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Background: Standard of care treatment for multicentric lymphoma in dogs remains doxorubicin (DOX)-based combina-

tion chemotherapy, but owners may hesitate to commit the time and financial resources to complete such a protocol, typi-

cally requiring 12–16 visits. Rabacfosadine (RAB), a double prodrug of the nucleotide analog 9-(2-phosphonylmethoxyethyl)

guanine, has substantial single-agent activity in dogs with lymphoma, and a different mechanism of action than DOX.

Hypothesis/Objectives: Our objective was to evaluate the efficacy and adverse effect (AE) profile of alternating doses of

RAB and DOX in dogs with na€ıve multicentric lymphoma.

Animals: Fifty-four dogs with previously untreated lymphoma.

Methods: Open-label, multicenter prospective clinical trial. Dogs received alternating RAB (1.0 mg/kg IV weeks 0, 6, 12)

and DOX (30 mg/m2 IV weeks 3, 9, 15). Dogs that achieved complete response (CR) were followed by monthly evaluations.

Complete clinicopathological evaluation and assessment of remission and AEs were performed every 21 days.

Results: The overall response rate was 84% (68%; CR; 16%; partial response [PR)]. The overall median progression-free

interval (PFI) was 194 days (216 for CR and 63 for PR). Most AEs were mild and self-limiting: gastrointestinal and hemato-

logic AEs were most common. Thirteen dogs experienced dermatologic AEs, and 2 dogs developed grade 5 pulmonary

fibrosis.

Conclusions and Clinical Importance: Alternating RAB/DOX generally was well tolerated and resulted in PFIs comparable

to standard DOX-based multi-agent protocols, with fewer treatment visits. Most adverse events were mild or moderate and

self-limiting. Further studies are warranted to explore long-term outcome and other RAB chemotherapy combinations.
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The current standard of care for the treatment of
dogs with multicentric lymphoma is combination

chemotherapy including cyclophosphamide, doxorubicin
(DOX), vincristine, and prednisone (CHOP).1 Objective
response rates (ORR) of ≥85%, median response dura-
tions of 6–10 months, and median overall survival times
of 8–12 months have been reported with CHOP-based
protocols.2–11 Most dogs that achieve remission after a
CHOP-based chemotherapy protocol eventually relapse,
with <25% of patients experiencing survival times
>2 years.1 Because treatment of lymphoma in dogs is
not curative, owners may be hesitant to commit the
time and financial resources necessary to complete a
lengthy, multidrug protocol.12

Rabacfosadine (RAB), formerly referred to as VDC-
1101 or GS-9219, is a double prodrug of the guanine
nucleotide analog 9-(2-phosphonylmethoxyethyl) gua-
nine (PMEG), which was designed to preferentially deli-
ver PMEG and its active phosphorylated metabolite,
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PMEG diphosphate (PMEGpp) to lymphoid cells while
avoiding systemic PMEG exposure.13 Cytotoxic activity
mediated by PMEG/PMEGpp is by inhibition of
nuclear DNA polymerases a, d, and e.14 The clinical util-
ity of PMEG is limited by poor cellular permeability as
well as gastrointestinal and renal toxicity.15–17 Rabacfos-
adine, however, is hydrolyzed intracellularly to 9-(2-
phosphonylmethoxyethyl)-N6-cyclopropyl-2,6-diamino-
purine (cPrPMEDAP), deaminated to PMEG and then
rapidly converted to PMEGpp.13 Rabacfosadine selec-
tively depletes replicating lymphoid tissues at doses that
spare most other organ systems in normal laboratory
dogs, and demonstrates substantial antineoplastic activ-
ity in dogs with lymphoma.13,18,19 Additional studies
recently have identified activity in dogs with cutaneous
T-cell lymphoma and multiple myeloma.20,21 Commonly
encountered adverse events (AEs) include self-limiting
gastrointestinal toxicity and myelosuppression;
cumulative dermatologic changes and rare delayed
pulmonary fibrosis also have been observed in some
dogs.19–21

In the management of multicentric lymphoma in
dogs, DOX exerts robust single-agent activity with
ORRs ranging from 65 to 85% and median response
durations of 100–170 days.22–26 Common AEs include
gastrointestinal signs and myelosuppression, as well as a
dose-dependent, cumulative cardiomyopathy that can
limit the total number of DOX doses that can be
administered.

Given the substantial activity of RAB in dogs with
lymphoma and the different mechanism of action, resis-
tance, and cumulative AE profiles between RAB and
DOX, the goal of our multicenter study was to prospec-
tively evaluate the efficacy and AE profile associated
with administration of alternating RAB and DOX at 3-
week intervals in dogs with lymphoma.

Materials and Methods

Patient Selection

Studies were carried out with approval of each site’s Institu-

tional Animal Care and Use Committee, Clinical Review Board,

or both. Signed informed consent was obtained from all owners

before study enrollment. Dogs with a cytologic or histologic diag-

nosis of multicentric lymphoma were prospectively enrolled at 9

sites across the United States from December 2014 to August

2015. Dogs were eligible for inclusion if they had immunopheno-

type information available and had not received previous treat-

ment. Exclusion criteria included West Highland White terrier

breed, a Veterinary Cooperative Oncology Group (VCOG) perfor-

mance status of <2,27 absolute neutrophil count <2,000 cells/lL,
hematocrit <25%, platelet count <50,000 cells/lL, serum creatinine

concentration >2.5 mg/dL, or serum bilirubin concentration

exceeding the normal reference range. Dogs with alanine amino-

transferase (ALT) or aspartate aminotransferase (AST) activity

>39 the normal reference range limit were required to have nor-

mal fasting and postprandial serum bile acid concentrations. All

dogs had a CBC, serum biochemistry profile (SBC), and urinalysis

performed before study entry. Thoracic radiography was strongly

recommended but not required. Dogs were assigned an approxi-

mate clinical stage based on the World Health Organization clini-

cal staging system.28

Treatment Protocol

Rabacfosadinea was provided under United States Food and

Drug Adminstration INAD# 012-117. Doxorubicin was purchased

from commercial vendors by the individual participating sites.

Dogs were given alternating doses of RAB and DOX every

3 weeks. Rabacfosadine was administered at a dosage of 1.0 mg/kg

as a 30-minute IV infusion on weeks 0, 6, and 12. Doxorubicin

was administered at a dosage of 30 mg/m2 (1.0 mg/kg for dogs

weighing <15 kg) as an approximately 20-minute IV infusion on

weeks 3, 9, and 15. Concurrent cytotoxic chemotherapy of any

kind and concurrent corticosteroids were not allowed. A CBC was

performed 1 week after the first RAB and DOX treatments (weeks

1 and 4). All dogs had a physical examination with lymph node

measurements, owner history, CBC, SBC, and urinalysis per-

formed at each chemotherapy visit. Thoracic radiographs were rec-

ommended at week 15 and approximately every 2 months

thereafter in responding dogs. Dose delays, reductions, or both,

and supportive treatment for AEs were carried out at the discre-

tion of the attending clinician. Dogs that experienced a complete

response (CR) were followed with monthly physical examinations

after week 15 until relapse, when they were considered off study.

Dogs that experienced partial response (PR) or stable disease (SD)

at week 15 were considered off study and censored from analy-

sis at that time. At the time of study withdrawal, dogs were eligi-

ble for additional treatment at the discretion of the attending

clinician.

Response and Toxicity Evaluation

Response to treatment was determined using the VCOG

Response Evaluation Criteria for Peripheral Nodal Lymphoma in

Dogs.29 A CR was defined as the disappearance of all measurable

peripheral lymph nodes (ie, returned to a size considered non-

pathologic in the judgement of the evaluator). A PR was defined

as at least 30% reduction in the sum of widest diameters of

peripheral lymph nodes measured at first treatment. Stable disease

was defined as <30% reduction or <20% increase in the sum of

the widest diameters of the peripheral lymph nodes measured at

first treatment. Progressive disease was defined as >20% increase

in the sum of the widest diameters of measurable peripheral lymph

nodes or the appearance of new lesions.

Adverse events were determined from owner medical history

obtained at each visit as well as clinicopathologic evaluation, and

graded prospectively based on the VCOG Common Terminology

Criteria for Adverse Events v1.1.27

Statistical Analysis

Continuous data were expressed as median and range, and cate-

gorical data as frequencies and percentages. Objective response

rate and progression-free interval (PFI) were the primary efficacy

endpoints. The ORR was defined as the percentage of evaluable

patients experiencing CR or PR as their best response. The PFI

was calculated from the date of treatment initiation to the date of

PD. Dogs were censored if they had not developed PD at the time

of data analysis or were withdrawn or lost to follow-up before PD

development. Continuous variables were compared between sub-

sets of patients by a 2-tailed, unpaired t-test or Mann–Whitney

test as appropriate. Categorical variables were compared between

groups using a 2-tailed Fisher’s exact test. The Kaplan–Meier

method was used to estimate and display the distribution of PFI.

Differences between potential prognostic subsets were compared

using log-rank analysis. Variables with values of P ≤ .05 were con-

sidered significant. All statistical analysis was performed with a

commercial software packageb .
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Results

Patient Population

Fifty-four dogs were prospectively enrolled. Three
dogs were excluded from analysis for violation of exclu-
sion criteria. Fifty were evaluable for response assess-
ment and 51 were evaluable for PFI and AE
assessment. Information regarding age, weight, approxi-
mate stage, substage, and immunophenotype is pre-
sented in Table 1. The most common breeds enrolled
were mixed-breed dogs (9) and golden retrievers (7).
Immunophenotyping was performed by flow cytometry
in 22 dogs, immunocytochemistry in 23 dogs, immuno-
histochemistry in 3 dogs, and PCR for antigen receptor
rearrangement in 3 dogs.

Adverse Events

Fifty-one dogs were evaluable for AE assessment.
Thirty-three dogs completed the prescribed 6-dose pro-
tocol. The most common AEs are summarized in
Table 2, and a complete list of AEs is provided in
Table S1. Seven dogs experienced a grade 4 AE, and 2
dogs experienced a grade 5 AE. The most common AEs
reported were gastrointestinal. Grade 3 gastrointestinal
AEs included hyporexia (n = 4), diarrhea with or with-
out hematochezia (n = 4), and weight loss (n = 6). The
most common hematologic AE was neutropenia, with 5
dogs experiencing grade 4 AEs; 4 of these were after
RAB administration.

Seventeen dogs developed an increase in the activity
of at least 1 liver enzyme during the study. In 3 dogs,
these increases coincided with the development of PD.
The median time to increase liver enzyme activity was
42 days (range, 21–136 days). No dose modifications or
drug discontinuations were required in any patients,
and the small number of grade 3 or 4 increases in liver
enzyme activity resolved spontaneously despite contin-
ued chemotherapy.

A total of 13 dogs developed dermatologic changes
suspected to be related to treatment. These were charac-
terized as grade 1 in 7 dogs, grade 2 in 5 dogs, and
grade 3 in 1 dog. The reactions generally consisted of
otitis or pruritic and alopecic or erythematous skin

lesions, often on the dorsum. The skin lesions resolved
with dose modification or delay and symptomatic treat-
ment including topical treatments, systemic analgesics,
H1 blockers, and systemic antibiotics as needed. One
dog received prednisone every other day. Several dogs
developed hyperpigmentation, especially in the inguinal
area, unassociated with other skin changes and requir-
ing no dose modification or specific treatment. Two
dogs developed severe dyspnea 130 and 142 days after
treatment initiation, which led to euthanasia owing to
respiratory signs. Both of these dogs had experienced
CR at the time of euthanasia, and pulmonary fibrosis
was confirmed on necropsy. A third asymptomatic dog
developed a diffuse interstitial lung pattern radiographi-
cally interpreted as compatible with fibrosis, which
resolved with corticosteroid treatment. All 3 of these
dogs had pretreatment radiographs that showed no
interstitial lung disease.

Eight RAB dose reductions and 7 DOX dose reduc-
tions were utilized for management of AEs. A 20%
dose reduction was most commonly employed. No
delays in dosing were necessary. Five dogs were with-
drawn from the trial by owners as a result of AEs or a
perceived decrease in quality of life. Withdrawal
occurred a median of 27 days after treatment initiation
(range, 19–74 days).

Table 1. Baseline characteristics of patient population
(n = 51)

Age (years) Median (range) 7 (2–14)
Weight (kg) Median (range) 28.7 (3.3 to 84.1)

Sex (%) Male 27 (53)

Female 24 (47)

Approximate

stage (2 NR) (%)

3 28 (57)

4 13 (27)

5 8 (16)

Substage (%) a 39 (76)

b 12 (24)

Immunophenotype (%) B 43 (84)

T 8 (16)

NR, not reported.

Table 2. Frequency of common adverse events by
grade after rabacfosadine/doxorubicin administration
(n = 51).a

Event

Grade

1

Grade

2

Grade

3

Grade

4

Grade

5

Gastrointestinal

Hyporexia 10 4 4

Dehydration 2

Diarrhea 17 8 3

Hematochezia 1

Vomiting 19 4

Weight loss 12 16 6

Constitutional

Lethargy 12 2

Hematologic

Anemia 9

Neutropenia 5 1 8 5

Thrombocytopenia 3 4 1 1

Hepatic

Increased ALT 6 1 2 1

Increased AST 5 2 1

Increased GGT 1

Increased bilirubin 1 1

Increased alkaline

phosphatase

7 1 3

Cutaneous/Pulmonary

Dermatopathy 7 5 1

Edema 1

Otitis 6 1

Pulmonary fibrosis 1 2

Cough 1

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
aComplete list is provided in Table S1.
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Acute AEs, occurring within 21 days after adminis-
tration of the first dose of each agent, were compared
between RAB and DOX in 46 dogs receiving at least 1
dose of each agent. Selected comparisons are depicted
in Figure 1, and a complete list of acute AEs by agent
is provided in Table S2. The incidence of acute diarrhea
of any grade was significantly higher after the first
RAB dose than after DOX (50% versus 24%,
P = .017). Other observed differences were not statisti-
cally significant.

Patient Outcomes

The overall response rate (ORR) was 84% with 34
(68%) dogs experiencing a CR and 8 (16%) dogs expe-
riencing a PR as their best response. Five dogs had SD
and 3 dogs had PD as their best response. The median
time to first response was 21 days (range, 21–42 days),
and the median time to maximal response was 42 days
(range, 21–113 days). The median PFI for all dogs was
194 days (range, 7–435+ days). The median PFI for
those dogs that experienced a CR was 216 days (range,
105–435+ days), and the median PFI for those that
experienced a PR was 63 days (range, 42–124 days).
The median PFI for dogs that experienced SD was
78 days (range 42–93 days). Fourteen dogs were cen-
sored from PFI analysis: 7 were in CR at the time of
last follow-up (median follow-up time, 220 days), and 6
were withdrawn by the owners because of AEs,
decreased quality of life, or lack of response (median
follow-up time, 42 days). One was withdrawn on day
26 because of worsening of pre-existing back pain
from chronic intervertebral disk disease requiring
corticosteroids.

The only factor predictive of response was
immunophenotype (ORR = 95% for B cell versus 25%
for T cell, respectively. P = .0001). Prognostic factors
identified on univariate analysis as significant predictors
of PFI included substage and immunophenotype
(Table 3). The effects of these factors on PFI are
depicted in Figure 2.

Discussion

The chemotherapy protocol described in our study
was associated with a lower ORR (84%; 68% CR)
when compared with contemporary previously reported
CHOP protocols (ORR 93–100%; 73–96% CR),2–9,11

but the response rate appeared equivalent to that
reported after single-agent DOX treatment (ORR, 74–
87%; 52–78% CR).22–26 Interestingly, despite the lower
ORR, the 194-day median PFI reported in our study
appears comparable to PFIs after CHOP-based treat-
ment as reported by others (140–219 days),2–8 and

Fig 1. Adverse event frequency after the first dose of rabacfosadine or doxorubicin (n = 46).

Table 3. Factors identified by univariate analysis to be
prognostic for PFI.

Factor n

Median

PFI (days)

HR

(95% CI) P value

Substage a 39 203 2.048

(0.84–5.02)
.045

b 12 138.5

Immunophenotype B 43 215 6.62

(0.95–45.99)
<.0001

T 8 43

PFI, progression-free interval; HR (95% CI), hazard ratio (95%

confidence interval).
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superior to outcomes reported after single-agent DOX
(median response durations, 80.5–169 days).22–26 Many
earlier studies failed to report PFI, a measure that
incorporates both responding and nonresponding dogs,
and rather reported response duration, which excludes
dogs experiencing SD or PD as their best responses,
making comparisons with these studies challenging.
When compared statistically with the raw data from a
recently published retrospective study evaluating
CHOP-based treatment,8 there appeared to be no differ-
ence in PFI between the entire populations or specific
subsets thereof (data not shown), providing further sup-
port for the contention that outcomes are relatively sim-
ilar. A large randomized trial would be necessary to
demonstrate this unequivocally.

The median time to first response was 21 days (after
the first RAB treatment), which was the first time point
for response assessment. Previously published data sug-
gest that clinical responses actually may occur more
rapidly. A previous study evaluating RAB in dogs with
lymphoma reported a median time to response of
7 days.19

In our study, substage and immunophenotype were
strong predictors for PFI, similar to previous reports
after CHOP-based treatment,30–34 as was response to
treatment. Thus, despite the novel agent being used
with DOX in our study, the predictors of response were
very similar to those reported after CHOP-based treat-
ment. Clinical stage did not have prognostic relevance,
but complete staging was not required for study entry
and thus the staging information provided was approxi-
mate. Although dogs with substage b lymphoma were
included in our study, severely debilitated dogs (VCOG
performance status >1) were not eligible for inclusion
for ethical reasons.

Gastrointestinal toxicities (self-limiting hyporexia,
diarrhea) were the most common acute AEs noted in
our study and, with the exception of diarrhea, were
reported with relatively equal frequency after the initial
DOX and RAB treatments. This is reflected by a rela-
tively equal likelihood of dosage reductions between the
2 drugs. Transient grade 4 neutropenia was noted in 4
dogs after RAB and in 1 after DOX, but only 1 dog

developed signs consistent with sepsis or fever requiring
hospitalization for treatment after RAB administration.
Increases in liver enzyme activity were noted in 17 dogs,
but none required dose modification. Many of these
increases in liver enzyme activity resolved or improved
spontaneously without medical intervention. Sporadic
increases in liver enzyme activity have been noted in
previous studies with RAB.19,21 More frequent cumula-
tive AEs included weight loss and dermatopathy, as
well as 2 confirmed cases of delayed pulmonary fibrosis.
One hypothesis with our study design was that the
decreased frequency of admission and decreased total
cumulative dose of RAB might result in decreased
occurrences of dermatopathy and pulmonary fibrosis,
but the frequency of occurrence of both of these AEs
was relatively equivalent to what has been observed
with single-agent RAB.19–21 This observation suggests
that either frequency of administration or total dose are
not relevant predictors of these AEs or, alternatively,
that DOX administration could potentiate them to
some degree. Future studies should investigate the abil-
ity of concurrent corticosteroids to mitigate these cumu-
lative AEs, and careful monitoring of thoracic
radiographs and assessment for respiratory signs are
warranted.

Five dogs were withdrawn from study by the owners
for AEs or a perceived diminished quality of life.
Two of these occurred after development of grade 4
neutropenia (1 post-RAB #1, 1 post-DOX #2), 2 were
for sustained hyporexia, lethargy, and weight loss
after RAB, and 1 was for acute diarrhea, hyporexia,
and lethargy after the first DOX treatment. Many of
these AEs possibly could have been addressed by
dose reductions, prophylactic medication administra-
tion, or both rather than study withdrawal. Prophylac-
tic therapies (e.g., antiemetics, antidiarrheals) generally
were not used after the first treatment with either agent.

Two limitations of this study were incomplete patient
staging and the fact that study participation ended at
the time of first relapse, resulting in inconsistent use of
rescue treatment and very limited follow-up information
for overall survival reporting. Inconsistent rescue treat-
ment and the option of euthanasia make overall

Fig 2. Kaplan–Meier curves depicting effects of substage and immunophenotype on progression-free survival. P values indicate univariate

log-rank values.
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survival time a difficult endpoint to evaluate in veteri-
nary oncology when compared to studies performed in
human patients. However, given that alternating RAB/
DOX resulted in fewer drugs and doses utilized in the
first-line setting, this approach theoretically preserves a
larger pool of potentially effective agents for use in the
rescue setting, which could improve overall survival.
Future studies should explore the efficacy of RAB/DOX
retreatment, single-agent RAB retreatment, or CHOP
re-induction at relapse. A final limitation is that
histopathology was not required for study entry.
Although relatively uncommon, some cases of low-
grade or indolent lymphoma could have been enrolled,
and such dogs might have experienced prolonged PFIs
as part of their natural history rather than as a result of
treatment.

In conclusion, the alternating RAB/DOX regimen
reported here was generally well tolerated and resulted
in PFIs comparable to those observed after standard
CHOP-based protocols, with substantially fewer treat-
ment visits (6 versus 12–16). Most adverse events were
mild or moderate and self-limiting, and similar in spec-
trum and frequency to those observed after treatment
with single-agent RAB. Additional studies are war-
ranted to explore long-term outcome in dogs treated
with this combination, as well as with other RAB
chemotherapy combinations.

Footnotes

a TANOVEA-CA1, VetDC, Fort Collins, CO
b Prism v. 6.0b, GraphPad Software, La Jolla, CA
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Table S1. Frequency of all adverse events by grade
following rabacfosadine/doxorubicin administration
(n = 51).

Table S2. Frequency of acute adverse effects by grade
following the first dose of rabacfosadine or doxorubicin
(n = 46).
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