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Aftershocks of Cancer Chemotherapy:
Managing Adverse Effects

Most cytotoxic chemotherapy protocols used in small animals are designed to have a low risk of
adverse effects; however, adverse events can occasionally occur. Timely and appropriate man-
agement of adverse events greatly increases client satisfaction and the likelihood of a successful
treatment outcome. This article presents guidelines for the management of chemotherapy-associ-
ated hematological and gastrointestinal disturbances, extravasation injury, and anaphylaxis.
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Introduction

In general, fewer than one in four animals have adverse effects to
chemotherapy, and only 5% have a serious event that requires hospital-
ization Several important consequences of a serious reaction are possi-
ble, including decreased quality of life, financial consequences (e.g.,
hospitalization and treatment), delay or alteration of subsequent treat-
ments, and diminished client enthusiasm for continuation of therapy.
With appropriate intervention, the risk of a treatment-associated fatality
is <1 in 100! Should a serious adverse event occur, doses can be
reduced, drugs can be substituted, or additional medications can be dis-
pensed to minimize the likelihood of further events, and these measures
are effective most of the time. Studies assessing clients’ perceptions of
medical treatment for cancer generally report a positive expedénce.
Most owners have felt the treatment was worthwhile, that it resulted in
improved well-being of their pet, and that quality of life during treat-
ment was good:3

In practices where chemotherapy is administered, having a protocol
in place for the treatment of adverse events dramatically increases the
likelihood of a good outcome, as well as increased client satisfaction. It
is the veterinarian’s responsibility to ensure the client understands the
goals of therapy in each case before emotion, time, and money are
invested in therapy. The use of client education handouts explaining the
potential toxicities, how to manage them, and when to become con-
cerned is encouraged. Even in practices where chemotherapy is not
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administered, it may be necessary for the veterinarianngelosuppression is likely. Neutropenia is likely to occur 7
deal with adverse reactions from cancer therapy that naylO days after the administration of most chemotherapeu-
have been administered elsewhere. tic drugs. Exceptions to this time interval occur with lomus-
For the purposes of standardizing the reporting and andlge and carboplatin, where neutropenia develops as late as
sis of chemotherapy-induced toxicities, the Veterinary Coapto 3 weeks following administratidrB-12
erative Oncology Group (VCOG) recently published a. ]
consensus document of common terminology criteria foY@gnostic Tests
adverse events following chemotherapy or biological antine®a initial minimum laboratory database includes a com-
plastic therapy in dogs and cét$his consensus documentplete blood count (CBC) with manual differential count, a
provides descriptive terminology that can be used for repgatatelet count, serum biochemical profile, and urinalysis.
ing events, and a grading (i.e., severity) scale is also provid€dmmon changes in animals experiencing chemotherapy-
The most commonly encountered adverse reactions (iieduced sepsis include neutropenia (with or without a left
neutropenia, gastrointestinal [GI] disturbances) genera#liift or toxic changes), thrombocytopenia, hyper- or hypo-
occur as a result of collateral damage to rapidly dividimlycemia, evidence of dehydration, and metabolic
cells by the cytotoxic ageAtBone marrow stem cells andacidosist3 Urinalysis may reveal normal sediment; how-
Gl crypt cells are rapidly dividing cells and are sensitive &ver, urinary tract infections are difficult to rule out if neu-
the antiproliferative effects of cytotoxic chemotherdpytropenia causes an absence of WBCs in the urine. Empirical
Additional acute effects that can be encountered and nwajturing of the urine may be done in neutropenic, septic
require intervention include inadvertent drug extravasatianimals. A coagulation profile is indicated in any animal
and anaphylaxis. The purpose of this paper is to preseith signs of septic shock, as disseminated intravascular
guidelines for the management of chemotherapy-associatedgulation can be present and must be treated aggres-
hematological and Gl disturbances, extravasation injusjyely. In animals with respiratory signs or a history of

and anaphylaxis. vomiting, thoracic radiographs are indicated to search for a
) ) nidus of infection. Recent studies in humans suggest there
Neutropenia and Sepsis is no benefit in obtaining screening thoracic radiographs in

Neutropenia is a relatively common side effect of chemothéine asymptomatic neutropenic, septic patiérii

apy in companion animals. In certain malignancies, bone

marrow infiltration or other conditions can exacerbatd€atment

myelosuppression. [le severity of neutropenia and associAfebrile animals with mild neutropenia (>1000/uL) gener-
ated sepsis is extremely variable, ranging from clinicalbjly require no treatment. Bright and afebrile animals with
silent to life threatening. Compounding the potential sek1000 neutrophils/uL can often be managed as outpatients,
ousness, the onset of chemotherapy-induced neutropeniasigecially since the risk of nosocomial infection probably
usually soon after the worst Gl damage occurs frooutweighs the benefit associated with hospitalization. Pro-
chemotherapy.Gastrointestinal changes can include micrghylactic oral antibiotics decrease the risk of bacteremia
scopic ulcerations and loss of the normal protective layerasfd sepsis-associated mortality in afebrile, neutropenic
desquamated cells, saliva, and mucus lining the GI trdmimans with cancer, and they may have similar effects in
These changes create a favorable environment for owamimalsl® A broad-spectrum, oral antibiotic that spares nor-
growth, translocation, and invasion by aerobic gram-negaal anaerobic Gl flora, such as trimethoprim-sulfa.5

tive and gram-positive bactefid. mg/kg per os [POR 12 hours) or enrofloxach(5 to 10
. ) i mg/kg POq 24 hours), may be prescribed for 5 to 7 days.
History and Presenting Complaints Anaerobe-sparing antibiotics are preferred, as they help

Many animals may be mildly or moderately neutropeniprevent overgrowth and invasion of aerobic bacteria in the
yet show no outward signs of illness. Most dogs and cateakened Gl tradt/ The owner can be instructed to moni-
have a low risk of infection if their neutrophil countor the animal’'s temperature once or twice daily at home. If
remains >1000/ull. It is important to remember that thethe animal becomes clinically ill or the temperature exceeds
likelihood of infection and subsequent treatment decisioh83.5°C, hospitalization may be required.
must be made from the absolute neutrophil count and notFebrile or systemically ill animals usually require hospi-
from the total white blood cell (WBC) count. talization for 24-hour care. Intravenous (V) crystalloid
Septic animals typically present with vague, nonspecificerapy of these animals is very important. Shock doses of
signs of illness, such as lethargy, weakness, and inapihaies or the addition of colloid solutions are considered in
tence. They are often febrile, but a normal or decreasemodynamically unstable animals. In the stable animal, a
temperature does not rule out the presence of a serioufiu rate of 1.5x maintenance is reasonable after correc-
life-threatening infection. Other physical abnormalities cdion of any existing fluid deficits. It is common for fever
include tachycardia, injected mucous membranes, slowand clinical status to improve significantly after several
prolonged capillary refill time, and weak pulses. An acctrours of fluid therapy.
rate medication history is very important, as the timing of After IV fluid therapy, the second step is to institute
the last chemotherapy treatment helps to determineajfpropriate antibiotic therapy. Although no studies have
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evaluated the Gl flora in neutropenic, septic animals, bathch as nausea, vomiting, or diarrhea. Most side effects are
gram-negative and gram-positive bacteria have been isuld and self-limiting; however, severe episodes are occa-
lated from neutropenic, septic humans; fungi and protozsianally encountered. Certain drugs (e.g., cisplatin) may
have been rarely isolatéd. Clinical experience suggestscause immediate nausea/vomiting because of their activity
that most bacteria implicated in sepsis in animals with camm the chemoreceptor trigger zone in the brain. Most dogs
cer are sensitive to commonly used antibiotics. Intravenagisen cisplatin vomit during or soon after drug administra-
coverage for both gram-positive and gram-negative orgdion, unless they are premedicated with an antiemetic, such
isms is employed. Unlike the treatment recommended fs butorphanol or dolasetron.oké commonly, Gl déécts
afebrile, neutropenic animals, both anaerobic and aeroaie delayed, as damage to the mucosa results in irritation and
bacteria are targeted in sick, febrile, neutropenic animalflammation, which leads to vomiting and diarrhea about 2
Typical drug combinations include a penicillin/aminoglyccto 5 days after chemotherapy administration. Signs can range
side combination, such as ampiciflii22 mg/kg IVq 8 from mild inappetence and slightly soft stools to severe,
hours) and amikact(10 mg/kg 1V, intramuscularly [IM], intractable vomiting and profuse, hemorrhagic diarrhea.
or subcutaneously [S@] 24 hours) if renal function is ade- ]
quate, or a first-generation cephalosporin/fluoroquinolof¥agnostic Tests
combination, such as cefazdlifR0 mg/kg 1V q 8 hours) In a severely affected animal, a minimum laboratory data-
and enrofloxacin (5 to 10 mg/kg IV or IM 24 hours). base includes a packed cell volume, total solids, blood urea
Antipyretic agents are rarely necessary and may make int@trogen, creatinine, electrolytes, and urine specific gravity.
pretation of response to therapy difficult. A CBC and serum biochemical profile are reasonable tests
Most animals respond quickly to therapy, and neutrophd perform, and a CBC is indicated in animals with signifi-
counts may rise very rapidly. Many animals are afebritmnt hematochezia. If the animal has a history of protracted
within 12 to 24 hours, and they can be discharged whewsmiting, thoracic radiographs are done to rule out aspira-
their fevers subside and neutrophil counts are >1000/uLtiin pneumonia. In animals that do not respond to sympto-
a clinical response does not occur during the first 24 to aAfatic therapy, abdominal imaging and other tests are used to
hours, further diagnostic tests are performed to identifyr@e out other causes for vomiting (such as Gl obstruction,
potential nidus of infection and to collect samples for bactgancreatitis, neoplastic involvement of the Gl tract, etc.).
rial culture and antibiotic sensitivity testing. Additional
tests include thoracic radiographs, abdominal ultrasonogf&€atment
phy, echocardiography, and at least two sets of blood cMlany animals with mild signs can be managed at home,
tures. In animals that do not respond rapidly, antibiotiecause they respond to withdrawal of all oral substances
coverage can be broadened while waiting for cultufeothing per os [NPQO]) for a brief time, followed by admin-
results. Additional anaerobic coverage is provided witktration of a bland, high-fiber diet. Oral antiemetics (e.g.,
metronidazole(15 mg/kg IVg 12 hours) and/or a second-metoclopramid@[0.2 to 0.5 mg/kg PO or S§8 hours] or
or third-generation cephalosporin. Should protracted (>pochlorperazing0.3 mg/kg PO or S@ 8 hours]) may be
hours) neutropenia occur, a bone marrow aspirate mightuidized if vomiting is infrequent and the animal is bright
useful, especially in animals with hematopoietic neoplasaad alert. Oral medications for diarrhea, such as
and possible bone marrow infiltration (i.e., myelophthisis)loperamidé (0.08 mg/kg PQy 8 hours), may also be used.
The clinical utility of recombinant human granulocyt&Some animals with chemotherapy-associated diarrhea may
colony-stimulating factdr (G-CSF) is widely debated. respond to oral metronidazole (12 to 15 mg/kg @2
Some clinicians routinely utilize G-CSF for febrile, neunours for 5 days).
tropenic animals, while others utilize it only for severe neu- Animals that are weak, lethargic, dehydrated, or have
tropenia (<100 to 500/uL) or neutropenia that persists fegvere refractory signs are hospitalized in order for fluid,
>72 hours. Although many human studies have suggesi@fh-based, and electrolyte disturbances to be addressed.
no benefit in terms of length of hospitalization or mortalityhese animals are kept on NPO status until vomiting
rates if G-CSF is employed after a neutropenic fever h@solves, and parenteral antiemetics are started [Table 1].
developed, a recent study showed that severely neutropgsétydration is corrected over the first 8 to 12 hours, and
(<100/pL) patients given G-CSF had decreased durationtgén the fluid rate is changed to X5maintenance. Some
neutropenia and hospital stay when compared to contrgj§imals may be mildly or moderately hypokalemic, which
although there was no significant difference in mortafity. is corrected with potassium supplementation. A bland food
. . diet and oral antiemetics typically can be started after vom-
G.astr0| ntestinal Effects ) iting has subsided for 12 to 24 hours.
History and Presenting Complaints For antiemesis, metoclopramide may be started as an IV
A careful medical and medication history helps determineciénstant-rate infusion, and prochlorperazine or other drugs
clinical signs are probably associated with chemotheragie added if the vomiting continues. Ondansétr@n 5-
administration. Although the majority of small animalfiydroxytryptamine-3 [5-HT3] receptor antagonist) is safe
undergoing chemotherapy tolerate the treatments wellard effective; however, its expense makes it impractical as
small number may experience unpleasant Gl side effe@s, initial antiemetic. Recently, another 5-HT3 receptor
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Table 1

Commonly Used Antiemetics in Animals on Chemotherapy

Drug Doses” Comments’
Metoclopramide 0.2-0.5 mg/kg PO g 8h Gl prokinetic; therefore, avoid in animals
0.2 mg/lkg SCq8h with potential Gl obstruction or ulcers
2 mg/kg per 24 h as constant-rate
infusion 1V
Prochlorperazine 0.3 mg/kg POQg8h Avoid in animals with a history
0.3 mg/kg SCq8h of seizures

May cause sedation or hypotension
Chlorpromazine and acepromazine also
have antiemetic properties

Ondansetron 0.1-0.5 mg/kg IV, PO q 12-24 h Very expensive
Dolasetron 0.5-0.6 mg/kg IV q 12-24 h
Butorphanol 0.4 mg/kg IM q 4-6 h Excellent for cisplatin-associated emesis

* PO=per os; SC=subcutaneously; IV=intravenously; IM=intramuscularly
T Gl=gastrointestinal

antagonist, dolasetrdhas become available, and it is lesgeutrophil count is <1500/uL. Treatment is also delayed
expensive than ondansetrbh.For refractory vomiting, until the neutrophil count rebounds to >1500/uL.
butorphandl’ (0.4 mg/kg IM) or anti-inflammatory doses For Gl toxicity in the animal, the client’s level of comfort
of corticosteroids may be added. The addition of a payith the severity of the adverse event is very important in
enteral histamine (H)2 blocker (e.g., famotidif@.5 to 1 determining what constitutes a tolerable dose. To some
mg/kg IV or SCq 12 to 24 hours]) or proton-pumpclients, one self-limiting episode of vomiting is too much,
inhibitor (e.g., pantoprazdl¢l mg/kg IV q 24 hours]) may Wwhile other clients are willing to accept a higher degree of
minimize the risks associated with continued vomitingoxicity for real or perceived efficacy. Unless severe (i.e.,
such as esophagitis. The histamine H2 blocker, ranittdingrade 3 to 4) events are experienced, prophylactic medica-
may also promote prokinetic and antiemetic activity froiions are tried first rather than immediate dosage reductions.
concurrent inhibition of acetylcholinesterase activfty. For example, starting 5 days of antiemetics or antidiarrheal

If hospitalization is necessary, most animals require supedications the day after chemotherapy is a logical first
port for 24 to 72 hours. Over this time, Gl mucosal celgep. If this approach does not sufficiently alleviate the side
usually regenerate, and signs then subside. Vomiting peffects, then a 20% dosage reduction can be initiated. Occa-
sisting for >72 hours requires further diagnostic testing sonally, a particular drug or drug class is not tolerated by an
rule out other diseases. individual animal, and substitutions are indicated.

Prevention of Serious Adverse Events Perivascular Necrosis

Reductions in dosages of antineoplastic drugs are not toSs&eral chemotherapeutic agents (e.g., doxorubicin, vinca
considered lightly, as dose intensity is extremely importa@kaloids, actinomycin D) are vesicants that cause tissue
for their antitumor effects. A dosage reduction of 20% malamage if delivered extravascularly. Administration of vesi-
be done in dogs with a neutrophil nadir <1000/pL, althougiants must be done through a perfectly placed IV catheter
some clinicians only reduce the dosage if the neutropHiht requires only one penetration of the vein for insertion.
nadir is <500/pL or is 500 to 1000/uL in animals that ar@ogs undergoing infusions of vesicants must be constantly
septic or febrile. Generally, a dosage reduction of 20%dlserved until completion of the infusion, to ensure the
recommended at the next scheduled treatment interval if @@heter remains patent and the infusion is successful.
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Doxorubicin is a very potent vesicant [Figures 1A-1CJikelihood of these reactions increases with multiple
and if extravasated, it is extremely damagin§urgical asparaginase injections. For animals demonstrating ana-
treatment, including immediate debridement of thghylaxis from a drug treatment, it is prudent to premed-
extravasated tissues and potential amputation, may it&te with diphenhydramine and dexamethasone 15 to 20
required for doxorubicin extravasations. The free-radicalinutes prior to subsequent treatments.
scavenging drug, dexrazoxathés marketed for the pre- Hypersensitivity reactions occur in all dogs adminis-
vention of doxorubicin-associated cardiotoxicity, and tered paclitaxel, as a result of the emulsifying agent needed
may abrogate extravasation reactions from doxorubicintdf solubilize the drug. Reactions may be severe and
given immediately (possibly within 3 hours) in mice anthclude neurological and cardiovascular signs. Even after
humanst>.21 Anecdotally, 1V administration of dexrazox-pretreatment with diphenhydramine (4 mg/kg IM), cime-
ane at 10 times the dose of doxorubicin, within 3 houtigine! (4 mg/kg 1V), and dexamethasone sodium phos-
and again at 24 and 48 hours after extravasation, may gigate (2 mg/kg IV) 30 to 60 minutes prior to
nificantly reduce local tissue injury in dogs and catshemotherapy, most animals exhibit some degree of hyper-
Additionally, the application of 99% dimethyl sulfoxidesensitivity reactio?4 Because of the potential severity of
(DMSO) topically @ 8 hours for 2 weeks) may abrogatéhese hypersensitivity reactions, administration of pred-
some of the effect® Intralesional administration of nisoné (1 to 2 mg/kg PO) the night before therapy is rec-
hyaluronidase may also help to mitigate local tisswnmended, in addition to the above premedications and
necrosis from vesicant extravasatin. infusion of the drug slowly over several hours.

Figures 1A, 1B, 1C—A 6-year-old,

| spayed female, mixed-breed dog devel-
oped a severe reaction after extravasation
of doxorubicin that was not noted at the
time of infusion. Lateral images of the left
thoracic limb demonstrate the appearance
of the lesions (A) 3 days, (B) 7 days, and
(C) 21 days postinfusion. An amputation
of the affected limb was performed at 21
days postinfusion.

Anaphylaxis Breed Predispositionsto Adver se Effects

Several antineoplastic agents may cause immediate anaf@sriain breeds, particularly the collie-type breeds, have a
laxis or anaphylactoid reactions in animals. These incluldigher risk of toxicity reactions from cancer drugs that are
asparaginase, doxorubicin, and especially the taXaffes.actively transported by the p-glycoprotein (P-GP) pump.
The shock organs of the dog are the Gl tract and skin, drtese drugs include vinca alkaloids, doxorubicin, dactino-
they are the most severely affected during and immediatelycin, and the taxan@8:29 These breeds have a high fre-
after administration of these chemotherapeutic agents. Thency of a mutation of the multidrug resistance 1 (MDR1)
lung is the shock organ in the cat. Should acute drug realtele. This mutation diminishes the excretion of P-GP sub-
tions occur during infusion of doxorubicin (e.g., pruritustrate chemotherapeutic drugs, leading to increased drug
facial edema [Figure 2], wheals, erythema of skin amckposure. If a dog is homozygous for the mutant allele, it is
mucous membranes, head shaking, vomiting, restlessnaffected and at risk. If it is a heterozygote, it is a carrier. The
dyspnea), stop the administration and give diphenhyequency of these mutations has been characterized in sev-
draminé (3 to 4 mg/kg IM) and dexamethasone sodiumral breeds in different geographic locations [TabRS2].29
phosphat& (0.5 to 1.0 mg/kg IV). When the reaction subA genotyping assay (performed on cheek swabs) for muta-
sides, administration of doxorubicin can be resumed ati@n status is available through the College of Veterinary
slower rate. Medicine, Washington State Universitfthe P-GP substrate

Asparaginase can result in anaphylaxis (usually withdtugs are either avoided entirely (preferred) in dogs that are
60 minutes); therefore, monitor for hypersensitivity reattomozygous for the MDR1 mutation, or they are adminis-
tions for 60 minutes following drug administration. Théered cautiously at significantly reduced dosages.
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a Trimethoprim-sulfa; Lannett Co., Inc., Philadelphia, PA 19136

b Baytril; Bayer Health Care LLC, Shawnee Mission, KS 66201

€ Ampicillin; American Pharmaceutical Partners, Inc., Schaumburg, IL
60173

d Amiglyde-V; Fort Dodge Animal Health, Fort Dodge, |1A 50501

€ Cefazolin; Apotex Corp., Weston, FL 33326

f Metronidazole; Baxter Healthcare Corp., Deerfield, IL 60015

9 Neupogen; Amgen, Thousand Oaks, CA 91320

_h Metoclopramide; Baxter Healthcare Corp., Deerfield, IL 60015

I Compazine; Glaxo Smith Kline, Research Triangle Park, NC 27709

J" Imodium; McNeil Consumer & Specialty Pharmaceuticals, Los Piedras,
Puerto Rico 00771

k Zofran; Glaxo Smith Kline, Research Triangle Park, NC 27709

I Anzemet; Aventis Pharmaceuticals, Inc., Kansas City, MO 64137

M Equanol; Vedco, Inc., St. Joseph, MO 64507

N Famotidine; Bedford Labs, Bedford, OH 44146

O Protonix; Wyeth Pharmaceuticals, Inc., Philadelphia, PA 19101

P Ranitidine; Bedford Labs, Bedford, OH 44146

4 Zinecard; Pfizer, Inc., New York, NY 10017

"' Benadryl; Pfizer, Inc., New York, NY 10017

S Dexamethasone sodium phosphate; Vedco, Inc., St. Joseph, MO 64507

t Tagamet; Glaxo Smith Kline, Research Triangle Park, NC 27709

U Prednisone; Roxane Labs, Columbus, OH 43216

V' Veterinary Clinical Pharmacology Laboratory, College of Veterinary
Medicine, University of Washington, wwwetmed.wsu.edu/depts-vepl

Figure 2—In an 11-year-old, castrated male golden
retriever, angioedema of the face (lips, periocular tissues)
developed secondary to an asparaginase injection.
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