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1 Principles, Definitions, and Statistics

1. Some principles of cancer biology and cancer treatment
A. Normal cell reproduction

P4

The cell cycle is depicted in Fig. 1.1. Cell replication proceeds through a number of phases that are biochemically
initiated by external stimuli and modulated by both external and internal growth controls. Certain oncogenes and cell
cycle—specific proteins are activated and deactivated synchronously as the cell progresses through the phases of the
cell cycle. Most cells must enter the cell cycle to be killed by chemotherapy or radiation therapy. Many cytotoxic
agents act at more than one phase of the cell cycle, including those classified as phase specific.

o In the G° phase (gap 0 or resting phase), cells are generally programmed to perform specialized functions.
An example of drugs that are active in this phase is glucocorticoids for mature lymphocytes.

o Inthe G' phase (gap 1 or interphase), proteins and RNA are synthesized for specialized cell functions. In late
G', a burst of RNA synthesis occurs, and many of the enzymes necessary for DNA synthesis are
manufactured. An example of drugs that are active in this phase is L-asparaginase.

o In the S phase (DNA synthesis), the cellular content of DNA doubles. Examples of drugs that are active in
this phase are procarbazine and antimetabolites.

o In the G phase (gap 2), DNA synthesis ceases, protein and RNA synthesis continues, and the microtubular
precursors of the mitotic spindle are produced. Examples of drugs that are active in this phase are bleomycin
and plant alkaloids.

o In the M phase (mitosis), the rates of protein and RNA synthesis diminish abruptly while the genetic
material is segregated into daughter cells. After completion of mitosis, the new cells enter either the G° or
the G' phase. Examples of drugs that are active in this phase are plant alkaloids.

Cyclins activate the various phases of the cell cycle. Most normal cells capable of reproduction proliferate in response
to external stimuli, such as growth factors, certain hormones, and antigen—histocompatibility complexes, which affect
cell-surface receptors. These receptors then transduce the signal that results in cell division. Tyrosine kinases (TKs)
are an essential part of the cascade of proliferative signals, from extracellular growth factors to the nucleus. Cyclins
combine with, activate, and direct the action of special TKs, called cyclin-dependent kinases.

Cell cycle checkpoints. Cells that are capable of reproducing are normally stopped at specific phases of the cell cycle
called checkpoints. The most important of these are immediately preceding the initiation of DNA synthesis and
immediately preceding the act of mitosis. These histologically quiescent periods are probably mediated by decreased
activity of cyclin-associated kinases and tumor-suppressor proteins. In fact, the cells in these phases are biochemically
active as they prepare proteins to enter the next phase of the cell cycle and correct any genetic defects before going on
to reproduce.

o Normal cells have mechanisms that detect abnormalities in DNA sequences. When DNA is damaged, a
number of repair mechanisms replace

damaged nucleotides with normal molecules. These mechanisms are most important during cellular reproduction to ensure that
new genetic material in daughter cells is an exact copy of the parent cell.

o The first checkpoint occurs in the late G' phase, just before cells enter the S phase. Even if the proper
extracellular signals are received and all of the machinery is in place for DNA synthesis, the DNA must be
in an acceptable state, with no lesions, before the cell can leave G'. If lesions are detected, they either are
repaired or the cell is made to undergo apoptosis. This stopping point is one of the actions of the p53 protein
(see section 1.C.3.b).

o The second checkpoint occurs just before the cell enters the M phase; the cell cycle inhibitors stop the cell
until it is determined whether the new progeny are worthy successors with accurate genetic copies of the
parent. A cell that has not completely and accurately replicated all of its DNA or that does not have the full
complement of proteins, spindle materials, and other substances to complete mitosis is arrested at this
checkpoint until everything is in order and before the M phase can begin.

Normal populations of cells have a small component of “immortal cells,” which, when called on by signals from other
parts of the organism, can replenish themselves and also supply daughter cells that mature and differentiate into
specialized tissue cells necessary for the function of the whole organism. Although a few types of tissue can
dedifferentiate, most cell types lose their vitality as they differentiate, enter senescence, and eventually die. The
following four populations of normal cells can be identified in eukaryotes:

o Germ cells, which are capable of reproducing themselves indefinitely, possibly as a result of going through
meiosis. Unlike cancer cells, these cells must undergo a meiotic “event” to produce an immortal cell line.

o Stem cells, whose only two functions are to reproduce and to produce cells destined to differentiate and
perform specialized functions for the host. Unlike cancer cells, these cells have a limited biological number
of reproductive cycles.

o Partially differentiated cells, which have limited capability to reproduce and whose progeny eventually
become fully differentiated, nonreproducing cells.

o  Fully mature specialized cells, which cannot reproduce further generations.

Differentiation is inversely related to immortality. Unlike cancer cell lines that are immortal by definition,
differentiated normal cells have a biological “clock” that counts the number of times the cell can divide, after which
no further division is possible. For example, a human fibroblast in culture can divide about 50 times, no matter what it
is fed or the conditions of its culture, and then it and its progeny can divide no further.
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1 Principles, Definitions, and Statistics
B. Characteristics of cancer cells
Cancer can be defined as a cellular disorder characterized by progressive accumulation of a mass of cells, as a result of
excessive reproduction of cells not compensated by appropriate cell loss; these cells progressively invade and damage the
tissues and organs of the host. Although cancer cells are abnormal and die at a faster rate than their normal counterparts, the
death rate is not able to keep up with the formation of new cells. This imbalance is the result both of genetic abnormalities in
cancer cells and of the inability of the host to detect and destroy such cells. Some of the unique characteristics of cancer cells
follow.
P.5

*  Clonal origin. Most cancer cells appear to originate from a single abnormal cell. Some cancers arise from multiple
malignant clones either as a result of a field defect, in which multiple cells of a tissue are exposed to a carcinogen
(such as the upper airways in smokers), or as a result of inherited defects in certain genes.

*  Immortality and telomeres. Most normal cells have limits on the number of reproductive cycles that a cell can have as
it matures. Cancer cells, on the other hand, can proliferate indefinitely, providing an inexhaustible pool of precursor
cells. One mechanism for immortality involves telomeres, the ends of chromosomes. Telomeres of most types of
normal cells progressively shorten as the cells differentiate. In contrast, the telomeres of cancer cells and stem cells
are replenished by the enzyme telomerase. This enzyme normally progressively decreases in a programmed manner as
cells differentiate; the fully differentiated cell becomes senescent and eventually dies as it loses its ability to
reproduce. In contrast, telomerase production is preserved or activated in many types of cancer cells; consequently,
the length of the telomeres remains intact, and the cell remains “immortal.”

*  Genetic instability due to defects in DNA repair and in detection of DNA mismatches leads to heterogeneity of cancer
cells. The cancer cells produce clones that become progressively less responsive to control mechanisms of
proliferation and have an increased capacity to survive in “foreign environments” as metastases.

*  Loss of contact inhibition and anchorage-dependent growth. Normal cells grown in tissue culture do not divide unless
they become anchored to a solid substratum to which they can adhere. Normal cells also stop dividing when they
attain a confluent monolayer, even if the culture medium contains all the growth factors and nutrients necessary for
further division. Cancer cells can grow independently in a semisolid medium without the requirement for substrate
adherence; they continue to proliferate beyond a confluent monolayer in cell culture.

*  Progressive independence of proliferation from growth factors and nutrients is noted in cancer cell cultures. Cancer
cells can actually self-destruct by continuing to divide even after they have consumed the nutritional factors in the
culture media necessary for their survival.

e Metastasis is a feature of cancer that is not found in normal tissues or benign tumors. The ability to metastasize results
from the loss of or abnormalities of cellular proteins responsible for adhesion to the extracellular matrix, abnormalities
in the interaction between cells, abnormal attachment to basement membrane, abnormal production of basement
membrane, destruction of basement membrane by enzymes such as the metalloproteases (collagenases), and many
other factors.

C. Causes of overproduction of cancer cells

*  Failure of abnormal cells to undergo apoptosis. Apoptosis is programmed cell death. An initial stimulus sets off an
extremely complex cascade of events eventually resulting in apoptosis.

o  Apoptosis occurs in normal tissue reabsorption; the classic example is the disappearance of tadpoles’ tails.
Apoptosis also results in the disappearance during embryogenesis of webs between fingers of primates,
allowing the formation of individual digits. Apoptosis results in the elimination of normal senescent cells
when they become old and useless and, of thymic T cells that recognize “self” and thereby prevent immune
attack by these cells on the host.

o Apoptosis eliminates cells with abnormal DNA caused by either irreparable DNA damage or by inaccurate,
incomplete, or redundant transcription of DNA. This is a major mechanism for maintaining chromosome
number in cells of a particular species and in preventing aneuploidy. The process ensures that only cells that
have fully and accurately replicated their entire DNA can enter mitosis.

o  Apoptotic cells can be recognized microscopically. Apoptotic cells show clumps of intracellular organelles
in the absence of necrosis. The nuclei are condensed and fragmented; intracellular structures are degenerated
and compartmentalized. As the cell falls apart, phagocytes take up the fragments. Unlike the process of cell
necrosis, apoptosis does not cause an inflammatory

P.6
response. Apoptosis requires synthesis of specific proteins that have been highly conserved throughout evolution.

o Apoptosis is genetically regulated and may be perturbed in malignant cells. Cancer cells and some
immunologic cells produce substances that promote inappropriate apoptosis in normal tissues (and may
contribute to the cachexia of malignancy). For example, the p53 tumor-suppressor oncogene stimulates
apoptosis. The Bcl-2 oncogene inhibits apoptosis, decreases normal cell death, and increases cell
populations. Apoptosis may be the major mechanism by which tumor cell populations are decreased by
hormones, cytotoxic chemotherapy, and radiation therapy.

o Caspases. The final stage of the various death pathways is mediated through activation of the caspases,
which represent a family of cysteine proteases. The activation of caspases is determined by the intrinsic and
extrinsic pathways of apoptosis.

The intrinsic pathway is a mitochondrial-dependent pathway mediated by the Bcl-2 family of proteins. Exposure to cytotoxic
stress results in disruption of the mitochondrial membrane, which then leads to release of protease activators. Caspase-9 is
subsequently activated, setting off a cascade of events that commits the cell to undergo apoptosis.
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The extrinsic pathway is mediated by ligand binding to the tumor necrosis factor (TNF) family of receptors, which includes
TNF-related apoptosis-inducing ligand (TRAIL) and others, and certain essential adaptor proteins. These adaptor proteins
recruit various proteases that cleave the N-terminal domain of caspase-8, which leads to activation of the caspase cascade.

P.7

Genetic abnormalities that inappropriately stimulate cell proliferation, independent of normal proliferation signals,
occur through a variety of mechanisms. Mutations or overproduction of receptors or transducing proteins can cause
the cell to become independent of growth factor or other triggers and to initiate cell division independently. These
gene abnormalities are usually dominant (i.e., normal cells hybridized with abnormal cells become phenotypically
malignant).

Abnormalities of tumor-suppressor genes(genes that are responsible for suppressing cell division) probably result in
cancer through failure of the host to destroy genetically abnormal cells. These genes are recessive; malignant cells
hybridized with normal cells become normal.

o Hereditary tumors. Retinoblastoma gene (RB1) was the first of these abnormal genes to be discovered.
Subsequently, a number of other suppressor gene abnormalities have been found, particularly in uncommon
or rare hereditary diseases. Examples include Wilms’ tumor (WT1), familial polyposis (APC), familial
melanoma (CDKN20), and familial breast and ovarian cancers (BRCA-1 and BRCA-2).

o p53 Suppressor gene. The most important example of these genes is the p53 suppressor gene. The p53
protein is a gene product that suppresses the cell cycle with multiple complex activities. It can detect DNA
lesions, such as nucleotide mismatches and DNA strand breaks, including those caused by radiation and
chemotherapy. This function of p53 is thought to be critical in preserving the integrity of the cellular
genome.

= When DNA lesions are detected, the p53 protein arrests cells in the quiescent G' and G? phases of
the cell cycle, preventing cells from entering the DNA synthetic (S) phase of the cell cycle. The
p53 protein can then induce repair mechanism proteins or trigger proteins, which cause apoptosis.

= In the absence of intact apoptosis, cancer cells can continue through sequential cell divisions and
accumulate nucleotide mismatches and progressive DNA mutations.

= In vitro studies have shown that chemotherapy and radiation kill cancer cells through DNA
damage, which triggers p53 protein—induced apoptosis. In contrast, p5S3 protein—deficient mouse
thymocytes and resting lymphocytes remain viable after irradiation.

=  Many human cancers are found to have mutant p53 suppressor genes. Mutant p53 is characteristic
of Li-Fraumeni syndrome, a hereditary autosomal

dominant syndrome of both soft tissue and epithelial cancers at multiple sites starting at an early age.

Tumor angiogenesis. Cancer colonies are not larger than about 1 mm in diameter unless they have a blood supply.
Colonies without adequate blood supply are not resting (not in the G° cell cycle phase); they typically have a high rate
of proliferation but a fully compensating cellular death rate. After the blood supply is established, the cellular death
rate decreases, and the tumor grows rapidly.

o Several substances are required to promote formation of new blood vessels(angiogenesis) in normal tissues.
Almost all measurable cancers, however, are limited to the production of only one of these factors, called
vascular endothelial growth factor (VEGF), which induces blood vessel formation. VEGF has a number of
interesting properties that may be useful for cancer treatment, including the following:

=  VEGEF induces receptors for itself on mature and nonproliferating blood vessel endothelial cells.
These normal, resting endothelial cells do not have the receptor until they are exposed to VEGF.

=  VEGEF induces the production and activity of multiple other growth factors that contribute to blood
vessel formation.

=  VEGF can be induced by c-ras and by other oncogenes and growth factors, which then induce
further production of VEGF.

=  Unlike normal blood vessels that require other factors for normal development, blood vessels
induced by VEGF are “leaky.” VEGF-induced plasma proteins, such as fibrinogen, can leak out of
the new vessels, forming a spongy gel around the tumor. This gel contains VEGF, which induces
further angiogenesis.

=  VEGEF appears to prevent apoptosis in induced endothelial cells.

o Tumors also elaborate angiogenesis inhibitors, which can decrease growth of tumor at distant sites. One
form of murine lung cancer gives rise to metastases that elaborate such inhibitors and suppress the growth of
the primary site. This mechanism may account for the difficulty in locating primary tumors that present with
metastases and for the absence of a detectable primary tumor (metastases of unknown origin).

Population kinetics. Tumor growth depends on the size of the proliferating pool of cells and the number of cells dying
spontaneously. The larger the tumor mass, the greater the percentage of nondividing and dying cells and the longer it
takes for the average cell to divide. Fig. 1.2 demonstrates the theoretic tumor growth curve based on the Gompertzian
model of tumor growth and regression. Some features of this sigmoid-shaped curve on logarithmic coordinates are as
follows:

o The lag phase. During the earliest phase of tumor development, a small mass of a tumor does not enlarge
very much. The working hypotheses about this lag phase are that the “pre-cancer” cells are dividing, but the
rate of birth of new cells is offset by cell death. During this phase, the dividing cells are accumulating
various mutations. These mutations help the surviving cells improve their adaptivity to the supply of
nutrients, increase the rate at which the mutated cells divide, decrease the rate of apoptosis sensitivity (e.g.,
c-kit factor), provide them with invasive properties, make the mutated cells more responsiveness to host
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factors, and produce angiogenesis factors. Before the angiogenesis factors are expressed, the small tumor
does not have its own blood supply and is dependent on local factors to get all the necessary nutrients.
Although not shown on the graph, animal models suggested that these tiny cancers may remain unchanged in
size and undetectable for many years before they enter the logarithmic phase and are large enough to be
detectable.

The log phase. The tumor now shows rapid exponential growth of the tumor mass. Hypothetically, the
reasons for this phase are a relatively high proportion of cells are undergoing division, with rapidly declining
rates of cell death; the growth fraction (ratio of dividing to total cells) is high. This rapid growth also reflects
the adaptivity of the cells and the production by the tumor cells of angiogenesis factors which induce the
surrounding tissues to form new blood vessels that “feed” the tumor mass. When the tumor’s growth fraction
is at its

highest level, it is still clinically undetectable. Although the reduction in cell number is small, the fractional cell kill from a dose
of effective chemotherapy would be significantly higher than later in the course of the tumor.

|
Lathal number of cells
127

—— 3 50% volume
reduction

Tumaor clinically detectable

LOG CELL NUMBER —=

—TIME—>
Figure 1.2. Tumor growth in diameter found on chest x-ray film or by breast examination. Tumors with 10"
and 10" cells (about 2 to 20 Ib of cancer) usually result in damage to vital organs and death of the patient.

The plateau phase. Tumor growth slows down as the percentage of dividing cells decreases, and a larger
percentage of cells are dying. The hypotheses are that growth rates eventually plateau because of restrictions
of space and nutrient availability, of blood supply, and of genetic mutations, which cause a higher death rate
of cells. The curve becomes asymptotic with some maximum.

1 x 10° cells represents one gram of tissue and the smallest number of tumor cells required to be clinically
detectable (equivalent to a mass of 1 cm). A 50% reduction in tumor mass represents only a one-third log
decrease in tumor volume. For example, a tumor mass on x-ray film containing 8 x 10" cells that is reduced
to half its volume by chemotherapy still contains 4 x 10" cells.

II. Principles of cancer treatment
A. Categories of chemotherapeutic drugs
Cytotoxic agents can be roughly categorized by their activities relative to the cell generation cycle.

*  Phase nonspecific

o

o

o

Cycle-nonspecific drugs kill nondividing cells (e.g., steroid hormones, antitumor antibiotics except
bleomycin).

Cycle-specific, phase-nonspecific drugs are effective only if the cells proceed through the generation cycle,
but they can inflict injury at any point in the cycle (e.g., alkylating agents).

Pharmacokinetics. Cycle-nonspecific and cycle-specific, phase-nonspecific drugs generally have a linear
dose—response curve: the greater the amount of drug administered, the greater the fraction of cells killed.

*  Phase specific

o
P9
o

Cycle-specific, phase-specific drugs are effective only if present during a particular phase of the cell cycle.

Pharmacokinetics. Cycle-specific, phase-specific drugs reach a limit in cell-killing ability, but their effect is
a function of both time and concentration. Above a certain dosage level, further increases in drug dose do
not result in more cell killing. If the drug concentration is maintained over a period of time, however, more
cells enter the specific lethal phase of the cycle and are killed.

B. Cancer treatment involves the exploitation of the biological characteristics of cancer cells
to make them susceptible to drug therapy. Although malignant cellular proliferation occurs in the absence of normal internal
and external growth controls, cancer cells depend on the same mechanisms for cell division that are found in normal cells.
Damage to those mechanisms leads to cell death in both normal and malignant tissues.
e Therapeutic selectivity. Both radiation therapy and chemotherapy exert their initial effects greater in neoplastic cells
than in normal host tissues because normal tissues have intact genetic machinery. Normal cells, for example, in the
bone marrow and gut and in contrast to cancer cells, are able to repair DNA damage and to destroy cells with

4



P.10
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irreparable DNA, rather than allowing damaged cells to progress through the normal cell cycle and potentially
replicate their damaged DNA. Loss of normal tissue cells as the result of DNA damage triggers proliferation of
normal tissue cells and replacement of the lost cells in a self-limited manner.
Exploitation of apoptosis in cancer. Cancer cells with intact mechanisms for apoptosis can be forced to undergo
apoptosis by irreversible damage to their DNA. Radiation therapy and most cytotoxic antineoplastic agents kill cancer
cells by damaging the cell and inducing apoptosis. Ideally, when cancer stem cells are destroyed, the cellular
“template” for the production of the malignant phenotype is diminished or destroyed; thereby, these cells would not be
replaced by more of their kind.
Exploitation of proliferation control factors in cancer

o Biological response modifiers have been used primarily to stimulate selected immune system cells, which
then demonstrate anticancer activity. These modifiers include interferons, interleukins, and several growth
factors.

o  Activation of epidermal growth factor receptors(EGFR) and its downstream signaling events play a key role
in regulating tumor cell growth and proliferation, DNA repair, invasion, metastasis, and angiogenesis.
Increased expression of EGFR is observed in a broad range of solid tumors. A number of clinical studies
have correlated the expression of EGFR with disease progression, poor treatment outcome, and poor patient
survival. Other studies have shown no such relationship with EGFR expression as measured in the
laboratory. Several chemotherapeutic agents, such as erlotinib and lapatinib, exert their antitumor effect by
inhibiting the tyrosine kinases of EGFR.

Exploitation of maturation abnormalities in cancer cells

o Directly acting maturation factors force incompletely differentiated cells to fully mature. This technique is
exemplified by transretinoic acid for the treatment of acute promyelocytic leukemia. Other agents, such as
vitamin D and cytosine arabinoside, can induce maturation of some types of leukemic stem cells in vitro.

o Eradication of stem cells can leave behind a population of maturing cells, which then complete their
differentiation into mature, nonmalignant tissues. This phenomenon is demonstrated by the finding of
residual tumor masses of benign teratoma cells after successful treatment of germ cell tumors.

Angiogenesis inhibition: exploitation of the dependence of cancer cells to induce the formation of their own blood
supply to proliferate. Angiogenesis inhibition has potential in controlling tumor growth by limiting tumor blood
supply, with only limited effects on normal revascularization. Counteraction of the antiapoptosis effect of VEGF may
prevent accumulation of genetic defects that make cancers more aggressive with time. Many inhibitors of
angiogenesis are known. Some of these agents are useful in cancer therapy, including pentostatin, interferons,
glucocorticoids, and bevacizumab.

C. Mechanisms of drug resistance

Tumor cell heterogeneity. Spontaneous genetic mutations occur in subpopulations of cancer cells before their
exposure to chemotherapy. Some of these subpopulations are drug resistant and grow to become the predominant cell
type after chemotherapy has eliminated the sensitive cell lines. The Goldie-Coldman hypothesis indicates that the
probability of a tumor population containing resistant cells is a function of the total number of cells present and its
inherent mutation rate. This hypothesis asserts the high likelihood of the presence of drug-resistant mutants at the time
of clinical presentation, even with small tumors. The Goldie-Coldman model also predicts that the maximal chance for
cure occurs when all available effective drugs are given simultaneously (an impossibility to execute).

Single-drug resistance

o Catabolic enzymes. Exposure to a drug can induce the production of catabolic enzymes that result in drug
resistance. The drug is catabolized more rapidly inside the cell by gene amplification of DNA for the
specific catabolic enzymes. Examples include increased dihydrofolic reductase, which metabolizes
methotrexate; deaminase, which deactivates cytarabine; and glutathione (GSH), which inactivates alkylating
agents.

o GSH is essential for the synthesis of DNA precursors. Increased levels of GSH enzymes have been found in
various cancers and not in their surrounding normal tissues. GSH and its enzymes scavenge free radicals and
appear to play some role in inactivation of alkylating agents through direct binding, increased metabolism,
detoxification, or repairing DNA damage.

o Resistance to topoisomerase inhibitors may develop with decreased drug access to the enzyme, alteration of
the enzyme structure or activity, and increased rate of DNA repair, and as the result of the action of
multidrug-resistance protein.

o Transport proteins. Exposure to a drug can induce the production of transport proteins that lead to drug
resistance. As a result, smaller amounts of the drug enter the cell or larger amounts are carried out because of
adaptive changes in cell membrane transport. Examples include methotrexate transport and the multidrug-
resistance gene.

D. Mechanisms of multidrug resistance

Resistance to many agents, particularly antimetabolites, may result from mutational changes unique to that agent. In other
cases, however, a single mutational change after exposure to a single drug may lead to resistance to apparently unrelated
chemotherapeutic agents.

P-170 and the mdr-1 gene. The process of multidrug resistance appears to occur as a result of induction or
amplification of the mdr-1 gene. The gene product is a 170-dalton membrane glycoprotein (P-170), which functions as
a pump and rapidly exports hydrophobic chemicals out of the cell. P-170 is a normal product of cells with inherent
resistance to chemotherapy, including kidney, colon, and adrenal cells.
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P-170 membrane glycoprotein can be induced by and mediates the efflux of vinca alkaloids, anthracyclines, dactinomycin,
epipodophyllotoxins, and colchicine. When exposed to one of these drugs, the cells become resistant to the others but remain
sensitive to drugs of other classes (e.g., alkylating agents or antimetabolites). Calcium-channel blockers (e.g., verapamil),
amiodarone, quinidine, cyclosporine, phenothiazines, and other agents have been studied for their ability to reverse or block the
effects of P-170.

*  Loss of apoptosis as a mechanism of drug resistance. All cells, including cancer cells, must have intact mechanisms
for replication and repair to avoid loss of information necessary for survival. Loss of apoptosis is manifested by the
increasing aneuploidy often seen as cancers become more aggressive and by the very high frequency of mutations in
the p53 suppressor gene.

o p53 is a tumor-suppressor protein and is a potent inducer of apoptosis within a cell in which DNA damage
has occurred (see section I.C.3.b). DNA-damaging agents cause increased levels of p53 in normal cells.
Mutations in the p53 gene are present in >50% of all human tumors.
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The wild-type p53 suppresses the promoter of the mdr-1 gene, while mutant p53 protein can stimulate the promoter. Various
tumors expressing mutant p53 or deleted p53 are resistant to a wide range of anticancer agents. Dysregulation of the p53
pathway might well be a prominent mechanism of drug resistance due to the overproduction of gene products responsible for
entry into S-phase and rapid cell growth. However, loss of p53 function is not always associated with chemoresistance.

o Bcl-2 is a potent suppressor of apoptotic cell death. Permutations of Bcl-2 expression (or related genes) can
result in either repression or promotion of apoptosis triggered by y-irradiation or chemotherapeutic agents.
Bcl-x", a functional and structural homologue of Bcl-2, is also able to confer protection against apoptosis
induced by radiation as well as by several anticancer agents, including bleomycin, cisplatin, etoposide, and
vincristine.

o NF-x B(nuclear factor-kappa B) activation results in potent suppression of the apoptotic potential of a
number of external stimuli, including various cytokines, tumor necrosis factor-a (TNF-a), and radiation.
Activation of NF-kB expression in response to chemotherapy may represent an important mechanism of
inducible tumor chemoresistance.

o  The relationships among p53 status, NF-kB, Bcl-2, the caspase cascades, and chemotherapy sensitivity and
resistance are obviously complex.

II1. Clinical uses of cytotoxic agents
A. Indications
Chemotherapy is used in the following circumstances:

e To cure certain malignancies

e To palliate symptoms in patients with disseminated cancer when the potential benefits of treatment exceed the side
effects of treatment

*  To treat asymptomatic patients in the following circumstances:

o  When the cancer is aggressive and treatable (e.g., acute leukemia, small cell lung cancer, lymphoma)

o  When treatment has been proved to decrease the rate of relapse and increase the disease-free interval or
increase the absolute survival (stage III colon carcinoma, stages I or Il breast carcinoma, osteogenic
sarcoma)

e To allow less-mutilating surgery by treating first with chemotherapy alone or in combination with RT (sarcomas and
carcinomas of the anus, breast, esophagus, and larynx)

B. Contraindications
Chemotherapeutic agents are relatively or absolutely contraindicated in the following situations:

*  When facilities are inadequate to evaluate the patient’s response to therapy and to monitor and manage toxic reactions

*  When the patient is not likely to survive longer even if tumor shrinkage could be accomplished

*  When the patient is not likely to survive long enough to obtain benefits from the drugs (e.g., severely debilitated
patients)

*  When the patient is asymptomatic with slow-growing, incurable tumors, in which case chemotherapy should be
postponed until symptoms require palliation

C. Adjuvant chemotherapy

is given to patients who have no evidence of residual disease but who are at high risk for relapse. The justifications for adjuvant
chemotherapy are the high recurrence rate after surgery for apparently localized tumors, the inability to identify cured patients
at the time of surgery, and the failure of therapy to cure these patients after recurrence of disease. The disadvantages of this
therapy are the immediate patient discomfort and the short- and long-term risks associated with such treatment. To date, the
only malignancies for which adjuvant chemotherapy has proved beneficial are breast cancer, colon cancer, and osteogenic
sarcoma.

D. Dose intensification and dose density

have received increasing emphasis in recent years as strategies for overcoming resistance to chemotherapy and improving
results. Dose intensification has generated the notion that drugs in combination chemotherapy regimens should be given in the
highest tolerated dose over the briefest interval, perhaps even with patient rescue maneuvers, such as the intensive use of
hematopoietic growth factors, autologous marrow stem cell infusion, or allogeneic bone marrow
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transplantation. Dose density involves administering chemotherapy using cumbersome protocols on an increased number of
days per cycle to increase drug exposure over time. Although these concepts are being tested in certain malignancies, the
concept that more chemotherapy is better than regimens using standard doses remains to be proved.

E. Sequential versus alternating cycles
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The Norton-Day model indicates that the sequential use of combinations of chemotherapy is likely to outperform alternating
cycles because no two combinations are likely to be strictly non-cross-resistant or have equal killing capacity.
IV. Medical practice and its tools
A. The principal goal of medical care is to provide the most beneficial treatment at the lowest risk
Although most patients and physicians consider this as self-evident for medical care, this axiom is no simple matter to
implement. Every person is different from every other—even for one of a pair of identical twins. The meaning of “benefit” and
“optimal” is a highly personal matter; a very large number of interacting parameters make it impossible to have a preconceived
idea of the meaning of benefit for each patient. We tend to think of a benefit as solely a physical result of a medical decision—
the benefit may be partial or complete eradication of a disease, optimization of patient’s physical ability to function, or the
psychological comfort of the patient and significant others in the patient’s life. Similarly, acceptable risk is a special idea. The
optimal care in each situation requires the experience and judgment of the physician on a very individualized basis.
B. Medical care is an art; science, technology, and statistics are important tools
Too often, the tools of medicine are mistaken for the art of care. Like all arts, there is no satisfactory “one size fits all” approach
to patient care. Attempts to reduce medical practice into a fixed set of algorithms creates “one size fits nobody” programs and
damages optimal care for individual patients.
The tools of art are necessary but alone do not determine the quality of the art. Quality requires experience, thoroughness,
attention to detail, good judgment, and, most of all, caring about the quality of the resulting product.
Most people think of science as a mathematical description of cause and effect—"if you do A, then B will occur.” People are so
complex that cause-and-effect thinking is all but useless. If we recommend active treatment, the best we can do is to guess what
will happen. But, we can often estimate the probabilities of obtaining a result and the probability of the risk and degree of side
effects.
C. Statistics as a tool of medicine
Statistics helps doctors to maximize the benefits and minimize the risks in recommending treatment. Although statistics uses
some fancy equations, these are not what medical statistics is about. Statistics is a kind of ruler that measures the probability of
what happens to a large number of people who participate in a study but never predicts the future or the positive benefits or
harm for any individual patient.
V. Statistics in medical practice
A. The basic idea
Clinical treatment trials are usually based on stochastic hypotheses; this boils down to making our best guess. Initial guesses
usually come from personal experience and the experience found in published studies. After an experimental trial of a
treatment, we learn how often a treatment was associated with particular effects, what kinds of adverse effects it produces, and
most importantly, which patient parameters best correlate with obvious outcomes. These parameters help define subpopulations
that can be used to make better hypotheses for future clinical trials.
B. Statistics is a tool that measures probability of future events
Imagine a universe that has two million inhabitants and every one of them has metastatic colon cancer. Aside from this malady
in common, no one of these patients is exactly like another; they are of different ages, genders, races, levels of activity, extent
of the tumor, and so on. Now, let us suppose that there is one lonely investigator who wants to try a particular treatment. The
researcher cannot physically conduct the study on all two million people. The best the researcher can do is to try to determine
how
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closely the results for the population studied looks like the whole two million. The researcher knows that the measurement will
not be completely accurate, but it is possible to measure the probability of inaccuracy, that the error will fall into some range of
values. By studying the variation of results in the sample, the researcher can make a more consistent hypothesis of the risks and
benefits of a diagnostic study or treatment.

* The single most important statistical concept for the clinician. Many studies that show initial “promising results”
ultimately prove the ineffectiveness of such therapy. Most initially exciting “state-of-the-art” therapies provide no
improvement. It is essential that the clinician avoid “one-article quotes,” early data, and data reported only in abstract
form as a basis for making clinical decisions.

*  Sufficient duration in a clinical study is essential for determining the effectiveness of treatment. Inadequate duration
of a study may result in an effective therapy being considered ineffective. Studies of a treatment for most of the
common cancers require at least 5 to 10 years for any meaningful interpretation. Earlier data are characteristically
misleading.

o In rapidly lethal cancers or in widespread malignancies for which survival expectancy is short, it is usually
easy to determine whether a treatment is effective in a relatively short period of time.

o  Tumors that are likely to be associated with a long survival without treatment require long periods of study
to determine whether a treatment is beneficial. An example is prostate cancer, in which most untreated
patients survive 15 or more years from the time of diagnosis. Prostate cancer studies are also confounded by
the fact that the disease affects older men, who often succumb to unrelated illnesses before reaching the
terminal stage of their cancer.

e Matched populations. Treated and untreated patients must be closely matched for particular characteristics. For
example, no information can be drawn about the effectiveness of a sarcoma therapy if the treated group consists of
otherwise healthy, young Asian women with low-grade localized sarcomas and the untreated group consists of elderly
diabetic white men with high-grade metastatic sarcomas.

o Numbers of patients used to compare treated and untreated groups strongly affect the statistical power and
needed duration of a study to determine effectiveness. Inadequate numbers of patients may make it
impossible to find a subgroup of treated patients with readily identifiable prognostic factors who
significantly benefit from a treatment.
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o Risks and benefits of a treatment are an essential part of statistical study design. For example, a study that
conclusively demonstrates that a treatment results in 1% improvement in 5-month survival but increases
time in the hospital for therapy of treatment-related complications in 50% of patients and causes death in
15% should probably not be recommended.

C. Definitions of terms used to describe frequency of cancers

Incidence refers to the overall number of people developing cancer in a particular time frame, usually 1 year.
Incidence rate is the number of people developing cancer per 100,000 population per year.

Mortality rate refers to the number of people dying from cancer per 100,000 population per year.

Case fatality rate is the percentage of people with a particular cancer who die from that cancer.

Prevalence is the number of cases of cancer in a population at a specific point in time.

D. Definition of terms used in survival analysis
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Cure is a statistical term that applies to groups of cancer patients rather than to individual patients; it describes those
patients who are rendered clinically free of detectable cancer and who have the same survival expectancy as a healthy
age-matched control group. A cure does not guarantee that the particular patient meeting these criteria will not
eventually die from the original cancer.

Actuarial survival(or life table survival) is the life expectancy from a specified age of a group of patients with a
particular cancer. These data are used to determine the chance that an individual patient will survive for a specified
time. This parameter is useful in determining both the natural history of the cancer and the effectiveness of treatment
by comparing patient survival with actuarial survival tables of a matched healthy population.

Observed survival rate is the percentage of patients alive at the end of a specified interval of observation from the time
of diagnosis.

Relative survival rate corrects the survival rate for the “normal mortality expectation” in a matched population.
Adjusted survival rate corrects the survival rate by discounting deaths from causes other than cancer or cancer
treatment in those patients who are free of cancer at the time of death.

Median survival is the time when 50% of patients are dead and 50% are still alive. Average or mean survival rates are
meaningless because survival of patients with similar tumors may range from a few weeks to years. Median survival
may be a useful index for comparison of clinical trials but can be misleading. In “mature studies,” a significant group
of patients may survive for many months or years after the time that 50% of the patients have died.

Disease-free interval is the time from when the patient is rendered free of clinically detectable cancer until recurrent
cancer is diagnosed.

Censored data. Data for patients who are still living and discontinue the trial therapy or whose fate is unknown are
frequently excluded (censored) from statistical analysis. Censoring data can severely skew results and make a study
uninterpretable. The larger the number of censored data in relationship to the overall study, the more likely it is that
the study is not interpretable. Good reporting carefully defines the reasons for censoring data, what the data would
look like if censored data were included, and the percentage of data points that were censored.

Overall 5-year survival rate is an arbitrary but convenient rate used to provide a short-range assessment of the value of
therapy and the adverse effects of therapy. It is used for all cancers and cancer therapies, because most of the
frequency and long-term adverse effect of drugs are found within this time frame. Five-year survival does not
represent cure or complete eradication of detectable tumor, nor does it predict future tumor recurrence in complete
responders. However, the rate of future recurrences for many tumors declines significantly. This is especially true for
rapidly growing, aggressive cancers.

o Early detection. Most of the treatment-related improvement in survival has occurred as the result of early
detection of common cancers; it is not yet clear whether some of these early cancers have the same lethal
biological potential as cancers discovered in a more advanced state. Early detection and diagnosis of cancers
that appear histologically identical but are biologically less lethal can yield misleading survival figures.

o Lead-time bias. Patients appear to live longer from the time of diagnosis only because the cancer was
detected earlier rather than because of treatment.

E. Definition of terms used for describing types of drug development trials
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Phase I trials determine the optimal dose, schedule, and side effects of a new therapy.

Phase II trials determine what kinds of cancer respond to a particular treatment.

Phase III trials compare a treatment shown to have some effectiveness in a phase II trial with no treatment or with a
treatment that has also shown effectiveness.

Meta-analysis is a retrospective study in which data from multiple randomized trials are pooled and analyzed. All
patients, including those being treated but not entered into each study, must be accounted for. Meta-analysis is most
useful for evaluating many small, randomized trials to look for an effect not evident in a single small study and for
identifying subsets (by prognostic strata) of patients who benefit from treatment.

F. Definition of terms used in describing the design of a study

Sample space is the number of patients, tests, treatments, or other data points used to represent the entire “universe” of
all such patients, tests, and outcomes.

Stratification of patients according to known prognostic factors (such as age, ethnicity, sex, performance status, and
extent of disease) is essential if a clinical study is to be useful for the clinician making treatment decisions.
Randomizing patients between a treated group and an untreated group is a technique used to deal with unknown
factors that affect prognosis. Proper stratification helps the clinician to determine whether a particular patient is

8



1 Principles, Definitions, and Statistics
represented in the population of a published study and whether that therapy has a reasonable chance of being
effective.

*  Randomization is the assignment of a patient to a particular treatment by random chance. Randomization is done
when a treatment is being compared with another treatment or with no treatment. Each of the treatments or
nontreatments is called an arm of the study.

*  Blinded studies. Studies in which patients do not know to what treatment arm of the study they have been assigned. In
a double-blinded study, neither the patients nor the investigators know to what arm of the study any patient has been
assigned. The data are codified; the study is stopped (‘“broken”) if one arm is significantly providing better or worse
results than another study arm.

G. Definition of terms used to describe response to treatment

e Complete remission (CR). No clinically detectable cancer is found after treatment.

e Partial response (PR). Measurable tumor mass decreases by 50% after treatment, no new areas of tumor develop, and
no area of tumor shows progression. The approximation of the mass of an individual area of tumor is usually given as
the product of two diameters of the lesion; the measurable tumor mass is the sum of the masses of all measurable
lesions.

*  Minimal response (MR) is the same as partial response, but the response does not meet the criteria of 50% reduction.

e Progression. The mass (product of diameters) of one or more sites of tumor increases >25%, new lesions appear, or
the patient dies as a result of the tumor.

e Stable disease. Measurable tumor does not meet the criteria for CR, PR, MR, or progression.

H. Statistical measurements used to assess clinical research results
Figures don’t lie, but liars figure.— Old aphorism

e Experimental trials: Kaplan-Maier graphs and “acceptable error.” When we try to estimate the effectiveness or
ineffectiveness of a treatment based on a clinical trial or meta-analysis, we can estimate the probability that the sample
of patients, stratified by various parameters, is representative of the whole universe of patients with the same disease
and the same treatment. On the standard survival curve the x-axis is marked off in equal time divisions (usually 1-
month intervals) and the number of patients who are alive from the time they started participating in the study is
plotted on the y-axis. A stepladder-shaped “curve” called a Kaplan Maier plot results when the dots are connected.
This curve can be made smoother by decreasing the time intervals.

Each curve is composed only of samples of the “universe” of all untreated and all treated patients. Consequently, we have the
probability of several errors that can be estimated by statistically measuring the differences between curves. One way of
determining the differences is to measure how different averages of the populations are between the curves. Another way to
look at differences is to use the hazard ratio, which is discussed in the next section.

We must define an “acceptable” percentage error in deciding whether curves are different. We can never be sure that there is or
there is not a difference, or even what is the best way to measure the differences. Each of the ways of evaluating experimental
data produces quite different results. Do we want to be 95% certain (two standard deviations from the mean) or 99.7% certain
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(three standard deviations from the mean)? The less error we accept, the fewer the number of patients we would treat. For
example, if we are willing to accept a 5% error, we would have a 5% chance of treating patients who would not benefit but who
would be exposed to the toxicities of treatment, and we would have a 95% chance to treat and benefit many more patients.
Some investigators design experimental trials with the assumption that there will be no difference (the null hypothesis [or
“show me it really works™]). Other investigators assume that the result of a step in a study cannot completely predict the next
result (so-called stochastic models); the best one can do is to make a “best guess” for the next step. Other investigators assume
that defined parameters must be included in an experimental plan, while others use nonparametric statistical methods and want
the data from the experiment to speak for themselves without imposing preconceived ideas about which parameters might be
important. All of these experimental statistical approaches have their own mathematics and applications and can affect the
results we read about.

*  Hazard ratios are another way of looking at survival. Some types of clinical trials test hypotheses made in advance of
the study. Hazard ratio analyses generate hypotheses; we get a result and then try to determine what might have
caused it.

The general idea is to determine the number of people who experience a single kind of event (e.g., death in a survival analysis)
out of the number of patients during a specific sequential time frame. This is called the hazard rate for this time frame. This rate
identifies those patients who are alive at the beginning of that interval and who die later in that time frame. In a clinical study,
the hazard rates for each treatment group are calculated for a large number of time frames. At each time interval, the hazard rate
of the treatment group is divided by the hazard rate of the control group (with application of an array of mathematical
probability functions), resulting in the hazard ratio for the particular time frame.

One needs to have some sort of average hazard ratio so that the hazard ratio measured is likely to contain this average. As in
other forms of survival analysis, one would want to have a two—standard deviation (95%) confidence interval for ratios so that
the measured hazard ratio contains this average. Suppose the calculated hazard ratio was 2 over a 3-month period. A patient
asks you, “How much better off will I be if I take the treatment?” You can tell the patient that her or his chance of living for the
next 3 months is twice as good as patients who don’t take the treatment.

*  Confidence intervals, ratio tests, and statistical significance. Confidence intervals are used for assessing response rate
in single-arm trials and for comparing and assessing the magnitude of differences between treatments in phase III
studies. For single-treatment studies, the confidence interval is the range of values around a measured result that
would be 95% certain to contain that measured result if the entire universe of patients were tested. The more patients
included in a trial, the more likely the measured value will be closer to the “true” value; the higher the number of
measured responses, the higher the likelihood that the “true” response rate will be higher.
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*  Proportion tests compare the ratio of positive treatment outcome to the sample size in each study arm.

o Confidence interval comparison of two proportions gives the range of numbers that will contain the actual
numeric difference between the ratios with 95% certainty. The confidence interval comparison is a statistical
assessment of the probable magnitude of the difference between the two treatments being compared. These
statistical tests are used in both one- and two-tailed clinical trials.

o Statistical significance comparison of two proportions evaluates whether there is a false-positive result rate
<5% in studies showing a difference in the ratios. It does not provide a range for the probable magnitude of
the difference. The % (chi square) test, or the more politically correct Fisher’s exact test, is
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used to determine statistically significant differences that can be correlated with the p value (see next paragraph) for significant
differences.

e pValue (the false-positive value) is the probability that a measured difference between results of two arms of a study,
or a confidence interval difference, would disappear if the entire universe of identical patients could be tested. When
the p value is <0.05, the probability that measured differences occurred by chance is <5%. The choice of a 5% false-
positive error is somewhat arbitrary and is used to give a value that is two standard deviations from the average value
that test results are “the true value.” The p value has no significance in studies of small numbers of patients evaluated
over a short time. Interval p values showing a difference in treatment arms reported before the planned number of
patients are entered are usually false-positive results and should be ignored, unless the “power” of the study is also
reported and has a high value.

* B Error (the false-negative value) is the probability that two treatments that appear to have identical results would be
different if the entire universe of patients were tested. This error is not usually reported in clinical research reports
because it is a part of study design and is used in advance to determine the number of patients who must be entered
into the study to meaningfully interpret a p value.

*  One- and two-tailed (-sided) tests. A one-tailed test gives the p value for the hypothesis that the experimental
treatment arm of a randomized study is better than the control arm; it provides no statistical information regarding
whether the treatment arm is the same or worse than the control arm. A two-tailed test is the same as a one-tailed test
but also evaluates whether the experimental treatment is actually worse than the control arm. Two-tailed tests are
really answering the question; consequently, they require twice as many patients in each study arm. The first “tail”
determines whether a treatment is better than the control. If the first study tail is not statistically different from the
control, the second tail tells us whether the control is the same as or better than the treatment group. This is
particularly helpful in planning future studies—if the control study is better than the treatment, it can be used again as
a control for new treatment studies.

*  Power of a statistical test. The power of a test is calculated as “1-f.” Reported studies done with small numbers of
patients typically have p values of <0.05 and appear to be positive. The p value tends to increase both as the duration
of the study becomes longer and as more patients are accrued into the study. For the p value to be interpretable and to
have clinical applicability, statisticians require that a predetermined number of patients be entered into the study and
evaluated for a predetermined amount of time. The power of a statistical test takes into account the number of patients
enrolled; higher powers give increasing confidence that any observed differences between arms are less likely to be by
chance, no matter how many patients are enrolled.

VI. Summary of recommendations for the clinical application of the literature to patient care decisions

Medical therapy is like computers and software: The most important reason to know the current state of the art is to be certain
that you stay 5 years behind it when you treat most of your patients.—BL

The status of ongoing clinical trials must be reported before the data are “mature” to allow coordination of trials among
different institutions and investigators. Thus, critical evaluation of research reports is essential for clinicians who are deciding
whether to recommend a new treatment for a patient. No trial result, however, is a substitute for sound clinical judgment or for
individualization of treatment for patients not enrolled in a study. The clinician should ask the following questions when
reading the literature:

*  Are patients who benefited from the study treatment substantially like your patient with regard to age, sex, stage of
disease, performance status, and other prognostic factors?
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*  Does the study exclude certain patients? If so, what were the reasons for exclusion?

*  Did the study treatment produce toxicity that is unacceptable in view of the potential benefits? On the other hand, was
improvement in survival so superior that the risk for toxicity and drug-related death is warranted?

e Did the study stratify and randomize patients in a manner that allows clear interpretation of the data?

*  Was the study large enough to provide sufficient confidence that observed differences were not by random chance?
Optimally, the most useful studies are two-tailed tests with p values <0.05 and a power >80.
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1. Definitions

A. Nuclear medicine
is the use of radioactive tracers in the form of unsealed sources for the diagnosis, therapy, and laboratory testing of human
diseases. The common radiopharmaceuticals include 25 forms for diagnostic imaging applications and 5 forms for therapy

(Table 2.1).

B. Radioactivity, radioisotopes, and radionuclides

The nucleus contains a variety of subatomic particles, such as protons and neutrons, which are held together by incredibly
strong short-range forces. The atomic number (Z) of an atom is the number of protons in the nucleus and is characteristic of a
particular element. The mass number of an atom is the sum of the protons and the neutrons (A); it is this number that we refer
to in this section unless otherwise specified. For most of the common elements in the earth, the nucleus is completely stable and
unchanging. Radioactive elements occur when the balance of subatomic particles in the nucleus is inherently unstable. Each
radionuclide has specific radioactive decay characteristics in terms of half-life and radioactive emissions.

*  The half-life(t"?) is the time required for one half of the atoms to undergo radioactive decay.

O

The half-life of most of the radioisotopes is short, and they therefore do not exist in nature. Some naturally
occurring elements are radioactive; for example, “’K accounts for 0.1% of the potassium found within the
human body and has a half-life of 1.26 x 10° years. Other naturally occurring radioactive elements include
radium, thorium, lead, and carbon. All elements with atomic weights greater than **Bi are radioactive. The
transuranium elements may also have half-lives of 10,000 years or more.

Most of the radioactivity used in nuclear medicine is artificially produced in a cyclotron or reactor (see
sections I.D.5 and 6). "'1, for example, has a half-life of 8 days and emits a gamma ray of 364 keV, along
with several beta particles, including one with a maximum energy of 0.606 MeV. These radioactive
emissions can be detected externally and permit "'I to be useful as a tracer for the study of thyroid

physiology.

¢ Forms of radioactive emissions

O
O

o

Gamma rays: photoelectric energy that is capable of penetrating a meter or more through human tissue.

Beta rays: particulate emissions with the mass of an electron and a negative charge that are capable of
penetrating from a few millimeters to about a centimeter in tissue.

Positrons: particulate emissions with the mass of an electron and a positive charge that travel for a few
millimeters in tissue and then interact with an electron, forming annihilation radiation.

Annihilation radiation: two gamma photons of 511-keV energy traveling at 180 degrees from each other that
are created when a beta ray and a positron combine.

Alpha particles: two neutrons and two protons (a helium nucleus) that are capable of traveling for about 10
to 20 cell diameters in tissues.

X-rays: result from rearrangement of electrons in orbit around the nucleus.
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Table 2.1 Some Diagnostic and Therapeutic Radiopharmaceuticals
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IPatient
Nuclide [Pharmaceutical |[Pharmacology IDosage reparation [Use
'*F FDG Glycolysis 10 mCi__ [Fasting [Tumor viability
F’Ga Citrate [Transferrin receptor |10 mCi  |[Laxatives ILymphoma,
linflammation
'] MIBG Catecholamine uptake [0.5 mCi  |Off a-, B-blockers [Neuroendocrine tumor
1] Bexxar Anti-CD20 MoAb 65-75 cGyllodide; see text  [Refractory lymphoma
WB
5] Sodium iodide Thyroid hormone 25 uCi  [Off thyroidThyroid dysfunction
lhormone, iodides
"'n Leukocytes [Target inflammation  |SmCi  [None Phelgmon
"'In Pentetreotide Somatostatin receptors |5 mCi Off steroidsjEndocrine malignancy
laxatives
UTn Prostascint IAnti-PSMA MoAb 6 mCi Laxatives, enema [Prostate cancer
recurrence
¥Sm  |Quadramet Hydroxyapatite 1 mCi/kg [Positive bone scan|Bone pain in prostate,
breast, lung cancers
°Sr Metastron Bone mineralization @ mCi/70Positive bone scan[Bone pain in prostate
kg cancer
""Tc  |Phosphonates Bone mineralization 25 mCi  [None Bone disease
""T¢  [Sulfur colloid Lymphatic clearance [0.2-0.5 [None Identify sentinel node
mCi
""Tc  |Albumin Lymphatic clearance |l mCi INone ILymphatic drainage
mT¢  |Aggregated Capillary blockade 5 mCi INone Pulmonary emboli
lbumin
P"Tc  [Erythrocytes [Vascular markers BOmCi  |Off B-blockers  [Measure LVEF
""Tc  |Pertechnetates [Thyroid iodine trap 10mCi  [Off thyroxine[Thyroid nodule
iodide
PmTc  [MIBI Lipophilicity and20 mCi  [Fasting; stopTumor viability, cardiag
intracellular binding xanthines erfusion
M"Tc  ICEAScan IAnti-CEA MoAb 20-30 Laxatives Colorectal cancer
mCi
'T1 Chloride INA"—K" pump 5 mCi None [Tumor viability
'y Zevalin IAnti-CD20 MoAb .3-0.4  [See text Refractory lymphoma
mCi/kg
Key: CEA, carcinoembryonic antigen; FDG, fluorodeoxyglucose; LVEF, left ventricular ejection fraction;
MIBG, metaiodobenzylguanidine; MIBI, methoxyisobutyl isonitrile; MoAb, monoclonal antibody; PSMA,
rostate-specific membrane antigen; WB, whole-body dose.
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Auger electrons: low-energy electrons that are emitted from the orbits around the nucleus and travel only a
few microns in tissue.

Applications. Gamma rays and annihilation radiation in particular are useful for various diagnostic imaging
applications. The shorter range particles, such as alpha particles, beta rays, and Auger electrons, are used for
therapeutic applications.

Quantity of radioactivity

O

)

Becquerel (Bq). One disintegration per second (dps) is defined as 1 Bq of radioactivity, in honor of the
discoverer of radioactivity. Typical doses used for imaging are often 37 MegaBecquerels (MBq), which is 1
milliCurie (mCi).

Curies (Ci). The curie unit is based on the amount of radioactivity in 1 g of radium or 3.7 x 10'° dps. Typical
diagnostic doses range from 1 mCi (37 MBq) to 30 mCi (1,110 MBq).

Quantity of absorbed radiation

o

)
)

Rads. When radioactive emissions interact with matter, a fraction of the total energy is absorbed. The rad is
equivalent to one erg of energy absorbed per gram of tissue.

Gray(Gy) is the newer unit replacing the rad. One Gray is 100 rad; 1 centiGray (cGy) is 1 rad.

Rem(R), or roentgen equivalent man, was introduced as a unit because not all radiation emitted has
equivalent potency for the biological effects that it exerts for a given amount of radiation dose absorbed. For
gamma photons and x-rays, the rad dose and the rem dose are the same. For larger particles (e.g., the alpha
particle), the rem is the rad dose times a “quality factor.” For alpha particles, the quality factor is much
higher, so that for a given rad dose, the rem for alpha-particle exposure is much greater than that for gamma
exposure: the exact value is under debate but is typically assumed to be at least 20-fold higher.

Sieverts(Sv). One Sv is 100 rem.



2 Nuclear Medicine

C [Carbon (''C) P Phosphorus (**P)
F_[Fluorine (**F) S [Sulfur (*’S)
Ga [Gallium (“Ga) Sr [Strontium (*Sr)

I [lodine (L, I, "')T
In [Indium (‘''In)
Kr [Krypton (*'Kr) T1 [Thallium (*°'T1)

Lu [Lutetium ("Lu)  |U |[Uranium (**U, **U)
MoMolybdenum (*’Mo) [Xe[Xenon ('“’Xe, **Xe)
N Nitrogen ("*N) Y [Yttrium (°°Y)

O Oxygen (°0)

C. How much radiation exposure is safe?
The answer is the ALARA principle, which means “as low as reasonably achievable.”

Technetium (*™Tc¢); m means metastable

o

[

e In the workplace, a maximum of 5,000 milliRem (mRem) per year is permitted; 25% of this dose (1,250 mRem) is
sought. Several decades of exposure of large populations of workers to the 5,000 mR/year limit has demonstrated no
adverse effects. The U.S. Food and Drug Administration (FDA) has used this definition for what could be considered
“safe” levels of total-body radiation exposure. Directives for pregnant workers permit 500 mR per 9-month gestational
period.

*  The general public in the United States receives an average of 290 mR/year from naturally occurring radiation. Up to
10 times this exposure may occur at high altitudes, again with no discernible adverse effects. The mandated level for
the general public is now set at 100 mR/year.

e Diagnostic exposure for the purpose of patient management has no limits because the doses involved are relatively
low, and it is generally believed that the benefits outweigh the risks associated with indicated studies.

e Therapeutic radioisotopes sometimes require admission to the hospital. In the United States, the Nuclear Regulatory
Commission has established guidelines
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such that therapy may be administered on an outpatient basis provided the radiation dose to the general public is
within acceptable limits (see above), usually calculated based on the amount and effective residence time of the
administered radioactivity; if data are not available for such determination to be made, hospitalization with radiation
isolation precautions needs to be carried out until the radiation levels fall to 5—7 mR/hour at 1 m from the treated
subject. After that point, the patient is not subjected to special precautions.

Photons can set off radiation detectors, increasingly in use in the United States after September 11, 2001. Thus, the
patient needs to be advised about the potential for activation of such detectors—most institutions now provide patients
with written directives including amount and type of radioactivity received.

D. Instrumentation

e  Well counters. A radiation-sensitive crystal (usually sodium iodide) is fashioned so that a small test tube containing a
body fluid can be placed in a well. For each decay, the energy from the emitted radiation is deposited in the crystal,
and the crystal is induced to emit a pulse of light. This light pulse is converted to a weak electrical signal by a
photoelectric tube. Further amplification results in a signal that can be read as an individual “count.” Typical samples
have 10,000 to 20,000 counts per minute (cpm). The amount of the radiotracer present is proportional to the total
amount (cpm) detected. By reference to standards of known activity, the absolute amount of tracer can be detected.

*  Gamma camera devices are the most commonly used imaging device for the widely available radiopharmaceuticals,
such as *™Tc, '""In, and "*'I. The gamma camera is designed as a circular sheet of sodium iodide crystal, encased in a
lead shield and directly coupled to 90 or more photoelectric tubes. A collimator device in front of the crystal serves to
focus the radiation; it is a 1-in. thick lead shield with holes punched in the lead. Every disintegration in the patient that
results in a gamma ray travels to the collimator and passes through the holes in the lead to strike the radiation-
sensitive crystal. A light pulse is created in the crystal and is detected by several photomultiplier tubes simultaneously.
A computer calculates where the photon hit the crystal, with the strongest signal being nearest the site where the
photon struck the detector. Resolution is about 1 cm or so for most planar gamma cameras.

*  Single photon emission computerized tomography (SPECT). In this form of imaging, radioactivity within the patient
is collected at 360 degrees around the patient, and the data are reconstructed into a three-dimensional representation.
The data are collected by rotating a specialized gamma camera around a patient who has received an injection of
radioactivity that is stable in distribution for the 45- to 60-minute collection times typically required. SPECT is
commonly used for the imaging of “’Ga citrate in the mediastinum of patients with lymphoma, *'Tl in myocardial
perfusion studies, hemangiomas within the liver, and radiolabeled antitumor antibodies.

The typical in-depth resolution is 16 mm, somewhat more coarse than for planar imaging. Planar gamma camera
imaging provides better contrast resolution, whereas SPECT provides better images of small, deep lesions, especially
when attenuation correction (whereby radioactivity emitted from deeper in the body is corrected based on the amount
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and type of tissue between the source and the detector) is carried out, using either assumptions or actual measurements
of the density of tissue and nature of the attenuation.

Positron emission tomography(PET) has the highest resolution and is the most sensitive imaging device available for
nuclear medicine. For reasons related to the physics of positron emission decay, the image can be converted into an
accurate, quantitative three-dimensional distribution of radioactivity with a resolution of about 3 to 5 mm in depth
within the body. The radiotracers used with PET are '°F, '°O, "°N, and ''C; these elements are readily incorporated into
biological molecules. Most of these radiotracers have half-lives that are too short for
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shipping. Thus, they must be produced in a hospital-based cyclotron. Nonetheless, clinical applications are emerging,
especially using '*F-labeled tracers (which are now commonly being produced by commercial radiopharmaceutical
manufacturers). "*F-fluorodeoxyglucose ("*F-FDG) imaging of glycolysis by tumors has become the archetypal
molecular imaging agent and is increasingly used to diagnose and stage cancer, as well as to demonstrate tumor
viability after treatment with radiation or drugs.

Cyclotron. The cyclotron accelerates subatomic particles (e.g., protons, deuterons, helium nuclei, alpha particles) to
speeds approaching the speed of light. The particle strikes a “target” atom and produces radioactivity. For example, by
accelerating protons to about 11 MeV and striking a target that contains an enriched isotope of oxygen ('*0), "*F in the
form of fluoride ion is produced. These accelerator systems produce a large variety of the radiotracers useful in
nuclear medicine, including ''C, 0O, ®N, “Ga, '"'In, '*I, and "°F.

Reactors. The reactor is fueled by heavy elements, such as ***U and ***U, which undergo spontaneous fission. Neutrons
are emitted from the nucleus and, when present in sufficient quantities, “split” the uranium atoms, with the consequent
release of large amounts of energy. An entire cascade of radioactive elements is produced in this process; these
elements, called fission products, include Mo (from which *"Tc is derived), "'I, '*I, *P, and *S. In some cases, a
target element is bombarded with neutrons to produce the radioactive element used in medicine (e.g., *Sr). In other
cases, separation of fission products may produce the radioisotope as a by-product of reactor operation (**'I, '1).

II. Tumor imaging studies
A. Bone scanning

Indications for bone scanning are to determine the presence and extent of primary and metastatic tumor involving
bone and to provide a baseline in early malignancy if the patient has a cancer that notoriously metastasizes to bone
(e.g., prostate cancer, stage II or III breast cancer) or has significant bony abnormalities of a benign nature. Some
cancers that metastasize to bone do not provoke increased hydroxyapatite turnover, and bone scans are not very useful
in these cancers (multiple myeloma, thyroid cancer). Bone scans are frequently used for evaluation (not measurement)
of bone metastases, most often in prostate and breast cancer, as well as in lung and colon cancer; bone scans are used
less frequently in kidney cancer.

Radiopharmaceutical. A pyrophosphate or other phosphonate derivative is labeled with *™Tc.

Principle. Primary or metastatic tumor provokes a reaction in the adjacent bone that causes the bone crystal to remodel
and in the process take up the **"Tc bone agent. Even small tumors can evoke a considerable response. (See Chapter
33, section 1.D.3.)

Procedural notes. Whole-body scans are ordinarily obtained using gamma cameras with large fields of view. SPECT
imaging is performed on suspect regions and is particularly helpful in the spine.

Interpretation. Against a background of bone turnover, a metastatic site stands out as avid uptake. Bone scans are
more sensitive than computed tomography (CT) and magnetic resonance imaging (MRI) for detection of metastases in
cortical bone. MRI may detect metastases in the bone marrow before cortical bone is affected.

B. "®F-FDG imaging with PET

Indications
o To distinguish radiation necrosis from recurrent glioblastoma.
To evaluate dedifferentiation of brain tumor from low grade to high grade.
To evaluate the potential for recurrence of meningioma.
To assess tumor viability and monitor treatment response.
To differentiate benign from malignant pulmonary nodules.

O O O O
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o To evaluate staging, restaging, and response to therapy; local and distant metastasis; and response to
treatment in patients with a variety of hematologic and solid cancers, including lymphoma, breast, GI, lung,
melanoma, and others (note g and h below).

o  For the diagnosis, staging, and restaging of hormone-refractory prostate cancer.

4
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o  For restaging of recurrent or residual thyroid cancers, of follicular cell origin, that have been previously
treated by thyroidectomy and radioiodine ablation with serum thyroglobulin levels >10 ng/mL and negative
BT whole-body scans.

e Radiopharmaceutical:['*F]-2-fluoro-2-deoxy-d-glucose (or FDG) is an analog of glucose.

*  Principle. Tumors have markedly accelerated glycolysis in comparison to the tissues from which they arise. FDG
enters the tumor cell through the glucose transporter and is phosphorylated to FDG-6-phosphate (FDG-6P). FDG-6P,
however, is not a suitable substrate for other glycolytic enzymes, is “metabolically trapped,” and accumulates in the
tumor tissue in proportion to the rate of phosphorylation of FDG. Although FDG-6P can be dephosphorylated by
glucose-6-phosphatase, this enzyme is not expressed in actively proliferating tumors. Most normal tissues, with the
exception of brain and heart, do have glucose-6-phosphatase and rapidly clear the FDG. Thus, a gradient develops
between tumor and background over time and can be readily detected by a PET scanner.

e Procedural notes."*FDG is injected into a fasting, euglycemic patient 45 to 60 minutes before PET scanning. Patients
with blood glucose levels >200 mg/dL are typically not studied; patients who have received insulin immediately prior
to study may also have altered biodistribution.

Increasingly, PET is carried out using a PET/CT instrument. The CT under such circumstances is carried out primarily
to obtain a measure of tissue density for attenuation correction, and for anatomic localization. Frequently, oral contrast
is administered (except when head and neck cancers are being evaluated), and an IV-contrast CT may also be carried
out, usually after the PET/CT is completed.

¢ Interpretation."*FDG PET imaging is likely to be of great use in the scanning of many malignancies.

o  For primary brain tumors, a comparison is made to the “contralateral” white matter; a hyperactive tumor has
a ratio of 1.4 times the concentration of FDG. Increased uptake is characteristic of high-grade primary and
metastatic neoplasms. The more active the uptake, the more rapid the growth pattern. Areas of decreased
uptake are seen with low-grade tumors and radiation necrosis.

o Solitary pulmonary nodules are commonly managed with thoracotomy because of uncertainty about the
benign or malignant nature of this finding. If the ratio of *FDG PET uptake between a nodule and a normal
control region is >2.5, the lesion is almost certainly malignant. The ratio varies between instruments and
methodology; in general, the higher the cutoff value, the greater the specificity and the less the sensitivity.

o False-negative studies are more common in those cancers that have a low metabolic rate; notably
bronchioloalveolar carcinoma, well-differentiated (papillary or follicular) thyroid carcinomas particularly
when the patient is on thyroid hormone, and hormone-sensitive, well-differentiated (Gleason <7) prostate
carcinoma.

o False-positive studies occur as a result of increased tracer concentration in nonmalignant regions with
increased glucose metabolism. Infectious foci are the common false-positive abnormalities (for neoplasia);
these may be acute infections, as well as chronic granulomatous diseases, notably tuberculosis and
sarcoidosis. In most cases, the intensity of uptake is less than that noted in neoplasia. False-positive uptake
has also been noted in muscle caused by tension or movement (especially of the vocalis muscles as a result
of the patient talking after tracer injection) and in brown adipose tissue (the former may be
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decreased by encouraging the patient to relax, or by administration of short-acting benzodiazepines). To the
trained interpreter, these latter appearances are usually distinguishable from neoplastic foci.

o The concept of “metabolic response” is evolving. Most groups have accepted complete metabolic response
(CMR) as representative of no viable tumor, and several studies have shown a correlation between CMR and
survival in a variety of diseases, particularly lymphoma and breast cancer. Partial responses are being
defined but currently utilize numerical criteria analogous to those used in response evaluation criteria in
solid tumors (RECIST) and other similar response sets.

o Standardized uptake value(SUV) is a semiquantitative index of glycolytic rate. It is usually calculated based
on the patient’s body weight, as follows:

Several studies have suggested that an SUV >2.5 is representative of malignancy. SUVs are rarely >8 in
infectious foci. It must be remembered that SUV is dependent on equipment and image reconstruction
methodology as well as time after injection, among other factors, and therefore may be more useful for
intrapatient comparison rather than group analyses.

C. “Ga imaging



2 Nuclear Medicine

* Indications. The use of radiogallium imaging has significantly decreased since the introduction of FDG PET.
Positron-emitting isotopes of gallium (**Ga, “Ga) are available and are currently being evaluated.

o To evaluate response to treatment of patients with Hodgkin lymphoma and intermediate- or high-grade (but
not low-grade) non-Hodgkin lymphoma (NHL). A baseline assessment is performed before therapy and
repeated at the time of restaging procedures.

o To evaluate viability selectively in other tumors (e.g., hepatoma, sarcoma, melanoma). These patients are
studied as far from the completion of treatment as possible.

e Radiopharmaceutical:"’Ga citrate

e Principle.”Ga is a transition element that shares a variety of properties with iron, including rapid binding to transferrin
(TF) after intravenous injection. Thereafter, the “’Ga-TF is taken up by tumor cells through binding to the TF receptor
on the membrane of tumor cells. The expression of the TF receptor is proportional to growth; the more rapidly
proliferating the tumor, the more avid the uptake.

*  Procedural notes. The patient is imaged 48 to 72 hours after injection. A purgative may be administered the night
before imaging. SPECT is significantly more sensitive than planar imaging for detecting active tumor sites. Anatomic
correlation with CT or MRI helps greatly in interpretation. Where available, images from two different imaging
modalities can be coregistered (“fused”) in the computer. The anatomic image is used as a template on which the “Ga
image is laid to identify the tumor-avid sites.

e Interpretation

o “Ga citrate imaging is not normally used for staging purposes, but a baseline scan is helpful for later
comparisons to help determine tumor response, particularly in patients with lymphomatous mediastinal
involvement. Tumor sites may take up ’Ga with strong avidity, which is greatly reduced when the tumor has
responded to treatment. Persistence of “’Ga is a sign of poor prognosis.

o “"Ga imaging is nonspecific; the isotope is avidly taken up in inflammatory lesions (e.g., diffusely in the
lungs with Pneumocystis carinii and other pneumonitides). **' Tl has been found to be useful when the cause
of uptake on a “’Ga scan is questioned. **' T1 is normally concentrated in viable tumor and is rarely positive in
lymphatic inflammation.
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D. Lymphoscintigraphy

* Indications: To determine the direction of lymph node drainage from truncal skin lesions (e.g., for melanoma) or the
status of lymph ducts in regions of lymphedema.

¢ Radiopharmaceutical:*Tc-labeled albumin or sulfur colloid.

e Procedural notes. Typically, injections are made into the webbing between the toes or fingers to assess the lower limbs
or arms, respectively. Gamma camera imaging is performed to assess the direction of drainage as a guide to
determining what lymph node—bearing region should undergo surgical exploration.

e Interpretation. Careful attention to detailed imaging in the early images may show the sites of interruption of draining
lymphatic ducts, which in some patients can be used as a basis for correcting the problem.

E. Lymphoscintigraphy: sentinel node detection

* Indication: Detection of the sentinel lymph node in patients scheduled to undergo surgical resection of primary breast
carcinoma or melanoma.

e Radiopharmaceutical:*™Tc sulfur colloid (in many cases, particularly for melanoma, passed through a 0.22-p filter to
decrease particle size). When filtered radiopharmaceutical is used, lymphatic channels are seen more frequently, and
sentinel nodes are seen earlier. Several groups in the United States use unfiltered *"Tc sulfur colloid; this may permit
greater flexibility from injection time to intra-operative detection, but may result in a lower proportion of sentinel
nodes being visualized by imaging up to 2 hours after injection, though detection at surgery by intra-operative gamma
probes remains feasible.

*  Procedural notes. After perilesional intradermal injection (or other site optimized for delineation of draining nodes) of
the radiocolloid, serial gamma camera imaging (anterior and lateral views) is carried out to determine the lymphatic
drainage and identify the first node that concentrates tracer. This is usually supplemented by intra-operative detection
of nodal radioactivity using a gamma probe.

e Interpretation. Serial images permit detection of the first node to concentrate radioactivity. It has been proposed that
disease status of this node is representative of overall nodal status.

F. Metaiodobenzylguanidine (MIBG) imaging for catecholamines

* Indication: To identify metastatic and primary tumor sites for pheochromocytoma and neuroblastoma.

e Radiopharmaceutical: Iobenguane sulfate, *'I-(MIBG sulfate), or '“I-(MIBG sulfate).

*  Principle. MIBG is normally concentrated by adrenergic tissues in cytoplasmic storage granules that also contain
other catecholamines. Anything that blocks uptake or promotes release of these storage granules can potentially lead
to false-negative results (see section ILF.6).
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Procedural notes

o  The typical dose for an adult is 0.5 mCi of "*'I and 10 mCi of 1. For children under 18 years of age, a body
surface area adjustment is made assuming the adult dose is for a 1.7 m* individual. Patients are pretreated
with stable iodide (for adults, 10 drops daily of a 1g/mL solution starting just before injection and continuing
until the last day of imaging).

o Technique: When "'I is administered, the patient is imaged with the whole-body camera at 24 hours, and at
48 hours if necessary, with special attention to the retroperitoneum and adrenal region. SPECT of regions of
interest is possible in most instances the day after '*I-MIBG injection.

o Warning. Hypertensive crises have occurred after injection of MIBG, especially in patients with
pheochromocytoma. Pregnancy is not an absolute contraindication, but the potential risk to the fetus should
be carefully assessed.

Interpretation. MIBG is cleared by glomerular filtration from the plasma and is rapidly taken up in catecholamine
storage granules in tissue sites containing sympathetic nerves or adrenergic storage sites. Thus, uptake occurs in the
heart, kidneys, liver, and adrenals at most imaging times. Tumors show up as areas of increased uptake.
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Drug interactions. The following drugs have the potential to interfere with the uptake of MIBG by neuroblastoma and
pheochromocytoma and should be stopped a few days to weeks before beginning the imaging, depending on the
pharmacology of the drug.

o Antihypertensives: labetalol, reserpine, calcium-channel blockers

o Amytriptyline, imipramine, and derivatives

o Doxepin

o  Sympathetic amines (pseudoephedrine, ephedrine, phenylpropanol-amine, phenylephrine)

o Cocaine
MIBG as treatment. Several groups, notably in Canada and Europe, have used "“'I-MIBG as therapy for the
neuroendocrine tumors listed above. Typical doses range up to 200 mCi "*'I. Dose-limiting toxicity is hematopoietic;
most patients recover their blood counts completely and are eligible to be retreated in the absence of disease
progression at 3- to 6-month intervals. For therapy studies, saturation with saturated solution of potassium iodide
(SSKI) is carried out typically for a week after therapy.

G. Pentetreotide (octreotide) imaging
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Indication: For diagnostic workup of neuroendocrine tumors that bear somatostatin receptors.

Radiopharmaceutical. Pentetreotide is a diethylenetriaminepentaacetic acid (DPTA) conjugate of octreotide, which is
a long-acting analog of human somatostatin. '''In is bound to the agent.

Principle.''In-pentetreotide binds to somatostatin receptors throughout the body. Neuroendocrine tumors highly
express these receptors and thus concentrate sufficient amounts of the radioactive agent to be seen by scintigraphy.
Procedural notes. The patient undergoes daily planar and SPECT imaging until it is determined whether the agent is
helpful. Typical imaging times are 4, 24, and 48 hours after injection. Because the agent is excreted into the bowel,
the patient should be given a mild laxative the evening before the 24- and 48-hour imaging times.

o False-negative results may occur in patients who are concurrently taking octreotide acetate (Sandostatin®)
for control of symptoms related to neuroendocrine tumors. If possible, patients should stop taking this
medication 2 weeks before the scan. Also, corticosteroids by prescription should be stopped before scanning,
as these and adrenocorticotropic hormone—producing tumors can reduce the expression of somatostatin
receptors.

o Warnings and adverse reactions. Transient symptoms are occasionally seen, including dizziness,
hypotension, and headache. Patients with known or suspected insulinomas should have an intravenous line
running with 5% dextrose in normal saline before and during administration to avoid possible hypoglycemia.

Interpretation. The normal pituitary gland, thyroid gland, and liver are seen. To a lesser extent, the gall bladder,
kidney, and bladder are also visible. Uptake in tumors bearing somatostatin receptors is apparent beginning at 4 hours,
with the 24- and 48-hour images showing the greatest tissue contrast. The sensitivity for detecting tumor types
depends on the frequency of somatostatin receptor. Those patients with strongly positive scans may be most likely to
benefit from treatment with octreotide.

o New lesions that were previously occult, despite extensive workup, were identified in nearly 30% of patients
studied with '"In-pentetreotide. Carcinoid tumors, neuroblastomas, pheochromocytoma, paragangliomas,
small cell lung cancer, and meningiomas were detected in about 90% of cases. Lymphomas, pituitary
tumors, and medullary tumors were detected in high but more variable percentages.

o Granulomatous lesions and other types of inflammatory lesions were also positive, including tuberculosis,
sarcoidosis, rheumatoid arthritis, and Graves’ disease ophthalmopathy.

H. Prostascint for prostate tumor imaging
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* Indications: Detection of prostate cancer outside the prostatic bed or recurrent prostate cancer in the prostatic bed.

e Radiopharmaceutical.'"'In-capromab pendetide (Prostascint) consists of a monoclonal antibody, to which ''In is
attached by a chelate, against the prostate-specific membrane antigen (PSMA).

* Principle. The antibody reacts with an antigen specifically found in prostate cancer cells. After intravenous
administration, the antibody is gradually cleared from the circulation while localizing in tumor tissue.

*  Procedural notes. Anterior and posterior whole-body images are obtained starting about 30 minutes after injection,
followed by SPECT of the infrahepatic abdomen and pelvis. Comparable images are obtained typically 4 days after
injection. Because the radioactivity may be concentrated in the liver and is usually excreted through the bowel, it is
important to prepare the bowel with an oral laxative the night before.

* Interpretation. The whole-body images are searched for areas of increased uptake in the region of the aortic and iliac
nodal groups, as well as for recurrence in the prostate bed. The SPECT images are important for the region of the
prostate bed and the obturator nodes. Because the antibody remains in circulation and because the increased uptake in
diseased areas is sometimes difficult to distinguish from normal vascular activity, it is important to compare the early
and delayed image sets to ensure that the area of uptake seen in the delayed imaging is not in a vascular region. Some
groups do not carry out the early image sets and instead carry out “dual-isotope” imaging using **"Tc-labeled red cells
to delineate the vascular structures. Increasingly, groups are beginning to use SPECT/CT so that the CT component
can provide anatomic localization of radioactivity distribution. It is also important to ensure that the patient voids
urine as completely as possible before imaging and to image comparable areas of the body.

I. Tumor viability imaging
2'T1 chloride and *™Tc¢ sestaMIBI

* Indications. FDG PET/CT is increasingly used in place of these agents, particularly in areas outside the brain.
o Differential diagnosis of breast masses
o Viability assessment of primary bone tumors after chemotherapy
o  Monitoring viability of well-differentiated thyroid cancer
o Imaging of parathyroid adenomas
o Imaging of brain tumors (SPECT)
*  Radiopharmaceutical
o "Tc¢ methoxyisobutyl isonitrile(MIBI) is a monovalent cationic form of *™Tc¢ that is highly lipid soluble.
The agent is formed as a central ™ Tc atom surrounded by six isobutyl nitrile molecules; for this reason, it is
sometimes referred to as sestaMIBI.
o TI (thallous) chloride is a radioisotope of thallium, which is in the actinide series of elements and behaves
in vivo as an analog of potassium.

e Principle.”®'TI chloride is a widely used cardiac perfusion agent that is taken up by most viable cells as a potassium
analog and transported by the Na™—K* pump. *"Tc sestaMIBI is also used to monitor cardiac perfusion. In addition,
when taken up into the cell by a different mechanism, it can be used as a marker for cellular viability. After
introduction into the bloodstream, both of these agents are rapidly cleared from the circulation in proportion to cardiac
output.

*  Procedural notes. The tracer is injected intravenously, and imaging is begun over the region of interest within 20
minutes of injection, frequently at an early and a late time after injection (e.g., 5 minutes and 60 minutes after
injection). For breast imaging, a special breast apparatus permits planar lateral views of the breast in the prone
position. This appears to be a technical advance. For brain and other imaging, SPECT scanning is performed.

* Interpretation

o Breast masses. About 25% of patients who are subjected to screening mammography have “dense” breasts
that obfuscate interpretation. If these patients
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also have palpable breast masses, there may be a clinical dilemma in regard to biopsy of these lesions. It has
been reported that uptake of *'Tl is negative in fibrocystic disease and positive in 96% of breast cancer
nodules. Similar results have been observed in patients with breast masses imaged with MIBI. The negative
predictive value for breast cancer with these studies is likely to improve the specificity of breast
mammography and is applicable to both dense breasts and normal breasts.

o  Primary bone tumors are frequently treated with chemotherapy before surgery. **' Tl and *™Tc sestaMIBI are
both taken up with high sensitivity into primary bone tumors and extremity sarcomas. Chondrosarcoma is an
exception. MIBI uptake is lost in tumors responding to chemotherapy and has also been shown to correlate
well with response to therapy.

o  Brain tumors.””'TI chloride appears to be the agent of choice for evaluating supratentorial primary brain
tumors when FDG PET is not available. SPECT imaging is accurate for assessing the viability of brain
tumors. In our experience, *' Tl is preferred over *™Tc sestaMIBI because uptake in the choroid plexus is not
as marked.

o Thyroid cancer imaging.*” Tl whole-body imaging is a good way to monitor the activity of well-
differentiated thyroid cancer during the interval when the patient is fully suppressed on thyroid hormone.
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The total uptake, as a percentage of the total-body uptake, is a monitor of the cellular viability of the tumor
and can be used to assess the effectiveness of primary cancer treatment.

o  Parathyroid imaging. With careful comparisons of **'T1 or **T¢ sestaMIBI imaging, it is sometimes possible
to detect parathyroid adenomas in the neck or upper mediastinum when other modalities are negative. Still,
the sensitivity of these techniques is disappointingly low (about 50%) in patients with intact parathyroid
glands and considerably higher (about 80%) for the detection of recurrence. FDG PET has not been found to
be useful for parathyroid imaging.

II1. Other imaging studies used in oncology

A. Cardiac functional studies

Equilibrium (gated) blood pool imaging is used to evaluate possible cardiac failure and to monitor changes after treatment with
cardiotoxic drugs.

*  Radiopharmaceutical. Red blood cells (RBCs) may be labeled in vivo. Stannous pyrophosphate (1 mg) is administered
20 minutes before injecting *"Tc pertechnetate. The stannous pyrophosphate enters and is trapped in the RBCs. The
#mT¢ pertechnetate diffuses into the RBCs and is bound to the B chain of hemoglobin. About 75% of the dose is
labeled to the RBCs. An electrocardiogram R-wave signal serves as a physiological “gate” for collection of timed
“frames” (often called gated blood pool imaging).

* Interpretation. Images obtained during rest are interpreted qualitatively to determine areas of abnormal wall motion,
size of cardiac chambers, presence of intrinsic or extrinsic compression of the cardiac contour, and size and shape of
the outflow tracts. Images are interpreted quantitatively for a physiological assessment of the quantity of blood ejected
from the left ventricle with each beat (the left ventricular ejection fraction [LVEF]). A normal LVEF is usually >50%.
LVEFs <30% are usually but not always associated with clinical congestive heart failure. A decrease of >10% in
LVEF is highly significant. Cardiotoxic chemotherapeutic agents should be stopped when ejection fractions fall to
below normal.

B. Vascular flow and bleeding

studies can be used to detect the patency of venous access in the upper extremities (e.g., post-subclavian catheter-placement
swelling, superior vena cava syndrome), to assess for the presence of hemangioma as a space-occupying lesion, or to determine
a site for bleeding. *™Tc pertechnetate or *Tc sulfur colloid can be used as transient labels of the vasculature. In vivo labeling
of RBCs with *"Tc may be used as more long-term vascular labels (see section II1.A.1).

C. ®™Tc-macroaggregated albumin for lung perfusion

can be used to evaluate patients suspected of having pulmonary embolism and to determine the lung function capacity before
pulmonary resection. **Tc-labeled to macroaggregates of albumin
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(30 to 60 um in diameter) are injected intravenously and are cleared in the first pass through the pulmonary circulation. The
distribution of radioactivity is proportional to blood flow to the lungs.

D. Studies of pulmonary ventilation

can be used to determine whether a ventilation-perfusion “mismatch” exists as an aid in the differential diagnosis of pulmonary
embolism and to assess the ventilatory capacity of the human lung. '*Xe gas, ' Xe gas, *'"Kr, and *Tc-DPTA aerosol are used
to label the inspiratory air. As the patient breathes, a gamma camera obtains an image of the distribution of radioactivity.
Several minutes of breathing is required to achieve equilibrium with bullae and fistulous tracts.

E. Infection imaging

*  9Ga citrate appears to be taken up by the cells near the region of the infection.”’Ga imaging requires several days to
complete, and normal physiological uptake (especially in the abdomen) interferes with interpretation. “Ga citrate
imaging is sensitive for making the diagnosis of P. carinii pneumonia at a relatively early stage. It is somewhat less
sensitive than '''In-labeled white blood cells (WBCs) in the postsurgical setting; the normal excretion of “’Ga into the
bowel is a drawback. Nevertheless, by using imaging methods that increase contrast, such as SPECT, satisfactory
imaging can be obtained in most cases.

* Radiolabeled ("''In or *Tc) WBCs progressively accumulate at the site of infection. The labeled WBC method
requires external manipulation and labeling of the patient’s blood. WBC imaging with '''In shows uptake in the liver,
spleen, and bone marrow, but not in other sites within the abdomen. Sensitivity for acute infection approaches 90%.

* FDG PET has a high sensitivity rate for detection of infection. Its utility in patients with cancer is limited by its
comparable sensitivity for viable cancer detection, with consequent inability to differentiate infection from recurrent
cancer.

e New directions for inflammation imaging. Radiolabeled monoclonal antibodies that label WBC in vivo, a variety of
leukotropic peptides (that also label WBC in vivo), and a radiolabeled nonspecific immunoglobulin (with accuracy
rates of close to 90%) are in various stages of development and approval.

IV. Therapeutic radioisotopes
A. "' for well-differentiated thyroid cancer

*  Radiopharmaceutical: sodium iodide (**'T), oral solution
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*  Patient selection(see Chapter 15, section III). Patients are selected for study after surgery has established the diagnosis
of thyroid cancer. Patients considered for radioactive "*'I are those at high risk for recurrence of well-differentiated
thyroid cancer, either papillary or follicular, or one of the well-known variants to these tumors. Patients are considered
at “high risk” if they are older than 40 years of age; if the primary tumor is large (>2 cm), locally invasive, or
multicentric in the neck; or if there is metastatic tumor in the neck.

*  Procedural notes. There is considerable variation in the study and treatment protocol for thyroid carcinoma.

o Some experts simply treat all high-risk patients after surgery with >100 mCi of 'I. A thyroid remnant, if
present, is ablated with administered doses sufficient to deliver at least 300 Gy to the normal thyroid.

o In most situations, some form of testing is performed for the ability of the tumor to concentrate radioactive
iodine, and patients are treated if there is residual "*'I-concentrating tissue in the neck. At the time of testing,
patients are expected to be hypothyroid (thyroid-stimulating hormone level >30 IU/mL) and to have a low
serum iodine concentration (<5 pg/dL). Patients are prepared by being off thyroid hormone (thyroxine for 6
weeks and tri-iodothyronine for 3 weeks) and on a low-iodide diet (for 3 weeks before treatment).

o  The recent approval of recombinant thyrotropin (thTSH, Thyrogen) has enabled the evaluation of patients in
the euthyroid state. The recommended dose
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of thTSH is 0.9 mg IM daily for 2 days. Typically, diagnostic "*' is given on the third day, and imaging and
thyroglobulin estimation are carried out on the fifth day.

*  Dose selection. Several authorities treat with standard doses after uptake in thyroid cancer is demonstrated. If lymph
nodal metastases are demonstrated in the neck only, a dose of 150 mCi is sometimes used. For pulmonary, bone, or
central nervous system metastases, a dose of 200 mCi may be used.

At Memorial Sloan Kettering Cancer Center (MSKCC), a higher dose protocol has been developed, which depends on
more careful dosimetry and is called the highest safe dose approach. Dosimetry testing for 3 to 5 days in the well-
prepared patient is used to select a dose that delivers at least 2 Gy (200 cGy) to the blood, not >140 mCi retained in
the whole body at 48 hours, and, in patients with metastatic lung disease, <80 mCi retained in the lungs at 48 hours.
With this set of dosing rules, several hundred patients have been treated with good treatment response and without
major complications.

* Treatment response. Patients respond best to treatment when the tumor is small (total tumor burden <200 g) and
confined to local or regional areas of the body. The cure rate at MSKCC was >95% for patients younger than 40 years
of age and 50% for those older than 40 years of age. Even when cure is not achieved, significant palliation can be
obtained with "' treatment.

e  Follow-up. Patients are normally evaluated at yearly intervals. Consideration for retreatment requires taking the
patient off thyroid hormone, allowing hypothyroidism to develop, and treating with high-dose "*'T until no appreciable
BT tissue is present (“clean slate”). Elevation of thyroglobulin levels indicates a high likelihood of recurrence of
thyroid cancer at some time in the next 5 years in patients with well-differentiated thyroid cancer. In patients with
unusually aggressive thyroid cancers, retreatment at a shorter interval can be considered (usually at about 6 months).
We usually require tumor doses of at least 20 Gy. Ablation of known metastases has occurred with doses as low as 35
Gy, but 100 Gy is usually required for lymph nodes containing tumor.

e Treatment complications. The most common complication of high-dose "*'I treatment is sialadenitis, which occurs in
about 20% of patients at doses >200 mCi; a few patients develop chronic sialadenitis.

With any exposure to whole-body irradiation, there is always the concern that an increase in malignancies may occur,
particularly leukemias. However, no increase in leukemia was seen in a large group of Swedish patients treated with
an average dose of 160 mCi. At higher average doses in more than 500 patients at Memorial Sloan-Kettering Cancer
Center, no leukemias have occurred in the treatment group. These data suggest that *'I does not significantly increase
the risk for leukemia.

B. Bone pain palliation with radioisotopes

¢ Radiopharmaceuticals:¥Sr chloride (Metastron), 4 mCi; or '*Sm-EDTMP (Lexidronam), 1 mCi/kg. '¥*Sm emits
gamma rays and thus can be evaluated for radioactivity distribution.

*  Principle. Various human tumors produce a strong osteoblastic reaction that results in the deposition of bone-seeking
radionuclides in the hydroxyapatite crystal in the region of the tumor. When given in sufficient quantity, the
radionuclide radiates the active bony regions near the metastases sufficiently to relieve pain. It is unclear whether the
benefits of treatment are due to the irradiation of the bone or of the tumor itself. The usual dose is thought to be about
7 to 10 Gy.

*  Procedural notes. Patients should have platelet counts >60,000/uL and WBC counts >2,400/uL, and painful bone
lesions should be demonstrated as being positive on bone scan preferably carried out within 3 weeks of the treatment.
Patients should not be treated with *Sr unless their life expectancy is at least 3 months. Patients with platelet counts
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>150,000/uL may be treated at the recommended dose; those with lower platelet counts should be treated at lower
doses and monitored carefully for hematopoietic toxicity.
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o Complete blood counts should be repeated every 2 weeks for 4 months. Platelet and WBC counts are
typically decreased by about 30%, and the nadir counts occur 12 to 16 weeks after injection.

o Because the radioactivity is primarily excreted in the urine, the patient should be continent or catheterized to
minimize contamination of clothing and the patient’s home environment.

e Treatment response. Patients with cancers of the prostate, breast, and lung have been treated with these
radiopharmaceuticals, but, in principle, any tumor with an osteoblastic component on bone scan could be treated. The
usual onset of pain relief occurs within 7 to 21 days after administration (earlier for Lexidronam). Patients should be
counseled about the possibility of a “flare response,” in which pain is increased for a period of days to weeks after the
treatment. A significant proportion of patients (75% to 80%) do get significant pain relief, and the typical duration of
response is 3 to 4 months.

*  Contraindications and precautions. Pregnancy is an absolute contraindication, and women of childbearing age should
have a pregnancy test the day before administration of a radiopharmaceutical. Patients may be considered for
retreatment, usually after 90 days, if they have responded well to initial therapy and provided that hematopoietic
toxicity was not excessively severe. Most patients tolerate multiple injections without major side effects.

C. *P for polycythemia vera (PV)

¢ Radiopharmaceutical: buffered sodium **P-phosphate solution

*  Dosage. Intravenous doses of 2.3 mCi/m* (dose not to exceed 5.0 mCi) are administered at 3-month intervals to
induce remission or to control excessive cellular proliferation. The dose may be repeated twice if a remission is not
achieved and is increased by 25% each dose (not to exceed 7 mCi as a single dose).

e Treatment response. About 80% of patients with PV achieve remission after one injection of **P. In comparison with
phlebotomy alone, patients treated with **P survive longer and have fewer thrombotic complications but have a
significantly increased incidence of acute myelogenous leukemia.

*  Contraindications. Pregnancy is an absolute contraindication because of the possibility of teratogenic effects. In PV,
the drug should not be administered when the WBC count is <5,000/uL or platelets are <150,000/uL.

D. Colloidal **P for malignant effusions

*  Radiopharmaceutical: chromic **P-phosphate colloidal suspension

* Dosage. In a 70-kg patient, 6 to 12 mCi is used for intrapleural administration and 10 to 20 mCi for intraperitoneal
administration. Great care should be taken to ensure that all radioactivity is deposited in the intended body cavity.
Large tumor masses or loculation of fluid is a relative contraindication to treatment.

e Treatment response. Most patients receive some benefit from treatment in terms of control of effusions. There is a
growing interest in the use of**P in the treatment of low-volume ovarian cancer.

E. *Y-labeled anti-CD20 antibody for lymphoma

e Radiopharmaceutical:*"Y-labeled ibritumomab tiuxetan (Zevalin)

* Indications. Zevalin, as part of the Zevalin therapeutic regimen, is indicated for the treatment of patients with relapsed
or refractory low-grade follicular or transformed B-cell non-Hodgkin lymphoma, including patients with rituximab-
refractory follicular NHL.

*  Dosage. Ibritumomab is a murine antibody that reacts with CD20, a cell-surface receptor found on most B-cell
lymphomas. Tiuxetan is a proprietary chelate that binds radioactive metals to antibody. The dose of ibritumomab
tiuxetan in patients with platelet counts >150,000/uL is 0.4 mCi/kg body weight, and in patients with platelets
between 100,000 and 149,000/pL is 0.3 mCi/kg. In both instances, the maximum administered dose should not exceed
32 mCi *°Y. Patients with >25% lymphomatous involvement of marrow should not be treated with this agent.

o  Assessing biodistribution. The patient initially receives 250 mg/m® of rituximab (Rituxan, Mabthera), a
chimeric (Fv-grafted human IgG') monoclonal
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antibody that recognizes the CD20 receptor (for details on rituximab administration, see Chapter 4, section
VIL.G4.). The rituximab is followed by 5 mCi '"In-labeled ibritumomab tiuxetan. Whole-body '''In images
are then carried out 2 to 24 hours and 48 to 72 hours after injection to assess biodistribution. Visual
assessment of favorable biodistribution is defined by tumor uptake of radioactivity; easily detectable uptake
in blood pool on the first-day image, decreasing subsequently; and moderate uptake in normal liver and
spleen with low uptake in normal kidneys and normal bowel.
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o Treatment is carried out in an identical manner to the diagnostic infusion. The patient is treated between 7
and 9 days after this first infusion. The patient receives 250 mg/m? of rituximab. This is followed by Y-
labeled ibritumomab tiuxetan at a dose of 0.3 to 0.4 mCi/kg body weight (to a maximum of 32 mCi), usually
given over 10 minutes.

*  Toxicity. Acute side effects following Zevalin are rare; nonspecific symptoms following rituximab are more common
after the first treatment than after the second. Grade 3 or greater hematologic toxicity occurs in almost half of all
treated patients and requires support (G-CSF for neutropenia, transfusions for thrombocytopenia) in about 10% to
30%. Toxicity nadirs occur between 7 and 9 weeks after treatment and last for about 3 weeks. Patients should be
monitored closely for hematologic toxicity for at least 8 weeks or until recovery (usually 12 weeks).

e Efficacy. Ibritumomab tiuxetan in combination with rituximab gives significantly higher overall response rates
compared with rituximab alone (80% vs. 56%). The complete response rate with ibritumomab tiuxetan is also higher
than with rituximab alone (30% to 34% vs. 16% to 20%). The secondary end points, duration of response and time to
progression, are not significantly different between the two treatment arms; however, there is a trend toward longer
time to progression in patients with follicular NHL (15 months in the ibritumomab tiuxetan arm vs. 10 months in the
rituximab arm) and in patients who have achieved a complete response (25 months vs. 13 months, respectively).

F. B'I-labeled anti-CD20 antibody for lymphoma

*  Radiopharmaceutical:'*'I-labeled tositumomab (Bexxar)

e Indications: The Bexxar therapeutic regimen (tositumomab and "*'I-tositumomab) is indicated for the treatment of
patients with CD20-positive, follicular NHL, with and without transformation, whose disease is refractory to
rituximab and has relapsed following chemotherapy. The Bexxar therapeutic regimen, like the Zevalin regimen, is not
indicated for the initial treatment of patients with CD20-positive NHL. Patients with >25% lymphomatous
involvement of marrow should not be treated with this agent.

*  Dosage. Tositumomab is a murine antibody that reacts with CD20, a cell-surface receptor found on most B-cell
lymphomas. In contrast to Zevalin, which is administered on an activity per unit weight basis, Bexxar is administered
on a whole-body radiation absorbed dose calculation. The dose of "*'I-tositumomab in patients with platelet counts
>150,000/uL is 0.75 Gy to the whole body and 0.65 Gy in patients with platelets between 100,000 and 149,000/uL.

o Preparation. A day prior to initiation of therapy, the patient starts oral iodide therapy for thyroid protection
(typically 10 drops of SSKI solution daily), which continues until 2 weeks after the therapeutic dose.

o Biodistribution and dosimetry. The patient initially receives 450 mg of tositumomab over an hour.
Nonspecific symptoms are rare (fatigue, low-grade fever, and chills) and can be controlled if necessary with
oral acetaminophen and diphenhydramine. This is followed by 5 mCi "'I-labeled tositumomab (35 mg),
given over 20 minutes. Whole-body "'l images (dosimetry scans, carried out at speeds of about 30
cm/minute) are carried out immediately on completion of infusion, and again 2 to 4 days and 6 to 7 days
after injection. These images are used to calculate the amount of *'1 that will deliver no >0.75 Gy radiation
absorbed dose to the whole body. As with Zevalin, visual assessment of favorable biodistribution is defined
by easily detectable uptake in the blood pool on the first-day image, decreasing subsequently, and
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by moderate uptake in normal liver and spleen, with low uptake in normal kidneys and normal bowel.

o  Treatment. The patient is treated between 7 and 14 days after this first infusion. Treatment is carried out in
an identical manner to the diagnostic infusion. The patient receives 450 mg of tositumomab, followed by
P'[-labeled tositumomab (mass 35 mg). The amount of "*'T administered is calculated based on whole-body
clearance of the dosimetric radioactivity.

*  Toxicity. The most common adverse reaction is hematopoietic, with most patients having grade 3 or 4 toxicity, with a
time to nadir of 4 to 7 weeks, lasting for approximately a month. Due to the variable nature in the onset of cytopenias,
complete blood counts should be obtained weekly for 10 to 12 weeks. Hematopoietic toxicity follows patterns
comparable to those with Zevalin.

»  Efficacy. Bexxar therapy results in responses and response durations comparable to those with Zevalin. The overall
response rates have ranged from 47% to 64% and the median durations of response from 12 to 18 months. These
response rates have been comparable in patients refractory to rituximab.
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3 Radiation Oncology

I. Radiation oncology

A. Radiation oncology

is a discipline specializing in the use of radiation for therapeutic purposes. It is synonymous with therapeutic radiology, an
older name created to distinguish the specialty from diagnostic radiology. Radiation therapy (RT) is a treatment modality in
which ionizing radiation is used for patients with cancers and other diseases.

The first therapeutic use of radiation dates back to 1896, almost immediately after the discovery of x-rays. For more than a
century, RT continues to play a significant role in the fight against cancer, with its progress intimately supported by the
advances in modern science and technology. Among the main cancer treatment modalities, RT and surgery aim to provide
local-regional tumor control, while chemotherapy addresses systemic metastases in addition to serving frequently as a
radiation-sensitizing agent.

B.

A radiation oncologist is a physician trained in cancer medicine who uses radiation for the treatment of cancer patients. The
radiation oncologist discusses the benefits and risks of the proposed treatment, designs and controls the treatment process, cares
for the patient’s treatment-induced side effects, and continually monitors the patient’s disease status. The delivery of RT
necessitates the efforts of other health care professionals.

*  Medical physicists ensure the proper functioning of radiation-producing machines and maintain treatment planning
hardware and software.

*  Dosimetrists and physicists perform treatment planning for individual patients to the specifications of radiation
oncologists.

* Radiation therapists operate treatment machines to irradiate patients according to specific treatment plans.

*  Collaborators. To deal with a patient’s cancer problem, a radiation oncologist must also collaborate closely with
diagnostic radiologists, pathologists, surgeons, and medical oncologists.

II. Physical, chemical, and biological basis of radiation action

A. Ionizing radiations

Radiations in the energy range used for RT can cause the ejection of orbital electrons and result in the ionization of atoms or
molecules. The amount of energy deposited within a certain amount of tissue is defined as the absorbed dose with a unit of gray
(Gy; 1 Gy =1 joule/kg). The older unit of rad is equivalent to 1 centigray (cGy; 1 rad = 1 c¢Gy). The types of radiation
commonly used clinically are:

*  Photons are identical to electromagnetic waves. The energy range used for RT pertains to either x-rays, which are
commonly produced by a linear accelerator (LINAC), or y-rays, which are emitted from radioactive isotopes. Photons
of different energies interact with matters differently: from low to high energy, the absorption mechanism ranges from
photoelectric effect, Compton effect to pair production. Modern therapeutic machines produce photon beams with
energy of megavoltage (or million electron volt, MeV) range rather than kilovoltage (kilo electron volt, KeV), as used
in diagnostic radiology. In general, the higher the photon energy, the greater the depth of penetration into the body and
the more “skin-sparing” effect with less radiation dermatitis.
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* Electron beams dissipate their energy rapidly as they enter tissue. Thus, they have a relatively short depth of
penetration and generally are used to treat superficial lesions. The effective range in tissue also depends on their
energy. Each modern LINAC usually provides one or two energies of photons and several levels of electron energies.

e Other radiation particles used for RT include protons, neutrons, and heavy ions, such as carbon anions. These particles
are characterized by the so-called linear energy transfer (LET), a quantity measuring the rate of energy loss per length
of path. Heavy ions have high LET and thus are “densely ionizing,” compared with the low-LET photons and
electrons, which are “sparsely ionizing.”

o Relative biologic effectiveness(RBE) is defined as the ratio of doses needed to produce the same biologic
endpoint between a standard low-LET photon beam (by convention 250 KeV x-ray) and another radiation of
different LET. The term relates LET to an actual biological effect, such as cell death. In general, higher LET

particles have higher RBE up to a certain level (~100 KeV/u), beyond which RBE actually declines due to
“wastage” of further energy transfer.

o  Another factor that depends on LET is the efficiency of oxygen molecules to enhance radiation cell killing
(mediated by oxygen radical formation). Lower LET radiation, compared with higher LET particles, tends to
depend more on the presence of oxygen to effect cellular damage and thus have a higher oxygen
enhancement ratio (OER, defined as the ratio of doses needed for a particular radiation to produce the same
cell survival between anoxic and oxic environments).

o  Protons have a level of LET similar to photons, and thus have no significant biological advantage over high-
energy photons or electrons. A proton beam, however, has a special physical property of releasing very little
energy as it traverses into tissue until a fixed depth is reached where almost all the dose is deposited (called a
“Bragg peak™). The depth of this peak can be manipulated electronically to coincide with the target by
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varying the incident energy of the protons. Thus, proton radiation has a dosimetric advantage when treating a
deep-seated tumor next to a critical normal structure.

o Neutrons do not possess the dosimetric advantage of protons because they do not have the depth-dose
characteristic of a Bragg peak. Nevertheless, neutrons have high LET and low OER. That is, their cell-
killing function does not depend on the presence of oxygen. Thus, neutrons have the biological advantage of
treating tumors that are relatively resistant to photons due to the presence of significant hypoxia (see III.C.1).

o Heavy ions have high LET and low OER, as well as the presence of a Bragg peak. Thus, if used properly
they possess both the biological and physical advantages seen in neutrons and protons, respectively.

B. Mechanism of damage to cellular targets
Where water is abundant, short-lived (10" to 10> seconds) hydroxyl radicals can be formed by ionizing radiation (via a

process called radiolysis) and impact on a nearby (~100 A) macromolecule such as DNA to damage its chemical bonds
(indirect action). Alternatively, such chemical bond damage can result directly from the deposition of radiation energy (direct
action). Evidence suggests DNA to be the main target of radiation action in cells. The “elementary lesions” include base
damages, cross-links, single-strand breaks, and double-strand breaks. Recent studies show the presence of “complex clustered
damages” or “multiply damaged sites,” each of which consists of multiple elementary lesions within a few nanometers, or about
20 base pairs of DNA. These damages remain unrepaired and can lead to eventual cell “lethality,” which is defined
operationally as the loss of reproductive integrity (i.e., clonogenicity). Such mode of mitotic death is considered a predominant
mechanism of radiation killing, but other processes such as interphase death and apoptosis (programmed cell death) also play
important roles.
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C. Cellular and tissue response to radiation damage

Some molecular mechanisms have been identified to govern a cell’s response to radiation damage, with an intricate network of
signal transduction pathways leading to either cell death or survival. The ultimate outcome is a result of complex chain events
dictated not only by the biophysical interaction between radiation particles and DNA, but also by molecular and genetic
determinants such as oncogenes, tumor-suppressor genes, and cell cycle regulation. In addition, extracellular and tissue
conditions such as hypoxia, cell-cell interaction, and extracellular matrix can also modify the final expression of radiation
effects to cells and tissues. Despite these complexities, certain clinical-pathologic outcomes can still be predicted due to the
simplicity of direct radiation action on critical cellular targets.

III. Biological basis of radiation therapy

A. Target cell hypothesis

A biophysical interpretation of the radiation mechanism can be made between a given dose, D, and the observed fraction of
clonogenic cells surviving (surviving fraction, SF). The basic assumption is that critical targets exist within each cell; when
ionizing radiation particles hit these targets, loss of cellular clonogenicity may result. This is the essence of the so-called target-
cell hypothesis or hit theory.

B. Cell survival curves

When plotted as a semilog graph of log®SF vs. D, almost all mammalian radiation survival curves reveal a very similar shape
with a “curvy shoulder” at the low-dose region in contiguity with a relatively linear tail toward the high-dose region. This
suggests that at least two biophysical mechanisms seem to be operating simultaneously to produce such a result.

*  The linear component signifies that radiation action on the critical target within a cell is a random process, resulting in
logarithmic decrease in survival such that equal dose increments cause a constant logarithmic proportion of cell
deaths. It is commonly described as a single-hit killing, which results in nonrepairable damage leading to direct cell
death.

e The curvy shoulder, however, reflects a much more complex situation whereby interactions of more than one target
lesion are at work to result in eventual cell lethality (thus described as multitarget killing). Before subsequent
interacting events can take place, the initial lesion may be repaired. Thus, the ultimate expression of this mode of cell
killing depends on the kinetics and efficiency of the repair process.

*  Quantitative models. The most popular is the linear-quadratic (LQ) model. Based on this model, the SF after a single
treatment of radiation dose D can be characterized by the following equation:

where o and B are tissue-specific parameters governing intrinsic radiation sensitivity. The LQ model can be used to
explain the differential sensitivities of malignant tumors versus normal tissues to fractionation radiotherapy (i.e.,
dividing the overall therapy into numerous fractions of small-dose irradiation). The o/f ratio is used clinically to
characterize how various tissues respond to fractionation treatment.

o Acute-responding tissues, such as cancers and fast-dividing normal cells, typically have high o/p (~8 to 10
Gy), and upon irradiation experience acute effects (e.g., tumor shrinkage, dermatitis, mucositis, or
esophagitis).

o Late-responding tissues(normal cells that rarely proliferate but can experience late effects such as fibrosis,
xerostomia, and nerve damage) have low o/p (=2 to 5 Gy).
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o Upon fractionation, it is seen that acute-responding cells are killed predominantly, while the late-responding
tissues are relatively spared due to their higher capacity to repair (see I11.C.3).
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C. Fractionation radiobiology
The biological processes occurring in between the treatment fractions have been summarized as the 4 Rs of fractionation
radiobiology:

* Reoxygenation. The damage of tissues by radiation depends largely on the formation of hydroxyl radicals, which in
turn depend on the availability of oxygen molecules in close proximity. Fractionation allows oxygen to diffuse into
the usually hypoxic center of an expanding tumor during the interval between fractions and thus enables more tumor
cell killing during the subsequent treatment.

* Repopulation. All living cells have the potential to repopulate by mitotic (clonogenic) growth. If normal tissue
progenitor cells repopulate more adequately than malignant cells during the treatment course, then a therapeutic gain
may be obtained by fractionation. Moreover, a phenomenon of accelerated repopulation, which is stimulated by
cytotoxic intervention such as radiation, has been described for fast-growing malignant and normal cells. Thus, the
overall treatment time is an important clinical variable affecting the chance of tumor control. As cancer cells quickly
repopulate, further protraction of overall treatment time is disadvantageous. Once radiation treatment commences,
unnecessary interruption of treatment course is discouraged.

*  Repair. Repair machinery within cells can reverse partial damage caused by a small fraction of the radiation dose. The
cells would die if such damage fails to be repaired sufficiently and the damage is exacerbated by further radiation
insults. One possible contributing mechanism is called sublethal damage (SLD) repair. As the dose per fraction
decreases and interfractional time interval increases enough to allow for complete SLD repair, the total dose required
to achieve a certain level of cell death would be increased. Thus, fractionation spares cells from radiation damage
compared with single-dose irradiation. Furthermore, late-responding tissues, which have higher SLD repair capacity,
would be spared preferentially over acute-responding malignant cells, which might lack adequate repair mechanisms.

*  Redistribution. Cells exhibit differential sensitivities toward radiation at different phases of the cell cycle. Most
mammalian cells are more sensitive at the junction between G2 and M phases. After an initial fraction of dose, the
cells at a more resistant phase (e.g., late S) may survive but then progress eventually to the sensitive phases in time,
allowing more efficient killing during the next fraction. Thus, fast-cycling cells (like skin or mucosal cells and most
cancers) are more prone to radiation killing than slow or dormant ones (such as muscle or skeletal cells).

D. Dose rate effect

The biological effect of a given radiation dose also depends on the rate it is delivered. With decreasing dose rate, the cell
survival increases due to SLD repair. Cell survival is also enhanced due to repopulation as the treatment course gets further
protracted until a limit (characterized by nonrepairable single-hit killing) is reached. Beyond this limit further decrease of dose
rate will in fact give rise to more cell death (inverse dose rate effect) due to cell cycle arrest at G2 phase where cells are most
vulnerable to radiation killing.

*  Once daily fractionated RT typically uses a dose rate of about 1 Gy/minute.

*  For continuous low-dose rate brachytherapy (or implant), radioactive seeds are typically inserted into a patient’s body
(either interstitial or intracavitary) for a long period of time, with radiation dose emitting at a rate of about 1
cGy/minute.

*  High-dose rate brachytherapy has gained wide popularity, using a dose rate of about 1 Gy/minute, as is used with
external beam teletherapy.

E. Altered fractionation

The fractionation scheme used in conventional RT usually utilizes 1.8 to 2 Gy per fraction to a total dose that is required for a
particular malignancy (e.g., about 70 Gy for gross epithelial cancers, or much less for radiosensitive tumors such as
lymphomas). However, by exploiting the radiobiologic principles as listed earlier, therapeutic benefit can be increased via
altered fractionation regimens.

* Because fractionation preferentially spares late-responding normal tissues, a strategy of hyperfractionation can be
used to enhance tumor cell killing while maintaining the same degree of late normal tissue damage. More fractions are
delivered
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(usually twice daily) by using a smaller dose per fraction to a higher total dose, while keeping overall treatment time
about the same as conventional fractionation.

e To overcome the potential bottleneck for tumor control due to accelerated repopulation of cancer cells, the strategy of
accelerated fractionation can be used to deliver a conventional total dose but shorten the overall treatment time with
more intensely fractionated patterns. A lower dose per fraction is delivered two or three times daily.
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* Based on the LQ model, a quantity termed biologically effective dose (BED) has proved to be convenient in
quantifying radiobiological effects and has enabled comparisons among various clinical trials using different
fractionation schemes. For late-responding tissues,

where D is the total dose and d is the dose per fraction. BED is versatile because it is linearly additive; that is, one can
sum up directly all BED values for partial treatments with various fractionation regimens or special techniques such as
brachytherapy, to predict the net biological effect to a tissue characterized by a specific o/.

F. Dose response curves

The terms tumor control probability (TCP) and normal tissue complication probability (NTCP) can be used to assess clinical
consequences of RT quantitatively as functions of dose. As probability curves, they both exhibit rising sigmoid shapes from 0%
to 100% when plotted linearly against increasing dose. Only when the NTCP curve is sufficiently to the right (higher dose
region) of the TCP is it warranted clinically to irradiate. Many innovations in clinical radiation oncology have been based on
attempts to separate these two curves.

*  The therapeutic ratio is the relative degree of tumor control (measured as TCP) over normal tissue damage (NTCP).
There exists an optimal dose for which this ratio, or the uncomplicated TCP (UTCP), is maximized:

e With a sharply rising sigmoid shape, TCP dictates that once a certain dose is deemed necessary to achieve adequate
tumor control, the treatment should not be terminated prematurely because almost no therapeutic gain would be
expected until the whole course is near completion (i.e., “all or nothing” response).

e Both TCP and NTCP depend not only on the dose, but also on the size or volume (i.e., the number of clonogenic cells
in a tumor for TCP or the so-called functional subunits (FSUs) of a normal tissue for NTCP, respectively). The higher
the number of cells to irradiate, the more the dose response curve shifts to the right.

*  For a specific malignancy or normal tissue, factors that may “flatten” (i.e., decrease slope of) the respective sigmoid
TCP or NTCP curves include the wide variation of radiation sensitivity in a patient population.

e For the prophylactic control of subclinical micrometastases by radiation, the dose response curve is flattened due to
the heterogeneous distribution of metastatic tumor burdens in the targeted volume. Thus, a small amount of dose can
still be beneficial, in contrast to the substantially larger dose required for the control of bulky tumors.

G. Tissue organization
The structural organization of the FSUs in a normal tissue may be critical in determining the kinetics of its damage expression,
as well as the effect of heterogeneous dose distribution across its volume.

* Based on physiological and cellular kinetics reasoning, some normal tissues can be separated structurally into type-H
(hierarchical) or type-F (flexible) tissues.
o Type-H tissues(e.g., bone marrow, skin, and gastrointestinal tract) contain stem cells that are destined to
mature into functional cells. As they lose clonogenicity in the process, these cells become radioresistant
because only the rapidly proliferating stem cells are likely to be sensitive to radiation killing.
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o  Type-F tissues(e.g., lung, liver, and kidney) contain cells that can simultaneously maintain their proliferation
capacity (thus are radiosensitive) and serve their normal physiological function.

o Upon irradiation, type-F tissues can exhibit a dose-dependent kinetics of damage expression—the higher the
dose, the earlier the time of expression. In contrast, the kinetics of damage for type-H tissues is relatively
independent of the dose.

e  The spatial orientation of normal tissue can be separated into parallel and series structures. Parallel structures are
typified by kidney, liver, lung, and tumors, whereas series structures include the GI tract, spinal cord, and peritoneal
sheath. Most normal tissues have mixed characteristics of both parallel and series structures. The concept of relative
seriality has been proposed, based on the perceived organization of FSUs. This concept is useful when dealing with
heterogeneous dose distribution across a structure of interest (see III.LH.3 and 4).

H. Heterogeneous dose distribution

The biological effect of radiation on a particular normal organ at risk (OAR) can vary significantly with the amount of volume
as well as which portion or region of the organ is treated. Clinicians have been trained to be familiar with the overall radiation
effect (e.g., NTCP) of an OAR being irradiated with uniform dose distribution. However, modern treatment techniques using
inverse planning and intensity modulated radiation therapy (IMRT) (see IV.C.2) often involve heterogeneous dose distribution.

*  The cumulative biological effects of partial volume irradiations that might not amount to the effect predicted based on
the same total physical dose assumed to be uniformly deposited for the whole organ is called the volume effect.

*  For a grossly heterogeneous dose distribution across a significant portion of an OAR, the degree of such heterogeneity
can be quantified using the dose volume histogram (DVH). It takes a shape of a monotonically decreasing sigmoid
curve on a fractional volume versus dose plot.


mk:@MSITStore:G:%5C%5CBooks%5C%5Conco%5C%5CManual%20Of%20Clinical%20Oncology%206thEdition.CHM::/sid120409.html#PIVC2
mk:@MSITStore:G:%5C%5CBooks%5C%5Conco%5C%5CManual%20Of%20Clinical%20Oncology%206thEdition.CHM::/sid120409.html#PIIIH4
mk:@MSITStore:G:%5C%5CBooks%5C%5Conco%5C%5CManual%20Of%20Clinical%20Oncology%206thEdition.CHM::/sid120409.html#PIIIH3

3 Radiation Oncology

*  Tissues in parallel have been modeled along the so-called critical volume argument. The total volume irradiated has
direct impact on NTCP. Irradiating a significant volume of such tissue, even if with moderate doses, would be more
detrimental than giving an extremely high dose but to only a small volume of the organ. Thus, the bulk of the volume
irradiated does matter significantly.

* Tissues in series have critical elements arranged in chains upon which irradiating even a small volume of the structure
to a sufficiently high dose might incur a complication. The prime example would be spinal cord, which needs only a
hot spot at a given segment to manifest transverse myelitis. The incidence of a complication increases in proportion to
the volume irradiated for series tissues.

e Equivalent uniform dose(EUD) has been defined to address heterogeneous dose distribution and is the dose that, when
distributed uniformly across the target volume, gives rise to the same biological effect.

IV. Clinical practice of RT

A. Consultation

Patients are usually referred by surgeons, medical oncologists, primary care physicians, or other specialists for consultation,
during which the history and physical examination are done by radiation oncologists. The indications for RT, as well as its
associated short- and long-term side effects, are explained to the patient in detail.

* Indications. Like surgery and chemotherapy, RT has definite indications and contraindications for clinical application.
RT can be used alone or in combination with other methods, as the major component of treatment or as an adjuvant
modality. Approximately 50% to 60% of all patients with cancer receive RT during the course of their illness.
Properly used, the intent of RT for about 60% of these patients will be curative. For others incurable by any current
method of treatment, palliation of symptoms and signs by RT can improve their quality of life.
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o Treatment with curative intent is often complicated and requires professional skills and facilities that may be
distant from the patient’s home. Usually the doses are higher and, consequently, the risks of sequelae are
greater than for palliative treatment.

o Palliative treatment should have a specific objective. Inconvenience, cost, discomfort, risk, and overall
treatment time should be minimized. Objectives of palliative RT include: relief of pain, usually from
metastases to bone; relief of neurological dysfunction from intracranial metastases; relief of obstruction of
the ureter, esophagus, or bronchus; promotion of healing of surface wounds caused by tumor; preservation of
the weight-bearing skeleton compromised by metastases; or preservation of vision by controlling metastases
to or tumor invasion of the eye or its orbit.

*  Negative side effects. Most normal tissue effects of RT are related to cell killing. Some effects, such as nausea,
vomiting, fatigue, and somnolence, remain unexplained, although there may be a relationship to radiation-induced
cytokines. Some late effects may be related to radiation-induced proliferative responses such as gliosis or fibrosis.

Side effects of RT are influenced by other treatments. Acute skin or mucous reactions may be accentuated by the
concurrent or even later administration of chemotherapy agents (e.g., doxorubicin). Radiation-induced bowel damage
may be accentuated by prior surgery. The appearance of clinical injury after cell killing will depend on factors such as
cell turnover time and differentiation kinetics. For convenience, these time-related responses are arbitrarily divided
into:

o Acute responses that appear usually within 2 to 3 weeks after treatment commences, such as mucositis and
diarrhea, are secondary to the depletion of stem cells (especially for type-H tissues, see IIL.F.1) and are
expected to subside gradually once the treatment course is over.

o  Subacute responses, such as Lhermitte’s syndrome (electric shock-like sensation down the periphery upon
sudden flexion of neck, due to demyelination) or somnolent syndrome, occur after several months and are
nearly always transient.

o Late responses are secondary to the depletion of slowly proliferating cells and are nearly always permanent.
These are usually the critical structures that limit the dose prescribed by the radiation oncologists.

B. Treatment preparation
Once the patient agrees and provides the informed consent to proceed with RT, the next step is usually a simulation process and
subsequent treatment planning.

*  Simulation is a procedure when the radiation oncologist tries to determine how to aim the beams of RT according to
the patient’s anatomy and the locations of the target lesions, as well as the OARs. A conventional simulator may be
used, which has the geometric construct of the beam source and patient couch movement identical to the actual
treatment machine. Such machines are being replaced by CT simulators, where tomographic scans form the basis of
subsequent 3-dimensional (3-D)—oriented treatment planning. During simulation, the patient is placed on a treatment
couch and certain immobilization measures are often implemented because the positioning must be reproducible for
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subsequent daily treatments with acceptable precision. Frequently, permanent tattoos are marked on the patient’s body

surface.

*  Treatment planning. Other than fairly simple cases, for which old techniques continue to serve well, modern RT
requires complex treatment planning. Computerized data are essential to this process to produce a finalized plan that
can be transferred seamlessly to computer-controlled therapy equipment. It requires the integrated efforts of radiation
oncologists, medical physicists, dosimetrists, and radiation therapists.

@)

The first step of treatment planning is the identification of essential anatomic structures relevant to the goal
of the treatment. The 3-D extent of each structure
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of interest can be traced in contoured forms, section by section, on the tomographic images.

Conceptually the treatment volume incorporates the gross tumor volume (GTV), which represents the
detectable extent of the tumor target, the clinical target volume (CTV), which includes microscopic tumor
extensions, and the planning target volume (PTV), which includes margins around the CTV to allow for
positional uncertainty.

Normal structures of interest are also identified, contoured, and designated as OARs.

C. Precision-oriented RT
Computerized treatment planning now allows for delivering RT with ultraprecision.

* Conformal RT. Because the structures of interest are often irregular in shape, devices such as metal blocks have been
constructed manually and customized for individual patients, and the treatment planning has been rather rudimentary
with a 2-D dosimetry plan used as a basis for 3-D extrapolation. When CT-based imaging became available and
adapted for simulation, truly 3-D—oriented conformal radiotherapy became common practice.

o

Computer technology allows for a very slick 3-D treatment planning approach using a machine-driven
beam-shaping device called multileaf collimators (MLC). The target structures are basically sliced one beam
path at a time with a width measuring from a few millimeters to a centimeter, and the radiation dose within
each slice is calculated to precision and spatially conformed to the edge of the desired target. One useful tool
is the beam’s eye view, which simulates looking along the axes of multiple radiation beams to plan the best
arrangement.

During the treatment, the automated MLCs restrict the delivered dose to tightly conform to the target. Thus,
precise dosimetric determination for any 3-D irregularly shaped tumor target or OAR is theoretically
feasible. Tools are available to maximize the therapeutic ratio by a process of optimizing various treatment
parameters.

e IMRT is a technique that allows photon beams modulated by MLCs to deliver specific doses to irregular-shaped target
volumes while sparing nearby OARs.

o

The essence of IMRT is inverse planning. The physicist feeds in the anatomic information of tumors and
OARs, specifies the desired outcome with dose constraint for each structure of interest, and then lets the
computer search for the best solution to achieve such goal. The answer will dictate how the treatment
machine might adjust (or “modulate”) the radiation beam intensity in an automated fashion by moving the
MLC:s rapidly across the irradiated target, while constantly avoiding the OARs.

The computer-generated IMRT plan allows for a much higher dose within and tighter dose distribution
around the irregular target border, while the adjacent normal tissues receive relatively little dose.

Higher doses can be given via IMRT as a “boost” to the primary tumor bed sequentially after a course of RT
aimed at a broader coverage of the head and neck region. This follows the traditional practice of the
shrinking-field technique, with the dosages of various structures (including the tumor) prescribed to
commonly accepted values.

IMRT is now often used from the very beginning of the treatment course with the so-called simultaneous
integrated boost (SIB) technique. For each fraction, the subclinical spread of cancer cells in the broad area is
treated to a relatively lower dose, while the primary tumor is irradiated simultaneously with a higher dose.
Therefore, the total dose received at any structure of interest and its subsequent clinical effect can vary
widely depending on the fractionation schemes. It is less meaningful to use total physical doses for
intercomparison of treatment results using different SIB techniques. Instead, some sort of quantitative
biological correction is usually needed.

IMRT has the potential of introducing dose heterogeneity (see III.LH) within a specific structure because of
intensity modulation. The biological consequence
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due to such effect is still not very well understood because clinicians have traditionally been trained to be
familiar with the consequences of only homogeneous dose distribution across an anatomic object.
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* Particle therapy. Particle beams such as protons and heavy ions have dosimetric characteristics of the Bragg peak (see
ILA.3), thus can be exploited for ultraprecision treatment. may be done in an inverse manner, with intensity
modulation amounting to “dose painting.” This may represent the most sophisticated form of precision-oriented RT,
although many technical details remain to be worked out. The main disadvantage of praticle beams is their extremely
high cost of production and operation.

e Brachytherapy(implants) is another form of precision irradiation. Because the “fall off” of energy is inversely
proportional to distance from the radioactive sources, the tissues adjacent to the target receive relatively lower doses.
Thus, the main advantage of brachytherapy is its extremely low dose to the rest of the patient’s body (termed “integral
dose,” the sum of the total body dose). Its disadvantages mainly involve the operative risks (anesthesia, bleeding,
infection, etc.) and the need to observe radiation precautions for health care personnel and patients.

D. Stereotactic irradiation

Precision-oriented treatment planning loses its meaning if the positions of the target and OARs are deviated during actual
treatment because of setup uncertainty or motion. Patient immobilization is thus crucial, especially for tumors in the brain and
the head and neck.

*  Stereotactic radiosurgery (SRS). For relatively few and small tumors, ablating each lesion precisely with an
exceptionally high level of radiation dose using the so-called SRS technique may be indicated.

o  Originally developed by neurosurgeons to locate brain lesions with pinpoint accuracy using a 3-D coordinate
system in reference to a rigid frame attached to the patient’s skull, the stereotactic localization technique is
utilized when high-dose radiation is used to substitute invasive surgical resection.

o Two different ways of producing the radiation for SRS are commercially available. For systems such as the
Gamma Knife, about 200 “Cobalt radioisotope sources emitting y-rays are oriented in a hemispherical
fashion, or other similar geometrical construct, to focus all the beams on a central point. Alternatively, such
focused radiation can be produced via a LINAC, which generates an x-ray beam as a single source and can
be rotated or moved around a central focus.

o Feasible SRS targets must be small (usually <3 cm in diameter), and the number of lesions to be treated must
be few (usually <4).

o SRS has gained wide popularity to treat central nervous system tumors (both benign and malignant) and, at
times, neurophysiological disorders such as trigeminal neuralgia.

o The use of SRS for head and neck tumors is usually limited to administering an additional “boost” beyond
conventional radiation treatment or as salvage for local recurrence.

o Extracranial tumors (such as in the spine, lung, or liver) are also being explored for possible SRS treatment
as long as single or few fractions of large-dose irradiation (an approach called hypofractionation) is deemed
appropriate and the problem of motion uncertainty can be resolved (e.g., with technical innovation to
compensate respiratory motion for lesions in the trunk; see IV.F.1).

e Stereotactic radiotherapy (SRT). For many malignancies, the size of primary tumor is typically larger than what SRS
can accommodate, and more importantly, its edges are often mingled with normal tissues. In such cases, stereotactic
technique can be combined with the biological advantages of fractionation to provide SRT as a treatment option. SRT
is done often with removable body-fixation frames for daily treatments.

*  Selection of SRS versus SRT(guidelines):

o  SRT will in general have a theoretical biological advantage over SRS for most malignancies. SRS is often
favored for logistic reasons rather than biological considerations per se.

P.44

o  Whenever an aggressive tumor is found located in close proximity to a critical normal tissue, SRT would
probably be more beneficial than SRS because the biological advantage of fractionation can be exploited.

o If there is not much biological difference between tumor (e.g., a benign or low-grade lesion) and the
surrounding normal tissue, it may be legitimate to offer patients SRS treatment, serving just like a surgical
tool.

o Perhaps due to the wide acceptance of SRS, or because SRT is simply a more tedious procedure, clinicians
might develop a lingering desire to minimize the number of fractions for patient treatment. Only with
precision treatment is it safe to do so. By spatially segregating tumors from normal tissues, one can treat the
former without too much concern of deleterious biologic effect over the latter.

E. Functional image-guided RT

The development of functional imaging studies like positron emission tomography or magnetic resonance spectroscopy has
allowed physicians to contemplate whether dose escalation to metabolically active or radiation-resistant spots within a tumor
might help raise the local tumor control rate. These sophisticated imaging techniques may unite modern molecular biology to
clinical radiation oncology using IMRT or particle beams for dose-painting purpose. As it stands today, much remains to be
researched before their clinical application becomes routine.

F. Image-guided radiation therapy (IGRT)
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IGRT is preoccupied with precise tracing of the radiation target to compensate for motion uncertainty. An example is to
implement respiratory gating for tumors in the trunk during each fraction of irradiation by synchronizing the treatment field
coverage precisely over a target that moves with respiration. Another frequent application of IGRT is for prostate cancer,
because the prostate gland can move (mostly depending on the content of the rectum behind it) from day to day through the
long course of radiation therapy.

* The internal soft-tissue structures, which ordinarily will escape radiographic detection, can be illuminated. For
example, metal seeds could be inserted as “fiducial markers.” For relatively fixed tumors, internal bony landmarks can
be used for x-ray positioning.

*  Special imaging devices such as a perpendicular pair of diagnostic x-ray systems or “cone-beam CT” can be added to
currently existing LINACs for the purpose of IGRT. Commercially available ultrasound systems (suitable for imaging
soft-tissue structures) or traceable radiofrequency/infrared signal-emitting devices can also be used for daily image
guidance.

e Another option is to acquire a system such as Tomotherapy, which can serve the functional duality of both a rotational
(or “axial”) RT machine as well as provide frequent tomographic images for IGRT.

G. Adaptive radiation therapy

Initially bulky tumors can often shrink readily during the long course of radiation and chemotherapy treatment. The anatomic
uncertainty is thus introduced not because of patient motion or setup error, but because of the significant anatomic deviations of
relevant internal structures due to the progressive change of the tumor bulk (or the patient’s significant weight loss). Adaptive
radiation therapy aims to keep track of this dynamic situation and issue appropriate countermeasures as frequently as possible.
The goal is to modify sequentially the treatment plan based on the initial simulation scan and the subsequent daily image
verifications, using a sophisticated mathematical algorithm for mitigation of the geometrical incongruities and variations,
without actually repeating the laborious simulation and treatment planning.

V. Treatment response assessment

Once RT is finished, or even during the treatment course, assessment of tumor response may be desirable. However, the
efficacy of radiation-induced cell killing may not be directly related to the rate of gross tumor regression because of the wide
range of cell turnover kinetics. The terms radioresistance and radiosensitivity are frequently misused because of the
misconception that the rate of gross reduction of tumor size is a measure of radiosensitivity and a surrogate for therapeutic
effectiveness.
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VI. Long-term side effects of RT

Every effective therapy may generate undesirable and even dangerous side effects. Despite the nearly instantaneous initiation of
the radiation process, its biological effects may be delayed for weeks (skin, mucous reactions), decades (carcinogenesis), or
generations (genetic changes in offspring). Although these side effects are inherent in the treatment modality itself, their
frequency and severity are influenced by physician competence and philosophy, adequacy of equipment and facilities,
operational quality assurance, and attitudes of the patient and his or her family.
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I. Alkylating agents

A. General pharmacology of alkylating agents

Alkylating agents target DNA and are cytotoxic, mutagenic, and carcinogenic. All agents produce alkylation through the
formation of intermediates.

* Alkylating agents impair cell function by transferring alkyl groups to amino, carboxyl, sulthydryl, or phosphate
groups of biologically important molecules. Most important, nucleic acids (DNA and RNA) and proteins are
alkylated. The number 7 (N-7) position of guanine in DNA and RNA is the most actively alkylated site; the O-6 group
of guanine is alkylated by nitrosoureas. Alkylation of guanine results in abnormal nucleotide sequences, miscoding of
messenger RNA, cross-linked DNA strands that cannot replicate, breakage of DNA strands, and other damage to the
transcription and translation of genetic material.

*  The primary mode of action for most alkylating agents is by means of cross-linking of DNA strands. Cytotoxicity is
probably a result of damage to the DNA templates rather than inactivation of DNA polymerase and other enzymes
responsible for DNA synthesis. DNA strand breakage also appears to be a minor determinant of cytotoxicity.

*  Alkylating agents are cell cycle—specific but not phase-specific. The drugs kill a fixed percentage of cells at a given
dose.

e Tumor resistance to these drugs appears to be related to the capacity of cells to repair nucleic acid damage and to
inactivate the drugs by conjugation with glutathione.

B. Busulfan
(Myleran)

e Indications. Chronic myelogenous leukemia (CML), bone marrow transplantation (high doses)
e  Pharmacology
o Mechanism. Alkylation (see section A)
o Metabolism. Acts directly; catabolized to inactive products that are excreted in the urine.
e Toxicity
o Dose-limiting. Reversible and irreversible myelosuppression with slow recovery; blood cell counts fall for
about 2 weeks after discontinuation of drug.
o Common. Gastrointestinal (GI) upset (mild), sterility
o  Occasional. Skin hyperpigmentation, alopecia, rash; gynecomastia, cataracts, LFT abnormalities; seizures
o Rare. Pulmonary fibrosis (“busulfan lung”; see Chapter 29, section IV.A), retroperitoneal fibrosis,
endocardial fibrosis; addisonian-like asthenia (without biochemical evidence of adrenal insufficiency);
hypotension, impotence, hemorrhagic cystitis, secondary neoplasms
*  Administration
o  Supplied as 2-mg tablets
o Dose modification. Hematologic
o Dose. Usually 2 to 8 mg/day PO; or 0.05 mg/kg/day for CML
o Drug interactions. Itraconazole and phenytoin respectively reduce and increase busulfan metabolism.

C. Chlorambucil
(Leukeran)

e Indications. Chronic lymphocytic leukemia (CLL), Waldenstroém macroglobulinemia
*  Pharmacology

o Mechanism. Alkylation (see section [.A)

o Metabolism. Acts directly; spontaneously hydrolyzed to inactive and active products (e.g., phenylacetic acid
mustard); also is extensively metabolized by the hepatic P450 microsomal system. The drug and metabolic
products are excreted in urine.

*  Toxicity. Least toxic alkylating agent
o Dose-limiting. Myelosuppression
o Occasional. GI upset (minimal or absent at usual doses), mild LFT abnormalities, sterility
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o Rare. Rash, alopecia, fever; cachexia, pulmonary fibrosis, neurological or ocular toxicity, cystitis; acute
leukemia
¢ Administration
o  Supplied as 2-mg tablets
o  Dose modification. Hematologic
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o Dose. Various dosage schedules are used. For example, 0.1 to 0.2 mg/kg/day PO for 3 to 6 weeks, then
decrease dose for maintenance

o Drug interactions. Phenobarbital, phenytoin, and other drugs that stimulate the liver’s P450 system may lead
to increased production of toxic metabolites.

D. Cyclophosphamide
(Cytoxan)

*  Indications. Used in a wide variety of conditions

e Pharmacology

o  Mechanism. Alkylation (see section I.A); also inhibits DNA synthesis. Cell cycle—nonspecific and active in
all phases of the cell cycle.

o Metabolism. Native drug is inactive and requires activation by liver P450 microsomal oxidase system to
form an aldehyde that decomposes in plasma and peripheral tissues to yield acrolein and an alkylating
metabolite (e.g., phosphoramide mustard). The P450 system also metabolizes metabolites to inactive
compounds. Active and inactive metabolites are excreted in urine.

e Toxicity

o Dose-limiting

Myelosuppression. Leukopenia develops 8 to 14 days after administration. Thrombocytopenia
occurs but is rarely significant.

Effects on urinary bladder. Degradative products are responsible for hemorrhagic cystitis, which
can be prevented by maintaining a high urine output. Hemorrhagic cystitis is more common and
can be severe when massive doses are used (e.g., for bone marrow transplantation); under these
circumstances, the use of mesna can be preventative. Urinary bladder fibrosis with telangiectasis of
the mucosa can occur (usually after long-term oral therapy) without episodes of cystitis. Bladder
carcinoma has occurred.

o Side effects

Common. Alopecia, stomatitis, aspermia, amenorrhea; headache (fast onset, short duration).
Nausea and vomiting are common after doses of 700 mg/m? or more.

Occasional. Skin or fingernail hyperpigmentation; metallic taste during injection; sneezing or a
cold sensation in the nose after injection; abnormal LFTs, dizziness; allergy, fever

Rare. Transient syndrome of inappropriate secretion of antidiuretic hormone (SIADH, especially if
given with a large volume of fluid), hypothyroidism, cataracts, jaundice, pulmonary fibrosis;
cardiac necrosis and acute myopericarditis (with high doses); secondary neoplasms (acute
leukemia, bladder carcinoma)

*  Administration. The drug should be administered with a large volume of fluid in the morning or early afternoon to

avoid cystitis.

o Supplied as 25- or 50-mg tablets; vials contain 100 to 1,000 mg

o Dose modification. Hematologic; may be required for hepatic or renal functional impairment

o Dose. Cyclophosphamide is frequently employed as part of combination chemotherapy regimens. Some
common doses are 0.5 to 1.5 g/m* IV every 3 weeks or 50 to 200 mg/m* PO for 14 days every 28 days.

o Drug interactions. Phenobarbital, phenytoin, and other drugs that stimulate the liver’s P450 system may lead
to increased production of toxic metabolites.
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E. Dacarbazine

Digoxin levels decreased with cyclophosphamide
Interacts with warfarin to prolong the prothrombin time further
Interacts with succinyl choline to increase neuromuscular blockade

[dimethyltriazenoimidazolecarboxamide (DTIC), imidazole carbo-xamide]

* Indications. Hodgkin lymphoma, malignant melanoma, sarcomas, neuroblastoma

e Pharmacology

o Mechanisms. Inhibits purine, RNA, and protein synthesis. Has some alkylating activity. Causes DNA
methylation and direct DNA damage. Cell cycle-nonspecific.

o Metabolism. Native drug inactive; requires activation by oxidative N-methylation by the hepatic P450
microsomal system. Excreted in urine predominantly (50% of the drug is unchanged); minor hepatobiliary
and pulmonary excretion.

e Toxicity

o  Dose-limiting. Myelosuppression; nadir blood counts occur 2 to 4 weeks after treatment

o  Common. Nausea and vomiting (often severe), anorexia; pain along the injection site

o  Occasional. Alopecia, facial flushing, photosensitivity, abnormal LFTs. Flulike syndrome (malaise, myalgia,
chills, and fever) developing 1 week after treatment and lasting several days

2
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Rare. Diarrhea, stomatitis; cerebral dysfunction; hepatic vein thrombosis, hepatic necrosis; azotemia;
anaphylaxis

*  Administration. Dacarbazine is often used in combination chemotherapy regimens. Withdrawing blood into the drug-
filled syringe before injecting the mixture reduces the pain of injection. The drug is a vesicant if injected

subcutaneously.
o Supplied as 100- and 200-mg vials
o Dose modification. Necessary for patients with impaired bone marrow, hepatic, or renal dysfunction
o Dose
" 375 mg/m® every 15 days in ABVD regimen for Hodgkin lymphoma, or
= 220 mg/m? IV daily for 3 days every 21 to 28 days
o Drug interactions. Phenobarbital, phenytoin, and other drugs that stimulate the liver’s P450 system may lead

F. Ifosfamide

to decreased efficacy of DTIC.

(isophosphamide, Ifex)

e Indications. Lymphomas, sarcomas, relapsed testicular tumors, and various carcinomas
e Pharmacology

o

o

e Toxicity

)
©)
O

Mechanisms. An alkylating agent (see section I.A); DNA cross-linking and chain breakage. Metabolites are
alkylating agents that are similar to cyclophosphamide but are not cross-resistant.

Metabolism. Extensively metabolized by the hepatic P450 microsomal system. Activated at a fourfold
slower rate than cyclophosphamide because of a lower affinity for the P450 system. Inactive until activated
by hepatic microsomal enzymes. Like cyclophosphamide, the drug undergoes hepatic activation to an
aldehyde form that decomposes in plasma and peripheral tissues to yield acrolein and its alkylating
metabolite. Acrolein is highly toxic to urothelial mucosa. The chloroacetaldehyde metabolite may be
responsible for much of the neurotoxic effects, particularly in patients with renal dysfunction. Drug and
metabolites are excreted in urine.

Dose-limiting. Myelosuppression, hemorrhagic cystitis

Common. Alopecia, anorexia, nausea, and vomiting; amenorrhea, oligospermia, and infertility.
Neurotoxicity(especially when given in 1 day rather than for 5 days and when renal dysfunction is present or
when sedatives are given); lethargy, dizziness, cranial nerve dysfunction, confusion, ataxia, and, rarely,
coma
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Occasional. Salivation, stomatitis, diarrhea, constipation; urticaria, hyperpigmentation, nail ridging;
abnormal LFTs, phlebitis, fever; hypotension, hypertension, hypokalemia; renal tubular acidosis (at high
doses); SIADH

*  Administration. Aggressive concomitant hydration (2 to 4 L/day) and mesna are given to reduce the incidence of
hemorrhagic cystitis. Monitor urine for hematuria before each dose. Use antiemetics prophylactically.

o

[©)
O
@)

G. Melphalan

Supplied as 1- and 3-g prepackaged vials with mesna
Dose modification. Hematologic and renal dysfunction
Dose.1,000 to 1,200 mg/m” IV over 30 minutes for 3 to 5 days every 3 to 4 weeks
Mesna(sodium 2-mercaptoethanesulfonate, Mesnex) is a uroprotective agent when administering ifosfamide
or cyclophosphamide. Alternative dose schedules for mesna, which is given in the same mg dose as the
alkylating agent, are:
= Equal doses of ifosfamide and mesna in the same bag when given as a continuous infusion
=  Twenty percent of the mesna dose given IV bolus at the time of administration of ifosfamide, then
40% PO at 2 hours and 40% at 6 hours after each dose of ifosfamide/cyclophosphamide
= When given by IV bolus, the total dose of mesna is 60% of the ifosfamide dose. One-third of the
mesna dose (20% of the ifosfamide dose) is given 15 minutes before, 4 hours after, and 8 hours
after ifosfamide.
Drug interactions. Phenobarbital, phenytoin, and other drugs that stimulate the liver’s P450 system may lead
to increased production of toxic metabolites.
=  Digoxin levels are decreased with cyclophosphamide
= Interacts with warfarin to prolong the prothrombin time further
= Interacts with succinyl choline to increase neuromuscular blockade
=  Cimetidine and allopurinol increase ifosfamide toxicity

(Alkeran, phenylalanine mustard, L-PAM)
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*  Indications. Multiple myeloma. The injection form is used in bone marrow transplantation. Previously used in ovarian
and breast carcinomas and polycythemia vera.
e Pharmacology

o  Mechanism. Alkylation (see section I.A)

o  Metabolism. Acts directly. Ninety percent of the drug is bound to plasma proteins and undergoes rapid
hydrolysis in the bloodstream to inert products. Melphalan is excreted in the urine (about 30%) as unchanged
drug and metabolites, and the remainder is cleared in feces.

*  Toxicity

o Dose-limiting. Myelosuppression may be cumulative and recovery may be prolonged.

o  Occasional. Anorexia, nausea, vomiting, mucositis, sterility

o Rare. Alopecia, pruritus, rash, hypersensitivity; secondary malignancies (acute leukemia); pulmonary
fibrosis, vasculitis, cataracts

*  Administration

o Supplied as 2-mg tablets

o Dose modification. Hematologic; administer cautiously in patients with azotemia

o Dose. If no myelosuppression is observed after oral dosing, poor oral absorption should be suspected. For
continuous therapy: 0.10 to 0.15 mg/kg PO daily for 2 to 3 weeks, no therapy for 2 to 4 weeks, then 2 to 4
mg PO daily. For pulse therapy: 0.2 mg/kg (10 mg/m?) PO daily for 4 days every 4 to 6 weeks

o Drug interactions

=  Cimetidine may result in reduced serum melphalan levels.
= Cyclosporine enhances the risk of renal toxicity from melphalan.
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H. Nitrogen mustard
(mechlorethamine, Mustargen)

e Indication. Hodgkin lymphoma; topical use for T-cell lymphoma
e Pharmacology
o Mechanism. Rapid alkylation of DNA, RNA, and protein (see section I.A). Cell cycle—nonspecific with
activity in all phases of the cell cycle.
o  Metabolism. Native drug is highly active and is rapidly deactivated within the blood by rapid hydrolysis; the
elimination half-life is 15 minutes. Metabolites are mostly excreted in urine.
e Toxicity
o Dose-limiting. Myelosuppression
o Common. Severe nausea and vomiting beginning 1 hour after administration; skin necrosis if extravasated
(sodium thiosulfate may be tried); burning at IV injection site and facial flushing; metallic taste;
discoloration of the infused vein; abnormal LFTs within 1 week of therapy (up to 90% of patients)
o Occasional. Alopecia, sterility, diarrhea, thrombophlebitis, gynecomastia
o Rare. Neurotoxicity (including hearing loss), angioedema, secondary neoplasms
*  Administration. Patients should always be premedicated with antiemetics. The drug should be administered through
the tubing of a running intravenous line using extravasation precautions.
o  Supplied as 10-mg vials
o Dose modification. Hematologic; none required for hepatic or renal impairment
o Dose.10 mg/m? as a single or divided dose monthly or 6 mg/m?* on Day 1 and Day 8 of the MOPP regimen
(see Appendix D-1).
o Drug interactions. Sodium thiosulfate inactivates mechlorethamine.

I. Nitrosoureas
Carmustine [BCNU, bischlorethyl nitrosourea (BiCNU)J; lomustine [CCNU, cyclohexyl chlorethyl nitrosourea (CeeNU)];
streptozocin, which is a nitrosourea with a different mechanism of action (see section 1.K)

* Indications. Brain cancer, myeloma, melanoma, and some carcinomas
*  Pharmacology

o Mechanism. Alkylation of DNA and RNA (see section I.A); DNA cross-linking; inhibition of DNA
polymerase, DNA repair, and RNA synthesis. Cell cycle-nonspecific.

o  Metabolism. Highly lipid-soluble drugs that enter the brain. Rapid spontaneous decomposition to active and
inert products; the drugs also are metabolized. Most of the intact drug and metabolic products are excreted in
urine; some products have an enterohepatic cycle.

e Toxicity

o Dose-limiting. Myelosuppression is prolonged, cumulative, and substantially aggravated by concurrent

radiation therapy.
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o Common. Nausea and vomiting may last 8 to 24 hours. BCNU causes local pain during injection or
hypotension during a too rapid or concentrated injection.

o Occasional. Stomatitis, esophagitis, diarrhea, LFT abnormalities; alopecia, facial flushing, brown
discoloration of skin; interstitial lung disease with pulmonary fibrosis (with prolonged therapy and higher
doses, especially with cumulative doses >1,400 mg/m?); dizziness, optic neuritis, ataxia, organic brain
syndrome; renal insufficiency

o Rare. Secondary malignancies

*  Administration. Avoid alcohol at least 1 hour before and after CCNU.

o Supplied as 100-mg vials of BCNU; 10-, 40-, and 100-mg capsules of CCNU in a dose pack of 300 mg

o Dose modification. Hematologic and renal

o Dose

=  BCNU: 150 to 200 mg/m* IV (as a single dose or divided over 2 days) every 6 to 8 weeks. Do not
infuse over longer than 2 hours because of incompatibility of the drug with intravenous tubing. If
blood and BCNU
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are mixed in the syringe before administration, the painfulness of injection may be decreased.

=  CCNU: 100 to 130 mg/m? PO every 6 to 8 weeks
o Drug interactions
=  With cimetidine to decrease nitrosourea metabolism, resulting in increased hematosuppression
=  BCNU may lower levels of digoxin and phenytoin
=  Amphotericin B enhances cellular uptake of BCNU, resulting in increased host toxicity

J. Procarbazine
(N-methylhydrazine, Matulane)

* Indications. Hodgkin and non-Hodgkin lymphomas, cutaneous T-cell lymphoma, brain cancer
e Pharmacology

o  Mechanism. DNA alkylation and depolymerization. Methylation of nucleic acids. Inhibition of DNA, RNA,
and protein synthesis.

o Metabolism. Rapidly and extensively metabolized by the hepatic P450 microsomal system. Metabolic
activation of the drug is required. Readily enters the cerebrospinal fluid. Degraded in the liver to inactive
compounds, which are excreted in urine (70%). Less than 10% of the drug is excreted in unchanged form.

e Toxicity

o Dose-limiting. Myelosuppression, which is most pronounced 4 weeks after starting treatment

o Common. Nausea and vomiting, which decrease with continued use; flulike syndrome (usually with initial
therapy); sensitizes tissues to radiation; amenorrhea and azoospermia, sterility

o Occasional. Dermatitis, hyperpigmentation, photosensitivity; stomatitis, dysphagia, diarrhea; hypotension,
tachycardia; urinary frequency, hematuria; gynecomastia

o Neurologic. Procarbazine results in disorders of consciousness or mild peripheral neuropathies in about 10%
of cases. These abnormalities are reversible and rarely serious enough to alter drug dosage. Manifestations of
toxicity include sedation, depression, agitation, psychosis, decreased deep-tendon reflexes, paresthesias,
myalgias, and ataxia.

o Rare. Xerostomia, retinal hemorrhage, photophobia, papilledema; hypersensitivity pneumonitis, secondary
malignancy

*  Administration. Avoid alcohol, tyramine-containing foods, tricyclic antidepressants, antihistamines, dark beer, wine,
cheeses, bananas, yogurt, and pickled or smoked foods.

o Supplied as 50-mg capsules

o Dose modification. Reduce dose in patients with hepatic, renal, or bone marrow dysfunction.

o Dose. 60 to 100 mg/m? PO daily for 10 to 14 days in combination regimens

o Drug interactions. Procarbazine is a monoamine oxidase inhibitor and thus interacts with numerous
prescribed and nonprescribed agents. For the most part, these interacting agents should be avoided for about
2 weeks after stopping procarbazine. Potential reactions from procarbazine interactions with other drugs
include the following:

=  Disulfiram(Antabuse)-like reactions: Alcohol
= Severe hypertension
=  Sympathomimetic amines, levodopa, methyldopa; cocaine, narcotics; buspirone,
methylphenidate (Ritalin); dextromethorphan (with hyperpyrexia); caffeine
= Foods and beverages containing amines [e.g., aged cheese, beer, and wine (with or
without alcohol); smoked or pickled meats, poultry or fish; fermented sausage; any
overripe fruit]
=  Hypotension: Hypotension-producing medications, spinal anesthetics
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= (NS depression and anticholinergic effects: Antihistamines, phenothiazines, barbiturates, and other
CNS depressants
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=  Hyperpyrexia, convulsions, and death: Tricyclic antidepressants, monamine oxidase inhibitors,
fluoxetine; sympathomimetic amines; meperidine and other narcotics (also possibly hypotension,
respiratory depression, and coma)

=  Hypoglycemia with insulin or sulfonylureas

= Increased anticoagulant effect with coumarin derivatives

=  Shaking, hyperventilation, confusion, and so forth, with tryptophan

K. Streptozocin
(streptozotocin, Zanosar)

e Indications. Islet cell cancer of the pancreas (in combination with fluorouracil), carcinoid tumors
*  Pharmacology

o Mechanism. Alkylating agent (see section I.A). A cell cycle—nonspecific nitrosourea analog. Inhibits DNA
synthesis and the DNA repair enzyme, guanine-O°-methyl transferase; affects pyrimidine nucleotide
metabolism and inhibits enzymes involved in gluconeogenesis. Selectively targets pancreatic B cells,
presumably due to the glucose moiety on the molecule.

o  Metabolism. Drug is a type of nitrosourea that is extensively metabolized by the liver to active metabolites
and has a short plasma half-life (<1 hour). Crosses the blood—brain barrier. Excreted in urine as metabolites
and unchanged drug.

e  Toxicity

o Dose-limiting. Nephrotoxicity initially appears as proteinuria and progresses to glycosuria, aminoaciduria,
proximal renal tubular acidosis, nephrogenic diabetes insipidus, and renal failure if the drug is continued.

o Common. Nausea and vomiting (often severe), myelosuppression (mild, but may be cumulative),
hypoglycemia after infusion, vein irritation during infusion, altered glucose metabolism with either
hypoglycemia or hyperglycemia

o  Occasional. Diarrhea, abdominal cramps, LFT abnormalities

o Rare. Central nervous system (CNS) toxicity, fever, secondary malignancies

*  Administration. Urinalysis and serum creatinine levels are monitored before each dose. Patients are routinely
premedicated with antiemetics. The dose is administered over 30 to 60 minutes to prevent local pain.

o Supplied as 1-g vials

o Dose modification. Proteinuria or elevated serum creatinine levels contraindicate use of the drug until the
abnormalities resolve.

o Dose.1.0 g/m® IV weekly for 6 weeks, then off treatment for 4 weeks, or 0.5 g/m* IV daily for 5 days every 6
weeks

L. Temozolomide
(Temodar)

e Indications. Brain tumors; metastatic melanoma
*  Pharmacology. Structurally and functionally similar to dacarbazine
o Mechanisms. Structurally and functionally similar to dacarbazine. Metabolic activation to the reactive
compound (MTIC) is required for antitumor activity. The drug methylates guanine residues in DNA and
inhibits DNA, RNA, and protein synthesis, but does not cross-link DNA strands. Nonclassic alkylating
agent, cell cycle—nonspecific.
o Metabolism. Excreted predominantly by the renal tubules. Because the drug is lipophilic, it crosses the
blood-brain barrier.
e Toxicity
o Dose-limiting. Myelosuppression
o Common. Mild to moderately severe nausea and vomiting lasting up to 12 hours, headache, fatigue, mild
transaminase elevation
o Occasional. Photosensitivity
*  Administration. Patients should avoid sun exposure during and for several days after treatment.
o  Supplied as 5-, 20-, 100-, and 250-mg capsules
o Dose modification. Consider dosage reduction for moderately severe hepatic or renal dysfunction and for
elderly patients.
o Dose.75 mg/m? PO daily during radiation therapy; 150 mg/m? PO for 5 days each month as maintenance
therapy.
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M. Thiotepa
(triethylenethiophosphoramide, Thioplex)

* Indications. Intracavitary for malignant effusions, intravesicular for urinary bladder, severe thrombocytosis. Also can
be used in lymphoma, breast cancer, and ovarian cancer.
*  Pharmacology. Ethylenimine analog, chemically related to nitrogen mustard
o Mechanism. Alkylation (see section 1.A). Alkylates the N-7 position of guanine. Cell cycle—nonspecific.
o  Metabolism. Rapidly decomposed in plasma and excreted in urine. Extensively metabolized by the hepatic
P450 microsomal system to active and inactive metabolites.
e Toxicity
o  Dose-limiting. Myelosuppression, which may be cumulative
o Common(for intravesicular administration). Chemical cystitis, abdominal pain, hematuria, dysuria,
frequency, urgency, ureteral obstruction; nausea and vomiting 6 hours after treatment
o Occasional. GI upset, abnormal LFTs, rash, hives; hypersensitivity
o Rare. Alopecia, fever, angioedema, secondary malignancies
*  Administration. Thiotepa has been administered intravenously, intramuscularly, intravesicularly, intrathecally, intra-
arterially, intrapleurally, intrapericardially, intraperitoneally, intratumorally, and as an ophthalmic instillation.
o  Supplied as 15-mg vials
o Dose modification. Necessary for patients with cytopenias
o Dose.10 to 20 mg/m* IV every 3 to 4 weeks; 30 to 60 mg intravesicularly every week for 4 weeks
o Drug interactions. Increases neuromuscular blockade with succinyl choline

N. Cisplatin
[cis-diamminedichloroplatinum (CDDP), Platinol]

* Indications. A wide variety of malignancies
*  Pharmacology

o Mechanism. A heavy metal alkylator of DNA. Covalently bonds to proteins, RNA, and especially DNA,
forming DNA cross-linking and intrastrand N-7 adducts. The trans isomer has virtually no antitumor
activity. Acquired resistance to cisplatin involves alterations in transmembrane transport of drugs,
intracellular levels of glutathione (GSH) or sulfhydryl-containing proteins, and the capacity to repair
cisplatin DNA lesions.

o  Metabolism. Widely distributed in the body, except for the CNS. Long half-life in plasma (up to 3 days);
may remain bound in tissues for months. Biliary excretion accounts for <10% of the total drug excretion.
Approximately 15% of drug is excreted in the urine unchanged, and 10% to 40% of the remainder is
excreted in the urine within 24 hours.

e Toxicity

o Dose-limiting

=  Cumulative renal insufficiency. The incidence of renal insufficiency is about 5% with adequate
hydration measures and 25% to 45% without hydration measures.

»  Peripheral sensory neuropathy develops after the administration of 200 mg/m* and can become
dose-limiting when the cumulative cisplatin dose exceeds 400 mg/m” Symptoms may progress
after treatment is discontinued and include loss of proprioception and vibratory senses,
hyporeflexia, and the Lhermitte sign. Symptoms may resolve slowly after many months.

=  Ototoxicity with tinnitus and high-frequency hearing loss occurs in 5% of patients. Ototoxicity
occurs more commonly in patients receiving doses of >100 mg/m® by rapid infusion or high
cumulative doses.

o Common. Severe nausea and vomiting (both acute and delayed) occur in all treated patients; preventative
antiemetic regimens are required. Hypokalemia, hypomagnesemia (occasionally difficult to correct), and
mild myelosuppression occur very frequently; anorexia and metallic taste of foods; alopecia; azoospermia,
sterility, impotence.
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o  Occasional. Alopecia, loss of taste, vein irritation, transiently abnormal LFTs, SIADH, hypophosphatemia,
myalgia, fever; optic neuritis
o Rare. Altered color perception and reversible focal encephalopathy that often causes cortical blindness.
Raynaud phenomenon, bradycardia, bundle-branch block, congestive heart failure; anaphylaxis, tetany.
*  Administration
o Supplied as 10- and 50-mg vials
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O. Carboplatin
(Paraplatin)
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Dose modification. Renal function must return to normal before cisplatin can be given. Many physicians
avoid using cisplatin when the creatinine clearance is <40 mL/minute. Use with caution in patients with
documented hearing impairment.
Dose depends on the chemotherapy regimen, of which there are many. Examples are:

* 40 to 120 mg/m? or more IV every 3 to 4 weeks, or

= 20 to 40 mg/m* IV daily for 3 to 5 days every 3 to 4 weeks
Method. The principles of cisplatin administration are as follows:

=  Monitoring. Serum creatinine, electrolytes, magnesium, and calcium levels should be measured
daily during therapy. Audiometry is usually not necessary.

=  Antiemetics. Patients should be given prophylactic antiemetics, such as ondansetron and
dexamethasone.

»  Hydration and diuresis are required when 40 mg/m? or more of cisplatin is given to maintain a
urine output of 100 to 150 mL/hour before administration of the drug. Furosemide is given to
prevent fluid overload. Intravenous fluids are supplemented with KCl and MgSO*.

=  Amifostine cytoprotection (see section X.A). Amifostine and mesna may inactivate the nephrotoxic
effect of cisplatin.

Drug interactions

=  (Cisplatin inhibits renal elimination of bleomycin, etoposide, methotrexate, and ifosfamide.

=  Taxanes should be given before cisplatin when used in combination

=  Concomitant use of other nephrotoxic agents, such as aminoglycosides, increase the risk of
nephrotoxicity

=  Phenytoin effect is decreased when given with cisplatin

* Indications. A wide variety of malignancies
e Pharmacology

o

O

e Toxicity

o

o

o

o

Mechanisms. Heavy metal alkylating-like agent with mechanisms very similar to cisplatin, but with different
toxicity profile. Like cisplatin, it produces predominantly interstrand DNA cross-links rather than DNA—
protein cross-links; this effect is apparently cell cycle—nonspecific. Cisplatin and carboplatin exhibit
substantial clinical cross-resistance.

Metabolism. Plasma half-life of only 2 to 3 hours. Excreted in urine as unchanged drug (70%) and
metabolites.

Dose-limiting. Myelosuppression is significant and cumulative, especially thrombocytopenia. Median nadir
hematosuppression at 21 days; increased myelosuppression in patients who have reduced creatinine
clearance levels or who have received prior chemotherapy.

Common. Nausea, vomiting, and nephrotoxicity (but less severe less common than with cisplatin), pain at
injection site. Cation electrolyte imbalance.

Occasional. Reversible abnormal LFTs, azotemia; peripheral neuropathy (10%); hypersensitivity reactions;
amenorrhea, azoospermia, impotence, and sterility

Rare. Alopecia, rash, flulike syndrome, hematuria, hyperamylasemia; hearing loss, optic neuritis; alopecia

¢ Administration

O

Supplied as 50-, 150-, 450-mg vials
P.56

Dose modification. Reduce dosage for creatinine clearance of <60 mL/minute. Caution is advised when
concomitantly administering other myelosuppressive or nephrotoxic drugs.
Dose by creatinine clearance(Clearance™), as follows:

Clearance® >60 mL/minute; dose = 360 mg/m’

Clearance® >41 to 59 mL/minute; dose = 250 mg/m*

Clearance® >16 to 40 mL/minute; dose = 200 mg/m’

Dose by Calvert’s formula(AUC, area under the curve; GFR, glomerular filtration rate)
Total dose [mg (not per m?)] = (target AUC) x (GFR + 25)

Target AUC = 4 to 6 for previously treated patients
8
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Target AUC = 5 to 7 for previously untreated patients

o  Drug interactions. Taxanes should be administered before carboplatin when given concomitantly.

P. Oxaliplatin
(diaminocyclohexane platinum, Eloxatin)

* Indications. Stage II, III, and IV colorectal cancer, pancreatic and gastric cancers
*  Pharmacology
o Mechanisms. Binds covalently to DNA with preferential binding to the N-7 position of guanine and adenine;
intrastrand and interstrand cross-links.
o Metabolism. Undergoes extensive nonenzymatic conversion to its active cytotoxic species; >50% of the drug
is cleared through the kidneys. Only 2% of the drug is excreted in feces.
e Toxicity
o Dose-limiting
= Acute dysesthesias in the hands, feet, perioral area, or throat develop within hours or up to 2 days
after dosing, may be precipitated or exacerbated by exposure to cold (cold air or beverages);
usually resolves within 2 weeks; frequently recurs with further dosing and may be ameliorated by
prolonging the infusion to 6 hours. Dysphagia, dyspnea without stridor or wheezing, jaw spasms,
dysarthria, voice changes, or chest pressure may occur. In contrast to cisplatin, ototoxicity occurs
rarely.
=  Persistent peripheral sensory neuropathy usually characterized by paresthesias, dysesthesias, and
hypoesthesias, including deficits in proprioception, which is usually reversible within 4 months of
discontinuing oxaliplatin.
o  Common. Nausea and vomiting, diarrhea; mild myelosuppression
o  Occasional. Allergic reactions, mild nephrotoxicity
*  Administration. The drug cannot be mixed with alkaline medications or media [such as basic solutions of fluorouracil
(5-FU)]. The patient should avoid exposure to cold.
o  Supplied as 50- and 100-mg vials
o  Dose modification. Reduce dose for renal dysfunction
o Dose(FOLFOX-4 regimen): 85 mg/m? with leucovorin, 200 mg/m?, both given over 2 hours at the same time
through Y-tubing on Day 1. Then, 5-FU is given first as a bolus at a dose of 400 mg/m? and then as an
infusion of 600 mg/m? over 22 hours. On Day 2, leucovorin, 5-FU bolus and 5-FU infusion over 22 hours
are repeated. The cycle is repeated every 2 weeks. Several variations of this regimen are available.

II. Antimetabolites
A. General pharmacology of antimetabolites

* Some antimetabolites are structural analogs of normal molecules that are essential for cell growth and replication.
Other antimetabolites inhibit enzymes that are necessary for the synthesis of essential compounds. Their major effect
is interfering with the building blocks of DNA synthesis (Fig. 4.1). Their activity, therefore, is greatest in the S phase
of the cell cycle. In general, these agents have been most effective when cell proliferation is rapid.
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Figure 4.1. Sites of action of antimetabolites. 2-Cda, 2-chlorodeoxyadenosine; 5-Aza, 5-azacytidine; 5-FU, 5-
fluorouracil; 6-MP, 6-mercaptopurine; 6-TG, 6-thioguanine; Ara C, cytosine arabinoside; Dcf, deoxycoformycin;
Flud, fludarabine; HU, hydroxy-urea; MTX, methotrexate; reductase, dihydrofolate reductase.

The pharmacokinetics of these drugs are characterized by nonlinear dose-response curves; after a certain dose, no
more are killed with increasing doses (fluorouracil is an exception). Because of the entry of new cells into the cycle,
the length of time that the cells are exposed to the drug is directly proportional to the killing potential.

B. Azacitidine
(5-azacitidine, Vidaza)

Indication. Acute myelogenous leukemia (experimental); severe myelodysplastic syndromes (MDS) with an
anticipated response in 16% of patients.
Pharmacology
o Mechanism. Antimetabolite (cytidine analog). Rapidly phosphorylated and incorporated into DNA and
RNA, thereby inhibiting protein synthesis; also inhibits pyrimidine synthesis and DNA methylation.
o  Metabolism. Activated by phosphorylation and deactivated by deamination; similar to cytarabine. Excreted
in urine (20% as unchanged drug).
Toxicity
o  Dose-limiting. Myelosuppression; nausea and vomiting.
o Common. Hepatic dysfunction, fatigue, headache, diarrhea, alopecia, fever, injection site erythema
o Occasional. Neurotoxicity (dizziness, restlessness, confusion), azotemia (transient), arthralgias,
hypophosphatemia with myalgia, stomatitis, phlebi-tis, rash
o Rare. Progressive lethargy and coma, renal tubular acidosis, thabdomyolysis, hypotension
Administration
o  Supplied as 100-mg vials
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o Dose modification. Necessary for patients with impaired liver function. Also reduce dose for patients with
renal dysfunction and for serum bicarbonate concentration of <20 mEq/L.

o Dose.75 to 100 mg/m? per day SQ for 7 days every 4 weeks for MDS (several cycles may be required for
effectiveness)

C. Cladribine
[2-chlordeoxyadenosine (2-CdA), Leustatin]

Indications. Hairy cell leukemia, indolent lymphomas, chronic Ilymphocytic leukemia, Waldenstrom
macroglobulinemia
Pharmacology. An analog of the purine deoxyadenosine
o Mechanism. Antimetabolite. The analog accumulates in cells (particularly lymphocytes), blocks adenosine
deaminase, and inhibits RNA and DNA synthesis. Inhibits ribonucleotide reductase. Depletes ATP. Induces
apoptosis. Active against both dividing and resting cells.
o Metabolism. Rapidly metabolized and eliminated through the kidneys.

Toxicity. Patients are at increased risk for opportunistic infections.
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o Dose-limiting. Myelosuppression

o  Common. Immunosuppression with decreases in CD4 + and CD8 + cells; nausea, skin reactions at injection
site; fever in 50% (most likely due to tumor’s releasing pyrogens and cytokines), chills, flulike syndrome.

o  Occasional. Neurotoxicity (headache, dizziness), hypersensitivity reactions, fatigue

o Rare. Neurotoxicity, pancreatitis

e  Administration

o  Supplied as 10-mg vials

o  Dose modification. Hematologic; use with caution with renal dysfunction.

o Dose. Either 0.10 mg/kg/day (4 mg/m*day) by continuous IV infusion for 7 days, or 0.14 mg/kg daily IV
over 2 hours for 5 days

D. Cytarabine
(cytosine arabinoside, Cytosar, ara-C)

*  Indications. Acute leukemia, chronic myelogenous leukemia, lymphoma, meningeal involvement with tumor
e Pharmacology. An analog of deoxycytidine

o  Mechanism. Antimetabolite. Requires intracellular activation to its phosphorylated derivative (ara-CTP),
which inhibits DNA polymerases that are involved in the conversion of cytidine to deoxycytidine; some is
incorporated into DNA. Ara-CTP inhibits ribonucleotide reductase, which results in decreased levels of
deoxyribonucleotides for DNA synthesis and function. Blocks DNA synthesis and repair and terminates
DNA chain elongation. Cell cycle—specific (S phase).

o Metabolism. Requires activation to ara-CTP by kinase; deactivated by deaminase; ara-C is rapidly and
completely deaminated in liver, plasma, and peripheral tissues; ara-C antitumor activity depends on relative
amounts of kinase and deaminase in cells. In patients with renal insufficiency, one metabolite (uracil
arabinoside) has the ability to produce high concentrations of ara-CTP, which may result in CNS toxicity.
Excreted in urine as inactive metabolites.

e Toxicity

o  Dose-limiting. Myelosuppression

o Common. Nausea, vomiting, mucositis, diarrhea (potentiated by the addition of an anthracycline);
conjunctivitis (usually within the first 3 days of high-dose regimens, but reduced with prophylactic
glucocorticoid eyedrops); hydradenitis, arachnoiditis with intrathecal administration.

o Neurotoxicity(cerebellar ataxia, lethargy, confusion) begins on the fourth or fifth day of infusion and usually
resolves within 7 days. The incidence and severity of toxicity are related to the dose given (especially with
total dose of >48 g/m?), the rate of infusion (least incidence for continuous infusions), age (particularly older
than 60 years), sex (especially male), and the degree of hepatic or renal dysfunction (particularly with
creatinine clearance of <60 mL/minute). In some cases, it is irreversible or fatal.
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o Occasional. Alopecia, stomatitis, metallic taste, esophagitis, hepatic dysfunction (mild and reversible),
pancreatitis, severe GI ulceration; thrombophlebitis; headache; rash, transient skin erythema without
exfoliation. Ara-C syndrome, described in pediatric patients, is an allergic reaction manifested by fever,
flulike syndrome, myalgias, bone pain, maculopapular rash, conjunctivitis, and occasional chest pain
(corticosteroids are effective).

o Rare. Sudden respiratory distress rapidly progressing to noncardiogenic pulmonary edema; pericarditis,
cardiomegaly, tamponade; urinary retention.

*  Administration. Use prophylactic glucocorticoid eyedrops for patients receiving high-dose regimens.
o  Supplied as 100-, 500-, 1,000-, and 2,000-mg vials
o Dose modification. Use cautiously in patients with liver or renal disease or with risk factors for

neurotoxicity.
o Dose
= See Chapter 21 for use in patients with lymphoma and Chapter 25 for use in patients with acute
leukemia.

=  For intrathecal administration: 50 to 100 mg in 10 mL saline for 1 to 3 days weekly
*  Low-dose regimen: 10 mg/m?* SC every 12 to 24 hours for 15 to 21 days
=  High-dose therapy should be given over 1 to 2 hours
o Drug interactions
=  Ara-C antagonizes the efficacy of gentamycin and digoxin
= Ara-C enhances the cytotoxicity of cisplatin, various alkylating agents, and ionizing radiation
=  Fludarabine,hydroxyurea, and methotrexate enhance the cytotoxicity of ara-C
= Increased risk of pancreatitis in patients also treated with L-asparaginase

E. Decitabine
(Dacogen)
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* Indications. Myelodysplastic syndromes, chronic myelomonocytic leukemia
*  Pharmacology. Decitabine is an analogue of the natural nucleoside 2'-decoxycytidine.
o Mechanisms. Decitabine is believed to exert its antineoplastic effects by inhibition of DNA
methyltransferase, causing hypomethylation of DNA and cellular differentiation or apoptosis.
o Metabolism. The metabolic fate and route of elimination are not known.
e Toxicity
o  Dose-limiting. Hematosuppression
o Common. Hematosuppression, febrile neutropenia, fatigue, pyrexia; nausea, constipation, diarrhea; cough;
hypoglycemia.
*  Administration. Premedicate with antinausea drugs.
o Supplied as 50-mg vials as a lyophilized powder
o Dose modification: Reduce dose to 11 mg/m? if hematologic recovery requires more than 6 weeks.
Decitabine should be discontinued if the serum creatinine is >2 mg/dL or SGPT or bilirubin is > twice the
upper limit of normal. The dose should also be reduced for grade 3 or 4 nonmyelosuppressive toxicities.
o Dose.20 mg/m* IV over 1 hour for 5 days. Cycles are repeated every 4 weeks. Responses may require three
cycles of treatment.

F. Fludarabine
(2-fluoroadenine arabinoside-5-phosphate, Fludara)

* Indications. Chronic lymphocytic leukemia, low-grade lymphomas, and cutaneous T-cell lymphomas
e Pharmacology. The 5-monophosphate analog of ara-A (arabinofuranosyladenosine). The 2-fluoro group on the
adenosine ring renders this drug resistant to breakdown by adenosine deaminase (compare with cytarabine).
o Mechanism. Antimetabolite with high specificity for lymphoid cells. Its active metabolite, 2-fluoro-ara-A,
appears to act by inhibiting DNA chain
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extension, DNA polymerase-a, and ribonucleotide reductase. It has activity against both dividing and resting
cells and induces apoptosis.

o Metabolism. Metabolites and unchanged drug (25%) are excreted primarily in urine.
*  Toxicity
o Dose-limiting. Myelosuppression, which may be cumulative
o  Common. Immunosuppression with decreases in CD4 + and CD8 + T cells in most patients and associated
with increased risk for opportunistic infections (recovery may take more than a year); mild nausea and
vomiting; fever with associated flulike syndrome (25%).
o  Occasional. Alopecia (mild), abnormal LFTs, tumor lysis syndrome
o Rare. Stomatitis, diarrhea; dermatitis; neurotoxicity (usually high doses: somnolence, transient paresthesias,
demyelination); chest pain, hypotension, pulmonary infiltrates.
*  Administration
o  Supplied as 50-mg vials
o Dose modification. Decrease dosage by 30% for patients with creatinine clearance of <70 mL/minute.
o Dose.25 mg/m? IV over 30 minutes daily for 5 consecutive days every 4 weeks
o Drug interactions. Fludarabine may enhance cytotoxicity of cyclophosphamide, cisplatin, and mitoxantrone
by inhibiting nucleotide repair mechanisms and of cytarabine by inducing expression of deoxycytidine
kinase.

G. 5-Fluorouracil
(5-FU, Adrucil)

¢ Indications. Gastrointestinal, breast, pancreatic, and head and neck carcinomas
e  Pharmacology. A fluoropyrimidine analog
o Mechanism. Antimetabolite. Requires activation to cytotoxic metabolite forms. Interferes with DNA
synthesis by blocking thymidylate synthetase, an enzyme involved in the conversion of deoxyuridylic acid to
thymidylic acid. Metabolites (e.g., FUTP) are incorporated into several RNA species, which thereby
interfere with RNA function and protein synthesis. Incorporation of another metabolite (FAUTP) into DNA
results in inhibition of DNA synthesis and function. It is cell-cycle S-phase—specific but acts in other cell
cycle phases as well and is unique in having a log linear cell-killing action.
o  Metabolism.5-FU rapidly enters all tissues, including spinal fluid and malignant effusions. The drug
undergoes extensive intracellular activation by a series of phosphorylating enzymes and phosphoribosyl
transferase, particularly dihydropyrimidine dehydrogenase. Most of the drug degradation occurs in the liver.
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Responsive tumors appear to lack degradation enzymes. Metabolism eliminates 90% of 5-FU. Inactive
metabolites are excreted in urine, bile, and breath (as carbon dioxide). The elimination half-life is short,
ranging from 10 to 20 minutes.
e Toxicity is more common and more severe in patients with dihydropyrimidine dehydrogenase deficiency.

o Dose-limiting. Myelosuppression (less common with continuous infusion); mucositis (more common with 5-
day infusion); diarrhea.

o Common. Nasal discharge; eye irritation and excessive lacrimation due to dacryocystitis and lacrimal duct
stenosis; dry skin, photosensitivity, and pigmentation of the infused vein.

o Neurologic. Reversible cerebellar dysfunction, somnolence, confusion or seizures occurs in about 1% of
patients. Symptoms usually disappear 1 to 6 weeks after the drug is discontinued, but they abate after the
dose is reduced or even if the same dose is maintained.

o Occasional. Esophagitis; hand—foot syndrome with protracted infusion (paresthesia, erythema, and swelling
of the palms and soles); myocardial ischemia (particularly in patients with a prior history of myocardial
ischemia); thrombophlebitis; nausea, vomiting.
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o Rare. Alopecia, dermatitis, loss of nails, dark bands on nails; blurred vision, “black hairy tongue”
(hypertrophy of filiform papillae), anaphylaxis, fever.

*  Administration.5-FU is given by IV bolus, IV infusion over 15 minutes, continuous IV infusion, arterial infusion,
intracavitarily, topically, or orally. The use of ice chips in the mouth 15 minutes before and 15 minutes after IV bolus
injections of 5-FU may reduce the incidence and severity of mucositis.

o  Supplied as 500-mg vials
o Dose modification. Fluorouracil is withheld if the patient has stomatitis, diarrhea, evidence of infection,
leukopenia, or thrombocytopenia; drug is resumed (perhaps at reduced dosage) when these problems have
resolved.
=  May be contraindicated in patients with active ischemic heart disease or a history of myocardial
infarction within the previous 6 months
=  Patients who experience unexpected grade 3 or 4 myelosuppression, gastrointestinal and/or
neurologic toxicities with initiation of therapy may have an underlying deficiency in
dihydropyrimidine dehydrogenase. Further testing to identify this pharmacogenetic syndrome
should be considered under these circumstances. If enzyme deficiency is present, therapy with 5-
FU must be discontinued immediately.
o Dose. Fluorouracil is erratically absorbed orally. Several regimens have been used, including the following:
= 500 to 600 mg/m? IV weekly for 6 weeks of every 8 weeks
" 425 to 450 mg/m? IV daily for 5 days every 28 days
= 800 to 1,000 mg/m*/day by continuous infusion for 4 to 5 days every 28 days
= 200 to 400 mg/m?*day by continuous infusion indefinitely
o Drug interactions
= Toxicity is enhanced by leucovorin (along with antitumor activity), methotrexate, trimetrexate, and
phosphonacetyl-L-aspartic acid (PAL A).
= Allopurinol inhibits activation of 5-FU and may result in decreased effectiveness.
=  Thymidine and uridine decrease the host toxic effects of 5-FU.

H. Leucovorin
(folinic acid, citrovorum factor, 5-formyl tetrahydrofolate)

* Indications. Combined with 5-FU in treatment of colorectal and other adenocarcinomas; the rescue agent for antifol
toxicity (e.g., methotrexate)
*  Pharmacology
o Mechanism. Leucovorin is a tetrahydrofolic acid derivative that acts as a cofactor for carbon transfer
reactions in the synthesis of purines and pyrimidines. It inhibits the effects of methotrexate and other
dihydrofolate reductase antagonists. Leucovorin potentiates the cytotoxic effects of fluorinated pyrimidines
(i.e., 5-FU and floxuridine) by increasing the binding of folate cofactor and activated 5-FU to thymidylate
synthetase (TS) within the cells.
o  Metabolism. Metabolized intracellularly to the reduced folate, 5, 10-methylenetetrahydrofolate, which forms
a ternary complex with the 5-FU metabolite FAUMP and TS. Excreted in urine as metabolites.
*  Toxicity. Potentiates the toxic effects of fluoropyrimidine therapy
*  Administration
o  Supplied as 50-, 100-, and 350-mg vials for IV or IM use and as 5- and 15-mg tablets for oral use
o Dose. Depends on combination regimen
=  When used as a rescue agent in combination with high-dose methotrexate, leucovorin should be
administered 24 hours after methotrexate every 6 hours for up to 12 doses, depending on the serum
methotrexate level; continue leucovorin until the methotrexate level falls below
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5% 10® M.

= When given in combination with 5-FU, leucovorin should be administered at least 30 to 60 minutes
before 5-FU to allow sufficient time for intracellular metabolism to take place.
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o Drug interactions. Phenobarbital and phenytoin may decrease in their efficacy and increase the risk of
seizures. Precipitates when mixed in the same solution as 5-FU.

1. Capecitabine
(Xeloda)

* Indications. Carcinomas of the breast or colon
*  Pharmacology. Capecitabine is a fluoropyrimidine carbamate that is a systemic prodrug of 5’-deoxy-5-fluorouridine
(5'-DFUR), which is converted in vivo to 5-FU.
o  Mechanism. See fluorouracil
o  Metabolism. Hepatic. Catabolism predominantly via dihydropyrimidine dehydrogenase, which is present in
liver, leukocytes, kidney, and other extrahepatic tissues. More than 90% is cleared in the urine (see 5-
fluorouracil).
e Toxicity. Similar to 5-FU
o Dose-limiting. Diarrhea (50%)
o Common. Hand—foot syndrome (palmar—plantar erythrodysesthesia or chemotherapy-induced acral
erythema) occurs in 15% to 20% of patients; nausea, vomiting, hematosuppression.
o Occasional. Abnormal LFTs, neurotoxicity; cardiac ischemia in patients with a prior history of coronary
artery disease; tear duct stenosis, conjunctivitis, blepharitis; confusion, cerebellar ataxia.
o  Chest pain, EKG changes
*  Administration. Pyridoxine, 50 mg PO b.i.d. may be used to reduce the incidence and severity of the hand—foot
syndrome. Celecoxib (Celebrex), 200-mg b.i.d., or a low-dose nicotine patch may also be effective.
o Supplied as 150- and 500-mg tablets
o Dose modification. Use with caution with liver dysfunction and in patients taking coumarin derivatives.
Reduce dosage in patients with moderate renal dysfunction. Contraindicated in patients with
dihydropyrimidine dehydrogenase deficiency or with severe renal impairment.
o Dose.650 to 1,250 mg/m* PO b.i.d. (approximately every 12 hours) with a glass of water and within 30
minutes of a meal for 14 days every 3 weeks
o Drug interactions
=  Warfarin. Patients using warfarin should have dosage monitored closely, even after capecitabine is
discontinued.
=  Phenytoin toxicity can develop; dosage adjustment may be necessary.
= Liquid antacids may increase the bioavailability of capecitabine.
=  Leucovorin enhances the antitumor effect and toxicity of capecitabine.
o Treatment of hand—foot syndrome. Hand moisturizers; soak hands and feet in cool to tepid water for 10
minutes, then apply petrolatum jelly onto the wet skin. Bag balm or lanolin-containing salves may help.

J. Gemcitabine
(Gemzar)

* Indications. Carcinoma of pancreas, bladder, lung, ovary; soft-tissue sarcomas.
*  Pharmacology. A fluorine-substituted deoxycytidine analog
o  Mechanisms. Cell-phase specific, primarily killing cells in S phase and also blocking the progression of cells
through the G' phase to S-phase boundary. Metabolized intracellularly to the active diphosphate and
triphosphate. Inhibits ribonucleotide reductase; competes with deoxycytidine triphosphate (dCTP) for
incorporation into DNA.
o Metabolism. Undergoes extensive metabolism by deamination in the liver, plasma, and peripheral tissues.
Nearly entirely excreted in urine as active drug and metabolites.
e Toxicity
o  Dose-limiting. Myelosuppression
o Common. Nausea, vomiting, diarrhea, stomatitis; fever with flulike symptoms (40%); macular or
maculopapular rash; transient LFT elevations; mild proteinuria and hematuria.
o  Occasional. Hair loss, rash, edema.

P.63

14



4 Cancer Chemotherapeutic Agents
o  Rare. Hemolytic-uremic syndrome; pulmonary drug toxicity; hypersensitivity reactions; alopecia.
*  Administration. Gemcitabine is a potent radiosensitizer and should be avoided in patients while undergoing
radiotherapy.
o  Supplied as vials of 200 and 1,000 mg
o Dose modification. Use with caution in patients with hepatic or renal insufficiency.
o Dose.1,000 mg/m* over 30 minutes weekly for 7 weeks or until toxicity, followed by 1 week rest; then for 3
of every 4 weeks.

K. Hydroxyurea
(Hydrea)

* Indications. Chronic myelogenous leukemia, myeloproliferative disorders, refractory ovarian cancer
e Pharmacology. An analog of urea
o Mechanism. Antimetabolite. Inhibits DNA synthesis by inhibiting nucleotide reductase, the enzyme that
converts ribonucleosides to deoxyribonucleosides. Inhibits DNA repair and thymidine incorporation into
DNA. Cell-cycle S-phase—specific, but acts in other phases as well.
o  Metabolism. Crosses the blood—brain barrier. Half of the drug is rapidly degraded into inactive compounds
by the liver. Inactive products and unchanged drug (50%) are excreted in urine.
*  Toxicity
o Dose-limiting. Myelosuppression, which recovers rapidly when treatment is stopped (prominent
megaloblastosis)
o Occasional. Nausea, vomiting, diarrhea; skin rash, facial erythema, hyperpigmentation; azotemia,
proteinuria; transient LFT abnormalities; radiation recall phenomenon.
o Rare. Alopecia, mucositis, diarrhea, constipation; neurological events; pulmonary edema; flulike syndrome;
painful perimalleolar ulcers; possible acute leukemia in myeloproliferative disorders.
e Administration
o  Supplied as 500-mg capsules
o Dose modification. The drug should be given cautiously in the presence of liver dysfunction or when
combined with other antimetabolites. Dosages should be reduced for creatinine clearance levels of <50 mL/
minute and when given with concomitant radiotherapy.
o Dose.10 to 30 mg/kg PO daily

L. 6-Mercaptopurine
(6-MP, Purinethol)

* Indication. Acute lymphoblastic leukemia (maintenance therapy)
*  Pharmacology

o  Mechanism. Purine analog with activity in the S phase of the cell cycle. Inhibits de novo purine synthesis by
inhibiting 5-phosphoribosyl-1-pyrophosphate. The parent drug is inactive. Requires intracellular
phosphorylation by hypoxanthine-guanine phosphoribosyltransferase (HGPRT) to the monophosphate form,
which is eventually metabolized to the triphosphate metabolite. Competes with ribotides for enzymes
responsible for conversion of inosinic acid to adenine and xanthine ribotides. Its incorporation into DNA or
RNA is of uncertain significance.

o  Metabolism. Mercaptopurine is slowly degraded in the liver, largely by xanthine oxidase. Allopurinol, a
xanthine oxidase inhibitor, causes marked increase in its toxicity. Clearance is primarily hepatic with
conventional doses.

e Toxicity

o Dose-limiting. Myelosuppression

o Common. Mild nausea, vomiting, anorexia (25%); usually reversible cholestasis (30%); dry skin,
photosensitivity; immunosuppression.

o Rare. Stomatitis, diarrhea, dermatitis, fever, hematuria, Budd-Chiari-like syndrome, hepatic necrosis

*  Administration
o Supplied as 50-mg tablets
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o  Dose modification. Dose is reduced by 50% to 75% for patients with hepatic dysfunction.

o Dose.70 to 100 mg/m* PO daily until patient responds or toxic effects are seen; then adjust for maintenance
therapy.

o Drug interactions. If given allopurinol, the 6-MP dose must be reduced by 75%. Dosage may also need to be
modified if other hepatotoxic drugs are given. Warfarin dosages may be affected by 6-MP. Bactrim-DS may
enhance myelosuppressive effect of 6-MP.
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(amethopterin, MTX)

e Indications. A wide variety of conditions
e Pharmacology

o

Mechanism. Cell cycle—specific antifolate analog active in the S phase of the cell cycle. MTX blocks the
enzyme dihydrofolate reductase, preventing formation of reduced (tetrahydro-) folic acid; tetrahydrofolic
acid is crucial to the transfer of carbon units in a variety of biochemical reactions (Fig. 4.1). MTX thus
blocks formation of thymidylate from deoxyuridylate and prevents synthesis of DNA. The drug also inhibits
RNA and protein synthesis and prevents cells from entering the S phase of the cell cycle.

Metabolism. MTX is minimally metabolized by the human species. It is converted in the liver and other cells
to higher polyglutamate forms. The drug is distributed to body water; patients with significant effusions
eliminate the drug much more slowly. Because 50% to 70% of the drug is bound to plasma proteins,
displacement by other drugs (e.g., aspirin, sulfonamides) may result in an increase in toxic effects. About
20% of the drug is eliminated in the bile. It is excreted in urine as unchanged drug (80% to 90% within 24
hours). Renal dysfunction results in dangerous blood levels of MTX and possible further renal damage. The
half-life of the drug is 8 to 10 hours.

* Toxicity. Leucovorin can reverse the immediate cytotoxic effects of MTX; generally, 1 mg of leucovorin is given for
each 1 mg of MTX.

O

O
)
©)

O

Dose-limiting. Myelosuppression, stomatitis, renal dysfunction

High-dose regimens. Nausea, vomiting, renal tubular necrosis, cortical blindness

Previously irradiated areas. Skin erythema, pulmonary fibrosis, transverse myelitis, cerebritis

Chronic therapy. Liver cirrhosis (reversible hepatic dysfunction occurs with short-term intermittent therapy);
osteoporosis (in children).

Neurotoxicity. MTX neurotoxicity depends on dose and route of administration. Within a few hours after
intrathecal administration, MTX can produce an acute aseptic meningitis that is usually self-limited. A
subacute encephalopathy and myelopathy can also occur after intrathecal administration.

High-dose systemic administration can cause a reversible encephalopathy of rapid onset and resolution that
lasts from minutes to hours (strokelike episodes). Chronic intrathecal combined with high-dose systemic
administration can produce a more serious and irreversible leukoencephalopathy that develops months after
treatment, is more likely to occur after brain irradiation, and causes dementia, seizures, spasticity, and ataxia.

Occasional. Nausea, vomiting, diarrhea (GI ulceration, hemorrhage, and perforation can occur if therapy is
continued after the onset of diarrhea); dermatitis, photosensitivity, altered pigmentation, furunculosis;
conjunctivitis, photophobia, excessive lacrimation, cataracts; fever, reversible oligospermia, flank pain (with
rapid intravenous infusion).

Rare. Alopecia, MTX pneumonitis (see Chapter 29, section [V.A)

e Administration

O
)

Supplied as 2.5-mg tablets and 20- to 1,000-mg vials
Dose modification. The drug must not be administered to any patient with a creatinine clearance level of <60
mL/minute (serum creatinine >1.5 mg/dL).
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Dose. Varies according to regimen
=  High-dose regimens use supralethal doses of MTX followed by administration of the antidote
leucovorin. This treatment is complex and requires experience for the clinician and use of special
monitoring techniques.
* Intrathecal administration: 5 to 10 mg/m? (maximum, 15 mg) in 7 to 15 mL of preservative-free
saline (3 mL if given using an Ommaya reservoir) every 3 to 7 days
Drug interactions
=  Leucovorin rescues normal tissues from MTX toxicity and may impair its antitumor activity. Folic
acid supplements should be discontinued while on therapy.
=  [-Asparaginase and thymidine also block MTX toxicity and antitumor action.
= Aspirin, other nonsteroidal anti-inflammatory agents, penicillins, cephalosporins, phenytoin, and
probenecid decrease renal clearance of MTX and increase its toxicity.
=  Sulfonamides and phenytoin displace MTX from protein-binding sites and may enhance its
toxicity.
=  Trimethoprim is also an inhibitor of dihydrofolate reductase and can enhance MTX toxicity.
= Parenteral acyclovir and concomitant intrathecal MTX may result in neurological abnormalities.
=  MTX may increase serum levels of warfarin, which is displaced from plasma proteins.
®=  Omeprazole (Prilosec) increases serum MTX levels.
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4 Cancer Chemotherapeutic Agents
N. Mitoguazone
[methyl-GAG, methylglyoxal-bis(guanylhydrazone)]

* Indications. Investigational agent for lymphomas
e Pharmacology
o Mechanism. An antimetabolite that inhibits 5'-adenosylmethionine decarboxylase, which is important in the
production of spermidine, which inhibits DNA and RNA synthesis
o  Metabolism. Triphasic elimination pattern
e Toxicity
o Dose-limiting. Mucositis (severe); diarrhea (sometimes severe or bloody), nausea and vomiting (rarely
severe).
o  Common. Flushing during infusion, myelosuppression
o  Other. Polyneuropathy and myopathy; vasculitis, hypoglycemia
*  Administration
o Supplied as 1-g vials
o Dose.500 mg/m?*/week by IV infusion over at least 45 minutes

O. Pemetrexed
(Alimta)

e Indications. Mesothelioma (with cisplatin) and non—small cell lung cancer (second line)
e  Pharmacology

o Mechanisms. Pyrrolpyrimidine antifolate analog with activity in the S phase of the cell cycle. Inhibition of
the folate-dependent enzyme thymidylate synthetase (TS) is the main site of action. It also inhibits
dihydrofolate reductase and two formyltransferases.

o Metabolism. Metabolized intracellularly to polyglutamates, which are much more potent than the parent
monoglutamate. Principally cleared by the kidneys. About 90% of the drug is excreted unchanged in the
urine within 24 hours.

e Toxicity. Patients with insufficient folate intake may be at increased risk for host toxicity. A baseline homocysteine
level >10 predicts for the development of grade 3—4 toxicity.

o Dose-limiting. Myelosuppression

o Common. Skin rash (usually as the hand—foot syndrome), mucositis, nausea, vomiting, diarrhea; fatigue;
transient elevation of LFTs.
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e Administration. All patients are given 350 mc g/day PO of folic acid and 1,000 mc g of vitamin B'? SC every 3 weeks
to reduce drug toxicity. Dexamethasone, 4 mg PO b.i.d. for 3 days before the beginning of treatment, may ameliorate
or eliminate the skin rash.

o  Supplied as 100-mg vials

o Dose modification. Reduce dosage in patients with abnormal renal function

o Dose.600 mg/m? IV every 3 weeks as monotherapy; 500 mg/m? IV every 3 weeks when used with cisplatin.

o Drug interactions. Nonsteroidal anti-inflammatory drugs may inhibit the renal excretion of pemetrexed,
resulting in increased drug toxicity. Thymidine rescues against the host toxic effects, and leucovorin
decreases the antitumor effect of pemetrexed.

P. Pentostatin
[2’-deoxycoformycin (dCF), Nipent]

*  Indications. Chronic lymphocytic leukemia, hairy cell leukemia, and cutaneous T-cell lymphoma
*  Pharmacology. A fermentation product of Streptomyces antibioticus
o Mechanism. Antimetabolite. Both cell cycle—specific and cell cycle-nonspecific. Inhibitor of adenine
deaminase, an enzyme that is important for the metabolism of purine nucleosides. Also inhibits
ribonucleotide reductase (resulting in inhibition of DNA synthesis and function) and S-adenosyl-L-
homocysteine hydrolase (resulting in inhibition of one-carbon dependent methylation reactions).
o  Metabolism. Most dCF is excreted unchanged in urine.
e Toxicity
o Dose-limiting. Myelosuppression
o  Common. Immunosuppression; mild nausea and vomiting, diarrhea, altered taste; fatigue, fever.
o Occasional. Chills, myalgia, arthralgia; abnormal LFTs; keratoconjunctivitis, photophobia; renal failure.
o Rare. Hepatitis; pulmonary infiltrates and insufficiency.
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4 Cancer Chemotherapeutic Agents
*  Administration. Hydration with at least 2 L of DSNSS is required to assure a urine output of 2 L on the day of drug
administration.
o Supplied as 10-mg vials
o Dose modification. Reduce doses for renal impairment.
o Dose.4 mg/m* IV infusion over 20 minutes every 2 weeks
o Drug interactions. Pentostatin enhances the toxicity of vidarabine. CNS toxicity may be enhanced with the
concomitant use of sedative and hypnotic drugs.

Q. Raltitrexed
(Tomudex)

* Indications. Investigational in the United States, but used widely elsewhere for advanced colon cancer, breast cancer,
and non—small cell lung cancer.
*  Pharmacology
o Mechanisms. Quinazoline antifolate analog with activity in the S phase of the cell cycle; metabolized
intracellularly to higher polyglutamate forms that are 100-fold more potent than the parent compound and
are retained within the cell; inhibits the folate-dependent enzyme thymidylate synthetase.
o  Metabolism. Cleared principally by the kidney as unchanged drug.
*  Toxicity
o Dose-limiting. Disabling fatigue and malaise (about 50% of patients)
o Common. Diarrhea and/or mucositis (usually during the second cycle of treatment), myelosuppression,
transient elevations of serum transaminases and bilirubin; mild nausea and vomiting.
* Administration. Advise patients to avoid strenuous physical activity and activities that require mental alertness.
Supplement dietary folate.
o Supplied as 10-mL vials containing 1 mg/mL
o Dose modification. Use with caution with abnormal renal function.
o Dose.3 mg/m* IV every 3 weeks

R. 6-Thioguanine
(6-TG, 6-thioguanine, aminopurine-6-thiol-hemihydrate)

e Indication. Acute myelogenous leukemia
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e Pharmacology
o  Mechanism. Purine analog with cell cycle—specific activity in the S phase. The drug requires intracellular
phosphorylation by HGPRT to the cytotoxic monophosphate form, which is eventually metabolized to the
triphosphate metabolite (see mercaptopurine). The drug is incorporated extensively into DNA, resulting in
miscoding of transcription and DNA replication, and into RNA.
o  Metabolism. Thioguanine is not degraded by xanthine oxidase and, unlike mercaptopurine, can be given in
full doses with allopurinol. Clearance of the drug is primarily hepatic, but also renal.
e Toxicity
o Dose-limiting. Myelosuppression
o Common. Stomatitis, diarrhea
o  Occasional. Nausea and vomiting, hepatic dysfunction, hepatic veno-occlusive disease; decreased vibratory
sensation, unsteady gait.
*  Administration
o  Supplied as 40-mg tablets
o Dose modification. Dose is reduced with impaired liver function.
o Dose depends on regimen.

S. Trimetrexate
(Neutrexin, TMTX)

* Indications. Approved for treatment of Pneumocystis carinii pneumonia and toxoplasmosis, but investigational in the
United States as an anticancer agent; used widely elsewhere for colon cancer, head and neck cancer, and non—small
cell lung cancer.

e Pharmacology

o  Mechanisms. Lipid-soluble, quinazoline antifolate analog with activity in the S phase of the cell cycle; does
not undergo polyglutamation (in contrast to MTX); inhibits dihydrofolate reductase, de novo thymidylate
synthesis, and de novo purine synthesis.
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4 Cancer Chemotherapeutic Agents
o  Metabolism. Undergoes extensive metabolism in the liver by the P450 system to inactive forms.
e Toxicity
o  Dose-limiting. Myelosuppression, mucositis
o  Common. Total alopecia (40%), mild nausea and vomiting, headache; maculopapular rash with pruritus and
hyperpigmentation that begins at the neck and upper chest, progresses to the trunk and extremities, develops
5 days after treatment and resolves 7 to 10 days after onset.
*  Administration
o Supplied as 5- and 30-mL multidose vials; incompatible with chloride-containing solutions.
o Dose modification. Use with caution with abnormal renal or liver function or with hypoalbuminemia.
o Dose.8 to 12 mg/m* IV for 5 consecutive days every 3 to 4 weeks
o Drug interactions are possible with other drugs metabolized by the liver P450 system; leucovorin and
thymidine rescue the host toxic effects; trimetrexate enhances antitumor activity of 5-FU.

T. Uracil/Tegafur (UFT)
Uracil and tegafur are combined in a 4:1 molar ratio and provide an oral prodrug form of 5-FU.

* Indications. Same as 5-FU
*  Pharmacology. Tegafur is converted to 5-FU by two metabolic pathways, including one that is mediated by liver
microsomal P450 enzymes. Uracil reduces the breakdown of 5-FU by serving as a competitive substrate for the
catabolic enzyme dihydropyrimidine dehydrogenase. The antitumor activity is mediated by 5-FU (see section II.F).
The drug is well absorbed by the GI tract with nearly 100% bioavailability.
e Toxicity
o Dose-limiting. Diarrhea (similar to that observed with continuous IV infusion of 5-FU)
o Common. Similar to that of 5-FU, including hand—foot syndrome
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*  Administration
o Supplied as 100-mg capsules
o Dose.100 mg/m? every 8 hours PO with a large glass of water, within 1 hour of meals for 28 days, then 1
week of rest
o Drug interactions: Warfarin and phenytoin dosing should be carefully monitored when given with UFT;
sorivudine never should be given with UFT because a metabolite inhibits 5-FU metabolism.

III. Antitumor antibiotics
A. General pharmacology of antitumor antibiotics

* Antitumor antibiotics generally are drugs derived from microorganisms. They usually are cell cycle—nonspecific
agents that are especially useful in slow-growing tumors with low growth fractions.

* They act by a variety of mechanisms. Several of these drugs interfere with DNA through intercalation, a reaction
whereby the drug inserts itself between DNA base pairs. Intercalation with DNA prevents DNA replication and
messenger RNA production, or both. Other drugs have other actions.

B. Actinomycin D
(dactinomycin, Cosmegen)

* Indications. Trophoblastic neoplasms, sarcomas, testicular carcinoma, Wilms’ tumor
*  Pharmacology
o Mechanism. Intercalates between DNA base pairs and prevents synthesis of messenger RNA; inhibits
topoisomerase II.
o  Metabolism. Unknown; extensively bound to tissues, resulting in long half-life in plasma and tissue.
Excreted in bile and urine as unchanged drug.
e Toxicity
o  Dose-limiting. Myelosuppression
o Common. Nausea and vomiting (often worsening after successive daily doses and lasting several hours);
alopecia, acne, erythema, desquamation, hyperpigmentation; radiation-recall reaction. Drug is a vesicant that
can cause necrosis if extravasated.
o  Occasional. Stomatitis, cheilitis, glossitis, proctitis, diarrhea; vitamin K antagonism, elevation of LFTs.
o Rare. Hepatitis, anaphylaxis, hypocalcemia, lethargy
*  Administration. Premedicate patients with antiemetics. Administer through a running intravenous infusion with
extravasation precautions.
o  Supplied as 0.5-mg vials
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C. Bleomycin
(Blenoxane)

4 Cancer Chemotherapeutic Agents
Dose modification. Reduce by 50% in the presence of renal or hepatic functional impairment.
Dose.0.25 to 0.45 mg/m? IV daily for 5 days every 3 to 4 weeks

e Indications. Lymphomas, squamous cell carcinomas, testicular carcinoma, malignant effusions
e  Pharmacology

o

e Toxicity

o

o

o

Mechanism. Binds to DNA, thereby inhibiting synthesis of DNA and, to a lesser extent, RNA and proteins.
Causes DNA strand cleavage by free radicals and inhibits DNA repair by a marked inhibition of DNA
ligase. Cell cycle G*-phase specific; also active in late G', S, and M phases.

Metabolism. Activated by microsomal reduction; bound to tissues but not to plasma protein; extensive
degradation by hydrolysis in nearly all tissues. Both free drug and metabolic products are excreted into the
urine.

Dose-limiting. Bleomycin pneumonitis with dyspnea, dry cough, fine moist rales, interstitial radiographic
changes, reduced diffusing capacity, hypoxia, and hypocapnia may be lethal. Pulmonary fibrosis and
insufficiency occur in 1% of patients receiving cumulative doses of <200 U/m* and in 10% of patients
receiving larger doses (see Chapter 29, section IV.A, for further details). Advanced age, underlying
pulmonary disease, prior or concomitant
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radiotherapy to the chest, and prior exposure to bleomycin predispose patients to pulmonary toxicity.

Common
=  Hypersensitivity reactions with mild to severe shaking chills and febrile reactions are common
(25% of patients), frequently occurring within 4 to 10 hours of injection. However, they decrease in
incidence and severity with subsequent administrations.
=  Sensitizes tumor and normal tissues to radiation
=  Dermatologic (50% of patients): hyperpigmentation of skin stretch areas (e.g., knuckles, elbows),
hyperpigmented striae; hardening, tenderness, or loss of fingernails; hyperkeratosis of palms and
fingers, scleroderma-like changes; skin tenderness, pruritus, urticaria, erythroderma, desquamation,
alopecia.
=  Anorexia, mucositis; a rancid smell (“like old gym socks”) beginning about 10 seconds after
injection.
Occasional. Nausea, vomiting, unusual tastes; mild reversible myelosuppression, Raynaud phenomenon,
phlebitis, pain at injection site.
Rare
= Hepatotoxicity, pleuropericarditis, arteritis
=  Anaphylaxis-like reaction develops in 1% to 7% of patients who have lymphoma, usually after the
first or second dose and particularly if the dose is 25 U/m? or more. This idiosyncratic reaction
manifests confusion, faintness, fever, chills, and wheezing that can progress to hypotension, renal
failure, and cardiovascular collapse.

*  Administration. A 2-U test dose is given before the first treatment, followed by a 1- to 2-hour observation period to
reduce the potential for cardiovascular collapse.

©)
O

D. Daunorubicin

Supplied as 15-unit (mg) vials
Dose modification. The drug should not be given to patients with symptomatic chronic obstructive lung
disease. It must be discontinued in patients who have erythroderma (continued treatment may lead to fatal
exfoliative dermatitis). The drug must also be discontinued if there are symptoms or signs of interstitial lung
disease. Routine pulmonary function tests are generally not helpful; some authorities recommend monitoring
carbon monoxide—diffusing capacity. Dosage should be reduced in patients with renal insufficiency.
Dose. Avoid cumulative dosage of > 400 U; some physicians limit the total dose to 300 U.

* 10 to 20 U/m* IM, IV, or SC once or twice weekly (twice-weekly doses > 20 U each are likely to

cause serious toxic reactions of the skin), or

" 15 to 20 U/m? daily for 3 to 7 days by continuous infusion, or

® 60 U/m’ dissolved in 100 mL of normal saline for intracavitary therapy
Drug interactions

=  Phenothiazines enhance the activity of bleomycin by competing with hepatic P450 enzymes.

=  Radiation therapy and high oxygen concentrations enhance pulmonary toxicity.

(daunomycin, rubidomycin, Cerubidine)
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4 Cancer Chemotherapeutic Agents
e Indication. Acute leukemias
e Pharmacology. Anthracycline antitumor antibiotic. Essentially the same as doxorubicin. Active metabolite, which is
formed in the liver, is daunomycinol. Cell cycle—nonspecific. Excreted through the hepatobiliary system, with renal
clearance accounting for <20% of drug elimination.
*  Toxicity. Same as doxorubicin. Daunorubicin may also cause precipitous fatal cardiomyopathy months after therapy
has stopped; incidence becomes unacceptable after a total dose of 500 to 600 mg/m? has been given.
*  Administration. Same as doxorubicin. Use extravasation precautions.
o  Supplied as 20-mg vials
o Dose modification. Same as doxorubicin
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o Dose.45 to 60 mg/m* IV daily for 3 days
o Drug interactions. Cardiotoxic effects are inhibited by dexrazoxane (Zinecard).

E. Doxorubicin
(Adriamycin, hydroxydaunorubicin)

* Indications. Effective in a large variety of tumors
e Pharmacology

o  Mechanism. Anthracycline antitumor antibiotic. Intercalates between DNA base pairs, forms free radicals,
alters cell membranes, induces topoisomerase II-dependent DNA damage, inhibits preribosomal DNA and
RNA. Cell cycle—phase nonspecific.

o Metabolism. About 70% of the drug is bound to plasma proteins. Rapidly metabolized by the liver to other
compounds, some of which are cytotoxic (including the active metabolite doxorubicinol). The release rate
from tissue binding sites is slow compared with the capacity of the liver for metabolism; this results in
relatively prolonged plasma levels of drug and metabolites.

o Excretion. Metabolites and free drug are extensively excreted in the bile; however, known elimination
accounts for only half of the drug. The rate of drug elimination and its toxicity thus is rarely limited by liver
function. Some chromogens are excreted through the kidney, occasionally imparting a red tinge to the urine.

e Toxicity
o Dose-limiting

= Myelosuppression, particularly leukopenia

=  Cardiomyopathy with congestive heart failure, which may become refractory (see Chapter 29,
section VLD, for further details). Monitor the left ventricular ejection fraction with radionuclide
angiography before initiation of treatment, particularly when the cumulative dose exceeds 300 mg/
m’, and periodically thereafter. Risks and benefits should be considered at total cumulative doses of
550 mg/m? (400 mg/m* with a history of mediastinal irradiation) or for electrocardiographic
changes (voltage reduction, significant arrhythmias, ST-T wave changes). Dexrazoxane (see
section X.B), a cardioprotectant, can be considered when the cumulative dose exceeds 300 mg/m?>.

o Common

=  Alopecia (nearly 100% of patients when administered as a bolus every 3 to 4 weeks, but minimal
when the dose is divided and given weekly); nausea and vomiting (mild to severe); stomatitis.

=  Doxorubicin is a vesicant; extravasation of the drug results in severe ulceration and necrosis.

=  Previously irradiated skin sites may become erythematous and desquamate when the drug is
started; this radiation-recall reaction can occur years after radiation was given.

o  Occasional. Diarrhea; hyperpigmentation of nail beds and dermal creases, facial flush, flush along injected
vein, skin rash; conjunctivitis, lacrimation; red-colored urine.

o Rare. Activation of fibrinolysis, muscle weakness, fever, chills, anaphylaxis

*  Administration. The drug must be slowly pushed through a running intravenous line using extravasation precautions
or continuously infused through a central venous line.

o Supplied as 10-, 20-, 50-, 100-, and 150-mg vials

o Dose modification. Doxorubicin should not be given to patients with congestive heart failure from any
cause. The package insert recommends reduction of dose by 50% for serum bilirubin of 1.2 to 3.0 mg/dL and
by 75% for bilirubin of 3 to 5 mg/dL (but see section III.E.2.c).

o Dose.50 to 75 mg/m* IV bolus every 3 to 4 weeks or 10 to 20 mg/m’ IV weekly

o Drug interactions

=  Dexrazoxane (Zinecard) inhibits doxorubicin’s cardiotoxic effects.
= Herceptin and mitomycin C increase cardiotoxicity.
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=  Phenobarbital and phenytoin increase the plasma clearance of doxorubicin.
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4 Cancer Chemotherapeutic Agents
= 6-MP increases the risk of hepatotoxicity.

F. Doxorubicin, liposomal
(Doxil)

* Indications. Kaposi’s sarcoma with acquired immunodeficiency syndrome (AIDS), ovarian carcinoma, myeloma

*  Pharmacology. Doxorubicin is encapsulated in long-circulating liposomes (microscopic vesicles composed of a
phospholipid bilayer). For mechanisms and metabolism, see doxorubicin. The plasma clearance is slower than
standard doxorubicin.

*  Toxicity

o  Dose-limiting. Hematosuppression

o Common. Fatigue; mucositis, diarrhea, nausea, vomiting; alopecia; infusion reactions (chills, facial swelling,
headache, hypotension, shortness of breath), which resolve on interruption of infusion and which do not
preclude continued treatment.

o Occasional. Cardiomyopathy, pain at injection site, radiation-recall reaction; palmar—plantar
erythrodysesthesia (ulceration, erythema, and desquamation on the hands and feet with pain and
inflammation); red-orange discoloration of urine.

o Rare. Allergic reaction, hyperglycemia, jaundice, optic neuropathy

*  Administration

o  Supplied as 20-mg vials

o Dose modification. Same as for doxorubicin

o Dose

= Kaposi’s sarcoma in AIDS: 20 mg/m* IV over 30 minutes every 2 or 3 weeks
»  Ovarian carcinoma: 40 to 50 mg/m’ IV over 1 to 2 hours every 4 weeks

G. Epirubicin
(Ellence) is the 4’-epimer of doxorubicin and is a semisynthetic derivative of daunorubicin. An epimer is one of a pair of
isomers that differ only in the position of the H- and OH- attached to one asymmetric carbon atom.

* Indication. Breast and gastric cancers
*  Pharmacology. Anthracycline antitumor antibiotic. For mechanisms and metabolism, see doxorubicin.
e Toxicity. Same as doxorubicin, but with more nausea and vomiting. The risk of developing cardiomyopathy increases
substantially after a total dose of 900 mg/m®.
*  Administration. Intravenously over 5 minutes using extravasation precautions
o Supplied as50- and 200-mg vials
o Dose modification. Same as for doxorubicin
o Dose.100 to 120 mg/m* IV every 3 weeks in combination chemotherapy regimens
o Drug interactions. Cimetidine increases plasma levels of epirubicin and should be discontinued upon starting
epirubicin.

H. Idarubicin
(4-demethoxydaunorubicin, [damycin)

* Indication. Acute leukemia
e  Pharmacology. Anthracycline antitumor antibiotic; an analog of daunorubicin. More lipophilic and better cell uptake
than other anthracycline antibiotics; otherwise similar to doxorubicin. The active metabolite is 13-epirubicinol.
e Toxicity. Similar to doxorubicin. Myelosuppression is expected. Although idarubicin is less cardiotoxic than
doxorubicin and daunorubicin, the same monitoring criteria apply.
*  Administration. Intravenously over 15 minutes using extravasation precautions.
o Supplied as 5- and 10-mg vials
o Dose modification. Same as doxorubicin
o Dose.12 mg/m? IV daily for 3 days with induction therapy
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I. Mithramycin
(plicamycin, Mithracin)

* Indication. Refractory hypercalcemia
e Pharmacology
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o  Mechanism. Osteoclast inhibitor, antitumor antibiotic. Cytotoxicity probably related to DNA intercalation
and adlineation; inhibits DNA-dependent RNA synthesis without affecting DNA synthesis.

o Metabolism. Unknown, eliminated in urine (40%)

*  Toxicity. Renal and hepatic damage are rare with dosage schedules used for hypercalcemia.

o Dose-limiting. Thrombocytopenia; coagulation defects may occur in the absence of thrombocytopenia and
result in a severe hemorrhagic diathesis (usually with frequent doses).

o Common. Nausea, vomiting; hypocalcemia, hypophosphatemia, hypokalemia, hypomagnesemia, rebound
hypercalcemia; abnormal LFTs (including prothrombin time); azotemia; skin and soft-tissue necrosis if
extravasated.

o Occasional. Leukopenia, anemia; stomatitis, diarrhea; hyperpigmentation, acneiform rash; headache,
dizziness, drowsiness, nervousness.

o Rare. Toxic epidermal necrolysis, fever, lethargy, periorbital pallor

*  Administration. A running intravenous line using extravasation precautions

o  Supplied as 2.5-mg vials

o Dose modification. Mithramycin must be given cautiously to patients with hepatic or kidney dysfunction.

o Dose for hypercalcemia.15 to 25 me g (0.025 mg)/kg IV every 3 to 7 days

J. Mitomycin
(mitomycin C, Mutamycin)

* Indications. A variety of carcinomas
e Pharmacology

o Mechanism. Antitumor antibiotic. After intracellular activation, functions as an alkylating agent; DNA
cross-linking, DNA depolymerization, and free-radical formation.

o Metabolism. Metabolized predominantly in the liver by the P450 system and DT-diaphorase. Excreted
mainly through the hepatobiliary system.

e Toxicity

o Dose-limiting. Cumulative myelosuppression, which may be severe and prolonged (particularly
thrombocytopenia)

o Common. Mild nausea and vomiting, anorexia; a vesicant drug that can cause necrosis if injected
subcutaneously (skin erythema and ulceration can occur weeks to months after administration and may
appear at a site distant from the site of injection).

o Occasional. Alopecia, stomatitis, skin rashes, photosensitivity, pain at site of injection, phlebitis; hemolytic-
uremic—like syndrome.

o Rare. Hepatic and renal (cumulative) dysfunction, paresthesias, blurred vision, fever; acute interstitial
pneumonitis (especially when given with vinblastine or vindesine).

*  Administration. Administer through a running intravenous infusion using extravasation precautions

o Supplied as 5-, 20-, and 40-mg vials

o Dose modification. Reduce dose by 50% to 75% for patients who were previously treated with extensive
irradiation or who developed a white blood cell count of <2,000/mcL with prior doses of mitomycin. Also
reduce dose for liver dysfunction.

o Dose

=  Single agent:10 to 20 mg/m? IV every 6 to 8 weeks, or
*  In combination:5 to 10 mg/m* IV every 5 weeks

K. Mitoxantrone
(Novantrone, dihydroxyanthracenedione)

* Indications. Breast and prostate cancer, lymphoma, acute leukemia
*  Pharmacology. Mitoxantrone is in the anthracenedione class of compounds, which are analogs to the anthracyclines.
Its mechanism of action and routes of metabolism are similar but not identical to doxorubicin.
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o  Mechanism. DNA intercalation, single- and double-strand DNA breakage, inhibition of topoisomerase I1
o  Metabolism. Metabolized by the liver’s P450 system; <1% of the drug is excreted in the urine.
*  Toxicity. Compared with the anthracyclines, mitoxantrone is associated with less cardiotoxicity, less nausea and
vomiting, and decreased potential for extravasation injury.
o  Dose-limiting. Myelosuppression
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o Common. Mild nausea and vomiting, mucositis; alopecia (usually mild); blue discoloration of urine, sclerae,
fingernails, and over venous site of injection that may last 48 hours.

o  Occasional. Cardiomyopathy (most well defined for patients who have previously received doxorubicin);
appears to be less cardiotoxic than doxorubicin. Pruritus, LFT abnormalities, allergic reactions.

o Rare. Jaundice, seizures, pulmonary toxicity

Administration as a 30-minute infusion; rarely causes extravasation injury if infiltrated.

o Supplied as 20-, 25-, and 30-mg vials

o  Dose modification. Hematologic

o Dose.10 to 12 mg/m* IV given every 3 weeks for solid tumors

IV. Mitotic spindle agents

A. General pharmacology of mitotic spindle agents

Mitotic spindle inhibitors are classically represented by vincristine and vinblastine. These drugs bind to microtubular proteins,
thus inhibiting microtubule assembly (M phase of the cell cycle) and resulting in dissolution of the mitotic spindle structure.
Taxanes (paclitaxel and docetaxel) not only bind to microtubules but also promote microtubule assembly and resistance to
depolymerization, resulting in the production of nonfunctional microtubules.

B. Paclitaxel

(Taxol)

Indications. Carcinomas of the breast, ovary, lung, esophagus, and other sites; AIDS-associated Kaposi’s sarcoma.
Pharmacology. Isolated from the bark of the Pacific yew tree, Taxus brevifolia

o  Mechanism. Plant alkaloid (antimicrotubule agent); see section IV.A.

o  Metabolism. Extensively metabolized by the hepatic P450 microsomal system. More than 75% of the drug is
excreted in the feces.

Toxicity
o  Dose-limiting

=  Neutropenia, particularly in patients who were previously heavily treated or who receive cisplatin
just before paclitaxel

=  Hypersensitivity(3%) is manifested by cutaneous flushing, hypotension, bronchospasm, urticaria,
diaphoresis, pain, or angioedema. Reactions usually develop within 20 minutes of starting the
treatment; 90% of hypersensitivity reactions develop after the first or second dose.

=  Peripheral neuropathy, particularly in the higher dosage schedules and in patients with concomitant
etiologies for peripheral neuropathy. Neurotoxicity occurs less frequently when infused over 24
hours (5%) than when infused over 3 hours (25%). The distribution typically is “stocking-glove”
and consists of dysesthesias, paresthesias, and loss of proprioception.

o Common. Alopecia (usually total and sudden, within 3 weeks of treatment); thrombocytopenia (usually not
severe); transient arthralgias and myalgias within 3 days of treatment (ameliorated by nonsteroidal anti-
inflammatory agents and prednisone), transient bradycardia (usually asymptomatic).

o  Occasional. Nausea, vomiting, taste changes, mucositis (cumulative), diarrhea; atrioventricular conduction
defects, ventricular tachycardia, cardiac
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angina; necrosis when extravasated; intoxication when infused over 1 hour (because of high alcohol content
in the preparation); onycholysis.

o Rare. Paralytic ileus, generalized weakness, seizures; myocardial infarction.
Administration. Paclitaxel should be given before cisplatin in combination regimens in which both are administered.
Cardiac monitoring is recommended for patients with a history of cardiac disease. Use with caution in patients who
have a history of myocardial infarction within the previous 6 months or who are on medications known to alter
cardiac conduction. Administer with extravasation precautions.
o  Supplied as 30- and 100-mg vials formulated in polyoxyethylated castor oil (Cremophor EL) and alcohol
o Dose modification. Hematologic. Use with caution with abnormal liver function, diabetes mellitus, or prior
therapy with neurotoxic drugs, such as cisplatin
o Dose
=  Premedications: Dexamethasone, 20 mg PO or IV is given 12, 6, and 0.5 hours before paclitaxel;
diphenhydramine, 50 mg IV, and ranitidine, 50 mg IV, given 30 minutes before administering
paclitaxel.
»  Every 3 to 4 weeks:135 to 175 mg/m? infused over 3 to 24 hours
= Weekly:80 to 100 mg/m? for 3 weeks with 1 week rest
o Drug interactions
=  Phenobarbital, phenytoin, and other drugs that the liver’s cytochrome P450 CYP3A4 enzyme may
affect paclitaxel metabolism (see section VI.A).
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=  Radiation therapy. Paclitaxel is a radiosensitizing agent.
= Carboplatin, cisplatin, and cyclophosphamide. Myelosuppression is greater when these compounds
are administered before paclitaxel.

C. Paclitaxel, protein-bound
(Abraxane)

* Indications. Metastatic breast cancer
*  Pharmacology. This injectable suspension contains paclitaxel protein-bound particles.
o  Mechanisms. See paclitaxel
o Metabolism. See paclitaxel
e Toxicity
o Dose-limiting. Neutropenia
o Common. Hematosuppression, sensory neuropathy, arthralgias/myalgia (usually transient), gastrointestinal
disturbances, alopecia, fatigue
o Occasional. Abnormal liver function tests, fluid retention
*  Administration. Premedication with corticosteroids to prevent hypersensitivity reactions is not required for Abraxane.
o Supplied as vials containing 100-mg of paclitaxel and 900 mg of albumin
o Dose modification. For neutropenia and sensory neuropathy
o Dose.260 mg/m” IV over 30 minutes every 3 weeks

D. Docetaxel
(Taxotere)

* Indications. Breast cancer after ineffectiveness of anthracycline-based treatment
e Pharmacology. The drug is prepared by semisynthesis beginning with a precursor extracted from the needles of the
European yew tree.

o Mechanisms. Inhibitor of microtubular depolymerization (see section IV.A). The binding of docetaxel to
microtubules does not alter the number of protofilaments in the bound microtubules, which differs from
most spindle poisons currently in clinical use.

o Metabolism. Extensively metabolized by the hepatic P450 microsomal system. More than 75% is excreted in
feces and a small percentage in urine.

e  Toxicity

o Dose-limiting. Myelosuppression; severe fluid retention.

o Common. Alopecia (80% except with the weekly schedule), maculopapular rash and dry itchy skin,
discoloration of finger nails; mucositis, diarrhea; fatigue, fever.
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o Occasional

= Severe hypersensitivity reactions (<5%) despite premedications.

=  Fluid retention that is cumulative in incidence and severity (especially after a cumulative dose of
705 mg/m?) is reversible (usually within 8 months); the fluid retention usually affects the lower
extremities but can also result in ascites or pleural or pericardial effusions.

= Gl upset, severe nail reactions; hypotension; transiently elevated liver function tests.

= Peripheral neuropathy, which is less common than with paclitaxel, is mainly sensory, but motor or
autonomic neuropathy and CNS effects are also seen.

o Rare. Cardiac events
*  Administration
o  Supplied as 20- and 80-mg vials in polysorbate 80, which is less allergenic than Cremophor EL, which is
used for paclitaxel
o Dose modification. Patients with elevated serum bilirubin or significantly elevated liver enzymes should
generally not receive docetaxel.
o Dose

= 60 to 100 mg/m? IV over 1 hour every 3 weeks; give dexamethasone, 4 mg PO b.i.d. on the day
before, the day of, and the day after docetaxel administration to reduce the incidence and severity
of fluid retention and hypersensitivity reactions.

* 35 mg/m® weekly for 3 weeks of a 4-week cycle (the weekly schedule is associated with less
hematologic toxicity and no hair loss; it requires a maximum of 4 mg dexamethasone on the
morning and evening of dosing)

o Drug interactions

=  Phenobarbital, phenytoin, and other drugs that the liver’s cytochrome P450 CYP3A4 enzyme may

affect docetaxel metabolism (see section VILA).

25


mk:@MSITStore:G:%5C%5CBooks%5C%5Conco%5C%5CManual%20Of%20Clinical%20Oncology%206thEdition.CHM::/sid123726.html#H6-4
mk:@MSITStore:G:%5C%5CBooks%5C%5Conco%5C%5CManual%20Of%20Clinical%20Oncology%206thEdition.CHM::/sid123726.html#H4-4
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=  Radiation therapy. Docetaxel is a radiosensitizing agent.

E. Estramustine
(Emcyt, Estracyte)

* Indication. Progressive prostate cancer
*  Pharmacology. Structurally, estramustine is a combination of estradiol phosphate and nornitrogen mustard.
o Mechanism. Cell cycle-specific agent with activity in the mitosis (M) phase by binding to microtubule-
associated proteins. Although initially designed as an alkylating agent, it has no alkylating activity.
o Metabolism. Rapidly dephosphorylated in GI tract and metabolized primarily in the liver. About 20% of the
drug is excreted in the urine.
e Toxicity. Similar to estrogens
o Dose limiting. Thromboembolism
o Common. Diarrhea; nausea and vomiting (usually mild); skin rash. Gynecomastia in up to 50% of patients
(can be prevented by prophylactic irradiation).
o Rare. Myelosuppression, cardiovascular complications
*  Administration. Contraindicated in patients with active thrombophlebitis or thromboembolic disorders
o Supplied as 140-mg capsules
o Dose.600 mg/m?*/day in three divided doses; taken with water 1 hour before meals or 2 hours after meals.
Calcium-rich foods may impair drug absorption.

F. Ixabepilone
(Ixempra)

* Indications. Metastatic breast cancer that is refractory to anthracyclines, taxanes, and capecitabine
e  Pharmacology. The drug is an epothilone B analog.
o0 Mechanisms. Binds to the B-tubulin subunit of the microtubule, thus arresting the cell cycle at the G¥/M
phase and inducing apoptosis.
o Metabolism. Extensive hepatic metabolism via CYP3A4 into inactive metabolites. Excreted the feces and
urine, <10% as unchanged drug.
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e Toxicity. Cognitive impairment (due to ethanol content of diluent) or hypersensitivity reactions (related to the
Cremophor in the diluent) may occur.

o Dose-limiting. Myelosuppression (particularly neutropenia) and peripheral neuropathy

o Common. Alopecia, headache, neutropenia, fatigue, GI disturbance, myalgia/arthralgia

o Occasional. Edema, fever, dizziness, palmar—plantar dysesthesia (hand—foot syndrome), nail disorders,
hyperpigmentation, motor neuropathy, anemia, increased lacrimation, dyspnea

e Administration. Premedicate with an H'-antagonist drug (e.g., diphenhydramine, 50 mg) and an oral H?-antagonist
(e.g., ranitidine, 150-300 mg). Premedicate with corticosteroids for those with hypersensitivity reactions.

o Supplied as 15 mg and 45 mg as a powder (diluent contains ethanol and purified polyoxyethylated castor oil
[Cremophor® EL])

o Dose modification. With hepatic dysfunction, reduce dosage when given as monotherapy and do not use in
combination with capecitabine. Reduce dose for neuropathy or for severe or prolonged neutropenia or
thrombocytopenia.

o Dose.40 mg/m’ IV over 3 hours every 3 weeks (maximum 88 mg)

o Drug interactions. CYP3A4 inducers and inhibitors may decrease or increase the levels or effects of
ixabepilone, respectively (see VI.A). If concurrent use of a strong CYP3A4 inhibitor cannot be avoided,
reduce dosage to 20 mg/m?; if the inhibitor is discontinued, allow about 1 week before the ixabepilone dose
is increased. Avoid St. John’s wort and grape juice.

G. Vinblastine
(Velban)

* Indications. Lymphomas, testicular carcinoma
*  Pharmacology
o  Mechanism. Periwinkle plant alkaloid; see section IV.A. Binds to microtubular proteins. Inhibits RNA
synthesis by affecting DNA-dependent RNA polymerases. Cell cycle—phase specific; it arrests cells at the
G*-phase and M-phase interface.
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o Metabolism. Highly bound to plasma proteins and to formed blood elements, especially platelets.
Metabolized by the hepatic P450 microsomal system to active and inactive metabolites. Predominantly
excreted in bile. Minimal free drug is recovered in urine.
*  Toxicity
o Dose-limiting. Neutropenia
o Common. Cramps or severe pain in jaw, pharynx, back, or limbs after injection; local vesicant if
extravasated.
o  Occasional. Thrombocytopenia, anemia
o Rare. Nausea, vomiting, diarrhea, mucositis, abdominal cramps, GI hemorrhage; acute interstitial
pneumonitis (especially when administered with mitomycin C); ischemic cardiotoxicity.
*  Administration. Administered by rapid infusion through the tubing of a running intravenous line with extravasation
precautions
o  Supplied as 10-mg vials
o Dose modification. Decrease dose by 50% for patients with serum bilirubin >3.0 mg/dL.
o Dose.5 mg/m? IV every 1 or 2 weeks
o Drug interactions
=  Phenobarbital, calcium channel blockers, cimetidine, metoclopramide, and other drugs that inhibit
the liver’s P450 system (see Section VI.A) may lead to increased production of metabolites.
Vinblastine should be used cautiously in patients receiving these medications.
=  Phenytoin levels are decreased with vinblastine treatment.

H. Vincristine
(Oncovin, Vcr)

* Indications. A wide variety of malignancies
*  Pharmacology
o Mechanism. Same as vinblastine
o Metabolism. Same as vinblastine
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e Toxicity
o A dose-dependent peripheral neuropathy universally develops. Cranial nerves and the autonomic system
may also be involved. The neuropathies usually reverse within several months. Jaw, throat, or anterior thigh
pain occurring within hours of injection disappears within days and usually does not recur.
=  Dose-limiting. Severe paresthesias, ataxia, foot-drop (slapping gait), muscle-wasting cranial nerve
palsies, paralytic ileus, obstipation, abdominal pain, optic atrophy, cortical blindness, seizures
= Not dose-limiting. Mild hypoesthesia, mild paresthesias, transient jaw pain (and similar
syndromes), loss of deep tendon reflexes
o Common. Tissue necrosis if extravasated, alopecia (20% to 40%)
o  Occasional. Mild leukopenia (does not have significant effect on erythrocytes or platelets); rash, SIADH
o Rare. Nausea, vomiting, pancreatitis; fever.
*  Administration. Patients receiving Vcr should be given bulk laxatives routinely. Administered by rapid infusion using
extravasation precautions.
o Supplied as 1-, 2-, and 5- mg vials
o Dose modification. Hepatic dysfunction; same as for vinblastine.
o Dose.1.0 to 1.4 mg/m? IV every 1 to 4 weeks (often limited to 2 mg per dose in adults); continuous infusion
regimens involve 0.4 to 0.5 mg/day for 4 days.
o  Drug interactions
=  Phenobarbital, calcium channel blockers, cimetidine, metoclopramide, and other drugs that inhibit
the liver’s P450 system (see Section VI.A) may lead to increased production of metabolites. Ver
should be used cautiously in patients receiving these medications.
=  Phenytoin and digoxin blood levels are decreased with Vcr treatment.
=  Filgastrim(Neupogen), when used concurrently with Vcr, may result in severe atypical neuropathy.
= Ver should be given 12 to 24 hours before L-asparaginase because that drug inhibits Vcr clearance.

I. Vindesine
(Eldisine, desacetylvinblastine amide sulfate)

* Indications. Experimental for lung cancer, leukemias, and others

*  Pharmacology. Same as vinblastine

e Toxicity. Same as vinblastine, but alopecia is more common with vindesine. Neurotoxicity is same as for vincristine
but is generally less severe.
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*  Administration. Same as vinblastine
o  Supplied as 10-mg vials
o  Dose modification. Necessary for patients with hepatic dysfunction; same as for vinblastine.
o Dose.3 to 4 mg/m* IV every 7 to 14 days

J. Vinorelbine
(Navelbine)

*  Indications. Non—small cell lung cancer, ovarian cancer, and breast cancer
*  Pharmacology. A semisynthetic alkaloid derived from vinblastine
o0 Mechanisms. Inhibits tubular polymerization, disrupting formation of tubules during mitosis (see section
IV.A)
o  Metabolism. The majority of the drug is metabolized in the liver by the cytochrome P450 microsomal
system. Drug and metabolites are excreted in bile.
e Toxicity
o Dose-limiting. Myelosuppression, especially neutropenia
o Common. Fatigue; nausea, vomiting, constipation, diarrhea.
o Occasional. Stomatitis; allergic-type pulmonary reactions; peripheral neuropathy; transient abnormalities in
LFTs.
o Rare. Thrombocytopenia; hemorrhagic cystitis.

e  Administration. Same as vinblastine
o Supplied as 10- and 50-mg vials
o Dose modification. Reduce dose for hyperbilirubinemia or neutropenia
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o Dose.15 to 30 mg/m® IV weekly
o Drug interactions
=  Phenobarbital, calcium channel blockers, cimetidine, metoclopramide, and other drugs that inhibit
the liver’s P450 system (see Section VI.A) may lead to increased production of metabolites.
Vinorelbine should be used cautiously in patients receiving these medications.
=  Phenytoin blood levels are decreased with Ver treatment.
=  Acute pulmonary reactions have been reported when given with mitomycin.

V. Topoisomerase inhibitors

A. General pharmacology of topoisomerase inhibitors

DNA is attached at regular intervals to the nuclear matrix at sites called domains, which are wound together with their paired
DNA molecules. DNA topoisomerases are enzymes that alter DNA topology by causing and resealing DNA strand breaks.
Topoisomerases bind to DNA domains, forming a “cleavable complex,” which allows DNA to unwind in preparation for cell
division. Topoisomerase I relaxes supercoiled DNA for a variety of crucial cellular processes. Topoisomerase II catalyzes the
double-stranded breaking and resealing of DNA, thereby allowing the passage of one double helical segment of DNA through
another. They relax superhelical turns, interconvert knotted rings, and intertwist complementary viral sequences into DNA.
Topoisomerases are essential for such events as transcription, replication, and mitosis.

Of all the topoisomerases, groups I and II are the targets of cytotoxic agents. Camptothecin derivatives (irinotecan, topotecan)
exert their cytotoxic effect by inhibiting topoisomerase I. Epipodophyllotoxin derivatives (etoposide, teniposide) inhibit
topoisomerase II. Drugs from other classes (e.g., amsacrine and the anthracyclines) also inhibit topoisomerases as part of their
mechanism of action. Inhibition of topoisomerase interferes with transcription and replication by causing DNA damage,
inhibition of DNA replication, failure to repair strand breaks, and, then, cell death.

B. Etoposide

(VP-16, VePesid; oral form is etoposide phosphate [Etopophos])

e Indications. Testicular carcinoma, lung cancer, lymphoma, and other malignancies
e  Pharmacology. An epipodophyllotoxin extracted from the Podophyllum peltatum mandrake plant
o Mechanisms. A topoisomerase II inhibitor (see section V.A); cell cycle—phase specific at G?, late S, and M
phases.
o Metabolism. Highly bound to plasma proteins (mainly albumin); decreased albumin levels result in
potentially greater host toxicity. Metabolized by the liver via glucuronidation to less active metabolites.
Excreted in urine (40%) as intact and degraded drug; excretion of the remaining 60% is uncertain.
e Toxicity
o  Dose-limiting. Myelosuppression
o Common. Nausea and vomiting (with oral dosing, but uncommon with intravenous dosing); alopecia
(usually mild); hypotension if rapidly infused; metallic taste during drug infusion.
o  Occasional. Anemia, thrombocytopenia, pain at injection site, phlebitis, abnormal LFTs
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o Rare. Stomatitis, dysphagia, diarrhea, constipation, parotitis, rash, radiation-recall reaction,
hyperpigmentation; anaphylaxis, transient hypertension, arrhythmias; somnolence, vertigo, transient cortical
blindness; peripheral neuropathy.

*  Administration. Administer slowly over at least 30 minutes when given intravenously to avoid hypotension.

o Supplied as 50-mg capsules and 100-mg vials

o Dose modification. Administer with caution in the presence of renal dysfunction; reduce doses by 25% or
50% for creatinine clearance levels of <50 mL/minute and <10 mL/minute, respectively. Dose reduction is
also recommended for patients with abnormal liver function.
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o Dose
* 50 mg/m® PO daily for 21 days, or
* 100 mg/m? IV daily for 3 to 5 days, depending on the regimen
o Drug interactions
=  Calcium-channel antagonists, such as verapamil, or methotrexate may increase cytotoxicity of
etoposide.
= The prothrombin time may be prolonged by etoposide in patients taking warfarin.

C. Irinotecan
(Camptosar, CPT-11)

* Indications. Colorectal cancer, lung cancer
*  Pharmacology. A water-soluble analog of camptothecin that is a relatively inactive prodrug, which is converted to the
active agent
o  Mechanisms. Inhibits topoisomerase I; see section V.A; cell cycle—phase specific.
o  Metabolism. Conversion to the active metabolite, SN-38, occurs mainly in the liver, but also in the plasma
and intestinal mucosa. The major route of elimination is the bile and feces, with renal clearance playing only
a minor role.

The active form of the drug is metabolized by the polymorphic enzyme UGT1A1l. Approximately 10% of
the North American population is homozygous for the UGT1A1*28 allele and have reduced UGT1Al
activity and are at increased risk of experiencing grade 4 neutropenia.

*  Toxicity
o Dose-limiting. Profuse diarrhea (especially in patients 65 years of age and older) and myelosuppression
o Common. Neutropenia; mild nausea, vomiting, abdominal cramps; flushing during administration; mild
alopecia.
o Occasional. LFT abnormalities, headache, fever, dyspnea
*  Administration. Administer as a 90-minute infusion once weekly for 4 weeks in 6-week cycles. If diarrhea, abdominal
cramps, or diaphoresis (mostly cholinergic in nature) develops during the infusion of the drug, administer atropine,
0.25 to 1.0 mg IV. For the first poorly formed stool preceding delayed diarrhea, administer loperamide (Imodium), 4
mg PO, then 2 mg every 2 hours (4 mg PO every 4 hours at night) until the patient is free of diarrhea for 12 hours.
o  Supplied as 100-mg vials
o Dose modification. Use with caution for hepatic insufficiency. A diagnostic test is available to detect
UGT1A1*1 (normal) and the UGT1A1*28 (variant) alleles in peripheral blood; a lower starting dose is
recommended for patients with the variant allele.
o Dose. Start at 125 mg/m* IV weekly for 4 weeks followed by a 2-week rest.

D. Teniposide
(VM-26, Vumon)

* Indication. Acute lymphoblastic leukemia
e Pharmacology
o Mechanism. Plant alkaloid; topoisomerase II inhibitor (see section V.A).
o  Metabolism. Virtually all of the drug is bound to protein. Systemic metabolism is significant, but metabolites
have not been identified. Renal excretion is only a small fraction of its clearance.
e Toxicity
o Dose-limiting. Neutropenia
o  Common. Thrombocytopenia, hypotension with too rapid an infusion
o  Occasional. Nausea and vomiting, alopecia, abnormal LFTs, phlebitis
o Rare. Diarrhea, stomatitis; rash, anaphylaxis; azotemia; fever; paresthesias, seizures.
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Administration. The drug is administered by slow intravenous infusion over at least 30 minutes.
o  Supplied as 50-mg vials
o Dose.150 to 250 mg/m” once or twice weekly
o Drug interactions. Anticonvulsants increase clearance of teniposide.

E. Topotecan
(Hycamtin)

Indications. Ovarian cancer after failure to respond to previous (cisplatin-based) therapies; cervical cancer in
combination with cisplatin; relapsed small cell lung cancer.
Pharmacology
o Mechanisms. A derivative of camptothecin, it inhibits topoisomerase I activity; see section V.A; cell cycle—
phase specific. It exerts its cytotoxic effect by blocking DNA repair.
o Metabolism. Rapid conversion in plasma to the active lactone form. About 60% of the drug is excreted in
urine. Metabolism in the liver appears to be minimal and is mediated by the microsomal P450 system.
Toxicity
o Dose-limiting. Myelosuppression
o Common. Nausea and vomiting; diarrhea, constipation, abdominal pain; alopecia; headache, fatigue, fever;
arthralgias and myalgias.
o  Occasional. Transient elevation of LFTs; paresthesia; rash; microscopic hematuria (30%).
Administration. The drug is a mild vesicant, and a free-flowing IV site is necessary.
o  Supplied as 4-mg vials and 0.25- and 1-mg capsules
o Dose modification. None for impaired hepatic function. Reduce dosage by 50% for creatinine clearance
levels of 20 to 40 mL/minute.
o Dose. Usual dose is 1.25 to 1.50 mg/m* IV over 30 minutes for 5 consecutive days every 3 weeks; 2.3 mg/m?
PO for 5 days of 21-day cycle for small cell lung cancer.

VI. Tyrosine kinases (TK) inhibitors
A. CYP3A4 inhibitors and inducers

Cytochrome P450 (CYP) families of more than 100 enzymes are located on the endoplasmic reticulum. Although
present in all tissues, the highest concentrations are found in the liver and small intestine. These enzymes detoxify
ingested substances, such as drugs. The four major enzyme families involved in the metabolism of drugs are CYPI,
CYP2, CYP3, and CYP4.

CYP3A is a subfamily of the CYP3 enzymes; they are the most abundant cytochrome enzymes in humans, accounting
for 30% of the cytochrome enzymes in the liver and 70% of those in the gut. CYP3A3 and CYP3A4 are nearly
identical. The relative contribution to drug metabolism in decreasing order of magnitude is CYP3A4 (50%), CYP2D6
(25%), and CYP2C8/9 (15%).

Many chemotherapeutic agents are metabolized by CYP3A4, particularly among the tyrosine kinase inhibitors. Other
related hepatic enzymes also may be operative. Concomitantly prescribed drugs, particularly antimicrobial agents and
antiseizure medications, can inhibit or induce CYP3A4 and related enzymes in the liver. Drugs that inhibit CYP3A4
can result in higher levels of the chemotherapeutic agent in the plasma; conversely, drugs that induce CYP3A4 can
result in lower levels of the drug in the plasma and indicate higher prescribed dosages of the anticancer drug.

Inhibitors of CYP3A4(resulting in higher-than-expected plasma levels of the chemotherapeutic agent and possibly
indicating a decrease in dosage):
o Antifungal agents: Ketoconazole (Nizoral), clotrimazole (Mycelex), fluconazole (Diflucan), itraconazole
(Sporanox), voriconazole (Vfend)
o Antibiotics: Clarithromycin (Biaxin), erythromycin, metronidazole (Flagyl), norfloxacin (Noroxin),
telithromycin (Ketek)
o Protease inhibitors: Atazanavir (Reyataz), delavirdine (Rescriptor), indinavir (Crixivan), nefazodone
(Serzone), nelfinavir (Viracept), ritonavir (Norvir), saquinavir (Fortovase)
o  Gastrointestinal agents: Cimetidine (Tagamet), omeprazole (Prilosec)
o Cardiovascular agents: Diltiazem (Cardizem), nifedipine (Procardia), verapamil (Calan)
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o Psychotropic agents: fluoxetine (Prozac), paroxetine (Paxil), sertraline (Zoloft)

o Miscellaneous: Grapefruit juice, propoxyphene (Darvon), zafirlukast (Accolate)
Inducers of CYP3A4(resulting in lower-than-expected plasma levels of the chemotherapeutic agent and possibly
indicating an increase in dosage):
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Corticosteroids: Dexamethasone (Decadron), prednisone
Antiseizure drugs: Phenytoin (Dilantin), carbamazepine (Tegretol), phenobarbital
Antibiotics: Rifampin (Rifadin), rifabutin (Mycobutin), isoniazid
Nonclassified agents: St. John’s wort

O O O O

B. Imatinib
(Gleevec)

* Indications. Chronic myelogenous leukemia (CML); gastrointestinal stromal tumors (GIST) expressing c-kit TK;
consider use in other conditions expressing c-kit or platelet-derived growth factor receptor-B (PDGFR-) activation.
Imatinib is  also approved by  treatment of  dermatofibrosarcoma  protuberans (DFESP),
myelodysplastic/myeloproliferative ~ diseases (MDS/MPD), aggressive systemic  mastocytosis (ASM),
hypereosinophilic syndrome/chronic eosinophilic leukemia (HES/CEL), and relapsed/refractory Philadelphia
chromosome positive acute lymphoblastic leukemias (Ph" ALL).

e  Pharmacology

o  Mechanisms. BCR-ABL encodes a protein, P*’BCR-ABL. Imatinib occupies the ATP binding site of the
BCR-ABL protein and other related TKs and thus results in subsequent inhibition of substrate
phosphorylation. Imatinib is a potent selective inhibitor of the P*’BCR-ABL TK, resulting in inhibition of
clonogenicity and tumorigenicity and induction of apoptosis of BCR-ABL and Ph+ cells. It also inhibits
other activated ABL TKs (including P"**BCR-ABL) and other receptor TKs for PDGFR, stem cell factor
(SCF), and c-kit.

o Metabolism. Eliminated mainly in feces. The half-life of the parent drug is 18 hours and of the main
metabolites is 40 hours.

e Toxicity

o  Dose-limiting. Myelosuppression

o Common. Transient ankle and periorbital edema that is usually mild to moderate; nausea, vomiting
(especially when not taken with food), diarrhea.

o Occasional. Fluid retention with pleural effusion, pulmonary edema, ascites (especially in older patients)

*  Administration. Drug should be taken with food and a large glass of water.

o Supplied as 100-mg capsules

o Dose modification. Reduce dose for liver dysfunction.

o Dose

=  For CML, 400 mg/day in the chronic phase and 600 mg/day for the accelerated phase

=  For GIST, 600 mg/day

=  For HES/CEL, 400 mg/day; for HES/CEL with demonstrated FIPLI-PDGFR alpha fusion kinase,
starting dose 100 mg/day.

=  For Ph" ALL, 600 mg/day

=  For unresectable, recurrent, or metastatic DFSP, 800 mg/day

=  For MDS/MPD associated with PDGFR gene rearrangements, 400 mg/day

=  For ASM associated with eosinophilia, starting dose 100 mg/day; for ASM without the D816V c-
kit mutation or with unknown c-kit mutational status, 400 mg/day.

o Drug interactions

=  Drugs that stimulate or inhibit liver microsomal CYP3A4 affect plasma levels of the drug (see
VLA).
=  Warfarin dosing must be monitored carefully; imatinib inhibits the metabolism of warfarin.
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C. Dasatinib
(Sprycel)

*  Indications. Chronic, accelerated or blast phase of CML with resistance or intolerance to prior therapy
e Pharmacology
o Mechanisms. An inhibitor of multiple TK, including BCR-ABL
o Metabolism. Metabolized in the liver and excreted in the feces
e Toxicity
o Dose-limiting. Hematosuppression; bleeding events related to thrombocytopenia but also possibly to drug-
induced platelet dysfunction.
o  Common. Fluid retention (which can be severe), gastrointestinal disturbances, various dermatoses
o Occasional. Neurological and muscular disorders, prolongation of QT-interval
e Administration. Avoid the use of antacids, H? blockers, and proton pump inhibitors because the drug has pH
dependent solubility.
o  Supplied as 20-, 50-, and 70-mg tablets
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D. Erlotinib
(Tarceva)

4 Cancer Chemotherapeutic Agents
Dose modification. Increase or decrease dose in 20-mg increments per dose based on individual tolerability
and blood cell counts.
Dose.100 mg once daily
Drug interactions. Inducers or inhibitors of CYP3A4 may respectively decrease or increase plasma
concentrations of dasatinib (see VI.A).

*  Indications. Non—small cell lung cancer and pancreatic cancer in combination with gemcitabine
e Pharmacology

@)

@)

e Toxicity
o
o

o

Mechanisms. A selective small molecule inhibitor of the epidermal growth factor receptor (EGFR) TK that
results in inhibition of proliferation, growth metastasis, and angiogenesis

Metabolism. Metabolized in the liver primarily by the CYP3A4 microsomal enzyme and, to a lesser extent,
by CYP'A?. More than 90% of the drugs metabolites are excreted in the bile.

Dose-limiting. Diarrhea

Common. Pustular, acneiform rash (oral or gel forms of clindamycin, 2% erythromycin topical gel b.i.d., or
minocycline, 100 mg b.i.d. for 5 days, may help)

Occasional. Interstitial lung disease (<1% of patients), keratoconjunctivitis

¢ Administration

o

O
O
©)

Supplied as 25-, 100-, and 150-mg tablets

Dose modification see package insert for management of skin reactions

Dose.150 mg/day taken 1 hour before or 2 hours after food

Drug interactions include those agents that affect the CYP3A4 enzyme (see VI.A) and warfarin, which
would require careful monitoring.

E. Gefitinib (Iressa)

* Indications. Advanced non—small cell lung cancer after failure of both platinum- and taxane-based chemotherapies
*  Pharmacology

O
)

e  Toxicity
o

O

O
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Mechanisms. Inhibits the TK associated with transmembrane cell surface receptors, including the EGFR TK
Metabolism. Extensive binding to plasma proteins, including albumin. The drug undergoes extensive hepatic
metabolism by the CYP3A4 microsomal enzyme and is excreted predominantly in feces.

Dose-limiting. Interstitial lung disease (<1%)

Common. Diarrhea (50%), nausea, vomiting; mild rash and other skin reactions (60%); mild abnormalities
of LFTs

Occasional. Anorexia, asthenia; peripheral edema, corneal irritation due to aberrant eyelash overgrowth.

¢ Administration

o

O
O
©)

F. Lapatinib
(Tykerb)

Supplied as 250-mg tablets

Dose modification. Use with caution with liver dysfunction.

Dose.250 mg PO daily

Drug interactions. Inhibitors and inducers of CYP3A4 (see VI.A) and histamine H>-receptor antagonists
(e.g., ranitidine) alter plasma concentrations of gefitinib.

* Indications. In combination with capecitabine for the treatment of patients with advanced or metastatic breast cancers
that overexpress human epidermal receptor type 2 (HER2) and who have received prior therapy, including an
anthracycline, a taxane, and trastuzumab

e Pharmacology

o

o

Mechanisms. Lapatinib is a 4-anilinoquinazoline kinase inhibitor of the intracellular TK domains of both
EGFR (ErbB1) and of HER2 (ErbB2). In vitro studies showed an additive effect with 5-FU, the active
metabolite of capecitabine.

Metabolism. Lapatinib undergoes extensive metabolism, primarily by CYP3A4 and CYP3AS. There is
negligible real excretion.

*  Toxicity of lapatinib plus capecitabine
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o Dose-limiting. Diarrhea
o  Common. Diarrhea, nausea, vomiting; palmar—plantar erythrodysesthesia (50%), rash; hematosuppression.
o Occasional
e Administration. Capecitabine, 1,000 mg/m? PO b.i.d. on days 1 to 14 of each 21-day cycle, is taken with food.

o  Supplied as 250 mg tablets
o Dose modification. Use with caution in patients with severe liver disease.
o Dose.1,250 mg taken once daily PO at least 1 hour before or 1 hour after a meal
o Drug interactions

=  Drugs that induce or inhibit CYP3A4 can result in decreased or increased plasma levels of

lapatinib, respectively (see VI.A).
=  Drugs that inhibit P-glycoprotein may increase plasma concentrations of lapatinib.

G. Nilotinib
(Tasigna)

* Indications. Chronic, accelerated or blast phase of CML with resistance or intolerance to prior therapy that included
imatinib
*  Pharmacology
o Mechanisms. An inhibitor of multiple TK, including BCR-ABL
o  Metabolism. Metabolized in the liver and excreted in the feces
*  Toxicity. Electrocardiograms should be obtained to monitor the QTc at baseline, 7 days after initiation of therapy, and
periodically thereafter, as well as following any dose adjustment. Electrolytes, divalent cations, and other chemistries
as suggested below should be followed periodically.

o Dose-limiting. Myelosuppression. Prolongation of the QT interval, which can result in a type of ventricular
tachycardia called Torsade de pointes, which may result in syncope, seizure, or sudden death.

o Common. Prolongation of QT-interval; rash, pruritus; fatigue, headache; musculoskeletal pain; nausea,
vomiting, constipation, diarrhea; insomnia, dizziness; hypomagnesemia, hyperkalemia, hyperglycemia;
abnormal LFTs; elevated serum lipase/amylase.

o  Occasional. Hypophosphatemia, hypokalemia, hyponatremia, hypocalcemia; hyperthyroidism; interstitial
lung disease; pancreatitis; urinary urgency; gynecomastia.

¢ Administration. Food increases blood levels of nilotinib; no food should be consumed for at least 2 hours before and 1
hour after the dose is taken.
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o  Contraindications. Patients with long QT syndrome or with hypokalemia or hypomagnesemia (which should
be corrected before starting the drug and monitored thereafter)

o  Supplied as 200-mg capsules

o Dose modification. Use with caution in patients with hepatic impairment or with a history of pancreatitis.
Avoid drugs known to prolong the QT interval. Consider dose reduction in patients receiving a strong
CYP3A4 inhibitor concurrently.

o Dose.400 mg every 12 hours

o Drug interactions. Inducers or inhibitors of CYP3A4 may respectively decrease or increase plasma
concentrations of dasatinib (see VL.A).

H. Sorafenib
(Nexavar)

* Indications. Metastatic renal cell carcinoma; unresectable hepatocellular carcinoma.
*  Pharmacology
o  Mechanisms. A multiple kinase inhibitor
o  Metabolism. Metabolized in the liver. Approximately 80% of the drug and its metabolites are excreted in the
feces and 20% in the urine.
e Toxicity
o Dose-limiting. Skin reactions or unacceptable toxicities
o Common. Rash/desquamation, hand—foot skin reaction; hypertension; diarrhea, alopecia,
hematosuppression.
o  Occasional. Bleeding, vomiting, myocardial ischemia, increased serum lipase or amylase
*  Administration
o Supplied as 200-mg tablets
o Dose.400 mg b.i.d. taken at least 1 hour before or 2 hours after eating
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I. Sunitinib malate

(Sutent)

Indications. Metastatic renal cell carcinoma; GIST after progression while on imatinib
Pharmacology

o  Mechanisms. Inhibition of multiple receptor TKs, which are implicated in tumor growth, pathologic
angiogenesis, and metastasis

o Metabolism. The drug and its active metabolite are metabolized primarily by the p450 enzyme CYP3A4.
More than 80% of the drug is eliminated via feces.

Toxicity

o Dose-limiting. Hematosuppression, bleeding

o Common. Bleeding events (epistaxis and elsewhere); hypertension; diarrhea, mucositis, nausea/vomiting;
fatigue; altered taste; yellow skin discoloration (one-third of patients), rash.

o  Occasional. Peripheral neuropathy, anorexia, periorbital edema, lacrimation; prolonged QT interval on
electrocardiogram; hypothyroidism, adrenal insufficiency, hypophosphatemia, elevated serum lipase or
amylase levels.

Administration

o Supplied as 12.5, 25-, and 50-mg capsules

o Dose modification. Dose changes should be done in 12.5-mg increments.

o Dose.50-mg once daily for 4 weeks on treatment and 2 weeks off treatment, a 6-week schedule. The drug
may be taken with or without food.

o Drug interactions. Drugs that induce or inhibit CYP3A4 can result in decreased or increased plasma levels of
sunitinib, respectively (see VI.A). Dosage modification upward or downward may be warranted under these
conditions.

VII. Monoclonal antibodies

A. Monoclonal antibodies

have the advantage of relative selectivity for tumor tissue and relative lack of toxicity. Both technical problems and the
development of human antimouse antibodies are major problems in using monoclonal antibodies for therapy.
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Biological effects. Monoclonal antibodies can attack certain cells directly (e.g., malignant lymphocytes exposed to a
selective monoclonal antibody are lysed in the presence of complement). Various radioactive and chemotherapeutic
agents can be conjugated to monoclones, which deliver these agents specifically to cancer cells. Plant toxins (e.g.,
ricin, abrin), bacterial toxins (Pseudomonas endotoxin A, diphtheria toxin), or ribosome-inactivating protein can also
be conjugated to monoclonal antibodies as immunotoxins. Growth factors (e.g., interleukins, epidermal growth factor,
tumor growth factor) can sometimes be used as carriers for toxins; these constructs are called oncotoxins.
Clinical uses

o Imaging of tumors using radioisotope-labeled monoclones

o Selectively purging bone marrow of cancer cells

o  Treatment of specific tumors

Aninfusion-related cytokine release syndrome (IRCRS) develops frequently during infusion of monoclonal antibodies,
particularly during the first infusion. Manifestations can include fever or chills, hypotension, bronchospasm with
dyspnea, and angioedema. Nausea, vomiting, fatigue, headache, rhinitis, pruritus, urticaria, and flushing also can
occur. These symptoms generally develop 30 minutes to 2 hours after beginning the infusion. Symptoms generally
respond to slowing the infusion rate or stopping the infusion, which can be resumed at a slower rate after symptoms
resolve. Slowing the infusion rate, diphenhydramine and acetaminophen, bronchodilators, or saline infusion may be
useful for treating the IRCRS, which must be distinguished clinically from true hypersensitivity and which becomes
progressively less of a problem with subsequent infusions.

B. Alemtuzumab
(Campath-1H)

Indications. T-cell prolymphocytic leukemia; relapsed or refractory B-cell chronic lymphocytic leukemia
Pharmacology

o Mechanisms. This recombinant humanized monoclonal antibody is directed against the cell-surface
glycoprotein CDS52 that is expressed on most normal and malignant B and T lymphocytes, NK cells,
monocytes, and macrophages.

o  Metabolism. The half-life is about 12 days with minimal clearance by the liver and kidneys. Steady-state
levels are reached by the sixth week. CD4 + and CDS8 + counts may take more than 1 year to return to
normal.

Toxicity
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o Dose-limiting. Significant immunosuppression with increased incidence of opportunistic infections;
neutropenia.

o Common. IRCRS (see VII.A.3) usually occurs within the first week of therapy.

o Occasional. Pancytopenia

*  Administration. Premedicate with acetaminophen and diphenhydramine.

o  Supplied as 30-mg vials

o Dose modification. Contraindicated in patients with active systemic infections or underlying
immunodeficiency

o Dose. Initiate therapy with 3 mg over 2 hours and then increase the dose to 10 mg if the 3-mg dose is
tolerated. The maintenance dose is 30 mg/day IV three times weekly for a maximum of 12 weeks.

o  Prophylactic antibiotics should include Bactrim DS, one tablet b.i.d. three times per week, and famciclovir,
250 mg PO b.i.d. (or equivalent). Fluconazole can also be given to reduce the occurrence of fungal
infections.

C. Bevacizumab
(Avastin)

* Indications. Advanced colorectal cancer, breast cancer, nonsquamous non—small cell lung cancer

*  Pharmacology. Bevacizumab is a humanized monoclonal antibody from genetically engineered cells designed to
block the action of vascular endothelial growth factor (VEGF). VEGF is a protein that is secreted from malignant and
nonmalignant hypoxic cells and stimulates new blood vessel formation by
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binding to specific receptors. Metabolism of bevacizumab has not been characterized.

e Toxicity
o  Dose-limiting. Thromboembolism, gastrointestinal perforation, wound dehiscence
o Common. Hypertension, bleeding (especially epistaxis), IRCRS (see VII.A.3), nephritic syndrome, wound-
healing complications
o Rare. Bowel perforation, reversible posterior leukoencephalopathy syndrome (RPLS), arterial thrombosis,
hypertensive crisis
*  Administration. Bevacizumab should be given at least 28 days after any surgical and/or invasive procedure.
o Supplied as100- and 400-mg vials
o Dose.3 to 15 mg/kg IV every 2 or 3 weeks in combination with other chemotherapeutic drugs

D. Cetuximab
(Erbitux)

* Indications. EGFR-expressing metastatic colon cancer after failure of both irinotecan- and oxaliplatin-based regimens;
squamous cell carcinoma of the head and neck.
e Pharmacology
o  Mechanisms. Monoclonal antibody that binds to the EGFR (HERI1, ErbB-1), which is a transmembrane
glycoprotein of the TK growth factor receptor family, and thus inhibits ligand-induced TK
autophosphorylation, which affects multiple mechanisms of action (cell growth, apoptosis, production of
vascular endothelial growth factor, production of matrix metalloproteinase). There is no evidence to indicate
that the level of EGFR expression can predict for the drug’s clinical activity.
o Metabolism. Metabolism of cetuximab has not been characterized. In steady state, the mean half-life of
cetuximab in the serum is approximately 5 days.
e Toxicity
o Dose-limiting. Severe IRCRS (see VII.A.3) characterized by rapid onset of airway obstruction, hypotension,
and/or cardiac arrest (particularly during the first infusion); mild or moderate reactions are managed by
slowing the infusion rate in subsequent doses. Severe reactions require the immediate and permanent
discontinuation of cetuximab therapy. An acneform rash develops in 90% of patients, usually within 2 weeks
of starting therapy.
o Common. Asthenia/malaise; skin drying and fissuring; abdominal pain, diarrhea, nausea, vomiting;
hypomagnesemia (with accompanying hypokalemia and hypocalcemia) during or following infusions.
o Rare. Interstitial lung disease
*  Administration. Premedicate with antihistamines (e.g., diphenhydramine, 50 mg IV). Monitor for hypomagnesemia,
including for several weeks after treatment is completed.
o Supplied as 100-mg vials
o Dose modification. For mild or moderate infusion-related reactions, reduce the infusion rate by 50%. Severe
acneform rash may require dosage delay or reduction.
o Dose.400 mg/m” IV over 2 hours initially and then 250 mg/m? IV over 1 hour weekly
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E. Gemtuzumab ozogamicin
(Mylotarg)

Indications. Relapsed CD33-positive acute myelogenous leukemia (AML), especially patients in first relapse who are
60 years of age or older and who are not considered candidates for cytotoxic chemotherapy

Pharmacology. The drug is composed of a semisynthetic derivative of calicheamicin covalently linked to a
recombinant humanized monoclonal antibody directed against the 67 kDa cell-surface glycoprotein CD33.
Calicheamicin is a cytotoxic antibiotic that binds to DNA, resulting in double-strand breaks and inhibition of DNA
synthesis. CD33 antigen is expressed on normal myeloid cells, on more than 90% of the leukemia cells in AML, but
not on stem cells or
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nonmyeloid tissues. The metabolism of this drug has not been well characterized, but it appears to undergo
hepatobiliary elimination.

Toxicity
o Dose-limiting. Myelosuppression
o Common. Monitor closely for IRCRS events (see VII.A.3) for at least 6 hours. Abnormal LFTs in 20%;
gastrointestinal toxicity.
o  Occasional. Veno-occlusive disease, which can be fatal (especially in patients previously treated with stem
cell transplantation)
Administration. Premedicate patients with acetaminophen and diphenhydramine 30 minutes before drug infusion.
Reduce the WBC to below 30,000/ L with hydroxyurea or leukapheresis to reduce the risk of tumor lysis syndrome
and acute respiratory distress syndrome before giving the monoclonal antibody.
o  Supplied as 5-mg vials
o Dose.9 mg/m* IV over 2 hours; the dose is repeated 14 days later.

F. Panitumumab
(Vectibix)

Indications. Metastatic colorectal cancer that expresses EGFR and that has progressed with 5-FU-, oxaliplatin-, and
irinotecan-containing regimens.
Pharmacology. Panitumumab is a recombinant human monoclonal antibody that is produced in genetically engineered
mammalian cells.
o  Mechanisms. Panitumumab binds specifically to EGFR on normal and tumor cells and competitively inhibits
the binding of ligands for EGFR. The interaction of EGFR with its ligands activates a series of intracellular
TKs.
o  Metabolism. Panitumumab concentrations reach a steady state by the third infusion. Its half-life is about 1
week.
Toxicity
o Dose-limiting. IRCRS (see VIL.A.3), severe dermatologic toxicity (potentially complicated by infection and
septic death)
o  Common. Skin rash (90% of patients), paronychia, fatigue, abdominal pain; nausea, diarrhea, constipation;
hypomagnesemia/hypocalcemia; ocular toxicity (conjunctivitis, irritation); mucosal inflammation.
Administration. Patients should limit sun exposure while receiving panitumumab as skin reactions could be
exacerbated by sunlight.
o Supplied as 100-, 200-, and 400-mg single-dose vials
o Dose modification. Discontinue the drug for severe IRCRS, pulmonary infiltration, and severe dermatologic
reactions. See manufacturer’s recommendations on dosage adjustment for skin reactions.
o Dose.6 mg/kg given as a 1-hour intravenous infusion every 2 weeks

G. Rituximab
(Rituxan, MabThera)

Indications. Relapsed or refractory CD20-positive, B-cell non-Hodgkin lymphoma
Pharmacology
o0 Mechanisms. The rituximab antibody is a genetically engineered chimeric murine/human monoclonal
antibody directed against the CD20 antigen found on the surface of normal and malignant B lymphocytes.
CD20 is expressed on more than 90% of all B-cell non-Hodgkin lymphomas. CD20 is not expressed on early
pre-B cells, plasma cells, normal bone marrow stem cells, or antigen-presenting dendritic reticulum cells.
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In vitro, the Fab domain of rituximab binds to the CD20 antigen on B lymphocytes, and the Fc domain
recruits immune effector functions to mediate complement- and antibody-dependent B-cell lysis.

o Metabolism. Rituximab has been detectable in the serum 3 to 6 months after completion of treatment.
Administration results in a rapid and sustained depletion of circulating and tissue-based B cells. B-cell levels
return to normal by 12 months after completion of treatment.

e Toxicity
o Dose-limiting. Hypersensitivity reactions, serious cardiac arrhythmias
o Common. IRCRS (see VII.A.3) occurs in 50%.
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o Occasional. Severe granulocytopenia or thrombocytopenia; arthralgia, malaise; diarrhea, dyspepsia, taste
perversion; hypertension, postural hypotension, tachycardia, bradycardia; lacrimation, paresthesia,
hypesthesia, agitation, insomnia; hyperglycemia, hypocalcemia; pain in chest, back, or tumor site.

*  Administration. During the first infusion, the initial rate should be 50 mg/hour or less; if hypersensitivity or infusion-
related events do not occur, increase the infusion rate in 50-mg/hour increments up to a maximum of 400 mg/hour.
Subsequent infusions can be started at 100 mg/hour and escalated by 100 mg/hour at 30-minute intervals.
Corticosteroids, epinephrine, and antihistamines should be available for immediate use in the event of a severe
hypersensitivity reaction during administration. Watch for tumor lysis syndrome in patients with a high tumor burden.

o Supplied as 10 mg/mL in 10- and 50-mL vials

o Dose modification. Infusion-related reactions respond to stopping the infusion and then resuming at a slower

rate. Use with caution in patients with pre-existing heart disease.
o Dose.375 mg/m? IV weekly for 4 weeks

H. Trastuzumab
(Herceptin, anti-HER-2 antibody)

* Indications. Metastatic breast cancer that overexpresses the HER2 protein
*  Pharmacology. The HER2/neu (or c-erb-B2) protooncogene encodes a transmembrane receptor protein that is
structurally related to EGFR. Trastuzumab is a recombinant DNA-derived humanized monoclonal antibody that
selectively binds to the extracellular domain of HER2. The humanized Ig-Gk antibody against HER2 is produced by a
mammalian cell (Chinese hamster ovary) suspension culture. It inhibits the proliferation of tumor cells that
overexpress HER2. The metabolism of trastuzumab is not well characterized.
*  Toxicity
o Dose-limiting. Cardiomyopathy
o Common. IRCRS (see VII.A.3) occurs in 40% during the first infusion.
o  Occasional. Hematosuppression
*  Administration. Monitor electrocardiogram or ejection fraction in these patients during ongoing therapy.
o  Supplied as 440-mg vial
o Dose modification. Use with extreme caution in patients with pre-existing cardiac dysfunction or prior
cardiotoxic therapy.
o Dose. Initial dose 4 mg/kg over 90 minutes; maintenance dose 2 mg/kg/week or 6 mg/kg every 3 weeks,
given over 30 minutes.
o Drug interactions. Increased risk of cardiotoxicity when used in combination with anthracyclines and/or
taxanes

VIII. Miscellaneous agents
A. Anagrelide

(Agrylin)

* Indications. Thrombocytosis in myeloproliferative disorders
e Pharmacology
o Mechanisms. Anagrelide reduces the platelet count by uncertain mechanisms. It does not affect the
leukocyte count and does not affect DNA synthesis.
o Metabolism. The drug is extensively metabolized, and <1% is excreted in the urine as unaltered drug.
*  Toxicity. Adverse effects are treated symptomatically and usually abate on continuation of therapy. Cardiovascular
complications that occur are usually related to underlying diseases.
o  Dose-limiting. Thrombocytopenia
o Common. Headache (45%), palpitations, tachycardia, fluid retention, diarrhea, bloating, abdominal pain,
asthenia, dizziness
o  Occasional. Nausea, vomiting, other GI disturbances; dyspnea, paresthesia, rash, pruritus, fever.
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*  Administration. Platelet counts should be monitored every 2 to 7 days until maintenance dosage is attained.
Propranolol can be helpful for induced arrhythmias.
o  Supplied as 0.5- and 1-mg capsules
o Dose modification. None for renal dysfunction. Avoid the drug in patients with severe hepatic impairment;
reduce dose for patients with moderate hepatic impairment.
o Dose. Start at 0.5 mg q.i.d. or 1 mg b.i.d. PO; increase dosage weekly by 0.5 mg/day until the desired
platelet count is achieved. Maximum recommended dosages are 10 mg/day or 2.5 mg/dose.

B. Asparaginase
(L-asparaginase, Elspar)

*  Indication. Acute lymphoblastic leukemia
e  Pharmacology. The drug is purified from Escherichia coli and/or Erwinia chrysanthemi
o  Mechanism. This enzyme hydrolyzes asparagine into aspartic acid and, to a lesser extent, glutamine into
glutamic acid. Leads to inhibition of protein synthesis. Kills cells that cannot synthesize asparagine by
destroying extracellular asparagine stores. Cell cycle—specific for postmitotic G' phase.
o Metabolism. Plasma half-life (8 to 30 hours) is independent of dose. Metabolism is independent of hepatic
and renal function. Only trace amounts are recovered in urine.
*  Toxicity
o Dose-limiting. Allergic reactions (including chills, urticaria, skin rashes, fever, laryngeal constriction,
asthma, and anaphylactic shock) are the most frequent. Allergic reactions develop within 1 hour of dosing
and are most likely to occur after several doses are given, particularly if the last dose was given more than 1
month previously and if the drug is administered intravenously rather than intramuscularly. Patients who
respond to Escherichia coli asparaginase but develop allergic reactions may be treated relatively safely with
another source of the enzyme.
o Common
=  Encephalopathy in 25% to 50% of patients. Lethargy, somnolence, and confusion tend to occur
within the first few days of therapy, reverse after completion of therapy, and are rarely a cause for
discontinuing treatment. Hemorrhagic and thrombotic CNS events occur later and are associated
with induced imbalances in the coagulation and fibrinolytic systems.
=  GI: Nausea, anorexia, vomiting (60%)
=  Hepatitis(abnormal LFTs in more than 50% of treated patients, but rarely severe); pancreatitis
(10%).
= Coagulation defects associated with decreased synthesis of clotting factors, especially fibrinogen
and antithrombin III (usually subclinical but may result in thrombosis or pulmonary embolism)
=  Prerenal azotemia (65%); a rise in blood urea nitrogen and blood ammonia levels not evidence of
toxicity.
=  Hyperglycemia
= Interferes with thyroid function tests for up to 1 month, probably due to marked reduction of
thyroxine-binding globulin
o Rare. Myelosuppression, diarrhea, severe renal failure, hyperthermia
*  Administration. Administer a small (2-U) intradermal test dose to check for hypersensitivity, particularly when the
dose is being repeated more than 1 week from the immediately previous dose. Epinephrine (1 mg, 1:1,000),
hydrocortisone (100 mg), and diphenhydramine (50 mg) should be readily available to treat anaphylaxis each time the
drug is given.
o  Supplied as 10,000-1U vials
o Dose modification. None for renal dysfunction. Use with caution for hepatic dysfunction. Contraindicated in
the presence of pancreatitis.
o Dose. Usually administered in combination with vincristine and prednisone at a dose of 6,000 ITU/m* IM
every 3 days for nine doses.
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o  Drug interactions
=  Asparaginase blocks the action of methotrexate and thus rescues the patient from methotrexate
toxicity.
=  Vincristine should be administered 12 to 24 hours before asparaginase, which inhibits the clearance
of that drug.

C. Bortezomib (Velcade)

*  Indication. Multiple myeloma (in patients who have received at least one prior therapy), mantle cell lymphoma
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*  Pharmacology. Bortezomib is a modified dipeptidyl boronic acid.

o Mechanisms. Reversible inhibitor of the chymotrypsin-like activity of the 26S proteasome, which is a large
protein complex that degrades ubiquitinated proteins, which are involved in regulating the intracellular
concentration of specific proteins. Disruption of this pathway affects multiple signaling pathways within the
cell, leading to cell death. Down-regulates the NK-xB pathway, leading to inhibition of cell growth.

o  Metabolism. Metabolized via hepatic P450 enzymes. Elimination is not well characterized.

e Toxicity

o Dose-limiting.  Peripheral neuropathy (predominantly sensory), hematosuppression (especially
thrombocytopenia)

o Common. Fatigue, fever (up to 40%); gastrointestinal (anorexia, nausea, vomiting, diarrhea, constipation).

o Occasional. Orthostatic hypotension (10%); motor neuropathy; congestive heart failure; toxic epidermal
necrolysis.

o Rare. Interstitial pneumonia and acute respiratory distress syndrome

*  Administration

o  Supplied as 3.5-mg vials

o Dose modification. Use with caution with hepatic dysfunction.

o Dose.1.3 mg/m* IV bolus on days 1, 4, 8, and 11 of each 21-day cycle

o  Drug interactions

=  Patients receiving oral hypoglycemics require close monitoring of blood glucose levels.
=  Patients who are concomitantly receiving inhibitors of cytochrome P450 should be closely
monitored for toxicities or reduced efficacy.

D. Denileukin diftitox

(Ontak, DAB**IL-2) is a recombinant fusion protein composed of amino acid sequences of human interleukin-2 (IL-2) and the
enzymatic and translocation domains of diphtheria toxin. This protein binds specifically to the CD25 component of the IL-2
receptor and is then internalized via endocytosis. Cellular protein synthesis is inhibited, and apoptosis occurs on release of
diphtheria toxin into the cytosol.

* Indications. Persistent or recurrent cutaneous T-cell lymphomas whose malignant cells express the CD25 component
of the IL-2 receptor (must be confirmed on tumor biopsy)

e Toxicity

o  Hypersensitivity reactions are observed in nearly 70% of patients within the first 24 hours of infusion.

o Common. A vascular leak syndrome characterized by edema, hypotension, and/or hypoalbuminemia is
usually a self-limited process; mild, transient flulike symptoms; diarrhea, rash.

o  Occasional. Hyperthyroidism; loss of visual acuity, usually with loss of color vision, has been reported and
may be persistent.

*  Administration. Premedicate with nonsteroidal anti-inflammatory agents and antihistamines. Patients should be
monitored closely throughout the entire treatment. Resuscitative medications (epinephrine, corticosteroids) and
equipment should be available at bedside before treatment.

o Supplied as 150-mcg/mL vials
o Dose.9 or 18 mcg/kg/day IV on days 1 to 5 every 21 days
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E. Hexamethylmelamine
(altretamine, Hexalen)

e Indication. Recurrent ovarian carcinoma
e Pharmacology
o  Mechanism is unknown. It structurally resembles an alkylating agent but does not have alkylating agent
activity.
o  Metabolism. Rapidly demethylated and hydroxylated in the liver by the microsomal P450 system. Excreted
in urine and hepatobiliary tract as metabolites.
e Toxicity
o Dose-limiting. Nausea and vomiting, which may worsen with continued therapy
o Common. Myelosuppression (mild) with nadir blood cell counts occurring 3 to 4 weeks after starting
treatment
o Occasional. Neurotoxicity (25%), including paresthesias, hypoesthesia, hyperreflexia, motor weakness,
agitation, confusion, hallucinations, lethargy, depression, coma; abnormal LFTs, flu-like syndrome;
abdominal cramps, diarrhea.
o Rare. Alopecia, skin rashes, cystitis
*  Administration
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o  Supplied as 50-mg capsules
Dose modification. Give cautiously to patients with hepatic dysfunction.
o Dose.200 to 260 mg/m* PO daily in divided doses for 14 to 21 days of a 28-day schedule when recovery
permits
o Drug interactions. Cimetidine may inhibit metabolism. Barbiturates may enhance metabolism. Monamine
oxidase inhibitors may result in severe orthostatic hypotension.

o

F. Interferon-a

(IFN-q)
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Sources. Lymphocytes, macrophages, and other cells
Properties of IFN-a
o Antitumor activity
Antiproliferative activity
Inhibition of angiogenesis
Regulation of differentiation
Interaction with growth factors, oncogenes, other cytokines
Enhancement of tumor-associated antigens
Natural killer (NK) cell activation, cytotoxic T-lymphocyte (CTL) activation, induction of major
histocompatibility complex (MHC) class I
o  Antiviral activity
Clinical uses
o Response rates reported to be 75% to 90% in previously untreated patients: chronic myelogenous leukemia
(chronic phase), hairy cell leukemia, myeloproliferative disorders, cutaneous T-cell lymphomas
o  Response rates reported to be 40% to 50% in low-grade lymphomas, multiple myeloma
o Condylomata acuminata, chronic granulomatous disease, hepatitis C, adjuvant therapy for melanoma
Dose. A wide range of doses and schedules have been used, depending on the condition (from 2- to 10- to 36-million
U/m? are given SC for 3 to 7 days weekly).
Toxicities(depend on dose and schedule). Flulike symptoms (75% to 100%) may be dose-limiting, develop in 1 to 2
hours, and peak 4 to 8 hours after injection. Malaise, headache, rashes (40% to 50%), GI symptoms (20% to 40%),
elevated LFTs (30%); mild leukopenia or thrombocytopenia; neurological symptoms, depression, chronic fatigue (can
be dose-limiting).
Supplied as recombinant forms
o IFN-o02a (Roferon-A): 3-, 6-, 18-, and 36-million U/mL vials
o IFN-02b (Intron-A): 3-, 5-, 18-, and 50-million U/mL vials

O O O O O O

G. Interleukins

IL-2 plays a major role in immune regulation. The primary action of IL-2 is to stimulate growth of activated T cells that bear
IL-2 receptors. The binding of antigen in conjunction with IL-1 stimulates T cells to release IL-2, which signals further
lymphocyte mitogenesis.

Clinical uses. Approved by the Food and Drug Administration for the treatment of metastatic renal cell carcinoma and
melanoma
Dose. Up to 75% of patients develop anti-IL-2 antibodies

o High-dose regimens administer 600,000 to 720,000 IU/kg every 8 hours for 5 consecutive days for two
cycles separated by 7 to 10 days. The course of treatment is repeated for patients who respond.

o Low-dose regimens are being investigated. An example for renal cell carcinoma is 6 million U/m? by
continuous IV infusion (via 48-hour cassettes) for 4 days weekly for 4 weeks in conjunction with IFN-a, 6
million U/m? given SC twice weekly.

Toxicity. High-dose therapy with IL-2 is highly toxic; it induces vascular permeability and promotes secretion of
other lymphokines (such as IFN-y) with their own sets of toxicities. These developments result in fluid retention and
interstitial edema in several organ systems that appear to be reversible after administration of IL-2 ceases.

Supplied as recombinant IL-2 (aldesleukin, Proleukin) in 22-million IU vials

Drug interactions

o Corticosteroids decrease the antitumor activity of IL-2.

o Nonsteroidal anti-inflammatory drugs may enhance the capillary leak syndrome observed with IL-2.

o Antihypertensives should be stopped at least 24 hours before IL-2 treatment because of IL-2 potentiating the
antihypertensive effect.

H. Lenalidomide
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(Revlimid)

¢ Indications. Myeloma; myelodysplastic syndrome (MDS) with deletion 5q abnormality
e Pharmacology
o Mechanisms. Lenalidomide is a thalidomide analogue with immunomodulatory, antiangiogenic, and
antineoplastic properties.
o  Metabolism. The majority of the drug is excreted unchanged in the urine.
*  Toxicity. Lenalidomide is an analogue of thalidomide, which is a known human teratogen that causes life-threatening
human birth defects.
o  Dose-limiting. Neutropenia and thrombocytopenia
o Common. Diarrhea, other gastrointestinal disturbances, rash, pruritus, fatigue
o Occasional. Deep vein thrombosis and pulmonary embolism, fever, myalgia/arthralgias, dizziness, headache.
Be observant for episodes of thromboembolism based on the experience with thalidomide.
*  Administration. The capsules are taken with water and should not be opened, broken, or chewed.
o  Supplied as 5-mg, 10-mg, 15-mg, and 25-mg capsules
o Dose modification. Use with extreme caution or avoid the drug in patients with impaired renal function.
o Dose. For MDS, the starting dose is 10 mg daily. For myeloma, the starting dose is 25 mg daily for 21 days
of each 28-day cycle.

1. Retinoic acid receptor (RAR) inhibitors

*  Bexarotene(Targretin)
o Indication. Cutaneous T-cell lymphoma (CTCL) that is refractory to at least one prior systemic therapy
o  Pharmacology
=  Mechanisms. Selectively binds and activates retinoic X receptors (RXRs), which form
heterodimers with various other receptors, including RARs, vitamin D receptors, and thyroid
receptors. The activated receptors function as transcription factors, which then regulate the
expression
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of various genes involved in controlling cell differentiation, growth, and proliferation.

=  Metabolism. Extensively metabolized by the hepatic P450 microsomal system to both active and
inactive metabolites. Primarily eliminated through the hepatobiliary system and in feces.
o  Toxicity
=  Photosensitivity, rash, dry skin
=  Hypothyroidism (50% of patients), hypoglycemia, hypertriglyceridemia, hypercholesterolemia
= QOcular problems: retinal complications, cataracts, xerophthalmia, conjunctivitis, blepharitis
=  Headache, asthenia
o  Administration. Patients should avoid exposure to sunlight and should be advised to limit vitamin A
supplementation to <1,500 IU/day to avoid potential additive toxic effects.
=  Supplied as 75-mg capsules
=  Dose modification. Use with caution in patients with liver dysfunction, diabetes (particularly those
on hypoglycemic agents), or lipid disorders.
*  Dose.300 mg/m® PO daily with food as a single dose
=  Drug interactions. Use with caution in patients who are also taking drugs that inhibit or induce the
cytochrome P450 system, such as phenytoin, phenobarbital, and rifampin (see Section VI.A).
Avoid concurrent administration of gemfibrozil (Lopid), which inhibits metabolism of bexarotene.
*  Tretinoin(All-Trans-Retinoic Acid, ATRA, Vesanoid)
o Indication. Acute promyelocytic leukemia
o Pharmacology
= Mechanisms. On entry into cells, tretinoin binds to cellular retinoic acid binding protein, and this
complex is transported to the nucleus, where it binds to RARs and/or RXRs. This process induces
differentiation of acute promyelocytic cells to normal myelocytes and induces apoptosis by
mechanisms that have not been fully elucidated.
= Metabolism. Extensively metabolized by the hepatic P450 microsomal system. Excreted both in
urine and in feces.
o Toxicity
= Vitamin A toxicity(nearly all patients): headache (which improves after the first week), fever,
dryness of skin and mucous membranes, skin rash, mucositis, conjunctivitis, and peripheral edema
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o

J. Suramin

4 Cancer Chemotherapeutic Agents

=  Retinoic acid syndrome(25% of patients): Fever, leukocytosis, dyspnea, weight gain, diffuse
pulmonary infiltrates, and pleural and/or pericardial effusions. The syndrome usually occurs during
the first month of therapy and can be dose-limiting. Development of manifestations of the
syndrome mandates discontinuance of the drug and treatment with dexamethasone (10 mg IV q12h
for 3 days or until the syndrome has completely resolved). Therapy can be resumed in most cases
once the syndrome has completely resolved.

=  Other common events. Hypercholesterolemia (60%), gastrointestinal symptoms, elevations of
serum transaminase and alkaline phosphatase levels (50%), ear discomfort (25%)

=  Uncommon events. Cardiac ischemia, stroke, myocarditis, pericarditis, pulmonary hypertension;
central nervous system toxicity in various forms; renal dysfunction.

Administration. Monitor patients closely for retinoic acid syndrome during the first month of therapy.

=  Supplied as 10-mg capsules

= Dose modification. Use with caution in patients who have pre-existing hypertriglyceridemia,
diabetes mellitus, obesity, or alcoholism.

*  Dose.45 mg/m® PO divided in two daily doses for 45 to 90 days
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=  Drug interaction. Use with caution in patients who are also taking drugs that inhibit or induce the
cytochrome P450 system.

*  Indication. Investigational agent for prostate cancer
*  Pharmacology

O

O

Mechanism. Suramin is a glycosaminoglycan, an antitrypanosomal agent. Antitumor activity may be related
to binding to growth factors and to other mechanisms.

Metabolism. Totally bound to plasma proteins; nearly all is excreted in the urine, with an elimination half-
life of 40 to 50 days.

*  Toxicity. Life-threatening toxicities can usually be avoided by keeping the plasma concentrations <300 mcg/mL.

O

o

o

Dose-limiting. Thrombocytopenia

Neurotoxicity. Paresthesias, polyradiculoneuropathy (muscle weakness progressing to generalized flaccid
paralysis)

Other. Leukopenia (mild), elevated clotting times, bleeding; adrenocortical insufficiency, hypocalcemia;
nausea, vomiting, abnormal LFTs, metallic taste; nephrotoxicity; keratopathy, photophobia, blurred vision;
fever, transient erythematous rash, pruritus.

¢ Administration

O
O

Supplied as 1-g vials
Dose.350 mg/m*/day as a continuous IV infusion until plasma level reaches 250 to 300 mcg/mL, then
variable dosing schedules are used

K. Temsirolimus (Torisel)

¢ Indications. Advanced renal cell carcinoma
e Pharmacology

O

o

e Toxicity

o
)

o

Mechanisms. Inhibitor of mTOR (mammalian target of rapamycin) that controls cell division, resulting in
growth arrest in the G' phase of the cell cycle and reduced levels of hypoxia-inducible factors (HIF-1 and
HIF-2) and of VEGF.

Metabolism. Extensively metabolized via the cytochrome P450 3A4 hepatic microsomal pathway into
metabolites, including sirolimus (the principle active metabolite). Elimination is primarily through the feces.

Dose-limiting. Hypersensitivity reactions or end-organ damage (see below).

Common. Rash, asthenia, mucositis, edema, anorexia; delayed wound healing; anemia, thrombocytopenia;
hyperglycemia, hyperlipidemia, hypophosphatemia, elevated serum alkaline phosphatase and/or AST.
Occasional. Interstitial lung disease, bowel perforation, renal failure, chest pain, intracerebral hemorrhage
(with brain metastasis or anticoagulant therapy)

*  Administration. Premedicate with 35 to 50 mg diphenhydramine IV.

O

O
)
©)

Supplied as 25 mg/mL vial plus diluent

Dose modification. Consider dose modification with concomitant use of other drugs affecting CYP3A4.
Dose.25 mg IV over 30 to 60 minutes weekly

Drug interactions. Consider dose modification with concomitant use of other drugs affecting CYP3A4 (see
VLA).
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L. Thalidomide
(Thalomid)

Indications. Myeloma; myelodysplastic syndromes; being investigated in a wide variety of malignancies and
hematologic disorders.
Pharmacology

o  Mechanisms. Incompletely understood; inhibits TNF-a, down-modulates certain surface adhesion molecules,

may exert an antiangiogenic effect.

o  Metabolism. Not well defined
Toxicity. Thalidomide’s teratogenic effect is its most serious toxicity. All women of childbearing age should have a
baseline f-human chorionic gonadotrophin before starting therapy with thalidomide. Women should practice two
forms
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of birth control throughout treatment: one highly effective form (intrauterine device, hormonal contraception,
partner’s vasectomy) and one additional barrier method. Men taking the drug must use latex condoms for every sexual
encounter with a woman of childbearing potential because the drug may be in the semen.

o Dose-limiting. Neurological side effects, including fatigue, sedation, orthostatic hypotension, dizziness,
peripheral neuropathy, thrombophlebitis

o Common. Constipation, skin rash (maculopapular or urticarial)

o  Occasional. Stevens-Johnson syndrome has been reported.

Administration

o Supplied as 50-, 100-, and 200-mg capsules

o Dose modification. Therapy should be discontinued if a rash develops and can be restarted with caution if
the rash was not suggestive of a serious skin condition.

o Dose.100 to 400 mg PO at bedtime for myeloma (up to 1,200 mg have been used)

IX. Hormonal agents
A. Adrenocorticosteroids

Indications. Broad variety of oncological problems that include the following:
o  Component of combination chemotherapy regimens
Symptomatic lymphangitic lung carcinomatosis; bronchial obstruction by tumor.
Symptomatic brain metastases with or without cerebral edema; spinal cord compression.
Painful liver metastases
Immune-mediated cytopenias
Prevention of chemotherapy-induced vomiting
o  Appetite stimulant and mood elevator in patients with far-advanced cancer

O O O O O

Toxicity and side effects(usually associated with long-term therapy)
o Peptic ulcer disease
Sodium retention (edema, heart failure, hypertension)
Potassium wasting (hypokalemia, alkalosis, muscle weakness)
Glucose intolerance, accumulation of fat on trunk and face, weight gain
Proximal myopathy
Personality changes, including euphoria and psychosis
Osteoporosis, aseptic hip necrosis
Thinning and fragility of the skin
Suppression of the pituitary—adrenal axis
o Susceptibility to infection
Administration. Patients receiving high doses of corticosteroids are given prophylactic oral antacid therapy.
Methylprednisolone is preferred for patients with severe hepatic dysfunction. Dexamethasone is preferred for
peritumoral edema. These drugs are supplied in a wide variety of dosages, as follows:
o Prednisone:1.0-, 2.5-, 5.0-, 10-, 20-, 25-, and 50-mg tablets and 1- and 5-mg/mL oral solutions
o  Methylprednisolone:2-, 4-, 8-, 16-, 24-, and 32-mg tablets
o Dexamethasone:0.25-, 0.5-, 0.75-, 1.0-, 1.5-, 2.0-, 4.0-, and 6.0-mg tablets and 0.5 to 1.0 mg/mL elixir

O O O O O O O O

B. Adrenal inhibitors: Mitotane
(0,p’-DDD, Lysodren)

Indications. Adrenal carcinoma, ectopic Cushing syndrome
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Pharmacology
o  Mechanism. Causes adrenal cortical atrophy; the exact mechanism is unknown. Blocks adrenocorticosteroid
synthesis in normal and malignant cells. Aldosterone synthesis is not affected.
o Metabolism. Degraded slowly in the liver and extensively distributed in fatty tissues. Its action is

antagonized by spironolactone; the two drugs should not be administered together. Metabolites are excreted
in the bile and urine.
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Toxicity

o Dose-limiting. Nausea and vomiting; adrenocortical insufficiency.

o Common. Diarrhea, depression, lethargy, maculopapular rash

o Occasional. Orthostatic hypotension; abnormal LFTs; irritability, confusion, tremors; diplopia, retinopathy,

lens opacity; myalgia; hemorrhagic cystitis, fever.

Administration. Plasma cortisol levels should be monitored periodically to assess the effectiveness of treatment and
the possible development of adrenal insufficiency. Glucocorticoid and mineralocorticoid replacement therapy may be
necessary.

o  Supplied as 500-mg tablets

o  Dose modification. Reduce dose for patients with hepatic impairment.
o Dose.2 to 10 g PO daily in three or four divided doses

o Drug interactions

= Warfarin doses usually have to be increased when mitotane is given.
=  Mitotane alters the liver’s P450 system and thus may affect the levels of other drugs that are
metabolized by this system.

C. Androgens

Indications. Breast carcinoma, short-range anabolic effect, stimulation of erythropoiesis
Toxicity and side effects vary among preparations. Virilization, fluid retention, and hepatotoxicity, which is
characterized by abnormal LFTs or cholestasis and is usually reversible, are frequent with certain preparations. May
cause hypercalcemia in immobilized patients.
Administration. Use with caution in patients with cardiac, hepatic, or renal disease.
o Fluoxymesterone(Halotestin and others): 10 to 40 mg/day in two to four divided doses (supplied as 2-, 5-,
and 10-mg tablets)
o  Methyltestosterone(Android and others): 50 to 200 mg/day in two or three divided doses (supplied as 10-
and 25-mg tablets)

D. Antiandrogens
(bicalutamide, flutamide, nilutamide)

Indications. Prostate cancer in combination with medical therapy or orchiectomy that reduces testicular but not
adrenal androgen production

Pharmacology. Nonsteroidal antiandrogens bind to cytosol androgen receptors and competitively inhibit the uptake or
binding of androgens in target tissues. The drugs are almost totally metabolized.

Toxicity(may be contributed to by the combined therapeutic component)

o  Common. Impotence, gynecomastia, and other manifestations of hypogonadism; diarrhea.

o Occasional. Nausea and vomiting, myalgia, depression; mild hypertension or pulmonary disorder
(bicalutamide, nilutamide).

o Rare. Hepatitis, including cholestatic jaundice (all three), hemolytic anemia or methemoglobinemia
(flutamide), iron-deficiency anemia (bicalutamide), interstitial pneumonitis, or visual disturbances
(nilutamide)

Administration. Usually given in combination with luteinizing hormone-releasing hormone (LHRH) agonist analogs.
Use with caution in patients with hepatic dysfunction.

o Bicalutamide(Casodex): 50 mg PO once daily (supplied as 50-mg tablets)

o  Flutamide(Eulexin): 250 mg t.i.d. PO (supplied as 125-mg capsules)

o Nilutamide(Nilandron): 300 mg once daily PO for 30 days, then 150 mg daily (supplied as 50-mg tablets)

E. Estrogens
[diethylstilbestrol (DES)]

Indication. Breast carcinoma
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*  Toxicity. Nausea, uterine bleeding; hypercalcemic “flare”; thromboembolic disorders; abnormal LFTs, cholestatic
jaundice (rare); chloasma, optic neuritis, retinal thrombosis; rash, pruritus; fluid retention, hypertension, headache,
dizziness, hypertriglyceridemia.
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¢ Administration
o Supplied as 0.25-, 0.5-, 1.0-, and 5.0-mg tablets
o Dose.1 to 15 mg PO daily in divided doses

F. Antiestrogens
(tamoxifen, toremifene, fulvestrant)

e Indication. Breast carcinoma

*  Pharmacology. Tamoxifen and toremifene are nonsteroidal agents that bind to estrogen receptors and may exert
antiestrogenic, estrogenic, or both activities. Fulvestrant is an estrogen receptor antagonist without known agonist
effects.

*  Toxicity(derived from tamoxifen, which is associated with the largest experience)

o Common. Hot flashes, menstrual changes, vaginal discharge, uterine bleeding; lowered serum cholesterol
(especially low-density cholesterol); thrombocytopenia (mild and transient).

o Occasional. Retinopathy or keratopathy (reversible), cataracts; leukopenia, anemia; nausea, vomiting; hair
loss (mild), rash; “flare” in first month of therapy of patients with bone metastases; thrombophlebitis or
thromboembolism, particularly in patients with cofactors for thrombosis (e.g., inheritance of factor V
Leiden).

o Rare. Abnormal LFTs; altered mental state; slightly increased occurrence of endometrial adenocarcinoma on
prolonged use.

o Toxicity of fulvestrant includes transient pain at injection site, gastrointestinal symptoms, headache, back
pain, and vasodilatation.

e Administration

o Tamoxifen(Nolvadex): 20 mg PO once daily (supplied as 10- and 20-mg tablets)

o  Toremifene(Fareston): 60 mg PO once daily (supplied as 60-mg tablets)

o  Fulvestrant(Faslodex): 250 mg IM as a 5-mL solution monthly

G. Aromatase inhibitors
(anastrozole, letrozole, exemestane, aminoglutethimide)

* Indication. Breast cancer in postmenopausal women
e Pharmacology. These nonsteroidal inhibitors interfere with aromatase, the enzyme that converts androgens from the
adrenals and peripheral tissues to estrogens. Anastrozole and letrozole are competitive inhibitors, whereas exemestane
permanently binds to and irreversibly inactivates aromatase. None of these agents inhibit adrenal corticosteroid or
aldosterone biosynthesis. All are significantly more potent inhibitors of aromatase than aminoglutethimide (Cytadren),
which also inhibits corticosteroid or aldosterone biosynthesis, requires q.i.d. dosing with hydrocortisone, is more toxic
than the newer alternatives, and is no longer recommended.
*  Toxicity. Antiestrogen effects, peripheral edema, thromboembolism, osteopenia, vaginal bleeding
* Dose
o  Anastrozole(Arimidex): 1 mg PO daily (supplied as 1-mg tablets)
o Letrozole(Femara): 2.5 mg PO daily (supplied as 2.5-mg tablets)
o Exemestane(Aromasin): 25 mg PO daily (supplied as 25-mg tablets)

H. Luteinizing hormone-releasing hormone (LHRH) agonists

* Indications. Prostate and breast cancer
e Pharmacology. LHRH agonist analogs decrease serum levels of luteinizing hormone and follicle-stimulating hormone
and result in castration levels of testosterone in men and of estradiol in women within 2 weeks of treatment.
*  Toxicity and side effects
o Common. Hot flashes, decreased libido; impotence and gynecomastia in men; amenorrhea and uterine
bleeding in women.
o  Occasional. Hypercholesterolemia, local discomfort at site of injection
o Rare. GI upset, rash, hypertension, azotemia, headache, depression
e  Administration
o Leuprolide(Lupron)
=  Supplied as 7.5-, 22.5-, and 30-mg vials
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=  Dose.7.5-,22.5-, or 30-mg IM every 1, 3, or 4 months, respectively
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o Goserelin (Zoladex)
=  Supplied as 3.6- and 10.8-mg pellets in prefilled syringe
=  Dose.3.6 mg SC monthly or 10.8 mg every 3 months

I. Progestins

* Indications. Endometrial and breast carcinomas; or as an appetite stimulant in malignant cachexia; or for hot flashes in
patients with breast carcinoma.
*  Toxicity and side effects
o  Menstrual changes, uterine bleeding, hot flashes, gynecomastia, galactorrhea
o  Fluid retention, thrombophlebitis, thromboembolism
o Nervousness, somnolence, depression, headache
*  Administration
o  Medroxyprogesterone acetate injectable(Depo-Provera)
=  Supplied as vials containing 150 or 400 mg/mL
=  Dose for hot flashes,150 mg IM every 3 months
=  Dose for endometrial carcinoma.l g IM weekly for six doses, then monthly
o  Megestrol (Megace)
= Supplied as 20- and 40-mg tablets and 40 mg/mL suspension
=  Dose for breast cancer.40 mg PO q.i.d.
=  Dose for endometrial cancer.20 to 80 mg q.i.d.
=  Dose for appetite stimulation.400 to 800 mg PO daily as a single dose

X. Cytoprotective agents
A. Amifostine
(Ethyol)

* Indications. Protection against cumulative nephrotoxicity from cisplatin-based therapies. Reduction of xerostomia in
patients undergoing postoperative radiation therapy for head and neck cancer.
*  Pharmacology
o Mechanisms. It is a prodrug that is dephosphorylated in tissues to an active free thiol metabolite that acts as
a potent scavenger of oxygen free radicals and superoxide anions to inactivate the reactive species of
cisplatin and radiation.
o Metabolism. Rapidly metabolized to an active free thiol metabolite, which is further converted to a less
active disulfide metabolite. The estimated plasma half-life is 8 minutes.
e Toxicity
o  Dose-limiting. Hypotension (>60% of patients) is treated with fluid infusion and changes in posture.
o Common. Hypotension, nausea, and vomiting
o  Occasional. Hypocalcemia, hiccups; infusion-related reaction with flushing, chills, dizziness, somnolence,
and sneezing.
o Rare. Transient loss of consciousness, allergic reaction
*  Administration. Patients should be well hydrated before amifostine is administered. Antiemetics, including
dexamethasone and a serotonin receptor antagonist, should be administered before amifostine.
o  Supplied as 500-mg vials
o  Dose modification. The infusion should be interrupted if systolic blood pressure decreases significantly.
o Dose.
" 910 mg/m* over 15 minutes, starting 30 minutes before chemotherapy (740 mg/m? if hypotension
does not correct itself 5 minutes after interrupting the infusion)
* 200 mg/m* once daily 15 to 30 minutes before radiation therapy
o Drug interactions. Drugs that could potentiate hypotension should not be administered in conjunction with
amifostine.

B. Dexrazoxane
(Zinecard, Totect)

* Indications. Zinecard is approved to reduce the incidence and severity of anthracycline cardiotoxicity. Totect is
approved as an orphan drug to treat anthracycline extravasation.
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Pharmacology. The drug is converted to a chelating agent that interferes with iron-mediated free-radical generation
that is thought to be responsible, in part, for anthracycline-induced cardiomyopathy.
Toxicity. Added myelosuppression that is usually mild and reversible; pain at injection site.
Administration
o Cardioprotectant dose. The Zinecard dose is 10 times the doxorubicin dose, which is given within 30
minutes of starting dexrazoxane. This drug can be begun when the patient has received 300 mg/m? of
doxorubicin and is expected to be continued on that therapy.
o  Extravasation dose. Totect should be given within 6 hours of extravasation at a dose of 1,000 mg/m* every
24 hours twice, then 500 mg/m?* 24 hours later once (maximum body surface area is 2 m?).
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I. Pain

A. Barriers to optimal pain control

Pain is one of the most common and dreaded symptoms associated with cancer. Its prevalence ranges from 30% to 40% in
those getting active therapy to nearly 90% of those with advanced cancer. Uncontrolled pain precludes a satisfactory quality of
life. However, advances in pain management techniques have made it possible to control pain in most cancer patients. Barriers
that exist to the achievement of optimal analgesia can be divided into patient, physician, and institutional components.

e Patient-related barriers include

o

O O O

O

Reluctance to report pain (because of concerns about distracting physicians from treatment of the cancer and
fears that pain means that the disease is worse)

Reluctance to follow recommendations (because of concerns about developing tolerance to analgesics)

Fear of addiction (or being thought of as an addict)

Worries about side effects (and the ability to manage them)

Fear of disease progression, injections, and a belief that pain must be accepted

*  Physician barriers include

O
O

Failure to appreciate the severity of pain
Knowledge deficit regarding specific treatment for pain (physicians largely underdose patients because of
excessive concern about the dose and side effects of narcotics and fear of patient addiction)

e Institutional barriers for optimal pain management include

)
©)
O

Lack of commitment to make pain treatment a priority
Lack of resources
Lack of use of instruments for pain assessment

B. Assessment of pain in cancer patients

Pain is a nonspecific symptom that can result from unrelated benign diseases, effects of treatment, paraneoplastic syndromes, or
the direct mechanical effects of the cancer. Pain determined to result from direct mechanical effects of a cancer must be
assessed in terms of whether the underlying disease can be treated to relieve the pain. To provide effective pain treatment, an
appropriate differential diagnosis must be determined.

*  The following steps should be done in the assessment of cancer pain:

O
[©)

O O O O O O O O
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Believe the patient’s complaint

Take a history of the pain, which should include the site, quality, onset, exacerbating and relieving features,
associated symptoms, impact on quality of life and psychological state, and response to previous and current
therapies

Assess the pain as acute, chronic, intermittent, incident, or breakthrough

Prioritize each complaint

Assess for previous history of alcohol or drug dependence

Perform medical and neurologic examinations

Consider diagnostic procedures

Treat and assess response to therapy

Individualize therapy

Communicate with the patient via pain intensity scales

*  Patient self-assessment is the most reliable guide to both the cause of the pain and the effectiveness of pain treatment.
A log should be kept to track the times that the pain is worst, the intensity of the pain, the times and doses of pain
medications or other analgesic measures, and the response to these measures.

Numeric rating scales are probably the easiest for patients to use. An example is a pain scale of 0 to 10 (0 is for the
absence of pain and 10 is for the most severe pain imaginable to the patient). The physician uses the information to
adjust dosage and timing of analgesic medications or to change therapy.

e Evaluation for depression is an essential part of pain management. Chronic pain leads to depression, which
progressively lowers the pain threshold and creates a positive-feedback cycle of pain and depression. Solicit
symptoms of depression, including loss of energy, abnormal sleep patterns, loss of appetite, loss of interest, and
decreased ability for cognitive distraction. Some of these symptoms are mistaken for signs of progressive cancer.
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C. Principles of pain management in cancer patients
when the underlying cause cannot be treated effectively

e Ideally, the goal of cancer pain management is complete relief of pain. Even when this is not possible, maximizing
pain control improves overall functioning and quality of life.

*  Pharmacologic step management of cancer pain. The World Health Organization (WHO) has designed a three-step
approach to the systemic management of pain.

Step 1: Patients with mild cancer-related pain can be treated with nonopioid analgesics. These can be combined with
other adjuvant analgesics if necessary.

Step 2: Patients with moderate pain, or those who do not get analgesia with the step 1 agent, can be treated with
opioids such as hydrocodone or oxycodone conjugated to acetaminophen. Tramadol, a weak opioid with effects on
serotonin and norepinephrine uptake, is also a step 2 agent.

Step 3: Patients with severe pain and those who do not get relief with agents appropriate to step 2 should get an opioid
designed for moderate to severe pain. This group includes morphine, hydromorphone, methadone, fentanyl, and
oxycodone. Newer opioids, such as oxymorphone and its long-acting form (Opana), increase the available step 3
options. These can be combined with a nonopioid analgesic or an adjuvant agent. Sometimes it is necessary to go
directly to a step 3 agent.

* Intrathecal analgesics are often used when patients develop intolerable adverse effects to oral opioids or experience
inadequate pain relief.

*  Blocks and neurosurgical procedures (see section 1.1.3)

*  Localized pharmacologic analgesics and nonpharmacologic interventions for pain, although not commonly required,
are an important part of the armamentarium for pain control. These range from injections of glucocorticoid-lidocaine
into isolated painful soft tissue areas to nerve blocks involving ganglia, such as the celiac or hypogastric plexus.

*  Placebos are never indicated for the treatment of cancer pain unless the patient is enrolled in a clinical trial in pain
management.

*  Physical dependence and tolerance are common side effects of prolonged use of opiate analgesics in cancer patients.
Terminology is as follows:

o Tolerance is the need to increase the dose to maintain the same effect. Pharmacologically this is a rightward
shift in the dose response curve.

o Physical dependence is the state where continued administration is necessary to prevent the onset of
withdrawal symptoms.

o Psychological dependence describes compulsive drug-seeking behavior and overwhelming involvement with
drug procurement and use.

o Pseudoaddiction is when the patient with unrelieved pain develops what appears to be drug-seeking behavior
to relieve that pain.
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e Ineffective analgesia is administered because of the barriers to optimal pain control (section I.A), or persistent pain
may mean that the underlying cancer is progressing.

e  Certain analgesics should be avoided. Analgesics with mixed agonist and antagonist properties, such as pentazocine
(Talwin), should not be used. Likewise, meperidine (Demerol) should not be used because it is not potent, and a risk
exists of metabolite accumulation in the setting of renal insufficiency.

D. Nonnarcotic analgesics
particularly nonsteroidal anti-inflammatory drugs (NSAID)

*  Acetaminophen(AMP, paracetamol, Tylenol and others). As with aspirin, AMP is an antipyretic. Unlike aspirin, AMP
has no anti-inflammatory or antiplatelet actions. The starting dose is 650 mg PO q.i.d. and the maximum is 4,000 mg/
day.

e Salicylates

o  Aspirin(ASA, acetylsalicylic acid) is the standard against which other NSAIDs are compared. This analgesic
is significantly more effective than placebo in patients with pain from cancer. Aspirin should not be used in
patients with a history of the syndrome of nasal polyps and asthma, gastritis, peptic ulcer disease, or
bleeding diathesis (including severe thrombocytopenia or concomitant use of anticoagulants). Aspirin can
inhibit platelet aggregation for 1 week or more.
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o  Choline magnesium trisalicylate(Trilisate) is believed to have less gastrointestinal (GI) toxicity than other
NSAIDs and no antiplatelet effect, but does have anti-inflammatory properties. The starting dose is 1,500
mg PO once, then 1,000 mg b.i.d. This drug is useful in patients with thrombocytopenia.

*  Cyclo-oxygenase (COX) inhibitors can be useful in the treatment of bony metastasis, paraneoplastic fever, and
paraneoplastic periosteitis. They are divided into nonselective COX-1 and selective COX-2 inhibitors. COX-1 is
present in most tissues, helps maintain gastric mucosa, and influences kidney and platelet function. COX-2 is induced
in response to injury and is involved in the inflammatory cascade.

The nonselective inhibitors can cause gastric ulcers and GI bleeding as well as reversibly affect platelet function. The
selective COX-2 inhibitors have relatively reduced the risk of GI toxicity and reduced antiplatelet effect associated
with their use. NSAID-induced ulcer disease may be reduced by the coadministration of H? blockers or proton pump
inhibitors such as omeprazole (Prilosec, 20 mg PO daily). Misoprostol (Cytotec), 100 mcg PO q.i.d. can also
ameliorate the GI side effects.

o Nonselective NSAID that are useful orally include
=  Jbuprofen, 200 to 800 mg q.i.d. PO
= Naproxen (Naprosyn), 250 to 750 mg b.i.d. PO
= Ketoprofen (Orudis), 50 mg q.i.d. PO
= Oxaprozin (Daypro), 600 to 1,200 mg daily PO
=  Indomethacin (Indocin), 25 to 75 mg t.i.d. PO
=  Sulindac (Clinoril), 150 to 200 mg b.i.d. PO
= Diclofenac (Voltaren), 50 to 75 mg b.i.d. to t.i.d. PO
=  Piroxicam (Feldene), 10 to 20 mg daily PO
=  Nabumetone (Relafen), 500 to 1,000 mg b.i.d. PO
=  FEtodolac (Lodine), 400 to 600 mg b.i.d. PO
o Selective COX-2 inhibitors. include
= Celecoxib (Celebrex), 100 to 200 mg once or twice daily PO
=  Rofecoxib (Vioxx), 50 mg daily PO
=  Meloxicam (Mobic), 7.5 mg once or twice daily PO
o Ketorolac(Toradol) is an NSAID available in IM and IV forms. The dose is 30 mg IM or IV once, then 15
mg q6h (not to exceed 5 days).

E. Adjuvant drugs for cancer pain management

*  Corticosteroids are indicated in refractory neuropathic pain, bone pain, pain associated with capsular distension
(painful hepatomegaly), duct obstruction,
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headache associated with central nervous system (CNS) metastasis, bowel obstruction, and ascites. The dose in these
conditions is largely empiric.

* Bisphosphonate infusion every 4 weeks is the treatment of choice for bone pain and fracture prevention from
osteolytic lesions of multiple myeloma. It may also be helpful in controlling bone pain in up to 25% of patients with
breast cancer or prostate cancer. Either pamidronate (Aredia, 90 mg IV over 3 hours) or zoledronate (Zometa, 4 mg IV
over 15 minutes) can be used.

*  Anxiolytic agents

o Benzodiazepines. Anxious or agitated patients often perceive anxiety as a painful sensation. Diazepam
(Valium), alprazolam (Xanax), or lorazepam (Ativan) may be used if narcotic analgesics alone are not
effective. These drugs should be avoided in patients with dementia and may produce paradoxical agitated,
confusional states in some patients. They may interact with opioids to produce increased somnolence and
thus they are looked for first when patients on opioids already develop “opioid” adverse effects, such as
increased sedation.

o Antihistamines, such as hydroxyzine (Atarax, Marax), 25 to 100 mg PO q.i.d., may be useful in the anxious
patient as a mild anxiolytic agent with sedating, analgesic, antipruritic, and antiemetic properties.

o Pain can be associated with increased delirium. Patients with dementia can become agitated and confused
when they develop pain. These patients often benefit from a regimen of haloperidol (Haldol), 1 to 3 mg/day,
with analgesics. This drug can cause extrapyramidal symptoms, such as Parkinson-like syndromes,
torticollis, and swallowing problems. Diphenhydramine (Benadryl) and benztropine mesylate (Cogentin)
rapidly reverse extrapyramidal symptoms. Another option in the demented patient who has delirium is to use
the newer atypical antipsychotics, such a quetiapine (Seroquel), which have a more favorable side effect
profile, at least when it comes to extrapyramidal symptoms.
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F. Neuropathic pain syndromes
particularly if the pain is lancinating or burning, can often be treated with anticonvulsant drugs alone or in combination with
tricyclic antidepressants. These drug combinations are often effective in treatment of peripheral neuralgias, postherpetic
neuralgia, and tic douloureux. Gabapentin is considered to be the first-line agent in the treatment of neuropathic pain. Typical
doses are as follows:

*  Antiseizure drugs used for neuropathic pain
o  Gabapentin(Neurontin), starting dose is 300 mg PO at bedtime (h.s.). The maximal dose is 6,000 mg/day
with q.i.d. dosing.
o  Phenytoin(Dilantin), starting dose is 100 mg b.i.d.; titrate upward by 100-mg increments every 3 to 7 days
and monitor for side effects.

o  Carbamazepine(Tegretol), starting dose is 100 mg b.i.d.; titrate to toxic level by 100-mg increments every 3
to 7 days.

o Lamotrigine(Lamictal), 25 mg PO h.s.; increase dose q3d

o Topiramate(Topamax), 25 mg PO h.s.; increase dose q3d

o Valproic Acid(Depakote), 200 to 400 mg PO b.i.d. or t.i.d.

o  Antidepressant drugs(see section I.F.2)

*  Antidepressants are useful adjuvant analgesics that provide relief at doses below that needed to treat depression. Trials
suggesting efficacy have been done in patients with postherpetic neuralgia or diabetic neuropathy. There are few clear
studies indicating efficacy in the cancer patient population.

o Tricyclic antidepressants, which may have lost favor to gabapentin as first-line agents, include amitriptyline
(Elavil), desipramine (Norpramin), nortriptyline (Pamelor), doxepin (Sinequan), and imipramine (Tofranil).
These are started at 10 to 25 mg h.s. and titrated upward at 10- to 25-mg increments every 5 to 7 days.

o Selective serotonin reuptake inhibitors (SSRIs) include fluoxetine (Prozac), paroxetine (Paxil), sertraline
(Zoloft), citalopram (Celexa), and fluvoxamine (Luvox). These drugs have performed inconsistently in
neuropathic pain trials.
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o Other antidepressants include venlafaxine (Effexor), bupropion (Wellbutrin), trazodone (Desyrel),
nefazodone (Serzone), and mirtazapine (Remeron). Clinical experience suggests that these agents can be
useful, but no controlled clinical trials have established their utility in the treatment of neuropathic pain.

* o-Adrenergic agonists, such as tizanidine (Zanaflex, 2 mg PO h.s.), may be useful in refractory neuropathic pain but
this is based on clinical experience not controlled trials. These agents are most commonly used intrathecally, along
with opioids and local anesthetics.

*  Systemic local anesthetics

o IV lidocaine. Controlled trials suggest that lidocaine is effective in neuropathy associated with diabetes.
Response occurs at sub—anti-arrhythmic doses but lasts only a few hours. Response to IV lidocaine may be
predictive of a subsequent response to mexiletine.

o  Mexiletine(Mexitil) has been found effective in patients with diabetic neuropathy on the basis of controlled
clinical trials. The starting dose is 50 mg t.i.d. PO (taken with meals) with titration upward every 5 to 7 days.

e  Topical agents

o Lidocaine patch, 5%(Lidoderm). Controlled clinical trials showed efficacy in postherpetic neuralgia. Its use
in other conditions is based on anecdotal data. The dose is up to three patches topically (12 hours on and 12
hours off). There are no clinically relevant serum levels.

o Topical capsaicin(Zostrix) depletes substance P and may act as a counterirritant. Results in trials are mixed
for peripheral neuropathy and pain may actually worsen. It is not recommended.

o Topical opioids are often used for painful ulcerations. Methadone and morphine can be compounded into
topical preparations.

G. Opioids

alter the unpleasant emotional experience associated with pain and provide pain relief through the interaction with specific
opioid receptors. The only significant differences among the various opioids are duration of action and the dose needed to
produce the same analgesic effect.

The best agents are the pure agonists. Agonists or antagonists, such as pentazocine (Talwin), are not effective and should not be
used. Meperidine likewise should not be used because it is not potent and its metabolites accumulate in the setting of renal
insufficiency. Methadone is being used more often because research has suggested that it works on other receptors involved in
pain perception.

No “ceiling” to opioid doses exists. Doses can be escalated to provide analgesia as long as there are no unacceptable toxicities.
Ineffectiveness observed while using opioids usually indicates underdosing; the analgesic effect and the duration of that effect
increase as the dose is increased. Ineffectiveness may also reflect progression of the underlying disease.
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Opioids for mild to moderate pain: short-acting opioids(WHO step 2; there are no step 1 opioids)
o Codeine phosphate:60 mg q3—4h PO. Also available as Tylenol #2 (15 mg codeine with AMP), Tylenol #3
(30 mg codeine with AMP), and Tylenol #4 (60 mg codeine with AMP). Do not exceed 4 g/day of AMP.
Codeine is rarely used for analgesia as it is especially susceptible to producing constipation. Codeine is one-
eighth as potent as morphine.
o Hydrocodone bitartrate(with ASA or AMP; Lorcet, Lortab, Vicodin): 10 mg q3—4h PO
o Oxycodone hydrochloride(Roxicodone as single agent or in combination with AMP or ASA as Percocet,
Percodan, Tylox): 5 to 10 mg q3—4h PO
o  Tramadol (Ultram or Ultracet [with AMP]). Maximum dose for cancer pain is 300 mg/day. The immediate
release form is dosed q6h; the extended release form is dosed q12h.
Opioids for moderate to severe pain. Short-acting opioids(WHO steps 2 and 3). Oral immediate release opioids
generally have an onset of action of approximately 1 hour and their duration of effect is approximately 4 hours.
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o  Morphine sulfate (MS), immediate release, is the standard against which all other analgesics are measured.
The starting dose of MS in the opioid-naive patient is 4 to 10 mg q3—4h IV and 15 to 30 mg q3—4h PO. MS
is available as

=  Tablets and capsules (MSIR, immediate release MS): 15 and 30 mg
=  FElixirs (Roxanol): 10 mg/5 mL and 20 mg/mL

=  Rectal suppositories (RMS): 1, 5, 20, and 30 mg

= Injectable: 0.5, 1, 10, and 25 mg/mL concentrations

o  Hydromorphone(Dilaudid). Duration of action is 1 to 2 hours, so dosing interval should be q1-3h. Available

as
= Tablets: 1, 2, 3,4, and 8 mg
=  Elixir: 5 mg/5 mL
= Rectal suppository: 3 mg
= Injectables: 1-, 2-, 3-, 4-, and 10-mg/mL concentrations
o Oxycodone hydrochloride: Considered to be both a step 2 and a step 3 agent. Not available in IV form.
Available as:
= OxylR, Roxicodone: 5-mg tablets and capsules
= Oxyfast: 20-mg/mL elixir
Long-acting opioids are usually started after dose titration (achievement of pain relief with short-acting opioids).
Analgesic onset is in 3 to 4 hours and lasts for 12 hours. No advantage to q8h dosing, but it is often done. To derive
the long-acting opioid dose, divide the total 24-hour immediate-release dose by two. Kadian is the only long-acting
opioid that can be crushed, sprinkled, and put in a feeding tube.
o  Sustained release morphine: Available as
= MS Contin: 15-, 30-, 60-, 100-, and 200-mg tablets
= Oramorph SR: 30-, 60-, and 100-mg tablets
=  Kadian: 20-, 50-, and 100-mg capsules

o  Sustained release oxycodone is available as OxyContin in 10-, 20-, 40-, and 80-mg tablets

o Fentanyl (Duragesic) transdermal patches: available at delivery rates of 25, 50, 75 and 100 mcg/hour.
Therapeutic levels are not reached for 13 to 24 hours. Patches are changed q72h; some patients need the
patch changed q48h. The recommended upward dose titration interval is q72h. A 100-mcg patch is
equivalent to morphine given IV at 4 mg/hour. Another way to convert fentanyl to morphine and vice-versa
is to convert 2 mg of oral morphine for every 1 mcg of fentanyl. Oral transmucosal fentanyl citrate (OTFC)
is available in the form of fentanyl lollipops. They have a rapid onset of action (minutes) and have been
shown to be superior to morphine for “incidental pain.” (See below.)

o Methadone is useful for neuropathic or severe pain. It is also useful when opioids are required in the setting
of renal failure. The N-methyl-D-aspartate (NMDA) blocking ability of the drug reverses opioid tolerance.
Prospective studies have shown that currently available equianalgesic dosing tables are not accurate when
switching from morphine to methadone. The dosing interval should not be less than q8h. The dose may be as
little as 5% to 10% of the MS dose, especially in patients on chronic MS therapy.

o  Oxymorphone. Originally used as rectal form (Numorphan suppository), this drug is now available in oral
form. The immediate release form is unique in that it has a half-life of approximately 6 hours. A long-acting
form is available (Opana). The drug is slightly more potent than morphine (1.2 times),

Side effects of opioids

o Gl effects include constipation, nausea, and vomiting. Define a prophylactic regimen for constipation and for

nausea when the first opioid prescription is written.
=  Constipation is the most common adverse effect of opioids. It is caused by the opioid effect on
motility, as well as decreased pancreatic, biliary,
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gastric, and intestinal secretions. Tolerance to this side effect usually does not occur (see section
IV.A.S).

= Nausea and vomiting caused by opioids is owing to stimulation of the chemoreceptor trigger zone.
Thus, antiemetics with antidopaminergic properties are indicated. Agents such as prochlorperazine
(Compazine), metoclopramide (Reglan), and haloperidol (Haldol) are good choices.

o CNS side effects. Morphine-3-glucuronide is the morphine metabolite implicated in the development of
CNS toxicity. Other manifestations of CNS toxicity include sedation, hallucinations, delirium, and
myoclonus.

=  Sedation is more common in the opioid naive patient. It rarely lasts more than 48 to 72 hours. If
persistent, methylphenidate, 5 mg at 8 AM and at noon, or modafinil 200 mg/day may be useful.

=  Myoclonus (spontaneous jerking movements) can occur in up to 45% of patients. This is an
adverse effect seen with chronic opioid use. Treatment options include opioid dose reduction if
pain is well controlled, opioid rotation if pain is poorly controlled, or adding clonazepam
(Klonopin, 0.5 to 1 mg) or diazepam (Valium, 2 mg) PO q12h.

o Respiratory depression is unusual and usually only occurs in patients who are either having rapid dose
escalation or are in renal failure (due to accumulation of morphine-6-glucuronide). Respiratory depression is
not common because morphine does not have good bioavailability and pain is an antidote to respiratory
depression. Respiratory depression can occur when pain is rapidly reduced, such as after a nerve block, or
after the addition of adjuvant analgesics. It can also occur when MS is given with other CNS depressants.
Treatment is by dose reduction, such as stopping the infusion for 2 hours and then restarting at half the dose,
or holding one or two doses of opioids and then restarting at a lower dose if possible.

o  Other side effects of opioids include

=  Noncardiogenic pulmonary edema occurs with rapid dose escalation and may be related to
capillary permeability changes secondary to opioid release of histamine.

=  Xerostomia is common with concomitant use of antidepressants and anticholinergic agents.
Treatment includes sodium bicarbonate rinses or pilocarpine.

=  Urinary retention is caused by the anticholinergic effects of opioids.

= SIADH (syndrome of inappropriate antidiuretic hormone) can be caused by opioids.

=  Endocrine: hypothyroidism and hypercalcemia potentiate the CNS effects of opioids.

=  Dermatologic: pruritis is more commonly seen with intrathecal opioids

Drug interactions with opioids

o Potentiators of MS effect generally work by interfering with morphine metabolism. These agents include H?
blockers, antidepressants, phenothiazines, and antianxiety agents.

o Agents that decrease MS effect generally induce the metabolism of morphine. These agents include
phenytoin, barbiturates, and rifampin.

o  MS effect on other agents. Morphine can increase gabapentin levels and reduce ciprofloxacin levels.
Management of narcotic withdrawal. The intensity of withdrawal symptoms is usually proportional to the duration of
physical dependence. Symptoms develop within 2 to 48 hours after the last dose and usually peak at 72 hours. Opioid
withdrawal is less life-threatening and dangerous than withdrawal from other classes of controlled drugs. Reassurance,
education, and perhaps mild sedatives may be all that is required for patients who develop physical dependence during
hospitalization and who are not going to continue on the drugs. Small doses of clonidine, 0.05 to 0.1 mg PO t.i.d. (or
weekly skin patches), may reduce symptoms of withdrawal, especially tremors, hypertension, anxiety, and fevers.

H. Administration of analgesics

Opioid dosage. There is no maximum dose or ceiling to MS or other opioids. As the dose is increased, analgesic
effects increase. Increments in dosing are always balanced by monitoring for side effects. Once stable drug levels are
achieved with immediate-release dosing, the patient can be switched to a long-acting agent. Rescue doses for
breakthrough pain with immediate-release agents are made available as needed (p.r.n.). With elderly patients, “go low
and go slow” taking into account age-related sensitivity to opioids as well as age-related reductions in renal function.
o Dose-finding for oral opioids. The oral route is preferred because oral opioids can control pain in patients
with advanced cancer 80% to 90% of the time. Doses are given regularly (“around the clock” [ATC]) and
supplemental medications are provided p.r.n.

In the opioid naive patient, the initial dose of MS can be from 5 to 30 mg depending on the severity of pain.
This dose is started at qg4h. The p.r.n. dose is approximately 50% of the q4h dose and is provided once
during the 4-hour dosing interval. The optimal dose is one that relieves the patient’s pain (to <4 on a 10-
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point scale) without causing side effects. In the elderly patient, it is always best to “go low” and “go slow.”
This means lower starting doses and increased dosing intervals.

Once the optimal dose is found, the total opioid amount is calculated and then divided by two to yield the
q12h, long-acting dose. The q2—4h p.r.n. dose is approximately 10% to 20% of the total 24-hour dose.

o Dose finding for parenteral agents. In the opioid naive patient with severe pain, initial MS doses of 2 to 4 mg
IV or SQ can be given every 15 minutes as necessary to control pain. When pain is controlled, the dose
given over a 2- to 4-hour interval becomes the q4h dose and the p.r.n. dose (50% of the ATC dose) is given
ql-2h.

o Need for frequent p.r.n. doses. Patients needing more than four p.r.n. opioid doses per day most likely need
an increase in the ATC dose. The ATC dose can be increased by 25% to 50% and adjustments of the p.r.n.
dose can be made.

o Incident pain. Pain with turning, bathing, and transporting can be managed with p.r.n. doses or more
generous p.r.n. doses at the time the patient is likely to experience the incident pain.

o Equianalgesic tables represent rough guidelines that are based on single-dose studies in otherwise healthy
patients. The potency ratio of oral MS to oral hydromorphone is 5:1 (5 mg of MS is equivalent to 1 mg of
hydromorphone orally). The potency ratio for IV or SQ MS to hydromorphone is 7:1 (7 mg of MS is
equivalent to 1 mg of hydromorphone IV or SQ). Oxycodone potency ranges from 1:1 to 1.5:1 compared
with MS. Equianalgesic tables are not useful when converting from other step 3 opioids to methadone.

*  Subcutaneous opioids are reserved for those who cannot use the oral route for pain administration or who need rapid
onset of analgesia. SQ dosing is identical to IV dosing. The limiting feature of this route is the infusion rate; in
general, the SQ route can absorb up to 3 mg/hour; with larger volumes, hyaluronidase (Wydase) can be given. The
shoulder, abdomen, and thigh are ideal sites for infusion.

e Pumps for patient-controlled analgesia (PCA) are occasionally useful for cancer patients. Begin with a 2- to 5-mg
dose of MS with a delay interval of 10 minutes (“lockout”); the patient can thus receive this dose up to six times an
hour. The amount given over 4 hours is determined and converted to an hourly dose. The new, every 10 minute
demand dose becomes 50% of the hourly dose. For patients already on MS, the same method is used except that the
24-hour dose is converted to an hourly dose and then a new demand dose can be formulated.

* Intravenous opioids are reserved for patients who cannot be given opioids by the oral route. It is also ideal for rapid
titration of doses. Dosing is based on current analgesic requirements. The usual conversion from oral MS to SQ or
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IV MS is to divide the total oral requirement by three with this representing the total IV dose. This amount can be
divided by 24 to give hourly rates.

* Epidural and intrathecal anesthesia are considered when oral and parenteral routes have proven ineffective and/or
there is excessive toxicity associated with opioid use.

o Epidural analgesia. A catheter is placed close to the involved dermatome. The type of delivery system
depends on prognosis of the patient. Tumor invasion of the spine is not a contraindication, because most
tumors involve the body of the vertebra and not the spinous process. To calculate the epidural dose from an
oral dose, divide the total 24-hour oral dose by 10. To calculate the epidural dose from an SQ dose, divide
the total 24 hour SQ dose by 5. Analgesia can be improved when combined with bupivacaine (Marcaine) or
clonidine. The addition of these agents is indicated for neuropathic pain, dysesthetic pain, midline pain
below the umbilicus, or pain involving the sacral plexus.

o Intrathecal analgesia has more effective pain control, uses less opioid, and has less incidence of catheter
occlusion than the epidural route. Doses for intrathecal administration are 10% of the epidural doses.

e Other routes for opioids

o Rectal administration can also be used if the oral route is not available. The oral-rectal potency ratio is 1:1.

o Sublingual and buccal administration can be used if the oral route is not available. Ideal agents for this route
are the more lipophilic opioids such as fentanyl (Actiq) lollipops and methadone. These agents have a
greater Buccal or sublingual bioavailability than MS. The buccal—oral potency ratio is 1:1.

o Topical opioids have been used for painful ulcerative lesions, cutaneous pain from tumor infiltration, and
oral mucositis. It is available in a 1 mg/mL gel vehicle.

I. Other methods of pain management

e Psychological methods of pain control. Behavioral modification, although not generally effective for moderate to
severe chronic cancer pain, may be helpful for mild pain. Operant conditioning, hypnosis, guided imagery, and
biofeedback are techniques that can be helpful for chronic mild pain, such as postoperative chest wall pain. Cognitive
distraction is a useful adjunct for mild pain. These techniques can help patients restore self-control and act in a way
that participates in their own care.
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*  Physical methods of pain control, such as hot or cold packs for muscle and joint pain, various types of massage
therapy, and exercise programs, may be helpful additions to drug therapy in patients with mild to moderate chronic
pain syndromes, but are generally ineffective in treatment of severe cancer pain.

Transcutaneous electrical nerve stimulation (TENS) has demonstrated efficacy in the treatment of malignant disease,
but the problems encountered were waning effect and sudden termination of effect. The results of clinical trials on
acupuncture have been conflicting; retrospective data suggest that any efficacy of acupuncture for cancer pain is short
lived.

*  Neuroablative procedures are considered when standard pain management methods and intraspinal analgesia have
failed. These procedures are not for patients who have a short life expectancy or are in poor physical condition.
o  Unilateral chordotomy is the most effective neuroablative procedure and is particularly useful for patients
with unilateral cancer pain below the shoulder. Radiofrequency lesions to spinothalamic tracts of the spinal
cord are generally placed at the C-1 to C-2 level.

Contralateral loss of superficial, deep, and visceral pain is produced in >75% of patients treated with
percutaneous chordotomy. The duration of analgesia is limited to only a few months; incapacitating
dysesthesia may develop after several months. In experienced hands, unilateral chordotomy is associated
with low morbidity and mortality and minimal incidence of motor weakness or loss of bladder function.
Sleep apnea, fecal and urinary
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incontinence, loss of orgasm, and muscle weakness, on the other hand, frequently complicate bilateral
chordotomy.

o Nerve blocks may be useful in patients with pain restricted to a single somatic nerve or adjacent nerves (e.g.,
postthoracotomy pain may be relieved by subcostal blocks). Short-acting local anesthetics are initially used
to determine the location for a permanent procedure.

o Celiac plexus nerve block is effective in up to 85% of patients for treating upper abdominal visceral pain,
particularly from cancers of the pancreas or stomach. The procedure is often accomplished with needle
placement under CT or fluoroscopic guidance. It can also be performed endoscopically or at the time of
laparotomy. Pretreatment hydration and postoperative observation for 4 to 6 hours (with fluid replacement as
necessary) can prevent transient hypotension from this procedure.

o Lumbar sympathetic blockade can be attempted for pelvic visceral pain. This procedure affects sphincter
tone or lower extremity strength uncommonly.

o Dorsal root entry zone lesions involve the destruction of dorsal horn neurons. It has been used to treat
nonmalignant conditions such as brachial plexus avulsions, postparaplegic and postquadraplegic pain, and
postamputation pain. Postherpetic neuralgia also responds to this procedure. Its usefulness in cancer pain
needs to be studied further.

It is performed under general anesthesia. Proper placement of the lesion (in the cord) is important and can be
difficult. Poor performance status, bleeding diathesis, infection, and poor cardiopulmonary reserve are
contraindications to the procedure.

o Intracranial procedures, such as medullary or pontine tractotomy, thalamotomy, cingulotomy, and
hypophysectomy, are rarely performed.

II. Oral symptoms

A. Stomatitis

from chemotherapy can develop 2 to 10 days after treatment with many cytotoxic agents and during RT to the head or neck.
Resolution of symptoms usually occurs 2 to 3 weeks after completion of therapy but may persist longer. Sucking on ice chips or
popsicles during the short infusion of certain cytotoxic agents (e.g., methotrexate, S-fluorouracil) or taking oral glutamine
preparations may prevent the development of stomatitis.

*  Aggravating factors include poor oral hygiene (gingivitis, poorly maintained dentures), xerostomia, age- or RT-related
mucous membrane atrophy, and aerobic or anaerobic bacterial infections. Infection with Candida sp. or herpesvirus
can complicate or be confused with chemotherapeutic stomatitis; the index of suspicion for the infections is increased
in patients with acquired immunodeficiency syndrome (AIDS) and in those taking high-dose or long-term
glucocorticoids.

*  Symptoms and signs. Stomatitis is usually first noted by the patient as sensitivity to citrus juice, hot food, or spicy
food. Erythema and then aphthous ulcers develop. In severe cases, lesions progress to extensive ulceration and
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sloughing of the oral mucosa. Candida albicans or herpesvirus infection can have a similar appearance and must be
considered if the mouth lesions are longer lasting or recognized by their characteristic appearance.
*  Management of stomatitis. The following measures may relieve symptoms:

o

O O O O

B. Xerostomia

Avoid foods that trigger the pain
Abstain from alcohol
Suck on popsicles and cold beverages
Frequently rinse the mouth with solutions of saline or baking soda
Swish and expectorate certain commercial suspensions
= Ulcerease: glycerin, sodium bicarbonate, and sodium borate
=  BAX: lidocaine, diphenhydramine, sorbitol, and Mylanta
=  Stomafate: sucralfate, Benylin syrup, and Maalox
= Gelclair: contains none of the above ingredients; use undiluted

P.110

Formulations: rinse with 15 mL four to six times per day
=  Mix 30 mL each of diphenhydramine hydrochloride (Benadryl, 12.5 mg/5 mL), viscous xylocaine
(2%), and Maalox
=  Mix 30 mL of Benadryl (12.5 mg/5 mL), 60 mL of tetracycline or penicillin (125 mg/5 mL), 45 mL
of nystatin oral suspension (100,000 U/mL), 30 mL of 2% viscous lidocaine, 30 mL of
hydrocortisone suspension (10 mg/5 mL), and 45 mL sterile water for irrigation
Medications
= Viscous 2% lidocaine (Xylocaine), 10 to 15 mL for 30 seconds before meals and q2h p.r.n.
=  Sucralfate (Carafate), 1 g q.i.d.
=  Opioids, especially parenteral opioids or Fentanyl lollipops (Actiq), may be useful. Elixirs may not
be helpful because they contain alcohol, which can exacerbate mucositis.
= Appropriate antimicrobial treatment for bacterial, monilial, or herpesvirus infections

*  Causes. Xerostomia is a complication of RT to the head and neck area but also may be caused by commonly used
medications (e.g., antihistamines and opioids) and by mouth breathing. The severity depends on the volume of
exposed salivary glands, dosage, and location. Radiation decreases the amount of saliva produced, and alters the
enzymatic content, pH, and viscosity of saliva. This can lead to the development of caries. Therapy consists of the
following options:

*  Management of xerostomia

O
O

Maintain good oral hygiene and hydration

Amifostine ethyol,200 mg/m* IV over 15 to 30 minutes before radiation dose. Saliva production at 1 year
was greater in those getting the treatment. Adverse effects include nausea and vomiting, but it is not certain
whether the cancer may be protected by this drug as well.

Saliva substitutes(e.g., Xerolube, Salivart, synthetic saliva spray) and Biotene chewing gum

Pilocarpine,5 to 10 mg PO t.i.d. given before radiation starts. Pilocarpine is contraindicated in patients with
glaucoma or asthma.

Others: hard candies (e.g., Life Savers, cinnamon, lemon drops), sugarless chewing gum, ice cubes

C. Taste alterations
can occur as a reduction in taste sensitivity (hypogeusia), a distortion of taste (dysgeusia), or the absence of taste (ageusia).
Patients with advanced cancer frequently lose taste for red meat, even without anticancer therapies.

e Causes of taste alterations include carcinomatous involvement of the mouth, head and neck surgery, and CNS lesions.
Dental pathology, poor oral hygiene, endocrine factors (hypothyroidism, hypophysectomy, adrenalectomy),
stomatitis, xerostomia, malnutrition, drugs, and metabolic disturbances are other causes.

O

O

Chemotherapy can cause alterations in taste. Agents reported to cause taste alterations include bleomycin,
cisplatinum, gemcitibine, interferon gamma, leuprolide, tamoxifen, docetaxel, and etoposide.

RT can alter taste by reducing and altering salivary gland output. Taste sensitivity to sweets is the least
affected; sensitivity to bitter and salty is most affected. At 2,000 cGy and upward, taste loss increases
rapidly. Taste acuity can partially return after 20 to 60 days. Taste can be fully restored 2 to 4 months
following RT. Zinc, 25 mg PO q.i.d. before RT was reported to lessen hypogeusia, but controlled trials
subsequently did not support this finding.

*  Management of taste dysfunction includes



D. Halitosis
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Maintain good oral hygiene
Search for medications that can alter taste such as amphotericin, allopurinol, P-lactam antibiotics,
chlorhexidene mouthwash, and pentamidine
Reduce the urea content (bitterness) of the diet by eating white meats, eggs, and dairy products
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Mask the bitter taste of urea-containing foods by marinating meats, using more and stronger seasonings,
eating food at cold or room temperatures, and drinking more liquids

Help overcome general poor taste by eating foods that are tart (lemonade frozen in ice trays, pickles,
vinegar) or that leave their own taste (fruit, lemon drops, hard candy)

occurs when exhaled air is combined with foul-smelling substances from the respiratory or GI tract. The exact incidence is

unknown.

*  Causes of halitosis include diseases of the oral cavity, infections of the respiratory tract, diseases of the digestive tract,
metabolic failure (diabetic ketoacidosis, uremia, and hepatic insufficiency), drugs (anything that can cause
xerostomia, chemotherapy and RT, opioids), and foods (garlic, onions, meat, and fish).

*  Management of halitosis includes

O
O

o

©)
[©)

E. Dysphagia

Optimal dental hygiene and hydration

Gentle brushing of tongue with a soft toothbrush (the back of the tongue in particular collects malodorous
bacteria)

Mouthwash, breath-freshening tablets

Treat infections appropriately

Prokinetic drugs for gastric stasis if indicated

is difficulty in transferring solids and liquids from the mouth to the stomach.

*  Causes of dysphagia include cancer infiltration or fibrosis of the esophagus, external compression, motor neuron
damage, cranial nerve involvement by tumor, cerebellar damage, or neuromuscular dysfunction. Treatment (RT,
chemotherapy), drugs (neuroleptics, anticholinergic agents), surgery, concurrent disease, and symptoms associated
with advanced cancer (dry mouth, candida infections) are other causes of dysphagia. Treatment options depend on the
patient’s prognosis. In patients with advanced cancer and a very short prognosis it may not be appropriate to subject a
patient to IV hydration or feeding tubes. In the patient who has a new diagnosis or who is having a slow decline, the
following options are available:

*  Management of dysphagia. After there is agreement about treatment and feeding goals, treatment possibilities include
the following:

@)

Evaluate aspiration for any reason with a videofluoroscopic barium swallow study and fibroendoscopy.
Speech therapists could then work with dietitians to design foods with the proper consistency for safe
swallowing and sufficient caloric intake.

Palliating an obstructed esophagus from esophageal cancer(See Chapter 9, section VI.B)

If an esophageal stent becomes blocked, the patient should sip small amounts of water and, every 30
minutes, dilute hydrogen peroxide. Alternatively, the tube can be flushed with cola.

Strictures from RT require gradual dilation by experienced gastroenterologists. Antireflux regimens or
reduction of stomach acid with famotidine (Pepcid), 10 mg b.i.d., or intermittent 4-week courses of
omeprazole (Prilosec), 20 to 40 mg each morning, may be helpful.

Excessive saliva production when total esophageal obstruction produces sialorrhea and drooling can be
treated with anticholinergics, alum mouthwashes, or irradiation of the salivary glands (400 to 1,000 cGy).
Nutritional support for chemotherapy or RT can be optimized for the short term with the use of feeding
tubes. Patients of advanced age, with CNS disease, and low serum albumin are at high risk for early
mortality and a feeding tube may not be appropriate.

II1. Nausea and vomiting

A. Causes

* Differential diagnosis. Nausea and vomiting in cancer patients occur most often as a result of cytotoxic chemotherapy.
Other causes of nausea and vomiting
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include elevated intracranial pressure, anxiety, bowel obstruction, constipation, opioids, RT, benign gastric disease,
metabolic abnormalities (hypercalcemia, renal or hepatic failure), autonomic dysfunction, and other drugs (e.g.,
NSAIDs and digoxin).

*  Cytotoxic drugs that are highly emetic include cisplatin, dactinomycin, anthracyclines; dacarbazine, nitrosoureas,
nitrogen mustard, and high-dose cyclophosphamide (see Appendix B-1). The mechanisms for nausea and vomiting
from chemotherapy are poorly defined but appear usually to be mediated by the CNS; some drugs may have
peripheral activity. Acute chemotherapy-induced vomiting typically occurs 1 to 2 hours after treatment and usually
resolves in 24 hours. Subacute vomiting occurs 9 to 18 hours after giving chemotherapy. Delayed vomiting occurs 48
to 72 hours after giving cisplatin (especially with doses of 100 mg/m* or more) and diminishes in 1 to 3 days.
Cyclophosphamide can also cause delayed nausea and vomiting; the peak occurs approximately 24 hours after
administration.

*  Psychological and behavioral factors may induce or modify vomiting. Patients may vomit even before receiving
chemotherapy (anticipatory vomiting) when the IV line is started, the syringe is seen, or even before leaving home on
the day chemotherapy is scheduled. Emesis is more easily controlled, on the other hand, in patients with a history of
chronic heavy alcohol use.

B. Management of nausea and vomiting

e Prevention of vomiting. It is best to prevent nausea and vomiting with adequate doses of antiemetics, particularly
when chemotherapy drugs known to induce vomiting are used.

o  Serotonin receptor (5-HT3) antagonists bind to type 3 receptors of serotonin (5-hydroxytryptamine [5-HT])
and are the drugs of choice to prevent emesis generated by highly emetic regimens. 5-HT3 blockers alone
achieve complete abrogation of emesis in about 60% of patients and achieve major control of emesis in 75%
of patients.

=  Dosage. The following agents have about the same effectiveness and improved efficacy with the
addition of a corticosteroid, and they are given 30 to 60 minutes before chemotherapy:
=  Ondansetron (Zofran), 8 or 32 mg IV (0.125 mg/kg)
= Granisetron (Kytril), 0.01 mg (10 mecg)/’kg IV or 1 mg PO
=  Dolasetron (Anzemet), 100 mg IV or PO
=  Palonosetron (Aloxi), 0.25 mg IV over 30 seconds, for acute and delayed nausea and
vomiting
=  Side effects are mild headache, constipation, and transient transaminase elevations. Extrapyramidal
side effects do not occur.

o Metoclopramide(Reglan), a procainamide derivative, acts both centrally (at the chemoreceptor trigger zone
as a dopamine antagonist) and peripherally (by stimulating gastric and small bowel motility, thereby
preventing gastric stasis and dilation). At high doses, metoclopramide also blocks 5-HT receptors.

= Dose: 1 to 3 mg/kg IV q2h for two to six doses

= Side effects include mild sedation, dystonic reactions (especially in young patients), akathisia
(restlessness), and diarrhea. The drug is given with lorazepam, diphenhydramine, and
corticosteroids to prevent these complications.

o Corticosteroids are effective for treating chemotherapy-induced vomiting by themselves or with 5-HT3
blockers. Recommended dosages are as follows:

=  Dexamethasone, 10 to 20 mg IV for one or two doses
= Methylprednisolone, 125 mg IV for one or two doses

o Lorazepam(Ativan), 1 or 2 mg IV or sublingually q3—6h, is very useful in patients who are treated with
emetogenic chemotherapy or who have refractory or anticipatory vomiting. The drug’s amnesic effect is also
helpful.
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e  Agents used for nausea
o  Cannabinoids.A-9-tetrahydrocannabinol (THC) is the main active ingredient in marijuana and can relieve
nausea and vomiting in some patients who do not respond to other antiemetic drugs. The drug should be
prescribed cautiously for elderly patients and not at all for patients with cardiovascular or psychiatric illness.
Cannabinoids are not as effective as serotonin inhibitors and they have frequent side effects.
= Dose
= THC, 2.5 to 10 mg PO q3—4h, is available as Marinol in 2.5-, 5.0-, and 10-mg capsules.
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= Nabilone (Cesamet) is a cannabinoid that is now approved by the FDA for patients with
nausea and vomiting who have not responded to conventional antiemetics. The dose is 1
mg PO b.i.d. to 2 mg t.i.d., beginning 1 to 3 hours before starting chemotherapy.
=  Side effects include orthostatic hypotension, sedation, dry mouth, ataxia, dizziness, euphoria, and
dysphoria. Maintaining a “high” is correlated with the antiemetic effect in younger patients.
o  Scopolamine(Transderm Scop). Patches are changed q3d.
o  Phenothiazines
= Prochlorperazine (Compazine), 5 to 20 mg PO q4—6h
=  Thiethylperazine (Torecan), 10 mg PO t.i.d.
o Haloperidol(Haldol), 0.5 to 1.0 mg PO g4-12h
o Metoclopramide(Reglan), 10 to 20 mg PO q6—8h (if gastric stasis is suspected)
*  Delayed vomiting, occurring 1 to 2 days after treatment, is most often seen after high doses of cisplatin and is difficult
to treat. The following may be tried:

o Dexamethasone alone:8 mg b.i.d. PO for 2 days, then 4 mg b.i.d. for 2 days

o Metoclopramide:0.5 mg/kg q.i.d. PO for 2 days with dexamethasone

o  Ondansetron:4 or 8§ mg b.i.d. to t.i.d. for 3 days with or without dexamethasone

o  Aprepitant(Emend) is a NK-1 receptor antagonist that blocks substance P and has been shown to decrease
delayed nausea and vomiting by 20%. It is given for 3 days with a 5-HT3 inhibitor and dexamethasone. Give
125 mg PO 1 hour before chemotherapy on day 1, and then give 80 mg PO on the mornings of the second
and third days of the chemotherapy cycle.

o Palonosetron(Aloxi) (see above for dosing)

* Anticipatory vomiting is exceedingly difficult to palliate. Prevention of emesis when chemotherapy is first given is the
best way to prevent anticipatory vomiting. Antiemetics should be prescribed generously, and chemotherapy should be
given as late in the day as possible. Symptoms may improve with the following:

o Sedatives, including antihistamines or benzodiazepines

o Hypnosis by an experienced psychologist

o Progressive muscle relaxation, which involves learning to relax by actively tensing and then relaxing
specific muscle groups

o  Cognitive distraction

Relaxation techniques with guided imagery

o  Operant conditioning (e.g., patients may be treated in an area and on a day different from their usual place
and time)

o

IV. Colorectal symptoms

A. Constipation

is extremely common in patients with advanced cancer. Straining, hard stools, infrequent stools, and abdominal discomfort
associated with attempts at having a bowel movement are some of the ways it is described.

e Causes of constipation include
o  Causes directly related to cancer such as bowel obstruction, spinal cord compression, and hypercalcemia
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o Causes owing to the secondary effects of cancer such as weakness, inactivity, confusion, depression,
dehydration, and lack of privacy

o Drugs, such as opioids, anticholinergics (antidepressants), antacids, anticonvulsants (Tegretol), antiemetics
(5-HT3 inhibitors), chemotherapeutic agents (e.g., vincristine and thalidomide), abused laxatives, and
barium from oral contrast radiographic studies

o Concurrent disease, such as diabetes, hypothyroidism, anal canal disorders, and diverticulitis

e Evaluation of the constipated cancer patient requires performing a rectal examination. If hard stools are present,
institute stool softeners; manual disimpaction may be needed. If soft stool is present, a stimulatory drug may be
needed. If there is no stool, a stimulatory drug may be beneficial. Evidence is that a combination of a softener and a
stimulatory drug may be the best approach. Abdominal radiographs may be needed to exclude bowel obstruction.

e Prophylactic measures include maintaining activity, hydration, fiber in the diet (within reason), and privacy for the
patient. Review the patient’s medication list for potentially offending agents.

e  Preparations available include the following:

o  Bulk producers(e.g., Metamucil, Konsyl) are normalizers rather than true laxatives. They must be taken with
adequate water; if not, a viscous mass may form leading to obstruction. Their taste is unacceptable. Their
effectiveness in severe constipation has not been demonstrated. (We do not use these agents.)

o  Stool softeners, which are useful in the presence of hard stool, include
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=  Docusate sodium (Colace): 50- and 100-mg capsules
= Docusate calcium (Surfak): 50- and 240-mg capsules
o Bowel stimulants, which are useful if there is soft stool, include
=  Senna, sennosides (Senokot): 8.6-mg tablet (or syrup); starting dose is 15 mg h.s.
=  Bisacodyl (Dulcolax): 5-mg tablet, 10-mg suppository; starting dose is 10 mg PO h.s.
o Commercial combinations include sennosides and docusate sodium (Senokot-S), casanthranol and docusate
sodium (Peri-Colace), danthron and docusate sodium (Doxidan), and many others
o Lubricant laxatives have little role in chronic constipation and are mainly useful for acute impaction:
= Mineral oil, which is given as enema
=  Liquid paraffin, 10 mL PO daily
o  Osmotic laxatives draw fluid into the bowel:
= Lactulose (Cephulac), starting dose is 15 to 20 mL b.i.d.
=  Saline laxatives exert an osmotic effect drawing fluid into the lumen, which can lead to sodium
overload, and should not be used in patients with renal failure. Examples are magnesium hydroxide
(Milk of Magnesia), magnesium citrate, and sodium phosphates (Fleet Phospho Soda).
o Rectal laxatives are undignified for the patient, but often give good results. Their mechanisms of action
parallel the oral agents. They consist of
=  Lubricant rectal laxatives, such as oil retention enemas, are good for fecal impaction.
= Osmotic laxatives, such as glycerin suppositories
=  Saline laxatives, such as Fleet Phospho Soda enema
*  Prevention and management of narcotic-induced constipation. Patients who are receiving regular dosages of narcotics
(or neuropathic chemotherapy agents such as vincristine) should be carefully questioned about bowel movements.
They should be encouraged to drink liquids (e.g., water, prune juice, coffee) and to eat bran cereal daily.

These measures plus stool softeners are usually insufficient, however, and bulk producers are poorly tolerated. The
combination of a stool softener and a bowel stimulant in parallel increasing doses is recommended to prevent opioid-
induced constipation. Brand name preparations (e.g., Senokot-S, Peri-Colace) can cost 10 times more than generic
preparations of these agents.
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o  All patients starting on opioids should have senna or Dulcolax available to take h.s. Start all patients on two
tablets of senna h.s.

o If no response occurs, increase the dosage to two, three, or four tablets b.i.d. or t.i.d. as needed, or switch to
Dulcolax, two tablets PO h.s. (or to t.i.d. if needed). Add sorbitol, 15 to 30 mL b.i.d., if needed. Reevaluate
patients for other causes of constipation.

o Ifthese measures fail, consider a saline laxative.

o The management of opioid-induced constipation that is refractory to laxatives has been treated with oral
naloxone, methylnaltrexone, and prokinetic agents, such as subcutancous metoclopramide. Oral naloxone
can reverse opioid-induced constipation without precipitating withdrawal because of its extensive hepatic
first-pass metabolism, which leads to low plasma levels. Suggested starting doses are

= Oral naloxone, 0.8 mg PO b.i.d. with titration upward every 2 to 3 days, monitoring for laxative
effect and withdrawal

=  Methylnaltrexone and alvimopan (Entrareg) are being evaluated for opioid-induced bowel
syndrome

=  Metoclopramide, 10 mg SQ q6h

B. Rectal discharge

can be caused by hemorrhoids, fecal impaction, tumor, radiation proctitis, and various rectal fistulas. After addressing the
primary cause, inflammation may be reduced with corticosteroid suppositories or enemas. The skin of the perineum and
genitalia must be protected and kept clean (without soap) and dry.

C. Enterocutaneous fistulas

can be managed in the same manner as for surgical stomas with colostomy or ileostomy bags. The direction and advice of a
stomal therapist are often warranted.

*  The skin surrounding the fistulae rapidly breaks down and limits bag attachment. Débrided skin should be kept clean
using water with or without a mild soap; detergents and disinfectants aggravate the skin condition. Glucocorticoid
creams (not ointments) can be used for local inflammation, and triple-antibiotic cream can be used for infected areas.
Several sealants are available to protect the skin from fistula discharge, including newer plastic coverings that permit
air but not liquids to reach the skin and sprays, such as Opsite.
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e Unless the volume of fecal material is large, it is sometimes possible to place a urinary catheter into the stoma, after
assessing the anatomy by retrograde barium studies. The catheter can be used as a temporizing measure until abraded
skin is sufficiently healed to provide secure attachment for a colostomy appliance.

D. Distal colon and rectal cancerous fistulas involving the bladder or vagina

are best managed by a more proximal colostomy. This stops all drainage and allows long-term healing of inflamed tissues.

E. Chemotherapy-induced diarrhea

(CID) can be debilitating and potentially life-threatening. The risk for CID is significantly greater with regimens that contain
fluoropyrimidines or irinotecan. The cause of diarrhea is most likely a multifactorial process that results in an imbalance
between absorption and secretion in the small bowel. Irinotecan causes both an acute and a delayed type of diarrhea. The acute
onset type is cholinergic in nature, occurs in the first 24 hours, and responds to atropine (0.25 to 1.0 mg IV). The late onset
diarrhea occurs 3 to 11 days after treatment.

The opioids loperamide (Imodium) and diphenoxylate (Lomotil) are most commonly used for CID. These agents reduce
diarrhea by decreasing peristalsis in the small and large intestines. NSAIDs, clonidine, and cyproheptadine control the diarrhea
associated with bowel inflammation, bronchogenic carcinoma, and carcinoid syndrome, respectively. Octreotide is effective in
controlling the diarrhea associated with islet cell carcinomas, acquired immunodeficiency syndrome (AIDS), and other
secretory diarrheal syndromes. Octreotide also controls severe CID, but the optimal dose quantity and duration is unsettled, and
the drug is expensive. The basis for treatment of CID is mostly anecdotal. Recommendations are as follows:

*  Avoid certain food products: milk and dairy products, spicy foods, alcohol, caffeine, prune and orange juices, high-
fiber foods, and high-fat foods.
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*  Avoid certain medications: laxatives, stool softeners, and promotility agents (metoclopramide, cisapride).
*  Evaluate stool for the presence of fecal leukocytes and pathogenic microbes in patients with persistent or severe
diarrhea; treat accordingly.
e  Low-grade diarrhea[National Cancer Institute (NCI) grades 1 and 2; see Appendix B-2].
o  Observe for and correct any fluid and electrolyte imbalances
o Loperamide given as an initial 4-mg dose followed by 2 mg g4h. If diarrhea persists, increase the dose to 2
mg q2h
o  Octreotide, 100 to 150 mcg SQ t.i.d., is given for patients who are refractory to high-dose loperamide
therapy; treatment is continued until diarrhea resolves.
*  Severe diarrhea(NCI grades 3 and 4; see Appendix B-2).
o Hospitalize patients who have significant dehydration, blood in the stool, or abdominal pain, and treat
accordingly
o Octreotide, 100 to 150 meg SQ t.i.d., is given until diarrhea resolves. It is reasonable to increase the dose by
50-mcg increments until diarrhea is controlled. Doses up to 2,000 mcg SQ t.i.d. for 5 days have been used
safely in CID.

V. Urinary symptoms
A. Dysuria

e Causes. Inflammation of the urinary bladder or outlet

*  Management of dysuria includes treatment of infection if present and the following:
o  Phenazopyridine (Pyridium), 100 to 200 mg PO t.i.d.
o  Amitriptyline, 25 to 50 mg PO h.s. (especially for interstitial cystitis)

B. Bladder spasm

e  Causes. Vesicular irritation by cancer, postradiation fibrosis, indwelling catheter, cystitis, or anxiety
*  Management of bladder spasm. Cystitis is treated with antibiotics, catheter change, and bladder irrigation if a urethral
catheter is present. Drugs of choice are as follows:
o Flavoxate (Urispas), 200 to 400 mg PO q.i.d.
o  Oxybutynin chloride (Ditropan), 5-mg PO t.i.d. or q.i.d.
o NSAIDs are reportedly helpful
o Hyoscyamine sulfate
= (.125-mg tablets (Levsin), 1 or 2 tablets PO or SL q4h
= (.15-mg tablets (Cystospaz), 1 or 2 tablets PO q.i.d.
= (.375-mg sustained release capsules (Levsinex, Cystospaz-M), 1 capsule q12h
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5 Supportive Care
o Belladonna-opium suppositories (B & O Supprettes), one g4h
o Propantheline bromide (Pro-Banthine), 15 mg PO h.s. or b.i.d.
o  Blocks of the lumbar sympathetic plexus may be effective for the management of intractable bladder pain.

C. Urinary hesitancy

e Causes. Malignant or benign prostate enlargement, infiltration of the bladder neck, presacral plexopathy, drugs,
intrathecal block, bladder denervation by surgery, loaded rectum, inability to stand to void, and asthenia
*  Management of hesitancy. Address the specific causes; a urethral catheter may be necessary. Drugs that may be useful
include the following:
o  Terazosin hydrochloride (Hytrin), 1 to 10 mg PO h.s.
o Bethanechol (Urecholine), 10 to 30 mg PO b.i.d. to q.i.d.

D. Urinary obstruction by tumor

e Causes
o  Upper tract obstruction can be caused by tumor, stricture, calculi, clots, and retroperitoneal fibrosis.
o  Lower tract obstruction is caused by tumor, benign prostatic enlargement,
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clots, calculi, infection, stricture, fecal impaction, detrusor failure from anticholinergic side effects of drugs,
and neurogenic disease.

*  Management of urinary obstruction
o Lower tract obstruction management includes catheter placement in the urethra or suprapubically. Tumor-
related obstruction can be treated by surgery, RT, or endoscopic resection depending on the disease stage.
o  Upper tract obstruction can be treated by nephrostomy tubes, cystoscopically placed stents, or stenting via
nephrostomy tube.
o  Often patients are too debilitated for invasive procedures and supportive care measures become the priority.

E. Discolored urine
can be caused by food or drugs and is of no concern, except for the anxiety provoked in the patient.

*  Pink or red urine: beets, blackberries, rhubarb; doxorubicin (Adriamycin); phenolphthalein (Ex-Lax), senna, cascara,
danthron (e.g., in Doxidan); deferoxamine (Desferal); chlorzoxazone (Paraflex); phenothiazines; phenazopyridine
(Pyridium)

e Brown or black urine: phenacetin, salicylate; metronidazole (Flagyl); nitrofurantoin, chloroquine, quinine quinacrine,
sulfonamides (yellow-brown); L-dopa, methyldopa (Aldomet); iron dextran (Imferon)

*  Blue or green urine: methylene blue, food coloring and other dyes; riboflavin; indomethacin, amitriptyline, danthron,
mitoxantrone

*  Yellow: Suntinib malate (Sutent)

VL. Respiratory symptoms
A. Cough

*  Causes
o Irritation of airway from dry air, tumor in airway, extrinsic compression, aspiration from vocal cord
paralysis, reduced gag reflex, fistula, and gastroesophageal reflux. Infection, medications (e.g., angiotension-
converting enzyme [ACE] inhibitors), and excessive sputum must also be considered.
o Lung pathology, such as infection, lymphangitic carcinomatosis, radiation pneumonitis, COPD, pulmonary
edema, and pleural or pericardial effusion
o [Irritation of diaphragm, pleura or pericardium
*  Management of cough is according to the cause
o  General measures include positioning the patient, and humidifying the air
Antibiotics to treat infection
Bronchodilators for bronchospasm
Drainage is facilitated by physiotherapy and postural drainage.
Mucolytics via steam or nebulized saline, or drugs such as acetylcysteine (Mucomyst)
Antitussives include

O O O O O
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B. Hiccups
e  Causes
o
o
o
o
o
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=  Opioids, such as codeine, hydrocodone, MS, and dihydromorphone, are all options that have
equivalent efficacy.

=  Benzonatate (Tessalon Perles), 100 mg q4h

= Local anesthetics, such as inhaled lidocaine. The dose is empiric. The starting dose is 5 mL of 2%
lidocaine q4h via handheld nebulizer.

= Dextromethorphan (Robitussin DM)

= Inhaled B2 agonists or anticholinergics such as ipratropium (Atrovent) for patients with bronchitic
component

=  Sedation in refractory cases (Valium)

Diaphragmatic irritation from tumor infiltration, subphrenic abscess or empyema, hepatomegaly, and ascites
Phrenic nerve irritation from mediastinal cancers

Gastric distention of any cause

Uremia, esophagitis, or brain tumors

Drugs, such as dexamethasone and barbiturates

*  Management of hiccups

O

C. Dyspnea

e  (Causes
o

O
)
O

O
O

Home remedies are numerous and usually involve pharyngeal stimulation. Methods used have included 2
teaspoons of granulated sugar, two glasses of liquor, a cold key down the back of a hyperextended neck, a
nasopharyngeal tube, and drinking a glass of cool water through a straw while plugging both the patient’s
ears with his or her fingers.
Reduction of gastric distention: nasogastric intubation, peppermint water (relaxes the esophageal sphincter),
or antiflatulents (simethicone)
Induction of hypercarbia by breath-holding or using a paper bag
Potentially helpful pharmacologic measures

=  Baclofen (Lioresal), 5 to 20 mg PO q6-12h (the only drug tested in a randomized, placebo-

controlled manner)

= Chlorpromazine (Thorazine), 25 to 50 mg PO or IV q6h

=  Metoclopramide (Reglan), 10 to 20 mg PO q4—6h

= Nifedipine, 10 to 20 mg PO q8-12h

=  Benzonatate (Tessalon Perles), 100 mg q.i.d.

=  Ondansetron, 8 mg PO t.i.d. or IV bolus

=  Anticonvulsants: phenytoin, carbamazepine, valproic acid

=  Stimulants: amphetamines, methylphenidate

Tumor obstruction of trachea or bronchus

Infection of lung tissue or bronchus

Decreased functional lung tissue, such as following resection, tumor involvement, effusion, embolism
Decreased ventilatory movement due to debility, chest wall weakness, elevated diaphragm, ascites,
hepatomegaly

Cardiovascular causes, such as congestive heart failure, cardiomyopathy, pericardial effusion

Other: Anemia, anxiety

e  Management of dyspnea

@)

O O O O O

O

Oxygen is of benefit in hypoxemic patients

Opioids have shown positive effects in patients with COPD or advanced cancer
Nebulized opioids are controversial

Benzodiazepines when an anxiety component exists

Corticosteroids used in lymphangitic carcinomatosis

Bronchodilators, as indicated

Position the patient comfortably; open windows and use fans

*  Management of respiratory panic involves the use of anxiolytics together with opioids. Oxygen may be beneficial for
the hypoxemic patient.
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*  Management of “death rattle,” which results from the weakened patient being too ill to expectorate, includes

o

O O O O O

Positioning on the left side

Hyoscine (Scopolamine) patch, 1.5 mg q72h

Hyoscine hydrobromide, 0.2 to 0.4 mg SQ q2—4h

Hyoscine butylbromide, 20 mg SQ g2—4h (not available in the United States)
Atropine, 0.4 to 0.8 mg SQ q2—4h

Suctioning is uncomfortable for the patient and should be minimized

VII. Skin problems

A. Pruritus

*  Causes. Generalized pruritus can develop as a result of the following:

O

[©)
)
@)

O O O O O

O

Scabies, dry flaky skin, or other primary skin conditions
Biliary tract obstruction

Paraneoplastic syndrome, lymphomas, cutaneous metastases
Renal failure
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Drugs, such as opioids, amphetamines, intraspinal morphine
Hypersensitivity to drugs

Autoimmune disorders (systemic lupus erythematosus, Sjogren’s syndrome)
Iron deficiency, polycythemia vera, systemic mast cell disease

Thyroid disease, hyperparathyroidism

Psychiatric causes

* Management of pruritus. Control of the underlying cancer may relieve itching. Drugs suspected of causing
hypersensitivity reactions should be stopped. Factors that increase the perception of pruritus include dehydration, heat,
anxiety, and boredom.

@)

Instructions to patients. Patients should be told to avoid traumatizing the skin by alcohol rubs, woolen
clothing, or frequent bathing. Excessive bathing, especially with detergents and hot water, results in dry skin,
which causes itching in itself. The use of baby oil, olive oil, lanolin, bland creams, emollient creams, or
petroleum jelly should be encouraged. The skin should be “oiled” after each bath or shower, blotting in the
agent while toweling dry. The use of soap should be stopped and situations that result in increased sweating
avoided.
Topical therapy. Emollients with camphor and menthol (Sarna lotion), phenol, or pramoxine (PrameGel,
Pramosone, or Aveeno anti—itch) can be effective. Cool compresses and oatmeal baths (Aveeno) can be
helpful. Topical steroids, such as hydrocortisone 1% or 2.5%, and triamcinolone 0.1%, can be useful
provided that they are prescribed in amounts necessary to cover affected skin.
Oral medications include antihistamines, anxiolytics, corticosteroids, and antidepressants
Specific treatments for specific disorders

=  Naloxone for intraspinal morphine associated pruritis

=  Cholestyramine (4 g PO q6h) for cholestatic pruritis

= Methyltestosterone (25 mg PO q8h) for cholestatic pruritis

=  Stenting and anticancer therapy for tumor-related cholestasis

=  Topical and systemic steroids for inflammatory skin diseases

»  Pruritus associated with polycythemia vera responds to disease therapy, and H? blockers

=  Pruritus associated with lymphoma can respond to corticosteroids and therapy of the disease

=  Urticaria responds to antihistamines and corticosteroids

B. Preventive skin care in dying patients
is extremely important to their comfort. The following are recommendations extracted from Twycross RG and Lack SA.
Therapeutics in Terminal Cancer. London: Pitman, 1984.

*  Prevent decubiti by redistributing pressure

O

O O O O

At home, obtain a camping mattress and fill it with water instead of air to create a waterbed.

For wheelchairs, use an inflatable cushion or egg-crate foam.

Elbow and heel pads, sheepskin mats, self-adhering urethane foam, pillows, and bed cradles may be helpful.
Turn or reposition patients frequently.

Decubitus ulcers are sometimes impossible to prevent or treat in terminal patients, regardless of frequent and
meticulous care. Cachexia, skin atrophy, incontinence, and pain on movement are some of the contributing
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5 Supportive Care
factors. Caring and conscientious nurses may need physician reassurance that decubiti in this setting are
impossible to prevent or treat.
*  Provide optimal hydration and hygiene

o Avoid soap on dry, fragile skin; creams and ointments in intertriginous areas; and trauma (from restraints,
tape, and so forth).

o  On normal skin, use mild soaps, pat dry, use gentle massage with bland cream, and use petroleum jelly on
elbows and heels.

o Ondry skin, use fine talc.
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o  On chafed areas, use silicone spray or Opsite.
o Change bed linen often.

C. Hair loss

*  Causes. Irradiation to the scalp and administration of certain cytotoxic drugs result in marked alopecia. Hair loss
begins 2 to 3 weeks after these therapies are started. Hair usually regrows after therapy is discontinued. The relative
risks of hair loss caused by chemotherapeutic agents are shown in Appendix B-1.

*  Management

o Emotional support. Patients need to be forewarned. Hair loss should be discussed openly and
sympathetically and its importance compared with the potential benefits of therapy. Inform patients about
the relative risks of the specific regimen for alopecia. Explain that hair loss is preceded by scalp itching or
pain and that hair is often curly when it regrows.

o Wigs should be obtained as soon as hair loss becomes evident (or before). Complimenting patients’
appearance in a wig (if sincere) aids in adjustment. Prescribe a scalp prosthesis for insurance carriers.

o  Other measures. Suggest the use of hats and colorful scarves, soft-bristle brushes, mild shampoos, and satin
pillowcases. Discourage the use of blow-dryers, hot rollers, and exposure of the scalp to the sun.

VIII. Necrotic, malodorous tumor masses

A. Pathogenesis

Progressively growing tumor masses may erode through the overlying skin and ulcerate. The center of the mass becomes
necrotic with the formation and release of malodorous polyamines, such as putrescine and cadaverine. These polyamines are
reactive and adhere to almost anything with which they come in contact, including skin, clothing, and hospital equipment,
leaving a residual nauseating odor in the room. The smell worsens if the mass becomes infected with anaerobic organisms. The
stench makes it difficult for others to enter the room. When visitors leave, the smell stays on their clothing and skin; as a result,
patients become isolated from contact with others. Patients themselves often do not notice the odor.

B. Management

*  RT. Large masses that may invade the overlying skin should be irradiated to prevent skin breakdown.
* Amputation may be necessary for tumors that do not respond to RT or chemotherapy (e.g., an extremity that is
ravaged with sarcoma).
*  Skin metastases confined to one small area of the body may be amenable to local resection. However, recurrences are
likely.
e Chemotherapy or endocrine therapy should be used appropriately for the primary tumor.
e Local care
o  Frequent dressing changes with highly absorbent, nonadhesive material. Alginates can absorb exudates.
o  Tumor bleeding may be ameliorated with a hemostatic dressing, such as Mepitel, or by applying 1:1,000
epinephrine solutions to the tumor surface before applying the new dressing.
o  Flushing. Necrotic tumor masses and fistulas should be generously irrigated at least t.i.d. with large volumes
of 3% hydrogen peroxide.
o Silver nitrate,1% solution soaked in large gauze pads, may be applied to necrotic areas by a gloved operator
every day or two to help reduce oozing and odor. Absorbed silver may cause renal damage.
o Maggots actually débride necrotic tissue; however, the sight of maggots in wounds is usually more than
nursing staff, physicians, and visitors can tolerate, although patients often do not appear to notice them.
Diethyl ether in generous amounts is applied to the tumor surface with 4 x 4 inch gauze; the gauze is wrung
out onto the lesion so that it reaches the deeper ulcerated areas. Maggots rapidly recur if treatment with ether
is stopped.
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Measures to control odor

o Isolate patients with malodorous tumors in private rooms. An outward facing fan is placed to blow air out of
the window. Normal areas of skin should be kept clean, and malodorous masses should be kept covered.

o Room deodorizers should be used. The deodorant aromas should be changed every few days to avoid
conditioning of the staff, which soon identify the smell of the product with the rather thinly disguised stench
of necrotic cancer.

o Metronidazole(Flagyl), 250 to 500 mg q.i.d., may be helpful, particularly if anaerobic bacterial infection is
present. Crushed metronidazole tablets on soaked gauzes can be applied topically.

o  Chloresium, a 22% chlorophyll-copper complex in isotonic saline, is a true deodorizing agent and can be
poured directly onto the necrotic tissues.

o Disposable protective gowns and gloves should be worn by caregivers.

IX. Fever

A. Causes

The diagnosis of tumor-induced fever is one of exclusion. It can develop in the course of nearly any malignancy but is
especially common in the following conditions:

Lymphomas and myeloproliferative disorders
Retroperitoneal cancer

Metastatic cancer to the liver

Hepatocellular and renal cell carcinoma
Gastric and pancreatic cancers
Osteosarcomas

B. Management

Controlling the underlying tumor, when possible, is the most effective means of controlling fever from tumors.
Aspirin and acetaminophen may be alternated q2h p.r.n.

Indomethacin, 25 to 50 mg PO t.i.d., is often helpful.

Corticosteroids may be helpful but are generally not necessary.

X. Lymphedema

is defined as lymphatic production exceeding transport capacity. Most often this is caused by obstruction of lymphatic drainage
but also has a component of vascular damage.

A. Patients at risk

B. Types

Breast cancer patients who have had nodal dissection, as well as RT
Melanoma patients who have had nodal dissection
Prostate cancer patients who have had surgery or whole pelvic radiation

Acute, transient, and mild, occurring a few days after surgery

Acute and painful, occurring 4 to 6 weeks after surgery as a result of acute lymphangitis or phlebitis

Erysipeloid form, which occurs after minor trauma and is superimposed on chronic edema

Insidious and painless is the most common form. There is no erythema and it occurs years after primary treatment.

C. Assessment

Attempt to classify the type of edema
How does the edema affect the patient in terms of function? Assess for depression.
Examine pulses, sensory and motor functions, and document the size of extremities

D. Management of lymphedema

Education involves reporting any areas of breakdown, weeping, or erythema to the doctor. The patient should avoid
heavy lifting with the affected limb, avoid hot tubs and saunas, and cuts and burns to the extremity, wear gloves while
doing gardening, avoid venipuncture and blood pressure checks in the extremity, and
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wear a compression sleeve while exercising or traveling. Self-massage should be taught to the patient.

e  Manual lymphatic drainage involves lightly massaging the affected limb to move edema fluid through lymphatic
anastomoses to functional lymph nodes. Elastic stockings can be applied after the massage.

e Extremity pumps can be helpful.

*  Exercise and elevation are never harmful.

*  Aantibiotics for evidence of infection.

e Diuretics may be helpful if a significant vascular component is thought to be present.

*  Corticosteroids are helpful if enlarged nodes are the cause of the edema.

XI. Venous access problems
A. Administering chemotherapy to patients with poor venous access

e Switching to oral agents. Many of the available chemotherapeutic agents are absorbed, although incompletely, when
given orally.
* Difficulty finding veins may be alleviated by several techniques:
o Hang the arms (wrapped in hot, moist towels, with tourniquets lightly applied) for 10 minutes below the
level of the heart.
o Use a blood pressure cuff expanded halfway between systolic and diastolic pressures. Tight tourniquets are
never helpful.
o  Search other places to find veins, such as the upper arm or legs.
o  Advise patients to drink plenty of liquids on the day before treatment and to wear a sweater on the day of
treatment to keep the arm warm.
o Place hot packs over the site before venipuncture.

*  Vein training. Patients with inaccessible veins are instructed to sit in a chair with the arms held below heart level and
to squeeze tennis balls, Nerf balls, or household sponges t.i.d. for 10 minutes or until fatigued. The arms may be
wrapped periodically with warm towels.

e  Other methods for securing venous access include arteriovenous fistula (see section XI.C) and right atrial Silastic
catheters (see section XI.E).

B. Heparin lock

A plugged, short catheter may be used in patients requiring intermittent IV infusions. The catheter is flushed regularly with
heparin.

C. An arteriovenous fistula

can be established in patients who have inaccessible veins and a reasonably long expected survival. Administration of viscous
solutions through the shunt promotes thrombosis.

D. Hypodermoclysis

Dehydration in patients with difficult venous access can be treated with parenteral fluids administered by clysis. A 21-gauge
needle is inserted at a slight angle to the skin of the lateral thigh and then further inserted 1 to 2 inches into the subcutaneous
tissue. One vial (150 U) of hyaluronidase (Wydase) is administered through the needle; the enzyme should not be infused into
inflamed or cancerous areas. Ringer’s lactate solution and mineral additives can then be given at a rate of 100 to 150 mL.

E. Prolonged central venous catheterization

Polymerized silicone rubber (Silastic) catheters inserted into the right atrium through the cephalic vein can provide prolonged
venous access for administering IV fluids, blood products, and drugs, and for sampling blood. Both external and
subcutaneously implanted types are available.

* A nonfunctioning catheter is usually the result of obstruction of the catheter tip by either the right atrial wall or a clot.
Repositioning the patient usually dislodges the catheter from the atrial wall. A chest radiograph should be taken to
evaluate the position of the catheter tip, if it is questionable.

o  Heparin, 3 mL of 1:1,000 solution, should be injected into the line with a tuberculin syringe to provide extra
pressure; leave it in place for 15 to 60 minutes before flushing. Repeat the procedure four more times or until
successful.

o  Urokinase, 5,000 IU (Abbokinase “Open Cath”) may also be tried if a clot is suspected.
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An infusion of urokinase directly into the dysfunctional catheter may also successfully dissolve clots. The
dose is 40,000 U/hour for 1 to 12 hours. Patients should be observed for bleeding for 48 hours.
Alternatively, Alteplase, a tissue plasminogen activator for local fibrinolysis that is manufactured by
recombinant DNA technology, can be used. When instilled into a catheter at a dose of 0.5 to 1.0 mg/hour,
circulating levels would be expected to return to endogenous circulating levels within 30 minutes of stopping
the infusion.

e Complications. Catheter-related deaths are rare. The most frequent problems are severing the catheter (if external),
infections, and clotting. Differences in the incidence of documented infections between external catheters and
subcutaneous ports are arguable; if infections do occur, they may be treated successfully with antibiotics without
removing the catheter in the appropriate circumstances (see Chapter 35, section II.G). No differences exist in the
incidence of clotting between external and subcutaneous catheter devices.

* Indications for removing venous catheters include persistent fever, unexplained hypotension, entrance-site infection,
air leak, axillary; jugular, or superior vena cava thrombosis; or pleural effusion (due to misplacement of the catheter
into the pleural space).

XII. Nutritional support

A. Mechanisms of malignant cachexia

are poorly understood. The characteristics of cancer cachexia that differ from starvation cachexia include equal mobilization of
fat and skeletal muscle (rather than preferential mobilization of fat), normal or increased basal metabolic rate (rather than
decreased), increased liver metabolic activity, normal or increased glucose turnover (rather than decreased), and increased
protein breakdown (rather than decreased). Related factors include but are not limited to the following:

*  Metabolic abnormalities in cachexia of malignancy

O

O

O

O

Carbohydrate metabolism: decreased blood glucose levels, glycogen stores, and sensitivity to insulin;
increased gluconeogenesis, Cori’s cycle activity, glucose turnover, and serum lactate

Fat metabolism: decreased lipoprotein lipase activity, lipid stores; increased lipolysis, serum triglyceride
levels, and glycerol turnover

Protein metabolism: decreased skeletal muscle synthesis; increased skeletal muscle catabolism and protein
turnover; negative nitrogen balance

Cytokine abnormalities involve tumor necrosis factor, IL-1, IL-6, interferon gamma, leukemia inhibitory
factor, and others

¢ Decreased intake

o

©)
O

Anorexia. Many tumors are associated with anorexia, typically manifested by an aversion to meat. Poorly
controlled pain, stomatitis, chemotherapy, RT, and altered sense of taste and smell contribute to the loss of
appetite. GI causes of malnutrition or anorexia include decreased gastric reservoir from tumor or extrinsic
compression (hepatomegaly), dysphagia from tumor or treatment, and fistula formation. Depression and
organ failure are other causes.

Mechanical obstruction of any portion of the intestinal tract makes oral intake impossible. In advanced
stages, tumors of the head and neck or ovary frequently make eating impossible.

Nausea and vomiting. See section I11.

Diagnostic studies often require fasting; if such studies are not conducted efficiently, patients can become
nutritionally further compromised.

e Increased losses

O
©)

o

Biochemical abnormalities. See section XILLA.1.

Diarrhea. Severe diarrhea or malabsorption syndromes are associated with carcinoid syndrome, gastrinoma,
medullary thyroid carcinoma, pancreatic carcinoma, small bowel lymphatic obstruction, excessive bowel
resection, certain cytotoxic agents, and radiation enteritis.
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Lactase deficiency is common in protein starvation and after some chemotherapies, making milk products
unsuitable.

e Natural history. Increasing loss of body protein leads to progressively worsening anemia, hypoalbuminemia,
hypotransferrinemia, loss of cell-mediated immunity, decreased work tolerance, decreased deep-breathing ability,
increased risk for pneumonia, inability to ambulate, and then inability to sit up. Other signs include hair loss, scaling
skin, brittle nails, and decubitus ulcer. Death occurs when 30% to 50% of body protein stores are lost.

B. Assessment of nutritional status
Serial measurements of the following parameters provide prognostic information about the risk for sepsis and death:
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Weight and serum albumin concentration. Substantial protein-calorie malnutrition is characterized by a recent loss of
>10% of the stable preillness weight and by significant hypoalbuminemia (<3.0 g/dL). Albumin has a serum half-life
of about 3 weeks, and albumin levels change in direct proportion to improvement or deterioration of nutritional status.
Transferrin has a half-life of about 1 week and changes more rapidly than albumin with changes in nutritional state.
Serum transferrin is also less affected than albumin by factors unrelated to nutritional state, such as hydration and
infection.
Skin tests. Poor nutrition with weight loss of >10% of usual body weight results in anergy and depression of immune
competence. Nutritional status and immunocompetence are adequate if two or more of the following skin test antigens
produce a positive intradermal reaction: tuberculin, mumps, Candida sp., and streptokinase-streptodornase.
Nutritional requirements. The healthy person requires 2,000 to 2,700 (25 cal/kg) calories per day distributed as
follows: 15% protein (1 g/kg body weight), 50% carbohydrate (3 g/kg), and 35% fat (1 g/kg). To achieve a positive
nitrogen balance and sustain weight, cachectic patients would require hyperalimentation with 2,700 to 4,000 calories
and twice the recommended daily allowance of amino acids and essential nutrients. These calculations are for patients
with cancer who warrant hyperalimentation (see below).

C. Treatment of anorexia and cachexia

Palliative care of the anorectic or cachectic patient. Progressive weight loss is part of the biology of progressive
cancer. Nutritional therapy does not prolong survival if the tumor cannot be controlled. Most patients and families,
however, believe that nutritional status is essential, regardless of the underlying disease.

o Physician interest in dietary support often provides psychological palliation, especially when active cancer
treatment is not helpful. Useful techniques include referral to dietitians, and “folksy” dietary advice, such as
the use of caloric supplements and the measures described in section XII.C.2, below, which give patients and
families the feeling that they are doing something positive. The physician must recommend against
unhealthful diets and potentially toxic doses of “health food” preparations.

o It is important that the physician support the wishes of the dying patient who is becoming exhausted by well-
meaning family members and friends trying to force food intake. Advise family that, although the intentions
are appreciated, pushing a patient to eat is exhausting and adds to that person’s misery. The physician should
reiterate the futility and harmful psychological effects of forcing food. The refusal to eat is the patient’s
biology and decision.

Some measures that may be helpful in patients who refuse food include the following:

o Provide small, frequent feedings, up to six times a day, as tolerated.

o Take a dietary history. Are there times of the day when the patient has an appetite? If so, the major caloric
intake should occur at these times.

o A small helping looks better on a small plate; do not use large dinner plates.

Have food available whenever the patient is hungry.
o Have the patient dress for meals and sit at the table, if possible.

(@)
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o Attend to stomatitis, dry mouth, and foul taste.

o Vitamins may be used if not excessive. Vitamin C is ineffective therapy against tumors, but is usually
harmless unless substituted for proven therapy or if the doses ingested produce dysuria, diarrhea, or satiety.

o Do not routinely weigh the patient.

Appetite stimulants that may be helpful include the following:

o  Megestrol acetate, 400 to 800 mg/day (10 to 20 mL/day of Megace Oral Suspension, which contains 40 mg/
mL in 240-mL bottles). Side effects include high cost, venous thrombosis, edema, hypertension, and
hyperglycemia.

o Dexamethasone, 4 mg in the morning after food. This dose is empirically derived. Side effects include
proximal myopathy, fluid retention, mental status changes, and immunosuppression.

o Metoclopramide (Reglan), 10 mg PO before meals and bedtime, may be indicated in patients who are
experiencing anorexia, nausea, early satiety, and manifestations of dysmotility. Side effects include dystonic
reactions and restlessness.

o THC, 2.5 to 7.5 mg after breakfast and lunch, starting with the lower dose, which is then escalated. Side
effects include dizziness, fluid retention, somnolence, and dissociation, particularly in the elderly. A recent
placebo-controlled trial suggests no benefit for cannabinoids in the anorexia-cachexia syndrome.

o  Antidepressants may be useful with anorexia caused by depression.

o Hydrazine sulfate, cyproheptadine, anabolic steroids, dronabinol, and pentoxifylline have been shown to be
ineffective for cancer patients in controlled trials.

o  Psychostimulants, such as methylphenidate (Ritalin), may actually improve appetite when used in the setting
of depression.
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e Other measures
o Dental relining improves chewing abilities and facial appearance.
o An old photograph helps the new caregivers recognize the essential humanness of the emaciated patient.
o New photographs of the patient with family, friends, and caregivers help legitimize the value of this “new”
person.
o The patient should have at least one new set of well-fitting clothes, if affordable.

D. Hyperalimentation in cancer patients

Nutritional deficiency leads to decreased immunocompetence, poor wound healing, and decreased tolerance to antitumor
therapy. For cancer patients whose prognosis warrants nutritional support, enteral feeding (EF) or parenteral hyperalimentation
(PH) may be given.

* Indications for EF.“If the gut works, use it.” Patients who have a functional GI tract but are unable to ingest adequate
nutrients orally are candidates for EF. EF is far less expensive, more physiologic, and associated with fewer
complications than PH.

* Indications for PH

o The patient has a curable neoplasm, but recovery likely will be protracted from treatment (e.g., extensive
bowel resection).

o The patient is cured of tumor but is awaiting surgical intervention and has residual nutritional problems (e.g.,
enterocutaneous fistulas).

o The patient requires prolonged postoperative nasogastric suction (>4 to 7 days) for conditions that
necessitate avoidance of oral intake.

o Patients with severe malabsorption, vomiting, esophageal obstruction from benign causes, or severe
dysphagia not amenable to dietary manipulation

o Patients with chemotherapy-associated severe diarrhea or prolonged stomatitis leading to weight loss

e Contraindications to hyperalimentation
o Contraindications to EF are intractable vomiting, upper GI bleeding, or intestinal obstruction.
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o Hyperalimentation is not useful for patients with any of the following conditions:
=  Minimal nutritional deficits
= Weight loss caused by progressive cancer that is unlikely to respond to therapy
=  Aggressive tumors that respond dramatically to therapy (e.g., lymphoma and small cell lung
cancer)
o PH is strongly discouraged in most patients receiving chemotherapy because the 12% complication rate is
unacceptable. Complications include pneumothorax, thrombosis, and catheter-related septicemia.

E. Enteral feeding

provides liquid formula diets into the GI tract orally or by means of feeding tubes. Gastrotomy tubes and other tube
enterostomies are used when a nasogastric feeding tube cannot be placed or is not tolerated by the patient. Percutaneous
endoscopic placement has the advantages of speed and minimal surgical incision.

*  Preparations. Many enteral products are available, but a standard formula is usually sufficient for patients with an
intact digestive system. Isotonic solutions that contain high nitrogen and a medium caloric density (1 to 2 kcal/mL)
are satisfactory in 90% of patients. Preparations that contain a high concentration of amino acids are often
unacceptable for patients with cancer-related meat aversion.

High-calorie preparations are offered as caloric supplements, but they often cause diarrhea and are so rich that many
patients refuse them. Asking patients for flavor preference, diluting each can with an equal amount of water, and
serving no more than half this amount on ice can make these preparations more acceptable to patients. This cooled
dilution can provide up to an additional 1,000 cal/day when given after patients have eaten what they can of a meal,
between meals, and h.s. as tolerated.

e  Administration. Start tube feedings with a full-strength solution at about 30 mL. Increase the infusion rate to tolerance
by increments of 10 to 25 mL over 12 to 24 hours for 2 to 3 days.
e Complications of EF
o  Frequent complications and corrections
=  Vomiting and bloating: reduce the flow rate.
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= Diarrhea and cramping: reduce the flow rate; dilute the solution; treat with an antidiarrheal drug;
consider a different type of solution. Diarrhea is especially likely in patients who have been given
broad-spectrum antibiotics.

=  Hyperglycemia: reduce the flow rate; give insulin.

=  Edema: usually requires no treatment; diuretics may be used.

=  Offensive smell or taste: add flavorings.

=  Nasopharyngeal discomfort: encourage the use of sugarless gum, gargling with warm water and
mouthwash, topical anesthetics.

=  Abnormalities of serum levels of sodium, potassium, calcium, magnesium, or phosphorus: adjust
the formula’s ingredients.

o Infrequent complications and corrections

=  Congestive heart failure: administer fluids more slowly and treat cardiac decompensation.

=  Fat malabsorption: use low-fat formulas; add pancreatic enzymes.

=  Flevated serum transaminase: decrease carbohydrate content of formula.

=  Acute otitis media: administer antibiotics; change nasogastric tube to other nostril.

=  Clogged tube lumen: flush with water or replace tube.

o Rare complications that necessitate discontinuing therapy

= Aspiration pneumonia (unlikely to occur if the head of the bed is elevated to 45 degrees, volume
overload is avoided, and the cough reflex is intact)

=  Esophageal erosion from nasogastric tube
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= Acute purulent sinusitis
=  Hyperosmolar coma

XIII. Cancer-related fatigue

A. Definition

A history of fatigue, diminished energy, increased need to rest disproportionate to any recent change in activity level occurring
every day during the same 2-week period in the last month plus five of the following:

Weakness

Diminished concentration or attention

Insomnia or hypersomnia

Unrefreshing sleep

Need to struggle to overcome inactivity

Difficulty completing daily tasks

Problems with short-term memory

Postexertional malaise lasting several hours

Symptoms cause difficulty in everyday functioning

Symptoms are a consequence of cancer or cancer-related therapy
Symptoms are not a consequence of depression, somatization disorder, or delirium

B. Causes

Cancer, cancer therapies, biological response modifiers

Systemic disorders, such as anemia, infection, pulmonary infections, liver and renal failure; malnutrition, dehydration,
electrolyte disorders, endocrine dysfunction

Sleep disorders

Immobility and lack of exercise

Chronic pain

Centrally acting drugs, such as opioids

Psychosocial problems

C. Evaluation

Take a history focusing on severity, provocative palliative factors, and impact on quality of life. Look for causes and
manifestations of fatigue.

D. Management of cancer-related fatigue

Establish reasonable expectations
Correct potential causes, such as depression, anemia, fluid and electrolyte disorders, endocrine deficiencies, and
hypoxia
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*  Treat deconditioning; consider referral to a rehabilitation specialist
e Pharmacologic interventions

@)
©)
o
)

Methylphenidate (Ritalin), 2.5 or 5.0 mg PO at 8:00 AM and noon (has been proven not to be helpful)
Dextroamphetamine, 2.5 or 5.0 mg PO once or twice daily.

Modafinil (Provigil), 100 to 200 mg PO each morning

Corticosteroids, such as dexamethasone (1 to 2 mg b.i.d.) or prednisone (5 to 10 mg PO b.i.d.)

e Nonpharmacologic approaches

O

)
@)
O

Educating the patient

Individualizing exercise programs if possible

Maintaining a diary

Educating about sleep, hygiene, stress management, proper nutrition, and hydration may help
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6 Talking with Cancer Patients and Their Families

I think the best physician is the one who has the providence to tell to the patients according to his knowledge the present
situation, what has happened before, and what is going to happen in the future.

--——Hippocrates

1. Introduction

Communication between physicians and patients is a fundamental aspect of cancer care, yet most physicians have had little
training in communication. The aspects of communication most valued by patients are those that help patients and their families
feel guided, build trust, and support hope. There are a set of concrete skills that can be used to effectively lead to these
outcomes. A wide variety of empirical studies document that physician—patient communication is suboptimal. Physicians and
nurses typically miss the full range of concerns held by people with cancer. These deficiencies in communication increase the
psychological and existential suffering of patients and their loved ones. Compounding these problems is the finding that
oncologists lack accuracy in detecting patient distress. Finally, poor communication also hampers a physician’s ability to
provide pain and symptom management.

The National Cancer Institute named cancer communication as an “extraordinary opportunity” in 1999; the American Society
of Clinical Oncology named communication as a key clinician skill. New educational models exist that have been documented
to result in physician communication skill improvement. These models are being used in settings ranging from practicing
physicians to oncology fellows in training. Communication skills training is associated with less burnout and work-related
stress. This chapter highlights some of the techniques useful to improving communication with patients and families.

II. Fundamental communication skills

A. Behaviors to avoid

*  Blocking occurs when a patient raises a concern but the physician either fails to respond or redirects the conversation.
For example, a woman with metastatic colon cancer might ask, “How long do you think I have?” and the doctor
responds, “Don’t worry about that,” or “How is your breathing?” Blocking is important because physicians typically
fail to elicit the range of patient concerns and consequently are unable to address the most important concerns.

e Lecturing occurs when a physician delivers a large chunk of information without giving the patient a chance to
respond or ask questions.

*  Collusion occurs when patients hesitate to bring up difficult topics and their physicians do not ask them specifically—
a “don’t ask, don’t tell” situation.

*  Premature reassurance occurs when a physician responds to a patient concern with reassurance before exploring and
understanding the concern.

B. Behaviors to cultivate

e  Ask-Tell-Ask. Always ask about the patient’s understanding of the issue. “What have your other doctors been telling
you about your illness since the last time we spoke?” “How do you see your health?” Tell the patient in
straightforward language what you need to communicate—the bad news, treatment options, or other information. Stop
short of giving a long lecture or huge amounts of
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detail. Information should be provided in short, digestible chunks. A useful rule of thumb is not to give more than
three pieces of information at a time. Do not use medical jargon. Ask the patient if he or she understood what was
said. Consider asking the patient to restate what was said in his or her own words.

e Tell me more. Ask patients if they need more information or if all their questions are being answered. Ask about how
they feel about what has transpired and its meaning.

*  Respond to emotions. An important mnemonic to help cover emotional responses is NURSE. This involves n aming,
u nderstanding, r especting, s upporting, and e xploring the emotional response.

I11. Breaking bad news

This is perhaps the communication task that has been studied the most extensively. Bad news can be defined as any information
that adversely alters one’s expectations for the future. Its basic format is the basis for subsequent discussions at various points
during the patient’s disease trajectory.

Oncologists give bad news thousands of times during the course of a career and it can be highly stressful. In a large survey of
oncologists, 20% reported anxiety and strong emotions when they had to tell a patient that their condition would lead to death.
In a more detailed study of 73 physicians, 42% indicated that although the stress often peaks during the encounter, the stress
from a bad news encounter can last for hours—even up to 3 or more days afterward.

Giving bad news is more difficult when the clinician has a long-standing relationship with the patient, or when the patient is
young, or when strong optimism had been expressed for a successful outcome. On the other hand, when bad news is
communicated in an empathic manner, it can have an important impact on outcomes such as patient satisfaction and decreased
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patient anxiety and depression. The physician’s caring attitude can be more important than the information or reassurance
given. As with any medical procedure, giving bad news requires a coherent strategy. In this case the strategy encompasses a
series of six distinct communication steps that can be summarized using the mnemonic SPIKES. This protocol includes
recommendations endorsed by practitioners and patients.

A. Setup

Prepare yourself with the necessary medical facts, take a moment to have a plan in your mind, and find a quiet place if possible.
Turn off TVs and pagers. Enlist support for the patient, which means have family there, or if no family is available, find a nurse
or social worker or a friend of the patient. Sit down, make eye contact, and sit no closer than 2 feet away from the patient. Have
tissues available.

B. Perception

Find out if the patient understands the medical situation. What has he or she been told about the disease? What does he or she
know about the purpose of the unfavorable test results you are about to discuss? If this is a first contact, what has the patient
been told about why he or she should see you in referral? Correct any misconceptions or misunderstandings the patient may
have. Try not to talk for at least 1 minute (which is difficult); let the patient tell his or her story.

C. Invitation

Find out how much information the patient wants to know. These days most patients want a lot of information but this is not
universally true, especially as the disease progresses and patients may want to focus on “What do we do next?” Are you a
details person or do you want the general picture?

D. Knowledge

Use language that matches the patient’s level of education. Be direct. Avoid using jargon as it will confuse the patient. Give a
warning that bad news is coming: “I have some serious news to tell you.” This will allow the patient to prepare psychologically.
If the patient’s perception (step 2) was inaccurate, review pertinent information: “After giving this news, stay quiet for at least
10 to 15 seconds—resist the urge to tell the patient how to feel. Give the patient time to absorb the information and respond.

E. Empathize

NURSE! (see section 11.B.3.)

F. Strategize and plan

Summarize the clinical information and make a plan for the next step, which may be further testing or discussion of treatment
options.
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IV. Discussing diagnosis, treatment, and prognosis

A. Decision making

A number of empirical studies demonstrate that patients are interested in having some role in decision making; the question is,
what kind of role does the patient wish to have? Most patients desire some decision-making role for both patient and physician,
and a majority prefer shared decision making. One of the reasons for patient interest in the Internet for medical information is to
enable them to verify treatment options they are offered and to check about options that were not offered. Shared decision
making does not have to take more time and is associated with greater patient satisfaction. Steps to enhance shared decision
making include:

*  Elicit the preferences of the patient for information and decision making. People vary in how they want to make
medical decisions. Inquire about what the patient wants in terms of involvement and decision making. You are
inviting the patient to tell you how involved he or she wants to be.

*  Identify the choices to be made. Providing the patient with a roadmap of the conversation in a sentence or two can
give a sense of what lies ahead. An example would be chemotherapy for lung cancer. First-line therapies differ little in
terms of response rates, but toxicities and schedules do differ and may be important to the patient.

*  Describe treatment options and understanding of them. Describe the adverse effects, how people handle the therapy.
Talk about response rates. Don’t use jargon.

*  Discuss how patient values and concerns relate to treatment options.

* Negotiate a time frame for the decision.

B. Discussing prognosis

Realism, optimism, and avoidance are the most common strategies physicians use in discussing prognosis. Although these
strategies are well intended and commonly used, they also create unintended consequences. None of these strategies is
completely satisfactory, but each has useful features.

The useful feature of realism is that prognostic information helps patients and physicians to make sound medical decisions.
Patients also report that realistic prognostic discussions can be blunt and sometimes brutal. A physician who presents prognosis
realistically but without structuring the conversation before the information or responding empathetically afterward can be
perceived as uncaring. Moreover, empirical data suggest that roughly 20% of patients, particularly those with advanced,
metastatic disease, do not want complete information about their prognosis. Giving these patients realistic information may
cause psychological harm, although there are not empirical studies that address this question.

Optimism can play a useful role in supporting a patient’s hopes, and many patients report that they want a doctor who is
hopeful. In discussions about prognosis, however, physicians who deliberately exaggerate or overemphasize optimistic
information may risk losing the trust of patients who later discover that the information they received was not entirely true.
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A third strategy is to avoid prognostication altogether, often by emphasizing individual differences, unpredictability of disease
course, or exceptional outliers. Collusion is a variation of this strategy in which physicians avoid providing realistic information
by creating a tacit understanding that neither patient nor physician will bring up the topic.

Avoidance is based on reasonable concerns. First, physicians realize that they are often inaccurate when predicting survival for
an individual. Second, physicians worry that discussing survival communicates a subtle psychological message that a patient
will die at a given time. Third, physicians find that some patients do not want prognostic information. Finally, physicians find
that bad news often causes patient distress. Yet physicians who avoid prognostication may seem evasive, and consequently
untrustworthy, especially when studies indicate that many patients want to talk about life expectancy.

Strategies to provide a middle-of-the road approach are few, but theoretical proposals include:
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e  Ask explicitly how the patient wants to talk about prognosis. Because many patients may not understand the term
prognosis, an alternative is to ask, “How much do you want to know about the likely course of this illness?” This
question invites a response that goes beyond “yes” or “no.” A physician could even normalize a range of patient
interest: “Some people want lots of details, some want the big picture, and others prefer that I talk to their family.
What would be best for you?” There will be three kinds of patients:

o  The patient wants information;
o  The patient does not want information;
o The patient is ambivalent.

* Patients who want to know the prognostic information. Start by negotiating the content of the discussion. Physicians
can negotiate information giving by establishing a patient’s information needs and proposing ways to meet those
needs. Thus, the physician should provide information according to the needs of the patient. Some patients want
statistical information; some want the worst-case or best-case scenarios. Again, it is important to acknowledge the
emotional responses of patient and family. Check for understanding and have the patient and family write down
questions they may have forgotten to ask. This can be covered on subsequent visits. Remember that this is not a one-
time conversation.

*  Patients who do not want information. Try to elicit an understanding about why the patient does not want to know the
information. Include possible emotional level of the patient’s’ decision by stating, “I know this can be difficult to talk
about.” This segue might enable the patient to reveal underlying emotional concerns or other practical concerns that
he or she may have, such as being fearful, or that the information may affect his or her spouse, or that the patient is
sad and worried that the discussion will deepen that sadness. In the patient who does not want information, it is also
important to assess whether the information regarding prognosis is absolutely necessary at that moment. Inquire about
whether the patient would want other people to receive the information or would accept a very limited disclosure.

e Patients who are ambivalent. These patients both want to know and do not want to know. These ambivalent patients
can frustrate physicians because the patient may go back and forth in one visit, wanting the opposite of whatever the
physician proposes. Ambivalence may also be subtle: patients might say that they wants to talk about prognosis, but
simultaneously give other signals—they change the topic or look away. The first step is to acknowledge that the
patient has good reasons for wanting to talk and for not wanting to have the information. Ask patients to explain both
sides of their dilemma. Let patients know that whatever they want to do, you will be there for them. Sometimes the
process involves waiting for the patient to initiate the next step in determining how much information he or she needs.

V. Dealing with cancer treatment

A. Preparing the patient for treatment

Patients who are offered choices in their treatment show better psychologic adjustment, and those who feel they have little
control over their disease and treatment have a poorer psychosocial outcome. Studies suggest that patients who believed they
were more responsible for treatment decisions and perceived that they had more choice in treatment selection went on to have
better health-related quality of life. There is also some evidence to suggest that patients who perceive that their physicians are
making an effort to facilitate their involvement in decision making tend to be more involved in that process. Patients who had a
physician that employed a participatory decision-making style, including inviting patient assistance in making treatment
decisions and giving patients control over their treatment, had higher patient satisfaction and physician loyalty.

There is a continuum of decision making with informed decision making at one end and the physician making all the decisions
for the patient at the other (“You’re the doctor!”). In the informed decision-making model, patients make treatment decisions
after the physician transfers his or her knowledge of the options,
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treatment efficacy, and risks to the patient. As the patient’s agent, the physician is able to elicit the patient’s values and then
selects the best treatment for the patient based on the patient’s value system. Most clinical decisions appear to be made with the
patient and physician meeting somewhere in between these two ends of the decision-making spectrum. Always ask about
treatment expectations and the patient’s goals.

B. Discussing clinical trials

Research suggests that there is a wide variation in the manner in which physicians talk to patients about clinical trials. No
research has established a method that will increase the likelihood of a patient choosing to enter a clinical trial. The possibility

3



6 Talking with Cancer Patients and Their Families

of clinical trial participation usually occurs when physicians and patients are discussing treatment options. Recommendations
for discussing clinical trials build upon previous discussions regarding treatment options.

*  Describe a clinical trial as a treatment option. Describe it as an alternative to the “best standard” therapy.

e  Always ask the patient his or her understanding of what a clinical trial means.

* Delineate the differences. Make it clear that the process of a clinical trial is more involved than getting treatment out
of the trial. It involves detailed consent forms and special procedures if toxicities develop, and it means that often the
doctor or patient do not get to choose therapy.

*  Right to withdraw. Emphasize to the patient that he or she may withdraw from the trial at any time.

*  What happens if a patient withdraws? The physician should discuss how medical care will be transferred back to the
patient’s primary oncologist or physician after the participation in the clinical trial has ended or if the patient
withdraws.

C. Completing curative therapy

The end of a planned course of anticancer therapy is a source of ambivalent feelings for many patients. Although it is a relief to
be finished with anticancer therapy and its side effects, many patients also worry about not being watched as carefully, losing
the support of their medical providers, and cancer regrowth if chemotherapy is no longer ongoing. Patients are often unsure
about resuming old activities they enjoyed before the cancer diagnosis. Important points to cover at this point are:

e  Support the patient on a job well done.

* Invite questions about any concerns.

e Emphasize the follow-up plan.

* Provide resources. Survivor support groups include the National Coalition for Cancer Survivorship
(www.canceradvocacy.org).

D. Discontinuing palliative chemotherapy

One of the most challenging tasks faced by oncologists is talking to a patient with a life-threatening cancer about discontinuing
palliative chemotherapy that has proven to be ineffective. Although this is well known to oncologists as a challenge, there has
been little empirical study of this task, perhaps because of the difficulty of capturing these conversations. One of the most
important things to do when beginning palliative chemotherapy is to specifically delineate why it’s being given, how a response
will be measured, and finally what the indicators for stopping the therapy are. Other important strategies for when palliative
chemotherapy is being discontinued include:

*  Structure the discussion like the “bad news” conversation.

*  Assess patient’s values and goals at this point as therapy is no longer going to be given.
*  Reframe goals to one of continued support and focus on symptom control.

*  Respond to emotion.

*  Propose a new care plan. This may include discussing treatment limitations and hospice.
*  Follow-up. Use follow-up to address symptoms or items discussed in step 5.
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VI. Transitioning to hospice

A. Introduction

Hospice programs offer unique benefits for patients who are near the end of life and their families. Growing evidence indicates
that hospice can provide high-quality care. Despite these benefits, many patients do not enroll in hospice, and those who enroll
generally do so very late in the course of their illness.

Some barriers to hospice referral arise from the requirements of hospice eligibility, which will be difficult to eliminate without
major changes to hospice organization and financing. However, the challenges of discussing hospice create other barriers that
are more easily remedied. The biggest communication barrier is that physicians are often unsure of how to talk with patients
clearly and directly about their poor prognosis and limited treatment options (both requirements of hospice referral) without
depriving them of hope.

Hospice programs provide a unique set of benefits for dying patients and their families. For instance, hospice patients receive
medications related to their hospice diagnosis, durable medical equipment, home health aide services, and care from an
interdisciplinary team. Families also receive emotional and spiritual support and bereavement counseling for at least a year after
the patient’s death. The median length of stay in hospice is approximately 3 weeks, and 10% of patients enroll in their last 24
hours of life.

It is not known what proportion of patients should enroll in hospice or what the optimal length of stay is. Nevertheless, there is
widespread agreement among experts in the field and physicians that more patients could enroll in hospice and many of those
who enroll should do so sooner. From the oncologic point of view, the factors that should trigger the consideration of hospice
for cancer patients are:
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*  Poor performance status

*  Leptomeningeal carcinomatosis
*  Malignant bowel obstruction

e Malignant pericardial effusion
e Spinal cord compression

*  Brain metastasis (multiple)

e Widespread metastatic disease

B. Having the discussion

When patients have a poor prognosis and treatment options are limited, physicians should discuss hospice more directly and
recommend it when appropriate. Physicians often find these hospice discussions difficult and uncomfortable because patients
are being asked to “give up” on disease-directed treatment. However, just as they can with other “bad news” discussions,
physicians can make hospice discussions more compassionate, and more effective, by following a structured approach similar
to that first described by Buckman for breaking bad news. The overall aim of a hospice discussion that follows this approach is
to define a patient’s treatment goals and needs for care and then to present hospice as a way to achieve those goals and meet
those needs. Steps in the conversation include:

*  Establish the medical facts. Set the stage. Identify a time and place for an uninterrupted conversation. Because hospice
decisions are often shared with family members, they should be present.

*  Assess the patient’s understanding of his or her health.

*  Define goals of care. Inquire about patients’ hopes and fears, which offer insights into their goals.

* Identify needs for care. Identify problems that respond particularly well to the multidimensional treatment that
hospice can provide, such as dyspnea, depression, anxiety, and existential distress. Important items to examine are
availability of caregivers, location of residence, and safety of residence.

* Introduce hospice as a way to meet the patients’ needs but don’t forget other programs. Home hospice is poorly
equipped to meet the needs of debilitated patients without informal caregivers who want to remain at home, unless
they can pay for help. Similarly, frail older adults who require extensive supervision may receive more home care
services from a Program of All-inclusive Care for the Elderly (PACE)
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*  Respond to emotion and provide closure.
e  Make the appropriate referral.

VII. Social dynamics affecting cancer treatment

A. Families

It is no surprise that the family is an important source of support. The type of family support is important. Family members who
do not reside with participants and pop in and out of their lives without making particular impacts upon the process of enduring
chemotherapy are felt to be more of distraction than a help.

B. Partners and spouses

Partners or spouses are a source of support, encouragement, and great strength. Living with someone undergoing chemotherapy
treatment can cause distress, due to intensity of emotion, anxiety, and the possibility of an unpredictable illness trajectory. The
patient and his or her spouse often develop a different set of problems resulting from the chemotherapy situation. Behaviors can
change, and spouses can be conscious of their reaction to the disease and treatment in relation to the other.

C. Children

Research on adolescents identifies that their lives are complicated by the parent’s illness, and that some of these complications
arise from poor assessment of their information needs. Children of all ages do not like the parent to talk about the futility of the
disease and the possible failure of chemotherapy to cure the cancer. They had difficulty coping with parents who had little hope
or who had a negative outlook. Children may purposely adopt a position of noninvolvement to protect themselves from the
possibility of losing a parent, and sometimes they demonstrate intolerance to ill health. Children wrestle with the possibility of
separation during a parent’s illness and apparently the feeling of imminent death of a parent is emphasized during
chemotherapy.

D. Friends

Research suggests that support from friends is highly valued. It was regarded almost as important as support from family, and
friends were perceived to be significantly more important than care professionals in supporting people with cancer. Unlike
family and spouses/partners, friends of our participants appear to be confidantes and motivate patients to socialize.

VIII. Disagreements about therapy

A. Types of conflicts

Physicians often assume that conflict is undesirable and destructive, yet conflict handled well can be productive, and the clarity
that results can lead to clearer decision making and greater family, patient, and clinician satisfaction. Conflict in medical
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settings has been defined as “a dispute, disagreement, or difference of opinion related to the management of a patient involving
more than one individual and requiring some decision or action.” Common sources of conflict include family versus physician,
physician versus physician, and family versus family. Brief examples are:

*  Family versus physician. The son of a patient wants life-preserving therapy yet the medical professionals think that it
is futile.

*  Physician versus physician. Specialist wants to continue with therapy; palliative care physician thinks it’s futile.

*  Family versus family. Daughter wants everything done; son wants patient put in a hospice.

B. Tools to negotiate conflict

Active listening. “What I hear you say is...” “It sounds like you feel that not all treatment has been offered.”
Self-disclosure. “I’'m worried that the treatments being discussed are not going to prolong life.”

Explaining. “There is a 30% chance that the chemotherapy will cause a response.”

Empathizing. “I think anyone in your situation would be frustrated.”

Reframing. “Let’s take a look at hyperalimentation as part of the bigger picture.”

Brainstorming. “Let’s come up with some ideas how we can improve her symptoms.”
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IX. Alternative and complementary therapy

A. Overview

It has been estimated that 83 million Americans used alternative therapies for malignant and nonmalignant disorders. Estimates
suggest that from 70% to 90% of patients will not mention alternative therapy visits to their physicians. The reasons why
people seek alternative therapies for cancer are broad. Many seek out alternative therapy when options for conventional therapy
have been exhausted. There is also the recognition that, for some tumor systems, conventional therapy is of limited
effectiveness and that the side effects of chemotherapy, surgery, and radiation are feared. For some tumor systems, no
conventional therapy exists and the standard therapy is participation in phase I or phase II trials. Many patients perceive that the
conventional approach is emotionally or spiritually empty and provides neither comfort nor solace.

*  Why do patients seek out alternative therapies? A large lay literature on alternative therapies suggests that sufficient
will and determination can overcome cancer. Many alternative therapies invent a simple etiology explaining all
cancers are due to a common etiology, such as a toxin. The use of alternative therapy allows patients to exert
autonomy and gives them a sense of participation in their care.

*  Regulatory status. Vitamins and herbs are considered to be nutritional supplements and are not regulated by the U.S.
Food and Drug Administration (FDA).

* How do patients learn about alternative therapies? A quarter of patients learn about alternative therapies via the lay
media, including newspapers, television, magazines, and the hundreds of Web sites that sell bogus cures for cancer.
Approximately one-sixth of patients learn about alternative therapy from well-meaning friends and family. One-third
learn about alternative therapy from their physician!

e  What therapies are chosen? It has been estimated that fewer than half of patients with cancer receive only
conventional therapy; approximately 44% use conventional and alternative therapies. Ten percent of patients with
cancer use unorthodox therapy only and forgo any form of conventional anticancer treatment.

e Is this all harmful? Usually there is no harm. There are low-risk therapies, such as massage, spiritual healing,
therapeutic touch, hypnosis, and relaxation, which do not interfere with conventional therapy. Clearly, any therapy is
potentially dangerous if it delays effective or curative conventional therapy. Lack of toxicity does not always mean
safety.

B. Role of the oncologist

Many patients who pursue alternative therapy do so because they feel that their alternative practitioner listens to them.
Physicians need to recognize that patients have the right to forgo conventional therapy. Common law recognizes the patient’s
autonomy in making treatment decisions, and this must be respected by the physician.

In most instances, the patient wants the physician’s opinion regarding the therapy, but a judgmental or dismissive attitude often
drives the patient away. It becomes important to specifically ask during the course of therapy: “Are you considering or are you
currently using therapies that are usually considered unconventional or alternative?”

Good communication skills between physician and patient remain the best strategy to combat inappropriate use of alternative
medicine. Reassuring patients of continued support no matter what therapy they select remains a key. It is worth remembering
that most patients do not have the scientific background to distinguish therapies that have been shown to be effective from
completely fraudulent therapies.

A nonjudgmental attitude is important. A particularly useful Web site to which patients can be referred, so that they may get
additional information about an alternative therapy, is http://www.quackwatch.com.

X. Managing the difficult patient

6
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A. Introduction

Most practices include difficult patients; the prevalence is estimated to be 15% of patients. Many physicians enter medicine
with the goals of solving
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medical problems and curing disease. They do not expect to encounter patients who make repeated visits without apparent
medical benefit, patients who do not seem to want to get well, patients who engage in power struggles, and patients who focus
on issues seemingly unrelated to medical care. The result is often distraction from effective care, waste of physician energy,
complaints from patients and staff, and continued health problems for the patient.

A variety of tactics and strategies that reduce common physician—patient communication problems can be applied to difficult
encounters. Improving physician communication can lead to increased patient satisfaction, increased health care professional
satisfaction, and improved patient health outcomes and a decrease in complaints and lawsuits. Ensuring that patients understand
that the physician comprehends their situation and cares about their health is related to better outcomes.

Several factors exist that lead to the generation of the “difficult patient.”

e Patient factors. The difficult or frustrating patient, often a “distressed high utilizer of medical services,” has
unrecognized psychiatric problems. Patients with mood disorders may present with physical symptoms and
persistently search for a medical explanation for distress. Patients with alcoholism and borderline personality disorder
may present with somatic complaints. Even if the physician recognizes the psychopathology, the patient may reject
the diagnosis. Such patients’ insistence that the physician pursue somatic symptoms until a medical diagnosis is
obtained can be significantly frustrating.

*  Physician factors. Physician overwork may be related to greater numbers of patients being considered difficult. Less-
experienced physicians more often report encountering more difficult patients. Physicians who have greater need for
diagnostic certainty are more likely to consider patients difficult if they present with multiple or vague diagnoses,
repeatedly return with poor response to treatment, persistently present with vague physical complaints, or fail to
follow through with treatment plans or self-management.

Difficult patients are more likely to identify unmet requests after primary care visits. Patients who feel rushed or
ignored may repeat themselves and prolong their visits. These problems may be markers for negative physician
attitudes concerning the psychosocial needs of their patients.

e  System factors. Managed care has led to increased mistrust between patients and physicians. Attempts to “see more
faster” have led to less time with patients. Together, these changes magnify the potential for conflicting expectations
between patients and physicians. If expectations are unmet, patients are more likely to be dissatisfied with their visits.
Dissatisfied patients may become more demanding, and physicians may feel less able to respond to patient needs, thus
transforming the problems of the health care system into interpersonal frustration.

B. Steps to help manage the difficult patient

*  Psychiatric involvement. The prevalence of undiagnosed and untreated psychopathology in difficult patients suggests
that effective management of such patients routinely should begin with a tactful assessment of the patient’s distress.
For example, the physician could observe, “You seem quite upset. Could you help me understand what you are going
through?” Screen for substance abuse. Targeted psychopharmacology, particularly with selective serotonin reuptake
inhibitor (SSRI) therapy, may be considered for patients with symptoms of dysphoria, anxiety, and aggression.
Framing medication recommendations in terms of the stress produced by mysterious or intractable medical conditions
may facilitate a patient’s acceptance of such a prescription. Incorporating a mental health consultant also is helpful.

*  Physician responsibility. Physicians should practice effective self-management. This includes acknowledging and
accepting their own emotional responses to patients, as well as seeking help if necessary, be it via colleagues or
formal therapy. It may be quite helpful for physicians to elicit feedback on their communication skills. Possible
sources include staff, trusted patients, or a review of audiotapes
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or videotapes of patient visits. Using the tools described in this chapter such as active listening, empathizing, and
reframing can help improve communication.

*  Counterproductive strategies. Ignoring the problem or exporting it to another physician does not make the difficulty
disappear. Accusing the patient of being problematic may provoke patient anger and counter-blaming. Telling the
patient that there is nothing wrong or that there is nothing you can do for him or her may trigger persistent attempts to
prove that a problem exists.
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7 Head and Neck Cancers

1. General aspects of head and neck cancers

Head and neck cancers include a heterogeneous group of malignant tumors arising in all structures cephalad to the clavicles,
except for the brain, spinal cord, base of the skull, and usually the skin. A meaningful understanding of these malignant tumors
requires anatomic separation into those cancers arising in the oral cavity, oropharynx, hypopharynx, nasopharynx, larynx, nasal
fossa, paranasal sinuses, thyroid and salivary glands, and vermilion surfaces.

A. Epidemiology and etiology

e Incidence. Cancers arising in the head and neck constitute about 3% of all newly diagnosed cancers in humans. In
2007, an estimated 45,500 newly diagnosed cancers of the oral cavity, pharynx, and larynx resulted in 11,200 related
deaths.

* Etiology. Cigarette smoking and substantial alcohol intake are the major risk factors. Field cancerization is a concept
based on the prolonged exposure of the oral and pharyngeal mucosa to carcinogens. Of the survivors of one cancer of
the head and neck, 20% develop another primary head and neck cancer.

B. Pathology

* Histology. Nearly all cancers of the oral cavity and pharynx are squamous cell carcinomas of varying differentiation.
Adenoid cystic and mucoepidermoid cancers arise from salivary glands. A range of histologically different cancers,
such as papillary, follicular giant cell, Hiirthle cell carcinomas, and lymphomas, arise in the thyroid gland.

*  Metastases. Most primary cancers of the head and neck spread by invasion of adjacent tissues and metastases to
regional lymph nodes. Metastases to distant sites are infrequent.

C. Diagnosis

e Common symptoms and signs
o Painless mass

o Local ulceration with or without pain

o Referred pain to teeth or ear

o Dysphagia, mechanical or painful

o Alteration of speech, such as difficulty pronouncing words (tongue) or change in character (larynx,
nasopharynx)

o Persistent hoarseness (larynx)

o Unilateral tonsillar enlargement in an adult

o Persistent unilateral “sinusitis”

o Persistent unilateral nosebleed or obstruction

o  Unilateral hearing loss often with serous otitis

o  Cranial nerve palsies

* Biopsy and imaging. Primary cancers of the head and neck must be documented by biopsy. In some circumstances,
when epidermoid carcinoma has been identified in a cervical lymph node and no obvious primary tumor found on
physical or imaging examinations, “blind” biopsies of Waldeyer’s ring are appropriate. Magnetic resonance imaging
(MRI) and computed tomography (CT) from the base of the skull to the thoracic inlet are essential in establishing the
local or
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regional extent of the tumor. Chest x-rays remain part of the evaluation, although intrathoracic metastases are
infrequent.

*  Endoscopy. Visualization of the oral cavity, nasal cavity, nasopharynx, oropharynx, hypopharynx, larynx, cervical
esophagus, and proximal trachea is essential in establishing the presence and extent of tumor. These examinations
have been facilitated by development of flexible, small caliber, bright-light endoscopes. Biopsies can be done at the
time of endoscopy. It is useful for all oncologists likely to be involved in the management of a specific patient to be
present at the endoscopy.

e Evaluation of masses in the neck. A new, firm, usually nontender mass or masses, in the neck, either unilateral or
bilateral, especially in adults should be considered metastatic (or primary in the thyroid) cancer until proved
otherwise. Before direct biopsy, search for a primary cancer is important. This search may include “blind” biopsies of
Waldeyer’s ring and should include MRI and CT examinations. Initial direct biopsy of a suspicious, enlarged cervical
lymph can be done by fine-needle aspiration. Open biopsy should be done as a last resort.

D. Staging
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Staging can be based on clinical information or information found at surgery. Clinical staging is important because many
patients are treated by radiation therapy (RT). Clinical staging is based on physical examination and information from MRI,
CT, or both examinations. All primary cancers must be documented histologically.

The TNM system proposed by the American Joint Committee on Cancer (AJCC) is the most frequently used system in the
United States (Table 7.1). T reflects primary tumor size and extension; N is based on the size, number, and location of cervical
lymph node metastases; and M represents more distant metastases. The T staging classification varies slightly with the specific
anatomic site and will be discussed with each cancer. The N and M classifications and stage groupings are the same for all head
and neck cancers except nasopharyngeal carcinoma.

Stage IV is divided into three groups representing locally advanced but still resectable disease (IVA), unresectable locally
advanced disease (IVB), and distant metastases (IVC).

E. Prognostic factors

The most important prognostic factors for patients with primary cancers of the head and neck are primary tumor site, size and
extent, and regional or distant metastases. Histologic differentiation of epidermoid carcinomas is less important. A major risk
factor is a previous head and neck cancer. Continued cigarette smoking and consumption of alcoholic beverages expose the
mucosa to known carcinogens.

F. Prevention

The main preventatives for cancer of the head and neck are abstinence from the use of alcoholic beverages and tobacco. Also
avoidance or elimination of chronic irritants, such as an irregular sharp tooth or ill-fitting denture, is desirable. Isoretinoin (13-
cis-retinoic acid) can reverse severe leukoplakia and possibly reduce the development of squamous cell carcinomas in the oral
cavity, but it has no influence on the recurrence of previously treated cancers.

G. Management principles of head and neck cancers

Before commitment to a therapy program for a specific patient, there should be input from all members of the multidisciplinary
oncology group who will be involved. Included are surgeons, radiation oncologists, medical oncologists, dentists, nurses, social
workers, and rehabilitation personnel. Proper management includes frequent, periodic examinations after treatment. Persistent
or “recurrent” cancers usually can be recognized within 2 years of the completion of treatment.

e Surgery has long been a mainstay of the treatment of patients with cancers of the head and neck. Treatment of the
primary tumor requires removal of the tumor and its local and regional extensions. Sometimes anatomic barriers, such
as the base of the skull, make such complete removal unlikely. In such situations, adjuvant RT, chemotherapy, or both
may facilitate or even negate the need for radical surgery. Recent advances have promoted adequate resection of some
tumors involving the base of the skull.
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Table 7.1 TNM Staging for Head and Neck Cancers*”
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Primary tumor (T)*¢

TX Primary tumor cannot be assessed

T0 INo evidence of primary tumor

Tis Carcinoma in situ

T1 [Tumor <2 cm in greatest dimension

T2 [Tumor >2 cm but <4 cm

T3 [Tumor >4 cm

T4 [Tumor invades adjacent structures (defined under specific site)
T4a [Tumor invades adjacent structures, but is potentially resectable
T4b [Tumor invades adjacent structures, but is unresectable

Regional lymph nodes (N)

INX Regional lymph nodes cannot be assessed

INO INo regional node metastasis

N1 Metastasis in a single ipsilateral lymph node, <3 cm

N2a Metastasis in a single ipsilateral lymph node, >3 cm but <6 cm

IN2b Metastasis in multiple ipsilateral lymph nodes, none >6 cm

IN2c Metastasis in bilateral or contralateral lymph nodes, none >6 cm

N3 Metastasis in a lymph node >6 cm in greatest dimension

Distant metastases (M)

MX Distant metastasis cannot be assessed

MO INo distant metastasis

M1 Distant metastasis

Stage groupings

0 Tis NO MO
I TI NO MO
II T2 NO MO

I T1-3 N1 MO, T3 NO MO
IVAT4a NO0-2 MO, T1-3N2 MO (advanced, resectable disease)
IVBAny N3 MO, T4b any NMO (advanced, unresectable
T disease)
IVCAny any NM1 (advanced, distant metastatic
T disease)

FExcludes nasopharynx cancers.

PN staging, M staging, and stage groupings are identical for the other carcinomas of the head and neck (lip, oral cavity,
oropharynx, hypopharynx, larynx, nasal cavity, paranasal sinuses, and major salivary glands).

T staging for carcinomas of the hypopharynx and major salivary glands has the same definitions for tumor size but
also depends on local tumor extension.

‘Carcinomas of the larynx and paranasal sinuses have specific definitions for all T stages that depend on tumor
location rather than on tumor size.
Adapted from the AJCC Cancer Staging Manual. 6th ed. New York: Springer-Verlag, 2002.

o Preservation of functions, such as swallowing, voice or vision, and cosmesis, must be considered in any
management plan. Tumor extension into bone, such as the mandible or maxilla, usually requires resection.
Often reconstruction can minimize the long-term morbidity.

o Metastases to cervical lymph nodes, particularly from the oral cavity, paranasal sinuses, hypopharynx, and
thyroid, are best treated surgically, although postoperative irradiation frequently is indicated. Removal of
cervical nodes containing metastatic cancer can be accomplished by en bloc resection (radical neck
dissection) or a limited procedure, such as suprahyoid dissection.
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RT can control many cancers of the head and neck, usually with better consequent function and cosmesis than
following radical resection. No anatomic barriers to RT exist, although specific tissue tolerance limitations do. Basic
radiobiological principles must be observed in devising specific treatment approach (see Chapter 3).

o  Primary treatment. RT is used as the initial and possibly only therapy. This is done mainly to either preserve
organs and functions or substitute for surgery for unresectable tumors.

o Adjuvant treatment. RT is planned for use before or after surgery. The irradiated volume can be the
preoperative or the postoperative tissue volume at risk, or it can be separate from the operative site, such as
the treatment of cervical nodes after surgical removal of the primary tumor.

o Volume treated. RT should include all known tumor-bearing anatomic sites plus any sites of suspected
tumor spread, such as the neck in a patient with aggressive oral tongue or pharyngeal cancers.

o RT doses. Included are incremental doses (usually in daily fractions) and total doses. Both relate to the
probabilities of tumor control and treatment-related sequelae. In general, daily doses should be 180 to 200
cGy/fraction. For epidermoid carcinomas of the head and neck without surgery, the total doses are usually
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6,500 to 7,500 cGy. When used as a postoperative adjuvant, the total doses can be lower (5,500 to 6,000
cGy), and when used preoperatively even lower doses (4,500 to 5,000 cGy) are appropriate.

o Altered fractionation schemes. Special fractionation regimens have been created to exploit certain
radiobiological advantages for the treatment of head and neck cancers. (See Chapter 3, section IIL.LE.) They
have been tested in numerous international phase-III multicenter randomized trials, and the results have in
general been favorable as compared with conventional fractionation practice, especially for locoregionally
advanced disease.

o Hyperfractionation delivers more fractions with smaller dose per fraction to a higher total dose than
conventional fractionation, over the same length of overall treatment time. It aims to enhance tumor cell
killing while maintaining the same level of late normal tissue damage.

o  Accelerated fractionation aims to overcome the therapy-induced accelerated repopulation of cancer cells,
and delivers a conventional amount of total dose while shortening the overall treatment time with more
intensely fractionated patterns.

o Combined chemoradiotherapy. In recent years, cytotoxic chemotherapy as well as biologic response
modifiers have been shown to augment the therapeutic effect of RT. Most randomized trials have shown the
benefit of concurrent chemo-RT (CCRT; see section 1.J.3), while induction or neoadjuvant chemotherapy
before definitive RT continues to be tested.

o Precision-oriented RT. Recent advances in computer technology have enabled the development of
ultraprecision treatment techniques, such as stereotactic irradiation and intensity modulated RT (IMRT).
Particle therapy with protons and heavy ions are also available in a few centers worldwide (see Chapter 3,
sections IV.C, D).

H. Management of the primary cancer

*  Most T1 and T2 primary cancers can be controlled equally well by surgery or RT. Therefore, the choice of treatment
may be influenced by tumor site, accessibility, histologic grade, the patient’s health status, vocation, or preference.
Organ or functional preservation may be provided by RT for cancers of the oral and pharyngeal tongue, floor of the
mouth, larynx, orbit, or tonsil. Surgery is preferable when tumor involves bone.

*  Most T3 and T4 primary cancers often require combinations of surgery and RT. If resection is not possible, high-dose
RT may still be effective and adjuvant chemotherapy may be useful. Although preoperative irradiation may reduce the
tumor size and theoretically facilitate the surgery, postoperative irradiation is nearly always preferable because the
extent of tumor can be better determined and tissue healing is less impaired. The total radiation doses after complete
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resection of the primary and regional tumors may be reduced to 5,500 to 6,000 cGy. Indications for postoperative RT
include

o Close or inadequate resection margins
o Poorly differentiated cancers
o Involvement of lymphatics, including cervical nodes
o Perineural invasion
*  When cancer reappears clinically at the initial site following a complete response to the primary treatment, this is
considered local recurrence of cancer. If a tumor arises at a different site, especially if the histology is different, it is
considered a new cancer. The retreatment of cancers can be difficult, with reduced effectiveness and increased
morbidity, although surgery may “rescue” failures of RT, and irradiation may control surgical failures.
o Recurrence of a tumor usually indicates a biologically aggressive cancer and the prognosis is worse than
before the initial treatment.
o If the local failure is at the margin of the treatment site, it may be a direct result of “geographical miss,” and
additional focal salvage treatment may still provide effective cure.

1. Treatment of metastases to cervical lymph nodes
is related to extent of the metastases (massive, fixed, or bilateral), the location of the metastases, the histology, and the primary
tumor site. The most frequent treatment is surgery either at the time of resection of the primary cancer or later.

*  The types of neck dissection(ND) are

o Classic radical ND. Removes en bloc all tissues from the clavicle to the mandible and from the anterior
margin of the trapezius muscle to the midline strap muscles between the superficial layer of the deep cervical
fascia (platysma) and the deep layer of the deep cervical fascia. Included are the sternocleidomastoid muscle,
internal jugular vein, and accessory (11th) cranial nerve.

o A modified radical ND usually spares the accessory (11th) nerve, the sternocleidomastoid muscle, or both.
This operation is usually used when the neck is “clinically negative,” but at high risk for metastases or when
the metastases to cervical nodes are minimal and when RT is to be used. A variant is the supraomohyoid
dissection that removes nodes only from the upper neck.
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o  When a partial neck dissection is done, only a limited number of lymph nodes are removed. This might be a
single, suspicious node.

*  The risk of clinically undetected metastases varies with primary tumor site and size and the histology. For example,
approximately 40% of patients with squamous cell carcinomas of the oral tongue will eventually develop cervical
adenopathy. This risk is higher, and often bilateral, for patients with carcinomas of the pharyngeal tongue. In contrast,
cervical metastases do not develop in patients with cancers limited to the true vocal cords because there are no
lymphatics.

e Selection of treatment. When metastases to cervical lymph nodes are present at the time of diagnosis, treatment of the
neck is usually dictated by the treatment modality selected for the primary tumor. For squamous cell carcinomas,
primary in the oral cavity and paranasal sinuses, surgery may be preferable. When the cancers arise in the
nasopharynx, RT is the choice because these tumors are radioresponsive; they often are bilateral and may not be
resectable because of anatomic barriers. Other pharyngeal and laryngeal primary tumors would require both surgery
and RT, but with cervical nodal metastases primary, RT with or without chemotherapy is preferable, often followed
by planned neck dissection.

J. Role of chemotherapy in squamous cell carcinomas of the head and neck (SCCHN)

Chemotherapy does not have a role in most early stage (I and II) SCCHN. The greatest benefit derived from chemotherapy is in
patients with locally advanced disease when chemotherapy is used either sequentially with RT or concurrently with RT
(CCRT), with or without surgery. It has been shown in this setting to increase the possibility of larynx preservation and
improve survival. In the metastatic setting,
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it may be used as a palliative measure and has also been shown to improve overall survival.

*  Effective agents. Many drugs have shown activity as single agents in the metastatic setting with potentially high
response rates (RR) in phase II studies. Examples include methotrexate (RR 10% to 45%), cisplatin (RR 15% to
40%), bleomycin (RR 5% to 45%), 5-fluorouracil (5-FU; RR 0% to 33%), paclitaxel (RR 30%-40%), docetaxel (RR
30% to 40%), carboplatin (RR 10% to 30%), ifosfamide (RR 25%), cetuximab (RR 16%), and erlotinib (RR 4%).
These response rates often decrease significantly in phase I1I studies.

* Induction chemotherapy(before surgery or RT) has been evaluated extensively. Despite very high RR, early studies
did not show survival benefit with this approach. A meta-analysis has shown, however, a small but significant
survival benefit when cisplatin and 5-FU are used in combination.

Several randomized studies in the United States and Europe have also shown a benefit when a taxane (usually
docetaxel) is added to cisplatin/5-FU, given either before RT or CCRT. The Dana Farber group (TAX 324) showed a
significant improvement in 3-year overall survival from 48% to 62% when docetaxel was added to cisplatin/5-FU,
then followed by carboplatin given concurrently with RT. What is not known is whether the addition of any induction
chemotherapy will improve survival compared with the optimal CCRT.

*  Induction chemotherapy regimens for SCCHN include:
o Given in 21-day cycles

Docetaxel, 75 mg/m?, IV on day 1

Cisplatin, 75 mg/m?, IV on day 1

5-FU, 750 mg/m?/day by continuous IV infusion over 24 hours on days 1 through 5
o Given in 21-day cycles

Docetaxel, 75 mg/m?, IV on day 1

Cisplatin, 100 mg/m?, IV on day 1

5-FU, 1,000 mg/m*/day by continuous IV infusion over 24 hours on days 1 through 4

*  Concurrent chemoradiotherapy has been shown to improve larynx preservation rates in intermediate, locally advanced
laryngeal cancer by the Radiation Therapy Oncology Group (RTOG 91-11). A meta-analysis of CCRT used in
patients with locally advanced SCCHN has shown a statistically significant improvement in overall survival (absolute
improvement 8%). Survival benefits have been seen in randomized studies using various chemotherapy regimens,
such as cisplatin alone, cisplatin with 5-FU, and carboplatin with 5-FU.
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A study with cetuximab, a monoclonal antibody to the epidermal growth factor receptor, in combination with RT, has
shown a significant survival benefit compared with RT alone (55% vs. 45% 3-year overall survival). Although CCRT
using conventional cytotoxic agents will increase mucosal toxicity compared with RT alone, this increase in toxicity
was not seen with cetuximab. A small (21 patients) single institution phase II study done at Memorial Sloan-Kettering
Cancer Center evaluated the combination of cisplatin, cetuximab, and RT and showed an impressive 3-year overall
survival rate of 76% in a group of patients with very advanced disease; however, five significant adverse events,
including two deaths, occurred. This regimen is being tested in a phase III cooperative group study (RTOG 05-22),
but because of the potential toxicity, is not recommended outside of a clinical trial.

CCRT regimens for SCCHN include
o Given in 21-day cycles for three cycles with RT

Cisplatin, 100 mg/m?, IV on day 1
o Given in 21-day cycles for 3 cycles with RT
Carboplatin, 70 mg/m?, IV on days 1 through 4
5-FU, 600 mg/m?*day by continuous IV infusion over 24 hours on days 1 through 4

o Cetuximab, 400 mg/m* IV loading dose given on the week before RT starts, then 250 mg/m” IV weekly for 7
weeks

P.147

Adjuvant chemotherapy is not recommended as standard of care after RT, with the single exception of nasopharyngeal
carcinoma. In the Intergroup Study 0099, patients with stage I1I/IV nasopharyngeal carcinoma were randomized to RT
alone or concurrent cisplatin and RT followed by three cycles of adjuvant cisplatin and 5-FU. The 3-year overall
survival was 47% and 78%, respectively (P = 0.005), establishing this regimen with CCRT followed by adjuvant
chemotherapy as the standard of care.

Although no benefit was seen with the use of RT alone (e.g., Intergroup 00-34) in the postoperative setting, several
studies have evaluated CCRT in “high risk” patients. The two largest phase III randomized studies that have been
completed were done by the European Organization for Research of Cancer (EORTC 22931) and the RTOG (RTOG
95-01). Both studies randomized patients to either high dose cisplatin as CCRT or RT alone and showed significant
improvement in disease-free survival with cisplatin added. However, only EORTC 22931 showed a significant
improvement in overall survival (absolute 13% survival benefit at 5 years). Subset analyses of both studies have
shown that significant improvement in survival is seen only for patients with either extracapsular lymph node
extension or positive surgical margins.

o  CCRT plus adjuvant regimen for nasopharyngeal carcinoma:
»  Cisplatin, 100 mg/m? IV on day 1 of 21-day cycles for three cycles concurrently with RT
»  Followed by three 28-day cycles (after RT is completed) of Cisplatin, 80 mg/m’ IV on day 1, and
* 5-FU, 1,000 mg/m?*/day by continuous IV infusion over 24 hours on days 1 through 4
o Postoperative CCRT regimen:
= Cisplatin, 100 mg/m? IV on day 1 of 21-day cycles for three cycles concurrently with RT
Reirradiation. The standard of care for patients with recurrent unresectable disease in a previously irradiated field is
palliative chemotherapy. Several investigators, however, have evaluated the use of reirradiation concurrently with
chemotherapy with overall 2- to 5-year survival rates ranging from 15% to 25%.

RTOG 99-11 evaluated hyperfractionated RT with cisplatin (15 mg/m?) and paclitaxel (20 mg/m?), both given daily
for 5 days every 14 days for four cycles; treatment resulted in a 27% 2-year overall survival. The use of granulocyte
colony-stimulating factor is routinely required between cycles.

An early phase II study (RTOG 96-10) evaluated reirradiation using hyperfractionated RT with concurrent
hydroxyurea (1.5 g) and 5-FU (300 mg/m?), both given daily for 5 days every 14 days for four cycles; treatment
resulted in a 16% 2-year overall survival.

A phase III study to determine if this approach is superior to standard chemotherapy had to close early because of
poor accrual. At this time, this highly toxic approach should be considered investigational and should not be done
outside of a clinical trial or a center with extensive experience with this treatment.
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Metastatic SCCHN is treated with chemotherapy alone and is not curable. Multiple chemotherapy agents have shown
activity in this setting.

Although combination regimens have shown superior improvement in responses compared with single
agents, no randomized study has ever demonstrated an improvement in overall survival. During this time,
single agent methotrexate (40 to 60 mg/m” IV weekly) should have been considered standard of care because
no other regimen had been shown to be superior.

Cetuximab is a promising agent for the treatment of SCCHN.

o

The EXTREME trial was presented in June of 2007, which compared cisplatin (100 mg/m? on day
1) or carboplatin (AUC 5 on day 1) plus 5-FU (1,000 mg/m?*day by continuous infusion on days 1
through 4), both
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with and without cetuximab (400 mg/m? loading dose followed by 250 mg/m?* weekly). This study
showed a significant improvement in median survival with the addition of cetuximab from 7
months to 10 months. No crossover to cetuximab was allowed in the study.

A randomized phase III trial by the Eastern Cooperative Oncology Group compared cisplatin and
placebo with cisplatin and cetuximab in 117 eligible patients. The median and progression-free
survivals were 8 months and 3 months in the control group versus 9 months (P = 0.21) and 4
months (P = 0.07) in the experimental arm. Crossover was allowed in this study.

Many investigators have interpreted the results of these important studies to mean that cetuximab
should be used in the treatment of metastatic SCCHN. This is not necessarily so as the first-line
regimen. It is always appropriate, when available, to treat on a clinical trial, even if this means
cetuximab is held until for second- or third-line treatment.

K. Adverse effects of treatment
All treatments of cancer, even when properly administered by current standards, may have unintended adverse consequences.

Radical surgery

o

O O O O O O

o

Radiation therapy

@)

O

Interference with swallowing

Loss or change in quality and forcefulness of voice
Aspiration

Shoulder or upper limb weakness

Localized cutaneous sensory change or loss

Need for thyroid replacement

Diplopia, visual loss

Cosmetic changes

Acute, self-limiting effects

Erythema of skin

Conjunctivitis

Mucositis in oral cavity, oropharynx, hypopharynx, nasopharynx, larynx, nasal fossa

Epilation, dose related, involving scalp, facial hair, eyelashes, eyebrows. Returning hair may be
more sparse and even of a different color and texture.

Edema. Laryngeal is the most serious

Lhermitte syndrome is an infrequent problem manifested as an “electric shocklike” sensation,
usually in the upper limbs precipitated by flexion of the neck. This syndrome is secondary to
radiation-induced change, probably temporary demyelination. It is not a precursor of permanent
myelopathy.

Alteration of taste

Xerostomia, which may be minimized by total radiation dose reduction through use of techniques
such as intensity modulated radiation therapy (IMRT). Medications, such as pilocarpine (Salagen),
have been tried without scientifically documented success.

Infection, the most frequent of which is candidiasis controllable by fluconazole.

Long-term or permanent

Xerostomia. Recovery from acute change may be minimal with long-term adverse consequences,
including tooth decay, oral infections, and problems swallowing and associated weight loss.
Xerostomia also may be associated with autoimmune disorders (Sjogren’s syndrome), diabetes,
scleroderma, and many medications, including antidepressants, antihypertensives, and medication
for allergies.

Altered taste: usually for salt or sweet

Cataract: develops slowly (more frequent in diabetics)
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= Osteoradionecrosis, usually of the mandible (worse with poor oral hygiene)
= Cervical myelopathy appears over several months and is permanent
=  Soft tissue change: atrophy, telangiectasia, rarely ulceration
=  Skin cancer: described in literature but is very rare
=  Epilation
*  Chemotherapy as an adjunct can increase acute side effects of RT.
e  Toxicity of CCRT. The addition of chemotherapy to RT increases toxicity of treatment, particularly mucositis. RTOG
91-11 compared CCRT with induction chemotherapy followed by RT and with RT alone. The incidence of grade 3 to
4 stomatitis was 73% in the CCRT arm and about 40% in the other two arms. At 1 year after treatment, the
proportions of patients who could swallow only soft foods or liquids and who could not swallow at all were 23% and
3%, respectively, for CCRT; 15% and 3%, respectively, for RT alone; and 9% and 0%, respectively, for induction
chemotherapy. No difference was noted in the three arms with regards to speech. Late grade 3 to 4 toxic effects were
also reported to be 30% in the CCRT group compared with 36% in the RT only group. Treatment-related deaths were
5% in the CCRT compared with 3% in the induction chemotherapy and RT only arms.

L. Supportive care

*  Acute mucositis. Discomfort can be decreased by use of bland foods at room temperature, ice chips, topical analgesics
or anesthetics, preparations (e.g., Ulcerease or Gelclair), and pain medications.
e Opportunistic infections, most frequently candidiasis, can be controlled by specific medications.
*  Adequate nutrition is very important. Frequent meals, diet supplements, and high-calorie intake usually are adequate.
Hyperalimentation is rarely used.
e Dental care
o All patients who plan to receive high-dose RT to the head and neck region, especially if major salivary
glands are in the irradiated fields, should have dental consultation before the start of treatment.
o  Fluoride gel treatment should be used before, during, and after RT. Continuation of treatment should be
based on consultation with the involved dentist.
o Dentures should not be worn during treatment or until healing of the oral mucosa is complete (several
months). Special dentures may be advisable.
o  Prophylactic tooth extraction may need to be performed before RT, and 1 to 2 weeks of recovery time may
be necessary before any irradiation begins.
o Special devices, such as intraoral shielding or bite opener, may need to be constructed by a specialty dentist
before the RT planning session.
o Chemotherapy can exacerbate significantly the dental sequelae of RT.

M. Special clinical problems

e Local or regional regrowth of the previously treated cancer needs to be distinguished from the side effects of
treatment. Cancer usually increases in mass and firmness and the overlying skin may become brawny, purple in color,
and fixed to adjacent tissue. There may be associated ulceration. Although radiation side effects may persist or
temporarily increase, usually there is tissue decrease with fibrosis and atrophy. Secondary radiation changes will be
limited to the irradiated volume, whereas the regrowing cancer may extend outside the treatment volume. Biopsies of
radiation-induced changes may be hazardous with the development of poorly or nonhealing ulceration and infection.
Therefore, treatment, if potentially useful, usually can be instituted based on clinical appearance.

*  Cosmetic defects may be devastating to the patient. These usually are distortions such as secondary to seventh nerve
palsy, reduction in size of the oral cavity, loss of portions of the nose or ear, loss or alteration of orbital contents,
permanent absence of dentures, and unsightly grafts. Often reconstructive surgery is indicated. Psychological support
is imperative. Interactions with support groups with similar problems may be useful.

P.150

*  Massive facial edema is an infrequent problem. The underlying cause is extensive venous or lymphatic obstruction
secondary to uncontrolled cancer. Management is symptomatic and usually unsatisfactory. This usually is an end-
stage problem with death secondary to cerebral edema, hemorrhage, or inanition.

e Arterial rupture with rapid exsanguination owing to disruption of the carotid artery secondary to cancer or necrosis is
a rare problem. Prevention is based on local tumor control, avoidance of progressive infection with necrosis, and
proper technique of neck dissections.

*  Upper airway obstruction may be secondary to progressive cancer, edema, or a combination. The edema can be
treated with high doses of prednisone (40 to 60 mg/day orally). Tracheostomy may bypass the obstruction and
produce temporary relief. Associated infection should be vigorously treated. For patients who have tumor regrowth
after irradiation, chemotherapy may provide tumor reduction.

8



7 Head and Neck Cancers

*  Obstructive dysphagia. If this is secondary to progressive, previously treated cancer, there probably are accompanying
adverse findings, such as airway obstruction and pain. Management usually accomplishes very little.

* Infection associated with progressive, necrotic cancer can be treated with broad-spectrum antibiotics, although the
effect usually is minimal and temporary.

N. Specific head and neck cancer sites

The relative occurrence, sex predominance, most common site, and histology of the constituents of head and neck cancers are
compared in Table 7.2.

I Lip

A. Definition

Cancers of the lip arise on the vermilion surfaces and mucosa. Cancers arising on the skin of the lower lip are considered
separately as primary skin cancers.

B. Pathology

Nearly all lip cancers are squamous cell carcinomas, usually well differentiated.

C. Natural history

e Presentation. Of primary lip cancers, 95% arise on the lower vermilion surface. The gross appearances range from
minimal erythematous change, through dry-scaling to ulcerated masses, occasionally with destruction of underlying
muscle and bone. The prognosis may be worse with a need for more aggressive treatment when the lateral
commissure is involved by tumor.

*  Risk factors. Long-time exposure to sun or wind; chronic irritation.

Table 7.2 Features of Head and Neck Cancers by Site of Origin

Relative occurrenceCervical lymph node metastases at time of
Primary tumor IMost common site |(%) resentation (%)
Lip* Lower lip (90%) |15 5
Oral cavity* Tongue (lateral20 0]

border)
Oropharynx* [Tonsillar region 10 80 for tonsillar fossa and base of tongue 40 for other
sites
Hypopharynx* Pyriform sinus 5 80
Larynx® [True vocal cord 25 5 for early glottic, 35 for other sites
INasopharynx* Roof 3 80
Nasal cavity andMaxillary antrum @ 15
sinuses
Salivary glands Parotid (80%) 15 25
At least 97% are squamous cell carcinomas.
¢ P.I51

e  Lymphatic drainage. From the upper lip primarily to the submandibular lymph nodes; from the lower lip to the
submental, submandibular, and subdigastric nodes. The risk of metastases to regional lymph nodes increases with less
differentiated tumors, large size, and extension of tumor to the lateral commissures. Of patients, 5% to 10% are likely
to have spread to regional lymph nodes at the time of diagnosis and another 5% to 10% will develop adenopathy later.

D. Differential diagnosis

*  Keratoacanthoma is an exophytic lesion that arises rapidly and usually resolves spontaneously within a few months.
Small doses of RT accelerate this resolution, but usually are not advisable.

*  Hyperkeratosis, often with irritation, infection, or both

*  Leukoplakia

*  Chancre when syphilis was more frequent

E. TNM staging
See Table 7.1 for regional lymph node (N) and metastasis (M) classifications and for stage groupings. Primary tumor (T)
classification for lip cancers is as follows:

T*|Carcinoma in situ

T'[Tumor <2 cm in largest dimension

[T?[Tumor >2 cm, but not >4 cm in greatest dimension

[T? [Tumor >4 cm in greatest dimension

T*[Tumor invades through cortical bone, alveolar nerve, floor of mouth, or skin of chin or nose

F. Management of the primary cancer
Lip cancer, when detected early, can be cured equally well by limited surgery, RT, or chemosurgery (Moh’s method)

e Vermilionectomy(lip shave) can be used to treat leukoplakia, severe dysplasia, and limited carcinoma in situ.
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e T*and T' carcinomas(<1.0 cm). RT (external beam, isotope surface application or implantation) or surgery (minimal
resection with primary closure without reduction of oral stoma) are highly effective with good resulting cosmesis.

e T carcinomas(>1.0 cm). RT has some cosmetic and functional advantages over surgery if no destruction of
underlying normal tissues. If bone is involved or there is substantial loss of normal tissue, surgery with reconstruction
is preferable.

e Commissure involvement. RT has advantage over surgery.

*  Local tumor control rate. Failure rates are related to tumor size and extent. For the primary cancer, the failure rate is
<10% for T' lesions. Failure rate in the neck is <10% when the neck initially is N°, but may increase to 45% when
there is gross metastatic adenopathy.

G. Treatment of regional lymph nodes

e  Clinically negative neck. Observation is preferable. RT can be used for primary cancers that are large or histologically
poorly differentiated.

*  Clinically involved nodes. Surgery is preferable. When the primary cancer crosses the midline, both sides of the neck
are at risk. The major adenopathy is best treated surgically. Subclinical tumor on the other side of the neck can be
irradiated or treated with a limited neck dissection.

* Delayed neck dissections can effectively treat metastatic adenopathy that appears clinically after previous treatment of
the primary cancer.

H. Treatment of locally “reappearing” cancer

can be effective. Surgery is preferable for the treatment of RT failures and additional resections can be used for surgical
failures.

III. Oral cavity

A. Definition

Includes primary cancers of the oral tongue, floor of the mouth, buccal mucosa (including the retromolar tigone), gingiva,
alveolar ridge, hard palate, and anterior tonsillar pillar.

B. Pathology

Nearly all primary cancers are squamous cell carcinomas. Less than 5% are adenocarcinomas (adenoid cystic, mucoepidermoid
carcinomas arising from minor salivary glands).

P.152

C. Natural history

* Risk factors include use of tobacco products, long-time ingestion of alcoholic beverages, poor oral hygiene, and
prolonged focal irritation from teeth or dentures.

e Presentation

o Patients with oral tongue cancers may notice a local mucosal irritation or a mass that may become ulcerated,
infected, and painful. A foul odor or taste may be associated with infection. Pain may be local or referred to
the ear. Infiltration of muscle can give rise to problems transporting boluses or speaking.

o Early buccal mucosa cancers may be asymptomatic or felt by the tongue. Ulceration can result in local pain.
Obstruction of Stensen’s duct may be the basis of tender enlargement of the parotid gland. Pain referred to
the ear follows tumor involvement of the lingual or dental nerves. Local tumor extension can cause trismus.

o Gingival cancers may be noted as local mucosal changes, often with accompanying leukoplakia. More
extensive cancers cause loosening of teeth, interference with denture use, bleeding, or pain. Underlying bone
may be invaded. Tumor may extend to involve adjacent anatomic structures, such as floor of mouth, buccal
mucosa, hard and soft palate, or maxillary sinus.

o Cancers of the retromolar trigone can cause trismus by involving the pterygomandibular space, pterygoid,
and buccinator muscles.

o  Cancers arising on the hard palate are likely to invade bone.

o  Cancers arising from the mucosa of the floor of the mouth may be seen as a localized mucosal change, often
with leukoplakia, or felt as a mass by the patient. When localized with ulceration and tenderness, these
lesions initially may be misdiagnosed as canker sores. With local extension, there may be a submandibular
mass, obstruction of the submaxillary ducts with gland enlargement, and invasion of the oral tongue or
mandible.

e Lymphatic metastases most often involve subdigastric, upper jugular, and submandibular nodes. The frequency varies
with site, extent, and differentiation of the primary cancer, but may range up to 30% to 35% at the time of diagnosis
with a later increase in untreated necks secondary to the growth of initial subclinical metastases. The risk of bilateral
metastases increases as the primary tumor approaches or involves the anatomic midline.

*  Metastases below (caudad) the clavicles or above (cephalad) the base of the skull are infrequent, whether lymphatic or
hematogenous.

D. Diagnosis
Establishment of a diagnosis of cancer arising in the oral cavity should be relatively straightforward because patients usually
have distinctive symptoms and signs and the tumors can easily be visualized and palpated. A diagnosis must be established by
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biopsy. Imaging examinations (CT, MRI) have become a major part of the appraisal of tumor extent, bone involvement, and
lymph node metastases.

E. TNM staging

See Table 7.1 for primary tumor (T), regional lymph node (N), and metastasis (M) classifications.

F. Management of the primary tumor

Oral tongue and floor of mouth carcinomas
o Small tumors (<1.0 cm). Resection with primary closure; interstitial RT; or external beam RT using oral
cone (rarely used)
o T'or T tumors. Resection if minimal deformity or combination of external beam RT and intersitial RT. The
choice can vary with patient preference, health status, and occupational, social or psychological factors.
o Extensive tumors. Resection followed by external beam RT. Surgery is preferable when the mandible is
invaded by tumor, and for verrucous carcinomas and unreliable patients.
o Local tumor control rate with RT(approximate)
T'ltumors, 80%
T2tumors, 65% to 70%
T3tumors, 25%

P.153
Gingival and hard palate carcinomas

o  Small tumors. Resection

o Extensive tumors. Resection and postoperative RT

o Local control rate of T' tumors.60%
Buccal mucosal carcinomas

o Small tumors (<1.0 cm). Resection and primary closure
T'3. RT or resection, probably with a graft
Larger superficial cancers (T'?). RT effective
Extensive tumors (T***) with invasion of muscle. Resection and postoperative RT
Tumor extension to commissure. RT should be considered
Local tumor control rate with RT (approximate)
T'{tumors, >95%
T2tumors, 70%
T tumors, 70%
T*tumors, 50%
Retromolar trigone.(faucial pillar carcinomas)

o TI to T2 tumors. RT or resection with or without RT

o T3 superficial tumors. RT

o Large tumors, deep infiltration. Resection and postoperative RT (special problems exist with extension of

tumor into the pharyngeal tongue or bone)
o Local tumor control rate

O O O O O

T1 tumors, 75%
T2 tumors, 70% to 75%
T3 tumors, 70% to 75%

Management of the neck. When the primary cancer is controlled, death caused by uncontrolled metastatic cancer in
the neck should be uncommon. The risk of subclinical involvement of neck nodes is related to the T stage and
histologic differentiation. Although adenopathy usually can be treated successfully after observation of an N° neck,
elective treatment may lessen the risk of uncontrolled tumor in the neck and development of distant metastases. Some
general guidelines are as follows:
o  Clinically “negative” neck
* T' low-grade primary cancers. Observation if the patient is reliable
*  T?to T* or poorly differentiated primary cancers
= Ifthe primary tumor is treated surgically, perform elective neck dissection
= Ifthe primary cancer is irradiated, the neck should be concurrently irradiated
= If the primary cancer is managed by combined treatment methods, either treatment
method may be used
o  Clinical lymphadenopathy
= [fthe primary tumor is treated surgically, add ND
= If the primary tumor is treated with RT, irradiate the neck and follow with ND for residual
adenopathy after adequate observation or if an initially enlarged node was large (i.e., >3.0 cm)
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=  When the tumor-involved nodes are “fixed,” start with RT. If the adenopathy becomes resectable,
perform ND after about 5,000 cGy. If not, give RT to full total dose.

IV. Oropharynx

A. Definition

Includes pharyngeal (“base of”) tongue, tonsillar region (fossa and pillars although anterior pillar often included in oral cavity),
soft palate, and pharyngeal walls between the pharyngoepiglottic fold and the nasopharynx.

B. Pathology

Ninety-five percent are squamous cell carcinomas, usually less histologically differentiated than those of the oral cavity. A few
tumors may be adenocarcinomas arising in the minor salivary glands or primary lymphomas.

P.154

C. Natural history

* Risk factors include prolonged intake of alcoholic beverages, especially for primary carcinomas of the anterior
tonsillar pillar and posterior pharyngeal wall.

e Clinical presentation

o May be clinically “silent,” especially those cancers arising in the pharyngeal tongue where the tumor may be
submucosal, but indurated.

o Pharyngeal tongue and tonsillar carcinomas may appear clinically as cervical adenopathy.

o Symptoms include localized pain aggravated by swallowing, ipsilateral otalgia, difficulty swallowing
secondary to pain, or decreased mobility of the tongue. The patient may feel a mass at the primary site or in
the neck.

e Lymphatic drainage. The lymphatics of the pharyngeal tongue, tonsil, and pharyngeal wall are abundant. The
lymphatics of the pharyngeal tongue drain into the deep cervical nodes and involvement often is bilateral. The
lymphatics of the tonsillar region and faucial arch drain into the subdigastric, upper and middle cervical, and
parapharyngeal nodes. Metastases usually are ipsilateral unless the primary tumor approaches the midline. Lymphatic
drainage from the pharyngeal wall is to the retropharyngeal and level II-1II cervical nodes.

D. Diagnosis

Cancers arising in the oropharynx can be visualized and palpated. The diagnosis must be documented by biopsy. Differential
diagnoses on physical examination include tonsillar abscess, benign lymphoid hyperplasia, and benign ulceration with
induration.

E. TNM staging

See Table 7.1 for primary tumor (T), regional lymph node (N), and metastasis (M) classifications and for stage groupings.
Staging includes epithelial malignant tumors arising in the sites defined above. Nonepithelial tumors arising in lymphoid tissue,
soft tissue, bone, and cartilage are not included. Clinical staging often is used because many of these cancers are treated by
primary RT. Assessment for clinical staging is based on inspection, palpation, CT, and MRI examination. Pathologic staging
adds information found at surgery.

F. Management of the primary tumor

e Pharyngeal tongue
o Small tumors. Surgery if lateralized or RT
o Larger tumors. Especially if approaching midline, RT
o Local tumor control
T' tumors, 85% to 90%
T? tumors, 75%

T? tumors, 65%

e  Tonisllar region
o  Small tumors. Surgery or RT
o  Extensive primary tumors. Surgery plus postoperative RT
o Local tumor control
T! tumors, 95%
T? tumors, 85%

T? tumors, 50%

T* tumors, 20%
12
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*  Soft palate
o Small tumors. Usually RT or surgery if minimal resulting dysfunction
o Large tumors. RT
o Local tumor control

T' tumors, 95%
T? tumors, 65% to 90%
T* tumors, 50% to 75%

T* tumors, 20%

*  Pharyngeal wall
o Small tumors. RT can be effective with minimal morbidity
o Extensive tumors. RT and surgery if applicable
o Local tumor control rate for T** tumors.35% to 50%

G. Management of the neck

Primary carcinomas arising in the pharyngeal tongue, soft palate, and pharyngeal wall are likely to metastasize to nodes in both
sides of the neck. Limited primary cancers of the tonsillar region may metastasize only to ipsilateral nodes.

For primary carcinomas managed by RT, the neck should be part of the initial treatment plan. As the cervical adenopathy
becomes larger or more nodes are involved, ND becomes part of the management. If the initial treatment of the primary site and
the neck is surgery, postoperative RT is advisable when the primary tumor is extensive, the histology is poorly differentiated,
the adenopathy is large (i.e., >3.0 cm), multiple nodes are involved, or when tumor extends through the capsule of the node.
CCRT may also be considered under these circumstances.

H. Treatment of “recurrence.”

Repeated thorough examinations at intervals of a few months are an important part of patient management. Most persistence or
regrowth of tumor can be recognized within 2 years of treatment of the initial cancer. Salvage treatment by either surgery or RT
or both may be successful. These patients are also at high risk to develop other cancers.

V. Nasopharynx

A. Definition

Carcinomas of the nasopharynx arise in a small anatomic site bordered by the nasal fossae, the posterior wall continuous with
the posterior wall of the oropharynx (first and second cervical vertebrae), the body of the sphenoid and basilar part of the
occipital bones, and the soft palate.

B. Pathology

About 90% of malignant tumors are squamous cell carcinoma, whereas 5% are lymphomas and 5% are of other various
subtypes. The squamous cell carcinomas are 20% well-differentiated, 40% to 50% moderately differentiated, and 40% to 50%
undifferentiated (lymphoepitheliomas).

C. Natural history

e Risk factors

o Incidence higher in Asians, particularly those from southern China, Eskimos, and Icelanders. This risk
prevails in first generation immigrants to other parts of the world.

o Nonkeratinizing nasopharyngeal carcinomas are uniformly associated with Epstein-Barr virus (EBV);
patients usually have increased levels of immunoglobulin A antibody to the viral capsid antigen and early
antigen. Monitoring EBV DNA in the serum of affected patients using real-time polymerase chain reaction
technology appears to be useful tool for gauging responses to therapy.

o  Can occur in the pediatric age group.

*  Presentation
o  Often initially noted as high posterior cervical adenopathy, which may be bilateral
Epistaxis, nasal obstruction
Change in voice
Unilateral hearing loss or “fullness” in one ear, serous otitis
Trismus
Headache
Proptosis
Cranial nerve syndromes secondary to tumor invasion of base of skull

O O O O O O O

= Retrosphenoidal syndrome from involvement of cranial nerves II through VI manifests as unilateral
ophthalmoplegia, ptosis, pain, trigeminal neuralgia, and unilateral weakness of muscles of
mastication.
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= Retroparotid syndrome from compression of cranial nerves IX through XII and sympathetic nerves
manifests as mechanical dysphagia, problems with taste, salivation, or respiration, weakness of the
trapezius, sternocleidomastoid muscles, or tongue muscles, and Horner’s syndrome.

P.156

o Distant metastases more frequent with nasopharyngeal carcinoma than with any other head and neck cancer
Lymphatic drainage. The abundant lymphatics drain to the retropharyngeal and deep cervical lymph nodes (internal
jugular and spinal accessory nerve chains). Drainage is bilateral. Lymphadenopathy is present in 80% of patients at
presentation with 50% being bilateral.

Prognostic factors
o  Tumor extent, particularly invasion of the base of the skull

o Size and level of cervical node metastases
o Age (prognosis is better with age <40 to 50 years)
o Tumor type

D. Diagnosis

Endoscopy to identify the primary cancer, which may be a minimal mucosal alteration or mass

Palpation of the neck for adenopathy, which usually is high posterior cervical and often is bilateral

CT or MRI to identify the extent of primary tumor and adenopathy and involvement of the base of the skull

Cranial nerve examination

Differential diagnoses include benign adenopathy of Waldeyer’s ring, nasopharyngitis, and cervical adenopathy of
other etiology.

E. TNM staging

for nasopharyngeal carcinoma differs from that of other head and neck cancers and definitions are as follows:

T'[Tumor confined to nasopharynx

T?[Tumor extends to tissues of oropharynx or nasal fossa

[T** without parapharyngeal extension

[T** with parapharyngeal extension

T*[Tumor invades bony structure or paranasal sinuses

T*[Tumor with intracranial extension or involvement of cranial nerves, infratemporal fossa, hypopharynx, masticator space or|
orbit

Nx

ICannot be assessed

NO

INo regional metastases to nodes

Nl

Unilateral metastases in lymph node or nodes, <6 cm in greatest dimension, above the supraclavicular fossa

NZ

Bilateral metastases in lymph nodes <6 cm in greatest dimension above the supraclavicular fossa

N}a

IMetastasis >6 cm in greatest dimension

N3b

[Extension to supraclavicular fossa

Mx

ICannot be assessed

MO

INo distant metastases

Ml

IDistant metastases

I

Tl

INO MO

LI

T12

IN1 MO

1T

T1-3N2[MO0; T3] [NO,1MO

v

IAny T4 or any N3 or M1

F. Management of the primary tumor
Surgery usually is not applicable because tumor-free margins cannot be obtained at the base of the skull. RT with high-energy

x-rays, often combined with chemotherapy, is the treatment of choice.
P.157

Local tumor control rate at 5 years after initial treatment can be related to T stage
T'90%
T*80%
T°[70%
T*50%
Treatment sequelae may be severe after RT with the necessary high total doses. These include local ulceration,
occasionally with necrosis, retinopathy, fibrosis of soft tissues in the neck, and middle ear changes. These sequelae
can be reduced with modern treatment planning.

G. Management of regional lymph nodes
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External beam RT is the choice because the adenopathy frequently is bilateral in the neck and often involves the
retropharyngeal lymph nodes. Control of regional adenopathy also is related to N stage but has not been well documented.
Neck dissection may be useful for tumor that persists or regrows after primary irradiation.
H. Chemotherapy for nasopharyngeal carcinoma
About 60% of patients have stage III or IV disease and often develop distant metastases. Induction chemotherapy has resulted
in high response rates, but no change in overall survival and is not recommended. CCRT involving cisplatin with or without 5-
FU (see section 1.].3) for three cycles is considered standard therapy in the Western world. CCRT appears to double the 5-year
survival rate to 67%, but about half of the patients cannot complete planned therapy because of toxicity.
I. Treatment of local recurrence
Retreatment is more often successful for nasopharyngeal carcinoma than after failure of treatment of other head and neck
cancers. Reirradiation of the primary tumor site still requires a high total dose, and may be done with precision-oriented
external beam treatment, such as intensity modulated RT (IMRT) or brachytherapy. Limited post-RT failures in the neck may
be controlled by surgery.
VI. Hypopharynx
A. Definition
The “low pharynx” is between the level of the hyoid bone and the entry to the esophagus at the level of the lower border of the
cricoid cartilage. It contains the piriform sinuses, aryepiglottic folds, postcricoid region, and lateral pharyngeal walls.
B. Pathology
Of malignant tumors, >95% are squamous cell carcinomas. Histologic differentiation varies with the anatomic site. For
example, squamous cell carcinomas of the aryepiglottic fold are twice as likely to be well differentiated than are tumors arising
in the piriform sinus.
C. Natural history

e Risk factors

o Use of tobacco and alcoholic beverages

o Having had other cancers in the aerodigestive tract

o  Women more likely to develop postcricoid carcinomas than are men
*  Clinical presentation

o May be asymptomatic and notice mass in the neck

Voice change
Aspiration with pneumonia
o  Cervical adenopathy in >50% (in 25%, a mass in the neck will be the initial finding)
*  Lymphatic drainage
o Extensive lymphatics with frequent metastases to midcervical chain (jugulodigastric nodes may be first
affected), posterior cervical triangle and paratracheal lymph nodes.

o Pain aggravated by swallowing
o Blood-streaked saliva

o  Mechanical dysphagia

o Earpain

o

o
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o Frequency of metastases to cervical nodes related to primary tumor site and extent
=  Piriform sinus. 60%
= Aryepiglottic fold. 55%
=  Pharyngeal wall. 75%

e Prognostic factors

o Anatomic site and extent of primary tumor

o  Cervical node metastases

o Distant metastases (20% at diagnosis)

D. Diagnosis
These cancers usually are locally advanced at diagnosis.

*  History and physical examination to include palpation and direct and indirect laryngoscopy
*  CT and MRI are essential to determine extent of primary tumor and cervical node metastases

E. TNM staging

See Table 7.1 for regional lymph node (N) and metastasis (M) classifications and for stage groupings. Definition of the primary
tumor (T) classification is similar to the other head and neck cancers but differs by the inclusion of local tumor extension as
follows:

T'[Tumor limited to one subsite and measuring <2.0 cm in greatest dimension

T?[Tumor involves more than one subsite of hypopharynx or an adjacent site, does not fix the hemilarynx and measures >2.0 cm
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but not >4.0 cm in greatest dimension

T*[Tumor measures >4.0 cm in largest dimension or fixes the hemilarynx

T*[Tumor invades adjacent structures

F. Management of the primary tumor

Piriform sinus

o T'and some T tumors. RT might be preferable. Partial laryngopharyngectomy with neck dissection is
effective but with greater morbidity.

o Advanced carcinoma extending into apex or outside piriform sinus often with invasion of larynx, thyroid
cartilage, soft tissues of neck. Total laryngopharyngectomy, radical ND, and postoperative RT. If resection
not possible, RT for palliation.

o Local tumor control rate
T'?65% to 80%

T*450%
Aryepiglottis
o T" tumors. RT or supraglottic resection
o T** tumors. Surgery with laryngeal conservation if possible, followed by RT
o Local tumor control rate for T'* tumors. 90%.
Hypopharyngeal walls

o RT or resection with unilateral neck dissection plus postoperative RT

o Local tumor control rate
T'90%
T2[70%
T160%
T*B5%
Management of local recurrence at the primary site. RT if patient only had surgery; further RT is not effective in
previously irradiated patients.

G. Management of the neck

No clinical adenopathy. RT to primary site and neck, with or without planned ND
Clinical cervical node metastases. RT plus planned ND

P.159

Management of recurrence in the neck. ND if failure of RT, or RT if failure of ND. The patient, however, often has
already had both ND and RT.

VII. Larynx
A. Definition
Laryngeal cancer involves three anatomic sites

Glottis—paired true vocal cords

Supraglottis—epiglottis, false vocal cords, ventricles, aryepiglottic folds (laryngeal surface), arytenoids
Subglottis—arbitrarily begins 5.0 mm below free margin of true vocal cord and extends to inferior border of cricoid
cartilage

B. Pathology

Of malignant tumors arising from the epithelium, >95% are squamous cell carcinomas. The remainder are sarcomas,
adenocarcinomas, and neuroendocrine tumors.

C. Natural history

Risk factors
o Use of tobacco
o  Prior occurrence of other carcinomas of aerodigestive tract
Presentation
o Vocal cord. Persistent hoarseness
o Supraglottis. Often no symptoms; sore throat; intolerance to hot or cold food; ear pain
o Subglottis. Usually no symptoms until locally extensive
Lymphatic drainage
o True vocal cords. None (the true vocal cords are devoid of lymphatics)
o  Supraglottis. Rich network draining to subdigastric and midinternal jugular nodes
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o Subglottis. Sparse network draining to inferior jugular nodes

D. Diagnosis

e  Palpation of neck for cervical adenopathy and laryngeal crepitus
*  Endoscopy

e CT

and MRI to assess site and extent of primary tumor and cervical adenopathy

E. TNM staging

See Table 7.

1 for definitions of regional lymph node (N) and metastasis (M) classifications and for stage groupings, which are

the same as for other head and neck cancers. Classification of the primary tumor (T) is as follows:

e Sy

raglottis

Tl

[Tumor limited to one anatomic subsite; normal vocal cord mobility

T2

Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or region outside the
supraglottis; normal vocal cord mobility

[Tumor limited to larynx with vocal cord fixation or invasion of postcricoid or pre-epiglottic tissues

[Tumor invades through thyroid cartilage or invades tissues beyond the larynx (e.g., trachea, soft tissues of neck,
including deep extrinsic muscles of the tongue, strap muscles, thyroid, or esophagus)

T*[Tumor invades prevertebral space or mediastinal structures, or encases carotid artery
e Glottis
T' [Tumor limited to vocal cord(s) with normal mobility—may involve anterior or posterior commissure
T'* [Tumor limited to one vocal cord
T' [Tumor involves both vocal cords
T2 [Tumor extends to supraglottis and/or subglottis and/or with impaired vocal cord mobility
T*  [Tumor limited to larynx with vocal cord fixation and/or invasion of the paraglottic space, and/or minor thyroid

cartilage erosion

T*** |Same as supraglottis

e Subglottis

[Tumor limited to subglottis

[Tumor extends to vocal cord(s) with normal or impaired mobility

[Tumor limited to larynx with vocal cord fixation

Tumor invades through cricoid or thyroid cartilage and/or invades tissues beyond the larynx (e.g., trachea, soft
tissues of neck, including deep extrinsic muscles of the tongue, strap muscles, thyroid, or esophagus)

Same as supraglottis

F. Managem

ent of the primary tumor

*  Principles. After the initial objective of tumor control with preservation of the patient’s life, preservation of voice and

the

swallowing reflex become of major importance. RT alone or limited surgery can accomplish these objective in

many laryngeal cancers.

o Partial laryngectomy for selected situations may result in tumor control and preservation of a useful voice.
o Salvage (total) laryngectomy may be successful after failure of conservative treatment.
o Locally extensive cancers, especially with edema, usually require total laryngectomy often followed by RT.
o  Chemotherapy. Induction chemotherapy followed by definitive RT achieves laryngeal preservation in a high
percentage of patients with advanced cancer, but does not improve overall survival. CCRT (section 1.J.3) has
been more successful for both laryngeal preservation and survival than induction chemotherapy, however,
and is recommended as the treatment of choice for locally extensive cancers. High total radiation doses with
modern techniques, such as IMRT, conformal planning, accelerated fractionation, and hyperfractionation,
may be comparably successful.
o Sequelae of treatment
= RT. Edema, usually temporary, and chondritis, which is rare; infrequent persistent minimal voice
change
=  Partial laryngectomy. Some voice deterioration, interference with swallowing reflex
= Total laryngectomy. Loss of voice; >50% of patients can develop effective speech with a prosthesis
(speaking fistula)

e True vocal cords including anterior or posterior commissures

o T RT or “cord stripping”

T'2. RT preferable; cordectomy and vertical hemilaryngectomy have more sequelae
T?, limited tumors. May respond to RT, surgical salvage can follow

T?, extensive tumors. Surgery, usually followed by RT; or CCRT

T*. Total laryngectomy and postoperative RT; or CCRT for larynx preservation
Persistent or recurrent cancer

O O O O O
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= Surgery for RT failure

=  RT or more extensive surgery or both for failure of limited surgery

= RT for failure after total laryngectomy

o Local tumor control rates

= T'.90% to 95% with RT and most failures can be salvaged surgically; voice preservation in 95%

" T2%.75% to 80% with RT and most failures can be salvaged by surgery; voice preservation in 80% to
85%

»  T°. favorable tumors with minimal fixation of vocal cords. 60% by RT increased to 85% by salvage
surgery

* T more extensive tumors.40% with RT, increased to 60% by salvage surgery; total laryngectomy
—55% to 70%

P.161

»  T* favorable with early invasion of thyroid cartilage.65% with RT; extensive with involvement of
piriform sinus 20% with RT; laryngectomy, 40% to 50%
*  Supraglottic carcinoma
o T". RT or supraglottic laryngectomy
o T RT often controls exophytic tumors; surgery can be reserved for salvage; for infiltrating tumors, surgery
is preferable often with postoperative RT
o T Surgery followed by postoperative RT. In a group of medically inoperable patients, RT resulted in a 35%
local tumor control.
o  Local tumor control rate
T'95% to 100%
T280% to 85%
T’165% to 75%
T*50%
o  Treatment of recurrent cancer
=  Surgery for RT failures
= RT for surgery failures
= Chemotherapy
e Subglottic carcinoma
o  Usually extensive when discovered; treat with surgery + RT
o Local tumor control <25%

G. Management of the neck

e Glottic carcinomas. When tumor limited to true vocal cords, there are no metastases to be treated.

*  Extensive glottic tumors and supraglottic carcinomas. The neck can initially be managed by the method used for
treatment of the primary tumor. Persistent adenopathy after primary RT should be treated surgically. Surgical failures
can be irradiated.

VIII. Nasal cavities and paranasal sinuses

A. Definition

Knowledge of the complex anatomy is basic to understanding these tumors. The nasal vestibule is the entrance to the nasal
fossa. It is bounded by the columella, nasal ala, and floor of the nasal cavity. The nasal fossa extends from the vestibule (limen
nasi) to the choana posteriorly, communicating with the nasopharynx, paranasal sinuses, lacrinal sac, and conjunctiva. The
boundaries of the maxillary sinus are the orbit, lateral wall of the nasal fossa, hard palate (the roots of the first two molar teeth
may project into the floor), infratemporal fossa, and pterygoplatine fossa. The multiple ethmoidal sinuses are in the ethmoid
bone between the nasal cavity and orbit. The left and right frontal sinuses in the frontal bone are separated by a septum. The
dual sphenoid sinuses are surrounded by the pituitary fossa, cavernous sinuses, ethmoidal sinuses, nasopharynx, and nasal
cavities.

B. Pathology

e Nasal vestibule. Nearly all are squamous cell carcinomas; a few are basal cell or adnexal carcinomas; <1% are
melanomas.

e Nasal cavity and paranasal sinuses. Most are squamous cell carcinomas; 10% to 15% arise in minor salivary glands;
5% are lymphomas. Other tumors include chondrosarcoma, osteosarcoma, Ewing’s tumor, giant cell tumor of the
bone.

*  Esthesioneuroblastomas arise from neuroepithelium. (See Chapter 19, section VII.)
*  Inverting papilloma
*  Midline lethal granuloma (extranodal NK/T-cell lymphoma, nasal type)
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C. Natural history

* Risk factors. Causes are unknown, but carcinoma is more frequent in workers exposed to nickel or wood dust and,
historically, in patients exposed to radioactive thorium as an x-ray contrast agent.
*  Presentation
o Nasal vestibule. Small, crusted plaques, ulceration, bleeding
o Nasal fossa. Unilateral discharge, bleeding, obstruction P.162
o Maxillary sinus. Findings may mimic inflammation, pain, upper dental problems, proptosis
o Ethmoid sinuses. Anatomic distortion, pain, local extension
o  Sphenoid sinus. Ill-defined headache, neuropathy of cranial nerves III, IV, V, and VI
e  Lymphatic drainage
o Nasal fossa, ethmoidal and frontal sinuses— to submaxillary nodes; to nodes at base of skull when olfactory
region involved
o Maxillary sinus— to ipsilateral subdigastric and submandibular nodes
o  Sphenoid sinus— to jugulodigastric nodes
*  Prognostic factors
o  Anatomic site (i.e., cancers of nasal fossa nearly always are cured, whereas cancers of the sphenoid sinus are
rarely controlled)
o Tumor extent
o Patient’s general health (treatment usually is demanding)

D. Diagnosis

*  Clinical symptoms and signs
*  Direct visualization of nasal vestibule and fossa, palate, alveolar ridge, external orbit (proptosis)
*  Endoscopy of nasopharynx for tumor extension
e  Cranial nerve evaluation
* MRI and CT examinations of primary site and neck
* Differential diagnoses
o Nasal polyps (inverting papillomas)
o Inflammatory disease
o Upper dental problems
o  Destructive mucoceles

E. TNM staging

The AJCC staging system is limited to the maxillary and ethmoidal sinuses and excludes nonepithelial tumors. Clinical staging
includes inspection, palpation; examination of orbits, nasal and oral cavities, nasopharynx, and of cranial nerves; MRI and CT.
Pathologic staging includes clinical data plus information from the surgical specimen and the surgeon’s observations.

See Table 7.1 for regional lymph node (N) and metastasis (M) classifications and for stage groupings. Primary tumor (T)
classification is as follows:

*  Maxillary sinus

T' [Tumor limited to antrum without erosion or destruction of bone

T? [Tumor causing bone erosion or destruction (except for posterior wall of maxillary sinus and pterygoid plates),
including extension into hard palate or middle nasal meatus

T [Tumor invading any of the following: bone of the posterior wall of the maxillary sinus, subcutaneous tissues, floor
or medial wall of orbit, infratemporal fossa, pterygoid plates, or ethmoid sinuses

T*[Tumor invades anterior orbital contents, skin of cheek, pterygoid plates, infratemporal fossa, cribriform plates,
sphenoid sinus, or frontal sinuses

T**[Tumor invades any of the following: orbital apex, dura, brain, middle cranial fossa, cranial nerves other than V2,
nasopharynx, or clivus

*  Ethmoid sinus and nasal cavity

T' [Tumor confined to any one subsite, with or without bony invasion

T? [Tumor invades two subsites in a single region or extends to involve an adjacent region within the nasoethmoidal
complex, with or without bony invasion

T° [Tumor invades the medial wall or floor of the orbit, maxillary sinus, palate, or cribriform plate

T*[Tumor invades any of the following: anterior orbital contents, skin of nose or cheek, minimal extension to anterior
cranial fossa, pterygoid plates, sphenoid, or frontal sinuses

T*|Same as maxillary sinus

* Nasal vestibule. Same as for skin of face

* F. Management of primary tumors P.163
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e Nasal vestibule
o  Small tumors. RT if surgery will produce deformity; chemosurgery or laser surgery
o Large tumors. RT or surgery + RT (plastic surgery repair if possible)
o Persistence of tumor. Surgery for RT failures; more extensive surgery or RT for surgery failures;
chemosurgery, laser surgery
e Nasal fossa
o Small tumors. RT if surgery will produce deformity; surgery with or without RT if bone involved
o Large tumors. Combined surgery and RT; RT for lymphomas and melanomas
o Esthesioneuroblastomas. Probably combined surgery and RT; chemotherapy (i.e., cisplatin + etoposide) may
be helpful
e  Maxillary sinus. Fenestration of the palate allows direct inspection and access for biopsy and drainage
o Small tumors. Surgery alone except for infrequent highly radiation responsive tumors such as lymphomas
o Advanced tumors. Surgery and postoperative RT; chemotherapy and radiotherapy may be used
preoperatively in an attempt to make resection possible
o Unresectable tumors. RT and chemotherapy
o Local treatment failure. Usually all modalities have been used; trial of chemotherapy, cautery, or
cryosurgery
e Ethmoid sinus
o Limited lesions. Surgery
o Most tumors. Surgery and postoperative RT
*  Sphenoid sinus. RT, possibly with chemotherapy (nearly always extensive when recognized)
e Local tumor control rates
o Nasal vestibule. Most tumors are small and nearly 100% controlled
Nasal fossa. Stage I, nearly 100%; control decreases with increasing extent
Esthesioneuroblastoma.90% for Kadish stage A tumors
Ethmoid sinuses.~60%
Maxillary sinus.75% to 80%
Sphenoid sinuses. Usually extensive when discovered with very infrequent local tumor control

O O O O O

G. Management of the neck

e Nasal vestibule. Small tumors; observation with ND if adenopathy develops

*  Nasal fossa. Observation and ND if adenopathy develops (for tumors <5 cm, <10% ever develop adenopathy)
e Esthesioneuroblastoma. ND, usually as part of primary surgery

e  Maxillary sinus. ND, usually as part of primary surgery

H. Treatment of local recurrence

*  Small tumors may be salvaged by surgery after RT failures or additional surgery after failure of initial surgery

* Extensive tumors usually have received both surgery and RT and re-treatment usually not feasible; palliative
chemotherapy

IX. Salivary glands
A. Definition

*  Major salivary glands. Parotid, submandibular, sublingual
*  Minor salivary glands. Widespread in mucosa of upper aerodigestive tract

B. Pathology

A range of histological tumor types arise from ductal and acinar cells of the epithelium. The most frequently involved site is the
parotid gland with tumors being 10-fold more frequent than in the submaxillary or minor salivary glands. The histologic
subtypes and approximate frequencies are:

P.164

e  Mucoepidermoid, 35%
e Adenocarcinoma, 25%
e Adenoidcystic, 25%
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*  Acinic cell, 10%
e Epidermoid, 5% to 10%
e Other, 1% to 5%

C. Natural history

*  Risk factors
o Previous exposure to ionizing radiations
o  Skin cancer of face
*  Clinical presentations
o Mass, often painless, in salivary gland
o Neurologic changes with involvement of facial nerve
o  Younger women, older men
*  Lymphatic drainage
o Parotid gland to preauricular, jugulodigastric, intraglandular nodes
o  Submaxillary gland to submental, jugulodigastric, intraglandular nodes
*  Prognostic factors
o  Tumor type and grade
o Tumor site and extent
o Tumor involvement of surgical margins; attempts to spare facial nerve resulting in inadequate resection
o Regional node metastases

D. Diagnosis
Differentiate from inflammatory changes with tenderness of mass and warmth of overlying skin plus hematologic changes.

*  Mass in salivary gland, usually painless, often fixed

e Paresis and/or numbness related to involvement of facial nerve
*  Biopsy

e CT or MRI of primary site and neck

E. TNM staging

The AJCC staging system includes malignant tumors of the parotid, submandibular, and sublingual glands. Clinical staging
includes inspection, palpation, neurologic evaluation of cranial nerves, MRI, and CT. Pathologic staging includes clinical
staging data, plus findings in the resected tissue and the surgeon’s observations.

See Table 7.1 for regional lymph node (N) and metastasis (M) classifications and for stage groupings. Primary tumor (T)
classification is as follows:

T* [Primary tumor cannot be assessed

T° [No evidence of tumor

T' [Tumor <2.0 cm without extraparenchymal extension

T2 [Tumor >2.0 but not >4.0 cm in greatest dimension without extraparenchymal extension
T [Tumor >4.0 cm or with extraparenchymal extension

T**[Tumor may invade skin, mandible, ear canal, and facial nerve

T*[Tumor may invade base of skull and pterygoid plates, and encases carotid artery

F. Management of primary tumor

e Surgery is the treatment of choice, if the tumor is resectable. Minimal surgery for parotid tumors is superficial
parotidectomy with preservation of the facial nerve. Unwelcome sequelae, if extensive surgery is performed, include
facial nerve palsy and auriculotemporal syndrome with gustatory sweating.

* RT has a secondary role as postoperative adjuvant therapy when the histology is poorly differentiated, when
significant perineural invasion is seen, or the surgical margins are not tumor-free. RT is also used when the tumor has
recurred. Primary irradiation for medically inoperable patients has had some success. Salivary gland tumors seem
responsive to fast neutron teletherapy.

P.165

e  Local tumor control rates

o Surgery alone
Stages I-11: 95% to 100%
Stages III-1V: 40% to 50%
Low grade: 90%
High grade: 40%
o Surgery plus RT
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Stages I-1I: 95% to 100%
Stages II-1V: 75%

Low grade: 90%

High grade: 80%

o RT for nonresectable disease

Using photons 25%
Using fast neutrons 65%
G. Management of the neck

*  Small, low-grade tumors. Surgery when adenopathy is present
*  Extensive, poorly differentiated tumors. Surgery plus postoperative RT

X. Metastases of unknown origin (MUO) to neck lymph nodes

A. Definition

MUO are metastatic solid tumors (hematopoietic malignancies and lymphomas are excluded) for which the site of origin is not
identified despite a thorough history, physical examination, chest radiograph, routine blood and urine studies, and a thorough
histologic evaluation.

B. Pathology

Metastases are located in the upper jugular chain in most patients. The histologic type of metastasis to neck nodes varies in
incidence according to anatomic location (Table 7.3); the probability for squamous carcinoma rises the higher the node is on the
chain. Involved nodes are single in 75% of patients, multiple but ipsilateral in 15%, and bilateral in 10%. Multiplicity is often
associated with adenocarcinoma or metastases from the nasopharynx or infraclavicular sites.

C. Natural history

MUO account for 3% to 9% of head and neck cancers. The occurrence of MUO to cervical lymph nodes is six times higher in
men than in women. Patients are usually heavy smokers and heavy drinkers who have noted the mass for several months.
Despite the absence of a detected primary site, both long-term survival and cures are observed in a significant percentage of
patients.

*  Upper cervical nodes. The primary site is the upper respiratory passages for most squamous tumors that present as
MUO in the upper half of the neck. About 35% of these patients can potentially be cured. With CT or MRI scanning
and skillful endoscopic evaluation, a primary site can be determined in at least 30% of cases.

Carcinomas of the nasopharynx, hypopharynx, base of the tongue, and tonsil present with cervical node metastasis as
the first manifestation of disease

P.166

in 30% to 50% of cases. These sites or the larynx harbor the primary tumor 95% of the time when the primary site is
ultimately found after initially manifesting as MUO to cervical nodes.

\Table 7.3 Histology of Neck Node Metastases from Unknown Primary Site

Histopathology: relative fequencies (%)

Squamous cell Other
Lymph nodes carcinoma Undifferentiated carcinomaAdenocarcinoma“
Upper to middle60 25 10 5
cervical
Lower cervical 45 40 5 10
Supraclavicular 20 45 35
¢ Malignant melanoma accounts for most cases with other histologies.

e  Lower cervical nodes. About 65% of metastases to the low cervical nodes originate in sites below the clavicle, most
commonly in the lung. Thus, this presentation is usually associated with a poor prognosis.

e  Supraclavicular nodes. Involvement of this group of lymph nodes with malignancy nearly always indicates disease
that is far advanced. The primary site is usually the lung, breast, or gastrointestinal tract. The expected survival time is
<6 months.

*  Prognostic factors. Prognosis is predominantly affected by the N stage of neck disease, by the location in the neck (see
above), by the histopathology, and by whether the primary site is ever found (the prognosis is much better if the
primary tumor never becomes manifest).

D. Diagnosis
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Excisional biopsy of cervical nodes should not be performed because it distorts surgical planes and may result in poor outcomes
if it proved to be a squamous cell carcinoma originating in an occult site in the head and neck. Supraclavicular
lymphadenopathy, on the other hand, rarely represents curable disease; these nodes may be excised directly for histologic
examination. The recommended sequence of evaluation of cases of potentially cancerous cervical nodes is as follows:

e Initial evaluation. Carefully inspect and palpate all accessible areas of the mouth and nose. Then evaluate the upper
airways, especially the nasopharynx, with mirrors or Hopkin’s laryngoscope.

* Imaging. Obtain a CT or MRI scan of the neck and paranasal sinuses to search for a primary tumor. Positron emission
tomography with CT (PET/CT) before obtaining biopsies is often useful if the CT or MRI fails to identify the primary
site.

*  Fine-needle aspiration(FNA) is performed if these efforts fail to demonstrate any hint of a primary cancer. The results
of cytologic evaluation direct further evaluation, as follows:

o Squamous cell or undifferentiated carcinoma. Perform panendoscopy and manage the patient for a primary
head and neck cancer.

o Indeterminate or equivocal histology. Excise the node, and perform immunoperoxidase stains and other
special studies on the tissue as necessary.

o Adenocarcinoma. Manage as for MUO to viscera (see Chapter 20). The outlook is nearly hopeless unless
originating in a major salivary gland (which is rare).

o Melanoma. Manage as discussed in section V.A of Chapter 20.

o Lymphoma. Manage accordingly (see Chapter 21).

*  Panendoscopy(nasopharyngoscopy, laryngoscopy with tracheoscopy, bronchoscopy, and esophagoscopy) is
performed under general anesthesia. All suspected lesions and random areas of apparently normal tissue at the base of
tongue, pyriform sinus, and nasopharynx are subjected to biopsy in search of a primary source. Ipsilateral
tonsillectomy has a better yield than tonsillar fossa biopsy and is often performed as well. If a primary tumor is found,
treatment is planned with consideration of the primary site and neck metastasis.

e  Biopsy of the suspect node should be done only when

o  Thorough physical examination fails to reveal a primary tumor

CT or MRI examination does not disclose a primary tumor

FNA cytology fails to reveal the diagnosis

Panendoscopy fails to reveal a primary site

Lymphoma is suspected (excluded in the definition of MUO)

O O O O

E. Treatment alternatives
Treatment should follow the guidelines for locally advanced SCCHN. Treatment must be comprehensive at the outset because
salvage therapy has a low yield.

*  Comprehensive RT(encompassing the nasopharynx, oropharynx, hypopharynx, and both sides of the neck) achieves a
high rate of local control in the neck.
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In theory, RT fields should encompass the undiscovered primary tumor. Less extensive RT, however, has been shown
to be associated with the same good results and less morbidity.

e Surgery. The use of surgical treatment alone should be discouraged in these patients because primary sites in the head
and neck become manifest in approximately 40% of patients treated with ND alone. Furthermore, 20% to 50% of
patients treated with surgery alone develop contralateral neck disease or subsequently manifest a primary tumor site.
The incidences of subsequent manifestation of a primary site or development of contralateral neck disease are both
much less after RT than after ND.

*  Chemotherapy. Randomized trials have demonstrated the superiority of cisplatin-based CCRT in patients with known
primary site SCCHN at high risk for local recurrence. The application of CCRT to MUO involving cervical lymph
nodes in appropriately selected patients appears to be a logical extension of those findings. In general, subjects with
SCCHN MUO in the neck do better when the primary site is not found. It is generally agreed that N1 tumors should
be treated without chemotherapy. Several single institutional studies have shown impressive survival rates with CCRT
for N2-N3 disease. Most randomized studies do not include MUO, however.

F. Recommended treatment
Many centers use RT for all cases and CCRT for patients at particularly high risk for local recurrence.

*  Stage N1 involving upper or middle neck node. Treat patients with RT alone. Alternatively, perform ND (particularly
if the metastasis is <3 cm in diameter); if the specimen reveals other involved nodes (stage N2b) or extracapsular
invasion, administer postoperative RT or CCRT.

*  Stage N2 involving upper or middle neck nodes. Use RT or CCRT followed by ND or after ND.
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7 Head and Neck Cancers
e  Stage N3(massive nodes). Use RT alone or CCRT in medically suitable patients. ND should be performed either
before or after RT or CCRT.
*  Squamous cell carcinoma of lower cervical or supraclavicular nodes or adenocarcinomas. Administer RT alone
(survival rates are poor no matter what is done; the goal of treatment is control of local disease).

G. Results of treatment

e Patients with upper cervical lymph node metastasis. The 5-year survival rate for all patients is 30% if the primary
tumor is eventually found and 60% if it is never found.

o Stage N1 or N2a. The 5- and 10-year survival rates are both 70% to 80%. At 10 years after treatment, the
risk of finding a primary site is about 30%, which is the same as the odds of developing a second cancer
after successful treatment.

o Stage N2b. The reported survival rates are variable.

o Stage N3. The 5-year survival is about 20%.

* Patients with low cervical or supraclavicular lymph node metastasis. The 5-year survival rate is 5% (median survival
time is 7 months).
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I. Epidemiology and etiology

A. Incidence

Lung cancer is the most common visceral malignancy, accounting for roughly one-third of all cancer deaths, and it is the most
common cause of cancer-related death in both men and women. Annually there are 200,000 new cases in the United States.
This appears to be an increase, but a revised methodology has been utilized. Although rates for men are decreasing, there is a
continued increase for women. Even more disturbing is a possibly increased incidence of non—small cell lung cancer (NSCLC)
in relatively young nonsmoking women.

B. Etiology

e Smoking. Cigarette smoking is the cause of 85% to 90% of lung cancer cases; the risk for lung cancer in smokers is
30 times greater than in nonsmokers. Smoking cigars or pipes doubles the risk for lung cancer compared with the risk
in nonsmokers. Passive smoking probably increases the risk of lung cancer about twofold, but because a proportion of
the risk associated with active inhalation is about 20-fold, the actual risk is small.

o The risk for lung cancer is related to cumulative dose, which for cigarettes is quantified in “pack-years.” One
in seven people who smoke more than two packs per day die from lung cancer. The incidence of death from
lung cancer begins to diverge from the nonsmoking population at 10 pack-years.

o After cessation of smoking, the risk steadily declines, approaching, but not quite reaching, that of
nonsmokers after 15 years of abstinence for patients who smoked for <20 years. With the decline in smoking
in the United States, a large percentage of new diagnoses of lung cancer occur in former smokers.

o  The risk of the major cell types of lung cancer is increased in smokers. Some adenocarcinomas, especially in
women, are unrelated to smoking (see 1.B.7 below).

o Small cell lung cancer (SCLC) is almost always associated with smoking. The diagnosis should be
questioned in patients who deny a smoking history.

*  Asbestos is causally linked to malignant mesothelioma. Asbestos exposure also increases the risk for lung cancer,
especially in smokers (three times greater risk than smoking alone).

*  Radiation exposure may increase the risk for SCLC in both smokers and nonsmokers. Radon has been associated with
up to 6% of lung cancer cases.

e Other substances associated with lung cancer include arsenic, nickel, chromium compounds, chloromethyl ether, and
air pollutants.

* Lung cancer is itself associated with an increased risk for a second lung cancer occurring both synchronously and
metachronously. Other cancers of the upper aerodigestive tract (head and neck, esophagus) are associated with an
increased risk for lung cancer because of the “field cancerization” effect of cigarette smoking.

e Other lung diseases. Lung scars and chronic obstructive pulmonary disease are associated with an increased risk for
lung cancer.

*  Never and minimal smokers and lung cancer. A substantial portion of the lung cancer population has no obvious toxic
exposure. It is estimated that approximately 10% of patients with NSCLC are never-smokers. This number
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appears to be rising. Many of these cases are associated with abnormalities of the epidermal growth factor receptor
(EGFR). Mutations of the EGFR have been described as have increases in gene copy number (as measured by
fluorescence in situ hybridization, FISH) or protein expression (as measured by immunohistochemistry). The etiology
of these abnormalities is unknown.

II. Pathology and natural history

Fine-needle aspiration (FNA), through bronchoscopy or transthoracic CT guided biopsy, makes specific histological
classification of lung cancer difficult. Although FNA can usually distinguish between SCLC and NSCLC, it is difficult to
distinguish between the histologic subtypes of NSCLC, and this can occasionally result in misdiagnosis of carcinoid as SCLC.
A needle core biopsy or paraffin fixation of FNA material is preferable as these allow for better histologic analysis as well as
immunohistochemistry or other special diagnostic techniques. These are of increasing importance as targeted therapies for
specific subsets of patients are validated.

A. Small cell lung cancer

(SCLC; 15% of all lung cancers). SCLC comprises several histologic subtypes: oat cell, polygonal cell, lymphocytic, and
spindle cell carcinoma. The natural histories of these subtypes are virtually identical.

e  Location. More often central or hilar (95%) than peripheral (5%)
* Clinical course. Patients with SCLC often have widespread disease at the time of diagnosis. Rapid clinical
deterioration in patients with chest masses often indicates SCLC.
o Hematogenous metastases commonly involve the brain, bone marrow, or liver. Pleural effusions are
common.
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o Relapse after radiation therapy (RT) or chemotherapy occurs in the sites initially affected as well as in
previously uninvolved sites.

* Associated paraneoplastic syndromes include the syndrome of inappropriate antidiuretic hormone (SIADH; most
common), hypercoagulable state (common), ectopic adrenocorticotropic hormone (ACTH) syndrome (uncommon),
and Eaton-Lambert (myasthenic) syndrome (rarely seen with any other tumor). Hypercalcemia occurs rarely in SCLC,
even in the presence of extensive bony metastases.

B. Non—small cell lung cancer
(NSCLC; 85% of all lung cancers). The other histological variants (squamous, adenocarcinoma, large cell) of lung cancer are
grouped together as NSCLC because of similarities in presentation, treatment, and natural history.

*  Squamous cell carcinoma(20% to 25% of NSCLC)

o Location. Previously, adenocarcinomas were thought to occur in a predominantly peripheral location,
whereas squamous cell cancers occurred centrally. Studies indicate a changing radiographic presentation,
with the two cell types now having similar patterns of location.

o  Clinical course. Compared with other kinds of lung cancers, squamous cell lung cancers are most likely to
remain localized early in the disease and to recur locally after either surgery or RT.

o Associated paraneoplastic syndromes. Hypercalcemia resulting from ectopic production of parathyroid
hormone-related peptide (PTH-RP) is the more frequent syndrome. Hypertrophic osteoarthropathy
(occasional), paraneoplastic neutrophilia (sometimes associated with hypercalcemia), prominent joint
symptoms (occasional), or hypercoagulability is also seen.

e  Adenocarcinoma(50% to 60% of NSCLC). Adenocarcinoma is the most common cell type occurring in nonsmokers,
especially young women. Most cases, however, are smoking associated. The incidence of this histology has increased
in recent years.

o Location. These tumors present as peripheral nodules more commonly than squamous cell carcinoma.

o Clinical course. More than half of patients with adenocarcinoma, apparently localized as a peripheral nodule,
have regional nodal metastases. Adenocarcinomas and large cell carcinomas have similar natural histories
and
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spread widely outside the thorax by hematogenous dissemination, commonly involving the bones, liver, and
brain.

o Associated paranecoplastic syndromes include hypertrophic osteoarthropathy, hypercoagulable state,
hypercalcemia due to PTH-RP or cytokines, and gynecomastia (large cell).

o  Bronchioloalveolar carcinoma(BAC) is a subtype of adenocarcinoma with distinct histological, biological,
epidemiological, clinical, and therapeutic characteristics. Pure bronchioloalveolar carcinoma is characterized
by a spreading (“lepidic”) pattern within the bronchioles without evidence of invasion. The disease is
characterized radiographically by an infiltrative pattern and is frequently multicentric. It is frequently
misdiagnosed as pneumonia on initial presentation. The most common type of BAC is adenocarcinoma with
a BAC component. This implies invasiveness through the basement membrane. Epidemiologically, it seems
to occur more frequently in young, female nonsmokers and reportedly is more responsive than other lung
cancer types to the tyrosine kinase inhibitor erlotinib.

e Large cell and “not otherwise specified” lung cancer. The remainder of NSCLC consists of large cell and other
histologies. Large cell NSCLC with neuroendocrine features is increasingly diagnosed on the basis of
immunohistochemical features of neuroendocrine differentiation (e.g. chromogrannin, neuron specific enolase).

C. Uncommon tumors of the lung

* Bronchial carcinoids may present with local symptoms from airway obstruction, ectopic ACTH production, or
carcinoid syndrome (see Chapter 15, section II). These tumors demonstrate neuroendocrine differentiation and are
occasionally confused with SCLC.

*  Cystic adenoid carcinomas(““cylindromas”) are locally invasive cancers. Locoregional recurrence is most common, but
they may also metastasize to other areas of the lung and to distant sites (see Chapter 19, section V).

*  Carcinosarcomas are large lesions that have a tendency to remain localized and are more often resectable than other
lung malignancies.

*  Mesotheliomas are caused by exposure to asbestos and occur in the lung, pleura, peritoneum, or tunica vaginalis or
albuginea of the testis. A history of asbestos exposure of any duration at any time is prima facie evidence that it
caused the mesothelioma.

o Histopathology. Mesotheliomas consist of several histological variants: sarcomatous, epithelioid, and others
that have the histological appearance of adenocarcinoma. The latter type can be distinguished from other
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adenocarcinomas by the absence of mucin staining and the loss of hyaluronic acid staining after digestion by
hyaluronidase.
o Clinical course. The diffuse (usual) form of mesothelioma spreads rapidly over the pleura and encases the
lung. It may develop multifocally and invade the lung parenchyma. Distant metastases are not common and
usually occur late in the course. If there is a sarcomatous pattern, liver, brain, and bone may be involved.

II1. Diagnosis and further evaluation

The diagnostic evaluation should proceed in an orderly manner to establish an accurate diagnosis and stage of disease. If lung
cancer is suspected on the basis of the signs and symptoms described in the following subsections, an initial limited laboratory
and radiological evaluation is indicated. The primary effort should be directed at establishing a histological diagnosis because
this will determine the need for, and type of, additional tests as well as therapeutic options.

If NSCLC is diagnosed, the subsequent staging evaluation is directed to determine which modalities of therapy (surgery,
radiotherapy, or chemotherapy) should be employed. In the past, surgery has been the mainstay of therapy for NSCLC and
remains the primary mode in early stage (I and II) disease. Therefore, the initial evaluation determines whether the tumor is
potentially resectable (the tumor can be surgically
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removed with clear margins) and operable (the patient is physiologically capable of withstanding such a procedure).

The fundamental question must also be asked: What are the long-term results for surgical resection of any given stage of
NSCLC? If surgery is not warranted, then the next question is whether the patient is a potential candidate for nonsurgical
management with curative intent (i.e., chemoradiotherapy).

If SCLC is diagnosed, the evaluation is directed at determining whether the patient has limited- or extensive-stage disease
because stage dictates prognosis and the appropriate therapeutic approach. Generally, the therapeutic approach to SCLC
involves chemotherapy with or without radiotherapy. Only occasionally does surgery play a role in this disease.

A. Symptoms and signs

e Symptoms. The majority of patients present with symptomatic disease. Symptoms may be referable to the primary
disease in the chest (new or changing cough, hoarseness, hemoptysis, chest pain, dyspnea, pneumonia), metastatic
disease (new nodal masses, bone pain, pathologic fracture, headache, seizure), or paraneoplastic manifestations
(anorexia, weight loss, nausea due to hypercalcemia, etc.). These symptoms frequently inspire a smoker to quit just
before the diagnosis of lung cancer. Patients may also be completely asymptomatic and present as a consequence of
an incidental finding on a radiographic study obtained for another reason. Even asymptomatic patients may have
advanced disease.

o Patients with cancers located in the lung apices or superior sulcus (Pancoast tumor) may have paresthesias
and weakness of the arm and hand as well as Horner syndrome (ptosis, miosis, and anhidrosis) caused by
involvement of the cervical sympathetic nerves.

o Evidence of metastatic disease includes bone pain; neurological changes; jaundice, bowel, and abdominal
symptoms with a rapidly enlarging liver; subcutaneous masses; and regional lymphadenopathy.

e Physical findings. In addition to local findings in the chest and lungs, physical examination should be directed at
determining whether there is metastatic disease, which would both provide staging information and, in the case of
superficial cutaneous or lymph node involvement, allow for easier biopsy. Particular attention should be paid to the
head and neck for concomitant cancers; to lymph node areas in the supraclavicular fossa, neck, and axilla for
metastases; and to the abdomen for hepatomegaly.

B. Laboratory studies

*  Radiographs

o  Chest radiograph. If a mass is present, old x-ray films should be obtained for comparison. Persistent
infiltrates, particularly in the anterior segments of the upper lobes, are suggestive of cancer.

o Computed tomography (CT) scan of the chest and abdomen through the level of the adrenal glands. CT of
the chest for the staging of lung cancer is clearly superior to chest radiographs and has been reported to have
an overall accuracy of 70%. Mediastinal lymph nodes are generally considered abnormal when larger than
1.5 cm in diameter and normal when smaller than 1.0 cm; nodes between these two limits are indeterminate.
If 1.5 cm is used to categorize mediastinal lymphadenopathy as abnormal, sensitivity of CT is relatively
poor, but specificity is excellent. CT scanning provides information about the extent of invasion of the
primary tumor, the presence of pleural effusion, and lymph node status. Magnetic resonance imaging (MRI)
rarely adds additional information.

=  Adrenal masses. Unsuspected adrenal metastases are common in NSCLC and alter management if
the patient otherwise appears to have early stage disease. Nonmalignant adrenal masses are also
common (adrenal adenomas), however, and care must be taken not to deprive a patient of an
otherwise curative procedure based on an isolated adrenal mass. It is sometimes possible to
distinguish between metastatic disease
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and adenomas based on the density characteristics on CT or MRI. If the diagnosis is unclear and
the adrenal is the only site of suspected metastases, biopsy is indicated.

= Other single areas that are suspect for, but not diagnostic of, malignancy (i.e., liver, brain) warrant
a similar approach. See also section VIL.B.

C. Obtaining pathological proof of lung cancer
Before embarking on other studies, a diagnosis of lung cancer must be proved histologically. Pursuit of the diagnosis should
start with the least invasive procedure that gives histological proof of malignancy.

*  Sputum cytology, which was once routine practice, has been largely replaced by the flexible fiberoptic bronchoscope.
Even in the best series, repeated sputum cytology is positive in only 60% to 80% of centrally located NSCLC and
15% to 20% of peripheral NSCLC.

*  Flexible fiberoptic bronchoscopy if symptomatic or radiologic evidence indicates a central and accessible cancer or
nodal disease. Most cancers can be directly visualized. Additional tumors are evident only as extrinsic bronchial
narrowing, which may be diagnosed through the bronchoscope by transbronchial biopsy in some cases. Inspection of
the airways by bronchoscopy also rules out endobronchial lesions from a second bronchogenic carcinoma.
Bronchoscopy is unnecessary if histologic or cytologic diagnosis of metastatic lung cancer has already been made.

*  Suspicious cutaneous nodules may undergo biopsy to establish a histological diagnosis and for staging.

*  Lymph nodes. Enlarged, hard, peripheral lymph nodes represent another potential site for biopsy. Blind biopsy of
nonpalpable supraclavicular nodes is positive for cancer in less than 5% of cases. The finding of granuloma in lymph
nodes can be misleading; some patients have cancer concomitant with sarcoidosis or granulomatous infections.

D. Subsequent evaluation

After the histological diagnosis of lung cancer, the evaluation should focus on determining whether disease is confined to the
chest and may therefore be treated with curative intent (limited-stage SCLC and stages I to IIl NSCLC) or whether the patient
has distant disease. In appropriately selected patients, the following diagnostic studies may assist in making this determination.
In the absence of abnormalities evident from history, physical examination, and routine blood studies, these studies are likely to
be normal.

*  Positron emission tomography(PET). PET scanning is an established technology based on the differential uptake of
radiolabeled glucose [fluorodeoxyglucose (FDG)] by neoplastic tissues compared with normal tissue. Although PET
scanning has demonstrated superiority to CT scanning and is complementary to mediastinoscopy in the evaluation of
mediastinal nodes, it is most useful in excluding distant occult metastases. PET may also be useful in restaging after a
preoperative therapy (i.e., chemotherapy or chemoradiotherapy) or in follow-up. The precise criteria for what
constitutes a “response” by PET scan are in evolution. PET-CT scanners are now becoming available and may further
improve the ability to accurately stage patients. False-positive PET scans may occur in the setting of infection,
inflammation, or after chemoradiotherapy. False-negative scans are frequently seen in well-differentiated
adenocarcinoma with BAC features.

e  Spinal MRI for patients who have suspected epidural metastases in the spinal canal or suspected lung cancer with
back pain or brachial plexopathy. In patients with back pain and suspected lung (or any other) cancer, the workup
should be performed on an urgent or emergent basis to allow for rapid therapeutic intervention with steroids, RT, or
surgery.

e Brain CT or MRI should be obtained as part of routine staging for patients with SCLC, which is associated with a
10% incidence of neurologically asymptomatic brain metastases. These studies are not recommended for staging most
patients with stage I or Il NSCLC in the absence of clinical signs. For patients with
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histologies characterized by frequent spread to the central nervous system (CNS; e.g., large cell with neuroendocrine
differentiation or adenocarcinoma), CNS imaging for localized disease should be considered. Patients with stage III
and IV NSCLC who are under consideration for aggressive multimodality therapy or chemotherapy should undergo
CNS scanning.

*  Mediastinoscopy is useful in the following circumstances:
o For routine preoperative staging of NSCLC (radiological assessment alone of the mediastinum is inadequate)
o In patients with mediastinal masses, negative sputum cytology, and negative bronchoscopy
o To evaluate mediastinal lymphadenopathy. Hyperplastic nodes related to postobstructive infection are
common. Mediastinoscopy may permit the patient to be considered for curative resection if enlarged nodes
on CT scan are demonstrated to be pathologically negative.
*  Percutaneous and transbronchial needle biopsy are frequently used to diagnose lung cancer. Some argue that if
NSCLC is found by these techniques and medical resectability is assumed, mediastinoscopy or thoracotomy
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inevitably follows in the absence of evidence of metastatic disease, and therefore the procedure is unnecessary.
Furthermore, if cancer is suspected and the needle biopsy reveals a granuloma, the cancer may have been missed. If
the diagnosis is SCLC, however, thoracotomy may be avoided. Additionally, medically inoperable patients with
negative bronchoscopy still require a tissue diagnosis.

* Bone scans have largely been supplanted by PET. However, the bone scan offers complementary information
regarding bone disease to PET and is substantially less expensive. There may be value for obtaining a bone scan in a
patient with known metastatic disease in whom new bone involvement is suspected.

*  Bone radiographs(plain films) of painful areas

*  Bone marrow aspiration and biopsy. Bone marrow examination remains a standard part of the evaluation for patients
with apparently limited-stage SCLC because of the relatively high incidence of subclinical involvement. Some believe
that it is unnecessary if the patient has a normal lactate dehydrogenase level. It is rarely indicated in NSCLC.

E. Evaluation of the solitary pulmonary nodule
requires a diagnostic strategy that maximizes the chance of detecting cancer and minimizes the chance of performing a needless
thoracotomy if the nodule is benign. The diagnostic approach must be individualized. Facts that should be considered include:

*  Characteristics that define a solitary pulmonary nodule are as follows:
o A peripheral lung mass measuring <6 cm in diameter
o  The nodule is asymptomatic.
o Physical examination is normal.
o CBC and LFTs are normal.

e Calcification of the nodules has little bearing on the diagnostic approach. Calcified nodules are more likely to be
malignant unless the pattern is circular, crescentic, or completely and densely calcified.
e Risk that a solitary pulmonary nodule is malignant
o According to age
®=  Younger than 35 years of age: <2%
= 35to 45 years of age: 15%
= Older than 45 years of age: 30% to 50%
o According to tumor volume doubling time(DT)
= DT of 30 days or less: <1%
= DT of 30 to 400 days: 30% to 50%
= DT of >400 days: <1%
o  According to smoking history. The risk of a solitary nodule being cancerous in a smoker compared with a
nonsmoker is not known. The incidence is generally higher for smokers in the older age group.
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* Needle biopsies of solitary nodules are falsely negative in 15% of cases. In a patient with a high likelihood of cancer
(e.g., a smoker who is older than 40 years of age), who is also a good surgical candidate, proceeding directly to
thoracotomy without a tissue diagnosis is reasonable.

e  PET scanning has recently demonstrated considerable value in the diagnostic evaluation of the solitary pulmonary
nodules, with sensitivity and specificity exceeding all other diagnostic modalities short of thoracotomy.

IV. Staging system and prognostic factors

A. Staging system

The “TNM” system is applied primarily to NSCLC. Table 8.1.A presents the proposed staging system for the 7th edition of
AJCC Cancer Staging Manual, based on the recommendations of an expert panel and review of >67,000 lung cancer cases. This
system provides for additional cutoffs for tumor size, reassigns the category for pulmonary nodules in some locations, and
reclassifies effusions as substage M. This table also shows the current stage groupings (from the 6th edition, 2002).

Table 8.1.B shows the proposed new stage groupings; bolded stages indicate changes from the last edition. In the proposed
system, stages IA to IIIA represent disease for which a surgical approach (in physiologically appropriate patients) should be
considered in the management plan.

B. Performance status

(PS) has direct bearing on patient survival and should be accounted for in studies evaluating treatment modalities for lung
cancer. Criteria for assessment of functional PS are described on the inside of the back cover. Patients who feel well and have
few symptoms of disease (PS of 0 to 1) survive longer than ill patients (PS of 2 or more) and are more likely to tolerate
chemotherapy, independent of other prognostic factors.

C. Weight loss

Involuntary weight loss of 5% or more is an independent and negative prognostic factor.

D. Tumor histology

Survival is not greatly influenced by cell type if PS and extent of disease are taken into account. In NSCLC, specific histology
appears to be of importance in the selection of specific chemotherapy regimens on the basis of both patterns of toxicity and
efficacy. Patients with SCLC, however, have debility and extensive disease more often than those with the other cell types. A
few patients with indolent but unresectable squamous lung cancer may live for several years.
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E. Molecular prognostic factors
Suppressor oncogene alterations are common in NSCLC and are associated with a poor prognosis; mutated p53 (17p) oncogene
occurs in half of patients with NSCLC and in almost all with SCLC. Dominant oncogene overexpression (c-myc, K-ras, erb-
B2) is associated with a poor prognosis.

* EGFR mutation and other abnormalities are increasingly recognized as important features of lung cancer. EGFR
abnormalities appear to be associated with a better overall prognosis as well as to predict for benefit from anti-EGFR
therapies.

* ERCCI, a component of the nucleotide excision and repair system, may be of use in selecting patients who can
benefit from platinum agents. Overexpression of ERCCI as determined by immunohistochemistry is associated with
lack of benefit from platinum agents. At this time, this has not yet been established in clinical practice.

V. Prevention and early detection

A. Prevention

is the best way to reduce the death rate from lung cancer. More than 90% of patients with lung cancer would not have
developed the disease if they had not smoked. Every smoking patient should be advised of the enormous risks. Several ongoing
studies are evaluating the role of retinoids and other compounds in preventing secondary tumors. Trials of vitamin A analog
supplementation and beta-carotene have failed to demonstrate benefit. Epidemiologically, aspirin use in individuals who have
quit smoking has been associated with reduced risk of developing lung cancer.

P.176

Table 8.1A Proposed Staging System for Lung Cancer*
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Primary tumor (T)

IRegional lymph nodes (N)

X

Primary tumor cannot be assessed, or tumor proved by thel
presence of malignant cells in sputum or bronchial washings
but not visualized radiographically or bronchoscopically

INX

Regional lymph nodes cannot be assessed.

INO [No regional lymph node metastasis
IN1 [Metastasis in ipsilateral peribronchial, ipsilateral hilar,
and/or intrapulmonary nodes, including involvement by
direct extension
T0O [No evidence of primary tumor
Tis|\Carcinoma in situ
T1 |A tumor that is <3 c¢m in greatest dimension, and is IN2 [Metastasis in ipsilateral mediastinal and/or subcarinal
lymph nodes
e surrounded by lung or visceral pleura, and
* without evidence of invasion proximal to a lobat]
bronchus at bronchoscopy (i.e., not in the main|
bronchus)
* Tla Tumor <2 cm in greatest dimension
e TI1b Tumor >2 cm but <3 cm in greatest|
dimension
IN3 [Metastasis to contralateral mediastinal lymph nodes,
contralateral hilar lymph nodes, ipsilateral or contralateral
scalene or supraclavicular lymph nodes
IDistant metastases (M)
T2 |A tumor >3 cm but <7 cm with any of the followingMX [Distant metastasis cannot be assessed
features:
e involves main bronchus >2 cm distal to the carina,|
or
e invades into visceral pleura, or
* is associated with atelectasis or obstructivel
pneumonitis that extends to the hilar region buf
does not involve the entire lung
e T2a Tumor >3 cm but <5 cm in greatest|
dimension
e T2b Tumor >5 cm but <7 cm in greatest|
dimension
IMO [No (known) distant metastasis
IM1 |Distant metastasis present
e Mla
o Separate tumor nodule(s) in a
contralateral lobe; or
o  Tumor with pleural nodules or
malignant pleural (or pericardial)
effusion
* Mlb Distant metastases
T3 |A tumor >7 c¢m or one that directly invades chest wall
including superior sulcus tumors), diaphragm, phrenic
nerve, mediastinal pleura, parietal pericardium; or
* involves the main bronchus <2 cm distal to the
carina but not the carina; or
» has associated atelectasis or obstructive
pneumonitis of the entire lung; or
*  has separate tumor nodule(s) within the same lobe
T4 |A tumor of any size with:

invasion of the mediastinum, heart, great vessels,
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Table 8.1B Proposed Stage Groupings for Lung Cancer®

T/M Descriptor in 6™ Edition IProposed T/M INO IN1 IN2 IN3
T1 (=2 cm) Tla A A ITTA 1B
T1(>2-3 cm) T1b A ITA ITIA 1000}
T2 (<5 cm) [T2a B IMA ITA 1118
T2 (>5-7 cm) T2b A 1B ITIA 1B
T2 (>7 cm) T3 1B IIA ITIA 10003}
T3 (invasion) T3 1B ITA A 1118
T4 (same lobe nodules) T3 1B IIA 1A I11B
T4 (extension) T4 1A IIA [IB 10003}
M1 (ipsilateral lung) T4 1A IIA 1B ITIB
T4 (pleural effusion) Mla v v v v
M1 (contralateral lung) Mla v v v v
M1 (distant) M1b v v v v

Bold print indicates a change from the 6™ edition for a particular TNM category.

" Reprinted with permission from Goldstraw P, Crowley J, Chansky K, et al. The IASLC Lung Cancer Staging Project:
Proposals for the revision of the TNM Stage Groupings in the forthcoming (seventh) edition of the TNM classification for
malignant tumours. J Thor Oncol 2007;2:706—714. Note that the seventh edition is due to be published in 2009.

B. Early detection

of lung cancer by screening high-risk populations with chest radiographs and sputum cytology has not been clearly
demonstrated to improve survival rates. The role of chest radiography is being re-evaluated. New antibody tests and fluorescent
bronchoscopy are also under study.

Spiral CT scan can increase the number of cancers detected. However, this increased rate of detection has not yet been
demonstrated to reduce the overall or lung cancer—specific death rate. It is therefore not established as an effective screening
tool. The National Lung Screening Trial (NLST) has completed accrual of 50,000 subjects considered to be at high risk of lung
cancer. This study compares CT with CXR. The preliminary results of this study may become available in late 2009. Because
the value of a screening test is dependent on the prevalence of a disease in a population, the determination that smokers with
minimal degrees of obstructive disease are at substantially higher risk for lung cancer may improve the sensitivity and
specificity of screening tests.

VI. Management

A.NSCLC

Surgery, the previous mainstay of management, is still the primary mode of therapy in stage I and II disease. Stage III disease
(characterized by mediastinal nodal disease or involvement of major structures) is frequently resectable but almost invariably
relapses, resulting in the patient’s death within 5 years (90% to 95%) when managed by surgery alone. Therefore,
multimodality therapy is increasingly employed in this large subset (about 40,000 patients per year). Patients with only a single
mediastinal nodal “station” positive for disease or with incidentally discovered stage III disease (i.e., patients who undergo
surgery for stage I or II disease and who are found to have microscopic mediastinal nodal disease) fare substantially better than
other stage III patients.

After histological proof of NSCLC is obtained, resectability is determined by the extent of the tumor and operability according
to the overall medical condition of the patient. About half of patients with NSCLC are potentially operable. About half of
tumors in operable patients are resectable (25% of all patients), and about half of patients with resectable tumors survive 5
years (12% of all patients or 25% of operable patients).
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The following recommendations are consistent with those of the American Thoracic Society and the European Respiratory
Society.

*  Determinants of resectability. Signs of unresectable NSCLC are as follows:

o Distant metastases, including metastases to the opposite lung. If solitary adrenal, hepatic, or other masses are
detected by scans, these areas should be evaluated by biopsy because there is a significant incidence of
benign masses that masquerade as tumor. See also section VIL.B.

o Persistent pleural effusion with malignant cells. Cytological examination of 50 to 100 mL of fluid is positive
for malignant cells in about 65% of patients. Repeat thoracentesis may provide the diagnosis in most of the
remaining patients. In the event of negative cytology and in the absence of other contraindications to
surgery, thoracoscopy should be undertaken at the time of surgery. Pleural involvement with malignant cells
would preclude surgery. Transudative and parapneumonic effusions that clear do not contraindicate surgery.
Most exudative effusions in the absence of pneumonia are malignant, regardless of cytological findings.

o  Superior vena cava obstruction

o Involvement of the following structures:

=  Supraclavicular or neck lymph nodes (proved histologically)
=  Contralateral mediastinal lymph nodes (proved histologically)
=  Recurrent laryngeal nerve

8
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=  Tracheal wall
= Main-stem bronchus <2 cm from the carina (resectable by sleeve resection technique)
*  Determinants of operability

o Age and mental illness per se are not factors in deciding operability. Elderly patients, arbitrarily defined as
individuals >70 years of age, experience the same degree of benefit from therapy as younger patients
provided that they have adequate nutritional and performance status. Clear distinction should be made
between the “fit” elderly and those who have multiple comorbidities. The appropriate treatment of the “frail
elderly” is unclear.

o  Cardiac status. The presence of uncontrolled cardiac failure, uncontrolled arrhythmia, or a recent myocardial
infarction (within 6 months) makes the patient inoperable.

o  Pulmonary status. The patient’s ability to tolerate resection of part or all of a lung must be determined. The
presence of pulmonary hypertension or inadequate pulmonary reserve makes the patient inoperable. It is
critical that any patient for whom surgery is contemplated stop smoking for at least several weeks before the
operation.

=  Routine pulmonary function tests(PFT). Arterial blood gases and spirometry should be obtained in
all patients before surgery. PFTs must be interpreted in the light of optimal medical management of
pulmonary disease and patient cooperation. The patient with PFT abnormalities should receive a
trial of bronchodilators, antibiotics, chest percussion, and postural drainage before inoperability is
concluded. The following results suggest inoperability:
» A PaCO? that is >45 mm Hg (that cannot be corrected) or a PaO? that is <60 mm Hg, or
=  Forced vital capacity (FVC) <40% of predicted value, or
»  Forced expired volume at 1 second (FEV') <1 L. Patients with an FEV' of >2 L or >60%
of predicted value can tolerate pneumonectomy.
= Special PFTs
=  The quantitative perfusion lung scan is done when patients with impaired pulmonary
function are suspected of not being able to tolerate excision of lung tissue. The FEV' is
measured before the scan. The percentage of blood flow to each lung is calculated from
the
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results of the scan. The percentage of flow in the noncancerous lung is multiplied by the
FEV'!, giving a measure of the anticipated postoperative FEV'. Pneumonectomy is
contraindicated if the calculated postoperative FEV' is <700 mL because the patient is
likely to develop refractory cor pulmonale and respiratory insufficiency.

=  Exercise testing. If maximal oxygen consumption is >20 mL/kg, perioperative morbidity
is low; if it is <10 mL/kg, morbidity and mortality are high.

B. NSCLC: Management of stage I and II disease

*  Surgery. Surgical resection of the primary tumor is the treatment of choice for patients who can tolerate surgery and
who have stage I or Il NSCLC. The selection of the operative procedure varies with the surgeon’s criteria for patient
selection, the extent of disease, and the patient’s ventilatory function.

Definition of nodal involvement during surgical resection is mandatory to determine prognosis and to evaluate the
results of treatment; the anatomic boundaries of 13 nodal stations have been described. Although considered
technically resectable, most patients with stage IIla disease (predominantly N2 disease) do poorly (see section VI.C).
An exception is the patient with malignant involvement of a single mediastinal nodal station.

o Incomplete resections are rarely, if ever, indicated.

o Lobectomy is the procedure of choice in patients whose lung function permits it. Conservative resection
(segmentectomy) has been associated with a significantly worse disease-free survival and an increased local
recurrence rate.

o Bilobectomy, sleeve lobectomy, or pneumonectomy with or without lymph node dissection are used in other
clinical presentations.

o Video-assisted thoracoscopic surgery(VATS) is increasingly employed in thoracic surgery. Its utilization for
resection of lung cancer is associated with results comparable to open procedures.

o Surgical mortality. A multicenter study of contemporary operative mortality due to lung surgery documented
the following death rates within 30 days of operation: pneumonectomy, 7.7%; lobectomy, 3.3%; and
segmentectomy or wedge resection, 1.4%. Advanced age, weight loss, coexisting disease, reduced FEV', and
more extensive resection are significant risk factors.
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*  Pancoast tumor. Historically, RT has been employed as the preliminary treatment for Pancoast tumors (T3 NO MO,
stage IIb) before surgical resection of the primary tumor and involved chest wall. Mature results from a national
intergroup trial using preoperative chemotherapy and RT (chemoradiotherapy) in the treatment of this disease entity,
however, demonstrated a median survival of 37 months and 5-year survival of 42%, far exceeding the historical
approach of radiation followed by surgery. Given the relative rarity of this entity, the use of preoperative
chemoradiotherapy can now be considered the standard of care.

*  Adjuvant chemotherapy. The majority of patients undergoing complete resections for NSCLC relapse and die within 3
years of resection. Adjuvant therapy failed to improve outcome in early studies, but they were flawed by the use of
ineffective chemotherapy or poor trial design.

Platinum-based adjuvant chemotherapy has now been unequivocally established on the basis of large randomized
trials in Europe and North America. Patients were randomized to adjuvant chemotherapy or observation. The
International Adjuvant Lung Trial (IALT) detected a 4% to 5% absolute benefit in long-term survival for patients
treated with adjuvant platinum-based chemotherapy. Although this trial was characterized by heterogeneous
chemotherapy regimens and premature closure, it was the largest trial ever performed studying this question. The
results of this trial have now been confirmed by the North American Intergroup trial (JBR-10) and another European
trial (ANITA). The latter two studies employed cisplatin/vinorelbine as the adjuvant regimen and demonstrated an
approximately 10% absolute reduction in mortality. This level of benefit is comparable to the degree of benefit seen in
breast and colon
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adjuvant studies. Routine use of adjuvant therapy with a cisplatin-based, two-drug regimen is now recommended for
patients with resected stage Ila, IIb, and Illa disease.

The role of adjuvant chemotherapy in patients with resected stage Ib is controversial. Only one trial has specifically
addressed this issue, and although it demonstrated improved disease-free survival, overall survival was not
significantly improved. Retrospective analysis indicates that patients with tumors >4 cm may enjoy a benefit
comparable to that of stage II and III patients, but this is not established. Adjuvant therapy should be discussed on an
individual basis with patients with stage Ib disease. Preoperative chemotherapy in localized NSCLC is an alternative
approach.

* Adjuvant RT has also been frequently employed in the treatment of resected stage I, 11, and III disease. Its use clearly
results in improved local control. As documented in a recent meta-analysis, however, improved local control may
come at the expense of diminished survival. Hence, the routine use of adjuvant RT in completely resected NSCLC
cannot be recommended.

* Resectable but inoperable. Definitive RT should be the primary treatment for medically inoperable but resectable
patients. The overall survival rate at 5 years is about 20%, depending on the size of the primary tumor and associated
comorbidities. The sterilization rate for small tumors ranges from 25% to 50%. Chemoradiotherapy may also be
considered for these patients, particularly those with N1 disease, for whom the outcome is very poor with RT alone.

C. NSCLC: Management of stages Illa and I1Ib

*  Combined-modality therapy. In the past, the standard treatment for most of these patients was RT or surgery alone,
with modest evidence of survival benefit over supportive care alone. Historical data suggest that RT results in a
median survival of 9 months, a 2-year survival rate of 10% to 15%, and a 5-year survival rate of 5% (worse for stage
IIIb). Clinical trials indicate a survival advantage at 1, 2, and 3 years with the use of chemoradiotherapy in this setting
(with or without surgery); the 2-year survival rate has been reported to be 25% to 40%. Several randomized trials have
demonstrated that the use of concurrent chemoradiotherapy is superior to sequential therapy.

o A number of different drug combinations and approaches have been evaluated. Conceptually, there are two
major approaches: “systemic full dose chemotherapy” with concurrent radiotherapy and “radiosensitizing”
chemotherapy concurrent with radiation and followed by consolidative chemotherapy. For the former
approach, the most mature data utilize cisplatin/etoposide and concurrent radiation to 61 Gy. For the latter,
the most commonly utilized approach combines weekly low doses of carboplatin (AUC 2 mg/mL x min) and
paclitaxel (45 to 50 mg/m?) concurrent with 61 Gy followed by full doses of carboplatin/paclitaxel. These
regimens are detailed in Table 8.2.

o Most chemoradiotherapy trials entered patients with good PS, minimal weight loss, and little comorbid
illness. The use of chemoradiotherapy is also appropriate, however, in many poor-risk patients, defined by
weight loss and other medical problems. A multicenter study demonstrated a median survival of 13 months
in these patients, comparable to that of more favorable patients. These sicker patients, not surprisingly, do
not experience the same long-term survival.

o An emerging problem in stage III-disease patients treated with combined modality therapy is the occurrence
of CNS metastases, which may be the sole site of relapse in 10% to 20% of patients. The role of prophylactic
cranial irradiation for patients with stage III disease treated with chemoradiotherapy has been addressed in a
multicenter trial. Though the study failed to reach its anticipated accrual, >300 patients were enrolled. The
results are not yet available. See section VIL.B.
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Preoperative “neoadjuvant” chemotherapy(with or without RT) for patients with locally advanced disease may down-
stage the malignancy and make it resectable. Adjuvant surgical resection after chemoradiotherapy was compared
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with chemoradiotherapy alone in stage Illa (N2), which was addressed in a North American Intergroup trial.
Preliminary results indicate that an increase in early mortality in the surgical group, primarily in patients undergoing
pneumonectomy, offsets a possible long-term advantage from surgery. At this time, the role of surgical resection after
chemoradiotherapy remains to be established and should not be done outside of centers with substantial expertise in
this approach.

Table 8.2 First-Line Chemotherapy Regimens for Advanced Non—Small Cell Lung Cancer

Regimen Dose (mg/m*)*Days given(Cycle length (days)
Cisplatin 100 1 28
Vinorelbine P5 1,8, 15
Carboplatin |AUC =6 1 21
Paclitaxel 225 (over 3 h) |1

Carboplatin |[AUC = 5.5 1 21
Gemcitabine (1,000 1,8

Cisplatin 75 1 21
Docetaxel  [75 1

Carboplatin [AUC = 4l 21
[Paclitaxel 00 1
Bevacizumab|l5 mg/kg 1

Cisplatin 75 1 21
[Pemetrexed [500 1

FAUC, area under the curve.

Technical aspects of RT are important, both as a single modality and in combination with chemotherapy. Issues of
dose, schedule, and fields are crucial. Evidence indicates that hyperfractionated accelerated RT (two or three times a
day) may be superior to conventional, daily fractionation when used alone. A randomized trial failed to demonstrate
an advantage for twice-a-day fractions when combined with chemotherapy over standard chemoradiotherapy.
Additionally, the use of three-dimensional conformal techniques may reduce or prevent toxicity to normal lung within
the radiation field and allow dose escalation.

Concurrent versus sequential treatment. Several randomized controlled trials in the United States, Europe, and Japan
have demonstrated the superiority of concurrent chemoradiotherapy over sequential therapy. A Japanese study utilized
mitomycin, vindesine, and cisplatin concurrent with RT. A trial by the Radiation Therapy Oncology Group used
cisplatin and vinblastine concurrent with 6,100 cGy of RT administered over 6 weeks. Significant differences in
median survival times (17 vs. 14 months) and in survival at 2 and 3 years strongly favored concurrent treatment.
Specific management recommendations should be individualized. In the absence of a clinical trial, patients with
documented N2 or N3 disease should receive concurrent chemoradiotherapy. Patients with T4 NO disease may be
considered for induction chemotherapy with or without RT followed by surgery.

Radiographic responses. In all cases, patients treated with multimodality therapy may have variable radiographic
responses. Except for those who demonstrate progressive disease (and consequently have a dire prognosis), there is no
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correlation between degree of radiographic response (complete response, partial response, or stable disease) and
outcome. It is unclear that PET scanning improves the ability to assess these patients noninvasively.

D. NSCLC: Management of stage IV disease

Fully ambulatory patients have increased survival, and symptoms are often palliated by the use of platinum-containing
(cisplatin or carboplatin) chemotherapy. A clear advantage for the use of chemotherapy has now been conclusively
demonstrated in patients with stage IV disease and PS of 0 to 1. The median survival of such patients is 4 months, and
the 1-year survival rate is 10% with best supportive care. With platinum-based chemotherapy (either as single agents
or combined with etoposide, vinblastine, vindesine, or mitomycin), these survivals are improved to about 6 to 8
months and 20% to 25%, respectively.

Newer regimens (carboplatin plus paclitaxel, cisplatin plus vinorelbine, cisplatin plus gemcitabine, cisplatin plus
pemetrexed) have resulted in median survivals of 9 to 10 months and 1-year survival rates of 30% to 40% in large
multicenter randomized trials. Bevacizumab, an antibody to the vascular endothelial growth factor (VEGF), has been
demonstrated to result in superior survival in selected patients with advanced NSCLC. Studies with bevacizumab have
excluded patients with squamous carcinoma, bleeding disorders, significant cardiovascular or thrombotic disease,

11


mk:@MSITStore:G:%5C%5CBooks%5C%5Conco%5C%5CManual%20Of%20Clinical%20Oncology%206thEdition.CHM::/sid182258.html#N1-T2-8

8 Lung Cancer
CNS metastases, or cavitary lesions. The approved dose is 15 mg/kg q 21 days. A recent report from Europe indicates
the 75 mg/kg q 21 days may be equally efficacious and less toxic. However, this was based on progression-free as
opposed to overall survival, and the data are not yet fully mature. The role of newer inhibitors of the VEGF receptor
tyrosine kinase domain (including agents approved for other indications, such as sorafenib and sunitinib) are under
active investigation.

Several studies and meta-analyses have demonstrated improved quality of life for patients treated with chemotherapy
as opposed to best supportive care. Economic analysis has demonstrated that it is more cost-effective to treat patients
with chemotherapy because of the reduced need for hospitalization, RT, and other interventions.

Patients who are less than fully ambulatory(PS of >2) have poor outcomes. Emerging evidence indicates that such
patients do benefit from therapy. The best current evidence indicates that carboplatin-based two-drug therapy is
superior to single-agent treatment and to best supportive care. However, management must be individualized, and
options are ultimately dependent on the presence of comorbid disease and the patient’s wishes.

Patients who have progressed after initial chemotherapy and who have good PS (0 to 1) may respond to second-line
therapy with docetaxel (75 mg/m? IV over 1 hour q 21 days). Two multicenter randomized trials have demonstrated an
advantage for docetaxel in this setting (compared with best supportive care in one study and with either ifosfamide or
vinorelbine in the other). Pemetrexed (500 mg/m* q 21 days) (multitargeted antifolate, Alimta) was compared with
docetaxel in a randomized phase III trial and was demonstrated to have similar efficacy with a favorable toxicity
profile.

Erlotinib(Tarceva), 150 mg PO daily, has been approved for second- and third-line therapy of NSCLC. This agent
appears to benefit a small fraction of patients (radiographic response rate of 5% to 10%), but this benefit has been
reported to be dramatic when it occurs. Retrospective analyses indicate that female patients with adenocarcinoma
(particularly those with bronchioloalveolar features), young age, and minimal smoking history are most likely to
benefit.

The value of potential predictive markers such as EGFR mutational analysis, EGFR gene copy number by FISH, or
EGFR expression by immunohistochemistry are under investigation. None of these markers can be recommended for
routine clinical use at this time.

o The major toxicities of this therapy are skin rash, diarrhea, and, rarely, interstitial pneumonitis. Interstitial
pneumonitis is predominantly seen in Asians and may be fatal; the incidence in <1%. Cessation of drug,
steroid therapy, and hospitalization (as appropriate) should be undertaken in the patient
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with worsening dyspnea and radiographic changes consistent with interstitial pneumonitis. It is frequently
difficult to distinguish pneumonitis from disease progression.

o  Skin rash is a very common toxicity, and its occurrence may correlate with tumor response. At present, there
are no established guidelines in either the dermatologic or ophthalmologic literature for treatment of rash-
related side effect from the EGFR inhibitors. The following is an algorithm that was adopted from data on
file at Genentech, Inc. Prescriptions for topical 1% or 2.5% hydrocortisone cream and 1% clindamycin gel
should be provided at the time of the initial erlotinib prescription so that they may be used at the first sign of
rash, which may be before the 2-week follow-up visit.

=  For mild rash(grade 1), u