes treatment
• Early treatment:

• Hypertension
• Coronary artery disease

• LVEF dysfunction ACE inhibitors and beta-blockers 

Monitoring

Early treatment

  Figure 15.2    Proposed algorithm for cardiotoxicity prevention, 
monitoring, and management       
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its activity and reduce its toxicity  [  123  ] , and plitidepsin, a 
romidepsin analog that has reduced QTc interval prolonga-
tion in the early phases of clinical development  [  89  ] . 

 Regarding tyrosine kinase inhibitors, some of the cardio-
toxic effects are thought to be a result of off-target effects of 
the drug, resulting from the inhibition of another kinase not 
involved in the drug’s anticancer activity  [  167  ] . In some cases, 
drug reformulation to decrease its af fi nity for this off-target 
kinase could improve its cardiotoxic pro fi le. The successfully 
redesigned formulation of imatinib for GIST is a good example 
of this approach  [  168  ] . 

 In addition to the guidelines described in this chapter for 
the evaluation of QTc interval during clinical development 
 [  66  ] , speci fi c guidelines have been issued for preclinical eval-
uation of the arrhythmogenic risk of non-antiarrhythmic 
drugs  [  169  ] , which also applies to anticancer agents.  

   Identi fi cation of High-Risk Populations 

 Cardiovascular risk factors are often underestimated in cancer 
patients. Some studies show that a high proportion of patients 
have at least one cardiovascular risk factor. Based on observa-
tional data published by Schmidinger et al., 48.8 % of patients 
had hypertension, 26 % had hypercholesterolemia, 22 % had 
type II diabetes, and 12.8 % were hypertriglyceridemic  [  57  ] . 

 As has been described throughout this chapter, adequate 
control of these reversible risk factors and electrolyte distur-
bances are essential to diminish and control cardiotoxicity 
 [  59  ] . Early involvement of cardiologists in the clinical man-
agement should be encouraged in patients with a preexisting 
heart condition or those taking drugs that can signi fi cantly 
prolong the QTc interval  [  59  ] .  

   Primary Prevention 

 Two randomized studies have evaluated preventive strategies for 
chemotherapy-related cardiomyopathy. Cardinale et al. studied 
enalapril, an angiotensin-converting enzyme inhibitor, versus placebo 
in a patient population with increased troponin I levels soon after 
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the start of chemotherapy  [  170  ] . Results showed a signi fi cantly 
reduced incidence of left ventricular dysfunction at 12 months 
with enalapril compared to placebo ( p  < 0.001). In a smaller study 
by Kalay et al., 25 patients treated with anthracyclines were ran-
domly assigned to beta-blocker treatment (carvedilol) or placebo. 
A lower incidence of anthracycline-induced myocardiopathy at 6 
months was observed in the carvedilol group compared with pla-
cebo. These studies suggest that optimizing hemodynamic and 
neurohumoral status before left ventricular dysfunction onset 
could be bene fi cial and these two agents might be the preferred 
treatment for hypertension in this setting  [  171  ] . 

 Dexrazoxane is an iron chelator similar to ethylenedi-
aminetetraacetic acid. Although dexrazoxane has been shown 
to reduce heart failure incidence in children and adults 
treated with anthracyclines  [  172  ] , concerns have been raised 
regarding a possible increased risk of secondary malignancies 
and a potential decrease in antitumor ef fi cacy. In light of this, 
the FDA has limited its use to cumulative doxorubicin doses 
exceeding 300 mg/m 2   [  173  ] .   

   Monitoring 

   Left Ventricular Ejection Fraction Evaluation 

 Cardiac assessment prior, during, and after anthracycline treat-
ment is a subject of controversy because many guidelines and 
algorithms have been published but none have been validated. 
Cardiac monitoring should include the patient’s medical his-
tory, with a physical examination focusing on signs and symp-
toms of heart failure and assessing LVEF by echocardiography 
or radionuclide angiography. For patients without increased 
risk of cardiotoxicity, an estimation of LVEF after the patient 
has completed four to  fi ve chemotherapy cycles (200–300 mg/m 2  
of doxorubicin or equivalent) is recommended to identify 
patients with an asymptomatic decrease in systolic function 
and then to reconsider further therapies. Patients at higher risk 
should be monitored more frequently  [  8  ] . 

 In general, a 15 % decrease within the normal range or a 
10 % decrease to a value below the lower limit of normal 
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LVEF is considered a signi fi cant decline of left ventricular 
function. These events should trigger additional evaluations, 
and a less cardiotoxic regimen should be considered. 

 Studies of optimal monitoring intervals to maximize sensi-
tivity and speci fi city for detection of anthracycline-related 
cardiomyopathy are unclear, and further investigation will be 
extremely valuable. 

 In addition to imaging techniques, a number of serum car-
diac markers are under evaluation. Serum troponin I levels 
are thought to re fl ect myocyte death and correlate with 
cumulative doxorubicin dose and congestive heart failure. 
For example, elevation of troponin I levels 72 h and 1 month 
after chemotherapy administration predict a late decline in 
LVEF and cardiac events. Similar results with troponin T 
have been documented  [  174,   175  ] . Elevated B-type natri-
uretic peptide (BNP) levels after anthracycline administra-
tion may also correlate with left ventricular dysfunction and 
clinical heart failure, but no standard cutoff has been estab-
lished owing to interindividual variability  [  176–  178  ] . 
Additional research is needed before the incorporation of 
these markers into routine practice.  

   QTc Interval Assessment 

 As previously noted, speci fi c guidelines for drugs undergo-
ing clinical development have been issued, ensuring evalu-
ation of QTc interval changes related to drug administration. 
In addition, a number of approved drugs known to induce 
QTc interval prolongation, such as romidepsin, vande-
tanib, or nilotinib, have speci fi c recommendations for car-
diac monitoring during administration in the FDA label 
 [  78,   113,   117  ] .   

   Early Treatment 

 Any anticancer drug should be immediately discontinued in 
the event of a cardiovascular event such as a signi fi cant 
decrease in LVEF or the occurrence of a QTc prolongation 
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>500 ms. Reversible associated factors should be ruled out 
prior to further treatment and corrected, if present. 

 Little information regarding cardiac dysfunction once 
treatment is established is available. An observational study 
showed an improvement in LVEF in patients with LVEF  £  45 % 
if treatment with enalapril and carvedilol was established 
during the 6 months after completion of anthracycline treat-
ment  [  179  ] . A number of studies have evaluated the effect of 
enalapril in childhood cancer survivors with asymptomatic 
cardiac dysfunction. Although temporary improvement of 
LVEF has been observed, it is unclear whether this would 
impact the global outcome in the future  [  180,   181  ] . 

 No speci fi c guidelines have been issued for chemotherapy-
induced heart failure treatment, but it is widely believed that 
evidence-based guidelines for the general population would also 
be useful for cancer patients, despite not having been speci fi cally 
validated in this setting. In individual cases with reasonable 
prognosis and good quality of life, an implanted cardioverter-
de fi brillator  [  182  ]  and cardiac resynchronization therapy may be 
used to improve left ventricular dysfunction. Data regarding the 
potential use of stem cell therapy for anthracycline-induced 
cardiomyopathy treatment are yet to be published.   

   Summary 

 Cancer patients have an increased risk of developing heart 
disease as a result of chemotherapy, targeted therapies, and 
radiation therapy. Individuals at a high risk of developing 
such toxicity need to be identi fi ed prior to treatment ini-
tiation to minimize this risk through cardioprotective mea-
sures or modi fi cations to the proposed treatment regimen. 
Cardiovascular monitoring is essential, both during and after 
antineoplastic treatment, for early detection and effective 
management of cardiotoxicity. 

 An interdisciplinary approach between oncologists and 
cardiologists is needed to ensure optimal patient outcomes. A 
new discipline termed cardio-oncology or onco-cardiology is 
currently being developed.      
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  Abstract   The bisphosphonates have been in clinical use for three 
decades. During this time, the adverse event pro fi le and favorable 
risk-bene fi t ratio have become clearly de fi ned, and strategies have 
been identi fi ed for minimizing the impact of these side effects on 
patients. More recently, denosumab has been incorporated into 
clinical practice and so far demonstrated mild and treatable side 
effects, although long-term data are lacking. 

 In this chapter, we review the side effects of the four 
 bisphosphonates licensed for use in malignancy, including 
clodronate, ibandronate, pamidronate, and zoledronic acid, as 
well as the new targeted agent denosumab.  
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   Introduction 

 Bone metastases are a common feature of many tumor types, 
including those arising in the breast, prostate, kidney, lung, 
and multiple myeloma. Metastasis to bone can lead to skeletal-
related events (SREs), including hypercalcemia of malig-
nancy, spinal cord compression, pathologic fracture, and 
surgery to bone, thus adversely affecting the quality of life of 
patients with advanced malignancy  [  1  ] . 

 Therapies targeting bone metastasis have been a focus of 
research and development over the past three decades. These 
include the bone matrix homing bisphosphonates that are 
taken up during osteoclast bone resorption and the more 
recently developed RANK ligand inhibitor, denosumab, which 
prevents the activation of osteoclasts. Inhibition of osteoclast 
activity strengthens bone, thus largely preventing the devastat-
ing complications associated with bone metastasis.  

   Bisphosphonates 

   Clinical Indications and Pharmacology 

 Bisphosphonates are effective in the treatment of established 
metastatic bone disease and the prevention of SREs, including 
hypercalcemia of malignancy, spinal cord compression, patho-
logic fracture, and surgery to bone. Four bisphosphonates are 
currently approved for use in malignancy-associated meta-
static bone disease in Europe and America and include oral 
clodronate, oral or intravenous ibandronic acid, intravenous 
pamidronate, and zoledronic acid (Fig.  16.1 )  [  2  ] .  

 Bisphosphonates have also been used in the adjuvant set-
ting to prevent bone loss associated with anticancer therapy. 
The bisphosphonates used in this setting also include alen-
dronate, etidronate, and risedronate. None of the bisphospho-
nates have been FDA labeled for this use but remain 
approved for the treatment of osteoporosis in high-risk 
 populations, and as such their use has been extrapolated to 
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patients at high risk of bone loss during anticancer therapy. 
The evidence supporting the use of bisphosphonates for pre-
vention of metastasis is currently insuf fi cient for this to be 
recommended as part of standard practice; it remains an 
ongoing area of research. 
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 Bisphosphonates are stable synthetic analogues of 
 pyrophosphate with a P-C-P backbone and an R 1  side chain 
that acts as a “bone hook,” resulting in avid binding to the 
bone surface. There are two main classes of bisphosphonates: 
aminobisphosphonates, which contain an R 2  covalently 
bonded nitrogen atom (i.e., zoledronic acid, pamidronate, and 
ibandronic acid), and non-nitrogen-containing compounds 
such as clodronate. The mechanisms of action of these two 
classes are different; nitrogen-containing bisphosphonates 
inhibit farnesyl diphosphate synthase in the mevalonate 
pathway, leading to a reduction in signaling GTPases  [  34  ] , 
while non-nitrogen-containing bisphosphonates are metabo-
lized to hydrolysis-resistant ATP analogues  [  35  ] . 

 Bisphosphonates are taken up by osteoclasts during bone 
resorption and result in osteoclast apoptosis and, thus, 
reduced bone turnover. Their bioavailability is determined by 
the route of administration, with poor absorption (0.5–3 %) 
when given by mouth. Following intravenous administration, 
the half-life in serum is less than 1 h, with approximately 
30–60 % of the infused dose rapidly binding to the bone sur-
face, and the remainder excreted by the kidney. The half-life 
in bone is, however, substantially longer and measurable in 
years, with evidence of ongoing biological activity after a 
single infusion of 4 mg for more than 3 years  [  36  ] .  

   Animal Toxicology and Teratogenicity 

   Animal Studies 

 Bisphosphonates are excreted in a nonmetabolized form in the 
kidneys of mammals. Preclinical studies in rats demonstrated 
that the renal toxicity is not only linked to renal excretion rates 
but also varies according to the particular bisphosphonate. 
A comparison of ibandronic acid, 10–20 mg/kg; zoledronic acid, 
3–10 mg/kg; and intraperitoneal clodronate injection, 200 mg/
kg twice daily demonstrated tubular degeneration and single 
cell necrosis of proximal convoluted tubules on the fourth day 
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of dosing, with zoledronic acid showing the strongest dose-effect 
relationship  [  37  ] . These data were further supported in a rat 
model using clinically relevant doses of zoledronic acid (1 or 
3 mg/kg) and ibandronic acid (1 mg/kg). The rats were treated 
on a single infusion protocol or an intermittent intravenous 
dosing protocol every 3 weeks. Ibandronic acid induced similar 
proximal tubular damage in both dosing protocols; however, 
zoledronic acid demonstrated increased renal toxicity at the 
intermittent dosing versus the single dose. Thus, the cumulative 
use of zoledronic acid appears to increase toxicity in rats, but 
ibandronic acid may have a safer pro fi le when used repeatedly  [  38  ] . 
The longer renal half-life of zoledronic acid (150–200 days) 
compared to ibandronic acid (24 days) may explain the differ-
ences in cumulative toxicity since zoledronic acid will take 
longer to excrete  [  39  ] . 

 Bisphosphonates have been associated with various adverse 
reproductive toxicities in animal studies, including dystocia, 
teeth abnormalities, visceral anomalies, and failure of embryo 
implantation. As such, they are contraindicated during preg-
nancy. However, human case studies have reported safe use of 
pamidronate  [  40  ]  and ibandronic acid  [  41  ] . In a review of 51 
case studies of bisphosphonate use during pregnancy reported 
from 1950 to 2008, no skeletal or congenital abnormalities 
were reported  [  42  ] . Furthermore, the outcome of 21 pregnan-
cies exposed to bisphosphonates in the  fi rst trimester com-
pared to matched control subjects did not demonstrate any 
adverse events in the pregnancy, suggesting bisphosphonates 
may not pose a signi fi cant teratogenic risk in humans  [  43  ] . The 
balance of risks to the pregnancy, with consideration of the 
potential teratogenic risk in humans, must always be weighed 
against the bene fi ts of bisphosphonate treatment. 

 Postpartum, there is evidence, in vivo, of passage of bis-
phosphonates into milk; thus, it is recommended that use 
during breast-feeding should be avoided. A clinical case 
report of intravenous monthly pamidronate use during 
breast-feeding did not demonstrate pamidronate in breast 
milk collected for 48 h after the  fi rst infusion, suggesting 
pamidronate may be safe during lactation in humans  [  44  ] .   
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   Systemic Effects 

   Acute Phase Response 

 The acute phase response is a systemic in fl ammatory reaction 
characterized by  fl u-like symptoms, including fever, arthral-
gia, myalgia, exhaustion, and leucocytosis. These reactions 
have most commonly been described with the intravenous 
bisphosphonates, zoledronic acid, ibandronic acid, and 
pamidronate. They occur more commonly after the  fi rst infu-
sion, and symptoms dissipate with subsequent infusions. 
Treatment involves paracetamol and nonsteroidal anti-
in fl ammatory agents. All components of the acute phase 
response have a peak onset within 1 day, with a median dura-
tion of 3 days. Severity is mild to moderate in 90 % of cases 
 [  45  ]  and self-limiting in nature. 

 The cause of the acute phase reaction is thought to be due 
to an increase in gamma/delta (  g  /  D  ) T lymphocytes and 
release of tumor necrosis factor alpha and interleukin-6 
 following use of an aminobisphosphonate  [  46,   47  ] . The inci-
dence of the acute phase response appears to be similar 
between intravenous bisphosphonates. In breast cancer and 
myeloma patients treated with zoledronic acid or pamidronate, 
the frequency of fever was 38 % versus 31 %, respectively 
 [  48  ] . When zoledronic acid (4 mg every 4 weeks) was com-
pared to oral ibandronic acid (50 mg daily) in a phase 3 trial 
of breast cancer patients, fever expectedly occurred more 
frequently in the zoledronic acid group (16.8 % zoledronic 
acid vs. 0 % oral ibandronic acid)  [  49  ] . However, intravenous 
ibandronic acid (6 mg day 1 followed by oral 50 mg daily) 
demonstrated an acute phase reaction incidence, on days 
1–3, of 13 %  [  50  ] , indicating that the incidence of the acute 
phase reaction may be more dependent on the route of 
administration than the speci fi c type of aminobisphospho-
nate. The incidence of acute phase reactions may be less 
common in immunocompromised cancer patients than in 
healthy subjects or patients with malignancy who do not 
have metastasis  [  51  ] .  
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   Metabolic 

 Prolonged use of bisphosphonates can be associated with 
alterations in calcium, magnesium, phosphate, and vitamin 
D metabolism. Hypocalcemia is the most commonly reported 
metabolic side effect of bisphosphonates. In studies of bis-
phosphonates, without supplementation with calcium and 
vitamin D, the incidence of hypocalcemia compared to pla-
cebo was greater with zoledronic acid (39 % vs. 7 %)  [  52  ] , 
but only slightly higher than placebo with ibandronic acid, 
pamidronate, and clodronate  [  53  ] . Concomitant use of oral 
calcium and vitamin D supplements is recommended as 
routine with zoledronic acid and advised for ibandronic acid 
or pamidronate if dietary intake or sunlight exposure is felt 
to be insuf fi cient, both of which are common in cancer 
patients  [  54  ] . 

 The severity of hypocalcemia is usually mild and often 
subclinical. However, there are recognized exacerbating factors 
such as concurrent use of aminoglycosides, which can lower 
calcium and magnesium; preexisting vitamin D de fi ciency; 
hypomagnesemia; and hypoparathyroidism  [  53  ] . In an explor-
atory study comparing changes in bone biochemistry in meta-
static breast cancer patients on prolonged bisphosphonate 
therapy compared to healthy controls matched for age, gen-
der, and renal function, bisphosphonate use was associated 
with elevated PTH (5.7 vs. 4.8 pmol/L,  p     = 0.043) when serum 
calcium was at the lower range. Sixty-two percent of patients 
demonstrated a suboptimal level of vitamin D, and 18 % were 
de fi cient in 25-hydroxy vitamin D, despite supplementation 
with 400 IU of vitamin D daily  [  55  ] . 

 Hypomagnesemia, hypokalemia, and hypophosphatemia 
have all been described with zoledronic acid but are less 
 common than hypocalcemia  [  56  ] .  

   Renal Toxicity 

 Rat models indicated that proximal tubular necrosis was the 
predominant mechanism of renal injury associated with several 
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bisphosphonates. However, in clinical studies, different bis-
phosphonates demonstrate distinctive patterns of renal dam-
age. Zoledronic acid-induced renal toxicity is characterized 
by acute tubular necrosis and apoptosis  [  57  ] . Pamidronate, 
however, may induce a collapsing focal segmental glomerulo-
sclerosis  [  58  ] . 

 Toxicity is dependent on dose, scheduling, and, for intrave-
nous preparations, the infusion rates (Table  16.1 ). Oral bispho-
sphonates have not been demonstrated to cause clinically 
relevant renal impairment in human studies. Clodronate had a 
similar rate of renal impairment to that of placebo in breast 
cancer  [  3,   4  ] . Renal adverse events with ibandronic acid (6 mg 

   Table 16.1    Recommended dosing and schedule of bisphosphonates 
according to creatinine clearance   

 Bisphosphonate 
 Baseline creatinine 
clearance (mL/min) 

 Recommended dose in 
malignant bone disease 
(infusion time) 

 Clodronate  >30  1,600 mg daily 

 10–30  800 mg daily 

 <10  Not recommended 

 Ibandronate  >50  6 mg q3–4 weeks 
(15 min) 

  ³ 30  4 mg q3–4 weeks (1 h) 

 <30  2 mg q3–4 weeks (1 h) 

 Pamidronate   ³ 30  90 mg q3–4 weeks 
(1.5–4 h dependent on 
creatinine) 

 <30  Not recommended 

 Zoledronate  >60  4 mg q3–4 weeks 

 50–60  3.5 mg q3–4 weeks 

 40–49  3.3 mg q3–4 weeks 

 30–39  3 mg q3–4 weeks 

 <30  Not recommended 
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via a 1- to 2-h infusion 3–4 times weekly) in metastatic breast 
cancer appear to be similar in frequency to placebo-treated 
patients (4.5 % ibandronic acid vs. 4 % placebo). Pamidronate, 
at doses higher than 90 mg, may cause renal impairment 
 [  59,   60  ] , and this may occasionally occur at standard doses  [  61  ] .  

 Early dose- fi nding studies with zoledronic acid use in 
metastatic bone disease suggested that an 8 or 4-mg dose 
infused over 5 min was ef fi cacious, and this dose was taken 
forward into phase III trials. However, a dose- and schedule-
dependent effect on renal function was seen that resulted in 
the abandonment of the 8-mg dose and lengthening of infu-
sion time to 15 min. With the 4-mg dose and longer infusion 
time, the phase III randomized trials of zoledronic acid in 
prostate, breast, myeloma, and lung cancer patients demon-
strated the incidence of renal impairment to be approxi-
mately 10–15 % (as de fi ned by an increase in serum creatinine 
of  ³ 0.5 mg/dL [if baseline < 1.4 mg/dL] or 1.0 mg/dL [if base-
line  ³  1.4 mg/dL] and an increase in glomerular  fi ltration rate 
[GFR]  ³  25 % from baseline). This incidence was not dissimi-
lar to that observed in advanced cancer patients receiving 
placebo  [  28,   62  ] . Clinically signi fi cant renal deterioration with 
zoledronic acid is uncommon and is exacerbated by previous 
exposure to bisphosphonates, underlying malignancy, 
increased age, dehydration, cumulative doses, and concurrent 
use of nephrotoxic drugs (i.e., nonsteroidal anti-in fl ammatories 
and cisplatin)  [  63  ] . 

 Limited comparison studies of bisphosphonates have been 
performed in an attempt to identify the safest renal pro fi le. 
A retrospective comparison of risk of renal impairment with 
ibandronic acid versus zoledronic acid in 333 breast, myeloma, 
prostate, and non-small-cell lung cancer patients found the 
renal impairment incidence rates (number of events per 
patient per year of treatment with bisphosphonate) to be 
signi fi cantly higher with zoledronic acid for all tumor sites 
(0.56 vs. 0.21,  p  < 0.0001 when assessed by serum creatinine 
and 1.92 vs. 1.01,  p  < 0.0001 when assessed using GFR for 
zoledronic acid and ibandronic acid, respectively). Even after 
adjustment of patient characteristics between both groups, 
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the hazard ratio (HR) for a decline in renal function with 
zoledronic acid compared to ibandronic acid persisted (HR 
serum creatinine 1.99,  p  = 0.08, HR GFR 1.94,  p  = 0.02)  [  64  ] . 
Similar results were demonstrated in myeloma patients, while 
the risk of renal impairment with ibandronic acid increased if 
patients had received prior zoledronic acid  [  65  ] . Comparison 
of pamidronate, 90 mg over 2 h every 3–4 weeks, with zole-
dronic acid, 4 mg over 15 min at similar intervals, in breast 
and myeloma patients demonstrated no signi fi cant difference 
in renal safety pro fi les between the two drugs over a period 
of up to 2 years  [  66  ] . 

 In general, provided bisphosphonates are used at the rec-
ommended dose and schedule, renal toxicity is unlikely, and 
serious complications are rare, with an incidence of <0.5 % 
 [  67  ]  (see Table  16.1 ). The ability to reliably discern which 
bisphosphonate represents a “safer” option, with lower renal 
toxicity, would need prospective analysis in appropriately 
powered comparative trials  [  51  ] .  

   Gastrointestinal Toxicity 

 The most common side effect of oral bisphosphonates is gas-
trointestinal toxicity, notably to the esophagus or the colon. 
Recommendations for administration stipulate that oral bis-
phosphonates should be taken with water, on an empty stom-
ach to prevent food interaction, and the patient remain 
upright for at least 30 min post ingestion. 

 Placebo-controlled trials of clodronate reported rates of 
gastrointestinal disorders at 3–10 %  [  68  ]  due mainly to 
increased diarrhea during the initial treatment phase rather 
than upper gastrointestinal (GI) side effects  [  69  ] . Further 
studies reported clodronate-associated diarrhea at 19.9 % 
versus 10 % placebo, with only mild upper GI toxicity, including 
nausea and dif fi culty swallowing tablets  [  5  ] . 

 Ibandronic acid placebo trials have reported an overall 
upper GI toxicity rate of 10 %, with upper GI symptoms 
reported as abdominal pain (2.1 %), dyspepsia (7 %), nausea 
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(3.5 %), and esophagitis (2.1 %), all of which were twice as 
likely to occur on ibandronic acid compared to placebo; how-
ever, diarrhea occurred at similar frequency to placebo  [  6,   15  ] . 
Coleman et al. reported on four oral dosing regimens of iban-
dronic acid at 5, 10, 20, and 50 mg compared to placebo and 
found the frequency of GI adverse events occurring in the 
 fi rst month to be 30 % with placebo and 33, 39, 41, and 50 % 
at the four increasing dose levels  [  16  ] . 

 Gastrointestinal toxicity may result in poor compliance 
with oral bisphosphonates, and studies in malignancy have 
suggested that up to one-third of patients will not continue or 
comply with treatment  [  70  ] . Thus, intravenous preparations 
may be preferable if oral preparations become intolerable. 

 Two recent papers have reported con fl icting  fi ndings in 
relation to the risk of esophageal cancer with the use of oral 
bisphosphonates. Both studies examined the UK General 
Practice database over similar time periods, with one study 
reporting no association with esophageal or gastric cancer 
 [  71  ]  and the other an increased risk of esophageal malignancy 
with oral bisphosphonate use for longer than 5 years when 
compared to no bisphosphonate use (relative risk [RR] 2.24, 
CI 1.47–3.4)  [  72  ] . Green et al. conclude that with an incidence 
of esophageal cancer in patients aged 60–79 of 1 per 1,000 
population over 5 years, this would increase to 2 per 1000 
population over 5 years of treatment with oral bisphospho-
nates, thus still remaining at very low risk  [  72  ] . 

 A consistent reduction in risk of colon cancer has been 
demonstrated in studies of oral bisphosphonate use. A case 
control study of more than 900 postmenopausal females diag-
nosed with colorectal cancer demonstrated that bisphospho-
nate use for at least a year prior to diagnosis was associated 
with a signi fi cantly reduced relative risk, even when other 
confounders were taken into account such as diet, body mass 
index, and use of low-dose aspirin (RR, 0.41; 95 % CI  0.25–0.67) 
 [  73  ] . These data are supported by the lack of association of 
oral bisphosphonates with colorectal cancer in the study by 
Green et al.  [  72  ] .  
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   Osteonecrosis of the Jaw 

 Osteonecrosis of the jaw (ONJ) was  fi rst reported in 2003 in 
association with pamidronate and zoledronic acid use  [  74, 
  75  ] . Painful bone exposure in the mandible and maxilla was 
described, commonly occurring after tooth extraction and 
exacerbated by dental/gingival or jawbone disease, cancer 
diagnosis, increased age, smoking, diabetes, concurrent che-
motherapy or steroids, and potency and duration of bisphos-
phonate use. The lesions were nonhealing and resistant to 
antibiotic therapy or debridement. ONJ is a clinical diagnosis 
and de fi ned as an area of exposed bone in the maxillofacial 
region that does not heal within 8 weeks after identi fi cation 
in a patient who has not had radiation therapy to the cranio-
facial region  [  76  ] . 

 The causes of ONJ in malignancy are likely to be multifac-
torial, and although proposed mechanisms include sup-
pressed angiogenesis from aminobisphosphonates and 
oversuppression of bone turnover, the evidence for either of 
these processes being causative is weak. Immune dysfunction 
during anticancer therapy can also provide an opportunity 
for infection and in fl ammation in the oral cavity, which may 
exacerbate the potential detrimental effect of bisphospho-
nates on the jawbone  [  77  ] . 

 Because of global market share, most ONJ cases have 
been associated with the use of pamidronate and/or zole-
dronic acid. There have been isolated cases with intravenous 
ibandronic acid, but reports are few, and the incidence associ-
ated with this agent is not known  [  78  ] . ONJ is rare with oral 
bisphosphonates, and the prevalence is reported as less than 
0.1 % in patients receiving chronic oral bisphosphonate 
administration for a range of nonmalignant medical condi-
tions, but whether this re fl ects the prevalence in malignancy 
is not known  [  79  ] . The incidence with monthly intravenous 
bisphosphonates has been reported from retrospective trials 
as approximately 5 % in patients with metastatic bone dis-
ease; however, prospective randomized trials of zoledronic 
acid versus denosumab indicate the incidence is probably 
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lower, at approximately 1.5–3 % over 2–3 years of use  [  80,   81  ] . 
The incidence is less when administration is less frequent as 
used to prevent cancer treatment-induced bone loss. Data 
from a large prospective randomized trial of zoledronic acid 
in early breast cancer with a median follow-up of  approximately 
5 years reported an ONJ incidence of 1.1 % (CI  0.6–1.7)  [  29  ] . 
Despite the potential risk for developing ONJ during treat-
ment with an intravenous bisphosphonate, the bene fi ts of 
bisphosphonates in metastatic malignancy far outweigh this 
small risk. 

 Treatment of ONJ is dif fi cult despite local debridement, 
antibiotics, and oxygen therapy. Thus, the management focus 
should be on prevention by increasing awareness among oncol-
ogists, dentists, and maxillofacial surgeons. Good dental hygiene 
and avoidance of dental procedures during therapy signi fi cantly 
reduce the risk of ONJ with zoledronic acid  [  82,   83  ] .  

   Cardiovascular 

 Atrial  fi brillation (AF) is the only cardiovascular side effect 
potentially associated with bisphosphonates. Untreated, it 
can increase risk of stroke, thromboembolism, and cardiac 
failure. Atrial  fi brillation has been described in association 
with the use of pamidronate and zoledronic acid. The  fi rst 
data describing AF as a side effect came from trials in osteo-
porosis. In an osteoporosis clinical trial of annual zoledronic 
acid versus placebo in around 3,800 postmenopausal women, 
there was an increased incidence of serious adverse events 
due to AF with zoledronic acid (1.3 % vs. 0.6 %,  p  < 0.001). 
The majority of these cases occurred more than 30 days after 
a zoledronic acid infusion when serum levels would be unde-
tectable; thus, the mechanism for any relationship was 
obscure. The increase in AF did not translate to an increase 
in stroke or thrombosis in the patients  [  30  ] . 

 A systematic review and meta-analysis of placebo- 
controlled trials of bisphosphonates used in osteoporosis, 
including over 26,000 patients, demonstrated a signi fi cant 
increased risk of AF serious adverse events with bisphosphonate 
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 exposure (odds ratio 1.47; CI 1.01–2.14,  p  = 0.04). However, a 
further meta-analysis of serious and nonserious AF events 
from the same trials failed to demonstrate a signi fi cant asso-
ciation, and there was no increase in risk of stroke or cardio-
vascular mortality  [  84  ] . Three further observational studies 
involving over 120,000 patients treated with bisphosphonates 
compared to untreated controls have failed to demonstrate an 
increased risk of AF  [  85–  87  ] . Two analyses of large prospec-
tive databases of over 47,000 patients registered as part of 
cardiac intervention follow-up showed no link between AF 
and bisphosphonate administration and no increase in the 
long-term incidence of myocardial infarction  [  88  ] . Any possible 
association would therefore appear to be very weak and probably 
not clinically relevant. 

 The extrapolation of these data to oncology patients is 
dif fi cult, but none of the studies to date have demonstrated an 
increased risk of AF  [  89,   90  ] . A recent large adjuvant breast 
cancer trial of zoledronic acid did not demonstrate any excess 
cardiac toxicity in those receiving zoledronic acid compared 
to standard therapy (0.8 % vs. 0.6 %, respectively)  [  29  ] .  

   Eye 

 Eye complications are rare, with an incidence of about 0.05 % 
 [  53  ] , but have been reported with pamidronate  [  91,   92  ] , zole-
dronic acid  [  93–  95  ] , clodronate  [  96  ] , and, in postmarketing 
experience, with ibandronic acid. The possible complications 
include cataract, ocular in fl ammation, conjunctivitis, uveitis, 
scleritis, episcleritis, and cranial nerve palsies due to extraoc-
ular muscle edema  [  97  ] . 

 The onset of ocular in fl ammation appears to start soon 
after administration of a bisphosphonate, and the mechanism 
of action has been proposed to be related to the acute phase 
response with in fi ltration of in fl ammatory cytokines, including 
interleukin 1 and 6, into the extraocular muscles  [  98  ] . 

 Management involves referral to a specialist of ophthal-
mology care. Conjunctivitis is usually self-limiting and often 
decreases in severity with ongoing bisphosphonate therapy. 
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Several ocular side effects can occur in conjunction and usually 
resolve over several weeks with termination of therapy  [  92  ] . 
Severe cases of global ocular in fl ammation, scleritis, or uveitis 
may need hospitalization and intravenous high-dose steroids 
 [  98  ] . Rechallenge with the causative bisphosphonate is not 
recommended  [  53  ] .  

   Central Nervous System 

 Case reports of seizures associated with zoledronic acid have 
been published, although in all cases there was an underlying 
neurologic disorder in elderly patients treated for osteoporo-
sis  [  99  ] . Many of the reported neurologic side effects during 
bisphosphonate use in malignancy, including headache, dizziness, 
and lethargy, are likely to relate to the acute phase response 
discussed earlier.   

   Conclusion 

 The use of bisphosphonates in malignancy has been supported 
by clear evidence from clinical trials of a reduction in SREs 
from bone metastases arising from numerous tumor sites, 
including breast, prostate, myeloma, lung, and other solid 
tumors. Bisphosphonates have also demonstrated ef fi cacy in 
reducing bone loss associated with adjuvant therapy and may 
have a role in the prevention of metastasis  [  51  ] . 

 The bene fi ts and risks of bisphosphonate use in both the 
palliative and adjuvant settings must be carefully considered 
to ensure that the former offset the latter. Although there can 
be occasional serious toxicities with bisphosphonates 
(Table  16.2 ), the majority of these can be avoided with 
increased awareness of potential side effects, appropriate 
monitoring, and strict adherence to recommended adminis-
tration guidelines and dosage.  

 Although renal impairment and ONJ are two potentially 
serious side effects, they only occasionally lead to a need for 
discontinuation of the bisphosphonate. Alteration of the infusion 
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time and/or dose with appropriate dental hygiene and man-
agement should ensure these are mild, self-limiting side 
effects. To put the risk bene fi t into context, the reduction in 
skeletal complications with zoledronic acid exceeds the risk 
of ONJ by a factor of >10  [  105  ] . Bisphosphonates have estab-
lished themselves as an integral part of the treatment of 
cancer-related bone disease, have a favorable safety pro fi le, 
and contribute to an enhanced quality of life for cancer 
patients.   

   Denosumab 

   Clinical Indication and Pharmacology 

 Denosumab is a fully human IgG2 monoclonal antibody 
given by subcutaneous injection that targets receptor activa-
tor of nuclear factor-kB ligand (RANKL). RANKL controls 
the differentiation and activation of osteoclasts  [  106  ]  by binding 
to RANK    receptors on osteoclasts  [  107  ]  and its precursors 
 [  108  ] . RANKL-mediated bone resorption is increased in 
osteoporosis and malignant bone disease due to breast and 
prostate cancer  [  109  ] . Denosumab inhibits    RANKL-receptor 
interaction, and this leads to diminished osteoclast activity 
and survival. As a consequence, bone resorption is reduced, 
and bone mineral density (BMD) is enhanced. This effect has 
been observed in trabecular as well as cortical bones of 
patients  [  110  ] . In addition, there is evidence that RANKL 
may be involved in facilitating the development of metastasis 
to bone from breast cancer  [  111  ] . Denosumab is administered 
as a subcutaneous injection. 

 Denosumab has been approved by both the Food and 
Drug Administration in the United States and the European 
Medicines Evaluation Agency. It is currently licensed as 
Prolia (Amgen, Thousand Oaks, CA, USA), 60 mg every 6 
months to improve bone mass and reduce fracture in osteo-
porotic postmenopausal females  [  112  ] . In the cancer setting, 
denosumab is approved to reduce treatment-induced bone 
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loss and fracture in nonmetastatic prostate cancer patients 
having hormone ablation therapy  [  113  ]  as well as adjuvant 
breast cancer patients on aromatase inhibitors  [  110  ] . More 
recently, denosumab, 120 mg every 4 weeks (Xgeva, Amgen, 
Thousand Oaks, CA, USA), has been shown to be more 
effective than zoledronic acid for prevention of skeletal mor-
bidity in patients with bone metastases from breast cancer, 
prostate cancer, and other solid tumors  [  80,   81,   114  ] . Trials are 
currently under way to establish the role of denosumab in 
preventing cancer recurrence in the adjuvant setting in high-
risk breast cancer patients undergoing chemotherapy 
(NCT01077154) as well as the bene fi t of treatment in bispho-
sphonate refractory hypercalcemia (NCT0896454). 

 In the  fi rst single-dose phase I study, carried out in post-
menopausal women, denosumab caused marked dose-dependent 
reduction in bone turnover markers compared to placebo. 
Effects upon the markers – namely, urine N-telopeptide cor-
rected for creatinine (uNTX/Cr) as well as serum N-telopeptide – 
were observed 12 h post dose and were sustained for up to 6 
months, demonstrating a rapid response and a long plasma 
half-life. UNTX/Cr levels eventually returned to normal, indi-
cating that suppression of osteoclast activity was reversible. 
Pharmacokinetics of denosumab was found to be nonlinear. 
No signi fi cant safety issues were identi fi ed, and, importantly, 
no reductions were noted in lymphocyte counts to substantiate 
concerns regarding increased infection risk  [  115  ] . 

 Denosumab is administered at a dose of 60 mg subcutane-
ously every 6 months in postmenopausal patients to treat 
osteoporosis or to cancer patients receiving aromatase inhibi-
tors or androgen-deprivation therapy. In patients with meta-
static bone disease, a higher dose and frequency of 
administration, 120 mg subcutaneously every 3–4 weeks, are 
recommended. 

 In contrast to intravenous bisphosphonates, there are no 
requirements to reduce the dose of denosumab in patients 
with renal impairment. The safety of denosumab has not been 
studied in patients with hepatic impairment, but, as monoclo-
nal antibodies are thought to be eliminated by being broken 
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down to peptides and amino acids by an “immunoglobulin 
clearance” pathway within the reticuloendothelial system 
and not excreted by the liver, speci fi c dosing recommenda-
tions do not appear to be required. Importantly, signi fi cant 
levels of neutralizing antibodies against denosumab have not 
been demonstrated in clinical trials  [  80,   81,   110  ] . There is no 
experience in drug overdose. The highest dose used in a 
phase II trial – 180 mg every 4 weeks over 21 weeks – was 
well tolerated by breast cancer patients with bone metastases, 
although hypocalcemia was more common at this dose than 
the approved 120-mg dose  [  116  ] .  

   Animal Toxicology and Teratogenicity 

 RANK/RANKL “knockout” mice demonstrated reduced 
lymph node formation and partial inhibition of early T- and 
B-lymphocyte development as well as reduced bone growth 
and lack of tooth eruption  [  117,   118  ] . Denosumab is not rec-
ommended for use in the pediatric population. The safety and 
ef fi cacy in children remain to be established, and the effect on 
developing bone may be detrimental. Inhibition of mammary 
gland formation has been observed in vitro  [  119  ] . For this 
reason, denosumab should not be administered if there are 
plans to breast-feed, as postpartum lactation potentially may 
be impaired. In addition, it is unknown whether denosumab 
is excreted in breast milk. No data exist for humans on the 
effect of denosumab on fertility or the developing fetus; 
therefore, its usage is not recommended during pregnancy or 
in subjects intending to conceive.  

   Systemic Side Effects 

   Metabolic 

 Hypocalcemia is the most common metabolic side effect. 
However, in clinical trials where patients also received calcium 
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and vitamin D supplements, clinical manifestations were rarely 
observed, even with prolonged monthly treatment  [  81,   110,   114  ] . 
In 3,933 postmenopausal patients treated with denosumab, 
60 mg every 6 months over 3 years, plus calcium and vitamin D 
supplements, there were no reported cases of hypocalcemia 
(adjusted calcium <2 mmol/L)  [  112  ] . In trials of patients with 
bony metastases from solid tumors treated with denosumab, 
120 mg every 3–4 weeks, the overall incidences of hypocalce-
mia were 10.8 and 13 % with grade 3 or 4 hypocalcemia 
(<1.75 mmol/L) in 2.3 %  [  81  ]  and 5 %, respectively  [  114  ] . Most 
events were asymptomatic, occurred once, and only infre-
quently required intravenous replacement. None were fatal. In 
one study, 5.7 and 2.7 % of patients required intravenous cal-
cium during treatment with denosumab on zoledronic acid, 
respectively  [  81  ] . 

 There is an increased risk of hypocalcemia in patients with 
a history indicative of abnormal calcium metabolism such as 
previous hypoparathyroidism, thyroid surgery, or severe 
renal impairment. Furthermore, patients with a creatinine 
clearance of <30 mL/min or a patient on renal dialysis is at 
higher risk and must have calcium levels monitored closely. 
Denosumab is contraindicated in patients with hypocalcemia, 
but, once corrected, treatment may be initiated or resumed. 
The manufacturer recommends that all patients should be 
well supplemented with calcium and vitamin D. 

 Phosphate levels can also be seen to transiently drop as 
bone turnover is reduced  [  115  ] , although none of the large 
clinical trials have reported this speci fi cally as an adverse 
metabolic effect.  

   Musculoskeletal 

 Musculoskeletal events were rarely reported in patients 
treated with 60 mg of denosumab every 6 months, except in 
adjuvant breast cancer patients taking aromatase inhibitors. 
In this study, arthralgia (24 %), pain in the extremities 
(14.7 %), and back pain (14 %) were documented. However, 
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most cases were attributed to the aromatase inhibitor, and 
few cases in each symptom group were attributed to the study 
drug by the investigator. Furthermore, no signi fi cant difference 
in incidence or severity was found compared to placebo  [  110  ] . 
In fact, back pain and arthralgia were signi fi cantly more com-
mon in patients with bone metastases from breast cancer 
treated with zoledronic acid compared to high-dose denosumab 
in one study  [  80  ] .  

   Osteonecrosis of the Jaw 

 Osteonecrosis of the jaw has been de fi ned earlier in this chapter. 
It is very rare in patients treated with denosumab, 60 mg every 
6 months. As with bisphosphonates, the frequency of ONJ 
appears to be related to the dose, frequency, and duration of 
action. The incidence in advanced cancer patients treated with 
denosumab, 120 mg every 4 weeks, remains low and similar to 
that associated with use of zoledronic acid. In 2,046 patients 
with bone metastases from breast cancer, the incidence of 
ONJ was 2.0 % with denosumab compared to 1.4 % with 
zoledronic acid ( P  = 0.39)  [  80  ] . In a trial of 1904 patients with 
bone metastases from prostate cancer, the incidence of ONJ 
was 2.0 % with denosumab compared to 1.0 % with zole-
dronic acid ( P  = 0.09)  [  114  ] . A similar incidence was also seen 
in patients with bone metastases from other solid organs 
(excluding breast and prostate) or myeloma. Here, the inci-
dence of ONJ was 1.3 % with denosumab compared to 1.1 % 
with zoledronic acid ( P  = 1.0)  [  81  ] . Risk factors for ONJ in 
these three studies included poor dental hygiene, concurrent 
chemotherapy, comorbidities, dental extraction, and previous 
treatment with bisphosphonates  [  76  ] . Most cases could be 
managed with oral rinses and antibiotics, but occasionally sur-
gical debridement or bone resection was necessary. 
Approximately 40 % of the cases resolved. As with the use of 
bisphosphonates, regular dental examinations, patient educa-
tion, and avoidance of invasive dental procedures while on 
treatment are vital.  
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   Skin 

 Dermatologic side effects such as rash, eczema, and injection 
site reaction have been reported rarely. Only for eczema has 
a signi fi cant difference been found compared to placebo in 
the incidence rates (3 % denosumab vs. 1.7 % placebo 
[ p  < 0.001])  [  112  ] . However, an excess frequency of eczema 
has not been reported in other trials.  

   Gastrointestinal 

 Constipation in patients with bone metastases from solid 
tumors has been reported in the three bone metastases trials 
with incidences of 17.3, 24, and 25 %. However, constipation 
was more commonly noted in patients on zoledronic acid in 
each trial. At lower doses of denosumab, constipation has not 
been reported as an adverse effect.  

   Ophthalmic 

 In prostate cancer patients receiving androgen-deprivation 
therapy and denosumab, 60 mg every 6 months, rates of cata-
racts were 4.7 % compared to 1.2 % for placebo  [  113  ] . 
Although none of these cases were considered related to 
denosumab, a prospective evaluation is under way to assess 
the risk prospectively for cataracts associated with deno-
sumab use (NCT00925600).  

   Infections and Immune Function 

 In patients having low-dose denosumab as part of the 
FREEDOM trial, the rate of serious adverse infection was 
4.1 % compared to placebo 3.4 % ( P  = 0.14). There was an 
increased incidence of cellulitis with denosumab, but overall 
rates remained very low (0.3 % denosumab vs. <0.1 % pla-
cebo [ P  = 0.002]). In the bone metastasis trials, infections were 
more common owing to the underlying malignancy and 
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 concomitant treatments, but no signi fi cant excess was seen 
with denosumab. Initial concerns of an increased risk of 
infection with denosumab have not been supported by the 
many large randomized trials. 

 In terms of new primary cancers, cancer recurrence, or 
disease progression, no signi fi cant differences between deno-
sumab and either placebo or zoledronic acid across different 
patient groups and trials have been reported.  

   Late Effects 

 The effects of long-term bone suppression with denosumab 
are yet to be established. Iliac crest biopsies from post-
menopausal females treated with denosumab, 60 mg every 
6 months for 2 years, showed normal bone architecture and 
no evidence of bone mineralization defects, woven bone, 
or marrow  fi brosis  [  120  ] . Concerns still exist regarding 
increased risk of atypical fractures and delayed fracture 
healing. Although no large trial has reported any signi fi cant 
 fi ndings regarding this issue, follow-up data are currently 
limited.   

   Conclusions 

 Overall, denosumab is very well tolerated. There is a higher 
incidence of hypocalcemia with denosumab compared to 
zoledronic acid. The incidence of ONJ is similar to that 
seen with intravenous zoledronic acid. Hypocalcemia is 
manageable with adequate calcium and vitamin D supple-
mentation. Denosumab is safe in patients with renal 
impairment, and no dose modi fi cation is required. The 
long-term effects of bone suppression are unknown, and 
this is of particular relevance in the adjuvant setting. Ease 
of administration, low toxicity pro fi le, and continued use in 
patients with worsening renal function make denosumab 
an attractive therapeutic agent.       
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  Abstract   Despite relevant progress achieved in the last 20 
years for the prevention of chemotherapy-induced emesis, 
nausea and vomiting continue to be among the most dis-
tressing adverse events induced by chemotherapy. Emesis 
is a complex phenomenon, and the precise mechanism by 
which chemotherapy induces nausea and vomiting is not well 
known. Many neurotransmitters are involved, and several 
antiemetic drugs are available. The complete control of vom-
iting could be achieved in about 70–90 % of patients with the 
better combination of antiemetic drugs. 

 Recently, international guidelines to prevent chemotherapy-
induced nausea and vomiting have been updated, and it is very 
important to know these recommendations and to use them in 
our clinical practice correctly. However, several aspects of 
antiemetic therapy will be clari fi ed in the coming years: the 
improvement of nausea control, the best prophylaxis of 
delayed emesis induced by multiple days of cisplatin, the pre-
vention of nausea and vomiting induced by high-dose chemo-
therapy, the control of emesis induced by chemoradiation 
therapy, and the emesis in children.  
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   Introduction 

 Signi fi cant progress has been achieved in the last years for 
the prevention of chemotherapy-induced nausea and vomit-
ing. Nevertheless, vomiting and especially nausea continue to 
be the most important chemotherapy-induced side effects, 
with signi fi cant consequences for patients’ quality of life and 
patients’ adherence to chemotherapy. 

 For these reasons, it is very important in clinical practice to 
know the different risks of emesis induced by different che-
motherapeutic agents, the antiemetic drugs available, and the 
international antiemetic guidelines. 

 In the 1990s several professional organizations published 
recommendations for antiemetic treatment in patients sub-
mitted to chemotherapy and radiotherapy. In the following 
years these recommendations have been updated, and the 
last update was published in 2010  [  1  ] , after the third Consensus 
Conference on Antiemetics, organized in Perugia, Italy, on 
June 20–21, 2009 by the European Society of Medical 
Oncology (ESMO) and the Multinational Association of 
Supportive Care in Cancer (MASCC). The majority of sug-
gestions (Table  17.1 ) refer only to intravenous agents, because 
no randomized trial has been carried out in patients receiving 
oral antineoplastic agents. Recently, the American Society of 
Clinical Oncology (ASCO) guidelines have been updated, 
and these recommendations are similar to the European 
guidelines  [  2  ] . The National Comprehensive Cancer Network 
(NCCN) antiemetic guidelines have been updated as well, 
but it is important to remember that these recommendations, 
as opposed to the ESMO-MASCC and ASCO recommenda-
tions, are opinion-based rather than evidence-based  [  3  ] .   
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   De fi nition and Classi fi cation 

 Nausea is the perception that emesis may occur; it can be 
judged only by the patient. The incidence of nausea correlates 
with the incidence of vomiting, but nausea generally occurs 

   Table 17.1    ESMO and MASCC guidelines for the prevention of 
chemotherapy-induced emesis   
 Emetogenic 
potential  Chemotherapy  Recommendations 
 High 
(>90 %) 

 Cisplatin (see 
Table 17.2) 

 Day 1: 5-HT3 
antagonist + dex + (fos)
aprepitant 

 Days 2–3: dex + aprepitant 

 Day 4: dex 

 Moderate 
(30–90 %) 

 AC  Day 1: 5-HT3 
antagonist + dex + (fos) 
aprepitant a  

 Days 2–3: aprepitant 

 Non-AC (see 
Table 17.2) 

 Day 1: palo + dex 

 Days 2–3: no routine 
prophylaxis 

 Low 
(10–30 %) 

 See Table 17.2  Day 1: dex or 5-HT3 
antagonist or  dopamine-
receptor antagonist 

 Days 2–3: no routine 
prophylaxis 

 Minimal 
(<10 %) 

 See Table 17.2  Day 1: no routine prophylaxis 

 Days 2–3: no routine 
prophylaxis 

   Abbreviations :  Dex  dexamethasone,  AC  anthracycline and cyclo-
phosphamide combination,  palo  palonosetron 
  a If an NK1 receptor antagonist is not available for AC  chemotherapy, 
palonosetron should be the preferred 5-HT3 receptor antagonist  
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more frequently than vomiting. Vomiting is forcing the stom-
ach contents up through the esophagus and out of the mouth; 
it may occur with or without nausea. Chemotherapy-induced 
nausea and vomiting should be classi fi ed as acute, delayed, 
and anticipatory arbitrarily, based on the time of onset: acute 
nausea and vomiting occur within the  fi rst 24 h after chemo-
therapy; delayed nausea and vomiting occur 24 h after 
 chemotherapy; anticipatory nausea and vomiting occur before 
chemotherapy, usually in patients with acute and/or delayed 
nausea and vomiting experiences, in the previous courses of 
chemotherapy. When the patient comes back to receive the 
following cycle of chemotherapy, emesis could be induced by 
the smells, sights, and sounds of the treatment room. 

 Several factors may in fl uence the incidence and severity of 
chemotherapy-induced emesis. 

 Some are patient-related: gender, age (females and young 
patients more frequently have nausea and vomiting), history 
of alcohol intake, history of emesis during pregnancy or due 
to motion sickness, and anxiety. Other factors are therapy-
related: chemotherapy type and dose, infusion rate, and route 
of administration. However, the most important factor is the 
presence or absence of acute nausea and vomiting and emesis 
in previous courses of chemotherapy. 

 The emetogenic potential of antineoplastic agents should 
be classi fi ed as high (>90 % incidence), moderate (30–90 %), 
low (10–30 %), and minimal (<10 %). However, every 
classi fi cation is arbitrary, because many characteristics of 
emetogenic potential (frequency, intensity, duration, latency) 
are not so well known for many chemotherapeutic agents, 
especially oral antineoplastic agents (Table  17.2 ).   

   Pathogenesis of Chemotherapy-Induced 
Emesis 

 Emesis is a complex side effect, and the precise mechanisms 
by which chemotherapy induces nausea and vomiting are 
not well known. There are probably two principal pathways, 
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central and peripheral  [  4  ] , and some mechanisms of activa-
tion are described in the following sections. 

   Central Pathway 

 The principal mechanism is the activation of the chemorecep-
tor trigger zone (CTZ), located in the area postrema in the 
brain. The CTZ works through the release of various neu-
rotransmitters, including substance P, dopamine, serotonin, 
histamine, norepinephrine, apomorphine, neurotensin, angio-
tensin II, gastrin, and vasopressin. These neurotransmitters 
activate the vomiting center, located in the brain, near the 
CTZ. The CTZ can receive and transmit information from/to 
the other central and peripheral sites. 

 The nucleus of tractus solitarius, an area of the medulla 
oblongata, also plays an important role, because it probably 
contains the highest concentration of serotonin type 3 
(5-HT3) and neurokinin 1 (NK1) receptors in the brain. 

 Moreover, there may be a cortical mechanism, with direct 
or indirect (psychogenic) cerebral activation; for example, 
patients with previous experience of nausea and vomiting are 
more likely to have emesis.  

   Peripheral Pathway 

 It is activated primarily by the damage of gastrointestinal 
mucosa with release of neurotransmitters or by the direct 
activation of peripheral neurotransmitter receptors. Serotonin 
plays a central role: it is released by enterochromaf fi n cells, 
and it activates the serotonin type 3 (5-HT3) receptors along 
the vagus nerve in the gastrointestinal tract. 

 Many chemotherapeutic agents can induce taste and smell 
alterations, which may lead to nausea and vomiting. 

 The vestibular system also may be involved in chemotherapy-
induced emesis, and patients with a history of motion sickness 
are more likely to have chemotherapy-induced emesis.   
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   Antiemetic Drugs 

 Several antiemetic drugs are available, and the optimal com-
bination can achieve vomiting control in about 80–90 % of 
patients, with minimal side effects. The most important agents 
are reported as follows  [  5,   6  ] :
   1.    Corticosteroids (Dexamethasone, Methylprednisolone). 

Their antiemetic mechanism is still unclear; they probably 
work without the blockage of speci fi c neurotransmitters. 
Their adverse events as antiemetic drugs may be limited to 
insomnia, euphoria, facial  fl ush, increased appetite, and 
anal pruritus when administered rapidly. They can decom-
pensate diabetes or reactivate gastrin/duodenal ulcers, but 
these side effects are unlikely in short-term use, and their 
use is contraindicated only in cases of diabetic ketoacido-
sis and active peptic ulcers.  

   2.    5-HT3 Receptor Antagonists (Granisetron, Ondansetron, 
Palonosetron, Tropisetron). They block the serotonin type 
3 receptors, both central and peripheral (in the small 
bowel). Palonosetron, the newest of these agents, has a 
potent and selective 5-HT3 antagonist action with a plas-
ma-elimination half-life of about 40 h, longer than that of 
ondansetron (4–6 h), granisetron (5–8 h), tropisetron (7 h), 
and dolasetron (7 h). Constipation and headaches are 
drug-class adverse effects and appear in about 10 % of 
patients. All the 5-HT3-receptor antagonists have similar 
tolerability.  

   3.    NK1 Receptor Antagonists (Aprepitant, Fosaprepitant). 
The NK1 antagonists are the most recent antiemetic agents, 
introduced about 10 years ago. This receptor is usually 
bound by substance P. The substance P, an 11-amino acid 
neuropeptide located primarily within the gastrointestinal 
tract and the central nervous system, can induce emesis 
when injected into the ferret, by binding the NK1 receptor. 
The NK1 antagonists are able to antagonize this effect of 
substance P and also the emetic stimulus induced by mor-
phine, chemotherapy, radiation, and anesthesia. They usually 
are well tolerated.  
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   4.    NK1 receptor antagonists present several drug-drug inter-
actions, because they are metabolized by the cytochrome 
P-450 isoenzyme 3A4 (CYP3A4), the major metabolic 
pathway for drugs in humans  [  7  ] . NK1 antagonists may 
decrease, for example, the plasmatic level of oral contra-
ceptives and tolbutamide; they may increase the plasmatic 
level of benzodiazepines and corticosteroids, which require 
a dose reduction of around 50 %; they can in fl uence the 
plasmatic level of warfarin. They can also in fl uence the 
metabolism of some chemotherapeutic agents (docetaxel, 
vinorelbine), but generally dose adjustments are not 
required. Therefore, it is very important to verify the drug-
drug interactions during antiemetic treatment.  

   5.    Dopamine Antagonists (Metoclopramide, Domperidone, 
Prochlorperazine, Aloperidol). They have antiemetic activ-
ity by the blockage of dopamine receptors. Metoclopramide 
may induce extrapyramidal adverse effects, especially in 
young women when used at high dosage.  

   6.    Benzodiazepines (Lorazepam, Alprazolam). They are use-
ful as combination therapy, for their sedative, anxiolytic, 
and amnesic effects. They may induce somnolence.      

   Nausea and Vomiting Induced 
by Highly Emetogenic Chemotherapy 

   Prevention of Acute Emesis 

 Before the introduction of aprepitant, a combination of a 
5-HT3 receptor antagonist plus dexamethasone was indi-
cated for the prevention of acute nausea and vomiting in 
cisplatin-treated patients. 

 Aprepitant showed antiemetic activity in several phase II 
double-blind studies and in two phase III trials with an identi-
cal design. The two phase III studies, published in 2003  [  8,   9  ] , 
compared ondansetron, 32 mg, plus dexamethasone, 20 mg on 
day 1, followed by dexamethasone, 8 mg twice a day on days 
2–4, with the combination of ondansetron, 32 mg; dexamethasone, 
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12 mg; and aprepitant, 125 mg on day 1, followed by dexam-
ethasone, 8 mg daily on days 2–4, and aprepitant, 80 mg on 
days 2 and 3. In the  fi rst study 530 patients were enrolled and 
in the second, 569 patients. 

 The dexamethasone dose was reduced in the aprepitant 
arm because aprepitant increases dexamethasone plasma 
concentrations with an approximately twofold increase in the 
plasmatic level; because different dexamethasone doses 
could change the ef fi cacy of the antiemetic regimen, a 
40–50 % reduction of the oral dexamethasone dose was made 
in the aprepitant arm. 

 The primary endpoint was complete response (no emesis, 
no use of rescue antiemetics) over the 5-day study period. In 
both studies complete response was signi fi cantly superior 
with aprepitant (73 % vs. 52 %, 63 % vs. 43 %). The complete 
response on day 1 was also signi fi cantly superior with aprepi-
tant (89 % vs. 78 %, 83 % vs. 68 %). Complete response from 
nausea was signi fi cantly superior with aprepitant only in the 
second study. In both the studies side effects were mild, with 
no difference between the two arms. 

 Another study used a similar design  [  10  ] , but with pro-
longed ondansetron in the control arm on days 2–4, with the 
dose of 8 mg orally twice a day. The aprepitant arm was supe-
rior in this case also. 

 Concerning the type of 5-HT3 antagonist, at the present 
all the 5-HT3 antagonists available are to be considered with 
similar ef fi cacy and tolerability in this setting of patients  [  11  ] . 
The single lowest tested fully effective dose, intravenous or 
oral, should be used before chemotherapy. 

 Based on these results, a combination of a 5-HT3 antago-
nist, dexamethasone, and aprepitant should be recommended 
to prevent acute nausea and vomiting induced by highly eme-
togenic chemotherapy. 

 Recently, fosaprepitant, a new NK1 receptor antagonist, 
has been approved. When administered intravenously, fosap-
repitant is converted within 30 min into aprepitant. A phase 
III, randomized study  [  12  ]  compared the standard combina-
tion of dexamethasone, ondansetron, and aprepitant (125 mg 
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orally, day 1; 80 mg orally, days 2–3) with dexamethasone, 
ondansetron, and fosaprepitant (150 mg intravenously, day 1). 
The study, in which 2,322 patients were enrolled, showed the 
noninferiority of the fosaprepitant arm.  

   Prevention of Delayed Emesis 

 The main risk factor for delayed nausea and vomiting is the 
presence of acute nausea and vomiting, so the incidence of 
delayed emesis is high in those patients who experienced 
acute emesis. Therefore, the guidelines recommend that all 
patients submitted to cisplatin-based chemotherapy receive 
the adequate prophylaxis for acute and delayed emesis. 

 Before the introduction of NK1 receptor antagonists, the 
recommended therapy was with dexamethasone (8 mg twice 
a day on days 23, and 4 mg twice a day on days 4–5) and oral 
metoclopramide (0.5 mg/kg four times a day on days 2–5) or 
a 5-HT3 receptor antagonist. 

 In the two previously mentioned phase III trials, complete 
response on days 2–5 was signi fi cantly superior with aprepi-
tant plus dexamethasone than with dexamethasone alone 
(75 % vs. 56 % and 68 % vs. 47 %, respectively). 

 Therefore, the combination of aprepitant and dexametha-
sone should be recommended in patients submitted to cispl-
atin-based chemotherapy and receiving a combination of 
aprepitant, 5-HT3 receptor antagonist, and dexamethasone 
for the prevention of acute emesis. The recommended doses 
are aprepitant, 80 mg orally on days 2–3, and dexamethasone, 
8 mg orally on days 2–4. 

 Unfortunately, in both studies, patients received two dif-
ferent combinations of drugs for acute emesis prevention, 
and the difference in acute emesis protection may in fl uence 
the incidence of delayed emesis between the two arms. 

 Moreover, the combination of aprepitant and dexametha-
sone has been compared with dexamethasone alone and not 
with the standard delayed emesis prophylaxis, such as the 
combination of dexamethasone and metoclopramide. 
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 In conclusion, the real impact of aprepitant in the preven-
tion of delayed emesis is not well known: aprepitant is more 
ef fi cacious than placebo, and, combined with dexamethasone, 
it is more ef fi cacious than dexamethasone alone; the ef fi cacy 
with respect to the combination of dexamethasone and meto-
clopramide or 5-HT3 antagonists remains to be evaluated. 
An ongoing randomized, double-blind trial of Italian Group 
for Antiemetic Research (IGAR) is evaluating this aspect: 
the patients submitted for the  fi rst time to cisplatin-based 
chemotherapy receive a combination of aprepitant, dexame-
thasone, and palonosetron on day 1; they are randomized to 
receive aprepitant on days 2–3 and dexamethasone on days 
2–4 or dexamethasone and metoclopramide on days 2–4. 

 Moreover, the better aprepitant schedule is not perfectly 
clari fi ed: pilot studies showed no differences between 1 day 
versus 3 days of aprepitant therapy, and further trials are 
necessary to validate the use of single-day aprepitant.   

   Nausea and Vomiting Induced 
by Moderately Emetogenic Chemotherapy 

   Prevention of Acute Emesis 

 For the prevention of acute emesis induced by moderately 
emetogenic chemotherapy, not including a combination of 
anthracycline and cyclophosphamide, a combination of dex-
amethasone and palonosetron should be used. 

 This suggestion is based on three studies evaluating the 
ef fi cacy of palonosetron in this situation. 

 In the  fi rst two trials, two different doses of palonosetron 
(0.25 and 0.75 mg intravenously) were compared with dolas-
etron, 100 mg intravenously  [  13  ] , and ondansetron, 32 mg 
intravenously  [  14  ] , in patients chemotherapy-naïve or pre-
treated, receiving moderately emetogenic chemotherapy. 
Palonosetron was superior in both trials. Unfortunately, in 
these trials the 5-HT3 receptor antagonist was not combined 
with dexamethasone, as recommended by guidelines. 
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 Moreover, in both studies only 5 % of patients received 
dexamethasone combined with 5-HT3 antagonist in the acute 
phase and no one in the delayed phase, and this may be a 
confounding factor. 

 In the third trial  [  15  ]  palonosetron, 0.75 mg intravenously, 
was compared with granisetron, both combined with dexam-
ethasone, 16 mg, in patients receiving high emetogenic cispl-
atin-based or anthracycline-cyclophosphamide-based 
chemotherapy. The acute emesis control was similar in both 
arms, while palonosetron showed superior ef fi cacy for delayed 
emesis control. In this study, patients with a different emeto-
genic risk were randomized, and dexamethasone was used at 
different doses with respect to those recommended by guide-
lines. In conclusion, the real ef fi cacy of palonosetron, when 
combined with dexamethasone, as recommended by guide-
lines, has not been de fi nitely clari fi ed. 

 The combination of anthracycline and cyclophosphamide 
represents a particular situation, with high risk of nausea and 
vomiting, especially in young women. 

 A double-blind study  [  16  ] , randomizing 866 patients 
receiving anthracycline and cyclophosphamide, evaluated the 
ef fi cacy of aprepitant combined with a 5-HT3 antagonist and 
dexamethasone. The patients received on day 1 aprepitant, 
125 mg orally, plus dexamethasone, 12 mg intravenously, plus 
ondansetron, 8 mg before and 8 mg after chemotherapy, or 
dexamethasone, 20 mg intravenously, plus ondansetron, 8 mg 
before and 8 mg after chemotherapy. On days 2–3, the 
patients received aprepitant, 80 mg orally, once a day or 
ondansetron, 8 mg, twice a day. 

 The complete response over the 5-day study period was 
signi fi cantly superior with aprepitant (51 % vs. 42 %); the 
complete response was also signi fi cantly superior with aprep-
itant on day 1 (76 % vs. 69 %) and on days 2–5 (55 % vs. 
49 %). Complete response from nausea was not signi fi cantly 
different. In both the studies side effects were mild, with no 
difference between the two arms. 

 Therefore, to prevent acute nausea and vomiting in 
women receiving a combination of anthracycline and 
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 cyclophosphamide, a three-drug regimen, including a single 
dose of 5-HT3 antagonist, dexamethasone, and aprepitant given 
before chemotherapy, is recommended. If aprepitant is not avail-
able for anthracycline-cyclophosphamide-based chemotherapy, 
palonosetron should be used in combination with dexametha-
sone, based on the results of the study reported above.  

   Prevention of Delayed Emesis 

 The guidelines recommend the prophylaxis of delayed emesis 
induced by moderately emetogenic chemotherapy. 

 The incidence of delayed emesis depends on the incidence 
of acute emesis: in fact, it is low (12 % delayed vomiting and 
14 % delayed nausea) if the patients did not have acute 
emesis; instead, it is high (55 % delayed vomiting and 75 % 
delayed nausea) if the patients had acute emesis. The patients 
submitted to moderately emetogenic chemotherapy, without 
the combination of anthracycline and cyclophosphamide, 
receiving palonosetron plus dexamethasone for the preven-
tion of acute emesis, should receive dexamethasone orally on 
days after chemotherapy. 

 This recommendation has been based especially on a large 
trial of the IGAR that demonstrated oral dexamethasone 
superior with respect to placebo with 10 % difference in com-
plete response  [  17  ] . The recommended dose is 4 mg orally 
twice a day on days 2–4. 

 For the women submitted to the combination of anthracy-
cline and cyclophosphamide, receiving aprepitant plus 5-HT3 
antagonist plus dexamethasone for the prevention of acute 
emesis, aprepitant is recommended to prevent delayed emesis. 
The dose of aprepitant is 80 mg orally once a day on days 2–3. 

 Unfortunately, in the previously evaluated study  [  16  ] , the 
patients received a different antiemetic combination on day 
1, and the different acute emesis protection may in fl uence the 
incidence of delayed emesis in the two arms. 

 Moreover, aprepitant was compared with ondansetron to 
prevent delayed emesis and not with the standard therapy, rep-
resented by dexamethasone. So it is unknown if dexamethasone 
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is as effective as aprepitant or if the combination of dexametha-
sone and aprepitant could be more effective than aprepitant 
alone to prevent delayed emesis. An ongoing randomized, 
double-blind trial of IGAR is evaluating this aspect: the patients 
submitted for the  fi rst time to anthracycline-cyclophosphamide 
chemotherapy receive a combination of aprepitant, dexame-
thasone, and palonosetron on day 1; they are randomized to 
receive aprepitant on days 2–3 or dexamethasone on days 2–4. 

 Recently, two randomized phase III, noninferiority trials 
evaluated the possibility of reducing the duration of dexam-
ethasone therapy in delayed emesis, using palonosetron as 
5-HT3 antagonist, to minimize the possible side effects 
related to corticosteroids. 

 In the  fi rst study  [  18  ] , 300 female chemotherapy-naive 
patients with breast cancer were enrolled. The patients were 
submitted to anthracycline-cyclophosphamide chemotherapy, 
and they received a combination of palonosetron, 0.25 mg 
intravenously, and dexamethasone, 8 mg, on day 1; then, they 
were randomized to receive placebo or dexamethasone, 4 mg 
orally twice a day on days 2–3. 

 During the overall period of study of 5 days, the complete 
response was similar in both arms: 53.6 % versus 53.7 %, 
respectively; similar noninferiority results were achieved in 
the acute phase (69.5 % vs. 68.5 %) and in the delayed phase 
(62.3 % vs. 65.8 %). 

 In the second study  [  19  ] , 322 patients receiving moderately 
emetogenic chemotherapy for the  fi rst time were enrolled. 
The chemotherapy included anthracycline-cyclophosphamide 
combination, oxaliplatin, carboplatin, or irinotecan-based 
therapy. The patients received palonosetron, 0.25 mg intrave-
nously, and dexamethasone, 8 mg intravenously, on day 1; 
then, they were randomized to receive no additional therapy 
or dexamethasone, 8 mg orally, on days 2–3. 

 During the overall period of study of 5 days, the complete 
response was similar in both arms: 67.5 % versus 71.1 %, 
respectively; similar noninferiority results were also achieved 
in the acute phase (88.6 % vs. 84.3 %) and in the delayed 
phase (68.7 % vs. 77.7 %). Therefore, both the studies seem 



586 S. Fatigoni and F. Roila

to demonstrate a lack of ef fi cacy against delayed emesis of 
dexamethasone when used in patients receiving palonose-
tron. On the other hand, the studies are noninferiority studies 
with a sample size calculated considering equivalent of the 
drug if the  complete response was inferior to 15 %. We think 
that further larger studies should be conducted to clarify the 
problem.   

   Nausea and Vomiting Induced by Low 
or Minimally Emetogenic Chemotherapy 

 Only a few trials have been carried out in patients submitted 
to low and minimal emetogenic chemotherapy, so there is 
very little evidence. Moreover, the number of agents with low 
and minimal emetogenic risk was increased with the addition 
of several target therapies, and there is the possibility of an 
over- or undertreatment by antiemetics. 

 Nevertheless, the guidelines recommend that the patients 
submitted to chemotherapy with low emetogenic risk should 
receive a single antiemetic agent, such as dexamethasone, or 
a 5-HT3 antagonist or a dopamine-receptor antagonist to 
prevent acute emesis. 

 The patients submitted to chemotherapy with minimal 
emetogenic risk should not routinely receive antiemetic pro-
phylaxis before chemotherapy, if they do not have a history 
of nausea and vomiting. 

 No antiemetic prophylaxis should be administered for the 
prevention of delayed emesis induced by chemotherapy with 
low and minimal emetogenic risk.  

   Chemotherapy-Induced Anticipatory Nausea 
and Vomiting 

 Anticipatory emesis occurs before chemotherapy, usually in 
patients who experienced nausea and vomiting in previous 
chemotherapy courses. Several other factors may be  associated 
with anticipatory nausea and vomiting: the number of 
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 chemotherapy cycles, age, sex, and anxiety. In fact, young 
patients, females, with a history of anxiety have a higher inci-
dence of anticipatory emesis. 

 The guidelines recommend the best control of acute and 
delayed emesis as the best way to prevent anticipatory nausea 
and vomiting. Antiemetic agents usually given in the preven-
tion of acute and delayed nausea and vomiting are often inef-
fective in treating anticipatory emesis. Behavioral techniques 
could be effective in reducing anticipatory symptoms, including 
progressive relaxation technique, desensitization, and hypnosis. 
Benzodiazepines may help to reduce the incidence of anticipa-
tory emesis, but their ef fi cacy decreases during the treatment.  

   Radiotherapy-Induced Nausea and Vomiting 

 Radiotherapy also is often associated with nausea and vomiting. 
Incidence and severity of radiotherapy-induced emesis 
depend on several factors, similar to chemotherapy-induced 
emesis. Some factors are patient-related (age, gender, state of 

   Table 17.3    ESMO and MASCC guidelines for prevention of 
 radiotherapy-induced emesis   
 Emetogenic 
potential  Radiotherapy  Recommendations 

 High (>90 %)  Total body 
irradiation; total 
nodal irradiation 

 Dex + 5-HT3 antagonist 

 Moderate 
(60–90 %) 

 Upper abdomen, 
half body or upper 
body irradiation 

 5-HT3 
antagonist + optional dex 

 Low (30–60 %)  Cranium, 
craniospinal, head 
and neck, lower 
thorax region, 
pelvis 

 5-HT3 antagonist 
(prophylaxis or rescue) 

 Minimal 
(<30 %) 

 Extremities, breast  Dopamine-receptor 
antagonist or 5-HT3 
antagonist (rescue) 

   Abbreviation :  Dex  dexamethasone  
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health, previous history of emesis), and others are treatment-
related (irradiated site, single and total dose, fractionation, 
irradiate volume, radiotherapy techniques). Concurrent or 
recent chemotherapy is also an important factor. Overall 
cumulative incidence of emesis is estimated to be around 
50–80 % of patients undergoing radiotherapy. 

 This may be a major problem, considering that fraction-
ated radiotherapy involves a period of 6–8 weeks and pro-
longed nausea and vomiting may signi fi cantly decrease 
patients’ quality of life. 

 Only a few randomized studies, and often with a small 
number of patients, evaluated the problem of radiotherapy-
induced emesis, so only a little evidence is available. It is very 
important to investigate the role of individual risk factors, the 
incidence of delayed nausea and vomiting, the potential role 
of NK1 receptor antagonists, and the optimal duration of 
antiemetic prophylaxis  [  20  ] . 

 Nevertheless, the guidelines proposed new recommenda-
tions, considering four levels of risk (high, moderate, low, and 
minimal), based on the irradiation area as the most important 
risk factor (Table  17.3 ). In the case of chemoradiotherapy, the 
antiemetic regimen is determined by the chemotherapy anti-
emetic recommendations of the corresponding risk level, 
unless the radiotherapy-related risk is higher.   

   Special Topics 

   Nausea and Vomiting Induced 
by Multiple-Day Cisplatin Therapy 

 Only a few studies evaluated antiemetic therapies in these 
patients. About 55–83 % of complete protection from vomiting 
has been achieved with a combination of dexamethasone and 
5-HT3 antagonist administered all days of chemotherapy. 

 The guidelines recommend a combination of dexametha-
sone and 5-HT3 antagonist to prevent acute emesis and 
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 dexamethasone to prevent delayed emesis, but the optimal 
dose of dexamethasone and 5-HT3 antagonist is unknown, as 
well as the optimal duration of antiemetic therapy  [  21  ] . 

 Patients have more severe nausea and vomiting on days 4 
and 5, both in studies evaluating dexamethasone, 20 mg, on 
each day of cisplatin therapy or only on days 1 and 2, and it is 
unclear if this could re fl ect delayed emesis from days 1 and 2. 
The use of dexamethasone for 5 consecutive days, followed 
by three additional doses on days 6–8 (for delayed emesis 
prevention), may be an overtreatment, especially if repeated 
every 3 weeks for three or four courses, with side effects such 
as insomnia, agitation, weight gain, epigastric discomfort, and 
risk of femur osteonecrosis. 

 The possible role of NK1 antagonists is still unde fi ned, 
because no large randomized clinical trial compared the 
addiction of NK1 antagonists to dexamethasone and 5-HT3 
antagonist in this type of patient. 

 Recently, a small, double-blind, crossover study, presented 
at the 2011 ASCO meeting, was carried out in 68 patients with 
germ cell cancer, submitted to 5-day cisplatin chemotherapy 
 [  22  ] . The patients were randomized to receive aprepitant, 
125 mg on day 3 and 80 mg on days 4–7, plus dexamethasone, 
4 mg orally twice a day on days 6–8, or placebo plus dexame-
thasone, 8 mg twice a day on days 6–7 and 4 mg twice a day on 
day 8. A 5-HT3 receptor antagonist on days 1–5 plus dexam-
ethasone, 20 mg on days 1 and 2, were utilized in both arms. 
A complete response was achieved in 47 % of patients in 
aprepitant arm versus 19 % in the placebo arm. 

 Further larger studies are necessary to con fi rm these 
 interesting results and to clarify the better combination of 
antiemetic drugs in these patients.  

   Nausea and Vomiting in Children 

 This aspect of chemotherapeutic treatment for children is 
often underevaluated. It has been estimated that about 70 % 
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of children receiving chemotherapy experienced nausea and 
vomiting. Published studies present many problems, such as a 
low number of patients and nonoptimal design, so it is impos-
sible to give a speci fi c recommendation for many aspects of 
antiemetic therapy. Moreover, it is inappropriate to assume 
that the adult therapy can be directly applied to children, 
because ef fi cacy and side effects of antiemetics may be 
different. 

 Nevertheless, the guidelines  [  23  ]  recommend a combina-
tion of a 5-HT3 receptor plus dexamethasone to prevent 
acute nausea and vomiting in children receiving high or 
 moderate emetogenic chemotherapy. The optimal dose and 
schedule are not well known, such as the optimal therapy for 
delayed emesis or for anticipatory emesis and the possible 
role of NK1 antagonists.  

   High-Dose Chemotherapy 

 In this case there are very few data on the effective use of 
antiemetics for patients treated with high-dose chemotherapy 
with stem cell support. The combination of a 5-HT3 receptor 
antagonist with dexamethasone represents the current stan-
dard of care, but complete protection is reached in a minority 
of patients. One of the major problems is that in these 
patients nausea and vomiting depend on several factors, 
including prophylactic antibiotics, narcotic analgesics, the 
administration of several highly emetogenic antineoplastic 
agents over consecutive days, and the use of total body irra-
diation  [  21  ] . All these factors make the research more 
dif fi cult; nevertheless, randomized trials evaluating new anti-
emetic drugs are necessary to optimize the prophylaxis.   

   Summary 

 Major improvements have been achieved in the last 20 years 
in chemotherapy-induced emesis, especially in the control of 
vomiting. However, chemotherapy-induced nausea is still 
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hard to control, and it is one of the most important challenges 
in the following years. Future trials should be oriented to 
develop new antinausea drugs and to incorporate new agents 
into current antiemetic regimens. 

 Despite the increasing use of new antineoplastic agents 
(e.g., monoclonal antibodies or tyrosine kinase inhibitors) 
with minimal emetogenic potential and despite several anti-
emetic agents being available, nausea and vomiting are still 
disabling side effects. Therefore, the diffusion and the right 
utilization of the guidelines is a major objective. 

 Future improvement in antiemetic therapy will require 
well-designed clinical trials to de fi ne several unresolved 
questions: the best prophylaxis of delayed emesis induced by 
multiple days of cisplatin, control of nausea and vomiting 
induced by high-dose chemotherapy, chemoradiation therapy-
induced emesis, and emesis in children.      
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  Abstract   Pain is unfortunately a frequent symptom of cancer, 
especially in the advanced stages of disease. Its treatment must 
be integrated into a comprehensive supportive care approach, 
which itself must be conducted in parallel with speci fi c thera-
peutic cancer agents, if indicated, and then integrated into the 
process of palliative care in the advanced phase. 

 Several classes of pain killers are available:

   Nociceptive pain medications uses non-opioid analgesics, • 
weak opioids, and strong opioids, described in the three 
levels of the WHO ladder.  
  “Pure” neuropathic pain is treated by different drug classes, • 
at least in the front line, such as antidepressants, antiepilep-
tics, and some anesthetics such as ketamine. The analgesics 
in the WHO ladder, including opioids, are generally less 
effective for this indication, but they, as well as nondrug 
treatments, will be tried in case of refractory pain.    

 For the two types of pain, analgesics are often used in 
combination with co-analgesics (anxiolytics, corticosteroids, 
anti-osteoclast, antispasmodic, etc.). 
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 It is obviously important to know the main side effects of 
these different drug classes, in order to prevent them, to 
inform patients of their possible occurrence, and thereby to 
promote better compliance. The problem of compliance is 
indeed particularly acute in the area of pain therapy because 
patients want to use pain as an indicator of a possible disease 
progression or of an expected response to speci fi c treatments 
of cancer, and they fear the side effects of analgesics in general 
and opioids in particular. The main side effects of analgesics 
are discussed in this chapter.  

  Keywords   Cancer  •  Pain  •  Side effect  •  Pain killer  •  Analgesic      

   Introduction 

 Pain is unfortunately a frequent symptom of cancer, espe-
cially in the advanced stages of disease. Its treatment must be 
integrated into a comprehensive supportive care approach, 
which itself must be conducted in parallel with speci fi c cancer 
therapy, if indicated, and then integrated into the process of 
palliative care in the advanced phase. 

 At diagnosis and in the early stages of cancer, 30–45 % of 
patients have moderate to severe pain  [  1,   2  ] . This percentage 
increases on average to 75 % in advanced stages. Concerning the 
intensity of pain, 40–50 % of patients have moderate or high 
pain, and 25–30 % describe very strong pain  [  3  ] . Finally, a number 
of cured patients (it is dif fi cult to estimate the number) present 
with sequellar pain from cancer and/or treatments used  [  4,   5  ] . 

 We traditionally distinguish two main mechanisms of cancer 
pain, knowing that these two mechanisms are often entangled 
with advanced disease:

   Nociceptive pain, which represents 70 % of the pain  [  • 6  ]   
  Neuropathic pain, corresponding to 30–40 % of cancer pain  [  • 6  ]     

 Several classes of drugs are available:

   The treatment of nociceptive pain uses non-opioid analgesics, • 
weak opioids, and strong opioids, which are described in 
the three levels of the WHO ladder (Fig.  18.1 ).   
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  “Pure” neuropathic pain is treated by different drug classes, • 
at least in the front line, such as antidepressants, antiepileptics, 
and some anesthetics, such as ketamine. The analgesics in 
the WHO ladder, including opioids, are generally less effec-
tive in this indication, but they, as well as nondrug treat-
ments, will be tried in case of refractory pain.    

 In the two types of pain, analgesics are often used in com-
bination with co-analgesics (anxiolytics, corticosteroids, anti-
osteoclast, antispasmodic, etc.). 

 It is obviously important to know the main side effects of 
these different drug classes, in order to prevent them, to 
inform patients of their possible occurrence, and thereby to 

Prescribe regular
paracetemol

Prescribe regular
co-codamol

or dihydrocodeine

Prescribe regular
morphine

Patient in pain

Patient in pain despite
regular paracetemol

Patient in pain despite
regular co-codamol or

dihydrocodeine

Simple painkiller Intermediate painkiller /
Weak Opioid

Strong painkiller /
Strong Opioid

STEP 1 STEP 2 STEP 3

At every step conside the need for:
• Non drug treatments

• Co-analgesics
• Laxatives

  Figure. 18.1    The treatment of nociceptive pain uses non-opioid 
analgesics, weak opioids, and strong opioids, which are described in 
the three levels of the WHO ladder (Adapted by permission from 
MacMillan Publishers Ltd. on behalf of Cancer Research UK: 
British Journal of Cancer, Krakowski et al.  [  65  ] , Copyright 2003)       
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promote better compliance. The problem of compliance is 
indeed particularly important in pain therapy because patients 
often use pain as an indicator of disease progression and as a 
response to speci fi c treatment for cancer, and they fear the 
side effects of analgesics in general and opioids in particular.  

   Side Effects of Non-opioid Analgesics 
(WHO Level I) 

 The non-opioid analgesics are used in the treatment of pain of 
mild intensity (see Fig.  18.1 ). The main drugs used are paraceta-
mol, anti-in fl ammatory drugs (NSAIDs at low doses; at high 
dosages, they are primarily anti-in fl ammatory), and nefopam. 

   Paracetamol 

 Paracetamol is recommended as  fi rst choice in mild to moder-
ate pain at a dose of 1,000 mg every 4–6 h  [  7  ] . Paracetamol can 
be toxic to the liver when overdosed, justifying precaution for 
use in cases of liver failure. Liver cell necrosis does occur rarely 
and with high doses: 8–10 g in a single dose, according to most 
authors  [  8  ] . This product does not alter bleeding time and does 
not cause thrombocytopenia or  leukopenia; it causes neutrope-
nia only in exceptional cases  [  9  ] . Finally, in very exceptional 
circumstances, cases of asthma have been described  [  10  ] . It does 
not alter the renal excretion of water and salts, which facilitates 
its prescription in patients receiving chemotherapy and renal 
insuf fi ciency. Liver cell necrosis can occur in three situations: 
overdose, intoxication in adults with doses beyond 6 g and/or a 
single dose, and in case of acute alcohol intoxication  [  7  ] . 

 Rare cases of hypersensitivity reactions such as anaphylactic 
shock, angioedema, rash, hives, and skin rash have been 
reported. These patients should not be treated with this medi-
cation and related drugs  [  8  ] . 
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 Overall, this drug is generally very well tolerated at standard 
doses  [  11  ]  and when given up to 6 g/day, if necessary, taking 
into account the bene fi t/risk ratio. It is appropriate to take 
particular care in all patients who have hepatic impairment 
and/or are taking other hepatotoxic drugs.  

   NSAIDs 

 The anti-in fl ammatory drugs include all drugs inhibiting 
prostaglandin synthesis. These prostaglandins have a purely 
local, but almost ubiquitous, distribution, acting in many 
physiological and pathological processes  [  7  ] . 

 Prostaglandins are synthesized from arachidonic acid 
through cyclooxygenase (COX) isoenzymes:

   The COX1 catalyzes the formation of prostaglandins • 
involved in the cytoprotection of gastric mucosa and preser-
vation of renal function and the production of thromboxane 
A2 (vasoconstrictive prostaglandins and pro-aggregating) by 
platelets.  
  The COX2, essentially an inducible isoenzyme, leads to the • 
release of prostaglandins having a pathological role (fever, 
pain, in fl ammation, cell proliferation) but also a bene fi cial 
role in various processes (wound healing, kidney function, 
ovulation). It governs the synthesis of prostacyclin (vasodilator 
prostaglandins and anti-aggregating) by endothelial cells.    

 The decreased synthesis of prostaglandins by NSAIDs is 
following the more or less selective inhibition of COX isoen-
zymes. This common mechanism of action of NSAIDs con-
fers their properties and side effects. 

 COX2 inhibitors (also called coxibs) have not been stud-
ied in the context of cancer pain and have no market approval 
in cancer  [  4  ] . 

 Adverse reactions are common to all NSAIDs and can be 
classi fi ed into several groups  [  12  ] . 
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   Gastrointestinal Side Effects 

 Several different side effects must be distinguished:

   The functional symptoms (dyspepsia, gastric pain, nausea): • 
frequent and rapidly upon discontinuation of product. 
They are not systematically correlated with the presence 
of mucosal esophageal or gastroduodenal lesion.  
  Peptic ulcers discovered at endoscopy: They are more • 
common with NSAIDs than with coxibs but asymptomatic 
in half the cases. Small bowel ulcers have been described.  
  The symptomatic ulcer, simple or complicated (gastrointestinal • 
bleeding, perforation), of occasionally rapid onset, which 
occurs in 2–4 % per patient year with traditional NSAIDs.    

 The main predisposing circumstances are a high dosage of 
NSAIDs, old age, an active or former ulcer, concomitant anti-
coagulant, a corticosteroid, or other NSAIDs, including aspirin. 
This risk is about two times lower with coxibs, but this advantage 
is lost when the patient is given antithrombotic aspirin. 

 The treatment of gastrointestinal adverse events is by a 
proton pump inhibitor  [  4  ] . 

 The occurrence of gastrointestinal symptoms while the 
patient is taking NSAIDs should alert one to reconsider the 
usefulness of NSAID treatment and/or prescription of a proton 
pump inhibitor and/or the appropriateness of gastroscopy. 

 Finally, prevention of these injuries must be a priority and 
can be achieved by a rational prescription of NSAIDs and 
especially respect for these simple rules:

   Limit the duration of prescriptions.  • 
  Do not associate with other NSAIDs.  • 
  Challenge dangerous associations (antiplatelet agents, • 
anticoagulants).  
  Observe the effect, especially in the elderly.     • 

   Mucocutaneous Reactions 

 Mucocutaneous reactions consist of pruritus, various erup-
tions, stomatitis, rhinitis, bronchospasm, and, to a much lesser 
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extent, angioedema or anaphylactic shock. They are the 
expression of an allergy to the molecule or idiosyncratic state, 
including the Widal triad (asthma, nasal polyposis, and aspirin 
intolerance) and other NSAIDs.  

   Renal Complications 

 The most common renal complications are early, dose depen-
dent, and consecutive to the inhibition of renal COX:

   Sodium and water retention resulting in lower limb edema, • 
increased blood pressure, or congestive heart failure.  
  Acute renal failure, oliguria early on, reversible upon dis-• 
continuation of the NSAID. Its occurrence is favored by 
prior renal hypoperfusion (nephropathy, dehydration, 
diuretics, etc.) and taking inhibitors of angiotensin con-
verting enzyme or angiotensin II antagonists.  
  The concomitant prescription of NSAIDs and other neph-• 
rotoxic drugs, including cisplatin, whose elimination is 
over several weeks, is not to be prescribed owing to risk of 
renal failure  [  13  ] .     

   Vascular Complications 

 All NSAIDs seem likely to favor thrombotic events (myocar-
dial infarction, stroke) through an increase in systolic blood 
pressure. In combination with anticoagulants, they increase 
the risk of bleeding. 

 The blood cytopenias are rare, as well as hepatitis with a 
clinical expression  [  13  ] . Erythema multiforme (Lyell and 
Stevens-Johnson) is exceptional. 

 NSAIDs can sometimes cause neurosensory disorders 
(headache, dizziness, tinnitus, etc.).  

   Drug Interactions with NSAIDs Are Numerous 

 Some associations can be a risky choice and, if indicated, 
should be discussed with the treatment team – for example, 
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the NSAIDs and low-molecular-weight heparin in a  bedridden 
patient suffering from prolonged dif fi cult-to-control 
bone pain. 

 Besides the well-known interaction with cisplatin cited 
above, one must keep in mind the following interactions:

   Anticoagulants and antiplatelet agents: Concomitant use • 
of NSAIDs increases the risk of bleeding, either because 
of competition for their protein binding or by interference 
on hemostasis.  
  Methotrexate (MTX) [ • 14 ]: Concomitant use of NSAIDs 
leads within hours to days to an increase in the over-
all toxicity of MTX (association formally not to be 
recommended).  
  Lithium: In principle, one must admit that all NSAIDs, • 
except salicylate, reduce the renal clearance of lithium 
with a risk of overdose.  
  Digoxin: Increased plasma levels owing to decreased renal • 
clearance.  
  Antihypertensives and diuretics: The antihypertensive • 
effect of diuretics, beta-blockers, inhibitors of angiotensin 
converting enzyme, and calcium antagonists can be reduced 
when taking NSAIDs.  
  NSAIDs association: The association of two NSAIDs has • 
no pharmacological advantage.  
  Special case: Clinical experience shows that some patients • 
with bone pain and who are taking corticosteroids for 
another indication may have their pain alleviated by the 
addition of NSAIDs. However, this association cannot be 
recommended owing to the lack of studies, and prevention 
of gastrointestinal side effects is recommended.    

 Finally, NSAIDs, despite their powerful action, especially 
in in fl ammatory pain, are second-line analgesics for cancer 
pain because of their numerous side effects and risks of drug 
interactions. Their long-term prescription, that is, over several 
months or years, can only be considered for uncontrollable 
chronic pain failing paracetamol, steroids, or opioids alone or 
in combination. They can be very useful in acute situations or 
during initial breakthrough pain, for example, for bone pain, 
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when looking for a safer alternative. Whatever the class of 
NSAID, the dosage, the potential side effects, precautions for 
use, and contraindications are the same. 

 For any NSAID prescription, it is appropriate to limit the 
duration of prescription, to not associate two NSAIDs, to avoid 
dangerous interactions, and to respect the precautions for poly-
medicated patients, the elderly, and patients with renal failure.   

   Nefopam 

 Nefopam has an unclear mechanism of action. It has no opi-
oid property and no anti-in fl ammatory activity. It is not anti-
pyretic. It inhibits the reuptake of norepinephrine, serotonin, 
and dopamine  [  15  ] . It has anticholinergic effects independent 
of analgesia. Adverse events  [  16  ]  reported very frequently 
are drowsiness, nausea and vomiting, and hyperhidrosis. 

 Frequently, cases of dizziness, tachycardia, palpitation, dry 
mouth, and urinary retention have been described. 

 Rarely, undesirable effects of excitability, irritability, hal-
lucinations, drug dependence, seizures, malaise, and hyper-
sensitivity reactions have been reported. 

 It should be used with caution in patients with a history of 
myocardial ischemia and seizures  [  17  ] . Its use with tricyclic 
antidepressants decreases the seizure threshold.   

   Side Effects of Weak Opioids 
(WHO Level II) 

 Opioids are used in the treatment of pain of moderate inten-
sity. They are represented by codeine, dihydrocodeine, codeine 
association/paracetamol, tramadol, and tramadol/paracetamol. 

   Tramadol and Tramadol-Acetaminophen 
Association 

 The main side effects attributable to tramadol are    nausea 
and vomiting, drowsiness, headache, euphoria, sweating, dry 
mouth, and constipation  [  4,   18  ] . 
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 Nausea is generally dose dependent, and dose reduction 
during the  fi rst days of treatment improves the tolerance. 
Constipation, euphoria, and respiratory depression are less 
severe than with level III analgesics  [  19  ] . 

    Because of the mechanism of action (preferential mu-opioid 
receptor agonist activity and central monoaminergic effect by 
inhibition of neuronal reuptake of serotonin and norepinephrine), 
tramadol should not be associated with MAO inhibitors. 
Precaution for use must be taken when prescribed with anti-
depressants. Indeed, their association can cause a serotonin 
syndrome, characterized by three groups of symptoms: neuro-
muscular hyperactivity (tremor, myoclonus, hyperre fl exia, 
pyramidal rigidity), autonomic hyperactivity (hyperthermia, 
diaphoresis, tachycardia, tachypnea, mydriasis, diarrhea), and 
altered mental status (agitation, excitement, confusion)  [  20  ] . 
The drugs most frequently responsible for the serotonin syn-
drome are paroxetine, sertraline, citalopram,  fl uoxetine, and 
venlafaxine  [  21,   22  ] . Precautions are also taken in case of sei-
zure risk, although the effect of tramadol remains controver-
sial. Particular attention should be paid in patients with a 
history of head trauma, stroke, or excessive consumption of 
alcohol  [  20  ] .  

   Codeine, Codeine-Paracetamol Combination, 
and Dihydrocodeine 

 Codeine and dihydrocodeine generally share the adverse 
effects of opioids (see below), although they are less intense  [  23  ] . 
They are metabolized by the liver. One must therefore be 
careful when using them in cases of liver failure.   

   Side Effects of Strong Opioids 
(WHO Level III) 

 Strong opioids are prescribed in the treatment of pain of 
moderate to major intensity. 
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 They are classi fi ed into several groups, summarized in 
Table  18.1 . 

   Strong opioid agonists  • 
  Strong opioid partial agonists or agonist-antagonists  • 
  Strong opioid antagonists    • 

 Opioids generally all share the same side effects. 
The main effects reported in the literature are reported in 
Table  18.2   [  24  ] .  

   Nausea and Vomiting 

 Nausea and vomiting are observed in 15–30 % of patients 
receiving oral morphine as treatment for chronic cancer 
pain  [  24  ] . 

 No study shows an advantage to a speci fi c antiemetic drug. 
The most frequently used are metoclopramide, haloperidol, 
phenothiazines, scopolamine patch, and corticosteroids. The 
use of antagonists of    serotonin 5-HT3 (setrons) has not been 
speci fi cally evaluated in nausea and vomiting induced by opioids 
in cancer  [  4  ] . 

   Table 18.1    Classi fi cation of strong opioids (WHO level 3)   

 Strong opioid agonists 

 Strong opioid partial 
agonists or agonist-
antagonists 

 Strong opioid 
antagonists 

 Morphine  Buprenorphine  Naloxone 

 Oxycodone  Nalbuphine 

 Fentanyl  Pentazocine 

 Hydromorphone 

 Methadone 

 Meperidine or 
Pethidine 

 Sufentanil 
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 Uncontrollable nausea and vomiting must induce, if 
possible, a drug rotation  [  25–  30  ]  or a different route of 
administration  [  31,   32  ] . The subcutaneous route may be 
less emetogenic  [  31,   32  ] .  

   Constipation 

 Constipation is almost constant and must be systematically 
prevented with the introduction of opioid therapy  [  4  ] . 

 Preventive treatment, whose fundamentals remain empirical, 
combines lifestyle changes and laxatives.  

   Table 18.2    Common opioid-induced adverse effects   
 Gastrointestinal  Nausea 

 Vomiting 

 Constipation 

 Autonomic  Xerostomia 

 Urinary retention 

 Postural hypotension 

 Central nervous system  Drowsiness 

 Cognitive impairment 

 Hallucinations 

 Delirium 

 Respiratory depression 

 Myoclonus 

 Seizure disorders 

 Hyperalgesia 

 Cutaneous     Itching 

 Sweating 

  Reprinted with permission. © 2001 American Society of Clinical 
Oncology. All rights reserved. Cherny et al.  [  24  ]   
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   Dietary Measures 

 Dietary measures include the following:

   Maintain physical activity whenever possible.  • 
  Increase  fl uid intake, especially because a dry mouth can • 
occur with morphine.  
  Dietary intake balanced with consumption of raw or • 
cooked vegetables, fresh or cooked fruit, dried fruit and 
nuts (prunes, peanuts, hazelnuts, walnuts, etc.), and pre-
served fruit. Overconsumption of dietary  fi ber to  fi ght 
against constipation related to morphine is not a proven 
preventive measure. Limitation of foods that slow food 
transit (rice, chocolate) is empirically recommended.  
  Comfortable conditions for a bowel movement (private • 
place, nearness of a commode).     

   Laxatives 

 No one laxative has demonstrated its superiority over another  [  24  ] . 
The effectiveness of laxatives is variable from one patient to 
another. The use of rectal laxatives may be necessary in case of 
failure of oral laxatives. Protocols are empirical. It is the experi-
ence and clinical supervision that will guide the clinician, 
 depending on patient comfort and the choice of products to use. 

 Rectal laxatives are usually given because of the poor 
ef fi cacy of oral laxatives. Digital rectal examination helps 
with the prescription of the following  [  33,   34  ] :

   Hard stools: softening laxatives (paraf fi n,  fi ber, mucilage, • 
lactulose, polyethylene glycol, etc.)  
  Soft stools: laxatives increasing intrarectal pressure • 
(anthracenes, neostigmine, etc.)  
  Rectal ampulla empty: discuss a radiograph of the abdomen • 
without preparation, increase the oral laxative treatment 
(type preparation for colonoscopy), reconsider the oral 
morphine treatment, and no rectal laxative    
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 The methylnaltrexone and oxycodone-naloxone combina-
tion have demonstrated ef fi cacy  [  35–  37  ] . 

 Three recent studies have revealed a trend toward reduc-
tion of constipation in patients receiving transdermal fentanyl 
compared to those treated with oral morphine  [  38,   39,   48  ] .  

   Sleepiness 

 Drowsiness is present, according to studies, in 20–60 % of 
patients  [  24  ] . It occurs mainly during the adjustment phase of 
therapy and disappears within a few days. Its reappearance or 
persistence should suggest a metabolic disorder (renal failure, 
hypercalcemia, etc.), possibly a potentiation by other sedatives. 
The bene fi t of amphetamines and psychostimulants is limited. 
Some studies indicate that methylphenidate may reduce drows-
iness  [  40–  45  ] . Methylphenidate is not approved in all countries 
for this indication. Rotation to oral or subcutaneous adminis-
tration would cause less drowsiness  [  32  ] . The severity and 
prevalence of drowsiness may decrease by changing opioids 
 [  26,   28,   29,   46,   47  ] .  

   Neuropsychiatric Disorders 

 These disorders can be cognitive (disturbance of conscious-
ness, orientation, memory, attention), behavioral (anxiety, 
agitation), disorders of perception (hallucinations, dream-like 
phenomena), and mood disorders (depression, euphoria, 
exaltation). They are often multifactorial in origin, and an 
organic cause should always be eliminated. 

 Reduction of 20–30 % of the dose, when possible, can 
improve these side effects. If this is insuf fi cient, neuroleptics 
or antidepressants can be used  [  4,   24  ] .  

   Myoclonus 

 These are involuntary muscle movements that are generally 
dose dependent. Reducing the dosage may allow their control. 
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Drugs such as diazepam, baclofen, midazolam, clonazepam, and 
valproic acid appear to be able to reduce this side effect  [  24  ] .  

   Pruritus 

 Pruritus is found in 2–10 % of cases  [  24  ] . The hypothesis of a 
link between pruritus, release of serotonin, and histamine-
induced morphine has been raised  [  4  ] . Antihistamines are 
recommended to treat pruritus  [  24  ] , and one study  [  48  ]  men-
tioned a favorable effect of paroxetine. The use of a setron can 
be discussed as well as naloxone  [  4  ] . Note that fentanyl and 
hydromorphone would release less histamine than other mol-
ecules  [  24  ] , so changing the molecule could be of interest.  

   Respiratory Effects 

 Morphine is a histamine liberator. It thickens the bronchopul-
monary secretions and inhibits the cough re fl ex. Morphine has 
a respiratory depressant effect, but the pain is a natural ago-
nist of this effect. Therefore, a patient regularly evaluated, 
suffering from cancer pain and treated with regular escalating 
doses, has a small risk of respiratory depression  [  4  ] . 

 The use of opioids is not indicated in the patient with asth-
matic or restrictive respiratory insuf fi ciency. It is advisable to 
estimate the advantage of the opioid treatment and to be particu-
larly watchful in the therapeutic escalation during an obstructive 
respiratory failure. A correction of obstruction (mucolytic agents, 
physiotherapy, etc.), as much as possible, must be implemented. 
The treatment of respiratory depression involves the prescription 
of the opioid antagonist naloxone, which is fully effective and 
rapid. Its dosage should be adjusted considering its half-life 
(duration of action of intravenous naloxone is 30 min, and 2–3 h 
for subcutaneous naloxone  [  4  ] ) and also that of the opioid used.  

   Other Effects 

 Dysuria, urinary retention, and sweating have a poorly de fi ned 
incidence rate. Reducing dosages would improve these symptoms. 
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 For urinary problems, which are associated with an increase 
in tone of the detrusor muscle and sphincter, a bladder catheter 
and neostigmine can easily solve the problem  [  4  ] . 

 For sweating, NSAIDs and corticosteroids may be tried, even 
if they do not have market approval for this indication  [  4  ] . 

 Tolerance or habituation re fl ects the need to increase 
doses of a product to maintain a given effect. Tolerance to the 
analgesic effect of opioids is low. Most often, the need to 
increase doses is related to an increase in clinical pain by 
infra-clinical evolution. However, there is a tolerance bene fi t 
to some side effects: drowsiness, respiratory depression, nausea 
and vomiting, etc. 

 Chronic use of morphine, like other products, causes 
physiological changes in connection with its action on speci fi c 
receptors. Physical dependence is one of those changes. It can 
lead in the extreme to a syndrome of opioid withdrawal when 
opioids are stopped abruptly or if an opioid antagonist is 
prescribed. This phenomenon should not be confused with 
addiction. The withdrawal syndrome is characterized by anxi-
ety, irritability, chills, piloerection,  fl ushing, sweating, lacrima-
tion, rhinorrhea, yawning, nausea and vomiting, abdominal 
cramps, diarrhea, joint pain, and mydriasis. 

 Addiction and physical dependence are problems in 
patients treated with opioids for cancer pain. Physical depen-
dence requires continuity of the prescription and avoidance 
of co-prescription of agonist–antagonist opioid receptors  [  4  ] . 
Psychological dependence is, in turn, exceptional  [  4  ] . 

 Psychological dependence or addiction is the development 
of addictive-like behavior, with craving and obsessive atten-
tion to obtain the product. Addiction is rare in cancer patients 
treated with opioids for pain  [  4,   49  ] . 

 Some hyperalgesia with morphine may be encountered. 
These phenomena are currently poorly explained, even though 
there are interesting hypotheses based on animal  experiments 
 [  50  ] . The decrease in dosage or change of opioid sometimes 
allows a decrease or disappearance of symptoms.   
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   Side Effects of Other Drugs for the Treatment 
of Nociceptive Pain 

   Ketamine 

 Ketamine is a general anesthetic, not a barbiturate, that is fast 
acting and has been known for over 40 years. It provides a so-
called dissociative anesthesia – that is, loss of consciousness, 
catalepsy, amnesia, sedation, and analgesia without hypnotic 
effect. Used since the 1990s at subanesthetic doses for its anal-
gesic activity  [  51–  53  ] , ketamine is commonly used as an intrave-
nous continuous low dose associated with opioid therapy. Its 
mechanism of action involves various receptors, but especially 
its effect is a noncompetitive antagonist of N-methyl- d -aspartate 
(NMDA)  [  52  ] . Indeed, it is established that the intractable pain, 
often with a neuropathic component, involves NMDA recep-
tors, located in the central nervous system. Because of repeated 
stimulation of C  fi bers and poorly relieved pain, these receptors 
lead to central sensitization, an increase and an ampli fi cation of 
pain perception. The patient will have an exaggerated pain 
response during stimulation of C  fi ber  [  54,   55  ] . 

 Adverse effects of ketamine are mainly psychotomimetic 
 [  56  ] . With a subanesthetic dose, patients can express hallucina-
tions or a sense of unreality, sedation, confusion, and salivary or 
bronchial hypersecretion.    These adverse effects can be pre-
vented by adequate prophylaxis based on benzodiazepines, 
haloperidol, and an anticholinergic and by gradually increasing 
the dose and the gradual decline of other analgesics  [  51,   52,   55  ] .  

   Entonox 

 Entonox (equimolar mixture of oxygen and nitrous oxide) is 
presented as a colorless, odorless gas inhaled by mask. The 
major effects observed with nitrous oxide are a euphoric and 
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anxiolytic effect, an analgesic surface. The use of nitrous 
oxide at a concentration of 50 % does not  fi t into the context 
of anesthesia because this concentration is insuf fi cient to 
induce general anesthesia. With Entonox, the patient remains 
alert, there is no respiratory depression or hemodynamic 
alteration, and laryngeal re fl exes are preserved  [  57  ] . 

    Side effects are minor and disappear quickly as the admin-
istration of gas is stopped  [  58  ] . The following effects may 
occur during treatment and disappear within minutes after 
cessation of inhalation of the mixture:

   Euphoria, dreams  • 
  Paresthesia  • 
  Sedation  • 
  Dizziness  • 
  Nausea and vomiting  • 
  Changes in sensory perceptions  • 
  Anxiety, agitation    • 

 In patients taking drugs that depress the central nervous 
system, primarily opioids and benzodiazepines, the risk 
of drowsiness, desaturation, vomiting, and hypotension is 
increased. Assessment and monitoring by a physician familiar 
with the use of gas are required. 

 Neurologic disorders like myeloneuropathies may occur 
late in patients chronically exposed to high doses. Neurologic 
toxicity was observed in a case of prolonged inhalation in a 
context of addiction. After prolonged or repeated exposure, 
megaloblastic anemia with leukopenia has been reported. It 
takes more than 6 h of continuous inhalation and over 9 h of 
intermittent administration to cause bone marrow megalo-
blastosis without blood changes or clinical signs, and it is 
reversible upon discontinuation of treatment  [  59  ] . 

 Entonox should not be administered in the following 
situations:

   Patients requiring ventilation with pure oxygen  • 
  Increased intracranial pressure  • 
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  Altered consciousness preventing patient cooperation  • 
  Pneumothorax, emphysema  • 
  Abdominal bloating     • 

   Ziconotide 

 Ziconotide is an    N-type voltage-dependent calcium channel 
blocker (NACC) used intrathecally. It is recommended in the 
treatment of severe chronic pain in patients who require 
intrathecal analgesia  [  60  ] . The main side effects attributed to 
ziconotide are neuropsychological disorders (dizziness, 
 nystagmus, confusion, gait disturbance, memory impairment, 
blurred vision, headache, drowsiness) and gastrointestinal 
disorders such as nausea and vomiting, and asthenia. These 
side effects are mild to moderate and often disappear over 
time  [  60,   61  ] . 

 These major problems are described in three major studies, 
summarized in Table  18.3   [  62–  64  ] .    

   Summary 

 Analgesic drugs represent a major focus of supportive therapy. 
They are applied to  fi ght against some symptoms related to 
cancer or its treatment; in this chapter, their ef fi cacy against 
pain was discussed. Treatment of these symptoms must be 
done with maximum ef fi ciency but also with the least possible 
side effects in order to avoid a situation in which the remedy 
is worse than the disease. This implies that professionals are 
familiar with supportive and palliative as well as speci fi c can-
cer therapy. To achieve this goal, continuous education in this 
area must be encouraged. It is recalled here that the handling 
of opioids, a key factor in cancer pain therapy, follows some 
simple rules applied to the entire class of drugs. These drugs 
are extremely safe. In case of overdose, the availability of a 
good antidote is always effective. Few in our pharmacopeia 
have such an advantage.      
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  Abstract   Repeated venipunctures are often aggressive, painful, 
and sometimes dangerous, especially with the risk of severe 
extravasation during the administration of anticancer chemo-
therapy. An implanted central catheter (ICC) can be used for 
chemotherapy, infusions, transfusions, and blood samples and 
for the administration of various medications or parenteral 
nutrition requiring repeated access to the venous system. 
The installation must be done by a trained operator in sur-
gical aseptic conditions. To prevent complications, training, 
information, protocols, and evaluation are recommended. 
Nevertheless, some important complications may occur during 
installation or use of the device (hematoma, pneumothorax, 
thrombosis, extravasation, infection, no re fl ux, etc.).  

  Keywords   Totally implanted access ports  •  Venipuncture  
•  Thrombosis  •  Catheter infection  •  Extravasation  •  Recall 
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   Introduction 

 Repeated venipunctures are often aggressive, painful, and 
sometimes dangerous, especially with the risk of severe extrava-
sation during the administration of anticancer chemotherapy. 

 Externalized central catheters are used less frequently and 
are currently reserved for special situations such as short che-
motherapy treatment (less than three cycles), terminal pallia-
tive care, and intensive care. Peripherally inserted central 
catheters (PICCs) are frequently used in some countries. This 
technique, developed in the 1990s in North America, has 
reduced the indication of conventional central venous insertion; 
however, it is not currently in use everywhere, due to the lack 
of familiarity with the equipment. In addition, the incidence 
rate of infection with PICCs is 1–2 infections in 1,000 catheter-
days. In comparison, the incidence rate of infection with the 
ports is 0.1–0.2 infections per 1,000 catheter-days. Similarly, the 
incidence of thrombosis with the port is lower (OR = 0.43, 95: 
0.23–0.80). Thus, the implantable central catheter (ICC) is 
 currently the preferred central venous access  [  1  ] . 

 The ICC can be used for chemotherapy, infusions, transfusions, 
and blood samples and for the administration of various 
medications or parenteral nutrition requiring repeated access 
to the venous system. 

 Instructions for the device must be observed rigorously 
according to the rules de fi ned by tracing items (Code of 
Public Health). The information delivered to the patient is 
now largely enshrined in law.  

   Installation 

 The installation  [  2  ]  must be performed quickly, as soon as the 
decision of chemotherapy is made, to respect the peripheral 
venous capital. 

 It is not appropriate to insert an ICC after the start 
of chemotherapy because of organizational problems in 
health-care facilities. This can be done only in cases of true 
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 therapeutical emergency, such as enlarged mediastinum 
in lymphomas or small cell carcinoma. After one cycle of 
 chemotherapy, the tumor mass will be reduced and the catheter 
easily inserted. 

 The management of antiplatelet agents and anticoagulants 
is subject to the same rules as any other surgery. Upon instal-
lation, the platelet count should be greater than 50,000/mm 3  
and the INR (international normalized ratio) lower than 1.5. 

 The type of anesthesia – usually a local anesthesia – must 
take into consideration the preferences of the patient and his 
or her physical and mental state. 

 The choice of the site must be done in consultation with 
stakeholders: the patient, the surgeon, the anesthesiologist, and 
the users (including oncologists, nurses, and therapists). Insertion 
of an ICC in a pre-irradiated area (apart from controlateral 
breast cancer after evaluation) or near infected skin metastases 
is not recommended, and the equipment must be inserted on the 
opposite side of the tumor (ballistical reasons in case of radio-
therapy). The choice of the vein has to be done according to the 
experience of the operator (preferred: superior vena cava, sub-
clavian vein, or internal jugular vein). If implantation in the 
lower cave system increases the risk of thrombosis and infection, 
it must still be chosen in certain situations: compression or 
thrombosis of the superior vena cava, bilateral-jugulo- subclavian 
thrombosis, extensive skin metastasis, lymphangitis and bilateral 
cancers. 

 There are two implementation techniques: the percutane-
ous and the surgical denudation. The installation must be 
done in the operating room or in a room reserved speci fi cally 
for this purpose, by a trained operator in surgical aseptic con-
ditions, preferably under ultrasound guidance, and without 
antibiotic prophylaxis. 

 Before the patient is discharged from the operating room, 
the physician must verify the existence of a blood re fl ux and 
 fl ush the ICC with saline serum to ensure the permeability of 
the system. A chest x-ray should be performed at the end of 
intervention to check the correct position of the catheter at 
the junction of the right atrium and superior vena cava and 
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eliminate the risk of pneumothorax. The nurse may use the 
ICC just after the installation or within days. 

 The identi fi cation card of the equipment must specify the 
lot number and will then be given to the patient (a copy is kept 
in the patient’s  fi le and another is sent to the pharmacy). 
A book of his supervision is also provided. An educational 
approach tailored to the patient or his or her family is 
undertaken.  

   Training, Information, Protocols, 
and Evaluation 

 The following procedures are recommended  [  3–  5  ] :

   The existence of written protocols, shared in a network of • 
care, regularly reviewed, brought to the attention of care-
givers who apply them and whose compliance is assessed  
  Staff training in the installation, manipulation, and mainte-• 
nance of catheters  
  Monitoring of infections associated with vascular catheters • 
and their census    

 For the protection of personnel, it is imperative to:

   Prevent transmission of infectious agents carried by the • 
blood or the body  fl uids of the patient.  
  Respect general hygiene safety measures, in particular, to • 
make rubbing alcohol  fi rst care.  
  Provide a secure equipment in order to prevent accidental • 
exposure to blood.    

   Asepsis 

 It is recommended that the nursing staff wear sterile gloves 
during the assembly of infusion lines, during the installation 
of the Huber needle, and during the bandage change. It is also 
recommended that the caregivers and the patient wear 
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a mask. If the patient is neutropenic, caregivers must wear 
a gown over clean business attire and cap. 

 It is necessary to ensure compliance with the closed sys-
tem, to limit connections and valve manipulations, and never 
reconnect a disconnected infusion line. 

 Twenty-two-gauge type II Huber needles ( fi tted with an 
extender) with integrated security connector (with a pre-slit 
septum) should be used preferentially. 

 The length of the needle must be adapted to the chamber 
depth and build of the patient. It is recommended to use only 
syringes with a volume equal to or greater than to 10 mL in order 
to avoid excessive pressure that could damage the ICC. The site 
of needle insertion should be protected by a sterile bandage that 
is occlusive, transparent at best, and semipermeable. 

 The needle is changed every 8 days, maximum, as is the 
bandage, unless it is contaminated or has been removed. The 
main line is changed every 96 h. There is no evidence to rec-
ommend rinsing with heparin. 

 Given the risk of infection associated with the handling of a 
central venous line, maintenance of an implantable venous 
device table during the intercure or after the treatment is not 
recommended. A simple clinical surveillance (signs of infection 
and thrombosis) is necessary. However, a system check is desir-
able every 3–4 months to  fi nd a possible thrombosis of the cath-
eter, a disinsertion of the catheter, a pinch-off syndrome with 
migration of a piece of the catheter into the heart chambers or a 
 fi brin muff.  

  Asepsis 
    Rinse three times.  • 
  Rotate the needle 360° during  fl ushing.  • 
  Remove the needle while injecting to maintain a positive • 
pressure.  
  Immediately remove the needle into a collector, • 
leaving the catheter in a column of saline.  
  Place a sterile and occlusive dressing for 1 h.    • 



626 D.S. Kamioner

          Major Complications 

 Despite compliance with the recommendations regarding the 
installation and use of ICC   , complications may occur. 

   Mechanical Complications  [  1,   2,   6  ]  

   Absence of Re fl ux 

 The absence of re fl ux should always be explored and explained. 
It can be related to malposition of the needle, a rupture or 
displacement of the catheter, thrombosis, partial or total 
occlusion of the catheter, or a sleeve of  fi brin. Required addi-
tional tests are a chest x-ray, a clouding of the catheter, par-
ticularly in the case of an associated painful injection, and a 
Doppler ultrasound.  

   Pinch-Off Syndrome 

 The pinch-off must, no matter its rank, lead to a withdrawal 
and a change of catheter:

   Grade 1: narrowing of the catheter between the clavicle and • 
the  fi rst rib with no narrowing of the lumen of the catheter.  
  Grade 2: narrowing of the lumen of the catheter.  • 
  Grade 3: fracture with embolization of the catheter. The • 
broken fragment should always be removed using inter-
ventional radio-roping techniques.    

  Indicators of Proper Functioning 
 The absence of one of these four criteria requires immediate 
veri fi cation of the system:

   Presence of venous re fl ux  • 
  No injection pain  • 
  Good  fl ux of infusion  • 
  Easy injection with a syringe    • 
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 In case of occlusion of the catheter by a cruoric  fi brin 
deposit, the proper use of  fi brinolytic agents according to pro-
cedures can “save” the catheter. The best prevention of cath-
eter occlusions is “obsessive” rinsing between two injections 
and after use.  

      Ulceration of the Skin Above the Device  [  1,   6  ]  

 Ulceration of the skin occurs due to the situation of the sub-
cutaneous injection site and may be secondary to a technical 
error during installation, to a lack of healing after the estab-
lishment of the device, to late ulceration of the skin in an 
emaciated patient, or to an un-noticed micro-extravasation, 
or even to a rejection of the material. In all cases, a surgical 
approach is necessary to change or replace the device and/or 
catheter.  

   Extravasation  [  6  ]  

 Extravasation secondary to extravascular injection of cyto-
toxic molecules is often a serious complication that can cause 
tissue necrosis and ulceration with severe dammages to 
nerves, joints and tendons, which sometimes cause major 
repercussions (chronic pain, muscular dystrophy, loss of func-
tion, esthetic repercussions) (Table  19.1 ).  

  Complications During Installation or Utilization of ICC  [  1,   2,   5  ]  
    Hematoma of the operation site  • 
  Pneumothorax  • 
  Hemothorax  • 
  Arterial punctures  • 
  Gaz emboly (exceptional cases 15/7,000)  • 
  Pinch-off syndrome or costoclavicular clamp  • 
  Thrombosis  • 
  Infections  • 
  Extravasation    • 
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 It is a therapeutic emergency that is undervalued and 
undertreated. It may delay proper management of the dis-
ease by the interruption of chemotherapy and lead to medi-
colegal procedures. It is essential that the medical and nursing 
staffs be trained to prevent and manage extravasation. 

 The rapid establishment of early surgical techniques – 
drainage-washing and suction – is the key factor in prevent-
ing the development of irreversible soft tissue damage and/or 
disabling scarring. Ideally, this procedure should be initiated 
within 4–6 h following the incident. Without intervention, the 
lipophilic products (e.g., doxorubicin) may persist in the sub-
cutaneous tissue for up to 5 months after the incident. 

 An emergency kit is essential in each service. The kit 
should contain a felt pen to mark the area of extravasation, a 
camera to visualize the area going forward, and the phone 
number of the surgical team to contact as soon as possible. 

 In any case, the chemotherapy perfusion should be stopped 
immediately, but the needle should be left in place. 

 There is no speci fi c antidote out of dexrazoxane for anthra-
cycline, yet. However, the product has been approved to go to 
market (AMM), but is not refunded and cannot be replaced 
or substituted by another dexrazoxane (cardioxane), which is 
used to prevent cardiac toxicity of anthracyclines. 

 Reactivation of a preexisting skin lesion (recall reaction) 
 [  1,   6  ]  on a previous extravasation site may occur during a 

  Levels    of Risk Associated with Extravasation  [  6  ]  
 Vesicant drugs – responsible for severe necrosis (anthracy-
clines, vinorelbine, trabectedin, dactinomycin, mitomycin C, 
vinca alkaloids, etc.):

   Nonvesicant drugs (cyclophosphamide, liposomal • 
doxorubicin, gemcitabine, methotrexate).  
  Irritant drugs: responsible for irritations.  • 
  Drugs known as nonirritating do not cause severe reactions.    • 
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subsequent injection through another site. The supposed phe-
nomenon is a synergy between cytotoxic drugs and radio-
therapy or between other cytotoxic drugs: anthracycline, 
cisplatin, mitomycin C, and paclitaxel.  

       Infectious Complications  [  7,   8  ]  

 In oncology, the average incidence rate of infection was 
0.2/1,000 catheter-days (0–2.7/1,000 days). Infection of the 
central venous line is a major cause of nosocomial infections 
and a source of excess morbidity and mortality. The catheter 
infection requires immediate management and prompt treat-
ment, with or without preservation of the ICC. 

 Central and peripheral blood cultures with differential 
time of growth must be performed, but ICC can be retained, 
unless there are signs of severity (sepsis, local infection, deep 
thrombophlebitis, or useless equipment). After 48 h, the sec-
ondary attitude will depend on the clinical condition, the 
existence or absence of another focus of infection, the differ-
ential time of growth, and the nature of the germ. 

 About 13 % of infections are caused by nosocomial bacte-
riae. These infections prolong hospital stay, delay the adminis-
tration of speci fi c treatments, increase the problems of antibiotic 
resistance, and generate incremental hospitalization costs.  

   Thromboembolic Complications  [  9–  11  ]  

 The incidence of symptomatic thrombosis of ICC is around 
4 %. Indications include pain, absence of re fl ux, arm edema, 
and so on. It is necessary to perform chest x-rays as well as a 
systematic echo Doppler to visualize the catheter and the cas-
ing when facing any type of dysfunction. 

 If the primary prevention of catheter thrombosis is not recom-
mended, the curative treatment, however, is compulsory and is 
based on the prolonged use of low molecular weight heparins.  
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   Equipment Removal  [  1,   2  ]  

 If the ICC must be performed by a team that specializes in 
surgical aseptic conditions, it is also the case for its removal. The 
patient should therefore be informed of the reasons for (end of 
treatment, occurrence of complications, or poor tolerance) and 
the consequences of this removal. It seems legitimate to quickly 
remove a catheter that is no longer used.   

   Summary 

 If the use of totally implanted catheters with subcutaneous 
chambers has grown considerably, it is important not to trivialize 
the techniques of both installation and use so as to avoid com-
plications that can sometimes be very severe.      
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  Decitabine 
 cardiac side effects , 426  
 cutaneous side effects , 426  
 gastrointestinal side effects , 425  
 general side effects , 425  
 hematologic side effects , 425  
 indication , 424  
 infectious side effects , 427  
 locomotor side effects , 426  
 metabolic side effects , 426  
 nervous system , 426  
 pulmonary side effects , 426  
 renal side effects , 426   

  Denosumab 
 animal toxicology , 553  
 cancer patients , 551–552  
 dermatologic side effects , 556  
 description , 551  
 dosages , 552, 553  
 fracture healing , 557  
 gastrointestinal side effects , 556  
 immune function , 556–557  
 infections , 556–557  
 long-term bone suppression , 557  
 metabolic side effect , 553–554  
 musculoskeletal events , 554–555  
 ophthalmic side effects , 556  
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 cytotoxic chemotherapy , 165–166  
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  Hodgkin’s lymphoma , 448, 

453–455   



646 Index
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  Non-small-cell lung cancer 
(NSCLC) 
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  Osteonecrosis of the jaw (ONJ) 

 bisphosphonates , 542–543  
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tions , 147–149  

 induced neurotoxicity , 145–147  
 side effects , 141, 145   
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 thalidomide , 460–461   
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  Stevens–Johnson syndrome , 276   
  Strong opioids, nociceptive cancer 

pain treatment 
 addiction , 610  
 adverse effects , 605, 606  
 classi fi cation of , 605  
 constipation , 606  
 dietary measures , 607  
 laxatives , 607–608  
 myoclonus , 608–609  
 nausea and vomiting , 605–606  
 neuropsychiatric disorders , 608  
 physical dependence , 610  
 pruritus , 609  
 respiratory effects , 609  
 sleepiness , 608  

 sweating , 609, 610  
 tolerance/habituation , 610  
 urinary problems , 609, 610   

  Sunitinib 
 cardiomyopathy , 489–490  
 dermatologic side effects 

 alopecia , 399  
 erythematous rash , 399  
 facial edema , 402  
 genital rash , 400, 401  
 HFSR , 394  
 reversible hair 

 depigmentation , 400  
 skin discoloration , 402  
 stomatitis and cheilitis , 401  
 subungual splinter 

 hemorrhages , 398  
 xerostomia , 402   

  Suter, T.M. , 95   
  Systemic anticancer therapy 

 antiangiogenic agents 
 description , 393  
 erythematous rash , 399  
 genital rash , 400, 401  
 hair modi fi cation , 399–400  
 HFSR , 394–398  
 mucositis , 401  
 subungual splinter 

 hemorrhages , 398–399  
 xerosis , 400  

 EGFR inhibitors 
 description , 383  
 hair modi fi cation , 388, 389  
 HER receptors , 383  
 papulopustular rash/folliculitis, 

seborrheic areas , 384–386  
 paronychia , 386–387  
 xerosis , 388  

 kit and bcr-abl inhibitors 
 chronic myeloid leukemia , 389  
 dasatinib , 391  
 imatinib , 390–391  
 management , 392–393  
 nilotinib-associated 

rash , 390  
 mTOR inhibitors , 407–410  
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 protein kinase inhibition, 
 molecule types , 382  

 RAF inhibitors , 405–407   
  Systemic therapy 

 chemotherapy , 123–126  
  fi rst-line, NSCLC , 121  
 second-line, NSCLC , 122  
 tyrosine kinase inhibitors , 122–123    

  T 
  Targeted agents 

 bleeding , 99  
 cardiac dysfunction on trastuzu-

mab , 88, 95  
 cardiovascular toxicity , 88, 95–97  
 class-speci fi c and agent-speci fi c , 87  
 diarrhea , 99–100  
 gastrointestinal perforation , 99  
 hepatotoxicity , 98–99  
 hypertension , 97  
 infusion reactions , 98  
 interstitial pneumonitis , 101–102  
 lapatinib , 86  
 management of diarrhea on 

tyrosine kinase inhibitors , 
88, 96  

 neratinib , 87  
 skin rash , 100–101  
 skin toxicity on tyrosine kinase 

inhibitors , 88, 97  
 toxicities , 88–94  
 trastuzumab , 86  
 wound-healing complications , 99   

  Targeted therapies 
 bene fi t of agents , 265–267  
 cardiovascular side effects 

 cardiovascular events , 280  
 hypertension , 279–280  
 venous and arterial 

 thromboembolism , 280–281  
 dermatologic side effects 

 rash and HFSR , 275–276  
 Stevens–Johnson 

syndrome , 276  
 everolimus , 275  

 gastrointestinal side effects 
 anorexia and weight loss , 278  
 diarrhea , 277  
 gastrointestinal perforation , 278  
 oral and upper tract 

 gastrointestinal 
complications , 277–278  

 hemorrhage , 281–282  
 infections , 276  
 metabolic toxicities 

 fatigue , 278–279  
 hyperglycemia , 279  
 hypothyroidism , 279  

 pazopanib , 275  
 side effects , 268–274  
 sorafenib , 268  
 sunitinib , 268  
 temsirolimus , 275  
 wound healing , 281   

  Taxanes , 190–192   
  Temozolomide 

 alopecia , 303  
 description , 298  
 dosing regimens , 298, 299  
 gastrointestinal side effects ,302–303  
 infections , 303  
 myelosuppression , 298, 300  
 neurologic and psychiatric 

 effects , 303  
 pneumocystis pneumonia, 

prophylaxis of , 301, 302  
 standard-of-care 

 radiochemotherapy 
 regimen , 298, 300   

  Temsirolimus 
 adverse effects 

 oral ulcerations , 409  
 paronychia/pyogenic 

 granulomas , 410  
 skin rash , 409  
 stomatitis , 409  

 lymphomas , 452  
 metastatic renal cell cancer , 408   

  ten Bokkel Huinink, W. , 193   
  Thalidomide, multiple myeloma , 

460–461   
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  Thiotepa , 324   
  Thromboembolic complications , 

ICC, 631   
  Topoisomerase inhibitors , 

182, 184   
  Topotecan , 192–194   
  Tositumomab , 451   
  Totally implanted access ports.   

 See  Implanted central 
 catheter (ICC)  

  Trabectedin , 205   
  Trastuzumab, cardiomyopathy , 

488–489   
  Tsai, H.K. , 255, 256   
  Tyrosine kinase inhibitors (TKIs) 

 erlotinib , 212–213  
 ge fi tinib , 212  
 lapatinib , 213  
 NSCLC , 122–123  
 pazopanib , 275  
 sunitinib , 268    

  V 
  Vascular endothelial growth factor 

(VEGF) 
 al fi bercept , 216–217  
 bevacizumab treatment , 151, 216  
 blockade of signaling , 149  
 side effects , 150   

  Vemurafenib 
 description , 405  
 HFSR , 407, 408  
 paradoxical keratinocyte prolif-

eration , 406  

 photosensitivity , 407  
 skin papilloma , 406   

  Venipunctures , 622   
  Venous thromboembolic disease 

 chemotherapy and drugs , 510–511  
 hormonotherapy , 511   

  Vincristine 
 accidental extravasation , 

308–309  
 alopecia , 307  
 description , 307  
 gastrointestinal , 308  
 neuromuscular side effects , 

307–308  
 neurotoxicity , 308  
 pulmonary , 308  
 visual side effects , 308   

  Vincristine/vinblastine , 197–198    

  W 
  Weickhart, A. , 147   
  White blood cells.    See  Febrile 

neutropenia (FN)  
  Worthington, H.V. , 277    

  X 
  Xerosis 

 antiangiogenic agents , 400  
 EGFR inhibitors , 388    

  Z 
  Ziconotide , 613–615          
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