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INTRODUCTION

There are many treatment options for cancer, and the plethora of che-
motherapeutic drugs and other agents continues to grow. Although the
current agents possess effective antitumor activity, they come with a
multitude of potentially voice impairing side effects with which singing
teachers should be familiar. These side effects vary in severity and can
affect each individual to different degrees. It is therefore very important
to consider the known side effects of the chemotherapeutic agents in use
today in regard to their potential to alter vocal characteristics. Successful
cancer treatment must always be the paramount consideration; however,
if effectiveness is equal, it is reasonable for voice professionals and their
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health care providers to seek out the treatment with the fewest adverse
voice effects.

The concept of using chemotherapy to cure cancer dates back at least
1500 years. At the time of the Renaissance, many concoctions used for
this purpose contained metals such as arsenic, silver, antimony, mer-
cury, and bismuth. Although these mixtures had caustic or corrosive
effects on skin tumors, they had no effect on malignant neoplasms
derived from epithelial tissue such as breast, prostate, or lung. It was
not until the introduction of nitrogen mustard and methotrexate in the
1940s that drugs were proven to have a real effect on tumor growth and
remission. In the 1950s, a wide variety of alkylators, mustard deriva-
tives, antimetabolites, and vinca alkaloids were introduced into clinical
practice. In the 1960s, the anthracyclines and cisplatin were established.
The use of cisplatin led the way for the development of further systemic
agents for use on solid tumors. With the rapid advances in medicine
today, the number of chemotherapeutic agents available has increased
dramatically. The following will be a brief overview of the seven most
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Cancer chemotherapy attempts to target malignant
tumors by interfering with cellular processes involved
in tumor growth and progression. Most often, these
drugs try to cause cell death through cytotoxic lesions
in metabolic pathways required for cell replication. For
example, the purine and pyrimidine precursors for DNA
and RNA synthesis are targeted. DNA and RNA are
present in all eukaryotic cells (cells with a true nucleus)
and are comprised of purine and pyrimidine nucleotides.
DNA is genetic material replicated in the nucleus during
the S-phase of the cell growth cycle by various enzymes
prior to cell division, which directs all activities of the
cell. RNA is made in the cytoplasm of the cell and directs
the assembly of protein products required for cell growth
and metabolism. Any agent that disrupts the functioning
of the required enzymes in either of these processes, or
inhibits the required precursor synthesis ultimately will
lead to the death of the affected cell. Thus, many effec-
tive treatment modalities currently in use target various
aspects of the above processes.

CHEMOTHERAPEUTIC AGENTS

The first class of chemotherapeutic agents, the antime-
tabolites, inhibit steps in DNA biosynthesis and are
effective at killing cells during the time period when
the cell’s DNA is being replicated, or the S-phase of the
cell growth cycle. Common agents in this class include
methotrexate and fluorouracil. Methotrexate is a folic
acid antagonist. It prevents the conversion of dihydrofo-
late to tetrahydrofolate, which is required for the synthe-
sis of DNA, RNA, and some amino acids. Fluorouracil
is a pyrimidine antimetabolite that interferes with the
synthesis of DNA by blocking the methylation of deoxy-
uridylic acid. Both of these agents are commonly used
to treat breast, colorectal, and lung carcinoma, as well
as head and neck carcinomas.

The second class of chemotherapeutic agents are the
DNA alkylating agents. This group includes cyclophos-
phamide and cisplatin, which are nonspecific agents
that lead to DNA crosslinking, base-pair mismatching,
or DNA breaks. Cyclophosphamide is a nitrogen mus-
tard that is converted in the body to phosphoramide
mustard, which cross-links DNA and interrupts the
progression of the target cancer. Cisplatin is a platinum
coordination complex, which enters cells by diffusion.
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Within the cells, it is converted to an electrophile that
alkylates DNA and thus helps to stop tumor growth.
Both of these agents are used to treat lung carcinoma.
Cyclophosphamide is also used to treat lymphomas,
breast carcinoma, and leukemia. Cisplatin is com-
monly used for head and neck, ovarian, and testicular
carcinomas.

The third class, antibiotics, includes doxorubicin and
daunorubicin. Both drugs are anthracycline antibiotics
whose antitumor activity may be due to DNA interca-
lation (disruption of the DNA backbone), DNA break-
age, inhibition of Topoisomerase II, or cell membrane
disruption. These antitumor agents are common addi-
tions to chemotherapeutic regimens for breast, hepatic
(liver), and thyroid carcinomas, as well as leukemia,
and lymphomas.

The fourth class of antitumor agents is the plant
alkaloids, which include etoposide, the vinca alkaloids
(vincristine and vinblastine), camptothecans (irino-
tecan and topotecan), and the taxanes (paclitaxel and
docetaxel). Etoposide stabilizes the DNA topoisomerase
II-DNA complex, leading to breaks during DNA repli-
cation and subsequent cell death. Vincristine acts as a
spindle poison and blocks the formation of the mitotic
spindle required for proper chromosome assortment,
thus inhibiting cell division. The taxanes stabilize the
mitotic spindle and prevent chromosome assortment,
thereby inhibiting cell division. The camptothecans
inhibit Toposiomerase-I activity. Vincristine and eto-
poside are used in the treatment of lung carcinoma and
childhood tumors such as Wilms’s tumor. Etoposide is
also commonly used to treat testicular tumors, while
vincristine is also effective against leukemias and lym-
phomas. Vinblastine is used for testicular cancer and
lymphomas. Paclitaxel and docetaxel are used for lung,
breast, and ovarian carcinomas. Irinotecan is used for
colon cancer. Finally, topotecan is used for lung and
ovarian cancers.

The fifth class of chemotherapeutic agents is the endo-
crine (hormone) agents. These include antiestrogens
(tamoxifen, Halotestin, and toremifene), aromatase
inhibitors (anastrozole and letrozole), antiandrogens
(bicalutamide, flutamide, and nilutamide), and lutein-
izing hormone-releasing hormone (LHRH) analogs
(goserelin and leuprolide). The antiestrogens are nonste-
roidal compounds that competitively block estrogen at
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the estrogen receptor. The aromatase inhibitors block the
aromatase enzyme involved with formation of estrone
and estradiol. These agents are used in cases of breast
carcinoma. The antiandrogens are nonsteroidal competi-
tive antagonists at androgen receptors, commonly used
to treat prostatic carcinoma. LHRH analogs suppress
testosterone levels, and are also commonly used to treat
prostate carcinoma.

The miscellaneous antineoplastic agents include a
number of diverse drugs that do not fall into one of the
other categories. Commonly used drugs in this class are
hydroxyurea, which is used to treat chronic leukemias
and sickle cell disease. Another is dacarbazine which is
often used to treat lymphomas and melanomas.

Finally, a relatively new class of drugs is the biologic
response modifiers, including the interferons and
interleukins. These agents appear to act by modulation
of the immune system. Interferons and interleukin-2
(aldesleukin) are commonly used to treat melanoma
and renal carcinoma.

SIDE EFFECTS IN VOICE PROFESSIONALS

One of the most concerning side effects of chemo-
therapy to the professional voice user is neurotoxicity.
Chemotherapeutic agents that are neurotoxic, such as
paclitaxel, have the potential to damage the nerves that
innervate the muscles of larynx or those involved in
support of the voice, such as the nerves that innervate
the diaphragm or intercostal muscles. Nerve damage can
lead to irreversible changes in vocal range and power, as
well as the inability to precisely control pitch required
for performance. Other chemotherapeutic agents that
are currently known to be neurotoxic include metho-
trexate, cyclophosphamide, etoposide, fluorouracil,
interferon, nitrogen mustard, tamoxifen, vincristine,
and vinblastine.

Ototoxicity is another side effect that has profound
consequences for the professional voice user. Drugs that
are ototoxic, such as cisplatin, can impair the ability to
hear and are therefore a concern to the performer who
needs to detect sound and pitch.

Side effects such as pulmonary toxicity or fibrosis
(carmustine, lomustine, melphalan, busulfan, and bleo-
mycin) can cause permanent changes in lung structure
and function. Pulmonary damage can undermine the
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ability to provide adequate breath support for the voice.
Inadequate breath support can lead to vocal fold injury,
scarring, and nodule formation. Rarely, methotrexate
also can cause a pulmonary infiltration picture that may
impede performance through a similar mechanism.

Diarrhea, nausea, vomiting, and decreased appetite
often accompany chemotherapy and can result in tem-
porary dehydration. Dehydration causes a thickening
of the mucous secretions present in the larynx, which
alters the vibratory characteristics of the vocal folds.
This can lead to an increase in friction with subse-
quent voice fatigue and, potentially, vocal fold injury.
Additionally, the acidic nature of vomitus can cause
additive vocal fold injury. Diarrhea is often present with
the use of fluorouracil (especially in combination with
leucovorin), methotrexate, and irinotecan. Nausea and
vomiting of varying severity are common with most
antineoplastic agents; and when two or more agents
are used in combination, the effect is usually additive or
synergistic. Cisplatin, dacarbazine, and carmustine are
among the most emetogenic agents in use today. During
cancer treatment with these agents, effective anti-emetic
therapy can be initiated with serotonin antagonists.

Stomatitis and esophagopharyngitis are common
side effects associated with the use of fluorouracil and
doxorubicin, which can alter mucous membranes. These
drugs cause irritation, pain, and swelling of the mouth
and throat, which result in changes in the resonance
characteristics of the vocal apparatus. This can have a
considerable impact on the ability to perform due not
only to the discomfort, but also to narrowing of the
airway, which occurs in some cases.

Additional gastrointestinal side effects such as bleed-
ing, ulceration, intestinal perforations, and mucositis,
threaten the professional voice user by undermining
the performer’s strength and ability to support his or
her voice. This can result in the use of hyperfunctional
singing techniques in an attempt to compensate for
impaired support. Hyperfunctional singing techniques
can lead to subsequent injury to the vocal folds.

Anemia, leukopenia, thrombocytopenia, and bone
marrow suppression are common with almost all anti-
neoplastic agents. Alterations in the blood quality leave
an individual vulnerable to infection and impair the
natural clotting abilities of the blood. This, accompanied
by the associated weakness associated, can lead to the
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use of improper singing techniques and subsequent
vascular damage to the vocal folds. Vascular damage,
bleeding and the resulting injuries can be very severe
and possibly career ending. The use of growth factors
including erythropoietin, filgrastim, sargramostim, and
opreluekin may help overcome the drug induced bone
marrow suppression.

Nephrotoxicity and hepatotoxicity are generalized
side effects of many chemotherapeutic agents but they
are most prominently associated with cisplatin and
methotrexate. Damage to the heptorenal system affects
the body’s ability to metabolize certain drugs and, there-
fore, can lead to toxic levels of common over-the-coun-
ter medications used by performers. Impairment of liver
function and kidney function also leaves the performer
more susceptible to infection from simple laryngitis to
more severe infectious processes. It is imperative for the
healthcare provider to be aware of these potential side
effects that remotely can after voice quality.

Finally, many of the chemotherapeutic agents in use
today alter hormone levels in the body, which can have
deleterious effects on the voice. For example, the pro-
duction of excess androgens, or the use of antiestrogen
therapy with Halotestin, can cause physical changes in
the larynx resulting in the lengthening and thickening
of the vocal folds. This causes the voice to deepen, which
can result in permanent loss of range and masculiniza-
tion of quality.

CONCLUSION

The treatment of cancer, regardless of its location, can
cause many unwanted voice changes in the voice. Side
effects resulting from certain currently used chemo-
therapeutic agents can ultimately cause permanent
changes in the vocal tract. These changes can impair the
subtle features of the voice that are often critical to the
professional voice user. The medical community must
consider treatment options carefully before optimal
recommendations of treatment protocols can be made to
the professional voice user, and singing teachers should
be certain that their students discuss voice risks with
their doctors. Nevertheless, we must all appreciate the
major advances that have been made in cancer therapy
and must alter protocols for voice considerations only
when cancer treatment success is not compromised.
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