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Background: Prognosis associated with lymphoma in horses is poorly characterized, and treat-
ment is often palliative. Long-term outcome after chemotherapy for horses with lymphoma is
not well documented.

Objective: To report long-term outcome of horses with lymphoma treated with chemotherapy.
Animals: Fifteen equids.

Methods: Retrospective case series. Medical record search and call for cases on the ACVIM list-
serv for horses treated with chemotherapy for lymphoma.

Results: Fifteen cases with adequate data were identified. Complete remission was achieved in
5 horses (33.3%), partial response was achieved in 9 equids (60%), and stable disease was
achieved in 1 horse. Overall response rate was 93.3% (14/15). Overall median survival time was
8 months (range, 1-46 months). Nine horses experienced a total of 14 adverse effects attribut-
able to chemotherapy. Adverse effects were graded according to the Veterinary Cooperative
Oncology Group common terminology criteria for adverse events grading system (grade 1 alope-
cia, n = 2; grade 1 neutropenia, n = 2; grade 1 lymphopenia, n = 3; grade 1 lethargy, n = 1;
grade 2 neurotoxicity, n = 1; grade 2 colic, n = 1; grade 1 hypersensitivity, n = 1; grade 2 hyper-
sensitivity, n = 2; grade 5 hypersensitivity, n = 1). Higher grade adverse effects most commonly
were associated with doxorubicin administration (n = 4), including 1 horse that died 18 hours
post-administration.

Conclusions and Clinical Importance: Chemotherapy can be used successfully for treatment of
horses with lymphoma. Adverse effects, most commonly mild, occurred in approximately two-

thirds of treated horses.
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1 | INTRODUCTION

Lymphoma, the most common malignant neoplasia seen in horses,
represents 1%-14% of tumors in horses.® Lymphoma in horses can be
classified by anatomic distribution into alimentary, cutaneous, multi-
centric, or mediastinal forms. Clinical presentation varies depending
on the sites affected. In a previous large retrospective report of lym-
phoma in horses, which classified cases based on histomorphology
and immunophenotyping, the multicentric form was most common
(41%), followed by cutaneous (19%) and alimentary (11%) forms.? That
study also found T-cell rich large B-cell lymphoma (TCRLBCL) to be
the most common histologic subtype seen in horses with lymphoma,
whereas peripheral T-cell lymphoma and diffuse large B-cell lym-
phoma also were seen frequently.?

Prognosis for horses with lymphoma is variable and not well
characterized. Treatment is often palliative and may include surgical
excision, corticosteroids, chemotherapy, or a combination of treat-
ments. Description of the use of chemotherapy for treatment of
horses with lymphoma has been limited to case reports,>* and no
study has evaluated a large number of horses treated by chemother-
apy to determine the efficacy of treatment and long-term outcome in
horses with lymphoma. Our primary objective was to report long-term
outcome of equids with lymphoma treated using chemotherapeutic

protocols.

2 | MATERIALS AND METHODS

Cases were identified by search of electronic and hard copy medical
records from 2006 to 2017 at the New Bolton Center Large Animal
Hospital at the University of Pennsylvania and by an email call for
cases to the ACVIM Large Animal Internal Medicine and Oncology
Diplomate listservs (no dates specified). Case inclusion criteria con-
sisted of (1) equid patients with (2) histologically confirmed lymphoma
that were (3) treated using chemotherapeutic protocols. Horses were
excluded if the diagnosis was presumptive and not confirmed by his-
tology, if chemotherapeutic treatment was not attempted or if no
follow-up information was available. Information recorded for each
patient included signalment, history, presenting complaint, physical
examination findings, clinicopathologic data, stage, immunophenotype
and anatomic form of lymphoma, treatment (chemotherapy, cortico-
steroids, surgical excision), adverse events, long-term outcome, and
necropsy results (where applicable). Lymphoma was classified based
on anatomic distribution, and multicentric lymphoma was defined as
involving at least 2 organs, not including regional lymph nodes, as pre-
viously described.? Response to chemotherapy was described using
previously reported criteria.®> Briefly, complete remission (CR) was
defined as disappearance of all evidence of disease and clinical signs.
Partial response (PR) was defined as >30% decrease in the size of
baseline pathologic lesions. Progressive disease was defined as >20%
increase in the size of lesions. Stable disease (SD) was defined as
<30% decrease or <20% increase in the size of lesions. Time to reas-
sessment and method of reassessment varied and were not standard-

ized. Overall response rate was defined as (CR + PR)/total cases.

2.1 | Statistical analysis

Descriptive statistics were used to report clinicopathologic findings.
Numerical values are reported as medians and ranges unless other-
wise specified. Survival analysis was performed using the Kaplan-

Meier method.

3 | RESULTS

3.1 | Cases

Fifteen equids met the inclusion criteria. Median age was 11 years
(range, 4-25 years). There were 6 Warmbloods, 3 Quarter Horses,
2 Standardbreds, 1 Arabian, 1 Thoroughbred, 1 Tennessee Walking
Horse, and 1 Donkey. These included 5 mares, 9 geldings, and 1 stal-
lion. Two mares, both Standardbreds, were in foal (120 and 150 days
pregnant at time of diagnosis). The case description of 1 of these

mares had been reported previously in a conference abstract.®

3.2 | Classification

Anatomic distribution of lymphoma was classified as multicentric
(n = 9), cutaneous (n = 3), and alimentary (n = 3). Ten horses had
immunohistochemistry performed on biopsy specimens to determine
immunophenotype: 6 cases were histologically classified as TCRLBCL,
2 were classified as large B-cell lymphomas, and 2 were classified as
T-cell ymphoma. Five equids did not have immunohistochemistry per-
formed on biopsy specimens and therefore were categorized as
unclassified lymphoma.

3.3 | Clinical pathology

Clinicopathologic findings at the time of diagnosis are summarized in
Table 1. Results were available for 14 of the 15 equids included in the
study. Thymidine kinase activity was evaluated in 1 horse and was
normal at 1.5 U/L (reference range, <2.7 U/L).” Three of 4 horses
tested were equine herpes virus-5 (EHV-5) PCR positive on biopsy
specimens of neoplastic tissue (2 cutaneous TCRLBCL, 1 multicentric
TCRLBCL).

3.4 | Chemotherapy

Chemotherapeutic protocols varied widely, and intervals between
chemotherapy administration ranged from 7-30 days between treat-
ments, depending on the drugs included in each protocol. Drugs
included in various protocols are summarized in Table 2. Three horses
received a 5-drug chemotherapy protocol (1 of which also received
corticosteroids): 2 horses received doxorubicin, vincristine, L-asparagi-
nase, lomustine, and cyclophosphamide, and 1 horse received doxoru-
bicin, vincristine, L-asparaginase, cyclophosphamide, and cytosine
arabinoside. Four horses received a 4-drug chemotherapy protocol
(3 of which also received corticosteroids): 2 horses received doxorubi-
cin, vincristine, L-asparaginase, and cyclophosphamide, and 2 horses
received vincristine, L-asparaginase, cyclophosphamide, and lomus-
tine. Four horses, 2 of which were pregnant mares, received a 3-drug

chemotherapy protocol (all 4 received corticosteroids): 2 horses
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TABLE 1 Clinicopathologic findings at the time of diagnosis for 14 equids treated for lymphoma with chemotherapy, organized by (1) anatomic distribution and (2) subsequent response to treatment

Total calcium
(mg/dL)

Fibrinogen Albumin

(mg/dL)

Total Protein
(g/dL)

Lymphocytes
(cells/puL)

(g/dL)

Platelets (/pL)

Neutrophils (cells/pL)

5886 (3451-11 350)
6650 (3850-9450)
3920 (3360-5400)

WBCC (cells/pL)

PCV (%)

Anatomic distribution

11 (10.55-12.7)
12.2 (12.1-12.27)

11.6 (10.9-12.1)

2.81(2.3-3.2)

400 (300-700)

6242

6.0 (49-7.3)

134 000 (102 000-150 000)
96 000 (55 000-137 000)

121 000°

1299 (1000-2800)
1165 (740-1590)

7450 (4930-14 700)

(30-53)
33.5(28-39)

29 (26-36)

38

9)

Cutaneous (n = 2)

Multicentric (n

2.84(2.8-2.87)
2.8(2.7-2.9)

(4.8-5.8)
5.4(5.1-5.7)

53

8320 (5800-10 840)
7400 (4140-7950)

400 (200-500)

2390 (600-3030)

=3)

Alimentary (n

Values listed are medians (range).

Abbreviations: PCV, packed cell volume; WBCC, white blood cell count.

2 Information from only 1 horse available.
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(including 1 pregnant mare) received vincristine, cyclophosphamide,
and cytosine arabinoside; 1 horse received doxorubicin, vincristine,
and cyclophosphamide; and the second pregnant mare received vin-
cristine, L-asparaginase, and cyclophosphamide. Two equids received
a 2-drug chemotherapy protocol (both received corticosteroids):
1 horse received doxorubicin and lomustine, and the donkey received
vincristine and cyclophosphamide. Two horses received a 1-drug che-
motherapy protocol consisting of lomustine, and both of these horses
received corticosteroids.

Vincristine was administered at a dosage of 0.55-0.7 mg/m? IV in
12 patients. Doxorubicin was administered IV at a dosage of
70 mg/m? in 3 horses, 60 mg/m? in 1 horse, 50 mg/m? in 2 horses,
and 35 mg/m? in 1 horse. L-asparaginase was administered SC at a
dosage of 10 000 U/m? in 8 horses. Cyclophosphamide was adminis-
tered IV at a dosage ranging from 150 to 800 mg/m? in 12 patients.
Lomustine was administered at a dose of 65 mg/m? intragastrically in
7 horses. Cytosine arabinoside was administered IV at a dosage of
175-250 mg/m? in 3 horses.

3.5 | Adjunctive treatments

Twelve patients received corticosteroid treatment during chemother-
apy: prednisolone in all 12 equids at a dosage of 0.5-1 mg/kg PO
q12-24 hours and dexamethasone in 2 horses at a dosage of
0.05-0.1 mg/kg IV or PO g24h. One horse with cutaneous lymphoma
received perioperative intralesional cisplatin injected around surgical
margins after removal of a preputial mass, before starting systemic
chemotherapy.

Valacyclovir was administered in 3 horses, all of which were posi-
tive for EHV-5, at a dosage of 30-40 mg/kg PO g8-12h. Two patients
with alimentary lymphoma had small intestinal resections performed
via celiotomy.

3.6 | Adverse effects

Nine of 15 equids exhibited a total of 14 adverse effects attributable
to chemotherapy. Drugs believed to result in the adverse effects
included doxorubicin (n = 4), vincristine (n = 4), cyclophosphamide
(n = 2), and L-asparaginase (n = 1), whereas a direct causal relation-
ship with a particular drug could not be determined in 3 adverse
effects. Adverse effects were graded according to the Veterinary
Cooperative Oncology Group common terminology criteria for
adverse event grading system® and included grade 1 alopecia (n = 2);
grade 1 neutropenia (n = 2); grade 1 lymphopenia (n = 3); grade 1 leth-
argy (n = 1); grade 2 neurotoxicity (n = 1); grade 2 gastrointestinal
signs (colic) (n = 1); grade 1 hypersensitivity, (n = 1); grade 2 hypersen-
sitivity (n = 2); grade 5 hypersensitivity (n = 1). All hypersensitivities
were associated with doxorubicin administration (n = 4).

Four of 7 horses that received doxorubicin experienced adverse
effects attributed to the drug. All horses were premedicated with
flunixin meglumine and diphenhydramine hydrochloride before doxo-
rubicin administration and re-dosed as needed if signs of hypersensi-
tivity were detected, according to previously published administration
protocols for this drug.” One horse developed tachycardia (76 bpm)

4 hours after and low-grade fever (38.3°C) 20 hours after doxorubicin
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TABLE2 Chemotherapeutic agents included in treatment protocols for 15 equids with lymphoma

Number of equids receiving the combination Total 2 1 2 2 22 1 12 1 1 2

Drug Doxorubicin (35-70 mg/ m?2 IV) 7 X X X X X
Vincristine (0.55-0.7 mg/ m? V) 12 X X X X X X X X
L-asparaginase (10 000 U/m? SC) 8 X X X X X
Lomustine (CCNU; 65 mg/ m? IG) 7 X X X X
Cyclophosphamide (150-800 mg/ m? IV) 12 X X X X X X X X
Cytosine arabinoside (175-250 mg/m? IV) 3 X
Corticosteroids 12 0 1 2 1 2 1 1 1 1 2

? Indicates 1 horse treated with protocol was a pregnant mare.

administration, which resolved without treatment (grade 1 hypersensi-
tivity). Another horse also developed tachycardia (72 bpm) and fever
(39.4°C) the day of doxorubicin administration, which resolved with
1 additional dose of flunixin meglumine (grade 2 hypersensitivity).
One horse developed tachycardia (60 bpm) and fever (39.9°C) 6 hours
after doxorubicin administration and was found to have an increased
plasma cardiac troponin | concentration (0.81 mg/mL; reference
range, 0.00-0.07 ng/mL), hypoproteinemia (5.0 g/dL; reference range,
5.5-7.5 g/dL), and thrombocytopenia (50 000 platelets/pL; reference
range, 72 000-183 000/pL) (grade 2 hypersensitivity). In this horse,
flunixin meglumine and diphenhydramine were administered, and
plasma cardiac troponin | and total protein concentrations improved
gradually over the next 3 days, and doxorubicin subsequently was
omitted from this horse's chemotherapy protocol. One horse died
after doxorubicin administration while in PR to chemotherapy consist-
ing of a 5-drug protocol (grade 5 hypersensitivity). This horse previ-
ously had received doxorubicin without problems and was normal
before and during drug infusion. This horse developed tachycardia
(80 bpm) and fever (39.3°C) beginning 2 hours after doxorubicin
administration, progressing to tachypnea and pulmonary edema, with
subsequent death 18 hours post-administration. Hematology of this
horse disclosed hemoconcentration (hematocrit, 67.4%), lymphopenia
(1000 (49 mg/dL),
(4.5 mg/dL), and hyperlactatemia (>12 mmol/L). Necropsy did not

lymphocytes/ul), hypoglycemia azotemia
identify an obvious cause of death, and cardiac histopathology was
unremarkable.

One horse developed lethargy and pelvic limb edema at an esca-
lating cyclophosphamide dosage of 800 mg/m?, which resolved with-
out treatment and was not noted at lower dosages (grade 1). One
horse developed mild colic, decreased manure production, and inap-
petence 6 hours after L-asparaginase administration (grade 2 gastroin-
testinal). One horse developed focal seizure-like activity after
chemotherapy with vincristine and cyclophosphamide (grade 2 neuro-
toxicity); seizures were controlled with PO phenobarbital in this horse,
and a direct causal association could not be determined. Two horses
experienced partial hair loss of the mane and tail during multidrug
chemotherapy (grade 1 alopecia).

Three horses developed mild (grade 1) hematologic adverse
effects during chemotherapy noted on screening CBCs before admin-
istration of subsequent chemotherapy; this followed vincristine as the
most recently administered medication in 2 horses, and in 1 horse the
inciting drug was not recorded. Three horses had lymphopenia, with

lymphocyte counts of 1050/uL, 1050/pL, and 1000/pL. Two of the

same 3 horses also had concurrent neutropenia with neutrophil
counts of 1670/uL and 2070/pL.

Two horses experienced complications not considered to be true
drug adverse effects. One horse developed bacterial thrombophlebitis
at the jugular vein catheter site used for cyclophosphamide adminis-
tration, with subsequent development of head swelling that resolved
with antimicrobial administration. One horse (the stallion) was
castrated to remove the lymphoma-affected testicles 14 days
before starting chemotherapy and developed a castration site infec-
tion 8 days after castration. The horse was not leukopenic on CBC

performed 3 days before or 3 days after castration.

3.7 | Outcome

Treatment response and survival time are summarized in Table 3. The
Kaplan-Meier survival curve is shown in Figure 1.

Complete remission was achieved in 5 horses (33.3%), PR was
achieved in 9 equids (60%), and SD was achieved in 1 horse. Two of
3 horses with EHV-5-associated lymphoma achieved CR and the third
achieved PR. Overall response rate was 93.3% (14/15). Four of the
5 horses that initially achieved CR experienced disease relapse at a
median of 9.25 months (range, 4-41 months).

Kaplan-Meier median estimated survival time was 590 days (95%
Cl, 107-1073 days; Figure 1). Overall median survival time was
8 months (range, 1-46 months). Median survival time for multicentric
lymphoma was 7 months (range, 1-32 months), median survival time
for alimentary lymphoma was 7 months (range, 2-36 months), and
median survival time for cutaneous lymphoma was 34 months (range,
21-46 months). Median survival time for horses that achieved CR was
21 months (range, 4-46 months), whereas median survival time for
patients that achieved PR was 7 months (range, 1-36 months).
Table 3 reports median survival time for patients with different treat-
ment protocols.

Ten of 13 (77%) equids, for which long-term follow-up informa-
tion was available, died or were euthanized. Three horses are alive at
the time of writing. Of these, 1 is in PR and 2 are in CR. Of the
2 horses still in CR, 1 is in second CR after a recurrence of lymphoma
at 41 months after initial diagnosis (36 months after completion of
previous chemotherapy consisting of lomustine only), which was trea-
ted with lomustine, and is currently still alive 5 months after recur-
rence (46 months after initial diagnosis). Two horses were lost to
follow-up (1 in PR and 1 in SD at last contact at 8 and 28 months,

respectively).
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TABLE3 Long-term outcome after chemotherapy for lymphoma in
15 equids

Median
survival
Complete Partial Stable timein
remission response disease months

(n=5) (n=9) (n=1) (range)®

Breed

Warmblood (n = 6) 3 2 1 21.25 (4-34)

Quarter Horse (n = 3) 2 8 (7-46)

Standardbred (n = 2) 2 1,7

Arabian (n = ) 1 36

Thoroughbred (n = 1) 1 21

Tennessee Walker (n = 1) ... 1 2.5

Donkey (n = 1) 1 2
Anatomic distribution

Multicentric (n = 9) 2 6 1 7 (1-32)

Cutaneous (n = 3) 3 34 (21-46)

Alimentary (n = 3) 3 7 (2-36)
Immunophenotype

TCRLBCL (n = 6) 2 4 14.5 (1-34)

Large B cell (n = 2) 1 1 4,28

Tcell(n=2) 2 . 19.5,46

Unclassified (n = 5) 5 7 (2-36)

EHVS5 positive (n = 3) 2 1 32(21-34)
Chemotherapy

5 drug protocol (n = 3) 1 1 21 (5-28)

4 drug protocol (n =4) 2 2 33 (4-36)

3 drug protocol (n = 4) 3 4.75 (1-19.5)

2 drug protocol (n = 2) 2 2,8

1 drug (lomustine) 1 1 7,46

protocol (n = 2)

Abbreviations: EHV, equine herpes virus; TCRLBCL, T-cell rich large B-cell

lymphoma.

2 If greater than 2 horses, median survival is reported, if less than or equal
to 2 horses, survival lengths of individual horse(s) are listed.

Eight equids were euthanized. Of these, 2 horses and 1 donkey
with alimentary lymphoma were euthanized at 2, 2.5, and 7 months
after diagnosis because of progression of their clinical signs while still
on chemotherapy, after initially achieving PR. Another 2 horses were
euthanized at 7 and 36 months after diagnosis because of lymphoma
relapse while no longer receiving chemotherapy, after initially achiev-
ing PR. Of these 2, 1 was a pregnant mare that survived to foaling in
PR and gave birth to a small but otherwise normal foal, but was eutha-
nized 2 months after foaling (7 months after lymphoma diagnosis)
because of lymphoma relapse and associated weight loss while no lon-
ger receiving chemotherapy. One horse experienced disease relapse
at 19.5 months after diagnosis while no longer receiving chemother-
apy after initially achieving CR and was euthanized at that time. One
horse experienced disease relapse 4 months after diagnosis while still
receiving chemotherapy, after initially achieving CR, and was eutha-
nized at that time. One horse was euthanized 21 months after diagno-
sis of lymphoma because of a stifle injury while no longer receiving
chemotherapy and still in CR.

Two horses died. One died 5 months after diagnosis, while in PR,

after doxorubicin administration. One pregnant mare died 1 month
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after diagnosis because of progression of a mediastinal mass and pleural

effusion while still receiving chemotherapy, after initially achieving PR.

4 | DISCUSSION

In this retrospective study, we report the survival times and incidence
of adverse effects after chemotherapy for lymphoma in 15 equids.
Horses with cutaneous lymphoma and those that achieved CR tended
to have longer median survival times than those with alimentary or
multicentric lymphoma and those that achieved PR. Adverse effects
were common (occurring in two-thirds of cases) but were usually mild
and self-limiting, although 1 horse died as a consequence of adverse
effects attributed to doxorubicin administration. These findings sup-
port the use of chemotherapy for the treatment of lymphoma in
horses and expand the body of information available regarding poten-
tial adverse effects.

Lymphoma is a common malignant neoplasm in horses, with a
prevalence of 3% based on necropsy in 241 mature and geriatric
horses in a recent study.>*° Lymphoma in horses most commonly is
classified as TCRLBCL, and it was the most prevalent form in our
study, affecting 6 of 15 equids, consistent with previous reports.?
Common clinical findings in horses with lymphoma have been

described previously,'*~*3

and were not the focus of our retrospective
study. Anemia and thrombocytopenia often are reported but were
fairly uncommon in our case series. Thymidine kinase recently was
reported to be a useful indicator of lymphoma in horses.” Only 1 horse
in our study had this analyte measured, and it was found to be within
normal limits.

In our study, horses with cutaneous lymphoma all achieved CR
and tended to have longer survival times than did horses with multi-
centric or alimentary lymphoma (median of 34 months versus
7 months), suggesting that anatomic distribution may affect prognosis.
In dogs with lymphoma, the strongest prognostic factors include
grade, immunophenotype, stage (anatomic distribution and extent),
and substage.'* The effect of anatomic distribution is such that most
extranodal lymphomas in dogs, such as gastrointestinal and cutaneous
forms, are associated with a worse prognosis than multicentric lym-
phoma.'* The worse prognosis in dogs with cutaneous lymphoma
compared to horses with cutaneous lymphoma likely relates to immu-
nophenotype, as most cutaneous lymphomas in dogs are T-cell lym-
phoma, whereas most cutaneous lymphomas in horses are TCRLBCL.
In dogs with lymphoma, most T-cell neoplasms have shorter remission
and survival times than do B-cell lymphomas. T-cell lymphoma, how-
ever, now is understood to represent a large group of different sub-
types, with variable prognosis, dependent on subtype.}* Although
only 2 horses in our study had T-cell lymphoma, these horses were
among those with the longest survival times. One of these horses had
cutaneous lymphoma, whereas the other had multicentric lymphoma.
It would have been of interest to further subclassify the T-cell lym-
phoma in these horses; however, further subtyping was not available.

Because of the retrospective nature of our study, the optimal
chemotherapeutic approach for horses with lymphoma cannot be
determined because of the lack of randomization and insufficient

number of cases for statistical evaluation. However, when examining
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FIGURE 1

median duration of survival for patients that received different che-
motherapy regimens, the horses that received 5- and 4-drug protocols
had longer median survival time than did patients that received all
other regimens except the 1-drug (lomustine) protocol. This finding is
mostly concordant with results in dogs with lymphoma, in which mul-
tiagent chemotherapeutic protocols generally are considered superior
to single-agent protocols because of decreased potential for develop-
ment of drug resistance.’* Single-agent chemotherapy usually is not
expected to be superior in treatment of lymphoma in dogs. Lomustine
is the single-agent drug of choice in dogs with epitheliotropic T-cell
lymphoma, and a recent study of epitheliotropic lymphoma in dogs
found no association between the type of chemotherapy treatment
(multiagent protocol vs lomustine alone) and survival time.'® There-
fore, the apparent advantage of the 1-drug regimen may represent
true superiority of this drug in horses with lymphoma although this is
considered less likely. Alternatively, this result may be affected by
selection bias, because only 2 horses received this treatment, and they
may have been less severely affected. Of the 2 horses that received a
1-drug protocol, 1 had T-cell lymphoma whereas the other was
unclassified. Therefore, the effect of immunophenotype on the appar-
ent advantage of the 1-drug protocol is difficult to determine. Thus,
our results do not clearly determine whether multiagent or single-
agent protocols are superior for treatment of lymphoma in horses.
Corticosteroids alone may result in remission in some lymphomas,
and the corticosteroid administration in 12 of the 15 horses in our
study complicates interpretation of the benefits of chemotherapy.
However, a study evaluating first-line multidrug protocols for treat-
ment of multicentric lymphoma found no effect of prednisolone on
treatment outcome in 81 dogs.'® Because of small case numbers and
substantial variation in treatment protocols, the impact of corticoste-
roid administration on treatment of horses with lymphoma was not

clearly evaluated in our study. Further studies will be required to

Kaplan-Meier plot of survival time for 15 equids treated for lymphoma with chemotherapy

clarify the effect of corticosteroids as compared to chemotherapy in
horses with lymphoma.

Adverse effects were seen in almost two-thirds of the horses in
our study, most notably after doxorubicin administration. Doxorubicin
has been studied extensively, with safety and dose escalation studies
published.”*” Four of 7 horses that received doxorubicin in our study
experienced adverse effects after doxorubicin, with 1 horse dying as a
consequence of doxorubicin toxicity, despite administration of nonste-
roidal anti-inflammatory medications and antihistamines. Doxorubicin is
an anthracycline antibiotic that is known to be both acutely and cumu-
latively cardiotoxic.'® In a phase | dose escalation study to determine
dose-limiting toxicosis and maximum tolerated dose in 17 horses, no
death was noted.'” Maximum tolerated dosage was 75 mg/m?, and
neutropenia and hypersensitivity reactions were the most common
dose-limiting toxicoses seen.!” Hypersensitivity reactions to chemo-
therapy are defined as unexpected reactions to drug administration
with signs not consistent with the drug's known toxicity.*® The adverse
reactions seen in the horses in our study were consistent with hyper-
sensitivity reactions seen with chemotherapy in other species,?® and it
is likely that the death of 1 horse after doxorubicin administration was
a result of a hypersensitivity reaction. Hypersensitivity reactions to
doxorubicin described in humans include edema, dyspnea, and
anaphylaxis,*” and complement activation is believed to be involved in
the pathogenesis.?!

Reported toxic effects of cyclophosphamide, an alkylating agent,
in other species include myelosuppression, hemorrhagic cystitis, and

2 none of which were noted in the horses reported

cardiotoxicity,2
here. One horse in our study developed an adverse reaction to cyclo-
phosphamide characterized by lethargy and limb edema at a dosage of
800 mg/m?. This dosage is much higher than what has been reported
previously in horses (200 mg/m?).2® Cyclophosphamide is commonly

included in chemotherapeutic protocols for horses with neoplasia,
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including lymphoma. Dosages regularly used in chemotherapeutic pro-
tocols for horses are extrapolated from other species, and cyclophos-
phamide dose optimization has not been reported in horses. Dose
intensity refers to the dose of active drug over time, and multiple
studies in humans and animals with cancer have shown that increasing
chemotherapeutic dose intensity correlates with increased antitumor
effect.?*2> Chemotherapeutic drug dose escalation is a strategy of
gradual dose increases with careful monitoring for toxicity, utilized to
determine the highest tolerated dose and thereby achieve higher dose
intensity and maximum efficacy. Three of the horses in our study
received escalating doses of cyclophosphamide to maximum doses of
310 mg/m? IV, 450 mg/m? IV, and 800 mg/m? IV. These findings sug-
gest that cyclophosphamide dose escalation may be used in horses to
achieve higher chemotherapeutic dose intensity while minimizing
adverse effects, and that the appropriate therapeutic dose of cyclo-
phosphamide in horses may be higher than previously used. Further
studies are warranted to determine the optimal dosage of cyclophos-
phamide for horses. Dose escalation of other chemotherapeutic
agents was not performed in any of the horses in our study, and the
effect of dose escalation of cyclophosphamide on outcome was not
evaluated.

Two pregnant mares were treated using chemotherapy in our
study. Importantly, both mares were at a stage in gestation beyond
fetal organogenesis at the initiation of chemotherapy. Vincristine, a
plant alkaloid, is believed to be less teratogenic than other chemother-

apeutic agents,26%”

and for this reason, it was used in both pregnant
mares. Although only 2 pregnant mares were included in our study,
and only 1 of those mares survived to foaling, our study provides addi-
tional information regarding the use of chemotherapy for treatment
of lymphoma during pregnancy in horses.

Although chemotherapeutic protocols have been reported in
horses with lymphoma,®#2328 these reports have been limited to case
reports and case series, and little information is available on the effi-
cacy, safety, and outcome of chemotherapy in horses. Chemotherapy
in our study was effective, with 14 equids achieving CR or PR after
treatment and 7 horses surviving >1 year after diagnosis. Unfortu-
nately, lymphoma in horses remains a malignant neoplasm with poor
long-term prognosis. Four of 5 horses that initially achieved CR subse-
quently experienced disease relapse, although 1 of the 4 achieved and
remains in a second CR; 10 of the 13 equids in our study, for which
long-term follow-up was available, died or were euthanized during or
after chemotherapy for lymphoma.

Many barriers exist to implementing chemotherapy in horses.
These include financial constraints, availability of the drugs used, and
personnel exposure and environmental contamination with chemo-
therapeutic drug residue. In addition, owner concerns exist regarding
performance of horses while receiving chemotherapy as well as
impact on fertility. A number of the horses in our study continued to
be exercised during their courses of chemotherapy, including at least
2 horses that successfully competed during treatment, suggesting
carefully planned chemotherapy need not necessarily impact perfor-
mance beyond any effects related to the disease process itself.

Our study is limited by its retrospective nature. Retrospective
studies inherently suffer from information bias and lack of complete

medical records. In addition, case numbers were small and included

Ve
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different subtypes of lymphoma, staging was inconsistent, and no
control population was utilized to compare overall survival of horses
that received chemotherapy with horses not treated by chemother-
apy. ldeally, a randomized controlled clinical trial should be used to
evaluate the efficacy of chemotherapy for lymphoma in horses. None-
theless, ours is the largest case series to date of horses with lym-
phoma treated using chemotherapy.

In conclusion, chemotherapy may be used successfully for the
treatment of horses with lymphoma to achieve remission and poten-
tially increase survival time, with results likely dependent on anatomic
distribution and stage of disease. Adverse effects associated with che-

motherapy are common but usually mild and self-limiting.
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